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Standardisation of labial salivary gland
biopsies in Sjogren’s syndrome:
importance for the practicing
rheumatologist
Robert I Fox

Although only a small number of rheuma-
tologists participate in clinical trials of
Sjogren’s syndrome (SS), the majority of
rheumatologists need to assess the new
criteria for SS in their clinical practice. We
need to know how to obtain and evaluate
the minor labial salivary gland (LSG)
biopsy. We are increasingly asked to make
critical therapeutic decisions about treat-
ment of life-threatening clinical situations
that might be due to SS, so uniform cri-
teria for correct diagnosis are increasingly
important.

Fisher et al1 present an expert consen-
sus for ‘standardisation of LSG’ histopath-
ology in clinical trials in primary SS in
this issue.

Rheumatologists are aware that a ‘new’

consensus criteria between the American
College of Rheumatology and European
League Against Rheumatism were recently
approved.2 However, it is less well recog-
nised that SS diagnosis is now based on a
‘point system’, and that four points are
required for diagnosis of SS.
▸ A positive labial salivary biopsy (LSB)

only qualifies for three points (table 1).
Thus, a positive LSB will not fulfil cri-
teria alone.

▸ Similarly, a positive antibody to
Sjogren’s Syndrome A (SS-A) only
counts for three points, and alone, will
not fill criteria.

Thus, the basis for diagnosis and treat-
ment of our most difficult patients, such
as those that lack antibody to SS-A,
depends on the LSG biopsy. This article
deals with the methods of acquisition of
tissue and histological interpretation of
the LSB.

The consensus report on LSG repre-
sents the outcome of a 2-day workshop
held in Birmingham, UK in 2014. This
group included rheumatologists, patholo-
gists, healthcare statisticians and three
patients (since repeat LSB may be

reported in clinical study outcome and
patient input important).
Calculation of focus size, additional

histopathological features of prognostic
importance, reporting standards and
requirements of placebo groups were dis-
cussed. Delphi process was then con-
ducted using a group of 50 experts
(including the original 20 participants)
who rated ‘agreement’ on a 10-point
scale. The process was repeated until 75%
of respondents agreed on a score of seven
or greater.
The consensus for important points in

the evaluation of LSB is summarised in
table 1 in the article by Fisher et al.1 It
presents some of the relevant points for
the practicing rheumatologist.
These recommendations are graded

from A (weakest) to D (strongest).
Also of importance, table 1 in the

article by Fisher et al1 shows the variabil-
ity in ‘weight of importance’ in different
pathologic features among experts.
One of the immediate points to recog-

nise is that the new consensus favours
focus score (FS) of Daniels et al3 4 rather
than the older scoring method (class I–IV)
of Chisholm and Mason.5

This is important—since many patholo-
gists still report results based on the now
outdated ‘class score’. Rheumatologists
need to remember that many pathologists
read out a biopsy as ‘no evidence cancer’,

when the actual reason for the rheumatol-
ogist’s biopsy was the diagnosis of SS.

Alternatively, a pathology report that a
LSG was ‘consistent with SS’ means that
the pathologist was probably not clearly
informed that the biopsy needs to be
‘graded’ according to the new consensus
criteria and that the biopsy should be
re-evaluated according the guidelines sub-
mitted in this article.

Several points of importance to prac-
ticing rheumatologists
▸ At the initial stage of obtaining the

biopsy, the largest possible area to be
sampled would give the best results,
but a reasonable compromise is four
glands—although a minimum of evalu-
able surface area (8 mm2) may be
achieved with 2–3 glands.
– However, some glands may be atro-

phic or damaged, and the volume of
material obtained at biopsy should
be sufficient to overcome this arte-
fact and achieve a valid result. This is
also important when reviewing
outside biopsies that may have been
‘over read’.

▸ A key conceptual point is that SS is a
‘systemic’ disease, and the average of
multiple different lobules needs to be
evaluated, rather than concentration
on a single abnormal lobule, which
may not be typical of the entire gland.

▸ FS score was preferred over focal
lymphocyte score (FLS), since measure-
ment of an infiltrated area avoids diffi-
culties in determining whether to count
partially confluent foci as one or two.
– Also, the FS removes the arbitrary

‘ceiling’ score in case of more wide-
spread confluence of infiltrates.

▸ An area of debate involved a previous
suggestion of cutting ‘multiple’ levels of
the same biopsy,6 since this introduces
the bias of choosing the ‘best’ slide.
– The consensus group favoured evalu-

ation of more lobules rather than
recutting the same lobule.

▸ Germinal centres should be reported,
although there is need for a clear defin-
ition of these structures using only H&E.
– For clinical trials, additional staining

with CD21 (a marker of follicular
dendritic cells) as well as CD20 and
CD3 is required.

– Pathologists were advised to use
caution to avoid overestimating ger-
minal centers (GCs) by relying solely
on CD21.7 8

The principal weakness of the study is
its dependence on expert opinion. Ideally,
diseases should be classified on the basis of
their underlying pathogenesis rather than
on their histopathological manifestations,

Table 1 Diagnosis of Sjogren’s syndrome
(SS) is now based on a weighted basis1

Individuals with signs and symptoms suggestive
of SS need at least four points to fulfil diagnostic
criteria

LSG with FLS and FS≥1 3

Anti-SSA/B(Ro/La 3

OSS≥50.15 1

Schirmer ≤5 mm/5 min 1

UWS≤0.1 mL/min 1

Oral symptoms 0.9 –

Ocular symptoms 0.9 –

Labial salivary gland (LSG) with FLS and focus score (FS)
≥1, LSG with focal lymphocytic sialadenitis and FS≥1
foci/4 mm2. OSS, ocular staining score; UWS,
unstimulated whole saliva flow rate.
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but in the absence of the precise genetic
and environmental factors, we need to
have a uniform database for clinical and
research studies.

SUMMARY
Rheumatologists have ‘blindly assumed’
that after their LSG biopsy disappeared
into the Department of Pathology for
‘evaluation’, a magical ‘Gold Standard’
answer would emerge. When a patient has
been seen at an outside institution and was
told of a ‘positive’ biopsy, this information
enters the medical history of the patient as
an established fact. The LSG biopsy result
must be reviewed (rather than relying on
patient’s history) and perhaps the LSG
biopsy slide may need to be obtained and
re-evaluated to confirm the diagnosis.

This article points out the variability of
interpretation of LSB even among pathol-
ogists who have significant experience
with SS.9

The variability among community
pathologists who are not familiar with
reading of LSB is likely to be much higher
than that exhibited by the group of
experts represented in this study.

We urge rheumatologists to pass these
consensus guidelines to their pathologists
and to clearly label all our LSB specimens
as an evaluation for SS.

Further, this article should encourage
rheumatologists to obtain LSG as part of
diagnosis based on new criteria, and not
simply rely on antibody to SS-A/Ro
when important clinical decisions are at
stake.
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workshop group (appendix) from ESSENTIAL (EULAR Sjögren’s syndrome study group)

ABSTRACT
Labial salivary gland (LSG) biopsy is used in the
classification of primary Sjögren’s syndrome (PSS) and in
patient stratification in clinical trials. It may also function
as a biomarker. The acquisition of tissue and histological
interpretation is variable and needs to be standardised
for use in clinical trials. A modified European League
Against Rheumatism consensus guideline development
strategy was used. The steering committee of the ad hoc
working group identified key outstanding points of
variability in LSG acquisition and analysis. A 2-day
workshop was held to develop consensus where possible
and identify points where further discussion/data was
needed. These points were reviewed by a subgroup of
experts on PSS histopathology and then circulated via an
online survey to 50 stakeholder experts consisting of
rheumatologists, histopathologists and oral medicine
specialists, to assess level of agreement (0–10 scale)
and comments. Criteria for agreement were a mean
score ≥6/10 and 75% of respondents scoring ≥6/10.
Thirty-nine (78%) experts responded and 16 points met
criteria for agreement. These points are focused on
tissue requirements, identification of the characteristic
focal lymphocytic sialadenitis, calculation of the focus
score, identification of germinal centres, assessment of
the area of leucocyte infiltration, reporting standards and
use of prestudy samples for clinical trials. We provide
standardised consensus guidance for the use of labial
salivary gland histopathology in the classification of PSS
and in clinical trials and identify areas where further
research is required to achieve evidence-based
consensus.

INTRODUCTION
Labial salivary gland (LSG) biopsy is widely used in
the diagnosis of primary Sjögren’s syndrome (PSS)
and plays an integral role in the established
American-European Consensus Group classification
criteria1 and the proposed American College of
Rheumatology/European League Against
Rheumatism (ACR/EULAR) criteria.2 Evidence sug-
gests that it has the potential to stratify patients,3–6

and may have potential as a biomarker in clinical
trials.7

The most characteristic feature of PSS on biopsy
with a sensitivity and specificity of >80%8 is focal
lymphocytic sialadenitis (FLS), which describes the
presence of dense aggregates (foci) of ≥50 mono-
nuclear cells (mostly lymphocytes), in a periductal
or perivascular localisation.9 A modification based
on focus score (FS) calculation was proposed in
1974,10 and further work established FS ≥1 (ie, ≥1
focus per 4 mm2) for use in classification cri-
teria.8 11–14 The Sjögren’s International Clinical
Collaborative Alliance (SICCA) have published a
widely used protocol for sample preparation and
the assessment of FS in suspected Sjögren’s syn-
drome .14 15 Nevertheless, the initial determination
of FLS, prior to calculation of a FS, is still a cause
of variability of practice in the SS community.7 We
previously discussed additional areas of variability
including the acquisition and processing of the sal-
ivary gland tissue and the histological interpretation
of the local infiltrate.7 16–18 The SICCA protocol
specifies that foci in FLS occur adjacent to normal
appearing acini, but features of non-specific chronic
sialadenitis (NSCS) such as atrophy and duct dila-
tion are common in the population and so may
coexist with PSS. NSCS may also be associated
with infiltration of lymphocytes and even aggrega-
tion, thus raising issues for interpretation and FS
calculation.7 16 The SICCA protocol provides no
additional guidance beyond FS calculation on the
reporting of size of foci, their degree of organisa-
tion, germinal centres (GCs) and lymphoepithelial
lesions (LESA), the latter being characterised by
lymphocytic infiltration of ducts and basal cell
hyperplasia resulting in a multilayered epithelium,
and which may also have prognostic significance.19

The goal of this study was to develop a process
of standardisation in order to confirm areas of con-
sensus and highlight areas of uncertainty, with a
view to stimulating further research and evidence-
based recommendations. A few centres use parotid
gland biopsies6 but we have focused this work on
LSG tissue, as this remains the most commonly
employed in clinical practice.20 In this study, we do
not address the biopsy procedure itself but focus on
the processing of the tissue and measurement of
PSS-related inflammation. The target users include
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histopathologists, rheumatologists, oral medicine and oral and
maxillofacial surgeons and ophthalmologists, as well as pharma-
ceutical companies planning clinical trials in PSS.

METHODS
The standard operating procedures produced by EULAR on
guidelines development in rheumatic and musculoskeletal disor-
ders broadly formed the basis of the process followed.21

Item development
A literature review was carried out by the steering committee
members of the ad hoc working group. This has been published
and identified points of outstanding uncertainty for discussion.7

These comprised the agenda items for the workshop.

Workshop
A 2-day workshop was held in February 2014 in Birmingham,
UK.

Day 1
The first day focused on histopathology in the diagnosis of PSS.
Presentations addressed the rationale for biopsy, histological fea-
tures and scoring systems, challenges and variability in applica-
tion of the SICCA protocol, GCs and LESA, and methods for
measuring change in biopsies in clinical trials as a prelude for
day 2. There were 23 clinical expert attendees with a back-
ground in rheumatology, histopathology or oral medicine. The
relevant issues were interactively discussed to establish a draft
framework of points to consider in the areas of (1) glandular
tissue requirements, (2) criteria defining FLS and FS and (3)
assessment of GCs and LESAs.

Day 2
A larger number of attendees were present on the second day
(n=39), representing an increased number of specialists with an
interest in PSS clinical trials and including a clinical trials statisti-
cian, a health psychologist and three patient partners.
Presentations summarised issues around the scoring of biopsies,
additional pathological features that may be relevant to clinical
trials and the natural history and reliability of histopathological
changes. Breakout groups and roundtable discussion were used
to propose points relevant to clinical trials in the areas of (1)
calculation of focus size, (2) additional parameters that could be
measured, (3) reporting standards and (4) timing of biopsy and
requirement for a placebo group. In a parallel session facilitated
by a health psychologist, the patient partners discussed the
acceptability of LSG biopsies as a clinical trials outcome
measure. A concluding discussion addressed the agenda for
future work.

Delphi process
The provisional points gathered at the workshop were substi-
tuted for a traditional first round of a Delphi process.22 These
were reviewed and edited for clarity and completeness by a sub-
group of six experts. A subsequent eDelphi round was con-
ducted with 50 experts (comprising the original workshop
attendees together with additional experts). These were asked to
rate 20 points on a 0–10 scale, where 0 indicated no agreement
and 10 complete agreement, and to provide explanation when
there was disagreement. Points were divided into those of
general application, and those most relevant to a clinical trials
setting. Explanatory text and selected references accompanied
the points.

Analysis
All the points were graded, based on available evidence, accord-
ing to the scale (A–D) recommended by the Oxford Centre for
Evidence-based Medicine.23 The available evidence has been
previously reviewed.7 Agreement was defined as a mean score of
≥6 and ≥75% of respondents scoring ≥6.

RESULTS
A total of 39 experts (78%) responded to the eDelphi exercise,
of which 22 identified their principal specialty as rheumatology/
internal medicine (54%), 11 as oral medicine (30%) and 6
(16%) as histopathology. Nine rheumatologists (41%) and four
(36%) oral medicine specialists described their experience of
actually reviewing LSG histopathology as moderate, 8 (36%)
and 2 (18%) as extensive. No discrepancy in responses was
noted between specialty groups. Following the eDelphi exercise,
a total of 16 points (table 1) met the criteria for agreement.
These are listed in table 1, together with the strength of recom-
mendations, and expert scores. The spread of scores is illu-
strated in figure 1. These points are discussed below. Points not
meeting criteria for agreement are listed in online
supplementary table S1.

Glandular tissue requirements
Given the scattered nature of foci, it is important that there is
sufficient material available to allow a robust and reliable ana-
lysis. In point 1 (table 1), we propose obtaining a minimum of
four LSGs, unless these are small (<2 mm), in which case six
glands should be obtained if feasible. Three respondents argued
for the use of fewer glands (two to three), and two for a greater
number (five to seven).

A minimum glandular surface area to be examined of 8 mm2

was proposed to facilitate agreement. This minimum should
comprise good quality glandular tissue. In the case of an incon-
clusive biopsy, for example, uncertainty over FLS, borderline FS
for diagnosis or insufficient surface area, then two additional
cutting levels could be employed (point 3). Glandular surface
area from a single cutting level of multiple glands may also be
optimised by aligning glands during preparation of the paraffin
blocks (point 4).

Assessment of FLS and FS
The presence of FLS should be determined prior to FS calcula-
tion (point 5) (figure 2).14 Foci may be confluent and foci of
any size may include plasma cells, although there was some
divergence of expert opinion regarding the extent of plasma cell
infiltration that is compatible with FLS. FLS cannot be attribu-
ted when the histological appearance of the glands is dominated
by features associated with NSCS, such as acinar atrophy, duct
dilation and fibrosis, with no evidence of any foci being adjacent
to normal parenchyma. Conversely, given the prevalence of
NSCS, some foci in PSS may be expected to be adjacent to atro-
phic features. Expert recommendation is that the extent of the
atrophic features should be graded and reported to aid the refer-
ring clinician in their interpretation (point 6).

In order to calculate the FS, the total number of foci in the
specimen is divided by the glandular surface area, and multi-
plied by 4, to give the number of foci per 4 mm2 (figure 2)
Above a FS of 10, foci are typically confluent, and a ‘ceiling’
score of 12 may be applied. Glandular area can be measured
with a calibrated eyepiece grid,15 but measurement-validated
microscope-associated software may also be employed (figure
2B). An important decision is whether to include apparent foci
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in areas of atrophy, duct dilation and fibrosis, and whether to
include the background area in the glandular surface area
denominator. Different approaches include excluding infiltrate
in compact fibrosis but including that around abnormal acini
and ducts, excluding all foci and abnormal areas from the
numerator and denominator, or including all. This decision will
have an impact on the calculated FS.16 There was agreement
that FS calculation should include the whole of the glandular
surface area in the denominator, including abnormal areas, to
avoid introduction of bias (point 7; figure 2B). This includes
areas of fibrosis, which cannot reliably be removed from the
glandular surface area denominator, although their inclusion
may have the potential to reduce the FS, meaning that some
patients with a FS ≥1 may become <1 at a late stage of disease
(figure 2C).24 There was also agreement that in the case of PSS
clinical trials at least, the least biased approach and the one
likely to have the greatest reproducibility, would be to assume
all foci are PSS-related and to be included in the FS (point 10).
In the case of repeated biopsies, the patients themselves serve as
an internal control. Arguably, this could also be applied to clin-
ical diagnosis, once the presence of FLS has been determined.

Calculation of focus area
There was support for using the area of mononuclear cell infil-
tration in addition to the FS as a biomarker in clinical trials
(point 9). Data can be presented as percentage of total area infil-
trated and mean focus size. This could be achieved with digital
analysis of H&E or CD45 immunostaining.

Ectopic GCs and LESAs
There was strong agreement that the presence of GCs should be
reported in routine practice (point 8). However, some respon-
dents commented on the need for a clear definition of these
structures. H&E is considered sufficient to allow accurate detec-
tion of a fully formed GC by a histopathologist, although
additional staining can be used such as B-cell lymphoma 6
(BCL-6) and CD21.

In the context of clinical trials, we have suggested additional
staining with CD21, a marker of follicular dendritic cells
(FDCs) and CD3 and CD20 to better define the presence of
GCs (point 11) (figure 3). While CD21 long isoform staining
by itself does not indicate the presence of a GC, the presence of
a FDC network together with B-cell and T-cell segregation

Table 1 Consensus guidance divided into points of general application and those more relevant to clinical trials, showing strength of
recommendation (A–D) based on available evidence, according to the scale (A–D) recommended by the Oxford Centre for Evidence-based
Medicine23

Point
Strength of
recommendation

Number of
respondents

Mean score
(SD) % ≥6

General guidance

1 The minimum number of minor salivary glands is suggested to be four (six if small), and should be
surgically separated

D 39 8.0 (2.4) 82

2 The minimum surface area of gland sections examined should be 8 mm2 D 39 7.5 (1.9) 82

3 If the first cutting level is inconclusive, or in the context of a clinical trial, consideration should be
given to including two additional cutting levels at 200 mm intervals (typical focus diameter is <50 μm)
in order to increase the surface area

C/D 37 8.2 (2.0) 92

4 Care should be given to preparation of paraffin blocks, with smaller glands set higher to allow
midspecimen sampling during cutting

D 38 7.5 (2.1) 87

5 Histological examination should determine whether there is FLS present. Attribution of FLS, or possible
FLS, should be followed by calculation of a focus score

B 39 8.8 (1.4) 95

6 The extent (absent, mild, moderate, severe) of atrophy, fibrosis, duct dilatation and non-specific
chronic sialadenitis, in addition to the presence or absence of FLS, should be reported

C 39 8.5 (1.7) 92

7 Calculation of the focus score should include the whole of the glandular surface area in the
denominator, to avoid introduction of bias

D 39 8.3 (1.6) 95

8 The presence or absence of germinal centre-like structures and lymphoepithelial lesions should be
reported

C 39 9.5 (1.0) 97

Guidance relevant to clinical trials

9 The Focus score should be recorded, and the area of individual foci should also be summed and
divided by glandular area to give a more quantitative indication of the extent of glandular infiltration

C 38 7.5 (2.5) 76

10 Once FLS has been confirmed, all foci should be included in the Focus score and in area of foci
calculations, even when adjacent to abnormal acini or ducts, to avoid introduction of bias

D 38 7.3 (2.6) 76

11 Staining for CD3, CD20 and CD21 should be included, and the presence of germinal centre-like
structures should be reported as the proportion of foci with both T/B-cell segregation and follicular
dendritic cell networks. Consideration should be given to reporting the mean B/T cell ratio in foci

C/D 38 8.1 (2.0) 89

12 Scoring should be undertaken by two trained observers who have reviewed a reference slide set, and
with reporting of intraobserver and interobserver variability

D 38 8.9 (1.9) 95

13 Samples should be scored blind to subject and order D 36 8.8 (2.1) 94

14 High-resolution image morphometry of each sample should be stored D 38 8.2 (2.0) 89

15 Given the stable or slowly progressive nature of the histological features, baseline biopsies may be
substituted with prior biopsies to reduce the number of biopsies required. However, given the limited
evidence available, these should have been acquired no longer than 1 year prior to baseline

C 38 7.8 (2.0) 87

16 The optimal period of time for rebiopsy has not been established and will depend on the agent
employed.

D 39 8.3 (1.6) 92

The level of agreement (0–10 scale) among participants is also shown, represented by mean scores and the percentage of respondents who scored the point ≥6/10.
FLS, focal lymphocytic sialadenitis.
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would be expected in all,25 and this combined approach would
avoid the recently highlighted risk of overestimating GCs if
relying on CD21 alone.26 27

Staining for CD3 and CD20 will also allow calculation of the
B/T cell ratio in foci (point 11). While this alone would be
insufficient to indicate the degree of segregation, it can be
readily measured with digital recognition software.

Additional parameters for clinical trials
Although some workshop participants were strong advocates of
measuring the proportion of IgA and IgG plasma cells, this did
not receive sufficient support (mean 6.6; 65% ≥6). Some

evidence suggests that the IgA:IgG plasma cell ratio may have
diagnostic utility, based on the assumption that IgA plasma cells
are normal within the gland (producing secretory IgA) with the
role of IgG plasma cells being unclear,28–31 but arising as a con-
sequence of chronic inflammation.32 However, more back-
ground work is required to understand its diagnostic utility and
biomarker potential.

Glandular epithelial cell human leukocyte antigen class II
expression appears directly related to local T-cell activation and
interferon-γ production, and might therefore function as a bio-
marker.33 34 However, again there was insufficient support for
measuring this routinely (mean 6.3; 65% ≥6).

Reporting standards for clinical trials
We recommend that clinical trials using the FS have two obser-
vers who report their interobserver variability (point 12) and
who score samples blind to subject and chronological order
(point 13). Ideally, high-resolution image morphometry of each
sample should be stored to facilitate future comparative studies
(point 14).

Timing of biopsy and placebo groups in clinical trials
It was agreed that pre-existing diagnostic biopsies could be sub-
stituted for baseline biopsies, provided that sufficient material of
acceptable quality was available (point 15). Remarkably, little
data exist on the natural history of histopathological changes in
PSS.7 Therefore, the 1-year cut-off proposed is arbitrary. An
optimal period for rebiopsy has not been determined and may
depend on the agent studied (point 16). A 6-month timeframe
seems reasonable with 3 months being a minimum.

Despite this apparent stability, little is known about variation
in scores with repeat sampling, and so it was proposed to retain
placebo groups even when histology was the primary outcome,
until further experience with heterogeneity of sampling was
available. Overall, there was strong support for this, with scores
close to the defined agreement (mean 6.8 and 74% rating ≥6).
However, a number of responses were strongly negative. Ethical
concerns were raised about performing repeat biopsies on
patients treated with placebo. Furthermore, it was argued that
even in the absence of a placebo group, an improvement in
biopsy scores in a small early phase study would still provide a
positive go/no-go decision and justify further work.

Patient perspective on biopsies in clinical trials
Our patient partners felt that two biopsies over a 12-week
period would be acceptable, although the rationale and objec-
tives should be clearly explained and feedback of the results
would be valued. The ability to use pre-existing samples where
available was considered important.

Agenda for future work
▸ Development of a web-based reference slide set.
▸ Establish variability of assessments over short time frames

using placebo arms of clinical trials. Using these data deter-
mine a minimum number of subjects and minimum detect-
able difference.

▸ Establish optimal glandular surface area requirements/
number of LSGs.

▸ Multicentre study of interobserver variability
▸ Further comparative work between parotid and LSG

biopsies.
▸ Agreement on immunohistochemistry staining protocols, par-

ticularly regarding identification of GCs.

Figure 1 Box plot of the 16 agreed points (table 1) on the vertical
axis and level of agreement (0–10) on the horizontal axis. The dashed
line shows the predefined cut-off for agreement. Boxes indicate first
and third quartiles with the internal line indicating the median.
Whiskers indicate the minimum and maximum scores given except
when considered outliers, whereas circles indicate outliers (≤1st
quartile–1.5×IQR) and stars far outliers (≤1st quartile–3×IQR).
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▸ Future application of these assessments in ‘positive’ clinical
trials is required to establish discriminant validity.

▸ Revision of this guidance will be undertaken when significant
new data are available from the above studies.

▸ Further work on the natural history of FLS in PSS and the
potential biomarker role of IgA, IgG and IgM plasma cells
would be desirable.

▸ Importantly, the patient perspective will be further studied
and morbidity data collected.

DISCUSSION
Standardising histopathological assessment in PSS is an import-
ant objective for routine diagnosis and for clinical trials, to
ensure homogeneity of study populations, and improve reliabil-
ity of assessments and comparability between studies. Extensive
work on this topic has been performed by the members of the
SICCA group.14

Despite so many years of use, however, there remains consid-
erable lack of data regarding the natural history of the histo-
pathological changes associated with PSS, the test reliability or
repeatability and interobserver variability.7 Therefore, the princi-
pal weakness of our report is its dependence on expert opinion.
While this might be a barrier to implementation, we hope that
the points in this report might facilitate communication between
histopathologists and physicians caring for patients.
Furthermore, in the process we have identified a number of
areas where the evidence base is weak and hope that this will
stimulate further research.

It seems probable that, given the scattered nature of foci, the
reliability of the test would improve in line with increasing
surface area examined, particularly with a lower FS and with

fewer ducts in the sample. However, an optimum surface area
which balances FS reliability with practicality has yet to be
determined. We have recommended obtaining four glands,
although the minimum of 8 mm2 surface area may often be
achieved with two to three glands. However, some glands may
be atrophic or damaged and the material obtained should be
sufficient to overcome these limitations and achieve a valid
result. The surface area examined should be reported to aid the
clinician in their interpretation and for transparency in clinical
trial reports. A single study has demonstrated an increase in
cutting levels to be useful for categorising patients with border-
line FS,35 although, arguably, increasing the number of glands
should be prioritised over the number of cutting levels. If mul-
tiple cutting levels are employed in a clinical trial setting, this
should be protocolised, with scoring based on cumulative
number of foci and glandular area across all slides, to avoid
introduction of bias by selecting the ‘best’ slide. This latter con-
sideration is less relevant for routine diagnosis, where an inter-
pretation may be made based on the clearest level diagnostically,
or a cumulative FS in case of insufficient surface area. We have
suggested that additional cutting levels are done at 200 mm
intervals, as this has been used in the referenced study, although
further work would be required to define optimal intervals.

We have sought to clarify the issues we identified with the
determination of FLS and FS calculation. For clinical trials we
have also recommended a focus area calculation. One study
found this correlated better with clinical and autoantibody para-
meters than the FS.36 Measurement of infiltrated area avoids
difficulties in determining whether to count partially confluent
foci as one or two, and remove the arbitrary ‘ceiling’ score in
case of more widespread confluence. Furthermore, it is not

Figure 2 (A) Microphotograph
illustrating salivary gland biopsy
obtained from a patient with primary
Sjögren’s syndrome, stained with H&E.
(B) Image analysis applied to
macrosection showing delineation of
glandular tissue in red. Focus score is
calculated by counting the number of
foci, whose area is delineated within
the black lines, dividing by the whole
glandular surface area in mm2 and
multiplying by 4 to give the number of
foci per 4 mm2 over the whole
glandular area. In this example, the
glandular surface delineated includes
interspersed atrophic areas but
excludes any attached epithelial or
connective tissue. The measured
glandular area is 20.89 mm2 and there
are 8 foci giving a focus score of 1.53.
(C) Microphotograph illustrating
salivary gland biopsy obtained from a
patient with diagnosis of primary
Sjögren’s syndrome that presents a
large area of fibrosis and parenchymal
atrophy, alongside areas of focal
lymphocytic sialadenitis (original
magnification ×20).
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unreasonable to expect that where foci are large, a significant
reduction in area may occur following therapy despite the
number of foci not being reduced, therefore, affording greater
sensitivity.6 Foci are three-dimensional structures, and so the
area of an individual focus will vary depending on the level at
which it is sectioned. This issue could be minimised by either (i)
ensuring sufficient glandular surface area is examined and (ii)
taking more than one cutting level to avoid bias in the analysis.

There was a strong desire for further guidance on identifica-
tion of GCs. Progressive organisation of foci into lymphoid-like
structures is likely to have pathological consequences and func-
tion may occur without the fully formed appearance on H&E
that can be seen in secondary lymphoid organs. In secondary
lymphoid organs, areas of lighter staining often characterised by
a rounded appearance are easily distinguished within the denser
follicular area. Within these, a light and dark zone segregation is
often also visible. The dark zone is the area of centroblast prolif-
eration and the light zone is inhabited by centrocytes, T follicu-
lar helper cells and FDCs (whose large dendritic-like cytoplasm
is responsible for the lighter staining with H&E). In LSGs, the
detection of such structures is more challenging than in lymph
nodes and GCs are often only appreciable with H&E as areas of
lighter staining within the follicular area without the classical
dark/light zone segregation. The varying prevalence (18%–

59%)37 reported may reflect this difficulty and the consequent
threshold for identification, alongside the differences in cohorts.
This is important to clarify given the discordant data on the
prognostic value of GCs for later lymphoma development.3 4 38

For the purpose of trials we have suggested additional immunos-
taining to study the organisation of foci. Other markers could
be proposed, such as BCL-6 for GC detection,26 and may be
appropriate depending on the study and agent proposed.
Activation-induced cytidine deaminase (AID) is expressed if the
GCs are functional but accurate staining for this is technically
challenging.39

We have focused primarily on LSG tissue. The presence of
LESA is more commonly observed in parotid tissue than in
LSGs,40 with lymphoma development also occurring more often
in the former. While this might be a consideration for the site
of biopsy, the majority of centres still rely on LSGs due to the
ease, familiarity and acceptance of this approach.

Extensive work on measurement of radiographic progression
in rheumatoid arthritis (RA) has shown that inclusion of >1
reader reduces measurement error, and may allow smaller group
sizes. Two readers is a good balance between accuracy and feasi-
bility, and reader training is essential.41 We have extrapolated
this to FS assessment in PSS. There has also been debate in the
RA literature about whether sequential radiographs from the
same patient should be scored together, and whether this should
be done with knowledge of the chronological order.41 42 As dif-
ferent glands are being sampled with LSG biopsy, this latter con-
sideration is less relevant.

Further evaluation of alternative biomarkers to biopsy should
be encouraged, including imaging modalities, salivary
proteomics and peripheral blood immunophenotyping.43–47

Imaging would not provide biological proof of mechanism
however, or mechanistic understanding in the context of a
failed study.

In summary, we have provided a series of recommendations
relating to the use of salivary gland histopathology in the diag-
nosis of PSS and in clinical trials, as a step towards the import-
ant objective of standardisation.
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The role of non-invasive cardiovascular imaging in
the assessment of cardiovascular risk in rheumatoid
arthritis: where we are and where we need to be
Graham J Fent,1 John P Greenwood,1 Sven Plein,1 Maya H Buch2,3

ABSTRACT
This review assesses the risk assessment of
cardiovascular disease (CVD) in rheumatoid arthritis (RA)
and how non-invasive imaging modalities may improve
risk stratification in future. RA is common and patients
are at greater risk of CVD than the general population.
Cardiovascular (CV) risk stratification is recommended in
European guidelines for patients at high and very high
CV risk in order to commence preventative therapy.
Ideally, such an assessment should be carried out
immediately after diagnosis and as part of ongoing long-
term patient care in order to improve patient outcomes.
The risk profile in RA is different from the general
population and is not well estimated using conventional
clinical CVD risk algorithms, particularly in patients
estimated as intermediate CVD risk. Non-invasive
imaging techniques may therefore play an important role
in improving risk assessment. However, there are
currently very limited prognostic data specific to patients
with RA to guide clinicians in risk stratification using
these imaging techniques. RA is associated with
increased risk of CV mortality, mainly attributable to
atherosclerotic disease, though in addition, RA is
associated with many other disease processes which
further contribute to increased CV mortality. There is
reasonable evidence for using carotid ultrasound in
patients estimated to be at intermediate risk of CV
mortality using clinical CVD risk algorithms. Newer
imaging techniques such as cardiovascular magnetic
resonance and CT offer the potential to improve risk
stratification further; however, longitudinal data with
hard CVD outcomes are currently lacking.

Rheumatoid arthritis (RA) is a chronic autoimmune
inflammatory arthritis that affects not just the
joints, but also multiple organ systems, including
the heart and cardiovascular (CV) system. The
excess atherosclerosis associated with RA1 has
focussed efforts on the identification of patients at
risk of cardiovascular disease (CVD) in order to be
able to deliver preventative and risk reduction
management strategies. This review examines the
evidence base and summarises the current literature
on the opportunities and limitations of non-
invasive CVD imaging modalities and how their
application may improve risk stratification of CVD
in patients with RA.

EPIDEMIOLOGY OF CVD IN RA
RA affects up to 1% of the general population and
is associated with increased mortality. This is pre-
dominantly, though not exclusively, due to an accel-
erated process of atherosclerosis affecting the

coronary and cerebral arterial systems.2 There is a
50% increase in CV mortality among patients with
RA,3 similar in magnitude to that associated with
diabetes.4

CV RISK STRATIFICATION IN RA
CV risk stratification enables estimation of a
patient’s percentage risk of developing a defined
CV endpoint over a given period of time through
the development of a CVD risk algorithm. Insights
gained by studies investigating CV risk calculation
in RA also provide a greater understanding of the
interaction between autoimmunity/inflammation
and traditional risk factors for CVD over time.
Development of accurate CVD risk algorithms
could identify which patients might benefit most
from management of risk factors for CVD and
enable more effective CVD management pathways.
The need for effective and expedient risk stratifi-

cation and management of CVD risk factors
specific to patients with RA is recognised in
European League Against Rheumatism (EULAR)
recommendations, as well as expert opinion.5 6

The most recent of these6 are summarised in figure
1. Consistent with the EULAR guidelines, the 2016
European Society of Cardiology (ESC) guideline on
CVD prevention in clinical practice7 highlights the
value of systematic CV risk assessment in indivi-
duals at high risk, including those with ‘comorbid-
ities increasing CV risk’. In addition to clinical
history, risk stratification in the general population
and in patients with RA can in principle be
undertaken by two methods: with CVD risk algo-
rithms systems based on clinical and biochemical
parameters and using non-invasive CV imaging
techniques.

Clinical CVD risk algorithms
Numerous clinical CVD risk algorithms have been
proposed for both general and RA populations.
Crowson et al8 assessed the accuracy of 10-year

CV risk assessment using the Framingham and
Reynolds clinical CVD risk algorithms when
applied to an RA cohort. The observed CV risk in
patients with RA was found to be twofold higher
than was estimated by both of these CVD risk cal-
culators. Using a similar study design, Arts et al9

assessed the accuracy of four clinical risk algorithms
(Framingham, Reynolds, SCORE and Q-Risk II)
when applied to an RA population. These risk algo-
rithms were found to either underestimate
(Framingham, Reynolds and SCORE) or overesti-
mate risk (Q-Risk II) in patients with RA.

1169Fent GJ, et al. Ann Rheum Dis 2017;76:1169–1175. doi:10.1136/annrheumdis-2016-209744

Review

To cite: Fent GJ, 
Greenwood JP, Plein S, 
et al. Ann Rheum Dis 
2017;76:1169–1175.

Handling editor Tore K Kvien

1Multidisciplinary Cardiovascular 
Research Centre (MCRC) & 
Leeds Institute of Cardiovascular 
and Metabolic Medicine, 
University of Leeds, Leeds, UK
2Leeds Institute of Rheumatic 
and Musculoskeletal Medicine, 
University of Leeds, Leeds, UK
3NIHR Leeds Musculoskeletal 
Biomedical Research Unit, Leeds 
Teaching Hospitals NHS Trust, 
Leeds, UK

Correspondence to
Professor Maya H Buch, Leeds 
Institute of Rheumatic and 
Musculoskeletal Medicine, 
University of Leeds, Leeds LS7 
4SA, UK; m.buch@leeds.ac.uk

Received 20 April 2016
Accepted 9 November 2016
Published Online First 
28 November 2016

http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2016-209744&domain=pdf&date_stamp=2017-03-17
http://ard.bmj.com/
http://www.eular.org/
http://ard.bmj.com/
http://group.bmj.com


Efforts have been made to address the inaccuracies of CVD
risk algorithms. Solomon et al10 devised the expanded risk
score in RA (ERS-RA) risk calculator incorporating RA-specific
CV risk factors; however, the performance was less than perfect
with a tendency towards reclassifying a patient’s predicted CV
risk downwards rather than upwards. The modified SCORE
system has been proposed as a means of improving CV risk
stratification5 and involves a multiplication factor of 1.5 applied
to the calculated SCORE risk to patients with RA with high-risk
features. However, this CVD risk calculator has not been pro-
spectively evaluated in patients with RA so that its validity is as
yet unproven.11 Additionally, it frequently underestimates CVD
risk in patients estimated at intermediate risk of developing
CVD.6 In patients estimated at intermediate risk of developing
CVD or in those with a risk close to the decisional thresholds
(as indicated in the ESC guidelines), additional tests or tools can
improve risk stratification. Here, non-invasive CV imaging may
have an important role.7

CV IMAGING MODALITIES
Current CV imaging modalities allow detailed evaluation of the
structure and function of the heart and systemic arterial systems.
This enables detection of atherosclerotic disease, which accounts
for the majority of excess CV mortality in RA. Some imaging
methods can detect other CV manifestations of RA such as valvu-
lar abnormalities, left ventricular (LV) dysfunction and inflamma-
tory processes affecting the CV system (figure 2). The ideal
imaging technique in the assessment of CVD risk in patients with
RAwould be able to address the following objectives:
▸ Accurate prediction of CV mortality
▸ Early, subclinical detection of atherosclerosis

▸ Longitudinal evaluation of interval change in CVD, allowing
ongoing individualised adjustment to a patient’s RA-specific
and CVD-specific treatments

▸ Detection of impact of atherosclerosis and other manifesta-
tions of CVD
The following section reviews how ultrasound (US), CT, posi-

tron emission tomography (PET) and cardiovascular magnetic
resonance (CMR) can contribute to CVD risk stratification and
highlights their existing application and potential for CVD risk
calculation in patients with RA. Their relative strengths and
weaknesses are summarised in figure 3.

Non-invasive assessment of arterial stiffness
Arterial stiffness is a recognised surrogate measure of increased
CVD risk12 and reflects a generalised process of vascular ageing
and atherosclerosis. Arterial stiffness is most commonly mea-
sured by aortic pulse wave velocity (aPWV) and augmentation
index (Aix)13 with a transcutaneous device (such as the
Sphygmocor device14) to assess the pulse pressure waveform.
Alternative measures of arterial stiffness include aortic distensi-
bility15 16 and brachial-ankle elasticity index (baEI).17

Ultrasound
US provides accurate and reproducible measurements of ana-
tomical structures without harmful ionising radiation.
Applications include an assessment of carotid intima–media
thickness (cIMT) and demonstration of atherosclerotic plaque
within the carotid artery.

High-resolution US images are used to detect the presence of
atherosclerotic plaque and to measure cIMT of a patient’s
common carotid artery, which corresponds to the combined

Figure 1 Summary of current
recommendations on cardiovascular
disease (CVD) risk stratification in
rheumatoid arthritis.
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thickness of the intima and media.18 cIMT progressively thick-
ens with atherosclerosis, representing a generalised measure of
atherosclerosis burden and providing early evidence of CV risk
in subclinical patient populations.19 The absolute thickness of
>0.9 mm or greater than the 75th centile is considered high CV
risk.20

Computed tomography
CT can be used for coronary artery calcium (CAC) score or CT
coronary angiography (CTCA).

CAC score is a simple test to estimate the degree of calcifica-
tion within the coronary arteries with excellent correlation with
total coronary calcium burden in histological samples21 and is a
direct measure of (early) atherosclerosis.22 A score of 0 is asso-
ciated with low CV risk, whereas scores above 1 are associated
with an incremental increase in risk.23 The American College of
Cardiology recommends the use of CAC score to guide risk
assessment where an individual’s level of CVD risk is unclear
using traditional clinical CVD risk algorithms24 and a similar
recommendation is made in ESC guidance.7

CTCA allows direct anatomical visualisation of the coronary
arteries to detect atherosclerotic disease. Its ability to visualise
the coronary arteries, typically measuring 3–4 mm in diameter,
stems from its high spatial resolution.25 26 CTCA is primarily
used to assess patients with low to intermediate pretest probabil-
ity of significant coronary artery disease,27 but could potentially
be used in the CV risk assessment of patients with RA. With the
current methodology, the radiation exposure from CTCA is in
the region of 3–4 mSv or below.28 The typical radiation dose
associated with CAC scoring is less than 1 mSv, making it a
viable option for CV risk assessment.29

Positron emission tomography
PET myocardial perfusion imaging detects uptake of
positron-emitting radiotracers in the heart and enables accurate
measurement of LV volumes and quantitation of blood flow
(perfusion of blood into the myocardium). Perfusion to the
myocardium may be assessed either globally, that is, the LV as a

whole or individually at the level of each of the standard 17 LV
segments. Decreased myocardial perfusion may indicate
obstructive coronary artery disease or reduced flow at the level
of the coronary microcirculation. Studies have demonstrated the
usefulness of PET–CT to identify ruptured and high-risk athero-
sclerotic plaques in patients with symptomatic coronary and
carotid artery disease.30 Although not widely available, PET
may be used for patients with suspected angina.27 PET has also
been shown to predict CV mortality in patients with coronary
artery disease31 and could potentially be applied to the CV risk
stratification of other high-risk patient groups such as those with
RA. Limitations include its expense, availability of tracers, the
use of ionising radiation and limited assessment of cardiac
structures.

Cardiovascular magnetic resonance
CMR provides a comprehensive assessment of CV structure and
function without the use of ionising radiation. It provides the
most accurate and reproducible quantitation of LVand right ven-
tricular volumes, mass and ejection fraction of all CV imaging
modalities.32

A key advantage of CMR is its provision of ‘tissue characterisa-
tion’ of the myocardium; detailed information regarding the struc-
ture and composition of the ventricular myocardium allowing
detection and diagnosis of a wide range of myocardial diseases.33

This is commonly achieved using late gadolinium enhancement
imaging to detect areas of infarction or focal fibrosis.34 More
diffuse forms of fibrosis may be assessed using T1 mapping (mag-
netic relaxation property of the myocardium) and extracellular
volume (ECV) quantification (estimate of the ECVas a proportion
of the myocardium).35 Both have the potential to be used in prog-
nostication and to track progression of a disease over time and/or
after the introduction of new therapies.36

Chronic myocardial ischaemia can be assessed using myocar-
dial perfusion at rest and during pharmacological vasodilator
stress.37 In the assessment of angina, CMR is recommended to
assess and plan treatment in patients at intermediate pretest
probability of having significant coronary artery disease.27

Figure 2 Coronal cardiovascular magnetic resonance image of the heart and aorta depicting where pathophysiological processes may occur in
patients with rheumatoid arthritis.
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Limitations include its expense and contraindications for
patients with retained metal objects or older metallic medical
prostheses.

CURRENT EVIDENCE SUPPORTING NON-INVASIVE CV
IMAGING IN RA
Measures of arterial stiffness
Both aPWV and Aix are associated with increased CVD risk in
hypertension,38 39 diabetes40 and the general population41 in
large patient cohorts. In the context of RA, one modest sized
study of 113 patients with RA demonstrated significantly lower
aPWV and Aix values in patients in remission (n=31) compared
with active disease (n=82), although this was a cross-sectional
analysis.42 Another recent study of 138 patients with RA
demonstrated that increased aPWV (as well as carotid plaque
and cIMT) was predictive of CV events over a mean follow-up
period of 5.4 years, with a HR per unit (m/s) increase in aPWV
of 1.85.43

The predictive value of baEI in CV risk assessment has been
extensively investigated in the general population. A
meta-analysis of 18 studies involving 8169 participants with a
wide spectrum of CV risk factors concluded that the presence
of high baEI corresponded with a pooled relative risk of 5.36
and 2.45, respectively, for CV mortality and all-cause mortality
versus low baEI.44 The mean follow- up period of the included
studies was 3.6 years and the study populations included end-
stage renal disease, diabetes, hypertension and patients with pre-
vious CV events; however, this did not include any studies with
RA populations. Although no longitudinal outcome studies have
been conducted with patients with RA, meta-analysis suggests
that baEI is reduced in RA.45

Carotid US
A limited number of studies have demonstrated prognostic out-
comes using non-invasive imaging in RA cohorts. Evans et al
prospectively assessed 599 patients with established RA without
a history of acute coronary syndrome (ACS) after undergoing

Figure 3 Advantages and
disadvantages of cardiovascular (CV)
imaging modalities in rheumatoid
arthritis (RA) (positron emission
tomography (PET) image from Positron
Emission Tomography Myocardial
Perfusion Imaging for Diagnosis and
Risk Stratification in Obese Patients.
Current Cardiovascular Imaging
Reports 2015; 8: 9304. Arasaratnam
P. Reproduced with permission from
Springer). CMR, cardiovascular
magnetic resonance.
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carotid US.46 Patients with no atherosclerotic plaque had a new
incidence of ACS of 1.1 per 100 patient-years and those with
unilateral and bilateral atherosclerotic plaques had ACS inci-
dence rates of 2.5 and 4.3, respectively. Ajeganova demonstrated
similar results in a retrospective analysis of 105 patients with
new-onset, treatment-naïve RA.47 Bilateral atherosclerotic
plaque was associated with a HR of 6.3 of developing ACS com-
pared with patients without atherosclerotic plaque. In the same
study, cIMT was no different in patients who developed ACS
compared with those who did not. Prospective 5-year outcomes
were assessed in a series of 47 patients with RA without risk
factors of clinical evidence of CVD after initial screening using
carotid US, of whom 17 subsequently experienced an adverse
CV outcome during follow-up.48 cIMT was highly accurate in
predicting adverse CV events, with an area under the receiver
operating characteristic curve (AUC) of 0.93. The presence of
atherosclerotic plaque detected by US was slightly less accurate
with an AUC of 0.9.

Corrales et al49 assessed 370 consecutive patients with estab-
lished RA with no history of CVD and stratified them according
to modified score risk as low, intermediate, high and very high
CVD risk. All patients underwent carotid US to assess cIMTand
the presence of atherosclerotic plaque. Only 12% of low-risk
patients had evidence of increased cIMT and/or carotid plaque
consistent with high CV risk, whereas 65% of the moderate and
85% of the high and very high groups were found to have
increased cIMT and/or carotid plaque. This demonstrates the
utility of CV imaging in the CVD risk estimation of
intermediate-risk patients, as conventional CVD risk algorithms
such as the modified SCORE system underestimate risk in this
cohort. The same group showed that a high cIMT was signifi-
cantly more frequent than a high (>100) coronary calcium
score in high-risk or very high-risk patients.50 While the limited
accuracy of the clinical CVD risk algorithms against which they
were validated must be acknowledged, these studies suggest that
cIMT may be a more sensitive predictor of CV risk than coron-
ary calcium score. However, this remains to be confirmed in a
longitudinal study.

Alternative imaging modalities
One recent CMR study of 39 patients with RA reported higher
T1 and ECV values in RA versus controls.51 Increases in ECV
have been shown to be associated with increased mortality,52

thus both T1 and ECV have the potential to be used as ‘biomar-
kers’ in RA to predict CV risk as well as tracking treatment
response over time.53

Another potential indicator of disease severity and treatment
response measurable by echocardiography and CMR is LV mass.
Giles et al54 demonstrated reduced LV mass by CMR in 75
patients with established RA versus controls. These findings
were corroborated by a large echocardiography study of 200
patients,55 as well as preliminary findings from a CMR study
assessing treatment-naïve patients with a new diagnosis of RA.56

There are some conflicting reports of higher LV mass in patients
with RA in echocardiography studies;57 58 however, this prob-
ably reflects the relatively low accuracy of echocardiography-
derived LV mass measurement in general (not specific to these
studies) and the small sample sizes of the currently available
reports.

Carotid US and baEI currently provide the most robust and
best-validated estimates of future development of CVD in
patients with RA; however, neither represents the ‘ideal’ tech-
nique as outlined earlier in this review. The presence of aortic
plaque (particularly when bilateral) in the carotid artery appears

a promising predictor of future ACS events, though it is unclear
whether it is as strong in predicting other CV events. While
cIMT is validated specifically in cohorts of patients with RA, in
effect it provides only a single, non-dynamic measurement as
serial measurements have not been shown to be helpful in
ongoing CV risk calculation in the same patient59 and the
results of small-scale prospective studies are conflicting.
Additionally, carotid US does not assess ventricular or valvular
function, both of which are common, clinically significant com-
plications of RA. Despite extensive prognostic outcome data in
other diseases associated with high CVD risk, the prognostic
value of baEI in RA has not yet been assessed in longitudinal
studies.

CONCLUSION
RA is associated with increased risk of CV mortality compared
with the general population. Much of this relates to atheroscler-
otic disease; however, RA is associated with many other disease
processes affecting the CV system, which further contribute to
increased CV mortality.

There are currently very limited prognostication data specific
to patients with RA enabling CVD risk stratification. The risk
profile is different from patients without RA and not well esti-
mated using conventional clinical CVD risk algorithms. There is
reasonable evidence for using carotid US in patients estimated at
intermediate risk of CV mortality. Newer imaging techniques
such as CMR and CToffer the potential to improve risk stratifi-
cation further; however, longitudinal data with hard CVD out-
comes are currently lacking.

Risk stratification is crucial in RA and assessment should be
performed as early as possible in the disease.

FUTURE DIRECTIONS
Molecular imaging (such as PET) allows visualisation of bio-
logical targets within the heart by revealing the location and
degree of uptake of specific molecules. Hybrid techniques,
including PET–CT and PET–MRI, which theoretically combine
the advantages of both approaches are being assessed.60 Future
approaches using molecular imaging may allow the ability to
track uptake of radiolabelled therapeutic agents, providing infor-
mation on disease activity and treatment efficacy.61

Advancements are also being made in the development of
‘hyperpolarised’ molecules for use in CMR, which can be used
to assess their intracellular metabolism rather than uptake of the
molecules within the tissues of the CV system.62 This could aid
diagnosis of specific diseases and improve quantitation of myo-
cardial perfusion.

Perhaps the ‘holy grail’ in assessing atherosclerotic plaque
using CV imaging is the identification of ‘vulnerable plaque’.
Composition of plaque varies greatly from one patient to
another. The ideal imaging technique would assess the degree of
coronary artery stenosis (a poor predictor of future plaque
rupture and thus future myocardial infarction (MI)) and identify
high-risk characteristics of atherosclerotic plaque predictive of
future MI and other CV events. Molecular imaging shows early
promise; however, further work is required to improve the
prognostic value of this and other techniques.63
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Carbamylation of vimentin is inducible by smoking
and represents an independent autoantigen
in rheumatoid arthritis
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ABSTRACT
Objectives Smoking has been connected to
citrullination of antigens and formation of anti-
citrullinated peptide antibodies (ACPAs) in rheumatoid
arthritis (RA). Since smoking can modify proteins by
carbamylation (formation of homocitrulline), this study
was conducted to investigate these effects on vimentin
in animal models and RA.
Methods The efficiency of enzymatic carbamylation of
vimentin was characterised. B-cell response was
investigated after immunisation of rabbits with different
vimentin isoforms. Effects of tobacco smoke exposure on
carbamylation of vimentin and formation of
autoantibodies were analysed in mice. The antibody
responses against isoforms of vimentin were
characterised with respect to disease duration and
smoking status of patients with RA.
Results Enzymatic carbamylation of vimentin was
efficiently achieved. Subsequent citrullination of vimentin
was not disturbed by homocitrullination. Sera from
rabbits immunised with carbamylated vimentin
(carbVim), in addition to carbVim also recognised human
IgG-Fc showing rheumatoid factor-like reactivity. Smoke-
exposed mice contained detectable amounts of carbVim
and developed a broad immune response against
carbamylated antigens. Although the prevalence of anti-
carbamylated antibodies in smokers and non-smokers
was similar, the titres of carbamylated antibodies were
significantly increased in sera of smoking compared with
non-smoking RA. CarbVim antibodies were observed
independently of ACPAs in early phases of disease and
double-positive patients for anti-mutated citrullinated
vimentin (MCV) and anti-carbVim antibodies showed an
extended epitope recognition pattern towards MCV.
Conclusions Carbamylation of vimentin is inducible by
cigarette smoke exposure. The polyclonal immune
response against modified antigens in patients with RA is
not exclusively citrulline-specific and carbamylation of
antigens could be involved in the pathogenesis of disease.
Trial registration number ISRCTN36745608;
EudraCT Number: 2006-003146-41.

