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Evidence of Subclinical Synovial Inflammation in Patients 
With Rheumatoid Arthritis in Clinical Remission
For some patients with rheumatoid arthritis 
(RA) in clinical remission, there is concern that 
they may have subclinical synovial inflamma-
tion. This concern is weighed against the desire 

to safely discontinue treat-
ment with disease-modi-
fying antirheumatic drugs 

in patients whose RA is in remission. Rheuma-
tologists, therefore, seek a way to distinguish 
between those patients with RA in clinical 
remission with subclinical synovial inflamma-
tion and those with more complete remission. 
In this issue, Orange et al (p. 1034) report their 
findings regarding the proportion of patients 
with RA in remission or with low disease 
activity who have histologic or transcrip-
tional evidence of synovitis. The investigators 
also describe their efforts to identify clinical 
features that could be used to distinguish the 
patients who have subclinical synovitis. 

The authors analyzed data from a cohort 
of 135 patients with longstanding RA who 

were undergoing arthro-
plasty. Results show 
that 14% of patients met 
Disease Activity Score 
in 28 joints criteria 
for clinical remission, 
and another 15% met 
criteria for low disease 
activity. Histologic 
analysis revealed that 
31% of patients with 
low clinical disease 
activity had evidence 
of subclinical synovitis, 
which was associated with increased C-reac-
tive protein and anti–cyclic citrullinated 
peptide levels. In addition, 27% of patients 
in remission had synovitis. 

When the researchers compared gene 
expression in the synovium of patients with 
subclinical synovitis to that seen in patients 
with a “low inflammatory synovium,” they 

found that patients with subclinical syno-
vitis had 183 genes that were differentially 
expressed. Of these genes, 86% were also 
differentially expressed in the synovium of 
patients with clinically active disease. These 
findings suggest that synovial gene expres-
sion signatures of clinical synovitis are 
present in patients with subclinical synovitis.

In this issue, Fleischmann et al (p. 1056) report the results of a 
phase II trial designed to assess the efficacy and safety of blocking 
interleukin-1α (IL-1α) and IL-1β with lutikizumab in patients with 
knee osteoarthritis (OA) and associated synovitis. The study had 2 

primary end points: change from baseline in the 
Western Ontario and McMaster Universities 
Osteoarthritis Index (WOMAC) pain score and 

change from baseline in synovitis as measured by synovial membrane 
thickness, synovial effusion volume, and semiquantitative magnetic 
resonance imaging (MRI) synovitis/effusion using the Whole-Organ 
Magnetic Resonance Imaging Score. The results suggest that IL-1 
inhibition is not an effective analgesic/antiinflammatory therapy for 
most patients with knee OA and associated synovitis. 

The findings show that the WOMAC pain score had improved 
significantly at week 16 in the lutikizumab 100 mg group, but not 

in the lutikizumab 25 mg and 200 mg groups. The investigators 
found that reductions in neutrophil and high-sensitivity C-reactive 
protein levels plateaued with lutikizumab 100 mg and did not 
reduce further with the 200 mg dose. The immunogenic response 
to lutikizumab did not meaningfully affect systemic lutikizumab 
concentrations.

After week 16, the WOMAC pain score was reduced in 
all treatment groups, but that difference was not significant 
compared to placebo-treated patients. Changes from baseline 
in MRI-assessed synovitis, other key symptoms, and structure-
related end points at weeks 26 and 52 were not significantly 
different between patients in the lutikizumab and placebo groups. 
Patients in the lutikizumab groups did, however, have higher rates 
of injection site reactions, neutropenia, and discontinuations due 
to neutropenia than the patients in the placebo group. 

Phase II Trial of Lutikizumab for Knee Osteoarthritis 
Patients With Synovitis

p.  1034

Figure 1. Hematoxylin and eosin staining of synovium from a patient 
with RA in remission at the time of arthroplasty, revealing immune 
cell infiltrates and other histologic features of inflammation. Original 
magnification × 5 (left) and × 20 (right).
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Etanercept and Methotrexate as Monotherapy or in 
Combination for Treatment of Psoriatic Arthritis 
In this issue, Mease et al (p. 1112) report 
results from the Study of Etanercept and 
Methotrexate in Subjects with Psoriatic 
Arthritis, which focused on the treatment 

of patients with psori-
atic arthritis (PsA) early 
in the course of their 

disease. These patients were naive to treatment 
with methotrexate and biologic disease-modi-
fying antirheumatic drugs. The results repre-
sent a detailed characterization of the effi cacy 
of methotrexate monotherapy as compared to 
tumor necrosis factor inhibitors across a wide 
range of PsA clinical manifestations. 

For patients with PsA, etanercept 
monotherapy and combination therapy 

with etanercept and methotrexate were 
more effective than methotrexate mono-
therapy. Overall, the combination of 
methotrexate and etanercept did not 
improve the efficacy of etanercept. The 
study revealed no new safety signals.

The patients in the study had a mean 
age of 48.4 years. The mean PsA disease 
duration was 3.2 years and the median 
duration was 6 months. Drug effi-
cacy was measured using the American 
College of Rheumatology 20% improve-
ment (ACR20) response and the Minimal 
Disease Activity (MDA) response, as well 
as the extent of radiographic progression 
at follow-up. The ACR20 response rates 

Research suggests that IgE autoantibodies activate basophils and 
contribute to the pathology of systemic lupus erythematosus 
(SLE). Omalizumab is a monoclonal antibody that binds IgE 
and could theoretically reduce disease activity by reducing 

type I interferon (IFN) production via the 
impairment of plasmacytoid dendritic cells 
and basophil activation. Unfortunately, a 

5-year observational study of omalizumab in patients with asthma 
suggested that the drug was associated with a potentially increased 
risk of serious cardiovascular and cerebrovascular events.

In this issue, Hasni et al (p. 1135) report the results of a 36-week, 
pilot clinical trial designed to test the safety and tolerability of 
omalizumab in patients with mild to moderate SLE. Their data 
indicate that omalizumab is not only well tolerated in patients with 
SLE, but is also associated with improvement in disease activity. 
The investigators saw no immediate or delayed allergic reactions 
to omalizumab and documented primarily mild adverse events as 
compared to those experienced with placebo treatment.   

At week 16, the investigators found that Systemic Lupus 
Erythematosus Disease Activity Index 2000 (SLEDAI-2K) scores 
improved in the omalizumab group compared to the placebo 

group. Similarly, they saw improvement during the open-label phase 
in patients initially receiving placebo. The researchers detected no 
worsening in British Isles Lupus Assessment Group Index scores or 
the physician’s global assessment. They detected a trend toward a 
reduction in IFN gene signature in subjects treated with omalizumab 
that was particularly noteworthy in patients with a high baseline 
IFN signature. The authors call for larger randomized clinical trials 
to assess the effi cacy of omalizumab in patients with SLE.

Safety and Tolerability of 
Omalizumab for Patients 
With Systemic Lupus 
Erythematosus

at week 24 were signifi cantly greater in 
patients who received etanercept mono-
therapy (60.9%) versus those who received 
methotrexate monotherapy (50.7%). The 
MDA response rates were also greater for 
patients receiving etanercept monotherapy 
(35.9%) versus those receiving metho-
trexate monotherapy (22.9%). Secondary 
outcomes showed that between-group 
differences were consistent with the 
primary and key secondary end point 
results, except for some skin end points. 
Patients in both etanercept treatment 
arms showed less radiographic progres-
sion at week 48 compared to patients who 
received methotrexate monotherapy. 

Figure 1. SLEDAI-2K scores for patients receiving placebo and patients 
receiving omalizumab (OMZ) during the double-blind phase (weeks 0–16). 
Values are the median (interquartile range). * = P = 0.038
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Clinical Connections

SUMMARY  
Mitochondrial DNA (mtDNA) haplogroups influence 
the behavior of mitochondria, whose function is altered 
in osteoarthritis (OA), potentially contributing to 
different rates of OA development. Altered genomic 
methylation profiles also have been consistently 
described in the cartilage of OA patients. In their 
study, Cortés-Pereira et al report the differential 
association of the 2 main OA-related mtDNA 
haplogroups, H and J, with the genomic nuclear 
DNA (nDNA) methylome of ar ticular car tilage. 
These haplogroups may exert retrograde control 
over the nucleus, supporting the hypothesis that the 
epigenetic modification that takes place in OA that 
affects key features, such as apoptosis or metabolic 
alterations, differs depending on the haplogroup. 

Differential Association of Mitochondrial DNA 
Haplogroups J and H With the Methylation Status of 
Articular Cartilage: Potential Role in Apoptosis and 
Metabolic and Developmental Processes
Cortés-Pereira et al, Arthritis Rheumatol 2019;71:1191–1200

CORRESPONDENCE 
Francisco J. Blanco, MD, PhD:  fblagar@sergas.es; Ignacio Rego-Pérez, PhD:  Ignacio.rego.perez@sergas.es

KEY POINTS  

•  MtDNA variation, in terms of haplogroups, helps  
the mitochondria to exert a retrograde function over 
the nucleus.

•  Mitochondrial haplogroups H and J show a differential 
methylation pattern in articular cartilage in terms of 
apoptosis and metabolic and developmental processes.

•  These associations suggest that epigenetic modifications 
that occur during the OA process are different 
depending on the haplogroup; this could determine, to 
some extent, the evolution of the disease.
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Clinical Connections

Driban et al, Arthritis Rheumatol 2019;71:1089–1100

CORRESPONDENCE 
Jeffrey B. Driban, PhD, ATC, CSCS: jeffrey.driban@tufts.edu

Accelerated Knee Osteoarthritis Is Characterized 
by Destabilizing Meniscal Tears and Preradiographic 
Structural Disease Burden

SUMMARY  
Knee osteoar thritis (KOA) typically progresses very slowly, often with little change over many years or even a 
decade. However, in some patients KOA manifests as an accelerated form in which severe damage to the joint 
develops within as little as 1 year.
 Patients who develop accelerated KOA differ from those with usual KOA by having greater pain and disability 
before the KOA is evident, and by structural changes in the knee early in the disease course. These include the 
presence of meniscal damage in multiple regions, subsequent development of large bone marrow lesions, and 
a substantially greater car tilage loss. The onset of accelerated KOA is uniquely characterized by a destabilizing 
meniscal tear (root tear, radial tear, or complex tear), which occurs in 42% of adults with accelerated KOA versus 
only 14% or 4% of adults with typical or no KOA, respectively. These observations suggest that the “tipping point” 
for the development of accelerated KOA is a destabilizing meniscal tear in a joint compromised by multiple 
structural abnormalities. 
 Therefore, because this is a population where interventions may actually prevent the development of KOA, it 
is critical to become vigilant in recognizing accelerated KOA. Potential therapeutic strategies might include early 
referral to physical rehabilitation or prevention programs (e.g., injury or fall prevention programs); however, 
clinical trials are urgently needed to test the efficacy of these strategies.

KEY POINTS  

•  Destabilizing meniscal 
tears are the “tipping 
point” for the onset of 
accelerated KOA, which 
is characterized by large 
bone marrow lesions and 
dramatic cartilage loss.

•  Prior to the onset of a 
destabilizing meniscal 
tear, the joint may already 
have been susceptible to 
failure.

18



Editor
Richard J.  Bucala, MD, PhD
Yale University School of Medicine, New Haven

Deputy Editor
Daniel H. Solomon, MD, MPH, Boston

Co-Editors
Joseph E. Craft, MD, New Haven
David T. Felson, MD, MPH, Boston
Richard F. Loeser Jr., MD, Chapel Hill
Peter A. Nigrovic, MD, Boston
Janet E. Pope, MD, MPH, FRCPC, London, Ontario
Christopher T. Ritchlin, MD, MPH, Rochester
Betty P. Tsao, PhD, Charleston
John Varga, MD, Chicago

Co-Editor and Review Article Editor
Robert Terkeltaub, MD, San Diego

Clinical Trials Advisor
Michael E. Weinblatt, MD, Boston

Social Media Editor
Paul H. Sufka, MD, St. Paul

Journal Publications Committee
Shervin Assassi, MD, MS, Chair, Houston
Vivian Bykerk, MD, FRCPC, New York
Cecilia P. Chung, MD, MPH, Nashville
Meenakshi Jolly, MD, MS, Chicago
Kim D. Jones, RN, PhD, FNP, Portland
Maximilian Konig, MD, Baltimore
Linda C. Li, PT, MSc, PhD, Vancouver
Uyen-Sa Nguyen, MPH, DSc, Fort Worth

Editorial Staff 
Jane S. Diamond, MPH, Managing Editor, Atlanta
Maggie Parry, Assistant Managing Editor, Atlanta
Lesley W. Allen, Senior Manuscript Editor, Atlanta
Kelly Barraza, Manuscript Editor, Atlanta
Jessica Hamilton, Manuscript Editor, Atlanta
Ilani S. Lorber, MA, Manuscript Editor, Atlanta
Emily W.  Wehby, MA, Manuscript Editor, Atlanta
Sara Omer, Editorial Coordinator, Atlanta
Brittany Swett, Assistant Editor, New Haven
Carolyn Roth, Senior Production Editor, Boston

Associate Editors
Daniel Aletaha, MD, MS, Vienna
Heather G. Allore, PhD, New Haven
Daniel J. Clauw, MD, Ann Arbor
Robert A. Colbert, MD, PhD, Bethesda
Karen H. Costenbader, MD, MPH, Boston
Nicola Dalbeth, MD, FRACP, Auckland
Kevin D. Deane, MD, Denver
Mark C. Genovese, MD, Palo Alto

Insoo Kang, MD, New Haven
Wan-Uk Kim, MD, PhD, Seoul
Katherine Liao, MD, MPH, Boston
S. Sam Lim, MD, MPH, Atlanta
Anne-Marie Malfait, MD, PhD, Chicago
Paul A.  Monach, MD, PhD, Boston
Chester V. Oddis, MD, Pittsburgh
Andras Perl, MD, PhD, Syracuse

Jack Porrino, MD, New Haven
Timothy R. D. J. Radstake, MD, PhD, Utrecht
William Robinson, MD, PhD, Palo Alto
Georg Schett, MD, Erlangen
Nan Shen, MD, Shanghai
Ronald van Vollenhoven, MD, PhD, 

Amsterdam
Fredrick M. Wigley, MD, Baltimore

Advisory Editors
Abhishek Abhishek, MD, PhD, Nottingham
Tom Appleton, MD, PhD, London, 

Ontario 
Bonnie Bermas, MD, Dallas
Liana Fraenkel, MD, MPH, New Haven
Monica Guma, MD, PhD, La Jolla 
Nigil Haroon, MD, PhD, Toronto 

Erica Herzog, MD, PhD, New Haven
Hui-Chen Hsu, PhD, Birmingham
J. Michelle Kahlenberg, MD, PhD, Ann Arbor
Mariana J. Kaplan, MD, Bethesda
Jonathan Kay, MD, Worcester
Francis Lee, MD, PhD, New Haven
Sang-Il Lee, MD, PhD, Jinju

Rik Lories, MD, PhD, Leuven 
Bing Lu, PhD, Boston
Suresh Mahalingam, PhD, Southport, 

Queensland 
Aridaman Pandit, PhD, Utrecht 
Kevin Winthrop, MD, MPH, Portland
Kazuki Yoshida, MD, MPH, MS, Boston

AMERICAN COLLEGE OF RHEUMATOLOGY

Paula Marchetta, MD, MBA, New York, President
Ellen M. Gravallese, MD, Worcester, President-Elect
David R. Karp, MD, PhD, Dallas, Treasurer

Kenneth G. Saag, MD, MSc, Birmingham, Secretary
Steven Echard, IOM, CAE, Atlanta, Executive Vice-President

© 2019 American College of Rheumatology. All rights reserved. No part of this publication may be reproduced, stored or transmitted in any form or by any means without the prior 
permission in writing from the copyright holder. Authorization to copy items for internal and personal use is granted by the copyright holder for libraries and other users registered 
with their local Reproduction Rights Organization (RRO), e.g. Copyright Clearance Center (CCC), 222 Rosewood Drive, Danvers, MA 01923, USA (www.copyright.com), provided the ap-
propriate fee is paid directly to the RRO. This consent does not extend to other kinds of copying such as copying for general distribution, for advertising or promotional purposes, for 
creating new collective works or for resale. Special requests should be addressed to: permissions@wiley.com

Access Policy: Subject to restrictions on certain backfi les, access to the online version of this issue is available to all registered Wiley Online Library users
12 months after publication. Subscribers and eligible users at subscribing institutions have immediate access in accordance with the relevant subscription
type. Please go to onlinelibrary.wiley.com for details.

The views and recommendations expressed in articles, letters, and other communications published in Arthritis & Rheumatology are those of the authors and do not necessar-
ily refl ect the opinions of the editors, publisher, or American College of Rheumatology. The publisher and the American College of Rheumatology do not investigate the informa-
tion contained in the classifi ed advertisements in this journal and assume no responsibility concerning them. Further, the publisher and the American College of Rheumatology 
do not guarantee, warrant, or endorse any product or service advertised in this journal.

Cover design: Todd Machen

   This journal is printed on acid-free paper.∞

Arthritis & Rheumatology
An Offi  cial Journal of the American College of Rheumatology

www.arthritisrheum.org and wileyonlinelibrary.com

ART_v71_i7_Ed-board.indd   1ART_v71_i7_Ed-board.indd   1 6/21/2019   12:53:18 PM6/21/2019   12:53:18 PM



Arthritis & Rheumatology
An Offi  cial Journal of the American College of Rheumatology

www.arthritisrheum.org and wileyonlinelibrary.com

 In This Issue  .......................................................................................................................................................................................  A15 

 Clinical Connections  ........................................................................................................................................................................  A17 

 Special Articles 
 Editorial:  SEAM -PsA: Seems Like Methotrexate Works in Psoriatic Arthritis? 

 Joseph F. Merola and Alexis Ogdie  ......................................................................................................................................................................  1027 
 Editorial: A Bullseye for Children With Systemic Juvenile Idiopathic Arthritis 

 Lauren A. Henderson  ............................................................................................................................................................................................  1030 

 Rheumatoid Arthritis 
 Brief Report: Histologic and Transcriptional Evidence of Subclinical Synovial Infl ammation in Patients With Rheumatoid 
Arthritis in Clinical Remission 

 Dana E. Orange, Phaedra Agius, Edward F. DiCarlo, Serene Z. Mirza, Tania Pannellini, Jackie Szymonifka, Caroline S. Jiang, 
Mark P. Figgie, Mayu O. Frank, William H. Robinson, Laura T. Donlin, Cristina Rozo, Ellen M. Gravallese, Vivian P. Bykerk, 
and Susan M. Goodman  ......................................................................................................................................................................................  1034 

 Cardiovascular Safety During Treatment With Baricitinib in Rheumatoid Arthritis 
 Peter C. Taylor, Michael E. Weinblatt, Gerd R. Burmester, Terence P. Rooney, Sarah Witt, Chad D. Walls, Maher Issa, 
Claudia A. Salinas, Chadi Saifan, Xin Zhang, Anabela Cardoso, Miguel A. González-Gay, and Tsutomu Takeuchi  ..................................  1042 

 Osteoarthritis 
 A Phase  II  Trial of Lutikizumab, an Anti–Interleukin-1α/β Dual Variable Domain Immunoglobulin, in Knee Osteoarthritis 
Patients With Synovitis 

 Roy M. Fleischmann, Henning Bliddal, Francisco J. Blanco, Thomas J. Schnitzer, Charles Peterfy, Su Chen, Li Wang, Sheng Feng, 
Philip G. Conaghan, Francis Berenbaum, Jean-Pierre Pelletier, Johanne Martel-Pelletier, Ole Vaeterlein, Gurjit S. Kaeley, Wei Liu, 
Matthew P. Kosloski, Gwen Levy, Lanju Zhang, Jeroen K. Medema, and Marc C. Levesque  ........................................................................  1056 

 Peripheral and Central Sensitization of Pain in Individuals With Hand Osteoarthritis and Associations With Self-Reported 
Pain Severity 

 Pernille Steen Pettersen, Tuhina Neogi, Karin Magnusson, Hilde Berner Hammer, Till Uhlig, Tore K. Kvien, and Ida K. Haugen  ...........  1070 
 Noninvasive Mechanical Joint Loading as an Alternative Model for Osteoarthritic Pain 

 Freija ter Heegde, Ana P. Luiz, Sonia Santana-Varela, Iain P. Chessell, Fraser Welsh, John N. Wood, and Chantal Chenu  .....................  1078 
 Accelerated Knee Osteoarthritis Is Characterized by Destabilizing Meniscal Tears and Preradiographic Structural 
Disease Burden 

 Jeff rey B. Driban, Julie E. Davis, Bing Lu, Lori Lyn Price, Robert J. Ward, James W. MacKay, Charles B. Eaton, Grace H. Lo, 
Mary F. Barbe, Ming Zhang, Jincheng Pang, Alina C. Stout, Matthew S. Harkey, and Timothy E. McAlindon  ............................................  1089 

 Spondyloarthritis 
 A Fifty-Two–Week, Randomized, Placebo-Controlled Trial of Certolizumab Pegol in Nonradiographic Axial 
Spondyloarthritis 

 Atul Deodhar, Lianne S. Gensler, Jonathan Kay, Walter P. Maksymowych, Nigil Haroon, Robert Landewé, Martin Rudwaleit, 
Stephen Hall, Lars Bauer, Bengt Hoepken, Natasha de Peyrecave, Brian Kilgallen, and Désirée van der Heijde  .....................................  1101 

 Psoriatic Arthritis 
 Etanercept and Methotrexate as Monotherapy or in Combination for Psoriatic Arthritis: Primary Results From a 
Randomized, Controlled Phase  III  Trial 

 Philip J. Mease, Dafna D. Gladman, David H. Collier, Christopher T. Ritchlin, Philip S. Helliwell, Lyrica Liu, Gregory Kricorian, 
and James B. Chung  .............................................................................................................................................................................................  1112 

 Clinical Images 
 Hypophysis Involvement in Granulomatosis With Polyangiitis 

 Sinem Burcu Kocaer, Erdener Ozer, Erkan Yilmaz, and Ismail Sari  ................................................................................................................  1124 

 Systemic Lupus Erythematosus 
 Safety and Effi  cacy of Belimumab Plus Standard Therapy for Up to Thirteen Years in Patients With Systemic Lupus 
Erythematosus 

 Daniel J. Wallace, Ellen M. Ginzler, Joan T. Merrill, Richard A. Furie, William Stohl, W. Winn Chatham, Arthur Weinstein, 
James D. McKay, W. Joseph McCune, Michelle Petri, James Fettiplace, David A. Roth, Beulah Ji, and Amy Heath  ....................................  1125 

VOLUME 71 •  July 2019 •  NO. 7

ART_v71_i7_Toc.indd   1ART_v71_i7_Toc.indd   1 6/21/2019   12:56:49 PM6/21/2019   12:56:49 PM



 Brief Report: Safety and Tolerability of Omalizumab: A Randomized Clinical Trial of Humanized Anti-IgE Monoclonal 
Antibody in Systemic Lupus Erythematosus 

 Sarfaraz Hasni, Sarthak Gupta, Michael Davis, Elaine Poncio, Yenealem Temesgen-Oyelakin, Elizabeth Joyal, Alice Fike, 
Zerai Manna, Sungyoung Auh, Yinghui Shi, Diana Chan, Philip Carlucci, Ann Biehl, Barbara Dema, Nicolas Charles, 
James E. Balow, Meryl Waldman, Richard M. Siegel, Mariana J. Kaplan, and Juan Rivera  ..........................................................................  1135 

 Brief Report: Comparative Fracture Risks Among United States Medicaid Enrollees With and Those Without Systemic 
Lupus Erythematosus 

 Sara K. Tedeschi, Seoyoung C. Kim, Hongshu Guan, Jennifer M. Grossman, and Karen H. Costenbader  ..................................................  1141 

 Sjögren’s Syndrome 
 Usefulness of  18 F-Labeled Fluorodeoxyglucose–Positron Emission Tomography for the Diagnosis of Lymphoma in 
Primary Sjögren's Syndrome 

 Jérémy Keraen, Estelle Blanc, Florent L. Besson, Véronique Leguern, Céline Meyer, Julien Henry, Rakiba Belkhir, 
Gaétane Nocturne, Xavier Mariette, and Raphaèle Seror  ................................................................................................................................  1147 

 Gout 
 Brief Report: Clinical Utility of Multi-Energy Spectral Photon-Counting Computed Tomography in Crystal Arthritis 

 Lisa K. Stamp, Nigel G. Anderson, Fabio Becce, Maya Rajeswari, Matthew Polson, Olivier Guyen, Anais Viry, Chloe Choi, 
Tracy E. Kirkbride, and Aamir Y. Raja  .................................................................................................................................................................  1158 

 Pediatric Rheumatology 
 Treatment to Target Using Recombinant Interleukin-1 Receptor Antagonist as First-Line Monotherapy in New-Onset 
Systemic Juvenile Idiopathic Arthritis: Results From a Five-Year Follow-Up Study 

 Nienke M. ter Haar, E. H. Pieter van Dijkhuizen, Joost F. Swart, Annet van Royen-Kerkhof, Ayman el Idrissi, Arjen P. Leek, 
Wilco de Jager, Mark C. H. de Groot, Saskia Haitjema, Dirk Holzinger, Dirk Foell, Jorg van Loosdregt, Nico M. Wulff raat, 
Sytze de Roock, and Sebastiaan J. Vastert  .........................................................................................................................................................  1163 

 Osteoporosis 
 Denosumab Versus Risedronate in Glucocorticoid-Induced Osteoporosis: Final Results of a Twenty-Four–Month 
Randomized, Double-Blind, Double-Dummy Trial 

 Kenneth G. Saag, Nicola Pannacciulli, Piet Geusens, Jonathan D. Adachi, Osvaldo D. Messina, Jorge Morales-Torres, 
Ronald Emkey, Peter W. Butler, Xiang Yin, and Willem F. Lems  ......................................................................................................................  1174 

 Viral-Associated Arthritis 
 Brief Report: Inhibition of Interleukin-1β Signaling by Anakinra Demonstrates a Critical Role of Bone Loss in Experimental 
Arthritogenic Alphavirus Infections 

 Stefan Wolf, Adam Taylor, Ali Zaid, Joseph Freitas, Lara J. Herrero, Shambhavi Rao, Andreas Suhrbier, Mark R. Forwood, 
Richard Bucala, and Suresh Mahalingam  .........................................................................................................................................................  1185 

 Cartilage Biology 
 Diff erential Association of Mitochondrial DNA Haplogroups J and H With the Methylation Status of Articular Cartilage: 
Potential Role in Apoptosis and Metabolic and Developmental Processes 

 Estefanía Cortés-Pereira, Juan Fernández-Tajes, Mercedes Fernández-Moreno, María E. Vázquez-Mosquera, Sara Relaño, 
Paula Ramos-Louro, Alejandro Durán-Sotuela, Andrea Dalmao-Fernández, Natividad Oreiro, Francisco J. Blanco, and 
Ignacio Rego-Pérez  ...............................................................................................................................................................................................  1191 

 Letters 
 Call for Caution in Using the Pain DETECT  Questionnaire for Patient Stratifi cation Without Additional Clinical Assessments: 
Comment on the Article by Soni et al 

 Eivind Hasvik, Anne Julsrud Haugen, and Lars Grøvle  .....................................................................................................................................  1201 
 Reply 

 Anushka Soni and Irene Tracey ...........................................................................................................................................................................  1202 
 Gastroesophageal Refl ux and Serum Biomarkers in Systemic Sclerosis–Associated Interstitial Lung Disease: Comment 
on the Article by Elhai et al 

 Sergey Moiseev, Antonina Sosnovskaya, Fatima Chotchaeva, Elena Shchegoleva, and Pavel Novikov  .....................................................  1203 
 Reply 

 Muriel Elhai, Anna Maria Hoff mann-Vold, and Yannick Allanore  ...................................................................................................................  1204 

 Clinical Images 
 Bone Lesions in Erdheim-Chester Disease 

 Jean W. Liew and Gordon Starkebaum  ..............................................................................................................................................................  1206 
 ACR Announcements  ......................................................................................................................................................................  A22 

Cover image: The fi gure on the cover (from Stamp et al, page 1158) shows a 3-dimensional multi-energy 
spectral photon-counting computed tomography (SPCCT) image of an excised gouty fi nger with bone 
erosions and subcutaneous monosodium urate (MSU) crystal deposits (green). Finer detail and higher 
MSU volume were detected with SPCCT than with dual-energy CT.

ART_v71_i7_Toc.indd   2ART_v71_i7_Toc.indd   2 6/21/2019   12:56:49 PM6/21/2019   12:56:49 PM



1027  

Arthritis & Rheumatology
Vol. 71, No. 7, July 2019, pp 1027–1029
DOI 10.1002/art.40872 
© 2019, American College of Rheumatology

E D I T O R I A L

SEAM- PsA: Seems Like Methotrexate Works in Psoriatic 
Arthritis?
Joseph F. Merola1 and Alexis Ogdie2

In this issue of Arthritis & Rheumatology, Mease and col-
leagues report the results of an important trial, the SEAM- PsA 
trial, which evaluates the efficacy of methotrexate monotherapy, 
etanercept monotherapy, or the combination of methotrexate 
and etanercept in early psoriatic arthritis (PsA) (1). The primary 
end point in this study was achievement of the American Col-
lege of Rheumatology 20% improvement (ACR20) response cri-
teria, and the Minimal Disease Activity (MDA) response was a key 
secondary/coprimary end point. MDA requires achievement of 5 
of 7 points of low disease activity, including swollen and tender 
joint counts, psoriasis, enthesitis, patient’s global assessment of 
psoriasis, patient’s pain assessment, and health function scores 
on the Health Assessment Questionnaire. Among patients in the 
etanercept monotherapy arm, 61% achieved an ACR20 response 
and 36% achieved an MDA response. This was very similar to the 
ACR20 and MDA response rates in the combination therapy arm 
(65% and 36% of patients, respectively). Both etanercept mono-
therapy and etanercept plus methotrexate combination therapy 
were significantly more efficacious than methotrexate monother-
apy, based on the lower ACR20 response rates (50.7%) and MDA 
response rates (22.9%) seen in patients receiving methotrexate 
monotherapy.

The SEAM- PsA trial brings to the forefront several important 
concepts that remind us of where we are in the management of 
PsA in 2019. This trial represents many “firsts” in PsA: the first 
appropriately powered randomized, double- blind trial to test a 
head- to- head comparison of therapies (although more head- to- 
head trials are in progress), the first large randomized controlled 
trial that did not include a placebo arm, the first study in PsA to 
include MDA as a key secondary (coprimary) outcome, and one of 
the first trials to examine the management of early PsA and initial 
treatment selection. SEAM- PsA represents one of a few handful 
of trials to infer that methotrexate monotherapy does indeed have 

benefit in the treatment- naive patient with PsA, although with-
out comparison against a placebo control, this is not possible to 
 confirm definitively.

Methotrexate in PsA: a mixed history

While the benefits of methotrexate alone and in combina-
tion with tumor necrosis factor inhibitor (TNFi) therapy have been 
clearly demonstrated in rheumatoid arthritis (RA) (2,3), the same 
cannot be said for PsA (4). Studies of methotrexate monotherapy 
in PsA have been largely underwhelming (5–7) or at least mixed 
(8–11).

The Methotrexate in Psoriatic Arthritis (MIPA) study, a key 
placebo- controlled trial of methotrexate published in 2012, found 
no significant advantage of methotrexate over placebo based 
on the ACR20 response (5). In contrast, the Tight Control in PsA 
(TICOPA) study, a treat- to- target study in the United Kingdom that 
used methotrexate as a backbone therapy (at higher doses than 
were used in the MIPA study), found benefits with oral disease- 
modifying antirheumatic drugs frequently used in combination to 
achieve ACR20 responses (10,12). In the open- label RESPOND 
trial, which compared infliximab plus methotrexate to methotrex-
ate monotherapy, an ACR20 response was achieved in 66.7% 
of patients in the methotrexate arm, but the combination therapy 
arm was significantly more effective than monotherapy (8).

Aside from the 3 trials mentioned above, support for meth-
otrexate in PsA has mainly been drawn from observational data, 
including one study in Norway that demonstrated a similar persis-
tence of response between patients with RA and patients with PsA 
treated with methotrexate (11), and another study in which it was 
demonstrated that initiation of methotrexate resulted in an ACR20 
response in 41% of patients with active PsA in clinical practice (13). 
In fact, the relative lack of efficacy of methotrexate in randomized 

Dr. Ogdie’s work was supported by the NIH (grants K23-AR-063764 and 
R01-AR-072363) and the Rheumatology Research Foundation.

1Joseph F. Merola, MD, MMSc: Brigham and Women’s Hospital and 
Harvard Medical School, Boston, Massachusetts; 2Alexis Ogdie, MD, MSCE: 
University of Pennsylvania, Philadelphia.

Dr. Merola has received consulting fees, speaking fees, and/or honoraria 
from Merck, Dermavant, Samumed, Celgene, GlaxoSmithKline, Almirall, Sun 
Pharma, Biogen, Incyte, Aclaris, and Leo Pharma (less than $10,000 each) 
and from AbbVie, Eli Lilly, Novartis, Janssen, UCB, Sanofi Regeneron, and 

Pfizer (more than $10,000 each). Dr. Ogdie has received consulting fees from 
AbbVie, Amgen, Bristol-Myers Squibb, Celgene, Corrona, Eli Lilly, Novartis, 
Pfizer, and Takeda (less than $10,000 each) and has received research 
support for the University of Pennsylvania from Novartis and Pfizer.

Address correspondence to Joseph F. Merola, MD, MMSc, 41 Avenue 
Louis Pasteur, Boston, MA 02115. E-mail: jfmerola@bwh.harvard.edu.

Submitted for publication January 20, 2019; accepted in revised form 
February 26, 2019.

https://orcid.org/0000-0002-4639-0775
mailto:jfmerola@bwh.harvard.edu


MEROLA AND OGDIE 1028       |

controlled  trials led to deviation from prior treatment recommenda-
tions, in which the ACR/National Psoriasis Foundation Treatment 
Guidelines for PsA conditionally recommended the use of a TNFi 
biologic agent over methotrexate or other oral small molecules in 
patients with PsA who had not received the active treatment (14).

SEAMs like methotrexate works? Etanercept as 
an active comparator

Taken even at face value, an ACR20 response rate of 50.7% 
in the methotrexate monotherapy arm should bring some enthu-
siasm. Etanercept may serve as a very useful “active comparator” 
in informing our understanding of methotrexate efficacy. Given 
the breadth of studies to date for which we have efficacy data 
on etanercept in PsA, the efficacy of etanercept observed in the 
study by Mease et al (1) seems to mirror that seen in the previ-
ous pivotal phase III trial (15), among others. With that anchor, 
outcomes in the methotrexate monotherapy arm in SEAM- PSA 
were relatively good, with 50.7% of patients achieving ACR20, 
22.9% achieving MDA, 43.1% achieving resolution of enthesitis, 
and 66.3% achieving clear or almost clear skin psoriasis at 24 
weeks. Even with potentially high response rates in the placebo 
group (placebo rates are presumed to be higher in trials enrolling 
treatment- naive patients who know they will receive a treatment), 
these values might suggest that we not close the door on the 
clinical story around methotrexate in the treatment of psoriatic dis-
ease. Again, however, it is unfortunately impossible for us to tell 
with certainty the effect of methotrexate monotherapy without a 
placebo arm in the SEAM- PsA trial.

Differences with prior methotrexate studies

With regard to what was different between the Mease et al 
study (1) and previous studies, in particular the MIPA trial, one dif-
ference is the under- dosing of methotrexate and under- powering 
of the study for the expected response (16). In SEAM- PsA, the 
median oral methotrexate dose was 20 mg, a dose considered 
appropriate by most experts, whereas the target dose in the 
MIPA study was 15 mg weekly, with as many as 11% of patients 
 receiving lower doses.

The future of methotrexate in PsA

Even though methotrexate seems to have “worked” in the 
SEAM- PsA study, only 50% of patients starting methotrexate 
improved by 20% (ACR20), and only 30% improved by 50% 
(ACR50), at 24 weeks (compared to 61% and 44% of patients 
initiating etanercept, respectively). These results were produced 
within the ideal setting of a typical phase III trial, in which adher-
ence to therapy is generally higher than what we might expect in 
the real world. It is safe to say we still have a long way to go in 
achieving better outcomes. Furthermore, at 48 weeks, there was 

a suggestion of more radiographic progression occurring among 
patients who were treated with methotrexate (although few 
patients in either arm showed progression). Thus, the evidence to 
indicate that methotrexate halts radiographic progression in PsA 
is still limited; this requires further exploration.

In addition, the results of the SEAM- PsA study suggest that, 
unlike combination therapy in RA, there was no meaningful benefit 
to combination therapy in PsA. That being said, SEAM- PsA does 
not test the potential benefit of combination therapy in prolonging 
the persistence of response to etanercept, nor does it test the 
effect on blood levels of etanercept. Moreover, the results cannot 
necessarily be extrapolated to other TNFi mechanisms, given the 
unique structure of etanercept as a fusion protein (17–19).

With regard to patient satisfaction, more limited  tolerability 
was seen with methotrexate, including nausea and vomiting, and 
from clinical experience, we believe more fatigue would likely have 
been reported if it had been measured. There was otherwise no 
appreciable difference in infection risk or other major adverse 
events between the etanercept and methotrexate treatment arms. 
A further consideration is that of methotrexate safety in the long 
term among a patient population with a known high prevalence 
of obesity, fatty liver disease, and metabolic comorbidities (20–
22). In the era of multiple effective target therapies for PsA, these 
factors should be weighed in the patient–physician discussion of 
 appropriate treatment options.

Still a lot to learn

The SEAM- PsA trial will continue to contribute to our knowl-
edge of PsA management over the coming months and years, as 
important subanalyses are performed. This trial of >800 patients 
is an ideal data set in which to address many questions, including 
determining the predictors or biomarkers of treatment response 
among patients treated with both methotrexate and a TNFi, and 
how to design comparative efficacy and/or effectiveness trials. For 
example, the ACR20 is the primary outcome used in all PsA regu-
latory trials but fails to capture important elements in PsA, including 
enthesitis, axial disease, and skin psoriasis. The gap between the 
ACR response and MDA response in this study underscores the dif-
ference in measured domains of disease in a psoriatic disease trial. 
Subsequent analyses in this trial will help us understand whether 
one of the alternative outcome measures may, in fact, be a better 
primary outcome measure for future comparative efficacy trials.

SEAM- PsA greatly underscores the need for more head- 
to- head trials in PsA to inform treatment guidelines, comparative 
effectiveness, and cost research. Of equal importance are more 
comparative effectiveness studies in the real world, to appropri-
ately inform clinical practice (23,24). SEAM- PsA enrolled patients 
who were typical of trial patients, but who represented fewer 
than one- half the patients in clinical practice (25). This trial was 
mainly  composed of patients with a polyarticular phenotype (with 
an average of 12 swollen joints and 20 tender joints). In contrast, 



EDITORIAL |      1029

pragmatic trials enroll patients representative of those seen in clin-
ical practice, of whom approximately one- half would have an oli-
goarticular phenotype (25). Such trials are needed to inform the 
treatment of real- world patients, including phenotypic subsets of 
disease that may not be captured in traditional trials or by tra-
ditional outcome measures extrapolated from RA, such as the 
ACR response cri teria. We still have very little informative data with 
regard to how to treat the patients with PsA that we see in our 
day- to- day practices.

In summary, the SEAM- PsA trial represents an important piece 
of the puzzle in our larger understanding of treatment approaches 
to PsA. We have learned that combination therapy offers little ben-
efit over etanercept monotherapy. We have also gained important, 
albeit inferred and without placebo control, insights into the effi-
cacy of methotrexate monotherapy. These data should invigorate 
the community to take a deeper look into the efficacy, effective-
ness, and safety/tolerability of methotrexate in our patients with 
psoriatic disease; such data are certain to inform future treatment 
guidelines. We hope that this is a turning point in trial design and 
drives the initiative for more head- to- head trials, pragmatic trials, 
and other novel clinical trial designs in PsA. It is from these direct 
comparisons that we actually learn how to treat our patients.
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E D I T O R I A L

A Bullseye for Children With Systemic Juvenile Idiopathic 
Arthritis
Lauren A. Henderson

Can we cure patients with systemic juvenile idiopathic arthri-
tis (JIA)? This was once an inconceivable question in pediatric 
rheumatology because children with systemic JIA were tradition-
ally among the most difficult patients to care for and their out-
comes were dismal. Unlike other forms of chronic inflammatory 
arthritis of childhood, systemic JIA is characterized by a dramatic 
onset with spiking fevers, evanescent rash, arthritis, and systemic 
inflammation. The course of the disease is variable, with 40–50% 
of patients experiencing a more favorable monophasic course 
(1). The remaining children who go on to develop  longstanding 
disease fare much worse. The arthritis of systemic JIA is often 
resistant to nonbiologic disease- modifying antirheumatic drugs 
(DMARDs) and even tumor necrosis factor inhibitors (2,3). His-
torically, children with chronic manifestations of systemic JIA had 
the worst functional outcomes and highest rates of prosthetic 
joint replacements of all JIA subtypes (4,5). Caring for children 
with systemic JIA in the pre- biologics era engendered a sense of 
frustration, sadness, and regret in many pediatric rheumatologists 
who were left to watch helplessly as patients were ravaged by dis-
ease that could be managed only with unacceptably high doses 
of glucocorticoids.

Improved outcomes in systemic JIA were slow to materialize 
until the advent of interleukin- 1 (IL- 1) and IL- 6 blockade. In 1991, 
De Benedetti et al identified increased serum IL- 6 levels, which 
surge in the peripheral blood before fever spikes, in patients with 
systemic JIA (6). Pascual and colleagues demonstrated an IL- 1β 
signature in systemic JIA and showed clear clinical improvement 
in 9 patients treated with recombinant IL- 1 receptor antagonist 
(rIL- 1Ra; anakinra) (7). These landmark discoveries laid the foun-
dation for using cytokine blockade in systemic JIA. The pivotal 
role of IL- 1 and IL- 6 in driving the acute, systemic symptoms 
of systemic JIA is well documented. Treatment of patients with 
new- onset systemic JIA with rIL- 1Ra results in a near immedi-
ate resolution of systemic symptoms (fever and rash) in the vast 

majority of patients (>80%) (8). Despite these remarkable results, 
patients with systemic JIA were traditionally treated first with non-
steroidal antiinflammatory drugs (NSAIDs), glucocorticoids, and 
nonbiologic DMARDs. Biologic medications such as anakinra 
and tocilizumab were typically reserved for patients with severe 
and/or refractory disease (9). Patients who ultimately received 
cytokine- directed therapy as second- line treatment had improved 
outcomes compared to historical patient cohorts, but attainment 
of inactive disease remained elusive, and glucocorticoid depen-
dence was still commonplace.

In a randomized controlled trial (RCT) of rIL- 1Ra in patients 
with systemic JIA with chronic and refractory disease, Ameri-
can College of Rheumatology (ACR) Pediatric 50 (Pedi 50) and 
ACR Pedi 70 responses were achieved in 58% and 42% of the 
patients, respectively, at 1 month. At 12 months, in the open- label 
extension phase of the trial, inactive disease had been achieved in 
only 30% of the patients, and >60% still needed glucocorticoids 
(10). Similarly, in an RCT of an IL- 6 receptor–blocking monoclonal 
antibody (tocilizumab) in patients with systemic JIA with a disease 
duration of longer than 6 months, an ACR Pedi 70 response was 
achieved in 71% of the patients at 12 weeks (11). In the open- 
label extension phase, 32% of the patients had inactive disease, 
and 48% of the patients continued to need glucocorticoids.

In 2011, Nigrovic and collaborators reported on a small num-
ber of patients with new- onset systemic JIA (n = 10) who received 
first- line rIL- 1Ra monotherapy with remarkable outcomes (8). 
Inactive disease was achieved in 8 of these 10 patients; these 
8 patients did not need glucocorticoids or any other additional 
medications. This finding in a small number of patients led to 
the hypothesis that there may be a window of opportunity at the 
onset of systemic JIA to treat patients with initial IL- 1 blockade 
and prevent chronic and severe disease (12). In 2014, Vastert 
and colleagues, who had been testing a similar approach with 
first- line rIL- 1Ra treatment in a prospective single- center series, 
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published very similar findings in 20 children with systemic JIA 
(13). Children enrolled in that single- center prospective cohort 
study were treated according to a prescribed algorithm starting 
with NSAIDs and rapidly escalating to anakinra, first at 2 mg/kg/
day and then at higher doses. If disease continued despite high- 
dose anakinra, glucocorticoids or other biologic agents were 
started. Similar to the results reported by Nigrovic et al, inactive 
disease was achieved in 85% of the patients within 1 year, includ-
ing 65% who were receiving rIL- 1Ra monotherapy, without expo-
sure to glucocorticoids (13). Children who had inactive disease 
for 3 months entered a medication tapering procedure in which 
rIL- 1Ra was reduced to every-other-day dosing for 1 month and 
then stopped. In total, 8 of 20 patients (40%) were able to stop 
receiving medications.

In this issue of Arthritis & Rheumatology, ter Haar and 
 colleagues describe the long- term outcomes in 42 children with 
systemic JIA whose disease was managed according to this treat- 
to- target strategy over a median time of 5.8 years (14). Unlike 
the study described above, the present study included patients 
with arthritis or arthralgias in the setting of a clinical picture indic-
ative of systemic JIA. By 1 month, inactive disease, as defined 
by the modified Wallace criteria, had been achieved in 60% of 
the patients receiving rIL- 1Ra. At 1 year, this milestone had been 
achieved in 76% of the patients, with most receiving rIL- 1Ra mon-
otherapy (67% of all patients). Medications were tapered in 33 
patients with inactive disease, and 22 (52% of all patients) were 
able to discontinue medications within the first year. Twenty- five 
patients were followed up for 5 years; at last follow- up, 96% had 
inactive disease, of whom 75% were not receiving medications. 
Importantly, only one- third of the patients needed glucocorticoids 
to achieve inactive disease. None of the patients with systemic 
JIA exhibited growth impairment from steroid dependence or 
active systemic inflammatory disease. Remarkably, a majority of 
the patients reported a normal quality of life with no pain. Predic-
tors of inactive disease at 1 year included an elevated neutrophil 
count at baseline (>9 × 109/liter) (sensitivity 0.91, specificity 0.8) 
and achievement of inactive disease within 1 month of starting 
therapy. Neutrophilia at baseline is the first biomarker to be identi-
fied that predicts response to treatment in systemic JIA.

While the present study by ter Haar and colleagues is not 
an RCT, it does present the greatest amount of evidence to date 
on the efficacy of first- line rIL- 1Ra therapy and a treat- to- target 
approach in systemic JIA. The following findings described in the 
article are of particular interest: the swift attainment of disease 
control, the high rates of inactive disease with rIL- 1Ra monother-
apy, and the substantial proportion of patients in whom medica-
tions could be tapered and discontinued quickly.

The authors demonstrated a rapid induction of inactive dis-
ease with initial IL- 1Ra therapy, which has also been reported by 
 others (3,8,10). By 1 month, inactive disease had been achieved in 
a majority of the patients. In addition, the rates of inactive disease 
at long- term follow- up were high compared to historical accounts. 

In the present study, 76% of the patients had inactive disease at 1 
year, and a remarkable 96% of the patients had attained this goal 
at last follow- up. For comparison, prior RCTs with rIL- 1Ra and 
anti–IL- 1β (canakinumab) demonstrated inactive disease in ~30% 
of patients (10,15). Of course, those RCTs were conducted with 
patients who had longstanding and refractory disease, and the 
comparison to a prospective study in patients with new- onset dis-
ease is not entirely equitable. There are more comparable incep-
tion cohort studies that have investigated systemic JIA outcomes 
in the biologics era, but those did not use first- line IL- 1 blockade 
and a treat- to- target approach. Rates of inactive disease in those 
studies ranged from 24% to 72% at long- term follow- up (2–3 
years), a lower proportion of patients than in the present study 
(3,16). It is all the more impressive that these high rates of inac-
tive disease were attained with relatively low glucocorticoid use, 
although the proportion of patients who needed glucocorticoid 
treatment in the present study was not substantially lower than 
those reported in recent cohort studies (3,16).

As for tapering of therapy, the authors used a relatively rapid 
and early medication reduction protocol, which was well tolerated. 
Medications were tapered after 3 months of inactive disease, and 
the median time to taper for the 33 patients in whom inactive dis-
ease was achieved (of a total of 42 patients in the study) was 
only 3.7 months. Subsequently, IL- 1Ra dosing frequency was 
decreased to every other day for 1 month and then stopped. A 
majority of the patients did well with this tapering regimen, and 
at last follow- up, 75% were in remission and not receiving medi-
cations. Compared to historical reports on systemic JIA disease 
course in which 60% of patients had chronically active disease (1), 
this is a truly remarkable finding (1).

Further, ter Haar et  al identified markers that predict a 
response to rIL- 1Ra, which include elevated neutrophil count and 
response to rIL- 1Ra therapy within 1 month. Patients with persis-
tent arthritis at 1 month were unlikely to attain inactive disease at 
1 year and needed additional therapies. Thus, the results of this 
study provide valuable information to clinicians regarding when 
patients should be switched to alternate therapies, which is rela-
tively quickly if there is not a robust response to rIL- 1Ra.

Four of 42 patients (9.5% of all patients) developed mac-
rophage activation syndrome (MAS) while receiving IL- 1Ra, a rate 
that is not substantially lower than in prior studies. An infectious 
trigger was identified in 3 of these 4 patients. One child with MAS 
developed pulmonary hypertension and central nervous system 
involvement and died despite treatment with rIL- 1Ra, canakinumab, 
methotrexate, and prednisone. This is the only mortality and report 
of pulmonary disease in the study. The pathophysiology driving 
pulmonary complications in systemic JIA is unknown and may be 
secondary to the underlying disease, immunosuppression, infec-
tions, or a combination of all of these factors. It has been reported 
in patients taking glucocorticoids, cyclosporine, intravenous immu-
noglobulin, tocilizumab, and anti–IL- 1 agents (17). It is unclear if the 
risk of pulmonary disease is greater with rIL- 1Ra treatment than 
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with other treatments for systemic JIA, and this will need to be mon-
itored prospectively.

Taken together, the findings reported by ter Haar and col-
leagues suggest that a treat- to- target strategy using first- line 
IL- 1 blockade in new- onset systemic JIA results in rapid attain-
ment of inactive disease at higher rates than previously reported. 
A substantial proportion of patients treated with this approach 
were “cured,” meaning that their disease was in remission and 
they were not receiving medications at long- term follow- up. This 
represents a paradigm shift in the classic approach to treatment 
in pediatric rheumatology. Instead of gradually escalating therapy 
from NSAIDs to  nonbiologic DMARDs to biologic agents in order 
to attain disease control, patients with systemic JIA should be 
treated immediately with anticytokine therapy.

While the results of the present study are exciting for pedi-
atric rheumatologists, patients, and families, these findings must 
be interpreted with some caution. The study conducted by ter 
Haar et al was a single- center, prospective cohort study and not 
a multicenter RCT; therefore, bias, generalizability, and lack of 
a control group are concerns. In addition, the authors defined 
systemic JIA as including patients with arthritis or arthralgias. In 
systemic JIA, overt arthritis can often present weeks to months 
or even years after the onset of systemic symptoms. Accord-
ingly, including patients without arthritis is consistent with what is 
done in a real- world clinical setting, consensus treatment guide-
lines, and adult- onset Still’s disease (18,19). Further, the Paedi-
atric Rheumatology International Trials Organisation has gone as 
far as to suggest revising the classification criteria for systemic 
JIA to remove arthritis as a necessary criterion (20). Yet, many 
historical case series and cohorts have restricted their definition 
of systemic JIA to include only patients with objective arthritis. 
Thus, there is a theoretical concern that the patient population 
in the study by ter Haar et al is biased toward individuals with 
milder or monophasic disease, which may explain the favorable 
results. To address these concerns, the clinical characteristics 
of and laboratory findings in patients with arthritis and those 
without arthritis at baseline were presented, and there were no 
statistically significant differences between the two groups. The 
authors also presented the outcomes for patients with arthritis 
and those without arthritis separately. Indeed, inactive disease 
was more likely to be achieved in patients without arthritis (100% 
with inactive disease at 1 year) than patients with arthritis (68% 
with inactive disease at 1 year), indicating that there could be 
a difference between these two groups. Consequently, these 
results need to be interpreted within the context of the inclusion 
criteria used for the study.

The treat- to- target approach described by ter Haar and 
colleagues in this issue of Arthritis & Rheumatology has hit 
its mark. In this study children with systemic JIA, a once- 
debilitating disease, had excellent outcomes, including rapid 
attainment of inactive disease at high rates with preserved 
quality of life and limited glucocorticoid use. Further work 

is now needed to confirm these results in larger, multisite 
studies. It will also be of interest to determine whether other 
 cytokine- directed therapies, such as anti–IL- 6 agents, can 
produce a similar effect. Importantly, the biologic basis for the 
remarkable response to early rIL- 1Ra treatment is not under-
stood. Future translational studies are needed to explore the 
mechanism underlying this phenomenon. The response to 
rIL- 1Ra was not universal. The authors are the first to iden-
tify markers predictive of response (neutrophilia) and nonre-
sponse (lack of inactive disease at 1 month of treatment); 
however, additional biomarkers are needed to risk stratify 
patients in order to start alternative therapies early. The work 
of ter Haar and collaborators has provided a glimpse into a 
future without chronic systemic JIA. We must continue to 
build on the foundation provided by the present study with 
rigorous clinical and translational investigation to make this 
vision a reality.
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Histologic and Transcriptional Evidence of Subclinical 
Synovial Inflammation in Patients With Rheumatoid 
Arthritis in Clinical Remission
Dana E. Orange,1  Phaedra Agius,2 Edward F. DiCarlo,3 Serene Z. Mirza,3 Tania Pannellini,3 Jackie Szymonifka,3 
Caroline S. Jiang,4 Mark P. Figgie,3 Mayu O. Frank,5 William H. Robinson,6  Laura T. Donlin,3 Cristina Rozo,3 
Ellen M. Gravallese,7 Vivian P. Bykerk,3 and Susan M. Goodman3

Objective. Patients with rheumatoid arthritis (RA) in clinical remission may have subclinical synovial inflammation. 
This study was undertaken to determine the proportion of patients with RA in remission or with low disease activity 
at the time of arthroplasty who had histologic or transcriptional evidence of synovitis, and to identify clinical features 
that distinguished patients as having subclinical synovitis.

Methods. We compared Disease Activity Score in 28 joints (DAS28) to synovial histologic features in 135 patients 
with RA undergoing arthroplasty. We also compared DAS28 scores to RNA- Seq data in a subset of 35 patients.

Results. Fourteen percent of patients met DAS28 criteria for clinical remission (DAS28 <2.6), and another 15% 
met criteria for low disease activity (DAS28 <3.2). Histologic analysis of synovium revealed synovitis in 27% and 31% 
of samples from patients in remission and patients with low disease activity, respectively. Patients with low disease 
activity and synovitis also exhibited increased C- reactive protein (CRP) (P = 0.0006) and increased anti–cyclic citrul-
linated peptide (anti- CCP) antibody levels (P = 0.03) compared to patients without synovitis. Compared to patients 
with a “low inflammatory synovium” subtype, 183 genes were differentially expressed in the synovium of patients with 
subclinical synovitis. The majority of these genes (86%) were also differentially expressed in the synovium of patients 
with clinically active disease (DAS28 ≥3.2).

Conclusion. Thirty- one percent of patients with low clinical disease activity exhibited histologic evidence of sub-
clinical synovitis, which was associated with increased CRP and anti- CCP levels. Our findings suggest that synovial 
gene expression signatures of clinical synovitis are present in patients with subclinical synovitis.

INTRODUCTION

An improved understanding of remission in longstanding 
rheumatoid arthritis (RA) is important in order to identify patients 

who may safely discontinue treatment. A primary concern with 
discontinuing medication in RA is that disease activity may return, 
and it may be difficult to reachieve adequate treatment response. 
Several groups have studied the effects of discontinu ing the use 
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of biologics in patients with longstanding RA and have found that 
~50% of RA patients experience a flare within 1 year of discontin-
uing treatment (1–4). Accordingly, the 2015 American College of 
Rheumatology (ACR) guideline for treatment of RA recommends 
lifelong treatment, even for patients with RA in clinical remission (5).

In a previous study, 43% of patients with RA in remission 
had increased power Doppler signal on ultrasound imaging (6). 
The clinical relevance of subclinical synovitis is  underscored by 
the fact that RA patients with subclinical synovitis on imaging 
are at risk for flare (7) and can continue to accrue radiographic 
damage (8). Findings from imaging studies (6,9,10) suggest 
that clinical remission is distinct from immunologic remission. 
However, the histologic and transcriptional features of ongo-
ing synovitis in RA during clinical remission are still unknown.

To gain insight into the underlying cellular and transcrip-
tional mechanisms of RA, we recently performed histologic and 
RNA- Seq analyses on RA synovium (11). Clustering of synovial 
gene expression data identified 3 synovial subtypes of RA: “low 
 inflammatory,” “high inflammatory,” and “mixed” (11). Though 
these synovial subsets were significantly associated with autoan-
tibodies such as cyclic citrullinated peptide (CCP) and rheuma-
toid factor (RF) and systemic markers of inflammation such as  
C- reactive protein (CRP) level and erythrocyte sedimentation rate 
(ESR), they were not associated with clinical features (i. e., swollen 
and tender joint counts or pain scores).

Arthroplasty represents a unique opportunity to examine the 
synovium of RA patients with longstanding disease and various 
levels of disease activity. In the present study, we sought to deter-
mine 1) the proportion of RA patients with remission at the time 
of arthroplasty who exhibit synovial inflammation, 2) the clinical 
features that might distinguish patients with subclinical synovial 
inflammation from those without subclinical synovial inflammation, 
and 3) the transcriptional features of subclinical synovitis.

PATIENTS AND METHODS

Setting and patients. This study was approved by the 
Ethics Review Boards at the Hospital for Special Surgery and 
Rockefeller University (2014- 233 and DOR0822). All participating 
patients provided signed informed consent.

Patients included in this analysis were at least 18 years old 
and undergoing total hip arthroplasty or total knee arthroplasty as 
previously described (12). All patients met either the ACR/Euro-
pean League Against Rheumatism 2010 classification criteria for 
RA (13) or the ACR 1987 classification criteria for RA (14), and had 
both preoperative Disease Activity Score in 28 joints using the ESR 
(DAS28- ESR) scores (15) and complete histologic scores available.

Clinical data. Preoperative data collected from participat-
ing patients included age, sex, comorbidities, duration of dis-
ease, and medications. Disease activity was measured using the 
DAS28- ESR with scores between ≥2.6 and <3.2, between ≥3.2 

and <5.1, and ≥5.1 indicating low, moderate, and high disease 
activity, respectively; a DAS28- ESR score of <2.6 corresponded 
to clinical remission (15). RF and anti- CCP antibodies, swollen 
and tender joint counts (excluding the joint that would be sur-
gically replaced), and markers of inflammation were measured 
preoperatively. Since clinical CCP assay results are reported as 
values up to 250, CCP antibodies were also measured by our 
group using a research- grade Bio- Plex CCP assay (Bio- Rad) 
that utilizes multiple CCPs conjugated to an individual Bio- Plex 
bead with results read as the mean fluorescence intensity (16). 
Medication use, such as methotrexate, disease- modifying anti-
rheumatic drugs (DMARDs), and biologics, was recorded.

Histologic analysis. Synovium obtained at the time of 
arthroplasty was assessed by gross examination, and sam-
ples from areas that appeared inflamed (opaque and dull) 
were selected for histologic analysis. If no inflammation was 
apparent on gross examination, samples were obtained from 
the femoral aspects of the medial and lateral gutters and 
the central supratrochlear region in the suprapatellar pouch. 
Hematoxylin and eosin staining was performed on synovium 
collected at the time of arthroplasty, and synovium was 
assessed for 10 histologic features described in our previous 
report: lymphocytes, plasma cells, lining hyperplasia, binucle-
ated plasma cells, Russell bodies, fibrin, neutrophils, synovial 
multinucleated giant cells, detritus, and mucin (11). Binucle-
ated plasma cells, Russell bodies, fibrin, and neutrophils were 
all scored as either absent or present. Mucin was scored as 
none, slight, moderate, or marked. Lymphocytes were scored 
as either none, mild, moderate, or marked. Synovial lining 
hyperplasia was categorized as normal, mildly increased, or 
markedly increased (>4 cells thick). Plasma cells were classi-
fied as <10%, 10–50%, or >50% of infiltrating lymphocytes.

Additionally, the 10 histologic features were summarized into 
a single score of high, mixed, or low inflammatory synovium using 
our machine learning–derived algorithm, as previously described 
(11). A description of the histologic scoring system, with example 
images, is available at https://www.hss.edu/pathology-synovitis.asp, 
and the algorithm used to summarize the 10 histologic features of 
synovitis is available at https://predictrasubtypes.shinyapps.io/shiny/.

Data analysis. For categorical variables, preoperative patient 
characteristics were summarized as percentages. Differences in 
the mean or median values of continuous variables were assessed 
using the Shapiro- Wilk normality test. Continuous variables were 
summarized as the mean ± SD or median (inter quartile range), as 
appropriate. Pearson’s chi- square test was used to compare the 
frequency of the individual histologic feature scores and the sum-
mary histologic score according to DAS28 category. For samples 
with sparse cell counts, we collapsed disease activity categories 
to DAS28 <3.2 or ≥3.2, and used Fisher’s exact test. The Mann- 
Whitney test was used to compare clinical features of patients, 

https://www.hss.edu/pathology-synovitis.asp
https://predictrasubtypes.shinyapps.io/shiny/
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and their Disease Activity Scores, according to the presence or 
absence of subclinical synovitis and other histologic features.

RNA sequencing. RNA- Seq data sets were generated 
using bulk RNA isolated from arthroplasty synovial samples, as 
previously described (11). Each data set can be accessed at 
ImmPort (accession no. SDY1299). Thirty- five of the samples in 
this data set had available DAS28- ESR scores that were included 
in this analysis. DESeq2 was used to normalize the data, and 
genes with significantly different expression levels (P < 0.01) com-

pared to the reference low inflammatory synovium group, using 
the Benjamini- Hochberg method to adjust for multiple compar-
isons, were considered differentially expressed. Gene ontology 
term enrichment of significantly differentially expressed genes 
was evaluated using GoMiner software (17).

RESULTS

Clinical remission is uncommon in RA patients undergoing 
arthroplasty. Clinical characteristics of the 135 RA patients in the 

Figure 1. Histologic and transcriptional evidence of subclinical synovitis in patients with rheumatoid arthritis (RA) in remission at the time of 
arthroplasty. Remission was defined based on the Disease Activity Score in 28 joints (DAS28). A, Hematoxylin and eosin staining of synovium from 
a patient with RA in remission at the time of arthroplasty, revealing immune cell infiltrates and other histologic features of inflammation. Original 
magnification × 5 (left) and × 20 (right). B, Frequency of 10 synovial histologic features in 135 RA patients with various DAS28 scores. C, Low, mixed, 
or high inflammatory histologic summary scores of RA patients with various DAS28 scores. D, Frequency of synovitis (determined by either a mixed 
or high inflammatory summary histologic score) in RA patients with various DAS28 scores. There was no difference in the frequency of any histologic 
feature according to DAS28 category, as determined by Pearson’s chi- square test or Fisher’s exact test with adjustment for multiple comparisons.
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present study, according to Disease Activity Score, are presented 
in Supplementary Table 1 (available on the Arthritis & Rheuma-
tology web site at http://onlinelibrary.wiley.com/doi/10.1002/
art.40878/abstract). Despite relatively long disease duration and 
aggressive therapy with DMARDs (including biologics), remission 
was uncommon at the time of arthroplasty, with only 14% of 
patients (n = 19) meeting the DAS28 criteria for remission; drug- 
free remission was exceedingly rare and was observed in only 
2 patients (1.5%). Fifty- three percent of patients had moderate 
disease activity, and 18% had high disease activity; therefore, 
71% of all patients met the classification for medication dose 

escalation according to the 2015 ACR treatment guideline for RA 
(5). There was no significant difference in age or disease dura-
tion between the disease activity categories, and there was no 
 correlation of disease duration with disease activity (Spearman’s 
ρ = –0.07).

Histologic evidence of subclinical synovitis. While 
most patients with RA in DAS28- defined remission had low 
inflammatory synovium, some had markedly inflamed synovium. 
Samples of highly inflamed synovium from an RA patient with 
DAS28- defined remission are shown in Figure 1A. We quanti-

Figure 2. Clinical features of rheumatoid arthritis (RA) patients with low disease activity or remission, according to the presence or absence 
of histologic features of subclinical synovitis. Disease activity was defined based on the Disease Activity Score in 28 joints (DAS28). A, Clinical 
features of patients with RA in remission (DAS28 <2.6; n = 19) with and those without histologic evidence of synovitis. B, Clinical features of RA 
patients with low disease activity or remission (DAS28 <3.2; n = 39) with and those without histologic evidence of synovitis. Symbols represent 
individual patients; bars show the median and interquartile range. P values were calculated by Mann- Whitney test. NS = not significant; ESR = 
erythrocyte sedimentation rate; CRP = C- reactive protein; CCP = cyclic citrullinated peptide; MFI = mean fluorescence intensity.

http://onlinelibrary.wiley.com/doi/10.1002/art.40878/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40878/abstract
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tated the frequency of 10 individual histologic features of synovi-
tis according to the DAS28 (Figure 1B). While there was a trend 
toward increasing binucleated plasma cells, plasma cells, and 
Russell bodies with increasing disease activity, none of the indi-
vidual histologic features were significantly more common in any 
disease activity group. When we applied our histologic scoring 
algorithm to summarize the 10 histologic features into a single 
score, we again noted a nonsignificant trend toward increasing 
frequency of high inflammatory synovitis with increasing DAS28 
scores. Notably, more than half of all patients with moderate or 
high disease activity had low inflammatory synovium. This likely 
represents expected sampling error since RA does not affect all 
joints equally at a given time (i.e., it is possible to have active, 
RA- related inflammation in some joints while having low inflam-
mation in the joint that would be surgically replaced). Conversely, 
16% of synovial samples from patients with RA in DAS28- defined 

 remission had the mixed synovial inflammatory subtype while 
11% of patients had the high inflammatory subtype (Figure 1C).

Next, we grouped together patients with mixed or high 
inflammatory synovium according to histologic score and  labeled 
this combined group as having subclinical synovitis. Using this 
definition, 27% of patients with RA who met the DAS28 crite-
ria for remission had histologic evidence of subclinical synovitis. 
Similarly, 31% of those patients with DAS28- defined low disease 
activity had histologic evidence of subclinical synovitis (Figure 1D).

Clinical features of patients with and those without 
histologic subclinical synovitis. We compared clinical fea-
tures of patients with RA in remission (DAS28 <2.6; n = 19) (Fig-
ure 2A) and patients with RA in remission or with low disease activ-
ity (DAS28 <3.2; n = 39) (Figure 2B) with and without histologic 
evidence of subclinical synovitis. Age, disease duration, and ESR 

Figure 3. Transcriptional features of subclinical synovitis in rheumatoid arthritis (RA). A, Principal components analysis of the top 500 most 
variably expressed genes detected using RNA- Seq data from 35 RA patient synovial samples. Samples are classified according to gene expression 
clusters of low, mixed, or high inflammatory (top) or Disease Activity Score in 28 joints (DAS28) category (bottom). B, Principal component 1 
versus the DAS28. The line divides samples with low inflammatory synovium, as defined by gene expression cluster, from the remaining samples 
(with mixed or high inflammatory synovium), which were classified according to DAS28 scores of <3.2 or ≥3.2. C, Heatmap of the two- way 
hierarchical clustering of the top 100 most significantly differentially expressed genes in RA patients with a DAS28 score of <3.2 compared to 
patients with low inflammatory synovium, in samples obtained from 35 patients. Expression in patients with a DAS28 score of ≥3.2 is also shown.
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did not differ between patients with synovitis and patients without 
synovitis. CRP levels were significantly increased both in patients 
with synovitis who were in remission (P = 0.008) and in patients 
with synovitis who had a DAS28 score of <3.2 (P = 0.0006). There 
was a trend toward increased CCP levels in patients with RA in 
DAS28- defined  remission with histologic evidence of subclinical 
synovitis (P = 0.07) (Figure 2A), and this finding was statistically sig-
nificant when patients with a DAS28 score of <3.2 were included  
(P = 0.03) (Figure 2B).

Transcriptional features of subclinical synovitis. In 
our previous work, we found that histologic features of syno-
vial samples could be used to predict gene expression subtype 
(11). Here, we sought to identify gene expression features of 
subclinical synovitis in order to provide insight into the immune 
processes that remain active in RA patients with low disease 
activity. Our previous analysis identified 3 robust synovial gene 
expression clusters: low, mixed, and high inflammatory. Principal 
components analysis of the 500 genes with the most variable 
expression across synovium samples from 35 RA patients is pre-
sented in Figure 3A.

Principal component 1 and principal component 2 captured 
41.2% and 9.8% of the variance, respectively. Classifying the data 
according to our previously defined synovial gene expression clus-
ters demonstrated that principal component 1 was associated 
with increasing inflammation (Figure 3A). However, when synovium 
samples were classified according to DAS28 category, it became 
clear that RA patients with low inflammatory gene expression had 
striking variability in DAS28 scores (Figure  3A). This result was 
anticipated and reminiscent of our earlier finding that there are 
substantial proportions of patients with low inflammatory histologic 
scores at all levels of disease activity (Figure 1C), which we attrib-
ute to the heterogeneity of joint involvement in any patient with RA. 

We therefore grouped all synovium samples with low inflam-
matory gene expression irrespective of disease activity and cat-
egorized them as the reference low inflammatory group (Figure 
3B). We then categorized the remaining synovial samples accord-
ing to DAS28 scores of <3.2 or ≥3.2 and tested for differential 
gene expression compared to the reference low inflammatory 
group (Figure  3B). We identified 183 differentially expressed 
genes in the group with DAS28 scores of <3.2 (see Supplemen-
tary Table 2, available on the Arthritis & Rheumatology web site 
at http://onlinelibrary.wiley.com/doi/10.1002/art.40878/abstract) 
and 3,194 differentially expressed genes in the group with DAS28 
scores of ≥3.2 (Supplementary Table 3, http://onlinelibrary.wiley.
com/doi/10.1002/art.40878/abstract) with an adjusted P value 
of <0.01. The vast majority (86%) of the differentially expressed 
genes in the DAS28 <3.2 group were also differentially expressed 
in the DAS28 ≥3.2 group. A heatmap of the 100 genes that were 
most significantly differentially expressed in samples with DAS28 
scores of <3.2 compared to the low inflammatory synovium group 
is presented in Figure 3C.

Pathways significantly enriched in the DAS28 <3.2 group 
relative to the low inflammatory synovium group included lym-
phocyte activation and CC chemokine binding (Supplementary 
Table 4, http://onlinelibrary.wiley.com/doi/10.1002/art.40878/
abstract) and B cell genes such as MS4A1 (CD20), MZB1, CD5, 
TNFRSF17 (BCMA), CD27, and CD79A as well as immunoglobu-
lin genes. In addition, CD8 T cell signature genes such as CD8A, 
CD8B, GZMK, and GZMM as well as GATA3 (the canonical Th2 
transcription factor), and chemokine genes such as CXCL10, 
CXCL12, CXCR6, CCR2, CCR4, and CCR6 were included. In the 
DAS28 ≥3.2 group, 706 pathways were significantly enriched, 
including myeloid leukocyte activation, natural killer cell–mediated 
immunity, and wound healing pathways (Supplementary Table 5, 
http://onlinelibrary.wiley.com/doi/10.1002/art.40878/abstract).

DISCUSSION

In this study, we analyzed data from a cohort of 135 patients 
with longstanding RA undergoing arthroplasty, in order to investi-
gate the cellular and transcriptional features of subclinical synovi-
tis in RA. We did not find a significant difference in the frequency 
of 10 histologic features typically observed in inflamed synovium 
between patients subgrouped based on disease activity. While 
it is expected that RA patients with high DAS28 scores may 
not necessarily have highly inflamed synovium in all joints at any 
given time, the finding of synovitis in RA patients with low disease 
activity was not anticipated. We found that 27% of patients with 
RA in remission and 31% of patients with low disease activity had 
inflamed synovium according to our histologic scoring algorithm.

Given the interest in determining whether there are RA patients 
who can safely discontinue DMARD treatment, we examined 
whether there were any clinical features that distinguish patients 
with RA in remission or with low disease activity who had, versus 
those who did not have, subclinical synovitis. Though there was no 
difference in disease duration or age, RA patients with subclinical 
synovitis had increased levels of anti- CCP antibodies, suggesting 
that the levels of these autoantibodies might be useful in predicting 
the likelihood of achieving both clinical and histologic remission.

The findings of our analysis of RNA- Seq data were  consistent 
with those of our analysis of histologic scores in relation to the 
DAS28; that is, RA patients with low inflammatory synovium had 
variable DAS28 scores, highlighting the fact that not all joints in 
individual patients with RA are uniformly affected by inflammation. 
Using low inflammatory synovium samples as a reference group, 
we identified 183 differentially expressed genes in RA patients with 
low disease activity (DAS28 <3.2). The vast majority of these genes 
were also differentially expressed in RA patients with a DAS28 score 
of ≥3.2. Interestingly, we identified a robust signature of B cell acti-
vation in RA patients with gene expression evidence of either mixed 
or high inflammatory synovium and a DAS28 score of <3.2. This 
observation parallels our finding of increased anti- CCP antibody 
levels in RA patients with histologic evidence of synovitis and a 

http://onlinelibrary.wiley.com/doi/10.1002/art.40878/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40878/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40878/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40878/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40878/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40878/abstract
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DAS28 score of <3.2, raising the possibility that the synovium may 
be a niche for anti- CCP antibody–producing cells in RA patients 
with subclinical synovitis. In particular, our gene expression anal-
ysis identified B cell signature genes such as TNFRSF17/BCMA 
and MS4A1 (CD20), which are targets of approved therapeutic 
agents that limit B cell–mediated inflammation (such as rituximab 
and  belimumab). We hypothesize that there may be a role for these 
drugs (specifically, dispelling persistent inflammation in RA patients 
with subclinical synovitis) prior to treatment discontinuation.

Several important limitations of this study should be noted. 
First, the analysis was performed in a small sample size of only 
19 patients with RA in clinical remission and 20 RA patients with 
low disease activity at the time of arthroplasty. These findings high-
light the fact that remission is uncommon even in RA patients with 
 longstanding disease. Additionally, RA patients referred to a tertiary 
care hospital and requiring arthroplasty treatment represent a bias 
in the patient population studied. Since most patients participat-
ing in the present study did not receive their rheumatologic care at 
our institution and were referred for the purpose of surgery, for the 
majority of patients we only had access to Disease Activity Scores 
at the presurgical screening visit, and we did not know the duration 
or stability of their disease activity. RA patients with longer duration 
of remission may be less likely to have ongoing subclinical synovitis. 
Analysis of tissue from 1 joint in a polyarticular disease is subject to 
sampling error, since not all joints are affected equally at any given 
time, making it difficult to relate either histologic or transcriptional 
data to composite Disease Activity Scores that include joint counts. 
Further, histologic studies have demonstrated heterogeneous 
involvement of the synovium even within individual joints, and thus, 
sampling bias related to the particular specimen obtained from indi-
vidual joints assessed may have also confounded our results.

In summary, we observed a discordance between clinical 
and immunologic disease activity in a subset of patients with 
longstanding RA in clinical remission as defined by the DAS28. Of 
patients with RA in clinical remission, 27% continued to have his-
tologic evidence of subclinical synovitis. Gene expression profiling 
of RA patients with subclinical synovitis demonstrated evidence 
of ongoing inflammation characterized by retention of CD8 T cells 
and B cells as well as chemokine production. CCP and CRP levels 
may be useful in identifying RA patients who are more likely to have 
subclinical synovitis.
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Cardiovascular Safety During Treatment With Baricitinib in 
Rheumatoid Arthritis
Peter C. Taylor,1 Michael E. Weinblatt,2 Gerd R. Burmester,3 Terence P. Rooney,4 Sarah Witt,4 Chad D. Walls,4 
Maher Issa,4 Claudia A. Salinas,4 Chadi Saifan,4 Xin Zhang,4 Anabela Cardoso,4 Miguel A. González-Gay,5 and 
Tsutomu Takeuchi6

Objective. To assess the frequency of cardiovascular and venous thromboembolic events in clinical studies 
of baricitinib, an oral, selective JAK1 and JAK2 inhibitor approved in more than 50 countries for the treatment of 
moderately- to- severely active rheumatoid arthritis (RA).

Methods. Data were pooled from 9 RA studies. Placebo comparison up to 24 weeks included data from 6 studies. 
Randomized dose comparison between baricitinib doses of 2 mg and 4 mg used data from 4 studies and from the as-
sociated long-term extension study. The data analysis set designated “All- bari- RA” included all baricitinib exposures 
at any dose.

Results. Overall, 3,492 RA patients received baricitinib (7,860 patient- years of exposure). No imbalance compared 
to the placebo group was seen in the incidence of major adverse cardiovascular events (MACE) (incidence rates [IRs] 
of 0.5 per 100 patient-years for placebo and 0.8 per 100 patient-years for 4 mg baricitinib), arterial thrombotic events 
(ATE) (IRs of 0.5 per 100 patient-years for placebo and 0.5 per 100 patient-years for 4 mg baricitinib), or congestive heart 
failure (CHF) broad term (IRs of 4.3 per 100 patient-years for placebo and 2.4 per 100 patient-years for 4 mg baricitinib). 
Deep vein thrombosis (DVT)/pulmonary embolism (PE) were reported in 0 of 1,070 patients treated with placebo and 6 
of 997 patients treated with 4 mg  baricitinib during the placebo- controlled period; these events were serious in 2 of 6 pa-
tients, while all 6 had risk factors and 1 patient developed DVT/PE after discontinuation of the study drug. In the 2 mg– 
4 mg-extended data analysis set, IRs of DVT/PE were comparable between the doses across event types (IRs of 0.5 per 
100 patient- years in those receiving 2 mg baricitinib and 0.6 per 100 patient- years in those receiving 4 mg baricitinib). 
In the All- bari- RA data analysis set, the rates were stable over time, with an IR of DVT/PE of 0.5 per 100 patient- years.

Conclusion. In RA clinical trials, no association was found between baricitinib treatment and the incidence of 
MACE, ATE, or CHF. With regard to incidence of DVT/PE, 6 events occurred in patients treated with 4 mg baricitinib, 
but no cases of DVT/PE were reported in the placebo group. During longer- term evaluation, the incidence of DVT/PE 
was similar between the baricitinib dose groups, with consistent IR values over time, and this was similar to the rates 
previously reported in patients with RA.
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INTRODUCTION

The goals of rheumatoid arthritis (RA) treatment are to mini-
mize synovial inflammation, prevent joint destruction, and improve 
quality of life. Strategies used to achieve these goals include early 
diagnosis and treatment with disease- modifying antirheumatic 
drugs (DMARDs), the doses of which are adjusted according to 
the levels of disease activity to achieve targets such as remis-
sion or low disease activity. Over the last few decades, efficacious 
DMARDs have been developed and are used in clinical practice. 
Efficacy and tolerability of conventional synthetic DMARDs, such 
as the anchor drug methotrexate (MTX), and a number of biologic 
DMARDs targeting individual cytokines, their receptors, specific 
cells, or costimulatory molecules have been well recognized. Nev-
ertheless, insufficient response rates, loss of response, exclusion 
of patients with comorbidities, which could confound treatment 
decisions and adherence, and several safety signals, such as 
infections, have been reported to date in patients treated with 
these agents.

JAK inhibitors, which target cytokine signaling pathways 
implicated in RA pathogenesis, provide alternative treatment 
options in RA. Baricitinib, an oral, selective JAK1 and JAK2 inhib-
itor, has shown clinical efficacy and acceptable safety in clinical 
trials involving patients with RA (1–5). Baricitinib is approved for 
the treatment of adults with moderately- to- severely active RA in 
more than 50 countries, including many European countries as 
well as Japan and the United States.

Cardiovascular (CV) diseases may lead to life- threatening 
sequelae, affecting mortality and morbidity. Thromboembolism 
can affect arterial or venous vessels, and may lead to ischemia 
or congestion with subsequent tissue damage. Compared to 
the general population, patients with RA have a 69% (95% con-
fidence interval [95% CI] 50–90%) greater risk of CV diseases 
of arterial ischemic origin, such as myocardial infarction (MI) 
and stroke, according to data from a recent meta- analysis of 
12 studies, and a 60–140% increased risk of venous thrombo-
embolism (VTE) (6–9). Increased incidence of subclinical athero-
sclerosis, manifested by an abnormally high frequency of carotid 
plaques, is observed in patients with RA (10), suggesting that 
systemic inflammation in RA may contribute to increased arte-
rial CV risk in addition to the conventional risk factors (11–13). 
Moreover, a genetic component also appears to be involved in 
the increased risk of endothelial dysfunction and atherosclerotic 
disease observed in patients with RA (14).