INTRODUCTION
Rheumatoid arthritis (RA) is an autoimmune
disease in genetically prone individuals where
multiple environmental factors can induce the
inflammatory process.1 Interestingly, the specific
autoimmune response is directed against a number
of different antigens modified by post-translational

modifications (PTMs).2 In this context, enzymatic
deimination of peptide-bound arginine to citrulline
by peptidylarginine deiminases (PADs) is consid-
ered as a key mechanism.3 Studies in different
cohorts of RA have revealed that tobacco exposure
increases the risk of anti-citrullinated protein/
peptide antibodies (ACPAs) formation, especially in
carriers of the shared epitope.1 4

Another PTM that has been connected to smoking
is carbamylation of lysine, creating a homologous
citrulline structure that is extended by a single carbon
residual, also known as homocitrulline.5 Various car-
bamylations are formed by the interaction of isocyan-
ate (HNCO) with α-amino and ε-amino groups of
proteins, among them, α-carbamylation, when
α-amino groups of amino acids are involved, and
ε-carbamylation, which is formed by the interaction
of isocyanate with the ε-amino group of lysine.6

In humans, isocyanate is formed by the decom-
position of urea into ammonia and cyanate, which
is transformed to isocyanate. Thus, uraemia second-
ary to renal diseases is a pathological state that
leads to the formation of isocyanate.7

The second key reactant for isocyanate formation
is thiocyanate (SCN−), a metabolite of cyanide that
is present in cigarette smoke. Thiocyanate increases
in urine, serum and saliva with the amount of cigar-
ette smoke.8 Moreover, passive exposure to smoke
significantly increased thiocyanate levels when com-
pared with non-exposure.9 Neutrophil myeloperoxi-
dase (MPO) represents a marker of inflammation
and is significantly higher in smokers than non-
smokers.10 It uses H2O2 to oxidise thiocyanate to
cyanate that subsequently promotes protein carba-
mylation at sites of inflammation.11

Mice immunised with carbamylated proteins
(carbP) developed arthritis and a T-cell response
against corresponding antigens. Additionally, anti-
bodies against carbP but not ACPAs were detectable
in mice with collagen-induced arthritis.12 13 It was
also demonstrated that sera from patients with RA
contain different antibody specificities recognising
either citrulline-containing or homocitrulline-
containing antigens,14 15 and that anti-carbP as well
as ACPAs are detectable even before the onset
of symptoms of RA.16 These findings suggest that in
addition to citrullination, carbamylation represents
another crucial process in the pathogenesis of RA.17

Accumulating evidence suggests an involvement
of modified vimentin and anti-modified vimentin
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antibodies in the pathogenesis of RA.18 19 Vimentin is one of
the most widely expressed mammalian intermediate filament
proteins. The vimentin network that extends from the nucleus
to the plasma membrane is believed to act as a scaffold, provid-
ing cellular mechanostructural support and thereby maintaining
cell and tissue integrity.20 Therefore, we hypothesised that
vimentin could serve as a substrate for carbamylation from
smoking ingredients and investigated the autoantibody response
against different isoforms of vimentin in patients with RA.

MATERIAL AND METHODS
Modification of antigens
Non-enzymatic carbamylation of vimentin was achieved by incu-
bation of vimentin with potassium cyanate (KOCN). Incubation
conditions and quantification of carbamylation were performed
as recently described.21 Enzymatic carbamylation was achieved
by incubation of vimentin with MPO (Arotec Diagnostics,
New Zealand), according to the previously described proce-
dures.22 As we described recently,21 incubation of recombinant
vimentin with KOCN achieved approximately 80% carbamylation.

Animals, immunisation and antibodies
Chicken and rabbit antibodies directed against citrullinated
vimentin (citrVim) or carbamylated vimentin (carbVim) were
produced by Davids Biotechnology (Regensburg, Germany).
New Zealand white rabbits were immunised subcutaneously
with 30 mg of peptide emulsified in adjuvant addavax, an
MF59-like nanoemulsion; the injections were performed every
14 days for five times. Rabbit polyclonal IgG anti-vimentin anti-
bodies (H-84, Santa Cruz) were employed as reference. To
isolate specific antibodies, a previously described procedure for
affinity purification was used23 (see online supplementary
methods).

Cell fractions as source for modification of antigens
To clarify whether a preferential carbamylation of certain pro-
teins occurs, HeLa cell extracts were used for cell fractionation.
Modified and untreated fractions were used to identify specifi-
city of different sera (see online supplementary methods).

Smoke-exposed mice
For mouse experiments, a whole-body smoking chamber
(Teague TE-10) was used as described.24 Mice (C57BL/6) were
exposed to tobacco smoke for 6 hours over 5 days weekly for
3 weeks. Control mice breathed filtered air.

Serum samples of the respective mice were investigated for
soluble, modified vimentin by using albumin/immunoglobulin
depletion columns. Subsequently, the throughput was depleted
with trichloroacetic acid (TCA) and separated by 12.5% sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE).
Detection of modified vimentin was performed with an anti-
body specific for carbVim. After washing of the separation
columns, the eluate from two mice served as controls.

To detect antibodies with different recognition pattern, modi-
fied and untreated HeLa cell fractions together with aliquots of
unmodified vimentin, citrVim and carbVim were separated by
SDS-PAGE and used for immunoblotting with the indicated sera.

ELISA was used to investigate the concentration of
anti-carbVim in sera of smoking and control mice.

Immunoblotting using sera from patients with RA
Vimentin, citrVim and carbVim were used to detect the
presence of antibodies in sera of patients with RA by
immunoblotting.

Detection of rheumatoid factor IgM and anti- mutated
citrullinated vimentin IgG antibodies by ELISA
Both antibodies were measured using commercially available
ELISA kits (Orgentec Diagnostika, Germany).

Modification specificity of RA autoantibodies and epitope
pattern analysis
The predominant vimentin epitope NH2-GGVYATRSSAVR-OH
was used to synthesise modified vimentin peptide, citrVim P18
or homocitrulline (carbVim) HC52 (see online supplementary
table S1). Both post-translationally modified vimentin peptides
were used in ELISA as described,21 25 Carbamylated vimentin
protein was also used in ELISA as described.21 Additionally, the
human full-length vimentin was used to synthesise overlapping
17mer peptides of vimentin resulting in 91 peptides with the
general formula ‘Biotin-SGSG-PEPTIDE-Amide’.23

Patients
Sera from patients with RA fulfilling the 2010 American College
of Rheumatology (ACR)/European League Against Rheumatism
criteria (early disease with duration <12 months n=22 and
established disease n=28) in addition to 10 healthy donors
(HDs) were used for immunoblot experiments and for the ana-
lysis of the epitope recognition pattern of patient subgroups
regarding the presence of the different autoantibodies. All estab-
lished patients with RA were treated with conventional disease-
modifying antirheumatic drugs (cDMARDs) and four received
biological DMARDs (three etanercept and one adalimumab) in
combination with cDMARDs. Only two patients with early RA
received cDMARDs. A total of 41 patients (15 with Sjögren’s
syndrome and 26 with systemic lupus erythematosus) in add-
ition to 39 HDs served as control group to calculate sensitivity
and specificity of vimentin peptides. All samples were obtained
from patients at the Department of Rheumatology and Clinical
Immunology, Charité-Universitätsmedizin, Berlin, Germany,
after approval by the local ethics committee.

For ELISA, all patients were recruited from the double-blind,
randomised controlled trial HIT HARD.26 All patients (n=172)
with recent onset (≤1 year) RA were diagnosed according to the
revised 1987 ACR criteria for the classification of RA.
Depending on the smoking status, patients were classified as
current smokers (n=42), non-smokers (n=68) or ex-smokers
(n=34). At week 24, 118 responders and 12 non-responders
were identified using the disease activity score 28 erythrocyte
sedimentation rate (DAS28ESR) at baseline and week 24 and
defined as an improvement of ≥1.2.

Statistical analysis
GraphPad Prism (V.4.0) and SPSS (V.19.0) software were used
for statistics. χ2 test was used for association analyses between
smoking and seropositivity of subtype IgG of citrullinated, car-
bamylated and mutated citrullinated vimentin (MCV) anti-
bodies. ORs were calculated. The paired sample sign test was
used to evaluate the differences of antibody titres from baseline
to week 24 and week 48. Mann-Whitney U test was used to
compare antibody titres between different groups. Correlation
analyses were performed using Spearman’s rank correlation test
(rs). p Values <0.05 were considered significant.

RESULTS
Kinetics of vimentin modification and specificity
of antibody responses
To test a possible link between inflammation and tobacco
smoking, we used the MPO/H2O2/SCN

− system. The amount
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Figure 1 Images showing the rapid citrullination and carbamylation of vimentin under optimal conditions detected by immunoblotting. Induction
of both citrullination and carbamylation generates relevant amounts of antigen after 30 min of exposure. Citrullination can occur after carbamylation
without affecting antigenic properties. (A) Upper lane: Confirmation of carbamylation using a specific serum. Lower lane: Control with commercial
H-84 antibodies, which shows a reduced signal against vimentin after 10 min and disappearance after 30 min due to complete conversion. (B)
Upper lane: Confirmation of citrullination using a positive anti-citrullinated peptide antibody (ACPA) serum from a patient with rheumatoid arthritis
(RA). Lower lane: Control with commercial H-84 antibodies, which shows reactivities against vimentin as well as against citrullinated isoforms of
vimentin. (C) Upper lane: Confirmation of citrullination after carbamylation using a positive ACPA serum from a patient with RA. Lower lane:
Confirmation of carbamylation using specific serum. CarbVim, carbamylated vimentin; MCV, mutated citrullinated vimentin; MM, molecular weight
marker.

Figure 2 Representations showing the development of antibody after immunisation of rabbits with carbamylated vimentin (carbVim). (A) Kinetics
of antibody development after immunisation of rabbits with carbVim, vimentin and mutated citrullinated vimentin (MCV). Only immunisations with
carbVim induced the formation of anti-carbVim antibodies. Human IgG-Fc from serum samples of healthy controls was isolated employing
protein-A-affinity chromatography, separated under denatured conditions in SDS-PAGE and transferred onto nitrocellulose membrane for
immunoblotting. IgG heavy chains were recognised by rabbit serum immunised with carbVim. (B) Differences in antibody specificities (profiles) after
immunisation of rabbits with either carbVim (K1-3) or citrullinated vimentin (citrVim) (K4-6). Rabbits were immunised with 20 mg of the indicated
antigen in Freund’s complete adjuvant. Sera from the indicated animals were 1:200 diluted and analysed with the indicated antigens using enzyme
immune assay (observed optical absorption are shown from a representative assay). RF, rheumatoid factor.
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and quality of homocitrullination of MPO-exposed vimentin
was confirmed by immunoblotting using the specific
anti-carbVim antibodies (anti-carbVim IgY).

As shown in figure 1A, the anti-carbVim IgY antibodies
were specific for carbVim and detected the modified antigen
when the reaction lasted for at least 30 min. Anti-vimentin
antibodies (H-84) verified the modification of lysine residues
by showing a loss of reactivity due to a change of antigenic
epitopes after 30 min of antigen treatment. These results indi-
cate that a peroxidase-supported modification system can serve
as an alternative tool for homocitrullination. For comparison,
detection of citrVim is shown in figure 1B by using anti-
vimentin antibodies and affinity-purified human ACPAs. This
modification is very efficient and the sequential enzymatic
reaction occurs faster than homocitrullination of vimentin in
<10 min.

To monitor if carbamylation antagonises arginine deamination
(citrullination) or vice versa, both reactions were accomplished
sequentially. The respective results are shown in figure 1C dem-
onstrating that the capacity of PAD to deiminate all arginine
residues of vimentin is not influenced by the chemical carbamy-
lation, which indicates that in vivo both processes could take
place in parallel or in sequential manner.

Different immunogenicity of vimentin isoforms
Rabbits were immunised with vimentin as well as with the
citrulline-containing and homocitrulline-containing isoforms
and tested for cross-reactivity to carbVim and human IgG-Fc in
immunoblots. Immunisation with carbVim induced antibody
reactivities against both carbVim and human IgG-Fc, showing
rheumatoid factor (RF)-like reactivity. In contrast, rabbits immu-
nised with vimentin or MCV recognised neither carbVim nor
human IgG-Fc (figure 2A). Using ELISA, rabbits immunised
with citrVim or carbVim were investigated for the presence of
cross-reactivity to vimentin, carbVim, citrVim and human
IgG-Fc. Sera from rabbits immunised with either citrVim or
carbVim showed strong antibody positive bindings specifically
to their corresponding induced antigens. In addition to the pres-
ence of weak cross-reactivity in both cases, anti-human IgG-Fc
reactivity was only observed in homocitrulline-immunised
rabbits (figure 2B).

Tobacco exposure to mice induced carbamylation of
antigens and antibody response
Sera of smoking mice contained increased amounts of carbVim
in comparison with control animals (figure 3A). Smoking mice
also generated antibodies with different specificities against

Figure 3 Representations showing carbamylated vimentin (carbVim) and antibodies against carbamylated antigens detectable in mouse sera after
smoke exposure. (A) Serum samples derived from mice exposed to smoke contained detectable amounts of carbVim using anti-carb IgY in
immunoblotting. Of note, the observed differences in the SDS-PAGE are well-known phenomena for the different isoforms of vimentin depending on
their degree of citrullination and phosphorylation. (B) Antibodies with different recognition patterns to carbamylated proteins are detectable in sera
of mice exposed to tobacco smoke. Aliquots of unmodified, citrullinated vimentin or carbVim together with modified and untreated HeLa cell
fractions (F1 cytosolic proteins, F3 nucleic proteins and F4 components of the cytoskeleton) were subjected to SDS-PAGE (4%–12% NuPAGE,
Invitrogen) for immunoblotting with the indicated sera and anti-vimentin antibodies as a reference. (C) Levels of anti-carbVim antibodies in sera of
smoke exposed and control mice are shown. Mean of titres was shown. Mann-Whitney U test was used and statistical significance is indicated for
p<0.05 (*). MCV, mutated citrullinated vimentin.
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carbPs (figure 3B). Additionally, the concentration of
anti-carbVim antibodies was significantly increased in sera of
smoke-exposed mice compared with controls (figure 3C).
However, during an observation period of 3 weeks, no manifest-
ation of an inflammatory joint disease could be observed.

Immunoblotting and epitope recognition patterns of sera
from patients with RA
To clarify whether antibodies against carbVim are detectable in
patients with early RA and whether they form an own class dis-
tinguishable from ACPAs, the respective isoforms were investi-
gated by immunoblotting and ELISA. Immunoblot showed that
patients with RA in all stages of disease expressed reactivities
against either citrVim, carbVim or both isoforms of vimentin
(see online supplementary figure S1).

To characterise the epitope recognition pattern of patient sub-
groups with respect to the occurrence of the different autoanti-
bodies, overlapping citrullinated peptides resembling the
sequence of vimentin were used. Sera from ACPA and/or
anti-homocitrulline-positive patients in comparison with HDs
(n=10 per group) were investigated using ELISA. An extended
recognition pattern was characteristic for patients with both

antibody subtypes (anti-carbVim and MCV antibodies, see
online supplementary figure S2C), in comparison with a more
restricted epitope repertoire of sera containing only antibodies
against MCV (see online supplementary figure S2A). Of note,
patients with positive bindings to carbVim also showed cross-
reactivity with linear citrullinated peptides indicating that their
specificity to the full length modified antigen is provided by
conformational epitopes (see online supplementary figure S2B).
HDs showed negative reactivity (see online supplementary
figure S2D). All tested sera of patients with RA showed negative
reactivity against unmodified peptide of vimentin.

IgG antibody patterns of patients with RA (HIT HARD)
against citrullinated (P18) and carbamylated (HC52)
peptides of vimentin using ELISA
Sensitivity, specificity, positive and negative predictive values of
these antibodies were calculated to evaluate their efficiency in
predicting RA development (table 1).

We compared the titre of carbVim antibodies between differ-
ent patient groups with RA classified according to smoking habit.
The titre of anti-carbVim IgG antibodies was significantly higher
in smokers compared with non-smokers. Furthermore, both

Table 1 Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) with CI of anti-citrullinated (P18) and
anti-carbamylated (HC52) peptides of vimentin isotype IgG when comparing patients with rheumatoid arthritis (RA) with control group (patients
with Sjögren’s syndrome (n=15), patients with systemic lupus erythematosus (n=26) and healthy donors (n=39))

Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI)

Anti-citrVim (P18)
IgG

49.67%
(41.44% to 57.91%)

96.25%
(89.43% to 99.22%)

96.15%
(89.17% to 99.20%)

50.33%
(42.14% to 58.50%)

Anti-carbVim (HC52)
IgG

27.81%
(20.84% to 35.68%)

78.75%
(68.17% to 87.11%)

71.19%
(57.92% to 82.24%)

36.63%
(29.43% to 44.30%)

carbVim, carbamylated vimentin; citrVim, citrullinated vimentin.

Figure 4 Plots showing the autoantibody levels in sera of patients with rheumatoid arthritis (RA) classified according to the smoking status.
Comparison of autoantibody reactivities of anti-mutated citrullinated vimentin IgG (A MCV IgG), anti-citrullinated peptide of vimentin IgG (A P18
IgG), anti-carbamylated peptide of vimentin IgG (A HC52 IgG) and rheumatoid factor (RF) IgM in sera of patients with early onset RA having known
smoking status. Smokers (n=42), non-smokers (n=68) and ex-smokers (n=34). Cut-off was identified as 20 U/mL. Values of mean with SEM are
shown. Mann-Whitney U test was used and statistical significance is indicated for p<0.05 (*) and p<0.01 (**).
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citrVim and MCV IgG antibodies showed significantly increased
titres in smokers compared with non-smokers (figure 4).
However, analyses of the prevalence of positivity for each
antibody in smokers and non-smokers showed no association
between smoking and the presence of anti-carbVim IgG
(χ2 p=0.229, OR=1.667, 95% CI 0.722 to 3.848). In contrast,
the presence of anti-citrullinated peptide IgG (χ2 p=0.018,
OR=2.571, 95% CI 1.161 to 5.694) and anti-MCV IgG
(χ2 p=0.005, OR=3.096, 95% CI 1.390 to 6.898) was clearly
associated with smoking habit.

Analysis of the coincidence of anti-P18 and anti- HC52 IgG
antibodies with anti-MCV IgG showed that 55.55% of smokers
who showed positivity for anti-MCV IgG were also positive for
anti-carbamylated antibodies (χ2 p=0.0003, OR=38.44, 95%
CI 2.086 to 708.3); this percentage declined to 48% in non-
smokers (χ2 p=0.0008, OR=7.015, 95% CI 2.073 to 23.74)
(see online supplementary table S2).

The prevalence of anticarbamylated IgG antibodies in patients
with RA was lower (28%) compared with anti-MCV IgG,
anti-citrullinated peptide IgG and RF IgM (48.3%, 50% and
46%, respectively). However, the concentration of both
anti-carbamylated and anti-citrullinated peptide IgG antibodies
correlated well with anti-MCV IgG in all patients (rs=0.72,
0.81, respectively, p<0.0001 for both). This effect was stronger
in smokers (rs=0.82, 0.81, respectively, p <0.0001 for both)
compared with non-smokers (rs=0.64, 0.76, respectively,
p<0.0001 for both). Correlation between anti-MCV IgG and
RF IgM in all patients was weak (rs=0.63, p <0.0001) and not
restricted to smoking status.

To clarify whether the titre of anti-citrullinated and
anti-carbamylated IgG antibodies correlates with disease activity
in patients with RA, we classified the patients into treatment
responders and non-responders according to DAS28ESR. By
comparing the differences from baseline to 24 and 48 weeks

Table 2 The median of differences in titre of anti-mutated citrullinated vimentin IgG (A MCV IgG), anti-citrullinated peptide of vimentin IgG
(A P18 IgG), anti-carbamylated peptide of vimentin IgG (A HC52 IgG) and rheumatoid factor IgM (RF IgM) from baseline to 24 and 48 weeks after
therapy in responder group of patients with rheumatoid arthritis (RA)

DAS28 responses of 118 responders
at week 24 (no. of responders)

Median at
baseline (U/mL)

Median at
week 24 (U/mL)

Median at week
48 (U/mL)

Median of
differences
at week 24

Sign p value
at week 24

Median of
differences
at week 48

Sign p value
at week 48

A MCV IgG

DAS28 ≤2.6
remission (55/118)

15.210 13.628 14.150 −2.129 0.002** −3.050 0.000***

DAS28 ≤ 3.2 and >2.6
low disease activity (15/118)

41.500 21.600 69.500 −14.452 0.022* −4.100 0.581

DAS28 ≤ 5.1 and >3.2
moderate disease activity (44/118)

32.378 19.810 20.864 −5.676 0.000*** −4.874 0.009**

DAS28 >5.1
high disease activity (4/118)

73.474 112.860 11.444 53.541 0.625 −18.203 1.000

A P18 IgG

DAS28 ≤2.6
remission (55/118)

12.950 12.450 15.300 −1.100 0.007** −1.250 0.012*

DAS28 ≤ 3.2 and > 2.6
low disease activity (15/118)

125.000 32.600 95.200 −0.400 0.581 1.400 1.000

DAS28 ≤ 5.1 and > 3.2
moderate disease activity (44/118)

44.100 35.800 21.500 −1.950 0.035* −0.900 0.045*

DAS28 >5.1
high disease activity (4/118)

48.900 65.700 4.500 −4.850 1.000 −7.500 1.000

A HC52 IgG

DAS28 ≤2.6
remission (55/118)

11.550 9.850 8.500 −0.950 0.034* −0.600 0.203

DAS28 ≤ 3.2 and >2.6
low disease activity (15/118)

14.900 8.200 9.700 −1.500 0.039* −1.200 0.388

DAS28 ≤ 5.1 and >3.2
moderate disease activity (44/118)

9.000 8.850 6.900 −0.700 0.100 −0.850 0.090

DAS28 > 5.1
high disease activity (4/118)

8.350 22.350 4.200 −2.100 1.000 −1.000 1.000

RF IgM

DAS28 ≤ 2.6
remission (55/118)

10.613 7.500 8.900 −2.525 0.000*** −1.365 0.012*

DAS28 ≤ 3.2 and > 2.6
low disease activity (15/118)

28.399 13.000 17.800 −2.600 0.022* −3.400 0.022*

DAS28 ≤ 5.1 and > 3.2
moderate disease activity (44/118)

18.400 6.411 9.355 −9.990 0.000*** −4.058 0.000***

DAS28 >5.1
high disease activity (4/118)

167.550 161.650 61.000 141.600 0.625 34.500 1.000

The analysis was done in relation to their achieved DAS28 response after 24 weeks of treatment. Paired sample sign test was used and statistical significance is indicated for p<0.05 (*),
p<0.01 (**) and p<0.001 (***).
DAS28, disease activity score 28.
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after therapy in both groups, the titre reduction did not reflect
improved treatment response for all tested antibodies (table 2).
However, at 24 and 48 weeks, a significant titre reduction of
anti-MCV IgG, RF IgM and to a lesser extent of anti-citrulli-
nated and anti-carbamylated antibodies was observed in respon-
ders with the exception of those with constant high disease
activity. Due to low numbers of non-responders, no statistical
evaluation was possible.

Notably, the therapeutic effect for induction of response and
remission was affected by smoking habit; thus, whereas almost
55% of non-smokers achieved remission, only 40% of smokers
and 36% of ex-smokers reached the same outcome.

DISCUSSION
Smoking has been identified as a major risk factor for the induc-
tion and perpetuation of RA.27 The current pathogenetic model
suggests citrullination of antigens in the lungs and elsewhere as
a driving process.28 However, it seems that the significance of
other PTMs such as carbamylation has not been recognised suf-
ficiently so far.

In this study, we characterised the extent and the kinetics of
carbamylation of vimentin as a well-known autoantigen with
close association to the pathogenesis of RA. We provided clear
evidence that carbVim and not citrVim is a strong antigen that
induces a B-cell response against itself and against human
IgG-Fc in an animal model, thus inducing a RF-like activity.
Almost the whole spectrum of autoantibodies characteristic of
RA was induced. Moreover, in agreement with other
studies,29 30 we showed that the autoimmune response against
carbVim is an early event in the pathogenesis of RA.
Additionally, we proved that vimentin, as a major and well-
characterised autoantigen in RA, does form its own class of car-
bamylated antigens that could be strongly recognised by antisera
induced only with the corresponding antigen in an animal
model. The cross-reactions, which have been seen in
carbVim-positive RA sera as well as in antisera of rabbits immu-
nised with carbVim, could occur in ureido group-specific
manner. Furthermore, we showed that both carbamylation and
citrullination are independent processes that may happen in par-
allel or in sequential manner.

In a mouse model, we showed that carbamylation of vimentin
can be triggered by exposure to tobacco smoke and that this
antigen and potentially other modified proteins are able to
induce a broad immune reaction against many variants of carbP.
Additionally, a significantly increased level of anti-carbamylated
antibodies was observed in smoke-exposed mice and smoking
patients with RA when compared with filtered air-exposed or
non-smoking controls. However, in agreement with other
studies,25 29 no association between smoking and
anti-carbamylated antibody positivity was detected in patients
with RA. These findings support the idea that carbamylation in
smokers and non-smokers could be induced by additional trig-
gering factors including even passive exposure to tobacco
smoke. Nevertheless, smoking induced increased titres of carba-
mylated antibodies in humans and mouse models.

In our previous study on Cuban patients,21 the prevalence of
IgG antibodies against carbamylated peptides of vimentin was
higher (60% and almost 80% in early and established RA,
respectively) than in the present study (28%). It has been shown
that the combination of major histocompatibility complex, class
II, DR beta 1 (HLA-DRB1)-shared epitope alleles and smoking
is associated with RA susceptibility31 and different genetic asso-
ciations of autoantibody-positive disease subgroups was identi-
fied in relation to the presence of DRB1*04.32 These findings

suggest that the discrepancy in the frequencies of autoantibodies
between different populations could be attributed to the genetic
heterogeneity, as well as different environmental and behav-
ioural factors.

Notably, the epitope recognition patterns and the coincidences
of anti-carbamylated with anti-MCV antibodies suggest a strong
association between these antibodies in RA. This is in agreement
with a recently described association of anti-carbP and anti-
citrVim that could not be explained by cross-reactivity.33

Of note, a treatment-related reduction of antibody titres was
less obvious for anti-carbamylated antibodies compared with all
other tested antibodies. This indicates that anti-carbamylated
antibodies are produced by a distinct B-cell subset, which
appears to be more treatment-resistant.

In conclusion, we demonstrated that the polyclonal immune
response against modified antigens in RA is restricted to citrulli-
nated and carbamylated autoantigens, which could be involved in
the pathogenesis of disease and response to therapy. Direct or indir-
ect exposure to tobacco smoke could have an effect by inducing
carbamylation, which could trigger a pathogenic B-cell response.
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Presence of anticitrullinated protein antibodies in a
large population-based cohort from the Netherlands
A van Zanten,1 S Arends,1 C Roozendaal,2 P C Limburg,2 F Maas,1 L A Trouw,3

R E M Toes,3 T W J Huizinga,3 H Bootsma,1 E Brouwer1

ABSTRACT
Objectives To determine the prevalence of
anticitrullinated protein antibodies (ACPAs) and their
association with known rheumatoid arthritis (RA) risk
factors in the general population.
Methods Lifelines is a multidisciplinary prospective
population-based cohort study in the Netherlands. Cross-
sectional data from 40 136 participants were used. The
detection of ACPA was performed by measuring anti-
CCP2 on the Phadia-250 analyser with levels ≥6.2 U/mL
considered positive. An extensive questionnaire was
taken on demographic and clinical information, including
smoking, periodontal health and early symptoms of
musculoskeletal disorders. RA was defined by a
combination of self-reported RA, medication use for the
indication of rheumatism and visiting a medical specialist
within the last year.
Results Of the total 40 136 unselected individuals,
401 (1.0%) had ACPA level ≥6.2 U/mL. ACPA positivity
was significantly associated with older age, female
gender, smoking, joint complaints, RA and first degree
relatives with rheumatism. Of the ACPA-positive
participants, 22.4% had RA (15.2% had defined RA
according to our criteria and 7.2% self-reported RA
only). In participants without RA, 311 (0.8%) were
ACPA-positive. In the non-RA group, older age, smoking
and joint complaints remained significantly more
frequently present in ACPA-positive compared with
ACPA-negative participants.
Conclusions In this large population-based study, the
prevalence of ACPA levels ≥6.2 U/mL was 1.0% for the
total group and 0.8% when excluding patients with RA.
Older age, smoking and joint complaints were more
frequently present in ACPA-positive Lifelines participants.
To our knowledge, this study is the largest study to date
on ACPA positivity in the general, mostly Caucasian
population.

INTRODUCTION
Rheumatoid arthritis (RA) is a chronic autoimmune
disease primarily targeting the joints.1 It is thought
that early treatment with disease-modifying anti-
rheumatic drugs (DMARDs) and possibly steroids
can prevent progression of the disease and may
even change or prevent the development of erosive
disease.2 A systemic review in early RA demon-
strated that longer symptom duration is associated
with more radiographic progression and lower
chance of DMARD-free sustained remission, sup-
porting the idea of a therapeutic ‘window of
opportunity’.3 Early detection of RA is therefore
crucial.

Previous studies have shown that persons with
arthralgia are at risk for developing RA.4 This risk
is even higher when the arthralgia is combined
with anticitrullinated protein antibody (ACPA) posi-
tivity.5 Patients with clinically suspected arthralgia
who show subclinical inflammation on MRI were
more often ACPA-positive than those without
inflammation on MRI, and were at high risk of
developing arthritis.6 Individuals with new non-
specific musculoskeletal symptoms but without
clinical synovitis were at high risk of rapidly pro-
gressing to RA when they tested ACPA-positive.7

Therefore, ACPA status can provide important
information on both diagnosis and prognosis.4 8–10

Depending on the method of ACPA detection
and the cut-off value used, 55–91% of patients
with RA are considered ACPA-positive compared
with 0–9% of healthy control subjects.11–15 It has
been shown that the switch to ACPA positivity can
occur up to 10 years before a patient develops arth-
ritis. Early serum samples from patients with classi-
fied RA that were blood bank donors were
ACPA-positive in 31–41% of cases.11 15 16

Similarly, first-degree relatives (FDRs) are more
likely ACPA-positive than regular controls.12–14 17

In a prospective study of 374 individuals who
reported arthralgia and had a positive ACPA and/or
IgM-rheumatoid factor (RF) status, 35% developed
arthritis after a median follow-up of 12 months.
Patients who developed arthritis were more often
ACPA-positive. However, the presence of antibodies
alone had insufficient predictive power and needed
to be combined with other clinical parameters.5

The European League Against Rheumatism
Standing Committee on Investigative Rheumatology
has pointed out that better insights in early symp-
toms, ACPA testing and risk factors from patient
history are necessary for the development of a pre-
dictive model for RA in the years to come.18 19

To date, little is known about the presence of
ACPA in the general population. One recent
population-based study in Japan (n=9575) showed
an ACPA positivity prevalence of 1.7%20 and a
Turkish study (n=941) showed a prevalence of
1.0%.21 So far, only one other population-wide
study has been published on the prevalence of
ACPA positivity in Europe. In this Swedish twin
study (n=12 590) 2.8% were ACPA-positive,
including patients with RA.22 The exact relation-
ship between known RA risk factors, such as age,
gender, tobacco, joint complaints and having FDR
with RA20 23 24 and the development of ACPA
positivity needs to be further investigated.25
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The aim of the present study was to determine the prevalence
of ACPA positivity on a population level and to determine its
association with known RA risk factors. In this respect, we
investigated whether previously described risk factors for RA
and ACPA development were also more often present in indivi-
duals who were ACPA-positive within the Lifelines general
population.

MATERIALS AND METHODS
Study design and study population
Lifelines is a multidisciplinary prospective population-based
cohort study examining in a unique three-generation design the
health and health-related behaviours of 167 729 persons living
in the north-east region of the Netherlands. It employs a broad
range of investigative procedures in assessing the biomedical,
sociodemographic, behavioural, physical and psychological
factors which contribute to the health and disease of the general
population, with a special focus on multimorbidity and complex
genetics. Lifelines is a facility that is open for all researchers.
Information on application and data access procedure is sum-
marised on http://www.Lifelines.net.

Participants were recruited with the help of general practi-
tioners from both rural and non-rural areas and from different
economic classes. Participants were then asked to invite their
family members, making it into a three-generation population-
based cohort.26 This cohort well represents the northern,
mostly Caucasian, population of the Netherlands.27

Data for the present study were acquired at baseline visits
(2012–2013). Participants under 18 years of age were excluded.
An extensive questionnaire was handed in, physical examination
was performed and serum blood samples were collected. The
family history was obtained at the first follow-up visit 1.5 years
later.26

The Lifelines Cohort Study was conducted according to the
principles of the Declaration of Helsinki, approved by the local
ethics committee of the University Medical Center Groningen
(UMCG), and all participants provided written informed
consent to participate in this study.

ACPA measurement
The detection of ACPA was performed by measuring anti-CCP2
(by EliA-cyclic citrullinated peptide (CCP) test) on the
Phadia-250 analyser. The measuring range (detection limit,
upper limit) for EliA CCP is from 0.4 EliA U/mL to ≥340 EliA
U/mL.

ACPA-CCP2 levels ≥6.2 U/mL were considered positive, based
on data of 400 apparently healthy controls obtained from
ThermoFisher Scientific. The cut-off value that is appropriate to
detect ACPA in the healthy population is not clear. As we wanted
to use the test to detect ACPA and not as a diagnostic test for RA,
the 99-centile cut-off value of ≥6.2 U/mL was chosen. Analyses
were also done using the 95-centile cut-off value of ≥4.3 U/mL
and the manufacturer’s cut-off value for RA of ≥10 U/mL.

Assessment of risk factors
Risk factors for RA and ACPA were determined using literature
analysis on PubMed. Access to data on these risk factors was
then assessed. Risk factors that could be included in the analyses
were age, gender, body mass index (BMI), use of tobacco,
alcohol, fish and/or sugar-sweetened soft drinks, periodontitis,
joint complaints and FDRs with rheumatism. For women nulli-
parity, menopausal status and hormone use, regular menses and
early menarche were assessed. Definitions of these risk factors
are shown in online supplementary table S1.

Definition of RA
Patients with RA were identified using data from the question-
naires. A participant was classified as a self-reported patient
with RA if the question on having RA was answered positive. A
participant was classified as patient with defined RA if there was
either a combination of self-reported RA and the use of a
DMARD for the indication of ‘rheumatism’ or a combination of
self-reported RA, the use of steroids and/or non-steroidal anti-
inflammatory drugs (NSAIDs) for the indication of ‘rheumatism’

and having been to a medical specialist within the last year. An
overview of included DMARDs and NSAIDs is given in online
supplementary table S2.

Statistical analysis
Results were expressed as percentage of participants, mean±SD
or median (IQR) for categorical, normally distributed and non-
normally distributed data, respectively.

To assess whether the risk factors found in literature were cor-
related with ACPA positivity, participants were stratified accord-
ing to ACPA positivity. We performed the same analyses
excluding all patients with RA and defined patients with RA
from the total populations. For all three analyses, χ2 tests,
Mann-Whitney U tests and univariable logistic regression were
performed to assess the differences.

Multivariable logistic regression (enter method, forward selec-
tion and backward elimination) was performed to assess which
factors were independent predictors of ACPA positivity.
Parameters were added into the model if they were found to be
significantly associated with ACPA positivity in the previous ana-
lyses. If there was more than one variable for the same factor,
the strongest predictor of ACPA positivity was used.
Multivariable analysis was performed both for the entire group
and excluding defined or self-reported patients with RA.

Statistical analysis was performed with IBM SPSS Statistics
V.22 (SPSS, Chicago, Illinois, USA). p Values ≤0.05 were consid-
ered statistically significant.

RESULTS
Study population
In total, 40 136 participants were recruited for this study, of
whom 23 256 (58%) were female. The mean age was 44 (range
18–92). Among these participants, 838 (2.1%) had self-reported
RA and 138 (0.3%) were defined as having RA (table 1, online
supplementary table S3).

Distribution of ACPA-CCP2 levels
Of all participants, 401 (1.0%) had an ACPA-CCP2 level
≥6.2 U/mL, 666 (1.7%) had an ACPA-CCP2 level ≥4.3 and 306
(0.8%) had an ACPA-CCP2 level ≥10 U/mL. The detailed distri-
bution of ACPA levels among participants is presented in table 2.

ACPA positivity (≥6.2 U/mL) was seen in 90 (10.7%) of
patients with self-reported RA and 61 (44.2%) of patients with
defined RA. In participants without RA (non-RA group), 311
(0.8%) were ACPA-positive. The prevalence of both ACPA posi-
tivity and RA increased with age (table 3).

ACPA-positive versus ACPA-negative participants
ACPA-positive (≥6.2 U/mL) participants were significantly older
and more often female compared with the ACPA-negative parti-
cipants. Furthermore, ACPA-positive participants had more pack
years of smoking and had less often never smoked. Joint com-
plaints and FDRs with rheumatism were also significantly more
often reported. Moreover, ACPA-positive participants had
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substantially more frequently self-reported or defined RA (table
4). When using a cut-off value of ≥4.3 U/mL or ≥10 U/mL,
similar results were found. Additionally for ≥10 U/mL,
ACPA-positive participants reported significantly less use of
sugar-sweetened soft drinks and women were less often nullipar-
ous (data not shown).

In the population without RA or self-reported RA, older age,
smoking and joint complaints remained associated with ACPA
positivity (≥6.2 U/mL) (table 5). In this group, gender, BMI,
alcohol intake, fish intake, sugar-sweetened soft drink intake,
periodontitis and FDR with rheumatism were comparable
between ACPA-positive and ACPA-negative participants. Within
the female study population, nulliparity, menopausal status and
hormone use, early menarche and regular menses were not

associated with ACPA positivity. When a cut-off value of ≥4.3
U/mL or ≥10 U/mL was used, similar results were found.

Independent predictors of ACPA positivity
Using multivariable analysis, pack years of smoking was the
strongest smoking variable predicting ACPA positivity and not
smoking status (never, former or current). Gender, pack years of
smoking and joint complaints were independent predictors of
ACPA positivity (table 6). When excluding self-reported and/or
defined RA participants, only gender and pack years remained
statistically significant.

DISCUSSION
In this large cross-sectional population-based study (n=40 136),
the prevalence of ACPA positivity was 1.0% on a population
level and 0.8% when excluding RA participants, using
ACPA-CCP2 ≥6.2 U/mL (99th centile) as the cut-off point.

Three previous studies investigated the prevalence of ACPA
positivity in the general population. In a Japanese study20

(n=9575), the reported prevalence was 1.7% in autoimmune
disease-free volunteers aged 30–75 years using a Japanese
CCP2-kit. A Turkish study21 (n=941) found a prevalence of
1.0% in a healthy population using a EuroDiagnostica second-
generation anti-CCP antibody assay. A twin study in Sweden
found an (n=12 590) ACPA positivity (including patients with
RA) of 2.8% using an anti-CCP2 ELISA EuroDiagnostica
assay.22 However, as the first two studies were performed in
non-Caucasian populations and all studies used different
ACPA-CCP assays with different cut-off levels, it is difficult to
compare their results with our study.

In our study population, ACPA positivity was significantly
associated with several risk factors for RA and/or ACPA as
found in literature.

First, we found an association between older age and ACPA
positivity, both in the entire group and in the non-RA group. In
agreement with our study, the Japanese study found that in
non-RA individuals ACPA positivity was associated with older
age.20

Second, we found an association between female gender and
ACPA positivity, which has not yet been well documented,
although RA is more prevalent among women.28 In our study,
female gender remained significantly associated with ACPA posi-
tivity after correcting for age, smoking and joint complaints.
However, when excluding patients with RA, female gender was
no longer associated with ACPA positivity.

Third, we found an association of both smoking status and
pack years with ACPA positivity, which was reported in previous
studies as well. A Malaysian case-control study (n=1056 vs
1416) found that ever-smokers had an increased risk of develop-
ing ACPA-positive RA compared with never smokers. A relation

Table 2 Distribution of anticitrullinated protein antibody levels
among participants

All
(n=40 136; %)

No RA
(n=39 298; %)

Self-reported
RA (n=838; %)

Defined RA
(n=138; %)

≥6.2 U/mL 1.0 0.8 10.7 44.2

<4.3 U/mL 98.3 98.5 88.5 55.1

4.3–6.2 U/mL 0.7 0.7 0.8 0.7

6.2–10 U/mL 0.2 0.2 0.4 0.7

≥10 U/mL 0.8 0.6 10.3 43.5

RA, rheumatoid arthritis.

Table 1 Baseline characteristics: all participants

All (n=40 136)

Age (years) 44 (34–51)

Gender (female) 58%

BMI (kg/m2) 25 (23–28)

Obesity 15%

Smoking (pack years) 0 (0–8)

Smoking status

Never smoker 49%

Former smoker 30%

Current smoker 21%

Alcohol intake (g/day) 3 (0–11)

Fish intake (servings/month) 5 (2–9)

Sugar-sweetened soft drink intake (glasses/month) 6 (0–22)

Periodontitis (self-reported) 12%

Joint complaints: pain and/or stiffness in hands and/or feet 21%

Joint complaints: both pain and stiffness in hands and/or feet 12%

FDR with rheumatism 14%

Self-reported RA 2.1%

Defined RA 0.3%

In women (n=23 256)

Nulliparity 27%

Menopausal status, categories

Premenopausal 63%

Postmenopausal and hormone use 4%

Postmenopausal and no hormone use 33%

Regular menses 77%

Age of menarche ≤10 2%

Data are presented as median (IQR) for continuous variables and percentages for
categorical variables.
BMI, body mass index; FDR, first-degree relative; RA, rheumatoid arthritis.

Table 3 The distribution of the Lifelines population, anticitrullinated
protein antibodies (ACPA) positivity, self-reported rheumatoid arthritis
(RA) and defined RA among different age groups

Age (years)
Lifelines
population (%)

ACPA positivity
(≥6.2 U/mL; %)

Self-reported
RA (%)

Defined
RA (%)

18–30 16.5 0.6 0.5 0.1

30–40 19.7 0.8 1.0 0.1

40–50 34.4 0.9 2.0 0.3

50–60 19.7 1.4 3.3 0.7

60+ 9.7 1.5 5.0 0.8
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between pack years and the risk of ACPA-positive RA was also
seen, with an OR of 3.3 for <20 pack years and an OR of 5.2
for at least 20 pack years.29 This is in contrast to the Japanese
population-based study, where only a significant association
between the amount of smoking and high levels of ACPA was
found.20

Finally, joint complaints were found to be an independent
risk factor for ACPA positivity, even with the limited joint com-
plaint questions that were asked to the participants. Also, in
non-RA participants the presence of joint complaints stayed sig-
nificantly different between ACPA-positive and ACPA-negative
participants after correcting for age, gender and smoking.

FDRs of patients with RA were found to be more often
ACPA-positive.14 In our study population, having FDRs with
rheumatism was also associated with ACPA positivity. However,
in the non-RA group this was no longer the case. One possible
explanation for FDR with rheumatism not being associated with
ACPA positivity in the non-RA group in our study would be the
questionnaires asking for FDRs with rheumatism instead of RA.

Other risk factors for RA and ACPA as found in literature
were not significantly associated with ACPA positivity in our
Lifelines population. In the Nurses’ Health Study, overweight
and BMI were significantly associated with RA.30 In our study,

BMI was not associated with ACPA positivity. Alcohol non-use
has been associated with ACPA positivity and/or higher ACPA
titres and self-reported periodontitis has been associated with
RA in previous studies,14 31–33 but we could not confirm these
findings. Periodontitis was assessed in the Lifelines population
using a questionnaire and may therefore have not been fully
accurate. Furthermore, it has been described that within a
person’s diet fish intake (n=1889) would protect against and
sugar-sweetened soft drinks (n=79 570) would be a risk factor
for RA.34 35 We could not replicate these results.

The female-based variables nulliparity, menopausal status,
regular menses and early menarche were all not significantly
associated with ACPA positivity, both in the entire study popula-
tion as well as after excluding RA participants. These results are
in agreement with recent literature.28

The main limitations of the present study were first the fact
that the ACPA cut-off value is not a ‘fixed’ value and second
that it could not be verified by medical records whether partici-
pants had RA. The ACPA cut-off value was difficult to deter-
mine since all tests and their specificities and sensitivities are
based on using the test as a diagnostic tool for RA. However,
after consulting the manufacturer and taking into account data
they provided on ACPA levels of 400 apparently healthy

Table 4 Baseline characteristics of all participants; ACPA-positive (≥6.2 U/mL) versus ACPA-negative

All (n=40 136)
ACPA-positive
participants (n=401)

ACPA-negative
participants (n=39 735) p Value

Age (years) 44 (34–51) 48 (39–54) 44 (34–51) <0.001

Gender (female) 58% 65% 58% 0.005

BMI (kg/m2) 25 (23–28) 26 (23–28) 25 (23–28) 0.431

Obesity 15% 14% 15% 0.611

Smoking: pack years 0 (0–8) 2 (0–13) 0 (0–8) <0.001

Smoking status <0.001

Never smoker 49% 39% 49%

Former smoker 30% 36% 30%

Current smoker 21% 25% 21%

Alcohol (g/day) 3 (0–11) 4 (0–11) 3 (0–11) 0.571

Alcohol intake, categories 0.396

None to 5 g/day 59% 56% 59%

5 g/day to <10 g/day 16% 18% 16%

10 g/day or more 25% 25% 25%

Fish intake (servings/month) 5 (2–9) 5 (2–9) 5 (2–9) 0.727

Sugar-sweetened soft drink intake (glasses/month) 6 (0–22) 5 (0–17) 6 (0–22) 0.053

Periodontitis (self-reported) 12% 14% 12% 0.263

Joint complaints: pain and/or stiffness in hands and/or feet 21% 39% 21% <0.001

Joint complaints: both pain and stiffness in hands and/or feet 12% 29% 12% <0.001

FDR with rheumatism 14% 18% 14% 0.014

Self-reported RA 2% 22% 2% <0.001

Defined RA 0% 15% 0% <0.001

In women (n=23 256)

Nulliparity 27% 23% 27% 0.182

Menopausal status, categories 0.454

Premenopausal 63% 68% 63%

Postmenopausal and hormone use 4% 3% 4%

Postmenopausal and no hormone use 33% 29% 34%

Regular menses 77% 79% 77% 0.707

Age of menarche ≤10 2% 3% 2% 0.492

Data are presented as median (IQR) for continuous variables and percentages for categorical variables.
ACPA, anticitrullinated protein antibodies; BMI, body mass index; FDR, first-degree relative; RA, rheumatoid arthritis.
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controls, we decided that 6.2 U/mL (99th centile) is an appro-
priate cut-off value. This cut-off value was lower than the
cut-off value used in the diagnostic test for RA (≥10 U/mL) in
order to get an insight into the presence of ACPA.

Second, many people regard themselves as having RA when
they experience joint complaints, but they have not always
been diagnosed by a doctor. Therefore, we checked RA-specific
medication use and visits to a medical specialist in these
patients with self-reported RA. As this database was large, the
indexing that was used to find the medication of interest may
have missed some patients with RA. To make the selection of
patients with defined RA more secure, the indications of the
drugs were checked by hand. Since ACPA positivity shows a
steep curve from non-RA to self-reported RA to defined RA,
we concluded that our definition is a good estimate for RA.
However, the prevalence we found for defined RA is somewhat
low, which makes it likely that some patients were missed
using this definition.36 Additionally, the prevalence of ACPA
positivity was only 44% in our defined RA population,
whereas previous literature has shown that 55–91% of patients
with RA are considered ACPA-positive.11–15 This means that
our defined RA group likely also contains some individuals
without RA. It is important to realise that our definition was
not RA classified by a rheumatologist and misclassification
could have occurred.

Another limitation of this study is that even though we did
find significant differences between the different groups, the
ORs were only small. The clinical use of those small differences
should be interpreted with caution. Moreover, the present ana-
lysis was cross-sectional and therefore, the causality of our find-
ings cannot be claimed.

Unfortunately, we did not yet have access to genetic informa-
tion about our participants, even though this is seen as an
important factor for determining the switch to RA.37

Furthermore, our data on joint complaints was limited. It would
have been helpful if more specific RA symptoms were assessed
at baseline. Also data on breast feeding,38 birth weight,39 inter-
stitial lung disease,40 C reactive protein41 and other relevant
autoantibodies like RF and anti-carbamylated protein (CarP)
antibodies42 were not available.

To our knowledge, this is the first study that measured ACPA
in >40 000 participants from a general, mostly Caucasian
population.

As the Lifelines study is a prospective longitudinal cohort
study with 30-year follow-up duration, it will be possible to
gain follow-up information on our study population. It will be
interesting to see which participants will eventually develop RA.
Will the participants who reported having RA but did not yet
have defined RA develop defined RA? These future results from
the Lifelines cohort study will help us in improving the existing

Table 5 Baseline characteristics of all participants without RA; ACPA-positive (≥6.2 U/mL) versus ACPA-negative

All (n=39 298)
ACPA-positive
participants (n=311)

ACPA-negative
participants (n=38 987) p Value

Age (years) 44 (34–51) 46 (35–52) 44 (34–51) 0.017

Gender (female) 58% 62% 58% 0.103

BMI (kg/m2) 25 (23–28) 25 (23–28) 25 (23–28) 0.834

Obesity 15% 13% 15% 0.444

Smoking: pack years 0 (0–8) 1 (0–11) 0 (0–8) <0.001

Smoking status 0.006

Never smoker 49% 40% 49%

Former smoker 30% 35% 30%

Current smoker 21% 25% 21%

Alcohol (g/day) 3 (0–11) 3 (0–9) 3 (0–11) 0.861

Alcohol intake, categories 0.499

None to 5 g/day 59% 57% 59%

5 g/day to <10 g/day 16% 18% 16%

10 g/day or more 25% 24% 25%

Fish intake (servings/month) 5 (2–9) 5 (2–9) 5 (2–9) 0.754

Sugar-sweetened soft drink intake (glasses/month) 6 (0–22) 6 (0–20) 6 (0–22) 0.270

Periodontitis (self-reported) 12% 14% 12% 0.284

Joint complaints: pain and/or stiffness in hands and/or feet 20% 26% 20% 0.018

Joint complaints: both pain and stiffness in hands and/or feet 11% 15% 11% 0.026

FDR with rheumatism 14% 15% 14% 0.476

In women (n=22 727)

Nulliparity 27% 28% 27% 0.926

Menopausal status, categories 0.145

Premenopausal 63% 73% 63%

Postmenopausal and hormone use 4% 4% 4%

Postmenopausal and no hormone use 33% 23% 34%

Regular menses 78% 78% 78% 0.984

Age of menarche ≤10 2% 3% 2% 0.302

Data are presented as median (IQR) for continuous variables and percentages for categorical variables.
ACPA, anticitrullinated protein antibodies; BMI, body mass index; FDR, first-degree relative; RA, rheumatoid arthritis.
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prediction models for RA, in order to facilitate early recognition
of RA and act on it even in the early ‘window of opportunity’.

In conclusion, this large, cross-sectional, population-based
study in 40 136 mostly Caucasian Lifelines participants showed
that the prevalence of ACPA-CCP2 positivity is 1.0% for the
total population and 0.8% when excluding patients with RA
(ACPA cut-off ≥6.2 U/mL). The strong association of ACPA
positivity with RA and joint complaints supports the importance
of ACPA screening in persons with joint/musculoskeletal com-
plaints. Moreover, older age and smoking were associated with
ACPA positivity and possibly play a pathogenic role in the devel-
opment of ACPA positivity.

Acknowledgements The authors thank the Lifelines Cohort Study for its services,
the contributing research centres delivering data to Lifelines, and all the study
participants.

Contributors All authors were involved in drafting the article or revising it critically
for important intellectual content. AvZ, SA and EB had full access to all of the data
in the study and take responsibility for the integrity of the data and the accuracy of
the data analysis. Study conception and design: AvZ, SA, CR, PCL, LAT, REMT,

TWJH, HB, EB. Acquisition of data; AvZ, SA, CR, PCL, FM, EB. Analysis and
interpretation of data; AvZ, SA, CR, PCL, FM, LAT, REMT, TWJH, HB, EB.

Funding This study was supported by the Dutch Arthritis Association, by an in-kind
grant from ThermoFisher Scientific as part of the IMI JU funded project BeTheCure,
contract no. 115142-2 and by a grant from Biobanking and Biomolecular Research
Infrastructure (BBMRI)-NL complementation projects.

The Lifelines Cohort Study, and generation and management of GWAS genotype
data for the Lifelines Cohort Study is supported by the Netherlands Organization of
Scientific Research NWO (grant 175.010.2007.006), the Ministry of Economic
Affairs, the Ministry of Education, Culture and Science, the Ministry for Health,
Welfare and Sports, the Northern Netherlands Collaboration of Provinces (SNN), the
Province of Groningen, University Medical Center Groningen, the University of
Groningen, Dutch Kidney Foundation and Dutch Diabetes Research Foundation.

Patient consent Obtained.

Ethics approval Local ethics committee of the UMCG.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement All data are available in the Lifelines database https://
www.lifelines.nl/.

Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which

Table 6 Univariable and multivariable logistic regression for RA risk factors and ACPA positivity (≥6.2 U/mL) in all participants and after
exclusion of RA participants

Univariable Multivariable

OR 95% CI p Value OR 95% CI p Value

All participants (n=40 136)

Age (years) 1.023 1.014 to 1.031 <0.001 1.013 1.003 to 1.022 0.007

Gender (female) 1.342 1.092 to 1.649 0.005 1.325 1.069 to 1.643 0.010

Smoking: pack years 1.023 1.015 to 1.030 <0.001 1.018 1.009 to 1.026 <0.001

Pack years, categories (%)

Never to 10 Ref. Ref. Ref.

>10–20 1.136 0.835 to 1.546 0.416

>20 2.311 1.763 to 3.030 <0.001

Smoking status

Never smoker Ref. Ref. Ref.

Former smoker 1.532 1.221 to 1.923 0.000

Current smoker 1.499 1.164 to 1.929 0.002

Alcohol intake (g/day) 1.001 0.991 to 1.011 0.852

Joint complaints: pain and/or stiffness in hands and/or feet) 2.384 1.945 to 2.923 <0.001

Joint complaints: both pain and stiffness in hands and/or feet 2.976 2.390 to 3.705 <0.001 2.556 2.033 to 3.215 <0.001

Self-reported RA 15.083 11.800 to 19.281 <0.001

Defined RA 92.404 64.953 to 131.456 <0.001

Participants with RA excluded (n=39 298)

Age (years) 1.010 1.001 to 1.020 0.032 1.003 0.993 to 1.014 0.517

Gender (female) 1.211 0.962 to 1.524 0.104 1.289 1.014 to 1.639 0.038

Smoking: pack years 1.019 1.010 to 1.028 <0.001 1.019 1.009 to 1.028 <0.001

Pack years, categories (%)

Never to 10 Ref. Ref. Ref.

>10–20 1.070 0.752 to 1.524 0.706

>20 1.915 1.379 to 2.659 <0.001

Smoking status

Never smoker Ref. Ref. Ref.

Former smoker 1.438 1.111 to 1.863 0.006

Current smoker 1.465 1.102 to 1.946 0.008

Alcohol intake (g/day) 0.995 0.983 to 1.008 0.463

Joint complaints: pain and/or stiffness in hands and/or feet) 1.364 1.055 to 1.764 0.018

Joint complaints: both pain and stiffness in hands and/or feet 1.422 1.040 to 1.943 0.027 1.275 0.923 to 1.762 0.140

Data are presented as ORs and CIs of the enter method. Forward and backward analyses resulted in comparable models with the same variables.
ACPA, anticitrullinated protein antibodies; RA, rheumatoid arthritis.
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EXTENDED REPORT

A new autoinflammatory and autoimmune
syndrome associated with NLRP1 mutations:
NAIAD (NLRP1-associated autoinflammation
with arthritis and dyskeratosis)
Sylvie Grandemange,1,2 Elodie Sanchez,2,3 Pascale Louis-Plence,2,4

Frédéric Tran Mau-Them,2,3 Didier Bessis,4,5 Christine Coubes,3 Eric Frouin,6

Marieke Seyger,7 Manon Girard,3 Jacques Puechberty,3 Valérie Costes,4,6

Michel Rodière,8 Aurélia Carbasse,8 Eric Jeziorski,4,8 Pierre Portales,9

Guillaume Sarrabay,1,2,4 Michel Mondain,4,10 Christian Jorgensen,2,4,11

Florence Apparailly,2,4,11 Esther Hoppenreijs,12 Isabelle Touitou,1,2,4

David Geneviève2,3,4

ABSTRACT
Objectives Inflammasomes are multiprotein
complexes that sense pathogens and trigger biological
mechanisms to control infection. Nucleotide-binding
oligomerisation domain-like receptor (NLR) containing
a PYRIN domain 1 (NLRP1), NLRP3 and NLRC4 plays
a key role in this innate immune system by directly
assembling in inflammasomes and regulating
inflammation. Mutations in NLRP3 and NLRC4
are linked to hereditary autoinflammatory diseases,
whereas polymorphisms in NLRP1 are associated
with autoimmune disorders such as vitiligo and
rheumatoid arthritis. Whether human NLRP1 mutation
is associated with autoinflammation remains to be
determined.
Methods To search for novel genes involved in
systemic juvenile idiopathic arthritis, we performed
homozygosity mapping and exome sequencing to
identify causative genes. Immunoassays were performed
with blood samples from patients.
Results We identified a novel disease in three patients
from two unrelated families presenting diffuse skin
dyskeratosis, autoinflammation, autoimmunity, arthritis
and high transitional B-cell level. Molecular screening
revealed a non-synonymous homozygous mutation in
NLRP1 (c.2176C>T; p.Arg726Trp) in two cousins born
of related parents originating from Algeria and a de
novo heterozygous mutation (c.3641C>G, p.
Pro1214Arg) in a girl of Dutch origin. The three patients
showed elevated systemic levels of caspase-1 and
interleukin 18, which suggested involvement of NLRP1
inflammasome.
Conclusions We demonstrate the responsibility of
human NLRP1 in a novel autoinflammatory disorder that
we propose to call NAIAD for NLRP1-associated
autoinflammation with arthritis and dyskeratosis. This
disease could be a novel autoimmuno-inflammatory
disease combining autoinflammatory and autoimmune
features. Our data, combined with that in the literature,
highlight the pleomorphic role of NLRP1 in inflammation
and immunity.

Trial registration number NCT02067962;
Results.

INTRODUCTION
Inflammasomes are large multiprotein complexes
that are key modulators of immune and inflamma-
tory responses. Members of the nucleotide-binding
oligomerisation domain-like receptor (NLR) family
are the major components of inflammasomes. On
infection, they play a critical role by sensing micro-
bial structures called pathogen-associated molecular
patterns or endogenous danger molecules released
by stressed cells, damage-associated molecular pat-
terns. On cell injury, NLRs trigger the inflamma-
some assembly, which activates caspase-1 and
promotes the processing and release of interleukin
1β (IL-1β) and IL-18, two potent proinflammatory
cytokines.1 2

In the NLR family, only NLR containing a
PYRIN domain 1 (NLRP1), NLRP3 and NLRC4
(NLR containing a caspase recruitment domain) are
clearly identified to form an inflammasome
complex. Because of the key role of inflammasome
in inducing the immune response and inflamma-
tion, these genes have been associated with autoin-
flammatory or autoimmune disorders.3–5 Indeed,
mutations in NLRP3 and NLRC4 are linked to a
spectrum of dominant autoinflammatory diseases
(OMIM 607115, 191900, 1201006 7 and OMIM
616050 and 61115,8 9 respectively). Moreover,
polymorphisms in NLRP1 are associated with auto-
immune disorders such as vitiligo, type 1 diabetes,
systemic lupus erythematosus and rheumatoid arth-
ritis.3 4 10–12

To search for novel genes involved in a family
exhibiting systemic juvenile idiopathic arthritis
(sJIA), we used a next-generation sequencing (NGS)
approach and identified NLRP1 mutations in a
novel monogenic disorder associating autoinflam-
mation, autoimmunity, dyskeratosis and arthritis.
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METHODS
Healthy controls and patients
All subjects or the subject’s legally authorised representative pro-
vided informed, signed consent to be in the study. We obtained
approval for the study from the Comité de Protection des
Personnes sud méditerranée I (no 13 88—reference approval:
1262, ID of the study 2013-A01516–39 and EFS Convention
EFS-PM no. 21PLER2015-0013).

We used histopathology, flow cytometry immunophenotyping,
genomic studies and quantification of inflammasome compo-
nents to better characterise this novel disorder (see online
supplementary methods).

RESULTS
Clinical features of the patients
Initially, we studied a multiplex family (family 1) with two
affected patients (1 and 2) who are double first cousins born of
healthy consanguineous parents originating from Algeria. The
pregnancy course and birth of both patients were unremarkable.
Both patients presented dermatological anomalies as well as
early-onset (age 4.5 and 5 months old, respectively) and recur-
rent episodes of unprovoked fever lasting 3–4 days. Recurrent
elevated C reactive protein level was observed (figure 1A)
during febrile and afebrile periods (data not shown). Both
patients received a diagnosis of atypical sJIA. Clinical and bio-
logical features of patients are in table 1.

Patient 1, a 16-year-old boy, was previously reported as
having phrynoderma, an alleged acquired form of follicular
hyperkeratosis (figure 1Ba, b) caused by vitamin A deficiency.13

Since he was 2 years old, he had had skin lesions (figure 1Ba–d)
and chronic lesions including human papillomavirus (HPV)-like
lesions on the larynx (see below) that suggested HPV infections
but without any serological conversion. In addition, he had
recurrent Giardia intestinalis infection. High and sustained
levels of IgG and IgA were reported, which suggested a chronic
inflammatory/autoimmune immune response (see online
supplementary figure S1). The patient also presented uveitis
without signs of corneal dyskeratosis. Oligoarticular arthritis
had appeared at the age of 12 years, and at the last examination
polyarticular arthritis was present (knees, ankles and wrists).
The patient was negative for antinuclear antibodies. Growth
values were within the normal range.

Patient 2, an 8-year-old girl, presented congenital and pro-
gressive disseminated follicular hyperkeratosis (figure 1Be, f ).
She had a diagnosis of oligoarticular arthritis of the knees
from age 5 (figure 1Bg). At age 6, she presented recurrent
inflammation and polyarticular arthritis involving the knees,
ankles, wrists and hands. Arthritis was first treated by local
arthrocentesis with intra-articular knee corticosteroid injections
and thereafter relieved with etanercept, 25 mg orally, twice a
month. Values for birth variables were within the normal range,
whereas those for growth at age 8 were at −2 SDs for length,
weight and occipitofrontal circumference (data not shown). The
patient was slightly positive for antinuclear antibodies.

Patient 3, a 10-year-old girl, was referred by a physician from
the EUROFEVER consortium14 because of a phenotype strik-
ingly similar to that of the patients from family 1. She was the
second child of unrelated healthy Dutch parents (family 2).
Pregnancy and birth were unremarkable. At age 6 months, the
patient showed failure to thrive, hepatosplenomegaly and fili-
form hyperkeratosis (figure 1B h–j). At age 19 months, auto-
immune haemolytic anaemia and thyreoiditis developed. The
patient was positive for antinuclear and antiparietal antibodies

and at times was positive for M-protein. Four months later, daily
high-spiking fever and inflammation developed (figure 1A).
Furthermore, the patient showed chronic candidiasis in the
mouth and on buttocks and high levels of IgG sustained over
time (see online supplementary figure S1). At the age 4 years,
respiratory insufficiency developed due to subglottic oedema,
and feeding problems ensued. A massive hepatosplenomegaly
was observed and splenectomy was performed. Histopathology
revealed extensive extra medullar haematopoiesis, some siderosis
and sparse white pulp with very few B cells. At the age of
5 years, arthritis developed in both knees. Methotrexate was
started, but the fever and inflammation persisted. Anakinra
(50 mg per day) was started, which led to total remission of the
arthritis and inflammation and discontinuation of corticoster-
oids. Growth values were improved; growth is currently at −2
SDs for length. Progressive photophobia developed, and ophtal-
mological evaluation showed corneal dyskeratosis and neovascu-
larisation. Because of the occurrence of amelogenesis
imperfecta, several teeth were removed. Anakinra was recently
replaced by canakinumab. Currently, the patient has
photophobia.

For the three patients, vitamin A levels were measured over
time and found persistently below the normal range (see online
supplementary figure S2). Vitamin A supplementation for
patient 2 was quickly stopped because it did not improve but
rather worsened the disease. Patient 3 has received supplementa-
tion since 2010, with no modification of disease.

Skeletal X-rays for patients 2 and 3 showed abnormal lower
femoral epiphysis and abnormal metaphyses of knees (see online
supplementary figure S3). Patient 3 also presented bilateral
abnormal striation of the lower metaphyses. These radiographic
features were not described in patients with sJIA.15 16

Skin disorders were treated with acitretin (0.2–0.5 mg/kg for
patients 1 and 2 and 10 mg once daily for patient 3), which led
to markedly reduced skin lesions.

Histopathology
Histology of vocal cords (figure 1Ca, patient 1) and skin biopsy
(figure 1Cb, c, for patients 2 and 3) showed ancanthosis, with
scattered to confluent dyskeratotic keratinocytes. Dyskeratotic
cells were characterised by a pyknotic dark staining nuclei and a
dense eosinophilic cytoplasm. This feature affected all epidermal
layers except the basal layers and predominated at the superficial
layer of the epidermis. Lesions were covered by a dense ortho-
keratosis with focal parakeratosis and elimination of dyskeratotic
cells. In some biopsies, the granular layer was completely
replaced by dyskeratotic keratinocytes (data not shown). The
vocal cords and interarythenoid space had similar epithelial fea-
tures, demonstrating epidermal hyperplasia, scattered dyskerato-
tic keratinocytes and hyperkeratosis. In addition, some skin and
laryngeal lesions in patient 1 had a more papillomatous and ver-
rucous architecture with hypergranulosis and elongated dermal
papillae similar to HPV-induced papillomas (negative HPV
staining by in situ hybridisation; data not shown).

Flow cytometry immunophenotyping
Several populations of immune cells were monitored to evaluate
the immunological status of patients 1 and 2 from family 1 as
compared with their healthy relatives (data not shown) and
age-matched controls.17 The patients showed a high number of
neutrophils and low number of T lymphocytes, with minor
deviations from age-matched control values (table 2). Patient 3
also showed a low number of T lymphocytes (table 2), and
recent blood analyses revealed a high number of neutrophils
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Figure 1 Clinical features of patients. (A) C reactive protein (CRP) level over time in the three patients. CRP level in mg/L (Y-axis) was determined
at different times (X-axis) during fever episodes or afebrile periods. The dotted horizontal line indicates the normal range (CRP <5 mg/L). (B)
Close-up of the skin manifestations. (a, e, k) Skin dyskeratosis with phrynoderma in patients 1, 2 and 3, respectively. Filliform hyperkeratosis,
palmoplantar symmetrical hyperkeratosis and papules with pseudo comedones observed in patients 1 (b), 2 (f ) and 3 (h). Skin lesions on feet (c)
and left hand (d) of patient 1 suggesting human papillomavirus infection. (g, k) Arthritis presented by enlarged left knee in patients 2 and
3. Hyperkeratosis on soles (i) and ungueal dyskeratosis ( j) in patient 3. (C) Histopathological lesions of patients. Vocal cord biopsy for patient 1 (a)
shows parakeratosis (vertical bold line) with numerous dense eosinophilic dyskeratosic cells (insert). Skin biopsy of the left leg for patient 2 (b)
shows hyperkeratosis (vertical bold line) with mild papillomatosis and acanthosis. The granular cell layer is prominent (arrow). Dyskeratosic
eosinophilic cells are numerous, dispersed through all layers including the stratum corneum. Skin biopsy of the arm of patient 3 (c) showing mild
epithelial hyperplasia with squamous pearls (arrow) and rare dyskeratosic eosinophilic cells (insert). Original magnification ×20 and ×40 for insert.
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(>8000 cells/mm3; data not shown). For patients 1 and 2, poly-
clonal T-cell proliferation and vaccine immune responses were
normal (data not shown).

For all three patients, circulating B cells were analysed as an
indicator of B-cell production and maturation steps. Transitional
B cells were the earliest B-cell stage detected in peripheral

circulation. These cells can be distinguished from other B cells
by concomitant high expression of CD38 and CD24 and lack of
CD27 expression.18 The three patients showed abnormal B-cell
distribution as compared with their healthy relatives (data not
shown) and age-matched controls. Indeed, patients 1 and 3
showed high absolute number of circulating transitional B cells
(table 2). Patients 2 and 3 showed a reduced number of circulat-
ing CD27+ B cells (marginal zone or memory B cells), which
suggested low circulation of antibody-secreting cells and con-
fined to lymphoid tissues such as bone marrow.

Molecular screening
For patient 1, first-line screening revealed no mutations in
MEFV, TNFRSF1A and NLRP3, responsible for three rare auto-
inflammatory diseases: (http://fmf.igh.cnrs.fr/ISSAID/infevers/),19

familial Mediterranean fever OMIM 249100;20 21 tumour
necrosis factor (TNF) receptor-associated periodic syndrome,
OMIM 14268022 and cryopyrin-associated periodic syndrome
(CAPS) OMIM 607115, 191900, 120100,6 7 respectively
(figure 2A).

By homozygosity mapping in patients 1 and 2, their parents
and three unaffected relatives of the family 1, we identified two

Table 1 Summary of the main clinical and biological
features of patients

Patient 1 Patient 2 Patient 3

Dyskeratosis + + +

Arthritis + + +

Recurrent fever + + +

Chronic infection + − +

Recurrent elevated CRP + + +

ANA − + +

Vitamin A deficiency + + +

High transitional B cells + − +

−, negative; +, positive; ANA, antinuclear antibody; CRP, C reactive protein.

Table 2 Percentage and absolute counts of circulating immune cells for the three patients

Patient 1 Reference values* Patient 2 Reference values* Patient 3 Reference values†

Age (years) 16 (10–16) 8 (5–10) 7.5 8 (5–10)

Treatment No Etanercept and
isotretinoin orally

Anakinra

White cell count (/109/L) 13 10.5 16.3

Neutrophils (%)
(/mm3)

72
9360 (1700–5700)

54
5670 (1500–5900)

Lymphocytes (%)
(/mm3)

17
2250

35.3
(1400–4200)

11
1103 (1200–4700)

4.85
791 (1100–5900)

T lymphocytes CD3+ (%)
(/mm3)

77
1732 (850–3200)

78
860 (770–4000)

37 25
200 (700–4200)

T lymphocytes CD4+ (%)
(/mm3)

35
788

51
562

30
500

Regulatory
CD4+CD127lowCD25high

(%)
(/mm3)

7
55

7
39

Naive
CD4+CD45RA+

(%)
(/mm3)

32
252

62
349

95
475

Memory
CD4+CD45 RO+

(%)
(/mm3)

67
528

38
214

60
300

T lymphocytes CD8+ (%) 34 22 5

Activated T lymphocytes
CD3+HLA-DR+ (%)

11 2

B lymphocytes CD19+ (%)
(/mm3)

20
450 (120–740)

17
187 (100–800)

30
500

69
550 (200–1600)

Transitional
CD24highCD38high

(%)
(/mm3)

18
81

5 (1–25)
(3–88)

19
36

8 (2–30)
8–73

22
122 (11–77)

Naive
IgD+CD27−

(%)
(/mm3)

84
378

74 (49–100)
(60–700)

76
142

76 (62–94)
(70–630)

64.1
353 (111–486)

MZ natural effector
IgD+CD27+

(%)
(/mm3)

5
23

(2–28)
(9–57)

3
6

(4–24)
(8–86)

2.4
13 (15–88)

Memory
IgD−CD27+

(%)
(/mm3)

9
41 (7–73)

17
32 (7–51)

3 2
13 (13–100)

NKCD56+CD3−(%)
(/mm3)

6
135 (92–1200)

3
33 (70–590)

34
600

32
260 (90–900)

Out-of-range numbers are in bold. Reference values are in italic.
*Age-matched reference (mean (range)) values from Schatorjé et al.17

†Age-matched reference (mean (range)) values from University Medicals Center St Radboud, Nijmegen, the Netherlands.
MZ, marginal zone; HLA-DR, human leucocyte antigen -antigen D related.
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homozygous regions for the two probands, with a pLod score
>2 on chromosomes 8 (pLod score 2.18) and 17 (pLod score
2.77) (see online supplementary figure S4). To search for candi-
date genes, we performed exome sequencing for both patients
from family 1 and one unaffected relative (figure 2A). After fil-
tering rare variants and recessive inheritance, we identified only
one candidate gene, NLRP1, with a homozygous substitution
(c.2176C>T; p.Arg726Trp; NM_033004.3; 17p13.2), in the
homozygous region of chromosome 17. The mutation predicted
potentially damaged protein function, segregated with the
disease in family 1 (figure 2A). The mutation was localised
between the NACHT domain (neuronal apoptosis inhibitor
protein, major histocompatibility complex class II transcription
activator, incompatibility locus protein from Podospora anserine
and telomerase-associated protein) and the leucine-rich repeat
(LRR) domain (figure 2B). The mutation was not found in any
of the 95 healthy volunteers from Algeria or in web databases
(1000 genomes and exome variant server). This genetic variation
was reported in five individuals (four Asians and one European;
allele frequency 0.00004119) with a heterozygous state in the
Exac database (rs776245016). The p.R726W mutation of
NLRP1 is located in a conserved region, where several mutations
associated with CAPS (NLRP3) and recurrent fever (NLRP12)
have been described (see online supplementary figure S5).

Because patient 3 (family 2) presented a phenotype strictly
similar to patients 1 and 2, we performed Sanger sequencing of
NLRP1 as a candidate gene and found a de novo c.3641C>G;

p.Pro1214Arg mutation (figure 2A). This mutation was located
in the function to find domain (FIIND) (figure 2B). The vari-
ation was never reported in 110 chromosome controls, 1000
genomes, the exome variant server or Exac databases. To
exclude possible pathogenic mutation(s) in other genes, we
extended the sequencing analysis for this patient with an NGS
approach including all known and candidate autoinflammatory
genes and two Sanger-sequenced genes associated with rare
autoimmune diseases (AIRE and CASP10). We found no clearly
pathogenic mutation segregating with the phenotype, which
further supports NLRP1 as the causative gene.

In an attempt to identify additional patients with NLRP1
mutations, we also screened 17 additional patients with compar-
able clinical features but failed to identify other NLRP1
mutations.

Serum levels of inflammasome components
Because NLRP1 was implicated in the inflammasome signalling
pathway, we hypothesised that this disease could be an inflam-
masomopathy and measured the main biomarkers of inflamma-
some activation. The three patients presented a higher level of
caspase-1 and IL-18 in serum than healthy controls and the two
heterozygous parents of family 1 (figure 3). We detected high
levels of IL-1β in serum from patient 3, but this cytokine was
not detectable in serum from healthy controls, the two hetero-
zygous parents of family 1 or patients 1 and 2.

Figure 2 NLRP1 mutations in the two families. (A) Genealogic trees for families 1 and 2 and segregation of both NLRP1 mutations. Pedigrees of
families 1 (left) and 2 (right) and segregation of the mutations c.2176C>T, (p.Arg726Trp) and c.3641C>G (p.Pro1214Arg). Males and females are
denoted by squares and circles, respectively. Black symbols represent affected patients. Deceased individuals are denoted by squares and circles with
diagonal line. The chromatograms show the homozygous autosomal NLRP1 mutation in patients 1 and 2 from family 1 and de novo mutation in
patient 3 from family 2. * and ** (in red) represent heterozygous and homozygous mutant alleles, respectively. (B) Schematic representation of the
NLRP1 protein. The domain structure of the NLRP1 protein is represented (NM_033004.3; NP_12749.1). The figure shows the location of the
mutations identified in this manuscript (p.Arg726Trp and p.Pro1214Arg) and in isolated corneal intraepithelial dyskeratosis (p.Met77Thr)23 (red
arrows). CARD, caspase recruitment domain; FIIND, function to find domain; LRR, leucine-rich repeat domain; PYD, pyrin domain; NACHT domain
(neuronal apoptosis inhibitor protein, major histocompatibility class 2 transcription activator, incompatibility locus protein from Podospora anserine
and telomerase-associated protein).
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DISCUSSION
Here we report, in two unrelated families, mutations in NLRP1
associated with a novel Mendelian autoinflammatory disease
characterised by recurrent fever, arthritis, dyskeratosis and slight
autoimmunity. We call this disease NAIAD for
NLRP1-associated autoinflammation with arthritis and
dyskeratosis.

To date, only one non-synonymous mutation in the Pyrin
domain of NLRP1 (p.Met77Thr, figure 2B) has been identi-
fied. The mutation is associated with a dominant disorder
with isolated corneal intraepithelial hyperplasia with dyskerato-
sis and parakeratosis.23 Despite strikingly similar clinical
aspects of the skin and the corneal dyskeratosis and dental
problems for patient 3, the patients we describe presented a
more complex phenotype characterised by a unique combin-
ation of features, namely recurrent fever with elevated bio-
logical markers of inflammation, arthritis initially classified as
sJIA in family 1, intraepithelial dyskeratosis, vitamin A defi-
ciency, slight autoimmunity and high transitional B-cell count
in two of the three patients. The similar dermatological mani-
festations between our patients and those described by Soler
et al,23 as well as the genetic susceptibility of NLRP1 in skin
disorders such as vitiligo10 and psoriasis,24 suggest that
NLRP1 may have a unknown role in skin innate immune
responses.

Combining linkage and exome sequencing strategies, we pin-
pointed NLRP1 as the gene responsible for this novel autoin-
flammatory syndrome. We identified two distinct mutations in
NLRP1: a homozygous (p.Arg726Trp) mutation in family 1 and
a de novo (p.Pro1214Arg) mutation in family 2. These muta-
tions are located in two different regions of the NLRP1 protein:
between the NACHT and LRR domains and in the FIIND,
respectively. The p.Arg726Trp mutation is located in the same
linker region as the mutation found in the mouse counterpart,
NLRP1a, reported to cause a severe autoinflammatory disease
driven by the NLRP1a inflammasome.25

In mice, Nlrp1a was highly expressed in haematopoietic stem
cells and progenitor cells of both myeloid and lymphoid
origin.25 In addition, Nlrp1a activation induced progenitor cell
death. The authors speculated that cell-intrinsic deficiency of
progenitor cells in Nlrp1a Q593P/Q593P mice leads to pyropto-
sis due to constitutive activation of the NLRP1a inflammasome.
Nlrp1a-mutated mice showed neutrophilia, lymphopenia and
splenomegaly. Interestingly, immune cell phenotyping of our

three patients revealed neutrophilia, T-cell lymphopenia and
abnormal B-cell distribution. We also found a high number of
transitional B cells and low number of circulating CD27+ B-cell
subsets. A similar decrease in circulating memory B cells was
previously reported for early rheumatoid arthritis,26 systemic
lupus erythematosus,27 primary Sjogren’s syndrome28 and sys-
temic sclerosis.29

Although the sequence homology between the mouse Nlrp1a
and human NLRP1 genes is weak,30 data from the Nlrp1a mice
model may support the human NLRP1 as the cause of the novel
NAIAD syndrome.

Recently, several genes have been found responsible for
complex diseases with coexistence of autoinflammatory and
autoimmune features:31 IFIH1 responsible for AGS7
(Aicardi-Goutières syndrome 7, OMIM 615846)32 and CECR1
responsible for adenosine deaminase 2 deficiency (OMIM
615688).33 We believe that autoimmunity is a central feature of
the NAIAD syndrome, and this result, together with the known
association of polymorphisms in NLRP1 with several auto-
immune disorders,3 4 suggests that NLRP1 plays a role in the
development of autoimmunity. We propose that NLRP1 belongs
to a novel group of genes responsible for Mendelian disorders
combining autoinflammatory and autoimmune features, recently
termed autoimmuno-inflammatory disease.34

Among the NLR family, two genes directly assembling an
inflammasome have been associated with human autoinflamma-
tory inflammasomopathies: NLRP3 and NLRC4 in CAPS and
AIEFC/FCAS4, respectively.35–37 Mutations in NLRP3 and
NLRC4 both lead to the constitutive activation of the corre-
sponding inflammasomes, inducing caspase-1 signalling and
release of bioactive IL-1β and/or IL-18. Serum IL-18 and
caspase-1 levels were elevated in our three patients, which sug-
gests a hyperactivation of the NLRP1 inflammasome. Anakinra
therapy, an IL-1 receptor antagonist, ameliorated the fever in
patient 3. These data suggest that NAIAD may be a third NLR
inflammasome involved in Mendelian disorders. Comparing
levels of IL-1β, IL-18 and caspase-1 between our patients and
those with classical sJIA would be of interest because the litera-
ture suggests that IL-1β and IL-18 are also involved in the
pathogenesis of sJIA.38–40

The precise mechanisms of activation of the NLRP1 inflamma-
some leading to the common features observed in our three
patients were not determined and could be totally different. The
role of the human NLRP1 during infection remains unknown;30

Figure 3 Elevated levels of inflammasome components in serum samples of the three patients. Blood samples from healthy controls (n=11), two
heterozygous parents (Heteroz.) and the three patients were obtained in Vacutainer tubes containing silicone coated for the isolating serum. The
systemic production of caspase-1, interleukin 18 (IL-18) and IL-1β (detection limit of the assays 7, 15 and 4 pg/mL, respectively) in serum was
measured by commercially available ELISA. Samples from each individual were analysed in duplicate, and dots represent the mean of the two
calculated values. IL-1β and IL-18 were expressed in ng/mL and caspase-1 in pg/mL.
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however, the mutated NLRP1 inflammasome may be responsible
for the recurrent infections observed in our patients.

As reported here in NAIAD, both autosomal recessive and
autosomal dominant inheritance have been described in autoin-
flammatory diseases.41 For example, MEFV mutations (in
Mediterranean fever) were observed in both recessive20 21 and
dominant42–45 modes of inheritance. How both dominant and
recessive mutations in MEFV lead to excessive processing of
IL-1β and/or IL-18 is still unclear, but some hypotheses are
emerging. The MEFV recessive mutations may be responsible
for loss of function of its negative regulation on the NLRP3
inflammasome,46–48 whereas dominant MEFV mutations may
act as gain-of-function mutations leading to a constitutive activa-
tion of the Pyrin inflammasome.44 45 49 50 As in Pyrin, recessive
mutation in the linker region may affect an inhibitory function
of NLRP1 and a dominant mutation in the FIIND may act dir-
ectly on the NLRP1 inflammasome. Further experiments are
needed to elucidate the pathogenesis of NAIAD.

In conclusion, our three patients provide evidence of the
involvement of NLRP1 in NAIAD, a novel Mendelian autoin-
flammatory disorder. Our data, combined with those from the
literature, highlight the pleiomorphic roles of NLRP1 and reveal
the association of this gene with several autoinflammatory and
autoimmune diseases and modes of inheritance, which suggests
complex mechanisms of regulation of NLRP1.

Web resources accession numbers and the URL for data are as
follows:
Online Mendelian Inheritance in Man (OMIM), http://www.
omim.org
dbSNP, http://www.ncbi.nlm.nih.gov/projects/SNP
1000 Genomes Project variant database, http://www.
1000genomes.org/
Entrez Gene, http://www.ncbi.nlm.nih.gov/gene/
Exome variant server, NHLBI GO Exome Sequencing Project
(ESP), Seattle, Washington, USA, http://evs.gs.washington.edu
Exome Aggregation Consortium (ExAC), Cambridge,
Massachusetts, USA, http://exac.broadinstitute.org/
PolyPhen-2,http://genetics.bwh.harvard.edu/pph2/index.shtml
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Radiographic endophenotyping in hip osteoarthritis
improves the precision of genetic association
analysis
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ABSTRACT
Objective Osteoarthritis (OA) has a strong genetic
component but the success of previous genome-wide
association studies (GWAS) has been restricted due to
insufficient sample sizes and phenotype heterogeneity.
Our aim was to examine the effect of clinically relevant
endophenotyping according to site of maximal joint
space narrowing (maxJSN) and bone remodelling
response on GWAS signal detection in hip OA.
Methods A stratified GWAS meta-analysis was
conducted in 2118 radiographically defined hip OA
cases and 6500 population-based controls. Signals were
followed up by analysing differential expression of
proximal genes for bone remodelling endophenotypes in
33 pairs of macroscopically intact and OA-affected
cartilage.
Results We report suggestive evidence (p<5×10−6) of
association at 6 variants with OA endophenotypes that
would have been missed by using presence of hip OA as
the disease end point. For example, in the analysis of
hip OA cases with superior maxJSN versus cases with
non-superior maxJSN we detected association with a
variant in the LRCH1 gene (rs754106, p=1.49×10−7,
OR (95% CIs) 0.70 (0.61 to 0.80)). In the comparison
of hypertrophic with non-hypertrophic OA the most
significant variant was located between STT3B and
GADL1 (rs6766414, p=3.13×10−6, OR (95% CIs) 1.45
(1.24 to 1.69)). Both of these associations were fully
attenuated in non-stratified analyses of all hip OA cases
versus population controls (p>0.05). STT3B was
significantly upregulated in OA-affected versus intact
cartilage, particularly in the analysis of hypertrophic and
normotrophic compared with atrophic bone remodelling
pattern (p=4.2×10−4).
Conclusions Our findings demonstrate that
stratification of OA cases into more homogeneous
endophenotypes can identify genes of potential
functional importance otherwise obscured by disease
heterogeneity.

INTRODUCTION
Osteoarthritis (OA) is a phenotypically heteroge-
neous disease characterised by cartilage degener-
ation and bone remodelling within synovial joints,1

and affects 9 million people in the UK alone.2 The
heritable component to OA susceptibility is

estimated at 40%–65%,3–5 however fewer than 20
robustly associated genetic loci have been identified
to date explaining <10% of this heritability.6–18

These candidate gene and genome-wide association
studies (GWAS) used a simple dichotomous descrip-
tion of joint involvement that does not reflect the
heterogeneity of OA biology,19 with the exception
of the DOT1L association with hip OA in men that
was made by measurement of cartilage thickness.20

OA endophenotypes may be characterised on
plain radiographs by the pattern of joint involve-
ment and by the bone remodelling response to the
disease.21–23 At the hip, the site of maximum joint
space narrowing (maxJSN) can be classified as
superior, medial, axial or concentric.22 24 25 The
superior pattern is most common in men and is a
risk factor for disease progression.26 27 Medial
migration is more common in women and more
likely to occur bilaterally.26–30 The bone remodel-
ling response to OA also varies between indivi-
duals, and may be classified as atrophic (bony
attrition, cysts and a lack of osteophytes), normo-
trophic (osteophytes <grade 3) or hypertrophic
(osteophytes ≥grade 3±increased femoral head
size).23 Atrophic OA is associated with thinner tra-
beculae, lower bone volume and lower bone
mineral density than the hypertrophic or normo-
trophic patterns of OA.31 32 Atrophic OA is also
associated with faster disease progression, osteopor-
osis and with femoral head collapse.28 33 The risk
of severe hip OA is threefold greater in siblings of
index cases with an atrophic pattern of hip OA
compared with siblings whose index case had a
normotrophic or hypertrophic bone remodelling
response.27

Here, we applied these clinically relevant radio-
graphic endophenotypes to identify novel variants
that associate with hip OA in a subset of subjects
from the arcOGEN Study,14 the largest hip and
knee OA GWAS to date. We calculated the differ-
ences in statistical power achieved using this
approach versus a simple dichotomous description
of joint involvement. We investigated the effect of
using these endophenotype definitions on signal
detection for previously established hip OA loci.
Finally, we examined the expression levels of genes
highlighted in the association analysis in primary
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human chondrocytes taken from patients classified using the
same bone remodelling endophenotypes.

PATIENTS AND METHODS
Study populations and radiographic classification
The hip OA subjects comprised 2118 unrelated individuals of
UK European ancestry participating in the arcOGEN Study, an
ethically approved study in which all subjects provided written,
informed consent prior to participation.14 All had radiographic
evidence of hip OA (Kellgren-Lawrence (KL) Score ≥2) on a
digitised anteroposterior radiograph of the affected joint.21 Hip
OA pattern was classified by the site of maxJSN as superior,
axial, medial or concentric using the Osteoarthritis Research
Society International (OARSI) atlas and the KL Score (table
1).21 22 The bone remodelling response was classified according
to the Bombelli and OARSI atlases as atrophic, normotrophic or
hypertrophic.22 23 Each radiograph was read independently by
two clinically trained observers (ST and EZen). Where discrep-
ancy existed between the observers, adjudication was made by
the senior clinical author ( JMW). The correlation between the
two primary observers was ‘very good’ for the axial and medial
JSN phenotypes (κ=0.85, 95% CI 0.82 to 0.88)34 and ‘good’
for the superior JSN phenotype (κ=0.7, 95% CI 0.67 to 0.73);
‘good’ for the atrophic remodelling phenotype (κ=0.64, 95%
CI 0.58 to 0.69) and ‘moderate’ for the hypertrophic phenotype
(κ=0.54, 95% CI 0.50 to 0.58).

Genotyping, imputation and association analyses
Genotypes were extracted from 1817 and 301 hip OA cases previ-
ously genotyped on Human 610-Quad and HumanOmniExpress
(Illumina, San Diego, USA) platforms, respectively (figure 1). The
controls comprised 6500 subjects previously included in the
arcOGEN GWAS: The Wellcome Trust Case Control Consortium
2 Study 1958 Birth Cohort, the UK National Blood Donor Service
and the Type 1 Diabetes Genetics Consortium.14 A 1000
Genomes Project-based imputation was conducted,35 36 and was
followed by stringent quality control excluding variants with
minor allele frequency (MAF)<0.01 and minor allele count <10
given the different sample sizes of the GWAS case cohorts,37

imputation information score <0.4 and by inspecting genotype
intensity plots 100 kb on either side of the top signals and
re-imputation of these regions of association.

Association analyses at ∼7 million variants were made under
an additive model (maximum likelihood ratio test,
SNPTESTv2.5). Our primary analyses comprised fixed-effect
meta-analyses38 within OA cases stratified by site of maxJSN or
by bone remodelling response to identify variants exclusively
associated with these endophenotypes (table 1 and figure 1).
The axial and medial maxJSN groups were collapsed into one
(axial/medial) due to the small sample size in each of these cat-
egories. Promising signals were independently validated by de
novo genotyping using the MassARRAY iPLEX Gold assay
(Agena Bioscience GmbH, Hamburg, Germany).

In our secondary analyses the GWAS outputs for the stratified
hip OA cases against population-based controls were compared
with that achieved using a non-stratified GWAS of all hip OA
cases versus population-based controls. Power was calculated
using Quanto V.1.2.4 under the additive model39 at α=5×10−8,
and based on study-specific effect sizes and case-control ratios
identified in the Human 610-Quad GWAS. Similarly, the sample
size required to have 80% power to detect the associated signals
with genome-wide significance (p=5×10−8) was estimated. To
calculate the sample size fold reduction afforded by the use of
precise phenotype definitions over an all hip OA versus controls

approach we fixed the estimated sample size of hip OA cases
from infinite to n=1 000 000.

Gene expression analysis
Gene expression profiles were examined in samples from the
RAAK Study (Research Arthritis and Articular Cartilage) from
individuals undergoing joint replacement surgery, as described
previously.40 Isolated RNA was prepared for hybridisation using
the Illumina TotalPrep RNA Amplification Kit (Illumina, San
Diego, USA) onto Illumina HumanHT-12 v3 microarrays, with
each pair (OA-affected and intact) measured on the same chip.
Microarrays were read using an Illumina Beadarray 500GX
scanner and data were analysed in R statistical programming lan-
guage after quality checks using Illumina Beadstudio analysis
software (Illumina). Intensity values were normalised and
absence of large-scale between-chip effects was confirmed using
the Globaltest-package.41 Probes that were not optimally mea-
sured were removed (detection p>0.05 in more than 50% of
the samples). All comparisons of the differential normalised
probe expression levels between intact and diseased OA chon-
drocytes were made in SPSS (V.23, IBM, New York, USA) using
the generalised estimation equations and corrected for age and
sex. A random effect for patient identity (ID) was included to
account for the structure of the data and correct for putative
correlations between intact and OA-affected articular cartilage
from the same joint.

Preoperative plain radiographs of the affected joint were
scored independently by two experienced readers ( JMTAM,
KH) to determine the OA subtype. Subsequently, osteophytes
and JSN were graded 0–3 for lateral and medial femur and tibia
(knee joints) and for inferior and superior femur and acetabu-
lum (hip joints) by consensus opinion using the OARSI atlas.22

RESULTS
Site of maxJSN association analysis
In the GWAS meta-analysis of hip OA cases with superior
maxJSN versus all other hip OA cases (see online
supplementary figure S1a), the most significant association was
observed at rs754106 (MAF=0.46) in intron 1 of the LRCH1
(leucine-rich repeats and calponin homology domain containing
1) gene (T allele OR (95% CIs) 0.70 (0.61 to 0.80),
p=1.49×10−7 (table 2 and see online supplementary figure
S2a)), and was consistent across both cohorts (see online
supplementary table S1). In the GWAS meta-analysis of hip OA
cases with axial/medial maxJSN versus all other hip OA cases
(see online supplementary figure S1b), rs754106 was also the
most significantly associated variant (p=3.66×10-7) but with
the effect of the T allele in the opposite direction, in keeping
with expectation (OR (95% CIs) 1.47 (1.27 to 1.70), table 2
and see online supplementary table S1).

In the association analyses of hip OA cases with superior
maxJSN versus population-based controls (see online
supplementary figure S3a) and of patients with hip OA with
axial/medial maxJSN versus population-based controls (see
online supplementary figure S3b), opposite directions of effect
were also observed for allele T: OR (95% CIs) 0.91 (0.84 to
0.99), p=0.034 compared with OR (95% CIs) 1.32 (1.14 to
1.52), p=1.39×10−4, respectively (see online supplementary
table S1). When all hip OA cases were analysed together versus
the same population-based control set, the signal was fully atte-
nuated (OR (95% CIs) 1.01 (0.93 to 1.08), p=0.89) (see online
supplementary table S1 and figure S3e).

The second most significant finding in the superior maxJSN
stratum versus all other hip OA cases was observed at
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rs73023563 (MAF=0.19) located between CWC22
(spliceosome-associated protein homologue (S. Cerevisiae)) and
UBE2E3 (ubiquitin-conjugating enzyme E2E 3) (T allele OR
(95% CIs) 1.59 (1.33 to 1.91), p=6.59×10−7, table 2 and see
online supplementary figure S2b). The rs73023563 association
was also strong in the converse stratum (hip OA cases with
axial/medial maxJSN vs all other hip OA cases) with the oppos-
ite direction of effect (T allele OR (95% CIs) 0.61 (0.50 to
0.75), p=2.03×10−6). Its association in the analysis of axial/
medial maxJSN cases versus population-based controls was
equally strong (OR (95% CIs) 0.63 (0.52 to 0.78),
p=3.45×10−6), and was also fully attenuated in the all hip OA
analysis versus population-based controls analysis (OR (95%
CIs) 0.94 (0.86 to 1.03), p=0.21) (see online supplementary
table S1).

In the association analysis of hip OA with axial/medial
maxJSN versus all other hip OA cases the second most signifi-
cant single nucleotide polymorphism (SNP) was rs17050727
(MAF=0.14), located between PRDM5 (PR domain containing
5) and MAD2L1 (mitotic arrest deficient-like 1 (yeast), T allele
OR (95% CIs) 1.65 (1.35 to 2.01), p=6.87×10−7 (table 2, see
online supplementary table S1 and figure S2c). rs17050727
exhibited a similar pattern of association with the converse
stratum (superior maxJSN vs all other hip OA cases) as for the
variants described above; and its association was also fully atte-
nuated in the hip OA analysis versus population-based controls
analysis (OR (95% CIs) 1.00 (0.90 to 1.12), p=0.98, see online
supplementary table S1).

Adjustments for sex, height and body mass index (BMI) had
little effect on the association strength of the reported signals

Table 1 Patient characteristics

OA phenotype
arcOGEN_Illum610K
N (men/women)

arcOGEN_OmniExpress
N (men/women)

N total
(men/women)

Prevalence
(%)

Hip (KL Score ≥2) 1817 (776/1041) 301 (125/176) 2118 (901/1217) 100

Site of maximal joint space narrowing (pattern of femoral head migration within the acetabulum)

Axial 158 (34/124) 28 (5/23) 186 (39/147) 8.8

Medial 267 (69/198) 48 (10/38) 315 (79/236) 14.9

Superior 1265 (615/650) 204 (98/106) 1469 (713/756) 69.3

Concentric 127 (58/69) 21(12/9) 148 (70/78) 7.0

Bone remodelling response

Atrophic 267 (113/154) 18* (8/10) 285 (121/164) 13.4

Hypertrophic 531 (239/292) 106 (46/60) 637 (285/352) 30.1

Normotrophic 1019 (424/595) 177(71/106) 1196(495/701) 56.5

*These individuals were not used as cases in the within-OA genome-wide association analysis of the arcOGEN OmniExpress data set due to the small sample number.
KL, Kellgren-Lawrence; OA, osteoarthritis.

Figure 1 Genome-wide association study design, showing primary and secondary analyses. svns, superior joint space narrowing versus
non-superior; amvnam, axial/medial joint space narrowing versus non-axial/medial; hvnh, hypertrophic bone response versus non-hypertrophic; avna,
atrophic bone response versus non-atrophic; svcon, superior joint space narrowing versus population-based controls; amvcon, axial/medial joint
space narrowing versus population-based controls; hvcon, hypertrophic bone response versus population-based controls; avcon, atrophic bone
response versus population-based controls; hipvcon, hip osteoarthritis (OA) versus population-based controls.
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(see online supplementary table S2). Following validation
experiments by de novo genotyping we found 100% genotype
and minor allele concordance with GWAS genotypes of
overlapping samples at rs754106 (see online supplementary
table S3).

Bone remodelling response association analysis
In the GWAS meta-analysis of hypertrophic versus
no-hypertrophic hip OA cases (see online supplementary figure
S1c) the most significant SNP was rs6766414 (MAF=0.24)
located between STT3B (subunit of the oligosaccharyltransferase
complex (catalytic)) and GADL1 (glutamate decarboxylase-like
1), G allele OR (95% CIs) 1.45 (1.24 to 1.69), p=3.13×10−6

(table 1 and see online supplementary figure S2d). We also
found evidence of association in the hypertrophic OA versus
population-based controls analysis, G allele OR (95% CIs) 1.25
(1.09 to 1.44), p=1.74×10−3 (see online supplementary table
S1 and figure S3c). In the analysis of hip OA cases versus
population-based controls the signal was fully attenuated (OR
(95% CIs) 1.00 (0.92 to 1.09), p=0.98) (see online
supplementary table S1).

The second most significant replicating SNP in the hyper-
trophic versus non-hypertrophic stratum, rs61837881
(MAF=0.24) located between C1orf65 and CAPN8 (calpain 8),
was associated exclusively with the hypertrophic response (allele
C: OR (95% CIs) 1.44 (1.23 to 1.68), p=4.56×10−6, see
online supplementary figure S2e) and was fully attenuated in the
analysis of hip OA versus population-based controls (OR (95%
CIs) 1.06 (0.97 to 1.15), p=0.23, table 2 and see online
supplementary table S1). Adjustment for sex, height and BMI
had little effect on the association strength of the reported var-
iants (table 2 and see online supplementary table S2).

In the GWAS of atrophic versus non-atrophic OA (see online
supplementary figure S1d), the most significant association was
observed at rs16869403, which resides within the gene encod-
ing the G protein-coupled receptor 98 (GPR98) (MAF=0.10,
allele G OR (95% CI) 2.11 (1.61 to 2.75), p=1.37×10−7, see
online supplementary figure S2f and table S1). The strength of
association was similar in the analysis of atrophic OA cases
versus population-based controls (OR (95% CI) 1.93 (1.52 to
2.46), p=4.14×10−7, see online supplementary table S1 and
figure S3d). This association was fully attenuated in the non-
stratified hip OA versus population-based controls analysis (OR
(95% CI) 1.05 (0.93 to 1.19), p=0.43; see online
supplementary table S1). Genotype and minor allele concord-
ance between typed and imputed genotypes at this SNP
were 99% and 97%, respectively (see online supplementary
table S3).

Power gains
Power increases substantially in the within-OA analyses com-
pared with the non-stratified hip OA versus population-based
controls analysis (table 3). Small to modest power increases are
observed in the stratified OA cases versus population-based con-
trols analyses compared with the non-stratified hip OA versus
population-based controls analysis. The decrease in sample size
required to reach genome-wide significance for an analysis
within OA cases over the non-stratified hip OA versus
population-based controls analysis ranged from 41-fold to
286-fold. The decrease in sample size between stratified hip OA
versus population-based controls analyses over the non-stratified
hip OA versus population-based controls analysis ranged from
1-fold to >240-fold.Ta
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Established hip OA loci
The strength of association of the 10 established hip OA suscep-
tibility loci in Europeans18 was examined in each of the hip OA
strata (see online supplementary table S4). Here, the risk allele
of rs12982744 in DOTL1 associated with hip OA
(p=3.06×10−4, OR (95% CIs) 1.15 (1.07 to 1.24)) but the
most significant association was observed in the analysis of hip
OA with superior maxJSN versus population-based controls
(p=8.17×10−6, OR (95% CIs) 1.22 (1.12 to 1.34)) (see online
supplementary table S4). Further corroboration of this stratum-
specific association comes from the within-OA GWAS analyses
of the hip OA cases with superior maxJSN versus all other hip
OA cases (p=7.58×10−3, OR (95% CIs) 1.22 (1.06 to 1.42);
and converse stratum p=1.13×10−2, OR (95% CIs) 0.81 (0.69
to 0.95)). The effect size differed between men and women
both in our hip OA versus population-based control analysis
(men p=8.92×10−6, OR (95% CIs) 1.30 (1.16 to 1.46);
women p=0.32, OR (95% CIs) 1.05 (0.95 to 1.17)), and in the
superior maxJSN versus population-based controls analysis
(men p=5.20×10−6, OR (95% CIs) 1.35 (1.18 to 1.53);
women p=0.07, OR (95% CIs) 1.12 (0.99 to 1.27)). This sug-
gests that the sex disparity of effects at the DOT1L locus is not
driven by the differences in prevalence of different JSN patterns
between the two sexes.

Five other index SNPs (rs9350591, rs10948172, rs11177,
rs4836732, rs6094710) also exhibited similar or lower p values
and higher ORs in endophenotype-based association analyses

than in the hip OA versus population-based controls analysis,
despite the decrease in case sample size (ranging from 30% to
77%) (see online supplementary table S4). However, unlike the
DOT1L variant, none of these showed an association that was
strengthened enough to compensate for the multiple compari-
sons performed.