The frequency of thromboembolic events in the RA popu-
lation has been studied over the last decade, with incidence 
rates (IRs) reported to be 2–3 times higher than in the healthy 
population (15–17). Herein, we analyzed the CV safety profile of 
 baricitinib in patients with RA, based on integrated data from 9 
clinical trials (during both placebo- controlled and non–placebo- 
controlled periods), including phase II, phase III, and an ongoing 
long-term extension (LTE) study.

PATIENTS AND METHODS

Study design and patients. The data reported herein 
were from 9 RA clinical trials (1 completed phase I, 3 completed 
phase II, 4 completed phase III, and data through April 1, 2017 
from 1 ongoing phase III LTE study) (1–4,18–21) (Table 1). Baric-
itinib doses ranged from 1 mg to 15 mg once daily, with doses 
of 2 mg and 4 mg in the phase III studies. Across the phase III 
studies (including the LTE study), patients with an inadequate 
response could receive rescue therapy with 4 mg baricitinib 
after specified time points. Patients completing phase III stud-
ies were eligible to enter the ongoing LTE study (RA- BEYOND), 
which provides up to 336 weeks of exposure to baricitinib (21). 
Patients who were randomized to receive 2 mg baricitinib and 
who had not received rescue therapy in the originating study 
continued to receive 2 mg baricitinib in the LTE study; all other 
patients received 4 mg baricitinib. Patients receiving 4 mg baric-
itinib for at least 15 months without rescue therapy and who 
achieved sustained low disease activity (a Clinical Disease Activ-
ity Index [CDAI] score ≤10) or remission (a CDAI score ≤2.8) (22) 
were re- randomized in a blinded manner to continue on 4 mg 
baricitinib or to taper the dose to 2 mg. Patients in the phase II  
study NCT01185353 were also eligible for the LTE and were 

treated with 4 mg baricitinib.
All studies were conducted in accordance with the ethics 

principles of the Declaration of Helsinki and Good Clinical Prac-
tice Guidelines, and were approved by each center’s institutional 
review board or ethics committee. All patients provided written 
informed consent.

Data analysis sets. Patient- level data were analyzed for the 
following data analysis sets. 1) The placebo- controlled data set 
included data from placebo- treated and 4 mg baricitinib–treated 
patients from 6 trials (phases II and III), in which patients could be 
randomized to receive either placebo or 4 mg baricitinib through 
24 weeks of treatment or to the end of the placebo- controlled 
period, with data censored at rescue. Data were also included 
for patients who received 2 mg baricitinib from 4 of these trials, in 
which patients could be randomized to receive either placebo, 2 
mg baricitinib, or 4 mg baricitinib through 24 weeks of treatment 
or to the end of the placebo- controlled period, with data censored 
at rescue.

2) The 2 mg–4 mg-extended data set included data from 4 
studies (phases II and III) in which patients could be randomized 
to receive either placebo, 2 mg baricitinib, or 4 mg baricitinib, and 
also included data from the extended LTE study, with data cen-
sored at rescue or dose change.

3) The All- bari- RA data set included data from patients who 
received at least 1 dose (any dose level) of baricitinib from all 9 
of the RA studies, and included all data available after the start 
of the first baricitinib dose, without censoring for rescue or dose 
change.
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Data analysis sets 1 and 2 allowed comparisons between 
treatment groups using all available data, while preserving ran-
domization. Set 1 allowed a randomized comparison between 

4 mg baricitinib and placebo (with the data for 2 mg baricitinib 
presented from a subset of studies for reference), and set 2 pro-
vided a randomized comparison between the doses. Set 3 was 

Table 1. Baricitinib clinical trial information and associated data analysis sets*

Phase, study (ref.) Treatments Analysis sets
Prior RA 

treatments Rescue week†
Study periods 

and types

Phase Ib
Study I4V- MC- 

JADB (open- 
label) (18)

Bari 15 mg; Bari 10 
mg; Bari 5 mg 
BID

All- bari- RA Background MTX – 28 days

Phase II‡
Study 

NCT01185353 
(19)

Placebo; Bari 8 mg; 
Bari 4 mg; Bari 2 
mg; Bari 1 mg

Placebo- 
controlled; 2 
mg–4 mg- 
extended; 
All- bari- RA

MTX- IR; bDMARD 
naive

– 12 weeks DB; 12 
weeks BE; 52 
weeks OE; 52 
weeks OE

Study 
NCT00902486

Placebo; Bari 10 
mg; Bari 7 mg; 
Bari 4 mg

Placebo- 
controlled; 
All- bari- RA

csDMARD- IR; prior 
bDMARD 
allowed

– 12 weeks DB; 12 
weeks BE

Study 
NCT01469013 
(Japan) (20)

Placebo; Bari 8 mg; 
Bari 4 mg; Bari 2 
mg; Bari 1 mg

Placebo- 
controlled; 2 
mg–4 mg- 
extended; 
All- bari- RA

MTX- IR; prior 
bDMARD 
allowed§

– 12 weeks DB; 52 
weeks BE

Phase III‡
RA- BEAM 

(NCT01710358) 
(2)

Placebo; Bari 4 mg; 
adalimumab

Placebo- 
controlled; 
All- bari- RA

MTX- IR; bDMARD 
naive

16 24 weeks DB; 28 
weeks DB¶; 52 
weeks DB#

RA- BEACON 
(NCT01721044) 
(4)

Placebo; Bari 4 mg; 
Bari 2 mg

Placebo- 
controlled; 2 
mg–4 mg- 
extended; 
All- bari- RA

TNFi- IR 16 24 weeks DB

RA- BUILD 
(NCT01721057) 
(3)

Placebo; Bari 4 mg; 
Bari 2 mg

Placebo- 
controlled; 2 
mg–4 mg- 
extended; 
All- bari- RA

csDMARD- IR; 
bDMARD naive

16 24 weeks DB

RA- BEGIN 
(NCT01711359) 
(1)

MTX mono; Bari 4 
mg mono; Bari 4 
mg + MTX

All- bari- RA DMARD naive 24 52 weeks DB

Long- term 
extension**

RA- BEYOND 
(NCT01885078) 
(21)

Bari 4 mg; Bari 2 
mg

2 mg–4 mg- 
extended; 
All- bari- RA

Varied PRN Up to 6.1 years††

* RA = rheumatoid arthritis; bari = baricitinib; BID = twice- daily; MTX = methotrexate; IR = inadequate response; BE = blinded extension with 
no placebo; OE = open- label extension; csDMARD = conventional synthetic disease- modifying antirheumatic drug; TNFi = tumor necrosis 
factor inhibitor; mono = monotherapy; PRN = as needed. 
† First available rescue. 
‡ Data from phase II/III studies contributed to the population pharmacokinetics analysis. 
§ Prior biologic disease- modifying antirheumatic drugs (bDMARDs) were allowable; however, patients could not have stopped treatment due 
to insufficient response. 
¶ Double- blind (DB) with no placebo. 
# The trial RA- BEAM had 24 weeks of placebo control and 52 weeks of active control. 
** Trials contributing to the long- term extension (LTE) RA- BEYOND study included the phase II trial NCT01185353 and phase III trials RA- 
BEAM, RA- BEACON, RA- BUILD, and RA- BEGIN. 
†† Ongoing trial with data as of April 1, 2017. 
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uncontrolled and combined baricitinib dose groups to maximize 
the patient- years of exposure, and therefore was most pre-
cise in estimating the IRs. Two of the individual phase III stud-
ies included active comparators: MTX from the RA- BEGIN trial, 
and  adalimumab from the RA- BEAM trial (1,2). Data by treatment 
group from these studies are shown for selected major topic cat-
egories.

Evaluation of events. In phase III trials, potential major 
adverse cardiovascular events (MACE) (including MI, stroke, 
and CV death) and other CV events (hospitalization for unstable 
angina, hospitalization for heart failure, serious arrhythmia, resus-
citated sudden death, cardiogenic shock, or coronary revascu-
larizations) were adjudicated by an independent, external Clinical 
Endpoint Committee. Arterial thrombotic events (ATE) comprising 
MI and ischemic stroke, along with Medical Dictionary for Regula-
tory Activities (MedDRA) preferred terms indicative of other acute 
ATE, were recorded; where available (phase III for applicable event 
types), adjudicated data were used.

Deep vein thrombosis (DVT) and pulmonary embolism (PE) 
were not independently adjudicated. Review was conducted by 
the study sponsor’s medical staff to identify reported events of 
DVT and PE, using a standardized MedDRA query (SMQ) from 
the Embolic and Thrombotic Events SMQ, including all sub- SMQs 
in addition to MedDRA preferred terms of “deep vein thrombosis” 
and “pulmonary embolism.”

Serious adverse events (SAEs) were recorded as any event 
that, in the opinion of the investigator, met the International Con-
ference on Harmonisation seriousness criteria (23). For conges-
tive heart failure (CHF), signal detection analysis was conducted 
using the broad and narrow terms of the Cardiac Failure SMQ.

Statistical analysis. Comparisons between placebo and 
each baricitinib dose group were performed using the Cochran- 
Mantel- Haenszel test, stratified by study. Exposure- adjusted IRs 
were calculated as the number of unique patients with an event 
per 100 patient- years of exposure time. For AEs of special inter-
est, IRs were calculated as the number of unique patients with an 
event per 100 patient- years of observation time, which included 
any posttreatment follow- up time, censored at the event.

A Cox regression model was used to investigate the effect 
of potential risk factors on the occurrence of DVT/PE and its 
timing relative to receipt of the first dose of baricitinib, using the 
all- bari- RA data analysis set. Factors were screened using a 
single- factor model at the nominal statistical significance level of 
0.05 (2- sided). The set of significant factors was included in a 
multivariable, stepwise (forward and backward) selection regres-
sion model, using a P value of 0.20 as the model entry criterion 
and a P value of 0.10 as the requirement to remain in the model, 
stopping when no additional factors could be added or removed 
from the model.

Plasma baricitinib concentration. To explore any 
potential relationship between AEs and baricitinib exposure, 
plasma baricitinib concentrations were compared between 
patients who developed DVT/PE and those without such events. 
The steady- state peak concentration and total daily exposure 
at steady state of dosing in individual patients were estimated 
based on a previously described phase II/phase III population 
pharmacokinetics analysis that included 7 of the phase II and 
phase III studies (24) (see Table 1).

RESULTS

Patients and exposure. The characteristics of the RA 
patients within each data analysis set were generally similar 
across treatment groups, although in the placebo- controlled 
data set, more patients were age ≥65 years in the 4 mg 
 baricitinib group than in the placebo group (20% versus 16%) 
(Table 2). In the All- bari- RA data set, the mean age at baseline 
was 53 years, 79% were female, and time since RA diagnosis 
was 8 years. Approximately 50% of patients were taking cor-
ticosteroids at the time of the first baricitinib dose, and 76% 
were receiving concomitant MTX. The baseline disease activ-
ity included a mean swollen joint count of 12 (based on 66 
joints assessed), mean tender joint count of 20 (based on 68 
joints assessed), mean CDAI score of 31, and mean Disease 
Activity Score in 28 joints (25) using C- reactive protein level of 
5.1. Patients had varied prior experience with RA treatments, 
ranging from being naive to treatment with DMARDs to hav-
ing received more than 3 biologic DMARDs, which is reflective 
of the patient populations enrolled by design in the different 

phase III studies.
In the All- bari- RA data analysis set, 3,492 patients 

received at least 1 dose of baricitinib, for a total of 7,860.3 
patient- years of exposure; 78% of patients had ≥1 year of 
treatment and 63% had ≥2 years of treatment, with a maximum 
exposure of 6.1 years (Table  2). Most patients (81%) in the 
All- bari- RA data set were exposed to the 4 mg dose of baric-
itinib. In the placebo- controlled data set, 1,070 patients who 
received placebo and 997 patients who received 4 mg baric-
itinib were treated for 393.8 patient- years and 409.4 patient- 
years, respectively. In the 2 mg–4 mg-extended data set, 479 
patients received 2 mg baricitinib and 479 patients received 
4 mg baricitinib; those who were treated with 4 mg baricitinib 
had a greater number of patient- years of exposure compared 
to the 2 mg dose group (645.9 patient- years of exposure ver-
sus 604.9 patient- years of exposure). Furthermore, more 4 
mg baricitinib–treated patients had ≥1 year of exposure (48% 
versus 36% of the 2 mg  baricitinib–treated patients), while the 
percentages of patients with ≥2 years of exposure were similar 
between the baricitinib dose groups (22% of the 4 mg–treated 
patients versus 26% of the 2 mg–treated patients).
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Incidence rates of MACE, ATE, and CHF. During the 
24- week placebo- controlled period, IRs of adjudicated MACE 
were comparable between the placebo group and the 4 mg  
baricitinib group (IRs of 0.5 per 100 patient- years [95% CI 0.1–2.0] 
and 0.8 per 100 patient- years [95% CI 0.2–2.2], respectively), with 
no clear dose response during extended observation (Figure 1A). 
The IRs for the individual MACE components (MI, stroke, and CV- 
related death) were also similar between the groups (Table 3). The 
IR of MACE in the All- bari- RA data set was 0.5 per 100 patient- 
years, and remained stable over time (Figure 1B). No association 
between increased low- density lipoprotein (LDL) cholesterol levels 
and incidence of MACE was identified (26) (see Supplementary 
Figure 1, available on the Arthritis & Rheumatology web site at 
http:// onlinelibrary.wiley.com/doi/10.1002/art.40841/abstract).

IRs of ATE were also comparable between the pla-
cebo group and the 4 mg baricitinib group (IR of 0.5 per 
100 patient- years for both) during the 24- week placebo- 
controlled period, as well as between the 2 mg and 4 mg 
baricitinib dose groups in the 2 mg–4 mg-extended data set 
(Figure 2A and Table 3). The IR of ATE in the All- bari- RA data 
set was 0.4 per 100 patient- years, and remained stable over 
time (Figure 2B).

Similarly, rates of reported CHF, based on both broad and 
narrow MedDRA SMQ terms, were not increased during the first 
24 weeks of treatment in patients who received 4 mg baricitinib 
 compared to those who received placebo, and did not differ 
between the two  baricitinib dose groups during extended obser-
vation (Table 3).

Table 2. Characteristics of the study patients and treatment exposure*

Placebo- controlled (to week 24) 2 mg–4 mg-extended

All- bari- RA 
(n = 3,492)†

Placebo 
(n = 1,070)

4 mg bari 
(n = 997)

2 mg bari 
(n = 479)

4 mg bari 
(n = 479)

Baseline characteristic
Age, years 52.9 ± 11.9 53.7 ± 12.0 53.2 ± 12.0 53.6 ± 11.7 52.9 ± 12.2
Age ≥65 years, no. (%) 173 (16.2) 199 (20.0) 82 (17.1) 87 (18.2) 612 (17.5)
Female, no. (%) 862 (80.6) 794 (79.6) 386 (80.6) 391 (81.6) 2,760 (79.0)
BMI, kg/m2 27.8 ± 7.1 28.0 ± 6.8 29.0 ± 7.4 29.2 ± 7.6 27.7 ± 6.7
BMI ≥30 kg/m2, no. (%) 333 (31.1) 301 (30.2) 184 (38.4) 174 (36.3) 1,070 (30.6)
Duration of RA, years‡ 8.9 ± 8.4 8.9 ± 8.6 9.0 ± 8.1 9.1 ± 8.6 7.7 ± 8.2
Methotrexate use, no. (%) 967 (90.4) 903 (90.6) 386 (80.6) 394 (82.3) 2,661 (76.2)
SJC of 66 joints 15.0 ± 9.2 14.8 ± 8.0 15.7 ± 10.4 14.5 ± 7.7 12.0 ± 9.6§
TJC of 68 joints 23.8 ± 14.3 24.0 ± 13.8 25.6 ± 15.3 24.7 ± 14.6 19.6 ± 15.2§
CDAI 37.2 ± 12.7 37.7 ± 12.4 38.4 ± 13.3 37.3 ± 12.6 30.8 ± 16.7§
DAS28- CRP 5.6 ± 0.95 5.7 ± 0.94 5.7 ± 0.96 5.6 ± 0.95 5.1 ± 1.47§
DAS28- ESR 6.3 ± 0.99 6.4 ± 0.96 6.4 ± 0.99 6.3 ± 0.98 5.7 ± 1.54§
Corticosteroid use, no. (%)¶ 610 (57.0) 538 (54.0) 246 (51.4) 250 (52.2) 1,754 (50.2)
Tobacco use, no. (%) 198 (19.1) 196 (20.3) 84 (17.6) 87 (18.2) 663 (20.0)

Exposure#
Total patient- years 393.8 409.4 604.9 645.9 7,860.3
Patients with ≥52 weeks of 

 exposure, no. (%)
─ ─ 172 (35.9) 230 (48.0) 2,723 (78.0)

Patients with ≥104 weeks of 
exposure, no. (%)

─ ─ 122 (25.5) 103 (21.5) 2,182 (62.5)

Longest exposure, days 235 211 1,487 2,202 2,230

* Except where indicated otherwise, values are the mean ± SD. bari = baricitinib; BMI = body mass index; SJC = swollen joint count; TJC = ten-
der joint count; CDAI = Clinical Disease Activity Index; DAS28- CRP = Disease Activity Score in 28 joints using C- reactive protein level; DAS28- 
ESR = DAS28 using erythrocyte sedimentation rate. 
† The All- bari- RA data analysis set (patients who received any baricitinib dose) included patients who switched from placebo, adalimumab, or 
methotrexate to baricitinib, in addition to patients who were randomized to receive any baricitinib dose. Thus, the group is larger than the 
2- mg and 4- mg baricitinib groups added together. 
‡ Measured from the date of rheumatoid arthritis (RA) diagnosis. 
§ For these baseline measurements, 3,439 patients were assessed, since data were available from the phase II/III studies only. 
¶ At time of first treatment dose. 
# Not including observation time after permanent study drug discontinuation. 

http://onlinelibrary.wiley.com/doi/10.1002/art.40841/abstract
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Incidence rates of VTE. During the 24- week placebo- 
controlled period, VTEs (events of DVT and/or PE) were 
reported in 6 of 997 patients randomized to and treated with 
4 mg baricitinib and in 0 of 1,070 patients in the placebo 
group (Figure 3A and Table 3). The events were identified in 
2 of the completed phase III studies, RA- BEAM (n = 4) and 
RA- BUILD (n = 2) (2,3); accordingly, from the subset of 4 

studies that included both the 2 mg and 4 mg doses of baric-
itinib (phase II studies NCT01185353 and NCT01469013 and 
phase III studies RA- BUILD and RA- BEACON [3,4,19,20]), 
the number of DVT/PE events reported during the 24- week 
placebo- controlled period in the placebo group, 2 mg baric-
itinib group, and 4 mg baricitinib group was 0, 0, and 2, 
respectively. A PE event (fatal) was also reported in the active 

Table 3. Incidence of MACE, ATE, CHF, and DVT/PE by data analysis set*

Event

Placebo- controlled (to week 24) 2 mg–4 mg-extended

All- bari- RA 
(n = 3,492)

Placebo 
(n = 1,070)

2 mg bari 
(n = 479)†

4 mg bari 
(n = 997)

2 mg bari 
(n = 479)

4 mg bari 
(n = 479)

MACE‡ 2 (0.5)§ 0¶ 3 (0.8)§ 1 (0.2)# 2 (0.4)# 38 (0.5)
MI 1 (0.3)§ 0¶ 1 (0.3)§ 1 (0.2)# 1 (0.2)# 17 (0.2)
CV- related death 1 (0.3)§ 0¶ 2 (0.5)§ 0# 1 (0.2)# 11 (0.2)
Stroke 1 (0.3)§ 0¶ 1 (0.3)§ 0# 1 (0.2)# 15 (0.2)

ATE** 2 (0.5) 2 (1.0) 2 (0.5) 3 (0.5) 3 (0.5) 35 (0.4)
CHF 

TEAEs††
Broad terms 17 (4.3) 7 (3.8) 10 (2.4) 14 (2.3) 19 (2.9) 128 (1.6)
Narrow terms 1 (0.3) – 1 (0.2) 3 (0.5) 1 (0.2) 19 (0.2)

SAEs††
Broad terms 0 0 1 (0.2) 1 (0.2) 2 (0.3) 11 (0.1)
Narrow terms 0 0 1 (0.2) 1 (0.2) 2 (0.3) 10 (0.1)

DVT/PE
TEAEs

DVT/PE 0 0 6 (1.4) 3 (0.5) 4 (0.6) 42 (0.5)
DVT 0 0 3 (0.7) 3 (0.5) 2 (0.3) 30 (0.4)
PE 0 0 3 (0.7) 1 (0.2) 2 (0.3) 19 (0.2)

SAEs
DVT/PE 0 0 3 (0.7) 3 (0.5) 3 (0.5) 28 (0.4)

DVT 0 0 1 (0.2) 3 (0.5) 1 (0.2) 17 (0.2)
PE 0 0 2 (0.5) 1 (0.2) 2 (0.3) 17 (0.2)

* Values for major adverse cardiovascular events (MACE), arterial thrombotic events (ATE), and deep vein thrombosis/pulmonary embolism 
(DVT/PE) treatment- emergent adverse events (TEAEs) and serious adverse events (SAEs) are the number of rheumatoid arthritis (RA) patients 
with the event (incidence rate [IR]), with IRs calculated as the number of unique patients with the event per 100 patient- years of observation 
time. Values for congestive heart failure (CHF) TEAEs and SAEs are the number of RA patients with the event (exposure- adjusted incidence 
rate [EAIR]), with EAIRs calculated as the number of unique patients with the event per 100 patient- years of exposure time. 
† The data for 2 mg baricitinib (bari) in the placebo- controlled data analysis set are derived from 4 studies in which both 2 mg and 4 mg 
baricitinib were options during randomization. 
‡ In the phase III trials and long- term extension (LTE) study, potential MACE (myocardial infarction [MI], stroke, cardiovascular [CV]–related 
death), and other CV events (hospitalization for unstable angina, hospitalization for heart failure, serious arrhythmia, resuscitated sudden 
death, cardiogenic shock, or coronary revascularizations) were adjudicated by an independent, external Clinical Endpoint Committee. 
§ For these measurements, 892 patients in the placebo group and 891 in the 4 mg baricitinib group were assessed, since data were available 
from the phase III studies only. 
¶ For these measurements, 403 patients in the 2 mg baricitinib group were assessed, since data were available from the phase III studies 
only. 
# For these measurements, 403 patients in the 2 mg baricitinib group and 420 patients in the 4 mg baricitinib group were assessed. 
** ATE comprised MI and ischemic stroke, as well as Medical Dictionary for Regulatory Activities (MedDRA) preferred terms indicative of 
other acute ATE; where available (phase III for applicable event types), adjudicated data were used. 
†† Events were identified based on the MedDRA Cardiac Failure SMQ (20000004). Broad terms include all possible events indicative of cardi-
ac failure, according to MedDRA version 18.0 for the placebo- controlled data set and version 20.0 for the 2 mg–4 mg-extended and All- bari- 
RA data sets. Narrow terms are those that are highly likely to represent the condition of interest. 
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comparator (MTX monotherapy) group during the phase III 
study RA- BEGIN.

Of the 6 baricitinib- treated patients with reported DVT/
PE during the placebo- controlled period, all had conventional 
risk factors, including severe or morbid obesity (body mass 
index [BMI] between 35 and <40 kg/m2 or ≥40 kg/m2) in 5 
of the 6 patients (see Supplementary Table 1, available on 
the Arthritis & Rheumatology web site at http://onlinelibrary.
wiley.com/doi/10.1002/art.40841/abstract). Four patients 
continued to be treated with baricitinib following the event, 
and remained on treatment for ~2 years prior to the data 
cutoff point, without recurrence of an event (3 also received 

anticoagulation therapy). Of the remaining 2 patients, 1 had 
previously discontinued treatment 1 month prior to the event 
(28 days after the last baricitinib dose) and the other inter-
rupted treatment, resumed, and then discontinued 2 months 
after the event.

According to the program design, patients in the placebo 
group were transitioned to treatment with 4 mg baricitinib fol-
lowing the placebo- controlled period or following rescue during 
that period. Among these 928 patients, 1 event was reported 
during the 24- week period following transition from placebo to 
4 mg baricitinib (Figure 3B). The event (DVT) occurred 2 days 
following a femur fracture. The patient was treated with aspirin, 

Figure 1. Cumulative incidence rates (IRs) of positively adjudicated major adverse cardiovascular events (MACE) (all events occurring on 
study) by data analysis set (A), and IRs of positively adjudicated MACE (all events occurring on study) by time period in rheumatoid arthritis 
patients with all baricitinib exposures at any dose (All- bari- RA data analysis set) (B). Symbols with bars indicate the IRs with 95% confidence 
intervals per 100 patient- years of exposure.
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recovered, and continued to receive baricitinib. In addition, in the 
451 patients who were transitioned from MTX or adalimumab to 
4 mg baricitinib following either rescue or study completion (RA- 
BEGIN and RA- BEAM, respectively), no DVT/PE events were 
reported in the first 24 weeks of baricitinib exposure.

The IR of DVT/PE in the All- bari- RA data set was 0.5 (42 
patients with events through 7,948.6 patient-years of expo-
sure) (Table 3). Of the events reported, evidence of confirma-
tion using imaging was provided for 22 of the 30 patients with 
DVT and 17 of the 19 patients with PE. The IRs of DVT/PE did 
not increase over time (Figure 3C), and were also not clus-
tered early in exposure, accruing at a stable rate of ~0.5% per 
year, with a range from first baricitinib dose to diagnosis of 37 
to 1,658 days (see Supplementary Figure 2, available on the 

Arthritis & Rheumatology web site at http://onlinelibrary.wiley.
com/doi/10.1002/art.40841/abstract). Of the 42 patients 
who reported a DVT/PE among the 3,492 baricitinib- treated 
patients in the All- bari- RA data set, 28 patients were exposed 
to baricitinib after the DVT/PE had occurred (ranging from 7 
days to 30 months after the event; 22 patients received baric-
itinib ≥6 months after the event), either with (n = 25) or without 
(n = 3) continuous anticoagulation. Among these 28 patients, 
2 reported experiencing an additional event 1–2 years after 
the first occurrence and had recent risk factors (prior surgery 
and discontinuation of warfarin) for the reoccurrence.

There was no observed baricitinib dose response during 
extended observation (Table 3 and Figure 3A), and no apparent 
relationship was observed between plasma drug concentra-

Figure 2. Cumulative IRs of adjudicated arterial thrombotic events (ATE) (all events occurring on study) by data analysis set (A), and IRs of ATE 
by time period in the All- bari- RA data analysis set (B). Symbols with bars indicate the IRs with 95% confidence intervals per 100 patient- years 
of exposure. See Figure 1 for other definitions.
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tions and occurrence of DVT/PE (see Supplementary Figures 
3A and B, available on the Arthritis & Rheumatology web site at 
http://onlinelibrary.wiley.com/doi/10.1002/art.40841/abstract).

A panel of factors was assessed for association with the 
risk of DVT/PE, using single- variable and multivariable analy-
ses of data from the All- bari- RA data analysis set, comparing 

Figure  3. Cumulative IRs of the venous thromboembolic events of deep vein thrombosis (DVT) and pulmonary embolism (PE) by data 
analysis set (A), IRs of DVT/PE in patients who initially received placebo and were subsequently treated with 4 mg baricitinib following protocol- 
mandated switch or rescue (events during the first 24 weeks after switch), with patients who switched from active comparator (adalimumab 
or methotrexate) to 4 mg baricitinib in the All- bari- RA data analysis set are also noted (B), and IRs of DVT/PE by time period in the All-bari-RA 
data analysis set (C). Symbols with bars indicate the IRs with 95% confidence intervals per 100 patient- years of exposure. See Figure 1 for 
other definitions.
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risks between patients with events (n = 42) and those with-
out events (n = 3,450) (see Supplementary Table 2, available 
on the Arthritis & Rheumatology web site at http://onlinelibrary.
wiley.com/doi/10.1002/art.40841/abstract). Factors found to 
be associated with DVT/PE in both single- variable and multi-
variable analyses were a previous history of DVT/PE, increased 
age, increased BMI, and selective cyclooxygenase 2 (COX- 2) 
inhibitor use at baseline (see Supplementary Figure 4, available 
on the Arthritis & Rheumatology web site at http://onlinelibrary.
wiley.com/doi/10.1002/art.40841/abstract); no other variables 
were associated with either a higher risk or lower risk of DVT/
PE in the multivariable model.

It has been shown that baricitinib treatment is associated 
with an increase in the mean platelet count, which peaks at 2 
weeks (mean increase ~50 × 109/liter), then returns to remain 
slightly above baseline thereafter (~20 × 109/liter) (27). Of note, 
no platelet count parameters (absolute and categorized base-
line platelet counts prior to first baricitinib dose, change in plate-
let count from baseline to 2 weeks, and absolute and catego-
rized maximum post–baseline platelet counts) were significantly 
associated with incidence of DVT/PE in either single- variable or 
multivariable analyses. The pattern of platelet counts over time 
was similar in those with and those without reported DVT/PE 
(Supplementary Figures 5A–C, available on the Arthritis & Rheu-
matology web site at http://onlinelibrary.wiley.com/doi/10.1002/
art.40841/abstract).

DISCUSSION

There are several key findings from this study. With 
regard to incidence of MACE, the IRs were similar between 
the placebo and 4 mg baricitinib groups, were comparable 
between baricitinib dose groups, and did not increase with 
prolonged exposure. Furthermore, the findings did not sug-
gest an association between baricitinib treatment and inci-
dence of ATE or CHF. With regard to VTE (DVT and/or PE), 
an imbalance was seen in the 24- week placebo- controlled 
period, with events reported in the 4 mg baricitinib dose 
group but not in the placebo group. The number of events 
underlying this imbalance was small, and was not replicated 
during the first 24 weeks of treatment with 4 mg baricitinib 
among patients who  transitioned to baricitinib from placebo 
or from the active comparator groups. During extended 
observation, the IRs were similar between the baricitinib 
dose groups, were consistent over time, and were compara-
ble to those previously reported in patients with RA (7,8,28–
34). There was no observed association between platelet 
levels and incidence of VTE.

Dose- dependent increases in total high- density lipopro-
tein (HDL) and LDL cholesterol levels have been reported with 
JAK inhibitor treatment, but no association with MACE has 
been observed (26,35). Similar changes in lipid levels have 

been observed with interleukin- 6 (IL- 6) receptor blockade, but 
a recent randomized clinical trial analyzing MACE in patients 
with RA found no significant difference in the rate of MACE 
when comparing tocilizumab with etanercept (36). Larger 
observational studies have yielded similar findings (37,38). The 
lack of evidence to date of an increase in such CV events with 
baricitinib treatment aligns with these observations with regard 
to other therapies that have been linked to increased LDL and 
HDL levels.

Patients with RA may be at increased risk of VTE due 
to immobility, surgery, other comorbidities, and the underlying 
pathobiology of their disease. Observational studies suggest 
that patients with RA are at a 2–3- fold increased risk of VTE 
compared to the general population (15–17). The reported VTE 
incidence among patients with RA ranges from 0.3 to 0.8 per 
100 patient- years (7,8,28–34). The reported incidence rate, 
an absolute measure, is influenced by the definitions used to 
identify the event. For example, Kim et al (8) included only seri-
ous cases of VTE found in hospital discharge diagnosis codes, 
while other studies, such as the study by Yusuf et al (33), have 
identified VTE based on a combination of diagnostic codes 
from hospital and outpatient care settings. Differences in rates 
may also be attributed to differences in the distribution of risk 
factors for VTE across populations; for example, older popu-
lations will have higher incidence rates than younger ones. In 
the baricitinib clinical trial program reported herein, VTE cases 
were identified from both inpatient and outpatient settings, 
and the overall VTE incidence rate (IR of 0.5 per 100 patient- 
years) fell within the range reported in the literature for RA pop-
ulations in North America and Europe (7,8,28–34). Of note, 
the 6 patients with reported DVT/PE who received baricitinib 
during the placebo- controlled period had risk factors for VTE. 
Incidence did not increase over time with continued exposure 
to baricitinib, and rechallenge with baricitinib after an event 
was not associated with acute recurrence.

Single- variable and multivariable risk factor analyses 
were performed using data from baricitinib- treated patients 
with an event (n = 42) and those without an event (n = 
3,450). Factors from both analyses that were found to be 
independently associated with an event were a previous his-
tory of DVT/PE, increased age, and increased BMI. These 
are among the traditional risk factors for DVT/PE that have 
been identified in the general population (39). Use of selec-
tive COX- 2 inhibitor treatment at baseline was also shown to 
be associated with event incidence. An increased risk of VTE 
in patients treated with nonsteroidal antiinflammatory agents, 
including COX- 2 inhibitors, has been reported previously 
(40). Supporting the validity of the findings from the pres-
ent study, the magnitudes of DVT/PE risk increase for BMI 
≥35 kg/m2 and for COX-2 inhibitor use were similar in this 
RA program to previously published risk ratios in the general 
population (40,41).

http://onlinelibrary.wiley.com/doi/10.1002/art.40841/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40841/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40841/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40841/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40841/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40841/abstract
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However, the question remains as to whether there is a 
mechanistic link between JAK inhibition and the uncommon 
occurrence of VTE in patients with RA, and if so, whether it 
would be a class effect. An analysis of VTE across tofacitinib 
randomized controlled trials did not show evidence of an 
imbalance of events compared to placebo, while recently pre-
sented real- world evidence from the United States showed a 
numerically higher, but statistically nonsignificant, risk of VTE 
with tofacitinib compared to tumor necrosis factor inhibitors in 
RA patients (42,43). In the placebo- controlled periods of the 
phase III SELECT studies, including SELECT- NEXT (period 
of 0–12 weeks), SELECT- BEYOND (period of 0–12 weeks), 
SELECT- COMPARE (period of 0–26 weeks), and SELECT- 
MONOTHERAPY (period of 0–24 weeks), VTE was reported to 
be present in 1 patient in the placebo group and 4 patients in 
the 15 mg upadacitinib group (44–47). A dose response was 
not seen (44,45,47,48). Of interest, in the controlled period of 
SELECT- COMPARE, unlike the similarly designed RA- BEAM 
study, where 4 of the 6 VTEs reported for baricitinib compared 
to placebo arose, events were reported not only in the JAK 
inhibitor group (n = 2), but also in the placebo group (n = 1) and 
the active comparator adalimumab group (n = 3). Additional 
VTE events have been reported to occur with  upadacitinib after 
controlled study periods, and an IR of 0.7 per 100 patient- years 
has been described from phase II studies and their long- term 
extensions (49).

VTE is a recognized risk factor in patients with RA. Imbal-
ances in the incidence of VTE between those receiving active 
DMARDs and those receiving placebo in a controlled clinical 
setting may suggest an association with VTE risk; however, the 
totality of available evidence must be weighed. With respect to 
reversible JAK inhibition and an increased risk of VTE, a bio-
logic mechanism remains unclear, and a causal relationship has 
yet to be established. From a clinical management perspective, 
as when recommending any pharmacotherapy, the potential 
benefits and risks should be taken into account. Moreover, cli-
nicians need to bear in mind that RA is, in itself, a risk factor 
for VTE and should consider whether other risk factors are also 
present.

This study has a number of limitations. The potential events of 
DVT/PE were not subject to adjudication by a committee external 
to the sponsor. Although most events (73% of DVTs, 90% of PEs) 
were reported to have been verified using imaging, this was not 
the case for all events. Thus, while the present approach to case 
acquisition is likely to have been adequately sensitive, adjudication 
may have increased specificity. In addition, the restricted placebo- 
controlled period and the overall size of this (and other) devel-
opment programs are inherently limited in their ability to reliably 
detect or rule out associations between a drug and uncommon or 
rare AEs. Accordingly, it is important that such potential risks be 
carefully characterized on an ongoing basis via pharmacovigilance 

activities, including studies in larger, longer- term cohorts during 
real- world use.

In addition, contextual data on the incidence of DVT/PE 
are limited, since the overall IRs of DVT/PE, including nonseri-
ous as well as serious events, have not been routinely reported 
from prior RA development programs. The closest comparative 
data  available to the authors were the rates of serious DVT 
and serious PE reported from the development program for 
sarilumab, a recently- approved biologic DMARD targeting the 
IL- 6 pathway. These studies were conducted at approximately 
the same time as the present program, and available data 
showed that the IRs of serious DVT as well as serious PE were 
~0.2 per 100 patient- years for each event type separately in 
the sarilumab plus DMARD population (5,845 patient- years of 
exposure) and in the all- bari- RA data set (50). Given the limited 
clinical trial data available, rates of DVT/PE from observational 
studies were used to put the rates seen in the baricitinib devel-
opment program into context. It is acknowledged that real- 
world data sources likely differ from clinical trial populations, 
both in terms of baseline risk and ascertainment of events, 
and are thus not directly comparable. However, risk factors for 
DVT/PE were not used as exclusion criteria in the baricitinib 
studies, and comorbidities, including known VTE risks such as 
elevated BMI, were well- represented in the enrolled sample. 
The observational data do illustrate that the background rate 
of VTE in RA is not zero, in contrast to that seen in the placebo 
group of the present program.

In summary, the findings from this large integrated data 
set indicate that there is no association between exposure to 
baricitinib and incidence of MACE, ATE, or CHF in patients with 
RA. Despite an imbalance in the occurrence of VTE between 
the baricitinib-  and placebo- treated patients in the placebo- 
controlled study periods, the overall IRs of VTE in baricitinib- 
treated patients fell within the reported range for patients with 
RA. Given the limited number of reported events in this inte-
grated data set from phase II and phase III trials, rates of these 
and other CV events will continue to be characterized during 
treatment with baricitinib, including during real- world use in 
countries where it is approved.
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A Phase II Trial of Lutikizumab, an Anti–Interleukin-1α/β  
Dual Variable Domain Immunoglobulin, in Knee 
Osteoarthritis Patients With Synovitis
Roy M. Fleischmann,1  Henning Bliddal,2 Francisco J. Blanco,3  Thomas J. Schnitzer,4 Charles Peterfy,5 
Su Chen,6 Li Wang,6 Sheng Feng,6 Philip G. Conaghan,7 Francis Berenbaum,8 Jean-Pierre Pelletier,9 
Johanne Martel-Pelletier,9 Ole Vaeterlein,10 Gurjit S. Kaeley,11 Wei Liu,6 Matthew P. Kosloski,6 Gwen Levy,6 
Lanju Zhang,6 Jeroen K. Medema,6 and Marc C. Levesque6

Objective. To assess the efficacy and safety of the anti–interleukin- 1α/β (anti–IL- 1α/β) dual variable domain  
immunoglobulin lutikizumab (ABT- 981) in patients with knee osteoarthritis (OA) and evidence of synovitis.

Methods. Patients (n = 350; 347 analyzed) with Kellgren/Lawrence grade 2–3 knee OA and synovitis (determined 
by magnetic resonance imaging [MRI] or ultrasound) were randomized to receive placebo or lutikizumab 25, 100, 
or 200 mg subcutaneously every 2 weeks for 50 weeks. The coprimary end points were change from baseline in 
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) pain score at week 16 and change from 
baseline in MRI- assessed synovitis at week 26.

Results. The WOMAC pain score at week 16 had improved significantly versus placebo with lutikizumab 100 mg 
(P = 0.050) but not with the 25 mg or 200 mg doses. Beyond week 16, the WOMAC pain score was reduced in all 
groups but was not significantly different between lutikizumab- treated and placebo- treated patients. Changes from 
baseline in MRI- assessed synovitis at week 26 and other key symptom-  and most structure- related end points at 
weeks 26 and 52 were not significantly different between the lutikizumab and placebo groups. Injection site reac-
tions, neutropenia, and discontinuations due to neutropenia were more frequent with lutikizumab versus placebo. 
Reductions in neutrophil and high- sensitivity C- reactive protein levels plateaued with lutikizumab 100 mg, with further 
reductions not observed with the 200 mg dose. Immunogenic response to lutikizumab did not meaningfully affect 
systemic lutikizumab concentrations.

Conclusion. The limited improvement in the WOMAC pain score and the lack of synovitis improvement with 
lutikizumab, together with published results from trials of other IL- 1 inhibitors, suggest that IL- 1 inhibition is not an 
effective analgesic/antiinflammatory therapy in most patients with knee OA and associated synovitis.

ClinicalTrials.gov identifier: NCT02087904.
Presented in part at the Osteoarthritis Research Society International 

World Congress on Osteoarthritis, Las Vegas, NV, April 2017 and the 
American College of Rheumatology/Association of Rheumatology Health 
Professionals Annual Meeting, San Diego, CA, November 2017.
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INTRODUCTION

Osteoarthritis (OA) is the most common form of arthritis (1) 
and the main cause of disability among US adults (2). OA is com-
monly considered a noninflammatory arthritis, but at least half of 
patients with knee OA have ultrasound or magnetic resonance 
imaging (MRI) evidence of synovitis (3,4). Synovitis is associated 
with risk of developing radiographic knee OA (5,6), greater knee 
pain (7,8), and the need for total joint replacement (9).

Interleukin- 1α (IL- 1α) and IL- 1β are proinflammatory 
cytokines and pain mediators that are thought to be involved 
in the pathogenesis of OA (10,11). IL- 1β is secreted by innate 
immune cells after cleavage by caspase 1 (10). In contrast, IL- 1α 
is stored intracellularly or membrane-bound (10), is released in 
an active form upon cell damage (11), and can induce IL- β acti-
vation and production of other cytokines important in OA patho-
genesis (10). IL- 1α and IL- 1β bind to the same receptor, IL- 1 
receptor 1 (IL- 1R1), resulting in inflammatory and pain responses 
(10,12,13).

IL- 1α and IL- 1β are expressed in the cartilage and syno-
vial membrane, and are elevated in sera and synovial fluid of 
patients with OA (14–16). Synovial macrophages are an important 
source of IL- 1 in knee OA patients (17). IL- 1 may promote struc-
tural  damage associated with OA, because it activates enzymes 
involved in cartilage destruction (18), inhibits collagen synthesis 
(19), and promotes osteoclastogenesis (10,20). The IL- 1 path-
way may mediate OA pain through pathways in the peripheral 
and central nervous systems (12,13). In some, but not all, animal 
models of OA, blocking of the IL- 1 pathway improves disease 
manifestations (21). However, in clinical trials in knee OA patients 
not selected for synovitis, an IL- 1R antagonist (anakinra) (22) or 
an antibody to IL- 1R1 (AMG 108) (23) did not meet the primary 
symptom- based study end points.

Lutikizumab (ABT- 981) is a novel human dual variable- 
domain immunoglobulin (DVD- Ig) that has been shown to bind 
and inhibit IL- 1α and IL- 1β (24). In mouse OA models, a mouse 
anti–IL- 1α/β DVD- Ig increased the threshold for pain and reduced 
cartilage degeneration to a greater extent than was observed with 

inhibition of either IL- 1α or IL- 1β alone (25). In phase I studies of 
≤8 weeks’ duration in healthy subjects and patients with knee OA, 
single and multiple doses of lutikizumab were well tolerated; the 
most frequently reported adverse events (AEs) were injection site 
reactions and headache (26,27). Among the knee OA patients in a 
phase I study, lutikizumab therapy was associated with reductions 
in serum levels of inflammatory biomarkers (27).

In the current trial, patients with knee OA and MRI and/or 
ultrasound evidence of synovitis, a population presumed to be at 
high risk of disease progression, were studied to test the hypoth-
esis that dual inhibition of IL- 1α and IL- 1β would demonstrate 
efficacy and safety in the treatment of knee OA with inflammation.

PATIENTS AND METHODS

Study design and ethics approval. The aim of this 
phase II, randomized, double- blind, placebo- controlled, parallel- 
group study (NCT02087904; ILLUSTRATE- K) was to determine 
the efficacy and safety of lutikizumab in patients with knee OA 
and syno vitis. The study was conducted in accordance with 
International Conference on Harmonization guidelines and the 
Declaration of Helsinki. It was approved by the local institutional 
review boards, and signed informed consent was obtained from 
all subjects.

After screening and washout periods totaling ~45 days (see 
Supplementary Figure 1, on the Arthritis & Rheumatology web site 
at http://onlinelibrary.wiley.com/doi/10.1002/art.40840/abstract), 
eligible subjects were randomized (1:1:1:1) to double- blind 
treatment with lutikizumab 25, 100, or 200 mg or matching pla-
cebo administered subcutaneously every 2 weeks for 52 weeks 
(last dose of study medication at week 50). Rescue medication 
included acetaminophen (maximum 3,000 mg/day) during the 
washout period through week 26 and ibuprofen (maximum 1,200 
mg/day), with or without acetaminophen, during weeks 16–26 for 
breakthrough knee pain, although analgesics were stopped ≥48 
hours before the first dose of study drug and 24 hours before 
each pain assessment. From week 26 through week 52, oral 
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standard- of- care medications for knee OA, including nonsteroi-
dal antiinflammatory drugs (NSAIDs), non- opioid analgesics, and 
nutraceuticals (e.g., glucosamine, chondroitin sulfate, shark car-
tilage, diacerein, soy extract) were permitted; these medications 
were stopped ≥24 hours before each pain assessment.

Patients. Adult patients (35–74 years old) with radio-
graphic evidence of knee OA in the medial compartment of 
the index knee (Kellgren/Lawrence [K/L] grade 2 or 3) (28) 
were eligible for enrollment if other inclusion criteria were met, 
i.e., signs and symptoms of active inflammation (e.g., local-
ized pain, stiffness, swelling, or effusion) in the index knee, 
presence of synovitis in the index knee as assessed by either 
ultrasound (local reader, using an ultrasound manual) or MRI 
(central reader), pain score ≥4 and ≤8 (11- point numeric rating 
scale [NRS- 11], with 0 representing no pain and 10 represent-
ing worst possible pain) (29) in the index knee for ≥14 days 
over the past 30 days, and patient global assessment of arthri-
tis status ≥4 (NRS- 11, with 0 representing best status and 
10 worst disease status) (30). Key exclusion criteria included 
other inflammatory arthritides (e.g., rheumatoid arthritis, pso-
riatic arthritis, or gout) or a painful myofascial syndrome (e.g., 
fibromyalgia) (see Supplementary Methods, on the Arthritis 
& Rheumatology web site at http://onlinelibrary.wiley.com/
doi/10.1002/art.40840/abstract).

Patients must have discontinued use of all analgesics, 
NSAIDs, and nutraceuticals for ≥5 half- lives of the longest- 
acting therapy or 48 hours, whichever was longer, before the 
first dose of study drug. Patients receiving concomitant med-
ications for indications other than OA (if allowed by the proto-
col) had to be receiving stable doses for ≥1 month before the 
first dose of study drug.

Efficacy assessments. The coprimary end points were 
1) change from baseline to week 16 in the Western Ontario 
and McMaster Universities Osteoarthritis Index (WOMAC) pain 
score (0–50 scale; NRS- 11 subscales) (31) and 2) change from 
baseline to week 26 in MRI- detected synovitis in the index 
knee. To meet the latter coprimary end point, patients had 
to exhibit reductions in all 3 of the following measurements: 
quantitative synovial membrane thickness (32), quantitative 
synovial fluid volume (33), and semiquantitative synovitis/effu-
sion score measured on a scale of 0–3 using the Whole- Organ 
Magnetic Resonance Imaging Score (WORMS) (34). Second-
ary end points included changes from baseline in WOMAC 
pain score at weeks 26 and 52; Intermittent and Constant Pain 
score (35) at weeks 16, 26, and 52; and 3 types of pain inten-
sity measures using NRS- 11 scales (see Supplementary Meth-
ods). Exploratory end points included Outcome Measures in 
Rheumatology (OMERACT)/Osteoarthritis Research Society 
International (OARSI) response (36) at weeks 16, 26, and 52, 
radiographic medial and lateral joint space narrowing (JSN) 

(centralized measurement of the minimum joint space width 
compared with baseline in the index knee at week 52), and 
changes from baseline to week 26 in synovitis as assessed 
by dynamic contrast- enhanced MRI (DCE- MRI) (37), given the 
limitations associated with non–contrast-enhanced MRI for 
assessment of synovitis (8).

Imaging. Patients were screened for presence of syno-
vitis using MRI or musculoskeletal ultrasound (see Supplemen-
tary Methods), which has shown good- to- excellent inter-  and 
intrareader agreement in detecting knee synovitis (38,39). Pos-
teroanterior weight- bearing radiographs of the target knee were 
acquired at screening and at week 52. MRI of the target knee was 
performed at screening, week 26, and week 52, using 1.5T or 
3.0T whole- body scanners and commercial knee coils.

Pharmacokinetics and pharmacodynamics. Blood 
samples were collected throughout the 52 weeks to assess con-
centrations of lutikizumab and antidrug antibody responses in 
serum as previously described (26). Blood neutrophil counts and 
serum high- sensitivity C- reactive protein (hsCRP) levels (Icon, with 
Architect platforms C8000 or C16000; Abbott Laboratories) were 
measured on several occasions from baseline to week 52; other 
biomarkers were measured at baseline and weeks 16, 26, and 52. 
Serum concentrations of free IL- 1α and IL- 1β were determined 
using the Singulex Erenna platform (MilliporeSigma) and the Simoa 
platform (Quanterix), respectively, with AbbVie proprietary capture 
and detection antibodies. Other biomarkers (metalloproteinase- 
degraded types I and III collagen [Nordic Bioscience], matrix met-
alloproteinase–generated fragment of CRP [Nordic Bioscience], 
hyaluronic acid [Corgenix], N- propeptide of type IIA collagen 
[EMD Millipore], and C- terminal telopeptide fragments of type II 
collagen [Roche]) were measured at Bioclinica Molecular Marker 
Laboratory (Lyon, France), using validated enzyme- linked immu-
nosorbent assays with adherence to standard operating proce-
dures from regulatory guidance for clinical studies.

Safety assessments. AEs, vital signs, physical examina-
tions, and laboratory data were assessed throughout the study. 
AEs were coded using the Medical Dictionary for Regulatory 
Activities, version 19.0, preferred term, and system organ class. 
AE severity was classified according to the Common Terminology 
Criteria for Adverse Events, version 4.03 (40).

Statistical analysis. The coprimary and secondary efficacy 
outcome measures were analyzed in the modified intent- to- treat 
population, comprising randomized patients who received ≥1 
dose of study drug. Continuous efficacy measures were assessed 
by analysis of covariance with main factors of treatment, age 
group, and K/L grade and covariates of baseline values except 
in the case of daily rescue medication use, which was assessed 
by analysis of variance. Categorical measures were assessed by 

http://onlinelibrary.wiley.com/doi/10.1002/art.40840/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40840/abstract
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Cochran- Mantel- Haenszel test with age group and K/L grade as 
stratification factors. Last observation carried forward imputa-
tion of missing values was used for non- imaging coprimary and 
selected secondary end points. The non- imaging coprimary end 
point was also assessed using multiple imputation for missing val-
ues in a post hoc analysis. In this phase II study, there was no 
adjustment for multiplicity of assessments. The safety analysis set 
included patients who received ≥1 dose of study drug. To identify 
factors associated with the development of neutropenia (defined 
as at least 1 episode in which the absolute neutrophil count was 
<1,500 cells/μl), explanatory variables significant at the P < 0.1 
level in univariate analyses were tested in a multiple logistic regres-
sion model. It was estimated that a sample size of ~80 patients per 
treatment group was needed in order to provide ≥80% power to 
detect a significant difference between lutikizumab and placebo, 
based on a significance level of 0.05, for each of the 2 coprimary 
end points (WOMAC pain and synovial inflammation based on 
synovial membrane thickness by MRI).

RESULTS

Patient enrollment and characteristics. Of 1,571 
patients screened, 350 met the eligibility criteria and were ran-
domized; 347 received ≥1 dose of study drug (June 2014–
November 2016) and were included in the efficacy and safety 
analyses (Figure  1). The most common reasons for screening 
failure were clinical history related to entry criteria, absence of 
radiographic evidence of K/L grade 2 or 3 knee OA, lack of 
synovitis on ultrasound or by non–contrast- enhanced MRI, and 
severe knee malalignment (41). Most patients (n = 229 [65.4%]) 

were enrolled based on ultrasound evidence of knee synovitis; 
118 (33.7%) were enrolled based on MRI evidence (see Sup-
plementary Table 1, on the Arthritis & Rheumatology web site at 
http://onlinelibrary.wiley.com/doi/10.1002/art.40840/abstract). 
Among the patients enrolled based solely on screening ultra-
sound, 185 of 220 (84.1%) had baseline MRI evidence of syn-
ovitis per WORMS scoring conducted at the end of the study. 
Demographic characteristics, baseline disease characteristics, 
and use of medications were generally well matched across 
treatment groups (Table 1). Of the randomized patients, 60 of 
the 85 who received placebo (70.6%) and 202 of the 265 who 
received lutikizumab (76.2%) completed the 52- week study (Fig-
ure 1). The major reasons for discontinuation included AEs, lack 

of efficacy, and withdrawal of consent.

Efficacy. Coprimary end points. The coprimary end point 
of WOMAC pain at week 16 (and at most early time points) 
improved significantly, compared with placebo, in the lutikizumab 
100 mg group (P = 0.050), but not in the lutikizumab 25 mg and 
200 mg groups (P = 0.834 and P = 0.415, respectively) (Table 2 
and Figure 2A) (see also Supplementary Figure 2A, on the Arthri-
tis & Rheumatology web site at http://onlinelibrary.wiley.com/
doi/10.1002/art.40840/abstract). Post hoc analysis for WOMAC 
pain using multiple imputation yielded results consistent with those 
obtained with last observation carried forward (Supplementary 
Figure 3, http://onlinelibrary.wiley.com/doi/10.1002/art.40840/
abstract). WOMAC pain reduction in all lutikizumab groups, as 
well as placebo, was sustained from week 16 to week 52, but 
differences in WOMAC pain between lutikizumab and placebo did 
not remain significant between weeks 16 and 52 (Figure 2A). The 

Figure 1. Disposition of the patients. * = Major protocol violation was defined as any of the following: 1) actual treatment not according to 
randomization assignment, 2) premature unblinding, 3) treatment with a narcotic or nonsteroidal antiinflammatory drug for >50% of the days 
before week 16, 4) baseline index knee pain intensity score of <4 (11-point numeric rating scale), or 5) absence of synovitis in the index knee by 
ultrasound or magnetic resonance imaging during screening. † = Patients who completed the full 52 weeks of the study. SC = subcutaneous; 
Q2W = every 2 weeks.

http://onlinelibrary.wiley.com/doi/10.1002/art.40840/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40840/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40840/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40840/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40840/abstract
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Table 1. Demographic characteristics, baseline disease characteristics, and prior medications in the study patients with OA, by treatment 
group*

Characteristic
Placebo 
(n = 85)

Lutikizumab SC every 2 weeks

25 mg 
(n = 89)

100 mg 
(n = 85)

200 mg 
(n = 88)

Age, years 59.5 ± 8.9 61.6 ± 7.5 60.2 ± 8.2 59.1 ± 10.3
Women, no. (%) 52 (61.2) 63 (70.8) 53 (62.4) 57 (64.8)
Race, no. (%)

White 78 (91.8) 78 (87.6) 70 (82.4) 79 (89.8)
Black 4 (4.7) 8 (9.0) 10 (11.8) 7 (8.0)
Other 3 (3.5) 3 (3.4) 5 (5.9) 2 (2.3)

BMI, kg/m2 28.6 ± 3.6 28.7 ± 3.8 29.0 ± 3.5 28.7 ± 3.5
OA duration, years 7.9 ± 8.0 7.6 ± 9.0 7.9 ± 8.7 8.7 ± 8.6
K/L grade, no. (%)†

2 53 (62.4) 57 (64.0) 52 (61.2) 56 (63.6)
3 32 (37.6) 32 (36.0) 33 (38.8) 32 (36.4)

WOMAC total (scale 0–240)‡ 128.7 ± 40.3 132.7 ± 43.5 134.7 ± 36.0 132.3 ± 39.2
WOMAC pain (scale 0–50) 26.2 ± 8.0 27.0 ± 9.3 28.4 ± 8.4 27.1 ± 8.6
WOMAC function (scale 0–170) 90.8 ± 31.2 93.7 ± 31.8 94.7 ± 26.4 93.1 ± 29.1
WOMAC stiffness (scale 0–20) 11.7 ± 3.8 12.0 ± 4.1 11.7 ± 3.8 11.9 ± 4.2

Synovial membrane thickness, mm§ 0.88 ± 0.28 0.84 ± 0.28 0.89 ± 0.31 0.84 ± 0.26
Synovial fluid volume, ml¶ 16.4 ± 15.0 15.5 ± 11.6 17.3 ± 19.8 15.2 ± 15.0
WORMS semiquantitative synovitis/effusion (scale 0–3)# 1.2 ± 0.8 1.3 ± 0.7 1.1 ± 0.8 1.2 ± 0.7
WORMS total (scale 0–400)** 108.8 ± 73.3 109.1 ± 70.4 108.1 ± 76.9 103.4 ± 69.0

WORMS total BML (scale 0–45)†† 3.6 ± 2.8 3.0 ± 2.6 2.9 ± 2.7 2.5 ± 2.1
WORMS total osteophytes (scale 0–112)‡‡ 13.6 ± 13.5 13.6 ± 11.9 14.2 ± 13.8 13.9 ± 12.7

ANC, × 109/liter (normal 1.80–7.00) 3.9 ± 1.2 3.7 ± 1.3 3.8 ± 1.6 3.6 ± 1.2
hsCRP, mg/liter 3.0 ± 2.7 4.3 ± 6.4 4.0 ± 7.9 2.9 ± 3.1
Prior knee OA therapy, no. (%)§§

NSAID 38 (44.7) 31 (34.8) 32 (37.6) 40 (45.5)
Intraarticular glucocorticoid 1 (1.2) 1 (1.2) 0 0
Narcotic¶¶ 4 (4.7) 3 (3.4) 2 (2.4) 3 (3.4)
Concomitant knee and systemic pain medication at baseline 79 (92.9) 70 (78.7) 71 (83.5) 78 (88.6)

* Except where indicated otherwise, values are the mean ± SD. OA = osteoarthritis; SC = subcutaneously; BMI = body mass index; K/L = Kell-
gren/Lawrence; WORMS = Whole- Organ Magnetic Resonance Imaging Score; BML = bone marrow lesion; ANC = absolute neutrophil count; 
hsCRP = high- sensitivity C- reactive protein; NSAID = nonsteroidal antiinflammatory drug. 
† Grade 2 = definite osteophytes and possible joint space narrowing seen on anteroposterior weight- bearing radiography; grade 3 = multiple 
osteophytes, definite joint space narrowing, sclerosis, possible bony deformity. 
‡ For Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) total, WOMAC pain, WOMAC function, and WOMAC stiff-
ness, data were missing for 1 patient in the lutikizumab 100 mg group; additionally, for WOMAC total and WOMAC function, data were 
missing for 1 patient in the lutikizumab 200 mg group. Higher scores indicate worse condition. 
§ Data were missing for 9 patients in the placebo group and the lutikizumab 100 mg and 200 mg groups, and for 10 patients in the lutiki-
zumab 25 mg group. 
¶ Data were missing for 7 patients in the placebo group, 6 patients in the lutikizumab 25 mg group, 2 patients in the lutikizumab 100 mg 
group, and 5 patients in the lutikizumab 200 mg group. 
# Data were missing for 3 patients in the lutikizumab 100 mg group and 1 patient in the lutikizumab 200 mg group. 
** Data were missing for 4 patients in the placebo group, 4 patients in the lutikizumab 25 mg group, 8 patients in the lutikizumab 100 mg 
group, and 7 patients in the lutikizumab 200 mg group. Higher scores indicate worse condition. 
†† Data were missing for 1 patient in the placebo group, 1 patient in the lutikizumab 25 mg group, 4 patients in the lutikizumab 100 mg 
group, and 2 patients in the lutikizumab 200 mg group. 
‡‡ Data were missing for 1 patient in the placebo group, 2 patients in the lutikizumab 25 mg group, 6 patients in the lutikizumab 100 mg 
group, and 1 patient in the lutikizumab 200 mg group. 
§§ Prior or concomitant therapy with intraarticular hyaluronan was not excluded. One patient reported prior hyaluronan therapy, and  
2 patients reported intraarticular hyaluronan therapy after the study started. 
¶¶ Patients could have taken more than 1 kind of narcotic previously (hydrocodone with acetaminophen [n = 7], oxycodone [n = 2], oxyco-
done with acetaminophen [n = 2], codeine with acetaminophen [n = 1], hydrocodone [n = 1], oxycodone with naloxone [n = 1]). 
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other coprimary end point, change in syno vitis (as measured by 
synovial membrane thickness, synovial fluid volume, and WORMS 
synovitis/effusion score) from baseline to week 26, did not differ 

between the lutikizumab and placebo groups (Table 2).
Post hoc analyses were performed to determine efficacy 

when only patients with a baseline WORMS synovitis/effusion 
score of >0, indicating MRI evidence of synovitis, were included. 
Results in this post hoc population were not substantially differ-
ent from those in the original, prospective population enrolled 
on the basis of positive MRI or ultrasound (Supplementary Fig-
ure 4 and Supplementary Table 2, http://onlinelibrary.wiley.com/
doi/10.1002/art.40840/abstract).

Other signs and symptoms end points. WOMAC function 
and OMERACT/OARSI response were improved, but with no 
significant difference between the placebo and lutikizumab treat-
ment groups, at 16, 26, and 52 weeks (Table 2, Figure 2B, and 
Supplementary Figure 2B). Change from baseline in WOMAC 

function was significantly greater (P ≤ 0.01) with lutikizumab 100 
mg versus placebo at weeks 4 and 8 (Figure 2B). OMERACT/
OARSI placebo responses were high, i.e., 60%–71%, at weeks 
26 and 52, respectively (Table 2, Figure 2).

Other structural end points. Among secondary and explorato-
ry end points, other than medial and lateral JSN with lutikizum-
ab 25 mg at week 52 (P = 0.017 and P = 0.005, respectively) 
(Table 2), no structural end points were significantly different be-
tween the placebo and lutikizumab groups. MRI assessments of 
cartilage volume, cartilage thickness, and WORMS scores were 
nearly identical in all treatment groups at baseline, week 26, and 
week 52. Synovitis, as assessed by DCE- MRI, also demonstrated 
no differences between patients treated with placebo and those 
treated with lutikizumab at any of the doses (Supplementary Table 
3, http://onlinelibrary.wiley.com/doi/10.1002/art.40840/abstract).

Rescue medication use. The proportion of patients receiv-
ing concomitant pain medication (acetaminophen, ibuprofen) dur-
ing the study was generally similar among treatment groups (Sup-
plementary Table 4, http://onlinelibrary.wiley.com/doi/10.1002/
art.40840/abstract). The least squares mean daily dose of rescue 
acetaminophen up to week 16 was similar in the placebo group 
(511 mg; n = 58) and the lutikizumab 25 mg (500 mg; n = 53), 100 
mg (413 mg; n = 63), and 200 mg (426 mg, n = 67) dose groups. 
Similarly, the least squares mean daily dose of rescue ibuprofen 
between weeks 16 and 26 was not significantly different between 
the placebo group (200 mg; n = 18) and the lutikizumab 25 mg 
(104 mg; n = 18), 100 mg (241 mg; n = 19), and 200 mg (155 mg; 
n = 24) groups.

Preplanned efficacy subgroup analyses. In preplanned 
subgroup analyses, there were no meaningful differences in 
WOMAC pain scores at weeks 16, 26, and 52 based on age, 
sex, race, or body weight. In the 100 mg lutikizumab group, there 
were statistically significantly greater decreases in WOMAC pain 
scores compared with placebo among those with an index knee 
K/L grade of 3 (but not K/L grade of 2) (P = 0.029 and P = 0.016 
at weeks 26 and 52, respectively) and among those who did not 
receive concomitant medications for index knee pain through week 
26 (P = 0.027 and P = 0.045 at weeks 16 and 26, respectively). 
This was not noted in the 25 mg or 200 mg lutikizumab groups.

Pharmacokinetics. Lutikizumab trough concentrations 
were stable between weeks 6 and 52 (Supplementary Figure 5A, 
on the Arthritis & Rheumatology web site at http://onlinelibrary.
wiley.com/doi/10.1002/art.40840/abstract) and consistent with 
assessments of steady- state in previous studies (26,42). A greater 
antidrug antibody incidence was observed in the lutikizumab 25 
mg dose group (46%) compared with the 100 mg and 200 mg 
groups (32% and 23%, respectively). Serum lutikizumab con-
centrations were generally similar among patients with and those 
without antidrug antibodies within each dose group (Supplemen-

Figure 2. Least squares (LS) mean change in the Western Ontario 
and McMaster Universities Index (WOMAC) pain score (A) and 
function score (B) from baseline to week 52, by treatment group. * = 
P ≤ 0.05; † = P ≤ 0.01, versus placebo. Q2W = every 2 weeks; 95% 
CI = 95% confidence interval.
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tary Figure 5B); thus, the immunogenic response did not appear 
to have a meaningful impact on lutikizumab pharmacokinetics.

Pharmacodynamics. Mean blood neutrophil counts (abso-
lute count) were decreased with lutikizumab 100 mg and 200 mg 
treatment at all time points, and with lutikizumab 25 mg at most 
time points, relative to baseline and placebo (Figure 3A); neutrophil 
counts were similar in the 100 mg and 200 mg lutikizumab groups 
throughout the study. There was an exposure- response relation-
ship between absolute neutrophil counts and serum lutikizumab 
levels (Supplementary Figure 6, http://onlinelibrary.wiley.com/
doi/10.1002/art.40840/abstract). Similarly, hsCRP levels were 
reduced at most time points in the lutikizumab groups compared 
with baseline and with the placebo group (Figure 3B), reaching 
statistical significance at several time points in the 25 mg and 100 
mg doses but with high variability.

Serum levels of IL- 1α and IL- 1β at baseline were low, and in 
most cases were below the lower limits of quantification. Among 

Figure  3. Mean total neutrophil counts (A) and high- sensitivity 
C- reactive protein (hsCRP) levels (B) from baseline to week 52, by 
treatment group. * = P < 0.05 versus placebo. Q2W = every 2 weeks.
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patients with detectable levels at baseline, IL- 1α and IL- 1β levels 
were reduced within 2 weeks of treatment initiation to a greater 
extent in those receiving lutikizumab compared with those receiv-
ing placebo (Supplementary Figure 7 and Supplementary Table 
5, http://onlinelibrary.wiley.com/doi/10.1002/art.40840/abstract). 
Changes in levels of other biomarkers are shown in Supplemen-
tary Figure 8. With lutikizumab treatment compared with placebo, 
there were reductions in levels of metalloproteinase- degraded 
type I collagen, metalloproteinase- degraded type III collagen, 
matrix metalloproteinase–generated fragment of CRP, IL- 6, and 
alkaline phosphatase.

Safety. The proportions of patients who experienced a 
treatment- emergent AE or serious AE during the study were simi-
lar among those receiving placebo and those receiving lutikizumab 
(Table 3). Serious infections were infrequent, and similar in incidence, 
among treatment groups, including placebo. A greater proportion 
of patients in the combined lutikizumab treatment groups com-
pared with the placebo group had injection site reactions (25.2% 
versus 15.3%) and AEs of neutropenia (27.5% versus 2.4%). The 
incidence of both events increased in a dose- dependent manner. 
All reported cases of neutropenia laboratory abnormalities were 
grade 3 or less; there was no grade 4 neutropenia. One patient 
who received lutikizumab 25 mg and 6 who received lutikizumab 

200 mg discontinued study treatment because of neutropenia.
Treatment- emergent AEs of malignancy were reported in 5 

patients in the combined lutikizumab group (1.9%; 2.2 events per 
100 patient- years) and in none in the placebo group. In 3 of these 
patients, the malignancy was basal cell carcinoma.

DISCUSSION

This study was conducted to assess the efficacy and safety 
of blocking IL- 1α and IL- 1β with lutikizumab in patients with knee 
OA and associated synovitis. To our knowledge, it is the first 
study to test the hypothesis that a systemic antiinflammatory, 
anticytokine therapy may be effective in knee OA with synovitis. 
Lutikizumab met the coprimary clinical end point of reduction in 
WOMAC pain compared with placebo at week 16 in only the 100 
mg dose group and not in the 25 mg and 200 mg dose groups, 
and the differences compared with placebo were not sustained 
past week 16 with any dose. In the subgroup of patients treated 
with lutikizumab 100 mg with K/L grade 3 knee OA and the sub-
group of patients not taking rescue or off- protocol pain medica-
tions, compared with placebo, the change in WOMAC pain from 
baseline to weeks 26 and 52 was significantly greater; the reason 
this occurred only in the 100 mg dose group and only at these 
time points is unclear.

The coprimary end point, change from baseline in synovitis 
as measured by synovial membrane thickness, synovial effusion 
volume, and semiquantitative MRI synovitis/effusion (WORMS) at 
week 26, was also not significantly different between lutikizumab 

http://onlinelibrary.wiley.com/doi/10.1002/art.40840/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40840/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40840/abstract
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and placebo treatment. Furthermore, when compared with pla-
cebo, lutikizumab was not associated with improvements or 
slowing in the rates of change in JSN and MRI- assessed cartilage 
thickness. These results indicate that lutikizumab had no signifi-
cant impact on the structural end points that were assessed.

The analytic assay used to quantify serum lutikizumab con-
centrations required at least 1 free binding site for each molecule 
of IL- 1α and IL- 1β (26). The modest impact of antidrug antibodies 

on trough concentrations (Supplementary Figure 5B) suggested 
that development of antidrug antibodies did not interfere with the 
biologic activity of lutikizumab, and thus they were unlikely to have 
impacted efficacy.

The unexpected lack of effect of IL- 1 inhibition on synovitis 
may signify that, although the synovium is an important source 
of IL- 1 (43), IL- 1 by itself may not be required to sustain synovitis. 

Table 3. Safety results by treatment group*

Placebo 
(n=85)

Lutikizumab SC every 2 weeks

25 mg 
(n = 89)

100 mg 
(n = 85)

200 mg 
(n = 88)

AE, no. (%) of patients
Any AE 78 (91.8) 78 (87.6) 77 (90.6) 81 (92.0)
Discontinuation of study drug due to AE 10 (11.8) 5 (5.6) 5 (5.9) 12 (13.6)
Death 0 0 0 0
Serious AEs 8 (9.4) 11 (12.4) 8 (9.4) 4 (4.5)
Serious AEs occurring in ≥2 patients within  

 any treatment group
Infection† 2 (2.4) 2 (2.2) 1 (1.2) 0
Fracture and injury† 4 (4.7) 3 (3.4) 3 (3.5) 1 (1.1)

Malignancy 0 3 (3.4) 1 (1.2) 2 (2.3)
Basal cell carcinoma 0 3 (3.4) 0 0
Invasive ductal breast carcinoma 0 0 0 1 (1.1)
Lung cancer metastatic 0 0 0 1 (1.1)
PSA increased 0 0 1 (1.2)‡ 0

Any infection 39 (45.9) 34 (38.2) 42 (49.4) 49 (55.7)
Serious infection 2 (2.4) 2 (2.2) 1 (1.2) 0

Appendicitis 0 1 (1.1) 0 0
Diverticulitis 1 (1.2) 0 0 0
Peritonitis 0 1 (1.1) 0 0
Pneumonia 0 0 1 (1.2) 0
Urinary tract infection 1 (1.2) 0 0 0

Injection site reaction 13 (15.3) 16 (18.0) 21 (24.7) 29 (33.0)§
Laboratory abnormalities, no. (%) of patients¶

Neutropenia (grade 2, 3, or 4) 3 (3.5) 18 (20.5)§# 26 (30.6)§ 33 (37.5)§
Neutropenia grade 2 (1,000–<1,500/mm3) 3 (3.5) 17 (19.3)§# 25 (29.4)§ 28 (31.8)§
Neutropenia grade 3 (500–<1,000/mm3) 0 1 (1.1)# 1 (1.2) 5 (5.7)
Neutropenia grade 4 (<500/mm3) 0 0# 0 0
Neutropenia leading to discontinuation of study drug 0 1 (1.1) 0 6 (6.8)§

Lymphopenia (grade 3 or 4)** 1 (1.2) 1 (1.2)# 1 (1.2) 2 (2.3)
Hypertriglyceridemia (grade 3 or 4)†† 0 3 (3.4)# 1 (1.2) 2 (2.3)

* AEs = adverse events; SC = subcutaneously. 
† A patient who reported 2 or more different preferred terms that are in the same system organ class was counted only once in the total. 
‡ The prostate- specific antigen (PSA) level was described by the site investigator as “slightly elevated.” A prostate biopsy was performed, and 
the results were described as “normal.” For coding purposes, the elevated PSA is listed under malignancies here, but the total number of 
malignancies is reported as 5, rather than 6, elsewhere in the article. 
§ P < 0.05 versus placebo, by Fisher’s exact test. 
¶ Grades were defined according to Common Terminology Criteria for Adverse Events, version 4.03 (40). 
# Data missing for 1 patient. 
** Grade 3 = 200–<500 /mm3; grade 4 = <200/mm3. 
†† Grade 3 = >500–1,000 mg/dl; grade 4 = >1,000 mg/dl. 



LUTIKIZUMAB EFFICACY AND SAFETY IN KNEE OA |      1067

Other factors, such as cartilage degradation products and adi-
pokines, may have a greater role in the development and main-
tenance of synovitis (44). Overall, these observations are consis-
tent with those from a recent study using a medial meniscectomy 
animal model, which showed that IL- 1 may not play a role in the 
structural progression of OA (21). A phase II study of lutikizumab 
in erosive hand OA also yielded negative results (42).

The reason(s) for the failure to demonstrate a sustained bene-
ficial analgesic effect of lutikizumab compared with placebo in this 
study is not clear. Serum lutikizumab concentrations were stable 
throughout the duration of the study, and unaffected by devel-
opment of antidrug antibodies and at exposures consistent with 
those observed in a previous phase I study (27). The probability 
of achieving positive results might have been improved by use of 
a flare study design, in which patients are enrolled only if disease 
activity increases when their usual treatment is stopped, although 
a difference in effect size has not been shown to be statistically 
significant versus a non- flare study design (45). Although serum IL- 
1α and IL- 1β levels could not be reliably quantified, similar reduc-
tions in absolute neutrophil count and hsCRP levels between the 
lutikizumab 100 mg and 200 mg groups suggested that maximum 
suppression of IL- 1α and IL- 1β was achieved in both dose groups. 
However, it is possible that these systemic pharmacodynamic end 
points are not reflective of target engagement within the joint.

As there was no positive control treatment in this study, it is 
not clear whether lutikizumab did have a positive effect masked 
by a placebo response. The use of standard- of- care therapies 
following week 26 may have masked any lutikizumab treatment 
effects and could account for the lack of sustained differences in 
WOMAC pain score between the lutikizumab 100 mg treatment 
group and the placebo group, but would not explain the inefficacy 
of the 25 mg and 200 mg doses. The preplanned subset analyses 
suggested that the use of rescue medication affected the WOMAC 
pain coprimary end point results; however, from the results of a 
meta- analysis it has been concluded that acet aminophen has lit-
tle if any analgesic effect in OA (46). Results of another preplanned 
subset analysis suggested that among patients with K/L grade 3 
knee OA (in contrast to those with K/L grade 2 knee OA), lutiki-
zumab 100 mg had statistically significant treatment effects on 
WOMAC pain score, implying that knee OA patients with greater 
structural disease may benefit from IL- 1 inhibition. The hypothe-
sis that the concomitant use of pain medication and the degree 
of radiographic damage could predict response to lutikizumab 
would have to be proven in a well- designed prospective study.

The lack of a clear treatment effect of lutikizumab may have 
also been due to a strong, sustained placebo effect (Figure 3A). Pla-
cebo response rates are high in knee OA trials (e.g., 40–50% using 
OMERACT/OARSI criteria) (47), and in this trial were 60%, 62%, and 
71% at weeks 16, 26, and 52, respectively (Table 2). High placebo 
responses have been reported in studies of injectable drugs (48).

There were no unexpected AEs compared with those observed 
in studies of other IL- 1 inhibitors (23), except that there were 5 malig-

nancies in the combined lutikizumab treatment groups versus no 
malignancies in the placebo group. While immunosuppression is 
associated with a risk of malignancy, 2 published studies of IL- 1 
inhibitors (Canakinumab Antiinflammatory Thrombosis Outcome 
Study [CANTOS] and Review of Safety Using Rilonacept in Pre-
venting Gout Exacerbations [RESURGE]) have not demonstrated 
an increased risk of malignancies (49,50). The CANTOS study of 
patients treated with the IL- 1β inhibitor canakinumab demonstrated 
a significantly lower risk of incident lung cancer (49). Given the CAN-
TOS and RESURGE data and the low numbers of malignancies 
observed in our study, it is currently unclear how best to interpret the 
greater number of malignancies in the combined lutikizumab treat-
ment groups compared with the placebo group. Any future studies 
of lutikizumab should include careful monitoring of the incidence of 
malignancy to determine whether the findings observed in the pres-
ent investigation are replicated.

Strengths of this study include the measurement of efficacy 
and pharmacodynamic end points in the same subjects. Plateau-
ing of neutrophil decreases from baseline between the lutikizumab 
100 mg and 200 mg dose groups suggested that systemic IL- 1 
was maximally suppressed; similar reductions in neutrophil lev-
els were achieved with the IL- 1R inhibitor AMG 108 (23). Another 
strength was enrichment for patients with evidence of inflamma-
tion as assessed based on ultrasound, MRI, and clinical charac-
teristics, with the assumption that this increased the likelihood of 
treating subjects with elevated joint levels of IL- 1. Multiple signs 
and symptoms and structural end points were evaluated over 
52 weeks, which maximized the opportunity to demonstrate an 
effect of lutikizumab. Confounding by other potentially disease- 
modifying agents was minimal. The question of whether there are 
subgroups of patients with knee OA who would have a significant 
clinical response to lutikizumab requires further investigation.

Several limitations of this study should be noted. Importantly, 
levels of lutikizumab, IL- 1α, and IL- 1β in the synovial fluid of the 
knee joint could not be assessed. In addition, approximately two- 
thirds of the patients had relatively mild radiographic changes (K/L 
grade 2 in 62.8%) and none had severe disease (K/L grade 4). 
Studies of tanezumab, a monoclonal antibody that targets nerve 
growth factor, included a higher percentage of subjects with K/L 
grades 3 and 4 disease (38.6–46.9% and 14.1–27.7%, respec-
tively) (47,51) and demonstrated greater efficacy than was shown 
in the present study, suggesting that patients with more severe 
disease may be more responsive to treatment, consistent with 
results of the preplanned subanalysis of patients with K/L grade 
3 in the present study. This suggests that enrolling patients with a 
lower average K/L grade in the current study may have reduced 
the likelihood of demonstrating significant improvements in pain. 
As noted above, a robust placebo response was observed, pos-
sibly enriched by the allowance of rescue pain medication and 
the frequent study visits with subcutaneous drug administration. 
Another potential limitation of our study was highlighted by the 
discrepancy between ultrasound and MRI grading of synovitis. 
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Of the limited number of cases (n = 6) in which an ultrasound and 
MRI were both submitted to screen for synovitis prior to enroll-
ment, all 6 were positive by ultrasound and only 3 of the 6 were 
positive by non–contrast- enhanced MRI, supporting the idea that 
the lack of contrast enhancement may have limited our ability to 
detect changes in synovitis with lutikizumab therapy.

In conclusion, although the coprimary end point of reduction 
in WOMAC pain score at week 16 compared with placebo was 
met with the 100 mg dose of lutikizumab, it was not met with 
either the 25 mg or the 200 mg dose, and the difference from 
placebo was not sustained after week 16 with the 100 mg dose. 
Measures of synovitis, cartilage thickness, and other structural 
end points were similar between lutikizumab and placebo treat-
ment at all time points and with all 3 doses evaluated. The safety 
profile of lutikizumab was consistent with the AEs reported for 
other IL- 1 inhibitors, including neutropenia and injection site reac-
tions. The results of this study suggest that IL- 1 inhibition is not 
an effective disease- modifying therapy in patients with knee OA. 
Whether subgroups of knee OA patients might have symp tomatic 
benefit from IL- 1 inhibition remains an open question.
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Peripheral and Central Sensitization of Pain in Individuals 
With Hand Osteoarthritis and Associations With  
Self- Reported Pain Severity
Pernille Steen Pettersen,1 Tuhina Neogi,2 Karin Magnusson,3 Hilde Berner Hammer,4 Till Uhlig,1 Tore K. Kvien,1 
and Ida K. Haugen4

Objective. Pain sensitization, an important osteoarthritis (OA) pain mechanism, has not been substantially inves-
tigated in patients with hand OA. It is unknown how peripheral and central sensitization are related to self- reported 
hand pain.