Gene expression analyses in articular cartilage
The expression levels of 10 genes located near variants high-
lighted in the bone remodelling stratified GWAS (GRP98 and
ADGVR1 for rs16869403; STT3B, GADL1, OSBPL10, THRAP3
and TGFBR2 for rs6766414; and C1orf65, CAPN8 and SUSD4
for rs61837881) were examined in macroscopically intact and
OA-affected articular cartilage (n=33 pairs from the RAAK
Study, 6 with an atrophic, 19 with a normotrophic and 8 with a
hypertrophic phenotype). We observed robust expression for
SUSD4, STT3B, OSBPL10 and TGFBR2, with mean normalised
probe level values of 7.9, 7.8, 8.4 and 11.5, respectively. Of
these genes, only STT3B showed differential expression with
respect to the disease process, with significant upregulation in
OA-affected versus intact cartilage independent of joint site, par-
ticularly in patients with hypertrophic/normotrophic OA (fold
change=1.30, p=4.23×10−4; figure 2). When the genotypes of
rs6766414 (TT and TG) were tested, a significantly lower
expression of STT3B in lesioned OA cartilage was observed
among carriers of allele G (n=9 heterozygotes-no homozygotes
for the G allele were present in our data) compared with

Table 3 Power gains associated with dichotomous versus specific radiographic endophenotype descriptors

Study parameters Estimated parameters

SNP Definition of cases Definition of controls
N
cases

N
controls EAF OR

Power
(%) N cases N controls N total

rs754106 Hip OA with superior JSN Hip OA with non-superior JSN 1265 552 0.54 0.72 18.45 2416 1054 3470

Hip OA with superior JSN Population-based 1265 6500 0.54 0.91 0.05 10 669 54 821 65 490

Hip OA Population-based 1817 6500 0.54 1.01 0.00 >1 000 000 >3 577 325 >4 577 325

rs73023563 Hip OA with superior JSN Hip OA with non-superior JSN 1265 552 0.19 1.63 57.78 1571 686 2257

Hip OA with superior JSN Population-based 1265 6500 0.20 1.07 0.00 31 513 161 925 193 438

Hip OA Population-based 1817 6500 0.19 0.94 0.00 43 995 157 384 201 379

rs17050727 Hip OA with axial/medial
JSN

Hip OA with non-axial/medial
JSN

425 1392 0.14 1.65 28.62 705 2309 3014

Hip OA with axial/medial
JSN

Population-based 425 6500 0.14 1.43 4.89 1168 17 864 19 032

Hip OA Population-based 1817 6500 0.14 1.00 0.00 ∞ ∞ ∞
rs6766414 Hip OA with hypertrophic

response
Hip OA with non-hypertrophic
response

531 1286 0.24 1.42 12.40 1139 2758 3897

Hip OA with hypertrophic
response

Population-based 531 6500 0.24 1.25 0.92 2199 26 918 29 117

Hip OA Population-based 1817 6500 0.24 1.00 0.00 ∞ ∞ ∞
rs61837881 Hip OA with hypertrophic

response
Hip OA with non-hypertrophic
response

531 1286 0.24 1.39 7.69 1298 3144 4442

Hip OA with hypertrophic
response

Population-based 531 6500 0.24 1.33 7.15 1323 16 195 17 518

Hip OA Population-based 1817 6500 0.24 1.06 0.00 40 187 143 762 183 949

rs16869403 Hip OA with atrophic
response

Hip OA with non-atrophic
response

267 1550 0.10 2.11 58.36 330 1916 2246

Hip OA with atrophic
response

Population-based 267 6500 0.10 1.93 42.25 383 9324 9707

Hip OA Population-based 1817 6500 0.10 1.05 0.00 115 540 413 324 528 864

For each variant and stratum we present power (%) based on study-specific effect size, effect allele frequency and case/control ratio from the GWAS on Illumina610k. Similarly we
estimated the sample size required to have 80% power to detect the associated signals with genome-wide significance (p=5×10−8).
EAF, effect allele frequency; GWAS, genome-wide association studies; JSN, joint space narrowing; OA, osteoarthritis; SNP, single nucleotide polymorphism.
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homozygous individuals for allele T (n=15; fold change=0.79,
p=0.021). Moreover, in the hypertrophic/normotrophic OA
stratum, the upregulation of STT3B expression in OA-affected
versus intact cartilage appeared to be mitigated among indivi-
duals heterozygous for allele G of rs6766414 (n=6), yet
remained significantly upregulated among homozygous carriers
(n=14) of allele T (fold change=1.4, p=2.8×10−4, figure 3).

DISCUSSION
We applied clinical radiographic endophenotypes to stratify
genome-wide association analysis of hip OA and identify six

putative associations (p<5×10−6). For the strongest signals in
both endophenotypes we observe consistent effects across com-
plementary strata both in the primary analysis and against
population-based controls in the secondary analyses. These
signals were all fully attenuated in the non-stratified analyses
against the population-based controls, consistent with our
hypothesis that this stratification approach increases the sensitiv-
ity of signal detection.

rs754106, which showed the strongest association with
pattern of maxJSN, resides in intron 1 of the LRCH1/CHDC1
gene whose function has not been well characterised. However,
replicating associations with knee OA at variants spanning
intron 1 of LRCH1 have been identified in samples of European
descent.42 rs6766414, which showed the strongest association
with bone remodelling response, is located between STT3B and
GADL1. STT3B mediates both co-translational and post-
translational N-glycosylation of proteins and GO terms asso-
ciated with this gene include glycoprotein catabolic process.43

STT3B encodes a catalytic subunit of the N-oligosaccaryl trans-
ferase complex,44 suggesting that altered glycosylation in
OA-affected cartilage mitigates protein folding and affects inter-
molecular interactions.45 Thus we hypothesise that the upregu-
lation of STT3B is a beneficial response among hypertrophic
cases.

This study also has limitations. While the interobserver agree-
ment of the radiographic classifiers supports the approach
taken, differences in calling between observers does impact on
the overall sensitivity of both the genetic association and expres-
sion analyses. Although the identified loci did not meet the
Bonferroni-adjusted genome-wide significance threshold of
p<5×10−9 used because of the multiple discovery association
analyses conducted, the putative association of variants with
specific endophenotypes corroborated by substantial or full
attenuation in other strata warrants replication and further func-
tional investigation.

The hypothesis that stratification of cases into distinct
endophenotypic categories provides a more direct link to the
genetic basis of OA has not been previously tested systematically.
However, this approach has been successfully applied to
better understand disease biology in related complex traits,
including joint shape and pain.46–50 The results of our analyses
show that, if further replication is targeted to the specific
OA endophenotypes, study power may improve from nearly
0% in the traditional approach to 80% in a sample size
of <5000 cases. We used post hoc power calculations,
applying the observed variances from the study population of
interest to exemplify the difference in the statistical power of
the tests we performed. Such calculations have limitations,
but are useful in designing follow-up studies and in
conducting meta-analyses. We address one limitation in inter-
preting post hoc power calculations, ascertainment bias, by
examining the actual summary statistics of the previously estab-
lished genome-wide significant locus (DOT1L) associated with
JSN. We find that the index SNP is more strongly associated in
hip OA cases with superior JSN than in the non-stratified hip
OA versus controls analyses (p=8×10−6 and p=3×10−4,
respectively). As more precise phenotype definitions are accrued
in the field and future replication is targeted to the specific
endophenotype, the strength of the observed associations may
increase and the power burden of multiple testing may be
resolved. Our findings demonstrate that stratification of OA
cases into more homogeneous endophenotypes can identify
genes of potential functional importance otherwise obscured by
disease heterogeneity.

Figure 3 Box plots of the expression levels of STT3B in patients with
hypertrophic/normotrophic osteoarthritis (OA), plotted as mean
normalised probe level values, in macroscopically intact (green boxes)
and diseased (red boxes) OA articular cartilage stratified by carriers of
the G allele (heterozygous individuals plotted since no homozygotes for
the G allele were present in our data) and by non-carriers at
rs6766414. Grey dots show values of each individual sample.

Figure 2 Box plots of the expression levels of STT3B plotted as the
mean normalised probe level values in macroscopically intact (green
boxes) and diseased (red boxes) osteoarthritis (OA) articular cartilage of
patients with atrophic (n=6) and normotrophic (n=27) OA. Grey dots
show values of each individual sample.
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ABSTRACT
Objectives The rarity of early diffuse cutaneous
systemic sclerosis (dcSSc) makes randomised controlled
trials very difficult. We aimed to use an observational
approach to compare effectiveness of currently used
treatment approaches.
Methods This was a prospective, observational cohort
study of early dcSSc (within three years of onset of skin
thickening). Clinicians selected one of four protocols for
each patient: methotrexate, mycophenolate mofetil
(MMF), cyclophosphamide or ‘no immunosuppressant’.
Patients were assessed three-monthly for up to
24 months. The primary outcome was the change in
modified Rodnan skin score (mRSS). Confounding by
indication at baseline was accounted for using inverse
probability of treatment (IPT) weights. As a secondary
outcome, an IPT-weighted Cox model was used to test
for differences in survival.
Results Of 326 patients recruited from 50 centres,
65 were prescribed methotrexate, 118 MMF, 87
cyclophosphamide and 56 no immunosuppressant.
276 (84.7%) patients completed 12 and 234 (71.7%)
24 months follow-up (or reached last visit date). There
were statistically significant reductions in mRSS at
12 months in all groups: −4.0 (−5.2 to −2.7) units for
methotrexate, −4.1 (−5.3 to −2.9) for MMF, −3.3
(−4.9 to −1.7) for cyclophosphamide and −2.2 (−4.0
to −0.3) for no immunosuppressant (p value for
between-group differences=0.346). There were no
statistically significant differences in survival between

protocols before (p=0.389) or after weighting
(p=0.440), but survival was poorest in the no
immunosuppressant group (84.0%) at 24 months.
Conclusions These findings may support using
immunosuppressants for early dcSSc but suggest that
overall benefit is modest over 12 months and that better
treatments are needed.
Trial registration number NCT02339441.

INTRODUCTION
The diffuse cutaneous subtype of systemic sclerosis
(dcSSc) is rare (SSc incidence is around 10–20/
million/year,1 of whom approximately 25% will
have diffuse disease) but carries high morbidity and
mortality due to early internal organ involvement
and rapidly progressive, painful skin thickening.
Also, 5-year and 10-year survival rates, although
improving, are in the order of 68% and 50%,
respectively.2 3

At present, there is no drug known to favourably
influence disease course. Randomised controlled
trials (RCTs) have historically been confounded by
disease rarity (only small numbers of patients are
recruited, often over long periods) and strict entry
criteria meaning that severe cases are often
excluded.4 These strict criteria further restrict
sample sizes and limit generalisability. Therefore,
although RCTs represent a gold standard for asses-
sing drug efficacy, results may not be applicable to
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real-life clinical settings.5 Small trials run the risk of being
underpowered, thus potentially yielding false-negative results.6

The past three decades have seen a number of promising treat-
ments for early dcSSc failing to meet efficacy end points in
RCTs: examples include methotrexate (multinational, 71
patients)7 and anti-transforming growth factor β1 antibody
therapy (multinational, 45 patients).8

A further difficulty in recruiting into RCTs of early dcSSc is
that many clinicians have reservations about placebo therapy in
a potentially life-threatening disease and favour immunosup-
pression, consistent with the European League Against
Rheumatism (EULAR) recommendations, which advocate
methotrexate for skin manifestations9 in early dcSSc, although
this agent has been shown to be of only limited efficacy.7

Immunosuppressants are potentially hazardous, especially in
patients prone to internal organ disease and infection.

Against this background, our aim was to compare, using an
observational approach, the effectiveness of standard treatment
approaches (mainly immunosuppressant treatments but includ-
ing a ‘no immunosuppressant’ option to reflect that some
patients or clinicians may choose this approach) in the early
management of patients with dcSSc, capturing entry and
outcome data in a systematic way. Modern statistical approaches
allow robust interrogations of prospective observational studies,
as an adjunct to, or even substitute for, RCTs in rare diseases,10

although the potential of these novel approaches has not yet
been realised.11

METHODS
Study design
The European Scleroderma Observational Study (ESOS) was a
prospective, observational cohort study (ClinicalTrials.gov iden-
tifier: NCT02339441), in which standardised data were col-
lected at study entry and at follow-up visits, and entered
electronically by investigators at each centre into an electronic
case record form. All data were checked by the project coordin-
ator and any inconsistencies were discussed with the chief inves-
tigator and (if appropriate) the local principal investigator. The
main inclusion criteria were early dcSSc (skin involvement prox-
imal to elbow, knee, face, neck12 and within three years of the
onset of skin thickening) and age >18 years. Exclusion criteria
were previous stem cell transplantation, previous immunosup-
pressant treatment for >4 months or use of any immunosup-
pressant drug other than methotrexate, mycophenolate mofetil
(MMF) or cyclophosphamide within the month prior to study
entry.

Clinicians selected the protocol of their choice for each
patient. The recommended treatment protocols, as decided by
the Steering Committee to reflect international best clinical prac-
tice, were
1. Methotrexate (oral or subcutaneous with a target dose of

20–25 mg weekly).
2. MMF (500 mg twice daily for 2 weeks increasing to 1 g

twice daily).
3. Cyclophosphamide.

Possible regimens included:
i. Intravenous. Minimum monthly dose 500 mg/m2 with a

recommended duration of 6–12 months.
ii. Oral. 1–2 mg/kg/day with a recommended duration of

12 months. Patients treated with cyclophosphamide were
then usually ‘transferred’ to a maintenance immunosup-
pressive drug (methotrexate, MMF or azathioprine) as
per the treating clinician’s choice.

4. No immunosuppressant treatment, to give the option of
including patients in whom immunosuppression was not felt
indicated or appropriate (or declined by the patient).
Patients were assessed at baseline, with subsequent visits

scheduled three-monthly for 24 months (or between 12 and
24 months for those patients recruited after September 2013).

To have 80% power to detect a difference between two treat-
ment arms of five modified Rodnan skin score (mRSS) units at
12 months would require 63 patients per protocol. Allowing
20% loss to follow-up, and varying numbers recruited to the
different protocols, recruitment target was 316 patients.

Patients
Patients were recruited between July 2010 and September 2014.
Demographic characteristics including age, gender, smoking
habit, ethnicity, antibody status (anti-topoisomerase-1
(anti-Scl70), anti-RNA III polymerase, anticentromere) and pres-
ence of visceral organ involvement were recorded for all
patients. The algorithms to determine the presence of different
types of organ involvement are summarised in online
supplementary table S1.

Outcome measures
The primary outcome measure, assessed at each visit, was the
change in mRSS over time. All mRSS assessments were per-
formed by those experienced in skin scoring. The mRSS is
assessed clinically at 17 body sites on a 0–3 scale (maximum
score 51) and measures the extent of skin thickening.13 It is the
most commonly used primary outcome measure in RCTs of
dcSSc,4 7 8 reflecting disease severity and predicting mortality.14

All other outcomes/recorded variables were mainly part of
routine clinical practice and are summarised in online
supplementary table S2. Secondary end points included pulmon-
ary function (forced vital capacity (FVC: % predicted) and
carbon monoxide diffusing capacity (DLCO: % predicted)),
quality of life15–18 (including the Health Assessment
Questionnaire Disability Index (HAQ-DI)15 and Cochin Hand
Function Scale18), occurrence of side effects and survival.

Statistical analysis
In an observational study, patient characteristics differ between
groups and any differences in outcomes might be driven by
those characteristics rather than the treatments (confounding by
indication). In each of the analyses (for the different outcome
measures), all variables associated with the outcome were con-
sidered as confounders.19 20

Differences between protocols at baseline
Kruskal-Wallis test was applied for continuous variables and
Fisher’s test for categorical variables.

Influence of baseline characteristics on mRSS at baseline
and over time
The association between baseline variables and mRSS was
assessed by simple linear regressions, entering each characteristic
separately as a predictor of mRSS. To examine how each vari-
able affected the progression of mRSS, the regression equation
was modified by adding a term for time and its interaction with
the baseline predictor value.

Differences in the changes between groups for all outcomes
Inverse probability of treatment (IPT) weights equalise the dis-
tributions of confounders between the treatment groups, thus
removing confounding by indication.21 Treatment probabilities
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were computed using multinomial logistic regressions, with the
baseline values of the selected confounders as predictors.22

Censoring weights rebalance the data such that the distributions
of confounders remain unchanged throughout the study. For
each observation, the probability of remaining uncensored given
the baseline values of the confounders, the initial protocol and a
cubic spline for time was calculated using a pooled logistic
regression model.23 Multiplying both weights yielded the IPT
and inverse probability of censoring (IPTC) weights. Weights
>20 were truncated at that value.24

Treatment effects were assessed using IPTC-weighted linear
regression models, which include an intercept, a time term, indi-
cator variables for treatment groups and interactions between
time and treatments. The model followed an intention-to-treat
approach. Differences in the interaction terms reflected differ-
ences in the evolution of outcome.

Cochin hand function data were log-transformed (after
adding one to each value) to correct for a highly left-skewed dis-
tribution. CIs for the difference of logs were back-transformed,
yielding a percentage difference between predicted baseline and
12-month levels.

Because of missing data at baseline for confounders, multiple
imputation by chained equations was applied with STATA
V.13.1. Imputations were performed separately for each differ-
ent outcome model. Moreover, each analysis was restricted to
the subset of patients with available outcome data at baseline.

Survival analysis
Kaplan-Meier curves, adjusted using IPT weights, provide esti-
mates of the cumulative probability of surviving in each of the
protocols. An IPT-weighted Cox regression, including indicator
variables for the protocols, was used to test for differences in
survival between protocols. Both overall and adverse event-free
survival were examined.

RESULTS
In total, 326 patients from 50 centres (19 countries) were
recruited into the study (figure 1): 160 from mainland Europe
and the Middle East, 134 from the UK, 15 from Australia and
17 from North America (six centres from Australia and North
America joined after the initial recruitment wave). Not being a
randomised study, the number of patients starting on each
protocol differed: 65 (19.9%) methotrexate, 118 (36.2%)
MMF, 87 (26.7%) cyclophosphamide and 56 (17.2%) no
immunosuppressant treatment. Median (IQR) doses are shown
in online supplementary table S3.

Baseline characteristics of patients
The median mRSS (21, IQR 16–27) and its distribution did not
differ across all four treatment groups (p=0.306) (table 1).
There were significant differences between treatment groups in
gender (patients in the cyclophosphamide group less likely to be
female, p=0.003) and duration of skin thickening (the ‘no
immunosuppressant’ group had the longest, p=0.001). Also,
patients in the cyclophosphamide group were more likely to
have had previous immunosuppression (p=0.007) or steroid
treatment (p=0.001). At baseline, 94 (28.8%) patients were
taking oral corticosteroids, with a median dose of 10 mg/day
(range 2.5–60 mg/day).

Organ involvement
There were significant differences between groups for presence
of pulmonary fibrosis, cardiac, renal and muscle involvement.
Patients on cyclophosphamide were more likely to have

pulmonary fibrosis (p=0.036 across groups) or cardiac involve-
ment (p=0.009 across groups). Patients in the ‘no immunosup-
pressant’ group were more likely to have renal involvement
(p=0.039), and the methotrexate group had more frequent
muscle involvement (p=0.002).

Functional ability
Scores for the HAQ-DI, Functional Assessment of Chronic
Illness Therapy (FACIT) fatigue and Short-Form 36 (SF36)
physical and mental indexes did not differ significantly between
groups. However, there were significant differences across
groups in the cochin hand function scale (CHFS), which was
poorest in the cyclophosphamide group (p=0.025).

Concomitant medications
As anticipated in a study of patients with early dcSSc, there was
substantial use of concomitant medications (see online
supplementary table S4).

Progression through the study
Figure 1 shows how patients progressed through the study.
Overall, 276 patients (84.7%) remained in the study at
12 months of follow-up and 234 (71.7%) completed 24 months
(or reached the last study visit date of 30 September 2015).

Changes in protocol
A total of 60 (18.4%), 12 (3.7%) and 1 (0.3%) patients
changed protocol one, two or three times during the study.
Among patients still in the study, adherence to initial protocol at
24 months for the different cohorts was 76.2% (methotrexate),
79.7% (MMF), 79.2% (cyclophosphamide) and 73.3% (no
immunosuppressant) (see online supplementary figure S1). In
the no immunosuppressant cohort, 10 out of 56 patients com-
menced an immunosuppressant (figure 1).

Withdrawals and deaths
In total, 35 patients (10.7%) died and 42 (12.9%) withdrew
from the study (including lost to follow-up). Of the 35 deceased
patients, 31 cases were primarily attributed to SSc-related causes
(26 most likely primarily cardiorespiratory, 2 renal crises, 2
gastrointestinal (one aspiration) and 1 peritonitis (on peritoneal
dialysis following renal crisis)), 3 died of cancer (1 nasopharyn-
geal, 1 rectal, 1 colorectal) and in 1 case the cause was
unknown.

Influence of baseline variables on the initial skin score
and on skin score trajectory
Table 2 summarises the effect of different characteristics on the
initial mRSS and its subsequent trajectory, as analysed with
linear regression.

Using the associations described by table 2, the confounders
identified for the skin score were age, duration of skin thicken-
ing, current or previous steroid use, anti-topoisomerase,
anti-RNA polymerase III, pulmonary fibrosis, pulmonary hyper-
tension, cardiac, renal and muscle involvement, as well as
HAQ-DI, Cochin hand function and FACIT fatigue scores (see
online supplementary table S5 for lists of confounders and
online supplementary tables S6– S13 for each model’s confoun-
der selection process).

Changes in skin score over time in the different treatment
groups
The mean change in mRSS after 12 and 24 months was −2.9 and
−6.7 units. Based on a weighted regression model, there were
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Figure 1 Progression of patients through the study.
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Table 1 Baseline characteristics and differences between protocols

Characteristic

Protocol 1
Methotrexate
n=65

Protocol 2
Mycophenolate
mofetil, n=118

Protocol 3
Cyclophosphamide
n=87

Protocol 4
No
immunosuppressant
n=56

P
Value*

Total
n=326

Missing at
baseline,
no. (%)

Age, years 52.5
(41.5–61.1)

50
(40.7–61.1)

54.1
(45.7–60.5)

52.3
(42.3–60.3)

0.324 52.3
(43–60.8)

0
(0%)

Female, no. (%) 50
(76.9%)

94
(79.7%)

49
(56.3%)

40
(71.4%)

0.003 233
(71.5%)

0
(0%)

Months since onset of skin thickening 10.3
(5.5–20.8)

12.6
(7.8–21.8)

10.2
(5.9–14.5)

16.5
(8.7–27)

0.001 11.9
(7–21)

18
(5.5%)

Years since onset of first non-Raynaud’s
manifestation

1.3
(0.7–2.1)

1.4
(0.9–2)

1.0
(0.6–1.4)

1.7
(0.9–2.5)

0.001 1.2
(0.8–2)

6
(1.8%)

Years since onset of Raynaud’s
phenomenon

1.3
(0.7–2.5)

1.9
(1.1–3.1)

1.4
(0.9–2.4)

2.2
(1.1–3.7)

0.014 1.7
(1–2.9)

22
(6.7%)

Previous immunosuppressant use, no. (%)† 3
(4.6%)

5
(4.2%)

15
(17.2%)

3
(5.4%)

0.007 26
(8%)

0
(0%)

Current or previous steroid use, no. (%) 33
(50.8%)

39
(34.2%)

51
(58.6%)

18
(32.1%)

0.001 141
(43.8%)

4
(1.2%)

Current smoker (%) 11
(16.9%)

17
(15.3%)

18
(21.7%)

11
(20.8%)

0.646 57
(18.3%)

14
(4.3%)

History of cancer, no. (%) 5
(7.8%)

4
(3.4%)

4
(4.7%)

7
(12.5%)

0.121 20
(6.2%)

4
(1.2%)

Caucasian, no. (%) 54
(83.1%)

92
(78.0%)

77
(88.5%)

49
(87.5%)

0.201 272
(83.4%)

0
(0%)

mRSS (0–51) 21
(17–24)

21
(16–27)

22
(17–29)

20
(15.5–26)

0.306 21
(16–27)

0
(0%)

Haemoglobin (g/L) 127
(118–136)

126
(118–137)

130
(116–140)

130
(118–139)

0.721 128
(118–137)

13
(4%)

White blood count (×109/L) 7.7
(6.7–9.4)

7.9
(6.4–9.5)

8.9
(7.3–10.6)

8.0
(6.7–9.4)

0.029 8
(6.8–9.9)

14
(4.3%)

Platelets (×109/L) 300
(254–337)

298
(246–370)

309
(259–359)

281
(250–337)

0.459 298
(253–358)

15
(4.6%)

ESR (mm/hour) 17
(10–29)

18
(8–30)

21
(9–48)

20
(10–35)

0.341 18
(8–34)

77
(23.6%)

CRP (mg/L) 4.0
(2.2–7.5)

5.0
(1.1–11)

5.9
(3.2–20.0)

4.8
(3.0–11.7)

0.026 5
(2.1–11.8)

90
(27.6%)

Anti-topoisomerase (anti-Scl70), no. (%) 20
(31.3%)

49
(42.6%)

39
(45.3%)

18
(33.3%)

0.228 126
(39.5%)

7
(2.1%)

Anti-RNA polymerase III, no. (%) 9
(18.8%)

23
(23.2%)

9
(13.0%)

9
(19.6%)

0.433 50
(19.1%)

64
(19.6%)

Anticentromere, no. (%) 9
(14.1%)

6
(5.4%)

4
(4.7%)

3
(5.7%)

0.147 22
(7%)

12
(3.7%)

Organ involvement

Pulmonary fibrosis, no. (%) 8
(12.3%)

13
(11%)

21
(24.1%)

5
(8.9%)

0.036 47
(14.4%)

0
(0%)

FVC (% predicted) 93.7
(81–106)

90
(75–102)

82.5
(68.5–96.5)

90
(75–100)

0.026 89
(75–102)

19
(5.8%)

DLCO (% predicted) 73
(62–83)

64.5
(48–77)

57
(41–73)

64
(52–75)

<0.0005 64
(50–78)

35
(10.7%)

Pulmonary hypertension, no. (%) 4
(6.3%)

7
(5.9%)

10
(11.5%)

5
(8.9%)

0.488 26
(8%)

1
(0.3%)

sPAP or RVSP (mm Hg)‡ 27
(23–32)

27
(20–33)

30
(23–37)

27
(23–35)

0.472 29
(21–34)

124
(38%)

Cardiac involvement, no. (%) 5
(7.7%)

8
(6.8%)

19
(21.8%)

7
(13.0%)

0.009 39
(12%)

2
(0.6%)

Renal involvement, no. (%)§ 1
(1.5%)

13
(11%)

10
(11.5%)

8
(14.3%)

0.039 32
(9.8%)

0
(0%)

eGFR (mL/min) 90
(63–90)

84.5
(60–90)

90
(60–90)

80
(60–90)

0.339 85
(60–90)

92
(28.2%)

Renal crisis 0
(0%)

8
(6.8%)

4
(4.6%)

4
(7.1%)

0.110 16
(4.9%)

0
(0%)

Plasma creatinine (μmol/L) 63.5
(55–72)

69
(55–83)

64.5
(53–86)

64
(56–77)

0.422 65
(55–79.5)

70
(21.5%)

Continued
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statistically significant reductions in mRSS in all four treatment
groups at 12 months (−4.0 (−5.2 to −2.7) units for methotrexate,
−4.1 (−5.3 to −2.9) for MMF, −3.3 (−4.9 to −1.7) for cyclo-
phosphamide and −2.2 (−4.0 to −0.3) for the no immunosup-
pressant group), but the differences between treatments were not
significant (p=0.346) (table 3 and figure 2).

Changes in secondary outcomes over time in the different
treatment groups
Lung function
After adjusting for potential confounders, the change rates of
FVC and DLCO were not significantly different in the four
treatment groups (p=0.460 and 0.505) (table 3).

However, in a subset of patients with pulmonary fibrosis or
suspected pulmonary fibrosis (cases confirmed on high-
resolution CT (HRCT) irrespective of FVC or DLCO, or with
one of the following if HRCT not performed: FVC or DLCO
under 55% predicted or definite bibasal shadowing on X-ray),
there was a significant difference in the change rate of FVC over
time (p=0.035). Patients initially prescribed cyclophosphamide
demonstrated 7.4% absolute increase in FVC (% predicted)
compared with 2.0% decrease for methotrexate, 3.2% increase
for MMF and 4.0% increase for the ‘no immunosuppressant’
group (table 3).

Functional ability and hand function
Changes over time for the HAQ-DI and CHFS did not differ
between protocols (p=0.130 and 0.073), regardless of adjusting
(table 3).

Development of internal organ involvement
This is described in online supplementary figure S2.

Comparison of survival between treatment protocols
Survival was lowest in the no immunosuppressant group at both
12 and 24 months but differences between protocols were not
statistically significant either before (p=0.389) or after weight-
ing (p=0.440). In the adjusted model, at 24 months, those in
the no immunosuppressant group had a predicted survival rate
of 84.0% compared with 94.1% for methotrexate, 88.8% for
MMF and 90.1% for cyclophosphamide (figure 3). Patients
with lung involvement (pulmonary fibrosis and/or hypertension)
at baseline had significantly poorer survival than those without:
at 24 months, their predicted survival rate was 74.6% versus
91.7% (p<0.0005) and similarly for cardiac involvement,
71.6% versus 90.7% (p<0.0005).

Adverse effects
Of the 75, 182 and 101 patients who were ever on methotrex-
ate, MMF or cyclophosphamide, respectively, 29 (38.7%), 40
(22.0%) and 23 (22.8%) were reported to have had side effects,
necessitating drug discontinuation in 9 (12.0%), 14 (7.7%) and
5 (4.5%) patients, respectively. A survival analysis on protocol
exits due to adverse effects showed no differences in the toler-
ability of the three treatments (p=0.212) (see online
supplementary figure S3).

DISCUSSION
Our main findings were, first, that there were no significant dif-
ferences in outcome between the four treatment protocols
(methotrexate, MMF, cyclophosphamide, no immunosuppres-
sion), although there may be a signal in favour of immunosup-
pression for early dcSSc. Although skin score improved in all
treatment groups, this was least in the no immunosuppressant
category, who also had the highest mortality. Second, ESOS

Table 1 Continued

Characteristic

Protocol 1
Methotrexate
n=65

Protocol 2
Mycophenolate
mofetil, n=118

Protocol 3
Cyclophosphamide
n=87

Protocol 4
No
immunosuppressant
n=56

P
Value*

Total
n=326

Missing at
baseline,
no. (%)

Any GI involvement, no. (%) 25
(38.5%)

32
(27.1%)

30
(34.5%)

26
(46.4%)

0.078 113
(34.7%)

0
(0%)

Muscle involvement, no. (%) 12
(18.5%)

9
(7.6%)

10
(11.5%)

0
(0%)

0.002 31
(9.5%)

0
(0%)

Current digital ulcers 10
(15.4%)

17
(14.4%)

17
(19.5%)

11
(19.6%)

0.705 55
(16.9%)

0
(0%)

Patient questionnaire data

HAQ-DI (0–3) 1.1
(0.4–1.8)

1
(0.5–1.6)

1
(0.4–1.9)

0.7
(0.1–1.5)

0.400 1
(0.4–1.8)

19
(5.8%)

FACIT fatigue score (0–52) 33
(21.5–42.5)

30
(20–37)

31
(17–40)

37
(21–44)

0.165 31
(20–41)

16
(4.9%)

SF36 physical score (0–100) 39.2
(30.9–45.1)

36.4
(30.8–43)

36
(27.2–44.5)

39.2
(32–48.4)

0.203 37.4
(29.9–45)

15
(4.6%)

SF36 mental score (0–100)¶ 37.2
(33.3–44)

36.8
(32.2–41.9)

39.5
(35.7–44.7)

40.8
(35.9–44.1)

0.029 38.3
(34.3–44)

15
(4.6%)

Cochin hand function score (0–90) ** 11.5
(2–30.5)

10
(4–24)

16
(5–40)

6.5
(0–23)

0.025 11
(3–29)

96
(29.4%)

Median (IQR) unless otherwise indicated.
*p indicates significance of Kruskal-Wallis test (for continuous variables) or Fisher’s exact test (for categorical variables).
†Of the 26 patients who had previously received immunosuppressant therapy, in 2 patients this was for cancer.
‡86 patients had a sPAP/RVSP value assumed to be normal and thus not measured. If those cases are omitted, only 38 values of sPAP/RVSP are missing (11.7%). Median values are
‘falsely’ high because calculation omits unmeasured (normal) values.
§Renal involvement is defined as renal crisis and/or moderate-to-severe renal impairment.
¶Despite the significant p-value for the Kruskal-Wallis test, post hoc tests reject any between-group differences in the SF36 mental scores.
** Cochin hand function scores were not performed in all centres because of translational issues.
CRP, C reactive protein; DLCO, carbon monoxide diffusing capacity; eGFR, estimated glomerular filtration rate; ESR, erythrocyte sedimentation rate; FACIT, Functional Assessment of
Chronic Illness Therapy; FVC, forced vital capacity; GI, gastrointestinal; HAQ-DI, Health Assessment Questionnaire Disability Index; mRSS, modified Rodnan skin score (17 sites); RVSP, right
ventricular systolic pressure; SF36, Short-Form 36; sPAP, systolic pulmonary artery pressure.
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confirms the relative effectiveness of cyclophosphamide in
patients with pulmonary fibrosis.25 26

An important point when interpreting our findings (and
therefore a note of caution) is that the ‘no immunosuppressant’
group was not a control group. Patients in this group had a
longer disease duration than the other three groups and were
more likely to have renal involvement.

Our findings lend support to two recently published studies
(the Autologous Stem Cell Transplantation International
Scleroderma trial (ASTIS) trial of autologous stem cell trans-
plantation27 and the Scleroderma Lung Study (SLS) II (compar-
ing MMF and cyclophosphamide),26 which suggest benefit,
including in mRSS, from immunosuppression (as did SLS 125).
In ASTIS, those patients randomised to cyclophosphamide had
an 8.8 unit fall in mRSS (from 25.8) at 24 months (compared
with 3.3 in ESOS over 12 months), but the cyclophosphamide
protocol was more intense, and the patients had more severe
disease (patients with the highest mRSS at baseline tend to
improve most quickly4 as also demonstrated by our own find-
ings (table 2)). MRSS fell by 19.9 units in those patients

randomised to stem cell transplantation27 (and therefore inten-
sive immunosuppression). In SLS 1,25 patients with dcSSc ran-
domised to cyclophosphamide experienced a 5.3 unit fall in
mRSS at 12 months (compared with 3.3 in ESOS), whereas
mRSS fell by 1.7 on placebo (compared with 2.2 units in the
ESOS ‘no immunosuppressant’ group). In SLS II,26 mRSS at
24 months fell 4.9 units on MMF (compared with 4.1 units in
ESOS at 12 months) and by 5.4 after 12 months treatment with
cyclophosphamide, although these values are not directly com-
parable because they relate to patients with limited cutaneous
and dcSSc combined.

The methodological strength of ESOS, which built upon
experience gained in a previous, smaller observational study,28

was its design: its standardised protocols emulated the condi-
tions of a clinical trial, and although not randomised, patients
were enrolled into four homogenous treatment arms with well-
defined interventions and a systematic record of protocol
changes and exits. Entry criteria were deliberately inclusive:
RCTs often exclude patients with internal organ involvement
and for whom immunosuppression is most likely to be

Table 2 Associations between baseline characteristics and skin score

Characteristic (A) Association with baseline mRSS (B) Effect on mRSS evolution

Baseline predictor coefficient
(95% CI) p(1)

Time slope
(12 months)

Time–predictor interaction coefficient
(95% CI) p(2)

Age, per 10 years 0.9 (0.3 to 1.6) 0.004 −1.8 −0.3 (−0.6 to −0.1) 0.007

Female −1.8 (−3.7 to 0.2) 0.072 −3.5 0.1 (−0.5 to 0.8) 0.680

Months since onset of skin thickening −0.1 (−0.2 to 0) 0.156 −4.3 0.1 (0 to 0.1) 0.002

Previous immunosuppressant use −2.1 (−5.3 to 1.2) 0.205 −3.5 0.1 (−1 to 1.3) 0.808

Current or previous steroid use 1.2 (−0.6 to 3.0) 0.191 −2.9 −1.2 (−1.8 to −0.6) <0.0005

mRSS (0–51), per 5 units 0.9 −1 (−1.2 to −0.8) <0.0001

White blood count (×109/L) 0.5 (0.2 to 0.8) 0.002 −2.2 −0.1 (−0.3 to 0) 0.014

ESR (mm/hour) 0.1 (0 to 0.1) 0.003 −4.0 0 (0 to 0) 0.079

CRP (mg/L) 0.1 (0 to 0.2) 0.003 −4.4 0.1 (0 to 0.1) 0.001

Anti-topoisomerase (anti-Scl70) −2.6 (−4.4 to −0.8) 0.005 −4.3 2.2 (1.6 to 2.8) <0.0001

Anti-RNA polymerase III 4.5 (2.1 to 6.9) <0.0005 −3.0 −2.1 (−2.9 to −1.2) <0.0001

Anticentromere −0.4 (−3.9 to 3.1) 0.816 −3.4 0.5 (−0.8 to 1.9) 0.456

Organ involvement

Pulmonary fibrosis 2.9 (0.4 to 5.4) 0.021 −3.5 0.3 (−0.6 to 1.2) 0.534

FVC (% predicted) −0.1 (−0.1 to 0) 0.013 −5.5 0 (0 to 0) 0.005

DLCO (% predicted) 0 (−0.1 to 0) 0.105 −3.2 0 (0 to 0) 0.689

Pulmonary hypertension 2.5 (−0.7 to 5.8) 0.128 −3.3 −2.1 (−3.3 to −0.8) 0.001

Cardiac involvement 2.5 (−0.2 to 5.2) 0.075 −3.5 0 (−1.0 to 0.9) 0.929

Renal involvement* 2.2 (−0.7 to 5.2) 0.140 −3.3 −1.6 (−2.6 to −0.5) 0.004

Any GI involvement, no. (%) 2.2 (0.3 to 4.0) 0.021 −3.4 −0.1 (−0.8 to 0.5) 0.664

Muscle involvement 1.2 (−1.8 to 4.2) 0.425 −3.2 −2 (−2.9 to −1.0) <0.0005

Current digital ulcers 2.5 (0.1 to 4.8) 0.038 −3.3 −0.9 (−1.8 to 0) 0.047

Patient questionnaire data

HAQ-DI (0–3) 3.5 (2.5 to 4.6) <0.0001 −3.0 −0.4 (−0.8 to 0) 0.039

FACIT fatigue score (0–52), per 10 units −1.3 (−2.0 to −0.6) <0.0005 −3.1 −0.1 (−0.3 to 0.2) 0.484

SF36 physical score (0–100) −0.2 (−0.3 to −0.1) <0.0001 −3.3 0 (0 to 0) 0.873

SF36 mental score (0–100) 0.1 (−0.1 to 0.2) 0.297 −1.8 0 (−0.1 to 0) 0.081

Cochin hand function score (0–90), per
10 units

1.4 (0.9 to 1.9) <0.0001 −3.7 0 (−0.2 to 0.2) 0.979

Example for interpretation of results: the presence of anti-RNA polymerase III is associated with (A) a higher mRSS by 4.5 units at baseline and (B) losing an extra 2.1 units per year
compared with an average of −3.0 units per year for all patients.
*Renal involvement is defined as renal crisis and/or moderate-to-severe renal impairment.
p(1): Significance p value for characteristic coefficient in linear regression of baseline mRSS on baseline predictor.
p(2): Significance p value for interaction coefficient between time and baseline characteristic in a longitudinal regression model.
CRP, C reactive protein; DLCO, carbon monoxide diffusing capacity; ESR, erythrocyte sedimentation rate; FACIT, Functional Assessment of Chronic Illness Therapy; FVC, forced vital
capacity; GI, gastrointestinal; HAQ-DI, Health Assessment Questionnaire Disability Index; mRSS, modified Rodnan skin score (17 sites); SF36, Short-Form 36.
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Figure 2 Modified Rodnan skin score (mRSS) during baseline and follow-up visits, by initial protocol. For each group of patients, according to their
initial protocol, the distribution of the skin score is illustrated on the left-hand side by box and whisker plots (indicating the median and IQR) at
baseline, 12 and 24 months. On the right-hand side, the distribution of individual 1-year changes in the skin score is described by histograms and a
kernel density estimate. In addition, a vertical green line indicates the value of the average 1-year change in the skin score, irrespective of treatment
choice. The bottom panel in the figure describes the estimated changes in mRSS (with 95% CI) according to initial protocol, based on the results
from the adjusted model (described in table 3).
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beneficial. By recruiting 326 patients from 50 centres, ESOS
represents a large cohort of patients with very early dcSSc
(median duration of skin thickening 11.9 months): its data will
serve as a benchmark when designing and interpreting future
clinical trials. This is especially relevant with a number of novel
treatment approaches currently being explored including bio-
logical agents. For example, in a recent RCT of tocilizumab,29

mRSS fell over 24 weeks by 3.9 units from 26 in the 43
tocilizumab-treated patients and by 1.2 units from 26 in the 44
placebo-treated patients, this latter fall comparable to the ESOS
‘no immunosuppressant’ response. In comparing between these
studies, the higher baseline mRSS in the tocilizumab study
should be borne in mind.

The main weakness of observational studies is that each
patient’s outcome on her/his treatment arm cannot be com-
pletely disentangled from her/his initial characteristics. For
instance, ESOS has verified that patients with lung and cardiac
involvement tend to be prescribed cyclophosphamide. However,
adjusting using IPTweights minimises the problem of confound-
ing by indication.

In conclusion, observational studies offer a rich population-
wide perspective assessing treatment effects in a real-world
setting. ESOS achieved its aim of following a large international
cohort of patients with early dcSSc over 2 years, each of whom
was treated according to one of four protocols. The message for
clinicians is that there is a weak signal to support using immuno-
suppressants for early dcSSc (and in particular cyclophospha-
mide for patients with pulmonary fibrosis). However, it is clear
that there remains a pressing need for the development of more
effective and targeted treatments.

Author affiliations
1Centre for Musculoskeletal Research, The University of Manchester, Salford Royal
NHS Foundation Trust, Manchester Academic Health Science Centre, Manchester, UK

2NIHR Manchester Musculoskeletal Biomedical Research Unit, Central Manchester
NHS Foundation Trust, Manchester Academic Health Science Centre, Manchester, UK
3Centre for Musculoskeletal Research, The University of Manchester, Manchester
Academic Health Science Centre, Manchester, UK
4Department of Rheumatology, Lund University, Lund, Sweden
5Service de Médecine Interne, Hôpital Cochin, Centre de Référence pour les
Vascularites Nécrosantes et la Sclérodermie Systémique, Université Paris Descartes,
Assistance Publique-Hôpitaux de Paris (AP-HP), Paris, France
6Nuffield Department of Orthopaedics, Rheumatology and Musculoskeletal Sciences,
University of Oxford, Oxford, UK
7Member of Steering Committee, contact via Professor Herrick, The University of
Manchester, Manchester, UK
8Department of Rheumatology and Immunology, Medical Center, University of Pécs,
Pecs, Hungary
9Department of Internal Medicine 3, University of Erlangen-Nuremberg, Erlangen,
Germany
10Department of Rheumatology, University of Zurich, Zurich, Switzerland
11Royal Free London NHS Foundation Trust, London, UK.
12Rehabilitation Services, Salford Royal NHS Foundation Trust, Salford, UK
13Department of the Rheumatic Diseases, Radboud University Nijmegen Medical
Centre, Nijmegen, The Netherlands
14Rheumatology 2 Department, “Grigore T. Popa” University of Medicine and
Pharmacy, Clinical Rehabilitation Hospital, Iași, Romania
15UCL Division of Medicine, Centre for Rheumatology and Connective Tissue
Diseases, London, UK
16Unité Clinique de Médecine Interne, Maladies Auto-immunes et Pathologie
Vasculaire, UF 04, Hôpital Saint-Louis, AP-HP Assistance Publique des Hôpitaux de
Paris, INSERM UMRS 1160, Paris Denis Diderot University, France
17Jewish General Hospital, Lady Davis Institute and McGill University, Montreal,
Canada
18Department Experimental and Clinical Medicine, Division of Rheumatology AOUC,
University of Florence, Florence, Italy
19Shine Rheumatology Unit, Rambam Heath Care Campus; Rappaport Faculty of
Medicine, Haifa, Israel
20Rheumatology Unit, Oslo University Hospital Rikshospitalet, Oslo, Norway
21Queen Elizabeth Hospital Birmingham, UHB Foundation Trust, Birmingham, UK
22St Vincent’s Hospital, Melbourne, Australia
23Department for Dermatology, University of Cologne Kerpenerstr. 62, Köln,
Germany
24Cambridge University NHS Hospital Foundation Trust, Cambridge, UK
25Department of Internal Medicine, Hôtel-Dieu Hospital, University of Nantes,
Nantes, France

Figure 3 Kaplan-Meier estimated survival curves by treatment group.

1216 Herrick AL, et al. Ann Rheum Dis 2017;76:1207–1218. doi:10.1136/annrheumdis-2016-210503

Clinical and epidemiological research

http://ard.bmj.com/
http://group.bmj.com


26University of Liverpool, Aintree University Hospital, Liverpool, UK
27Service de Médecine Interne, Hôpital Bretonneau Tours Cedex, France
28Centre for Rheumatic Diseases, Glasgow Royal Infirmary, Glasgow, UK
29Sheffield Teaching Hospitals, Sheffield, UK
30Leeds Institute of Rheumatic and Musculoskeletal Medicine, University of Leeds
and NIHR Leeds Musculoskeletal Biomedical Research Unit, Leeds Teaching Hospitals
NHS Trust, UK
31Stanford University, Stanford, California, USA.
32University of Belgrade School of Medicine, Institute of Rheumatology, Belgrade,
Serbia
33Clinical and Academic Rheumatology, North Bristol NHS Trust, Bristol, UK
34Nottingham University Hospitals NHS Trust, and Nottingham NHS Treatment
Centre, Nottingham, UK
35Peter Maddison Rheumatology Centre, Llandudno, UK
36Queens Hospital, Romford, UK
37University of Copenhagen, Copenhagen Lupus and Vasculitis Clinic, Center for
Rheumatology and Spine Diseases, Rigshospitalet, Copenhagen, Denmark
38Norwich Medical School, University of East Anglia, Norwich, UK
39Royal National Hospital for Rheumatic Diseases, Bath, UK
40Department of Rheumatology and Clinical Immunology, Justus-Liebig University
Giessen, Bad Nauheim, Germany
41Department of Rheumatology, University of Lübeck, Lübeck, Germany
42Department of Rheumatology and Clinical Immunology, University Hospital Charité
Berlin, Berlin, Germany
43Department of Rheumatology, Royal Perth Hospital, Perth, Australia
44Servicio de Reumatologia. Hospital Universitario 12 de Octubre, Madrid, Spain
45Internal Medicine Unit, Limoges University Hospital, France
46Département de Médecine Interne et Immunologie Clinique, Centre National de
Référence Maladies Systémiques etAuto-immunes Rares, Université de Lille, Inserm,
U995, FHU Immune-Mediated Inflammatory Diseases and Targeted Therapies, Lille,
France
47Gateshead Hospitals Foundation Trust, Gateshead, UK
48Department of Internal Medicine, Division of Rheumatology, Istanbul University,
Istanbul, Turkey
49Fife Rheumatic Diseases Unit, Whyteman’s Brae Hospital, Kirkcaldy, UK
50Department of Rheumatology and Clinical Immunology, UMC Utrecht, Utrecht,
The Netherlands
51James Cook University Hospital, Middlesbrough, UK
52Rheumatology Unit, Royal Adelaide Hospital, and Discipline of Medicine, University
of Adelaide, Adelaide, South Australia
53Department of Rheumatology and Inflammation Research, The Sahlgrenska
Academy at Gothenburg University, Gothenburg, Sweden
54Monash Centre for Inflammatory Diseases, Monash University, Clayton,
Melbourne, Australia
55Department of Internal Medicine, Hôpital Edouard Herriot, Lyon, France
56Department of Internal Medicine, Foundation Hospital Saint Joseph, Marseille,
France
57Cannock Chase Hospital, Cannock, UK
58St Vincent’s University Hospital, Dublin, Ireland
59 Department of Internal Medicine, Centre Hospitalier Lyon Sud, Pierre Benite,
France
60Internal Medecine, Ambroise Paré Hospital, Boulogne Billancourt, France

Acknowledgements The authors are grateful to Dr Holly Ennis for study set-up
and to her and Dr Graham Dinsdale for project coordination during the earlier
phases of the study. Thanks also to members of the independent oversight board:
Stephen Cole, Dinesh Khanna and Frank Wollheim.

Contributors ALH, ML, RH, LM, AS, EB, LC, JHWD, OD, KF, WJG, RO, MV and
CPD were members of the Steering Committee and designed the study. ALH, RH,
LM, LC, JHWD, OD, MV, CA, VHO, DF, MH, MM-C, AB-G,OM, ACJ, PJ, WS, PM,
FCH, CA, MEA, ED, RM, MA, MHB, LC, ND, HG, PL, YA, KC, SJ, AJM, NM, UM-L,
GR, MB, JR, PEC, AF, EH, JH, MI, JSM, J van L, SP, SP, AR, JS, BC, CS, TS, DJV, CG,
GT and CPD were principal investigators at the different sites and recruited patients.
XP was study coordinator. SP and ML were responsible for the statistical analysis.
ALH, XP, SP, ML, RH, LM, AS and CPD wrote the draft report, and all authors
reviewed the report, provided comments and approved the final report.

Funding ESOS was funded by a grant from the European League Against
Rheumatism (EULAR) Orphan Disease Programme. Additional funding from
Scleroderma and Raynaud’s UK allowed a 1-year extension of the study.

Competing interests ALH has done consultancy work for Actelion, served on a
Data Safety Monitoring Board for Apricus, received research funding and speaker’s
fees from Actelion, and speaker’s fees from GSK. JHWD has consultancy
relationships and/or has received research funding from Actelion, BMS, Celgene,
Bayer Pharma, Boehringer Ingelheim, JB Therapeutics, Sanofi-Aventis, Novartis, UCB,
GSK, Array Biopharma, Active Biotech, Galapagos, Inventiva, Medac, Pfizer, Anamar
and RuiYi and is stock owner of 4D Science GmbH. OD has received consultancy

fees from 4D Science, Actelion, Active Biotech, Bayer, Biogenidec, BMS, Boehringer
Ingelheim, EpiPharm, Ergonex, espeRare Foundation, Genentech/Roche, GSK,
Inventiva, Lilly, Medac, Medimmune, Pharmacyclics, Pfizer, Serodapharm, and Sinoxa
and received research grants from Actelion, Bayer, Boehringer Ingelheim, Ergonex,
Pfizer and Sanofi, and has a patent mir-29 for the treatment of systemic sclerosis
licenced. WG has received teaching fees from Pfizer. FH has received research
funding from Actelion. MEA has undertaken advisory board work and received
honoraria from Actelion, and received speaker’s fees from Bristol-Myers Squibb. LC
has done advisory board work for Gilead and served Data Safety Monitoring Boards
for Cytori and Reata. HG has done consultancy work and received honoraria from
Actelion. UM-L is funded in part bu EUSTAR/EULAR. JMvL has received honoraria
from Eli Lilly, Pfizer, Roche, MSD and BMS. AR receives funding from AstraZeneca.
CPD has done consultancy for GSK, Actelion, Bayer, Inventiva and Merck-Serono,
received research grant funding from GSK, Actelion, CSL Behring and Inventiva,
received speaker’s fees from Bayer and given trial advice to Merck-Serono.

Patient consent Obtained.

Ethics approval The Ethics Committee of each centre approved the study.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement At present, unpublished data from the study are not
available for sharing. This position may change in 6–12 months time.

Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

REFERENCES
1 Nikpour M, Stevens WM, Herrick AL, et al. Epidemiology of systemic sclerosis. Best

Practice Res Clin Rheumatol 2010;24:857–69.
2 Rubio-Rivas M, Royo C, Simeon CP, et al. Mortality and survival in systemic

sclerosis : systematic review and meta-analysis. Sem Arthritis Rheum
2014;44:208–19.

3 Nihtyanova SI, Schreiber BE, Ong VH, et al. Prediction of pulmonary complications
and long-term survival in systemic sclerosis. Arthritis Rheum 2014;66:1625–35.

4 Merkel PA, Silliman NP, Clements PJ, et al. Patterns and predictors of change in
outcome measures in clinical trials in scleroderma: An individual patient
meta-analysis of 629 subjects with diffuse cutaneous systemic sclerosis. Arthritis
Rheum 2012;64:3420–9.

5 Silverman SL. From randomized controlled trials to observational studies. Am J Med
2009;122:114–20.

6 Halpern SD, Karlawish JT, Berlin JA. The continuing unethical conduct of
underpowered clinical trials. JAMA 2002;288:358–62.

7 Pope JE, Bellamy N, Seibold JR, et al. A randomized, controlled trial of methotrexate
versus placebo in early diffuse scleroderma. Arthritis Rheum 2001;44:1351–8.

8 Denton CP, Merkel PA, Furst DE, et al. Recombinant human anti-transforming
growth factor β1 antibody therapy in systemic sclerosis: a multicentre, randomized,
placebo-controlled Phase I/II trial of CAT-192. Arthritis Rheum 2007;56:
323–3.

9 Kowal-Bielecka O, Landewé R, Avouac J, et al. EULAR recommendations for the
treatment of systemic sclerosis: a report from the EULAR Scleroderma Trials and
Research Group (EUSTAR). Ann Rheum Dis 2009;68:620–8.

10 Rawlins MD. The Harveian Oration of 2008: On the evidence for decisions about
the use of therapeutic interventions. London: Royal College of Physicians, 2008.

11 Gagne J, Thompson L, O’Keefe K, et al. Innovative research methods for studying
treatments for rare diseases: methodological review. BMJ 2014;349:g6802.

12 LeRoy EC, Black C, Fleischmajer R, et al. Scleroderma (systemic sclerosis):
classification, subsets and pathogenesis. J Rheumatol 1988;15:202–5.

13 Clements P, Lachenbruch P, Siebold J, et al. Inter- and intraobserver variability of
total skin thickness score (modified Rodnan TSS) in systemic sclerosis. J Rheumatol
1995;22:1281–5.

14 Clements PJ, Hurwitz EL, Wong WK, et al. Skin thickness score as a predictor and
correlate of outcome in systemic sclerosis. Arthritis Rheum 2000;43:2445–54.

15 Steen VD, Medsger TA. The value of the health assessment questionnaire and
special patient-generated scales to demonstrate change in systemic sclerosis patients
over time. Arthritis Rheum 1997;40:1984–91.

16 Webster K, Cella D, Yost K. The Functional Assessment of Chronic Illness Therapy
(FACIT) Measurement System: properties, applications, and interpretation. Health
Qual Life Outcomes 2003;1:79.

17 Harel D, Thombs BD, Hudson M, et al. Measuring fatigue in SSc: a comparison of
the Short Form-36 Vitality subscale and Functional Assessment of Chronic Illness
Therapy–Fatigue scale. Rheumatol 2012;51:2177–85.

18 Rannou F, Poiraudeau S, Berezne A, et al. Assessing disability and quality of life in
systemic sclerosis: construct validities of the Cochin Hand Function Scale, Health

1217Herrick AL, et al. Ann Rheum Dis 2017;76:1207–1218. doi:10.1136/annrheumdis-2016-210503

Clinical and epidemiological research

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1016/j.berh.2010.10.007
http://dx.doi.org/10.1016/j.berh.2010.10.007
http://dx.doi.org/10.1016/j.semarthrit.2014.05.010
http://dx.doi.org/10.1002/art.38390
http://dx.doi.org/10.1002/art.34427
http://dx.doi.org/10.1002/art.34427
http://dx.doi.org/10.1016/j.amjmed.2008.09.030
http://dx.doi.org/10.1001/jama.288.3.358
http://dx.doi.org/10.1002/1529-0131(200106)44:6<1351::AID-ART227>3.0.CO;2-I
http://dx.doi.org/10.1002/art.22289
http://dx.doi.org/10.1136/ard.2008.096677
http://dx.doi.org/10.1136/bmj.g6802
http://dx.doi.org/10.1002/1529-0131(200011)43:11<2445::AID-ANR11>3.0.CO;2-Q
http://dx.doi.org/10.1002/art.1780401110
http://dx.doi.org/10.1186/1477-7525-1-79
http://dx.doi.org/10.1186/1477-7525-1-79
http://dx.doi.org/10.1093/rheumatology/kes206
http://ard.bmj.com/
http://group.bmj.com


Assessment Questionnaire (HAQ), Systemic Sclerosis HAQ, and Medical Outcomes
Study 36-Item Short Form Health Survey. Arthritis Rheum 2007;57:94–102.

19 Brookhart MA, Schneeweiss S, Rothman KJ, et al. Variable selection for propensity
score models. Amer J Epidemiol 2006;163:1149–56.

20 Austin PC, Grootendorst P, Normand S-LT, et al. Conditioning on the propensity
score can result in biased estimation of common measures of treatment effect: a
Monte Carlo study. Stat Med 2007;26:754–68.

21 Sato T, Matsuyama Y. Marginal structural models as a tool for standardization.
Epidemiology 2003;14:680–6.

22 Imbens G. The role of the propensity score in estimating dose-response functions.
Biometrika 2000;87:706–10.

23 Fewell Z, Hernan MA, Wolfe F, et al. Controlling for time-dependant confounding
using marginal structural models. Stata J 2004;4:402–20.

24 Cole SR, Hernán MA. Constructing inverse probability weights for marginal
structural models. Amer J Epidemiol 2008;168:656–64.

25 Tashkin DP, Elashoff R, Clements PJ, et al. Cyclophosphamide versus placebo in
scleroderma lung disease. N Eng J Med 2006;354:2655–66.

26 Tashkin DP, Roth MD, Clements PJ, et al. Mycophenolate mofetil versus oral
cyclophosphamide in scleroderma-related interstitial lung disease (SLS II):
a randomsed controlled, double-blind, parallel group trial. Lancet Respir Med
2016;4:708–19.

27 Van Laar JM, Farge D, Sont JK, et al. Autologous hematopoietic stem cell
transplantation vs intravenous pulse cyclophosphamide in diffuse cutaneous systemic
sclerosis. JAMA 2014;311:2490–8.

28 Herrick A, Lunt M, Whidby N, et al. Observational study of treatment outcome
in early diffuse cutaneous systemic sclerosis. J Rheumatol 2010;37;
116–24.

29 Khanna D, Denton CP, Jahreis A, et al. Safety and efficacy of subcutaneous
tocilizumab in adults with systemic sclerosis (faSScinate): a phase 2, randomised
controlled trial. Lancet 2016;387:2630–40.

1218 Herrick AL, et al. Ann Rheum Dis 2017;76:1207–1218. doi:10.1136/annrheumdis-2016-210503

Clinical and epidemiological research

http://dx.doi.org/10.1002/art.22468
http://dx.doi.org/10.1093/aje/kwj149
http://dx.doi.org/10.1002/sim.2618
http://dx.doi.org/10.1097/01.EDE.0000081989.82616.7d
http://dx.doi.org/10.1093/biomet/87.3.706
http://dx.doi.org/10.1093/aje/kwn164
http://dx.doi.org/10.1056/NEJMoa055120
http://dx.doi.org/10.1016/S2213-2600(16)30152-7
http://dx.doi.org/10.1001/jama.2014.6368
http://dx.doi.org/10.1016/S0140-6736(16)00232-4
http://ard.bmj.com/
http://group.bmj.com


EXTENDED REPORT

Initial combination therapy with ambrisentan
and tadalafil in connective tissue disease-associated
pulmonary arterial hypertension (CTD-PAH):
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Julia H N Harris,17 Jonathan Langley,17 Lewis J Rubin,18 for the AMBITION
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ABSTRACT
Background Patients with connective tissue disease-
associated pulmonary arterial hypertension (CTD-PAH), in
particular systemic sclerosis (SSc), had an attenuated
response compared with idiopathic PAH in most trials.
Thus, there is uncertainty regarding the benefit of
PAH-targeted therapy in some forms of CTD-PAH.
Objective To explore the safety and efficacy of initial
combination therapy with ambrisentan and tadalafil
versus ambrisentan or tadalafil monotherapy in patients
with CTD-PAH and SSc-PAH enrolled in the AMBITION
trial.
Methods This was a post hoc analysis of patients with
CTD-PAH and SSc-PAH from AMBITION, an event-driven,
double-blind trial in patients with WHO functional class II/
III PAH. Treatment-naive patients were randomised 2:1:1 to
once-daily initial combination therapy with ambrisentan
plus tadalafil or monotherapy with ambrisentan or
tadalafil, respectively. The primary endpoint was time to
the first clinical failure event (first occurrence of death,
hospitalisation for worsening PAH, disease progression or
unsatisfactory long-term clinical response).
Results In the primary analysis set (N=500), 187
patients had CTD-PAH, of whom 118 had SSc-PAH. Initial
combination therapy reduced the risk of clinical failure
versus pooled monotherapy in each subgroup: CTD-PAH
(HR 0.43 (95% CI 0.24 to 0.77)) and SSc-PAH (0.44 (0.22
to 0.89)). The most common AE was peripheral oedema,
which was reported more frequently with initial
combination therapy than monotherapy in the two PAH
subgroups. The relative frequency of adverse events
between those on combination therapy versus
monotherapy was similar across subgroups.
Conclusions This post hoc subgroup analysis provides
evidence that CTD-PAH and SSc-PAH patients benefit from
initial ambrisentan and tadalafil combination therapy.
Trial registration number NCT01178073, post results.

INTRODUCTION
The main aetiological subgroups in all pivotal
therapeutic trials for pulmonary arterial hyperten-
sion (PAH) have been idiopathic PAH (iPAH) and

connective tissue disease-associated PAH
(CTD-PAH); within the CTD-PAH population, sys-
temic sclerosis (SSc)-associated PAH (SSc-PAH) has
been the leading cause.1–4 In short-term monother-
apy clinical trials using prostanoids,1 5 6 endothelin
receptor antagonists2 7 and phosphodiesterase type
5 (PDE5) inhibitors,3 8 the CTD population
appeared to have an attenuated response to
PAH-targeted therapy compared with patients with
iPAH, particularly when assessed by 6-min walking
distance (6MWD). The results from longer-term
event-driven trials, SERAPHIN9 and GRIPHON10

where the majority of patients received combi-
nation therapy, indicate that CTD-PAH has a similar
reduction in the risk of an event as patients with
iPAH, though no breakdown for SSc-PAH is given
in either trial. A recent meta-analysis comparing
the response to treatment in iPAH and CTD-PAH
concluded that the treatment of CTD-PAH was less
effective than that of iPAH in terms of both
increasing 6MWD and reducing the occurrence of
clinical worsening.11

Observational data in patients with SSc-PAH indi-
cate that survival also appears reduced compared
with iPAH despite more modest haemodynamic dys-
function.12 By contrast, non-SSc-CTD-PAH patients
exhibit similar survival curves to patients with iPAH
when receiving PAH-targeted therapy.13

The attenuated response, particularly in the
short-term trials, has led to suggestions that
6MWD testing may not be an appropriate endpoint
for patients with SSc-PAH.14 An increased preva-
lence of veno-occlusive disease,15 occult left heart
involvement,16 associated lung disease17 and mus-
culoskeletal involvement14 in patients labelled as
having SSc-PAH are proposed as potential explana-
tions for the apparent attenuated response.
The AMBITION trial, previously reported, was a

phase III/IV, randomised, double-blind, event-driven
trial comparing the safety and efficacy of ambrisen-
tan and tadalafil initial combination therapy to
ambrisentan or tadalafil monotherapy in treatment-
naive patients with WHO/New York Heart
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Association functional class II or III PAH.18 AMBITION
included a sizable population with CTD-PAH, thus providing an
opportunity to evaluate the response to initial combination
therapy versus monotherapy in a long-term, event-driven study.

We present a post hoc analysis of the CTD-PAH population,
as well as the SSc subset of the CTD group. In addition, we
provide data on the patients with iPAH/heritable PAH (hPAH)
from the AMBITION study to explore if there are different
responses to treatment between the PAH aetiologies.

METHODS
Study design and oversight
This was a post hoc subgroup analysis of the AMBITION trial
that has been previously described in detail.18 Randomisation
was performed centrally using an interactive voice response
system. Eligible patients were stratified based on underlying aeti-
ology of PAH (iPAH/hPAH vs non-iPAH) and WHO functional
class (II vs III). Within both strata, patients were randomised
2:1:1 to initial combination therapy (ambrisentan 10 mg plus
tadalafil 40 mg) or to monotherapy (ambrisentan 10 mg plus
placebo or tadalafil 40 mg plus placebo).

Monitoring and data collection were overseen by the spon-
sors. All reported clinical events were adjudicated by an inde-
pendent clinical endpoint committee that was blinded to
treatment randomisation and investigator. Statistical analyses
were performed by Hartington Statistics and Data Management
and were overseen by the sponsors.

Patients
Patients were aged 18–75 years, weighed ≥40 kg and had base-
line WHO functional class II or III symptoms and a diagnosis of
iPAH, hPAH, CTD-PAH or PAH associated with drugs or
toxins, HIV (stable disease status) or repaired congenital heart
defects. Further, all patients were required to have a total lung
capacity ≥60% of predicted normal, a forced expiratory volume
in 1 s ≥55% of predicted normal, and at the start of enrolment,
a mean pulmonary artery pressure ≥25 mm Hg, a pulmonary
capillary wedge pressure (PCWP) or left ventricular end dia-
stolic pressure (LVEDP) ≤15 mm Hg and a pulmonary vascular
resistance (PVR) ≥240 dyne·s/cm5.

After 6 months of study enrolment, a blinded review of the
participants’ baseline demographic data revealed a relatively
high prevalence of risk factors for left ventricular diastolic dys-
function. Therefore, the eligibility criteria were amended to
include more rigorous haemodynamic requirements (PVR
increased from ≥240 to ≥300 dyne·s/cm5 for all patients; for
patients with a PVR ≥300 to <500 dyne·s/cm5, a PCWP or
LVEDP ≤12 mm Hg; and for those with a PVR ≥500 dyne·s/
cm5, a PCWP ≤15 mm Hg) and to exclude patients with ≥3 of
the following risk factors for left ventricular diastolic dysfunc-
tion: body mass index ≥30 kg/m2, history of essential hyperten-
sion, diabetes mellitus and historical evidence of significant
coronary artery disease. The primary analysis set (PAS) com-
prised the patients who fulfilled the amended inclusion criteria.

Assessments
The primary endpoint was the time from randomisation to first
adjudicated clinical failure, defined as the first occurrence of
death, hospitalisation for worsening PAH (any hospitalisation
for worsening PAH, lung or heart/lung transplant, atrial septost-
omy or initiation of parenteral prostanoid therapy), disease pro-
gression (decrease of >15% from baseline 6MWD combined
with WHO functional class III or IV symptoms at two consecu-
tive visits separated by ≥14 days) or unsatisfactory long-term

clinical response (any decrease from baseline 6MWD at two
consecutive postbaseline clinic visits separated by ≥14 days and
WHO functional class III symptoms assessed at two clinic visits
separated by ≥6 months). The time to first occurrence of each
of the individual components of the primary endpoint was also
analysed.

Secondary endpoints included change from baseline at week
24 in N-terminal pro-B-type natriuretic peptide (NT-proBNP)
level, satisfactory clinical response to therapy (10% improve-
ment in 6MWD compared with baseline, with improvement to
or maintenance of WHO functional class I or II symptoms, and
no events of clinical worsening before or at the week 24 visit),
6MWD, Borg dyspnoea index and WHO functional class.
Safety endpoints included adverse events (AEs) and laboratory
assessments.

Efficacy and safety assessments were performed at screening
and randomisation visits; at weeks 4, 8, 16, 24 and every
12 weeks thereafter; at the final assessment visit; and at the
end-of-study visit. Laboratory assessments were performed
monthly.

Statistical analyses
The PAS included all randomised patients who received study
drug and met the amended entry criteria. Analyses are presented
by diagnosis of PAH; because these subgroup analyses are post
hoc, p values are not presented. The Kaplan-Meier product
limit method was used to generate survival curves for time from
randomisation to first adjudicated clinical failure. Cox
proportional-hazards regression models were used to calculate
the HR and 95% CI. NT-proBNP levels are presented as the
geometric mean and geometric mean ratio and were analysed
using mixed models repeated measures. The percentage of
patients with a satisfactory clinical response was analysed as a
binary endpoint using logistic regression, with no imputation
for missing values. 6MWD was analysed using the stratified
Wilcoxon rank-sum test; missing values were imputed using last
observation carried forward or worst rank scores for missing
data following death or adjudicated hospitalisation for PAH.

Among patients recorded as having ‘other’ forms of
CTD-PAH, 12 of 26 were further described as having CREST
syndrome (calcinosis cutis, Raynaud’s phenomenon, oesopha-
geal dysfunction, sclerodactyly and telangiectasias), or limited or
diffuse cutaneous SSc. To explore the possibility that misclassifi-
cation of these patients led to a bias in favour of a treatment
effect in the SSc-PAH population, a sensitivity analysis on the
primary endpoint was performed where these patients were
assigned to the SSc-PAH population.

RESULTS
A total of 187 of 500 patients in the PAS had CTD-PAH, and
slightly more than half (n=103) of patients with CTD-PAH,
were randomised to initial combination therapy and 84 to
pooled monotherapy. SSc-PAH comprised 63% (118/187) of
the CTD-PAH population. Figure 1 shows the distribution of
this population among the treatment arms, and table 1 the full
breakdown of CTD sub-aetiologies.

Among patients with CTD-PAH, those in the SSc-PAH subset
tended to be older than the non-SSc-PAH population (mean
61.5 vs 52.6 years). Haemodynamic severity of disease at diag-
nosis was similar between the SSc-PAH subset and the
non-SSc-PAH population. Baseline characteristics in patients
randomised to combination therapy compared with pooled
monotherapy were generally well balanced, though some differ-
ences were seen in the SSc-PAH group, where those randomised
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to combination therapy had a lower 6MWD, higher
NT-proBNP level and a lower use of immunosuppressants. No
additional obvious differences were observed between the com-
bination therapy arm and each of the individual monotherapy
arms. Table 2 summarises baseline characteristics and haemo-
dynamics for the CTD-PAH and SSc-PAH populations, and
online supplementary table S1 provides the same data for
SSc-PAH and non-SSc-CTD patients.

Primary endpoint
Among patients randomised to initial combination therapy, the
risk of experiencing a first clinical failure event in the popula-
tion with CTD-PAH was reduced compared with those on
initial monotherapy with HRs of 0.43 (95% CI 0.24 to 0.77)
versus pooled monotherapy (figure 2A), 0.51 (95% CI 0.25 to
1.01) versus ambrisentan monotherapy and 0.40 (95% CI 0.20

to 0.77) versus tadalafil monotherapy. The HRs correspond to
risk reductions of 57%, 49% and 60%, respectively. The magni-
tude of benefit of combination therapy over monotherapy was
similar in the SSc-PAH population with HRs of 0.44 (95% CI
0.22 to 0.89) versus pooled monotherapy (figure 2B), 0.52
(95% CI 0.21 to 1.26) versus ambrisentan monotherapy and
0.44 (95% CI 0.20 to 0.97) versus tadalafil monotherapy. The
HRs correspond to risk reductions of 56%, 48% and 56%,
respectively.

Overall in CTD-PAH, 19% (20/103) of combination therapy
patients experienced a primary endpoint event and 36% (30/84)
of monotherapy patients experienced a primary endpoint event;
in SSc-PAH, it was 21% (15/71) of combination therapy and
40% (19/47) of monotherapy patients.

The results for the time to first occurrence of the four indi-
vidual components of the primary endpoint by PAH type, along

Figure 1 Flow chart of population
distribution among the treatment
arms. The modified intention-to-treat
(mITT) population includes patients
who were randomised and received
study drug. The ex-primary analysis set
(PAS) population includes patients who
were randomised and received study
drug but did not meet the amended
entry criteria. The PAS population
includes patients who were
randomised, received study drug, and
met the amended entry criteria. The
last row of this figure is a post hoc
summary. CTD, connective tissue
disease; FAV, final assessment visit;
PAH, pulmonary arterial hypertension;
SSc, systemic sclerosis.

Table 1 Connective tissue disease subtype by treatment group

n (%)
Combination therapy
(n=103)

Monotherapy pooled
(n=84)

Ambrisentan monotherapy
(n=44)

Tadalafil monotherapy
(n=40)

Total
(N=187)

Limited cutaneous systemic
sclerosis

52 (50) 30 (36) 17 (39) 13 (33) 82 (44)

Diffuse cutaneous systemic
sclerosis

19 (18) 17 (20) 6 (14) 11 (28) 36 (19)

Mixed connective tissue
disease

11 (11) 12 (14) 3 (7) 9 (23) 23 (12)

Systemic lupus erythematosus 11 (11) 6 (7) 5 (11) 1 (3) 17 (9)

Overlap syndrome 2 (2) 1 (1) 0 1 (3) 3 (2)

Other 8 (8) 18 (21) 13 (30) 5 (13) 26 (14)
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with an analysis of time to clinical worsening (where the unsatis-
factory long-term clinical response component is removed from
the composite endpoint), are presented in figure 3. Time to first
hospitalisation for worsening PAH showed the greatest differ-
ence between combination therapy and monotherapy for both
the overall CTD-PAH population (risk reduction: 71%; HR
0.29 (95% CI 0.12 to 0.67)) and the SSc-PAH population (risk
reduction: 64%; HR 0.36 (95% CI 0.13 to 1.04)).

Sensitivity analysis
In the sensitivity analysis, patients classified as other-CTD-PAH
on the case report form but further described as having
SSc-PAH were included, increasing the number of patients in
the SSc-PAH subset from 118 to 130. Of these, 75 patients
received initial combination therapy and 55 were randomised to
monotherapy. The HR for the primary endpoint sensitivity ana-
lysis was 0.47 (95% CI 0.24 to 0.92), corresponding to a 53%
risk reduction and indicating that any misclassification had little
impact on the reported outcomes.

Secondary endpoints
At week 24, mean reduction in NT-proBNP from baseline was
consistent between diagnosis subgroups and greater in patients
receiving combination therapy versus pooled monotherapy:
overall CTD-PAH (−60.4% vs −43.1%) and SSc-PAH (−62.8%
vs −38.4%). The corresponding geometric mean ratios
expressed as % differences were −30.4% (95% CI −49.0 to
−5.2) and −39.6% (95% CI −59.3 to −10.2) for the two

populations, respectively. Rates of satisfactory clinical response
at week 24 were similar with combination therapy and pooled
monotherapy in the overall CTD-PAH (35% combination, 29%
monotherapy; OR 1.321 (95% CI 0.680 to 2.565)) and
SSc-PAH populations (31% combination, 29% monotherapy;
OR 1.111 (95% CI 0.474 to 2.604)). A greater increase in
median 6MWD from baseline was seen at week 24 in patients
receiving initial combination therapy versus pooled monother-
apy in the overall CTD-PAH (+42.0 vs +24.3 m) and SSc-PAH
(+40.9 vs +12.2 m) populations. The corresponding median
differences (combination—monotherapy) were +19.7 m (95%
CI +1.0 to +38.4) and +30.3 m (95% CI +4.0 to +56.5) for
the two populations, respectively. In a post hoc analysis, the
proportion of patients with a ≥15% decrease in 6MWD at any
time post baseline was greater with pooled monotherapy
than with combination therapy across all subgroups (CTD-
PAH, SSc-PAH and non-SSc-PAH) (see online supplementary
table S2).

Safety
Post hoc summaries indicate that patients with CTD-PAH were
treated for a mean (SD) of 584 (356) days in the combination
therapy arm and 499 (329) days in the pooled monotherapy
arm, and patients with SSc-PAH were treated for 566 (363) days
and 504 (330) days, respectively. No new safety signal was iden-
tified in the overall CTD-PAH or SSc-PAH populations. The
most common AEs (≥25%) in the combination therapy group
for these two populations were peripheral oedema (47%

Table 2 Baseline characteristics and haemodynamics among patients with CTD-PAH and SSc-PAH

Combination therapy
(CTD)
(n=103)

Monotherapy pooled
(CTD)
(n=84)

Combination therapy
(SSc)
(n=71)

Monotherapy pooled
(SSc)
(n=47)

Median (Q1, Q3) time from diagnosis to study drug
administration (days)

20 (8, 49) 21.5 (8, 49) 20 (8, 45) 16 (8, 35)

Mean (SD) age (years) 58.4 (12.3) 57.9 (13.1) 62.0 (9.2) 60.7 (10.7)

Sex, n (%)

Female 89 (86) 76 (90) 58 (82) 41 (87)

Male 14 (14) 8 (10) 13 (18) 6 (13)

WHO functional class, n (%)

II 26 (25) 22 (26) 16 (23) 11 (23)

III 77 (75) 62 (74) 55 (77) 36 (77)

6-min walk distance (m)

Mean (SD) 324.8 (86.3) 327.9 (98.0) 312.8 (87.7) 328.9 (98.2)

Median 333.1 346.8 313.2 352.0

Median (Q1, Q3) NT-proBNP (ng/L) 1321 (372, 2995) n=98 1128 (337, 2357) n=82 1713 (332, 3294) n=68 1152 (382, 2576) n=46

Mean (SD) % of predicted normal TLC 89.0 (15.7) n=102 88.6 (17.6) n=83 89.8 (16.4) n=70 90.0 (18.4)

Mean (SD) % of predicted normal FEV1 84.3 (18.8) 81.4 (16.4) 86.2 (19.8) 85.9 (17.4)

Prior medications, n (%)

Immunosuppressants 14 (14) 13 (15) 4 (6) 5 (11)

Steroids 18 (17) 17 (20) 10 (14) 7 (15)

Mean (SD) mean right atrial pressure (mm Hg) 7.4 (4.2) n=102 7.7 (4.5) 7.4 (4.2) 7.6 (4.7)

Mean (SD) cardiac index (L/min/m2) 2.55 (0.63) 2.67 (0.73) n=83 2.57 (0.60) 2.54 (0.62) n=46

Mean (SD) mean pulmonary arterial pressure (mm Hg) 43.5 (10.4) 45.1 (10.0) 43.7 (10.3) 45.7 (10.1)

Mean (SD) pulmonary capillary wedge pressure
(mm Hg)

8.2 (3.0) n=102 9.1 (3.3) n=82 8.3 (3.0) 8.6 (3.3) n=45

Mean (SD) pulmonary vascular resistance (dyne·s/cm5) 672.3 (274.5) 667.1 (257.8) 674.7 (267.8) 702.2 (265.3)

Post hoc summary.
CTD, connective tissue disease; FEV1, forced expiratory volume in 1 s; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PAH, pulmonary arterial hypertension; Q1, quartile 1; Q3,
quartile 3; SSc, systemic sclerosis; TLC, total lung capacity.
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combination, 34% ambrisentan and 33% tadalafil in CTD-PAH;
45%, 26% and 33%, respectively, in SSc-PAH), headache (33%
combination, 32% ambrisentan and 38% tadalafil in CTD-PAH;
28%, 26% and 33%, respectively, in SSc-PAH) and diarrhoea
(29% combination, 32% ambrisentan and 25% tadalafil in
CTD-PAH; 28%, 17% and 29%, respectively, in SSc-PAH).
Anaemia occurred at a similar incidence in the combination
therapy and tadalafil monotherapy groups, but was not reported
in the ambrisentan monotherapy group (19% combination, 0%
ambrisentan and 15% tadalafil in CTD-PAH; 21%, 0% and
17%, respectively, in SSc-PAH). Overall rates of serious adverse
events (SAEs) and AEs leading to permanent discontinuation of
study drug were similar in the overall CTD-PAH and SSc-PAH
populations, with no trend towards an excess of such events
with initial combination therapy compared with monotherapy
(table 3). In patients with CTD-PAH, SAE rates were 44% with
combination therapy, 34% with ambrisentan monotherapy and
50% with tadalafil monotherapy. SAE rates were similar in
patients with SSc-PAH (44%, 39% and 58%, respectively).

Comparison with the iPAH/hPAH subgroup
Baseline characteristics indicated some similarities and differ-
ences between patients in the iPAH/hPAH subgroup and those
in the CTD-PAH and SSc-PAH subgroups. Patients with
iPAH/hPAH had similar functional status, but they were, on
average, younger and had a longer 6MWD, lower NT-proBNP
level and worse haemodynamics (see online supplementary table
S3). Results for the primary endpoint (see online supplementary

figure S1) and individual components of the primary endpoint
(see online supplementary figure S2) were similar in the iPAH/
hPAH population compared with the CTD-PAH and SSc-PAH
populations. For the primary endpoint in the iPAH/hPAH popu-
lation, initial combination therapy reduced the risk of experien-
cing a first clinical failure event compared with initial
monotherapy (risk reduction: 49%; HR 0.51 (95% CI 0.31 to
0.83)). Overall, in patients with iPAH/hPAH 19% (25/134) of
the combination group and 32% (46/145) of the monotherapy
group experienced a primary endpoint event. Among the sec-
ondary endpoints in the patients with iPAH/hPAH, mean
change in NT-proBNP from baseline at week 24 was −71.2%
with combination therapy and −50.0% with pooled monother-
apy; geometric mean ratio expressed as percentage difference
was −42.5% (95% CI −54.6 to −27.0). Compared with pooled
monotherapy, combination therapy was associated with a
greater proportion of patients with a satisfactory clinical
response at week 24 (40% vs 28%, OR 1.736 (95% CI 1.035
to 2.911)) and a greater increase in median 6MWD from base-
line at week 24 (+52.5 vs +26.6 m). The corresponding
median difference was +26.6 m (95% CI +11.6 to +41.5).

Among patients with iPAH/hPAH, AEs occurring in ≥25% on
initial combination therapy were peripheral oedema (48% com-
bination vs 31% ambrisentan and 27% tadalafil) and headache
(45% vs 32% and 31%, respectively). Other AEs as well as rates
of SAEs and AEs leading to permanent discontinuation of study
drug were more evenly distributed among treatment groups.
Rates of SAEs and AEs leading to permanent discontinuation of

Figure 2 Kaplan-Meier curves for the
time from randomisation to first
adjudicated clinical failure in the (A)
connective tissue disease-associated
pulmonary arterial hypertension
population and (B) systemic
sclerosis-pulmonary arterial
hypertension population. Post hoc
figures. The HR is for combination
versus pooled monotherapy.
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study drug were lower in the iPAH/hPAH population (see online
supplementary table S4) compared with the CTD-PAH and
SSc-PAH populations. In patients with iPAH/hPAH, rates of
SAEs were 33% with combination therapy, 37% with ambrisen-
tan monotherapy and 39% with tadalafil monotherapy, and
rates of AEs leading to permanent discontinuation of study drug
were 11%, 8% and 11%, respectively.

DISCUSSION
The AMBITION trial included a sizable number of patients
with CTD-PAH, and within this SSc-PAH, and thus provides an
opportunity to explore whether this population responds to
initial combination therapy with ambrisentan and tadalafil com-
pared with monotherapy of either agent. Initial combination
therapy resulted in a reduction in the risk of clinical failure
versus pooled monotherapy of 57% in patients with CTD-PAH
and 56% in the subset of patients with SSc-PAH. While inferen-
tial statistics are not presented, the 95% CIs around the HR for
both CTD-PAH and SSc-PAH were well within the bounds of

0–1. This result is further supported by the secondary end-
points, where we see a greater improvement in plasma
NT-proBNP levels and 6MWD on combination therapy com-
pared with monotherapy. The benefit of combination therapy
over monotherapy is of similar magnitude to that observed in
the whole trial population.

No new safety signals were identified in the CTD-PAH subset.
However, some AEs appeared to be more frequent in CTD-PAH
than in the iPAH/hPAH population (eg, diarrhoea and anaemia),
possibly due to coexisting connective tissue disease.

This subgroup analysis offers a number of insights that are
informative to the management of patients with CTD-PAH. As
previously reported, patients with CTD-PAH tend to have more
modest haemodynamic dysfunction than patients with iPAH/
hPAH, though do not appear to have a better outcome. It has
been reported that the CTD-PAH population, particularly
SSc-PAH, has a relatively poor prognosis, and their response to
PAH-targeted monotherapies in short-term trials (eg, reduction
of clinical worsening events, improvements in exercise ability)

Figure 3 Forest plot of time to first occurrence of clinical failure, clinical worsening, death, hospitalisation, disease progression and unsatisfactory
long-term clinical response (ULTCR) in the (A) connective tissue disease-associated pulmonary arterial hypertension population and (B) systemic
sclerosis-pulmonary arterial hypertension population. Post hoc figures. The HR is for combination versus pooled monotherapy.
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has, with the exception of the initial epoprostenol trial,19 not
been as robust as in the iPAH/hPAH population.

The present findings in the monotherapy arm support this,
with 32% of patients with iPAH/hPAH, 36% of patients with
CTD-PAH and 40% of patients with SSc-PAH experiencing a
clinical failure event. However, the combination therapy arm of
iPAH/hPAH, CTD-PAH and SSc-PAH had an overall incidence
of a clinical failure event of 19%, 19% and 21%, respectively.
This corresponds to a risk reduction for combination therapy of
49% in iPAH/hPAH, 57% in CTD-PAH and 56% in SSc-PAH
compared with pooled monotherapy, suggesting that initial oral
combination therapy in the CTD-PAH population may result in
similar outcomes to that observed in the iPAH/hPAH patient
group, at least over the duration of this study.

This is supported by the results of the 6MWD, particularly
for SSc-PAH, where monotherapy provided a limited improve-
ment from baseline over 24 weeks (12.2 m), which is in line
with the previous short-term monotherapy trials. However,
initial combination therapy resulted in a 40.9 m improvement
from baseline, indicating perhaps that the 6MWD may not be
an inappropriate endpoint in patients with SSc-PAH and may be
a useful indicator of response to treatment.

Additionally, a 15% worsening of 6MWD has been associated
with a significantly worse prognosis in the REVEAL study.20 In
AMBITION, the number of subjects with a ≥15% worsening at
any time was 31/131 (24%) with combination therapy com-
pared with 46/144 (32%) with monotherapy in the iPAH/hPAH
group and similarly was 21/67 (31%) on combination therapy

compared with 20/45 (44%) on monotherapy in the SSc-PAH
group over the course of this long-term study (see online
supplementary table S2).

These results support the notion that CTD-PAH, particularly
SSc-PAH, may need a more aggressive treatment regimen to see
similar benefits to patients with iPAH.

In AMBITION, a protocol amendment was made to allow for
a more rigorous approach of excluding postcapillary pulmonary
venous hypertension from the PAS population,18 which may
have provided a possible explanation for the results. However,
an analysis of the modified intent-to-treat population (all rando-
mised patients who received study drug), which includes a
further 29 patients with CTD-PAH (19 of whom were
SSc-PAH), shows similar results, with risk reductions of 52% for
CTD-PAH (HR 0.48; 95% CI 0.29 to 0.82) and 54% for
SSc-PAH (HR 0.46; 95% CI 0.24 to 0.90), indicating that
excluding patients who failed to meet the revised inclusion cri-
teria had limited impact on the outcome. Other eligibility cri-
teria, including pulmonary function parameters, remained
unchanged and in line with other PAH trials. The purpose of
the pulmonary function test (PFT) parameters is to exclude
those patients whose PH was likely driven by lung disease.
However, such restrictions would not remove the possibility of
including patients with a modest degree of pulmonary fibrosis
or exclude the possibility of pulmonary veno-occlusive disease
in the CTD-PAH population.

Our data are supported by a recent study published by
Hassoun and colleagues.21 In this open-label study of 24

Table 3 Summary of adverse events among patients with CTD-PAH and SSc-PAH

CTD-PAH SSc-PAH

n (%)
COMB
(n=103)

AMB mono
(n=44)

TAD mono
(n=40)

COMB
(n=71)

AMB mono
(n=23)

TAD mono
(n=24)

Any AE* 102 (99) 42 (95) 39 (98) 70 (99) 22 (96) 23 (96)

Oedema peripheral 48 (47) 15 (34) 13 (33) 32 (45) 6 (26) 8 (33)

Headache 34 (33) 14 (32) 15 (38) 20 (28) 6 (26) 8 (33)

Diarrhoea 30 (29) 14 (32) 10 (25) 20 (28) 4 (17) 7 (29)

Dyspnoea 23 (22) 9 (20) 10 (25) 18 (25) 2 (9) 6 (25)

Serious AEs† 45 (44) 15 (34) 20 (50) 31 (44) 9 (39) 14 (58)

Pulmonary hypertension‡ 7 (7) 3 (7) 6 (15) 4 (6) 0 5 (21)

Pneumonia 6 (6) 3 (7) 2 (5) 3 (4) 3 (13) 1 (4)

Dyspnoea 4 (4) 2 (5) 2 (5) 4 (6) 1 (4) 2 (8)

Anaemia 3 (3) 0 3 (8) 3 (4) 0 1 (4)

Syncope 2 (2) 1 (2) 1 (3) 0 0 0

AEs leading to permanent study drug
discontinuation§

14 (14) 8 (18) 6 (15) 10 (14) 3 (13) 3 (13)

Oedema peripheral 2 (2) 3 (7) 1 (3) 2 (3) 2 (9) 0

Diarrhoea 2 (2) 0 0 1 (1) 0 0

Nausea 2 (2) 0 0 2 (3) 0 0

Headache 2 (2) 0 0 1 (1) 0 0

Dyspnoea 1 (<1) 0 0 1 (1) 0 0

Pulmonary oedema 0 1 (2) 0 0 1 (4) 0

Post hoc summary.
*AEs occurring in ≥25% of patients on combination therapy in either the CTD-PAH or SSc-PAH populations.
†SAEs occurring in ≥4% of patients on combination therapy in either the CTD-PAH or SSc-PAH populations; only the iPAH/hPAH population met this criterion for syncope (after rounding)
(see online supplementary table S4), but rates are shown in this table to allow for comparison.
‡In each case, the investigator reported the events using additional text not captured in the preferred term, describing this as worsening of pulmonary hypertension. However, an AE
report of worsening pulmonary hypertension does not necessarily become a primary endpoint event, which has specific criteria.
§AEs leading to permanent study drug discontinuation in ≥2 patients on combination therapy in either the CTD-PAH or SSc-PAH populations; only the iPAH/hPAH population met this
criterion for dyspnoea and pulmonary oedema (see online supplementary table S4), but rates are shown in this table to allow for comparison.
AE, adverse event; AMB, ambrisentan; COMB, combination therapy; CTD, connective tissue disease; hPAH, heritable pulmonary arterial hypertension; iPAH, idiopathic pulmonary arterial
hypertension; Mono, monotherapy; PAH, pulmonary arterial hypertension; SAE, serious adverse event; SSc, systemic sclerosis; TAD, tadalafil.
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treatment-naive patients diagnosed with SSc-PAH, the initiation
of treatment with ambrisentan (10 mg) and tadalafil (40 mg)
daily for 36 weeks resulted in a statistically significant improve-
ment from baseline in the co-primary endpoint of reduction in
right ventricular mass and PVR. There were also significant
improvements in the secondary endpoints, including an estimate
of pulmonary artery compliance (stroke volume/pulmonary
pulse pressure ratio), echo-measured tricuspid annular plane sys-
tolic excursion, 6MWD, functional class and serum NT-proBNP.
The most common AEs included fluid accumulation (29%),
headache (29%) and nasal congestion (16%); SAEs were rare
and limited, and included one case of fluid overload requiring
hospitalisation.

Our study has several limitations. These were post hoc ana-
lyses of the subgroups with CTD-PAH and SSc-PAH. Given the
small number of non-SSc-CTD-PAH patients, no reliable com-
parisons of treatment response between the CTD sub-aetiologies
are possible. Twelve patients were classified as ‘other’ CTD-PAH
when subsequent descriptors suggested that these patients may
have had SSc-PAH; however, a sensitivity analysis showed that
this did not affect the overall findings.

CONCLUSIONS
This post hoc analysis of patients with CTD-PAH in
AMBITION suggests that this subpopulation did at least as well
on initial combination therapy compared with patients with
iPAH/hPAH, both in terms of clinical failure risk reduction and
improvement in exercise ability. There were no new safety signals
observed in the CTD-PAH cohort compared with the full study
results, though rates of SAEs and AEs leading to permanent dis-
continuation of study drug were higher in the CTD-PAH group
than the iPAH/HPAH group. In the CTD-PAH population, an
aggressive approach to treatment with initial combination therapy
may improve outcomes and exercise capacity as opposed to treat-
ment with monotherapy.
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EXTENDED REPORT

Synovial features of patients with rheumatoid
arthritis and psoriatic arthritis in clinical and
ultrasound remission differ under anti-TNF therapy:
a clue to interpret different chances of relapse after
clinical remission?
Stefano Alivernini,1 Barbara Tolusso,1 Luca Petricca,1 Laura Bui,2 Gabriele Di Sante,1

Giusy Peluso,1 Roberta Benvenuto,2 Anna Laura Fedele,1 Franco Federico,2

Gianfranco Ferraccioli,1 Elisa Gremese1

ABSTRACT
Objective To define the synovial characteristics of
patients with rheumatoid arthritis (RA) and psoriatic
arthritis (PsA) in clinical and ultrasound remission
achieved by combination therapy with methotrexate
(MTX) and tumour necrosis factor (TNF) blockers.
Methods Patients with RA in remission (n=25)
(disease activity score (DAS)<1.6 for at least 6 months),
patients with RA in low disease activity (LDA) (n=10)
(1.6<DAS<2.4 for at least 6 months) and patients with
PsA in remission (n=18) (DAS<1.6 and Psoriasis Area
Severity Index (PASI)=0 for at least 6 months) achieved
by MTX+anti-TNF (adalimumab 40 mg or etanercept
50 mg) with power Doppler (PDUS)-negative synovial
hypertrophy underwent synovial tissue biopsy. Patients
with RA with high/moderate disease naïve to treatment
(n=50) were included as a comparison group.
Immunostaining for cluster designation (CD)68, CD21,
CD20, CD3, CD31 and collagen was performed.
Results PDUS-negative patients with RA in remission
showed lower histological scores for synovial CD68+,
CD20+, CD3+ cells and CD31+ vessels and collagen
deposition (p<0.05 for both lining and sublining)
compared with PDUS-positive patients with RA with high/
moderate disease. In addition, there was no significant
difference in terms of lining and sublining CD68+,
CD20+, CD3+, CD31+ cells and collagen comparing
PDUS-negative patients with RA in remission and in LDA,
respectively. On the contrary, PDUS-negative patients with
PsA in remission showed higher histological scores for
sublining CD68+ (p=0.02) and CD3+ cells (p=0.04) as
well as CD31+ vessels (p<0.001) than PDUS-negative
patients with RA in remission.
Conclusions PDUS-negative patients with RA in
remission have comparable synovial histological features
than PDUS-negative patients with RA in LDA. However,
patients with PsA in remission are characterised by a
higher degree of residual synovial inflammation than
patients with RA in remission, despite PDUS negativity
under TNF inhibition.

INTRODUCTION
Stable clinical remission is the most important goal
in the treatment of chronic arthritides as rheumatoid

arthritis (RA) and psoriatic arthritis (PsA). However,
despite apparent clinical remission, defined with
composite indices, patients with RA can experience
joint damage progression.1 Ultrasound assessment
(US), through synovial membrane hypertrophy (SH)
and power Doppler (PDUS) evaluation, identifies
residual synovitis in more than 50% of patients with
RA in remission on the basis of their disease activity
score (DAS).1 It has been shown that significantly
fewer PDUS-negative patients with RA in clinical
remission had a flare during the 12-month follow-up
period, compared with patients with RAwith PDUS
positivity at the time of remission.2

The use of combined clinical and PDUS criteria
allows to identify patients with RA in remission,
increasing the success rate of persistence of the good
clinical outcome after tumour necrosis factor (TNF)
inhibitor discontinuation in patients with estab-
lished disease.3 The presence of SH seems to be a
frequent finding in patients with long-standing RA
with DAS-based remission, owing to the contribu-
tion of significant long-standing disease to SH.
However, data on the composition of residual syno-
vitis in patients with RA derive mostly from histo-
logical studies enrolling patients in remission with
PDUS-positive synovitis,4 and no data were pro-
duced on patients with PsA in stable clinical remis-
sion with PDUS-residual SH after standardised
treatments. Moreover, it is still unknown if PDUS-
negative patients with RAwith long-standing disease
in clinical remission differ from PDUS-negative
patients with RA in low disease activity (LDA)
reached with the same treatment regimen.
Based on this, the aims of the study were (i) to

define the histological features of PDUS-negative
synovial tissue of patients with RA and PsA in
clinical remission through anti-TNF treatment;
(ii) to dissect the correlations between US features
and inflammatory (CD68, CD21, CD20 and
CD3), vascular (CD31) and fibrotic (collagen)
synovial parameters and (iii) to assess the possible
histological differences in terms of inflammatory
synovial cells comparing patients with RA in
clinical remission and in LDA status with
PDUS-negative SH.
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PATIENTS AND METHODS
Patients recruitment
Patients with RA (n=25) fulfilling the American College of
Rheumatology 2010 revised criteria for RA5 in stable clinical
remission (DAS<1.6 for at least 6 months) or stable LDA
(n=10) (1.6<DAS<2.4 for at least 6 months), and patients
with PsA (n=18)6 in stable clinical remission (DAS<1.6 and
PASI=0 for at least 6 months) and stable minimal disease activ-
ity (MDA),7 were enrolled in the study. All patients were under
treatment with stable dose of methotrexate in association with
TNF-α inhibitor (adalimumab 40 mg/14 days or etanercept
50 mg/week, respectively). At study entry, each patient was
defined as in US remission with negative PDUS despite the pres-
ence of SH according to the published protocol.3 A comparison
group of 50 patients with RA naive to any Disease Modifying
Anti-Rheumatic Drugs (DMARDs) treatment, with high/moder-
ate disease activity with PDUS-positive SH, was included. The
study protocol was approved by the local ethical committee,
and all subjects provided signed informed consent.

Synovial tissue biopsy and immunohistochemistry for CD68,
CD21, CD20, CD3, CD31 and collagen
All enrolled patients underwent ultrasound-guided synovial
tissue biopsy of the knee following the already published proto-
col.8 Once collected, synovial tissue specimens were fixed in
10% neutral-buffered formalin and embedded in paraffin for
histology. Briefly, paraffin-embedded synovial tissue (ST) speci-
mens were sectioned at 3–4 μm. First, sections were stained for
H&E as follows: sections were deparaffinised in xylene and
rehydrated in a graded ethanol series. Then they were stained in
haematoxylin and counterstained in eosin/phloxine. Finally, sec-
tions were dehydrated, cleared in xylene and mounted with Bio
Mount (Bio-Optica). Other sections were stained for CD68
mouse antihuman monoclonal antibody (clone 514H12) or

CD21 mouse antihuman monoclonal antibody (clone 2G9) or
CD20 mouse antihuman monoclonal antibody (clone L26)
or CD3 mouse antihuman monoclonal antibody (clone LN10)
or CD31 mouse antihuman monoclonal antibody (clone 1A10)
(all from Leica Biosystem, Newcastle, UK) by immunostainer
BOND MAX III (Leica).9

ST slides were stained for collagen using the Masson
Trichrome Goldner with light green (Bio-Optica; 04-011802) as
follows: slides were washed in distilled water; then six drops of
Weigert’s iron haematoxylin, provided by the manufacturer,
were put on the sections and left to act 10 min. Without
washing, the slides were drained, and 10 drops of picric acid
alcoholic stable solution were added on the sections. Then, the
slides were quickly (3–4 s) washed in distilled water, and 10
drops of ponceau acid fuchsin according to Masson were added
on the sections and left to act 4 min. Then, the slides were
washed in distilled water, and 10 drops of phosphomolybdic
acid solution were added on the sections and left to act 10 min.
Without washing, the slides were drained, and 10 drops of
Light Green Solution, according to Goldner, were added and
left to act 5 min. Then, the slides were washed in distilled water
and rapidly dehydrated through ascending alcohols. Reaction
was done for 1 min in absolute alcohol. Finally, the slides were
cleared in xylene and mounted.

Slides were examined by two independent evaluators using a
light microscope (Leica DM 2000), and all tissues were evalu-
ated using a numerical score based on the number of CD68+,
CD21+, CD3+, CD20+ and CD31+ cells in the lining and sub-
lining areas of the section (three different fields in each section),
with a score of 0 indicating no positive cells; 1 indicating
<10% positive cells; 2 indicating 10%–50% positive cells; and
3 indicating >50% positive cells.10 The inter-rater agreement
coefficient was assessed for each single immunohistochemistry
(IHC) marker (see online supplementary table S1).

Table 1 Demographic, clinical and immunological parameters of enrolled patients with RA and PsA

Remission RA
cohort (n=25)

LDA RA cohort
(n=10)

High/moderate RA
cohort (n=50)

Remission PsA
cohort (n=18) p Value* p Value** p Value*** p Value ^

Age, years (mean±SD) 57.20±14.95 52.00±16.38 54.36±15.33 56.67±16.66 0.45 0.69 0.37 0.80

Gender, female (%) 21 (84.0) 6 (60.0) 40 (80.00) 11 (61.1) 0.68 0.17 0.13 0.08

Disease duration, years (mean±SD) 9.70±2.81 9.52±3.03 2.19±2.82 8.50±3.01 <0.001 <0.001 0.06 0.89

Treatment duration, years (mean±SD) 7.01±3.41 6.98±2.75 – 6.83±2.95 – – 0.98 0.63

AB positivity, n (%) 17 (68.0) 5 (50.0) 28 (56.0) 0 (0.0) 0.31 0.72 0.27 <0.001

DAS (mean±SD) 1.09±0.40 1.90±0.31 3.52±1.10 1.10±0.53 <0.001 <0.001 <0.001 0.87

DAS28 (mean±SD) 2.17±0.82 3.18±0.48 5.00±1.24 2.16±0.86 <0.001 <0.001 <0.001 0.51

GH (mean±SD) 32.00±12.73 37.88±27.90 55.80±23.56 33.44±31.93 0.001 0.02 0.37 0.89

TJC28 (mean±SD) 0.04±0.20 1.20±1.23 7.14±6.21 0.39±0.61 <0.001 <0.001 0.01 0.10

TJC44 (mean±SD) 0.16±0.47 1.60±1.95 8.66±8.84 0.39±0.61 <0.001 <0.001 0.02 0.11

SJC28 (mean±SD) 0.12±0.33 1.00±1.05 7.04±6.03 0.22±0.43 <0.001 <0.001 0.02 0.38

SJC44 (mean±SD) 0.16±0.37 1.00±1.05 8.68±8.72 0.22±0.43 <0.001 <0.001 0.02 0.61

ESR, mm/first hour (mean±SD) 17.00±16.10 16.20±16.28 54.65±31.05 14.17±13.62 <0.001 <0.001 0.90 0.62

CRP, mg/L (mean±SD) 2.14±2.00 2.58±2.13 21.43±21.54 2.77±3.20 <0.001 0.002 0.53 0.96

BMI (mean±SD) 25.78±4.11 29.54±8.19 26.55±5.65 26.64±4.25 0.65 0.19 0.15 0.42

Treatment regimen

MTX dose, mg/week 14.42±3.56 14.38±4.96 – 14.79±3.45 – – 0.97 0.97

Etanercept 50 mg/week 13 (52.0) 6 (60.0) – 10 (55.6) – – 0.67 0.82

Adalimumab 40 mg/2 weeks 12 (48.0) 4 (40.0) – 8 (44.4) – – 0.67 0.82

p*: Patients with RA in remission versus patients with RA with high/moderate disease; p**: Patients with RA in LDA versus patients with RA with high/moderate disease; p***: Patients
with RA in remission versus patients with RA in LDA; p^: Patients with RA in remission versus patients with PsA in remission; Bold: p<0.05.
AB, autoantibody; BMI, body mass index; CRP, C reactive protein; DAS, disease activity score; ESR, erythrocyte sedimentation rate; GH, global health; LDA, low disease activity; MTX,
methotrexate; PsA, psoriatic arthritis; RA, rheumatoid arthritis; SJC, swollen joint count; TJC, tender joint count.
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Statistical analysis
Statistical analysis was performed using SPSS V. 20.0 (SPSS.
Chicago, Illinois, USA) and Prism software (GraphPad, San
Diego, California, USA). Categorical and quantitative variables
were described as frequencies, percentage and mean±SD. Data
on demographic and clinical features were compared between
patients by the non-parametric Mann-Whitney U test or χ2 test,
as appropriate. Spearman’s rank correlation test was used for
correlation in all analyses. A value of p<0.05 was considered
statistically significant.

RESULTS
Demographic, clinical and immunological characteristics
of enrolled patients
Demographic, clinical and immunological characteristics of the
enrolled patients with RA are summarised in table 1.
PDUS-negative patients with RA in remission and in LDA did
not differ for SH thickness in all the assessed joints (table 2)
and showed significantly lower DAS and DAS28 values
(p<0.001 and p<0.001, respectively), global health (GH)
assessment (p<0.001), tender joint count over 44 and 28 joints
(p<0.001 and p<0.001, respectively) and swollen joint count
over 44 and 28 joints (p<0.001 and p<0.001, respectively)

compared with patients with RA with high/moderate disease
activity. Patients with RA in clinical remission did not differ
from patients with RA in LDA in terms of age, gender, disease
duration and treatment duration (table 1). Using a stricter cri-
teria to define stable clinical remission (Simplified Disease
Activity Index (SDAI)≤3.3 for at least 6 months), 14/25 (56.0%)
patients with RA were considered to be in SDAI remission in
our cohort despite DAS-based definition. Analysing the different
parameters used for SDAI calculation, only the patient global
assessment of disease activity (p<0.001) was the item limiting
the achievement of SDAI remission in our PDUS-negative RA
cohort (see online supplementary table S2).