Methods. Individuals with verified hand OA in the Nor- Hand study underwent quantitative sensory testing of 
pressure pain thresholds (PPTs) locally (painful and nonpainful finger joints) and remotely (wrist, trapezius, and tibialis 
anterior muscles), and testing of temporal summation (TS), a manifestation of central sensitization. We examined 
cross- sectional associations of PPT tertiles and TS with hand pain using the Numerical Rating Scale (NRS) (range 
0–10) and the Australian/Canadian Osteoarthritis Hand Index (AUSCAN) pain subscale (range 0–20). Linear regres-
sion models were adjusted for demographics, psychosocial factors, and radiographic severity.

Results. This study included 282 participants (88% female) with a median age of 61 years (interquartile range 
[IQR] 57–66). Participants with the lowest PPTs in their finger joints and in most remote locations reported higher NRS 
pain values, compared to patients with the highest PPTs, with adjusted β values ranging from 0.6 (95% confidence 
interval [95% CI] 0.0, 1.2) to 0.9 (95% CI 0.3, 1.5). The 118 participants (42%) with TS reported higher mean ± SD 
NRS pain values compared to those without TS (4.1 ± 2.4 versus 3.1 ± 1.7; adjusted β = 0.6 [95% CI 0.2, 1.1]). Neither 
PPTs nor the presence of TS were associated with AUSCAN pain.

Conclusion. Central sensitization was common in patients with hand OA. Lower local and widespread PPTs and 
the presence of TS were associated with higher hand pain intensity, even after adjustment for demographics, psycho-
social factors, and radiographic severity. Sensitization may therefore represent a possible treatment target.

INTRODUCTION

Pain is the main reason that patients with osteoarthritis (OA) 
seek medical help (1), due to its substantial burden and impact 
on quality of life (2). With increasing prevalence due to an aging 
population and increasing obesity rates, we anticipate an increase 
in disability and health care costs related to OA pain. Hand joints 
are frequently affected by OA. In the Framingham study, 7% of 
men and 14% of women aged 40–84 years had symptomatic 
hand OA (3). Currently, no cure or disease- modifying drug exists 
for OA. Treatment is focused on symptomatic management, often 
with limited effect. Traditionally, OA pain has been considered 

nociceptive and related to local tissue damage. Several hand OA 
studies have shown associations between imaging features and 
pain in the same joint (4–6). However, the association between 
total amount of hand OA pathology and overall hand pain is weak 
or nonexistent (5–7). This reflects the fact that pain experience 
is a complex subjective phenomenon influenced by a number of 
 biologic, psychological, and social factors (8).

Recent reviews of OA pain etiology have indicated that 
neurophysiologic mechanisms of peripheral and central sensi-
tization are important contributors to OA pain (9,10). Peripheral 
sensitization is a state of nociceptive hypersensitivity related to a 
lowered excitation threshold or hyperresponsiveness of nocicep-
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tors to noxious stimuli (hyperalgesia) and to non- noxious stimuli 
 (allodynia) (11). Central sensitization refers to an augmentation of 
neural signaling in the spinal cord and brain (12), which can man-
ifest as widespread hyperalgesia and allodynia. In patients with 
chronic OA pain, persistent tissue damage and inflammation in 
the joint is believed to induce mechanisms of peripheral sensitiza-
tion and consequently cause central sensitization.

Animal studies have demonstrated local and widespread 
hyperalgesia in OA models compared to healthy models (13). 
Similarly, people with knee OA are more sensitized than healthy 
controls, and sensitization is strongly associated with knee pain 
severity (14). Sensitization is a possible new treatment target, 
and the use of peripheral and centrally acting agents may lead 
to better management of OA pain (15). The knowledge of pain 
sensitization in OA is mainly derived from studies of knee and hip 
OA (9). A few studies with small sample sizes have suggested that 
peripheral and central sensitization is more common in patients 
with hand OA than in healthy controls (16–18). However, whether 
sensitization is related to hand pain severity in those with hand 
OA has not been previously examined in a larger patient sample.

The primary aim of this study was to assess the prevalence of 
central and peripheral sensitization in a large cohort of patients with 
hand OA using quantitative sensory testing (QST) and to examine 
the relationship between sensitization and hand pain severity.

PATIENTS AND METHODS

Study design, setting, and participants. The Nor- Hand 
study is an observational hospital- based cohort of participants 
with hand OA. Data from baseline examinations in 2016–2017 
were used in these analyses. Individuals aged 40–70 years with 
OA of ≥1 interphalangeal or thumb base joint (diagnosed by clin-
ical examination and/or ultrasound) were eligible for inclusion. 
Individuals were excluded if they had rheumatoid arthritis, spon-
dyloarthritis, psoriatic arthritis, psoriasis, or hemochromatosis. A 
full protocol description, including detailed inclusion and exclusion 
criteria, has been published (19). This study was approved by the 
Norwegian Regional Committee for Medical and Health Research 
Ethics (ClinicalTrials.gov identifier: NCT03083548). All participants 
provided written consent after receiving oral and written informa-
tion about the study.

Data collection. Hand pain severity. Self- reported hand 
pain was assessed with 2 questionnaires: the Numerical Rating 
Scale (NRS) of hand pain severity experienced in the past 24 
hours (range 0–10, where 0 represents “no pain” and 10 rep-
resents “worst pain imaginable”), and the pain subscale of the 
Australian/Canadian Osteoarthritis Hand Index (AUSCAN) (range 
0–20, where pain during rest [1 item] and different activities [4 
items] are quantified) (20).

Quantitative sensory testing. Two medical students con-
ducted the QST testing using the same predefined protocol. 

They received training before the testing started, and the writ-
ten protocol was available during the testing to ensure fidelity.

Pressure pain threshold (PPT) tested at a diseased site 
assesses local pain sensitivity as a surrogate for peripheral and/
or central sensitization. When tested at a distant (i.e., extra-
segmental) nonpainful site, PPT assesses widespread hyper-
sensitivity, a marker of central sensitization (21). In this study, the 
most painful interphalangeal joint and 1 nonpainful interphalan-
geal joint were first tested with the participant’s hand resting on 
a table. Only 2 finger joints were tested to reduce participant 
burden; it was thought that 1 painful and 1 nonpainful joint were 
sufficient to represent local sensitivity. If several joints were non-
painful, 1 was randomly chosen. An algometer (FPIX 25, 1 cm2 
flat rubber probe; Wagner Instruments) was perpendicularly 
placed on the dorsal side of the joint and pressure was increased 
in increments of 0.5 kg/second, guided by a metronome. The 
PPT value was recorded at the point when pressure initially 
changed to become slightly painful. PPTs were also obtained at 
the dorsal aspect of the left distal radioulnar joint and the mid- 
portions of the trapezius and tibialis anterior muscles. The dis-
tant (i.e.,  extrasegmental) sites were chosen based on what had 
been done in previous studies of knee OA (14,22,23). The tests 
were performed 3 times at each site, with 30 seconds between 
assessments. The mean value from the 3 assessments for each 
anatomic site was used in the analyses.

Mechanical temporal summation (TS), the augmentation of 
pain response due to repetitive painful stimuli, is a physiologic 
phenomenon reflecting central integration of nociceptive input 
(24). When the response is facilitated, it is believed to reflect cen-
tral sensitization (21). Punctate probes with increasing weight of 
8, 16, 32, 64, 128, 256, and 512 mN were applied consecutively 
at the participant’s left distal radioulnar joint, while his/her eyes 
were closed. The probe that first evoked pain at an NRS level 
of ≥4 was selected for the test. If none of the probes evoked 
pain, the probe with 512 mN was used. The radioulnar joint was 
then tapped 10 times (once per second) at 1 Hz with the punc-
tate probe. Participants gave an NRS pain rating of the first, fifth, 
and tenth tap. Change in TS was calculated by  subtracting the 
first pain rating from the peak pain rating of the fifth or tenth tap. 
A similar method has been used in other studies of knee OA 
(14,25). To classify participants into TS categories (presence or 
absence), we calculated the smallest detectable change (SDC) 
of change in TS. SDC is the smallest value that is larger than 
what can be attributed to random variation or measurement error 
between 2 dependent measurements (e.g., within a participant). 
We calculated SDC by determining the SD of the difference 
between change in TS scores from repeated testing of 9 par-
ticipants by 2 examiners, using the following formula: (±1.96 × 
SD)/√2. A description of the formula and its assumptions have 
been published previously (26). We defined participants as having 
TS if the change in TS was ≥2, which was above the calculated 
SDC of 1.28.
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Nine participants were examined by both examiners on the 
same afternoon. With regard to PPT, the intraclass correlation 
coefficient (ICC) for the painful joint was good (0.61) and for the 
other joints ranged from poor (0.14) to moderate (0.60) (27) (see 
Supplementary Table 1, on the Arthritis & Rheumatology web site 
at http://onlinelibrary.wiley.com/doi/10.1002/art.40850/abstract). 
A good interobserver ICC (0.72) was found for change in TS, 
whereas the kappa value for absence/presence of TS was fair 
(0.36) (Supplementary Table 1).

Potential confounders. We collected information about 
potential confounders, e.g., age, sex, body mass index, regular 
use of analgesics (oral or topical nonsteroidal antiinflammatory 
drugs [NSAIDS], acetaminophen, opioids, and opioid- like drugs), 
and psychosocial factors, including highest degree of completed 
education (1–7 scale), sleep disturbance (0–4 scale, from “no 
disturbance” to “serious sleep disturbances, remaining awake or 
sleep is almost impossible despite use of hypnotics”), the Pain 
Catastrophizing Scale (PCS) (28), and the Hospital Anxiety and 
Depression Scale (HADS) (29).

Posteroanterior radiographs of both hands were obtained. 
In total, 32 joints, including the bilateral distal and proximal inter-
phalangeal, metacarpophalangeal, first carpometacarpal, and 
scaphotrapeziotrapezoidal joints, were scored by 1 experienced 
reader (IKH) for OA severity on a 0–4 scale, using a modified 
Kellgren/Lawrence (K/L) scale, as previously described (3). We 
calculated a radiographic OA sum score for each participant 
(range 0–128). The reader repeated the evaluation of 20 randomly 
selected participants after ~2 weeks (mean ± SD 16 ± 4 days), 
and the intrareader reliability was excellent (ICC 0.99, weighted 
к = 0.92).

Statistical analysis. We categorized PPT into sex- specific 
tertiles (14,30) to avoid assumption of a linear relationship with 
pain, and because there are known sex differences in pain sen-
sitivity (31), which were also present in our study population. We 
examined the relationship of PPT and presence of TS to NRS 

pain severity and AUSCAN pain score using linear regression, 
 adjusting for the potential confounders listed above. We repeated 
the analyses using PPT and change in TS as continuous variables. 
Finally, we conducted sensitivity analyses of AUSCAN pain items 
by  separating the “resting pain” question (range 0–4) from the sum 
score of the 4 “activity dependent pain” questions (range 0–16). 
Missing values for the sleep covariate (n = 1), education covariate 
(n = 1), and pain catastrophizing covariate (n = 1) were assigned 
estimated mean scores based on simple imputations. Adjusted β 
values and 95% confidence intervals (95% CIs) were calculated. 
Stata/IC 14.0 was used for all statistical analyses, and P values 
less than 0.05 were considered significant.

RESULTS

Participant characteristics and QST results. Of the 
431 individuals screened, 300 were included in the Nor- Hand 
cohort. Of those, 282 were eligible for analyses (Figure 1). A 
subgroup of 76 participants (26%) responded late (>14 days 
after clinical examination) to the pain questionnaires. Pain 
severity as rated on the NRS and AUSCAN was reported to 
be above the patient acceptable symptom state (32,33) in 
33% and 52% of our study population, respectively. Few par-
ticipants received ≥1 oral and/or topical analgesic on a daily 
basis (41 of 282) (acetaminophen in 11, NSAIDs in 34, opioid/
opioid- like drugs in 5) (Table 1). Treatment with antiepileptics 
or antidepressants that were approved for pain- relieving pur-
poses was uncommon (gabapentin in 0 participants, pregab-
alin in 5, amitriptyline in 9, duloxetine in 0). Radiographically 
detected OA ranged from mild to severe. Our study population 
reported anxiety, depression, and pain catastrophizing scores 

that fell in the lower halves of the respective scales (Table 1).
Participants had lower PPTs at the wrist and finger joints 

than at the more distant locations and had lower PPTs at the 
painful finger joint than at the nonpainful finger joint (Table 1). The 
512- mN probe was used when testing TS in the majority of the 
participants (n = 264, 94%), of whom 109 reported 0 on the NRS 

Figure 1. Flow chart of the Nor- Hand study cohort participants. * = One participant was missing a Numerical Rating Scale pain severity 
score, and 1 participant was missing a pressure pain threshold of a nonpainful finger joint; both were excluded from corresponding analyses. 
** = Participants with missing Hospital Anxiety and Depression Scale scores were excluded, as the score was an important confounder. RF = 
rheumatoid factor; anti- CCP = anti–cyclic citrullinated peptide; OA = osteoarthritis.

http://onlinelibrary.wiley.com/doi/10.1002/art.40850/abstract
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for the first stimulus. Median change in TS was 1 (interquartile 
range 0–2), and 118 participants (42%) showed a presence of 
TS (change in TS ≥2).

PPTs at finger joints and self- reported hand pain 
severity. We found a consistent trend of increasing self- 
reported pain with decreasing PPTs at the painful and  nonpainful 
finger joints. Participants in the lowest PPT tertiles reported 

average NRS scores (range 0–10) that were 1.0 point higher 
(painful finger joint) and 1.2 points higher (nonpainful finger 
joint) and AUSCAN pain scores (range 0–20) of 1.0 point higher 
(painful finger joint) and 1.4 points higher (nonpainful finger joint) 
than those in the highest PPT tertiles. In adjusted analyses, an 
independent association between PPT in the lowest tertiles and 
pain severity was found for NRS only, both in the painful finger 
joint (adjusted β = 0.7 [95% CI 0.1, 1.3]) and the nonpainful fin-
ger joint (adjusted β = 0.9 [95% CI 0.3, 1.5]) (Table 2). The effect 
of the relationship, as observed in the painful and nonpainful fin-
ger joints, was stronger when we excluded the 76 participants 
who responded late to the NRS pain questionnaire (adjusted β 
= 0.9 [95% CI 0.2, 1.6] and 1.1 [95% CI 0.5, 1.8], respectively). 
Participants in the middle PPT tertiles did not report higher pain 

severity than those in the highest tertiles (Table 2).
When repeating the analyses using PPTs at the finger joints 

as a continuous variable, we found significant inverse associations 
with NRS pain scores (adjusted β = −0.2 [95% CI −0.3, −0.1] for 
both the painful and nonpainful finger joints), but not with  AUSCAN 
pain scores (adjusted β = −0.2 [95% CI −0.4, −0.1] for the painful 
finger joint and −0.1 [95% CI −0.3, −0.1] for the  nonpainful finger 
joint).

In sensitivity analyses, we found that PPT in the lowest  tertiles 
was associated with a higher response to the first question in the 
AUSCAN pain questionnaire that assesses resting pain (0–4 scale) 
(adjusted β = 0.3 [95% CI 0.0, 0.5] for both the painful and non-
painful finger joints), whereas no associations were found with the 
4 activity- dependent pain items (0–16 scale) (adjusted β = 0.2 
[95% CI −0.8, 1.1] for the painful finger joint and 0.5 [95% CI −0.4, 
1.4] for the nonpainful finger joint).

PPTs at distant sites and self- reported hand pain 
severity. Participants with lower PPTs at distant body sites 
reported higher hand pain severity on the NRS and AUSCAN 
scales. Participants in the lowest PPT tertiles reported between 
1.0- point  (tibialis anterior muscle) and 1.6- point (trapezius mus-
cle) higher pain ratings on the NRS than those in the highest PPT 
tertiles (Table  3). The adjusted associations with the NRS were 
statistically significant for the wrist and trapezius muscle. Associ-
ations with AUSCAN pain scores were weaker and did not reach 
statistical significance in adjusted analyses (Table 3). We found a 
consistent trend toward a stronger relationship (0.1–0.3 increase 
in adjusted β values) between PPTs and pain severity when 
excluding those who responded late to the pain questionnaires 

(data not shown).
Absolute PPT analyzed as a continuous variable was signif-

icantly associated with NRS scores in adjusted analyses of the 
wrist (adjusted β = −0.2 [95% CI −0.3, 0.0]) and trapezius muscle 
(−0.1 [95% CI −0.3, 0.0]), while there were no significant associa-
tions with AUSCAN scores (data not shown). Sensitivity analyses 
of AUSCAN resting pain and activity- dependent pain separately 
did not alter any results (data not shown).

Table 1. Baseline demographics and clinical characteristics of the 
study population (n = 282)*

Age, median (IQR) years 61 (57–66)
Women, no. (%) 248 (88)
Body mass index, mean ± SD kg/m2 26.3 ± 4.7
Education level, no. (%)

Primary/upper secondary school 116 (41)
>1 year college/university 165 (59)

Fulfill ACR criteria, no. (%) 271 (93)
Duration of symptoms, median (IQR) 

years
6 (3–13)

K/L sum score (range 0–128), mean ± SD† 30 ± 19
No. of joints with K/L score ≥2, median 

(IQR) 
9 (4–14)

Daily analgesic use, no. (%) 41 (15)
HADS (range 0–42), median (IQR) 6 (3–10)
PCS (range 0–52), median (IQR) 9 (5–15)
Sleep quality, no. (%)

Normal 70 (25)
Mild impairment 97 (34)
Moderate to severe impairment 115 (41)

Self- reported hand pain, mean ± SD 
NRS score (range 0–10)‡§ 3.7 ± 2.3
AUSCAN score (range 0–20)¶ 8.2 ± 4.1

PPT, mean ± SD kg/cm2

Painful finger joint 3.9 ± 1.9
Nonpainful finger joint§ 5.0 ± 2.1
Left wrist 4.5 ± 2.1
Tibialis anterior muscle 5.5 ± 2.5
Trapezius muscle 4.4 ± 2.1

TS
Presence of TS, no. (%) 118 (42)
Change in TS, median (IQR) 1 (0–2)

* IQR = interquartile range; ACR = American College of Rheumatol-
ogy; K/L = Kellgren/Lawrence scale; HADS = Hospital Anxiety and 
Depression Scale; PCS = Pain Catastrophizing Scale; NRS = Numeri-
cal Rating Scale; AUSCAN = Australian/Canadian Hand Osteoarthri-
tis Index; PPT = pressure pain threshold; TS = temporal summation. 
† Includes the bilateral distal and proximal interphalangeal, meta-
carpophalangeal, first carpometacarpal, and scaphotrapeziotrap-
ezoidal joints. 
‡ Scores were based on pain felt within the past 24 hours. 
§ Missing information from 1 participant (n = 281). 
¶ Scores were based on pain felt within the past 48 hours. 
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TS and self- reported hand pain severity. Partic-
ipants with TS reported on average a 1.0- point higher pain 
score on the NRS (range 0–10) and a 1.1- point higher score 
on the AUSCAN pain subscale (range 0–20) than those with-
out TS (Table 4). In adjusted analyses, an association between 
TS and pain severity was found for the NRS only (adjusted β 
= 0.6 [95% CI 0.2, 1.1]) (Table 4). When those who responded 
late to the questionnaires were excluded from analyses, this 
association remained unchanged for NRS scores and became 
weaker for AUSCAN scores (adjusted β = 0.6 [95% CI 0.1, 

1.2] and 0.1 [95% CI −0.9, 1.2], respectively).
A greater increase in pain during the TS examination (change 

in TS) was positively associated with higher NRS pain scores 
(adjusted β = 0.2 [95% CI 0.0, 0.3]), while no association with 

AUSCAN pain scores was found (0.1 [95% CI −0.2, 0.4]). Sensi-
tivity analyses of the AUSCAN resting pain item did not demon-
strate stronger associations with TS or change in TS than the 
activity- related pain items (data not shown).

DISCUSSION

The present study is the first to describe peripheral and central 
sensitization as independent contributors to pain in patients with 
hand OA, regardless of psychological factors and radiographic OA 
severity. Both local and widespread hypersensitivity reflected by 
low PPTs were related to higher NRS hand pain scores. More than 
40% of our participants had central sensitization as indicated by 
the presence of TS, which was associated with higher NRS pain 

Table 2. Relationship of PPTs at finger joints to hand pain severity*

NRS pain severity, PPT tertile AUSCAN pain severity, PPT tertile

Highest Middle Lowest Highest Middle Lowest

Painful finger joint
Mean ± SD 3.4 ± 2.1 3.5 ± 2.2 4.4 ± 2.4 7.8 ± 4.0 8.0 ± 4.2 8.8 ± 4.1
Crude β (95% CI)  Referent 0.1 (−0.6, 0.7) 1.0 (0.3, 1.6) Referent 0.3 (−0.9, 1.4) 1.0 (−0.1, 2.2)
Adjusted β (95% CI)† Referent 0.3 (−0.3, 0.9) 0.7 (0.1, 1.3) Referent 0.5 (−0.5, 1.6) 0.4 (−0.7, 1.5)

Nonpainful finger joint
Mean ± SD 3.2 ± 2.1 3.7 ± 2.2 4.4 ± 2.3 7.7 ± 4.1 8.0 ± 4.0 9.1 ± 4.1
Crude β (95% CI) Referent 0.5 (−0.2, 1.1) 1.3 (0.6, 1.9) Referent 0.3 (−0.8, 1.5) 1.4 (0.3, 2.6)
Adjusted β (95% CI)† Referent 0.4 (−0.2, 0.9) 0.9 (0.3, 1.5) Referent 0.2 (−0.9, 1.2) 0.8 (−0.3, 1.8)

* PPTs = pressure pain thresholds; NRS = Numerical Rating Scale (range 0–10); AUSCAN = Australian/Canadian Hand Osteoarthritis Index 
(range 0–20); 95% CI = 95% confidence interval. 
† Adjusted for age, sex, body mass index, use of analgesics, Kellgren/Lawrence sum score, Hospital Anxiety and Depression Scale, Pain Cata-
stroph iz  ing Scale, education, and sleep. 

Table 3. Relationship of PPTs at distant nonpainful sites to hand pain severity*

NRS pain severity, PPT tertile AUSCAN pain severity, PPT tertile

Highest Middle Lowest Highest Middle Lowest

Wrist
Mean ± SD 3.2 ± 2.2 3.6 ± 2.1 4.5 ± 2.3 7.6 ± 4.3 8.1 ± 3.7 9.0 ± 4.2
Crude β (95% CI) Referent 0.5 (−0.2, 1.1) 1.3 (0.7, 2.0) Referent 0.5 (−0.6, 1.7) 1.5 (0.3, 2.6)
Adjusted β (95% CI)† Referent 0.4 (−0.1, 2.0) 0.8 (0.2, 1.3) Referent 0.4 (−0.7, 1.4) 0.6 (−0.6, 1.6)

Trapezium
Mean ± SD 3.0 ± 2.0 3.6 ± 2.1 4.6 ± 2.4 7.3 ± 3.9 8.1 ± 3.9 9.2 ± 4.3
Crude β (95% CI) Referent 0.6 (−0.1, 1.2) 1.6 (0.9, 2.2) Referent 0.8 (−0.4, 1.9) 1.9 (0.8, 3.1)
Adjusted β (95% CI)† Referent 0.2 (−0.4, 0.8) 0.6 (0.0, 1.2) Referent 0.3 (−0.8, 1.3) 0.5 (−0.7, 1.6)

Tibialis anterior
Mean ± SD 3.4 ± 2.3 3.5 ± 2.2 4.4 ± 2.2 8.0 ± 4.2 8.0 ± 4.0 8.6 ± 4.2
Crude β (95% CI) Referent 0.1 (−0.6, 0.7) 1.0 (0.2, 1.5) Referent 0.1 (−1.1, 1.3) 0.6 (−0.6, 1.8)
Adjusted β (95% CI)† Referent −0.2 (−0.7, 0.4) 0.3 (−0.3, 0.9) Referent −0.4 (−1.5, 0.6) −0.4 (−1.5, 0.7)

* PPTs = pressure pain thresholds; NRS = Numerical Rating Scale (range 0–10); AUSCAN = Australian/Canadian Hand Osteoarthritis Index 
(range 0–20); 95% CI = 95% confidence interval. 
† Adjusted for age, sex, body mass index, use of analgesics, Kellgren/Lawrence sum score, Hospital Anxiety and Depression Scale, Pain Cata-
stroph izing Scale, education, and sleep. 
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severity. Our findings provide insight into the complex nature of 
hand OA pain and suggest a broader clinical approach in which 
sensitization- related pain mechanisms are considered.

Only 5 previously published hand OA studies have examined 
pain sensitivity by QST and assessed its relationship with self- 
reported hand pain (16,18,34–36). Farrell et al demonstrated local 
hyperalgesia with pain stimuli over the carpometacarpal joints, 
compared to a nonpainful distant site in patients with symp tomatic 
hand OA (n = 38) (34). Local hyperalgesia, as well as distant 
hyperalgesia of nonpainful sites suggestive of central sensitization, 
were subsequently reported in 3 studies, but none showed asso-
ciations with pain severity (16,18,35). Lack of association with pain 
may be due to the small study samples (only 13, 16, and 32 hand 
OA cases, respectively). In a recent randomized controlled trial of 
analgesics used to treat hand OA patients (n = 65), lower PPTs in 
the finger joints and wrist were associated with higher AUSCAN 
pain scores after adjustment for age, with borderline statistical sig-
nificance (P = 0.06) (36). Our study is the largest to date, and we 
were able to demonstrate statistically significant associations of 
low PPTs at local and distant sites with higher self- reported NRS 
pain scores, even after adjustments for potential confounders.

Our study showed the presence of TS in as many as 42% 
of the participants, which is in accordance with the results of a 
previous knee OA study (14). To our knowledge, no previous study 
has tested the phenomenon of TS in hand OA patients, although 
enhanced TS is a known manifestation of central sensitization in 
chronic pain conditions (21). The result of QST assessment of TS 
includes both the amplification of signals in the dorsal horn neu-
rons and the individual’s sum of inhibitory modulations. In contrast, 
the phenomenon of wind- up in animals, which is thought to be a 
parallel process to TS in humans, is considered to be a reflection 
of the ascending pathways. Nonetheless, alterations in ascending 
and/or descending inhibitory pathways can ultimately lead to an 
increase in pain perception. Consistent with our results, functional 
magnetic resonance imaging has shown increased activity in brain 
regions known to implicate central sensitization in patients with 
hand OA but not in pain- free healthy controls (17). In addition, 
 pregabalin was recently found to be superior to placebo in reduc-
ing hand OA pain (36). These results suggest that medication 
 targeting central pain processing can have an effect on hand OA.

We consider the magnitude of the difference in self- reported 
pain between those with the lowest and highest PPTs (local and 
distant sites) and between those with and without TS to be clini-
cally relevant. The differences in responses to the NRS pain ques-
tionnaire were equal to the minimal clinically important difference 
of 1 unit on the NRS 0–10 scale (37). This provides further evi-
dence of the relevance of sensitization as a contributor to self- 
reported hand pain. However, whether it is possible to reduce pain 
by preventing or reducing sensitization remains to be determined.

Associations between QST results and AUSCAN pain scores 
were weaker than those between QST results and NRS pain 
scores. The AUSCAN subscale mainly assesses pain related to 
different hand activities. One possible explanation for the weak 
associations might be pain- related kinesiophobia. Alternatively, 
factors other than sensitization are more important causes of 
activity- induced pain in those with hand OA. The relationship 
between activity and pain is complex. Activity- induced pain is a 
potential subject for further research on hand OA pain mecha-
nisms and phenotyping.

Central sensitization can be thought of as a spectrum rather 
than as present or absent, particularly as TS can be elicited in 
healthy individuals if the stimulus is noxious enough. To aid in the 
interpretation of the results, we conducted analyses using TS 
as a dichotomized variable (absence/presence), in addition to 
conducting analyses of change in TS. We used the SDC as a 
cutoff, reflecting the smallest increase in pain (change in TS) that 
is not due to measurement error, instead of the smallest possi-
ble change in TS (i.e., 1 point) that had been used in previous 
knee OA studies (38). A lower cutoff would have included many 
participants who were less likely to be sensitized. This raises the 
question of whether measurement error in pain sensitivity testing 
deserves more awareness. However, we acknowledge that this 
method may not always be appropriate; it requires reliability test-
ing, and measurement error will differ across studies.

This study was limited by its cross- sectional design, and 
we are therefore unable to conclude whether high sensitivity is 
the cause or consequence of high pain levels. The subgroup 
that responded late to the pain questionnaires likely weakened 
the results, as indicated by the increase in effect estimates 
when this group was excluded from analyses. Furthermore, we 

Table 4. Relationship of TS presence to hand pain severity*

NRS pain severity AUSCAN pain severity

TS absent TS present TS absent TS present

Mean ± SD 3.1 ± 1.7 4.1 ± 2.4 7.4 ± 3.5 8.5 ± 4.3

Crude β (95% CI) Referent 1.0 (0.5, 1.5) Referent 1.0 (0.0, 2.0)

Adjusted β (95% CI)† Referent 0.6 (0.2, 1.1) Referent 0.3 (−0.6, 1.2)

* TS = temporal summation; NRS = Numerical Rating Scale (range 0–10); AUSCAN = Australian/Canadian 
Hand Osteoarthritis Index (range 0–20); 95% CI = 95% confidence interval. 
† Adjusted for age, sex, body mass index, use of analgesics, Kellgren/Lawrence sum score, Hospital Anxiety 
and Depression Scale, Pain Catastrophizing Scale, education, and sleep. 
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did not collect data on the use of analgesic medications on the 
day participants answered the pain questionnaires or on the day 
they underwent QST testing. Participants were not instructed to 
abstain from taking analgesics on the day of examination, which 
may have caused underestimation in the results. The variation in 
interreader reliability of the QSTs from poor to good represents 
another possible limitation. However, the reliability testing included 
only 9 participants, and a few discordant measurements will have 
a large impact on the results. Furthermore, good reliability is 
dependent not only on the examiners but also requires consistent 
pain responses reported by the patients. Previous reliability stud-
ies of PPTs and mechanical TS, using handheld algometers, have 
been able to show good- to- excellent ICCs (39,40).

In conclusion, we found that central sensitization is common 
in individuals with hand OA, and we demonstrated a relationship 
between higher sensitivity and higher self- reported hand pain, 
even after adjustment for demographic and psychological fac-
tors and radiographic OA severity. Future studies may explore the 
sensitization- associated pain phenotype longitudinally as a pos-
sible risk factor for prognosis, as well as a potential predictor for 
treatment outcomes.
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Noninvasive Mechanical Joint Loading as an Alternative 
Model for Osteoarthritic Pain
Freija ter Heegde,1 Ana P. Luiz,2 Sonia Santana-Varela,2 Iain P. Chessell,3 Fraser Welsh,3 John N. Wood,2 and 
Chantal Chenu4

Objective. Mechanisms responsible for osteoarthritic (OA) pain remain poorly understood, and current analgesic 
therapies are often insufficient. This study was undertaken to characterize and pharmacologically test the pain phe-
notype of a noninvasive mechanical joint loading model of OA, thus providing an alternative murine model for OA 
pain.

Methods. The right knees of 12- week- old male C57BL/6 mice were loaded at 9N or 11N (40 cycles, 3 times 
per week for 2 weeks). Behavioral measurements of limb disuse and mechanical and thermal hypersensitivity were 
acquired before mechanical joint loading and monitored for 6 weeks postloading. The severity of articular cartilage 
lesions was determined postmortem with the Osteoarthritis Research Society International scoring system. To as-
sess efficacy of various treatments for pain, 9N- loaded mice were treated for 4 weeks with diclofenac (10 mg/kg), 
 gabapentin (100 mg/kg), or anti–nerve growth factor (anti- NGF) (3 mg/kg).

Results. Mechanical hypersensitivity and weight bearing worsened significantly in 9N- loaded mice (n = 8) and 
11N- loaded mice (n = 8) 2 weeks postloading, compared to baseline values and nonloaded controls. Maximum OA 
scores of ipsilateral knees confirmed increased cartilage lesions in 9N- loaded mice (mean ± SEM 2.8 ± 0.2; P < 0.001) 
and 11N- loaded mice (5.3 ± 0.3; P < 0.001), compared to nonloaded controls (1.0 ± 0.0). Gabapentin and diclofenac 
restored pain behaviors to baseline values after 2 weeks of daily treatment, and gabapentin was more effective than 
diclofenac. A single injection of anti- NGF alleviated nociception 2 days after treatment and remained effective for 2 
weeks, with a second dose inducing stronger and more prolonged analgesia.

Conclusion. Our findings show that mechanical joint loading induces OA lesions in mice and a robust pain phe-
notype that can be reversed using analgesics known to alleviate OA pain in patients. This establishes the use of 
mechanical joint loading as an alternative model for the study of OA pain.

INTRODUCTION

Osteoarthritis (OA) is a common degenerative joint disease 
associated with chronic, debilitating pain in the affected joints 
which significantly reduces mobility and quality of life in patients 
(1). Current therapies used to treat OA pain are often insufficient, 
including nonsteroidal antiinflammatory drugs (NSAIDs), which 
can produce unwanted side effects that limit long- term use (2). 
OA pathology and progression have been examined in detail, but 
mechanisms contributing to OA pain and the relationship between 
pain and OA pathology remain poorly understood. Therefore, 

there is a need for a well- characterized, noninvasive murine model 
of OA pain that exhibits both a robust, reproducible pain pheno-
type and histologic evidence of OA pathology.

The 2 most commonly used OA models in the preclinical field 
of OA pain are the monosodium iodoacetate (MIA) model used to 
induce inflammatory OA (3) and surgical destabilization of the joint 
typically used to model posttraumatic OA (4,5). In the MIA model, 
a single intraarticular injection of MIA is administered in the knee 
joint and inhibits the glycolytic pathway, causing chondrocytic cell 
death and an acute inflammation leading to cartilage erosion and 
joint disruption (6,7). The MIA injection causes immediate onset 
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of mechanical hyperalgesia (8,9), altered weight bearing (10), and 
reduction in mobility (11), all of which are associated with the early 
inflammatory phase (days 0–7) of OA. This is then followed by a 
more persistent allodynia, typical in late- phase OA (days 14–28). 
Pain- like behaviors increase in a dose- dependent manner, with 
late- phase hypersensitivity typically observed with higher doses 
of MIA (12). Surgical models, such as destabilization of the medial 
meniscus (DMM) (4) or partial medial  meniscectomy (PMM) (5,13), 
are used predominantly in mice and rely on the surgical desta-
bilization of the medial meniscus, which typically leads to carti-
lage damage 4–8 weeks postsurgery (5,14,15). Pain- like behav-
iors typically take longer to develop: mechanical hypersensitivity 
can develop 4 weeks postsurgery, a decrease in spontaneous 
naturalistic behaviors has been seen 8 weeks  postsurgery, and 
altered weight bearing has been observed as late as 12 weeks 
postsurgery (13,16,17). Mice undergoing sham surgery also 
show significant amounts of postsurgical pain (16,17), with pain 
thresholds not returning to baseline levels for as long as 8 weeks 
(18). A major drawback of both models is the invasiveness of the 
procedures, which adds a layer of joint disruption that influences 
both joint damage and the resulting pain behaviors in affected and 
sham- operated animals.

The noninvasive mechanical joint loading model was initially 
used to investigate the osteogenic effect of mechanical loading 
on bone (19) and has recently been adapted to investigate the 
pathogenesis of OA (20). In this model, OA is induced through 
intermittent, repetitive loading of the tibia through the knee and 
ankle joints. Histologic cartilage changes have been characterized 
in mice and show that single loading episodes induce lesions in 
the articular cartilage (20). When loading episodes are repeated 3 
times weekly for 2 weeks, these lesions spontaneously progress 
and worsen over a period of 3 weeks (20). This model also shows 
changes in the subchondral bone (21) that are consistent with 
pathology seen in humans. Because of the relatively recent intro-
duction of mechanical joint loading as a model for OA, the pain 
phenotype in this model has not yet been fully characterized.

The aim of this study was to characterize the pain phenotype 
in the murine mechanical joint loading model of OA to determine 
if it can be used as a model for OA pain. To this end, we induced 
OA of different severities using 2 load magnitudes and monitored 
hypersensitivity thresholds over time using an array of established 
behavioral assays developed in mice (22). The presence of OA 
knee pathology was confirmed at the end of the study by quan-
tifying cartilage damage. Furthermore, we investigated whether 
diclofenac, gabapentin, or anti–nerve growth factor (anti-NGF) 
monoclonal antibody (mAb) could alleviate the OA pain seen in 
this model. Diclofenac is an NSAID that is effective against inflam-
matory pain and the first- line treatment for patients with OA pain 
(23), while gabapentin is an antiepileptic drug that is effective in 
treating complex neuropathic pain syndromes (24,25). Anti- NGF 
antibodies represent novel analgesics currently in clinical trials for 
OA pain (26–28). In vivo studies show that anti- NGF treatment 

restores spontaneous day/night activity in mice with orthopedic 
surgery–induced pain (29) and improves gait imbalance in both the 
MIA model (30) and a surgical model (31) of OA. Additionally, treat-
ment with the soluble NGF receptor TrkAd5 effectively restored the 
altered weight bearing seen immediately after DMM surgery (post-
operative pain) and 16 days postsurgery (OA pain) (32). Testing the 
efficacy of these drugs in alleviating pain is the first step in validat-
ing mechanical joint loading as an appropriate model for OA pain.

MATERIALS AND METHODS

Animals. Ten- week- old treatment- naive C57BL/6 mice (Charles 
River) were housed in groups of 4 in individually ventilated cages and 
fed a standard RM1 maintenance diet ad libitum. The environment 
was climate-  and light- controlled: temperature 22°C, humidity 50%, 
lights on 7:00 am–7:00 pm. Animals were acclimatized for 1 week 
before the start of procedures, which were conducted during the light 
phase (8:00 am–6:00 pm). All experiments were carried out in compli-
ance with the Animals (Scientific Procedures) Act 1986 and approved 
by the UK Home Office license.

In vivo mechanical joint loading. OA was induced in 
mice by a 2- week loading regimen (20) using an electronic mate-
rials testing machine (Bose 3100). Mice were 12 weeks old at 
the start of loading, which was performed under general anes-
thesia (3.5% isoflurane). The right tibia was positioned vertically 
between 2 custom- made loading cups that restricted the knee 
and ankle joints in deep flexion. Axial compressive loads were 
applied through the knee joint via the upper loading cup, while a 
loading cell, attached to the lower cup, registered and monitored 
the applied loads. One loading cycle consisted of 9.9 seconds 
holding time with a load magnitude of 2N (load needed to maintain 
knee position), after which a maximum load of 9N or 11N was 
applied for 0.05 seconds, with a rise and fall time of 0.025 sec-
onds each. This 10- second trapezoidal wave loading cycle was 
repeated 40 times within 1 loading episode. During the loading 
regimen, this loading episode was repeated 3 times per week for 
2 consecutive weeks. The load magnitudes of 9N or 11N were 
chosen to enable comparisons with previously published work on 
the loading model (19–21).

Experimental design. Pain phenotype after mechanical 
joint loading. Mice loaded at 9N or 11N (n = 8 per group) under-
went behavioral measurements at baseline in the week before 
loading and were monitored weekly for 6 weeks postloading (see 
Supplementary Methods, on the Arthritis & Rheumatology web site 
at http://onlinelibrary.wiley.com/doi/10.1002/art.40835/abstract). 
Changes in behavior were compared to changes in age-  and 
cage- matched, nonloaded controls, which were not subjected to 
any loading regimen but instead underwent isoflurane anesthesia 
for the same duration as loaded mice. No behavioral testing was 
performed during the 2 weeks of loading.

http://onlinelibrary.wiley.com/doi/10.1002/art.40835/abstract


TER HEEGDE ET AL 1080       |

Pharmacologic validation of mechanical joint loading. The 
mechanical joint loading model was validated by testing the 
 antinociceptive effect of diclofenac, gabapentin, and an anti- NGF 
mAb on 9N- loaded mice. In total, 6 groups (n = 8 mice per group) 
were tested: 3 experimental groups in which 1 dose of each drug 
was tested and 3 control groups (nonloaded saline- treated, load-
ed saline- treated, and loaded inactive control antibody–treated 
mice). Analgesic treatment was administered from week 2 to 
week 6 weeks postloading. Animals receiving diclofenac (10 mg/
kg [33]; Sigma- Aldrich), gabapentin (100 mg/kg [33]; Sigma- 
Aldrich), or saline (0.9% NaCl; Sigma- Aldrich) were treated daily 
via gavage without anesthesia. The volume administered (<500 
μl) was calculated according to the weight of the animal. Anti- 
NGF mAb treatment (3 mg/kg, intraperitoneally; a generous gift 
from MedImmune, AstraZeneca) was administered at weeks 2 
and 4 postloading. Loaded controls received inactive antibody 
(3 mg/kg; a generous gift from MedImmune, AstraZeneca) at the 
same time points.

Pain thresholds were measured at baseline and on a weekly 
basis after loading in mice receiving saline, diclofenac, or  gabapentin. 
Behavioral testing started 1 hour after treatment. Animals receiving 
anti- NGF or inactive antibody were tested 4, 24, and 48 hours and 
then every 2 days following treatment.

Histologic analysis of joints and OA grading. Six 
weeks postloading, mice were killed by CO2 overdose followed 
by cervical dislocation. Hind limbs were removed and fixed in 4% 
neutral buffered formalin for 48 hours. Knees were then  decalcified 
(Immunocal; Quartett) for 5 days and processed for paraffin 
embedding. Once embedded, 6- μm coronal sequential sections 
were acquired from the entire joint, of which a quarter was stained 
with toluidine blue (0.1% in 0.1M acetate buffer, pH 5.6). OA 
severity was scored for each stained section using the Osteoar-
thritis Research Society International grading system (range 0–6) 
(34). Briefly, grade 0 = normal surface articular cartilage, grade 0.5 
= a loss of toluidine blue staining, grade 1 = lesions in the super-
ficial zone of the articular cartilage, grade 2 = lesions down to the 
intermediate zone, grade 3 = lesions down to the tidemark with 
possible loss of articular cartilage from <20% of the surface of the 
condyle, grade 4 = loss of 20–50% of articular cartilage, grade 5 = 
loss of 50–80% of articular cartilage, and grade 6 = loss of >80% 
of articular cartilage and exposure of subchondral bone. For each 
knee, the maximum OA score, as determined by the lesion with 
the highest score, and a summed OA score were reported. OA 
severity was classified as either low (grade 0–2), mild (grade 3–4), 
or severe (grade 5–6).

Figure 1. Development of mechanical hypersensitivity after mechanical joint loading. The right knees of mice were loaded 3 times per week 
for 2 weeks at 9N (n = 8) (A and B) or 11N (n = 8) (C and D) to induce osteoarthritis. Development of mechanical hypersensitivity was measured 
using von Frey filaments (50% paw withdrawal threshold [PWT]) in the ipsilateral paws (A and C) and contralateral paws (B and D). Results were 
compared to those in nonloaded anesthetized controls (n = 8). Values are the mean ± SEM. # = P < 0.05; ## = P < 0.01; ### = P < 0.001, 
versus mechanical joint loading. * = P < 0.05; ** = P < 0.01; *** = P < 0.001, versus baseline. Color figure can be viewed in the online issue, 
which is available at http://onlinelibrary.wiley.com/doi/10.1002/art.40835/abstract.
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Statistical analysis. Data were analyzed using GraphPad 
Prism version 7.04. Results are presented as the mean ± SEM. 
Mice were assigned conditions in a pseudorandom order, ensur-
ing comparable behavioral baseline values and allocating different 
conditions within the home cage. Two mice in the diclofenac treat-
ment group were excluded from analysis due to adverse gastro-
intestinal effects. After confirmation of normal distribution, multiple 
groups were compared using parametric two- way analysis of var-
iance, followed by the Bonferroni post hoc test. P values less than 
0.05 were considered significant.

RESULTS

Induction of chronic mechanical hypersensitivity,   
altered weight bearing, and reduced mobility by 
mechanical joint loading. Mechanical joint loading with a 
load of either 9N or 11N induced a mechanical pain pheno-
type, which was established 2 weeks postloading and pro-
gressively worsened until 6 weeks postloading. From 2 to 
6 weeks postloading, both 9N- loaded mice (Figure  1A) and 
11N- loaded mice (Figure 1C) showed a significant and persis-
tent reduction in ipsilateral mechanical sensitivity, compared 
to both baseline values and findings in nonloaded controls  

(P < 0.001). Mice loaded with 9N showed a reduction in 
mechanical sensitivity from baseline (mean ± SEM 0.513 
± 0.06 gm) to 2 weeks postloading (0.207 ± 0.04 gm), with 
thresholds progressively lowering until 6 weeks postloading 
(0.131 ± 0.03 gm). Mice loaded with 11N showed a similar 
trend, with baseline mechanical threshold (0.505 ± 0.08 gm) 
decreasing 2 weeks postloading (0.165 ± 0.03 gm) and stabi-
lizing up to 6 weeks postloading (0.108 ± 0.03 gm). Notably, 
there was also a reduction in the mechanical sensitivity thresh-
olds of the contralateral paw, although this developed at a later 
stage and was not as pronounced as in the ipsilateral paw 
(Figures 1B and D).

The development of mechanical hypersensitivity was 
accompanied by altered weight bearing and reduction in 
mobility. Mice loaded with 9N showed a progressive reduction 
in the percentage of weight borne on the ipsilateral hind limb 
between baseline (mean ± SEM 49.94 ± 0.6%) and 4 weeks 
postloading (44.15 ± 1.4%), which was significantly different 
from weight bearing values in nonloaded controls (P = 0.0024) 
(Figure 2A). Mice loaded with 11N also showed a significant 
decrease in ipsilateral weight bearing over time compared to 
nonloaded controls (P = 0.0343) (Figure 2C). Percentage val-
ues decreased between baseline (49.41 ± 0.3%) and 2 weeks 

Figure 2. Altered weight bearing and reduced mobility after mechanical joint loading. The right knees of mice were loaded 3 times per 
week for 2 weeks at 9N (n = 8) (A and B) or 11N (n = 8) (C and D) to induce osteoarthritis. Altered weight bearing was assessed using the 
incapacitance test, which measured the percentage of weight borne on the ipsilateral hind paw (A and C). Motor ability (B and D) was measured 
as the duration mice were able to remain on the rotarod. Results were compared to those in nonloaded anesthetized controls (n = 8). Values are 
the mean ± SEM. # = P < 0.05; ## = P < 0.01; ### = P < 0.001, versus mechanical joint loading. * = P < 0.05; ** = P < 0.01, versus baseline. 
Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/art.40835/abstract.
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postloading (41.03 ± 2.5%), but had returned at 4 weeks post-
loading (47.67 ± 1.5%) and decreased again at 6 weeks post-
loading (44.23 ± 2.1%).

Motor ability was slightly reduced in the 9N- loaded mice, 
which showed a decline in time spent on the rotarod compared 
to nonloaded control mice, reaching significance at 6 weeks 
 postloading (P = 0.0238) (Figure  2B). A similar decline was 
observed in 11N- loaded mice, which reached significance at 5 
weeks postloading (P = 0.0071) (Figure 2D).

No differences in thresholds of thermal sensitivity between 
loaded and nonloaded animals were observed, as assessed by 
the Hargreaves test and cold plantar assay measurements and 
using a hot plate (50°C and 55°C) and a cold plate (0°C) (data not 
shown). The nonloaded control group did not show changes in 
any of the pain measurements over time.

Induction of articular cartilage lesions by mechanical  
joint loading. Histologic analysis of joints revealed that loading 
at both 9N and 11N induced OA lesions in ipsilateral and con-
tralateral knees, and higher maximum (Figure 3A) and summed 
 (Figure 3B) severity scores compared to the nonloaded controls 
were observed. Maximum ipsilateral articular cartilage lesion  
scores were higher in 11N- loaded mice (mean ± SEM 5.3 ± 0.3) 
compared to 9N- loaded mice (2.8 ± 0.2) (P < 0.001)  (Figure 3A). 
More information on the development of lesions seen in 
9N-loaded mice at 1, 3, and 6 weeks postloading can be found in 
Supplementary Data (on the Arthritis & Rheumatology web site at  
http://onlinelibrary.wiley.com/doi/10.1002/art.40835/abstract). 
Additionally, the contralateral knees showed mild OA lesions in 
both 9N- loaded mice (1.8 ± 0.2) and 11N- loaded mice (2.1 ± 
0.5). Due to the extreme OA pathology seen in 11N- loaded mice 

Figure 3. Severity of osteoarthritis (OA) lesions after mechanical joint loading at 9N and 11N. A and B, Ipsilateral and contralateral knees of 
nonloaded and loaded mice (9N and 11N) were collected postmortem at 6 weeks postloading. OA severity was scored (range 0–6) as low 
(0–2), mild (3–4), or severe (5–6). Maximum OA scores (A) and summed OA scores (B) are shown for nonloaded controls (n = 6), 9N-loaded 
mice (n = 6), and 11N-loaded mice (n = 6). Symbols represent individual mice. Bars show the mean ± SEM. # = P < 0.05; ### = P < 0.001. 
C–H, Examples of typical knee histology of the ipsilateral knee are shown for nonloaded controls (C and D), 9N-loaded mice (E and F), and 
11N-loaded mice (G and H). C, E, and G show the whole joint. Original magnification × 5. D, F, and H show the medial compartment (boxed 
areas in C, E, and G at 5 times higher magnification). Arrows show typical cartilage damage seen under each condition.

A: Maximum severity of cartilage lesions

Non loaded controls 9N loaded 11N loaded

B: Summed severity of cartilage lesions

C E G

D F H
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 compared to that seen in 9N- loaded mice, a 9N loading regimen 
was used in the pharmacologic study.

Treatment with diclofenac, gabapentin, and anti- 
NGF mAb at 2 weeks postloading relieves mechanical 
hypersensitivity and improves weight distribution with-
out affecting motor ability. For pharmacologic validation of 
the mechanical joint loading model, animals were loaded at 9N. 
Nonloaded saline- treated animals showed no change in nocicep-

tive thresholds over time, while, as in the experiments described 
above, the loaded saline- treated group exhibited mechanical 
hypersensitivity and altered weight bearing from 2 weeks post-
loading (Figure  4). Both gabapentin and diclofenac relieved 
mechanical hypersensitivity (Figure  4A) and the altered weight 
bearing (Figure 4B) after 2 weeks of treatment, and  gabapentin 
was more effective than diclofenac. After 2 weeks of gabapen-
tin treatment, the mechanical threshold was increased (mean ± 
SEM 1.234 ± 0.11 gm) compared to baseline (0.148 ± 0.03 gm), 
indicating a significantly higher mechanical sensitivity than that 

Figure 4. Effect of diclofenac and gabapentin treatment on postloading 
mechanical hypersensitivity and altered weight bearing. Daily oral (PO) 
analgesic treatments were started 2 weeks postloading. Mechanical 
hypersensitivity (A), measured as 50% paw withdrawal threshold (PWT), 
and weight bearing (B), measured as the percentage of weight borne on 
the ipsilateral hind paw, were monitored on a weekly basis in nonloaded 
and 9N- loaded animals receiving saline (n = 8 per group), diclofenac  
(n = 6), or gabapentin (n = 8). Values are the mean ± SEM. $ = P < 0.05; 
$$ = P < 0.01; $$$ = P < 0.001, versus 9N-loaded saline-treated controls. 
* = P <  0.05; *** = P < 0.001, versus baseline. The color of the symbol 
indicates the relevant treatment group. Figure 5. Effect of anti–nerve growth factor (anti- NGF)monoclonal 

antibody (mAb) treatment on postloading mechanical hypersensitivity 
and altered weight bearing. Animals received anti- NGF mAb treatment 
2 and 4 weeks postloading. Mechanical hypersensitivity was 
monitored initially on a weekly basis and then on a more frequent basis 
after animals started receiving anti- NGF (n = 8) or inactive antibody 
(n = 8) intraperitoneally (IP). A, 50% paw withdrawal threshold (PWT) 
was measured at the times (hours or days posttreatment) indicated. 
B, Weight bearing was monitored on a weekly basis and measured 
as the percentage of weight borne on the ipsilateral hind paw. Values 
are the mean ± SEM. $ = P < 0.05; $$$ = P < 0.001, versus controls. 
* = P < 0.05; ** = P < 0.01; *** = P < 0.001, versus baseline. Color 
figure can be viewed in the online issue, which is available at http://
onlinelibrary.wiley.com/doi/10.1002/art.40835/abstract.
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observed in loaded controls (P < 0.001) (Figure 4A). In compar-
ison, diclofenac increased baseline mechanical thresholds (0.083 
± 0.02 gm) after 2 weeks of treatment (0.472 ± 0.09 gm) when 
compared to loaded controls (P = 0.0057) (Figure  4A). Altered 
weight bearing was reversed after 2 weeks of treatment, and the 
percentage of weight borne on the ipsilateral paw increased with 
 gabapentin (46.62 ± 3.0%) and diclofenac (47.23 ± 2.1%), com-
pared to loaded saline- treated controls (39.91 ± 2.1%) (Figure 4B).

The first injection of anti- NGF antibody effectively alleviated 
loading- induced pain behaviors in treated animals  (Figure 5), 
while the second injection showed a stronger and more 
 prolonged analgesic effect. Two days after the first anti- NGF 
mAb treatment, mechanical hypersensitivity was significantly 

alleviated in treated animals (0.360 ± 0.08 gm), compared 
to inactive antibody–treated animals (0.117 ± 0.02 gm) (P = 
0.028). This effect lasted for 4 days, after which it dwindled. 
The second treatment with anti- NGF mAb was also effica-
cious by 2 days postinjection, inducing a cumulative effect on 
mechanical sensitivity, which returned to and then exceeded 
baseline values (0.820 ± 0.10 gm), compared to controls 
(0.072 ± 0.01 gm) (P < 0.001). Efficacy of the second anti- NGF 
mAb treatment lasted up to 13 days postinjection (Figure 5A). 
A similar pattern was observed for the effect of anti- NGF mAb 
on weight bearing, as weight distribution was restored 1 week 
postinjection but efficacy was lost 2 weeks later (Figure 5B). A 
week after the second anti- NGF mAb treatment, treated ani-

Figure 6. Effect of analgesic treatment on postloading motor ability and natural exploratory behavior. Motor activity was assessed as the 
duration mice were able to remain on the rotarod. A, Loaded controls (n = 8) and nonloaded controls (n = 8) received saline. Loaded treated 
animals received diclofenac (n = 6) or gabapentin (n = 8) orally (PO). B, Loaded animals received anti–nerve growth factor (anti- NGF) (n = 8) 
or inactive antibody (n = 8) intraperitoneally (IP). * = P < 0.05; *** = P < 0.001, versus baseline. The color of the symbol indicates the relevant 
treatment group. C, Natural exploratory behavior, as assessed by allowing mice to cross in the open field for 5 minutes, was unaffected by 
treatment. Values are the mean ± SEM.



MECHANICAL JOINT LOADING AS A MODEL FOR OA PAIN |      1085

mals showed significantly improved weight bearing (51.44 ± 
1.9%) compared to control animals (38.76 ± 1.0%) (P < 0.001) 
(Figure 5B).

All treatment groups showed a similar decline in mobility, 
as measured by the rotarod, compared to both loaded con-
trol groups (saline- treated and inactive antibody–treated mice) 
 (Figures  6A and B), except for diclofenac- treated animals, 
which did not show a decrease in time spent on the rotarod 
(Figure 6A). Furthermore, exploratory behavior was the same 
in all groups (Figure 6C), and none of the treatments influenced 
weight gain (data not shown).

DISCUSSION

In this study, we demonstrated that mechanical joint load-
ing is an appropriate model to study mechanically induced OA 
pain. We characterized the symptomatic aspects of mechanically 
induced OA by measuring the development of nociceptive behav-
ior in the presence of histopathologically evident OA. Furthermore, 
the first step was taken in validating the mechanical joint loading 
model by showing alleviation of nociceptive behavior when treated 
with different classes of analgesics.

Mechanical joint loading is known to induce alterations in artic-
ular cartilage (35), which, in cases of repetitive or excessive loading, 
can lead to OA (36). The mechanical joint loading model has been 
developed to explore the mechanisms responsible for mechani-
cally induced OA (20). It mimics structural changes  typically seen in 
human OA, such as spontaneously progressing articular cartilage 
lesions, subchondral bone changes, and osteophyte formation 
(20,21). The noninvasive nature of this model has the added ben-
efit of enabling examination of whole- joint pathology in an intact 
knee. This avoids complications typical in surgical interventions, 
including postsurgery pain and infection risk, thus improving animal 
welfare and reducing variance in behavioral measurements.

In the first measurement of pain behaviors in this model, we 
found that mechanical joint loading at both 9N and 11N induced 
mechanical hypersensitivity, accompanied by altered weight 
bearing and reduced mobility, without affecting thermal sensitivity. 
The development of pain- like behaviors was comparable at both 
loading intensity levels, with ipsilateral mechanical hypersensitiv-
ity and altered weight bearing developing 2 weeks postloading 
and contralateral mechanical hypersensitivity (as well as reduced 
mobility) developing 4–5 weeks postloading. This pain phenotype 
is similar to the pain observed in OA patients, which initially pre-
sents with hypersensitivity of the affected joint and pain during 
weight bearing. Frequency, duration, and severity of pain worsen 
as OA progresses, and peripheral as well as central neurologic 
mechanisms are recruited, which leads to centralized allodynia 
common in late- stage OA (37). Consequently, the contralateral 
mechanical hypersensitivity observed after mechanical joint 
loading could be due to altered gait (21), which occurred when 
mice relieved ipsilateral hypersensitivity by compensating with 

their contralateral limb; alternatively, it could indicate a central-
ized hypersensitivity. No significant changes in behavioral meas-
urements were observed in the first week after loading, which 
indicates that progressive mechano- adaptive changes over time, 
rather than the initial insult of mechanical loading, were respon-
sible for nociceptive behavior. Further studies showed that the 
initial cartilage lesions induced by mechanical joint loading at 9N 
worsened over time, suggesting the progressive nature of the 
development of nociceptive behavior (see Supplementary Data, 
http://onlinelibrary.wiley.com/doi/10.1002/art.40835/abstract). 
Taken together, these findings suggest that mechanical joint 
loading induces a nociceptive phenotype typical of progressive 
mechanically induced OA.

This nociceptive phenotype observed after mechanical 
joint loading is more comparable to surgical models of OA 
than to the MIA model. A stark increase in mechanical hyper-
sensitivity and altered weight bearing immediately after injec-
tion, which can persist up to 28 days postinjection (8,12,38), 
is typically seen in the MIA model. In contrast, the mechanical 
joint loading model did not produce this immediate nocicep-
tive response that is typical in the inflammatory form of OA. 
Furthermore, MIA injections in mice have not been shown 
to reduce motor ability (12,38) or any contralateral nocice-
ptive behavior. In the DMM model, mechanical hypersen-
sitivity developed 2–4 weeks postsurgery and lasted up to 
16 weeks (18), with altered weight bearing taking up to 12 
weeks to develop (16) and no change in locomotion or ther-
mal sensitivity (39). Although the onset of nociceptive behav-
iors appeared earlier in the mechanical joint loading model, 
the delay in behavioral responses seen in both mechanical 
joint loading and DMM models is common for a progressive 
form of OA. Additionally, DMM has been shown to induce 
contralateral nociceptive behaviors (39), comparable to those 
seen in the mechanical joint loading model, indicating com-
pensatory behavior or  central hypersensitization. In contrast, 
the mechanical joint loading model did not show any of the 
postsurgical pain or hypersensitivity in sham controls that 
is typical in surgical models (5,17). Rather than relying on 
inflammatory damage of the joint as shown in the MIA model, 
both the mechanical joint loading and DMM models rely on a 
mechanical disruption and joint destabilization similar to that 
seen in human OA, in which excessive use or trauma leads to 
progressive joint damage.

A general drawback of this model is that there is no sham 
procedure that can control for or rule out off- target damage 
induced by the loading procedure. The nonloaded controls do 
not get loaded but are subjected to the anesthesia procedure 
and, consequently, function as behavioral controls rather than 
controls for knee pathologies unrelated to mechanically induced 
OA. Mice loaded statically at 2N showed mild ipsilateral mechan-
ical hypersensitivity that was neither consistent nor progressive 
(data not shown). Additionally, these mice exhibited mild ipsilat-
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eral lesions in the articular cartilage. This makes the 2N- loaded 
mice inappropriate as controls for OA pain.

At 6 weeks postloading, both 9N-  and 11N- loaded mice 
exhibited lesions in the articular cartilage of ipsilateral and 
contralateral knees, confirming that mechanical joint loading 
induces an OA- like histopathologic phenotype. Analysis of 
articular cartilage lesions at 1, 3, and 6 weeks postloading at 
9N (see Supplementary Data, http://onlinelibrary.wiley.com/
doi/10.1002/art.40835/abstract) showed that lesions in this 
study were comparable to those described by Poulet et al (20) 
at 3 weeks postloading in mice with the same loading regimen. 
Additionally, these results confirm the spontaneous exacerba-
tion of lesions at 3 weeks postloading, compared to lesions 
seen directly after loading. The time frame in which these 
lesions progressed and worsened corresponds to the devel-
opment of nociceptive behaviors in this model, suggesting that 
the progressive degradation of the knee induces this behav-
ior. Furthermore, both 9N-  and 11N- loaded mice showed mild 
contralateral damage, which could explain the development of 
contralateral mechanical hypersensitivity seen in these animals.

Notably, 11N- loaded mice had extensive ipsilateral dam-
age, with lesions consistently reaching maximum scores, while 
9N- loaded mice showed milder OA histopathology without height-
ened nociceptive behavior. This implies that although cartilage 
damage is an important indicator of OA, it does not necessarily 
relate to the severity of pain. Pro- osteogenic changes in the tibia, for 
which this model was originally developed, are typically seen only 
at loading magnitudes of 13N or higher (19). With loading regimens 
of 9N or 11N, no such osteogenic effects were observed (data 
not shown), indicating that bone remodeling of the tibia does not 
contribute to the mechanical joint loading–induced development 
of nociceptive behavior. Knee OA is a whole- joint disease and, in 
patients with OA, moderate correlations between pain severity and 
tissue damage seen by magnetic resonance imaging or radiogra-
phy have been shown for a variety of knee tissues, including joint 
space narrowing (40), subchondral bone changes, synovitis, and 
meniscal tears (41). Additional experiments will be needed to study 
the effect of mechanical joint loading on other joint tissues and to 
identify their role in the development of nocicep tive behavior. 

The lack of difference in pain profile seen between the 
9N-  and 11N- loaded mice could reflect the modest sensitivity 
of pain parameters used, all of which are measurements for 
referred pain. However, findings from our study clearly show that 
11N- loaded mice develop the maximum possible knee damage, 
thus reaching a ceiling effect in both OA severity score and pain 
phenotype. The severe knee pathology seen in these mice could 
indicate that mechanical joint loading at 11N induces damage 
that is not restricted to the cartilage but also affects other joint 
tissues. Combined with the observation that the 9N- loaded mice 
develop a milder form of OA but still show a robust pain phe-
notype, it was concluded that a 9N loading regimen was more 
appropriate for follow- up pharmacology studies.

Diclofenac, gabapentin, and anti- NGF mAb, analgesics used 
to treat OA pain in patients, were effective in alleviating mechani-
cal joint loading–induced nociceptive behavior. Additionally, these 
treatments had no effect on the exploratory behavior or weight 
of the mice, demonstrating that animal welfare was not com-
promised. We also showed that none of these treatments com-
promised mobility, suggesting that the restoration of behavioral 
responses to baseline values was due to their analgesic effects 
rather than possible sedative side effects or motor impairment.

In the first 2 weeks of treatment, gabapentin was more 
effective in alleviating mechanical hypersensitivity and restor-
ing weight bearing than diclofenac. This is particularly strik-
ing considering that diclofenac, which is typically effective in 
 treating inflammatory pain, is the first- line treatment for OA, 
while gabapentin is more commonly used to treat neuropathic 
pain. Despite the preferential effectiveness against neuropathic 
pain, gabapentin has been shown to be effective in treating 
nociception in both MIA models (42) and surgical models 
(43,44) of OA. The demonstrated efficacy of gabapentin in sev-
eral OA pain models suggests that OA pain could be, in part, 
neuropathic. In fact, in the PMM model of OA, diclofenac was 
effective only in treating nociception in the initial  inflammatory 
phase but not at a later stage, whereas gabapentin alleviated 
the mechanical hypersensitivity seen in the chronic phase of 
OA- induced nociception (5). Taken together, these findings 
suggest that although inflammation and the resulting pain likely 
play a role in OA pathology, OA is a complex pain syndrome 
with a significant neuropathic component.

Anti- NGF antibody treatment resulted in a prolonged 
and significant reduction in nociceptive hypersensitivity, with 
repeated treatment increasing the magnitude and duration of its 
effectiveness. There is a lot of evidence supporting the role of 
NGF in OA pain (45). Chondrocytes produce NGF in response 
to degeneration, NGF levels are elevated in the synovial fluid of 
patients with OA, and in clinical trials anti- NGF mAb treatment 
has provided significant pain relief in OA patients (46). Further-
more, in the MIA and medial meniscal transection murine mod-
els of OA, intraarticular injections of NGF increased nociceptive 
behavioral responses in both experimental and healthy control 
animals, suggesting that NGF plays a role in the severity of OA 
pain (47). The prolonged effectiveness of anti- NGF mAb treat-
ment in the mechanical joint loading model is similar to that in the 
MIA model, in which anti- NGF effectively restored altered gait for 
up to 35 days posttreatment (30,48).

Historically, several murine models have been useful in 
elucidating mechanisms of the pathogenesis of OA. The ease 
of genetic modification, relatively low costs, and reduced time 
needed for disease progression mean that mice are widely used 
in both OA and pain research. Here, we present an alternative 
model that closely mimics an OA pain phenotype that is typical 
in mechanically induced OA. Our findings show that the nonin-
vasive mechanical joint loading model induces OA lesions and 
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generates a reproducible pain phenotype that can be reversed 
using known analgesics for OA pain, thus suggesting its utility as 
an alternative model to study OA pain.
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Accelerated Knee Osteoarthritis Is Characterized by Destabilizing 
Meniscal Tears and Preradiographic Structural Disease Burden
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Objective. To determine whether accelerated knee osteoarthritis (KOA) is preceded by, and characterized over 
time by, destabilizing meniscal tears or other pathologic changes.

Methods. We selected 3 sex- matched groups of subjects from the first 48 months of the Osteoarthritis Initiative, 
comprising adults who had a knee without KOA (Kellgren/Lawrence [K/L] radiographic grade <2) at baseline. Sub-
jects in the accelerated KOA group developed KOA of K/L grade ≥3, those with typical KOA showed increased K/L 
radiographic scores, and those with no KOA had the same K/L grade over time. An index visit was the visit when the 
radiographic criteria for accelerated KOA and typical KOA were met (the no KOA group was matched to the accel-
erated KOA group). The observation period was up to 2 years before and after an index visit. Radiologists reviewed 
magnetic resonance (MR) images of the index knee and identified destabilizing meniscal tears (root tears, radial tears, 
complex tears), miscellaneous pathologic features (acute ligamentous or tendinous injuries, attrition, subchondral 
insufficiency fractures, other incidental findings), and meniscal damage in >2 of 6 regions (3 regions per meniscus: 
anterior horn, body, posterior horn). In addition, bone marrow lesions (BMLs) and cartilage damage on MR images 
were quantified. Linear mixed regression models were performed to analyze the results.

Results. At 1 year before the index visit, >75% of adults with accelerated KOA had meniscal damage in ≥2 regions 
(odds ratio 3.19 [95% confidence interval 1.70–5.97] versus adults with typical KOA). By the index visit, meniscal 
damage in ≥2 regions was ubiquitous in adults with accelerated KOA, including 42% of subjects having evidence of 
a destabilizing meniscal tear (versus 14% of subjects with typical KOA). These changes corresponded to findings of 
larger BMLs and greater cartilage loss in the accelerated KOA group.

Conclusion. Accelerated KOA is characterized by destabilizing meniscal tears in a knee compromised by menis-
cal damage in >2 regions, and also characterized by the presence of large BMLs and greater cartilage loss.

INTRODUCTION

Knee osteoarthritis (KOA) is typically a slowly progressive dis-
order. However, a subset of individuals may develop accelerated 

KOA, which is defined by the rapid onset and progression of dis-
ease within 4 years (from preradiographic disease to advanced- 
stage disease) (1–3). Two of 3 adults with accelerated KOA tran-
sition from developing KOA to accelerated KOA in fewer than 12 
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months (1–4). Individuals with accelerated KOA have substantially 
greater pain and disability when compared to their peers without 
accelerated KOA, and this becomes evident prior to radiographic 
onset of the disease (3,4). Accelerated KOA may be a unique 
subset of KOA characterized by specific pathologic features (e.g., 
meniscal root tears [5–9]) that could differentiate it from typical 
KOA; however, this hypothesis has not been specifically exam-
ined. If specific pathologic profiles could be used to differentiate 
people at risk for accelerated KOA, it may help identify adults with 
early- stage accelerated KOA or those at high risk for accelerated 
KOA, and thereby inspire novel prevention strategies.

The purpose of this longitudinal study was to determine 
whether accelerated KOA is preceded by, and characterized over 
time by, destabilizing meniscal tears (i.e., root tears, radial tears, 
complex tears), miscellaneous pathologic features (i.e., acute 
ligamentous or tendinous injuries, attrition, subchondral insuf-
ficiency fractures, other incidental findings), or other structural 
changes (i.e., meniscal damage in 2 or more regions, medial or 
lateral meniscal pathology or extrusion, and greater changes in 
bone marrow lesions [BMLs] and articular cartilage) as compared 
to adults with typical KOA or those with no KOA. We hypothesized 
that accelerated KOA is a unique disorder that is characterized by 
destabilizing meniscal tears, miscellaneous pathologic features, 
increased BML size, and greater cartilage loss in comparison to 
individuals with typical KOA or no KOA.

SUBJECTS AND METHODS

Participant selection. We identified adults with KOA 
using Osteoarthritis Initiative (OAI) data from the baseline and first 
4 annual follow- up visits. The OAI is a cohort of 4,796 adults with 
symptomatic KOA, or at risk for symptomatic KOA, who were 
recruited at 4 clinical sites (Memorial Hospital of Rhode Island, The 
Ohio State University, University of Maryland and Johns  Hopkins 
University, and the University of Pittsburgh) between 2004 and 
2006. Institutional review boards at each clinical site and the coor-
dinating center (University of California, San Francisco) approved 
the study. Participants provided informed consent prior to enroll-
ment.

We identified 3 groups of subjects based on radiographic cri-
teria. Adults with accelerated KOA included individuals who had 
a knee without radiographic OA (Kellgren/Lawrence [K/L] grade 
<2) at baseline and who developed advanced stage KOA (K/L 
grades 3 or 4) within 48 months (n = 125) (2). Individuals with typ-
ical KOA had no radiographic KOA in either knee at baseline and 
had at least 1 knee that showed increased radiographic scores 
(i.e., change in K/L grade from 0 to 1, 0 to 2, or 1 to 2) within 
48 months (n = 187). Individuals with no KOA had no evidence of 
KOA in either knee at baseline and had no change in K/L grade in 
either knee from baseline to 48 months (n = 1,325). We matched 
the typical KOA and no KOA groups to those with accelerated 
KOA on the basis of sex (n = 125 subjects per group).

Index knee. The index knee among adults with accelerated 
KOA or typical KOA was the first knee to develop accelerated 
KOA or typical KOA, respectively. For individuals with no KOA, the 
index knee was the same knee as that person’s matched member 
of the accelerated KOA group.

Definition of index visit. For individuals with either accel-
erated KOA or typical KOA, the index visit was the visit when a 
person met the definition for accelerated KOA or typical KOA, 
respectively. For individuals with no KOA, the index visit was the 
same visit as that person’s matched member of the accelerated 
KOA group.

Knee radiographs. Bilateral weight- bearing, fixed- flexion 
posteroanterior knee radiographs were obtained at each visit. 
Central readers, in a blinded manner, recorded the K/L radio-
graphic grades (on a scale of 0–4) and tibiofemoral joint space 
narrowing scores (on a scale of 0–3, with within- grade changes 
permitted) (10,11). Intrarater agreement was determined with 
the kappa statistic, using SAS versions 0.6, 1.6, 3.5, 5.5, and 
6.3 (for K/L grades, weighted κ = 0.70–0.80; for tibiofemoral 
joint space narrowing scores, weighted κ = 0.75–0.87) (12). The 
same radiographs were also used to measure baseline static 
knee alignment (femorotibial alignment angle). The intrareader 
reliability (intraclass correlation coefficient [ICC]) for static knee 
alignment was 0.98 (13).

Magnetic resonance imaging (MRI) acquisition. MR 
images were acquired annually with 1 of 4 identical Siemens 
Trio 3- Tesla MR systems at each clinical site. Readers perform-
ing  semiquantitative scoring were provided all of the sequences 
acquired from each index knee at each visit (as noted below), using 
coronal, intermediate- weighted, turbo spin- echo sequences with-
out fat suppression. Quantitative measurements of BMLs were 
performed using sagittal, intermediate- weighted, turbo spin- echo, 
fat- suppressed MR sequences. Cartilage damage was quantified 
using a 3- dimensional dual- echo steady- state sequence. These 
sequences have been described elsewhere (14).

Meniscal pathology readings. Two musculoskeletal radi-
ologists reviewed the knee MR images (255 cases reviewed by 
RW, and 120 cases reviewed by JWM) in a blinded manner with 
regard to group, but unblinded with regard to time. They reported 
the presence of meniscal pathology in 3 regions (anterior, body, 
and posterior) of each meniscus, based on the International 
Society of Arthroscopy, Knee Surgery, and Orthopaedic Sports 
Medicine classification of meniscal tear, which was modified for 
MRI (15,16). Possible categories of meniscal pathology were as 
follows: normal, degeneration, horizontal, flap horizontal, vertical 
longitudinal, radial, morphologic deformity, maceration, complex, 
or vertical flap tear. The readers also reported the presence of 
a root tear, which was a complete radial tear at the anterior or 
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posterior medial and lateral meniscal roots. These tears would be 
considered radial tears; however, due to the potential pathologic 
significance of root tears, the readers reported these separately.

In addition, the readers scored medial and lateral meniscal 
extrusion (grades 0–3) based on the MRI Osteoarthritis Knee 
Score (meniscal extrusion grade 1 = <2 mm, grade 1 = 2–2.9 
mm, grade 2 = 3–5 mm, and grade 3 = >5 mm) (17).

Since some meniscal findings were identified infrequently, we 
created 6 dichotomous variables (defined below) to ensure sta-
tistical power. Our primary outcome for meniscal pathology was 
the presence of a destabilizing meniscal tear in either meniscus. 
Destabilizing meniscal tears compromise meniscal function and 
may increase the risk of accelerated progression of KOA (6,7). 
Destabilizing meniscal tears consisted of a root tear, radial tear, or 
complex tear, which almost always featured a radial component.

We also created 5 variables for secondary meniscal findings: 
1) meniscal damage in 2 or more regions (i.e., a knee with any 
meniscal pathology in ≥2 of 6 regions) (κ = 0.89), 2) medial menis-
cal pathology (i.e., any pathology in the medial meniscus, exclud-
ing extrusion) (κ = 0.90), 3) medial meniscal extrusion (score 0 
versus score ≥1) (κ = 0.91), 4) lateral meniscal pathology (i.e., any 
pathology in the lateral meniscus, excluding extrusion) (κ = 0.63), 
and 5) lateral meniscal extrusion (score 0 versus score ≥1) (100% 
agreement by kappa statistic). All kappa statistics  represent 
 interreader agreement among 24 knees.

Miscellaneous pathologic features. The radiologists 
were asked to record the presence of any other pathologic fea-
tures, including attrition, acute ligamentous or tendinous injuries, 
subchondral insufficiency fractures, and any other incidental find-
ings. We recorded attrition as a score ranging from 0 (normal) to 3 
(severe), based on the perceived degree of deviation from a nor-
mal contour for the medial and lateral femur and tibia. We defined 
the presence of attrition as a score of ≥1. We defined acute liga-
mentous or tendinous injury according to the definitions applied 
in routine clinical practice, using the presence or absence of focal 
fiber disruption and intrinsic ligamentous or subjacent soft tissue 
edema to detect the presence of injury. We differentiated acute 
from chronic injuries according to clinical judgment, using the 
same criteria as noted above (focal fiber disruption and edema) as 
the key differentiators from a finding of chronic injury with attenua-
tion and no edema. We defined subchondral insufficiency fracture 
as a linear low signal in the subchondral bone on a fat- suppressed 
image and subadjacent edema (18). Since each pathologic find-
ing was rare, we combined them into a single primary outcome 
variable, which was defined as the presence of any miscellaneous 
pathologic feature.

Semiautomated BML segmentation. One reader 
(ACS) measured tibiofemoral BML volume with a validated 
semiautomated segmentation method (19,20). After the 
reader identified crude boundaries of the bones, the program 

automatically identified the precise bone boundaries and per-
formed a thresholding and curve evolution process twice, to 
segment areas of high signal intensity. We eliminated false- 
positive regions by defining a BML based on 2 criteria: 1) the 
distance between a BML to the articular surface should be 
≤10 mm (21–23), and 2) a BML should span more than 1 
MR image. We summed BML measurements to generate a 
whole knee BML volume (intrareader reliability ICC3,1 = 0.91). 
The reader was blinded with regard to group assignment but 
unblinded with regard to the order of time. The primary inves-
tigator (JBD) reviewed all measurements.

Cartilage damage index (CDI). To quantify change in 
 tibiofemoral cartilage damage, we used the validated CDI (24,25). 
One reader (JED) manually marked the bone–cartilage boundary 
on automatically selected images, and measured the cartilage 
thickness at predefined informative locations, which the software 
located. The software then computed the CDI by summing the 
products of cartilage thickness, cartilage length (anterior–poste-
rior), and voxel size from each informative location. The CDI was 
calculated for the medial and lateral femur and the medial and 
lateral tibia (intrareader reliability ICC3,1 = 0.86–0.99). The reader 
was blinded with regard to group assignment but unblinded with 
regard to the order of time. All measurements were reviewed by 
the primary investigator.

Clinical data. Age, body mass index, self- reported 
injury, frequent knee pain, number of days with limited activity 
in the prior month, overall global arthritis impact rating (on a 
scale of 0–10), and Western Ontario and McMaster Universi-
ties Osteoarthritis Index (WOMAC) scores for knee pain (on a 
scale of 0–20) (26)  were acquired at each visit, based on a 
standard protocol.

Statistical analysis. We obtained descriptive data on the 
baseline characteristics of each subject and compared groups 
using chi- square tests or one- way analyses of variance, with post 
hoc comparisons of the 3 groups using Bonferroni correction.

To determine whether the presence of destabilizing menis-
cal tears, miscellaneous pathologic features, or other secondary 
meniscal findings differed between groups across time, we used 
generalized linear mixed models, assuming compound symmetry. 
Independent variables included group (3 levels) and time (up to 
5 levels). We also tested a group- by- time interaction. Significant 
interactions were followed up with 3 cross- sectional post hoc 
comparisons at each time (e.g., at the index visit, accelerated KOA 
versus typical KOA, accelerated KOA versus no KOA, and typical 
KOA versus no KOA). For our primary analyses, we adjusted for 
sex (matching variable) (27) and factors related to a subject’s lack 
of MR images at the next annual visit (factors such as age, body 
mass index, injury, frequent knee pain, days with limited activity in 
the prior month, overall global arthritis impact rating, and WOMAC 
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pain score). When a model failed to converge because of a limited 
number of outcomes in a group, we performed a logistic regres-
sion for each time point separately, with group (2 levels: acceler-
ated KOA versus no accelerated KOA [typical and no KOA]) as an 
independent variable, and adjusted for sex.

To explore whether cartilage damage or BML volume 
(continuous measures) differed between the groups, we per-
formed linear mixed models, assuming compound symmetry. 
Independent variables included group (3 levels) and time (up 
to 5 levels). We also tested a group- by- time interaction. Sig-
nificant interactions were followed up as described above. For 
our primary analyses, we adjusted for sex and factors related 
to missing MR images at the next visit (as listed above). We 
calculated the mean change in each measure during the 2 
years preceding the index visit, based on the least- squares 
mean values from the primary analyses.