Histological features of synovial tissue do not differ in
PDUS-negative patients with RA in remission compared with
PDUS-negative patients with RA in LDA under TNF blockade
All included patients underwent synovial tissue biopsy of the
knee, which was assessed for the presence of resident CD68+,
CD21+, CD20+ and CD3+ cells. In figure 1A–C, example
images of immunostaining for CD68+, CD21+, CD20+ and
CD3+ cells in synovial tissue from patients with RA with high/
moderate disease, in LDA and in clinical remission, respectively
are shown. In particular, PDUS-negative patients with RA in

Table 2 Parameters at US assessment of patients with RA in remission, patients with RA in LDA and patients with PsA in remission at study
entry

Remission RA
cohort (n=25)

LDA RA cohort
(n=10)

Remission PsA
cohort (n=18) p Value* p Value**

Wrist

RC SH, mm (mean±SD) 1.53±0.88 1.54±1.06 1.31±0.61 0.98 0.37

RC SH score (mean±SD) 0.36±0.64 0.50±0.70 0.22±0.55 0.57 0.46

IC SH, mm (mean±SD) 2.39±1.14 2.75±1.33 2.74±0.54 0.43 0.23

IC SH score (mean±SD) 0.76±0.78 1.10±0.99 0.62±0.41 0.29 0.49

MCP-PIP (dorsal view)

II MCP SH, mm (mean±SD) 0.61±0.49 0.65±0.77 0.43±0.35 0.85 0.19

II MCP SH score (mean±SD) 0.50±0.51 0.67±0.50 0.51±0.48 0.44 0.95

III MCP SH, mm (mean±SD) 0.68±0.64 0.69±0.94 0.55±0.38 0.97 0.45

III MCP SH score (mean±SD) 0.75±0.53 0.78±0.67 0.54±0.52 0.89 0.20

II PIP SH, mm (mean±SD) 0.78±0.42 0.74±0.27 0.60±0.30 0.78 0.13

II PIP SH score (mean±SD) 0.38±0.67 0.10±0.20 0.34±0.36 0.21 0.45

III PIP SH, mm (mean±SD) 0.83±0.32 0.75±0.29 0.57±0.26 0.50 0.10

III PIP SH score (mean±SD) 0.22±0.43 0.25±0.46 0.23±0.44 0.62 0.98

MCP-PIP (volar view)

II MCP SH, mm (mean±SD) 0.45±0.53 0.84±0.71 0.47±0.54 0.10 0.91

II MCP SH score (mean±SD) 0.41±0.59 0.78±0.64 0.46±0.66 0.11 0.88

III MCP SH, mm (mean±SD) 0.43±0.47 0.20±0.21 0.39±0.43 0.15 0.91

III MCP SH score (mean±SD) 0.38±0.59 0.25±0.46 0.23±0.44 0.53 0.60

II PIP SH, mm (mean±SD) 0.79±0.54 0.51±0.45 0.63±0.36 0.16 0.54

II PIP SH score (mean±SD) 0.33±0.64 0.23±0.35 0.21±0.47 0.64 0.80

III PIP SH, mm (mean±SD) 0.76±0.37 0.61±0.53 0.57±0.38 0.35 0.61

III PIP SH score (mean±SD) 0.38±0.49 0.33±0.50 0.27±0.43 0.91 0.56

Knee

knee SH, mm (mean±SD) 6.50±2.91 8.01±2.59 5.50±2.41 0.16 0.34

MTP

II MTP SH, mm (mean±SD) 0.73±0.43 0.60±0.29 0.88±0.71 0.39 0.82

V MTP SH, mm (mean±SD) 0.30±0.34 0.30±0.36 0.37±0.44 0.99 0.87

p*: Patients with RA in remission versus patients with RA in LDA; p**: Patients with RA in remission versus patients with PsA in remission.
IC, intercarpal joint; LDA, low disease activity; MCP, metacarpal–phalangeal joint; MTP, metatarsal–phalangeal joint; PIP, proximal interphalangeal joint; PsA, psoriatic arthritis; RA,
rheumatoid arthritis; RC, radiocarpal joint; SH, synovial hypertrophy; US, ultrasound assessment.
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clinical remission showed lower histological scores for CD68+

cells (p<0.001 for both lining and sublining), CD20+ cells
(p<0.001 for lining and p=0.02 for sublining, respectively) and
CD3+ cells (p=0.002 for lining and p=0.003 for sublining)
compared with patients with RA with high/moderate disease
activity. PDUS-negative patients with RA in LDA showed lower
histological scores for lining (p=0.03) and sublining (p=0.01)
CD68+ cells, lining (p=0.01) and sublining (p=0.05) CD20+

cells (p=0.05) and lining (p=0.04) and sublining (p=0.05)
CD3+ cells compared with patients with RA with high/moderate
disease activity (figure 1D–I). In addition, follicular structures
were found in 8.0% of patients with RA in clinical remission
(p<0.001), 10.0% of patients with RA in LDA (p=0.01) com-
pared with 56.0% of patients with RA with high/moderate

disease activity. None of the synovial follicular structures found
in PDUS-negative patients with RA in clinical remission and
LDA was positive for CD21+ cells compared with 71.4% of
CD21+ synovial follicles in patients with RAwith high/moderate
disease activity (p≤0.001) (figure 1A–C).

Moreover, PDUS-negative patients with RA in clinical
remission did not differ from PDUS-negative patients with RA
in LDA in terms of histological scores for CD68+ cells
(p=0.39 and p=0.28), CD20+ cells (p=0.49 and p=0.65)
and CD3+ cells (p=0.92 and p=0.29), respectively, in the
lining and sublining areas (figure 1D–I). These findings were
confirmed dividing PDUS-negative patients with RA in re-
mission using the SDAI cut-off (see online supplementary
table S2).

Figure 1 (A–I) IHC staining for CD68/CD21 and CD3/CD20 on ST of patients with rheumatoid arthritis (RA) in disease remission, in low disease
activity (LDA) and in high/moderate disease. (A) Example photos of CD68 (red)/CD21 (brown) (Aa, b) and CD3 (red)/CD20 (brown) (Ac,d) staining of
ST biopsies from patients with RA with high/moderate disease activity naïve to any DMARDs treatment (magnification 20×). (B) Example photos of
CD68 (red)/CD21 (brown) (Ba, b) and CD3 (red)/CD20 (brown) (Bc,d) staining of ST biopsies from patients with RA in LDA status (magnification 20×).
(C) Example photos of CD68 (red)/CD21 (brown) (Ca, b) and CD3 (red)/CD20 (brown) (Cc,d) staining of ST biopsies from patients with RA in clinical
remission (magnification 20×); ultrasound assessment (US) picture with power doppler (PD) scale of the knee used for ST biopsy is shown next to
the corresponding patient. (D) Lining IHC score for CD68+ cells; high/moderate versus LDA patients with RA, *p=0.03; high/moderate versus
remission patients with RA, **p<0.001; LDA versus remission patients with RA, p=0.39. (E) Sublining IHC score for CD68+ cells; high/moderate
versus LDA patients with RA, **p=0.01; high/moderate versus remission patients with RA, **p<0.001; LDA versus remission patients with RA,
p=0.28. (F) Lining IHC score for CD20+ cells; high/moderate versus LDA patients RA, **p=0.01; high/moderate versus remission patients with RA,
**p<0.001; LDA versus remission patients with RA, p=0.49. (G) Sublining IHC score for CD20+ cells; high/moderate versus LDA patients with RA,
*p=0.05; high/moderate versus remission patients with RA, *p=0.02; LDA versus remission patients with RA, p=0.65. (H) Lining IHC score for CD3+

cells; high/moderate versus LDA patients with RA, *p=0.04; high/moderate versus remission patients with RA, **p=0.002; LDA versus remission
patients with RA, p=0.92. (I) Sublining IHC score for CD3+ cells; high/moderate versus LDA patients with RA, *p=0.05; high/moderate versus
remission patients with RA, **p=0.003; LDA versus remission patients with RA, p=0.29.
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PDUS-negative patients with RA in remission do not differ
from PDUS-negative patients with RA in LDA for synovial
CD31+ vessels under TNF inhibitors
At study entry, all enrolled patients with RA in remission and in
LDAwere PDUS-negative, regardless of SH presence. Performing
CD31 immunohistochemistry staining, both PDUS-negative
patients with RA in remission (figure 2Ca, b) and PDUS-negative
patients with RA in LDA (figure 2Ba, b) showed significantly less
CD31+ vessels compared with patients with RA with high/mod-
erate disease activity (figure 2Aa, b) (p<0.001 for both
PDUS-negative patients with RA in remission and in LDA versus
high/moderate patients with RA, respectively) (figure 2D).
Moreover, PDUS-negative patients with RA in remission did not
differ in terms of CD31+ vessels compared with PDUS-negative
patients with RA in LDA after TNF inhibitors (p=0.57)
(figure 2D).

PDUS-negative patients with RA in remission do not differ
from PDUS-negative patients with RA in LDA for synovial
collagen distribution under TNF inhibitor
To assess the rate of inflammation resolution in patients with RA
after TNF inhibition, we performed Masson Trichrome Goldner
staining for collagen distribution assessment in synovial tissue.
PDUS-negative patients with RA in remission (figure 3Ca, b)
showed significantly higher collagen deposition in the lining and
sublining areas (p<0.001 for both) compared with patients with
RA with high/moderate disease activity (figure 3Aa, b) (figure
3D–E). PDUS-negative patients with RA in LDA (figure 3Ba, b)
showed a higher extent of collagen deposition in the lining
(p=0.03) and sublining (p<0.001) areas (figure 3D–E)

compared with patients with RA with high/moderate disease
activity (figure 3D–E). Finally, PDUS-negative patients with RA
in remission did not differ in terms of collagen deposition com-
pared with PDUS-negative patients with RA in LDA under TNF
blockade (p=0.74 and p=0.61 for lining and sublining, respect-
ively) (figure 3E–D).

PDUS-negative patients with RA in remission have less
resident synovial CD68+, CD3+ and CD31+ cells compared
with PDUS-negative patients with PsA in remission under
TNF inhibitor
To assess the possible histological differences between residual
synovial inflammation in RA and other inflammatory diseases,
we compared synovial distribution of CD68+, CD21+, CD20+,
CD3+ and CD31+ cells of PDUS-negative patients with RA
(n=25) and PDUS-negative patients with PsA (n=18) in stable
clinical remission under TNF blockade. As shown in table 1,
there were no significant differences between PDUS-negative
patients with RA and PsA in remission according to demo-
graphic, clinical and inflammatory parameters (erythrocyte sedi-
mentation rate (ESR) and C reactive protein (CRP)) (table 1).
Moreover, PDUS-negative patients with RA and PsA did not
differ according to the SH thickness in all the assessed joints
(table 2).

As shown in figure 4A, B, despite similar US characteristics at
the time of study entry, PDUS-negative patients with PsA in
remission showed significantly higher degree of residual syno-
vitis compared with PDUS-negative patients with RA in remis-
sion in terms of CD68+, CD3+ and CD31+ cells distribution.
In particular, PDUS-negative patients with PsA in remission

Figure 2 (A–D) IHC for CD31+ vessels on ST of patients with rheumatoid arthritis (RA) in remission, in low disease activity (LDA) and in high/
moderate disease. (A) Example photos of CD31 (brown) staining of ST from patient with high/moderate RA (a, b) (magnification 20×); corresponding
ultrasound assessment (US) picture with PD scale (PD score=2) of the knee used for ST biopsy is shown. (B) Example photos of CD31 (brown)
staining of ST from patient with RA in LDA (a, b) (magnification 20×); corresponding US picture with PD scale (PD score=0) of the knee used for ST
biopsy is shown. (C) Example photos of CD31 (brown) staining of ST from patient with RA in remission (a, b) (magnification 20×); corresponding US
picture with PD scale (PD score=0) of the knee used for ST biopsy is shown. (D) IHC score for CD31+ vessels in ST of enrolled cohorts; high/
moderate versus LDA in patients with RA, **p<0.001; high/moderate versus remission in patients with RA, **p<0.001; LDA versus remission in
patients with RA, p=0.57.
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showed higher histological scores for sublining CD68+ cells
(p=0.02), sublining CD3+ cells (p=0.04) and CD31+ vessels
(p<0.001) compared with PDUS-negative patients with RA in
remission (figure 4C–I). Finally, in PDUS-negative patients with
PsA in remission, there was a direct correlation between the
histological scores of sublining CD3+ cells and sublining
CD68+ cells (r=0.86; p=0.02).

DISCUSSION
This study shows that PDUS-negative patients with RA in stable
remission and in LDA were characterised by similar degree of
histologically proven residual synovitis compared with
treatment-naïve patients with RA with high/moderate disease
activity and that PDUS-negative patients with RA and PsA in
stable clinical remission differed at the synovial tissue level in
terms of resident inflammatory cells and angiogenesis after TNF
inhibitors treatment.

Disease remission achievement is the most important goal in
RA treatment, and to date, evidence suggests that while TNF
blockers can be discontinued for some patients that have been
treated early in their disease course,11 stopping anti-TNF in
patients with RA with established disease leads to variable rates
of disease relapse.12 Based on that, it has been suggested that in
patients with RA with established disease, dose reduction may
be a more realistic approach and can be considered for patients
in remission or LDA, either by increasing the interval between
doses or reducing the dose administered.13 14

Clinical measures of disease remission alone, such as DAS
assessment, may underestimate the degree of synovitis, and the

systematic use of US is not justified in the follow-up of early
patients with RA.15 The combined use of US assessment in long-
standing patients with RA in clinical remission might increase
the success rate after anti-TNF tapering and discontinuation
compared with only DAS-based selection.3 16 17 It has been
demonstrated that ongoing synovitis can be detected by US in
up to 62% of patients with RA in clinical remission18–21 and
that PDUS-detected synovitis correlates with both progression
of structural damage22 and risk of subsequent RA flare.2

However, it is still unclear if this approach could lead to better
selection of patients with PsA achieving MDA status by
anti-TNF treatment for treatment tapering or discontinuation.

To date, there is no study on the synovial features of patients
with RA in clinical remission with PDUS-negative residual syno-
vitis, since limited data are available on the histological compos-
ition only of synovial tissue of patients with RA with stable
remission, with US-detected synovitis.4 Previous studies have
focused on the assessment of PDUS-positive residual synovitis in
patients with RA with stable remission including heterogeneous
RA cohorts, mainly in terms of therapeutic regimen (ie, conven-
tional and biological DMARDs). This may represent an import-
ant confounding factor influencing the rate of synovial
inflammatory cells whose survival may be differentially affected
by pharmacological therapy. To overcome this, at study entry,
we performed synovial tissue biopsy of patients with RA in
stable clinical and PDUS remission or LDA that were achieved
by combination therapy of methotrexate and TNF blockers, the
latter used as the first and only biological agent in the patients’
disease history.

Figure 3 (A–E) Masson Trichrome Goldner with light green immunostaining on ST of patients with rheumatoid arthritis (RA) in remission, in low
disease activity (LDA) and in high/moderate disease. (A) Example photos of collagen (green) staining of ST from high/moderate patient with RA
(a, b) (magnification 20×); corresponding ultrasound assessment (US) picture with PD scale (PD score=2) of the knee used for ST biopsy is shown.
(B) Example photos of collagen (green) staining of ST from patient with RA in LDA (a, b) (magnification 20×); corresponding US picture with PD
scale (PD score=0) of the knee used for ST biopsy is shown. (C) Example photos of collagen (green) staining of ST from patient with RA in remission
(a, b) (magnification 20×); corresponding US picture with PD scale (PD score=0) of the knee used for ST biopsy is shown. (D) Lining IHC score for
collagen in ST of enrolled cohorts; high/moderate versus LDA patients with RA, p=0.03; LDA versus remission patients with RA, p=0.10; high/
moderate versus remission patients with RA, p<0.001. (E) Sublining IHC score for collagen in ST of enrolled cohorts; high/moderate versus LDA
patients with RA, **p<0.001; LDA versus remission patients with RA, p=0.10; high/moderate versus remission patients with RA, **p<0.001.
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In the present study, using a combination of clinical and US
criteria in patients with long-standing RA, we have shown that
both patients with RA in remission and LDA showed less degree
of residual synovitis compared with patients with RA with high/
moderate disease activity. In particular, we found significant
higher frequency for the presence of follicular synovitis in the
latter compared with patients with RA in remission or in LDA.
Interestingly, synovial follicles, if present in PDUS-negative
patients with RA in remission or LDA, were not homing CD21+

follicular dendritic cells. Moreover, patients with RA in remis-
sion and LDA showed comparable degree of residual synovitis

with no significant differences in terms of resident CD68+,
CD21+, CD20+ and CD3+ cells.

In our study, we found that, if PD signal is absent at the time
of disease remission or LDA achievement, it is very likely that
synovial tissue is similar between RA in remission and LDA in
terms of CD68+, CD21+ CD20+, CD3+ and CD31+ cells.
Ramirez et al demonstrated that despite DAS-based remission
reached through various conventional and biological DMARDs,
patients with RA with PDUS-positive synovitis show a specific
biological profile characterised by an excess of angiogenic medi-
ators compared with patients with RA with PDUS-negative

Figure 4 (A–I) IHC staining for CD68/CD21, CD3/CD20 and CD31 on ST of power Doppler (PDUS)-negative patients with rheumatoid arthritis (RA)
and psoriatic arthritis (PsA) in disease remission. (A) Example photos of CD68 (red)/CD21 (brown) (Aa), CD3 (red)/CD20 (brown) (Ab) and CD31
(brown) (Ac) staining of ST biopsies from patients with RA in remission (magnification 20×); corresponding ultrasound assessment (US) picture with
PD scale (PD score=0) of the knee used for ST biopsy is shown. (B) Example photos of CD68 (red)/CD21 (brown) (Ba), CD3 (red)/CD20 (brown) (Bb)
and CD31 (brown) (Bc) staining of ST biopsies from patients with PsA in remission (magnification 20×); corresponding US picture with PD scale (PD
score=0) of the knee used for ST biopsy is shown. (C) Lining IHC score for CD68+ cells; patients with PsA versus RA, p=0.12. (D) Sublining IHC score
for CD68+ cells; patients with PsA versus RA, *p=0.02. (E) Lining IHC score for CD20+ cells; patients with PsA versus RA, p=0.13. (F) Sublining IHC
score for CD20+ cells; patients with PsA versus RA, p=0.22. (G) Lining IHC score for CD3+ cells; patients with PsA versus RA, p=0.29. (H) Sublining
IHC score for CD3+ cells; patients with PsA versus RA, *p=0.04. (I) IHC score for CD31+ vessels; patients with PsA versus RA, **p<0.001.
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remission,20 suggesting that the remaining synovial vascularity at
local joints may increase the risk of structural deterioration,
despite the anti-inflammatory therapy effect.23 24 These findings
confirm that remission in RA requires an improvement of
overall disease activity and disappearance of local synovial vas-
cularity detected by PDUS.

In addition, in our study, we reported for the first time the
histological features of synovial tissue from PDUS-negative
patients with PsA in stable remission (defined using an
RA-specific composite index as DAS) and MDA reached under
anti-TNF treatment. So far, formal criteria for remission of
patients with PsA have not been defined, whereas a state of
MDA has been proposed.7 Araujo et al25 recently demonstrated
that patients with PsA in stable clinical remission (defined as
having documented absence of clinical symptoms related to
arthritis, dactylitis, enthesitis and axial disease and minimal skin
disease with PASI<1) have a high chance of disease relapse after
treatment discontinuation, suggesting that patients with PsA
may be characterised by residual active synovitis. Moreover, the
authors suggested that the affected joints in patients with PsA
may repeatedly and effectively home inflammatory cells leading
to a memory function of the tissue, as the recurrence of the
disease usually occurs at the joints which were previously
affected by the disease. In our study, we performed synovial
tissue biopsy of the knee which was affected during the disease
course, showing that patients with PsA in remission are charac-
terised by a higher degree of residual synovitis in terms of
CD68+, CD3+ and CD31+ cells, mainly in the sublining, com-
pared with patients with RA in clinical remission despite stable
PDUS negativity, providing a biological support to the high rate
of disease relapse of patients with PsA after treatment discon-
tinuation.25 However, the analysis of the distribution of other
resident inflammatory cells, such as mast cells, demonstrated not
to be affected by TNF inhibition at synovial tissue level in spon-
dylarthritis,26 could provide additional information on the cellu-
lar composition of residual synovitis of patients with PsA in
MDA under TNF blockage.

In conclusion, the results of our study may have relevant
implications to better identify patients with RA in stable clinical
remission that could more safely undergo treatment reduction
or discontinuation using combined clinical and US selection cri-
teria. Moreover, since patients with RA with long-standing
disease reaching LDA status with PDUS-negative tissue have
comparable synovial characteristics than patients with RA in
remission, tapering anti-TNF agent could be a reasonable choice
for clinicians in such patients. However, to definitely confirm
the prognostic power of residual inflammatory cells in the syn-
ovial tissue of patients with RA or PsA in remission in foreseeing
disease relapse, prospective studies performing treatment taper-
ing or discontinuation, based on the combination of clinical, US
and histological selection criteria, are needed.
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EXTENDED REPORT

Increased prevalence of coronary plaque in patients
with psoriatic arthritis without prior diagnosis
of coronary artery disease
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ABSTRACT
Objectives To evaluate coronary atherosclerosis in
patients with psoriatic arthritis (PsA) and control subjects
using coronary CT angiography (CCTA).
Methods Ninety consecutive patients with PsA (male:
56(62.2%); 50.3±11.1 years) were recruited. 240
controls (male: 137(57.1%); 49.6±10.7 years) without
known cardiovascular (CV) diseases who underwent
CCTA due to chest pain and/or multiple CV risk factors
were recruited for comparison.
Results Patients with PsA and controls were matched
in age, gender and traditional CV risk factors (all
p>0.2). The prevalence of overall plaque (54(60%)/84
(35%), p<0.001), calcified plaque (CP) (29(32%)/40
(17%), p=0.002), mixed plaque (MP) (20(22%)/18(8%),
p<0.001), non-calcified plaque (NCP) (39(43%)/53
(22%), p<0.001) and combined MP/NCP (46(51%)/62
(26%), p<0.001) were all significantly higher in patients
with PsA. Three-vessel disease was diagnosed in 12
(13%) patients with PsA and 7(3%) controls (p<0.001),
while obstructive plaques (>50% stenosis) were
observed in 8(9%) patients with PsA and 7(3%) controls
(p=0.033). After adjusting for traditional CV risk factors,
PsA remained an independent explanatory variable for
all types of coronary plaques (OR: 2.730 to 4.064, all
p<0.001). PsA was also an independent explanatory
variable for three-vessel disease (OR: 10.798, p<0.001)
and obstructive plaque (3.939, p=0.024). In patients
with PsA, disease duration was the only disease-specific
characteristic associated with more vulnerable plaques
(MP/NCP) in multivariate analysis (1.063, p=0.031). The
other independent explanatory variables were age
≥55 years (5.636, p=0.005) and male gender (8.197,
p=0.001).
Conclusions Patients with PsA have increased
prevalence, burden and severity of coronary
atherosclerosis as documented by CCTA. Longer disease
duration was independently associated with the presence
of vulnerable MP/NCP plaques in patients with PsA.
Trial registration number NCT02232321.

INTRODUCTION
Psoriatic arthritis (PsA) is a chronic inflammatory
arthritis associated with increased prevalence of
cardiovascular (CV) diseases and related mortal-
ity.1–3 A recent meta-analysis revealed that the CV
morbidity was increased by 43% in patients with

PsA compared with the general population.4 The
increased risk may be due to an increased preva-
lence of traditional CV risk factors3 5 as well as
inflammation. Uncontrolled low-grade inflamma-
tion was associated with a 24% increased risk of
major adverse CV events (MACE) when a disease-
modifying antirheumatic drug (DMARD) was not
prescribed.1 Medications such as non-steroidal anti-
inflammatory drugs and glucocorticoid may also
contribute towards the increased CV risk,6

although conventional synthetic and biological
DMARDs may have protective effect.7 8 Early iden-
tification of patients with high CV risk is important
as early aggressive interventions may be beneficial.
Subclinical atherosclerosis is a good surrogate

marker for CV disease (CVD) in the general popula-
tion9 10 and patients with rheumatoid arthritis
(RA).11–13 There is also an increased prevalence of
subclinical atherosclerosis in patients with PsA.14 15

A recent meta-analysis confirmed an increased
carotid intima-media thickness (IMT) (mean differ-
ence: 0.07 mm, p<0.001) and a higher frequency
of carotid plaques (OR: 3.12, p=0.04).15 Carotid
atherosclerosis has been shown to improve risk pre-
diction for incident CVD over what was achieved by
a model with Framingham risk factors alone in the
general population,16 as well as improving CV risk
stratification in patients with PsA.14 17 Nevertheless,
previous knowledge on atherosclerosis in patients
with PsAwas limited to the carotid arteries. Detailed
assessment of coronary atherosclerosis may further
improve the risk stratification, and may identify
patients who need immediate aggressive interven-
tion, such as percutaneous coronary intervention.
Coronary CT angiography (CCTA) accurately

evaluates coronary atherosclerosis. The accuracy
approaches 100% against conventional angiography
and intravascular ultrasound in prospective assess-
ments,18–20 with high reproducibility.21 The sever-
ity and burden of coronary plaques can also be
evaluated. CCTA independently predicts short and
long-term cardiac events in patients with suspected
or established coronary arterial disease (CAD).22–24

Moreover, CCTA detected plaque composition can
further discriminate the CV risk. Non-calcified
plaque (NCP) and mixed plaque (MP) are consid-
ered as more vulnerable and carry higher risk com-
pared with calcified plaque (CP).25 26 Karpouzas
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et al27 found that all types of coronary plaque were more
common in patients with RA compared with controls; RA
disease activity was associated with high-risk NCP and
MP. Since patients with PsA has an increased CV risk which is
comparable to patients with RA,28 we hypothesised that coron-
ary plaques will be more common in patients with PsA com-
pared with controls as a result of chronic inflammation.

In this study, we compared the presence, burden and severity
of coronary plaques in patients with PsA with age/gender-
matched control subjects. We also explored the correlation
between PsA disease-specific features and the high-risk NCP and
MP in these patients.

PATIENTS AND METHODS
Patients
One hundred and thirteen consecutive patients with PsA attending
the outpatient clinic of the Prince of Wales Hospital (PWH) who
fulfilled the Classification of Psoriatic Arthritis criteria29 were
invited for CCTA from June 2014 to June 2016. Patients were
ineligible if they (1) had a history of overt CVD (myocardial infarc-
tion, percutaneous transluminal coronary angioplasty, surgery for
ischaemic heart disease, stroke, transient ischaemic attack, carotid
endarterectomy, peripheral arterial reconstructive surgery or limb
amputation); (2) were on statins; (3) had contradiction of CCTA
such as pregnancy, known iodine allergy, impaired renal function.
Twenty patients refused to participate. CCTA scan was not able to
perform in three patients due to persistent high heart rate. Ninety
patients with PsAwere finally included.

Two hundred and forty age-matched and gender-matched
control subjects were retrospectively selected from the database
of patients who received CCTA assessment from the
Department of Radiology at the PWH from January 2010 to
March 2016. These subjects were referred for CCTA due to
chest pain or discomfort, presence of ≥1 CV risk factors and/or
ECG abnormalities. Exclusion criteria comprised (1) any con-
comitant autoimmune syndromes, (2) established CVD prior to
the CCTA and (3) use of statins. The selection of control sub-
jects was performed blinded to the CCTA results.

The study was approved by the Joint Chinese University of
Hong Kong—New Territories East Cluster Clinical Research
Ethics Committee (the Joint CUHK-NTEC CREC). Written
informed consent was obtained from all patients with PsA
according to the Declaration of Helsinki and International
Conference on Harmonisation Guideline for good clinical prac-
tice (ICH-GCP) guidelines. Due to the retrospective nature,
waiver of informed consent from control subjects was approved
by the Joint CUHK-NTEC CREC.

Clinical assessment
For patients with PsA, pain, physicians’ and patients’ global
assessments were evaluated using a 100-point visual analogue
scale, where 0 indicated excellent well-being and 100 indicated
feeling extremely unwell. Physical examination included the
number of tender and swollen joints using the 68 tender/66
swollen joint count, and the number of permanently deformed
joints. The Health Assessment Questionnaire was used to evalu-
ate physical function, and the Psoriasis Area and Severity Index
was used to assess the extent of skin involvement.30 Overall
disease activity was assessed using minimal disease activity
(MDA)31 and Disease Activity in Psoriatic Arthritis (DAPSA).32

Anthropomorphic measurements including heights, weight and
two consecutive blood pressure readings in sitting position were
recorded. Body mass index (BMI) was calculated. Other data

obtained from patients with PsA through the interview and
chart review included smoking habits, history of diabetes, hyper-
tension and hyperlipidaemia. Drug history was retrieved from
case notes or elicited during the clinical assessment. All patients
were interviewed and examined using standardised data
collection instruments. Complete blood count, liver and renal
function tests, erythrocyte sedimentation rate, C reactive
protein, fasting blood glucose and lipid profile (total cholesterol,
high-density lipoprotein cholesterol, low-density lipoprotein
cholesterol, triglycerides) were checked before CCTA. The
mean time between lab test and CCTAwas 150.7±133.5 days.

For control subjects, traditional CV risk factors, including
age, gender, history of diabetes, hypertension, hyperlipidaemia
and smoking habit were retrieved through chart review via the
Clinical Management System of the Hong Kong Hospital
Authority. Results of laboratory tests which dated closest to the
CCTA assessment and within 6 months were recorded. All
results included in the analysis were retrieved in at least 90%
(216) of the control subjects.

Coronary atherosclerosis assessment
CCTA scans were performed with a 64-row multidetector CT
(LightSpeed VCT XT, GE Healthcare, Milwaukee, Wisconsin,
USA) in accordance with the protocol employed in the
ACCURACY trial,33 and were analysed by an experienced radi-
ologist (K-TW). Coronary artery calcium score (CAC) was quan-
tified by the Agatston method.34 The presence, site and stenosis
level of plaques were recorded. Coronary arteries were standar-
dised to American Heart Association 15-segment model.35

Segment involvement score (SIS) represented the total number
of segments harbouring plaque. Lesions rendering over 50%
stenosis of the lumen were considered as obstructive. For mul-
tiple plaques, the most stenotic one was recorded. The types of
plaque were determined to be non-calcified (density lower than
the contrast enhanced lumen), calcified (density greater than the
contrast enhanced lumen) and mixed (presence of both calcified
and non-calcified component in the same plaque).27

Statistical analysis
Results are expressed as count (percentage), mean±SD or
median (IQR) as appropriate. Comparisons between two groups
were assessed using Student’s t-test or Mann-Whitney U test for
continuous variables and χ2 test for categorical variables.
Univariate and multivariate logistic regression analysis was used
to identify the independent explanatory variables for the pres-
ence of various kinds of coronary plaques in patients with PsA
and control subjects, or the presence of MP/NCP in patients
with PsA. Age ≥55 years, gender, history of hypertension, dia-
betes, hyperlipidaemia and smoking were included in the multi-
variate analysis as potential confounding factors.27 All statistical
analyses were conducted using IBM SPSS Statistics V.22 (IBM,
Armonk, New York, New York, USA). A minimal level of signifi-
cance of p<0.05 is used.

RESULTS
Clinical characteristics of patients with PsA and control
subjects
Patients with PsA and control subjects were well matched in age
(50.3±11.1 vs 49.6±10.7 years, p=0.558) and gender (male:
56 (62.2%) vs 137 (57.1%), p=0.399). Traditional CV risk
factors, including history of diabetes, hypertension, hyperlipid-
aemia and smoking habit were also matched (all p>0.2;
table 1). The prevalence of subjects having three concomitant
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CV risk factors were higher in patients with PsA compared with
controls, although the prevalence was low in both groups
(7 (7.8%) vs 6 (2.5%), p=0.028). None of the patients with
PsA and controls was on antiplatelet agents. In the patients
with PsA, the overall disease activity was low to moderate
(DAPSA: 13 (9–21)), with 24 (26.7%) patients achieving MDA.
Other clinical characteristics of the patients with PsA were
shown in table 1.

Two hundred and five (85.4%) control subjects received
CCTA assessment due to chest pain or discomfort. Eight (3.3%)
were due to other symptoms such as shortness of breath,
syncope, palpitation or dizziness. Fifteen (6.3%) and 8 (3.3%)
patients were due to ECG abnormalities and multiple CV risk
factors, respectively. In contrast, only 8 (8.9%) patients with
PsA reported history of occasional chest discomfort.

Coronary atherosclerosis in patients with PsA and control
subjects
Coronary plaques were identified in 54 (60%) patients with
PsA, which were significantly more common than in control
subjects (84 (35.0%), p<0.001; figure 1A). The prevalence of
all types of plaques was increased from twofold to threefold
(figure 1B–E). High-risk MP/NCPs were identified in 46
(51.1%) patients with PsA and 62 (25.8%) control subjects
(p<0.001). Thirty-six (40.0%) patients with PsA and 50
(20.8%) control subjects had a CAC >0 (p<0.001; figure 2A);
in this subgroup of patients, CAC was significantly higher in
patients with PsA (50 (11–121) vs 25 (5–47), p=0.029;
figure 2B). Patients with PsA also had significantly higher plaque
burden and severity in terms of more three-vessel diseases
(12 (13.3%) vs 7 (2.9%), p<0.001) and obstructive lesions

Table 1 Clinical characteristics of patients with PsA and control subjects

Control (n=240) Patients with PsA (n=90) p Value

Male gender, n (%) 137 (57.1) 56 (62.2) 0.399

Age, years 49.6±10.7 50.3±11.1 0.558

PsA characteristics

PsA disease duration, years 6.1 (3.4–16.5)

Tender joint count, 0–68 3 (1–6)

Swollen joint count, 0–66 0 (0–2)

Damaged joint count, 0–68 2 (0–6)

Visual analogue scale pain, 0–100 35 (20–60)

Patients’ global assessment, 0–100 50 (30–70)

Physicians’ global assessment, 0–100 30 (15–50)

PASI, 0–72 3.70 (0.70–8.40)

HAQ, 0–3 0.375 (0–0.875)

ESR, mm/1st hour 21 (12–35)

CRP, mg/dL 0.4 (0.2–1.0)

DAPSA, 0–164 13 (9–21)

MDA, n (%) 24 (26.7)

Cardiovascular risk factors

Body weight, kg 70.9±14.5

BMI, kg/m2 26.1±4.7

Systolic blood pressure, mm Hg 126±18

Current smoker, n (%) 27 (12.2) 14 (15.6) 0.422

Hypertension, n (%) 105 (44.3) 38 (42.2) 0.735

Diabetes, n (%) 25 (10.6) 14 (15.6) 0.217

Hyperlipidaemia, n (%) 29 (12.3) 15 (16.7) 0.301

Concomitant risk factors 2* 45 (18.8) 11 (12.2) 0.159

Concomitant risk factors 3* 6 (2.5) 7 (7.8) 0.028

Concomitant risk factors 4* 0 (0) 1 (1.1) 0.102

Total cholesterol, mmol/L 5.0±0.9 5.0±1.0 0.917

HDL cholesterol, mmol/L 1.4±0.5 1.4±0.4 0.478

LDL cholesterol, mmol/L 3.0±0.8 3.0±0.8 0.694

Triglycerides, mmol/L 1.4±0.8 1.5±1.0 0.316

Fasting glucose, mmol/L 5.5±1.4 5.5±1.7 0.771

Medications, n (%)

Non-steroidal anti-inflammatory drugs 48 (53.3)

Steroids 4 (4.4)

Synthetic DMARDs 54 (60.0)

Biological DMARDs 20 (22.2)

Values are presented as number (percentage), median (IQR) or mean±SD.
*Including current smoker, hypertension, diabetes and hyperlipidaemia.
BMI, body mass index; CRP, C reactive protein; DAPSA, Disease Activity in Psoriatic Arthritis; DMARDs, disease-modifying antirheumatic drugs; ESR, erythrocyte sedimentation rate; HAQ,
Health Assessment Questionnaire; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MDA, Minimal Disease Activity; PASI, Psoriasis Area and Severity Index.
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(8 (8.9%) vs 7 (2.9%), p=0.033) compared with control sub-
jects (figure 3). SIS was 1.83±2.33 in patients with PsA and
0.66±1.21 in control subjects (p<0.001).

In the multivariate analysis, after adjusting for the trad-
itional CV risk factors, patients with PsA still had increased
risk of overall plaque and all types of plaques by 2.7–4.1-folds
(table 2). The OR for patients with PsA to have high-risk
MP/NCP was 3.244 (95% CI 1.909 to 5.511, p<0.001). PsA
was also an independent explanatory variable for CAC >0,

the presence of three-vessel diseases and obstructive lesions
(table 2).

Disease-specific features and high-risk MP/NCP in patients
with PsA
In the univariate analysis, none of the PsA-specific features was
significantly associated with increased risk of MP/NCP (table 3).
However, after adjusting for the traditional CV risk factors,
longer PsA disease duration was independently associated with

Figure 1 Prevalence of coronary atherosclerosis in patients with psoriatic arthritis (PsA) and control subjects. Prevalence of (A) overall plaque, (B)
calcified plaque (CP), (C) mixed plaque (MP), (D) non-calcified plaque (NCP), (E) MP and/or NCP.

Figure 2 Coronary artery calcium
score (CAC) in patients with psoriatic
arthritis (PsA) and control subjects. (A)
The prevalence of subjects with CAC
>0 in patients with PsA and control
subjects; (B) CAC in patients with PsA
and control subjects with CAC >0.

Figure 3 Coronary plaque burden and severity in patients with psoriatic arthritis (PsA) and control subjects. Prevalence of (A) three-vessel disease;
(B) obstructive plaque.
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increased risk of MP/NCP (OR for per 1 year increase: 1.063
(1.006 to 1.123), p=0.031, table 3). Other independent risk
factors were as follows: age ≥55 years (OR: 5.636 (1.691 to
18.785), p=0.005) and male gender (OR: 8.197 (2.356 to
28.514), p=0.001). Other PsA features were not associated with
MP/NCP.

DISCUSSION
This is the first study to thoroughly evaluate coronary athero-
sclerosis in patients with PsA compared with control subjects.
Patients with PsA without known CAD had a threefold to four-
fold increased prevalence of all types of coronary plaque, which
can probably account for the 68% increased risk for myocardial
infarction.4 The plaque burden and severity were also higher in
patients with PsA. These differences were independent of tradi-
tional CV risk factors, supporting the hypothesis that PsA itself
is an independent risk factor. In patients with PsA, besides age
and gender, cumulative inflammatory burden as reflected by the

PsA disease duration was independently associated with the
presence of high-risk MP/NCP plaque.

Both non-obstructive and obstructive coronary plaques were
associated with increased mortality.24 In our study, 60% of
patients with PsA had at least one coronary plaque, comparing
with only 35% of control subjects. The prevalence of CP (32%
vs 17%), NCP (43% vs 22%) and MP/NCP (51% vs 26%) was
doubled in PsA, while the prevalence of MP was almost tripled
(22% vs 8%). CAC was also higher in patients with PsA. These
results were consistent with our previous finding of a higher
prevalence of carotid atherosclerosis in patients with PsA,14 as
well as coronary atherosclerosis in other chronic inflammatory
diseases such as RA.27 In the RA study, the prevalence of overall
plaque, CP, MP and NCP were 71%, 22%, 27% and 57% for
patients with RA and 45%, 11%, 11% and 38% for controls,
respectively.27 The prevalence of various types of plaques was
lower in both the patients with PsA and control subjects in the
current study, probably due to ethnic differences.36 37

Nevertheless, the adjusted OR of coronary atherosclerosis for
PsA was even higher than that for RA. These data supported the
previous notion that the increased CV risk in PsA was at least
similar to that of RA.28

Similar to the findings in patients with RA, more patients
with PsA compared with controls had three-vessel disease (13%
vs 3%), obstructive lesions (9% vs 3%) and a higher SIS, which
indicated higher coronary plaque burden and severity. In the
CONFIRM study which followed over 20 000 subjects for
2.3 years, obstructive plaques were associated with an even
higher mortality (CV risk factors adjusted HR compared with
subjects without plaque: 2.60) than non-obstructive plaques
(HR compared with subjects without plaque: 1.60), and each
unit increase in SIS was associated with an increased adjusted
risk of mortality by 10%.24 In our study, PsA is the only inde-
pendent explanatory variable for obstructive lesions, and one of
the only two independent explanatory variables for three-vessel
disease (table 2). These data highlighted the fact that most of
these PsA subjects with plaques are having silent ischaemia;
therefore, more aggressive CV evaluation strategy should be con-
sidered in patients with PsA.

NCP and MP were vulnerable plaques which carried a higher
risk than CP,25 26 with HRs for NCP and MP in predicting
MACE being 5.30 and 9.54, respectively, compared with CP.25

In another study which included 1102 patients with non-
obstructive plaques only, the HRs for all-cause mortality were
7.4 for NCP and 3.2 for MP, compared with CP.26 Patients with
PsA had a threefold increased risk of MP/NCP compared with
control subjects (table 2), highlighting the role of inflammation
in accelerating coronary atherosclerosis. To further explore this
issue, we investigated the correlation between disease-specific
characteristics and MP/NCP in patients with PsA, and found
that the PsA disease duration was an independent explanatory
variable for MP/NCP. Increase in disease duration for 1 year was
associated with a 6% increased risk in having MP/NCP, support-
ing the hypothesis that higher cumulative inflammatory burden
(as reflected by the longer disease duration) promotes the devel-
opment of vulnerable plaques. Inflammation initiates the forma-
tion of the atherosclerotic plaque and involves in the thinning
of the fibrous cap, which may lead to plaque rupture and acute
infarction of coronary arteries.38 This may explain the correl-
ation between PsA disease duration and the vulnerable plaque
type (MP/NCP). The precise mechanism of how chronic inflam-
mation promotes atherosclerosis remains unresolved. It is pos-
sible that chronic inflammation induces the expression of
adhesion molecules (intercellular adhesion molecule-1, vascular

Table 2 Independent predictors in multivariate analysis for coronary
plaque in patients with PsA and control subjects

OR 95% CI p Value

All plaque

PsA 3.415 1.992 to 5.853 <0.001

Age ≥55 years 3.000 1.726 to 5.216 <0.001

Male gender 2.827 1.621 to 4.932 <0.001

Hypertension 1.782 1.076 to 2.952 0.025

CP

PsA 3.573 1.860 to 6.865 <0.001

Age ≥55 years 4.199 2.082 to 8.468 <0.001

Male gender 2.634 1.265 to 5.483 0.010

Hypertension 1.944 1.008 to 3.750 0.047

Hyperlipidaemia 3.001 1.375 to 6.553 0.006

MP

PsA 4.064 1.907 to 8.662 <0.001

Age ≥55 years 2.765 1.236 to 6.185 0.013

Male gender 3.007 1.225 to 7.381 0.016

Hyperlipidaemia 2.459 1.006 to 6.011 0.049

NCP

PsA 2.730 1.600 to 4.660 <0.001

Male gender 2.066 1.169 to 3.650 0.012

MP and/or NCP

PsA 3.244 1.909 to 5.511 <0.001

Age ≥55 years 2.299 1.330 to 3.973 0.003

Male gender 2.397 1.366 to 4.207 0.002

CAC>0

PsA 3.303 1.831 to 5.956 <0.001

Age ≥55 years 3.279 1.770 to 6.073 <0.001

Hypertension 1.898 1.059 to 3.400 0.031

Hyperlipidaemia 2.647 1.270 to 5.519 0.009

Three-vessel disease

PsA 10.798 2.925 to 39.857 <0.001

Hyperlipidaemia 4.544 1.427 to 14.466 0.010

Obstructive

PsA 3.939 1.201 to 12.924 0.024

Adjusted for age, gender, hypertension, diabetes, hyperlipidaemia and smoking.
CAC, coronary artery calcium score; CP, calcified plaque; MP, mixed plaque; NCP,
non-calcified plaque; PsA, psoriatic arthritis.
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cell adhesion molecule-1, E-selectin, etc]); promotes endothelial
dysfunction; stimulates smooth cell survival, migration and pro-
liferation in the arterial intima; and subsequently leads to ath-
erosclerotic plaque formation.8 38 Proinflammatory cytokines
may also promote the release of matrix metalloproteinases,
which alters the balance of elastin/collagen and increases the
plaque vulnerability by plaque remodelling and thinning of the
fibrous cap.8 38 Our results further highlighted the importance
of cumulative inflammatory burden and coronary atheroscler-
osis. In patients with PsA with longer disease duration, a more
comprehensive CV risk surveillance strategy may be needed.
Further large-scale studies should be conducted to determine
the most appropriate and cost-effective strategy for these
patients.

It was considered unethical to subject healthy controls to
CCTA due to the risk of radiation exposure and therefore sub-
jects without prior CVD who were indicated for CCTA were
recruited as controls instead. We would need to emphasise that
the control subjects in our study were not healthy controls, but
symptomatic patients without known CAD who underwent
clinically indicated CCTA. Therefore, the risk of coronary ath-
erosclerosis in patients with PsA could be even higher when
compared with healthy controls. Subjects (for both patients
with PsA and controls) on statins were excluded as statins have
been proven to be effective in preventing atherosclerosis.39

The strength of our study was that we compared the preva-
lence, burden and severity of coronary atherosclerosis in
patients with PsA and control subjects for the first time and in a
large cohort. The patients and controls were well matched in
age, gender and CV risk profiles. Based on our case number, the
statistical power was estimated to be 0.94 for comparing overall

plaque and 0.96 for comparing MP/NCP, with α=0.01. Our
study also has a few limitations. First, the control subjects were
retrospectively selected; this may affect the repeatability of the
results. In addition, some of the clinical information, such as
BMI, was missing. Ideally, blood samples from the controls
should be checked for the inflammatory markers for more com-
prehensive analysis. Nevertheless, to ensure that the controls
were appropriated recruited, CCTA results were blinded to the
investigators during case selection. Second, due to the cross-
sectional design, we were not able to evaluate the correlation
between the CCTA identified atherosclerosis and CV events.
Single determination of inflammatory markers and disease acti-
vity assessment may not accurately represent concentration over
time and cumulative burden of exposure. In addition, we were
unable to precisely quantify lifetime dosages of medications to
examine more fully the effect of pharmacologic therapy on the
development of atherosclerosis. Third, as patients with PsA
suffer from more severe subclinical carotid atherosclerosis com-
pared with patients with psoriasis (PsO),40 it would be interest-
ing to include patients with PsO to address whether this is also
true for coronary atherosclerosis. Fourth, disease activity in
these patients with PsA was low to moderate. Therefore, overall
plaque occurrence and burden in our population may not be
generalisable to patients with PsA with higher disease activity.
Last but not least, the prevalence of coronary plaque was much
higher than the carotid plaque which we previously reported
(18%).14 In a substudy (manuscript under preparation), results
of the carotid ultrasound were compared with CCTA in all
these patients. No significant association between carotid plaque
and coronary plaque (p=0.191) were found. However, mean
and maximum IMTwere significantly increased in patients with

Table 3 Univariate and multivariate analysis for MP/NCP in patients with PsA only

Univariate Multivariate*

OR (95% CI) p Value OR (95% CI) p Value

Male gender, n (%) 2.833 (1.170 to 6.862) 0.021 †

Age ≥55 years 2.385 (1.001 to 5.681) 0.050 †

PsA characteristics

PsA disease duration, years 1.047 (0.997 to 1.047) 0.066 1.063 (1.006 to 1.123) 0.031†

Tender joint count, 0–68 1.024 (0.949 to 1.105) 0.541 1.005 (0.921 to 1.098) 0.907

Swollen joint count, 0–66 0.910 (0.696 to 1.189) 0.489 0.820 (0.598 to 1.125) 0.219

Damaged joint count, 0–68 1.033 (0.978 to 1.092) 0.248 1.027 (0.970 to 1.088) 0.365

Visual analogue scale pain, 0–100 0.986 (0.969 to 1.003) 0.114 0.986 (0.967 to 1.006) 0.179

Patients’ global assessment, 0–100 0.985 (0.968 to 1.002) 0.088 0.986 (0.967 to 1.005) 0.153

Physicians’ global assessment, 0–100 1.012 (0.993 to 1.031) 0.219 1.012 (0.990 to 1.034) 0.281

PASI 1.019 (0.976 to 1.063) 0.391 1.025 (0.977 to 1.076) 0.316

HAQ 0.775 (0.376 to 1.600) 0.491 0.740 (0.315 to 1.739) 0.490

ESR 0.997 (0.979 to 1.016) 0.794 1.013 (0.989 to 1.037) 0.295

CRP 1.015 (0.960 to 1.074) 0.599 1.035 (0.968 to 1.106) 0.314

DAPSA 0.988 (0.947 to 1.032) 0.593 0.986 (0.939 to 1.035) 0.571

MDA 0.941 (0.370 to 2.396) 0.899 0.715 (0.236 to 2.1635) 0.553

Medications current, n (%)

Non-steroidal anti-inflammatory drugs 1.300 (0.567 to 2.982) 0.536 1.762 (0.685 to 4.530) 0.240

Steroids 3.000 (0.300 to 29.992) 0.350 2.862 (0.219 to 37.486) 0.423

Synthetic DMARDs 1.563 (0.669 to 3.651) 0.303 1.307 (0.483 to 3.533) 0.598

Biological DMARDs 2.771 (0.954 to 8.044) 0.061 2.458 (0.760 to 7.948) 0.133

*Adjusted for age ≥55 years, gender, hypertension, diabetes, hyperlipidaemia, family history and smoking.
†Other independent risk factors were as follows: age ≥55 years (OR: 5.636 (1.691 to 18.785), p=0.005) and male gender (OR: 8.197 (2.356 to 28.514), p=0.001).
CRP, C reactive protein; DAPSA, Disease Activity in Psoriatic Arthritis; DMARDs, disease-modifying antirheumatic drugs; ESR, erythrocyte sedimentation rate; HAQ, Health Assessment
Questionnaire; MDA, Minimal Disease Activity; MP, mixed plaque; NCP, non-calcified plaque; PASI, Psoriasis Area and Severity Index.
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coronary plaque (p=0.013 and p=0.026, respectively). Mean
IMTwas also significantly increased in patients with multivessel
disease (p=0.02) and those with obstructive stenosis
(p=0.017). These findings support the concept that atheroscler-
osis is a systemic process. However, the lack of association
between carotid and coronary plaque indicates that atheroscler-
osis may have a heterogeneous distribution, which may be
affected by the risk factor profile.

In conclusion, patients with PsA have increased prevalence,
burden and severity of coronary atherosclerosis documented
by CCTA. Longer disease duration is independently correlated
with the presence of vulnerable MP/NCP plaque in patients
with PsA.
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EXTENDED REPORT

Predictors of work disability after start of anti-TNF
therapy in a national cohort of Swedish patients
with rheumatoid arthritis: does early anti-TNF
therapy bring patients back to work?
T Olofsson,1 I F Petersson,2 J K Eriksson,3 M Englund,2 J A Nilsson,1 P Geborek,1

L T H Jacobsson,4 J Askling,3 M Neovius,3 for the ARTIS Study Group

ABSTRACT
Objectives To examine predictors of work ability gain
and loss after anti-tumour necrosis factor (TNF) start,
respectively, in working-age patients with rheumatoid
arthritis (RA) with a special focus on disease duration.
Methods Patients with RA, aged 19–62 years, starting
their first TNF inhibitor 2006–2009 with full work ability
(0 sick leave/disability pension days during 3 months
before bio-start; n=1048) or no work ability (90 days;
n=753) were identified in the Swedish biologics register
(Anti-Rheumatic Treatment In Sweden, ARTIS) and sick
leave/disability pension days retrieved from the Social
Insurance Agency. Outcome was defined as work ability
gain ≥50% for patients without work ability at bio-start
and work ability loss ≥50% for patients with full work
ability, and survival analyses conducted. Baseline
predictors including disease duration, age, sex, education
level, employment, Health Assessment Questionnaire,
Disease Activity Score 28 and relevant comorbidities
were estimated using Cox regression.
Results During 3 years after anti-TNF start, the
probability of regaining work ability for totally work-
disabled patients was 35% for those with disease
duration <5 years and 14% for disease duration
≥5 years (adjusted HR 2.1 (95% CI 1.4 to 3.2)). For
patients with full work ability at bio-start, disease
duration did not predict work ability loss. Baseline
disability pension was also a strong predictor of work
ability gain after treatment start.
Conclusions A substantial proportion of work-disabled
patients with RA who start anti-TNF therapy regain work
ability. Those initiating treatment within 5 years of
symptom onset have a more than doubled 3-year
probability of regaining work ability compared with later
treatment starts. This effect seems largely due to the
impact of disease duration on disability pension status.