We conducted several sensitivity analyses, including the fol-
lowing: 1) adjusted for sex only; 2) controlled for contralateral KOA 
(i.e., including only individuals who developed accelerated KOA 
and had no radiographic KOA in the contralateral knee at baseline 
[n = 54 per group, with matching]); 3) controlled for contralateral 
K/L grade (i.e., baseline contralateral K/L grade added as a covar-
iate to the models in the primary analyses [n = 125 per group]); 
4) controlled for static knee alignment (i.e., baseline femorotibial 
angle added as a covariate to the models in the primary analy-
ses [n = 125 per group]); 5) analysis of subjects with the fastest 
development of accelerated KOA (i.e., including only individuals 
who developed accelerated KOA within ≤12 months [n = 71 per 
group, with matching]); 6) analysis of subjects with complete data 

(i.e., including only individuals with complete data at every visit 
[accelerated KOA n = 12, typical KOA n = 29, no KOA n = 25; no 
matching); 7) analysis using a commonly reported radiographic 
definition of incident KOA (i.e., including only those who devel-
oped typical KOA and had a K/L radiographic grade 2 [n = 76 
per group, with matching]); and 8) controlled for baseline disease 
severity (i.e., including only adults who had a K/L grade 0 in the 
index knee at baseline [accelerated KOA n = 42, typical KOA n = 
71, no KOA n = 92; no matching).

Since the sample sizes were always smaller in the sensitiv-
ity analyses, we performed these analyses adjusted for sex only, 
unless noted above. As an additional sensitivity analysis, we 
assessed model diagnostics on the primary analyses and reran 
the analyses excluding individuals with potentially influential data 
(i.e., having a large Cook’s D value or Cook’s D covariance param-
eters). We also repeated the primary BML analyses with the log of 
BML volume, because BML volume was skewed with a few visits 
in which large BML volumes were noted.

All analyses were performed with SAS Enterprise software, 
version 7.15 (SAS Institute).

RESULTS

Descriptive characteristics. Table  1 provides an 
overview of the descriptive characteristics of the subjects in 
each group at baseline. Overall, participants were predomi-
nantly female (63%) and overweight, and 24–39% of subjects 
reported having experienced frequent knee pain within the prior 
12 months. Compared to adults with typical or no KOA, those 

Table 1. Descriptive characteristics of the adult subjects with accelerated, typical, or no KOA at baseline*

Variable
Accelerated KOA 

(n = 125)
Typical KOA 

(n = 125)
No KOA 
(n = 125) P†

Female, no. (%) 79 (63) 79 (63) 79 (63) 1.00
K/L grade 0 in index knee, no. (%) 42 (34)‡ 71 (57)§ 92 (74) <0.001
Frequent knee pain in past 12 months, no. (%) 44 (35) 49 (39)§ 30 (24) 0.03
Age, mean ± SD years 63 ± 9‡ 58 ± 8 57 ± 8 <0.001
BMI, mean ± SD kg/m2 29.7 ± 4.6‡ 28.1 ± 4.4 26.9 ± 4.4 <0.001
Global arthritis impact rating, mean ± SD¶ 1.7 ± 1.9‡ 1.1 ± 1.5 0.8 ± 1.1 <0.001
No. of days with limited activities in past 30 

days (range 0–30), mean ± SD
3.2 ± 7.3§ 1.7 ± 4.8 1.4 ± 4.3 0.03

WOMAC pain score, mean ± SD# 2.3 ± 3.1 1.8 ± 2.3 1.6 ± 2.4 0.08

* The Kellgren/Lawrence (K/L) grade for radiographic knee osteoarthritis (KOA) in the index knee at baseline could 
be 0 or 1. Age ranges were 45–79 years for subjects with accelerated KOA, 45–79 years for subjects with typical KOA, 
and 46–80 years for subjects with no KOA. Body mass index (BMI) ranges were 17.0–40.6 kg/m2 for subjects with 
accelerated KOA, 18.6–40.9 kg/m2 for subjects with typical KOA, and 19.3–45.6 kg/m2 for subjects with no KOA. 
† P values are for the overall group main effect from a one-way analysis of variance (for continuous measures) or 
chi-square test (for dichotomous variables). 
‡ P < 0.017 versus typical KOA and no KOA. 
§ P < 0.017 versus no KOA. 
¶ The global arthritis impact rating was scored on a scale of 0–10, with higher scores indicating greater impact. 
# The Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) scores of knee pain were assessed 
on a scale of 0–20, with higher scores indicating more pain. 
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with accelerated KOA were, on average, older and heavier, had 
reported greater global impact of arthritis, and were more likely 
to have questionable signs of KOA (K/L grade 1) (Table 1). Over 
time, 70%, 25%, and 4% of adults with accelerated KOA devel-
oped joint space narrowing in the medial tibiofemoral, lateral 
tibiofemoral, or both tibiofemoral compartments, respectively. In 
contrast, only 26% of adults with typical KOA and none of the 

adults who had no KOA developed joint space narrowing.

Frequency of destabilizing meniscal tears.  Destabilizing 
meniscal tears were rare in adults with no KOA (<5%) (Table 2 and 
Figure 1). We therefore compared the group of subjects with accel-
erated KOA to those with no accelerated KOA. At 2 years prior 

to the index visit, the odds of having a  destabilizing meniscal tear 
were >4 times higher in adults who developed accelerated KOA 
compared to adults without accelerated KOA (Table  2 and Fig-
ure 1). By the index visit, adults with accelerated KOA were >7 times 
more likely to have a destabilizing meniscal tear compared to those 
without accelerated KOA, and this  persisted for the next 2 visits. 
Among adults with accelerated KOA, 86% of the destabilizing tears 
occurred in the same  compartment as that of joint space narrowing.

Frequency of miscellaneous pathologic features. 
Since very few of the cases of miscellaneous pathologic fea-
tures (<5%) occurred among adults with typical or no KOA, we 
compared the group of subjects with accelerated KOA to those 

Table 2. Frequency of destabilizing meniscal tears and miscellaneous pathologic features up to 2 years 
before and after the index visit in adults with accelerated KOA, typical KOA, or no KOA*

Variable, visit

No. (%) of subjects with variable

OR (95% CI)†
Accelerated 

KOA
Typical 

KOA
No 

KOA

Destabilizing meniscal tear
Visit −2 12 (13) 3 (5) 2 (2) 4.7 (1.6–14.1)
Visit −1 25 (21) 13 (11) 3 (2) 4.0 (2.0–7.9)
Index visit 44 (42) 17 (14) 5 (4) 7.3 (4.1–13.1)
Visit 1 39 (49) 18 (16) 4 (4) 8.0 (4.3–14.9)
Visit 2 19 (53) 14 (17) 1 (2) 9.8 (4.1–23.6)

Miscellaneous pathologic feature
Overall

Visit −2 6 (7) 1 (2) 2 (2) 3.6 (0.9–14.9)
Visit −1 6 (5) 1 (1) 2 (2) 4.4 (1.1–17.9)
Index visit 16 (15) 2 (2) 3 (2) 8.6 (3.1–24.2)
Visit 1 13 (16) 3 (3) 2 (2) 8.1 (2.8–23.8)
Visit 2 8 (22) 3 (4) 1 (2) 9.7 (2.7–34.5)

Attrition
Visit −2 1 (1) 0 (0) 1 (1) –
Visit −1 2 (2) 0 (0) 1 (1) –
Index visit 11 (11)‡ 1 (1) 1 (1) –
Visit 1 11 (14) 1 (1) 1 (1) –
Visit 2 7 (19) 2 (2) 1 (2) –
Subchondral insufficiency fractures, 

acute ligamentous injuries, acute 
tendinous injuries, osteochon-
dral lesions, and tibial contusions

Visit −2 5 (5) 1 (2) 1 (1) –
Visit −1 4 (3) 1 (1) 1 (1) –
Index visit 7 (7) 1 (1) 2 (2) –
Visit 1 2 (3) 2 (2) 1 (1) –
Visit 2 1 (3) 1 (1) 0 (0) –

* Original models with accelerated knee osteoarthritis (KOA), typical KOA, and no KOA failed to converge. 
The logistic regression models presented are adjusted for sex only. 
† Values are the odds ratio (OR) with 95% confidence interval (95% CI) for the odds of subjects with accel-
erated KOA having the variable compared to those with no KOA. 
‡ Two subjects had fractures. 
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with no accelerated KOA. Starting at the year before the index 
visit, adults with accelerated KOA had >4 times greater odds of 
having a miscellaneous pathologic feature than did their peers 
without accelerated KOA (odds ratio [OR] 4.4) (Table 2 and Fig-
ure 1). At the index visit, individuals with accelerated KOA were 
~8.6 times more likely to have a miscellaneous pathologic fea-
ture compared to individuals without accelerated KOA (Table 2 
and Figure 1). This persisted for up to 2 years after the index 
visit. Table 2 also shows the frequency of miscellaneous patho-
logic features separately for attrition and other findings (i.e., 
 subchondral insufficiency fractures, acute ligamentous injuries, 
acute tendinous injuries, osteochondral lesions, and tibial con-
tusions).

During the 4- year observation period, all cases of miscel-
laneous pathologic features in a specific compartment, exclud-
ing those with no KOA, developed joint space  narrowing in the 
same compartment. Adults with accelerated KOA who had 
ligamentous or musculotendinous injuries all developed medial 
joint space narrowing. Two adults with typical KOA and a cru-

ciate ligament injury experienced medial or no joint space nar-
rowing.

Collectively, more than 3 times as many adults with accel-
erated KOA had a destabilizing meniscal tear or miscellane-
ous pathologic feature at the index visit (49%) when compared 
to adults with typical KOA (15%) or those with no KOA (6%) 
 (Figure 1).

Secondary meniscal findings. At 2 years prior to the 
index visit, adults with accelerated KOA, as compared to adults 
with no KOA, were more likely to have meniscal damage in 2 or 
more regions (66% versus 30%), any medial meniscal pathology 
(excluding extrusion; 72% versus 39%), and medial meniscal extru-
sion (20% versus 6%) (Table 3). Thereafter, at subsequent visits, 
individuals with accelerated KOA were more likely to have these 
pathologic features and to have lateral meniscal extrusion than 
were adults with either typical or no KOA. By the index visit, >90% 
of adults with accelerated KOA had meniscal damage in 2 or more 
regions, and 85% had medial meniscal pathology.  Furthermore, 

Figure 1. Bone marrow lesion (BML) volume in the knee osteoarthritis (KOA) groups (accelerated KOA [AKOA], typical KOA, or no KOA). 
AKOA was characterized by a large increase in BML volume as compared to subjects with typical KOA or no KOA, and this corresponded to 
frequency of destabilizing meniscal tears and/or miscellaneous pathologic features. The index knee of subjects with accelerated KOA, typical 
KOA, or no KOA was assessed up to 2 years before and after the index visit (designated 0). WOMAC = Western Ontario and McMaster 
Universities Osteoarthritis Index (pain score); K/L = Kellgren/Lawrence (radiographic KOA grade).
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77% of individuals with accelerated KOA had meniscal extrusion 
at the index visit, compared to only 32% with typical KOA and 6% 

with no KOA.
Regardless of time, individuals with either accelerated 

KOA or typical KOA were more likely than those with no 

KOA to have lateral meniscal pathology (accelerated KOA, 
OR 2.94, 95% confidence interval [95% CI] 1.64–5.26; typ-
ical KOA, OR 1.82, 95% CI 1.03–3.25). All sensitivity analy-
ses supported the secondary meniscal findings, with a few 
exceptions.

Table 3. Secondary meniscal pathology findings up to 2 years before and after the index visit in adults with accelerated KOA, typical KOA, 
or no KOA*

Variable, visit 

No. (%) of subjects with variable OR (95% CI)†

Accelerated 
KOA

Typical 
KOA

No 
KOA

Accelerated KOA 
vs. no KOA 

KOA 
vs. no KOA

Accelerated KOA 
vs. KOA

Meniscal damage in >2 regions‡
Visit −2 61 (66) 26 (40) 29 (30) 3.12 (1.69–5.76) 1.87 (1.00–3.53) 1.66 (0.89–3.13)
Visit −1 90 (77) 63 (51) 35 (28) 7.60 (4.00–14.45) 2.38 (1.33–4.28) 3.19 (1.70–5.97)
Index visit 99 (93) 67 (54) 37 (30) 19.87 (9.08–43.46) 2.71 (1.56–4.70) 7.34 (3.42–15.76)
Visit 1 73 (91) 61 (55) 30 (31) 21.25 (9.24–48.88) 2.88 (1.64–5.04) 7.39 (3.27–16.71)
Visit 2 33 (92) 47 (56) 14 (26) 27.03 (9.55–76.48) 2.90 (1.60–5.26) 9.32 (3.36–25.83)

Medial meniscus
Pathology‡

Visit −2 66 (72) 36 (55) 37 (39) 5.89 (2.80–12.42) 3.25 (1.62–6.49) 1.81 (0.85–3.87)
Visit −1 93 (79) 78 (63) 50 (40) 9.10 (4.15–19.94) 3.23 (1.65–6.31) 2.82 (1.29–6.16)
Index visit 90 (85) 81 (65) 49 (40) 12.49 (5.44–28.71) 3.94 (2.02–7.66) 3.17 (1.39–7.25)
Visit 1 70 (88) 72 (65) 39 (40) 12.24 (5.28–28.38) 4.00 (2.05–7.80) 3.06 (1.32–7.08)
Visit 2 31 (86) 54 (64) 23 (43) 8.50 (3.74–19.33) 3.94 (1.99–7.80) 2.16 (0.95–4.88)

Extrusion‡
Visit −2 18 (20) 10 (15) 6 (6) 4.17 (1.46–11.88) 3.50 (1.15–10.63) 1.19 (0.52–2.71)
Visit −1 43 (37) 26 (21) 7 (6) 11.02 (4.11–29.57) 3.57 (1.26–10.12) 3.09 (1.52–6.30)
Index visit 68 (64) 36 (29) 6 (5) 34.09 (11.73–99.07) 8.13 (2.82–23.43) 4.19 (2.24–7.84)
Visit 1 51 (64) 36 (33) 3 (3) 43.28 (13.52–138.52) 12.29 (3.91–38.60) 3.52 (1.86–6.65)
Visit 2 28 (78) 29 (35) 2 (4) 53.97 (14.69–198.32) 13.90 (4.01–48.19) 3.88 (1.87–8.06)

Lateral meniscus
Pathology§

Visit −2 43 (47) 19 (29) 20 (21) 2.96 (1.60–5.48) 1.74 (0.92–3.26) 1.71 (0.95–3.06)
Visit −1 52 (44) 40 (33) 25 (20) 2.99 (1.63–5.49) 1.85 (1.00–3.40) 1.62 (0.92–2.85)
Index visit 54 (51) 41 (33) 26 (21) 3.21 (1.76–5.86) 1.94 (1.07–3.51) 1.65 (0.95–2.87)
Visit 1 37 (46) 36 (33) 23 (24) 2.80 (1.54–5.08) 1.80 (1.00–3.22) 1.56 (0.90–2.71)
Visit 2 19 (53) 32 (38) 9 (17) 2.74 (1.48–5.07) 1.81 (1.01–3.24) 1.51 (0.85–2.69)

Extrusion¶
Visit −2 3 (3) 1 (2) 0 (0)
Visit −1 9 (8) 4 (3) 1 (1)
Index visit 15 (14) 5 (4) 1 (1)
Visit 1 10 (13) 5 (5) 1 (1)
Visit 2 3 (8) 4 (5) 0 (0)

* All models were adjusted for sex (matching variable) and factors related to a subject having no magnetic resonance images at the next 
annual visit (factors such as age, body mass index, injury, frequent knee pain, days with limited activity in prior month, overall global arthritis 
impact rating, and Western Ontario and McMaster Universities Osteoarthritis Index pain scores). No statistically significant group- by- time 
interaction was detected; however, there was a significant group effect. 
† Values are the odds ratio (OR) with 95% confidence interval (95% CI) for the odds of having the variable in comparisons between the groups 
of subjects with accelerated knee osteoarthritis (KOA), typical KOA, or no KOA. 
‡ Group- by- time interaction P < 0.001. 
§ Group P = 0.002; group-by-time interaction P = 0.97. 
¶ Models with KOA, typical KOA, and no KOA failed to converge. 
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BML volume. At 1 year prior to the index visit, BML vol-
ume was greater in adults who developed accelerated KOA than 
in adults with typical or no KOA (P = 0.024 versus typical KOA; P 
= 0.046 versus no KOA), and these findings persisted for at least 

2 years after the index visit (all P < 0.001) (Table 4 and Figure 1). 
In addition, during the 2 years leading up to the index visit, adults 
with accelerated KOA exhibited, on average, a 13 times greater 
longitudinal increase in BML volume than did adults with typical 
KOA (2.00 cm3 versus 0.15 cm3) (Figure 1). All of the sensitivity 
analyses demonstrated patterns of BML volume similar to those 

described above.

Articular cartilage loss. Prior to index visit. At 2 years 
prior to the index visit, adults with accelerated KOA had greater 
medial femoral cartilage damage compared to those with typical 
KOA (P = 0.016) (Table 4 and Figure 2). The mean change in the 
CDI during the 2 years prior to the index visit was greater among 
individuals with accelerated KOA compared to individuals with 
typical or no KOA (Figure 2).

At index visit. At the index visit, the accelerated KOA group 
had less cartilage in the medial and lateral tibiae compared to 
adults with typical KOA or no KOA (all P < 0.04)  (Table 4 and Fig-
ure 2). Furthermore, adults with accelerated KOA had less medi-
al femoral cartilage compared to adults with no KOA (P = 0.041).

After index visit. After the index visit, adults with accelerated 
KOA had less cartilage in the medial and lateral tibiae and medi-
al femur compared to individuals with either typical or no KOA. 
During this time frame, the group with typical KOA had less car-
tilage in the medial tibia compared to the no KOA group (all P < 
0.023) (Table 4 and Figure 2).

All of the CDI sensitivity analyses yielded similar results. How-
ever, when we omitted influential observations (outliers), the group- 
by- time interaction for lateral femur cartilage damage was no 
longer statistically significant (P = 0.48; 5 observations removed).

DISCUSSION

Adults with accelerated KOA are differentiated from adults 
with typical KOA by early meniscal damage in 2 or more regions, 
subsequent larger BMLs, a substantially greater rate of cartilage 
loss, and eventually a destabilizing meniscal tear. These obser-
vations provide strong support for the hypothesis that accel-
erated KOA is a unique subset of KOA likely precipitated by a 
destabilizing meniscal tear in a joint compromised by the pres-
ence of multiple structural abnormalities (e.g., large BMLs, carti-
lage loss, meniscal damage in 2 or more regions, large effusion- 
synovitis volumes [28]). Since adults with accelerated KOA 
experience a shortened window to advanced- stage disease, it 
is critical that we recognize and are proactive when a patient 
without radiographic KOA presents with knee pain and signs 
of meniscal damage in 2 or more regions and large BMLs. For 
these individuals, early (preradiographic) recognition is urgently 
needed, as is research to develop primary prevention strategies 
(e.g., injury prevention programs) to reduce their risk of devel-
oping a destabilizing meniscal tear or miscellaneous pathologic 
feature.

Table 4. Structural outcomes up to 2 years before and after the 
index visit in adults with accelerated KOA, typical KOA, or no KOA*

Outcome, visit

Accelerated 
KOA 

(n = 125)

Typical 
KOA 

(n = 125)
No KOA 
(n = 125)

Total BML volume, cm3†
Visit −2 1.48 ± 0.24 0.90 ± 0.32 1.16 ± 0.25
Visit −1 1.71 ± 0.23‡ 0.94 ± 0.25 1.07 ± 0.23
Index visit 3.48 ± 0.22‡ 1.05 ± 0.20 1.02 ± 0.20
Visit 1 2.45 ± 0.25‡ 1.03 ± 0.20 1.01 ± 0.21
Visit 2 2.58 ± 0.35‡ 0.97 ± 0.23 0.76 ± 0.27

CDI
Medial femur†

Visit −2 1,689 ± 28§ 1,583 ± 33 1,617 ± 28
Visit −1 1,653 ± 27 1,609 ± 28 1,629 ± 26
Index visit 1,542 ± 27¶ 1,602 ± 25 1,620 ± 25
Visit 1 14,212 ± 29‡ 1,607 ± 25 1,624 ± 26
Visit 2 1,359 ± 35‡ 1,605 ± 30 16,334 ± 29

Medial tibia†
Visit −2 724 ± 15 685 ± 16 719 ± 15
Visit −1 704 ± 14 685 ± 15 718 ± 14
Index visit 643 ± 14‡ 683 ± 132 721 ± 13
Visit 1 600 ± 15‡ 678 ± 132 727 ± 14
Visit 2 569 ± 18‡ 664 ± 142 712 ± 15

Lateral femur#
Visit −2 2,150 ± 34 2,147 ± 39 2,126 ± 34
Visit −1 2,156 ± 34 2,141 ± 34 2,121 ± 33
Index visit 2,095 ± 34 2,154 ± 31 2,107 ± 31
Visit 1 2,060 ± 35§ 2,172 ± 31 2,130 ± 32
Visit 2 2,088 ± 42 2,176 ± 33 2,130 ± 35

Lateral tibia†
Visit −2 877 ± 19 892 ± 21 877 ± 19
Visit −1 873 ± 19 879 ± 19 885 ± 18
Index visit 816 ± 19‡ 875 ± 17 877 ± 18
Visit 1 795 ± 20‡ 867 ± 18 875 ± 18
Visit 2 795 ± 22‡ 863 ± 18 885 ± 19

* All models were adjusted for sex (matching variable) and factors 
related to a subject having no magnetic resonance imaging data 
at the next annual visit (factors such as age, body mass index, 
 injury, frequent knee pain, days with limited activity in prior month, 
overall global arthritis impact rating, and Western Ontario and 
 McMaster Universities Osteoarthritis Index pain scores). Values 
are the least- squares mean ± SEM. KOA = knee osteoarthritis; BML 
= bone marrow lesion; CDI = cartilage damage index. 
† Group- by- time interaction P < 0.001. 
‡ P < 0.05 versus typical KOA and no KOA. 
§ P < 0.05 versus typical KOA. 
¶ P < 0.05 versus no KOA. 
# Group- by- time interaction P = 0.008. 
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These findings add to the evidence that accelerated KOA 
(4,29–31) is different than the typically perceived archetype of 
slow- progressing OA. Accelerated KOA has a unique risk profile 
(e.g., coronal tibial slope with malalignment) (1,3,30–32), greater 
prodromal symptoms (4,29), and greater preradiographic dis-
ease burden (3). These new findings complement evidence from 
a prior published study that used this case–control sample and 
showed that accelerated KOA is preceded and characterized by 
large effusion- synovitis volumes and altered infrapatellar fat pad 
signal intensity (28), which may reflect local inflammation. The 
meniscal extrusion and meniscal damage in 2 or more regions 
likely contributed to effusion- synovitis (33), altered signal inten-
sity in the infrapatellar fat pad, large BMLs (34–36), and carti-
lage loss (37,38). Furthermore, the early evidence of large BMLs, 
effusion- synovitis, and meniscal damage in 2 or more regions 
may explain the greater knee pain and dysfunction (4,20,38–42) 
that was reported by individuals up to 3 years prior to developing 
radiographic evidence of accelerated KOA (4,29). Knee pain is 
a risk factor for a new injury (43) that may lead to destabilizing 
tears or other pathologic manifestations in the knee, which could 
be a catalyst for an accelerated onset and progression to joint 

failure. Hence, it is critical to recognize individuals with knee pain 
early, and be proactive when they report knee pain or a new 
injury.

Our findings that adults who went on to develop accel-
erated KOA had a greater baseline prevalence of K/L grade 1 
OA and preradiographic evidence of meniscal damage in 2 or 
more regions, dramatic increases in BML volume, and greater 
articular cartilage loss are consistent with evidence showing 
that questionable signs of radiographic KOA (K/L grade 1) are 
predictive of incident KOA (44) and accelerated KOA (3). Our 
MRI- based findings of greater preradiographic disease bur-
den were even observed among adults who definitively had no 
 radiographic KOA (K/L grade 0) at baseline. This finding high-
lights the concept that radiographs are nonspecific and offers 
an inconclusive interpretation of early disease status. Early 
(preradiographic) evidence of meniscal damage, BMLs, and 
cartilage damage are important, as they are associated with 
prevalent and incident knee symptoms (45) as well as incident 
radiographic KOA (46–48). Our findings confirm that preradi-
ographic disease burden is a risk factor for KOA, especially 
accelerated KOA.

Figure 2. Cartilage loss in the knee osteoarthritis (KOA) groups (accelerated KOA [AKOA], typical KOA, or no KOA). Adults with AKOA  
experienced greater loss of cartilage compared to adults with typical KOA or no KOA, as assessed using the cartilage damage index (CDI) in 
the medial and lateral femurs (left, top and bottom) and the medial and lateral tibiae (right, top and bottom).
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Our findings that accelerated KOA is characterized by 
 destabilizing meniscal tear or miscellaneous pathology, especially 
subchondral bone damage, supports prior evidence that cer-
tain types of meniscal pathology (e.g., root tears) may increase 
the risk for accelerated progression (6,7), and that other more 
aggressive forms of rapidly progressive OA progression may be 
defined by significant subchondral bone damage (49,50). It is 
important to acknowledge that it remains unclear if accelerated 
KOA has any relation to type 2, rapidly progressive OA, which 
is characterized by a more dramatic joint space narrowing (≥2 
mm within 1 year) and greater abnormal bone loss/destruction 
(49,51). However, the role of bone in both forms of rapid disease 
onset/progression warrants further study.

Since ~50% of individuals who develop accelerated KOA had 
a destabilizing meniscal tear or miscellaneous pathologic feature 
(compared to 15% of those with typical KOA, and 6% of those with 
no KOA), it is critical to question the current standard of grouping 
individuals with accelerated KOA with peers who develop typical 
KOA. Within the OAI, accelerated KOA accounts for more than 1 
in 5 cases of incident KOA during the first 4 years of follow- up (1). 
Hence, data from adults with accelerated KOA may have a strong 
influence on the results of epidemiologic studies and clinical trials.

Many findings that are attributed to typical KOA may, rather, 
be attributable to accelerated KOA. For example, we recently 
demonstrated that excluding cases of incident accelerated KOA 
from analyses that defined incident KOA as a ≥2- point increase 
in K/L grade (i.e., increase in K/L grade 0 to grade 2, 3, or 4, 
or K/L grade 1 to grade 3 or 4) led to smaller effect estimates 
(Cohen’s d [52]) when comparing cases to controls for average 
WOMAC knee pain scores over time (d = 0.41 for all subjects 
with incident KOA, excluding those with accelerated KOA, for 
whom d = 0.14) or recent knee injury (OR was 5.4 for all subjects 
with incident KOA, excluding those with accelerated KOA, for 
whom OR was 4.0) (2).

Adults with accelerated KOA may be distinct from those with 
typical KOA in terms of symptomatic and structural changes. 
This raises critical concerns about suggestions that clinical trials 
for KOA would benefit from recruiting subjects with faster pro-
gression. Instead, these findings may indicate that separate trials 
may be needed for accelerated KOA and other forms of KOA, 
because accelerated KOA has a unique natural history defined 
by the onset of a destabilizing meniscal tear or miscellaneous 
pathologic features in a joint compromised by the presence 
of multiple pathologic features. It will be beneficial to explore 
whether adults with accelerated KOA respond differently to ther-
apeutic interventions when compared to adults with typical KOA.

While this study characterized accelerated KOA, it is impor-
tant to acknowledge some limitations. First, the timing of disease 
onset was hard to discern, which made it challenging to define 
the moment of incident disease. Despite this limitation, the OAI 
offered an unprecedented opportunity to study annual images to 
observe how accelerated KOA develops.

Second, we were unable to definitively demonstrate that 
accelerated KOA is a distinct disease as opposed to an acceler-
ated progression of typical features. However, the occurrence of 
unique structural changes (e.g., destabilizing tears and miscella-
neous pathologic features) supports the hypothesis that acceler-
ated KOA is a different subset of KOA.

Third, we classified a meniscal tear as destabilizing if it 
 predisposed a meniscus to extrusion. We may therefore have 
neglected other types of tears (e.g., bucket handle tears) that 
other investigators may consider unstable. We also included small 
radial tears as destabilizing tears, despite some of these possibly 
being stable. However, despite the potential for misclassification, 
we still observed a significant association between destabilizing 
meniscal tears and accelerated KOA.

Fourth, we found no universal pathology that was associated 
with accelerated KOA. Therefore, accelerated KOA may be a col-
lection of subsets of KOA that rapidly develops.

Fifth, we had missing MRI data, which could have influ-
enced the results. However, we conducted robust analyses that 
adjusted for factors related to missing MRI data at the next visit. 
We also completed numerous sensitivity analyses to explore the 
robustness of these results. Our study was also limited by our 
sample size and the number of structural features we explored. 
Future research with a larger sample size of adults at risk for 
accelerated KOA may help further refine our understanding of 
accelerated KOA and help develop a clinically useful predictive 
model. Despite these limitations, the OAI offered an unprece-
dented opportunity to address this study question, and we pur-
sued the analyses with well- defined a priori hypotheses.

In conclusion, we found that in an early phase, individuals 
who develop accelerated KOA are differentiated from individuals 
with typical KOA by the presence of meniscal damage in 2 or 
more regions, subsequent development of large BMLs, substan-
tially greater rate of cartilage loss, and ultimately, a destabilizing 
meniscal tear.
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Objective. The natural history of nonradiographic axial spondyloarthritis (SpA) is incompletely characterized, and 
there are concerns that nonsteroidal antiinflammatory drugs provide inadequate disease control in patients with ac-
tive disease. This study was undertaken to investigate the effects of certolizumab pegol (CZP), an anti–tumor necrosis 
factor treatment, in patients with nonradiographic axial SpA with objective signs of inflammation.

Methods. In this ongoing parallel- group double- blind study, adults with active disease were recruited from 80 
centers in Australia, Europe, North America, and Taiwan, and were randomized 1:1 to receive placebo or CZP (400 mg 
at weeks 0, 2, and 4, followed by 200 mg every 2 weeks) in addition to nonbiologic background medication (NBBM). 
Switching to open- label CZP (or other biologic) or making background medication changes was permitted at any 
point during the trial, although changes before week 12 were discouraged. The primary end point was the proportion 
of patients achieving major improvement (MI) (i.e., a ≥2.0- point decrease in the score from baseline or achievement 
of the lowest possible score [0.6]) in the Ankylosing Spondylitis Disease Activity Score (ASDAS) at week 52.

Results. A total of 317 patients were randomized to receive placebo plus NBBM (n = 158) or CZP plus NBBM  
(n = 159). ASDAS- MI at week 52 was achieved in 47.2% (75 of 159) of CZP plus NBBM patients, which was sig-
nificantly greater (P < 0.0001) than the 7.0% (11 of 158) of placebo plus NBBM patients in whom ASDAS-MI was 
achieved. Of the placebo plus NBBM patients, 60.8% (96 of 158) switched to open- label treatment before week 52 
compared to 12.6% (20 of 159) of the CZP plus NBBM patients.

Conclusion. Adding CZP to background medication is superior to adding placebo in patients with active non-
radiographic axial SpA. These results indicate that remission in nonradiographic axial SpA treated without biologics 
occurs infrequently, demonstrating the need for treatment beyond nonbiologic therapy.
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INTRODUCTION

Axial spondyloarthritis (SpA) is a chronic inflammatory dis-
ease predominantly affecting the sacroiliac joints and spine. The 
disease comprises 2 subpopulations: those with radiographic 
axial SpA (also known as ankylosing spondylitis) and those with 
nonradiographic axial SpA, who have been reported to have a 
similar disease burden (1–6). Conventional therapy for axial SpA 
comprises nonpharmacologic management, such as physical 
therapy, and nonsteroidal antiinflammatory drugs (NSAIDs) as 
first- line treatment. In routine clinical practice, patients are also 
treated with conventional disease- modifying antirheumatic 
drugs (DMARDs), corticosteroids, and analgesics. However, for 
patients with active disease and objective signs of inflammation 
 (sacr oiliac joint inflammation on magnetic resonance imaging 
[MRI] or elevated C- reactive protein [CRP] level) despite treat-
ment with NSAIDs, treatment with anti–tumor necrosis factor 
(anti- TNF) agents has been recommended (7–10).

There is a lack of understanding of disease presentation, pro-
gression, and prognosis of nonradiographic axial SpA (11–14). It 
has been suggested that nonradiographic axial SpA could be a 
self- limiting disease, with the potential for spontaneous remission 
(15–18). This, in part, has resulted in the lack of access to anti- TNF 
agents for many patients with nonradiographic axial SpA in several 
countries.

The C- axSpAnd Study is the first to incorporate a 52- week 
placebo- controlled time period to investigate the efficacy of an 
anti- TNF agent, certolizumab pegol (CZP), in a population of non-
radiographic axial SpA patients. This study employed a unique 
design that incorporated a long placebo- controlled phase, which 
permitted optimization of nonbiologic treatment over a sufficiently 
long time frame to assess disease remission.

PATIENTS AND METHODS

Study design. The C- axSpAnd Study (ClinicalTrials.gov 
identifier: NCT02552212) is a 3- year, phase III multicenter study 
investigating the efficacy and safety of CZP in patients with non-
radiographic axial SpA. Patients were randomized to receive 
either CZP or placebo in addition to their current nonbiologic 
background medication (NBBM) at 80 sites located in Australia, 
Europe, North America, and Taiwan, in a 52- week, parallel- 
group, double- blind, placebo- controlled study. The primary 
objective of the study was to assess the efficacy of CZP 200 mg 
every 2 weeks on signs and symptoms in patients with active 
nonradiographic axial SpA who had previously been treated 
unsuccessfully with ≥2 NSAIDs.

This study was approved by the national, regional, or inde-
pendent ethics committees or institutional review boards at par-
ticipating sites and was conducted in accordance with applicable 
regulatory and International Conference on Harmonization Good 
Clinical Practice requirements, based on the Declaration of Helsinki 
and local laws. Protocol amendments after the commencement of 
the trial are provided in Supplementary Appendix A, available on 
the Arthritis & Rheumatology web site at http://onlinelibrary.wiley.
com/doi/10.1002/art.40866/abstract.

Patients. Eligible patients were required to 1) be age ≥18 
years, 2) have a documented diagnosis of adult- onset axial 
SpA, meeting the Assessment of SpondyloArthritis international 
Society (ASAS) classification criteria (19), 3) have ≥12 months 
of symptom duration, and 4) have active disease at screening 
and baseline (defined as a Bath Ankylosing Spondylitis Disease 
Activity Index [BASDAI] [20] score of ≥4 and spinal pain score 
of ≥4 on a 0–10 scale) despite treatment with NBBMs, includ-
ing ≥2 NSAIDs. Patients with radiographic sacroiliitis meeting 
the modified New York classification criteria (21)  were excluded 
from the trial. Patients were also required to have objective 
signs of inflammation, i.e., either active sacroiliitis as evidenced 
by MRI (based on the ASAS definition of a positive MRI [22]) 
at screening or a baseline CRP level above the upper limit of 
normal (defined as 10.0 mg/liter). Pelvic radiographs and MRI 
scans were read centrally by 2 readers (and by an adjudicator, 
if necessary). For full patient selection criteria, see Supplemen-
tary Appendix B, available on the Arthritis & Rheumatology web 
site at http://onlinelibrary.wiley.com/doi/10.1002/art.40866/
abstract. All patients provided written informed consent to  
participate in the study.

Randomization and masking. Patients were randomized 
1:1 using an interactive response system that allocated and main-
tained all treatment details. Due to the differences in presentation 
and viscosity between CZP and placebo, special precautions were 
taken to maintain the blinding, including provision of the study treat-
ment in a sealed box with a prefilled syringe containing either CZP 
200 mg or placebo, and there was no information about the study 
treatment on packaging or labeling. Members of the study team 
were blinded with regard to the randomization schedule until after 
database lock and unblinding. For patients who switched to open- 
label treatment with CZP or any other treatment, efforts were made 
to maintain blinding with regard to their prior double- blind study 
treatment. Randomization was stratified based on MRI and CRP 
status (MRI+/CRP+, MRI+/CRP−, and MRI−/CRP+), as well as by 
geographic region (Asia/Australia, Europe, and North America).

UCB Pharma will share anonymized patient-level data and additional inform-
ation including clinical study report, study protocols, and statistical analysis plan.
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Procedures. Study treatment (CZP or placebo) was 
administered via a prefilled syringe. CZP was given at a dose of 
400 mg at weeks 0, 2, and 4 (loading dose) followed by 200 mg 
every 2 weeks (Supplementary Figure 1, available on the Arthri-
tis & Rheumatology web site at http://onlinelibrary.wiley.com/
doi/10.1002/art.40866/abstract). At the discretion of the treat-
ing rheumatologist, NBBM for this disease could be adjusted 
at any time during the trial; however, changes before week 12, 

or within 4 weeks prior to weeks 24 and 52, were discouraged. 
NBBMs allowed in this study included NSAIDs, conventional 
DMARDs such as sulfasalazine, methotrexate, hydrochloro-
quine, oral and intravenous corticosteroids, and opioid and non-
opioid analgesics (Table 1 and Supplementary Table 1, available 
on the Arthritis & Rheumatology web site at http://onlinelibrary.
wiley.com/doi/10.1002/art.40866/abstract). To reflect the provi-
sion of NBBM, the treatment groups are hereafter referred to as 

Table 1. Patient demographic and clinical characteristics at baseline (n = 317)*

Placebo plus 
NBBM group 

(n = 158)

CZP plus 
NBBM, 

200 mg every 
2 weeks 
(n = 159)

ASQoL score, mean  
± SD 

12.1 ± 4.3 11.7 ± 4.3

Uveitis 

History 25 (15.8) 22 (13.8)

Current 11 (7.0) 6 (3.8)

Enthesitis 122 (77.2) 125 (78.6)

MASES, mean ± SD 4.8 ± 3.5 4.8 ± 3.2

ASAS- NSAID score, mean 
± SD

66.3 ± 48.7 69.6 ± 48.0

MRI/CRP stratification†

MRI+/CRP+ 42 (26.6) 45 (28.3)

MRI+/CRP− 76 (48.1) 74 (46.5)

MRI−/CRP+ 39 (24.7) 38 (23.9)

Prior and concomitant 
medications

NSAIDs

Prior 154 (97.5) 157 (98.7)

Concomitant 138 (87.3) 138 (86.8)

DMARDs

Prior 73 (46.2) 77 (48.4)

Concomitant 48 (30.4) 55 (34.6)

Corticosteroids

Prior 36 (22.8) 31 (19.5)

Concomitant 16 (10.1) 16 (10.1)

Anti- TNF medication, any 
prior usage 

11 (7.0) 7 (4.4)

Placebo plus 
NBBM group 

(n = 158)

CZP plus 
NBBM, 

200 mg every 
2 weeks 
(n = 159)

Demographic characteristic
Age, mean ± SD years 37.4 ± 10.8 37.3 ± 10.5
Female 82 (51.9) 81 (50.9)
HLA–B27 positive 132 (83.5) 128 (80.5)
White race 148 (93.7) 152 (95.6)
Geographic region

North America 13 (8.2) 15 (9.4)
Europe 130 (82.3) 130 (81.8)
Asia/Australia 15 (9.5) 14 (8.8)

Disease characteristic
Symptom duration, mean ± 

SD years
8.0 ± 7.5 7.8 ± 7.7

Time since first diagnosis, 
years

Mean ± SD 4.0 ± 5.4 3.6 ± 4.8
Median (range) 2.1 (0.0–38.2) 1.7 (0.1–29.2)

CRP, mean ± SD mg/liter 15.8 ± 17.7 15.8 ± 17.8
Elevated CRP at baseline 

(CRP > ULN) 
83 (52.5) 89 (56.0)

ASDAS, mean ± SD 3.8 ± 0.9 3.8 ± 0.8
BASDAI score, mean ± SD 6.8 ± 1.3 6.9 ± 1.4
BASFI score, mean ± SD 5.4 ± 2.2 5.4 ± 2.1
BASMI score, mean ± SD 2.8 ± 1.4 3.0 ± 1.3
Sacroiliac joint SPARCC 

score, mean ± SD
8.5 ± 12.3 7.8 ± 10.8

Nocturnal spinal pain score, 
mean ± SD (scale 0–10)

6.6 ± 2.1 6.6 ± 2.3

* Except where indicated otherwise, values are the number (%) of patients in the analysis population. NBBM = nonbiologic background 
medication; CZP = certolizumab pegol; ULN = upper limit of normal; ASDAS = Ankylosing Spondylitis Disease Activity Score; BASDAI = Bath 
Ankylosing Spondylitis Disease Activity Index (0–10 scale; higher scores indicate higher disease activity); BASFI = Bath Ankylosing Spondylitis 
Functional Index (0–10 scale; higher scores indicate worse function); BASMI = Bath Ankylosing Spondylitis Metrology Index (0–10 scale; higher 
scores indicate more severe spinal mobility impairment); SPARCC = Spondyloarthritis Research Consortium of Canada; ASQoL = ankylosing 
spondylitis quality of life (0–18 scale; higher scores indicate worse quality of life); MASES = Maastricht Ankylosing Spondylitis Enthesitis Score 
(0–13 scale; higher scores indicate more severe enthesitis); ASAS- NSAID score = Assessment of SpondyloArthritis international Society–non-
steroidal antiinflammatory drug score (0–100 scale; higher scores indicate greater NSAID intake); DMARDs = disease- modifying antirheumatic 
drugs; anti- TNF = anti–tumor necrosis factor. 
† Three patients were classified as magnetic resonance imaging negative (MRI−)/C- reactive protein negative (CRP−) and were determined to 
be protocol deviations. 

http://onlinelibrary.wiley.com/doi/10.1002/art.40866/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40866/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40866/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40866/abstract


DEODHAR ET AL 1104       |

placebo plus NBBM and CZP 200 mg with NBBM (CZP plus 

NBBM).
In addition, patients were able to switch to open- label CZP 

treatment or any other biologic at any point during the trial if 
their disease activity required escalation of treatment. Patients 
who had transitioned to open- label treatment continued to be 
followed up during the study. At the completion of the week- 
52 visit, eligible patients could receive CZP treatment for an 
additional 2 years in an open- label follow- up extension period. 
At the time of publication, patients in this study are receiving 
treatment as part of the open- label follow- up period. This study 
describes the results of the 52- week placebo- controlled period.

Outcome measures. The primary efficacy end point was 
defined as a composite outcome measure that was achieved if 
all of the following 3 criteria were fulfilled: 1) the patient remained 
in the study until week 52, 2) the patient continued taking 
double- blind study treatment throughout, and 3) the patient 
achieved major improvement (MI) in the Ankylosing Spondylitis 

Disease Activity Score (ASDAS) (23) at week 52. ASDAS- MI is 
defined as a ≥2.0- point decrease from the baseline score in the 
ASDAS or achievement of the lowest possible ASDAS value 
(0.6) (24). The ASDAS comprises the following 5 elements, 
which are algorithmically combined into a continuous measure 
of disease activity: patient’s self- reported back pain, peripheral 
pain/swelling in joints and duration of morning stiffness (all from 
the BASDAI questionnaire), Patient’s Global Assessment of Dis-
ease Activity (PGADA), and CRP level (25). All patient- reported 
outcome assessments were graded on a numerical rating scale 
(0–10). The measured CRP level (mg/liter; measured at a central 
laboratory) was used for ASDAS calculations, with a minimum 
value of 2 mg/liter as validated previously (24). Details regarding 
scoring and time points for each efficacy end point are provided 
in Supplementary Table 2, available on the Arthritis & Rheuma-
tology web site at http://onlinelibrary.wiley.com/doi/10.1002/
art.40866/abstract).

Key secondary efficacy end points within the statistical testing 
hierarchy included the following: achievement of 40% improve-

Figure 1. Disposition of the patients. † = some patients met/did not meet multiple eligibility criteria; therefore, patient numbers in the disposition 
of patients do not add up to the total number of ineligible patients. MRI = magnetic resonance imaging; CRP = C- reactive protein; ASAS = 
Assessment of SpondyloArthritis international Society; axSpA = axial spondyloarthritis; BASDAI = Bath Ankylosing Spondylitis Disease Activity 
Index; PBO = placebo; NBBM = nonbiologic background medication; CZP = certolizumab pegol 200 mg.

http://onlinelibrary.wiley.com/doi/10.1002/art.40866/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40866/abstract
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ment according to the ASAS (ASAS40) at weeks 12 and 52, 
change from the baseline BASDAI score at weeks 12 and 52, 
change from the baseline Bath Ankylosing Spondylitis Functional 
Index (BASFI) score (26) at weeks 12 and 52, the Spondyloarthri-
tis Research Consortium of Canada (SPARCC) score for sacroiliac 
joints (27) at week 12, the Ankylosing Spondylitis Quality of Life 
(ASQoL) score (28) at week 52, nocturnal back pain at week 52, 
and the number of patients who had new or recurrent anterior uve-
itis flares at week 52 (Supplementary Table 2, at http://onlinelibrary.
wiley.com/doi/10.1002/art.40866/abstract). Exposure- adjusted  
incidence rates for postbaseline uveitis flares at week 52 were 
 calculated post hoc.

Additional outcomes not included in the hierarchical testing 
procedure were also evaluated. These included the EuroQoL 
5- domain Health State Profile (29), physical and mental compo-
nent scores of the Short Form 36 health survey (SF- 36) (30), the 
ASAS- NSAID score (a quantification of cumulative NSAID intake 
on a scale of 0–100, with 0 representing no intake and 100 repre-
senting maximum intake), the Bath Ankylosing Spondylitis Metrol-
ogy Index (BASMI) linear score (31), the week-52 SPARCC score, 
and enthesitis as measured by the Maastricht Ankylosing Spon-
dylitis Enthesitis Score (MASES) (32).

In addition, post hoc analyses of patients who contin-
ued taking placebo up to week 52 were conducted, including 
assessment of ASDAS- MI, ASAS40, and BASDAI. Finally, post 
hoc analyses were conducted to investigate the disease activity 
of patients at the point of switching from placebo to open- label 
CZP treatment.

Statistical analysis. The sample size was calculated using 
a chi- square test of equal proportions with continuity correction. 
A total sample size of 300 subjects (150 subjects per treatment 
group) was planned to provide 95% power to detect a significant 
difference in the ASDAS- MI response rate at week 52 between 
CZP and placebo groups, based on a 2- sided significance level 
of 0.05. This was based on the assumption of expected response 
rates for ASDAS- MI at week 52 of 40% and 20% for CZP and 
placebo groups, respectively.

The population studied in all efficacy analyses included all 
patients who underwent randomization and received ≥1 dose of 
study medication (full analysis set), analyzed based on the intent- 
to- treat principle. Safety outcomes are reported for the safety set, 
which consisted of all patients treated with ≥1 dose of study med-
ication.

The primary efficacy end point and the 10 key secondary effi-
cacy end points were tested for statistical significance according 
to a hierarchical testing procedure to maintain a familywise error 
rate of 5% (the full hierarchy is included in Supplementary Figure 
2, available on the Arthritis & Rheumatology web site at http://
onlinelibrary.wiley.com/doi/10.1002/art.40866/abstract). Testing 
was conducted at a significance level of 0.05 (2- sided), starting 
with the primary efficacy end point and, if the null hypothesis was 

rejected, proceeding with the secondary efficacy end points in 
their prespecified order.

The primary efficacy end point was analyzed using a 
logistic regression model with treatment group, region, and  
MRI/CRP stratification as fixed effects. The odds ratio (OR) of the 
ASDAS- MI at week 52 was estimated and tested between treat-
ment groups. Patients completing week 52 taking double- blind 
treatment but with no available ASDAS score at this time point 
were classified as nonresponders.

Sensitivity analyses of the primary efficacy end point used 
alternate approaches for handling of missing data with various 
assumptions for missingness mechanisms, including re- analysis 
after multiple imputation, re- analysis with all available data 
regardless of whether a subject continued to receive the rand-
omized treatment (i.e., including post- escape data), tipping point 
analysis (i.e., various delta adjustments for the missing data 
were conducted to identify assumptions about the missing data, 
under which there is no longer evidence of a treatment effect), 
and observed case analysis (in which only observed data from 
patients who continued the original double- blind study treatment 
were included).

Figure 2. Proportion of patients achieving A, major improvement 
in the Ankylosing Spondylitis Disease Activity Score (ASDAS- MI) and 
B, 40% improvement in disease activity according to the Assessment 
of SpondyloArthritis international Society criteria (ASAS40) by week 
52. P < 0.0001 for certolizumab pegol (CZP) versus placebo (PBO) 
at week 12 and week 52 for both ASDAS- MI and ASAS40. NBBM = 
nonbiologic background medication.

http://onlinelibrary.wiley.com/doi/10.1002/art.40866/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40866/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40866/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40866/abstract
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Continuous efficacy end points were analyzed using an 
analysis of covariance model with treatment group, region, and 
MRI/CRP classification as fixed effects and the baseline score 
as a covariate. The primary analysis used a reference- based 
multiple imputation procedure (in which missing values for both 
treatment groups were imputed using an imputation model 
developed using data from the placebo group only). Sensitivity 
analyses were conducted using multiple imputation, last obser-
vation carried forward, and observed case analysis.

Dichotomous secondary end points were analyzed via 
logistic regression based on a model similar to that used for the 
primary efficacy end point analysis. Safety outcomes were sum-
marized using descriptive statistics. All statistical analyses were 
performed using SAS, version 9.4.

RESULTS

From September 2015, 941 patients with nonradiographic 
axial SpA were screened at 104 sites, and 624 of these patients 
were excluded (Figure 1). A total of 317 patients were randomized 
to receive treatment as follows: 158 patients to the placebo plus 
NBBM group and 159 to the CZP plus NBBM group. In total, 
260 patients from Europe, 29 patients from Taiwan/Australia, and 
28 patients from North America were included. Baseline charac-
teristics of the patients were well- balanced between treatment 
groups (Table 1). Full details of NBBM at baseline in the 2 treat-
ment groups are provided in Supplementary Table 3, available on 
the Arthritis & Rheumatology web site at http://onlinelibrary.wiley.
com/doi/10.1002/art.40866/abstract.

The primary end point, ASDAS- MI at week 52, was reached 
by 47.2% (75 of 159) of CZP plus NBBM patients and 7.0% (11 of 

158) of placebo plus NBBM patients (P < 0.0001) (OR for CZP plus 
NBBM versus placebo plus NBBM 15.2 [95% confidence interval 
7.3–31.6]) (Figure 2A). All sensitivity analyses of the primary end 
point, performed in order to assess the impact of various missing 
data assumptions, supported the results of the primary analysis, 
with ORs ranging from 2.2 to 16.1 (Figure 3).

By week 52, 60.8% (96 of 158) of placebo plus NBBM 
patients compared to 12.6% (20 of 159) of CZP plus NBBM 
patients had switched to open- label treatment. No switches 
occurred between baseline and week 12; the majority of switches 
occurred between weeks 12 and 24. Of the 116 patients who 
switched to open- label CZP treatment prior to week 52, 1 patient 
subsequently switched to an alternative open- label anti- TNF 
treatment and then later discontinued the study prior to week 
52. In total, 69.6% (110 of 158) of placebo plus NBBM patients 
had changes to their background medication during the study, 
compared to 27.7% (44 of 159) of CZP plus NBBM patients. 
During the 52- week placebo- controlled period, 6.9% (22 of 317) 
of patients withdrew from the study for reasons outlined in Fig-
ure 1: 5.1% (8 of 158) withdrew from the placebo plus NBBM 
treatment group and 8.8% (14 of 159) from the CZP plus NBBM 
group. At week 52, 78.6% (125 of 159) of CZP plus NBBM 
patients had completed the 52- week placebo- controlled period 
taking double- blind study medication, compared to 34.2% (54 
of 158) of placebo plus NBBM patients.

All secondary end points within the prespecified hierarchical 
testing procedure could be tested (Table 2 and Supplementary 
Table 4, available on the Arthritis & Rheumatology web site at 
http://onlinelibrary.wiley.com/doi/10.1002/art.40866/abstract). 
At week 12, 47.8% (76 of 159) of CZP plus NBBM patients had 
achieved an ASAS40 response, compared to 11.4% (18 of 158) 

Figure 3. Forest plot of major improvement in the Ankylosing Spondylitis Disease Activity Score (ASDAS- MI) sensitivity analyses at week 52. 
95% CI = 95% confidence interval; FAS = full analysis set; PBO = placebo; CZP = certolizumab pegol 200 mg; PPS = per protocol set; NBBM 
= nonbiologic background medication.

http://onlinelibrary.wiley.com/doi/10.1002/art.40866/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40866/abstract
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of placebo plus NBBM patients (P < 0.0001) (Figure 2B). By week 
52, 56.6% (90 of 159) of CZP plus NBBM patients and 15.8% (25 
of 158) of placebo plus NBBM patients had achieved an ASAS40 
response (P < 0.0001).

Clinically meaningful and statistically significant responses 
for the BASDAI and the BASFI were achieved in CZP plus 
NBBM–treated patients and are shown in Table 2. MRI inflam-
mation in the sacroiliac joints significantly improved in CZP plus 
NBBM–treated patients, decreasing from a mean ± SD sacro-
iliac joint SPARCC score of 7.79 ± 10.82 at baseline to 1.92 
± 3.96 at week 52, compared to 8.46 ± 12.31 in the placebo- 
treated population at baseline to 5.84 ± 10.99 at week 52  
(P < 0.0001) (Table  2). There were corresponding improve-
ments in nocturnal spinal pain in CZP plus NBBM–treated 
patients that were maintained to week 52 (Table  2). Similar 
improvements and sustained responses were observed in 
health- related quality of life outcomes such as the ASQoL and 
SF- 36 (Table 2). Postbaseline uveitis was observed in 2.5% (4 
of 159) of CZP plus NBBM patients compared to 5.1% (8 of 
158) of placebo plus NBBM patients, but this difference did 
not achieve statistical significance. Improvements were also 
observed in CZP plus NBBM–treated patients for additional 
end points tested (Table 2).

Treatment- emergent adverse events during the placebo- 
controlled period of the study are shown in Table 3. One malig-
nancy was reported in the placebo plus NBBM group, and 2 
malignancies were reported in the CZP plus NBBM group. There 
were no deaths, serious cardiovascular events, or opportunistic 
infections (including tuberculosis) during the trial. The adverse 
events reported were consistent with those already identified for 
CZP and other anti- TNF agents (33,34).

Fifty- four patients continued taking placebo plus NBBM 
throughout the 52- week period. Of these patients, 51 had 
assessments at week 52 for ASDAS- MI and ASAS40. Post hoc 
analysis revealed that 21.6% (11 of 51) reached ASDAS- MI, 
while 49.0% (25 of 51) achieved an ASAS40 response. Demo-
graphic details and NBBM use in the 11 placebo plus NBBM 
patients who reached ASDAS- MI are provided in Supplemen-
tary Table 5, available on the Arthritis & Rheumatology web 
site at http://onlinelibrary.wiley.com/doi/10.1002/art.40866/
abstract. The mean change from baseline in the BASDAI score 
in the 54 patients who continued taking placebo throughout 
the 52- week period was −2.90 ± 2.19, compared to −4.28 ± 
2.13 in the CZP- treated patients.

In post hoc analyses investigating the disease activity of 
patients switching from placebo to open- label CZP treatment, 
96.9% (93 of 96) of patients did not demonstrate an ASDAS- MI 
response at the time of switching. Additionally, 93.8% (90 of 96) 
and 87.5% (84 of 96) of patients were classified as ASAS40 and 
ASAS20 nonresponders, respectively. At the time of switching, 
the mean ± SD ASDAS and BASDAI values for these patients 
were 3.60 ± 0.93 and 6.56 ± 1.69, respectively.

DISCUSSION

The results from this 52- week placebo- controlled trial, 
conducted in patients with active nonradiographic axial SpA 
with objective signs of inflammation, highlight the efficacy of 
CZP in the nonradiographic axial SpA population, with clini-
cally relevant and statistically significant differences observed 
in the primary end points and all but 1 of the secondary end 
points, which addressed different aspects of the disease (e.g., 
disease activity, physical function, and pain). All sensitivity 
analyses, which used alternate approaches to handling miss-
ing data, confirmed these results. The only exception was the 
number of patients with anterior uveitis flares, although this 
should be interpreted with caution due to the small number of 
affected patients in each treatment group. Relevant improve-
ments with CZP plus NBBM treatment were also observed for 
additional outcomes, including objective signs of inflammation 
(MRI and CRP level), SPARCC at week 52, BASMI, MASES, 
and patient- reported quality of life outcomes. The favorable 
outcomes observed in this study are in accordance with pre-
vious phase III placebo- controlled trials that have evaluated 
the use of anti- TNF agents in nonradiographic axial SpA over 
shorter time frames, ranging from 12 to 16 weeks (1,35–37). 
In addition, safety outcomes were in accordance with those 
published previously (34).

The unique study design of the trial, which comprised a 
1- year placebo- controlled period, the ability to change back-
ground medication, and the ability to switch to biologic treat-
ment, enabled evaluation of the course of nonradiographic axial 
SpA and optimization of NBBMs. During the study, substantially 
more patients randomized to receive placebo switched to open- 
label CZP treatment compared to those randomized to receive 
CZP, although no switches occurred before 12 weeks. The dis-
ease activity in placebo patients switching to open- label CZP 
treatment remained high at the time of switching, as illustrated by 
the high ASDAS and BASDAI scores observed at this time point. 
This high level of disease activity suggests that in the majority of 
patients with active disease, nonradiographic axial SpA does not 
spontaneously remit and cannot be controlled with nonbiologic 
medications. This is further supported by the fact that only 11 of 
the 158 patients who were randomized to receive placebo could 
complete 52 weeks and achieve ASDAS- MI. These findings also 
highlight the limitations of nonbiologic treatments in patients 
with active disease with objective signs of inflammation in whom 
treatment with at least 2 NSAIDs was unsuccessful. This is sup-
ported by the fact that 69.6% of placebo plus NBBM patients 
had changes in their background medication over the course 
of the study, compared to 27.7% of CZP plus NBBM patients. 
There were also greater reductions in ASAS- NSAID scores for 
CZP plus NBBM patients versus placebo plus NBBM patients 
over the 52- week trial period, reflecting reduced use of nonbio-
logic background medications such as NSAIDs.
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The C- axSpAnd trial was designed to enroll patients with 
nonradiographic axial SpA who would derive the greatest benefit 
from treatment with an anti- TNF agent. To achieve this, patients 
were included in the study only if they exhibited objective signs 
of inflammation despite therapy with NSAIDs, and if they had a 
high level of clinical symptoms, including elevated BASDAI and 
spinal pain scores. Furthermore, screening radiographs were 
assessed centrally by 2 experienced readers to ensure that no 
patients with radiographic axial SpA (ankylosing spondylitis) 
were included.

Another strength of the C- axSpAnd study design is its use 
of ASDAS- MI as a primary end point. This outcome is a val-
idated, highly discriminatory measure used to assess disease 
activity, incorporating both patient self- reported and objective 
measures of disease activity (8). However, due to the weighting 
of its constituent measures, the ASDAS may be impacted by 
substantial changes in CRP level. To address this, improvement 
in signs and symptoms of disease was also measured using 
ASAS40, for which a similar effect was observed.

In conclusion, the results from this 52- week placebo- 
controlled trial indicate that nonradiographic axial SpA does not 
demonstrate spontaneous remission in the majority of patients 
with active disease. Since improvements in clinical efficacy and 
objective signs of inflammation were maintained to week 52 
in CZP- treated nonradiographic axial SpA patients, this study 
demonstrates the significant benefit of using CZP, an anti- TNF 

agent, in addition to NBBMs in patients with nonradiographic 
axial SpA exhibiting objective signs of inflammation.
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Etanercept and Methotrexate as Monotherapy or in 
Combination for Psoriatic Arthritis: Primary Results From  
a Randomized, Controlled Phase III Trial
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Gregory Kricorian,3 and James B. Chung3

Objective. To examine the efficacy of methotrexate monotherapy relative to etanercept monotherapy and the 
value of combining methotrexate and etanercept for the treatment of patients with psoriatic arthritis (PsA).

Methods. In this double- blind study, 851 patients with PsA were randomized to 1 of 3 treatment arms, as follows: 
oral methotrexate (20 mg) plus subcutaneous placebo given weekly (n = 284), subcutaneous etanercept (50 mg) 
plus oral placebo given weekly (n = 284), or subcutaneous etanercept (50 mg) plus oral methotrexate (20 mg) given 
weekly (combination therapy; n = 283). The American College of Rheumatology 20% improvement (ACR20) response 
and Minimal Disease Activity (MDA) response at week 24 were the primary end point and key secondary end point, 
respectively. Other measures of inflammatory arthritis, radiographic progression, and nonarticular disease manifes-
tations were also assessed.

Results. Patients with PsA had a mean ± SD age of 48.4 ± 13.1 years, and the mean ± SD duration of PsA was 3.2 
± 6.3 years (median 0.6 years). ACR20 and MDA response rates at week 24 were significantly greater in patients who 
received etanercept monotherapy compared with those who received methotrexate monotherapy (ACR20, 60.9% 
versus 50.7% of patients [P = 0.029]; MDA, 35.9% versus 22.9% of patients [P = 0.005]), and both were significantly 
greater in the combination therapy group compared with the methotrexate monotherapy group at week 24 (ACR20, 
65.0% versus 50.7% of patients [P = 0.005]; MDA, 35.7% versus 22.9% of patients [P = 0.005]). Other secondary 
outcomes (ACR50 and ACR70 response rates, proportions of patients achieving a Very Low Disease Activity score, 
and PsA disease activity scores) showed between- group differences that were consistent with the primary and key 
secondary end point results. Furthermore, patients in both etanercept treatment arms showed less radiographic pro-
gression at week 48 compared with patients who received methotrexate monotherapy. Outcomes were similar in the 
combination therapy and etanercept monotherapy groups, except for some skin end points. No new safety signals 
were seen.

Conclusion. Etanercept monotherapy and combination therapy with etanercept and methotrexate showed 
 greater efficacy than methotrexate monotherapy in patients with PsA, according to the ACR and MDA response rates 
and extent of radiographic progression at follow- up. Overall, combining methotrexate and etanercept did not improve 
the efficacy of etanercept.
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INTRODUCTION

Psoriatic arthritis (PsA) is a chronic, systemic inflammatory 
arthritis of the peripheral joints and axial skeleton that is com-
monly associated with psoriasis (1). Clinical manifestations include 
dactylitis, enthesitis, and nail changes, as well as joint erosions 
frequently seen on radiographs (1). PsA occurs in up to 30% of 
patients with psoriasis (2). The annual incidence of PsA in patients 
with psoriasis has been reported to be 1–3% (3–5).

Early treatment of PsA may help prevent the impaired func-
tion and deformities caused by joint destruction (6–8). Agents 
used to treat PsA include disease- modifying antirheumatic drugs 
(DMARDs) such as methotrexate and tumor necrosis factor 
(TNF) inhibitors (9,10). Additional agents that have recently been 
approved for use in PsA include biologic inhibitors of the interleu-
kin- 12 (IL- 12)/IL- 23 and IL- 17 pathways (11–13) and small mole-
cule inhibitors of janus kinase (14) and phosphodiesterase 4 (15). 
Although methotrexate is widely used to treat PsA and is approved 
by the US Food and Drug Administration (FDA) for use in psoriasis, 
it is not approved by the FDA for the treatment of PsA. Therefore, 
there is a need to better understand its efficacy in PsA (16–18).

Prior trials comparing methotrexate with a biologic agent 
included patients who were inadequate responders to methotrex-
ate (19), thus limiting the ability to clearly understand the efficacy of 
methotrexate in comparison with an established biologic therapy 
in methotrexate- naive patients. In the Remicade Study in Psori-
atic Arthritis Patients of Methotrexate-Naive Disease (RESPOND) 
trial (20), investigators studied the efficacy of methotrexate in 
methotrexate- naive patients, but it was an open- label study that 
compared methotrexate with infliximab in combination with meth-
otrexate, obscuring the ability to directly compare the efficacy of 
methotrexate and infliximab as monotherapies. The Methotrexate 
in Psoriatic Arthritis (MIPA) study, a randomized clinical trial com-
paring methotrexate with placebo in methotrexate- naive patients, 
failed to demonstrate statistically significant differences between 
the 2 study arms at 24 weeks (21). However, the overall findings 
were inconclusive, possibly because of a high dropout rate and use 
of a submaximal methotrexate target dosage of 15 mg/week (21).

The efficacy of TNF inhibitors has been demonstrated in 
PsA (22–27), but the benefit of combining methotrexate and TNF 
inhibitors remains unclear. In rheumatoid arthritis, the Trial of Etan-
ercept and Methotrexate with Radiographic Patient Outcomes 
(TEMPO) study (28) (and analogous trials with other TNF inhib-
itors) have established that methotrexate used in combination 
with a TNF inhibitor increases the efficacy of the TNF inhibitor. 

No  comparable study has been conducted in PsA, and results of 
observational studies have suggested that, unlike in rheumatoid 
arthritis, no additional efficacy is added by combining methotrex-
ate with a TNF inhibitor in PsA (29,30).

We therefore undertook the current randomized, controlled 
trial to examine the comparative efficacy of methotrexate mono-
therapy relative to TNF inhibitor monotherapy in methotrexate- 
naive patients with PsA early in the course of their disease. This 
trial also assessed the effect of combining methotrexate with a 
TNF inhibitor for the treatment of PsA in this patient population.

PATIENTS AND METHODS

Study design and population. The Study of Etanercept 
and Methotrexate in Subjects with Psoriatic Arthritis (SEAM- PsA) 
trial was a 48- week phase III, multicenter, randomized, double- 
blind international study (31). Following the 48- week double- 
blind period, there was a 30- day safety follow- up period. Study 
patients were adults age ≥18 years with active PsA (based on the 
Classification Criteria for Psoriatic Arthritis [32]) who were naive 
to treatment with etanercept and other biologic agents, and had 
no prior use of methotrexate for PsA. Prior treatment with metho-
trexate was allowed for psoriasis if discontinuation had not been 
due to toxicity or intolerance, and if the methotrexate had been 
discontinued ≥6 months prior to initiation of the investigational 
product. Patients had to have 3 tender joints and 3 swollen joints 
(based on 68-  and 66- joint counts, respectively) at screening and 
at baseline, and an active psoriatic skin lesion that was ≥2 cm in 
diameter. For patients who were receiving nonsteroidal antiinflam-
matory drugs (NSAIDs), the dose had to be stable ≥2 weeks prior 
to initiation of the investigational product. For patients receiving 
oral corticosteroids, the dose had to be stable (not to exceed the 
equivalent of 10 mg prednisone per day) ≥4 weeks prior to ini-
tiation of the investigational product (for a complete description 
of the patient inclusion and exclusion criteria, see Supplementary 
Methods, available on the Arthritis & Rheumatology web site at 
http://onlinelibrary.wiley.com/doi/10.1002/art.40851/abstract).

Patients were enrolled in the study at 124 hospital centers 
or clinics in 17 countries (for a list of the investigators and 
countries in which the study was conducted, see Supplemen-
tary Methods at http://onlinelibrary.wiley.com/doi/10.1002/
art.40851/abstract). Patients were randomized 1:1:1 to 1 of 
3 treatment arms, as follows: oral methotrexate (target dose 
20 mg) plus subcutaneous placebo given weekly, subcutane-
ous etanercept (target dose 50 mg) plus oral placebo given 
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weekly, or subcutaneous etanercept (target dose 50 mg) plus 
oral methotrexate (target dose 20 mg) given weekly. At or after 
week 24, patients with an inadequate response to treatment 
(i.e., showing <20% improvement from baseline in tender joint 
counts and <20% improvement from baseline in swollen joint 
counts) received rescue therapy with etanercept plus metho-
trexate until week 48. Patients who were withdrawn or removed 
were not replaced. Patients were randomized via an interac-
tive voice- response system, based on a computer- generated 
randomization schedule that was prepared by the study spon-
sor before the start of the trial. Each patient was assigned a 
single, unique randomization number. Treatment assignments 
were maintained within the interactive voice- response system.

Both patients and investigators were blinded with regard 
to the randomized treatment assignments. Original treatment 
assignments remained blinded until patients reached week 48 or 
had an early termination visit (whichever occurred first). Treatment 
assignment was only unblinded when knowledge of treatment 
was essential to further patient care. Blinding was achieved by 
using matching prefilled syringes for the etanercept and injectable 
placebo administrations, and by using matching capsules for the 
methotrexate and oral placebo administrations.

Etanercept is a dimeric fusion protein (comprising the extra-
cellular ligand- binding domain of the human TNF p75 receptor 
linked to the Fc portion of human IgG1) that inhibits the activity 
of TNFα and TNFβ (33). For the SEAM- PsA trial, etanercept was 
manufactured and provided by Immunex (a subsidiary of Amgen 
Inc.) in single- use, prefilled 1- ml syringes. Etanercept was admin-
istered at a dosage of 50 mg/week by subcutaneous injection, as 
recommended in the US prescribing information for use of etaner-
cept in PsA (33).

The first dose of etanercept was administered at the study 
site, and subsequent injections were administered by the patient or 
a caregiver. Methotrexate, supplied as 2.5- mg tablets in capsules 
(for blinding purposes), was initiated at a dosage of 10 mg/week  
and titrated up to 20 mg/week over a 4- week period. If patients 
developed a toxic reaction to methotrexate, the methotrexate 
dosage could be reduced to as low as 10 mg/week. Folic acid 
was administered at 5–7 mg/week. Patients entering the study 
taking oral corticosteroids had to remain on a stable dose up to 
week 24. Those taking acetaminophen, narcotic analgesics, or 
NSAIDs had to remain on a stable dose up to week 24 and could 
not take these agents within 12 hours (24 hours for oxycontin) 
before a scheduled study visit.

Registration and ethics review. The SEAM- PsA study 
has been completed, and is registered at https://ClinicalTrials.gov .  
The study was conducted in accordance with the Declaration of 
Helsinki. All patients provided written informed consent, and each 
participating site obtained protocol approval by an institutional 
review board. A data monitoring committee did not oversee this 
study.

Study outcome measures. Outcomes were measured 
at baseline and at weeks 4, 8, 12, 16, 24, 36, and 48. The pri-
mary end point was achievement of ≥20% improvement in the 
American College of Rheumatology response (ACR20) criteria (34)  
at week 24. (For detailed descriptions and scales for all of the 
outcome measures used, see Supplementary Table 1, available 
on the Arthritis & Rheumatology web site at http://onlinelibrary.
wiley.com/doi/10.1002/art.40851/abstract.) The key secondary 
end point was the Minimal Disease Activity (MDA) response (35) 

Figure 1. Diagram of patient allocation.
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Table 1. Baseline demographic and disease characteristics of the patients in each treatment group*

Methotrexate  
monotherapy 

(n = 284)

Etanercept  
monotherapy 

(n = 284)

Combination  
therapy 

(n = 283)

Age, mean ± SD years 48.7 ± 13.1 48.5 ± 13.5 48.1 ± 12.7
Sex, no. (%) female 160 (56.3) 133 (46.8) 139 (49.1)
Race, no. (%) white 255 (89.8) 252 (88.7) 265 (93.6)
Duration of PsA, mean ± SD years (no. assessed) 3.6 ± 6.8 (231) 3.1 ± 6.0 (222) 3.0 ± 6.0 (231)
Prior use of nonbiologic DMARD, no. (%) 38 (13.4) 26 (9.2) 43 (15.2)
Body mass index, mean ± SD kg/m2 (no. assessed) 30.6 ± 7.1 (284) 30.4 ± 6.6 (283) 30.0 ± 6.7 (283)

≤30 kg/m2, no. (%) 146 (51.4) 153 (53.9) 160 (56.5)
>30 kg/m2, no. (%) 138 (48.6) 130 (45.8) 123 (43.5)

Swollen joint count (of 66 joints), mean ± SD  
(no. assessed)

12.9 ± 9.9 (284) 11.5 ± 9.6 (283) 11.2 ± 9.1 (282)

Tender joint count (of 68 joints), mean ± SD  
(no. assessed)

20.9 ± 15.0 (284) 18.8 ± 14.5 (283) 20.0 ± 15.3 (282)

PASDAS, mean ± SEM (no. assessed) 6.09 ± 0.07 (282) 6.05 ± 0.07 (279) 6.04 ± 0.07 (280)
DAPSA, mean ± SEM (no. assessed) 46.5 ± 1.4 (283) 43.4 ± 1.4 (281) 43.8 ± 1.4 (281)
LDI

Patients with score >0 at baseline, no. (%) 98 (34.5) 96 (33.8) 90 (31.8)
Mean ± SEM score (no. assessed) 164.9 ± 26.9 (98) 147.6 ± 20.8 (96) 138.2 ± 23.9 (90)

SPARCC Enthesitis Index
Patients with score >0 at baseline, no. (%) 191 (67.3) 189 (66.5) 196 (69.3)

Mean ± SEM score (no. assessed) 5.7 ± 0.3 (191) 5.5 ± 0.3 (189) 5.9 ± 0.3 (196)
Psoriasis- affected BSA, mean ± SD % 12.7 ± 18.8 10.8 ± 14.7 10.7 ± 15.6

Patients with ≥3% affected BSA at baseline, no. (%) 192 (67.6) 179 (63.0) 177 (62.5)
Mean ± SEM % affected BSA 18.1 ± 1.5 16.4 ± 1.2 16.4 ± 1.3

Patients with ≥10% affected BSA at baseline, no. (%) 99 (34.9) 97 (34.2) 90 (31.8)
Mean ± SEM % affected BSA 30.3 ± 2.3 25.9 ± 1.7 27.3 ± 2.0

sPGA
All patients, mean ± SD score 2.6 ± 1.1 2.6 ± 1.0 2.5 ± 1.0
Patients with ≥3% affected BSA at baseline, mean ± 

SEM score (no. assessed)
2.9 ± 0.1 (191) 2.9 ± 0.1 (179) 2.9 ± 0.1 (177)

Patients with ≥10% affected BSA at baseline, mean ± 
SEM score (no. assessed)

3.2 ± 0.1 (99) 3.1 ± 0.1 (97) 3.3 ± 0.1 (90)

mNAPSI
Patients with score >0 at baseline, no. (%) 185 (65.1) 206 (72.5) 197 (69.6)

Mean ± SEM score (no. assessed) 3.4 ± 0.2 (183) 3.5 ± 0.2 (205) 3.6 ± 0.2 (195)
HAQ DI, mean ± SEM score (no. assessed) 1.27 ± 0.04 (283) 1.15 ± 0.04 (284) 1.15 ± 0.04 (282)
SF- 36, mean ± SEM score (no. assessed)

Overall 80.8 ± 0.9 (282) 82.9 ± 0.9 (284) 83.6 ± 0.9 (282)
MCS 45.2 ± 0.7 (282) 45.1 ± 0.7 (284) 46.3 ± 0.7 (282)
PCS 35.6 ± 0.5 (282) 37.8 ± 0.5 (284) 37.4 ± 0.6 (282)

SHS
Total, mean ± SEM score (no. assessed) 2.76 ± 0.12 (269) 2.97 ± 0.13 (273) 2.70 ± 0.12 (274)
Erosion score >0, no./total no. (%) 223/269 (82.9) 220/273 (80.6) 224/274 (81.8)

* PsA = psoriatic arthritis; DMARD = disease- modifying antirheumatic drug; PASDAS = Psoriatic Arthritis Disease Activity Score; DAPSA = 
Disease Activity Index for Psoriatic Arthritis; LDI = Leeds Dactylitis Index; SPARCC = Spondyloarthritis Research Consortium of Canada; BSA =  
body surface area; sPGA = static Physician’s Global Assessment (of psoriasis); mNAPSI = modified Nail Psoriasis Severity Index; HAQ DI = 
Health Assessment Questionnaire disability index; SF- 36 = Short- Form 36 Health Survey; MCS = mental component summary; PCS = physical 
component summary; SHS = van der Heijde modification of the total Sharp score (of radiographic progression). 
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at week 24. Secondary end points included the ACR20 and MDA 
response rates analyzed at other time points, as well as ACR50 
and ACR70 response rates analyzed at all time points.

Additional end points, assessed at weeks 24 and 48, included 
the following: Very Low Disease Activity (VLDA) response (35), 
Psoriatic Arthritis Disease Activity Score (PASDAS) (36), Disease 
Activity Index for Psoriatic Arthritis (DAPSA) score (37), change 
from baseline in both the Leeds Dactylitis Index (LDI) (38) and the 
Spondyloarthritis Research Consortium of Canada (SPARCC) 
Enthesitis Index (39), dermatologic end points of the percentage 
of psoriasis- affected body surface area (BSA) (40), the static Phy-
sician’s Global Assessment (sPGA) of psoriasis (41), and modified 
Nail Psoriasis Severity Index (mNAPSI) (42), and patient- reported 
outcomes from the Health Assessment Questionnaire disability 
index (HAQ DI) (43) and the 36- item Short Form (SF- 36) Health 
Survey (44).

Radiographic end points included change from baseline in 
radiographic progression scores using the van der Heijde modifi-
cation of the total Sharp score (SHS) (45), and rates of radiographic 
nonprogression at weeks 24 and 48. Radiographs of the hands 
and feet were obtained from patients locally and read centrally  
by 2 independent readers to assess erosions and joint space 
 narrowing.

Safety analyses examined the incidence of adverse events, 
serious adverse events, and adverse events leading to discontin-
uation of the investigational product at weeks 24 and 48.

Statistical analysis. For the SEAM- PsA study, we esti-
mated that a sample size of 840 patients would provide a 
marginal power of >90% to detect treatment differences in the 
ACR20 response at week 24 between the etanercept-containing 
arms and the methotrexate monotherapy arm, at a 2- sided sig-
nificance level of 0.025. This estimate assumed a randomization 
ratio of 1:1:1 to the 3 study arms (adjusting for an anticipated 
10% dropout rate) and assumed an ACR20 response rate of 65% 
for the etanercept plus methotrexate combination arm, 60% for 
the etanercept monotherapy arm, and 44% for the methotrex-
ate monotherapy arm. A sample size of 840 patients was also 
estimated to provide a marginal power of >90% to detect treat-
ment differences in the MDA response at week 24 between the 
etanercept- containing arms and the methotrexate monotherapy 
arm, at a 2- sided significance level of 0.025, assuming response 
rates of 35% for the etanercept plus methotrexate combination 
therapy arm, 30% for the etanercept monotherapy arm, and 
15% for the methotrexate monotherapy arm. These assumed 
response rates for the ACR20 and MDA responses were esti-
mates based on data from previous studies (21,22,29,35,46) and 
on the assumption that generally higher responses than those 
reported in the literature would occur in the SEAM- PsA trial since 
it enrolled patients whose disease course was anticipated to be 
in a relatively early phase and who were naive to treatment with 
biologics and methotrexate for PsA.

Analyses were conducted using SAS version 9.4 (SAS 
Institute). The main analyses of the primary and key secondary 
end points were based on the full analysis set, which included 
all randomized patients analyzed according to randomization 
assignment (intent- to- treat analysis). Missing data were imputed 
as nonresponder data. The treatment differences between etan-
ercept plus methotrexate combination therapy and methotrexate 
monotherapy, and between etanercept monotherapy and metho-
trexate monotherapy were tested in a Bonferroni- based gatekeep-
ing chain procedure (47) to control the family- wise, 2- sided Type 
I error rate at 0.05 (see Supplementary Figure 1, available on the 
Arthritis & Rheumatology web site at http://onlinelibrary.wiley.com/
doi/10.1002/art.40851/abstract). Between- treatment compari-
sons were adjusted using the Cochran- Mantel- Haenszel test, with 
baseline body mass index status (≤30 kg/m2 or >30 kg/m2) and 
prior treatment with a non–biologic DMARD being used as stratifi-
cation factors. The risk difference between groups was estimated 
using the Mantel- Haenszel estimate of common risk difference 
(using the same stratification factors mentioned above).

Efficacy end points other than the primary and key secondary 
end points were analyzed as observed and not adjusted for multi-
plicity; therefore, P values are unadjusted and considered descrip-
tive. Safety end points were summarized descriptively based on 
the safety analysis set, which included patients who received ≥1 
dose of active investigational product. Patients were analyzed 
according to actual treatment received.

RESULTS

Between March 3, 2015 and July 7, 2017, a total of 851 
patients (of 1,080 screened) were enrolled in the SEAM- PsA 
trial (229 patients did not meet the eligibility criteria) and ran-
domized to receive a treatment (Figure  1). The last patient 
completed the study on July 6, 2018. Of the 851 enrolled 
patients, 284 were randomized to receive methotrexate mon-
otherapy, 284 to receive etanercept monotherapy, and 283 to 
receive methotrexate plus etanercept (combination therapy) 
(Figure 1). Of the 851 patients, 44% were from North Amer-
ica, 27% from Europe, 16% from Latin America, 9% from 
Russia, and 4% from South Africa. The number of patients 
who received their intended treatment was 282 (99.3%) in the 
methotrexate monotherapy arm, 284 (100%) in the etanercept 
monotherapy arm, and 282 (99.6%) in the combination ther-
apy arm. A total of 691 patients (81.2%) completed the trial. 
The most common reason for study discontinuation was with-
drawal of consent. The primary end point was analyzed using 
the full analysis set of 851 randomized patients.