INTRODUCTION
Rheumatoid arthritis (RA) is the most common
rheumatic inflammatory disease with an estimated
prevalence of 0.6–0.8%.1 2 Without effective treat-
ment, the disease usually leads to deterioration of
physical function and work disability.3

The introduction of tumour necrosis factor
(TNF) antagonists has played a major role with
better control of symptoms, halting of radiological
progression and improvement of functional cap-
acity.4 5 The impact of these effects on work ability

has not been as well studied, although there is
emerging evidence that this treatment could affect
work ability in a favourable way compared with
treatment with a non-biological disease-modifying
anti-rheumatic drug (DMARD), and in patients
who have responded poorly to an adequate course
of non-biological DMARDs.6–8

As work ability is a domain with high priority
for patients with RA, both financially and socially,9

data on which patients would benefit the most
from anti-TNF therapy from a work perspective
could have important implications for treatment
decisions, but also for resource allocations. In add-
ition, it could indicate groups of patients with a
poorer work prognosis who might benefit from
early non-pharmacological interventions. Until
now, such reports have been scarce with a few find-
ings suggesting that short disease duration at
anti-TNF start could have a favourable effect on
future ability to work.7 10 Higher Health
Assessment Questionnaire (HAQ) and older age at
bio-start have been associated with a less favourable
work prognosis,11–13 but larger predictor studies
are needed.
The objective of this study was to examine pre-

dictors of work ability gain and loss, respectively, in
working-age patients with RA during the first
3 years after starting anti-TNF therapy, with a
special focus on the impact of disease duration at
treatment start.

METHODS
Setting
In 2009, the Swedish population was 9.3 million,
60% being of working age (19–64 years). The
Swedish healthcare system offers universal access,
and patients with RA are generally diagnosed and
treated by rheumatologists for their disease and by
general practitioners and other specialists for their
comorbidities. The official retirement age is
65 years, but workers have the right to enter
old-age pension at 61 or stay at work until
67 years. Prescription drugs are provided free of
charge above a threshold of SEK 1800 annually
(≈€190/US$260).

The Swedish social insurance system
All residents in Sweden aged 16–64 years can be
granted economic compensation from the Social
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Insurance Agency in case of sickness, disability or injury. The
compensation can take the form of sick leave or disability
pension and it is possible to have both compensation forms sim-
ultaneously, though never exceeding 100% together. Only
periods ≥14 days are contained in the register (for detailed
information on the Swedish social insurance system, see online
supplementary text).

Patient cohort
Patients with RA, 19–62 years, starting treatment with their first
TNF inhibitor 2006–2009 were identified in the Swedish
Rheumatology Quality Register. This is a national register com-
prising both the Swedish biologics register (Anti-Rheumatic
Treatment In Sweden (ARTIS)) set up in 1999, covering 87–
95% of all biologics-treated patients with RA in Sweden, and
the register for follow-up of incident RA (according to 1987
American College of Rheumatology criteria), started in the
mid-1990s.14 15 From this cohort, we selected patients with no
work ability at bio-start (90 days with sick leave or disability
pension during the three months prior to bio-start) and patients
with full work ability (0 days with sick leave or disability
pension during the three months before bio-start). The patient
inclusion is described in a flow chart (see online supplementary
figure S1). Sixty-two years was chosen as upper age limit to
avoid that patients enter old-age pension during follow-up.

Data were linked to the Social Insurance Agency Register
including day-level data on sick leave and disability pension
(2005–2010), and the Longitudinal Integration Database for
Health Insurance and Labor Market Studies including data on
education level and unemployment benefits by calendar year
(2005–2009). Furthermore, data on comorbidities were
retrieved from inpatient and outpatient care visits registered in
the National Patient Register (2001–2009), and from drug treat-
ment registered in the nationwide Prescribed Drug Register
(2005–2009; online supplementary table S1).

Outcome
For patients with full work ability at bio-start, the outcome
measure was time to loss of either ≥50% or 100% work ability,
respectively, during a month (≥15 net days with sick leave or
disability pension out of 30; 30 days out of 30). For patients
with no work ability at bio-start, the outcome measure was time
to regain of either ≥50% or 100% work ability, respectively,
during a month (≤15 net days with sick leave or disability
pension out of 30; 0 days out of 30). A month was chosen as
window to be long enough to reflect sustained changes but
short enough to do so with good resolution and in close con-
nection to when changes appear.

Net days of sick leave and disability pension were used as
primary outcome because both compensation forms may be
complete (100%) or partial, in specific predefined steps (eg,
25%, 50% or 75%), and were calculated by multiplying the
degree of compensation with the number of days. Since patients
often move from sick leave to disability pension and the two
compensation forms can also coexist, they were analysed jointly,
as has been recommended.16 The maximum number of days
was set as 30 per month.

Follow-up
Patients were followed from day of anti-TNF start until time of
event, death, emigration or end of follow-up (maximum 36
months), whichever came first.

Primary exposure
The primary variable investigated was disease duration at treat-
ment start (defined as time from onset of RA symptoms to start
of anti-TNF therapy). We also investigated disability pension
status at bio-start in patients without initial work ability since it
has been reported an important predictor in related
conditions.17

Covariates
Covariates included known to drive work disability, comprised
demographic variables (age, sex and education level as well as
employment status),18 19 clinical variables (HAQ and Disease
Activity Score 28 (DAS28)),18 19 treatments (non-biological
DMARD(s), glucocorticoids) and comorbidities (depression and
anxiety disorders, cardiovascular disease, malignancies, hyper-
tension, diabetes and hip/knee replacement).20

Statistics
Statistical analyses were conducted using SPSS (V.20.0).
Differences in baseline characteristics between work ability cat-
egories at bio-start as well as differences between groups of
disease duration within each work ability category were assessed
by one-way analysis of variance for continuous variables and χ2

tests for ordinal ones.
Survival analyses with Kaplan-Meier curves were conducted

using Cox-regression models to assess baseline predictors.
Independent variables included in the prediction models were
chosen based on subject matter knowledge.18–20 The variables
were first tested in univariate analysis and only those generating
p values ≤0.1 in the analysis for work ability gain were included
in the multivariate models, except for disease duration, sex, age
at bio-start, HAQ and DAS28, which were always included.
Furthermore, to assess the association between disease duration
and disability pension status, logistic regression was used,
including the same covariates as in the survival analyses.

Patient lacking data for any of the independent variables at
bio-start were excluded from the multivariate Cox-regression
and logistic regression models. Reported p values are two-sided
and p<0.05 was considered statistically significant.

RESULTS
We identified 753 patients with no work ability and 1048 with
full work ability at bio-start. In the group with full work ability
at bio-start, 512 patients (49%) had <5 years disease duration
compared with 264 patients (35%) in the group with no work
ability (p<0.001; table 1).

Among patients with no work ability at bio-start, those with
<5 years disease duration were slightly younger than patients
with longer disease duration (52 vs 54 years; p<0.001) and had
substantially less full-time disability pension (49% vs 82%;
p<0.001). They were more often taking methotrexate (75% vs
63%; p=0.001) and steroids (61% vs 49%; p=0.001) at
bio-start, and had less often a history of hip or knee replace-
ment (7% vs 20%; p<0.001).

In patients with full work ability at bio-start, those with
<5 years disease duration were again younger than patients
with ≥5 years disease duration (44 vs 47 years; p<0.001), they
were more often on steroids (48% vs 36%; p<0.001) and had a
lower prevalence of drug-treated hypertension (11% vs 16%;
p=0.03) and previous hip or knee replacement (2% vs 7%;
p<0.001).
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Work gain in patients with no work ability at bio-start
Univariate analysis
In RA-patients with no work ability at bio-start and with
disease duration <5 years, the probability of regaining
≥50% work ability was 35% during the first 3 years after
treatment start, while the probability in patients with no
work ability and ≥5 years disease duration was 14%
(unadjusted HR 3.0 (95% CI 2.1 to 4.2)) (figure 1A and
table 2). In sensitivity analyses, a less pronounced difference
was seen already with a cut-off point of 2 years for disease
duration (see online supplementary table S2). The corre-
sponding probabilities of regaining 100% work ability were
24% for patients with disease duration <5 years and 8% for
those with ≥5 years disease duration (unadjusted HR 3.7 (95%
CI 2.3 to 5.7)) (see figure 1C and online supplementary
table S3).

Patients who were not on full-time disability pension (but
instead had full-time sick leave or part-time sick leave in com-
bination with part-time disability pension) had a cumulative
probability of regaining ≥50% work ability of 56% during the
first 3 years after treatment start, while it was only 4% for
patients who were on full-time disability pension (unadjusted
HR 18.4 (95% CI 11.2 to 30.2)) (see figure 1B and table 2).
The corresponding probabilities of regaining 100% work ability
were 38% and 2% (unadjusted HR 20.2 (95% CI 10.5 to 39.1))
(see figure 1D and online supplementary table S3).

Multivariate analysis
Disease duration <5 years, male sex, younger age, history of
hip/knee replacement and unemployment at bio-start were pre-
dictors of work ability gain ≥50% during the first 3 years after
starting first anti-TNF therapy in multivariate analysis. When

Table 1 Baseline characteristics for patients with rheumatoid arthritis (RA) 18–62 years starting first anti-tumour necrosis factor (TNF) therapy
2006–2009 in Sweden

No work ability* Full work ability*

Overall RA<5 years RA≥5 years Overall RA<5 years RA≥5 years

N 753 264 467 1048 512 524

Women, n (%) 601 (80)‡ 218 (83) 367 (79) 753 (72) 365 (71) 378 (72)

Age (years; mean (SD)) 53 (8)‡ 52 (9)§ 54 (8) 45 (11) 44 (12)¶ 47 (10)

Disease duration (years)

Mean (SD) 10.7 (9.7) 2.2 (1.3)§ 15.5 (9.0) 7.9 (7.9) 2.3 (1.3)¶ 13.5 (7.8)

Median (range) 8.2 (0–58.0) 2.0 (0–5.0)§ 12.6 (5.1–58.0) 5.1 (0–42.1) 2.1 (0–5.0)¶ 11.0 (5.0–42.1)

Clinical variables (mean; SD)

HAQ 1.43 (0.57)‡ 1.44 (0.58) 1.41 (0.56) 0.84 (0.55) 0.81 (0.57) 0.86 (0.54)

DAS28 5.4 (1.2)‡ 5.4 (1.3) 5.3 (1.2) 4.8 (1.2) 4.8 (1.3) 4.7 (1.2)

Tender joint count (28) 9.5 (6.5)‡ 9.8 (6.6) 9.2 (6.5) 7.1 (6.0) 7.5 (5.9) 6.6 (5.3)

Swollen join count (28) 8.0 (5.4) 7.6 (5.5) 8.1 (5.4) 7.6 (5.3) 7.4 (5.5) 7.8 (5.0)

CRP (mg/dL; median (range)) 12 (0–220)‡ 10 (0–220) 12 (0–173) 8 (0–218) 7 (0–218) 9 (0–170)

ESR (mm/hour; median (range)) 24 (1–143)‡ 22 (2–143) 25 (1–105) 18 (1–110) 16 (2–110) 19 (1–105)

Treatment at bio-start, n (%)

Any non-biological DMARD 576 (77)‡ 216 (82)§ 346 (74) 854 (82) 422 (82) 422 (81)

Methotrexate 503 (67)‡ 199 (75)§ 295 (63) 776 (74) 390 (76) 378 (72)

Steroids 402 (53)‡ 161 (61)§ 227 (49) 437 (42) 245 (48)¶ 189 (36)

Education level, n (%)

≤9 years 239 (32)‡ 84 (32) 150 (32) 142 (14) 84 (16) 56 (11)

10–12 years 405 (53)‡ 144 (54) 245 (53) 436 (42) 212 (41) 218 (42)

>12 years 105 (14)‡ 36 (14) 68 (15) 457 (44) 208 (41) 245 (47)

Comorbidities, n (%)

Depression/anxiety disorder 193 (26)‡ 63 (24) 125 (27) 76 (7) 38 (7) 37 (7)

Cardiovascular disease 63 (8)‡ 21 (8) 40 (9) 15 (1) 5 (1) 10 (2)

Malignancy 19 (3) 6 (2) 11 (2) 18 (2) 5 (1) 10 (2)

Diabetes 66 (9)‡ 30 (11) 35 (8) 30 (3) 16 (3) 14 (3)

Hypertension 258 (34)‡ 90 (34) 160 (34) 142 (14) 57 (11)¶ 82 (16)

Hip or knee prosthesis 113 (15)‡ 19 (7)§ 91 (20) 47 (4) 11 (2)¶ 35 (7)

Work-related variables, n (%)

Unemployment† 65 (9) 37 (14)§ 25 (5) 89 (9) 44 (9) 43 (8)

Full disability pension 530 (70) 129 (49)§ 385 (82) 0 (0) 0 (0) 0 (0)

Missing values for ‘no work ability’: disease duration=22, HAQ=129, DAS28=145, tender joint count=71, swollen joint count=71, CRP=75, ESR=81, education level=4. Missing values for
‘full work ability’: disease duration=12, HAQ=169, DAS28=186, tender joint count=101, swollen joint count=100, CRP=130, ESR=116, education level=13.
*‘No work ability’=90 days with sick leave and disability pension during the last 3 months before start of first anti-TNF treatment (maximum possible); ‘full work ability’=0 days with sick
leave and disability pension.
†Any days with unemployment benefits the calendar year before the year of bio-start.
‡Significant difference between overall for ‘no work ability’ compared with overall for ‘full work ability’.
§Significant difference between patients with <5 years and ≥5 years disease duration among patients with ‘no work ability’.
¶Significant difference between patients with <5 and ≥5 years disease duration among patients with ‘full work ability’.
CRP, C reactive protein; DAS28, Disease Activity Score 28; DMARD, disease-modifying anti-rheumatic drug; ESR, erythrocyte sedimentation rate; HAQ, Health Assessment Questionnaire.
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adding baseline disability pension status to the model, only dis-
ability pension status and younger age remained significant pre-
dictors of work ability gain (adjusted HR 14.3 (95% CI 7.7 to
26.5) for full/partial sick leave vs full disability pension and 1.5
(95% CI 1.2 to 1.8) per 10 years decrease in age) (table 2).

Disease duration and disability pension status
Exploring the relationship between disease duration and disabil-
ity pension status in RA-patients with no work ability at
bio-start, a close association was found: the longer the disease
duration at anti-TNF start, the higher the share of patients with
full-time disability pension. In patients starting their first
anti-TNF treatment within 1 year of symptom onset, 38% had
full-time disability pension, while 87% of those starting after
15 years or more were on full-time disability pension (figure 2).
In multivariate logistic regression, the adjusted OR of having
full-time disability pension between patients with ≥5 years and
<5 years disease duration at bio-start was 4.9 (95% CI 3.2 to
7.5; online supplementary table S4).

Work loss in patients with full work ability at bio-start
In patients with RA with full work ability at bio-start, there were
no differences in work ability loss over 3 years after treatment
start between patients with <5 years versus ≥5 years disease
duration. The cumulative probabilities of ≥50% work ability
loss were 28% and 25%, respectively (adjusted HR 0.9 (95% CI
0.7 to 1.2)) (figure 3 and table 3), while cumulative probabilities
of 100% work ability loss were 10% and 9%, respectively
(adjusted HR 1.3 (95% CI 0.8 to 2.0)) (see figure 3 and online
supplementary table S5).

Concerning other predictors, a history of depression/anxiety
disorder was associated with higher risk of losing work ability
(adjusted HR 1.7 (95% CI 1.1 to 2.6)), which was also the case
for hip/knee replacement (adjusted HR 2.2 (95% CI 1.3 to
3.8)) and unemployment (adjusted HR 1.7 (95% CI 1.1 to
2.6)). It was furthermore shown that lower HAQ scores and
lower DAS28 values were associated with less risk of losing
work ability (adjusted HR 0.6 (95% CI 0.4 to 0.9) for HAQ
<1.0 vs HAQ ≥1.5 and adjusted HR 0.6 (95% CI 0.3 to 0.9)
for DAS28≤3.2 vs >5.1).

Figure 1 Cumulative probability of work ability gain ≥50% and 100% for Swedish patients with rheumatoid arthritis (RA) (19–62 years) with no
baseline work ability from start of first anti-tumour necrosis factor (TNF) therapy (2006–2009) and 36 months forth, stratified on disease duration at
bio-start (A and C) and disability pension status at bio-start (B and D).
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DISCUSSION
In this study, we found that the adjusted likelihood of returning
to work for patients with RA lacking work ability at bio-start
was more than doubled if starting treatment within 5 years of
disease onset compared with later treatment starts. However,
when making additional adjustment for disability pension status
at bio-start, which in itself was a strong predictor, the effect of
disease duration was no longer significant. Additional analyses
though showed an almost fivefold increase in the risk of being
on full-time disability pension for patients with disease duration
≥5 years at bio-start compared with patients starting treatment
earlier. Once on full-time disability pension, very few patients
regain any work ability.

This is an observational study and we cannot infer causality.
However, these results suggest that disease duration at bio-start
is important for the chance of regaining work ability in patients
lacking this: the longer the disease duration, the higher the
share of patients on disability pension and the lower the prob-
ability that anti-TNF therapy could bring patients back to work.

Among patients with full work ability at anti-TNF start, there
was no difference in the risk of losing it between patients start-
ing treatment with <5 years disease duration and those starting
treatment later. This might reflect the findings in two recent
Swedish studies showing a peak in work disability during the

Table 2 Predictors of work ability gain ≥50% for patients with rheumatoid arthritis (RA) with no work ability at bio-start* assessed by Cox
regression analysis during 3 years after bio-start for patients aged 18–62 years starting treatment 2006–2009 in Sweden

Work ability gain ≥50%

Univariate Multivariate (n=599)†
Multivariate+disability
pension status (n=599)†

HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value

Disease duration (<5 years vs ≥5 years) 2.96 (2.08 to 4.23) <0.001 2.13 (1.41 to 3.23) <0.001 1.05 (0.68 to 1.63) 0.82

Sex (men vs women) 1.54 (1.04 to 2.28) 0.037 1.70 (1.08 to 2.69) 0.022 1.36 (0.84 to 2.19) 0.22

Age (per 10 years decrease) 2.08 (1.78 to 2.44) <0.001 1.69 (1.36 to 2.08) <0.001 1.45 (1.19 to 1.75) <0.001

Education

>12 years vs ≤9 years 1.47 (0.81 to 2.65) 0.21 1.84 (0.94 to 3.61) 0.076 1.01 (0.51 to 2.00) 0.98

>12 years vs 10–12 years 0.82 (0.49 to 1.36) 0.43 1.15 (0.65 to 2.04) 0.64 0.99 (0.50 to 1.59) 0.69

10–12 years vs ≤9 years 1.80 (1.17 to 2.76) 0.007 1.60 (0.96 to 2.67) 0.069 1.14 (0.68 to 1.90) 0.62

HAQ

<1 vs 1–1.49 2.09 (1.35 to 3.23) 0.001 1.50 (0.91 to 2.41) 0.092 1.24 (0.76 to 2.02) 0.39

<1 vs ≥1.5 1.96 (1.09 to 3.49) 0.024 1.53 (0.82 to 2.85) 0.19 1.20 (0.64 to 2.25) 0.63

1–1.49 vs ≥1.5 0.94 (0.55 to 1.59) 0.81 1.02 (0.58 to 1.78) 0.96 1.01 (0,51 to 2.00) 0.98

DAS28‡

≤3.2 vs 3.3–5.1 1.08 (0.46 to 2.54) 0.86 0.40 (0.26 to 1.70) 0.67 0.64 (0.24 to 167) 0.36

≤3.2 vs >5.1 1.23 (0.53 to 2.83) 0.64 0.61 (0.25 to 1.53) 0.29 0.61 (0.24 to 1.58) 0.31

3.3–5.1 vs >5.1 1.14 (0.77 to 1.69) 0.53 0.92 (0.61 to 1.38) 0.68 0.96 (0.63 to 1.46) 0.85

Comorbidities

Depression/anxiety disorder (yes vs no) 0.66 (0.43 to 1.03) 0.068 0.62 (0.37 to 1.03) 0.063 0.77 (0.45 to 1.30) 0.33

Hypertension (yes vs no) 0.66 (0.45 to 0.98) 0.037 0.90 (0.56 to 1.45) 0.67 0.79 (0.49 to 1.28) 0.45

Hip/knee replacement (yes vs no) 0.24 (0.10 to 0.54) 0.001 0.31 (0.10 to 0.99) 0.048 0.36 (0.11 to 1.16) 0.087

Work-related variables

Unemployment (any vs none)§ 4.97 (3.37 to 7.34) <0.001 2.03 (1.24 to 3.32) 0.005 1.14 (0.70 to 1.85 0.61

Disability pension status (sick leave vs disability pension)¶ 18.4 (11.2 to 30.2) <0.001 NA NA 14.3 (7.72 to 26.5) <0.001

Adjustment for year of bio-start was performed in all regressions.
*No work ability at bio-start=90 days with sick leave and disability pension during 3 months before bio-start.
†Missingness 154/753=20%.
‡Analysed in separate regression model not including HAQ.
§Any days with unemployment benefit the calendar year prior to the year of bio-start.
¶Full sick leave or a combination of partial sick leave and partial disability pension versus full disability pension.
DAS28, Disease Activity Score 28; HAQ, Health Assessment Questionnaire; NA, not applicable.

Figure 2 Disability pension/sick leave status at start of first
anti-tumour necrosis factor (TNF) therapy (2006–2009) in relation to
disease duration for Swedish patients with rheumatoid arthritis
(19–62 years) without work ability at bio-start.
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first years after RA diagnosis,18 21 and that after 5 years patients
who are still capable of work represent a selected group less
prone to lose work ability later on.

To the best of our knowledge, predictors of work ability gain
and loss after bio-start have not been estimated separately in a
structured way before, and interestingly we could show that pre-
dictors for the two outcomes were different.

Previous research
Our findings confirm results in an earlier Swedish study by
some of us, which suggested that patients with RA starting
anti-TNF therapy with <5 years disease duration have more
reversibility in their work disability than patients starting treat-
ment later in the disease course. However, that study had a
strictly descriptive approach and was not designed to specifically
analyse predictors of work ability.7 Concerning disease duration
as a predictor of work ability loss our results are consistent with
findings by Verstappen et al11 and Wolfe et al,12 showing no
such association. Allaire et al10 though reported less employ-
ment loss in patients starting anti-TNF therapy within 11 years

of RA onset, but their analysis used work status registered by
self-report, subjected to non-response and recall bias.22

Our results concerning HAQ agree with previous research,
demonstrating it to be an important predictor of different work
outcomes after bio-start,11–13 which is also true for age,10–13

while results for sex as a predictor have been more mixed.
Comparing predictors of work ability after bio-start in the
current study with earlier studies on predictors of work ability
after RA diagnosis, we conclude that higher HAQ scores, older
age and lower education level seem to be predictors of a worse
outcome in both these settings.19

Strengths and limitations
A strength of the current study was the objectively assessed data
on sick leave and disability pension as well as data on relevant
comorbidities from an independent source, eliminating non-
response and recall bias,22 but also the population-based design.
We could furthermore analyse sick leave and disability pension
jointly, as recommended.16 Having access to data from the
period preceding bio-start allowed for an important stratification
on baseline work ability including its components.

The present study also has limitations. First, the information
available on work disability is restricted to sick leave and disabil-
ity pension representing absenteeism measures. We are aware of
the aspects of work disability while at work (presenteeism),
which according to a systematic review is also an important
component of work disability,3 thus limiting our results to one
side of the work disability problem.

Second, sick leave episodes ≤14 days were generally not cap-
tured in the Social Insurance Agency Register, unless appearing
within 4 days of a previous episode. However, a recent Swedish
study reported only 2% of sick leave episodes in patients with
RA to be 8–14 days,23 and a Finnish study reported only 3% of
sick leave episodes to be <10 days in patients with RA, consti-
tuting 0.2% of total days,16 indicating that underestimation is
likely to be small. Furthermore, we have no data on the fre-
quency of voluntary part-time work (around 20% in the general
population).24 Nor did we have information on the causes of
sick leave/disability pension, but some of us have previously
shown that Swedish patients with RA starting anti-TNF therapy
have around four times more absence days than matched popu-
lation subjects, suggesting that direct and/or indirect effects of
RA is the main absence driver. In contrast to previous studies,
we also included major absenteeism-related comorbidities.

Third, earlier studies have suggested that there are important
additional explanatory variables, such as working hours, phys-
ical job demand, work environment, financial situation and
coping ability, which we did not have access to, that weakens
our results.18 Furthermore, no data were available on obesity
and smoking status, two strong predictors of disability pension
in the general population,25 nor on radiographic erosions.

Fourth, data on sick leave and disability pension were avail-
able until October 2010, why patients starting treatment after
October 2007 did not provide data for the entire 3-year
follow-up period in the survival analyses. Adjustment was,
however, made for year of bio-start in the Cox-regression
models. Furthermore, the multivariate models had approxi-
mately 20% missing in ≥1 of the covariates, but main results
were basically similar after multiple imputation (see online
supplementary tables S6 and S7).

Finally, Sweden has a generous welfare system in an inter-
national perspective, potentially limiting generalisability,
although a systematic review of productivity losses in RA found
largely similar rates of work disability in the US and Northern

Figure 3 Cumulative probability of work ability loss ≥50% (A) and
100% (B) for Swedish patients with rheumatoid arthritis (RA) (19–
62 years) with full baseline work ability from start of first anti-tumour
necrosis factor (TNF) therapy (2006–2009) and 36 months forth,
stratified on disease duration at bio-start.
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Europe despite different social systems and study
methodologies.3

CONCLUSIONS
RA-patients without work ability, who started anti-TNF treat-
ment within 5 years of symptom onset, had a more than
doubled probability of regaining work ability over the following
3 years compared with patients with longer disease duration at
bio-start. This effect seemed to be channelled through the
impact of disease duration on disability pension status, suggest-
ing a potential for increasing return to work if anti-TNF therapy
is started before patients enter full-time disability pension.
Furthermore, patients without a history of hip-knee replacement
at anti-TNF start had more work ability gain and less work
ability loss, while patients with high HAQ and high DAS28
values had a higher risk of losing work ability.
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Long-term safety of tofacitinib for the treatment
of rheumatoid arthritis up to 8.5 years: integrated
analysis of data from the global clinical trials
Stanley B Cohen,1 Yoshiya Tanaka,2 Xavier Mariette,3 Jeffrey R Curtis,4

Eun Bong Lee,5 Peter Nash,6 Kevin L Winthrop,7 Christina Charles-Schoeman,8

Krishan Thirunavukkarasu,9 Ryan DeMasi,10 Jamie Geier,10 Kenneth Kwok,10

Lisy Wang,11 Richard Riese,11 Jürgen Wollenhaupt12

ABSTRACT
Objectives Tofacitinib is an oral Janus kinase inhibitor
for the treatment of rheumatoid arthritis (RA). We report
an integrated safety summary of tofacitinib from two
phase I, nine phase II, six phase III and two long-term
extension studies in adult patients with active RA.
Methods Data were pooled for all tofacitinib-treated
patients (data cut-off: 31 March 2015). Incidence rates
(IRs; patients with event/100 patient-years) and 95%
CIs are reported for adverse events (AEs) of interest.
Results 6194 patients received tofacitinib for a total
19 406 patient-years’ exposure; median exposure was
3.4 patient-years. IR (95% CI) for serious AEs was 9.4
(9.0 to 9.9); IR for serious infections was 2.7 (2.5 to 3.0).
IR for (all) herpes zoster was 3.9 (3.6 to 4.2); IR for
disseminated or multidermatomal herpes zoster was
0.3 (0.2 to 0.4). IR for opportunistic infections (excluding
tuberculosis) was 0.3 (0.2 to 0.4) and was 0.2 (0.1 to
0.3) for tuberculosis. IR for malignancies (excluding non-
melanoma skin cancer (NMSC)) was 0.9 (0.8 to 1.0);
NMSC IR was 0.6 (0.5 to 0.7). IR for gastrointestinal
perforations was 0.1 (0.1 to 0.2). Analysis of IR for
serious infections, herpes zoster and malignancies by
6-month intervals did not reveal any notable increase in
IR with longer-duration tofacitinib exposure.
Conclusion This analysis of tofacitinib exposure up to
8.5 years allowed estimation of safety events with
improved precision versus previous tofacitinib reports. AEs
were generally stable over time; no new safety signals
were observed compared with previous tofacitinib reports.
Trial registration numbers NCT01262118,
NCT01484561, NCT00147498, NCT00413660,
NCT00550446, NCT00603512, NCT00687193,
NCT01164579, NCT00976599, NCT01059864,
NCT01359150, NCT00960440, NCT00847613,
NCT00814307, NCT00856544, NCT00853385,
NCT01039688, NCT00413699, NCT00661661; Results.

INTRODUCTION
Tofacitinib is an oral Janus kinase inhibitor for the
treatment of rheumatoid arthritis (RA). Tofacitinib
has demonstrated efficacy and manageable safety in
patients with active RA in phase I–III trials and
long-term extension (LTE) studies.1–18 Results from
these studies and adverse event (AE) profiles of
other disease-modifying antirheumatic drugs
(DMARDs) informed the selection of safety events

of special interest: serious infection events (SIEs),
opportunistic infections (OI; including tuberculosis
(TB)), herpes zoster (HZ), malignancies, cardiovas-
cular events and gastrointestinal (GI) perforations.
We report for the first time integrated data based

on cumulative tofacitinib exposure throughout the
RA development programme. This analysis extends
previous safety reports for tofacitinib which focused
on specific AEs and includes up to 8.5 years of tofa-
citinib exposure, allowing estimation of rates for
safety events of interest with improved precision
versus previous reports, and novel methods to
examine dose-related AEs.

PATIENTS AND METHODS
Studies
Data were pooled from patients with RA treated
with tofacitinib in phases I–III and LTE studies (see
online supplementary table S1). All studies were
completed by 31 March 2015 except LTE study
NCT00413699. LTE data collection and analyses
are ongoing (database not locked; some values may
change in final locked database).
Patients (aged ≥18 years) had an active RA diag-

nosis based on the American College of
Rheumatology 1987 revised criteria19 and active
disease at screening and baseline.1–18 Key exclusion
criteria included untreated infection with
Mycobacterium tuberculosis or clinically significant
infection, and history of malignancy except
adequately treated squamous cell or basal cell skin
cancer or cervical carcinoma in situ.1–18

Studies were conducted in compliance with the
Declaration of Helsinki, International Council for
Harmonisation Guidelines for Good Clinical
Practice and local country regulations. The study
protocol was approved by the Institutional Review
Board or Independent Ethics Committee at each
centre. Patients provided written informed consent.

Dosing
Patients received tofacitinib 1, 3, 5, 10, 15 or
30 mg twice daily or 20 mg once daily, as mono-
therapy or with background DMARDs (see online
supplementary table S1). Upon entering LTE
studies, patients from phase II and III studies
received tofacitinib 5 and 10 mg twice daily,
respectively, regardless of index study treatment.

1253Cohen SB, et al. Ann Rheum Dis 2017;76:1253–1262. doi:10.1136/annrheumdis-2016-210457

Clinical and epidemiological research

To cite: Cohen SB, Tanaka Y, 
Mariette X, et al. Ann Rheum 
Dis 2017;76:1253–1262.

Handling editor Tore K Kvien

 ► Additional material is 
published online only. To view 
please visit the journal online 
(http://dx.doi.org/10.1136/
annrheumdis-2016-210457).

For numbered affiliations see 
end of article.

Correspondence to
Dr Ryan DeMasi; Pfizer Inc, 235 
E 42nd St, New York, NY 10017, 
USA; Ryan.DeMasi@pfizer.com

Received 2 September 2016
Revised 8 December 2016
Accepted 26 December 2016
Published Online First 
31 January 2017

https://clinicaltrials.gov/ct2/show/study/NCT01262118?term=NCT01262118&rank=1
https://clinicaltrials.gov/ct2/show/study/NCT01484561?term=NCT01484561&rank=1
https://clinicaltrials.gov/ct2/show/NCT00147498?term=NCT00147498&rank=1
https://clinicaltrials.gov/ct2/show/study/NCT00413660?term=NCT00413660&rank=1
https://clinicaltrials.gov/ct2/show/NCT00550446?term=NCT00550446&rank=1
https://clinicaltrials.gov/ct2/show/NCT00603512?term=NCT00603512&rank=1
https://clinicaltrials.gov/ct2/show/NCT00687193?term=NCT00687193&rank=1
https://clinicaltrials.gov/ct2/show/NCT01164579?term=NCT01164579&rank=1
https://clinicaltrials.gov/ct2/show/NCT00976599?term=NCT00976599&rank=1
https://clinicaltrials.gov/ct2/show/NCT01059864?term=NCT01059864&rank=1
https://clinicaltrials.gov/ct2/show/NCT01359150?term=NCT01359150&rank=1
https://clinicaltrials.gov/ct2/show/NCT00960440?term=NCT00960440&rank=1
https://clinicaltrials.gov/ct2/show/NCT00847613?term=NCT00847613&rank=1
https://clinicaltrials.gov/ct2/show/NCT00814307?term=NCT00814307&rank=1
https://clinicaltrials.gov/ct2/show/NCT00856544?term=NCT00856544&rank=1
https://clinicaltrials.gov/ct2/show/results/NCT00853385?term=NCT00853385&rank=1
https://clinicaltrials.gov/ct2/show/NCT01039688?term=NCT01039688&rank=1
https://clinicaltrials.gov/ct2/show/NCT00413699?term=NCT00413699&rank=1
https://clinicaltrials.gov/ct2/show/study/NCT00661661?term=NCT00661661&rank=1
http://dx.doi.org/10.1136/annrheumdis-2016-210457
http://dx.doi.org/10.1136/annrheumdis-2016-210457
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2016-210457&domain=pdf&date_stamp=2017-03-17
http://ard.bmj.com/
http://www.eular.org/
http://ard.bmj.com/
http://group.bmj.com


Within the LTE, tofacitinib could be increased to 10 mg twice
daily for inadequate response or reduced to 5 mg twice daily for
safety reasons.

Because patients could change doses between index and LTE
studies and within LTE, dose was categorised using two
methods. The primary analysis used the average dosing algo-
rithm in which patients were assigned to average tofacitinib 5 or
10 mg twice daily if the average daily dose at end of enrolment
up to the cut-off date was <15 or ≥15 mg, respectively. The
constant dosing algorithm was used in a sensitivity analysis.
Only patients exposed to a constant tofacitinib dose of 5 or
10 mg twice daily without prior exposure to a different tofaciti-
nib dose or adalimumab were included in the algorithm.

Person-time with exposure to constant tofacitinib 5 or 10 mg
twice daily would not sum to the overall exposure, because
patients had exposure censored upon tofacitinib dose change.

Data collection, coding and adjudication
The safety database included patients receiving ≥1 tofacitinib dose.

Data were collected for all treatment-emergent AEs and
serious AEs (SAEs) and coded using Medical Dictionary for
Regulatory Activities (MedDRA) V.18.0. Details of comorbidities
were requested at baseline.

An external, independent committee of infectious disease
experts blindly adjudicated and classified all SIEs and all events of
possible OIs occurring in the tofacitinib RA development

Table 1 Patient demographics and baseline disease characteristics

All tofacitinib
doses
N=6194

Average tofacitinib 5 mg
twice daily*
N=2239

Average tofacitinib
10 mg twice daily*
N=3955

Constant tofacitinib
5 mg twice daily†
N=2342

Constant tofacitinib
10 mg twice daily†
N=2814

Age, mean (range) 52.9 (18–86) 53.3 (18–86) 52.7 (18–86) 53.3 (18–86) 52.6 (18–86)

Female, % 82.7 83.2 82.5 82.6 83.0

Race, n (%)

White 3895 (62.9) 1177 (52.6) 2718 (68.7) 1418 (60.5) 1817 (64.6)

Black 182 (2.9) 55 (2.5) 127 (3.2) 75 (3.2) 88 (3.1)

Asian 1486 (24.0) 800 (35.7) 686 (17.3) 626 (26.7) 605 (21.5)

Other 631 (10.2) 207 (9.2) 424 (10.7) 223 (9.5) 304 (10.8)

Regions, n (%)

North America 1505 (24.3) 405 (18.1) 1100 (27.8) 482 (20.6) 835 (29.7)

Latin America 1037 (16.7) 400 (17.9) 637 (16.1) 405 (17.3) 426 (15.1)

Europe 2065 (33.3) 632 (28.2) 1433 (36.2) 791 (33.8) 887 (31.5)

Asia 1587 (25.6) 802 (35.8) 785 (19.8) 664 (28.4) 666 (23.7)

Mean duration of RA since
first diagnosis, years (range)

8.0
(0.0–65.0)

8.2
(0.0–50.1)

7.9
(0.0–65.0)

7.9
(0.0–55.0)

7.7
(0.0–49.4)

Mean DAS28-4(ESR) (SD) 6.4 (1.0) [n=5487] 6.3 (1.0) [n=1923] 6.4 (1.0) [n=3564] 6.4 (1.0) [n=2182] 6.3 (1.1) [n=2562]

Mean swollen joint count
(of 66 joints) (SD)

15.4 (9.1) [n=6140] 15.3 (9.2) [n=2222] 15.4 (9.1) [n=3918] 15.5 (9.2) [n=2324] 15.2 (9.2) [n=2779]

Mean tender joint count
(of 68 joints) (SD)

24.9 (14.7) [n=6140] 23.6 (14.4) [n=2222] 25.6 (14.8) [n=3918] 25.7 (14.9) [n=2324] 24.8 (14.9) [n=2779]

Mean BMI (SD), kg/m2 27.0 (6.4) [n=6192] 26.2 (6.1) [n=2239] 27.4 (6.5) [n=3953] 26.6 (6.3) [n=2342] 27.4 (6.5) [n=2813]

Diabetes mellitus, n (%) 264 (4.3) 121 (5.4) 143 (3.6) 110 (4.7) 110 (3.9)

COPD, n (%) 115 (1.9) 36 (1.6) 79 (2.0) 47 (2.0) 60 (2.1)

History of TB, n (%) 34 (0.5) 16 (0.7) 18 (0.5) 15 (0.6) 13 (0.5)

Therapy prior to enrolment, n (%)

Methotrexate 4869 (78.6) 1877 (83.8) 2992 (75.7) 1876 (80.1) 2041 (72.5)

Traditional DMARDs other
than methotrexate

3263 (52.7) 1220 (54.5) 2043 (51.7) 1300 (55.5) 1401 (49.8)

TNFi 1026 (16.6) 279 (12.5) 747 (18.9) 428 (18.3) 493 (17.5)

Non-TNFi biological
DMARDs

273 (4.4) 71 (3.2) 202 (5.1) 114 (4.9) 141 (5.0)

Concomitant therapy, n (%)

Glucocorticoids 3468 (56.0) 1304 (58.2) 2164 (54.7) 1359 (58.0) 1487 (52.8)

Any DMARD‡ 3456 (55.8) 1268 (56.6) 2188 (55.3) 1394 (59.5) 1554 (55.2)

Hydroxychloroquine 251 (4.1) 86 (3.8) 165 (4.2) 112 (4.8) 123 (4.4)

Leflunomide 219 (3.5) 96 (4.3) 123 (3.1) 104 (4.4) 112 (4.0)

Methotrexate 3161 (51.0) 1163 (51.9) 1998 (50.5) 1260 (53.8) 1408 (50.0)

All groups are based on tofacitinib exposure data (not tofacitinib patient-level data).
*Average dosing was based on average daily dose: patients receiving <15 mg/day were assigned to the 5 mg twice daily group; patients receiving ≥15 mg/day were assigned to the
10 mg twice daily group.
†Constant dosage without prior exposure to another tofacitinib dose or adalimumab during the study; patients who switched doses were not included in this group.
‡Most common DMARDs are listed.
BMI, body mass index; COPD, chronic obstructive pulmonary disease; DAS28-4(ESR), disease activity score in 28 joints, erythrocyte sedimentation rate; DMARD, disease-modifying
antirheumatic drug; RA, rheumatoid arthritis; TB, tuberculosis; TNFi, tumour necrosis factor inhibitor.
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programme. SIEs were defined as requiring hospitalisation or par-
enteral antimicrobial therapy, or otherwise meeting SAE criteria;
patients with SIEs were discontinued from the study. HZ involving
>2 adjacent dermatomes or with disseminated disease were consid-
ered OIs. TB screening was performed as previously described.20

Malignancy data were adjudicated as previously described.21

GI perforations were blindly adjudicated by two sponsor-
independent reviewers (US board-certified practising gastroen-
terologists). SAEs in the clinical and safety databases that might
reflect a GI perforation (see online supplementary appendix)
were reviewed. Status was determined by two reviewers, with
any differences resolved by a third reviewer. Clinical events
reflecting an opening in the GI tract, including those associated
with appendicitis and diverticulitis, were classified as confirmed
GI perforations. Incidence rate (IR) of deaths occurring within
30 days after tofacitinib discontinuation was calculated.

Statistical analysis
Safety analyses were based on observed cases. Crude IRs per
100 patient-years were calculated for patients receiving tofaciti-
nib and those in average or constant 5 or 10 mg twice daily
groups. IRs for each AE were obtained by dividing the number
of first-time occurrences of the AE over a time interval, by the
total duration of study treatment exposure censored at time of
first event, death or discontinuation from study time interval.
An exact Poisson 95% CI adjusted for exposure time was calcu-
lated for IRs.

Standardised incidence ratios (SIRs) were calculated as the
ratio of observed AEs to those in the US National Cancer
Institute Surveillance and Epidemiology and End Results (SEER)
database, 1992–201122; 95% CIs for SIRs were calculated fol-
lowing a Poisson distribution.

TB rates were stratified by geographical background rates
using the WHO incidence categorisation of low, intermediate
and high.23

To assess whether IRs increased over time, rates were exam-
ined within 6-month intervals of tofacitinib exposure. To inves-
tigate whether the hazard for developing a malignancy was
constant over time, the probability distribution of time to first
event was analysed using a Kaplan-Meier curve and cumulative
hazard function. Patients were censored at their last day of tofa-
citinib exposure.

A Cox regression model evaluated risk factors for SIEs, HZ
and OIs excluding TB; backward selection (stay fixed at 15%)
was used to screen baseline factors: age, gender, region, body
mass index (BMI), smoking history, RA disease duration, line of
therapy, diabetes, chronic obstructive pulmonary disease
(COPD), DAS-4(CRP), methotrexate use, glucocorticoid dose
groups, absolute lymphocyte count (ALC), rheumatoid factor
and Health Assessment Questionnaire-Disability Index
(HAQ-DI) score to model the time to event from the first tofaci-
tinib dose.

RESULTS
Patients and tofacitinib exposure
Six thousand one hundred and ninety-four patients received
tofacitinib. Overall, 4794 (77.4%), 4032 (65.1%),
3351 (54.1%) and 2489 (40.2%) patients received tofacitinib
for >12, 24, 36 and 48 months; overall median exposure was
3.38 patient-years. Demographics and disease characteristics
were similar between groups (table 1).

AEs and SAEs
The most common AEs (all causality) were nasopharyngitis,
upper respiratory tract infection and urinary tract infection
(UTI); the most common System Organ Class of SAEs was infec-
tions and infestations.

IRs for AEs, discontinuations due to AEs, SAEs and deaths
were similar for average and constant tofacitinib 5 and 10 mg
twice daily (table 2). The most common causes of death were
infections, cardiovascular events and malignancies.

Serious infections
The most common types were pneumonia, HZ, UTI and
cellulitis. IRs did not increase with longer treatment (figure 1A).
IRs of SIEs and deaths due to infections by average and constant
dose had overlapping 95% CIs (table 3).

Based on Cox regression analysis, baseline glucocorticoid
dose >0–<7.5 and ≥7.5 mg/day (selected based on clinical rele-
vancy and sample size) were associated with increased risk of
SIEs (HRs (95% CI) 1.6 (1.3 to 2.0) and 1.7 (1.3 to 2.2),
respectively, vs no glucocorticoid use; p=0.0001) (figure 2A).
Other significant baseline risk factors were higher age, presence
of COPD, higher HAQ-DI score, higher BMI, prior confirmed
post-baseline lymphopenia (<500 cells/mL), diabetes, female

Table 2 IRs (patients with events/100 patient-years; 95% CI) of AEs and SAEs (all-cause)

All tofacitinib doses
N=6194

Average tofacitinib 5 mg
twice daily*
N=2239

Average tofacitinib
10 mg twice daily*
N=3955

Constant tofacitinib
5 mg twice daily†
N=2342

Constant tofacitinib
10 mg twice daily†
N=2814

Total patient-years of
exposure, years

19 406 6870 12 536 3623 6702

Median patient-years of
exposure

3.4 3.0 3.5 1.0 2.0

AEs (n=5545) 136.9 (133.3 to 140.5) 136.1 (130.2 to 142.3) 137.3 (132.8 to 141.8) 153.1 (146.1 to 160.4) 157.9 (151.7 to 164.3)

Discontinuations due to AEs
(n=1446)

7.5 (7.1 to 7.8) 8.6 (7.9 to 9.3) 6.8 (6.4 to 7.3) 7.2 (6.4 to 8.2) 7.8 (7.1 to 8.5)

SAEs (n=1649) 9.4 (9.0 to 9.9) 10.1 (9.4 to 11.0) 9.1 (8.5 to 9.7) 9.2 (8.2 to 10.3) 9.3 (8.6 to 10.1)

Mortality‡ (n=51) 0.3 (0.2 to 0.3) 0.4 (0.3 to 0.6) 0.2 (0.1 to 0.3) 0.3 (0.2 to 0.5) 0.2 (0.1 to 0.3)

*Average dosing was based on average daily dose: patients receiving <15 mg/day were assigned to the 5 mg twice daily group; patients receiving ≥15 mg/day were assigned to the
10 mg twice daily group.
†Constant dosage without prior exposure to another tofacitinib dose or adalimumab during the study; patients who switched doses were not included in this group.
‡Within 30 days of last dose of study drug.
AE, adverse event; IR, incidence rate; n, unique number of patients with event; SAE, serious AE.
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gender, line of therapy (3rd vs 2nd line), geographical region
(Asia, Europe and Latin America, each vs US/Canada) and
time-varying tofacitinib dose (referent to 5 mg twice daily)
(all p<0.05) (figure 2A).

Six patients had lymphopenia <500 cells/mL, with a crude IR
(95% CI) for SIEs of 8.3 (3.0 to 18.1), and 115 patients had lym-
phopenia ≥500–<1000 cells/mL, with a crude IR (95% CI) of

3.4 (2.8 to 4.1). Inclusion of confirmed ALC<500 cells/mL as a
time-varying categorical covariate in a multivariable Cox
regression model showed an increased risk of SIEs in the
period following confirmed ALC <500 cells/mL (HR (95% CI)
2.5 (1.1 to 5.7)) versus the period before confirmed ALC
<500 cells/mL. Evaluation of a threshold of ALC <1000 cells/mL
(exposure period prior to lymphopenia <1000 cells/mL vs

Figure 1 IRs for (A) SIE, (B) HZ
(non-serious and serious) and (C) OI
(excluding tuberculosis) over time for
all tofacitinib doses. HZ, herpes zoster;
IR, incidence rate; OI, opportunistic
infection; SIE, serious infection event.
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exposure period after lymphopenia <1000 cells/mL) showed a
HR (95% CI) of 1.3 (1.0 to 1.6) (p=0.02), suggesting a trend
towards increasing risk with lower lymphocyte counts. The
500 cells/mL threshold is recommended in the product label as
the discontinuation criterion.

Herpes zoster
Overall, 703 patients developed HZ; IRs for the first occurrence
of non-serious or serious HZ had overlapping 95% CIs for
average and constant tofacitinib 5 and 10 mg twice daily (table 3).
IR analysis by 6-month intervals did not reveal increasing IRs with
longer exposure (figure 1B).

Most HZ cases (92%) involved one dermatome; IR (95% CI)
of disseminated/multidermatomal HZ was 0.3 (0.2 to 0.4).
Serious HZ was reported in 53 patients. HZ IRs (95% CI) were
higher in Asia (5.9 (5.2 to 6.6)) than other regions (see online
supplementary table S2).

Baseline glucocorticoid doses >0–<7.5 mg/day and ≥7.5 mg/day
were associated with increased HZ (HR (95% CI) 1.5 (1.3 to 1.9)
and 1.4 (1.1 to 1.8), respectively, vs no glucocorticoid use;
p<0.0001) (figure 2B). Other significant risk factors were baseline
age, geographical region, smoking history (ex-smoker and smoker,
each vs never smoked) and time-varying tofacitinib dose (all
p<0.05) (figure 2B).

Opportunistic infections
OIs excluding TB were reported in 61 patients (see online
supplementary table S3), and OIs including TB in 97 patients;
95% CIs for IRs with average and constant tofacitinib 5 and
10 mg twice daily overlapped (table 3). IRs of OIs excluding TB
did not increase with longer exposure (figure 1C). Thirty-one
OI events were serious.

Baseline age, geographical region and time-varying tofacitinib
dose were associated with increased OIs excluding TB (all
p<0.05) (figure 2C).

Tuberculosis
Active TB was reported in 36 patients, four had latent TB at
screening with a history of adequate treatment. TB IRs were
similar for average and constant tofacitinib 5 and 10 mg twice
daily (table 3). Pulmonary and non-pulmonary TB occurred in
17 and 19 patients, respectively. Most cases (28/36) occurred in
geographical regions endemic for TB (see online supplementary
table S4). At screening, 301 patients had latent TB in the
phase I–III studies. Of these, 23 had untreated or inadequately
treated latent TB, and were treated with isoniazid and permitted
to enrol in the study after ≥1 month of treatment. None of
these 301 patients developed active TB.

Malignancies
Malignancies (excluding non-melanoma skin cancer, NMSC)
occurred in 173 patients and NMSC in 118 patients; analysis of
IRs by dose revealed widely overlapping 95% CIs (table 3).

Geographical variation in the NMSC distribution was
observed (see online supplementary table S5). Analyses of IRs
by 6-month intervals did not reveal any trend (figure 3A, B). A
constant hazard over time for developing a malignancy was seen
before month 60 (see online supplementary figure S1).
Estimation beyond month 60 was less precise due to small
patient numbers and limited patient-years of exposure.

Age-adjusted and sex-adjusted SIR (95% CI) for all malignan-
cies (excluding NMSC) versus SEER among tofacitinib-treated
patients was 1.0 (0.8 to 1.1). SIRs (95% CI) for lymphoma, lung
cancer and breast cancer were 2.6 (1.6 to 4.1), 1.4 (1.0 to 2.0)
and 0.5 (0.3 to 0.7), respectively.

GI perforations
Twenty-two patients experienced GI perforations. IRs
(95% CI) were 0.11 (0.07 to 0.17) overall (0.07 (0.02 to
0.17) and 0.14 (0.08 to 0.22) for average 5 and 10 mg twice
daily; 0.00 (0.00 to 0.10) and 0.15 (0.07 to 0.27) for

Figure 1 Continued
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constant 5 and 10 mg twice daily). Perforations occurred in
the large bowel, excluding anus and rectum (n=13), gastro-
duodenal area (n=3), small bowel (n=1), anus and rectum
(n=2) and undetermined locations (n=3). All received con-
comitant therapy with non-steroidal anti-inflammatory drugs
(NSAIDs) or corticosteroids. Ten patients received NSAIDs
and corticosteroids; nine NSAIDs alone and three chronic
corticosteroid therapy alone. Thirteen patients had a history
of diverticulitis or diverticulosis and two additional patients
had a history of gastric ulcers.

DISCUSSION
This analysis presents an integrated view of safety data across
the tofacitinib RA development programme. Types and rates of
AEs were similar to those observed in phase III trials, with no
evidence of directional trends with longer-term tofacitinib
exposure through 8.5 years.

SIEs are an identified risk with immunomodulatory medications
in RA, including tofacitinib and biological DMARDs (bDMARDs).
IRs were consistent with those reported in phase III tofacitinib
trials.12–17 24 SIE IRs for bDMARDs in RA clinical trials range from
3.0 to 5.5 per 100 patient-years,25 and are similar to those
reported with tumour necrosis factor inhibitors (TNFi) in RA regis-
tries (3.2–4.6 per 100 patient-years).26–28 IRs with tofacitinib were
generally consistent with IRs with bDMARDs.25–28 Previous studies
of registry data revealed a decrease in SIEs with TNFi over time,
likely due to discontinuation in patients at increased risk of SIEs,

and reduction in risk associated with improvement in function and
decreased glucocorticoid use.29–31 In contrast, analyses of data from
open-label LTE studies suggest that the SIE risk remains stable over
time.32 33

Although an increase in SIEs was not detected here, the
studies discontinued patients who developed SAEs, which may
have depleted patients at risk of recurrent SAEs. Only time to
first event, and not second and subsequent events were
analysed.