The 3 treatment arms were generally balanced with 
respect to baseline demographic and disease characteristics 
(Table 1). Most patients were white (90.7%), and the mean ±  
SD age was 48.4 ± 13.1 years. The duration of PsA was 
a mean ± SD 3.2 ± 6.3 years (median 0.6 years); overall, 

http://onlinelibrary.wiley.com/doi/10.1002/art.40851/abstract
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56% of patients had a disease duration of ≤2 years. In total, 
12.6% of the patients had received prior treatment with a 
 nonbiologic DMARD (42 patients [5%] had received metho-
trexate prior to the study). Prior treatment with a nonbiologic 
DMARD occurred in 13.4%, 9.2%, and 15.2% of patients in 
the methotrexate monotherapy, etanercept monotherapy, and 
combination arms, respectively (Table  1). From weeks 4 to 
24, patients in both of the methotrexate- containing treatment 
arms achieved and maintained a mean methotrexate dose of 
>18.8 mg (median 20 mg) (average weekly doses are listed in 
Supplementary Table 2, available on the Arthritis & Rheuma-
tology web site at http://onlinelibrary.wiley.com/doi/10.1002/
art.40851/abstract). The percentage of patients who received 
rescue therapy at or after week 24 was 24.3% in the metho-
trexate monotherapy arm, 16.2% in the etanercept monother-

apy arm, and 12.7% in the combination therapy arm.
The proportion of patients achieving an ACR20 response 

at week 24 (primary end point) was significantly greater among 
those receiving etanercept monotherapy compared with those 
receiving methotrexate monotherapy (173 [60.9%] of 284 
patients versus 144 [50.7%] of 284 patients; adjusted P = 0.029) 
and significantly greater among those receiving combination 
therapy compared with those receiving methotrexate monother-
apy (184 [65.0%] of 283 patients versus 144 [50.7%] of 284 
patients; adjusted P = 0.005) (Figure 2 and Table 2). The pro-
portion of patients achieving an MDA response at week 24 (key 
secondary end point) was significantly greater among patients 
receiving etanercept monotherapy compared with those receiv-
ing methotrexate monotherapy (102 [35.9%] of 284 patients 
versus 65 [22.9%] of 284 patients; adjusted P = 0.005) and 
significantly greater among those receiving combination ther-
apy compared with those receiving methotrexate monotherapy 
(101 [35.7%] of 283 patients versus 65 [22.9%] of 284 patients; 

adjusted   P = 0.005) (Table 2 and Figure 2).
The proportion of patients achieving an ACR50 response 

at week 24 was greater for the etanercept monotherapy group 
compared with the methotrexate monotherapy group (114 
[44.4%] of 257 patients versus 77 [30.6%] of 252 patients; 
unadjusted P = 0.006) and for the combination therapy group 
compared with the methotrexate monotherapy group (117 
[45.7%] of 256 patients versus 77 [30.6%] of 252 patients; 
unadjusted  P < 0.001) (Table  2 and Figure  2). Similarly, the 
proportion of patients achieving an ACR70 response at week 
24 was greater with etanercept monotherapy compared with 
methotrexate monotherapy (75 [29.2%] of 257 patients ver-
sus 35 [13.8%] of 253 patients; unadjusted P  <  0.001) and 
greater with combination therapy compared with methotrexate 
monotherapy (71 [27.7%] of 256 patients versus 35 [13.8%] of 
253; unadjusted P < 0.001) (Table 2 and Figure 2). Although 
not formally tested for comparison, the ACR improvement 
responses and MDA response were similar between the com-
bination therapy and etanercept monotherapy arms (Table 2). 

The proportions of patients achieving ACR20, ACR50, ACR70, 
and MDA responses at week 48 were consistent with those 
seen at week 24 (results for all 48- week outcomes are shown 
in Supplementary Table 3, available on the Arthritis & Rheuma-
tology web site at http://onlinelibrary.wiley.com/doi/10.1002/
art.40851/abstract).

The mean change in SHS score from baseline at week 48 
indicated that there was less radiographic progression in patients 
who received etanercept monotherapy compared with those 
who received methotrexate monotherapy (mean ± SEM change 
−0.04 ± 0.04 versus 0.08 ± 0.03; unadjusted P = 0.014), and 
less ra  diographic progression in those who received combina-
tion therapy compared with those who received methotrexate 

Figure 2. Percentage of patients achieving treatment responses 
based on the American College of Rheumatology 20% improvement 
criteria (ACR20) (A), ACR50 (B), and ACR70 (C) and the Minimal 
Disease Activity (MDA) response (D) over time (from baseline to week 
48). Data are reported as observed (patients who received rescue 
therapy remained in their randomized treatment arm). * = unadjusted 
P < 0.05; † = unadjusted P < 0.01; ‡ = unadjusted P ≤ 0.001, versus 
methotrexate (MTX) monotherapy. ETN = etanercept.
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Table 2. Primary, key secondary, and select other end points at 24 weeks*

Methotrexate  
monotherapy 

(n = 284)

Etanercept 
monotherapy 

(n = 284)

P, etanercept 
monotherapy vs. 

methotrexate 
monotherapy

Combination 
therapy 

(n = 283)

P, combination 
therapy vs. 

methotrexate 
monotherapy

ACR improvement response, 
no./total (%)

ACR20 144/284 (50.7) 173/284 (60.9) 0.029† 184/283 (65.0) 0.005†
ACR50 77/252 (30.6) 114/257 (44.4) 0.006 117/256 (45.7) <0.001
ACR70 35/253 (13.8) 75/257 (29.2) <0.001 71/256 (27.7) <0.001

MDA response, no./total (%) 65/284 (22.9) 102/284 (35.9) 0.005† 101/283 (35.7) 0.005†
VLDA response, no./total (%) 12/252 (4.8) 39/257 (15.2) <0.001 37/258 (14.3) <0.001
PASDAS, mean ± SEM change 

from baseline (no. assessed)
−1.98 ± 0.10 (246) −2.64 ± 0.10 

(250)
<0.001 −2.63 ± 0.11 

(255)
<0.001

DAPSA, mean ± SEM change 
from baseline (no. assessed)

−22.6 ± 1.4 (251) −25.0 ± 1.3 
(253)

0.24 −24.9 ± 1.4 
(256)

0.23

LDI
Mean ± SEM change from 

baseline (no. assessed)
−128.8 ± 26.8 (89) −119.1 ± 20.7 

(89)
0.85 −110.2 ± 22.7 

(87)
0.68

Resolution, no./total (%) 58/89 (65.2) 68/89 (76.4) 0.12 69/87 (79.3) 0.057
SPARCC Enthesitis Index

Mean ± SEM change from 
baseline (no. assessed)

−3.1 ± 0.3 (167) −3.0 ± 0.3 (173) 0.93 −2.9 ± 0.3 (179) 0.70

Resolution, no./total (%) 72/167 (43.1) 91/173 (52.6) 0.11 85/179 (47.5) 0.55
Psoriasis- affected BSA,

mean ± SEM % improvement
from baseline (no. assessed) 
Patients with ≥3% BSA 

affected at baseline
66.1 ± 2.8 (179) 69.8 ± 2.7 (166) 0.49 75.5 ± 3.7 (163) 0.031

Patients with ≥10% BSA 
affected at baseline

65.7 ± 3.7 (92) 74.2 ± 3.3 (91) 0.12 81.6 ± 2.6 (86) <0.001

sPGA, status clear or almost
clear, no./total (%)‡

Patients with ≥3% BSA  
affected at baseline 

118/178 (66.3) 120/166 (72.3) 0.40 125/161 (77.6) 0.019

Patients with ≥10% BSA 
affected at baseline

54/91 (59.3) 72/91 (79.1) 0.012 67/85 (78.8) 0.004

mNAPSI 
Mean ± SEM change from 

baseline (no. assessed)
−1.1 ± 0.2 (121) −1.5 ± 0.2 (115) 0.10 −1.7 ± 0.2 (123) 0.020

Patients achieving a score of 
1, no./total (%)

47/121 (38.8) 50/115 (43.5) 0.44 60/123 (48.8) 0.14

HAQ DI, mean ± SEM change 
from baseline (no. assessed)

−0.41 ± 0.04 (252) −0.44 ± 0.04 
(258)

0.67 −0.47 ± 0.04 
(257)

0.34

SF- 36, mean ± SEM change
from baseline (no. assessed)

Total score 9.2 ± 0.8 (253) 10.6 ± 0.8 (256) 0.31 11.3 ± 0.9 (257) 0.11
PCS score 6.0 ± 0.6 (253) 7.8 (0.6) (256) 0.033 8.0 ± 0.6 (257) 0.015
MCS score 3.3 ± 0.6 (253) 2.8 (0.6) (256) 0.56 3.3 ± 0.6 (257) 0.97

(continued)
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 monotherapy (mean ± SEM change −0.01 ± 0.03 versus 0.08 ± 
0.03; unadjusted P = 0.041) (Table 2). The cumulative probabil-
ity plot of the change in SHS from baseline at week 48 showed 
a lower likelihood of radiographic progression in the etanercept- 
containing treatment arms compared with the methotrexate mon-
otherapy arm (Figure 3).

Consistent results were seen with rates of radiographic 
progression at week 48 (see Supplementary Figure 2, availa-
ble on the Arthritis & Rheumatology web site at http://online 
library.wiley.com/doi/10.1002/art.40851/abstract). Moreover, the  
rates of radiographic nonprogression were similar between each 
etanercept- containing treatment arm.

The VLDA response at week 24 was greater in patients 
receiving etanercept monotherapy compared with those receiv-
ing methotrexate monotherapy (39 [15.2%] of 257 patients 
versus 12 [4.8%] of 252 patients; unadjusted P < 0.001), and 
in those receiving combination therapy compared with those 
receiving methotrexate monotherapy (37 [14.3%] of 258 
patients versus 12 [4.8%] of 252 patients; unadjusted P < 0.001) 
(Table 2).

Analysis of changes in disease activity levels showed that the 
mean improvement in the PASDAS score from baseline at week 
24 was greater in the etanercept- containing treatment arms com-
pared with the methotrexate monotherapy arm (Table 2). Further-
more, the mean improvement in the DAPSA score from baseline 
at week 24 was numerically greater in the etanercept- containing 
treatment arms compared with the methotrexate monotherapy 
arm, but the differences were modest (Table 2). The results for 
these end points were similar for both the etanercept monother-
apy and combination therapy arms (Table 2).

Although numerical trends were observed, no meaningful dif-
ferences were seen in the percentage of patients who achieved 
clear scores on the LDI or SPARCC Enthesitis Index by week 24 
between the etanercept- containing and methotrexate monother-
apy treatment arms (Table 2). Furthermore, although not formally 
tested, results for the LDI and SPARCC Enthesitis Index were sim-
ilar in both etanercept- containing treatment arms (Table 2).

Figure 3. Cumulative probability plot of the change from baseline 
in the van der Heijde modification of the total Sharp score (SHS) 
of radiographic progression at week 48 in the methotrexate 
monotherapy, etanercept monotherapy, and combination therapy 
study arms. At week 48, progression (change from baseline in 
SHS >0) was seen in 23 patients (10.6%), 12 patients (5.3%), and 
12 patients (5.3%) in the methotrexate monotherapy, etanercept 
monotherapy, and combination therapy arms, respectively.

Methotrexate  
monotherapy 

(n = 284)

Etanercept 
monotherapy 

(n = 284)

P, etanercept 
monotherapy vs. 

methotrexate 
monotherapy

Combination 
therapy 

(n = 283)

P, combination 
therapy vs. 

methotrexate 
monotherapy

SHS score
Mean ± SEM change from 

baseline at week 48 (no. 
assessed)

0.08 ± 0.03 (216) −0.04 ± 0.04 
(225)

0.014 −0.01 ± 0.03 
(226)

0.041

Nonprogression at week 48, 
no./total (%)§

193/216 (89.4) 213/225 (94.7) 0.088 214/226 (94.7) 0.033

* All end points were measured at 24 weeks, except for the van der Heijde modification of the total Sharp score (SHS) of radiographic pro-
gression, which was measured at 48 weeks. VLDA = Very Low Disease Activity; PASDAS = Psoriatic Arthritis Disease Activity Score; DAPSA = 
Disease Activity Index for Psoriatic Arthritis; LDI = Leeds Dactylitis Index; SPARCC = Spondyloarthritis Research Consortium of Canada; BSA = 
(psoriasis- affected) body surface area; mNAPSI = modified Nail Psoriasis Severity Index; HAQ DI = Health Assessment Questionnaire disabil-
ity index; SF- 36 = Short- Form 36 Health Survey; PCS = physical component summary; MCS = mental component summary. 
† P values for the American College of Rheumatology 20% improvement (ACR20) response rates at week 24 (primary end point) and Minimal 
Disease Activity (MDA) response rates at week 24 (key secondary end point) were tested in a Bonferroni- based gatekeeping procedure and 
stratified by body mass index category and prior nonbiologic disease- modifying antirheumatic drug use. All other P values were unadjusted. 
‡ A status of clear on the static Physician’s Global Assessment (sPGA) of psoriasis was defined as a score of 0, and a status of almost clear 
was defined as a score of 1. The score scale ranges from 0 (clear) to 5 (severe). 
§ Radiographic nonprogression was defined as a change in the SHS of ≤0 from baseline to week 48. 

Table 2. (Cont’d)
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In patients with ≥3% or ≥10% BSA affected by psoriasis at 
baseline, analyses at week 24 showed that there was greater 
mean percentage improvement in psoriasis- affected BSA in 
patients who received combination therapy compared with those 
who received methotrexate monotherapy. Moreover, a greater 
percentage of patients in the combination therapy group had clear 
or almost clear sPGA scores compared with those in the metho-
trexate monotherapy arm (Table 2).

The number of patients who experienced improvements in 
psoriasis- affected BSA was numerically higher in the etanercept 
monotherapy arm compared with the methotrexate monother-
apy arm. Moreover, a greater percentage of patients receiving 
etanercept monotherapy had clear or almost clear sPGA scores 
compared with patients receiving methotrexate monotherapy.

In contrast to the distributions of ACR and MDA response 
rates, more patients in the combination therapy group expe-
rienced numerically higher improvements in skin end points 
compared with patients in the etanercept monotherapy group 
(Table  2). At week 24, none of the patients achieved a clear 
mNAPSI score, but when the percentage of patients achieving 
an mNAPSI score of 1 was examined, small differences between 
the treatment arms were seen (Table 2).

In each of the 3 study arms, there were improvements 
from baseline at week 24 in the HAQ DI and SF- 36 total health 
function scores. Differences in the SF- 36 total score and SF- 36 
mental component summary score were minimal between the 
study arms, but the SF- 36 physical component summary score 
showed a greater mean change from baseline at week 24 in the 

etanercept- containing arms compared with the methotrexate 
monotherapy arm (Table 2).

Over this 48- week study, rates of adverse events, serious 
adverse events, and adverse events that led to discontinua-
tion of the investigational product were similar across the 3 
study arms (Table  3). The rates of any adverse events were 
212 (75.2%) of 282 patients receiving methotrexate monother-
apy, 191 (67.7%) of 282 patients receiving etanercept mono-
therapy, and 216 (76.1%) of 284 patients receiving combina-
tion therapy. Of note, nausea occurred more commonly in the 
methotrexate- containing arms (37 [13.1%] of 282 patients in 
the methotrexate monotherapy arm and 41 [14.4%] of 284 
patients in the combination therapy arm compared with 18 
[6.4%] of 282 patients in the etanercept monotherapy arm). 
Injection site reactions occurred more commonly in the 
etanercept- containing arms (5 [1.8%] of 282 patients in the 
etanercept monotherapy arm and 8 [2.8%] of 284 patients 
in the combination therapy arm compared with 1 [0.4%] of 
282 patients in the methotrexate monotherapy arm). No fatal 

adverse events were reported.

DISCUSSION

The SEAM- PsA trial contributes to our understanding of 
how best to treat patients early in the course of PsA who are 
naive to treatment with methotrexate and to biologic DMARDs. 
The results of this study demonstrate that etanercept as 
 monotherapy and in combination with methotrexate is  superior 

Table 3. Summary of safety results at 48 weeks*

Methotrexate monotherapy 
(n = 282)

Etanercept monotherapy 
(n = 282)

Combination therapy 
(n = 284)

Any adverse event 212 (75.2) 191 (67.7) 216 (76.1)
Serious adverse event† 16 (5.7) 19 (6.7) 17 (6.0)
Adverse events leading to discon-

tinuation of investigational 
product

19 (6.7) 16 (5.7) 20 (7.0)

Treatment- related adverse events 64 (22.7) 71 (25.2) 79 (27.8)
Fatal adverse events 0 (0.0) 0 (0.0) 0 (0.0)
Adverse events occurring in ≥5%

of patients
Nausea 37 (13.1) 18 (6.4) 41 (14.4)
Nasopharyngitis 22 (7.8) 21 (7.4) 27 (9.5)
Upper respiratory tract infection 21 (7.4) 18 (6.4) 23 (8.1)
Diarrhea 17 (6.0) 13 (4.6) 14 (4.9)
Headache 15 (5.3) 12 (4.3) 17 (6.0)
Bronchitis 9 (3.2) 14 (5.0) 19 (6.7)
Vomiting 15 (5.3) 7 (2.5) 10 (3.5)

* Adverse events were categorized using the Medical Dictionary for Regulatory Activities, version 21. Values are the number (%) of patients. 
† The most common serious adverse events were of the system organ class infections and infestations, which occurred in 1.1% of patients in 
the methotrexate monotherapy arm, 2.8% of patients in the etanercept monotherapy arm, and 2.5% of patients in the combination therapy 
arm. 
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to methotrexate monotherapy when assessed according 
to the proportion of patients experiencing ACR20 and MDA 
responses (the primary and key secondary end points of the 
trial, respectively). The ACR50 and ACR70 responses and the 
PsA- specific composite measures (VLDA and PASDAS) also 
showed greater efficacy with etanercept monotherapy and 
combination therapy compared with methotrexate monother-
apy. The etanercept- containing treatment arms also showed 
less radiographic progression compared with the methotrex-
ate monotherapy arm. In general, the addition of methotrex-
ate to etanercept did not contribute meaningfully to the over-
all efficacy of etanercept monotherapy, except in the case of 
some of the skin end points, for which combination therapy 
appeared to have increased efficacy.

The results of this study represent a detailed characteriza-
tion of the efficacy of methotrexate monotherapy relative to a TNF 
inhibitor across a broad spectrum of PsA clinical manifestations 
in patients with early PsA. To overcome a key criticism of the 
MIPA trial (21), in which the target methotrexate dosage was 15 
mg/week, the SEAM- PsA trial stipulated a target dosage of 20 
mg/week and achieved mean dosages of methotrexate in the 2 
methotrexate- containing arms of >18.8 mg/week from weeks 4 
to 24.

As a comparator study, the SEAM- PsA trial had no separate 
placebo arm, so the interpretation of the efficacy of methotrexate 
across the various clinical end points needs to be considered rel-
ative to etanercept. Nevertheless, methotrexate showed generally 
good efficacy across multiple domains, which is consistent with 
the Tight Control of PsA (TICOPA) study, which examined meth-
otrexate monotherapy in PsA (48). Although numerical trends 
were observed, no substantial differences were noted between 
the etanercept and methotrexate monotherapy arms in terms of 
enthesitis and dactylitis scores and change in psoriasis- affected 
BSA from baseline (when examined among patients with ≥3% 
BSA involved with psoriasis at baseline). However, patients with 
≥10% BSA involved with psoriasis at baseline were more likely to 
achieve clear or almost clear status by week 24 in the etanercept 
monotherapy or combination therapy groups compared with the 
methotrexate monotherapy group.

In addition, no clear differences in the HAQ DI or SF- 36 
scores were noted between the 3 study arms, except for the 
SF- 36 physical component summary score, which showed a 
greater mean change from baseline at week 24 in the etanercept- 
containing treatment arms compared with the methotrexate 
monotherapy arm. Overall, these results support the use of 
etanercept as monotherapy without the need for concomitant 
methotrexate, and also provide information about methotrexate 
when used as monotherapy.

Some limitations of this study should be noted. The study 
did not consider axial disease in the eligibility criteria. In addition, 
the study included patients with mostly polyarticular disease (with 
mean swollen joint counts and tender joint counts of ~12 and 

~30, respectively), which limits the generalizability of the results to 
those patients with oligoarticular disease and/or axial involvement. 
While the study was designed to characterize the relative efficacy 
of etanercept and methotrexate, there is significant interest in the 
study data with regard to efficacy of methotrexate monotherapy. 
However, the absence of a placebo group in this study limits the 
ability to draw firm conclusions about the efficacy of methotrexate 
monotherapy.

Disease modification is an important clinical consideration 
in the treatment of PsA. Investigators have demonstrated the 
ability of etanercept to inhibit radiographic progression in PsA 
(49), but the effect of methotrexate on radiographic progression 
has not been studied in a placebo- controlled trial. Since the 
SEAM- PsA study did not enrich for patients with radiographic 
evidence of PsA, only a small subset of patients, as expected, 
showed radiographic changes over a 48- week period. Moreover, 
any differences between the methotrexate monotherapy arm 
and the etanercept monotherapy arm at week 48 would have 
been blunted by the 24.3% of patients in the methotrexate 
monotherapy arm who received rescue combination therapy 
starting at or after week 24. These results demonstrate that 
etanercept is associated with a lower degree of radiographic 
progression compared with methotrexate, and that combining 
methotrexate and etanercept may not have any discernible 
effect on radiographic progression as compared with etanercept 
monotherapy. Although the magnitude of the effects was small, 
the differences were clear for this clinically important end point. 
The lack of a placebo arm limits the ability to interpret the effect 
of methotrexate alone on radiographic progression, and these 
results (as for the other end points) should be interpreted relative 
to those in the other treatment arms.

MDA response was included as the key secondary end point 
in this trial to highlight the importance of more comprehensively 
capturing the unique clinical manifestations of PsA when com-
pared with the “joint- centric” ACR response measures. The MDA 
criteria evaluate PsA disease activity using measures of joint and 
entheseal inflammation, skin disease, patient- reported outcomes, 
and functional disability (24,35,50–52). The MDA response rates in 
this study were consistent with the ACR20, ACR50, and ACR70 
response rates in terms of showing greater responses in the 
etanercept- containing treatment arms compared with the meth-
otrexate monotherapy arm; no additional efficacy was observed 
with combination therapy compared with etanercept monotherapy.

In addition to the MDA response, other PsA- specific out-
come measures were included in this study in support of the over-
all findings. The VLDA response has recently become a clinically 
relevant benchmark that utilizes the same components as the 
MDA but with response defined as meeting all 7 MDA criteria. 
PASDAS and DAPSA are additional measures (with PASDAS cov-
ering a broader spectrum of PsA manifestations) that assess a 
binary outcome in PsA and also provide a continuous measure of 
disease activity. The PASDAS scores were consistent with those 
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seen for the ACR and MDA responses, but the DAPSA scores 
showed similar outcomes across all 3 study arms. Consistent with 
the other end points, methotrexate did not contribute additional 
efficacy to etanercept alone.

Many patients in this trial had a moderate- to- severe level 
of psoriasis, as assessed by the percentage of psoriasis- 
affected BSA. Results with regard to the dermatologic end 
points showed that etanercept and methotrexate had good 
efficacy, with a suggestion that the combination treatment arm 
had slightly greater efficacy than either of the monotherapy 
treatment arms in terms of improvement in the percentage of 
psoriasis- affected BSA, sPGA scores, and mNAPSI scores. 
The fact that etanercept was more effective in combination 
with methotrexate for the skin- related end points is consistent 
with results reported in a prior study (53); it should also be 
noted that etanercept monotherapy was administered at 50 
mg once per week in this study, but is indicated for use at 50 
mg twice per week to treat psoriasis in adults (33).

The observed varied impact of methotrexate, both alone 
and as an addition to etanercept, across these individual man-
ifestations provides insights about the potentially context- 
dependent and heterogeneous drivers of PsA pathology. 
Taken as a whole, the SEAM- PsA trial results are remarkably 
different from those of the TEMPO trial in rheumatoid arthritis 
(28), in which the combination of etanercept and methotrex-
ate was more effective than etanercept monotherapy, which 
underscores the pathophysiologic differences between rheu-
matoid arthritis and PsA (54).

Differences among TNF inhibitors have been noted in 
terms of their effects on long- term survival in patients in clinical 
 registries, when the impact of using a TNF inhibitor as mono-
therapy has been compared with a TNF inhibitor in combination 
with methotrexate (29,55). These differences should be taken 
into account when considering the use of TNF inhibitors as 
monotherapy or in combination with methotrexate. Because of 
patients’ and physicians’ concerns with regard to the tolerability 
and safety of methotrexate, a clear understanding of its clini-
cal benefits, alone or in combination with TNF inhibitors, is an 
important aspect of clinical decision- making. Thus, the charac-
terization in this trial of the safety and tolerability of both metho-
trexate monotherapy and biologic monotherapy provides impor-
tant information when considering the safety profile (including 
immunogenicity) associated with PsA treatment approaches.

Overall, these results provide information that is of practical 
value for clinical practice, in terms of both demonstrating the rel-
ative efficacy of methotrexate and etanercept and characterizing 
the impact of combining methotrexate and etanercept across a 
broad range of PsA clinical manifestations.
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Clinical Images: Hypophysis involvement in granulomatosis with polyangiitis

The patient, a previously healthy 25- year- old woman, presented with a 3- month history of new- onset headaches, polyuria, and polydipsia. 
There was no infection, trauma, or drug intake reported prior to symptoms. Physical examination findings were unremarkable; results of lab-
oratory testing were consistent with increased levels of markers of inflammation along with hypernatremia, high serum osmolality, and low 
urine osmolality. Water deprivation test findings were suggestive of central diabetes insipidus. Magnetic resonance imaging (MRI) revealed a 
large pituitary mass measuring 17 × 17 × 12 mm (A) (arrow and arrowhead) compressing the intracranial portions of the optic nerves and 
chiasm. Surgical intervention, including pituitary biopsy and debulking, was performed. Histopathologic studies showed necrotic granuloma 
characterized by epithelioid histiocytes, multinucleated giant cells, neutrophils, eosinophils, and plasma cells (B) (arrows). Findings on chest 
computed tomography and serum angiotensin- converting enzyme levels were normal. Tuberculin skin test results were negative. Further 
laboratory data revealed proteinase 3 antineutrophil cytoplasmic antibodies. The patient was diagnosed as having granulomatosis with 
polyangiitis (GPA). There was no evidence of other organ system involvement. She was started on oral prednisone and pulse cyclophos-
phamide (CYC). At 8 months, her clinical condition was stable without residual or recurrent disease seen on MRI. Involvement of the pituitary 
gland in GPA is  uncommon, with an estimated prevalence of nearly 1% (1,2). Generally, patients with pituitary involvement are younger, 
and symptoms of pituitary disease precede other systemic features (3). Immunosuppressive therapy is needed to control disease activity in 
GPA, and glucocorticoids along with rituximab, CYC, or methotrexate have been used to treat pituitary involvement (3). In our patient, early 
treatment with high- dose steroids and pulse CYC resulted in a good outcome after 8 months, although permanent desmopressin treatment 
was required as a consequence of surgery.
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Safety and Efficacy of Belimumab Plus Standard Therapy 
for Up to Thirteen Years in Patients With Systemic Lupus 
Erythematosus
Daniel J. Wallace,1 Ellen M. Ginzler,2  Joan T. Merrill,3 Richard A. Furie,4  William Stohl,5   
W. Winn Chatham,6 Arthur Weinstein,7  James D. McKay,8 W. Joseph McCune,9 Michelle Petri,10  
James Fettiplace,11  David A. Roth,12  Beulah Ji,11  and Amy Heath13

Objective. To investigate the long- term safety and efficacy of intravenous (IV) belimumab plus standard of care 
(SOC) therapy for systemic lupus erythematosus (SLE) in patients with active, autoantibody- positive SLE.

Methods. The study was designed as a multicenter, open- label, continuation study of IV belimumab given every 4 
weeks in conjunction with SOC therapy in patients with SLE who completed a phase II, double- blind study. Adverse 
events (AEs) and laboratory data were monitored from the first belimumab dose (in either study) until 24 weeks after 
the final dose. Efficacy assessments included SLE Responder Index (SRI) and flare index scores (each assessed at 
16- week intervals) and glucocorticoid use (assessed at 4- week intervals).

Results. Of the 476 patients in the parent study, 298 (62.6%) entered the continuation study, of whom 96 
(32.2%) remained in the study. Patients received belimumab for up to 13 years (median duration of exposure 
3,334.0 days [range 260–4,332 days], total belimumab exposure 2,294 patient- years, median number of infusions 
115.5 [range 7–155]). The percentage of patients with AEs each year remained stable or decreased. Normal serum 
IgG levels were maintained in the majority of patients over the study, and the rate of infections remained stable. 
The percentage of patients who achieved an SRI response increased from 32.8% (year 1) to 75.6% of those 
 remaining on treatment at year 12. The glucocorticoid dose was decreased in patients who had been receiving 
>7.5 mg/day at baseline.

Conclusion. This study is the longest to date to assess belimumab treatment in patients with SLE in clinical trials. 
Belimumab was well tolerated with no new safety concerns, and efficacy was maintained in patients who continued 
the study. For patients who initially exhibited a satisfactory response to belimumab, the treatment continues to be 
well tolerated and provides long- term disease control.
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INTRODUCTION

Intravenous (IV) belimumab (10 mg/kg) is approved for 
the treatment of active, autoantibody- positive systemic lupus 
erythematosus (SLE) in more than 60 countries, including the 
US, Japan, and countries in Europe (1–3). A phase II, placebo- 
controlled, dose- ranging trial (GlaxoSmithKline trial no. LBSL02; 
ClinicalTrials.gov identifier NCT00071487) of IV belimumab 
administered in conjunction with standard of care (SOC) therapy 
in 449 patients with active, autoantibody- positive SLE demon-
strated that belimumab was well tolerated through 52 weeks (4). 
This study also informed the design of phase III trials (5,6) and 
the development of the SLE Responder Index (SRI) (7). Two piv-
otal phase III trials further demonstrated the efficacy and safety 
of IV belimumab plus SOC therapy for up to 76 weeks (5,6).

To investigate the long- term safety and efficacy of  belimumab 
plus SOC therapy, a continuation study of LBSL02 was con-
ducted. Previous interim analyses from this study have shown 
that belimumab was well tolerated, and disease control was 
 maintained through 7 years (8,9). Herein we report the final analy-
sis of this study, which is currently the longest SLE therapy study 
mea  suring the efficacy and safety of IV belimumab (9), in which 
patients received treatment with belimumab for up to 13 years.

PATIENTS AND METHODS

Study design. The study was designed as a multicenter, 
open- label, continuation study (GlaxoSmithKline study no. 
BEL112626; ClinicalTrials.gov identifier NCT00583362) of IV 
 belimumab administered in conjunction with SOC therapy in 
patients with SLE who had achieved a satisfactory response to 
belimumab in a phase II, double- blind study (for the study design, 
see Supplementary Figure 1, available on the Arthritis & Rheu-
matology web site at http://onlinelibrary.wiley.com/doi/10.1002/
art.40861/abstract) (4). Patients who completed the double- blind 
phase could continue in the open- label, 24- week extension study. 
In the extension, patients who had received placebo switched 
to 10 mg/kg IV belimumab, and those previously receiving 
 belimumab either continued at the same dose (1, 4, or 10 mg/kg) 
or switched to 10 mg/kg, based on their response at the end of 
the double- blind phase.

Patients who completed the extension study, who had an 
improvement in score on the physician’s global assessment 
(PhGA) of disease activity compared with baseline (prior to the 
first dose of belimumab), and who did not develop a severe 
flare (according to the Safety of Estrogens in Lupus Erythe-
matosus National Assessment [SELENA] version of the SLE 
Disease Activity Index [SLEDAI] Flare Index [SFI] [10]) in the 
last 30 days of the extension study were eligible to enter the 
continuation study. The protocol for the continuation study has 
been reported previously (8,9). Briefly, all patients received 10 
mg/kg IV belimumab every 4 weeks until they withdrew from 

the study or the criteria for ending the study were met (which-
ever came first, 10 years from the enrollment of the last patient 
or ≤100 patients participating in the study). To prevent unnec-
essary long- term exposure to belimumab for patients who 
did not benefit from treatment, stopping rules were applied 
(a complete list of the stopping rules is shown in Supplemen-
tary Table 1, available on the Arthritis & Rheumatology web 
site at http://onlinelibrary.wiley.com/doi/10.1002/art.40861/
abstract). Following withdrawal from the study, patients were 
monitored for an additional 24 weeks.

Institutional review board or ethics committee approval was 
obtained for all study sites. All patients gave their informed con-
sent before entering the long- term continuation study (8,9).

Assessments. Safety was monitored from the first dose of 
study treatment until 24 weeks after the final dose, with adverse 
events (AEs) and laboratory data recorded. Clinical laboratory tests 
included hematology, chemistry, routine urinalysis, measurement 
of serum immunoglobulins (IgG, IgA, IgE, and IgM), and antidrug 
antibody testing. These tests were performed every 8 weeks.

Efficacy assessments were conducted periodically and 
included the following: percentage of patients with an SRI response 
(i.e., achievement of the SRI- 4 criteria) (7) (at 16- week intervals), 
disease activity scores on the SELENA- SLEDAI (10) and the Brit-
ish Isles Lupus Assessment Group (BILAG) Index (11) (at 16-week 
intervals), the PhGA (at 8- week intervals), SFI scores of disease 
flare and severe disease flare (at 16- week intervals), change in 
glucocorticoid use (at 4- week intervals), and serologic measure-
ments (including serum levels of complements C3 and C4 and 
autoantibodies) (at 16- week intervals). Glucocorticoid doses are 
reported in prednisone equivalent units. Low disease activity was 
defined as a SELENA- SLEDAI score of ≤2 and a prednisone dose 
of ≤5 mg/day.

Statistical analysis. All data analyses were conducted 
in the modified intent- to- treat population, defined as all patients 
who received at least 1 dose of belimumab in the continuation 
study. No formal statistical hypothesis testing was performed, 
and all analyses were exploratory. All analyses were performed 
using descriptive statistics. Post hoc analyses included AE rates 
(per 100 patient- years) by preferred term, last observation car-
ried forward (LOCF) for SRI response rates among patients who 
withdrew from the study, categorical analyses of SELENA- SLEDAI 
and PhGA disease activity scores, the cumulative time that the 
patients’ prednisone dose was ≤7.5 mg/day, the number of 
patients with low disease activity at each study visit, and determi-
nation of normalization of anti–double- stranded DNA (anti- dsDNA) 
antibody and C3/C4 complement levels.

Baseline data were recorded prior to the first dose of 
 belimumab (in either the parent study or extension study for those 
who previously received placebo). Data analyses were performed 
using SAS software, version 9.4 (SAS Institute).

http://onlinelibrary.wiley.com/doi/10.1002/art.40861/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40861/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40861/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40861/abstract
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RESULTS

Study population and disposition of the patients. 
Patients with SLE (n = 476) were randomized in the parent study 
to receive IV belimumab or placebo, which was added to SOC 
therapy. Of these, 298 patients (62.6%) entered the continuation 
study, of whom 96 (32.2%) remained in the study to the end 
(year 13) (Figure 1A) and 88 (29.7%) remained in the study for 
≥11 years. Total belimumab exposure was 2,294 patient- years. 

The median duration of exposure was 3,334.0 days (range 260–
4,332 days), and the median number of infusions was 115.5 
(range 7–155). Patient self- withdrawal was the most common 
form of withdrawal (Figures 1A and B); the most frequent rea-
sons for this were a desire to become pregnant, and difficulties 
attending the clinic due to location, travel, or time constraints. 
Withdrawal due to lack of efficacy seldom occurred throughout 
the study, with the frequency of withdrawal because of ineffi-

Figure 1. A, Disposition of the patients with systemic lupus erythematosus randomized to receive placebo or belimumab. B, Frequency and 
reasons for withdrawals per study year. Values are the total number (%) of patients who withdrew, based on the number of patients starting 
each study year. mITT = modified intent- to- treat.
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cacy reaching a maximum of 6 patients in year 3. At years 5, 7, 
and 10, the percentages of patients remaining in the study were 
70.1%, 60.1%, and 44.3%, respectively.

Baseline demographics and disease characteristics of the 
patients have been reported previously (8,9). The majority of 
patients were female (93.2%), and the mean ± SD age was 43.0 
± 11.58 years (Table 1). At baseline, the mean ± SD duration 
of SLE was 9.1 ± 7.8 years, the mean ± SD SELENA- SLEDAI 
score was 8.4 ± 4.68. With regard to adjunct therapies, 31.1% 
of patients were receiving >7.5 mg/day prednisone, and 35.5% 
were not receiving glucocorticoids. Among the study patients, 
81.3% were antinuclear antibody positive.

Safety. Adverse events. The percentage of patients reporting 
AEs each year remained stable or decreased throughout the study 
(Table 2; see also Supplementary Table 2 at http://onlinelibrary.wiley.
com/doi/10.1002/art.40861/abstract). The most frequent AEs (≥15.0 
per 100 patient- years) were arthralgia (29.3 per 100 patient- years), 
upper respiratory tract infection (29.0 per 100 patient- years), sinus-
itis (16.9 per 100 patient- years), urinary tract infection (16.2 per 100 
patient- years), and headache (15.0 per 100 patient- years). The rates 
of the most frequent AEs were stable or declined overall from years 1 
to 11 and onward to the study end (see results in Supplementary Table 
3 at http://onlinelibrary.wiley.com/doi/10.1002/art.40861/abstract). 
The most common serious AEs (≥0.5 events per 100 patient- years) 
were pneumonia (0.9 per 100 patient- years), osteoarthritis (deemed a 
serious AE because of the need for hospitalization for elective surgical 
management; 0.8 per 100 patient- years), noncardiac chest pain (0.7 
per 100 patient- years), pyrexia (0.6 per 100 patient- years), cellulitis, 
chronic obstructive pulmonary disease, abdominal pain, viral gastro-
enteritis, and vomiting (each 0.5 per 100 patient- years).

Forty- four patients (14.9%) discontinued treatment with 
belimumab or withdrew from the study because of an AE. The 
AEs that resulted in discontinuation or withdrawal of more than 1 
patient were invasive ductal breast carcinoma (3 patients [1.0%]) 
and hypogammaglobulinemia (2 patients [0.7%]).

The rate of serious infections and infestations remained 
steady from year 1 (3.7 per 100 patient- years) through year 11 
(6.7 per 100 patient- years) (Table  2). The rate of infections of 
special interest was also stable throughout the study (5.1 per 
100 patient- years) (Table 2). The rate of malignant neoplasms, 
excluding nonmelanoma skin cancer, was 0.6 per 100 patient- 
years; no events were reported in years 1, 2, 8, and 11 and 
beyond year 11; the rate of malignant neoplasms was highest 
in year 10 (2.1 per 100 patient- years). There were no cases of 
progressive multifocal leukoencephalopathy (PML) in this study.

The rate of depression was 9.8 per 100 patient- years (237 
events). Six events of suicide/self- injury occurred (0.2 per 100 
patient- years), 4 of which were serious, with 1 resulting in death. 
There were 7 deaths in the study, and 1 during the follow- up 
period. Causes of death were pneumonia (2 patients [1 due 
to an opportunistic infection]), cardiac arrest, coronary artery 

 disease, acute respiratory distress syndrome, respiratory failure, 
retroperitoneal hemorrhage, and suicide.

Clinical and laboratory parameters. Of the hematology pa-
rameters investigated (activated partial thromboplastin time, 
hemoglobin, neutrophil count, platelet count, and prothrombin 
time), the only parameter for which ≥10% of patients had a 

Table  1. Baseline (prior to the first dose of belimumab) 
demographic and clinical characteristics of the 296 patients in the 
study population*

Female, no. (%) 276 (93.2)
Age, mean ± SD years 43.0 ± 11.58
Ethnicity, no. (%)

Hispanic or Latino 54 (18.2)
Not Hispanic or Latino 242 (81.8)

Race, no. (%)
White 215 (72.6)
Black or African American 68 (23.0)
Other 13 (4.4)

Disease duration, mean ± SD years 9.1 ± 7.80
SELENA- SLEDAI

Mean ± SD score 8.4 ± 4.68
Score ≤9, no. (%) 190 (64.2)
Score ≥10, no. (%) 106 (35.8)

BILAG score at least 1A or 2B, no. (%) 168 (56.8)
PhGA score, mean ± SD 1.30 ± 0.571
SFI flare, no. (%)†

Flare score of at least 1 47 (15.9)
Severe flare score of at least 1 9 (3.0)

Glucocorticoids, no. (%)
None 105 (35.5)
≤7.5 mg/day prednisone equivalent dose 99 (33.4)
>7.5 mg/day prednisone equivalent dose 92 (31.1)

Low C3 and/or low C4 serum levels, no. 
(%)‡

135 (46.1)

Anti- dsDNA antibody positive, no. (%)§ 149 (50.3)
ANA titer, no. (%)¶

≥80 208 (81.3)
<80 48 (18.8)

* BILAG = British Isles Lupus Assessment Group (index of disease 
activity); PhGA = physician’s global assessment (of disease activity). 
† For the Safety of Estrogens in Lupus Erythematosus National As-
sessment version of the Systemic Lupus Erythematosus Disease 
Activity Index (SELENA- SLEDAI) Flare Index (SFI), patients who re-
ceived belimumab in the double- blind phase, any time prior to 
study entry, and patients who received placebo in the double- blind 
phase, between the last visit in the double- blind phase and first 
dose of belimumab in the open- label phase, were assessed. 
‡ Low C3 was defined as <90 mg/dl. Low C4 was defined as <16 mg/
dl. Data were available for 293 patients. 
§ Positivity for anti–double- stranded DNA (anti- dsDNA) antibodies 
was defined as serum levels of ≥30 IU/ml. 
¶ Data for antinuclear antibody (ANA) titers were available for 256 
patients. 

http://onlinelibrary.wiley.com/doi/10.1002/art.40861/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40861/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40861/abstract
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grade 3 (severe) or grade 4 (potentially life- threatening) value was 
a low neutrophil count (grade 3 in 15.2% of patients [45 of 296] 
and grade 4 in 2.7% of patients [8 of 296]). Gamma- glutamyl 
transferase was the only chemistry measurement in which >5% 
of patients experienced a grade 3 or grade 4 value (grade 3 in 
5.7% of patients [17 of 296] and grade 4 in 3.0% of patients 
[9 of 296]) (complete results for these parameters are shown 
in Supplementary Table 4, available at http://onlinelibrary.wiley.
com/doi/10.1002/art.40861/abstract). With the exception of the 
protein excretion rate (18 [6.1%] of 296 patients with grade 3 or 
4), fewer than 5% of patients had grade 3 or grade 4 abnormali-
ties in any of the urinalysis components (data not shown).

The percentage of patients with serum levels of IgM, IgG, 
and IgA below the lower limit of normal (LLN) increased during 
the study (Figure 2A). There were 57.4% (170 of 296 patients), 
16.2% (48 of 296 patients), and 13.5% (40 of 296 patients) who 
had IgM, IgG, and IgA levels below the LLN, respectively, at 
more than one visit. No serum IgE levels were below the LLN. 
The majority of patients (65.9% [195 of 296]) had normal serum 
IgG levels throughout the study; 4.1% (12 patients) had grade 
3 IgG values (250–399 mg/dl), and 2.4% (7 patients) had grade 
4 IgG values (<250 mg/dl) (see Supplementary Table 4). Of the 
19 patients who had grade 3 or grade 4 serum IgG values, 17 
(5.7%) had at least a 2- grade shift from baseline.

Although there was a reduction in serum IgG levels during 
the study, the rate of infections (serious and nonserious) remained 
stable over time (Table 2). A post hoc analysis showed that 4 of 19 
patients with grade 3 or grade 4 IgG abnormalities had a severe 
and/or serious infection (viral gastroenteritis, urinary tract infection 
and sepsis, bronchitis, cellulitis) ≤28 days before experiencing the 
grade 3 or grade 4 reduction in serum IgG levels.

Efficacy. As the number of participants declined, the per-
centage of patients who achieved an SRI response increased 
from 32.8% (88 of 268) at year 1, week 16 to 75.6% (68 of 90) 
at year 12, week 32 (Figure 3A). Among patients who withdrew 
from the study and had a SELENA- SLEDAI score of ≥4 at base-
line, 59.8% (110 of 184) were SRI responders (LOCF) at the time 
of withdrawal. The percentage of patients with a ≥4- point reduc-
tion from baseline in the SELENA- SLEDAI score also increased, 
from 33.7% (99 of 294) at year 1, week 16 to 76.7% (69 of 90) 
at year 12, week 32. The percentage of patients achieving a 
SELENA- SLEDAI score of ≤2 increased throughout the study, 
from 8.4% (25 of 296) at baseline to 62.2% (46 of 74) at year 12, 
week 48 (Figure 3B).

The percentage of patients with no new BILAG A organ 
domain score and no more than 1 new BILAG B organ domain 
score compared with baseline increased over time, ranging from 

Figure 2. Changes in biomarkers. A, Percentage of patients with serum immunoglobulin levels below the lower limit of normal, by study 
year. For patients with >1 value reported within a year, the last response within the year is summarized. B, Percentage change from baseline in 
anti–double- stranded DNA autoantibody levels among patients who were positive at baseline. C, Percentage change from baseline in serum C3 
levels among patients who had low C3 (<90 mg/dl) at baseline. D, Percentage change from baseline in serum C4 levels among patients who 
had low C4 (<16 mg/dl) at baseline. W = week; Y = year.
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65.9% (195 of 296) during year 1 to 94.3% (83 of 88) at study 
end (Figure 3C). The percentage of patients with low PhGA dis-
ease activity scores (scores of 0 or 1) increased during the study; 
at all time points, only a few patients had PhGA disease activity 
scores higher than 2.5 (Figure 3D).

Rates of SFI flares and severe SFI flares were 1.1 per 
patient- year and 0.1 per patient- year, respectively. The occur-
rence of flares was highest in year 1 and was consistently low 
throughout the study (Figure 4A).

At baseline, 190 patients (64.5%) were receiving glucocorti-
coids; of these, 25 (13.2%) discontinued glucocorticoids for the 
remainder of the study. The median percentage change from 
baseline in daily prednisone dose was greatest at year 13, week 
24 (88% [range −100 to 33.33%]; n = 16) (Figure  4B). Of the 
patients receiving >7.5 mg/day prednisone at baseline, the per-
centage achieving a dose of ≤7.5 mg/day increased over time 
(Figure 4C) to a maximum of 53.8% (14 of 26 patients) at year 12, 
week 48. Of the 99 of 296 patients receiving ≤7.5 mg/day pred-
nisone at baseline, 23 (23.2%) maintained a dose of ≤7.5 mg/day 
throughout the study. The percentage of patients who had an 

increase in prednisone dose to >7.5 mg/day increased from year 
1, week 8 (3.0% [6 of 200 patients]) to a maximum of 20.4% (11 
of 54 patients) at year 12, week 40 (Figure 4C; see also Supple-
mentary Figure 2 at http://onlinelibrary.wiley.com/doi/10.1002/
art.40861/abstract).

The percentage of patients achieving low disease activity (a 
SELENA- SLEDAI score of ≤2 and prednisone dose ≤5 mg/day) 
increased throughout the study, from 13.9% (41 of 294 patients) 
at year 1, week 16 to a maximum of 57.1% (4 of 7 patients) at year 
13, week 32 (Figure 4D).

Disease activity following withdrawal from the 
study. Following withdrawal from the study, there was little 
change in disease activity at follow- up weeks 8 and 24 (see results 
in Supplementary Table 5, available at http://onlinelibrary.wiley.
com/doi/10.1002/art.40861/abstract). The percentage of patients 
who achieved an SRI response increased slightly from follow- up 
week 8 (61.9% [122 of 197 patients]) to follow- up week 24 (64.0% 
[114 of 178 patients]). However, the percentage of patients who 
developed an SFI flare (week 8, 20.5% [45 of 219 patients]; week 

Figure 3. Treatment response measures and percentage of assessed patients with treatment response, according to achievement of the 
Systemic Lupus Erythematosus (SLE) Responder Index criteria (A), 4 categories of disease activity scores on the Safety of Estrogens in Lupus 
Erythematosus National Assessment (SELENA) version of the SLE Disease Activity Index (SLEDAI) (B), no new British Isles Lupus Assessment 
Group (BILAG) A organ domain score and no more than 1 new BILAG B organ domain score from baseline (C), and 3 categories of scores on 
the physician’s global assessment (PhGA) of disease activity (D). Numbers of patients in A, B, and D are from the final time point of each year. 
W = week; Y = year.
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24, 21.1% [42 of 199 patients]) or a severe SFI flare (week 8, 2.7% 
[6 of 219 patients]; week 24, 3.0% [6 of 199 patients]) remained 
stable between the follow- up time points.

Biomarkers. Anti- dsDNA autoantibody levels decreased in 
the serum of patients who were considered anti- dsDNA positive 
at baseline (Figure 2B), and of the 152 patients with levels above 
the upper limit of normal at baseline, the anti- dsDNA antibody 
 levels returned to normal in 23 patients (15.1%) and remained nor-
mal during the study. Complement levels increased in the serum 
of patients who had low levels at baseline (Figures 2C and D). Of 
the 88 patients with low serum C3 levels and the 116 patients with 
low serum C4 levels at baseline, the levels normalized in 7 patients 
(8.0%) and 14 patients (12.1%), respectively, and remained nor-
mal during the study.

DISCUSSION

This study provides up to 13 years of data on the safety 
and efficacy of belimumab plus SOC therapy for the treatment 
of SLE. That approximately one- third of patients continued to 
receive belimumab for at least 10 years is extraordinary, particu-
larly in light of the rates of adherence to other medications used 
for and studied in SLE (12). Few patients withdrew due to a lack 

of efficacy, and the long- term safety profile of belimumab was 
acceptable.

The rates and nature of AEs were consistent with the known 
safety profile of belimumab (4–6,8,9,13,14), and there was no 
increase in AEs over time. The rate of self- injury/suicide remained 
low throughout this study and was similar to that reported for the 
open- label extension of the phase III studies, which investigated 
the safety of belimumab for up to 6 years in nearly 1,000 patients 
(13). The incidence of death was 2.7% (0.3 per 100 patient- years); 
this compares with a mortality rate of 1.1% reported until year 6 
in the continuation of the phase III studies (13). Other SLE studies 
have reported higher rates of mortality than this study; for exam-
ple, a multinational study of 9,547 patients with an average fol-
low- up of 8.1 years reported a 13.1% incidence of death (15), 
and a study in the US estimated a 10- year mortality rate of 26% 
in patients with SLE compared with 19% in matched controls 
(16). The relatively low incidence of death in the present study is 
likely related to the exclusion of patients with active lupus nephri-
tis or central nervous system disease (4), but the steroid- sparing 
effect and/or lower rate of organ damage accrual associated with 
 belimumab might also be a contributing factor (13,14,17).

Consistent with the findings from previous studies (14), there 
was an increase in the percentage of patients with low serum IgG 
levels; however, the incidence of infections remained stable.

Figure 4. A, Rates of all flares and severe flares according to the Safety of Estrogens in Lupus Erythematosus National Assessment (SELENA) 
version of the Systemic Lupus Erythematosus Disease Activity Index (SLEDAI) Flare Index (SFI). B, Median percentage change in prednisone  
dose from baseline. C, Percentage of patients with a prednisone dose increase from ≤7.5 mg/day or a reduction from >7.5 mg/day. D, Percentage 
of patients with low disease activity, defined as a SELENA- SLEDAI score ≤2 and prednisone dose ≤5 mg/day. pt- y = patient- years; W = week; 
Y = year.
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Sporadic cases of PML have been reported in patients 
with SLE (18), but rarely in those receiving belimumab (19). In 
this study, there were no reported cases of PML; however, the 
study was not powered to assess PML incidence. Although it is 
likely that all immunosuppressants increase the risk of PML in 
patients with SLE (20), this seems to remain a rare event, and 
there is currently no evidence to suggest that belimumab further 
increases the risk.

As patient withdrawals occurred over time, there was an 
increase in the percentage of patients who achieved an SRI 
response. Although it is unlikely that patients with active disease 
might respond better to belimumab after a year or more of not 
responding to treatment, another way to examine response rates 
is to consider the risk of flare in patients who may have already 
responded. The rates of all SFI flares and severe SFI flares were 
highest in the first year of the study; from year 5, the flare rates 
were consistently low, indicating that patients who benefit from 
belimumab can maintain stable disease. Throughout the study, 
those patients remaining had reduced requirements for gluco-
corticoids, and the percentage achieving low disease activity 
increased. Furthermore, patients continued to have serologic 
improvements. These findings support the likelihood of sus-
tained, long- term efficacy of belimumab in patients who respond 
to treatment.

During the 24- week follow- up period after study discontin-
uation, disease activity remained stable, with little change in the 
percentages of the population who achieved an SRI response, 
experienced SFI flares, or had changes in prednisone dose. 
Longer- term studies with controls are required to fully investigate 
the effects of discontinuing belimumab, because many factors 
may affect this, including duration of belimumab exposure, dis-
ease severity at discontinuation, possible selection bias in those 
who returned for follow- up visits, and changes in SOC.

This study had several limitations. Because it was an 
open- label study with no placebo- controlled arm, and the 
SOC therapies varied, no treatment comparison can be made. 
Therefore, the results cannot be unequivocally attributed to 
belimumab.

In the double- blind phase of the study, some patients ini-
tially received lower doses of belimumab before switching to 
the licensed 10 mg/kg dose. In this analysis, the doses were 
pooled, given that there were no significant differences observed 
in the AE profile between the 3 doses in phase II (4). Patients 
had 1 year of acceptable response to treatment with placebo 
or belimumab plus SOC therapy before beginning open- label 
treatment with belimumab; this resulted in patients having 
more stable disease at the time of entering into the continua-
tion study. Baseline for all patients was the assessment prior to 
the first dose of belimumab; therefore, the first year reported for 
this study was double- blind exposure for patients randomized 
to receive belimumab, and open- label exposure for patients 
randomized to receive placebo. Not surprisingly, patients who 

received placebo in the double- blind phase and still qualified as 
stable enough to continue had lower baseline disease activity 
compared with patients who received belimumab throughout 
(data not shown).

Patients who remained in the study were likely to be 
those who responded better or tolerated belimumab better 
than patients who withdrew; hence, the findings may not be 
representative of all patients with SLE. However, the popula-
tion who entered the continuation study had similar baseline 
demographics as that in the double- blind study population 
(4,9). For the large percentage of patients who remained in the 
study (70.1% at 5 years, 60.1% at 7 years, and 44.3% at 10 
years), the results suggest that patients who initially respond 
to belimumab and continue to receive treatment are likely to 
experience long- term benefits with continued or improved dis-
ease control.

In conclusion, this study describes the long- term safety 
and efficacy of belimumab in patients with SLE. It is the longest 
study of belimumab to date, with a high percentage of patients 
receiving treatment for >10 years. This study provides further 
safety and efficacy data that are consistent with the data from 
the phase III long- term extension studies. It will be important to 
investigate the effects of stopping belimumab in patients who 
have achieved stable, long- term low- level disease activity; a 
study (ClinicalTrials.gov identifier NCT02119156) is under way 
to investigate this question.
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Safety and Tolerability of Omalizumab: A Randomized 
Clinical Trial of Humanized Anti- IgE Monoclonal Antibody in 
Systemic Lupus Erythematosus
Sarfaraz Hasni,1  Sarthak Gupta,1 Michael Davis,1 Elaine Poncio,1 Yenealem Temesgen-Oyelakin,1 
Elizabeth Joyal,1 Alice Fike,1 Zerai Manna,1 Sungyoung Auh,2 Yinghui Shi,1 Diana Chan,1 Philip Carlucci,1 
Ann Biehl,3 Barbara Dema,1 Nicolas Charles,1 James E. Balow,2 Meryl Waldman,2 Richard M. Siegel,1  
Mariana J. Kaplan,1 and Juan Rivera1

Objective. Autoreactive IgE antibodies have been implicated in the pathogenesis of systemic lupus erythema-
tosus (SLE). We hypothesize that omalizumab, a monoclonal antibody binding IgE, may improve SLE activity by 
reducing type I interferon (IFN) production by hampering plasmacytoid dendritic cells and basophil activation. This 
study was undertaken to assess the safety, tolerability, and clinical efficacy of omalizumab in mild to moderate SLE.

Methods. Sixteen subjects with SLE and a Systemic Lupus Erythematosus Disease Activity Index 2000 (SLEDAI- 2K) 
score of ≥4 and elevated autoreactive IgE antibody levels were randomized to receive omalizumab or placebo (2:1) for 16 
weeks, followed by 16 weeks of open- label treatment and a 4- week washout period. The SLEDAI- 2K score, British Isles 
Lupus Assessment Group index (BILAG 2004) score, and physician’s global assessment of disease activity were record-
ed at each visit. The type I IFN–induced gene signature was determined using quantitative polymerase chain reaction.

Results. Omalizumab was well tolerated with no allergic reactions, and mostly mild adverse events comparable to 
those experienced with placebo treatment. SLEDAI- 2K scores improved in the omalizumab group compared to the 
placebo group at week 16 (P = 0.038), as well as during the open- label phase in subjects initially receiving placebo (P 
= 0.02). No worsening in BILAG scores or the physician’s global assessment was detected. There was a trend toward 
a reduction in IFN gene signature in subjects treated with omalizumab (P = 0.11), especially in subjects with a high 
baseline IFN signature (P = 0.052).

Conclusion. Our findings indicate that omalizumab is well tolerated in SLE and is associated with improvement 
in disease activity. Larger randomized clinical trials will be needed to assess the efficacy of omalizumab in patients 
with SLE.

INTRODUCTION

The immune system in patients with systemic lupus ery-
thematosus (SLE) is characterized by abnormal activation of 

immune responses and the production of autoantibodies. While 
until recently most of the pathogenic autoantibodies in SLE were 
considered to be of the IgG subclass (1), we recently showed 
that Lyn-  and Fcγ receptor II–deficient mice develop  autoreactive 
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IgE antibodies against anti–double- stranded DNA (dsDNA) as 
well as lupus- like nephritis that is amplified by basophils in an 
IgE- dependent manner (2,3). SLE patients also have serum self- 
reactive IgE and an increased number of activated basophils in 
the lymph nodes and spleens that can activate both T and B lym-
phocytes (2). The presence of IgE antibodies against dsDNA, Sm, 
and SSA was associated with active SLE and hypocomplemen-
temia, suggesting that these autoantibodies may contribute to 
lupus pathogenesis (4,5). Furthermore, IgE autoantibody levels do 
not correlate with total serum IgE levels and show only a modest 
correlation with serum IgG autoantibody levels (5).

Additional studies have found that IgE immune complexes 
(IgE ICs) activate plasmacytoid dendritic cells (pDCs) upon binding 
cell surface Fcε receptors (FcεRI). These ICs induce type I inter-
feron (IFN) production in a Toll- like receptor 9–dependent manner 
(6). When compared to IgG ICs, lower concentrations of IgE ICs 
are required to trigger proinflammatory responses. Hence, IgE ICs 
may be involved in the maintenance and amplification of autoim-
munity in SLE by inducing heightened activation of autoreactive 
immune responses (3,6).

Omalizumab is a humanized IgG1 monoclonal antibody 
against human IgE that blocks the ability of IgE to bind FcεRI. It 
has been approved by the Food and Drug Administration for the 
treatment of asthma and chronic idiopathic urticaria (7,8). It effec-
tively depletes circulating IgE and decreases basophil activation 
(9,10). We hypothesized that depleting IgE autoantibodies with 
omalizumab in SLE patients with elevated levels of autoreactive 
IgE would hamper type I IFN production and reduce autoanti-
body levels, possibly by reducing basophil and pDC activation, 
and could potentially reduce disease activity. Herein we report 
the results of a phase Ib study designed to evaluate the safety 
and  tolerability of omalizumab in SLE. We also assessed clinical 
efficacy and the effects of IgE blockade on the type I IFN gene 
signature.

PATIENTS AND METHODS

Trial design and interventions. The study was approved 
by the Institutional Review Board at the NIH and was conducted 
in accordance with the International Conference on Harmonization 
Good Clinical Practice requirements. The trial was monitored by an 
independent Data Safety Monitoring Committee for ongoing safety 
and predefined stopping rules. Participants were evaluated and all 
data collection occurred at the NIH Clinical Center in Bethesda, 
Maryland. The study was designed to be conducted in 3 phases 
(see Supplementary Figure 1, available on the Arthritis & Rheu-
matology web site at http://onlinelibrary.wiley.com/doi/10.1002/
art.40828/abstract). In the first phase, the double- blind phase, 
subjects were randomized at a 2:1 ratio to receive monthly sub-
cutaneous omalizumab or placebo for 16 weeks. In the second, 
open- label, phase, all subjects received subcutaneous omalizumab 
for 16 weeks. In the third phase, subjects were followed up for an 

additional 4 weeks after stopping the study drug. Subcutaneous 
omalizumab was administered as a 600 mg loading dose followed 
by 300 mg every 4 weeks, based on simulation models created 
from data obtained from previous studies of the use of omalizumab 
in subjects with asthma and healthy volunteers. This dosing reg-
imen can suppress >90% of circulating free IgE and significantly 
down- regulates basophil high- affinity FcεRI along with membrane 
surface IgE (11). The model was qualified as fit for purpose by con-
firming that simulations reproduced experimental data (12).

Participants. Adult patients who were diagnosed as having 
SLE and fulfilled at least 4 of the American College of Rheuma-
tology criteria (13) were eligible to participate. Additional inclusion 
 criteria were increased levels (>2 SD above the mean in healthy 
controls) of IgE anti- dsDNA, anti- Sm, and/or anti- SSA autoan-
tibodies measured by enzyme- linked immunosorbent assay, as 
previously described (2), and moderately active nonrenal, non–
central nervous system lupus, defined as a Systemic Lupus Ery-
thematosus Disease Activity Index 2000 (SLEDAI- 2K) (14)  score 
of 4–14. Subjects were maintained on a regimen of stable back-
ground immunosuppressive agents and prednisone ≤20 mg /day 
or equivalent throughout the study, with the option of a one- time 
intramuscular injection of methylprednisolone for disease flare 
(defined as an increase in SLEDAI- 2K score of ≥5 compared to 
baseline). Any subject who continued to have disease activity 
(defined as an increase in SLEDAI- 2K of >4 compared to study 
entry) despite a one- time intramuscular dose of methylpredniso-
lone was withdrawn from the trial. Subjects were excluded if they 
were taking biologic agents, had a history of asthma, anaphylaxis, 
known or suspected helminthic infection/infestation, weight >105 
kg, total serum IgE level >700 IU/ml, or serum creatinine level 
>2.0 mg/dl (see Supplementary Table 1, available on the Arthri-
tis & Rheumatology web site at http://onlinelibrary.wiley.com/
doi/10.1002/art.40828/abstract).

Clinical end points. Adverse events (AEs) were graded 
according to National Cancer Institute Common Toxicity Criteria 
version 4.0, and the relatedness of AEs to the intervention was 
determined according to predefined criteria. Disease activity 
measures included the SLEDAI- 2K and the British Isles Lupus 
Assessment Group (BILAG) 2004 index (15). Global disease activ-
ity was rated by the physician’s global assessment of disease 
activity. The severity of cutaneous involvement was documented 
on the Cutaneous Lupus Erythematosus Disease Area and Sever-
ity Index (16). A 28- joint count for swelling and tenderness was 
performed as specified by the Disease Activity Score in 28 joints 
(17). Patient- reported outcomes were measured using a visual 
analog scale (VAS), the Multidimensional Assessment of Fatigue 
(MAF) questionnaire (18), and the Short Form 36 (SF- 36) (19).

Assessment of type I IFN gene signature. The IFN gene 
signature was determined using a previously validated 4- gene 

http://onlinelibrary.wiley.com/doi/10.1002/art.40828/abstract
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score by assessing the levels of IFI27, IFI44, IFI44L, and RSAD2 
in whole blood by quantitative polymerase chain reaction (PCR) 
using a TaqMan gene expression assay (ThermoFisher Scientific) 
(20,21). Peripheral blood was drawn by venipuncture into  PAXgene 
Blood RNA tubes (BD Diagnostics) and stored at −20°C. RNA 
was isolated using a PAXgene Blood RNA kit (Qiagen)  following 
the manufacturer’s instructions. Reverse Transcription Supermix 
for quantitative reverse transcriptase–PCR by iScript (Bio- Rad) 
was used to synthesize complementary DNA. GAPDH was used 
as a housekeeping gene to normalize gene expression. The ΔΔCt 
value was calculated by subtracting the mean determined in a 
set of healthy controls (n = 30) for that particular gene. An IFN 
score was calculated as the average of the fold inductions for the 
4 genes. A high IFN score was defined as an IFN gene signature 
>2 SD above the mean in healthy controls.

Statistical analysis. This was a pilot, phase Ib study of 
the tolerability/toxicity of omalizumab. The number of subjects 
enrolled in this study was based primarily on the conventional 
number used in similar studies. Baseline clinical characteristics 
were summarized as the median (interquartile range) for continu-
ous outcomes and as proportions for categorical outcomes, and 
were compared using Wilcoxon’s rank sum test for continuous 
variables and exact chi- square tests for categorical variables. The 
percent change (or difference) from baseline in the outcome of 
interest was calculated at each time point. A linear mixed model 
was used to take into account the correlation among repeated 
measures per subject, in order to assess the difference between 
placebo and omalizumab using either percent changes or differ-
ences. Significant differences between treatment groups obtained 
using a linear mixed model were summarized using estimated 
least squares means with corresponding standard errors. For uni-
variate analysis, placebo and omalizumab were compared using 
Wilcoxon’s rank sum test. All analyses were 2- tailed tests based 
on α = 0.05. Statistical analyses were conducted using SAS ver-
sion 9.4 (SAS Institute).

RESULTS

Subject characteristics. Sixty- two subjects were 
screened, 46 were excluded, and 16 were randomized to 
receive omalizumab (n = 10) or placebo (n = 6) (Figure 1 and 
Supplementary Table 2, available on the Arthritis & Rheuma-
tology web site at http://onlinelibrary.wiley.com/doi/10.1002/
art.40828/abstract). Baseline demographics and disease 
activity were similar in the 2 groups, except that subjects ran-
domized to receive omalizumab had a longer disease duration 
compared to those randomized to receive placebo (P = 0.02), 
and none of the patients in the placebo group were white (Sup-
plementary Table 3, online at http://onlinelibrary.wiley.com/
doi/10.1002/art.40828/abstract). All subjects were receiving 
hydroxychloroquine, and 80% of the subjects were receiving 

prednisone, with an average prednisone dosage of ~7 mg/
day in both groups (Supplementary Table 4, online at http://
onlinelibrary.wiley.com/doi/10.1002/art.40828/abstract).

Safety profile of omalizumab in SLE. Omalizumab 
was well tolerated in patients with SLE. There were no local-
ized or systemic allergic reactions in the double- blind or open- 
label phases. There were 52 AEs in 15 subjects during a period 
of 36 weeks. Most of these AEs (94.2%) were mild or mod-
erate. In the first 16 weeks of treatment, subjects receiving 
 omalizumab experienced 9 AEs, while those receiving placebo 
had 12 AEs (Table 1). No trend of involvement of a particular 
organ system was identified, and there was no significant dif-
ference between the treatment and placebo groups in terms 
of mild to moderate AEs.

Three AEs categorized as serious occurred during the 
study. One subject, while receiving placebo, developed chest 
pain secondary to bronchitis and cough and required overnight 
admission for observation to rule out acute coronary  syndrome. 
Another subject randomized to receive  omalizumab developed 
primary varicella infection at week 18 following exposure to 
chicken pox. This individual had emigrated from West Africa 
to the US, had no evidence of prior immunity against varicella, 
and was receiving azathioprine 2 mg/kg/day. One subject who 
was initially randomized to receive placebo developed pulmo-
nary embolism after starting the open- label phase of the study at 
week 16. The subject was negative for antiphospholipid antibod-

Figure  1. Flow diagram showing the distribution of patients 
through the enrollment, intervention allocation, and data analysis 
phases. Details are given according to the Consolidated Standards 
of Reporting Trials (CONSORT) statement for reporting randomized 
controlled trials. SLE = systemic lupus erythematosus.
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ies and other genetic or acquired risk factors for thromboem-
bolic events, raising the possibility of this event being related to 
omalizumab. One patient was  withdrawn from the study by the 
investigators after randomization, since her underlying interstitial 
lung disease was considered an unacceptable risk for a phase 
I safety study. Another patient with a history of lupus nephritis 
was withdrawn at week 28 since she met the withdrawal criteria 
of >50% worsening of proteinuria (the protein- to- creatinine ratio 
increased from a baseline level of 0.6 mg/mg to 1.5 mg/mg).

Changes in SLE disease activity during the study. 
At week 16, there was improvement in SLEDAI- 2K scores in the 
 omalizumab group compared to the placebo group (P = 0.038) 
 (Figure 2). This improvement was maintained until the end of the 
treatment period (week 32), with a trend toward worsening SLE-
DAI- 2K scores (P = 0.54) after 4 weeks off drug (Supplementary 
Figure 2, available on the Arthritis & Rheumatology web site at http://
onlinelibrary.wiley.com/doi/10.1002/art.40828/abstract). In the 
group of 5 subjects assigned to receive placebo during the first 16 
weeks of the trial, disease severity as measured by the SLEDAI- 2K 
score improved after subjects subsequently received omalizumab 
for 16 weeks during the open- label phase (P = 0.02). While changes 
in the  SLEDAI- 2K score were statistically significant, the average 
reduction of 2 points may not be clinically meaningful (Supplemen-
tary Table 5, online at http://onlinelibrary.wiley.com/doi/10.1002/
art.40828/abstract). The improvements in the SLEDAI- 2K score 
were mainly in the arthritis, rash, and serologic domains.

The composite response criteria of the Systemic Lupus Erythe-
matosus Responder Index 4 (SRI- 4) (22)  was achieved in 3 subjects. 
Two subjects randomized to receive omalizumab achieved SRI- 4 at 
week 16 and maintained it at week 32, while 1 subject receiving 
placebo during the first 16 weeks met the SRI- 4 criteria at week 32, 
after open- label treatment. No significant changes were observed 
in the patient- reported outcomes SF- 36 and MAF. No new BILAG 
A scores or worsening of physician’s global assessment were 
observed during the study. Disease activity as marked by subjects 
on a VAS remained stable in the omalizumab group (Supplemen-
tary Figure 3, online at http://onlinelibrary.wiley.com/doi/10.1002/
art.40828/abstract). Steroid taper or withdrawal of immunosuppres-
sive medications was not attempted during the study.

Laboratory findings indicating SLE disease activity (IgG anti- 
dsDNA and C3 and C4 levels) remained stable throughout the 
intervention and washout phases (Supplementary Figures 4–6, 
online at http://onlinelibrary.wiley.com/doi/10.1002/art.40828/
abstract). As expected due to measurement of circulating drug 
IgE complexes, median total serum IgE levels increased after start-
ing omalizumab both in subjects who were initially randomized to 
receive omalizumab and in subjects who were initially randomized 
to receive placebo and then started receiving omalizumab during 
the open- label phase (23). 

Table 1. AEs experienced by SLE patients receiving omalizumab 
or placebo during the double- blind phase (day 0 to week 16)*

Body system
Omalizumab 

(n = 10)
Placebo 
(n = 5)

Total 
(n = 15)

Blood and lymphatic 
system disorders

Mild 0 (0.0) 2 (16.7) 2 (9.5)
Moderate 0 (0.0) 2 (16.7) 2 (9.5)

Eye disorders
Mild 0 (0.0) 0 (0.0) 0 (0.0)
Moderate 0 (0.0) 1 (8.3) 1 (4.7)

Gastrointestinal 
disorders

Mild 0 (0.0) 0 (0.0) 0 (0.0)
Moderate 1 (11.1) 0 (0.0) 1 (4.7)

Infections and 
infestations

Mild 0 (0.0) 0 (0.0) 0 (0.0)
Moderate 2 (22.2) 0 (0.0) 2 (9.5)

Investigations
Mild 2 (22.2) 1 (8.3) 3 (14.3)
Moderate 0 (0.0) 0 (0.0) 0 (0.0)

Musculoskeletal 
disorders

Mild 0 (0.0) 2 (16.7) 2 (9.5)
Moderate 0 (0.0) 0 (0.0) 0 (0.0)

Nervous system 
disorders

Mild 1 (11.1) 0 (0.0) 1 (4.7)
Moderate 0 (0.0) 0 (0.0) 0 (0.0)

Renal and urinary 
disorders

Mild 0 (0.0) 0 (0.0) 0 (0.0)
Moderate 1 (11.1) 1 (8.3) 2 (9.5)

Respiratory 
disorders

Mild 1 (11.1) 2 (16.7) 3 (14.3)
Moderate 0 (0.0) 0 (0.0) 0 (0.0)

Skin disorders
Mild 1 (11.1) 0 (0.0) 1 (4.7)
Moderate 0 (0.0) 0 (0.0) 0 (0.0)

Vascular disorders
Mild 0 (0.0) 0 (0.0) 0 (0.0)
Moderate 0 (0.0) 1 (8.3) 1 (4.7)

Total
Mild 5 (55.6) 7 (58.3) 12 (57.1)
Moderate 4 (44.4) 5 (41.7) 9 (42.9)

* Values are the number (%) of total adverse events (AEs) in each 
treatment group. AEs were graded according to the National Can-
cer Institute Common Toxicity Criteria Version 4.0. SLE = systemic 
lupus erythematosus. 
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Effects of omalizumab on IFN gene signature. Subjects 
receiving omalizumab showed a trend toward improvement in IFN 
gene signature during the first 16 weeks of therapy (P = 0.11 ver-
sus week 0) (Supplementary Figure 7, online at http://onlinelibrary.
wiley.com/doi/10.1002/art.40828/abstract). This difference was 
more pronounced in subjects who had a high IFN gene signature at 
baseline (P = 0.052 for week 16 versus week 0) (Supplementary Fig-
ure 8, online at http://onlinelibrary.wiley.com/doi/10.1002/art.40828/
abstract). This suggests that omalizumab may modulate type I IFN 
pathways by blocking self- reactive IgE, and is consistent with previ-
ous reports of stimulation of type I IFN in pDCs by IgE ICs (6).

DISCUSSION

The identification of IgE autoantibodies and their role in baso-
phil activation in animal models and in human SLE has revealed a 
new pathway potentially involved in SLE pathogenesis (2,5). In this 
proof- of- concept study, omalizumab, a humanized IgG1 mono-
clonal antibody against human IgE, was tested for the first time as 
an add- on therapy in SLE. Potential advantages of omalizumab 
in SLE include a side effect profile different from that of immuno-
suppressive drugs and a convenient once a month subcutaneous 
administration schedule. We have previously demonstrated the 
presence of IgE autoantibodies in >70% of SLE patients; hence, 
omalizumab as an add- on therapy to standard of care may be 
applicable to a large subset of SLE patients (5).

In this pilot clinical trial, omalizumab was well tolerated with 
no immediate or delayed allergic reactions. Statistically signifi-
cant improvement in disease activity after 16 weeks or 32 weeks 

of omalizumab treatment was indicated by the change from 
baseline in SLEDAI- 2K score, but not by other measures of clin-
ical activity. The proportion of SRI- 4 responders was low when 
compared to what has been reported in other larger clinical tri-
als. This is probably due to the small sample size in the pres-
ent study and the overall mild disease activity at enrollment. In 
addition, the absolute change in the SLEDAI- 2K score was ~2, 
which is below what is usually considered a clinically minimally 
important change (24,25). There was no worsening in patient- 
reported outcomes while subjects were receiving omalizumab.

A 5- year observational study of omalizumab in subjects 
with asthma has suggested a potential increased risk of serious 
 cardiovascular and cerebrovascular events (23). In the present 
study, one subject developed pulmonary embolism after receiving 
the first dose of omalizumab. This raises the concern of whether 
the event was related to omalizumab or due to the increased 
background risk of thromboembolic events in patients with SLE. 
Given that cardiovascular risk is enhanced in SLE (26), future stud-
ies of omalizumab in SLE should include markers of vascular risk 
and assessments of vascular dysfunction.

This study is the first to show that omalizumab reduces the 
IFN gene signature, especially in SLE patients with a high IFN 
gene signature at baseline. This suggests that the mechanism of 
action of this drug in SLE may be at least in part through abroga-
tion of dysregulated IFN pathways. In future studies, other bio-
markers potentially involved in this pathway, such as CD62L and 
Th2 cytokines, should be measured.

Our study has several limitations. Importantly, we  studied 
a small number of patients with mild clinical disease with no 

Figure  2. Systemic Lupus Erythematosus Disease Activity Index 2000 (SLEDAI- 2K) scores for patients receiving placebo and patients 
receiving omalizumab (OMZ) during the double- blind phase (weeks 0–16). Values are the median and interquartile range. * = P = 0.038.

http://onlinelibrary.wiley.com/doi/10.1002/art.40828/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40828/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40828/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40828/abstract


HASNI ET AL 1140       |

 organ- threatening manifestations. The safety data from this study 
need to be confirmed in a larger cohort with more active disease, 
by excluding subjects with an elevated risk of thromboembolic 
events. This exploratory study was not powered for efficacy, and 
a larger sample size will be needed to ascertain if omalizumab 
has potential to treat a selected subset of patients with SLE and 
high levels of anti- IgE antibodies. The mechanism of action of 
omalizumab in SLE also needs to be better defined through addi-
tional mechanistic studies controlling for intertest variability.

This is the first trial to test the safety and potential efficacy of 
blocking IgE autoantibodies as a novel nonimmunosuppressive 
treatment of SLE. The results from this exploratory study need 
to be confirmed in future larger studies adequately powered to 
measure efficacy.
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B R I E F  R E P O R T

Comparative Fracture Risks Among United States 
Medicaid Enrollees With and Those Without  
Systemic Lupus Erythematosus
Sara K. Tedeschi,1 Seoyoung C. Kim,1  Hongshu Guan,1 Jennifer M. Grossman,2 and Karen H. Costenbader1

Objective. Poor bone health is common in systemic lupus erythematosus (SLE) patients. This study was under-
taken to evaluate fracture risks among low- income SLE and lupus nephritis patients compared to those without SLE.

Methods. We performed a cohort study among SLE patients for whom there were Medicaid claims in 2007–2010, 
and age-  and sex- matched non- SLE comparators. SLE was defined by the presence of ≥3 International Classification 
of Diseases, Ninth Revision codes for SLE. Patients with lupus nephritis additionally had ≥2 codes for renal disease. 
The primary outcome measure was fracture of the pelvis, wrist, hip, or humerus. Demographics, prescriptions, and 
comorbidities were assessed during the 180- day baseline period. We calculated fracture incidence rates and 95% 
confidence intervals (95% CIs) in SLE, lupus nephritis, and non- SLE comparator cohorts, and estimated adjusted 
hazard ratios (HRs) for fractures. Sensitivity analyses evaluated the impact of glucocorticoids and comorbidities. We 
compared subsets of SLE patients with and those without lupus nephritis.

Results. Among 47,709 SLE patients (19.8% with lupus nephritis) matched to 190,836 non- SLE compara-
tors, the mean age was 41.4 years and 92.6% were female. The fracture incidence rate was highest among SLE 
patients with lupus nephritis (4.60 per 1,000 person- years). SLE patients had 2- fold higher fracture risks than 
matched comparators (HR 2.09 [95% CI 1.85–2.37]; P < 0.01). Lupus nephritis patients had the greatest fracture 
risks versus matched comparators (HR 3.06 [95% CI 2.24–4.17]; P < 0.01), and had a 1.6 times higher fracture risk 
than SLE patients without nephritis (HR 1.58 [95% CI 1.20–2.07]; P < 0.01). Adjustment for glucocorticoid use and 
comorbidities slightly  attenuated risks.

Conclusion. Fracture risks were increased in SLE patients, particularly those with lupus nephritis, compared 
to matched non- SLE Medicaid recipients. Increased risks persisted after adjustment for baseline glucocorticoid 
 treatment and comorbidities.

INTRODUCTION

Poor bone health may occur in systemic lupus erythematosus 
(SLE) patients for several reasons. High circulating levels of inflam-
matory cytokines stimulate bone resorption, and greater SLE activ-
ity has been associated with low bone mineral density (BMD) (1). 
The adverse effects of glucocorticoids on bone health are widely 
recognized (2–5). Both the cumulative dose and the daily dose 

of glucocorticoids have been associated with low BMD. Patients 
with lupus nephritis may be at particularly high risk of fracture due 
to secondary or tertiary hyperparathyroidism and vitamin D defi-
ciency. SLE typically affects premenopausal women who may be 
at disproportionately high risk of fracture due to these factors (6).

Few large cohort studies have compared fracture risks 
between SLE patients and age-  and sex- matched individuals  (4–7). 
Fracture risks among racially and ethnically diverse, low- income SLE 
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patients—who are at particularly high risk of SLE complications—
have not been investigated. Patients with lupus nephritis are likely at 
increased fracture risk, but have not been well studied (8). We deter-
mined fracture incidence rates within a large cohort of low- income 
patients with SLE and lupus nephritis, compared relative risks for 
fracture versus matched comparators, and evaluated subgroups of 
SLE patients with and those without lupus nephritis and by age.

PATIENTS AND METHODS

Data source and study design. We performed a cohort 
study to evaluate fracture incidence rates and relative risks using 
claims data for adults ages 18–65 years enrolled in Medicaid. 
Medicaid is the US public health insurance program that covers 
more than 70 million low- income, racially and ethnically diverse 
individuals. Claims data were obtained from the Medicaid Ana-
lytic eXtract (MAX) for 2007–2010, provided as billing claims from 
the 29 most populated states. Data were obtained through a 
data use agreement with the Centers for Medicare and Medicaid 
Services providing access to 2007–2010 claims data. Results 
are presented according to federal data reporting standards (cell 
sizes <11 are suppressed).

SLE cohort. We identified a prevalent SLE cohort defined by 
≥3 International Classification of Diseases, Ninth Revision (ICD- 9) 
codes for SLE (710.0) ≥30 days apart, as in prior studies (9–12). 
Among SLE patients, lupus nephritis was defined by ≥2 ICD- 9 
codes for nephritis, proteinuria, and/or renal failure ≥30 days apart, 
on or after the SLE definition (11–13). The index date was the date 
the definition of SLE or lupus nephritis was fulfilled. In the event 
that all required codes occurred within <180 days, the next SLE 
or nephritis code occurring after 180 days defined the index date.

Non- SLE comparator cohort. The comparator cohort 
included Medicaid recipients with no ICD- 9 codes for SLE dur-
ing the baseline period, matched 4:1 to SLE patients by index 
date, age (±1 year), and sex. The index date for non- SLE com-
parators was the date of a claim ±30 days of the index date for 
matched SLE patients.

Baseline and follow- up periods. We required a base-
line period of 180 days prior to and including the index date 
for all subjects. Follow- up started the day after the index date 
and ended with the first fracture event, Medicaid disenrollment, 
death, or the end of the study period (December 31, 2010). We 
excluded patients with fracture during baseline.

Assessment of fracture events. Pelvic, wrist, hip, and 
humeral fractures were defined by a claims- based algorithm using 
diagnosis and procedure codes (positive predictive value [PPV] 
>90% for each fracture site) (14). We did not include vertebral frac-
tures due to the poor performance of a claims- based algorithm for 

vertebral fractures (PPV <50%) (15). The primary outcome mea-
sure was the first occurrence of any fracture at any of these sites. 
The first fracture at each of the individual sites noted above was a 
secondary outcome measure.

Covariates. Demographic features, medications, and 
comorbidities were assessed during the 180- day baseline period, 
and age was assessed at the index date. The US Census Bureau 
median household income by ZIP code was assessed as a marker 
of socioeconomic status. Race/ethnicity was categorized as white, 
African American, Hispanic, or Other (Asian, Native American, or 
Other). Prescription claims for hydroxychloroquine, azathioprine, 
mycophenolate mofetil, cyclophosphamide, cyclosporine, tacroli-
mus, leflunomide, methotrexate, or rituximab were treated as binary 
(ever versus never during baseline). Mean oral and intravenous 
glucocorticoid dose during baseline was calculated in prednisone 
equivalents using filled prescription claims, categorized as none (0 
mg/day), low dose (mean prednisone equivalent >0 to <7.5 mg/
day), or high dose (mean prednisone equivalent ≥7.5 mg/day) (16). 
The Charlson- Deyo Comorbidity Index indicated the presence/
absence of claims for 17 conditions including rheumatic illness, 
renal disease, and malignancy. We defined end- stage renal disease 
as ≥1 visit with an ICD- 9 code of 585.6 during baseline.

Statistical analysis. We calculated crude fracture inci-
dence rates and 95% confidence intervals (95% CIs) in the SLE, 
lupus nephritis, and non- SLE comparator cohorts using Poisson 
models. The proportional hazards assumption was tested using 
Schoenfeld residuals. Multivariable Cox regression models were 
used to estimate hazard ratios (HRs) and 95% CIs for any fracture 
and for fractures at each anatomic site, adjusting for age, sex, 
and race/ethnicity. Sensitivity analyses were used to evaluate the 
impact of baseline glucocorticoid use on relative fracture risks and 
adjusted for the Charlson- Deyo Comorbidity Index.

In secondary analyses, we evaluated fracture risks among 
patients with and those without lupus nephritis. We compared 
fracture risks in patients with lupus nephritis versus matched non- 
SLE comparators, and then compared SLE patients with and 
those without lupus nephritis. Fracture risks were compared in 
SLE patients without lupus nephritis versus matched non- SLE 
comparators. We also stratified the SLE and non- SLE cohorts by 
age (<50 versus ≥50 years) to compare fracture risks in younger 
patients versus older patients (7).

Analyses were performed using SAS 9.4 software. P values 
less than 0.05 were considered significant. The Partners Health-
Care Institutional Review Board approved all aspects of the study, 
and formal consent was not required.

RESULTS

We identified 47,709 SLE patients matched to 190,836 non- 
SLE comparators. Lupus nephritis was present in 9,449 patients 
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in the SLE cohort (19.8%). Baseline characteristics are summa-
rized in Table 1. The mean age in both cohorts was 41.4 years and 
92.6% were female. The proportion of African American patients 
was higher in the SLE cohort. Glucocorticoid treatment was 
uncommon among non- SLE comparators (5.7%), while 41.2% of 
SLE patients were prescribed glucocorticoids. Less than half of the 
SLE cohort was prescribed hydroxychloroquine.  Bisphosphonate 

prescriptions were very rare and were more frequently prescribed 
to SLE patients (5.8%) than age-  and sex- matched non- SLE 

comparators (0.7%).

Fracture incidence rates. Among SLE patients, the 
incidence rate for any fracture was 4.32 per 1,000 person- 
years (Table 2). The incidence rate was slightly higher among 

Table 1. Baseline characteristics of the systemic lupus erythematosus (SLE) and non- SLE cohorts, 2007–2010*

SLE 
(n = 47,709)

Non- SLE comparator 
(n = 190,836)

Age at index date, mean ± SD years† 41.4 ± 12.3 41.4 ± 12.3
Female sex† 92.6 92.6
Median household income by ZIP code,  

mean ± SD US dollars
45,322 ± 16,931 47,581 ± 17,278

Race/ethnicity
White 34.7 46.4
African American 42.5 22.1
Hispanic 16.1 24.4
Other‡ 6.8 7.2

Mean prednisone equivalent, mg/day
0 58.8 94.3
>0 to <7.5 28.6 5.3
≥7.5 12.6 0.4

Hydroxychloroquine use 35.7 0.2
Immunosuppressant use§ 19.6 0.5
Bisphosphonate use 5.8 0.7
Charlson- Deyo Comorbidity Index, mean ± SD 2.0 ± 1.5 0.5 ± 1.3
End- stage renal disease 5.4 0.6

* Except where indicated otherwise, values are the percent. 
† Cohorts were matched for age and sex. 
‡ Asian, Native American, or Other. 
§ Azathioprine, mycophenolate, cyclophosphamide, cyclosporine, tacrolimus, leflunomide, methotrexate, or rituximab. 

Table 2. Fracture events and incidence rates in adult Medicaid enrollees with SLE, those with lupus nephritis, and non- SLE comparator subjects*

SLE cohort 
(n = 47,709)

Lupus nephritis cohort 
(n = 9,449)

Non- SLE comparator cohort 
(n = 190,836)

Fractures
Person- 

years IR (95% CI)† Fractures
Person- 

years IR (95% CI)† Fractures
Person- 

years IR (95% CI)†

Any 
fracture‡

381 88,295 4.32 
(3.91–4.78)

68 14,773 4.60 
(3.63–5.83)

734 305,316 2.40 
(2.23–2.58)

Pelvis 152 88,576 1.72 (1.47–2.02) 33 14,814 2.23 
(1.59–3.14)

220 305,949 0.72 
(0.63–0.82)

Wrist 122 88,630 1.38 (1.16–1.65) 17 14,833 1.15 (0.71–1.85) 317 305,787 1.04 (0.93–1.16)
Hip 67 88,693 0.76 

(0.60–0.97)
12 14,838 0.81 

(0.46–1.43)
85  306,106 0.28 

(0.23–0.35)
Humerus 59 88,709 0.67 

(0.52–0.86)
NR NR NR 138 306,045 0.45 

(0.38–0.53)

* SLE = systemic lupus erythematosus; IR = incidence rate; 95% CI = 95% confidence interval; NR = not reported per Centers for Medicare and 
Medicaid Services requirements, due to <11 humerus fractures. 
† Per 1,000 person- years. 
‡ Any fracture includes fracture of the pelvis, wrist, hip, or humerus. 
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the subset of SLE patients with lupus nephritis (4.60 per 1,000 
person- years). Non- SLE patients had a lower incidence rate 
for any fracture (2.40 per 1,000 person- years). Pelvic frac-
tures were the most frequent fracture type in SLE patients, 
with an incidence rate of 1.72 per 1,000 person- years, and 
were more frequent in the subset with lupus nephritis (2.23 
per 1,000 person- years). Wrist fractures were the most com-
mon fracture type in non- SLE comparators (1.04 per 100,000 

person- years).

Comparative fracture risks. SLE patients had 2- fold 
higher fracture risks than age-  and sex- matched non- SLE com-
parators (HR 2.09 [95% CI 1.85–2.37]) (Table 3). Fracture risks 
were slightly attenuated after additional adjustment for base-
line glucocorticoid treatment (HR 1.78 [95% CI 1.55–2.05]) and 
comorbidities (HR 1.74 [95% CI 1.53–1.99]). SLE patients were at 
particularly high risk for hip fracture (HR 3.22 [95% CI 2.33–4.46]) 
and pelvic fracture (HR 2.63 [95% CI 2.13–3.24]) compared to 
non- SLE individuals. Risk for humerus fracture (HR 1.82 [95% CI 
1.34–2.47]) and wrist fracture (HR 1.57 [95% CI 1.27–1.94]) were 

also increased in SLE patients versus non- SLE comparators. SLE 
patients without lupus nephritis had a 1.9 times greater risk for any 

fracture than matched non-SLE comparators.
Fracture risks were greatest in the subset of SLE patients with 

lupus nephritis. Lupus nephritis patients had a 3- fold increased 
fracture risk compared to matched non- SLE patients (HR 3.06 
[95% CI 2.24–4.17]) (Table 3). SLE patients with lupus nephritis 
had a 1.6 times greater risk for fracture (HR 1.58 [95% CI 1.20–
2.07]) than SLE patients without lupus nephritis. Adjustment for 
baseline glucocorticoid treatment and  comorbidities mildly atten-
uated this risk.

Younger SLE patients had 2.3 times higher fracture risks 
compared to younger non- SLE subjects (HR 2.28 [95% CI 1.90–
2.74]) (Table  3). Comparative fracture risk in SLE patients was 
attenuated, but remained 2- fold higher, after adjustment for base-
line glucocorticoid treatment and comorbidities. Among patients 
≥50 years of age, SLE was also associated with a 2- fold increased 
fracture risk (HR 1.92 [95% CI 1.61–2.28]). This risk was mildly 
attenuated after adjustment for baseline  glucocorticoid treatment 
and comorbidities.

Table  3. Multivariable hazard ratios (with 95% confidence interval) for any fracture among adult Medicaid enrollees with systemic lupus 
erythematosus (SLE) overall and among those with or those without lupus nephritis

Model 1 
(adjusted for age, sex, race/

ethnicity)*

Model 2 
(adjusted for glucocorticoid  

treatment)†
Model 3 

(adjusted for comorbidities)‡

SLE
SLE cohort (n = 47,709) 2.09 (1.85–2.37) 1.78 (1.55–2.05) 1.74 (1.53–1.99)
Non- SLE comparator cohort  

(n = 190,836)
1.00 (referent) 1.00 (referent) 1.00 (referent)

SLE without lupus nephritis  
(n = 38,260)

1.88 (1.63–2.17) 1.63 (1.39–1.91) 1.60 (1.38–1.86)

Matched non- SLE comparators  
(n = 153,040)

1.00 (referent) 1.00 (referent) 1.00 (referent)

Lupus nephritis
Lupus nephritis cohort (n = 9,449) 3.06 (2.24–4.17) 2.61 (1.83–3.74) 2.33 (1.59–3.40)
Matched non- SLE comparators  

(n = 37,796)
1.00 (referent) 1.00 (referent) 1.00 (referent)

Lupus nephritis cohort (n = 9,449) 1.58 (1.20–2.07) 1.50 (1.14–1.97) 1.30 (0.97–1.74)
SLE without lupus nephritis  

(n = 38,260)
1.00 (referent) 1.00 (referent) 1.00 (referent)

Age <50 years
SLE cohort (n = 34,274) 2.28 (1.90–2.74) 1.74 (1.40–2.15) 1.97 (1.61–2.41)
Non- SLE comparator cohort  

(n = 137,083)
1.00 (referent) 1.00 (referent) 1.00 (referent)

Age ≥50 years
SLE cohort (n = 13,435) 1.92 (1.61–2.28) 1.78 (1.48–2.15) 1.60 (1.34–1.92)
Non- SLE comparator cohort  

(n = 53,753)
1.00 (referent) 1.00 (referent) 1.00 (referent)

* All hazard ratios shown were significant (P < 0.01) versus the referent. 
† Adjusted as in model 1 and additionally for baseline prednisone equivalent dose (none, >0 to <7.5 mg/day, ≥7.5 mg/day). All hazard ratios 
shown were significant (P < 0.01) versus the referent. 
‡ Adjusted as in model 1, and additionally for Charlson- Deyo Comorbidity Index. Except for lupus nephritis cohort versus SLE without nephri-
tis, all hazard ratios shown were significant (P < 0.01) versus the referent. 
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DISCUSSION

Among more than 47,000 racially and ethnically diverse SLE 
patients compared to age-  and sex- matched non- SLE compara-
tors enrolled in Medicaid, we identified a 2- fold higher fracture risk. 
Fracture risks were particularly increased among SLE patients with 
lupus nephritis, with a 3- fold increased risk compared to matched 
non- SLE comparators and a 1.6- fold increased risk compared 
to SLE patients without lupus nephritis. Adjustment for gluco-
corticoid treatment slightly attenuated fracture risks among SLE 
patients, consistent with prior literature on the detrimental effects 
of glucocorticoids on bone health. SLE was associated with a 2.3- 
fold elevated fracture risk among younger patients and a 1.9- fold 
elevated fracture risk among older patients.

We identified lupus nephritis patients as a particularly at- risk 
group for fracture, especially pelvic fracture. Even after adjustment 
for glucocorticoid treatment and comorbidities (including renal dis-
ease), lupus nephritis patients had an ~2.5- fold increased fracture 
risk compared to non- SLE patients and a 1.6 times higher fracture 
risk compared to SLE patients without lupus nephritis. The risk 
was essentially unchanged after adjustment for baseline glucocor-
ticoid treatment. Adjustment for the Charlson- Deyo Comorbidity 
Index, which includes renal disease, attenuated fracture risks in 
patients with lupus nephritis, reflecting the role of renal disease in 
fracture risk.

SLE patients who receive Medicaid had a higher relative risk 
of incident fracture compared to that observed in previous large 
studies. Wang et al studied incident hip fractures among ~14,500 
Taiwanese SLE patients and ~14,500 non- SLE patients, with a 
mean age of 38 years (7). The hip fracture incidence rate was 0.86 
per 1,000 person- years, similar to our estimate of 0.76 per 1,000 
person- years. According to the study by Wang and colleagues, 
SLE patients had 2 times the risk of hip fracture compared to 
non- SLE patients (incidence rate ratio [IRR] 2.23), whereas we 
detected a 3- fold greater risk for hip fracture. They identified a 
6- fold higher risk of hip fracture in SLE patients younger than 50 
years of age compared to age- matched non- SLE comparators, 
with a wide confidence interval (IRR 6.29 [95% CI 2.36–21.03]). 
In our study, SLE patients younger than 50 years of age had 2.3 
times the risk of hip fracture compared to age- matched non- SLE 
comparators, higher than the 1.9- fold relative risk among older 
SLE patients. Bultink et  al studied incident fractures in ~4,000 
SLE patients and ~21,000 matched comparators (mean age 46 
years), seen in general practice clinics in the UK (4). The incidence 
rate for fractures of the spine, hip, forearm, or humerus was 15.5 
per 1,000 person- years, higher than our observed incidence 
rate (4.32 per 1,000 person- years), but our composite outcome 
mea sure did not include spinal fractures and did include pelvic 
 fractures. SLE patients from the UK had a 58% higher risk for frac-
ture than comparators (age-  and sex- adjusted relative risk [RR] 
1.58 [95% CI 1.41–1.76]). Adjustment for past fracture and use of 
glucocorticoids, hydroxychloroquine, calcium/vitamin D supple-

ments,  benzodiazepines, and proton pump inhibitors attenuated 
the RR (1.22 [95% CI 1.05–1.42]).

Differences in study populations and methodology may 
explain the slightly higher fracture risks that we observed com-
pared to prior studies. Suboptimal SLE treatment among Med-
icaid enrollees and poor outcomes in this population, as shown 
in prior work, may have contributed to increased fracture risks 
(11,12). More than 40% of SLE patients in our study were treated 
with glucocorticoids during the baseline period, and fewer than 
half were treated with hydroxychloroquine, a mainstay of SLE 
treatment. Based on these practice patterns, it is possible that 
SLE patients in our cohort had worse bone health due to SLE itself 
or as a consequence of glucocorticoid treatment. The proportion 
of subjects of African American race was higher in our SLE cohort 
than in the non- SLE cohort, and African American race was asso-
ciated with lower fracture risk in multivariable models (data not 
shown). We chose to include race in our final models because it 
was an important confounder of fracture risk. In contrast to the 
study by Bultink et  al, we did not include spinal (i.e., vertebral) 
fractures as these are frequently asymptomatic and difficult to 
detect accurately using claims data (15). We also elected not to 
include SLE medications in our primary multivariable model. Non- 
SLE patients were infrequently treated with glucocorticoids and 
hydroxychloroquine, and we considered these treatments to be 
indicators of SLE as well as potential mediators of fracture risk. 
Adjustment for treatments that were more frequently prescribed 
to SLE patients than to non- SLE patients likely attenuated fracture 
risk estimates among SLE patients in the UK.

The American College of Rheumatology has published 
guidelines for prevention of glucocorticoid- induced osteoporo-
sis, recommending bisphosphonates for patients receiving long- 
term glucocorticoid treatment and at moderate or high risk for 
 fracture (16,17). However, renal disease often contraindicates 
 preventive treatment with bisphosphonates. In our study 
population,  bisphosphonate treatment was infrequent among 
SLE and non- SLE patients, and it was unclear whether it would 
be associated with lower fracture risk due to its biologic effect, or 
higher fracture risk due to confounding by indication (e.g., pref-
erential prescribing to patients perceived to be at highest frac-
ture risk). Therefore, we did not include bisphosphonates in our 
models.

We performed this analysis using Medicaid billing data, 
which have limitations. We were unable to assess history of 
fracture or covariates prior to the 180- day baseline period. 
We were also unable to adjust for lifetime exposure to gluco-
corticoid treatment prior to the index date, potentially leading 
to underestimation of relative risks. Additionally, medication 
claims data may not reflect the medications or doses patients 
actually take. For example, patients may have taken glucocor-
ticoids at a different dosage and/or frequency than prescribed 
at baseline. The fracture algorithm required only a code for 
pelvic fracture at only 1 visit, which may have overestimated 
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pelvic fracture rates in both SLE and non- SLE cohorts (14). 
We were unable to adjust for calcium and vitamin D intake 
due to concern about poor ascertainment, as these are often 
purchased over- the- counter, nor were we able to adjust for 
frailty, physical activity, and body mass index. We did not 
have access to bone density measurements, so we could not 
determine if these were osteoporotic fractures. However, we 
did include anatomic sites that are typical for low- trauma frac-
tures. Our SLE and lupus nephritis cohorts included patients 
with prevalent disease, and we were unable to determine 
disease duration or assess disease activity. Our SLE cohort 
had a lower proportion of lupus nephritis cases than other 
population- based cohorts, likely due to our stringent algo-
rithm requiring at least 5 pertinent ICD- 9 codes (≥3 codes 
for SLE, and ≥2 additional nephritis codes to define lupus 
nephritis), limited duration of follow- up available, and because 
patients with end- stage renal disease in the US often receive 
insurance through Medicare (not Medicaid). Because we con-
ducted this analysis among Medicaid enrollees, our results 
may not be generalizable to other SLE patients with higher 
socioeconomic status.

Our work had several key strengths, including a large 
sample size of more than 47,000 racially and ethnically diverse 
SLE patients and age-  and sex- matched non- SLE compara-
tors. We applied established algorithms to identify SLE, lupus 
nephritis, and fractures at 4 anatomic sites using billing claims 
data. While the relative risk for fracture was increased 2–3- fold 
in patients with SLE and patients with lupus nephritis, absolute 
fracture rates were moderate. Fracture IRs were of a similar 
magnitude as in other SLE cohorts, suggesting that claims 
data are reliable for identifying fragility fractures. We omitted 
patients with a history of fracture, leading to conser vative esti-
mates of relative fracture risks. We adjusted for potential con-
founders, including oral and intravenous glucocorticoid use, 
based on filled prescriptions. 

Within a racially and ethnically diverse, low- income Med-
icaid population, SLE patients had a 2- fold greater risk of frac-
tures compared to non- SLE patients. Greater risk (HR 3.06) 
was present in the subset of patients with lupus nephritis. 
Glucocorticoid use during baseline accounted for some, but 
not all, of the increased risk. These findings underscore the 
importance of identifying high- risk patients with SLE and lupus 
nephritis for fracture prevention.
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Usefulness of 18F- Labeled Fluorodeoxyglucose–Positron 
Emission Tomography for the Diagnosis of Lymphoma in 
Primary Sjögren’s Syndrome
Jérémy Keraen,1 Estelle Blanc,2 Florent L. Besson,3 Véronique Leguern,4 Céline Meyer,3 Julien Henry,1 
Rakiba Belkhir,1 Gaétane Nocturne,1 Xavier Mariette,1 and Raphaèle Seror1

Objective. The usefulness of positron emission tomography–computed tomography (PET- CT) with 18F- labeled 
fluorodeoxyglucose (18F- FDG) for the diagnosis of lymphoma in patients with primary Sjögren’s syndrome (SS) is 
unclear, since the abnormalities it reveals may be due to systemic manifestations of SS. This study was undertaken 
to compare 18F- FDG–PET- CT in patients with primary SS with lymphoma and those without lymphoma in order to 
identify patterns associated with lymphoma.

Methods. A retrospective study was conducted in 2 centers and included patients who met the American College 
of Rheumatology/European League Against Rheumatism 2016 criteria for primary SS and had undergone PET- CT. 
Two independent readers who were blinded with regard to lymphoma diagnosis analyzed PET- CT scans. Abnormal-
ities were compared between patients with and those without lymphoma.

Results. Of the 45 patients included, 15 had lymphoma. Compared to patients without lymphoma, the mean 
size (P = 0.048) and maximum standardized uptake value (SUVmax) (P = 0.001) of the parotid glands were higher in 
patients with lymphoma. FDG uptake in the lymph nodes was observed in 53.3% of the patients with lymphoma and 
43.3% of the patients without lymphoma, with no difference in the number of sites, uptake pattern, or mean SUVmax. 
Focal pulmonary uptake (nodules or condensations) was observed in 5 of the patients with lymphoma (33.3%) but 
only 1 patient without lymphoma (3.3%) (P = 0.01). Having an SUVmax in the parotid gland of ≥4.7 and/or the pres-
ence of focal pulmonary lesions was highly suggestive of lymphoma (sensitivity 80%, specificity 83.3%).

Conclusion. Some systemic manifestations of primary SS (lymphadenopathy, pulmonary involvement, and sal-
ivary gland involvement) can be visualized by PET- CT. Involvement of the lymph nodes and parotid glands is com-
monly observed with a similar frequency in SS patients with and those without lymphoma. An SUVmax in the parotid 
glands of ≥4.7 and/or the presence of focal lung lesions are associated with the diagnosis of lymphoma.

INTRODUCTION

Primary Sjögren’s syndrome (SS) is a systemic disorder char-
acterized by lymphocytic infiltration and progressive destruction 
of the exocrine glands (1), resulting in the characteristic feature of 
dryness. However, the inflammatory process can extend beyond 
the exocrine glands and potentially affect any organ (2). As a 
result, clinical features include benign but disabling symptoms, 
such as dryness, pain, and fatigue, that affect almost all patients, 

and potentially severe systemic manifestations that affect 30–50% 
of patients (3,4).

Primary SS is the autoimmune disease associated with the 
highest risk of lymphoma, with a relative risk ranging from 7 to 
15 (5,6). The most frequent histologic type is marginal- zone lym-
phoma, especially of the mucosa- associated lymphoid tissue 
(MALT) type. The diagnosis of lymphoma is sometimes challeng-
ing. Although risk factors for lymphoma have been well described 
(7,8), they are also known to be associated with the occurrence of 
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systemic complications not related to lymphoma. In addition, clin-
ical symptoms usually observed in lymphoma, such as lymphade-
nopathy, are frequently observed in primary SS in the absence 
of malignant clonal proliferation, and are linked only to benign B 
cell activation (4). Also, primary SS–associated lymphomas fre-
quently have an extranodal location (i.e., the salivary glands), are 
low grade, and are not associated with major constitutional symp-
toms or hematologic abnormalities. The usefulness of 18F- labeled 
fluorodeoxyglucose–positron emission tomography (18F- FDG- 
PET) for initial staging, guidance of biopsy, evaluation of response 
to therapy, and detection of relapse in high- grade lymphoma is 
well recognized (9,10). The performance of PET in low- grade lym-
phoma is identical, except for initial staging, where this procedure 
does not have a very high sensitivity (11).

In primary SS, the situation is even more complex since sys-
temic complications can result in abnormal uptake of 18F- FDG in 
the same organs that can be affected by lymphomas. A previous 
study investigated the usefulness of PET- CT in primary SS. The 
authors proposed a disease- specific PET score to be used as 
a measure of disease activity, but that study was not sufficiently 
powered to assess the utility of PET- CT in diagnosing lymphoma 
(12).

The aim of our study was to assess the usefulness of 18F- 
FDG–PET- CT for the diagnosis of lymphoma in patients with pri-
mary SS and to identify PET patterns associated with the pres-
ence of lymphoma in a group of patients with moderate to high 
systemic disease activity. For that purpose, we described and 
compared 18F- FDG- PET patterns in patients with active primary 
SS with lymphoma and those without lymphoma.

PATIENTS AND METHODS

Identification and selection of patients. Patients were 
recruited for this retrospective study from the 2 units of the French 
National Reference Center for Rare Systemic Autoimmune Dis-
eases, which includes primary SS (Rheumatology Unit, Hôpi-
taux Universitaires Paris- Sud [HUPS] and Internal Medicine Unit, 
 Hôpital Cochin). The HUPS cohort was approved by the local eth-
ics committee. At the HUPS site, all patient files have been kept 
electronically since February 2013. In this center, patient records 
were retrieved via a systematic electronic search performed on 
May 10, 2017 using the i2b2 tool. This tool allows a search of the 
files of all patients seen in the unit at least once since the creation 
of the electronic records. The search used the International Sta-
tistical Classification of Diseases and Related Health Problems, 
Tenth Revision codes for primary SS crossed with the keyword 
“PET” or “PET computed tomography.” Of note, PET performed 
prior to 2013 may also have been noted in patients’ files. At the 
Cochin Hospital site, patients were identified from a list of patients 
followed up by the referring physician for primary SS (VL).

Patients were included in the study if they fulfilled the 
American College of Rheumatology/European League Against 

Rheumatism 2016 criteria for the diagnosis of primary SS (13), 
underwent 18F- FDG- PET during follow- up, and had clinical and 
paraclinical data available for the 3 months before and after PET. 
For patients who received chemotherapy for lymphoma, these 
data had to have been collected prior to the initiation of chemo-
therapy. If 18F- FDG- PET was undertaken due to an intercurrent 
solid malignancy, patients were excluded from the study. Patients 
with secondary SS were also excluded.

Patient groups. Two patient groups were defined. The 
lymphoma group included patients with histologically proven lym-
phoma who underwent PET before the initiation of chemotherapy. 
The nonlymphoma group consisted of patients without lymphoma 
or a history of lymphoma who underwent PET for clinical reasons 
related to primary SS, such as suspicion of lymphoma or systemic 
manifestations.

Data collection. Data on clinical, biologic, and histologic 
features necessary for the diagnosis of primary SS and risk factors 
for lymphoma were retrieved from patient files (see Supplemen-
tary Methods, available on the Arthritis & Rheumatology web site 
at http://onlinelibrary.wiley.com/doi/10.1002/art.40829/abstract). 
Systemic manifestations were recorded according to the Euro-
pean League Against Rheumatism Sjögren’s Syndrome Disease 
Activity Index (ESSDAI) definitions (14).

18F- FDG–PET- CT. All patients underwent 18F- FDG–PET- CT 
imaging sessions according to international procedure guidelines 
(15). After a delay of 1 hour following the intravenous injection of 
18F- FDG, images were acquired with patients in a supine position. 
Patients underwent a non–contrast agent–enhanced low- dose CT 
scan, and 18F- FDG- PET images were subsequently acquired from 
the vertex to the mid- thigh. The PET and CT reconstructed images 
were automatically co- registered. Since different machines were 
used, the brand and reconstruction algorithms proposed by the 
manufacturer of each machine are provided in the Supplementary 
Methods (available on the Arthritis & Rheumatology web site at 
http://onlinelibrary.wiley.com/doi/10.1002/art.40829/abstract).

Analysis of PET scans. For reading PET- CT scans, a grid 
was designed by consensus among rheumatologists from the 
National Reference Center for Sjögren’s Syndrome and nuclear 
medicine specialists (JK, EB, and RS). The first grid was tested 
by one nuclear medicine specialist (EB) and further improved 
within the larger group (JK, FLB, CM, XM, and RS) to obtain 
the final grid. All PET- CT scans were analyzed by 2 independent 
readers (FLB and CM) who were blinded with regard to patient 
characteristics, including the presence of lymphoma. Discrepan-
cies between these readings were resolved by consensus.

The PET- CT parameters studied were adapted from the 
Response Evaluation Criteria in Solid Tumors (15,16) (see Sup-
plementary Methods, available on the Arthritis &  Rheumatology 

http://onlinelibrary.wiley.com/doi/10.1002/art.40829/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40829/abstract
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web site at http://onlinelibrary.wiley.com/doi/10.1002/
art.40829/abstract). The main parameters studied were the 
size of the parotid glands, submandibular glands, and lymph 
nodes and the highest 18F- FDG maximum standardized uptake 
value (SUVmax) at each of these sites. The lung, bone, spleen, 
liver, and stomach were also analyzed. Other parameters that 
were studied were the number of lymph node sites with 18F- 
FDG uptake (range 0–10), the total number of sites (excluding 
involvement not related to primary SS) with 18F- FDG uptake (in 
the lymph nodes and other organs), and the highest SUVmax of 
all sites. The ESSDAI- derived PET score previously described 
by Cohen et al (12) was also calculated. The score ranges from 
0 to 6, with 1 point for each of the following items: lymph nodes 
>1 cm, node uptake higher than the environment, parotid 
glands SUVmax >3, submandibular glands SUVmax >3, inter-
stitial lung disease, and lung uptake higher than liver uptake.

Statistical analysis. Descriptive data are presented as 
the median (interquartile range [IQR]) or number (%). Patient 
characteristics and PET- CT data were compared between 
patients with lymphoma and those without lymphoma to iden-
tify parameters associated with the presence of lymphoma. 
These comparisons involved nonparametric tests: Fisher’s 
exact test for qualitative variables and Mann- Whitney test for 
quantitative variables. To identify parameters that were asso-
ciated with the presence of lymphoma, a receiver operating 
characteristic (ROC) analysis was performed to determine the 
thresholds that best discriminate between patients with and 
those without lymphoma.

To assess the ability of PET to measure disease activ-
ity, we computed Spearman’s correlation coefficients for the 
correlation between the ESSDAI score and the following PET 
parameters: the number of lymph node sites with 18F- FDG 
uptake, the overall number of sites with 18F- FDG uptake, the 
highest SUVmax, and the PET score described by Cohen 
et al (12). For patients in the lymphoma group who underwent 
PET- CT before and after treatment, the data were compared 
using Wilcoxon’s signed rank test.

All statistical analyses were performed in R studio version 
3.4.1 (R project for statistical computing, www.r-project.org). 
P values less than 0.05 were considered significant.

RESULTS

Characteristics of the patients. Between 2011 
and 2017, 45 patients with primary SS underwent 18F- FDG–
PET- CT at least once (Table 1). Indications for PET- CT were 
suspicion of lymphoma (n = 37) or staging of a known lym-
phoma (n = 8). Of these 45 patients, 15 (33%) were diagnosed 
as having lymphoma (marginal- zone lymphoma in 14 and dif-
fuse large B cell lymphoma in 1), including 10 who under-
went PET- CT a second time for lymphoma follow- up. Patient 

characteristics did not differ between those with and those 
without lymphoma (Table 1). Except for salivary gland enlarge-
ment, which was more frequent in patients with lymphoma (P 
= 0.003), known risk factors for lymphoma, including biologic 
markers of disease activity and salivary gland histologic find-
ings, did not differ between the 2 groups. Of note, FDG uptake 
in the lymph nodes was observed in 53.3% of the patients 
with lymphoma and 43.3% of the patients without lymphoma, 
with no significant difference. Also, there were no significant 
differences in the percentage of patients receiving prednisone 
or the mean daily dosage. Patients from both groups exhib-
ited moderate to high disease activity. However, the median 
ESSDAI score was significantly higher in the lymphoma group 
(24 [IQR 13.5–29] versus 9 [IQR 5–20]; P = 0.003) even after 
excluding the item “lymphoma” (19 [IQR 11–27] versus 9 [IQR 
5–20]; P = 0.03).

Two patients in the nonlymphoma group had overlap disease 
with systemic sclerosis with limited cutaneous involvement and 
anticentromere antibodies, associated with SS. However, since 
their main clinical features at the time of PET- CT were related to 
SS, these 2 patients were included in the present study.

Identification of PET abnormalities suggestive of 
lymphoma. Most of the patients had increased 18F- FDG uptake 
in the salivary glands. Eighty percent in each group had increased 
uptake in the parotid glands, and 56–67% had increased uptake 
in the submandibular glands (Figure 1 and Table 2). Compared to 
the nonlymphoma group, the patients diagnosed as having lym-
phoma had larger parotid glands and a higher median SUVmax 
in the parotid glands (Table 2). However, there were no significant 
differences in the frequency or pattern of lymph node abnormal-
ities or 18F- FDG uptake in any nodal region.

With regard to lung involvement, the presence of focal con-
densation or nodular lesions, but not interstitial lesions, was 
highly suggestive of lymphoma (Figure 2); they were observed in 
5 patients with lymphoma (33%) and only 1 patient without lym-
phoma (3.3%) (P = 0.01). The one case of pulmonary nodules 
in the group without lymphoma was due to a lipoid pneumonia 
in a patient with prolonged use of nasal ointment. The diagnosis 
was confirmed by the presence of lipid- laden macrophages in 
the bronchoalveolar lavage fluid.

A sensitivity analysis involving only the 28 patients who had 
undergone a biopsy (15 patients with lymphoma and 13 patients 
without lymphoma) also identified an association of SUVmax with 
lymphoma. There was a trend toward an association with pul-
monary nodules, but it was not statistically significant due to a 
lack of power (see Supplementary Table 1, available on the Arth
ritis & Rheumatology web site at http://onlinelibrary.wiley.com/
doi/10.1002/art.40829/abstract).

Also, the highest SUVmax on the whole PET- CT scan 
was higher in patients with lymphoma than in patients without 
 lymphoma (6.3 [IQR 5.6–7.3] versus 4.1 [IQR 3.2–5.7]; P = 0.02), 

http://onlinelibrary.wiley.com/doi/10.1002/art.40829/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40829/abstract
http://www.r-project.org
http://onlinelibrary.wiley.com/doi/10.1002/art.40829/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40829/abstract
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Table 1. Characteristics of the patients with primary SS at the time of 18F- FDG–PET- CT*

Patients with lymphoma 
(n = 15)

Patients without lymphoma 
(n = 30) P†

Demographic characteristics
Female 12 (80.0) 25 (83.3) 0.34
Age, median (IQR) years 61.0 (53.0–71.0) 63.0 (52.0–68.0) 0.86

Glandular involvement
Salivary flow <0.1 ml/minute 13 (86.6) 25 (83.3) 1.00
Schirmer’s test <5 mm 13 (86.6) 25 (83.3) 1.00
Salivary gland enlargement 10 (66.7) 6 (20.0) 0.003

Past or present systemic manifestations 11 (73.3) 24 (80.0) 0.71
Lymphadenopathy and lymphoma

Adenomegaly 4 (26.7) 7 (23.3) 1.00
Hepatomegaly/splenomegaly 0 (0) 0 (0) 1.00
Marginal- zone lymphoma 14 (93.3) 0 (0) –
MALT 12 (80.0) 0 (0) –
MALT with plasmacytic differentiation 2 (13.3) 0 (0) –
Diffuse large B cell lymphoma 1 (6.7) 0 (0) –

Pulmonary
Interstitial lung disease 3 (20.0) 5 (16.7) 1.00

Renal
Tubulointerstitial nephritis 1 (6.7) 2 (6.7) 1.00
Glomerulonephritis 2 (13.3) 2 (6.7) 0.58

Peripheral nervous system
Axonal polyneuropathy 2 (13.3) 1 (3.0) 0.3
Chronic inflammatory demyelinating polyneuropathy 0 (0) 2 (6.7) 0.54
Mononeuritis multiplex 0 (0) 3 (10.0) 0.54
Small fiber neuropathy 1 (6.7) 0 (0) 0.33

Central nervous system
Cerebral vasculitis 0 (0) 1 (3.0) 1.00

Articular and muscular manifestations
Arthralgia 7 (46.7) 17 (56.7) 0.54
Arthritis 0 (0) 4 (13.3) 0.28
Muscle 0 (0) 3 (10.0) 0.54

Cutaneous
Purpura 4 (26.7) 4 (13.3) 0.41
Livedo 1 (6.7) 1 (3.0) 1.00

Biologic parameters
Anti- SSA 11 (73.3) 25 (83.3) 0.45
Anti- SSB 3 (20.0) 11 (36.7) 0.73
Rheumatoid factor 9 (60.0) 18 (60.0) 1.00
Low C3 level (<0.82 gm/liter) 4 (26.7) 8 (26.7) 1.00
Low C4 level (<0.18 gm/liter) 7 (46.7) 18 (60.0) 0.52
Lymphopenia (≤1,000/mm3) 9 (60.0) 13 (43.3) 0.1
Cryoglobulinemia 7 (46.7) 11 (36.7) 0.33
Monoclonal gammopathy 9 (60.0) 9 (30.0) 0.1
IgG serum level, median (IQR) gm/liter 11.3 (7.9–13.7) 15 (9.1–19.8) 0.08
Gammaglobulinemia, median (IQR) gm/liter 10.9 (9.1–12.3) 13.7 (10.5–18) 0.18

(continued)
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Patients with lymphoma 
(n = 15)

Patients without lymphoma 
(n = 30) P†

Minor salivary gland histologic findings 
Focus score ≥1 13 (86.7) 22 (73.3) 0.46
Focus score ≥3 4 (26.7) 2 (6.7) 0.15
Focus score, median (IQR) 4 (2.25–4) 2 (1.12–2.7) 0.42
Germinal centers 1 (6.7) 3 (10.0) 1.00
MALT lymphoma 2 (13.3) 0 (0) 0.1

Prednisone intake at the time of PET- CT 3 (20.0) 9 (30.0) 0.72
Prednisone dosage, mean (IQR), mg/day 5.0 (4.5–28.0) 15.0 (5.0–20.0) 0.45

Disease activity
ESSDAI, median (IQR) 24.0 (13.5–29.0) 9.0 (5.0–20.0) 0.003
ESSDAI without lymphoma item, median (IQR) 19.0 (11.0–27.0) 9.0 (5.0–20.0) 0.03
Moderate to high ESSDAI (score ≥5) 15 (100.0) 23 (76.7) 0.077

* Except where indicated otherwise, values are the number (%). SS = Sjögren’s syndrome; 18F- FDG = 18F- labeled fluorodeoxyglucose; PET- CT 
= positron emission tomography–computed tomography; IQR = interquartile range; MALT = mucosa- associated lymphoid tissue; ESSDAI = 
European League Against Rheumatism Sjögren’s Syndrome Disease Activity Index. 
† By nonparametric Fisher’s exact test for qualitative variables and nonparametric Mann- Whitney test for quantitative variables. 

Table 1. Cont’d

Figure 1. Patterns of 18F- labeled fluorodeoxyglucose (18F- FDG) changes in the parotid glands in 2 patients with primary Sjögren’s syndrome. A and 
B, Computed tomography (CT) scan showing bilateral parotid gland enlargement (A) and positron emission tomography–computed tomography (PET- 
CT) scan showing high FDG uptake with a maximum standardized uptake value of 7.1 at the parotid glands (B) in a 37- year- old woman diagnosed as 
having parotid mucosa- associated lymphoid tissue–type lymphoma. C and D, CT scan showing no parotid gland enlargement (C) and PET- CT scan 
showing moderate FDG uptake at the parotid glands (D) in a 53- year- old woman with sicca syndrome and polyarthralgias but without lymphoma.
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Table 2. 18F- FDG–PET- CT characteristics of the patients with primary SS with and those without lymphoma*

Patients with lymphoma 
(n = 15)

Patients without lymphoma 
(n = 30) P†

Parotid glands
Abnormal uptake, no. (%) 12 (80.0) 24 (80.0) 1.00
Diameter, mm 45.0 (38.0–56.0) 40.0 (37.3–41.7) 0.048
SUVmax 5.8 (5.0–6.9) 3.8 (3.2–4.3) 0.001

Submandibular glands 
Abnormal uptake, no. (%) 10 (66.7) 17 (56.7) 0.74
Diameter, mm 21.5 (16.5–22.5) 21 (20–23) 0.93
SUVmax 4 (3.7–4.3) 4 (3.1–4.6) 1.00

Cervical lymph nodes
Abnormal uptake, no. (%) 7 (46.7) 13 (43.3) 1.00
Size, mm 1.0 (0.9–1.4) 0.9 (0.7–1) 0.47
Multiple instances of abnormal uptake, no. (%) 4 (57.1) 12 (92.3) 0.55
SUVmax 4.0 (3.7–5.7) 3.5 (2.6–4.85) 0.47

Axillary lymph nodes
Abnormal uptake, no. (%) 4 (26.7) 11 (36.7) 0.73
Size, mm 1.3 (1–1.5) 1.0 (0.8–1.4) 0.94
Multiple instances of abnormal uptake, no. (%) 3 (75.0) 11 (100.0) 0.32
SUVmax 5.7 (3.6–7.2) 5.6 (3.5–5.9) 0.95

Mediastinal lymph nodes
Abnormal uptake, no. (%) 8 (53.3) 10 (33.3) 0.21
Size, mm 1.2 (1.1–1.3) 1 (0.7–1.3) 0.13
Multiple instances of abnormal uptake, no. (%) 6 (75.0) 7 (70.0) 1.00
SUVmax 5.8 (4.0–6.1) 5.2 (4.1–6.9) 1.00

Abdominal lymph nodes
Abnormal uptake, no. (%) 4 (26.7) 6 (20.0) 0.7
Size, mm 1.2 (1.1–1.4) 1.1 (1–3.9) 0.91
Multiple instances of abnormal uptake, no. (%) 4 (100.0) 6 (100.0) 0.42
SUVmax 4.5 (4–5.9) 4.8 (4.3–9.8) 0.65

Inguinal lymph nodes
Abnormal uptake, no. (%) 3 (20.0) 7 (23.3) 1.00
Size, mm 1.2 (1.1–1.3) 1.1 (1.3–1.4) 0.79
Multiple instances of abnormal uptake, no. (%) 3 (100.0) 6 (85.7) 1.00
SUVmax 3.1 (3.1–5.3) 4.2 (3.1–4.3) 1.00

All lymph nodes 
Asymmetric uptake, no. (%) 6 (40.0) 8 (26.7) 0.31
Number of instances of abnormal uptake 2.0 (0.0–5.0) 1.0 (0.0–5.0) 0.61

Abnormal uptake at extranodal sites, no. (%)
Skeletal 1 (6.7) 1 (3.3) 1.00
Gastric 1 (6.7) 2 (6.7) 1.00
Splenic 4 (26.7) 10 (33.3) 0.74
Pulmonary 6 (40.0) 6 (20.0) 0.17

Focal nodule or condensation 5 (33.3) 1 (3.3) 0.01
Interstitial 3 (20.0)‡ 5 (16.7) 1.00

Global parameters
Number of lymph nodes sites and extranodal sites 2.0 (1.0–6.0) 1.0 (0.0–6.0) 0.55

(continued)
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as was the median activity- derived PET score (4 [IQR 2–4] versus 
2 [IQR 1–3]; P = 0.04).

ROC curve analysis revealed that a highest SUVmax at the 
parotid gland of ≥4.7, a highest SUVmax at other sites (exclud-
ing the parotid glands) of ≥5.7, and pulmonary focal condensa-
tion or nodular lesions were suggestive of lymphoma. The cutoff 
of ≥4.7 for the SUVmax at the parotid gland had a sensitivity of 
73.3% and a specificity of 86.7% for the presence of lymphoma, 
whereas the presence of pulmonary focal lesions had a much 
lower sensitivity (26.7%) but was highly specific (96.7%). The 
cutoff of ≥5.7 for the highest SUVmax at other sites (i.e., other 
than the parotid gland) also had a low sensitivity (40.0%) but 
had a high specificity (76.7%). When the parotid glands were 
included, a highest SUVmax on the whole PET- CT scan of ≥5.6 
also had high sensitivity (86.7%) and specificity (73.3%). When 
items were combined, an SUVmax of ≥4.7 at the parotid gland 
and/or the presence of a pulmonary focal lesion was the best 
combination (Table 3). Adding the highest SUVmax, including or 
excluding the parotid glands, did not increase the sensitivity but 
decreased the specificity. This was mainly explained by the fact 
that lymphadenopathy FDG uptake patterns did not discriminate 
well between patients with and those without lymphoma and 
that the highest SUVmax on the whole PET- CT scan was mainly 

driven by the parotid gland pattern.

Use of PET as a measure of disease activity. Analysis 
of correlations between the ESSDAI score and PET parameters 
revealed only a correlation between ESSDAI and the total num-
ber of sites (nodal and extranodal) with increased/abnormal 18F- 
FDG uptake (ρ = 0.32, P = 0.03). No correlation was observed 
between ESSDAI and the activity- derived PET score (ρ = 0.21, P 
= 0.16) or between ESSDAI and the highest SUVmax (ρ = 0.19, 
P = 0.21).

Use of PET for assessing response to treatment in 
patients with primary SS with lymphoma. Ten patients 
with lymphoma underwent PET- CT before and after chemo-
therapy. After treatment, there was significant improvement in 
all PET- CT parameters. The median activity- derived PET score 
decreased from 4 (IQR 1.3–5.5) to 0 (IQR 0–1) (P = 0.002). The 

median total number of sites with increased/abnormal 18F- FDG 
uptake decreased from 3 (IQR 1.3–7.8) to 0 (IQR 0–1.25) (P = 
0.01), and the median highest SUVmax decreased from 6.6 
(IQR 5.6–7.2) to 3.8 (IQR 3.1–4.5) (P = 0.006). After a median 
follow- up of 19 months (IQR 13.5–30.3 months), 1 patient with 
diffuse large B cell lymphoma experienced a relapse. The relapse 
occurred 13 months after the last chemotherapy treatment. At the 
time of relapse, PET- CT, which had previously returned to normal, 
showed reappearance of pulmonary nodules and lymphadenopa-
thy at multiple sites with an SUVmax of 9.

In the nonlymphoma group, after a median follow- up of 27 
months (IQR 22.8–43.5 months), only 1 lymphoma was diag-
nosed in 1 patient 5 months after PET- CT. At the time of PET- CT, 
submandibular gland biopsy findings were negative in this patient, 
but PET- CT revealed a high FDG uptake in the submandibular 
glands with an SUVmax of 4.9. The diagnosis was finally made by 
repeating minor salivary gland biopsy.

Use of PET for diagnosing lymphoma in patients 
with primary SS. Of the 45 PET- CT scans, 7 (16%) were 
considered normal and a diagnosis of lymphoma was excluded 
(Figure 3). In 10 patients, abnormalities were not considered to 
be indicative of lymphoma (i.e., symmetric low- grade 18F- FDG 
uptake in the salivary glands, lymphadenopathy, interstitial lung 
disease, etc.). In 8 patients, lymphoma had already been diag-
nosed, and PET was performed for staging. For the remaining 
20 patients, 24 biopsies were performed following PET results 
to search for lymphoma at sites that revealed high 18F- FDG 
uptake. Biopsy sites included the lymph nodes (n = 7), the 
parotid glands (n = 3), ear, nose, or throat (n = 2), gastric sites 
(n = 2), the lungs (n = 1), the bone marrow (n = 1), retroperito-
neal sites (n = 1), or multiple sites (n = 3). The choice of the site 
to biopsy was made according to the structure with the highest 
SUVmax, but also taking into account the  accessibility of the 
site. All tissue samples were subjected to standard pathologic 
analysis; none of the lymphoma diagnoses were made based 
solely on cytology data. In 7 of these 20 patients (35%), these 
biopsies led to the diagnosis of lymphoma. The PET- CT find-
ings and sites of biopsies in the 15 patients diagnosed with 
lymphoma are listed in  Supplementary Table 2, available on the 

Patients with lymphoma 
(n = 15)

Patients without lymphoma 
(n = 30) P†

PET score 4.0 (2.0–4.0) 2.0 (1.0–3.0) 0.04
SUVmax on the whole PET scan 6.3 (5.6–7.3) 4.1 (3.2–5.7) 0.02

* The maximum standardized uptake value (SUVmax) was calculated only for patients with abnormal uptake. Except where indicated 
otherwise, values are the median (interquartile range). 18F- FDG = 18F- labeled fluorodeoxyglucose; PET- CT = positron emission tomography–
computed tomography; SS = Sjögren’s syndrome. 
† By nonparametric Fisher’s exact test for qualitative variables and Mann- Whitney test for quantitative variables. 
‡ Two patients had pulmonary focal lesions (nodule/condensation) in addition to interstitial lung disease, and 1 patient had interstitial lung 
disease only. 

Table 2. Cont’d
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Arthritis & Rheumatology web site at http://onlinelibrary.wiley.
com/doi/10.1002/art.40829/abstract.

DISCUSSION

The present study is the largest to investigate the usefulness 
of 18F- FDG–PET- CT for the diagnosis of lymphoma in primary SS 
patients. This study also describes the wide spectrum of PET- CT 
abnormalities that can be observed in patients with primary SS 
with systemic complications. Our findings indicate that 18F- FDG 
uptake in the lymph nodes and the parotid glands is very com-
mon and can be observed even in the absence of lymphoma. 
However, it appears that the following 3 PET- CT parameters were 
associated with the presence of lymphoma: focal condensation 
or nodular lung lesions, an SUVmax at any site of ≥5.6, and an 
SUVmax at the parotid gland of ≥4.7.

In this study, we observed that almost 85% of the patients 
with active primary SS, with or without lymphoma, had abnor-
malities on PET- CT. In addition, these abnormalities were in most 
cases not specific to lymphoma, even when they affected the 
organs frequently targeted by lymphomas, such as the lymph 
nodes and parotid glands. However, it should be noted that the 
population of the present study included only patients for whom 
PET- CT was indicated, i.e., those with active and/or suspected 
lymphoproliferation. This explained the higher incidence of lym-
phoma (33.3%) compared with what is expected in primary SS 
(5–10%) (3). That the study was limited to this population also 
explains the lack of a difference between groups regarding the 
traditional risk factors for lymphoma. In addition, this population is 
the most likely to receive corticosteroids, which can modify FDG 
uptake. However, since both groups had active disease, there 
was no difference in corticosteroid intake. Although this popula-
tion is not representative of all patients with primary SS, it clearly 
represents the patient subset for whom PET- CT is indicated and 
might be useful. Thus, it appears that, in patients with primary SS 
with systemic complications, lymph node and glandular PET- CT 
abnormalities are frequent and not necessarily synonymous with 
lymphoma.

Regarding lung involvement, PET- CT abnormalities were 
frequently observed (in 40% of patients with lymphoma and 20% 
of patients without lymphoma). However, 2 different patterns 
must be distinguished: interstitial lung disease, which was not 
associated with lymphoma, and focal or nodular lesions that 
were highly suggestive of lymphoma. These results are consistent 
with those observed in pulmonary MALT- type lymphomas, 
independently of primary SS, where pulmonary nodules and 
focal condensation are the most frequently observed patterns on 
PET- CT images (17).

Contrary to what was described by Cohen et  al (12), the 
activity- derived PET score did not correlate with the ESSDAI score 
in our population. This could be easily explained since in most 
of our patients the high ESSDAI scores were due to systemic 

involvement that could not be visualized on such imaging pro-
cedures. This is the case for peripheral neuropathy, inflammatory 
arthralgias, cutaneous vasculitis, and renal involvement, which 
were present in most of our patients but poorly represented in 
the study by Cohen et al (12). These results challenge the notion 
of the effectiveness of PET- CT as a measure of disease activity 
advocated by Cohen et al (12) and by Ziakas et al (18). Never-
theless, using ROC curve analysis, we identified PET- CT patterns 
highly suggestive of lymphoma. The best combination of param-
eters was a highest SUVmax at the parotid gland of ≥4.7 and/or 
the presence of pulmonary focal condensation or nodular lesions, 
which had a sensitivity of 80.0% and a specificity of 83.3% for 
identifying patients with a currently evolving lymphoma.

In primary SS–associated lymphomas, as in MALT- type lym-
phomas in general (11), PET- CT is useful for monitoring response 
to treatment, since target lesions frequently have a high 18F- FDG 
uptake and are observable on this imaging procedure. We con-
firmed the disappearance of PET abnormalities in patients in 
whom remission was achieved.

Finally, PET- CT seems to also be useful in the diagnosis of 
lymphoma, first as a method of excluding this diagnosis when 
PET- CT findings are normal, but also to help the histologic diag-
nosis procedure by guiding the biopsy to the most metabolic but 
also accessible lesion, based on the assumption that the most 
glucose- avid lesion would be at higher risk of malignancy (11). 
Effectively, it has been shown that in extragastric MALT, lesions 
with high Ki- 67 index (>15%) were likely to be 18F- FDG avid, sug-
gesting a link between proliferation, malignancy, and FDG uptake 
(19). Biopsies performed using this strategy led to the diagnosis 
of lymphoma in more than one- third of the patients who benefited 
from a PET-guided biopsy in the present study.

Our study has some limitations, such as its retrospective 
design and relatively small sample size. However, to our knowl-
edge only one previous study focused on the use of PET- CT in pri-
mary SS, and it included only 4 patients with lymphoma. Thus, our 
study is the largest and the only one powered to identify param-
eters associated with the diagnosis of lymphoma. Also, it should 
be acknowledged that different machines were used in the pres-
ent study and that SUV measurement can vary depending on the 
machine, but this variation is quite small (10–20%) (20). Thus, even 
though there was uncertainty regarding  SUVmax values close to 
the threshold value, i.e., 4.7 for the parotid gland, the small varia-
bility in SUV measurement did not affect the categorization of the 
vast majority of patients. Our objective was not to determine a 
strict threshold to define malignancy, which is obviously impossi-
ble, but to provide practical guidance alerting the physician that a 
high parotid metabolism (an SUV of >5) should lead to additional 
investigations due to a higher probability of lymphoma.

To conclude, in patients with primary SS with systemic 
complications, 18F- FDG–PET- CT frequently shows abnor-
malities. Involvement of the lymph nodes and parotid glands 
is common and is observed with similar frequency in patients 

http://onlinelibrary.wiley.com/doi/10.1002/art.40829/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40829/abstract
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with and those without lymphoma. Nevertheless, several abnor-
malities on 18F- FDG–PET- CT are associated with lymphoma, 
including an SUVmax at any site of ≥5.6, an SUVmax in the 
parotid glands of ≥4.7, and focal or nodular hypermetabolic 
lung lesions, the latter being nearly exclusively observed in 
patients with lymphoma. Also, several systemic manifestations 
of primary SS, such as lung, lymph node, and salivary gland 

involvement, can be assessed by 18F- FDG–PET- CT. However, 
many of the systemic complications could not be visualized and 
this procedure could not be considered an exhaustive tool for 
measuring disease activity. Finally, in clinical practice, PET- CT 
is also useful for guiding biopsies for diagnostic purposes and 
for monitoring therapeutic response in patients with primary SS 
with lymphomas.

Table 3. Receiver operating characteristic curve analysis of parameters suggestive of lymphoma in patients with 
primary SS*

Parameter Sensitivity, % Specificity, % AUC

Parotid gland SUVmax ≥4.7 73.3 86.7 0.77
Pulmonary focal condensation or nodular lesion (yes/no) 26.7 96.7 0.62
Highest SUVmax ≥5.6 86.7 73.3 0.74
Highest SUVmax (excluding the parotid glands) ≥5.7 40.0 76.7 0.61
Presence of either of the following: 80.0 83.3 0.83

Parotid gland SUVmax ≥4.7 
Pulmonary focal lesion

Presence of any of the following: 80.0 66.7 0.79
Parotid gland SUVmax ≥4.7
Pulmonary focal lesion
Highest SUVmax (excluding the parotid glands) ≥5.7

* SS = Sjögren’s syndrome; AUC = area under the curve; SUVmax = maximum standardized uptake value. 

Figure  2. Patterns of pulmonary 18F- labeled fluorodeoxyglucose (18F- FDG) abnormalities on positron emission tomography–computed 
tomography (PET- CT) in 2 patients with primary Sjögren’s syndrome. A and B, CT scan showing pulmonary nodular condensation (A) and PET- 
CT scan showing high 18F- FDG uptake in the lungs with a maximum standardized uptake value (SUVmax) of 19.7 (B) in a 55- year- old woman 
diagnosed as having diffuse large B cell lymphoma with a histologically proven pulmonary location. C and D, CT scan showing interstitial lesions 
(C) and PET- CT scan showing moderate 18F- FDG uptake in the lungs with an SUVmax of 4 (D) in a 66- year- old man with peripheral neuropathy 
and interstitial lung disease.
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Clinical Utility of Multi- Energy Spectral Photon- Counting 
Computed Tomography in Crystal Arthritis
Lisa K. Stamp,1 Nigel G. Anderson,1 Fabio Becce,2  Maya Rajeswari,1 Matthew Polson,3 Olivier Guyen,2 
Anais Viry,2 Chloe Choi,1 Tracy E. Kirkbride,4 and Aamir Y. Raja1

Objective. To determine whether novel multi- energy spectral photon- counting computed tomography (SPCCT) 
imaging can detect and differentiate between monosodium urate (MSU), calcium pyrophosphate (CPP), and hy-
droxyapatite (HA) crystal deposits ex vivo.

Methods. A finger with a subcutaneous gouty tophus and a calcified knee meniscus excised at the time of surgery 
were obtained. The finger was imaged using plain x- ray, dual- energy CT (DECT), and multi- energy SPCCT. Plain x- ray 
and multi- energy SPCCT images of the meniscus were acquired. For validation purposes, samples of the crystals 
were obtained from the tophus and meniscus, and examined by polarized light microscopy and/or x- ray diffraction. 
As further validation, synthetic crystal suspensions of MSU, CPP, and HA were scanned using multi- energy SPCCT.

Results. Plain x- ray of the gouty finger revealed bone erosions with overhanging edges. DECT and multi- energy 
SPCCT both showed MSU crystal deposits; SPCCT was able to show finer detail. Plain x- ray of the calcified menis-
cus showed chondrocalcinosis consistent with CPP, while SPCCT showed and differentiated CPP and HA.

Conclusion. Multi- energy SPCCT can not only detect, differentiate, and quantify MSU crystal deposits in a gouty 
finger ex vivo, but also specifically detect, identify, and quantify CPP within an osteoarthritic meniscus, and distin-
guish them from HA crystal deposits. There is potential for multi- energy SPCCT to become useful in the diagnosis of 
crystal arthropathies.

INTRODUCTION

A variety of crystals have been associated with arthritis. Gout, 
which results from the presence of monosodium urate (MSU) 
crystal depo sition, is the classic crystal arthritis and one of the 
most common forms of inflammatory arthritis. However, calcium 
crystals such as calcium pyrophosphate (CPP) and basic calcium 
phosphate (BCP) can also produce acute inflammatory arthri-
tis, known as pseudogout and Milwaukee shoulder syndrome, 
respectively. The clinical presentations of gout flare and acute CPP 
crystal arthritis are frequently indistinguishable, both with a red, 
hot, swollen, and exquisitely painful joint. While the management 
of acute gout and CPP crystal arthritis is similar, namely nonsteroi-
dal antiinflammatory drug or glucocorticoid therapy, the long- term 
management of these conditions differs, with urate- lowering ther-

apy indicated for gout, but not CPP crystal arthritis. Importantly, 
the clinical picture of an acute crystal arthritis may be indistin-
guishable from that of septic arthritis, and the latter may result 
in significant morbidity and mortality if not appropriately treated 
with antimicrobial therapy. Therefore, prompt accurate diagnosis 
of crystal arthritis is important.

The gold standard for the diagnosis of crystal arthritis requires 
aspiration of synovial fluid or tophus and direct visualization of 
crystals by polarized light microscopy (1). In gout, MSU crystals 
appear needle- shaped and negatively birefringent, while CPP 
crystals are typically monoclinic or triclinic with weak positive or no 
birefringence. BCP crystals cannot be detected by polarized light 
microscopy. However, crystal identification is operator- dependent 
and may be suboptimal, particularly for crystals other than MSU 
(2). For example, in a recent online test taken by 110 individu-
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als with an interest in crystal arthritis (including rheumatologists, 
rheumatology trainees, and laboratory technicians), MSU crystals 
were correctly identified by 81%, while CPP crystals were identi-
fied by only 68% (3). The misidentification of crystals may result in 
failure to prescribe appropriate treatments such as urate- lowering 
therapy or antibiotics, or prescribing of inappropriate treatments. 
Aspiration of an acutely inflamed joint is painful and while rare, 
joint aspiration may also be associated with complications such 
as  iatrogenic infection. More reliable and less invasive means 
of accurately identifying and differentiating between the various 
types of crystals are of interest.

Other imaging modalities such as ultrasound and dual- energy 
computed tomography (DECT) are being increasingly used to aid 
in the diagnosis of gout (1). A recent study showed that DECT can 
also detect CPP crystal deposits ex vivo, with a reported sensi-
tivity and specificity of 78% and 94%, respectively (4). However, 
the role of these imaging techniques in other crystal deposition 
diseases is less well defined, and they cannot easily distinguish 
between different calcium crystals. The ability to reli ably detect 
and differentiate MSU, CPP, and calcium hydroxyapatite (HA) 
crystal deposits using noninvasive imaging would be an advance. 
Multi- energy spectral photon- counting CT (SPCCT) is a novel 
imaging technique which uses a standard polychromatic x- ray 
source and photon- counting detector that records the number 
and energy of transmitted photons in multiple energy bins (5), pro-
viding a range of energy- dependent Hounsfield units (6). As x- ray 

attenuation of each material is energy dependent, multi- energy 
bin data allow specific identification and quantification of several 
materials simultaneously (7,8). Our previous findings show that 
multi- energy SPCCT can differentiate MSU, CPP, and HA in vitro 
(9,10). The aim of the present study was to determine whether 
we could detect and differentiate between MSU, CPP, and HA 
crystal deposits in excised human specimens using  multi- energy 
SPCCT imaging.

MATERIALS AND METHODS

The study received ethics approval from the University of 
Otago Human Ethics Committee, the Health and Disability Ethics 
Committee of New Zealand, and the Institutional Ethics Commit-
tee (CER- VD) of Lausanne University Hospital.

A finger with a subcutaneous gouty tophus was obtained 
from the Christchurch Cancer Tissue Bank (Figure  1A) and 
imaged using plain x- ray, DECT, and a preclinical multi- energy 
SPCCT scanner (MARS Bioimaging). For validation purposes, 
crystals were obtained from a core of the tophus (Figure 1A), and 
a sample of the tophus material was examined by polarized light 
microscopy.

A calcified meniscus excised at the time of total knee joint 
replacement surgery was obtained (Figure 2B) and imaged using 
plain x- ray and multi- energy SPCCT. For validation purposes, 
crystals were obtained from scrapings of the surface of the menis-

Figure  1. A, An excised gouty finger with a core (arrow) revealing subcutaneous tophus. B, Plain x- ray showing bone erosions with 
overhanging edges and soft tissue changes consistent with tophus. C and D, Dual- energy computed tomograpy image (C) and multi- energy 
spectral photon- counting computed tomography (SPCCT) image (D), both depicting monosodium urate (MSU) crystal deposits, with SPCCT 
detecting finer detail and higher MSU volume. E, Polarized light microscopy of a sample obtained from the core, confirming the presence of 
negatively birefringent MSU crystals.
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cus and examined by polarized light microscopy and x- ray diffrac-
tion. For x- ray diffraction, samples were mounted on a nylon loop 
in a minimum amount of perfluorinated oil at 298K. Data were 
collected on an Agilent SuperNova diffractometer (Dual, copper 
at zero, Atlas). The images were integrated using CrysAlisPro 
1.171.38.43 (Rigaku Oxford Diffraction), and the background 
was manually subtracted using Origin 8.6001. As further valida-
tion, synthetic crystal suspensions with known concentrations of 
MSU (240 mg/cm3), CPP (88 mg/cm3), and HA (72 mg/cm3) were 
prepared (10) and then scanned using multi- energy SPCCT with 
the same protocol as described below. The resulting multi- energy 
SPCCT images in which pixels are expressed as linear attenua-
tion coefficients as shown in Supplementary Figure 1 (available on 
Arthritis & Rheumatology web site at http://onlinelibrary.wiley.com/
doi/10.1002/art.40848/abstract) were subsequently analyzed 
according to our previously described method (10) to determine 
diagnostic accuracy for the differentiation of each pair of crystals.

Multi- energy images were obtained using a preclinical SPCCT 
system suitable for small animal models and human specimens 

of diseased tissue (11). The scanner incorporated a microfocus 
poly- energetic x- ray source and a Medipix3RX energy- resolving 
photon- counting detector within a continuous rotating gantry. We 
used a 2- mm–thick cadmium zinc telluride sensor (14 × 14 mm2), 
bump bonded at 110 μm to a Medipix3RX readout chip. Multi- 
energy SPCCT imaging of biologic specimens and calibration 
phantoms containing known concentrations of MSU, CPP, and 
HA crystal suspensions was performed using 4 charge- summing 
mode energy thresholds of 20, 30, 40, and 50 keV at 80 kVp 
(10). Imaging data were reconstructed simultaneously into non- 
overlapping energy bins across the measured spectrum, such as 
20–30, 30–40, 40–50, and 50–80 keV, at a spatial resolution of 
0.09 × 0.09 × 0.09 mm (Supplementary Figure 1). Images of the 
finger with subcutaneous gouty tophus and the calcified menis-
cus were calibrated using mass attenuation coefficients estimated 
from the calibration phantom data to distinguish MSU, CPP, and 
HA crystal deposits (10) and furnish material decomposition maps.

Dual- energy images were obtained using a dual- source 
DECT system (Somatom Flash; Siemens Healthineers) with 2 

Figure  2. A, Preoperative plain x- ray of the right knee revealing chondrocalcinosis. B, An excised calcified lateral meniscus from an 
osteoarthritic knee. C, Plain x- ray of the excised meniscus, confirming the presence of calcifications within the meniscus. D–F, Composite 
color- coded, multi- energy spectral photon- counting computed tomography images showing a predominance of calcium pyrophosphate (CPP) 
crystal deposits in the calcified regions of the excised meniscus (blue = water- like, red to yellow = CPP- like, and white = hydroxyapatite [HA]– 
like). G and H, Polarized light microscopy (G) and quantitative results of x- ray diffraction (H) of the crystal scrapings confirming the presence 
of weakly positively birefringent CPP crystals with a diffraction pattern assigned as a mixture of monoclinic (m) and triclinic (t) CPP dihydrate 
(CPPD). Arb. units = arbitrary units.

http://onlinelibrary.wiley.com/doi/10.1002/art.40848/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40848/abstract
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x- ray tubes and 2 corresponding energy- integrating detectors 
mounted at 90° to one another and operating at 80 kVp and 
140 kVp. Data were acquired and images reconstructed using 
scanning parameters routinely applied for individuals with gout, 
at a spatial resolution of 0.23 × 0.23 × 0.60 mm (12). The stan-
dard proprietary gout setting on a syngo.via workstation (Siemens 
Healthineers) was used for post- processing.

RESULTS

Plain x- ray of the excised gouty finger revealed bone erosion 
with overhanging edges and soft tissue changes consistent with 
tophus material (Figure 1B). DECT (Figure 1C) and multi- energy 
SPCCT (Figure 1D) both showed MSU crystal deposits. However, 
SPCCT was able to show finer detail and higher MSU volume. 
Polarized light microscopy confirmed the presence of negatively 
birefringent MSU crystals from the tophus (Figure 1E).

Preoperative plain x- ray of the right knee revealed chon-
drocalcinosis (Figure  2A). The chondrocalcinosis was con-
firmed to be within the meniscus on a plain x- ray of the excised 
lateral meniscus (Figure  2C). Multi- energy SPCCT showed a 
predominance of CPP crystal deposits in the calcified regions 
of the excised meniscus (Figures 2D and E). Both CPP (Fig-
ure 2E) and HA crystal deposits (Figure 2F) could be identified 
and differentiated. Multi- energy SPCCT imaging findings in the 
meniscus were partly validated using polarized light micros-
copy (Figure 2G) and x- ray diffraction (Figure 2H) of the crystal 
scrapings. The diffraction pattern obtained from the sample 
was assigned as a mixture of monoclinic calcium pyrophos-
phate dihydrate and triclinic triclinic calcium pyrophosphate 
dihydrate (13). There were no significant peaks to indicate 
the presence of HA. The diagnostic accuracy measures for 
differentiating each pair of synthetic crystal suspensions are 
reported in Table 1 and Supplementary Table 1 (available on 
Arthritis & Rheumatology web site at http://onlinelibrary.wiley.
com/doi/10.1002/art.40848/abstract). Overall, the differenti-

ation of MSU from both calcium crystals was excellent (area 
under the receiver operating characteristic curve [AUC] >0.99 
for the 20–30 keV energy bin), while the differentiation between 
CPP and HA was moderate (AUC 0.78 for the 20–30 keV 

energy bin).

DISCUSSION

In the present study, we demonstrated that multi- energy 
SPCCT can be used not only to detect and differentiate 
MSU crystal deposits in an excised gouty finger, but also to 
specifically detect and identify CPP crystal deposits within 
an excised osteoarthritic knee meniscus, and distinguish 
them from HA crystal aggregates. This is, to our knowledge, 
the first time multi- energy SPCCT has been used to study 
human samples for the presence of pathogenic crystals ex 
vivo.

Although DECT can be used to detect and character-
ize MSU and CPP crystal deposits with variable diagnostic 
 performance (14,15), we have previously shown that multi- 
energy SPCCT has the potential to also distinguish other cal-
cium crystal aggregates such as HA (9,10). While x- ray diffrac-
tion and polarized light microscopy can be used to validate our 
findings of MSU and CPP crystals, it is more difficult to validate 
HA, which cannot be identified using these techniques. As an 
alternate method of validation, we showed that multi- energy 
SPCCT, especially when using lower energy bins such as 
20–30 keV, can differentiate synthetic crystal suspensions with 
known clinically relevant concentrations of MSU and CPP with 
excellent diagnostic accuracy (Supplementary Table 1), while 
the accuracy for distinguishing CPP from HA was moderate 
(Table 1).

Multi- energy SPCCT has potential advantages over DECT 
in detecting and characterizing MSU crystal deposits. The 
images show a finely detailed punctate pattern of MSU crystal 
deposition in contrast to the clump- like appearance on DECT. 

Table 1. Diagnostic accuracy measures for the differentiation of synthetic calcium pyrophosphate crystal suspensions 
from hydroxyapatite*

Energy bin (keV)
Sensitivity 
(95% CI)

Specificity 
(95% CI)

PPV 
(95% CI)

NPV 
(95% CI) AUC

20–30 67.3 
(59.4–75.3)

78.0 
(67.3–88.8)

75.8 
(68.2–83.3)

70.6 
(67.5–73.6)

0.78 
(0.77–0.79)

30–40 66.5 
(57.8–75.3)

76.1 
(64.3–87.9)

74.0 
(66.3–81.6)

69.6 
(66.4–72.7)

0.76 
(0.75–0.77)

40–50 61.3 
(52.2–70.4)

73.7 
(61.3–86.0)

70.3 
(62.7–77.9)

65.6 
(62.8–68.4)

0.71 
(0.69–0.72)

50–80 61.0 
(52.4–69.5)

70.6 
(59.4–81.9)

67.8 
(61.7–73.9)

64.5 
(61.9–67.0)

0.68 
(0.67–0.69)

* 95% CI = 95% confidence interval; PPV = positive predictive value; NPV = negative predictive value; AUC = area 
under the receiver operating characteristic curve. 

http://onlinelibrary.wiley.com/doi/10.1002/art.40848/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40848/abstract
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This difference may be due in part to increased sensitivity of 
SPCCT. However, the finer spatial resolution of a preclinical 
micro- CT compared to a clinical whole- body CT system may 
also contribute. Higher spatial resolution and lower partial vol-
ume effects certainly also contribute to improved diagnostic 
accuracy of multi- energy SPCCT (AUC of >0.99 for MSU with 
20–30 and 30–40 keV energy bins) (Supplementary Table 1), 
compared to an AUC of 0.96 for DECT according to a recent 
meta- analysis (14). Further work using samples with smaller 
urate and calcium burden will be needed to determine the 
diagnostic accuracy and lower detection limit for MSU and cal-
cium crystal deposits using multi- energy SPCCT. With these 
initial data, we are now in a position to demonstrate that the 
image quality we achieved for ex vivo samples can be repli-
cated in living subjects with crystal deposition diseases. The 
first living human images from a healthy volunteer, scanned 
using a MARS 8- energy SPCCT system, have recently been 
released and technical details of the human 8-energy SPCCT 
scanner were presented in November 2018 at the Institute of 
Electrical and Electronic Engineers Nuclear Science Sympo-
sium and Medical Imaging Conference. These images have 
produced much excitement in the short time that the tech-
nology has been available (16). The human MARS scanner is 
almost ready for clinical trials, with ethics approval currently 
being sought. In conclusion, multi-energy SPCCT can not 
only detect, differentiate, and quantify MSU crystal deposits 
ex vivo, but also detect, identify, and quantify CPP and distin-
guish them from HA crystal aggregates. There is potential for  
multi-energy SPCCT to become useful in the diagnosis of crys-
tal arthropathies.
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Treatment to Target Using Recombinant Interleukin- 1 
Receptor Antagonist as First- Line Monotherapy in  
New- Onset Systemic Juvenile Idiopathic Arthritis: Results 
From a Five- Year Follow- Up Study
Nienke M. ter Haar,1 E. H. Pieter van Dijkhuizen,1 Joost F. Swart,1 Annet van Royen-Kerkhof,1 Ayman el Idrissi,2 
Arjen P. Leek,2 Wilco de Jager,1 Mark C. H. de Groot,1 Saskia Haitjema,1 Dirk Holzinger,3 Dirk Foell,4  
Jorg van Loosdregt,1 Nico M. Wulffraat,1 Sytze de Roock,1 and Sebastiaan J. Vastert1

Objective. Systemic juvenile idiopathic arthritis (JIA) is a multifactorial autoinflammatory disease with a historically 
poor prognosis. With current treatment regimens, approximately half of patients still experience active disease after 
1 year of therapy. This study was undertaken to evaluate a treat- to- target approach using recombinant interleukin- 1 
 receptor antagonist (rIL- 1Ra; anakinra) as first- line monotherapy to achieve early inactive disease and prevent damage.

Methods. In this single- center, prospective study, patients with new- onset systemic JIA with an unsatisfactory 
response to nonsteroidal antiinflammatory drugs received rIL- 1Ra monotherapy according to a treat- to- target strat-
egy. Patients with an incomplete response to 2 mg/kg rIL- 1Ra subsequently received 4 mg/kg rIL- 1Ra or additional 
prednisolone, or switched to alternative therapy. For patients in whom inactive disease was achieved, rIL- 1Ra was 
tapered after 3 months and subsequently stopped.

Results. Forty- two patients, including 12 who had no arthritis at disease onset, were followed up for a median of 
5.8 years. The median time to achieve inactive disease was 33 days. At 1 year, 76% had inactive disease, and 52% 
had inactive disease while not receiving medication. High neutrophil counts at baseline and a complete response 
after 1 month of rIL- 1Ra were highly associated with inactive disease at 1 year. After 5 years of follow- up, 96% of 
the patients included had inactive disease, and 75% had inactive disease while not receiving medication. Articular or 
extraarticular damage was reported in <5%, and only 33% of the patients received glucocorticoids. Treatment with 
rIL- 1Ra was equally effective in systemic JIA patients without arthritis at disease onset.

Conclusion. Treatment to target, starting with first- line, short- course monotherapy with rIL- 1Ra, is a highly effi-
cacious strategy to induce and sustain inactive disease and to prevent disease-  and glucocorticoid- related damage 
in systemic JIA.

INTRODUCTION

Systemic juvenile idiopathic arthritis (JIA) is a multifactorial 
autoinflammatory disease, characterized by arthritis, quotid-
ian spiking fevers, skin rash, lymphadenopathy, hepatomegaly, 

splenomegaly, and/or serositis, in combination with a substan-
tial increase in the inflammatory parameters erythrocyte sedi-
mentation rate (ESR), C- reactive protein (CRP) level, and ferritin 
level (1). Systemic JIA is still classified under the umbrella of JIA 
(2), although it has been demonstrated that the mechanisms 
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 underlying the systemic inflammation in systemic JIA differ in 
important aspects from the other JIA subtypes (1). Analogous to 
adult- onset Still’s disease, the requirement of arthritis for the diag-
nosis of systemic JIA is a subject of debate, since a substantial 
proportion of patients with systemic JIA do not present with arthri-
tis at disease onset (3–6).

The natural course of systemic JIA is severe. Data from 
cohorts in the pre- biologics era showed that half of the patients 
had persistent active disease for years and articular damage was 
common; some investigators even reported joint replacements in 
75% of systemic JIA patients (7–12). Disease- modifying antirheu-
matic drugs (DMARDs) that were beneficial in other subtypes of 
JIA were ineffective in systemic JIA, and patients with refractory 
disease relied on long- term glucocorticoid use, or autologous 
stem cell transplantation as a last resort (13–15).

The discovery of the involvement of the interleukin- 1 (IL- 1) and 
IL- 6 pathways in systemic JIA led to the effective use of IL- 1 and 
IL- 6 signaling inhibition in these patients (16–20). Unfortunately, the 
first trials demonstrated completely inactive disease in only 30% 
of patients after the first year of therapy, and biologic therapy was 
often combined with other glucocorticoids and/or other DMARDs. 
In recent inception cohorts, ~50% of the patients with new- onset 
disease had inactive disease after 1 year and 70% after 3 years of 
therapy (21,22). In addition, 50–60% of patients with systemic JIA 
received long- term systemic glucocorticoids, which are associated 
with severe and longstanding side effects such as growth failure 
and obesity (21–23). Hence, there is a strong need for a more 
effective therapeutic approach with fewer side effects.

Several studies of systemic JIA have indicated that, espe-
cially in the early phase of this disease, activation of the innate 
immune system, including activation of the IL- 1 pathway, is most 
prominent (16,24,25). IL- 1 blocking therapy specifically would be 
favorable during this so- called “window of opportunity” (24). In 
2008 we initiated a prospective trial of recombinant IL- 1 recep-
tor antagonist (rIL- 1Ra) as first- line monotherapy for patients with 
new- onset systemic JIA, in which inactive disease was achieved in 
85% of the patients within 1 year (26). Furthermore, we described 
a strategy to taper and stop rIL- 1Ra treatment in patients with 
inactive disease (26). In the present study, we investigated the 
long- term efficacy of our treat- to- target approach using rIL- 1Ra 
as  first- line monotherapy.

PATIENTS AND METHODS

Patients. We included patients who presented to University 
Medical Center Utrecht (UMCU) with a new diagnosis of systemic 
JIA from 2008 until 2017. In addition to the patients included in 
our previous study (26), the present study also included patients 
who presented since January 2012 and patients who were seen 
with arthralgia but without overt arthritis at diagnosis from the start 
of the cohort in 2008. The latter were only included if the clinical 
picture (e.g., spiking fever, rash) and laboratory values (e.g., ferritin 

and IL- 18 levels) indicated a suspected diagnosis of systemic JIA 
and when other diagnoses such as infections and malignancies 
had been excluded by extensive diagnostic procedures, includ-
ing microbial investigations (cultures, serology, and polymerase 
chain reaction), imaging (abdominal ultrasound, positron emission 
tomography–computed tomography scanning, etc.), and genetic 
tests (for periodic fever syndromes). Supplementary Table 1 (avail-
able on the Arthritis & Rheumatology web site at http://onlineli-
brary.wiley.com/doi/10.1002/art.40865/abstract) provides more 
detailed information on the symptoms and diagnostic evaluation 
of the patients without arthritis at onset.

Study design. The therapeutic treat- to- target strategy with 
rIL- 1Ra as first- line monotherapy has been described previously 
(26). Briefly, when patients had an unsatisfactory response (persis-
tence of fever and arthritis after 7 days of treatment) to indomethacin 
(or an equivalent nonsteroidal antiinflammatory drug [NSAID]), rIL- 
1Ra was initiated at a dosage of 2 mg/kg/day (with a maximum of 
100 mg/day in patients weighing ≥50 kg) subcutaneously. If fever 
persisted after 3 days, the rIL- 1Ra dosage was increased to 4 mg/
kg/day (maximum of 200 mg/day). In patients who had persistent 
disease activity while receiving rIL- 1Ra monotherapy, prednisolone 
0.5–1 mg/kg/day was added and/or patients were switched to alter-
native biologic agents, such as canakinumab 4 mg/kg or tocilizumab 
8 mg/kg (for patients >30 kg) or 12 mg/kg (for patients <30 kg).

If patients had inactive disease at 3 months while receiving 
rIL- 1Ra only, rIL- 1Ra was tapered for a month (alternate-day reg-
imen) and subsequently stopped. When a disease flare occurred, 
rIL- 1Ra was restarted. When multiple attempts at tapering failed, 
canakinumab was offered in order to avoid daily injections. Patients 
were monitored for adverse events or side effects such as infec-
tion and local skin reactions. Institutional review board approval 
was obtained by the UMCU ethics committee (study no. 08- 215), 
and informed consent was given by patients and/or their parents.

Analysis of blood and serum samples. Blood was 
drawn for routine laboratory measurements at disease onset, 
before the initiation of rIL- 1Ra treatment, and at all follow- up 
 visits. Data regarding complete blood cell counts were extracted 
from the Utrecht Patient- Oriented Database (27). Serum concen-
trations of IL- 18 at disease onset were determined using a vali-
dated (ISO 9001 certified) multiplex immunoassay, as previously 
described (28).

Outcome measures. The primary outcome measure for 
this study was clinically inactive disease 1 year after the initiation 
of  rIL- 1Ra. Clinically inactive disease was defined according to 
the modified Wallace criteria as the absence of arthritis, morning 
stiffness, and systemic features; a physician’s global assessment 
indicating no disease activity (<10 on a scale of 0–100); and nor-
malization of ESR (<20 mm/hour) and CRP level (<10 mg/liter) 
(29). Secondary outcome measures 1 year after the initiation of 

http://onlinelibrary.wiley.com/doi/10.1002/art.40865/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40865/abstract


rIL-1Ra AS FIRST- LINE MONOTHERAPY IN NEW- ONSET SYSTEMIC JIA |      1165

rIL1- Ra were the percentage of patients in whom inactive dis-
ease was achieved with rIL- 1Ra monotherapy and the percent-
age of patients with inactive disease while not receiving medica-
tion. In addition, the percentage of patients with inactive disease 
was assessed at 1 month, 3 months, 3 years, and 5 years after 
the initiation of therapy, and the date of the first visit with inactive 
disease was recorded to determine the time to achieve inactive 
disease. At the last follow- up visit, disease activity, medication 
use, growth, damage, and patient- reported outcome measures 
were assessed. Growth mea surements included height, weight, 
and body mass index (BMI) and were expressed as standard 
deviations from the mean in the healthy Dutch population. A 
short stature was defined as height less than −2 SD for age, 
obesity was defined as BMI >2 SD for age, and underweight 
was defined as BMI less than −2 SD for age. Disease- and 
therapy- associated damage was assessed annually using the 
Juvenile Arthritis Damage Index (30). Patient- reported outcomes 
were investigated using the Juvenile Arthritis Multidimensional 
Assessment Report and included patient- reported pain, disease 
severity, well- being, quality of life, and functional ability (31,32).

Statistical analysis. Continuous variables are presented 
as the median (interquartile range [IQR]). Differences between 2 
groups were analyzed by Mann- Whitney U test, and correlations 
were determined by Spearman’s rho. Differences in categorical 
variables were analyzed by Pearson’s chi- square test or Fish-
er’s exact test, as appropriate. Time to inactive disease or flare 
was assessed using the Kaplan- Meier method. To determine 
factors associated with the achievement of inactive disease at 
1 year, clinical and biochemical markers with a P value less than 
0.05 for the comparison between patients with active disease 
and those with inactive disease at 1 year in univariate analysis 
were entered into a multivariable binomial logistic regression 
model. If variables correlated strongly (Spearman’s rho >0.6), 
the variable with the lowest P value was chosen. Furthermore, 
principal components regression was used to achieve dimen-
sion reduction. Goodness- of- fit of the models was assessed 
by the area under the curve (AUC) of the receiver operating 
characteristic curve. For significant continuous variables, an 
optimal cutoff was determined by choosing the highest sum of 
specificity and sensitivity. Internal validation of the models was 
performed by leave- one- out cross- validation. Basic statistical 
analyses were performed using IBM SPSS Statistics version 
21. For principal components analysis and modeling, R, version 
3.4.1 was used, including the packages “devtools,” “ggplot2,”  
“factoextra,” and “pROC.”

RESULTS

Baseline characteristics of the patients. Between 
2008 and 2017, 51 patients with new- onset systemic JIA pre-
sented to UMCU. Once the diagnosis was established and 

when NSAIDs were not effective, monotherapy with rIL- 1Ra 
was initiated. After the exclusion of patients who had received 
previous DMARDs or glucocorticoids (n = 6) and patients with 
a good response to NSAIDs (n = 3), 42 patients entered the 
study (Figure 1). The median age at onset of systemic JIA was 
7 years, and 60% of the patients were male (Table 1). Patients 
were treated with rIL- 1Ra a median of 30 days after the first 

manifestation of symptoms.

Similar clinical and immunologic characteristics  
of patients with systemic JIA with arthritis and those 
without arthritis at onset. As mentioned above, the 
requirement of chronic arthritis for the diagnosis of systemic 
JIA is a matter of debate (3,4). In our cohort, 12 patients (29%) 
had a clinical phenotype compatible with the diagnosis of 
 systemic JIA but without arthritis at onset. During  follow- up, 

Figure 1. Flow chart showing the disposition of the patients with 
systemic juvenile idiopathic arthritis (sJIA) and their response to first- 
line recombinant interleukin- 1 receptor antagonist (rIL- 1Ra) therapy. 
Values in circles are the number of patients. * = The 2 patients with 
recent flares experienced recurrent disease activity after ~1 year; 
no therapy had been initiated. GR = good response; NSAIDs = 
nonsteroidal antiinflammatory drugs; ID = inactive disease; AD = 
active disease.
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4 patients developed arthritis during disease flares, 2 patients 
experienced a febrile flare without arthritis, and 6 patients never 
had a flare. No differences in clinical characteristics or labora-
tory values were observed between patients with and those 
without arthritis at onset (Table 1). After extensive diagnostic 
procedures to exclude other diseases, these patients were 
treated and followed up in the same manner as patients with 
“regular” systemic JIA. (See Supplementary Table 1, online at 
http://onlinelibrary.wiley.com/doi/10.1002/art.40865/abstract, 
for details of the diagnostic evaluation.) Of note, all patients 
without arthritis at onset ultimately fulfilled the proposed new 
Paediatric Rheumatology International Trials Organisation 
(PRINTO) classification criteria for systemic JIA (33). To enable 
comparison with other studies, we show most outcome data 
for patients with and those without arthritis in separate tables.

Early induction of inactive disease by rIL- 1Ra as 
first-line monotherapy. Monotherapy with rIL- 1Ra as a 
first- line agent was highly effective in patients with new- onset 
systemic JIA. After only 1 month of therapy, 23 patients (55%) 
had completely inactive disease while receiving rIL- 1Ra mono-
therapy, and 2 patients had inactive disease while receiving 
rIL- 1Ra combined with prednisolone (Figure 1). After 3 months 

of therapy, 35 patients (83%) had inactive disease, 30 of whom 
(20 of 30 patients with arthritis and 10 of 12 patients without 
arthritis) reached inactive disease with rIL- 1Ra monotherapy, 
without the use of glucocorticoids (Figure 1 and Table 2). Of 
these 30 patients, inactive disease was achieved in 29 with 
rIL- 1Ra 2 mg/kg and in 1 with rIL- 1Ra 4 mg/kg. Figure  2A 
clearly depicts that the patients who responded to monother-
apy with rIL- 1Ra all reached inactive disease within 100 days 
(median time 28 days), while the majority of those who needed 
additional prednisolone reached inactive disease after those 
100 days, if at all, within 1 year (median time 122 days) (P < 
0.001 by log rank test). The median time to achieve inactive 
disease in the whole cohort was 33 days; 95% of the patients 

experienced a period of inactive disease in the first year.

Sustained inactive disease after a short course of 
rIL- 1Ra. After a median period of 3.7 months, rIL- 1Ra tapering 
was started in 33 patients. Two of these patients experienced 
recurrent disease activity while rIL1- Ra was being tapered and 
continued IL- 1 blockade. Thirty- one patients were able to stop 
rIL- 1Ra, and 29 of them did so within the first year of therapy. 
The median total duration of rIL- 1Ra treatment was 6.1 months 
(IQR 4.4, 9.5 months). Eighteen of the 31 patients remained free 

Table 1. Baseline characteristics of the patients with systemic JIA with arthritis and those without arthritis at onset*

Clinical information
All JIA patients 

(n = 42)
JIA patients with arthritis 

(n = 30)
JIA patients without arthritis 

(n = 12)

Age at start of rIL- 1Ra treatment, years 7.1 (3.9, 11.8) 7.9 (4.1, 12.2) 5.2 (3.7, 10.9)
Sex, no. male/female 25/17 17/13 8/4
Duration between first symptom and 

start of rIL- 1Ra treatment, days
30 (19, 61) 31 (21, 65) 25 (16, 49)

Fever, % 100 100 100
Rash, % 88.1 93.3 75
Lymphadenopathy, % 57.1 50 75
Hepatomegaly, % 38.1 33.3 50
Splenomegaly, % 19.0 16.7 25
Serositis, % 9.5 10 8.3
No. of joints with active disease 2 (0, 4) 3 (2, 4) 0 (0, 0)†
Physician’s global assessment 40 (30, 49) 40 (30, 50) 40 (28, 40)
ESR, mm/hour 106 (83, 131) 107 (87, 135) 101 (81, 109)
CRP, mg/liter 138 (93, 225) 156 (103, 233) 116 (78, 207)
Ferritin, μg/liter 656 (284, 2,354) 672 (284, 2,354) 648 (250, 3,385)
Hemoglobin, mmoles/liter 6.1 (5.7, 6.5) 6.1 (5.4, 6.6) 6.2 (5.8, 6.5)
Leukocytes, × 109/liter 18.8 (12.5, 26.2) 18.0 (12.3, 25.4) 20.90 (12.85, 30.18)
Neutrophils, × 109/liter 14.61 (8.51, 22.07) 13.60 (8.20, 21.34) 18.32 (9.89, 26.03)
Lymphocytes, × 109/liter 2.54 (1.83, 23.20) 2.60 (2.07, 3.33) 2.13 (1.52, 2.81)
Monocytes, × 109/liter 0.67 (0.52, 0.83) 0.66 (0.47, 0.81) 0.79 (0.52, 0.93)
Platelets, × 109/liter 603 (375, 707) 576 (376, 688) 623 (286, 805)

* Except where indicated otherwise, values are the median (interquartile range). Ordinal variables were compared using Fisher’s exact test 
and continuous variables were compared using the Mann- Whitney U test. rIL- 1Ra = recombinant interleukin- 1 receptor antagonist; ESR = 
erythrocyte sedimentation rate; CRP = C- reactive protein. 
† P < 0.001 versus patients with juvenile idiopathic arthritis (JIA) with arthritis. All other comparisons were nonsignificant. 
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of flares after stopping rIL- 1Ra (including 2 patients who received 
rIL- 1Ra for >1 year) and have been in remission without therapy 
for years (Figure 2B). Thirteen of the 31 patients experienced a 
flare after stopping rIL- 1Ra. The median time to flare was 5 weeks 
(IQR 3 weeks, 5 months) Three patients had a flare in the first 
week after stopping rIL- 1Ra, and 3 patients experienced a late 
flare (9 months to 5 years after stopping rIL- 1Ra). Flares often 
subsided after reinitiation of rIL- 1Ra; 3 patients were able to stop 
rIL- 1Ra again within the first year of therapy, 4 others had inactive 
disease while receiving rIL- 1Ra at 1 year, and 2 patients experi-
enced a flare around the 1-year time point. In addition, 1 patient 

stopped rIL- 1Ra but continued to receive methotrexate (MTX) and 
 prednisolone.

In total, 32 patients (76%) had inactive disease 1 year after 
the initiation of rIL1- Ra; 22 of these patients (52% of the whole 
cohort) were not receiving therapy. Of these 32 patients, 28 had 
only received rIL- 1Ra, 2 had received rIL- 1Ra and prednisolone, 
1 had received MTX and prednisolone (in addition to previously 
receiving rIL- 1Ra), and 1 patient switched to tocilizumab and 
prednisolone (Figure 1 and Table 2). Patients without arthritis at 
onset had better outcomes at 1 year: 20 (67%) of 30 patients with 
arthritis and all 12 patients without arthritis at onset had inactive 

Table 2. Disease activity and treatments for patients with systemic JIA with arthritis and those without arthritis at onset*

Time point and  
treatment

JIA patients with arthritis at onset 
(n = 30)

JIA patients without arthritis at onset 
(n = 12)

Inactive disease Active disease Inactive disease Active disease

1 month 15 (50.0) 15 (50.0) 10 (83.3) 2 (16.7)
rIL- 1Ra 14 11 9 1
rIL- 1Ra + GC 1 4 1 1

3 months 24 (80.0) 6 (20.0) 11 (91.7) 1 (8.3)
rIL- 1Ra 20 1 10 0
rIL- 1Ra + GC 3 4 1 1
rIL- 1Ra + MTX + GC 1 0 0 0
MTX + GC 0 1 0 0

1 year 20 (67.7) 10 (33.3) 12 (100) 0 (0)
No therapy 0 2† 0 0
Drug- free 14 0 8 0
rIL- 1Ra 5 1 3 0
MTX + GC 1 0 0 0
Canakinumab 0 3 0 0
Tocilizumab 0 3 1 0
Etanercept 0 1 0 0

3 years‡ 23 (95.8) 1 (4.2) 10 (90.9) 1 (9.1)
Drug- free 17 0 8 0
rIL- 1Ra 2 0 0 1
Canakinumab 1 1 1 0
Tocilizumab 2 0 1 0
MTX 1 0 0 0

5 years§ 21 (100) 0 3 (75) 1 (25)
Drug- free 15 0 3 0
rIL- 1Ra 2 0 0 0
Canakinumab 2 0 0 0
Tocilizumab 1 0 0 1
Intraarticular GCs, NSAID 1 0 0 0

* Values are the number (%) of patients. Canakinumab and tocilizumab were often combined with low- dose predniso-
lone. JIA = juvenile idiopathic arthritis; rIL- 1Ra = recombinant interleukin- 1 receptor antagonist; GC = glucocorticoid; MTX 
= methotrexate; NSAID = nonsteroidal antiinflammatory drug. 
† Patients had experienced recent flares, and no therapy had been initiated yet. 
‡ Six of 30 patients with arthritis and 1 of 12 patients without arthritis had <3 years of follow- up; of these, 1 patient with 
arthritis at onset died due to macrophage activation syndrome. 
§ Nine of 30 patients with arthritis and 8 of 12 patients without arthritis had <5 years of follow- up. 
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disease; 14 (47%) of the 30 patients with arthritis and 8 (67%) of 
the 12 patients without arthritis were not receiving therapy.

High rate of sustained remission during long- term 
follow- up. Long- term follow- up, with 35 patients followed up 
for 3 years and 25 patients followed up for 5 years, showed 
sustained high response rates. Of the patients followed up for 5 

years, 96% (24 of 25) had inactive disease, and 18 of these 24 
patients (75%) were not receiving medication, at 5 years (Fig-
ure 1 and Table 2). One patient with severe disease refractory 
to rIL- 1Ra, MTX, tocilizumab,  canakinumab, and glucocorticoids 
died due to macrophage activation syndrome with neurologic 
symptoms and pulmonary hypertension 2 years after the start 
of therapy. Other than in this patient, no pulmonary complica-

Figure 2. Response of patients with systemic juvenile idiopathic arthritis (JIA) to recombinant interleukin- 1 receptor antagonist (rIL- 1Ra). 
A, Kaplan- Meier curve of the time to achieve inactive disease (ID). Curves are shown for all patients with systemic JIA (n = 42), patients receiving 
rIL- 1Ra monotherapy (n = 30), and patients who needed prednisolone in addition to rIL- 1Ra to achieve inactive disease (n = 12). 95% CI = 95% 
confidence interval. B, Kaplan- Meier curve of flare- free survival time, defined as the time until first flare, censored at the last follow- up if no flare 
occurred. Data are included for 31 patients who stopped receiving rIL- 1Ra due to inactive disease. C, Glucocorticoid use in the first 3 years of 
IL- 1Ra therapy. Circles represent individual patients, except for the circles shown for 0.0 mg/kg/day, which each represent 31–35 patients who 
were not receiving prednisolone at the indicated time point, as indicated by the numbers below the figure.

3002001000

1.0

0.8

0.6

0.4

0.2

0.0

All patients 
rIL-1RA monotherapy
Addition of prednisolone

Days to reach ID, median (95% CI)

Days since start rIL-1RA

C
um

ul
at

iv
e 

pr
ob

ab
ili

ty

50 150 250 350

33 (19-47)
28 (24-32)
122 (30-214)

35742 16 5 3 2
00030 7 0 0 0
35712 9 5 3 2

C
um

ul
at

iv
e 

ris
k

0 2 4 6 8 10

0.0

0.2

0.4

0.6

0.8

1.0

Years since stop rIL-1RA
1 3 5 7 9

N at risk 31 15 11 4 1 019 12 8 3 1

Flare-free survival

//0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

Glucocorticoid use

3 6 12 18 24 30 36

N follow-up 42 42 42 41 36 35 35
N prednisolone 10 9 7 7 5 1 0

1

42

8

2

42

10

4

42

10

5

42

9

Pr
ed

ni
so

lo
ne

 m
g/

kg
/d

ay

Months since start rIL-1RA

N at risk
All patients
rIL-1RA monotherapy
Addition of prednisolone

A

B C

Time to inactive disease



rIL-1Ra AS FIRST- LINE MONOTHERAPY IN NEW- ONSET SYSTEMIC JIA |      1169

tions were observed. In total, 4 patients in our cohort (9.5%) 
developed macrophage activation syndrome during their dis-
ease course. Inactive disease was not achieved with rIL- 1Ra 
in 3 of these 4 patients, and they were therefore switched to 
alternative therapies in the first year of treatment. One patient 
had a good response to rIL- 1Ra and clinically inactive disease 
was achieved prior to the onset of macrophage activation syn-
drome. Both macrophage activation syndrome episodes in this 
patient seemed to be triggered by viral infections (in 1 episode 
we identified a primary infection with Epstein- Barr virus as the 
trigger). (For additional details on macrophage activation syn-
drome episodes, see Supplementary Table 2, available on the 
Arthritis & Rheumatology web site at http://onlinelibrary.wiley.
com/doi/10.1002/art.40865/abstract.)

Limited use of glucocorticoids to achieve or sus-
tain inactive disease. An important goal of our therapeu-
tic strategy was to minimize glucocorticoid use. Indeed, only 
one- third of the patients (n = 14; 11 of 30 patients with arthritis 
and 3 of 12 without arthritis) received systemic glucocorticoids 
to achieve or sustain inactive disease (Figure 2C). Of these 14 
patients, 7 received high- dose prednisolone (≥1 mg/kg/day), 
which was indicated for clinical deterioration despite rIL- 1Ra 
treatment and/or as treatment for macrophage activation syn-
drome. In 5 patients with an incomplete response to rIL- 1Ra 
monotherapy, prednisolone 0.5 mg/kg was added within the 

first 2 months of therapy. Additionally, 2 patients received pred-
nisolone 0.2–0.3 mg/kg as add- on therapy along with rIL- 1Ra or 
canakinumab later in the disease course. In total, more than half 
of the patients (n = 24; 17 of 30 patients with arthritis and 7 of 
12 without arthritis) needed only rIL- 1Ra and NSAIDs to achieve 
and sustain inactive disease during follow- up. Fourteen patients 
(33%) switched to other biologic agents or MTX combined with 
steroids; reasons for switching were incomplete response to rIL- 
1Ra or a prolonged need for therapy. No patient stopped rIL- 
1Ra due to infections or other severe adverse events. Table 2 
shows the response to therapy over time during follow up.

Minimal damage and good quality of life at time of 
last follow- up. At the time of the last follow- up, a median of 
5.8 years (IQR 2.9, 7.6 years) after the initiation of rIL- 1Ra, inac-
tive disease had been achieved in 36 (86%) of 42 patients. Only 
2 patients (5%) had articular damage (both of these patients had 
presented with arthritis at disease onset) (Table 3). None of the 
patients in our cohort developed growth failure during follow- up; 
1 patient with Down syndrome and a preexisting short stature 
had a height that remained more than 2 SD below the mean in 
the healthy population. Five patients (12%) were obese (defined 
as a BMI of >25) at last follow- up, of whom 4 were obese at dis-
ease onset (prior to treatment). Two patients (5%) had extraar-
ticular damage (short stature and striae); both of these patients 

had received glucocorticoids.

Table 3. Overview of outcome measures in the patients with systemic JIA at last follow- up*

Median (IQR)

Score, % of patients

<−2SD/>2SD Best score (0) Top 10% score

Growth (n = 42)† 
Height −0.4 (−1.2, 0.3) 2.4/– – –
Weight 0.3 (−0.5, 1.1) 4.8/9.5 – –
BMI 0.6 (−0.2, 1.5) 2.4/11.9 – –

Damage (n = 41)‡
Articular (range 0–72) 0 (0, 0) – 95 100
Extraarticular (range 0–17) 0 (0, 0) – 95 100

Patient- reported outcome measures§ 
Pain (n = 39) (range 0–100) 0 (0, 4) – 62 79
Severity (n = 39) (range 0–100) 0 (0, 2) – 62 79
Well- being (n = 36) (range 0–100) 0 (0, 4) – 58 81
Functionality (n = 36) (range 0–30) 0 (0, 1) – 69 94
Quality of life (n = 34) (range 0–30) 2 (0, 5) – 35 65

* The median follow- up time was 5.8 years. Separate data for patients with and those without arthritis are shown in Supple-
mentary Table 3 (online at http://onlin elibr ary.wiley.com/doi/10.1002/art.40865/ abstract). JIA = juvenile idiopathic arthritis; IQR = 
interquartile range; BMI = body mass index. 
† Scores for growth are based on the SD from the mean in the age- matched healthy population. 
‡ Measured by Juvenile Arthritis Damage Index. 
§ Pain, disease severity, and well- being scoring systems were derived from the Juvenile Arthritis Multidimensional Assessment Re-
port (JAMAR) or the Childhood Health Assessment Questionnaire, functionality was determined using the Juvenile Arthritis Func-
tionality Score, and quality of life was determined using the Paediatric Rheumatology Quality of Life scale, derived from JAMAR. 

http://onlinelibrary.wiley.com/doi/10.1002/art.40865/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40865/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40865/abstract
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Consistent with the highly efficacious therapeutic response, 
patient- reported outcome measures at last follow- up indicated a 
normal quality of life in the majority of patients (Table 3). Sixty- two 
percent of the patients reported a complete absence of pain and 
disease. The best possible score for well- being was given by 58% 
of patients, and the best possible score for functional ability by 
69%. Furthermore, 35% rated their quality of life as the best pos-
sible and 65% rated it as good (a score in the top 10%). Scores for 
patient- reported outcome measures were similar in patients with 
and those without arthritis (Supplementary Table 3, available on 
the Arthritis & Rheumatology web site at http://onlinelibrary.wiley.
com/doi/10.1002/art.40865/abstract).

Baseline neutrophil counts as a predictor of inac-
tive disease at 1 year. With the goal of developing a prediction 
model for rIL- 1Ra response (defined as clinically inactive disease 
at 1 year), we performed a univariate analysis that demonstrated 
that patients in whom inactive disease was achieved at 1 year 
were younger and had a significantly shorter disease duration, 
fewer joints with active disease, and higher neutrophil and leuko-
cyte counts prior to the start of rIL- 1Ra treatment (Supplemen-
tary Table 4, online at http://onlinelibrary.wiley.com/doi/10.1002/
art.40865/abstract). Disease duration and leukocyte and neutro-
phil count were also predictive of the response to IL- 1Ra when 

only patients with arthritis at disease onset were included in the 
analysis (Supplementary Table 5, http://onlinelibrary.wiley.com/
doi/10.1002/art.40865/abstract). Serum concentrations of IL- 18 
at disease onset did not predict disease activity status at 1 year.

For the secondary outcome measures (inactive disease 
while receiving rIL- 1Ra monotherapy and inactive disease while 
not receiving medication at 1 year), neutrophil count and dis-
ease duration were significantly different (Supplementary Tables 
4 and 5, http://onlinelibrary.wiley.com/doi/10.1002/art.40865/
abstract). As expected, we found a strong correlation between 
leukocyte count and neutrophil count (Spearman’s ρ = 0.979), 
as well as between the active joint count and the presence or 
absence of arthritis (Spearman’s ρ = 0.797); we selected neu-
trophil count and active joint count since they had the lowest 
P values. Further, a modest negative correlation was observed 
between disease duration and neutrophil count (Spearman’s 
ρ = −0.550) (Figure 3A). Multivariate analysis using age, disease 
duration prior to the start of rIL-1Ra, active joint count, and neu-
trophil count prior to the start of rIL-1Ra as variables revealed 
that a high neutrophil count prior to the start of rIL- 1Ra treatment 
was the best predictor of inactive disease at 1 year in our cohort 
(Supplementary Table 6, available on the available on the Arthri-
tis & Rheumatology web site at http://onlinelibrary.wiley.com/
doi/10.1002/art.40865/abstract).

Figure 3. Relationship between neutrophil count, disease duration, and response to recombinant interleukin- 1 receptor antagonist (rIL- 1Ra) in 
patients with systemic juvenile idiopathic arthritis. A, Correlation between neutrophil count at the start of rIL- 1Ra treatment and disease duration 
(time between first symptom and start of rIL- 1Ra treatment) in patients with inactive disease (ID) at 1 year and patients with active disease (AD) 
at 1 year. Circles represent individual patients. B, Receiver operating characteristic curve of the whole data set (black line) and leave- one- out 
cross- validation (red line) with neutrophil count as the variable and inactive disease at 1 year as the outcome. AUC = area under the curve (with 
the 95% confidence interval shown in parentheses).
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The model with only “neutrophil count” performed better 
than models using all 4 variables (Supplementary Table 6). Logis-
tic regression for reaching inactive disease at 1 year based on 
neutrophil counts revealed an odds ratio (OR) of 1.19 (95% con-
fidence interval [95% CI] 1.05, 1.42; P = 0.021), an AUC of 0.83 
(95% CI 0.64, >0.99) in the whole data set, and an AUC of 0.79 
(95% CI 0.58, 0.99) in the leave- one- out cross- validation (Fig-
ure 3B and Supplementary Table 6). The best cutoff (highest sum 
of sensitivity and specificity) was a neutrophil count of 9 × 109/liter 
(sensitivity 0.91, specificity 0.80). Inactive disease was achieved 
after 1 year in 29 (94%) of 31 patients with a neutrophil count of >9 
× 109/liter, compared to only 3 (27%) of 11 patients with a neutro-
phil count of ≤9 × 109/liter (OR 38.67 [95% CI 6.53, 362.73]) (P < 
0.001) (Supplementary Table 6, online at http://onlinelibrary.wiley.
com/doi/10.1002/art.40865/abstract).

Early response associated with sustained inactive 
disease at 1 year. In addition to variables before the start of 
therapy, an early good response to rIL- 1Ra was highly associated 
with sustained inactive disease at 1 year. Twenty- four (96%) of 25 
patients in whom inactive disease was achieved at 1 month had 
sustained inactive disease at 1 year, compared to only 8 (47%) of 
17 patients with active disease at 1 month (OR 27.0 [95% CI 4.17, 
539.74], P = 0.003) (Supplementary Table 6). Patients with persis-
tent arthritis after 1 month of rIL- 1Ra treatment were especially at 
risk of prolonged disease activity; inactive disease was achieved in 
only 1 of these 6 patients at 1 year (OR 0.03 [95% CI 0.00, 0.25], P 
= 0.004) (Supplementary Table 6). Inactive disease was ultimately 
achieved in these 6 patients with tocilizumab (n = 2), canakinumab 
(n = 2), or the combination of MTX and prednisolone (n = 2). The 
ability to achieve inactive disease  without  glucocorticoids was 
also associated with sustained inactive disease at 1 year; 28 of 
30 patients in whom inactive disease was achieved with rIL- 1Ra 
monotherapy in the first 3 months had sustained inactive disease 
at 1 year, compared to only 4 of 12 patients who needed addi-
tional glucocorticoids to achieve  inactive disease (OR 28.00 [95% 
CI 5.06, 240.21], P < 0.001) (Supplementary Table 6).

Taken together, our data demonstrate that a treat- to- target 
strategy using first- line monotherapy with rIL- 1Ra is highly effec-
tive in patients with systemic JIA, for both short-  and long- term 
outcomes. Patients with a normal neutrophil count at the start of 
rIL- 1Ra treatment and/or an incomplete response after 1 month of 
therapy should be monitored closely, since they represent a group 
at risk of persistent disease activity.

DISCUSSION

The treat- to- target strategy using rIL- 1Ra as first- line mon-
otherapy for systemic JIA described herein resulted in rapid 
attainment of inactive disease, prevention of damage and func-
tional limitations, and avoidance of glucocorticoids in the majority 
of patients. Furthermore, we demonstrated that inactive disease 

while not receiving medication could be achieved in more than half 
of the patients within the first year of therapy.

The use of a biologic agent as first- line therapy is a paradigm 
shift compared to conventional step- up regimens used in  systemic 
JIA. Although our study consisted of a single- center cohort with-
out a formal control group, comparisons with previously published 
cohorts strongly suggest that our strategy is superior in achiev-
ing and sustaining inactive disease compared to conventional 
approaches. The percentage of patients with inactive disease 
after 1 year of therapy in our study was >2- fold higher than the 
percentages in other prospective trials using biologic agents as 
second-  or third- line therapy in systemic JIA (17–20,34–36). Fur-
thermore, the incidence of articular damage, growth failure, obe-
sity, and functional limitations was ~3 times lower than in recent 
observational cohorts (21,22,37).

Since this was a single- center nonrandomized/controlled 
trial, a selection bias for less affected patients (for example, those 
with monocyclic disease) cannot be completely excluded. How-
ever, there are multiple arguments against a relevant selection bias 
for patients with a monocyclic or otherwise less severe disease 
course in our cohort. First, we included all consecutive patients 
with new- onset systemic JIA in our center over a prolonged 
period of time (9 years). Second, ~10% of the patients in our 
cohort experienced at least 1 episode of macrophage activation 
syndrome. This is consistent with rates of macrophage activation 
syndrome in other published cohorts and may be considered 
an indication of severe disease. Last, approximately half of the 
patients in our cohort had recurrent disease activity after the first 
attempt at tapering or cessation of rIL- 1Ra. Hence, the results of 
our study confirm the high efficacy of first- line treatment of rIL- 1Ra 
as described in a retrospective cohort (24), and support the exist-
ence of a so- called “window of opportunity,” favoring the initiation 
of biologic therapy early in the disease course (24,25).

An important aspect of our treat- to- target approach was to 
minimize exposure to glucocorticoids. The percentage of patients 
receiving glucocorticoids was reduced from 80–90% in previous 
cohorts to only 33% in our cohort, which is a major improvement 
given the well- known side effects of maintenance therapy with 
glucocorticoids (21–23,37,38). Since daily injections with rIL- 1Ra 
pose a relevant burden to patients, it is important to consider 
tapering and stopping at an early time point (39). In our study, 
the median duration of rIL- 1Ra treatment was only 6 months. 
However, since nearly half of the patients experienced recurrent 
disease activity after the first attempt to stop rIL- 1Ra, future stud-
ies should try to identify and/or validate biomarkers of subclinical 
disease activity in order to optimize strategies for tapering and 
discontinuing biologic therapy in systemic JIA.

Our single- center, prospective cohort study may provide a first 
step toward personalized medicine for systemic JIA. The predictive 
value of neutrophil counts for response to rIL- 1Ra supports findings 
from a previous study of our cohort, which provided evidence that 
neutrophils have an important role in the early inflammatory phase 

http://onlinelibrary.wiley.com/doi/10.1002/art.40865/abstract
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of systemic JIA (40). Our findings suggest that, especially in the 
early phase of systemic JIA, which is characterized by pronounced 
innate immune activation and neutrophilia, patients may be highly 
responsive to IL- 1 blockade, indicating the existence of a window 
of opportunity. Indeed, neutrophil counts were inversely correlated 
with disease duration in our patients. However, these observations 
may also reflect the heterogeneity of systemic JIA, with a systemic 
inflammatory phenotype on one end of the spectrum and an arthri-
tis phenotype on the other. Longer (follow- up) and multicenter 
studies will help elucidate this point. Taken together, our data sug-
gest that patients with systemic JIA with a normal neutrophil count 
at disease onset and at the start of rIL- 1Ra treatment should be 
monitored closely for response. If systemic JIA symptoms, espe-
cially arthritis, persist despite 1 month of rIL- 1Ra treatment, these 
patients may benefit from either the addition of (low-to-medium 
dose) prednisolone or a switch to another biologic agent.

Finally, a novelty of our study is the characterization and 
evaluation of patients in whom systemic JIA is suspected but 
who do not have arthritis at the initiation of treatment. It is well 
known that arthritis can develop months or even years after the 
first manifestation of systemic JIA symptoms (5,6). Waiting for 
the development of arthritis in these patients would result in ther-
apeutic delay, which may increase the risk of nonresponse and 
development of damage. In this study, we showed that a treat-
ment strategy using rIL- 1Ra as first- line therapy is also highly 
efficacious in patients without arthritis at onset. Our results sup-
port consensus treatment plans from both American and Ger-
man pediatric rheumatologists, stating that arthritis should not 
be a prerequisite for the initiation of biologic therapy (3,4), as well 
as the new suggested PRINTO classification criteria for systemic 
JIA, which omit the presence of arthritis as a prerequisite for the 
diagnosis of systemic JIA (33).

In conclusion, our treat- to- target approach in systemic 
JIA, using first- line monotherapy with rIL- 1Ra, resulted in early 
and sustained inactive disease in the majority of systemic JIA 
patients, firmly reduced glucocorticoid use, and prevented the 
development of long- term disease-  and therapy- related damage.

AUTHOR CONTRIBUTIONS

All authors were involved in drafting the article or revising it criti-
cally for important intellectual content, and all authors approved the final 
version to be published. Dr. ter Haar had full access to all of the data in 
the study and takes responsibility for the integrity of the data and the 
accuracy of the data analysis.
Study conception and design. ter Haar, Wulffraat, de Roock, Vastert.
Acquisition of data. ter Haar, Swart, van Royen- Kerkhof, el Idrissi, Leek, 
de Jager, de Groot, Haitjema, Holzinger, Foell, Wulffraat, de Roock, Vastert.
Analysis and interpretation of data. ter Haar, van Dijkhuizen, van  
Loosdregt, de Roock, Vastert.

REFERENCES
 1. Vastert SJ, Kuis W, Grom AA. Systemic JIA: new developments in 

the understanding of the pathophysiology and therapy. Best Pract 
Res Clin Rheumatol 2009;23:655–64.

 2. Petty RE, Southwood TR, Manners P, Baum J, Glass DN, 
 Goldenberg J, et al. International League of Associations for 
Rheumatology classification of juvenile idiopathic arthritis: second 
revision, Edmonton, 2001. J Rheumatol 2004;31:390–2.

 3. DeWitt EM, Kimura Y, Beukelman T, Nigrovic PA, Onel K, Prahalad 
S, et  al. Consensus treatment plans for new- onset systemic 
juvenile idiopathic arthritis. Arthritis Care Res (Hoboken) 2012;64: 
1001–10.

 4. Hinze CH, Holzinger D, Lainka E, Haas JP, Speth F, Kallinich T, 
et al. Practice and consensus- based strategies in diagnosing and 
managing systemic juvenile idiopathic arthritis in Germany. Pediatr 
 Rheumatol Online J 2018;16:7.

 5. Kumar S, Kunhiraman DS, Rajam L. Application of the Yamaguchi 
criteria for classification of “suspected” systemic juvenile idiopathic 
arthritis (sJIA). Pediatr Rheumatol Online J 2012;10:40.

 6. Behrens EM, Beukelman T, Gallo L, Spangler J, Rosenkranz M, 
Arkachaisri T, et  al. Evaluation of the presentation of systemic 
onset juvenile rheumatoid arthritis: data from the Pennsylvania 
Systemic Onset Juvenile Arthritis Registry (PASOJAR). J 
Rheumatol 2008;35:343–8.

 7. Oen K, Malleson PN, Cabral DA, Rosenberg AM, Petty RE, Cheang 
M. Disease course and outcome of juvenile rheumatoid arthritis in a 
multicenter cohort. J Rheumatol 2002;29:1989–99.

 8. Packham JC, Hall MA. Long- term follow- up of 246 adults with 
juvenile idiopathic arthritis: functional outcome. Rheumatology 
(Oxford) 2002;41:1428–35.

 9. Singh-Grewal D, Schneider R, Bayer N, Feldman BM. Predictors of 
disease course and remission in systemic juvenile idiopathic arthritis: 
significance of early clinical and laboratory features. Arthritis Rheum 
2006;54:1595–601.

 10. Oliveira-Ramos F, Eusébio M, M Martins F, Mourão AF, Furtado 
C, Campanilho-Marques R, et  al. Juvenile idiopathic arthritis in 
adulthood: fulfilment of classification criteria for adult rheumatic 
diseases, long- term outcomes and predictors of inactive disease, 
functional status and damage. RMD Open 2016;2:e000304.

 11. Minden K, Niewerth M, Listing J, Biedermann T, Bollow M, 
 Schöntube M, et  al. Long- term outcome in patients with juvenile 
idiopathic arthritis. Arthritis Rheum 2002;46:2392–401.

 12. Bowyer SL, Roettcher PA, Higgins GC, Adams B, Myers LK, 
 Wallace C, et al. Health status of patients with juvenile rheumatoid 
arthritis at 1 and 5 years after diagnosis. J Rheumatol 2003;30: 
394–400.

 13. Woo P, Southwood TR, Prieur AM, Doré CJ, Grainger J, David J, 
et al. Randomized, placebo- controlled, crossover trial of low- dose 
oral methotrexate in children with extended oligoarticular or systemic 
arthritis. Arthritis Rheum 2000;43:1849–57.

 14. Quartier P, Taupin P, Bourdeaut F, Lemelle I, Pillet P, Bost M, 
et al. Efficacy of etanercept for the treatment of juvenile idiopathic 
arthritis according to the onset type. Arthritis Rheum 2003;48: 
1093–101.

 15. Brinkman DM, de Kleer IM, ten Cate R, van Rossum MA, Bekkering 
WP, Fasth A, et al. Autologous stem cell transplantation in children 
with severe progressive systemic or polyarticular juvenile idiopathic 
arthritis: long- term follow- up of a prospective clinical trial. Arthritis 
Rheum 2007;56:2410–21.

 16. Pascual V, Allantaz F, Arce E, Punaro M, Banchereau J. Role of 
interleukin- 1 (IL- 1) in the pathogenesis of systemic onset juvenile 
idiopathic arthritis and clinical response to IL- 1 blockade. J Exp Med 
2005;201:1479–86.

 17. Quartier P, Allantaz F, Cimaz R, Pillet P, Messiaen C, Bardin C, et al. 
A multicentre, randomised, double- blind, placebo- controlled trial 
with the interleukin- 1 receptor antagonist anakinra in patients with 
systemic- onset juvenile idiopathic arthritis (ANAJIS trial). Ann Rheum 
Dis 2011;70:747–54.



rIL-1Ra AS FIRST- LINE MONOTHERAPY IN NEW- ONSET SYSTEMIC JIA |      1173

 18. Ruperto N, Brunner HI, Quartier P, Constantin T, Wulffraat N, Horneff 
G, et al. Two randomized trials of canakinumab in systemic juvenile 
idiopathic arthritis. N Engl J Med 2012;367:2396–406.

 19. De Benedetti F, Brunner HI, Ruperto N, Kenwright A, Wright S, Calvo 
I, et al. Randomized trial of tocilizumab in systemic juvenile idiopathic 
arthritis. N Engl J Med 2012;367:2385–95.

 20. Yokota S, Imagawa T, Mori M, Miyamae T, Aihara Y, Takei S, et al. 
Efficacy and safety of tocilizumab in patients with systemic- onset 
juvenile idiopathic arthritis: a randomised, double- blind, placebo- 
controlled, withdrawal phase III trial. Lancet 2008;371:998–1006.

 21. Guzman J, Kerr T, Ward LM, Ma J, Oen K, Rosenberg AM, et al. 
Growth and weight gain in children with juvenile idiopathic arthritis: 
results from the ReACCh- Out cohort. Pediatr Rheumatol Online J 
2017;15:68.

 22. Klotsche J, Raab A, Niewerth M, Sengler C, Ganser G, Kallinich T, 
et al. Outcome and trends in treatment of systemic juvenile idiopathic 
arthritis in the German National Pediatric Rheumatologic Database, 
2000–2013. Arthritis Rheumatol 2016;68:3023–34.

 23. Vannucci G, Cantarini L, Giani T, Marrani E, Moretti D, Pagnini I, et al. 
Glucocorticoids in the management of systemic juvenile idiopathic 
arthritis. Paediatr Drugs 2013;15:343–9.

 24. Nigrovic PA. Is there a window of opportunity for treatment of 
systemic juvenile idiopathic arthritis? [review]. Arthritis Rheumatol 
2014;66:1405–13.

 25. Nigrovic PA, Mannion M, Prince FH, Zeft A, Rabinovich CE, 
van Rossum MA, et  al. Anakinra as first- line disease- modifying 
therapy in systemic juvenile idiopathic arthritis: report of forty- six 
patients from an international multicenter series. Arthritis Rheum 
2011;63:545–55.

 26. Vastert SJ, de Jager W, Noordman BJ, Holzinger D, Kuis W, Prakken 
BJ, et  al. Effectiveness of first- line treatment with recombinant 
interleukin- 1 receptor antagonist in steroid- naive patients with new- 
onset systemic juvenile idiopathic arthritis: results of a prospective 
cohort study. Arthritis Rheumatol 2014;66:1034–43.

 27. Ten Berg MJ, Huisman A, van den Bemt PM, Schobben AF, Egberts 
AC, van Solinge WW. Linking laboratory and medication data: new 
opportunities for pharmacoepidemiological research. Clin Chem Lab 
Med 2007;45:13–9.

 28. Scholman RC, Giovannone B, Hiddingh S, Meerding JM, Malvar 
Fernandez B, van Dijk ME, et  al. Effect of anticoagulants on 162 
circulating immune related proteins in healthy subjects. Cytokine 
2018;106:114–24.

 29. Wallace CA, Ruperto N, Giannini E, for the Childhood Arthritis and 
Rheumatology Research Alliance, Pediatric Rheumatology Interna-
tional Trials Organization, and Pediatric Rheumatology  Collaborative 

Study Group. Preliminary criteria for clinical remission for select 
categories of juvenile idiopathic arthritis. J Rheumatol 2004;31: 
2290–4.

 30. Viola S, Felici E, Magni-Manzoni S, Pistorio A, Buoncompagni A, 
Ruperto N, et al. Development and validation of a clinical index for 
assessment of long- term damage in juvenile idiopathic arthritis. 
 Arthritis Rheum 2005;52:2092–102.

 31. Filocamo G, Consolaro A, Schiappapietra B, Dalprà S, Lattanzi 
B, Magni-Manzoni S, et  al. A new approach to clinical care of 
juvenile idiopathic arthritis: the Juvenile Arthritis Multidimensional 
Assessment Report. J Rheumatol 2011;38:938–53.

 32. Wulffraat N, Kamphuis S, Swart JF, Vastert S, Van Dijkhuizen 
P, van Pelt P, et  al. The Dutch version of the Juvenile Arthritis 
Multidimensional Assessment Report (JAMAR). Rheumatol Int 
2018;38 Suppl 1:139–46.

 33. Martini A, Ravelli A, Avcin T, Beresford MW, Burgos-Vargas R, 
 Cuttica R, et al. Toward new classification criteria for juvenile idiopathic 
arthritis: first steps, Pediatric Rheumatology INternational Trials 
Organization international consensus. J Rheumatol 2019;46:190–7.

 34. Gattorno M, Piccini A, Lasigliè D, Tassi S, Brisca G, Carta S, et al. 
The pattern of response to anti– interleukin- 1 treatment distinguishes 
two subsets of patients with systemic- onset juvenile idiopathic 
 arthritis. Arthritis Rheum 2008;58:1505–15.

 35. Pardeo M, Pires Marafon D, Insalaco A, Bracaglia C, Nicolai R, 
 Messia V, et  al. Anakinra in systemic juvenile idiopathic arthritis: a 
single- center experience. J Rheumatol 2015;42:1523–7.

 36. Horneff G, Schulz AC, Klotsche J, Hospach A, Minden K, Foeldvari 
I, et  al. Experience with etanercept, tocilizumab and interleukin- 1 
inhibitors in systemic onset juvenile idiopathic arthritis patients from 
the BIKER registry. Arthritis Res Ther 2017;19:256.

 37. Russo RA, Katsicas MM. Global damage in systemic juvenile 
idiopathic arthritis: preliminary early predictors. J Rheumatol 2008;35: 
1151–6.

 38. Guzman J, Oen K, Tucker LB, Huber AM, Shiff N, Boire G, et  al. 
The outcomes of juvenile idiopathic arthritis in children managed with 
contemporary treatments: results from the ReACCh- Out cohort. Ann 
Rheum Dis 2015;74:1854–60.

 39. Shenoi S, Horneff G, Cidon M, Ramanan AV, Kimura Y, Quartier P, 
et al. The burden of systemic juvenile idiopathic arthritis for patients 
and caregivers: an international survey and retrospective chart 
review. Clin Exp Rheumatol 2018;36:920–8.

 40. Ter Haar NM, Tak T, Mokry M, Scholman RC, Meerding JM, de Jager 
W, et al. Reversal of sepsis- like features of neutrophils by interleukin- 1 
blockade in patients with systemic- onset juvenile idiopathic arthritis. 
Arthritis Rheumatol 2018;70:943–56.



1174  

Arthritis & Rheumatology
Vol. 71, No. 7, July 2019, pp 1174–1184
DOI 10.1002/art.40874 
© 2019 The Authors. Arthritis & Rheumatology published by Wiley Periodicals, Inc. on behalf of American  
College of Rheumatology. This is an open access article under the terms of the Creative Commons  Attribution- 
NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the  original work is 
properly cited, the use is non-commercial and no modifications or adaptations are made.

Denosumab Versus Risedronate in Glucocorticoid- Induced 
Osteoporosis: Final Results of a Twenty- Four–Month 
Randomized, Double- Blind, Double- Dummy Trial
Kenneth G. Saag,1  Nicola Pannacciulli,2 Piet Geusens,3 Jonathan D. Adachi,4 Osvaldo D. Messina,5 
Jorge Morales-Torres,6 Ronald Emkey,7 Peter W. Butler,2 Xiang Yin,2 and Willem F. Lems8

Objective. Clinical trial results have shown that, in glucocorticoid- treated patients, treatment with denosumab 60 
mg subcutaneously once every 6 months (Q6M) increased spine and hip bone mineral density (BMD) at month 12 
significantly more than treatment with risedronate 5 mg orally once daily (QD). The present analysis was performed 
to compare efficacy and characterize safety through month 24.

Methods. This phase III study enrolled men and women ≥18 years old who had received ≥7.5 mg daily prednisone 
or equivalent for <3 months (glucocorticoid- initiating) or for ≥3 months (glucocorticoid- continuing) before screening. 
All patients <50 years old had a history of osteoporotic fracture. Glucocorticoid- continuing patients ≥50 years old had 
T scores of −2.0 or less (or −1.0 or less with fracture history). Patients were randomized (1:1) to receive denosumab 
60 mg subcutaneously Q6M or risedronate 5 mg orally QD for 24 months, with daily calcium and vitamin D.

Results. Of 795 patients, 590 (74.2%) completed the study (in the glucocorticoid- initiating group, 109 of 145 
patients treated with denosumab and 117 of 145 patients treated with risedronate; in the glucocorticoid- continuing 
group, 186 of 253 patients treated with denosumab and 178 of 252 patients treated with risedronate). Denosu-
mab was superior to risedronate in increasing lumbar spine and total hip BMD at all time points assessed, among 
glucocorticoid- initiating patients (24- month lumbar spine: BMD increase of 6.2% versus 1.7%, respectively [P < 
0.001]; 24- month total hip: BMD increase of 3.1% versus 0.0% [P < 0.001]) and among glucocorticoid- continuing 
patients (24- month lumbar spine: BMD increase of 6.4% versus 3.2% [P < 0.001]; 24- month total hip: BMD increase 
of 2.9% versus 0.5% [P < 0.001]). Adverse events, serious adverse events (including infections), and fractures were 
similar between treatment groups.

Conclusion. Denosumab was superior to risedronate in terms of increases in spine and hip BMD through month 
24, and the safety profile was similar between treatment groups. Denosumab may offer a new osteoporosis treatment 
option for glucocorticoid- treated patients.
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INTRODUCTION

Long- term glucocorticoid use is highly prevalent (1) and asso-
ciated with an increased risk of fracture, even at low daily doses 
(2). Calcium and vitamin D supplementation is recommended with 
oral glucocorticoid therapy, and the addition of a bisphosphonate 
or other osteoporosis treatment is recommended for patients at 
moderate- to- high risk of fracture who are taking oral glucocor-
ticoids (3,4). These recommendations are supported by several 
randomized, controlled clinical trials showing that bisphospho-
nates such as alendronate (5–7), risedronate (7–10), or zoledronic 
acid (11,12) effectively prevent bone loss in patients receiving oral 
glucocorticoid therapy. Based on extensions to these studies (13) 
and meta- analyses, bisphosphonates may reduce the risk of ver-
tebral fractures associated with glucocorticoid use (5,7,9,10,13–
16). However, inconvenient dosing regimens and potential side 
effects of bisphosphonates can lead to low adherence in patients 
with osteoporosis (17,18). Furthermore, the increase in bone min-
eral density (BMD) with bisphosphonate therapy plateaus after 
3–4 years (19–22). Teriparatide may also reduce fracture risk in 
those taking glucocorticoids (23), but daily injections and restric-
tion to a 2- year lifetime for treatment limit its use. Therefore, there 
is great interest in other therapeutic options for patients receiving 
oral glucocorticoid therapy.

Denosumab is a fully human monoclonal antibody that binds 
to and neutralizes the activity of human RANKL. In postmeno-
paus al women with osteoporosis, long- term denosumab treat-
ment for up to 10 years was well tolerated, continued to increase 
BMD without therapeutic plateau, and was associated with a sus-
tained low incidence of fracture (24). The primary analysis, con-
ducted at month 12 of a 24- month study of glucocorticoid- treated 
patients, has demonstrated that subcutaneous denosumab 60 
mg once every 6 months (Q6M) increased BMD at the spine and 
hip significantly more than oral risedronate 5 mg once daily (QD) 
(25). However, glucocorticoid treatment often extends beyond 1 
year in the clinical setting due to the chronic nature of the inflam-
matory diseases for which it is taken (26,27). Therefore, it is impor-
tant to assess the continued efficacy and safety of denosumab, 
compared with risedronate, during the second year of treatment. 
Our report extends the findings of this double- blind, active- 
controlled trial to month 24. The objectives of this final analysis 
were to compare the effects of denosumab versus risedronate on 
BMD through month 24 and further characterize the safety profile 
of continued denosumab treatment in this population.

PATIENTS AND METHODS

Patients. Participants in the study were men and women 
≥18 years old who were receiving glucocorticoid therapy (pred-
nisone or its equivalent) at a dose of ≥7.5 mg for <3 months 
(glucocorticoid- initiating) or ≥3 months (glucocorticoid- continuing) 
before screening. Patients <50 years old in either subpopulation 

were required to have a history of osteoporosis- related fracture. 
Patients ≥50 years old in the glucocorticoid- continuing subpop-
ulation were required to have a lumbar spine, total hip, or femoral 
neck BMD T score of −2.0 or less, or a T score of −1.0 or less with 
a history of osteoporosis- related fracture. Women of childbearing 
potential were required to use 2 highly effective forms of contracep-
tion through 7 months after the last injection of study medication.

Study design. This was a phase III, international, random-
ized, double- blind, double- dummy, active- controlled, parallel- 
group study (ClinicalTrials.gov identifier: NCT01575873). Patients 
were randomized 1:1 within each subpopulation to receive sub-
cutaneous denosumab 60 mg Q6M and oral placebo (for rise-
dronate) QD for 24 months, or oral risedronate 5 mg QD (the 
dosing regimen approved for the treatment and prevention of 
glucocorticoid- induced osteoporosis) and subcutaneous placebo 
(for denosumab) Q6M for 24 months, stratified by sex within each 
subpopulation using an interactive voice- response system. The 
sponsor’s Global Randomization and Blinding Group, which was 
independent of the study team, prepared the randomization before 
study initiation using a computer- generated schedule. All patients 
were to receive daily supplementation with calcium (≥1,000 mg) 
and vitamin D (≥800 IU). Enrollment of men was restricted to 
30–40% in each subpopulation. The patients’ primary or specialist 
physicians managed their glucocorticoid therapy.

This study was conducted in accordance with the Declaration of 
Helsinki and followed the International Conference for  Harmonisation 
Guidelines for Good Clinical Practice. An independent review board 
approved the study design for each center. Written informed con-
sent was obtained from each patient before study participation.

Assessments. At the 12- month and 24- month screenings, 
BMD of the lumbar spine, total hip, femoral neck, and 1/3 radius 
was measured by dual x- ray absorptiometry (Lunar or Hologic) 
and analyzed centrally (BioClinica). At months 6 and 18, only BMD 
of the lumbar spine was measured and analyzed.

In a bone turnover marker substudy, markers of bone resorp-
tion (C- telopeptide of type I collagen [CTX]) and bone formation 
(N- propeptide of type I collagen [PINP]) were measured on days 1 
and 10, and at months 3, 4, 5, 6, 12, and 24. CTX was assessed 
centrally (Esoterix Laboratory Services) using IDS- iSYS based on 
chemiluminescence technology, and PINP was analyzed centrally 
(Covance Central Laboratory Services) using UniQ PINP radioim-
munoassay.

To identify prevalent and incident vertebral fractures, a central 
facility (BioClinica) provided Genant semiquantitative grading of 
lateral thoracic and lumbar spine radiographs obtained on day 1 
and at months 12 and 24 or at early termination. Data on clinical 
and nonvertebral fractures were collected based on adverse event 
reporting. Clinical fractures were defined as all fractures excluding 
skull, facial bones, mandible, metacarpus, finger phalanges, toe 
phalanges, and cervical vertebrae, and were not associated with 
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known high-trauma severity or pathologic fractures. Participants 
were queried about adverse events and concomitant medications 
at each study visit. Potential cases of osteonecrosis of the jaw and 
atypical femoral fracture, identified based on prespecified search 
criteria, were reviewed by independent, blinded, external adjudi-
cation committees using published case definitions (28,29).

The final analysis described herein examined secondary end 
points for the percentage change from baseline through month 
24 in lumbar spine and total hip BMD, in both subpopulations 
separately. Exploratory efficacy end points were the percentage 
change from baseline through month 24 in femoral neck and 1/3 
radius BMD in both subpopulations separately, and in bone turn-
over markers (CTX and PINP) in the combined subpopulations. 
Safety objectives compared denosumab with risedronate in the 
combined subpopulations.

Statistical analysis. Percentage changes from base-
line in BMD were assessed using an analysis of covariance 
(ANCOVA) model with main effects for treatment, sex, baseline 
BMD, and machine type, and an interaction effect for baseline 
BMD and machine type. For the glucocorticoid- continuing sub-
population, duration of prior glucocorticoid use (<12  months 
versus ≥12 months) was an additional covariate in the model. 
Because missing BMD values were not imputed, only patients 
with observed BMD data at baseline and at the time point of 
interest (e.g., month 12, month 24) were included in the efficacy 
analysis at each postbaseline visit.

A sensitivity analysis for BMD results was done for the 
per- protocol analysis set of patients who did not have impor-
tant protocol deviations and received all planned denosumab 
doses (or matching placebo) and at least 80% of the planned 
risedronate doses (or matching placebo). Additional sensitivity 
analyses for missing data for BMD results included a repeated- 
measures model without imputation, an ANCOVA model with 
baseline values carried forward, and an ANCOVA model with 
multiple imputation. Diagnostic plots were generated to exam-
ine model assumptions.

Percentage changes from baseline for bone turnover mark-
ers were analyzed using nonparametric methodology in the 
combined subpopulations. Wilcoxon’s rank sum test was used 
to compare treatment groups. Analyses included patients in the 
bone turnover marker substudy who had values observed at the 
time points of interest. Undetectable values were imputed using 
the lower limit of detection value.

Safety analyses included patients who received ≥1 dose of 
risedronate or denosumab. Patient incidence rates of treatment- 
emergent adverse events were summarized in the combined 
subpopulations, and the Medical Dictionary for Regulatory Activ-
ities (MedDRA) version 20.0 was used. Serious infections were 
assessed in subgroups of patients receiving concomitant biologic 
and/or nonbiologic immunosuppressants. Statistical comparisons 
were not conducted for analyses of adverse events.

New and worsening vertebral fractures were assessed in 
the combined subpopulations for patients who had a baseline 
spine radiograph and ≥1 postbaseline spine radiograph. Low- 
trauma nonvertebral fractures were assessed in the combined 
subpopulation in patients who received ≥1 dose of risedronate 
or denosumab. Chi- square tests were used to compare fracture 
incidence rates between the treatment groups.

RESULTS

Patient characteristics. This study was conducted at 79 
centers in Europe, North America, Latin America, and Korea. Of the 
795 patients who were enrolled, 590 (74.2%) completed the 24- 
month study, including 226 glucocorticoid- initiating patients (109 
of 145 treated with denosumab and 117 of 145 treated with rise-
dronate) and 364 glucocorticoid- continuing patients (186 of 253 
treated with denosumab and 178 of 252 treated with  risedronate) 
(Figure 1). The leading causes of study discontinuation overall were 
withdrawal of consent (13.6% denosumab, 12.3% risedronate) 
and adverse events (4.8% denosumab, 4.0% risedronate). The 
baseline characteristics of the treatment groups were balanced 
within each subpopulation (Table  1). Overall, 45.3% of patients 

Figure 1. Disposition of the patients enrolled in the study.
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Table 1. Demographic and disease characteristics of the patients at baseline*

Glucocorticoid-initiating Glucocorticoid-continuing

Risedronate 
(n = 145)

Denosumab 
(n = 145)

Risedronate 
(n = 252)

Denosumab 
(n = 253)

Female sex, no. (%) 93 (64.1) 93 (64.1) 185 (73.4) 185 (73.1)
Premenopause 7 (7.5) 10 (10.8) 25 (13.5) 24 (13.0)
Postmenopause 83 (89.2) 82 (88.2) 157 (84.9) 159 (85.9)
Unknown 3 (3.2) 1 (1.1) 3 (1.6) 2 (1.1)

Race, no. (%)
White 123 (84.8) 122 (84.1) 223 (88.5) 230 (90.9)
Asian 9 (6.2) 9 (6.2) 12 (4.8) 6 (2.4)
Black or African American 2 (1.4) 2 (1.4) 4 (1.6) 4 (1.6)
Other 11 (7.6) 12 (8.3) 13 (5.2) 13 (5.1)

Age, mean ± SD years 64.4 ± 10.0 67.5 ± 10.1 61.3 ± 11.1 61.5 ± 11.6
Condition requiring glucocorti-

coid, no. (%)†
Rheumatologic disorders 129 (89.0) 129 (89.0) 184 (73.0) 173 (68.4)

Rheumatoid arthritis 46 (31.7) 49 (33.8) 119 (47.2) 96 (37.9)
Polymyalgia rheumatica 52 (35.9) 51 (35.2) 18 (7.1) 21 (8.3)
Systemic lupus erythematosus 4 (2.8) 2 (1.4) 16 (6.3) 15 (5.9)
Vasculitis 10 (6.9) 7 (4.8) 9 (3.6) 15 (5.9)
Other 34 (23.4) 32 (22.1) 30 (11.9) 38 (15.0)

Respiratory disorders 11 (7.6) 12 (8.3) 37 (14.7) 46 (18.2)
COPD 1 (0.7) 1 (0.7) 5 (2.0) 7 (2.8)
Asthma 2 (1.4) 3 (2.1) 17 (6.7) 20 (7.9)
Other 8 (5.5) 8 (5.5) 16 (6.3) 20 (7.9)

Inflammatory bowel disease 0 (0.0) 1 (0.7) 5 (2.0) 3 (1.2)
Sarcoidosis 0 (0.0) 0 (0.0) 5 (2.0) 4 (1.6)
Neurologic disorders 2 (1.4) 1 (0.7) 15 (6.0) 11 (4.3)
Dermatologic disorders 5 (3.4) 6 (4.1) 8 (3.2) 9 (3.6)
Other 11 (7.6) 12 (8.3) 37 (14.7) 46 (18.2)

Glucocorticoid dose, mg/day‡
Mean ± SD 15.6 ± 10.25 16.6 ± 13.01 11.1 ± 7.69 12.3 ± 8.09
Median (IQR) 12.5 (9.0–20.0) 12.5 (10.0–20.0) 10.0 (7.5–10.0) 10.0 (7.5–12.5)

Prior glucocorticoid use, no. (%)§
0 to <3 months 129 (89.0) 133 (91.7) 8 (3.2) 13 (5.1)
≥3 months 16 (11.0) 10 (6.9) 242 (96.0) 239 (94.5)

3 to <12 months 8 (5.5) 7 (4.8) 75 (29.8) 81 (32.0)
≥12 months 8 (5.5) 3 (2.1) 167 (66.3) 158 (62.5)

Missing data 0 (0.0) 2 (1.4) 2 (0.8) 1 (0.4)
Immunosuppressant therapy at 

baseline, no. (%)
51 (35.2) 52 (35.9) 135 (53.6) 122 (48.2)

Biologic medication 6 (4.1) 5 (3.4) 12 (4.8) 7 (2.8)
Nonbiologic immunosuppres-

sant
48 (33.1) 50 (34.5) 133 (52.8) 120 (47.4)

25(OH)D, median (IQR) ng/ml 28.6 (24.2–36.4) 28.8 (23.6–36.0) 28.0 (23.6–36.3) 29.2 (24.2–37.6)
BMD T score, mean ± SD

Lumbar spine −1.06 ± 1.57 –0.92 ± 1.86 –1.96 ± 1.38 –1.92 ± 1.38
Total hip –0.98 ± 1.07 –1.14 ± 1.00 –1.56 ± 0.96 –1.66 ± 0.96

(Continued)
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were receiving ≥1 immunosuppressant therapy at baseline, 
including biologic medications in 3.8% of patients and nonbiologic 
immunosuppressants in 44.2%. Immunosuppressant therapies 
that at least 5% of patients were using at baseline were metho-

trexate (33.2%), azathioprine (5.3%), and leflunomide (5.0%).

Bone mineral density. Denosumab was superior to 
 risedronate with regard to the percentage change from baseline 
in lumbar spine BMD and total hip BMD at each assessment 
through month 24 in each subpopulation (Figure 2). Denosumab 
was also superior to risedronate with regard to the percentage 
change from baseline to month 24 in BMD at the femoral neck 
and 1/3 radius (Figure  2). The difference between denosumab 
and risedronate treatment groups in mean percentage change 
in BMD from baseline to month 24 was 4.5% (95% confidence 
interval [95% CI] 3.2–5.8%) for the lumbar spine, 3.1% (95% 
CI 2.2–3.9%) for the total hip, 2.5% (95% CI 1.3–3.6%) for the 
femoral neck, and 1.5% (95% CI 0.5–2.5%) for the 1/3 radius in 
the glucocorticoid- initiating subpopulation. In the glucocorticoid- 
continuing subpopulation, the difference in the mean percentage 
change was 3.2% (95% CI 2.0–4.3%) for the lumbar spine, 2.5% 
(95% CI 1.7–3.2%) for the total hip, 1.8% (95% CI 0.7–2.9%) for 
the femoral neck, and 1.6% (95% CI 0.7–2.4%) for the 1/3 radius. 
Results of the sensitivity analyses for BMD were consistent with 
those of the planned analysis.

Bone turnover markers. The bone turnover marker 
 substudy included 269 patients (140 treated with denosumab 
and 129 treated with risedronate). In both treatment groups, 
bone turnover markers for resorption (CTX) and formation 
(PINP) decreased from baseline throughout the study (Figure 3). 
The reduction in levels from baseline were significantly greater 

in the denosumab group than in the risedronate group for both 
CTX (from day 10 to month 12) and PINP (from month 3 to 
month 12). By month 24, the reductions from baseline were not 
significantly different between the denosumab and risedronate 
groups.

Adverse events. Incidence rates of adverse events, seri-
ous adverse events, and adverse events leading to discontinua-
tion of study treatment or discontinuation from study were similar 
between treatment groups (Table 2). The incidence of any infection 
in the denosumab and risedronate groups was 36.3% (143 of 394) 
and 36.4% (140 of 385), respectively, and the incidence of any seri-
ous infection was 5.8% (23 of 394) and 6.5% (25 of 385). Incidence 
rates of serious infections in high- risk subgroups were as follows 
for those receiving a concomitant biologic: 0% (0 of 23) in the 
denosumab group and 12.1% (4 of 33) in the  risedronate group. In 
patients receiving a concomitant biologic, or any biologic or nonbi-
ologic immunosuppressant, the rates were as follows: 3.6% (7 of 
195) in the denosumab group and 6.8% (14 of 207) in the risedro-
nate group. There was no fatal infection in the denosumab group 
and 1 fatal infection (septic shock) in the risedronate group. Study 
treatment was discontinued due to an infection in 1 patient in the 

denosumab group and 4 patients in the risedronate group.
As reported previously (25), 1 instance of positively adju-

dicated atypical femoral fracture in the denosumab group 
occurred in a 60- year- old man with a >30- year history of glu-
cocorticoid use for asthma, ~2 months after his second dose 
of denosumab. This event was treated with surgical fixation and 
resolved within ~7 months. There were no cases of positively 
adjudicated osteonecrosis of the jaw.

Fractures were a safety end point. Osteoporosis- related 
fractures through month 24 were reported in 8.8% of patients 

Glucocorticoid-initiating Glucocorticoid-continuing

Risedronate 
(n = 145)

Denosumab 
(n = 145)

Risedronate 
(n = 252)

Denosumab 
(n = 253)

Osteoporotic fracture after age 
≥18 years, no. (%)

51 (35.2) 49 (33.8) 135 (53.6) 136 (53.8)

Prevalent vertebral fracture,  
no. (%)

26 (17.9) 21 (14.5) 81 (32.1) 67 (26.5)

Serum CTX, median (IQR) ng/liter 230 (115–321) 259 (150–375) 140 (85–264) 205 (111–344)
Fracture risk, median (IQR)¶

Major osteoporotic fracture 11.3 (7.3–17.2) 11.5 (7.6–17.9) 14.0 (8.1–23.1) 14.5 (7.8–24.5)
Hip fracture 2.7 (0.9–5.8) 3.1 (1.4–6.0) 4.2 (1.5–8.1) 4.4 (1.8–8.2)

* COPD = chronic obstructive pulmonary disease; IQR = interquartile range; 25(OH)D = 25- hydroxyvitamin D; BMD = bone mineral density; 
CTX = C- telopeptide of type I collagen. 
† Patients could have >1 medical condition requiring glucocorticoid therapy. 
‡ Dose in prednisone equivalents. 
§ Investigators assigned each patient to a subpopulation (glucocorticoid- initiating or glucocorticoid- continuing) and recorded the start date 
of glucocorticoid use separately. The start date was used to calculate the duration of glucocorticoid use for each patient. Thus, in some 
instances (<10%), there was a mismatch. 
¶ Determined using Fracture Risk Assessment Tool. 

Table 1. (Cont’d)
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in the denosumab group and 9.1% of patients in the risedronate 
group (Table  3). New and worsening vertebral fractures were 
reported in 4.4% of patients in the denosumab group and 6.9% 
of patients in the risedronate group. Low- trauma  nonvertebral 
fractures occurred in 5.3% of patients in the denosumab group 
and 3.8% of patients in the risedronate group. None of the 
above differences in fracture end points between the 2 treat-

ment groups were statistically significant.

DISCUSSION

This final analysis of a 24- month, prospective, rand-
omized, double- blind, double- dummy trial provided additional 
evidence of the efficacy and safety of denosumab, compared 
with risedronate, an established therapy, in glucocorticoid- 
treated individuals at high risk of fracture. The superior effect of 
denosumab versus risedronate on spine and hip BMD that was 
observed in the primary analysis at month 12 (25) continued 

through month 24 in each subpopulation: the glucocorticoid- 
initiating subpopulation, in which patients had recently initiated 
glucocorticoid treatment, and the glucocorticoid- continuing 
subpopulation, in which patients had been using a glucocorti-
coid for ≥3 months before study entry. Increases in BMD at the 
femoral neck were also significantly greater with denosumab, 
compared with  risedronate, in each subpopulation at month 
12 and at month 24. In the glucocorticoid- initiating subpop-
ulation, BMD at the femoral neck declined ~1% by month 24 
with  risedronate, compared with an increase of ~1% with deno-
sumab. Changes in BMD at the 1/3 radius have been shown 
to be limited with many antiresorptives (30,31); however, a 
statistically significant increase in BMD of the 1/3 radius was 
observed with denosumab treatment, compared with risedro-
nate treatment, at month 24. The treatment difference for BMD 
at each skeletal site was larger at month 24 than at month 12, 
reflecting the progressive increase for most measures of BMD 
in the denosumab group versus the plateau in the risedronate 

Figure 2. Percentage change from baseline in bone mineral density (BMD) at the lumbar spine (A), total hip (B), femoral neck (C), and 1/3 
radius (D) for each subpopulation. Between- group comparisons are based on analysis of covariance models with adjustment for treatment, 
baseline BMD, sex, machine type, and baseline BMD × machine type interaction. For the glucocorticoid- continuing subpopulation, duration of 
prior glucocorticoid use (<12 months versus ≥12 months) was included as an additional covariate. Values are the least squares means and 95% 
confidence intervals. Q6M = once every 6 months; QD = once daily.
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group beyond 12 months, which has also been shown in other 
studies (19–22).

Reductions in serum concentrations of bone turno-
ver markers were significantly greater with denosumab ver-
sus risedronate through month 12 but were not significantly 
different between the treatment groups at month 24 in this 

analysis. In contrast to the FREEDOM study, in which >7,000 
postmenopausal women with osteoporosis were enrolled and 
followed up for >3 years, and in which a placebo group and 
not a  bisphosphonate group was used as comparator (32), 
the present study was not designed with adequate statisti-
cal power to detect fracture differences between treatment 

Figure 2. (Cont’d)

Figure 3. Percentage change from baseline (BL) in serum concentrations of C- telopeptide of type I collagen (CTX) (A), a marker of bone 
resorption, and of N- propeptide of type I collagen (PINP) (B), a marker of bone formation, in the combined subpopulations of the bone turnover 
marker substudy. Values are the median and interquartile range.* = P ≤ 0.05; ** = P ≤ 0.025; *** = P ≤ 0.001, by Wilcoxon’s rank sum test. D10 
= day 10; Q6M = once every 6 months; QD = once daily.
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groups: ~700 patients were followed up for >2 years. More-
over, only 1 clinical trial in glucocorticoid- induced osteopo-
rosis demonstrated a significant risk reduction for fractures 
in the primary analysis, with fewer vertebral fractures in the 
teriparatide group than in the alendronate group (23). In that 
study, there was a greater proportion of postmenopausal 
women compared with other similarly designed studies. Sig-
nificant fracture risk reduction with bisphosphonates, com-
pared with placebo, was seen in extensions to the original 
alendronate clinical trials (5,13) or when 2 risedronate trials 
were combined (9). In the present study, consistent with the 
results of the primary analysis at month 12, the cumulative 

incidence of fracture at month 24 was low in both groups and 
similar between treatment groups.

It is notable that the relationship between BMD and fracture 
risk may differ between patients with glucocorticoid- induced 
osteoporosis and postmenopausal women with osteoporosis, 
and patients receiving glucocorticoids may have a different BMD 
threshold for fracture from those not receiving such medications 
(33). Thus, it is important to examine both BMD and fracture 
in studies of patients with glucocorticoid- induced osteoporo-
sis. Denosumab treatment in this active- controlled study was 
associated with greater BMD gains at all skeletal sites measured 
compared with a treatment (risedronate) that has shown trends 

Table 2. Incidence of clinically relevant treatment- emergent adverse events through month 24*

Risedronate 
(n = 385)

Denosumab 
(n = 394)

Total adverse events 300 (77.9) 324 (82.2)
Leading to discontinuation of study drug 37 (9.6) 31 (7.9)
Leading to discontinuation from study 15 (3.9) 18 (4.6)
Fatal 9 (2.3)† 13 (3.3)
Most frequently reported

Back pain 23 (6.0) 25 (6.3)
Arthralgia 34 (8.8) 23 (5.8)
Hypertension 15 (3.9) 21 (5.3)
Viral upper respiratory tract infection 19 (4.9) 20 (5.1)
Upper respiratory tract infection 12 (3.1) 20 (5.1)
Bronchitis 17 (4.4) 19 (4.8)
Urinary tract infection 13 (3.4) 18 (4.6)
Headache 9 (2.3) 16 (4.1)
Nausea 17 (4.4) 15 (3.8)
Cataract 20 (5.2) 10 (2.5)
Osteoarthritis 16 (4.2) 10 (2.5)

Selected adverse events of interest
Atypical femoral fracture‡ 0 (0.0) 1 (0.3)
Osteonecrosis of the jaw‡ 0 (0.0) 0 (0.0)
Malignancy 7 (1.8) 12 (3.0)

Any serious infection 25 (6.5) 23 (5.8)
Serious infections reported for >1 patient

Pneumonia 8 (2.1) 7 (1.8)
Diverticulitis 1 (0.3) 2 (0.5)
Erysipelas 1 (0.3) 2 (0.5)
Bronchitis 2 (0.5) 0 (0.0)
Sepsis 2 (0.5) 0 (0.0)

* Patient count indicates number of patients who received ≥1 dose of investigational product; categories include data 
based on patients reporting ≥1 event. There were no significant differences between treatment groups. Values are 
the number (%). 
† Two additional deaths (due to pneumonia bacterial and polymyositis) were reported in patients randomized to re-
ceive risedronate. These patients were not included in the safety analysis set, because it was not possible to confirm 
that they had taken ≥1 dose of oral investigational product. The 2 patients died prior to the 6- month visit and oral 
investigational product accountability verification. 
‡ Osteonecrosis of the jaw and atypical femoral fracture were positively adjudicated by independent, blinded, exter-
nal adjudication committees using published case definitions. 
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toward fracture risk reduction relative to placebo in previous 
trials in glucocorticoid- induced osteoporosis (9). Furthermore, 
denosumab has demonstrated antifracture effects in both pri-
mary (postmenopausal) and secondary (androgen deprivation 
therapy or aromatase inhibitor therapy) osteoporosis settings 
(32,34,35). A meta- analysis of bisphosphonate studies showed 
that the effects on the incidence of vertebral and, to a lesser 
degree, nonvertebral fractures in glucocorticoid- induced osteo-
porosis were comparable to those observed in postmenopausal 
osteoporosis (16).

The overall incidences of adverse events, serious adverse 
events, and adverse events leading to discontinuation of study 
drug were similar between the denosumab and risedronate groups 
in the combined subpopulations. Consistent with the results of the 
primary analysis at month 12, rates of infection, including serious 
infections, were similar between treatment groups through month 
24 in this study of patients with an inflammatory disease who were 
taking glucocorticoids, with or without biologics and other immu-
nomodulatory agents. However, the study was not powered for 
this exploratory safety end point in a small subset of patients at 
higher risk of infection. Atypical femoral fracture and  osteonecrosis 
of the jaw have been identified as risks with antiresorptive treat-
ment, including denosumab (24,36). As previously reported in the 
analysis at month 12 of this study, there was 1 case of positively 
adjudicated atypical femoral fracture in the denosumab group. 
No additional cases of atypical femoral fracture, or any cases 
of  osteonecrosis of the jaw, were reported in either group with 
 continued treatment beyond month 12.

Strengths of this study include the large sample size, long- 
term follow- up with study completion by 74% of patients in each 
treatment group, and use of an active treatment control group 
instead of a placebo control group. A potential limitation of the 
study is that it was neither designed nor powered to evaluate 

fracture as an efficacy end point; fracture data were collected as 
a safety end point. However, it would be difficult to show efficacy 
for fracture prevention in this setting due to the very large num-
ber of patients that would be needed in order to show superi-
ority with respect to a fracture end point, especially compared 
with patients receiving active treatment. This study compared 
denosumab with only one drug—risedronate. Thus, how deno-
sumab compares with other bisphosphonates or other bone- 
specific agents is unknown. We did not stratify randomization 
by the underlying glucocorticoid- requiring illness because of the 
difficulty of recruiting for such a study. This could introduce het-
erogeneity, but this issue should be adequately addressed by 
randomizations. Another potential limitation was a lack of data 
on treatment patterns or outcomes after completion of deno-
sumab dosing. It is established that the effects of denosumab 
are reversible when discontinued without follow- on therapy. In 
the setting of denosumab discontinuation in postmenopausal 
osteoporosis, a transient rise in bone  turnover above baseline 
and a decline in BMD toward baseline have been shown (37–
39). This is associated with a return of fracture risk to that of 
an untreated patient and an increased risk of multiple vertebral 
fracture (40). Similar consideration of the need to either con-
tinue denosumab or transition to another antiresorptive agent is 
warranted in patients with glucocorticoid- induced osteoporosis.

In conclusion, denosumab continued to be superior to 
 risedronate with regard to increases in spine and hip BMD through 
month 24. The overall safety profile was similar between treatment 
groups. Denosumab may offer a new option for treatment of at least 
24 months for patients with glucocorticoid- induced osteoporosis.
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Table 3. Incidence of fractures through month 24*

Risedronate Denosumab

Any osteoporosis- related 
fracture†

36/397 (9.1) 35/398 (8.8)

New and worsening 
vertebral fracture‡

24/346 (6.9) 15/338 (4.4)

Men 5/101 (5.0) 1/100 (1.0)
Women 19/245 (7.8) 14/238 (5.9)

Premenopause 2/29 (6.9) 2/33 (6.1)
Postmenopause 16/211 (7.6) 12/202 (5.9)
Unknown 1/5 (20.0) 0/3 (0.0)

Nonvertebral fracture 
(low- trauma)

15/397 (3.8) 21/398 (5.3)

* Values are the number/total (%). 
† Includes new and worsening vertebral fracture and low- trauma 
nonvertebral fracture. 
‡ Defined as an increase of ≥1 grade from baseline; evaluated in 
patients with a baseline assessment and ≥1 postbaseline assess-
ment of vertebral fracture. 
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Inhibition of Interleukin- 1β Signaling by Anakinra 
Demonstrates a Critical Role of Bone Loss in Experimental 
Arthritogenic Alphavirus Infections
Stefan Wolf,1 Adam Taylor,1 Ali Zaid,1  Joseph Freitas,1 Lara J. Herrero,1  Shambhavi Rao,2 
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Objective. Arthritogenic alphaviruses, such as Ross River virus (RRV) and chikungunya virus (CHIKV), particularly 
affect joints of the extremities and can lead to debilitating and potentially chronic polyarthritis/polyarthralgia. The 
innate immune response of the host plays a crucial role in inducing proinflammatory host factors, leading to tissue 
destruction and bone loss in the joints. This study was performed to assess how the inhibition of interleukin- 1β (IL- 1β) 
signaling using the clinical rheumatoid arthritis drug anakinra influences bone loss in mice with arthritogenic alpha-
virus infections.

Methods. Mice (n = 5 per group) were infected with RRV or CHIKV and then treated with anakinra. Weight gain 
and disease severity were measured, tissue viral titers were determined, and histologic changes in joint tissues were 
assessed.

Results. Anakinra therapy reduced RRV-  and CHIKV- induced bone loss in this murine model (P < 0.001 and P < 
0.05, respectively). Histologic analysis of the knee joint showed that treatment with anakinra decreased epiphyseal 
growth plate thinning, loss of epiphyseal bone volume, and osteoclastogenesis in the tibia. Importantly, pharmaco-
logic IL- 1 receptor (IL- 1R) blockade did not improve other clinical features, including disease score, weight loss, or 
viremia.

Conclusion. The present findings suggest that anakinra therapy may reduce bone loss in experimental murine 
models of RRV and CHIKV. Further investigations are needed to assess the potential therapeutic benefits of anakinra 
in patients with arthritogenic alphavirus disease.

INTRODUCTION

Infection with mosquito- borne alphaviruses, such as Ross 
River virus (RRV), chikungunya virus (CHIKV), Sindbis virus, Bar-
mah Forest virus, o’nyong- nyong virus, and Mayaro virus, often 
have major sequelae, primarily sporadic and sometimes large out-
breaks of rheumatic disease worldwide (1). Over the last decade, 
CHIKV has received special attention after an outbreak affecting up 
to 6.5 million people occurred in India and surrounding islands. This 
epidemic began in Kenya, spread across the Indian Ocean to India, 
and later to Southeast Asia and across the Pacific Ocean, affecting 

more than 50 countries (including imported cases in 2 European 
countries, the US, and Japan). Two cogent examples of this epi-
demic occurred in Grande Comore Island and Re  union  Island in 
2005–2006, with infection rates of 50% and 38% of the population, 
respectively. CHIKV reached the Americas in 2013, with outbreaks 
in the Caribbean, Brazil, Mexico, and Florida affecting an estimated 
1.6 million people. The spread of arthritogenic alphaviruses may be 
attributed to the expansion of their main vector, the mosquitoes of 
the Aedes genus, through global trade and travel (1).

RRV and other alphaviruses cause disease that usually 
 manifests as polyarthritis/polyarthralgia, often accompanied by 
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myalgia, fever, and rash (1). RRV- induced arthritis commonly affects 
the ankles, knees, and peripheral joints in a symmetric manner, 
resulting in incapacitating joint pain and polyarthralgias with levels 
of disability comparable to those observed in rheumatoid arthritis 
(RA), osteoarthritis, or Lyme disease (2). The overlapping clinical 
and immunologic features of alphaviral and autoimmune arthritides 
highlight the need for clinicians to consider arthritogenic alphavirus 
infection when diagnosing patients with rheumatic disease (3). The 
onset of fever and arthropathy following alphavirus infection can be 
sudden and debilitating, and despite being usually self- limiting, can  
develop into chronic disease (4,5). Therapy usually involves acet-
aminophen and/or nonsteroidal antiinflammatory drugs, which often 
offer only partial symptom relief (2). Since the 2005–2006 CHIKV 
outbreak, extensive research has been undertaken, with the goal of 
developing vaccines or antiviral agents to prevent alphavirus infec-
tion, but these agents remain in preclinical stages of development.

The arthritic manifestations of alphavirus infection represent 
a significant burden of disease, affect quality of life, and contrib-
ute to direct and indirect economic loss with considerable financial 
impacts on health care systems (6). The rate of hospitalization due 
to CHIKV has varied from region to region, with ~2.3% of diagnosed 
patients hospitalized on Reunion Island, >6% in India, and ~13% in 
Costa Rica; infants, the elderly, pregnant women, and patients with 
underlying conditions were most likely to be hospitalized. Addition-
ally, blood supply during hospitalization should be carefully man-
aged to ensure transfusion transmission does not occur (6).

In a meta- analysis of 18 studies among 5,702 patients with 
CHIKV, at least 25% developed chronic inflammatory rheumatic 
disease (34% when including only large representative studies 
with at least 200 patients) and 14% developed chronic arthritis 
(5). Levels of proinflammatory cytokines, such as interleukin- 1β 
(IL- 1β), IL- 6, tumor necrosis factor (TNF), and monocyte chemo-
tactic protein 1 (MCP- 1; CCL2), are elevated in the sera of human 
patients with CHIKV (7). Increased levels of IL- 6 and MCP- 1 have 
been linked to high chikungunya viral load, and IL- 6 and IL- 1β 
elevations are biomarkers for CHIKV severity (8). Levels of IL- 1β, 
IL- 6, TNF, and MCP- 1 are consistently up- regulated in murine 
models of arthritogenic alphavirus disease as well, and they are 
being studied in investigations to elucidate the underlying mecha-
nisms by which the innate and adaptive immune systems control 
alphavirus infection and, in turn, cause inflammatory disease (1).

There is evidence that CHIKV can induce chronic, inflamma-
tory, erosive arthritis (9,10). Magnetic resonance imaging (MRI) 
has shown joint effusion, bony erosion, marrow edema, synovial 
thickening, tendinitis, and tenosynovitis. Furthermore, studies 
have linked CHIKV to the development of nonspecific post- viral 
arthritis, RA, seronegative spondylitis, and other noninflammatory 
musculoskeletal conditions such as persistent arthralgia (5). Under 
normal physiologic conditions, a balance between bone- forming 
osteoblasts and bone- resorbing osteoclasts is maintained. In 
the case of RA and alphavirus- induced arthritis, proinflammatory 
cytokines (such as IL- 1β, IL- 6, TNF, and MCP- 1) can disturb this 

balance, leading to increased osteoclast activity and bone loss 
(11). Sera from patients with RRV have shown elevated levels of 
tartrate- resistant acid phosphatase type 5b (TRAP- 5b), a serum 
marker for bone resorption. Additionally, the RANKL/osteoprote-
gerin (OPG) ratio, an index of osteoclastogenesis, was disrupted 
in the synovial fluid of RRV patients (11). Moreover, studies have 
shown that the inhibition of IL- 6 or MCP- 1 may reduce alphavirus- 
induced bone loss in mice (11,12).

The aim of the present study was to investigate the influence 
of IL- 1β signaling in alphavirus- induced bone loss. Mice were 
infected with RRV or chikungunya virus and subsequently treated 
with anakinra, an IL- 1β receptor antagonist commonly used in the 
treatment of inflammatory joint damage, including in patients with 
RA (13). Anakinra successfully reduced RRV-  or CHIKV- induced 
bone loss in these murine models of the disease. We conclude 
that IL- 1β signaling is a significant determinant of bone loss during 
infection with RRV and CHIKV, and that anakinra has potential as 
a treatment for modulation of osteoclast activity and bone loss 
during arthritogenic alphavirus infection.

MATERIALS AND METHODS

Virus. Stocks of RRV (RRV- T48 strain) and CHIKV (Reunion 
Island LR2006- OPY1 strain) were generated from the full- length 
T48 complementary DNA and ICRES clones, respectively. RRV 
and CHIKV titers were determined by plaque assay on Vero cells, 
as described previously (11,12).

Mice and treatment. Wild- type C57BL/6 mice were 
obtained from the Animal Resources Centre (Perth, Australia) 
and bred in- house. All animal experiments were approved by the 
Griffith University Animal Ethics Committee (GLY/10/13/AEC and 
GLY/16/16/AEC).

RRV and CHIKV infection. Twenty- one–day- old male and 
female mice, in equal distribution, were inoculated subcutane-
ously in the thorax below the right fore limb with 104 plaque- 
forming units (PFU) of RRV- T48 diluted in phosphate buffered 
saline (PBS). Twenty- five–day- old male and female mice, in equal 
distribution, were inoculated subcutaneously in the ventral side 
of the foot with 105 PFU of CHIKV diluted in PBS. Mock- infected 
mice received PBS alone.

Anakinra administration. Mice were injected intraperitoneal-
ly with 150 μg of anakinra (Swedish Orphan Biovitrium) or PBS 
(mock treatment) in a volume of 50 μl. The average weight of the 
mice was 7.5 gm, resulting in an average dose of 20 mg/kg. Treat-
ment was started on the day of infection and administered daily.

Clinical assessment. Mice were assigned to 1 of 4 groups 
(n = 5 per group): mock- infected and mock- treated, mock- infected 
and anakinra- treated, infected and mock- treated, or infected and 
anakinra- treated. Mice were monitored daily for food intake and 
well- being and were weighed and scored for disease signs every 



ANAKINRA AMELIORATES ALPHAVIRUS- INDUCED BONE LOSS |      1187

24 hours until day 10 postinfection, as described previously (11). 
Mice infected with RRV were monitored daily for food intake and 
well- being. Tissue virus titers were measured at 1, 3, and 10 days 
postinfection for RRV and at 1, 3, 7, and 10 days postinfection for 
CHIKV. Mice were weighed, and CHIKV- induced foot swelling was 
assessed daily until day 12 postinfection, as described previously 
(12). Scoring of each mouse was validated independently by 2 
additional researchers (AT and JF).

Histologic analysis. Histologic analyses were performed 
on joint tissue samples at the peak of disease (days 3 and 10 
postinfection for CHIKV and RRV, respectively). Mice were killed, 
and hind limbs were collected and fixed in 4% paraformaldehyde, 
decalcified in 14% EDTA, and then embedded in paraffin. Tissue 
sections measuring 5 μm thick were dewaxed, rehydrated, and 
stained with hematoxylin and eosin and toluidine blue. Sections 
were stained for TRAP activity, as previously described (14). Bone 
loss was examined by 3 parameters: growth plate width, epiphy-

seal bone volume, and number of TRAP- positive multinucleated 
osteoclasts. Histomorphometric analysis and quantification of 
growth plate thickness in toluidine blue–stained sections was per-
formed in the region of metachromasia, from the proliferative zone 
to the hypertrophic zone. Epiphyseal bone volume was measured 
in the proximal tibial epiphysis using OsteoMeasure (OsteoMet-
rics). The number of TRAP- positive multinucleated osteoclasts 
per bone perimeter was quantified in the proximal tibial epiphysis 
by histomorphometric analysis.

Statistical analysis. Data on differences in weight and dis-
ease score between groups were evaluated using two- way analysis 
of variance (ANOVA) followed by Bonferroni adjustment for multiple 
comparisons. Data on difference in virus titers between experimen-
tal groups were assessed by unpaired 2- tailed t- test. Osteoclast 
numbers were analyzed by one- way ANOVA with  Tukey’s post hoc 
test. GraphPad Prism version 5.0f was used for statistical analysis. 
P values less than 0.05 were considered  significant.

Figure 1. Anakinra treatment does not enhance alphavirus disease activity. Clinical features were assessed in mice (n = 5 per group) infected 
with Ross River virus (RRV) (A and B) or chikungunya virus (CHIKV) (C and D) and treated with anakinra or vehicle (phosphate buffered saline 
[PBS]). Disease score was recorded in RRV- infected mice (A), foot swelling in CHIKV- infected mice (C), and weight gain in both groups of mice 
(B and D). Values are the mean ± SEM. These experiments were performed twice, with similar results. Representative results, from 1 of the 2 
sets of experiments, are shown.
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RESULTS

To investigate the role of IL- 1β in arthritogenic alphavirus infec-
tion, we tested the effect of blocking IL- 1β signaling with anakinra, 
a human IL- 1R antagonist (IL- 1Ra), in mouse models of RRV and 
CHIKV infection. Anakinra treatment had no significant effect on 
disease score or weight loss in RRV- infected mice (Figures  1A 
and B), or on foot inflammation and weight loss in CHIKV- infected 
mice (Figures 1C and D). Mock- infected, anakinra- treated mice 
exhibited no significant difference in disease score, foot inflam-
mation, or weight gain compared to mock- infected, PBS- treated 
animals (Figures 1A–D).

To assess the impact of anakinra treatment on viral clear-
ance, virus titers in the ankles, quadriceps, and serum were 
determined on various days following infection. No significant 
difference between anakinra- treated and PBS- treated animals 
was observed in any of the tissues investigated at any of the 
time points (Figures 2A–F), suggesting that inhibition of IL- 1β 
signaling did not affect viral clearance. Levels of anakinra were 
determined by measuring the amount of human IL- 1Ra in ankle 
joints, which showed substantial levels of anakinra in the ankle 
joint tissue of infected mice treated with anakinra (data not 
shown). Thus, anakinra was clearly present in ankle joint tissue.

We assessed joint tissue samples by histologic examination 
(days 10 and 3 postinfection with RRV and CHIKV, respectively) 
and flow cytometry (RRV only; day 10). Anakinra treatment had no 
effect on leukocyte infiltration in RRV-  or CHIKV- infected mice at 
these time points (results not shown). RRV-  and CHIKV- infected, 
mock- treated mice had a significant reduction in  epiphyseal 

growth plate thickness, reduced bone volume of the tibial epiph-
ysis, and enhanced osteoclastogenesis (shown by TRAP activity 
of osteoclast- like cells) compared to mock- infected, PBS- treated 
mice (Figures 3A and E); these effects were significantly reversed 
by anakinra therapy. Treatment with anakinra had no impact on 
histologic findings in mock- infected mice (results not shown). 
Compared to infected mock- treated mice, infected anakinra- 
treated mice had significantly greater bone volume/total volume 
(55% higher in those with RRV infection [P < 0.001]; 24% higher in 
those with CHIKV infection [P < 0.05]) (Figures 3B and F), thicker 
growth plates (28% higher in those with RRV infection [P < 0.001]; 
17% higher in those with CHIKV infection [P < 0.05]) (Figures 3C 
and G), and reduced osteoclast numbers (55% fewer in those 
with RRV infection [P < 0.001]; 47% fewer in those with CHIKV 
infection [P < 0.001]) (Figures 3D and H) in the tibial epiphysis. In 
further investigations, we examined the effect of anakinra over a 
longer period, up to day 12 postinfection with CHIKV; anakinra 
had no effect on inflammation at these later time points (results 
not shown).

DISCUSSION

Manipulation of the inflammatory response during viral infec-
tion can potentially reduce tissue inflammation but may also 
compromise viral clearance (15,16). MRI studies of patients with 
alphavirus- induced arthritis have occasionally shown significant 
bony erosions (10). Mouse models of RRV and CHIKV infection can 
also exhibit bone loss in the knee joints, characterized by reduced 
growth plate thickness, reduced epiphyseal bone volume, and 

Figure 2. Anakinra treatment does not alter viral clearance in tissues during alphavirus infection. A–C, Virus titers in the ankle joints (A), 
quadriceps (B), and serum (C) of mice infected with Ross River virus (RRV). D–F, Virus titers in the ankle joints (D), quadriceps (E), and serum 
(F) of mice infected with chikungunya virus (CHIKV). Values are the mean ± SEM of 5 mice per group. These experiments were performed twice, 
with similar results. Representative results, from 1 of the 2 sets of experiments, are shown. PFU = plaque- forming units; TCID50 = median tissue 
culture infective dose.
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enhanced osteoclastogenesis (11). A previous study by our group 
demonstrated a crucial role of the NLRP3 inflammasome in bone 
loss during experimental RRV and CHIKV infections (17). One of 
the major downstream products of NLRP3 activation is IL- 1β, and 
it was hypothesized that IL- 1β was responsible for bone loss.

In the present study, we investigated the effects of anakinra, an 
IL- 1β signaling inhibitor used clinically to treat RA, in mice infected 
with RRV or CHIKV. The results demonstrated that IL- 1 plays a key 
role in the induction of bone loss in arthritogenic alphavirus–related 
disease. Anakinra did not affect antiviral activity, suggesting that it 
may have therapeutic potential in alphaviral arthritides. This is of 

special importance as there are currently no specific therapeutics 
available for the treatment of arthritogenic alphavirus–related dis-
ease. Drug repurposing represents the most feasible approach for 
treating alphavirus- induced disease, since the relatively small mar-
ket size and cost of clinical development hinders the development 
of new drugs made specifically for this group of viral diseases.

This is the first reported study testing the effect of IL- 1R inhib-
itors on virus- induced arthritis. A previous study on the related 
Sindbis virus also revealed a pathogenic role of IL- 1, where IL- 1β–
deficient mice were resistant to fatal Sindbis virus–induced enceph-
alitis (18). In another study, in contrast, infection of IL- 1–knockout 

Figure 3. Anakinra treatment reduces bone loss in mice infected with Ross River virus (RRV) and chikungunya virus (CHIKV). A and E, 
Representative images of the knee joints of mice (n = 3 per group) that were mock- infected and mock- treated with phosphate buffered saline 
(PBS), infected with RRV (A) or CHIKV (E) and mock- treated, or infected and treated with anakinra. Staining with hematoxylin and eosin (H&E), 
staining with toluidine blue, and staining for tartrate- resistant acid phosphatase (TRAP) (arrows indicate TRAP+ osteoclasts) are shown. Original 
magnification × 200. ep = epiphysium; gp = growth plate. B, C, F, and G, Epiphyseal bone volume/total volume (BV/TV) (B and F) and growth 
plate thickness (C and G) of the proximal tibial epiphysis. D and H, Number of TRAP- positive multinucleated osteoclasts per bone perimeter 
(NcO/BPm) quantified in the proximal tibial epiphysis by histomorphometric analysis. Histomorphologic analyses of the growth plate, epiphysis, 
and osteoclasts were performed using OsteoMeasure. Values are the mean ± SEM. * = P < 0.05; *** = P < 0.001, by one- way analysis of 
variance with Tukey’s post hoc test. These experiments were performed twice, with similar results. Representative results, from 1 of the 2 sets 
of experiments, are shown.



WOLF ET AL 1190       |

mice with influenza led to elevated virus titers and mortality (16). 
In experimental virus- induced multiple sclerosis–like disease, IL- 1 
has been observed to play not only a pathogenic role, but also a 
crucial role in viral clearance (19). Earlier attempts to target RA- 
related soluble factors in arthritogenic alphavirus disease (such as 
TNF, IL- 6, and MCP- 1) produced variable outcomes (11,12,15). 
RRV- infected mice treated with the TNF inhibitor etanercept devel-
oped enhanced disease activity and mortality (15). Interestingly, 
there have also been successful attempts to reduce alphavirus- 
induced bone loss by targeting other known arthritis- inducing sol-
uble factors, such as IL- 6 and MCP- 1 (11,12). Mice infected with 
RRV and subsequently treated with either IL- 6 antibodies or the  
preclinical MCP- 1 synthesis inhibitor bindarit developed less 
arthritogenic disease compared to untreated mice (11,20). How-
ever, the application of antibodies and preclinical compounds 
against arthritogenic alphavirus disease in humans is limited by 
the time and cost necessary for development and regulatory 
approval.

Anakinra is an excellent candidate for drug repurposing 
due to available human safety data from years of treatment in 
RA patients. Furthermore, anakinra is not associated with the 
development of opportunistic infections (13), which may be of 
concern with other immunomodulatory drugs such as glucocor-
ticoids or TNF inhibitors. The results of our study provide a clear 
indication of the importance of IL- 1β as a determinant of oste-
oclast activity during RRV and CHIKV infection. Further studies 
should be directed toward the potential therapeutic benefits of 
anakinra in preventing bone loss due to arthritogenic alphavirus 
infections.

ACKNOWLEDGMENT

We would like to thank Wendy Kelly for her excellent technical 
expertise.

AUTHOR CONTRIBUTIONS

All authors were involved in drafting the article or revising it critically 
for important intellectual content, and all authors approved the final version 
to be submitted for publication. Dr. Mahalingam had full access to all of the 
data in the study and takes responsibility for the integrity of the data and 
the accuracy of the data analysis.
Study conception and design. Wolf, Herrero, Suhrbier, Bucala, Mahalingam.
Acquisition of data. Wolf, Taylor, Zaid, Freitas, Suhrbier, Forwood, Bucala, 
Mahalingam.
Analysis and interpretation of data. Wolf, Taylor, Zaid, Freitas, Herrero, 
Rao, Suhrbier, Forwood, Bucala, Mahalingam.

REFERENCES
 1. Burt FJ, Chen W, Miner JJ, Lenschow DJ, Merits A, Schnettler 

E, et al. Chikungunya virus: an update on the biology and 
pathogenesis of this emerging pathogen. Lancet Infect Dis 2017;17: 
E107–17.

 2. Mylonas AD, Brown AM, Carthew TL, McGrath B, Purdie DM, 
Pandeya N, et al. Natural history of Ross River virus- induced 
epidemic polyarthritis. Med J Aust 2002;177:356–60.

 3. Miner JJ, Aw Yeang HX, Fox JM, Taffner S, Malkova ON, Oh ST, et al. 
Chikungunya viral arthritis in the United States: a mimic of seronegative 
rheumatoid arthritis. Arthritis Rheumatol 2015;67:1214–20.

 4. Hoarau JJ, Jaffar Bandjee MC, Krejbich Trotot P, Das T, Li-Pat-Yuen 
G, Dassa B, et al. Persistent chronic inflammation and infection 
by Chikungunya arthritogenic alphavirus in spite of a robust host 
immune response. J Immunol 2010;184:5914–27.

 5. Rodríguez-Morales AJ, Cardona-Ospina JA, Fernanda  Urbano- 
Garzón S, Hurtado-Zapata JS. Prevalence of post- chikungunya 
 infection chronic inflammatory arthritis: a systematic review and 
meta- analysis. Arthritis Care Res (Hoboken) 2016;68:1849–58.

 6. Suhrbier A, Devine G. Chikungunya virus, risk and responses for 
Australia. Aust N Z J Public Health 2016;40:207–9.

 7. Chow A, Her Z, Ong EK, Chen JM, Dimatatac F, Kwek DJ, et al. 
Persistent arthralgia induced by chikungunya virus infection is 
associated with interleukin- 6 and granulocyte macrophage colony- 
stimulating factor. J Infect Dis 2011;203:149–57.

 8. Teng TS, Kam YW, Lee B, Hapuarachchi HC, Wimal A, Ng LC, et 
al. A systematic meta- analysis of immune signatures in patients 
with acute chikungunya virus infection. J Infect Dis 2015;211: 
1925–35.

 9. Manimunda SP, Vijayachari P, Uppoor R, Sugunan AP, Singh SS, 
Rai SK, et al. Clinical progression of chikungunya fever during 
acute and chronic arthritic stages and the changes in joint 
morphology as revealed by imaging. Trans R Soc Trop Med Hyg 
2010;104:392–9.

 10. Malvy D, Ezzedine K, Mamani-Matsuda M, Autran B, Tolou H, 
 Receveur MC, et al. Destructive arthritis in a patient with chikungunya 
virus infection with persistent specific IgM antibodies. BMC Infect Dis 
2009;10:200.

 11. Chen W, Foo SS, Rulli NE, Taylor A, Sheng KC, Herrero LJ, et 
al. Arthritogenic alphaviral infection perturbs osteoblast function 
and triggers pathologic bone loss. Proc Natl Acad Sci U S A 
2014;111:6040–5.

 12. Herrero L, Sheng KC, Jian P, Taylor A, Her Z, Herring B, et al. 
Macrophage migration inhibitory factor receptor CD74 mediates 
alphavirus- induced arthritis and myositis in murine models of 
alphavirus infection. Arthritis Rheum 2013;65:2274–36.

 13. Fleischmann R. Anakinra in the treatment of rheumatic disease. 
Expert Rev Clin Immunol 2006;2:331–40.

 14. Chung-Ching LJ, Sherrard J, Maloney NA, Howard GA. Reactivation 
of inhibited bone acid phosphatase and its significance in bone 
histomorphometry. J Histochem Cytochem 1987;35:1355–63.

 15. Zaid A, Rulli NE, Rolph MS, Suhrbier A, Mahalingam S. Disease 
exacerbation by etanercept in a mouse model of alphaviral arthritis 
and myositis. Arthritis Rheum 2011;63:488–91.

 16. Schmitz N, Kurrer M, Bachmann MF, Kopf M. Interleukin- 1 is 
responsible for acute lung immunopathology but increases survival 
of respiratory influenza virus infection. J Virol 2005;79:6441–8.

 17. Chen W, Foo SS, Zaid A, Teng TS, Herrero LJ, Wolf S, et al. Specific 
inhibition of NLRP3 in chikungunya disease reveals a role for 
inflammasomes in alphavirus- induced inflammation. Nat Microbiol. 
2017;2:1435–45.

 18. Liang XH, Goldman JE, Jiang HH, Levine B. Resistance of 
interleukin- 1β- deficient mice to fatal Sindbis virus encephalitis. J Virol 
1999;73:2563–7.

 19. Kim BS, Jin YH, Meng L, Hou W, Kang HS, Park HS, et al. IL- 1 signal 
affects both protection and pathogenesis of virus- induced chronic 
CNS demyelinating disease. J Neuroinflammation 2012;9:217.

 20. Rulli NE, Guglielmotti A, Mangano G, Rolph MS, Apicella C, Zaid A, 
et al. Amelioration of alphavirus- induced arthritis and myositis in a 
mouse model by treatment with bindarit, an inhibitor of monocyte 
chemotactic proteins. Arthritis Rheum 2009;60:2513–23.



1191  

Arthritis & Rheumatology
Vol. 71, No. 7, July 2019, pp 1191–1200
DOI 10.1002/art.40857 
© 2019, American College of Rheumatology

Differential Association of Mitochondrial DNA Haplogroups 
J and H With the Methylation Status of Articular 
Cartilage: Potential Role in Apoptosis and Metabolic and 
Developmental Processes
Estefanía Cortés-Pereira,1 Juan Fernández-Tajes,2 Mercedes Fernández-Moreno,3 María E. Vázquez-Mosquera,1 
Sara Relaño,1 Paula Ramos-Louro,1 Alejandro Durán-Sotuela,1 Andrea Dalmao-Fernández,1 Natividad Oreiro,1 
Francisco J. Blanco,1  and Ignacio Rego-Pérez1

Objective. To analyze the influence of mitochondrial genome variation on the DNA methylome of articular cartilage.
Methods. DNA methylation profiling was performed using data deposited in the NCBI Gene Expression Omnibus 

database (accession no. GSE43269). Data were obtained for 14 cartilage samples from subjects with haplogroup J 
and 20 cartilage samples from subjects with haplogroup H. Subsequent validation was performed in an independent 
subset of 7 subjects with haplogroup J and 9 with haplogroup H by RNA- seq. Correlated genes were validated by 
real- time polymerase chain reaction in an independent cohort of 12 subjects with haplogroup J and 12 with hap-
logroup H. Appropriate analyses were performed using R Bioconductor and qBasePlus software, and gene ontology 
analysis was conducted using DAVID version 6.8.

Results. DNA methylation profiling revealed 538 differentially methylated loci, while whole- transcriptome profiling 
identified 2,384 differentially expressed genes, between cartilage samples from subjects with haplogroup H and those 
with haplogroup J. Seventeen genes showed an inverse correlation between methylation and expression. In terms of 
gene ontology, differences in correlations between methylation and expression were also detected between cartilage 
from subjects with haplogroup H and those with haplogroup J, highlighting a significantly enhanced apo ptotic process in 
cartilage from subjects with haplogroup H (P = 0.007 for methylation and P = 0.019 for expression) and repressed apop-
totic process in cartilage from subjects with haplogroup J (P = 0.021 for methylation), as well as a significant enrichment 
of genes related to metabolic processes (P = 1.93 × 10−4 for methylation and P = 6.79 x 10−4 for expression) and regula-
tion of gene expression (P = 0.012 for methylation) in cartilage from subjects with haplogroup H, and to developmental 
processes (P = 0.015 for methylation and P = 8.25 x 10−12 for expression) in cartilage from subjects with haplogroup J.

Conclusion. Mitochondrial DNA variation differentially associates with the methylation status of articular cartilage by 
acting on key mechanisms involved in osteoarthritis, such as apoptosis and metabolic and developmental processes.

INTRODUCTION

Osteoarthritis (OA) is a chronic progressive disorder that 
involves movable joints and is characterized by cell stress and extra-

cellular matrix degradation initiated by micro-  and macro- injuries 
that activate maladaptive repair responses, including proinflamma-
tory pathways of innate immunity. The disease manifests first as a 
molecular derangement (abnormal tissue metabolism) followed by 
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anatomic and/or physiologic derangements (characterized by car-
tilage degradation, bone remodeling, osteophyte formation, joint 
inflammation, and loss of normal joint function) that can culminate 
in illness (1). OA is a heterogeneous disease, with a combination of 
modifiable factors, such as body mass index and joint injury, and 
non- modifiable factors, such as age, sex, and genetics.

In recent years, the study of epigenetics in OA has attracted 
increasing interest. The term “epigenetics” refers to heritable 
changes in gene expression that occur without changes in the 
DNA sequence, either by affecting gene transcription or by acting 
posttranscriptionally. Among the best characterized epigenetic 
mechanisms, DNA methylation stands out. It has been proposed 
that DNA methylation is involved in the phenotypic modulation of 
articular chondrocytes during the development of OA, leading to 
an overexpression of cartilage- degrading enzymes and inflamma-
tory mediators, breaking the homeostatic balance toward extra-
cellular matrix degradation and playing a decisive role in the pro-
gression of the disease (2,3).

Initial DNA methylation studies in OA were based on the 
study of specific CpG sites within the promoter region of OA- 
related genes, mainly cartilage- degrading enzymes (2,4–7). More 
recently, genome- wide DNA methylation analyses in OA have 
also been performed. These studies have included analysis of the 
methylome of cartilage/chondrocytes, the subchondral bone, and 
human mesenchymal stem cells (MSCs) from the femoral heads 
of patients with hip fractures (8). From these studies, interesting 
conclusions can be drawn. On the one hand, hip and knee car-
tilage show different DNA methylomes (9), and even OA patients 
with the same affected joint can have different methylomes; more 
specifically, a subgroup of OA patients with an altered methy-
lome in inflammation- related genes was independently identified 
(9,10). On the other hand, the presence of an epigenetic phe-
notype associated with eroded OA subchondral bone similar to 
that of overlying eroded OA cartilage was also suggested (11), 
and human MSCs from OA patients with hip fractures showed 
accelerated methylation aging and enhanced proliferation of 
the osteogenic drivers RUNX- 2/OSX (12). Taken together, these 
findings indicate the complexity of OA, which includes complex 
genetic–epigenetic interactions. Therefore, further efforts must be 
undertaken in order to clarify the role played by epigenetics in this 
disease (13).

Mitochondria and the mitochondrial DNA (mtDNA) hap-
logroups play a role in the pathogenesis of OA (14). Specifically, 
the mtDNA haplogroups influence the prevalence of OA in dif-
ferent geographic populations (15–17) and have been shown to 
affect radiographic progression and cartilage integrity over time in 
patients in the progression subcohort of the Osteoarthritis Initiative 
(18,19). A recent meta- analysis involving >3,000 subjects con-
cluded that mtDNA haplogroups significantly influence the rate 
of incident knee OA; specifically, those subjects harboring hap-
logroup J had a significantly decreased risk of developing incident 
knee OA at 8 years compared to subjects harboring haplogroup 

H, which differs in terms of reactive oxygen species and ATP pro-
duction, mitochondrial metabolism, and apoptosis (20).

The function of the mitochondria is controlled by the nucleus 
by means of an “anterograde regulation,” a mechanism that regu-
lates both mitochondrial biogenesis and activity to meet the needs 
of the cell; on the other hand, mitochondria and mtDNA varia-
tion maintain partial regulatory signaling control over the nuclear 
epigenome, modulating the expression of nuclear genes through 
a “retrograde regulation,” a response signaling mechanism that 
leads to the modification of cellular function by reprogramming its 
metabolism (21,22). The role of this bidirectional communication 
between nucleus and mitochondrion is not only to maintain cellu-
lar homeostasis, but also to regulate adaptation to a wide range 
of stressors (23).

In light of these findings, and given the demonstrated role 
of the mitochondria and mtDNA variation in OA, in this study we 
analyzed methylation data for cartilage samples from subjects 
carrying the mtDNA haplogroups H or J from our previously pub-
lished genome- wide methylation assay (10) in order to evaluate 
the influence of the mtDNA haplogroups on the DNA methylome 
of articular cartilage.

MATERIALS AND METHODS

DNA methylation profiling. DNA methylation profiling 
was performed using previous methylation raw data deposited 
in the NCBI Gene Expression Omnibus (GEO) database (http://
www.ncbi.nlm.nih.gov/geo/) (accession no. GSE43269) (10). 
These data were obtained using an Infinium HumanMethylation27 
BeadChip kit (Illumina), which allows interrogation of 27,578 highly 
informative CpG sites located within the proximal promoter regions 
of 14,495 genes and 110 microRNAs. We collected methylation 
data for cartilage samples from 14 subjects with haplogroup J and 
20 subjects with haplogroup H (Table 1) in order to analyze these 
2 haplogroups for differentially methylated genes.

Data filtering and normalization and analysis of 
methylation data. The detection P values measure the differ-
ence in signal intensities between the interrogated CpG site and 
those from a set of 16 negative control probes embedded in the 
assay. Therefore, those samples with a detection P value greater 
than 0.05 in >25% of all probes were considered to be not sig-
nificantly different from background noise, and were removed 
from subsequent analyses as an extra quality control measure. 
Probes that were designed for sequences on X and Y chromo-
somes were also excluded.

We used the M value defined by the lumi and methylumi 
packages in R Bioconductor for analysis of differential methyl-
ation between the mtDNA haplogroups H and J. The M value, 
which is the log2 ratio of methylated probe intensity to unmethyl-
ated probe intensity, is a method used to measure the methyla-
tion levels and is homoscedastic in the entire methylation range, 

http://www.ncbi.nlm.nih.gov/geo/
http://www.ncbi.nlm.nih.gov/geo/
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and therefore more statistically valid in differential and other sta-
tistical analysis (24,25).

As a result of data filtering, one sample carrying the mtDNA 
haplogroup J had a detection P value greater than 0.05 in >25% 
of all probes, and was therefore removed from further analyses.

Analysis of differentially methylated sites among 
mtDNA haplogroups. Statistical analysis and data visual-
ization were carried out using the R Bioconductor software 
packages (http://www.bioconductor.org). DNA methylation M 
values for selected probes were compared among mtDNA hap-
logroups using analysis of variance with the multcomp package. 
The analysis was adjusted for confounding effects of age, sex, 
and disease status. As a consequence, to prevent an increase in 
Type I errors, Bonferroni correction was used to analyze specific 
haplogroup differences between the H and J variants (26). CpG 
sites were considered significantly differentially methylated if the 
Bonferroni- adjusted P value was less than 0.05. The Illumina 
Infinium DNA methylation β values were represented graphically 
using heatmaps generated by the R Bioconductor packages 
heatmap and Heatplus.

RNA- seq. RNA- seq for the analysis of gene expression 
was conducted on knee cartilage samples obtained from 
Hospital Universitario de A Coruña (Table 1). OA and healthy 
cartilage samples were obtained at autopsy or from patients 
undergoing leg amputations, and had microscopic Mankin 
scores of >7 and <2.5, respectively. All cartilage samples 
were obtained from the central area of the tibial plateau of 
the knees, and represented a mixture of superficial, interme-
diate, and deep layers of the articular cartilage. Informed con-
sent was obtained from all participants in accordance with the 
Declaration of Helsinki, and this study was approved by ethics 
committee of Galicia.

The whole RNA- seq process was carried out at Progenika 
Biopharma facilities (www.progenika.com). Genome- wide 
transcriptome analysis was performed in a set of 7 cartilage 

samples from subjects with haplogroup J and 9 cartilage 
samples from subjects with haplogroup H (Table 1). For RNA 
isolation, cartilage samples (50–70 mg) were frozen in liquid 
nitrogen and disrupted using a mortar. RNA was then isolated 
using an RNeasy Mini Kit according to the recommendations of 
the manufacturer (Qiagen). RNA concentration was assessed 
using a NanoDrop ND- 1000 spectrophotometer (Thermo Sci-
entific), and RNA quality was determined with an Agilent 2100 
Bioanalyzer.

Sequencing complementary DNA (cDNA) libraries were 
prepared from 30 ng RNA using Ovation Universal RNA- seq 
System 1–16 and Ovation Universal RNA- seq Adaptor Module 
1–16 according to the recommendations of the manufacturer 
(NuGEN). The quality of the cDNA library obtained was then 
checked with both Qubit (Invitrogen ThermoFisher) and an Agi-
lent 2100 Bioanalyzer, using a High- Sensitivity DNA Analysis kit.

After the generation of the clusters inside the flow cell, a 
high density of molecules per centimeters squared on each clus-
ter was subsequently generated; therefore, the samples were 
then sequenced in an Illumina HiSeq 4000.

Differential analysis of RNA- seq data. Classically, the 
analysis of RNA- seq data includes the alignment of the obtained 
reads to a reference transcriptome followed by the quantification of 
the different transcripts. In this study we used the kallisto method 
(27), and the RNA- seq reads were mapped to the reference genome 
GRCh38 version 88 located in the Ensembl server (www.ensembl.
org). All reads were previously analyzed using the FastQC package 
(https://www.bioinformatics.babraham.ac.uk/projects/fastqc/) in 
order to perform pretreatment and check quality control.

To quantify the abundance of a transcript at the genetic 
level, we used the Tximport package (28) included in R Biocon-
ductor software (https://cran.r-project.org), using transcripts per 
million as a quantification unit. Differential expression analyses of 
haplogroups H and J were performed following the limma- voom 
method (29) included in R Bioconductor software. A model includ-
ing the haplogroup as the independent variable, and diagnosis, 

Table 1. Characteristics of the study population*

Cohort Mean ± SD age
Sex, no. (%)  
female/male

Disease status, no. (%)  
OA/healthy

Methylation cohort (n = 34)
Haplogroup H (n = 20) 67.1 ± 9.9 9 (45)/11 (55) 12 (60)/8 (40)
Haplogroup J (n = 14) 62.8 ± 9.5 7 (50)/7 (50) 6 (42.9)/8 (57.1)

RNA- seq cohort (n = 16)
Haplogroup H (n = 9) 66.1 ± 17.8 4 (44.5)/5 (55.5) 5 (55.5)/4 (44.5)
Haplogroup J (n = 7) 71.8 ± 11.3 3 (43)/4 (57) 5 (71)/2 (29)

Real- time PCR cohort (n = 24)
Haplogroup H (n = 12) 69.9 ± 9.4 8 (66.6)/4 (33.3) 12 (100)/0 (0)
Haplogroup J (n = 12) 69.6 ± 6.3 6 (50)/6 (50) 12 (100)/0 (0)

* OA = osteoarthritis; PCR = polymerase chain reaction. 

http://www.bioconductor.org
http://www.progenika.com
http://www.ensembl.org
http://www.ensembl.org
https://www.bioinformatics.babraham.ac.uk/projects/fastqc/
https://cran.r-project.org
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sex, and age as covariables was used to detect the genes that 
were differentially expressed between haplogroups H and J.

Genes with a Benjamini- Hochberg adjusted P value less 
than 0.05 were considered significantly differentially expressed 
between haplogroups H and J. Differentially expressed genes 
were visualized using volcano- plots and heatmaps.

To identify the overlapped genes with an inverse correlation 
between methylation and expression (i.e., genes that were differ-
entially methylated and expressed between the 2 haplogroups in 
an inverse manner), we crossed the significant genes and differen-
tially methylated loci of both assays, as previously described (30).

Gene ontology analyses. Functional characteristics con-
sisting of an overrepresentation analysis of the gene ontology 
categories which appeared significantly enriched in the selected 
lists of genes that were differentially methylated or expressed 
between mtDNA haplogroups J and H were examined using the 
functional tool in the DAVID Bioinformatics Database version 6.8 
(https://david.ncifcrf.gov/) (31).

Real- time polymerase chain reaction (PCR)   
validation. The expression levels of those genes in which an 
inverse relationship between methylation and expression was 
detected were subsequently analyzed in knee cartilage from the 
central area of the tibial plateau. Samples represented a mixture of 
superficial, intermediate, and deep layers of the articular cartilage 
and were obtained from an independent subset of 24 OA patients 
(12 with haplogroup J and 12 with haplogroup H) from the same 
cohort (Table 1). Samples were analyzed using a LightCycler 480 
II real- time PCR system (Roche). The gene β2- microglobulin was 
used as a constitutive gene. Data analysis was carried out using 
qBasePlus software (Biogazelle).

RESULTS

DNA methylation patterns in mtDNA haplogroups. 
Post hoc Bonferroni analysis revealed 538 differentially methylated 
loci between haplogroups H and J (Figure 1A) after adjusting for 
sex, age, and disease status; of these, 451 were more methylated 

Figure  1. Hierarchical analysis and analysis of potentially altered biologic processes (gene ontology) of the differentially methylated loci 
between cartilage samples from subjects with haplogroup J and cartilage samples from subjects with haplogroup H. A, Heatmap showing 
the 538 differentially methylated loci between cartilage samples from subjects with haplogroup J and cartilage samples from subjects with 
haplogroup H. B, Gene ontology analysis showing genes that are hypomethylated in cartilage samples from subjects with haplogroup J 
compared to cartilage samples from subjects with haplogroup H. C, Gene ontology analysis showing genes that are hypomethylated in cartilage 
samples from subjects with haplogroup H compared to cartilage samples from subjects with haplogroup J. ES = enrichment score. * = P ≤ 
0.05; ** = P ≤ 0.01; *** = P ≤ 0.0001.

https://david.ncifcrf.gov/
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in J and 87 were less methylated in J than in H, which is the most 
common haplogroup (see Supplementary Table 1, available on 
the Arthritis & Rheumatology web site at http://onlinelibrary.wiley.
com/doi/10.1002/art.40857/abstract). A CpG site in the FUCA1 
gene was the most differentially hypermethylated CpG site, while 
a CpG site in the HOXD3 gene was the most differentially hypo-
methylated CpG site, in cartilage samples carrying haplogroup J 

compared to cartilage samples carrying the most common hap-
logroup, haplogroup H.

The location of a CpG site has important implications for 
its effect on gene expression; therefore, we also explored the 
genomic location of the differentially methylated loci. Given the 
chromatin states previously described by the Roadmap Epig-
enomics Consortium after analyzing more than 100 reference 

Table  2. List of the 17 significantly altered genes with inverse correlation between methylation and expression and associated biologic 
processes

Gene symbol

Mean difference 
in β value 

(H − J)
Adjusted P, 

methylation*
Log fold change 

(J versus H)
Adjusted P, 
expression† Biologic process

Genes associated with 
biologic processes 
enriched in haplogroup 
H cartilage samples

AGL −0.0078 0.02027 −1.5453 0.04199 Metabolic process, metal ion 
binding

ATXN7 −0.0096 0.04938 −1.4136 0.01058 Cell death, metabolic 
process, regulation of 
gene expression, metal ion 
binding, cellular process

FPGS −0.0051 0.00230 −1.1650 0.04580 Metabolic process, nucleo-
tide binding

GPR89B −0.0049 0.02138 −1.4849 0.04599 Cellular process
MCCC2 −0.0237 0.02628 −1.2505 0.04015 Metabolic process, nucleo-

tide binding
PPME1 −0.0047 0.03481 −1.2707 0.04480 Metabolic process
USP13 −0.0041 0.00902 −1.2209 0.02099 Metabolic process, regula-

tion of gene expression, 
metal ion binding

Genes associated with 
biologic processes 
enriched in haplogroup  
J cartilage samples

ACE 0.0036 0.03551 4.5218 0.00122 Developmental process
ADCY4 0.0044 0.04823 2.4765 0.01760 Negative regulation of 

catalytic activity
EMX1 0.0047 0.04861 4.9444 0.00261 Developmental process, 

transcription factor activity
GDNF 0.0117 0.04760 2.7488 0.04211 Developmental process, cell 

communication
GP2 0.0411 0.03345 2.7910 0.02197 Innate immune response, 

antigen binding
INSL6 0.0715 0.03694 2.5185 0.00393 Developmental process
KCNIP4 0.0063 0.03051 4.0660 0.00993 Metal ion binding, calcium 

ion binding, cell 
communication

MMP8 0.0227 0.02569 3.9680 0.00811 Developmental process
OTOA 0.0516 0.00246 3.7502 0.00248 Developmental process, cell 

communication
WT1 0.0151 0.04113 3.9396 0.03872 Developmental process, 

transcription factor 
activity, ion binding

* By the Bonferroni method for false discovery rate control. 
† By the Benjamini- Hochberg method for false discovery rate control. 

http://onlinelibrary.wiley.com/doi/10.1002/art.40857/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40857/abstract
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human epigenomes (32), it was possible to assess the potential 
implication on gene expression of each of the significant differ-
entially methylated loci described herein. Most of the significant 
differentially methylated loci belong to active transcription start 
sites (TSS) (58.4%) or regions flanking active TSS (21.6%), and 
only 1.12% belong to enhancer regions (Supplementary Figure 
1, available on the Arthritis & Rheumatology web site at http://
onlinelibrary.wiley.com/doi/10.1002/art.40857/abstract). Of them, 
the CpG site located in a region flanking the active TSS of the 
FUCA1 gene was, again, the most differentially hypermethylated 
CpG in carriers of the mtDNA haplogroup J compared to carriers 
of the mtDNA haplogroup H; in contrast, a CpG site located in the 
enhancer region of the RNASE8 gene was the most differentially 

hypomethylated CpG in carriers of the mtDNA haplogroup J com-
pared to haplogroup H (Supplementary Table 1, available on the 
Arthritis & Rheumatology web site at http://onlinelibrary.wiley.com/ 
doi/10.1002/art.40857/abstract).

In gene ontology analysis, the biologic processes associated 
with genes that were significantly hypomethylated in cartilage 
samples from haplogroup J compared to those from haplogroup 
H were those related to the negative regulation of both apoptosis 
(P = 0.021) and catalytic activity (P = 0.035) as well as the devel-
opmental process (P = 0.015). The altered processes related to 
genes that were significantly hypomethylated in haplogroup H car-
tilage samples compared to haplogroup J cartilage samples were 
mainly those involved in cell death (P = 0.010), the positive regu-

Figure 2. Hierarchical analysis and analysis of potentially altered biologic processes (gene ontology) of the differentially expressed genes 
between cartilage samples from subjects with haplogroup J and cartilage samples from subjects with haplogroup H. A, Volcano- plot showing 
the differentially expressed genes between haplogroup H and haplogroup J. Blue indicates genes that are overexpressed in haplogroup H 
compared to haplogroup J, and red indicates genes that are overexpressed in haplogroup J compared to haplogroup H. B, Heatmap showing 
the 2,384 differentially expressed genes between cartilage samples from subjects with haplogroup J and cartilage samples from subjects 
with haplogroup H. C, Gene ontology analysis showing genes that are overexpressed in cartilage samples from subjects with haplogroup J 
compared to cartilage samples from subjects with haplogroup H. D, Gene ontology analysis showing genes that are overexpressed in cartilage 
samples from subjects with haplogroup H compared to cartilage samples from subjects with haplogroup J. ES = enrichment score. * = P ≤ 
0.05; *** = P ≤ 0.0001.

http://onlinelibrary.wiley.com/doi/10.1002/art.40857/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40857/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40857/abstract
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lation of apoptosis (P = 0.007), protein transport (P = 0.007), met-
abolic processes (P = 1.93 × 10−4), and the regulation of cellular 
processes (P = 0.009) and gene expression (P = 0.012). In terms 
of molecular function, CpG sites that were significantly hypometh-
ylated in haplogroup J cartilage samples compared to haplogroup 
H cartilage samples were detected in genes related to transcrip-
tion factor activity (P = 0.019). In contrast, the CpG sites that were 
significantly hypomethylated in haplogroup H cartilage samples 
compared to haplogroup J cartilage samples were mainly those 
detected in genes related to nucleotide and metal ion binding (P = 
0.001 and P = 0.043, respectively) (Figures 1B and C).

Among the differentially methylated loci involved in the differ-
ential regulation of apoptosis between the H and J haplogroup vari-
ants, those contained in DNAJA3, NFKB, and CDKN2B appeared 
hypomethylated in haplogroup J cartilage samples compared to 
haplogroup H cartilage samples. The differentially methylated loci 
contained in JAK2, LTA, UBB, C9, IGFBP3, TRAF3, and DIABLO 
appeared hypomethylated in haplogroup H cartilage samples 
compared to haplogroup J cartilage samples.

Whole- transcriptome analysis. Preliminary quality anal-
yses led to the removal of one of the 16 samples; therefore, the 
remaining 15 were subjected to subsequent analyses. For the dif-
ferential expression analysis, a total of 16,827 genes, with at least 
1 transcript per million in 40% of the samples, were considered.

The results obtained showed a total of 2,384 differentially 
expressed genes between haplogroup H and haplogroup J carti-
lage samples (Figures 2A and B), of which 2,030 were significantly 
overexpressed in haplogroup J cartilage samples compared 
to haplogroup H cartilage samples, and 354 were significantly 
 overexpressed in haplogroup H cartilage samples compared to 
haplogroup J cartilage samples (see Supplementary Table 2, avail-
able on the Arthritis & Rheumatology web site at http://onlineli-
brary.wiley.com/doi/10.1002/art.40857/abstract).

The most differentially expressed genes between hap-
logroups H and J were FOSB and SCN5A. These genes appeared 
overexpressed in haplogroup H cartilage samples and haplogroup 
J cartilage samples, respectively (Supplementary Table 2).

The gene ontology analysis revealed differentially expressed 
processes, molecular functions, and cellular components depend-
ing on haplogroup (Figures 2C and D). In relation to cartilage sam-
ples from haplogroup J, haplogroup H cartilage samples showed 
a significantly increased number of genes related to nuclear part 
(P = 4.61 × 10−10) and membrane- enclosed lumen (P = 1.85 × 
10−9). In haplogroup J cartilage samples, a significant number of 
genes related to intrinsic component of membrane were overex-
pressed (P = 1.67 × 10−38). In terms of molecular functions, both 
haplogroups showed a differential profile. Haplogroup H cartilage 
samples showed increased transcriptional repressor (P = 0.027) 
and transcription factor activities (P = 0.045), while haplogroup 
J cartilage samples revealed an enrichment of genes related to 
ion transmembrane transporter activity (P = 2.99 × 10−4), mainly 

calcium ion transport (P = 6.81 × 10−24). With regard to differen-
tially altered biologic processes, haplogroup H cartilage samples 
showed an enrichment of overexpressed genes involved in the 
RNA metabolic process (P = 7.44 × 10−5), mRNA splicing (P = 
3.89 × 10−4), and gene expression, as well as the metabolic pro-
cess (P = 6.79 × 10−4) and, interestingly, cell death (P = 0.019). 
Conversely, haplogroup J cartilage samples showed an enrich-
ment of genes related to chemical synaptic transmission (P = 1.56 
× 10−27), transmembrane transport (P = 1.85 × 10−22), especially 
calcium (P = 3.17 × 10−4) and potassium (P = 1.62 × 10−10) trans-
port, as well as the developmental process (P = 8.25 × 10−12).

In terms of relationships between methylation and expres-
sion, we detected a total of 46 overlapped genes between these 
2 assays. Of these, 17 genes showed an inverse correlation 
between the 2 approaches, with 10 being hypomethylated and 
up- regulated in haplogroup J cartilage samples compared to 
haplogroup H cartilage samples, while 7 were hypermethylated 
and down- regulated in haplogroup J cartilage samples com-
pared haplogroup H cartilage samples (Table 2). The remaining 
29 genes showed a direct correlation between methylation and 
expression.

Real- time PCR validation. We validated, in an indepen-
dent subset of 12 knee OA cartilage samples from subjects with 
haplogroup J and 12 knee OA cartilage samples from subjects 

Table  3. Mean expression levels of 11 genes with inverse 
correlation between methylation and expression in the real- time 
PCR cohort*

Gene symbol
Mean expression 
ratio H:J (95% CI)

Genes expected to be 
 overexpressed in haplogroup 
H compared to haplogroup J

AGL 1.429 (0.615–3.321)
ATXN7 2.373 (0.977–5.766)†
FPGS 1.403 (0.544–3.616)
MCCC2 1.413 (0.530–3.770)
PPME1 1.215 (0.636–2.321)
USP13 1.229 (0.638–2.368)

Genes expected to be 
 overexpressed in haplogroup 
J compared to haplogroup H

ACE 0.348 (0.072–1.680)
ADCY4 1.384 (0.477–4.019)
GDNF 1.105 (0.146–8.380)
INSL6 1.505 (0.219–10.356)
MMP8 1.560 (0.219–11.107)

* The cohort consisted of 12 subjects with haplogroup J and 12 
subjects with haplogroup H. Only those genes with positive real- 
time amplification (11 of 17) are shown. PCR = polymerase chain 
reaction; 95% CI = 95% confidence interval. 
† P = 0.023 by Mann- Whitney non parametric test. 

http://onlinelibrary.wiley.com/doi/10.1002/art.40857/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40857/abstract
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with haplogroup H, the 17 genes with an inverse correlation 
between methylation and expression data (Table  2). Of the 17 
genes analyzed, 6 showed no amplification in any of the sam-
ples. Of the remaining 11 genes, ATXN7 appeared significantly 
up- regulated in haplogroup H cartilage samples compared to 
haplogroup J cartilage samples (P = 0.023) (Table 3).

DISCUSSION

This study is the first to compare the DNA methylome of artic-
ular cartilage samples harboring the mtDNA haplogroups J and H, 
followed by a whole- genome transcriptome analysis by means of 
RNA- seq and subsequent real- time PCR validation of correlated 
genes. The results obtained show not only a differential methyl-
ation profile related to these haplogroups, but also correlations 
between methylation and expression in terms of gene ontology, 
such as apoptosis, developmental process, metabolic process, or 
the regulation of gene expression. A total of 17 genes showed an 
inverse correlation between methylation and expression.

Cartilage samples harboring haplogroup J and those harbor-
ing haplogroup H show differential behavior in terms of apoptosis, 
as this process is enhanced in haplogroup H cartilage samples 
and repressed in haplogroup J cartilage samples. Moreover, hap-
logroup H cartilage samples also show an enrichment of over-
expressed genes related to cell death. The relationship between 
mtDNA haplogroups and apoptosis is not a new discovery; a 
study by Kenney et al showed that cybrids with haplogroup J 
had reduced expression of apoptosis- related genes compared 
to cybrids with haplogroup H (33). In addition, cybrids with hap-
logroup J also show a lower grade of apoptosis under stress con-
ditions as well as a lower expression of the apoptotic gene BBC3 
than cybrids with haplogroup H (20). Taken together, these find-
ings indicate that inherited mitochondrial variants can affect apop-
tosis pathways and, since chondrocyte death is a central feature 
in OA progression (34,35), this could explain, at least in part, the 
associations of haplogroup J with a lower rate of knee and hip OA 
prevalence and incident knee OA (20,36,37).

In this study a significant enrichment of both overexpressed 
genes and hypomethylated CpG sites of genes related to devel-
opmental process, including the homeobox family of transcrip-
tion factor genes, was also detected in cartilage samples from 
subjects with haplogroup J compared to cartilage samples from 
subjects with haplogroup H. These genes have been shown 
to play a key role in the regulation of embryonic development, 
 morphogenesis, cellular proliferation and differentiation, and 
angiogenesis. A potential link between OA and homeobox tran-
scription factors has been proposed previously (38) and, inter-
estingly, genome- wide methylation studies performed in OA 
cartilage showed these kinds of genes with altered methylation 
profile (9,10,39). As for the rs225014 and rs12885300 polymor-
phisms in the DIO2 gene, a key regulator gene of the endochon-
dral ossification process whose relationship with OA pathology 

relies on its influence on skeletal formation (40), the findings of 
the present study could point to the importance of mitochon-
dria in the developmental process, including cell differentiation, 
skeletal embryogenesis, and even joint morphology, through the 
influence of mitochondrial genetic background on the methyl-
ation and expression patterns of this family of genes. Specifi-
cally, joint morphology is considered a relevant risk factor for OA 
development and progression (41), and differential expression 
of genes involved in skeletal formation was also found in OA- 
affected cartilage (42).

In terms of fold change, real- time PCR validation showed 
that a total of 6 of the 7 genes with inverse correlation between 
methylation and expression in haplogroup H cartilage samples 
were overexpressed in this haplogroup; however, only ATXN7 
reached statistical significance. ATXN7 is a transcription factor 
that appears to be critically important for chromatin remodeling 
at the level of histone acetylation and deubiquitination. This gene 
is involved in the development of spinocerebellar ataxia, a neuro-
degenerative disorder, although its role in OA is not known and 
requires further investigation. However, since this gene has been 
proposed to be involved in the mitochondrial apoptotic path-
way through the activation of caspase 3 and, more specifically, 
caspase 9 (43,44), it would be conceivable that cartilage samples 
harboring mtDNA haplogroup J are less prone to activate this 
pathway, consistent with the findings of previous studies men-
tioned above.

Mitochondria exert a retrograde control over the nucleus 
through a series of signaling mechanisms that modify nuclear gene 
expression, leading to different compensatory mechanisms (45). 
The compensatory mechanisms may be induced in response to 
either mitochondrial dysfunction or mtDNA inherited variants (hap-
logroups), which are capable of altering the crosstalk between the 
mitochondria and the nucleus, inducing nuclear compensation in 
the form of altering DNA methylation patterns and therefore gene 
expression (21). The findings of the present study are consistent 
with this notion, as are the results of other studies. Cybrids har-
boring haplogroup J show increased levels of global DNA meth-
ylation compared to other mtDNA variants (46); in addition, both 
haplogroups H and J differentially mediate methylation profiles 
and transcription for inflammation and angiogenesis (47). Mouse 
embryonic stem cells containing different mtDNA haplogroups on 
a uniform nuclear background were associated with different gene 
expression and DNA methylation profiles (48).

In relation to the underlying mechanisms by which mitochon-
drial variations promote modifications in the methylome, it is con-
ceivable that mitochondrial reactive oxygen species, small RNAs, 
mitochondria- derived peptides, or reactive metabolic intermedi-
ates from the mitochondrial metabolism represent important retro-
grade signaling stimuli for nuclear epigenomic DNA modifications 
(21,49,50). Taken together, our findings support the notion of the 
mitochondrial genome as an epigenetic regulator of the nuclear 
genome in articular cartilage.
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For this study we did not set a minimum ratio of differential 
expression to methylation threshold, but we selected those loci 
with adjusted significance, as previously described (30,51). The 
methylation data were obtained from a longstanding array (Illu-
mina HumanMethylation27 BeadChip) that showed small signif-
icant methylation differences between haplogroups H and J. To 
what extent these differences are sufficient to induce changes in 
the expression pattern could be assessed with the corresponding 
expression assay. In addition, it must be noted that other poten-
tial differentially methylated loci not included in this array could 
also contribute to inducing changes in the expression pattern. In 
this sense, the use of 3 different independent subsets of sam-
ples allowed us to detected 17 overlapping genes with an inverse 
correlation between methylation and expression, one of which 
(ATXN7) was validated by real- time PCR. This is interesting and 
contributes robustness to the study because not only does the 
mitochondrial genome have the potential to induce changes in 
the methylation/transcription pattern of articular chondrocytes, 
but other intrinsic factors related to the nature of the articular carti-
lage, as well as the condition or state of OA, even in terms of over-
lapped phenotypes, could also affect these patterns (9,10,52).

In summary, it is well established that mitochondrial func-
tion is vital to provide the intermediate metabolites necessary 
to generate epigenetic marks, including DNA methylation, in 
the nucleus (22). In this sense, two biochemically different 
mtDNA haplogroups, such as J and H (53,54), are differentially 
associated with the methylation status of articular cartilage. We 
hypothesize that the epigenetic modification that takes place 
in OA that affects key features, such as apoptosis or metabolic 
alterations, differs depending on the haplogroup. This could 
determine, to some extent, the evolution of the disease.
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Call for caution in using the PainDETECT Questionnaire 
for patient stratification without additional clinical 
assessments: comment on the article by Soni et al

To the Editor:
We read with interest the recent article by Soni et al (1) in 

which they reported on the identification of central sensitization 
in knee osteoarthritis (OA) with the use of neuroimaging and the 
PainDETECT Questionnaire (PD- Q) (2). They used a modified 
PD- Q (mPD- Q) designed for knee OA to stratify patients into cat-
egories of either “nociceptive” or “neuropathic- like” pain. We have 
concerns about the use of the mPD- Q in this study and the sup-
porting evidence used for stratification.

The PD- Q was developed specifically for back pain as a self- 
report measure that classified patients as having either “unlikely,” 
“uncertain,” or “likely neuropathic” pain components (2). However, 
studies that used proper clinical assessment and sensory testing 
as the reference standard showed little difference in PD- Q scores 
between patients with clinical signs of neuropathic pain and 
those without (3,4). This is consistent with previous research that 
showed substantial overlap of descriptors between neuropathic 
and suggested nociceptive pain (5–7). Self- report measures are 
generally not recommended for identifying neuropathic pain with-
out concomitant clinical examinations (8–10).

An even more pertinent concern pertains to the validity of 
the mPD- Q used in the study by Soni and colleagues. The only 
published validation analysis of the mPD- Q was performed by 
comparing the results from that questionnaire with results from 
another patient- reported measure, the Self- Administered Leeds 
Assessment of Neuropathic Symptoms and Signs, using corre-
lation analyses (11,12). The sample of patients with knee pain in 
this validation analysis also had back or hip pain (78%), upper leg 
pain referred from the back or hips (46%), fibromyalgia (12%), dia-
betes mellitus (26%), and neurologic conditions such as sciatica, 
postherpetic neuralgia, or leg neuropathy (44%), resulting in a high 
risk of confounding.

In the analyses performed by Soni et al, patients were labeled 
as having purely nociceptive pain if their total mPD- Q score was 
≤12 and neuropathic- like pain if the total mPD- Q score was ≥13. 
The PD- Q suggests a limit of ≥19 for likely neuropathic pain. In 
our opinion, the authors’ claim that a PD- Q score of ≥13 ensures 
inclusion of those with possible neuropathic pain is unfounded. 
Using this cutoff point, they reported 58% of their patients as hav-
ing neuropathic- like pain components. We recently performed a 

study (10) involving patients with lumbar radicular pain and disc 
herniation, of whom 88% were graded as having definite neu-
ropathic pain according to the 2016 NeuPSIG grading system 
(13). When reanalyzing data on this group with definite neuro-
pathic pain, we found that only 52% would have been classified 
as having neuropathic- like pain using the same cutoff point as 
used by Soni and colleagues. Of those patients graded as hav-
ing definite neuropathic pain in our study, 48% were classified as 
having unlikely neuropathic pain when utilizing the PD- Q, further 
demonstrating its inability to distinguish between neuropathic and 
nociceptive pain.

The PD- Q and the mPD- Q lack discriminative ability and 
should not be used to identify neuropathic and nociceptive pain 
in patients with radiculopathy or knee OA. We wonder if alterna-
tive explanations for Soni and colleagues’ findings, such as dif-
ferences in psychological features, were considered. Specifically, 
Table 1 of the article showed that the group labeled as having 
neuropathic- like pain had significantly more catastrophizing and 
kinesiophobia than the group labeled as having nociceptive pain.

Eivind Hasvik, PT, MSc   
Anne Julsrud Haugen, MD, PhD 
Lars Grøvle, MD, PhD
Østfold Hospital Trust
Grålum, Norway
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Reply

To the Editor:
We thank Dr. Hasvik and colleagues for their comments 

regarding the PD- Q used in our study on the central sensitiza-
tion of pain in knee OA, and we would like to further highlight the 
advantages and disadvantages of the different tools available for 
investigating pain characteristics and mechanisms in patients with 
musculoskeletal disease. The focus of our study was to objec-
tively interrogate the central processing of pain in patients with 
knee OA via neuroimaging, and to investigate whether there was 
a link between the presence of central sensitization (determined 
with functional magnetic resonance imaging) and postarthroplasty 
pain outcomes.

Although we used mPD- Q–based patient stratification to 
further investigate the neuroimaging data, as outlined in the 
article, it is not possible to demonstrate a clear lesion or dis-
ease of the somatosensory system in this patient group (1); 
accordingly, we did not use the term “neuropathic” to describe 
pain in this subgroup of patients. Instead, we described pain 
as “neuropathic- like” in order to reflect that the pain descrip-
tors used by these patients shared many features with the pain 
experienced by individuals with neuropathic pain (2,3). Fur-
thermore, the presence of these features in OA patients has 
been linked to psychophysical and neuroimaging evidence of 
central sensitization (4,5), and our aim was to further delineate 
the neural correlates of this process in a new cohort using 
similar metrics and to determine the consequences, if any, of 

altered central mechanisms with regard to joint replacement 
pain outcomes. We recognize the limitation of using the PD- Q 
to stratify patients in this manner and, as detailed in our arti-
cle, have identified other tools developed since the design of 
the study, such as the Central Sensitization Inventory (6) and 
the modified 2010 American College of Rheumatology Prelim-
inary Diagnostic Criteria for Fibromyalgia (7), which we look 
forward to utilizing in future investigations. Nonetheless, the 
PD- Q has been used to study pain qualities in many different 
conditions, and in pursuit of developing stratified and person-
alized treatment, its potential use in subgrouping of patients 
according to their pattern of pain- related sensory abnormal-
ities is actively being investigated, with some promising pre-
liminary results (8).

 In the current study, quantitative sensory testing (QST) 
was also conducted, in accordance with the 2016 NeuPSIG 
recommendations (1). This showed a significantly increased 
sensitivity to cold- related pain in patients with neuropathic- 
like pain identified using the mPD- Q, and also a trend toward 
increased sensitivity for other QST parameters. To some extent, 
these QST alterations also support the groupings made in our 
study using the PD- Q, even when considering the limitations of 
the questionnaire addressed by Hasvik et al, with which we are 
in partial agreement.

Hasvik and colleagues rightly note that the patients with 
neuropathic- like pain demonstrated important psychological dif-
ferences, i.e., increased pain catastrophizing and fear of move-
ment, compared with the nociceptive group. As with the QST 
observations, it is intriguing that our subgrouping using the PD- Q 
cutoff points exposed such differences in psychological mecha-
nisms, which as we know from our work in neuroimaging (9–12) 
and from other studies (13,14), significantly contribute to the exac-
erbation of central sensitization and chronic pain. Psychological 
mechanisms are part of the combined set of essential mecha-
nisms that contribute to pain amplification/central sensitization, 
which is reflected by neuroimaging differences in the descending 
pain modulatory system.

Finally, the PD- Q was developed for the evaluation of 
chronic low back pain and is arguably not transferable to other 
pain conditions; however, in the chronic pain field, there is 
increasing awareness that shared underpinning mechanisms 
exist across chronic pain conditions and are reflected in some 
instances (presumably) by shared symptoms. So, similarities 
in the assessment of chronic pain have emerged among many 
musculoskeletal conditions, including OA, inflammatory arthritis, 
and fibromyalgia (15–17). This paradigm shift, in which chronic 
pain conditions are no longer understood as silos with sepa-
rate mechanisms and symptoms that are perhaps captured by 
distinct questionnaires, is reflected for the first time in the pro-
posed classification of chronic pain as a disease and diagnosis 
in itself for the upcoming International Classification of Diseases, 
Eleventh Revision. The proposed classification would include a 
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chronic musculoskeletal subcategory involving pain in any dis-
ease process directly affecting the bone, joint, muscle, or related 
soft tissues (18).

Going forward, it will be interesting to see how pain classifica-
tion, along with tools such as neuroimaging and questionnaires, will 
be harnessed to better understand the mechanisms relevant in pain 
and to target treatments for improved outcomes in our patients.

Anushka Soni, BMBCh, MA, MRCP, DPhil
National Institute for Health Research 
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Gastroesophageal reflux and serum biomarkers in 
systemic sclerosis–associated interstitial lung disease: 
comment on the article by Elhai et al

To the Editor:
Interstitial lung disease (ILD) is a common manifestation of 

systemic sclerosis (SSc), accounting for approximately one- third 
of SSc- related deaths (1). Patients with SSc- associated ILD have 
a variable clinical course and can exhibit either relatively stable, 
slowly declining lung function or severe, rapidly progressive pul-
monary fibrosis. Therefore, for some patients aggressive immu-
nosuppression is not the appropriate treatment, and can cause 
more harm. One- year pulmonary function trends, particularly in 
patients with extensive pulmonary fibrosis, have been shown to 
be predictive of mortality (2). However, serial changes seen on 
pulmonary function testing have not been validated in prospec-
tive studies as a guide to treatment, while waiting for deteriora-
tion in patients with a potentially treatable disease may contradict 
the current trend toward earlier intervention in immune- mediated 
rheumatic diseases.

In a recent study, Elhai et  al investigated the diagnostic 
and prognostic utility of several potential biomarkers for SSc- 
associated ILD in a large cohort of patients with SSc (n = 427) who 
were followed up prospectively for a mean ± SD of 3.2 ± 4.4 years 
(3). At baseline, 56% of them presented with signs of lung fibrosis 
on high- resolution computed tomography (HRCT). Lung epithe-
lial–derived surfactant protein D (SP- D) was a relevant diagnostic 
biomarker for SSc- associated ILD, while Krebs von den Lungen 
6 glycoprotein correlated with lung fibrosis severity. An even more 
important finding was that, in multivariate Cox analysis, CCL18 
predicted ILD progression, and therefore, could potentially iden-
tify patients who need disease- modifying treatment. In both male 
and female patients with high CCL18 levels, immunosuppressive 
treatment was associated with a 2- fold lower risk of worsening 
of lung fibrosis compared with that in untreated patients. How-
ever, the authors did not report the statistical significance of these 
 differences.

In our own cohort, serum SP- D levels were significantly 
increased in patients with SSc- associated ILD (n = 46) compared 
with those in patients who had SSc without lung disease (n = 13). 
SP- D concentrations correlated with the extent of pulmonary fibro-
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chronic musculoskeletal subcategory involving pain in any dis-
ease process directly affecting the bone, joint, muscle, or related 
soft tissues (18).
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tive studies as a guide to treatment, while waiting for deteriora-
tion in patients with a potentially treatable disease may contradict 
the current trend toward earlier intervention in immune- mediated 
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were followed up prospectively for a mean ± SD of 3.2 ± 4.4 years 
(3). At baseline, 56% of them presented with signs of lung fibrosis 
on high- resolution computed tomography (HRCT). Lung epithe-
lial–derived surfactant protein D (SP- D) was a relevant diagnostic 
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6 glycoprotein correlated with lung fibrosis severity. An even more 
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predicted ILD progression, and therefore, could potentially iden-
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and female patients with high CCL18 levels, immunosuppressive 
treatment was associated with a 2- fold lower risk of worsening 
of lung fibrosis compared with that in untreated patients. How-
ever, the authors did not report the statistical significance of these 
 differences.

In our own cohort, serum SP- D levels were significantly 
increased in patients with SSc- associated ILD (n = 46) compared 
with those in patients who had SSc without lung disease (n = 13). 
SP- D concentrations correlated with the extent of pulmonary fibro-
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sis (r = 0.613, P < 0.001) and predicted extensive lung disease with 
high sensitivity and specificity (area under the receiver operating 
characteristic curve 0.853; 95% confidence interval 0.756–0.950). 
In patients with SSc- associated ILD, gastroesophageal reflux 
 disease (GERD) was associated with higher SP- D levels.

GERD that is associated with chronic microaspiration of 
acid gastric contents and epithelium injury has been implicated 
as a possible cause of ILDs, including SSc- associated ILD (4). 
This concept is supported by the results of several studies. For 
example, pH- impedance monitoring in 40 patients with SSc 
showed that patients with SSc- associated ILD had higher eso-
phageal acid exposure, higher numbers of acid and nonacid 
reflux episodes, and higher numbers of reflux episodes reach-
ing the proximal esophagus compared with patients with SSc 
and normal lungs (5). In a large study from the the Canadian 
Scleroderma Research Group, SSc- related gastroesophageal 
involvement was investigated in relation to changes in forced 
vital capacity (FVC) in 1,043 patients (one- quarter of whom had 
pulmonary fibrosis seen on chest radiography). It was shown 
that symptoms of esoph ageal dysmotility were associated with 
worsening FVC in these patients (6).

GERD may provoke the development of centrilobular 
fibrosis, characterized by a predominantly central and patchy 
distribution of the lung fibrosis, intraluminal basophilic content, 
epithelial necrosis, basement membrane exposure, and bron-
chiectasia (7). It has been suggested that epithelial injury and 
leak incited by GERD may contribute significantly to serum 
levels of SP- D (8). Elhai and colleagues did not report the fre-
quency of esophageal involvement in their cohort of patients 
with SSc. In our opinion, the possible relationship between 
serum biomarker levels and GERD should be taken into 
account in future studies.

In summary, Elhai et al have developed risk models that might 
help physicians to optimize management of SSc- associated ILD. 
These data may also be useful as a guide for further studies to 
evaluate predictive biomarkers and to develop personalized 
treatment options in patients with SSc- associated ILD. Furnari 
and colleagues have recently suggested that strategies aimed at 
inhibiting reflux events might be helpful in decreasing, and poten-
tially, preventing, the progression of lung involvement in a propor-
tion of patients with SSc- associated ILD (9). Currently, we lack 
reliable evidence confirming the efficacy of anti- reflux therapy in 
SSc- associated ILD or other ILDs. HRCT patterns of probable 
GERD- associated ILD should be better defined in future studies 
to identify patients who can benefit from anti- reflux medications 
or surgery and who can avoid immunosuppression treatment. 
We expect that this task would be rather challenging for inves-
tigators given the variable natural course of SSc- associated ILD, 
but regardless, testing for GERD should be performed in patients 
with SSc, particularly with ILD, and, if present, GERD should be 
 properly treated.
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evaluate predictive biomarkers and to develop personalized 
treatment options in patients with SSc- associated ILD. Furnari 
and colleagues have recently suggested that strategies aimed at 
inhibiting reflux events might be helpful in decreasing, and poten-
tially, preventing, the progression of lung involvement in a propor-
tion of patients with SSc- associated ILD (9). Currently, we lack 
reliable evidence confirming the efficacy of anti- reflux therapy in 
SSc- associated ILD or other ILDs. HRCT patterns of probable 
GERD- associated ILD should be better defined in future studies 
to identify patients who can benefit from anti- reflux medications 
or surgery and who can avoid immunosuppression treatment. 
We expect that this task would be rather challenging for inves-
tigators given the variable natural course of SSc- associated ILD, 
but regardless, testing for GERD should be performed in patients 
with SSc, particularly with ILD, and, if present, GERD should be 
 properly treated.
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Indeed, ILD is a major complication in SSc, with common 
progressive fibrosing ILD characterized by decline in lung 
function and early mortality. To date, it is the leading cause 
of death (17%) in SSc as shown in a recent study from the 
European Scleroderma Trials and Research network based 
on 1,072 deaths (1). Interestingly, Moiseev et al confirmed 
in their cohort of SSc patients (n = 59) that serum levels of 
SP- D were increased in patients with SSc- associated ILD 
and correlated with the extent of lung disease. This con-
firmed the results of previous studies identifying SP- D as a 
promising biomarker for diagnosis and also staging of ILD 
in SSc, as well as in idiopathic pulmonary fibrosis (IPF) (2). 
These findings raise the prospect of improved risk stratifica-
tion of SSc patients for ILD according to SP- D levels. Future 
longitudinal studies are warranted to assess this hypothe-
sis and its impact on disease management (decision mak-
ing regarding the performance of HRCT and individualized 
management according to individual risk of ILD).

Besides their clinical interest, these results are help-
ful in deciphering ILD pathogenesis. SP- D is secreted by 
type II pneumocytes and Clara cells to decrease surface 
tension at the air–liquid interface and is involved in host 
lung defense. Therefore, an increase in SP- D levels reflects 
alveolar epithelial cell damage, highlighting the key role of 
alveolar epithelial cells in ILD pathogenesis. In their cohort, 
Moiseev et al observed an association between GERD and 
SP- D levels, suggesting that epithelial injury and leak incited 
by GERD might contribute significantly to serum levels of 
SP‐D. This interesting hypothesis raises the issue of the 
relationship between ILD and GERD, which has been the 
subject of several previous studies. In our combined cohort, 
GERD (defined by clinical symptoms in the French cohort 
and confirmed by positive imaging in the Norwegian cohort) 
was observed in 244 patients (60%) (n = 407 with availa-
ble data), with no difference according to SP- D levels (P 
= 0.957). Therefore, our results obtained in a large study 
population do not support the notion of a link between 
GERD and SP- D levels. However, methodologic limitations 
and pitfalls have to be taken into account for both studies. 
The definition of GERD from clinical symptoms to objective 
measures is not easily standardized. Moreover, because of 
the huge heterogeneity of the disease, large sample size and 
multivariate analyses are mandatory to pose any hypothe-
sis. Finally, by definition,  cross- sectional studies have no 
dimension of time, so they cannot support conclusions on 
the risk of disease, or on causal relationships.

In a longitudinal study of 105 SSc patients, our group 
did not find that esophageal involvement measured by 
manometry was a prognostic factor for ILD progression 
(3). Consistently in IPF, the link between GERD and ILD 
remains controversial (4,5). Deciphering the relationships 
between GERD and ILD remains critical in SSc, but also in 
ILDs overall, and further investigation to clarify this issue 
is warranted.

In conclusion, our study has highlighted the respec-
tive positioning of circulating biomarkers in SSc- associated 
ILD: SP- D for diagnosis, Krebs von den Lungen 6 glycopro-
tein for staging of ILD severity, and CCL18 for prognosis, 
with development of risk models, which could be helpful in 
optimizing disease management in the future. Independent 
studies to attempt to replicate these findings are awaited. 
Regarding GERD and ILD, large longitudinal studies are 
warranted to assess their relationship, with improved defini-
tion of GERD damage and careful assessment for develop-
ment and progression of ILD.
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Clinical Images: Bone lesions in Erdheim- Chester disease

The patient,  a 47- year- old man, presented with cutaneous papules and hoarseness. Laryngoscopy showed supraglottic masses, and his-
topathologic studies revealed fibrohistiocytic proliferation with lipid- laden macrophages and Touton giant cells. Immunohistochemistry was 
positive for CD68 cells and negative for S100 proteins. Multiple skin biopsies showed similar findings. The patient was initially diagnosed 
as having multicentric reticulohistiocytosis and was unsuccessfully treated with methotrexate and tumor necrosis factor inhibitors; anakinra 
was not tolerated due to the development of severe depression. Radiography of the left knee was obtained due to knee pain and revealed 
sclerotic lesions of the tibia and femur (A). T1- weighted magnetic resonance imaging (MRI) performed in March 2017 demonstrated numer-
ous T1- hypointense and STIR- hyperintense marrow lesions (B and C). Bone biopsy revealed fibrohistiocytic proliferation. Archived cutane-
ous biopsy tissue, obtained in 2016 to diagnose skin lesions, was tested for genetic mutations and found to be positive for a mutation in 
KRAS, but negative for a mutation in BRAF V600. The revised diagnosis was Erdheim- Chester disease (ECD). Cobimetinib was initiated, 
and a T1- weighted STIR MRI performed in October 2018 revealed a decrease in all lesions, including those of the bone (D and E), after 18 
months. ECD is a rare, infiltrative, non- Langerhans histiocytosis with multisystem involvement. Bone is affected in >90% of cases. Various 
therapies have been used for management, including disease- modifying antirheumatic drugs, biologics, and chemotherapeutic agents. 
Newer treatment methods, such as targeting the BRAF V600 mutation with vemurafenib or the MEK pathway with cobimetinib, may result 
in clinical and radiographic improvement.
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