Previous analyses of the tofacitinib RA development pro-
gramme identified increased rates of HZ with tofacitinib versus
placebo, with greater age and Asian locations identified as risk
factors.34 Here, most HZ cases remained non-serious allowing
study continuation; approximately 8% of patients with HZ
experienced disseminated/multidermatomal HZ. HZ risk is ele-
vated in patients with RA versus the general population;35

reports are conflicting regarding risk with bDMARDs.36 37 Rate
comparisons between tofacitinib and bDMARDs are limited by
lack of directly comparable data, but indirect comparisons indi-
cate that IRs appear higher with tofacitinib versus other
agents.37 However, rates of disseminated/multidermatomal HZ
and serious HZ were low and comparable with rates of multi-
dermatomal and ophthalmic HZ reported with bDMARDs or
conventional DMARDs.37

Rates of fungal and viral OIs were similar to those previously
reported,20 suggesting OIs are a risk with tofacitinib, although it
is unclear whether risk differs from that associated with

Table 3 IRs of infections or malignancies, patients with events/100 patient-years (95% CI)

All tofacitinib
doses
N=6194

Average tofacitinib 5 mg
twice daily *
N=2239

Average tofacitinib
10 mg twice daily *
N=3955

Constant tofacitinib
5 mg twice daily †

N=2342

Constant tofacitinib
10 mg twice daily †

N=2814

Total patient-years of
exposure, years

19 406 6870 12 536 3623 6702

Infections

Serious infections (n=527)‡ 2.7 (2.5 to 3.0) 3.1 (2.7 to 3.5) 2.6 (2.3 to 2.9) 2.3 (1.8 to 2.8) 2.7 (2.3 to 3.1)

HZ (non-serious and
serious) (n=703)

3.9 (3.6 to 4.2) 3.8 (3.3 to 4.3) 4.0 (3.6 to 4.4) 3.5 (2.9 to 4.1) 4.1 (3.6 to 4.7)

HZ (serious‡) (n=53) 0.3 (0.2 to 0.4) 0.3 (0.2 to 0.5) 0.2 (0.2 to 0.4) 0.3 (0.1 to 0.5) 0.2 (0.1 to 0.3)

Disseminated/
multidermatomal HZ (n=53)

0.3 (0.2 to 0.4) NA NA 0.1 (0.0 to 0.2) 0.2 (0.1 to 0.4)

Opportunistic infection,
excluding TB (n=61)

0.3 (0.2 to 0.4) 0.4 (0.2 to 0.6) 0.3 (0.2 to 0.4) 0.2 (0.1 to 0.5) 0.3 (0.1 to 0.4)

Opportunistic infection,
including TB (n=97)

0.5 (0.4 to 0.6) 0.5 (0.4 to 0.7) 0.5 (0.4 to 0.6) 0.3 (0.2 to 0.6) 0.5 (0.4 to 0.7)

TB (n=36) 0.2 (0.1 to 0.3) 0.1 (0.07 to 0.3) 0.2 (0.1 to 0.3) 0.08 (0.02 to 0.2) 0.3 (0.2 to 0.4)

Mortality due to infections
(n=23)

0.1 (0.08 to 0.2) 0.2 (0.1 to 0.4) 0.1 (0.0 to 0.1) 0.2 (0.1 to 0.4) 0.05 (0.009 to 0.1)

Malignancies

Malignancy excluding
NMSC (n=173)

0.9 (0.8 to 1.0) 1.0 (0.8 to 1.3) 0.8 (0.7 to 1.0) 0.8 (0.5 to 1.2) 0.9 (0.7 to 1.2)

NMSC (n=118) 0.6 (0.5 to 0.7) 0.5 (0.4 to 0.7) 0.7 (0.5 to 0.8) 0.4 (0.3 to 0.7) 0.6 (0.5 to 0.9)

Lung (n=32) 0.2 (0.1 to 0.2) 0.2 (0.1 to 0.3) 0.1 (0.1 to 0.2) 0.2 (0.1 to 0.4) 0.1 (0.1 to 0.2)

Breast (n=25)§ 0.2 (0.1 to 0.2) 0.2 (0.1 to 0.3) 0.1 (0.1 to 0.2) 0.2 (0.1 to 0.4) 0.2 (0.1 to 0.3)

Lymphoma (n=19)¶ 0.1 (0.1 to 0.2) 0.09 (0.0 to 0.2) 0.1 (0.1 to 0.2) 0.1 (0.0 to 0.3) 0.1 (0.1 to 0.2)

*Average dosing was based on average daily dose: patients receiving <15 mg/day were assigned to the 5 mg twice daily group; patients receiving ≥15 mg/day were assigned to the
10 mg twice daily group.
†Constant dosage without prior exposure to another tofacitinib dose or adalimumab during the study; patients who switched doses were not included in this group.
‡Defined as requiring hospitalisation or parenteral antimicrobial therapy, or otherwise meeting SAE criteria.
§IR calculated for female patients only; N [total patient-years’ exposure]: N=5125 [16 077] (all tofacitinib); N=1863 [5701] (average tofacitinib 5 mg twice daily); N=3262 [10 377]
(average tofacitinib 10 mg twice daily); N=1935 [2984] (constant tofacitinib 5 mg twice daily); N=2335 [5608] (constant tofacitinib 10 mg twice daily).
¶Lymphoproliferative disorders/lymphoma.
HZ, herpes zoster; IR, incidence rate; n, unique number of patients with event; NA, not available; NMSC, non-melanoma skin cancer; SAE, serious adverse event; TB, tuberculosis.
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Figure 2 HRs of potential risk factors for events of serious infection (A), herpes zoster (B) and opportunistic infections excluding tuberculosis (C)—
results from multivariable Cox regression models in the phases I–III and LTE studies *Medical history and/or complication of COPD. †In Unit=x, ‘x’ is
the change in the continuous variable corresponding to which the change in hazards is observed. ‡Based on exposure period before lymphopenia
<500 cells/mL versus exposure period after lymphopenia <500 cells/mL. COPD, chronic obstructive pulmonary disease; HAQ-DI, Health Assessment
Questionnaire-Disability Index; LA, Latin America; LTE, long-term extension.
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Figure 3 IRs for malignancies excluding NMSC (A) and (B) NMSC over time for all tofacitinib doses. IR, incidence rate; NMSC, non-melanoma
skin cancer.
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bDMARDs. Precise estimations of differences in OI risk among
RA therapies are limited by heterogeneous definitions of OIs,38

geographical variability and lack of head-to-head studies with
sufficient power to detect differences.

A higher incidence of TB has been observed in patients with
RA versus the general population, and in those receiving
TNFi.39 40 Here, the elevation in TB IR with tofacitinib was
within the range for bDMARDs.33 41 TB rates reflected geo-
graphical background TB prevalence.

IR of malignancies (excluding NMSC) here was 0.89, similar
to those observed in previous tofacitinib studies.18 21 Patients
with RA are at higher risk of developing some malignancies
than the general population.42 43 IRs and SIRs for malignancies
(excluding NMSC) reported here are in the range reported with
bDMARDs.33 44–46 Analysis of IR of malignancies by 6-month
interval exposure revealed variability, whereas analysis of the
probability distribution of time to first malignancy event
revealed a constant hazard over time. Of note, no real dose dif-
ference was observed. Although SIRs for malignancies (exclud-
ing NMSC) by 6-month interval exposure were not evaluated,
SIRs were stable over time in an analysis of malignancy data (to
10 April 2013) from 14 tofacitinib studies.21 Despite this, vigi-
lance should be exercised when evaluating malignancy risk with
long-term exposure.

Cardiovascular safety data for tofacitinib pooled from phase
III and LTE studies (data cut-off: 10 April 2013) have been pub-
lished.47 Similar findings were reported in this analysis of
pooled data from phases I–III and LTE studies (data cut-off:
31 March 2015; see online supplementary appendix).

GI perforations are a known risk in patients with RA,
especially in patients treated with NSAIDS or glucocorticoids.48

GI perforations with tocilizumab had an IR of
0.3 events/100 patient-years,49 and an observational study
revealed an IR of 0.1 events/100 patient-years for TNFi.50

Another study showed higher GI perforation rates with
bDMARDs and concomitant glucocorticoids (0.1 events/100
patient-years), versus bDMARDs without glucocorticoids (0.05
events/10 patient-years), indicating glucocorticoid use as a risk
factor.51 GI perforations IRs here are within the range reported;
most patients with GI perforations had underlying risk factors
(eg, glucocorticoids and/or NSAIDs).

Comparison of IRs by dose is limited by several factors. One
factor is the imbalance between the tofacitinib 5 and 10 mg
twice daily doses in the LTE studies, due to the fact that patients
were not randomised to treatment. Instead, patients from
phase II and III studies were transitioned into the LTE on 5 and
10 mg twice daily, respectively, except for patients from China
and Japan who initiated treatment with tofacitinib 5 mg twice
daily per protocol. Therefore, differences in the chronology of
LTE study initiation and patient numbers from phase II versus
phase III led to a longer median duration of exposure with 5 mg
twice daily, but higher overall patient-years’ exposure with
10 mg twice daily. This, coupled with differences in geograph-
ical regions between trials, preclude definitive dose comparisons.
This analysis is also limited by exclusion of patients upon devel-
opment of a SAE and censoring at time of first event, meaning
healthier patients remain at later time points. This limits our
ability to evaluate potential changes in SAE rates over time with
greater cumulative tofacitinib exposure. Furthermore, the
average dosing approach used in the primary analysis did not
consider the actual dose at the time of AE. As any method of
dose categorisation in this population would have drawbacks,
we used constant dosing in a sensitivity analysis to give a more

complete picture. Comparisons with placebo were reported for
the placebo-controlled phases II and III tofacitinib index
studies;3–7 12–16 however, duration of treatment with placebo
was short, and patient-years of exposure to placebo was limited,
therefore we have not included placebo data in our analysis.

This report describes the tofacitinib safety profile across the
RA clinical programme to 31 March 2015, with >6000 patients
treated for ≤8.5 years. These data represent the most compre-
hensive view of long-term safety to date, and reveal a stable AE
profile versus controlled studies and earlier analyses of LTE
data. Ongoing comparative clinical studies and post-marketing
surveillance will provide further information on the tofacitinib
risk profile in the clinical trial and real-world settings.
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Cardiovascular risk of patients with gout seen
at rheumatology clinics following a structured
assessment
Mariano Andrés,1,2 José Antonio Bernal,1 Francisca Sivera,3 Neus Quilis,3

Loreto Carmona,4 Paloma Vela,1,2 Eliseo Pascual1,2

ABSTRACT
Objectives Gout-associated cardiovascular (CV) risk
relates to comorbidities and crystal-led inflammation. The
aim was to estimate the CV risk by prediction tools in
new patients with gout and to assess whether
ultrasonographic carotid changes are present in patients
without high CV risk.
Methods Cross-sectional study. Consecutive new
patients with crystal-proven gout underwent a structured
CV consultation, including CV events, risk factors and
two risk prediction tools—the Systematic COronary
Evaluation (SCORE) and the Framingham Heart Study
(FHS). CV risk was stratified according to current
European guidelines. Carotid ultrasound (cUS) was
performed in patients with less than very high CV risk.
The presence of carotid plaques was studied depending
on the SCORE and FHS by the area under the curve
(AUC) of receiver operating curves.
Results 237 new patients with gout were recruited. CV
stratification by scores showed a predominance of very
high (95 patients, 40.1%) and moderate (72 patients,
30.5%) risk levels. cUS was performed in 142 patients,
finding atheroma plaques in 66 (46.5%, 95% CI 37.8
to 54.2). Following cUS findings, patients classified as
very high risk increased from 40.1% up to 67.9%
(161/237 patients). SCORE and FHS predicted
moderately (AUC 0.711 and 0.683, respectively) the
presence of atheroma plaques at cUS.
Conclusions The majority of patients presenting with
gout may be at very high CV risk, indicating the need
for initiating optimal prevention strategies at this stage.
Risk prediction tools appear to underestimate the
presence of carotid plaque in patients with gout.

INTRODUCTION
Until very recently, the presence of the monoso-
dium urate (MSU) crystal deposit was considered to
be innocuous—apart from causing the severe symp-
toms that characterise gout. In fact, the recommen-
dations suggested not to treat at the time of the
diagnosis but to wait until there is disease progres-
sion.1 Now, the risk of cardiovascular (CV) disease
in gout is well established2 3 and likely relates to
persistent inflammation.4 The new European
League Against Rheumatism recommendations
indicate the expedience of treating from the time
of diagnosis to avoid further gout attacks and
growing crystal load and to possibly prevent CV
events.5 We recently found that patients with
asymptomatic hyperuricemia with silent MSU

deposits suffered from a more severe form of cor-
onary atherosclerosis.6 The possibility that the CV
risk in patients with gout may be higher than what
is shown by the standard evaluation scores remains
an open question, and the rationale for early and
effective treatment for gout largely depends on its
CV consequences.
The aim of this investigation was to establish the

CV risk in patients with gout at the time of their
first visit to rheumatology, following a structured
assessment. As secondary end points, we analysed
the discriminative value of CV risk prediction tools
to identify individuals with carotid atheroma
plaques, and assessed the association between gout
features and the presence of carotid atherosclerosis.

METHODS
This was an observational, cross-sectional study,
performed in a hospital-based rheumatology unit
with a population coverage of 300 000 inhabitants.
The study was approved by the local ethics com-
mittee and written informed consent was obtained
from participants. Consecutive new patients with
crystal-proven gout seen in the unit between 1
January 2014 and 30 June 2016 were screened for
enrolment. Source of patients was registered.
Patients were excluded if they rejected participation
or had been previously treated by a rheumatologist
or other medical specialist; previous management
by a general practitioner was allowed.
Enrolled participants underwent a structured CV

consultation through interview, physical exam and
records review regarding conventional risk factors
(CRF), CV disease, blood pressure, anthropometry
and lab variables (see full list in online
supplementary table S1). Gout-related variables (see
online supplementary table S1) were also registered.

Risk prediction tools
The Systematic COronary Evaluation (SCORE)7

and the Framingham Heart Study (FHS),8 adapted
for Spanish population,9 were applied to all
patients. Patients with a very high risk at enrolment
because of prior CV disease, diabetes mellitus
(DM) with complications or severe renal failure did
not have a score calculated.

Carotid ultrasound
It was performed in patients not stratified at very
high risk (prior CV disease, DM with complica-
tions, severe renal failure or SCORE >9%) by a
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trained rheumatologist following the Mannheim consensus.10

Both common carotid arteries and their proximal branches were
assessed to detect atheroma plaques and to measure intima-
media thickness (IMT).

CV risk stratification
This was the primary study outcome. CV risk was stratified
according to 2011 European guidelines11 as low (SCORE
<1%); moderate (SCORE 1%–4%); high (uncomplicated DM,
estimated glomerular filtration rate (eGFR) 30–59 mL/min, IMT
>0.9 mm or SCORE 5%–9%) and very high risk (prior CV
disease, carotid atheroma plaques, DM with complications,
eGFR <30 mL/min, SCORE >9%). CV risk stratification was
performed before and after carotid ultrasound (cUS): patients
with increased IMT (IMT >0.9 mm) were classified as high risk
and those with atheroma plaques as very high risk.11 This
allowed to assess the impact of evaluating subclinical athero-
sclerosis in the CV risk assessment of patients with gout.

Statistical analysis
A previous study12 found a prevalence of 30% of carotid
plaques in patients with gout, but in a pilot phase of the present
investigation this rate reached up to 40%. For a statistical power
of 80%, a minimal sample size of 78 patients was estimated to
reliably assess the prevalence of carotid atheroma plaques in

recently diagnosed patients with gout. A descriptive analysis was
done using central tendency measures (mean or median) and
dispersion measures (SD or 25–75 percentiles) for continuous
variables, and frequencies for categorical variables. Prevalence
with 95% CIs was estimated for IMT and carotid plaques. A
subgroup comparison was performed according to whether
patients were evaluated by cUS or not, using χ2 test for categor-
ical variables and Student’s t-test and Mann-Whitney U test for
continuous variables. The χ2 trend test was used to compare the
CV risk stratification before and after cUS.

To assess the discriminative value of SCORE and FHS tools
to detect individuals with carotid plaque, 2×2 tables were built
for each tool: in rows, tools scores leading to high or very high
risk (SCORE >4%, FHS >9%) were taken as positive, and
scores leading to low or moderate risks (SCORE ≤4%, FHS
≤9%) as negative; in columns, presence or absence of atheroma
plaques at cUS was considered as a positive or negative result,
respectively. Sensitivity, specificity and positive and negative pre-
dictive values, with 95% CI, were then calculated. Afterwards,
receiver operating characteristic (ROC) curves were plotted,
allowing an estimation of the area under the curve (AUC) with
95% CI for each tool.

In order to assess the association between gout features and
the cUS atherosclerotic findings (increased IMT or atheroma
plaques), logistic regression models were used.

Table 1 General characteristics of included patients

Subgroup comparison

Variable (n=237)* cUS (n=142) No cUS (n=95) p Value

Age in years, mean (SD) 63.7 (13.7) 57.1 (12.2) 73.6 (9.1) <0.001

Men 205 (86.5) 132 (93.0) 73 (76.8) <0.001

Conventional risk factors present

HT 163 (68.8) 74 (52.1) 89 (93.7) <0.001

DM 55 (23.2) 19 (13.4) 36 (37.9) <0.001

DM with microangiopathy 17 (7.2) 0 (0) 17 (17.9) <0.001

DL 126 (53.2) 53 (37.3) 73 (76.8) <0.001

Smoking habit background [n=234] 138 (59.0) 87 (61.3) 51 (55.4) 0.376

Use of diuretics [n=236] 103 (43.6) 43 (30.5) 60 (63.2) <0.001

Chronic kidney disease

GFR <60 mL/min 73 (30.8) 17 (12.0) 56 (58.9) <0.001

GFR <30 mL/min 19 (8.0) 0 (0) 19 (20.0) <0.001

BMI, kg/m2, mean (SD) [n=231] 29.8 (5.2) 29.9 (5.3) 29.7 (5.0) 0.755

Obesity [n=231] 95 (41.1) 61 (43.3) 34 (37.8) 0.409

History of CV disease 69 (29.2) 0 (0) 69 (73.4) <0.001

Coronary heart disease 32 (13.6) 0 (0) 32 (34.0) <0.001

Heart failure 19 (8.1) 0 (0) 19 (20.2) <0.001

Stroke 16 (6.8) 0 (0) 16 (17.0) <0.001

Peripheral artery disease 20 (8.5) 0 (0) 20 (21.3) <0.001

SUA, mg/dL, mean (SD) 8.1 (1.8) 8.1 (1.7) 8.1 (2.0) 0.998

TCh, mg/dL, mean (SD) [n=236] 186.0 (42.7) 201.2 (37.5) 162.9 (39.9) <0.001

HDLc, mg/dL, mean (SD) [n=235] 44.3 (13.5) 45.9 (13.5) 41.7 (13.3) 0.019

TCh:HDLc, mg/dL, mean (SD) [n=235] 4.5 (1.7) 4.7 (1.6) 4.2 (1.7) 0.037

LDLc, mg/dL, mean (SD) [n=235] 115.6 (36.1) 128.0 (32.2) 97.0 (33.7) <0.001

TG, mg/dL, mean (SD) [n=236] 168.7 (101.8) 182.0 (107.1) 148.7 (90.0) 0.013

HbA1C, %, mean (SD) [n=216] 6.0 (3.4) 6.0 (4.3) 6.0 (0.8) 0.996

Group differences based on cUS performance.
Data shown as n (%) unless otherwise specified.
*In square brackets, available data in case of missing values.
BMI, body mass index, calculated as weight:(height)2; CV, cardiovascular; cUS, carotid ultrasound; DL, dyslipidaemia; DM, diabetes mellitus; GFR, glomerular filtration rate; HbA1C,
haemoglobin A1C; HDLc, high-density lipoprotein cholesterol; HT, hypertension; LDLc, low-density lipoprotein cholesterol; SUA, serum uric acid; TCh, total cholesterol; TG, triglycerides.
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All analyses were performed using SPSS V.19.0 software (IBM
Statistics, Armonk, New York, USA). Statistical significance was
established as p<0.050.

RESULTS
Two hundred and fifty patients were screened for enrolment,
but 13 declined to participate, so a total of 237 participants
were finally included (participation rate 94.8%). Over half of
patients were referred from emergency department (see online
supplementary table S2).

In the study population, middle-aged, obese males predomi-
nated (table 1). A total of 216 patients (92.3%) had at least one
CV risk factor, mainly hypertension or smoking. More than
40% of participants were on diuretics and about a 30% suffered
from chronic kidney disease (eGFR <60 mL/min), which was
severe in 19 cases (8.0%); 29.2% had previously suffered from
CV disease, especially from myocardial infarction and peripheral
artery disease, while 14 patients (5.9%) had various forms of
CV disease.

Regarding gout characteristics, a total of 30 patients (14.2%)
were seen at first gout attack (early gout), while median gout
duration was of 4 years (p25–75 1–10, range 0–50).
Participants reported a median of 4 attacks (p25–75 2–12,
range 1–400) that had involved an average of 3.6 joints (SD
±2.8). Presenting attack was monoarticular in 177 cases
(75.3%), oligoarticular in 45 (19.1%) and polyarticular in 13
cases (5.5%). A total of 54 patients (22.9%) showed clinical
tophi at physical exam.

CV risk stratification
Risk prediction tools were applied to 149 patients (62.9%), as
all others were considered at very high risk at presentation.
Average risk scores were 3.8% (SD±3.5%) with SCORE and
6.3% (±4.1%) with FHS, both equivalent to a moderate risk.

Seven patients showed SCORE >9%, being then classified as
very high risk. An initial CV risk classification after risk predic-
tion tools was performed (figure 1), and demonstrated very
high (95 patients; 40.1%) or moderate (55 patients; 30.4%) risk
levels.

cUS was performed in 142 patients (59.9%) not initially clas-
sified as very high CV risk after interview and scores. In com-
parison with those without cUS, they were younger and male
predominant, had less CV risk factors (except for smoking), use
of diuretics and chronic kidney disease (table 1). Lipids levels
were significantly lower in those without cUS, while no differ-
ences on other lab variables were found. cUS revealed increased
IMT in 64 patients (45.1%, 95% CI 36.8% to 53.3%) and
carotid atheroma plaques in 66 (46.5%, 95% CI 37.8% to
54.2%), which were bilateral in 27 cases (19.0%, 95% CI
12.5% to 25.5%). Forty-four patients (31.0%) showed both
increased IMTand atheroma plaques at cUS.

After cUS assessment, the risk of 80 patients (56.3% of those
with cUS) was upgraded (one from low risk, 42 from moderate
risk and 37 from high risk). Figure 1 shows the final CV risk
stratification, which significantly differed from the initial stratifi-
cation (p<0.001 for trend test); 67.9% of the included patients
were finally considered as being at very high CV risk level.

Discriminative value of the CV risk prediction tools for
carotid plaques
Table 2 shows the results of the calculated discriminative value
of SCORE and FHS, and figure 2 displays the plotted ROC
curves. The 2×2 tables built to estimate the discriminative
scores are supplied in online supplementary tables S3 and S4.
The estimated AUC was 0.711 for SCORE and 0.683 for FHS.
These indicate a moderate discriminative capacity of risk tools
for predicting carotid atheroma plaques, as a randomly selected
individual from the plaque group would have a score value
higher than that for a randomly chosen individual from the
non-diseased group only 68%–70% of the time.

Association analysis between gout features and carotid
atherosclerosis
The results of the logistic regression analysis are shown in
table 3. No association was found between individual gout-
related variables and the presence of carotid atherosclerosis
findings (increased IMTor atheroma plaques).

DISCUSSION
Atherosclerotic CV disease is the leading cause of morbidity and
mortality worldwide. CV prevention acting on CRF has led to a
progressive decrease in mortality.13 CV preventive strategies are
less costly than treating the complications,14 especially on sub-
jects at risk, which support efforts to identify high-risk popula-
tions through risk prediction tools15 or subclinical
atherosclerosis screening.16 This is the first study assessing the
CV profile of patients with gout at presentation incorporating
these strategies. Here, two out of every three patients with gout

Figure 1 Cardiovascular (CV) risk stratification of included patients
with gout at presentation. Grey bars show the risk before performing
the carotid ultrasound (cUS), while black bars show the final CV risk
after the carotid evaluation for subclinical atherosclerosis. Data shown
as number of patients per each subgroup and percentage of total
sample.

Table 2 Discriminative value of cardiovascular risk tools for the presence of carotid plaques at ultrasound

Sn (95% CI) Sp (95% CI) PPV (95% CI) NPV (95% CI) AUC (95% CI)

SCORE 45.5% (32.7% to 58.2%) 84.2% (75.4% to 93.1%) 71.4% (56.6% to 86.3%) 64.0% (54.1% to 73.9%) 0.711 (0.627 to 0.795)

FHS 19.7% (9.3% to 30.1%) 90.8% (83.6% to 98.0%) 65.0% (41.6% to 88.4%) 56.6% (47.4% to 65.8%) 0.683 (0.596 to 0.770)

AUC, area under the curve; FHS, Framingham Heart Study; NPV, negative predictive value; PPV, positive predictive value; SCORE, Systematic COronary Evaluation; Sn, sensitivity; Sp,
specificity.
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were classified at a very high CV risk at presentation, compar-
able to having already suffered from a myocardial infarction.
This should lead to optimisation of preventive strategies, such as
intensive statins therapy or stricter lipid levels targets.11 17 18

Almost half of the patients with gout who underwent cUS
had atheroma plaques. A previous, smaller study found a rate of
around 30%;12 the difference is likely explained by patient
selection, ethnicity or methodology. For the present study, no
control group was selected, but two large studies assessing sub-
clinical atherosclerosis in Spanish middle-aged populations are
available for comparison:19 20 in both studies, the prevalence of
carotid plaques ranged from 25.1% to 31.0% of subjects. Thus,
the prevalence of carotid plaques in patients with gout appears
greater than the general population and similar to other chronic
inflammatory diseases such as rheumatoid arthritis21 or systemic
lupus erythematosus.22

Both SCORE and FHS tools performed moderately in identi-
fying patients with gout at very high CV risk. This finding, not
previously reported for gout, follows the results in other inflam-
matory arthritis.23 24 Risk assessment tools are recommended
for identifying patients at risk,15 but considering their low

accuracy to detect carotid plaques, they merit cautious use in
gout. In the present study, tool-based risk level was later
upgraded in 56.1% of patients after cUS. In the study by Coll
et al,20 the risk level was only upgraded in 25% after cUS, while
in the Progression of Early Subclinical Atherosclerosis study19

the proportion was close to our study, but used multivessel
ultrasonography and coronary CT.

Despite being highly prevalent in gout,25 CRFs do not fully
explain the increased CV risk in gout: population-based studies
constantly show an extra risk in gout after adjusting for
CRFs,2 3 and in the present study a moderate discriminative
value of CRFs-based scores was found. Other factors such as
crystal-led inflammation (acute and persistent), hyperuricemic
state or intake of non-steroidal anti-inflammatory drugs may
likely explain this poor CVoutcome.26 Therefore, as well as con-
trolling CRFs, MSU crystals dissolution by reducing serum uric
acid levels might control this increased CV risk, although data
are still controversial.27–29 Also, initiating urate-lowering agents
at the first gout attack could contribute to CV prevention.5

In the present study, no significant association between gout
characteristics and carotid atherosclerosis was noted, probably
owing to the heterogeneity of the patients and the small sample
size for this secondary objective. Long disease duration, if
untreated, leads to high crystal load and long exposure to
crystal-led inflammation, as crystals are taken as danger signals
by the innate immune system through the nucleotide-binding
oligomerization domain-like receptor P3 (NLRP-3) inflamma-
some pathway30—shared with cholesterol crystals, which play a
relevant role in the inflammatory component of atheroscler-
osis.31 32 Persistent inflammation has been linked to the acceler-
ated atherosclerosis seen in patients with inflammatory
disorders.33 In fact, patients with tophi, with an increased
inflammatory state,34 suffer from more severe myocardial infarc-
tions35 and increased mortality.36 To date, the mechanism by
which inflammation leads to atherosclerotic complications
remains unclear. C reactive protein levels, a well-established
independent CV risk factor,37 correlate poorly with extension
of atherosclerotic disease,38 suggesting that inflammation may
be mainly involved in plaque rupture, thrombus formation and
the occurrence of a CV event, rather than in atheroma plaque
formation.39 This might also explain the absence of significant
association between gout features and carotid atherosclerosis
found in the present study.

One of the strengths of the present study was to only include
patients with crystal-proven gout, avoiding enrolment of

Table 3 Logistic regression with presence of atherosclerotic findings at carotid ultrasound (increased IMT or atheroma plaques) as dependent
variable and gout features (one variable at a time) as covariates

Increased IMT Atheroma plaques

Variable OR (95% CI) p Value OR (95% CI) p Value

Early gout (first attack) 2.4 (0.7 to 7.4) 0.143 2.3 (0.7 to 7.2) 0.159

Gout duration 1.0 (0.9 to 1.0) 0.550 1.0 (0.9 to 1.0) 0.970

Total number of gout attacks suffered 1.0 (0.9 to 1.0) 0.855 1.0 (0.9 to 1.0) 0.573

Total number of involved joints 1.0 (0.9 to 1.2) 0.483 1.0 (0.9 to 1.1) 0.810

Joint pattern at presentation

Monoarthritis 1.0 (ref) – 1.0 (ref) –

Oligoarthritis 0.6 (0.2 to 1.6) 0.275 1.2 (0.5 to 3.1) 0.721

Polyarthritis 0.2 (0.0 to 1.9) 0.166 1.2 (0.2 to 6.1) 0.836

Presence of tophi 1.0 (0.4 to 2.1) 0.898 1.2 (0.6 to 2.6) 0.637

IMT, intima-media thickness.

Figure 2 Receiver operating characteristic curves of the Systematic
COronary Evaluation (SCORE) (solid line) and the Framingham Heart
Study (FHS) (dotted line) prediction tools for the presence of carotid
atheroma plaques at ultrasound.
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misclassified cases that may bias the results. All participants
underwent a structured CV assessment that can be easily repro-
duced in further studies or clinical practice. Incorporating sub-
clinical atherosclerosis screening such cUS or coronary artery
calcium to the assessment strengthened the CV risk stratification
in patients with gout, also shown in general population.16

There are a number of limitations in our study. Patients were
seen in a hospital-based rheumatology unit where severe, refrac-
tory cases are more likely to be referred; thus, results might not
apply to patients with gout managed in primary care or self-
treated, where a lower prevalence of comorbidities and CV risk
might be expected. Most patients were seen from emergency or
during intercurrent hospitalisations, reducing the selection bias
of severe gout forms; however, the results of this study should
be replicated at a primary care setting. The absence of a control
group might limit the impact of the results, especially regarding
the prevalence of carotid plaques found. However, finding that
two out of three patients with gout might suffer from a very
high CV risk, with the subsequent implications on management,
is itself remarkable. In addition, the sonographer was not
blinded to clinical data and this may have an impact on cUS
results, although this was minimised by the fact that this is a
standardised, objective procedure. Finally, the cross-sectional
study design precludes evaluating the impact of the present CV
assessment in patients with gout; a prospective follow-up ana-
lysis of this inception cohort is expected to provide further
insight.

In summary, most patients with gout presenting for first time
at rheumatology clinics might be at very high CV risk. A struc-
tured CV assessment revealed a notable prevalence of subclinical
atherosclerosis, and a poor-to-moderate accuracy of the SCORE
and the FHS tools to detect carotid plaques. These data support
the need for initiating optimal CV prevention strategies at the
very first visit.
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Non-steroidal anti-inflammatory drugs for spinal
pain: a systematic review and meta-analysis
Gustavo C Machado,1 Chris G Maher,1 Paulo H Ferreira,2 Richard O Day,3

Marina B Pinheiro,2 Manuela L Ferreira1,4

ABSTRACT
Background While it is now clear that paracetamol is
ineffective for spinal pain, there is not consensus on the
efficacy of non-steroidal anti-inflammatory drugs
(NSAIDs) for this condition. We performed a systematic
review with meta-analysis to determine the efficacy and
safety of NSAIDs for spinal pain.
Methods We searched MEDLINE, EMBASE, CINAHL,
CENTRAL and LILACS for randomised controlled trials
comparing the efficacy and safety of NSAIDs with
placebo for spinal pain. Reviewers extracted data,
assessed risk of bias and evaluated the quality of
evidence using the Grade of Recommendations
Assessment, Development and Evaluation approach.
A between-group difference of 10 points (on a 0–100
scale) was used for pain and disability as the smallest
worthwhile effect, as well as to calculate numbers
needed to treat. Random-effects models were used to
calculate mean differences or risk ratios with 95% CIs.
Results We included 35 randomised placebo-controlled
trials. NSAIDs reduced pain and disability, but provided
clinically unimportant effects over placebo. Six
participants (95% CI 4 to 10) needed to be treated with
NSAIDs, rather than placebo, for one additional
participant to achieve clinically important pain reduction.
When looking at different types of spinal pain, outcomes
or time points, in only 3 of the 14 analyses were the
pooled treatment effects marginally above our threshold
for clinical importance. NSAIDs increased the risk of
gastrointestinal reactions by 2.5 times (95% CI 1.2 to
5.2), although the median duration of included trials
was 7 days.
Conclusions NSAIDs are effective for spinal pain, but
the magnitude of the difference in outcomes between
the intervention and placebo groups is not clinically
important. At present, there are no simple analgesics
that provide clinically important effects for spinal pain
over placebo. There is an urgent need to develop new
drug therapies for this condition.

INTRODUCTION
Spinal pain (neck or low back pain) is the leading
cause of disability worldwide,1 2 and commonly
managed in general practice by prescription of
medicines.3 4 Clinical guidelines recommend non-
steroidal anti-inflammatory drugs (NSAIDs) as a
second-line analgesic after paracetamol, with third
choice being opioids.5 However, recent
meta-analyses have shown that paracetamol is inef-
fective,6 7 and opioids appear only to offer small
benefits for this condition.8 Thus, although the use
of NSAIDs has fallen in the past decade,9 their use

could rapidly rise, given the lack of efficacy of para-
cetamol and increased awareness of risks associated
with opioid use.10 11

There is still not consensus on the efficacy of
NSAIDs for spinal pain. The most recent
meta-analysis excluded participants with acute low
back pain or neck pain,12 and to date no reviews
have investigated NSAID injections or topical for-
mulations in this population. Furthermore, previous
meta-analyses have reported standardised mean dif-
ferences (MD) as effect sizes, which are non-
intuitive and difficult to interpret;13 thus better
measures of treatment effects, such as numbers
needed to treat (NNT), are likely to enhance inter-
pretability for the clinician. There is also concern
about the cardiovascular safety of cyclo-oxygenase-2
(COX-2) inhibitors, while serious gastrointestinal
adverse reactions are more closely linked to non-
selective NSAIDs,14 although all NSAIDs have been
associated with cardiovascular and gastrointestinal
risks.15 Thus, there is far greater need to understand
the efficacy and safety of this medicine for spinal
pain.
Therefore, the aim of this systematic review was

to investigate the efficacy and safety of NSAIDs
compared with placebo in patients with spinal pain,
with or without radicular pain. We also aimed to
evaluate whether trial characteristics or methods
are associated with estimates of treatment effect.

METHODS
Literature search
We followed the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA)
statement,16 and prospectively registered the review
protocol on the International Prospective Register
of Systematic Reviews (CRD42015023746). We
searched MEDLINE, EMBASE, CINAHL,
CENTRAL and LILACS from their inception to
February 2016. The search strategy was constructed
based on a combination of the following keywords
and their variations: neck pain, back pain,
lumbago, sciatica, anti-inflammatory, placebo and
randomised controlled trial. There were no restric-
tions of language or publication period.
Translations were obtained for non-English studies
(two trials). The complete search strategy is shown
in online supplementary table S1. One author
(GCM) performed the first selection of studies
based on titles and abstracts, and two authors
(GCM and MBP) independently screened full texts.
We also searched for potentially eligible trials in the
reference lists of included studies and relevant
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systematic reviews. We used consensus to resolve any
disagreement.

Study selection
Only randomised placebo-controlled trials published in peer-
reviewed journals and investigating the effects and safety of
NSAIDs for spinal pain were included in this review. Trials had
to include participants with neck or low back pain, with or
without radicular pain. Trials that included mixed populations
were included if they reported separate data for participants
with spinal pain. We included trials investigating acute or
chronic spinal pain of any intensity and eligible trials had to
compare any class, formulation or route of administration
(topical, oral or injection) of NSAIDs with a matching placebo.
Only trials that reported patient-relevant outcomes, such as pain
intensity, disability status, quality-of-life or adverse events were
included. The dose and frequency of NSAIDs intake were not
restricted, and we investigated the effects of both non-selective
NSAIDs (eg, acetic acids, enolic acids, propionic acids, salicy-
lates) and COX-2 inhibitors. We excluded trials of participants
with serious spinal pathology (cancer, infectious diseases or
cauda equina syndrome). Trials evaluating postoperative anal-
gesia using NSAIDs in participants with spinal pain were
excluded, as were non-randomised controlled trials, review arti-
cles, guidelines and observational studies.

Data extraction and quality assessment
We used a standardised data extraction form to record the
characteristics of included participants, NSAID class and dose,
route of administration, outcomes and duration of follow-up.
Two reviewers (GCM and MBP) independently recorded
the sample size, means and SDs for pain, disability and
quality-of-life measures. We extracted these data following a
hierarchical order: mean difference (MD), change scores and
post-treatment scores. When medians, IQRs, ranges or SEs were
reported, we used previously reported formulae to estimate
means and SDs.17 According to recommendations in the
Cochrane Handbook,18 we extracted data from the first period
of crossover randomised trials, and in multi-arm trials we
extracted data from all groups and divided the number of parti-
cipants in the control group by the number of comparisons.

For the safety outcomes, we extracted the number of partici-
pants reporting any adverse event, any serious adverse event (as
defined by each trial or events including myocardial infarction
and/or stroke), the number of dropouts due to adverse events
and the number of participants reporting gastrointestinal
adverse reactions. We also extracted the number of participants
taking additional analgesics and the number of tablets consumed
per day. We contacted authors of included trials to clarify any
relevant information or to request additional data in case of
incomplete reporting. Consensus or a third reviewer (MLF) was
used to resolve any disagreement.

The Cochrane Collaboration’s tool was used to assess the risk
of bias of included studies by two independent reviewers (GCM
and MBP).19 The quality of the evidence from each pooled ana-
lysis was evaluated using the Grade of Recommendations
Assessment, Development and Evaluation (GRADE) approach.20

The quality of evidence was downgraded by one level according
to the following criteria: limitation of study design (more than a
quarter of studies considered at serious risk of bias), inconsist-
ency of results (substantial heterogeneity, I2>50%), imprecision
(pooled sample size <300), indirectness (dissimilar population,
intervention, outcomes and time points) and publication bias
(funnel plot assessment and Egger’s test two-tailed p<0.1).

Consensus was used to resolve any disagreement. The quality of
evidence was then judged as high, moderate, low or very low.

Data synthesis and analysis
Trials were pooled for common outcomes and time points. As
our primary analysis we present overall pooled estimates includ-
ing all available trials, and as a secondary analysis we present
separate pooled effects for neck pain, acute/chronic low back
pain and sciatica. We defined a follow-up period <2 weeks as
immediate-term, and a follow-up between 2 weeks and
3 months as short-term. When more than one time point was
available for the same definition, we extracted data at 1 week
for immediate-term, or at 8 weeks for short-term. Although we
attempted to extract data for medium (>3 months but
<12 months) and long-term (≥12 months) follow-ups, no trials
reported data for these time points.

Pain outcome measures reported in included trials were visual
analogue scales (range, 0–100), or numerical rating scales
(range, 0–10). These two pain measures are highly correlated
and can be used interchangeably when transformed.21 The dis-
ability scale used in trials was the Roland-Morris Disability
Questionnaire (range, 0–24). Pain and disability scores were con-
verted to a common 0-point (no pain or disability) to 100-point
(worst possible pain or disability) scale to facilitate the interpret-
ation of our results, and because smallest worthwhile effects for
pain and disability in this population are often reported in a 0–
100 scale.22–24 Quality-of-life measures included the 12-item or
the 36-item Short Form (SF) Health Survey (range, 0–100); no
score conversion was needed for this outcome.

A between-group difference of 10 points (on a 0–100 scale)
for pain, disability and quality-of-life was considered as the smal-
lest worthwhile effect;22 the mean effect sizes below this thresh-
old were considered clinically unimportant. The smallest
worthwhile effect describes the smallest effect of intervention
(compared with placebo) that patients perceive as important,
and is critical for clinical decision-making.25 We used
random-effects models to calculate MD or risk ratios (RR) and
95% CIs. We also present the results for the pain intensity ana-
lyses as numbers needed to treat (NNT), using the method pro-
posed by Norman.26 This expresses the number of patients who
need to be treated with an NSAID rather than placebo, for one
additional person to benefit (based on a clinically important
change of 10 points on a 0–100 pain scale; and allowing for the
proportion of patients who were improved, the same and dete-
riorated in NSAID and placebo groups). All analyses were con-
ducted using Comprehensive Meta-Analysis V.2 (Biostat,
Englewood, New Jersey, USA).

Secondary exploratory analysis
We conducted subgroup analyses to explore the influence of dif-
ferent factors on our estimates of treatment effects. We used
meta-regression to generate the difference in effect sizes (with
95% CI) and p values between subgroups for pain at immediate-
term. Subgroups were defined in terms of risk of bias judge-
ments (low, unclear or high), form of drug administration
(topical, oral or injection) and type of NSAID (COX-2 inhibi-
tors or non-selective NSAIDs). We also investigated the differ-
ence of effect sizes of discontinued drugs (eg, rofecoxib and
valdecoxib) and currently marketed NSAIDs, given the aim of
this review in informing current best practice.

1270 Machado GC, et al. Ann Rheum Dis 2017;76:1269–1278. doi:10.1136/annrheumdis-2016-210597

Clinical and epidemiological research

http://ard.bmj.com/
http://group.bmj.com


RESULTS
Initial search and results
Our search resulted in a total of 5208 individual records. After
the screening of titles and abstracts, two independent reviewers
assessed 302 full-text articles. We included 35 randomised trials
after full-text examination with data for 6065 participants with
spinal pain (figure 1).27–61 Twenty-two trials investigated the
effects of NSAIDs for low back pain, of which 11 included par-
ticipants with acute back pain and 11 (10 published reports)
included participants with chronic low back pain. Eleven trials
investigated participants with sciatica and two included neck
pain only. The median treatment duration in included trials was
7 (IQR, 5–7) days. NSAIDs were mostly administered orally, but
five trials used intravenous or intramuscular injection,35 37–39 59

and three used a topical formulation, such as a gel, patch or
cream.51 53 56 Nine trials had a three-arm parallel design and
two were randomised crossover trials. These trials compared
two different drugs, or two different dosages of the same drug
with a matching placebo. Online supplementary table S2 pro-
vides more detail on the characteristics of included trials and
the medications evaluated.

The risk of bias assessment (see online supplementary figure
S1) shows that overall, studies had no serious risk of bias.
However, about half of the trials had at least one bias domain
judged as high risk. A third of included trials reported an appro-
priate method of randomisation, and only four reported suitable
allocation concealment. Nearly all trials were therapist and
assessor-blinded, but 20% of trials had high dropout rates
(>15%). Seven trials did not report relevant outcomes or failed
to report results previously described in their methods and were
judged at high risk of reporting bias. Eleven trials were judged
at high risk for the ‘other’ bias domain as they reported that
pharmaceutical companies that funded the trial were involved in
running the study, analysing the data or writing the manuscript.

The risk of bias assessment for each individual trial is shown in
online supplementary figure S2. The inspection of the funnel
plot including all trials reporting data for immediate pain reduc-
tion and the non-significant Egger’s test (p=0.86) revealed no
publication bias (see online supplementary figure S3).
Therefore, none of our meta-analyses was downgraded for pub-
lication bias according to the GRADE approach. Data extracted
from individual trials and calculations of effect sizes are shown
in online supplementary tables S3 and S4.

Efficacy of NSAIDs for spinal pain
Pooling of all included trials revealed moderate-quality evidence
that NSAIDs reduced pain in the immediate (MD −9.2, 95% CI
−11.1 to −7.3) and short-term (MD −7.7, 95% CI −11.4 to
−4.1) compared with placebo (figure 2). The NNT to achieve a
clinically significant effect of NSAIDs over placebo on pain
reduction in the immediate-term was 5 (95% CI 4 to 6) and 6
(95% CI 4 to 10) in the short-term. The effects of NSAIDs on
disability were slightly smaller than for pain, with effect at
immediate-term follow-up being −8.1 (95% CI −11.6 to −4.6),
and at short-term −6.1 (95% CI −9.5 to −2.8) (figure 3). The
magnitude of the difference in outcomes between the interven-
tion and placebo groups, however, was less than the 10-point
threshold for clinical importance.

There was high-quality evidence of clinically unimportant
effects of NSAIDs compared with placebo for the physical
component of the SF-12 (MD −2.9, 95% CI −3.7 to −2.1),
and no effects over placebo were found for the mental compo-
nent (MD −0.3, 95% CI −1.2 to 0.6). None of the included
studies used the SF-36 to measure quality-of-life. Table 1 pro-
vides more detailed information on the summary of findings
and the GRADE assessment. None of the included trials
reported medium-term or long-term effects of NSAIDs.

Safety of NSAIDs for spinal pain
For the safety analyses, we included up to 21 trials (5153 parti-
cipants) with median treatment duration of 7 (IQR, 5–7) days
(figure 4). No difference in any event rate between NSAIDs and
placebo was found (RR 1.1, 95% CI 1.0 to 1.2). Only two trials
including 635 participants reported serious adverse event data
and again there was no difference between groups (RR 1.5,
95% CI 0.4 to 5.2). Similarly, nine trials with 3283 participants
revealed no difference in the number of dropouts due to
adverse events (RR 1.0, 95% CI 0.6 to 1.6). However, we
found a significantly higher number of participants in the
NSAIDs group reporting gastrointestinal adverse events com-
pared with placebo (RR 2.5, 95% CI 1.2 to 5.2); 28/702 partici-
pants taking NSAIDs had gastrointestinal adverse reactions
compared with 9/465 in the placebo groups. Overall, these
results were based on high-quality evidence according to the
GRADE evaluation.

Use of rescue medication
The use of rescue medication was measured in a variety of ways
in eight trials, such as the number of participants taking add-
itional analgesics and the number of tablets taken per day. Four
trials revealed moderate-quality evidence of no difference in the
number of participants taking an additional analgesic (RR 1.0,
95% CI 0.6 to 1.4). However, pooling of four trials showed
high-quality evidence that participants taking NSAIDs required
less tablets/day of a rescue medication (MD –0.4, 95% CI −0.5
to −0.3), a difference that is arguably not clinically important.

Figure 1 Study selection. CENTRAL, Cochrane Central Register of
Controlled Trials. *Number of citations listed for each database includes
duplicates.
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Secondary exploratory analysis
Results from our meta-regression analyses showed that trials
with low risk of selection bias had larger effects (MD −11.2,
95% CI −13.9 to −8.5) than trials judged at unclear risk (MD

−6.7, 95% CI −8.6 to −4.9). The difference between these sub-
groups (MD −4.2, 95% CI −7.7 to −0.8) was statistically sig-
nificant (p=0.02). COX-2 inhibitors had larger effects (MD
−13.4, 95% CI −15.7 to −11.1) compared with non-selective
NSAIDs (MD −7.7, 95% CI −9.8 to −5.6). This difference was

Figure 2 Mean differences for pain in placebo-controlled trials on efficacy of non-steroidal anti-inflammatory drugs (NSAIDs) for spinal pain. Pain
is expressed on scale of 0–100. Immediate-term=follow-up ≤2 weeks; short-term=follow-up >2 weeks but ≤3 months; LBP, low back pain. Studies
ordered chronologically within subgroups.
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also statistically significant (MD −5.7, 95% CI −9.4 to −1.9;
p=0.003), but of questionable clinical relevance. There was no
difference between the effect sizes of discontinued drugs com-
pared with currently marketed NSAIDs (MD 0.3, 95% CI −3.7
to 4.3; p=0.88), although no trials investigating celecoxib were
found (table 2). Different delivery routes resulted in similar
effects compared with a matching placebo: topical (MD −13.2,
95% CI −18.5 to −7.9), oral (MD −8.5, 95% CI −10.4 to
−6.6) and injection (MD −9.5, 95% CI −14.7 to −4.4).

DISCUSSION
Our review of 35 randomised placebo-controlled trials demon-
strates that NSAIDs are effective in reducing pain and disability in
patients with spinal pain, although treatment effects above those
of placebo are small and arguably not clinically important. For
every six patients treated with NSAIDs, rather than placebo, only
one additional patient would benefit considering a between-group
difference of 10 points for clinical importance in the short-term.
Furthermore, when looking at different spinal pain, outcomes or
time points in only 3 of the 14 analyses were the pooled effects
only marginally above our 10-point threshold for clinical rele-
vance. NSAIDs were associated with higher number of patients
reporting gastrointestinal adverse effects in the short-term
follow-up (ie, <14 days). No data on safety at medium-term or
long-term follow-ups were provided by included trials.

The strengths of our review include that it was prospectively
registered and followed the PRISMA recommendations, includ-
ing the use of GRADE to appraise the quality of the evidence.

We were able to identify a significantly larger number of trials
than past reviews,12 62–70 which have often limited their inclu-
sion criteria to a specific language, population or type of
NSAID. Including more studies (35 randomised placebo-
controlled trials) enabled us to conduct a more thorough evalu-
ation of the effects of NSAIDs for various forms of spinal pain,
and to include a range of forms of drug administration. We have
also provided valuable information on pooled treatment effects
for specific populations, including neck pain, acute/chronic low
back pain and sciatica. Furthermore, we have provided clinically
interpretable estimates on a 0–100 scale, and compared our
effect sizes with a predetermined smallest worthwhile effect of
10 points, which reflects the smallest effect of the intervention
on outcomes compared with placebo that patients would con-
sider meaningful or important.22 Given physicians often find
the interpretation of effect sizes reported in meta-analysis chal-
lenging,71 we have also presented our results on pain reduction
as the NNT for a clinically significant effect of NSAIDs over
placebo. Moreover, potential factors that could have influenced
our treatment effects, such as risk of bias judegments, class of
NSAIDs and route of administration, were investigated through
meta-regression analyses. Although COX-2 inhibitors showed
larger effects than non-selective NSAIDs on pain reduction, the
size of the difference is of arguable clinical relevance. COX-2
inhibitors trials included in our review were fairly recent (all
were conducted after 2003) and substantially larger (mean
sample size of 280). They were also more likely to report safety
outcomes than older trials.

Figure 3 Mean differences for disability in placebo-controlled trials on efficacy of non-steroidal anti-inflammatory drugs (NSAIDs) for spinal pain.
Disability is expressed on scale of 0–100. Immediate-term=follow-up ≤2 weeks; short-term=follow-up >2 weeks but ≤3 months; LBP, low back
pain. Studies ordered chronologically within subgroups.
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Our review has some limitations. First, we did not find any
trials investigating the efficacy and safety of celecoxib versus
placebo, a commonly used COX-2 selective drug. Second,
some of the trials included in our meta-analysis used drugs that
are discontinued or are no longer commercialised in major
markets (eg, rofecoxib and valdecoxib), but our
meta-regression revealed that this was not a factor that influ-
enced our estimates; discontinued drugs (MD −8.9, 95% CI
−10.8 to −7.0) had similar effects as currently marketed
NSAIDs (MD −9.3, 95% CI −12.1 to −6.5). Third, there is no

evidence on the long-term effects and safety of NSAIDs, as the
median follow-up time was 1 week in included trials, with
some treatment schedules lasting <1 day. Fourth, our overall
pooled estimates resulted in substantial between-trial hetero-
geneity (I2 ranged from 59% to 87%), which, however, was
found considerably reduced in the stratified meta-analyses
according to the type of spinal pain (ie, neck pain, acute/
chronic low back pain, or sciatica). Finally, another limitation
of our study is that there were very few trials on neck pain,
and none on whiplash.

Table 1 Summary of findings and quality of evidence assessment

Summary of findings Quality of evidence assessment (GRADE)

Overall Trials Participants I2, % MD (95% CI) Study limitation Inconsistency Imprecision Quality

Immediate-term

Pain 23 5217 59 –9.2 (−11.1 to −7.3) None –1 None Moderate

Disability 12 2667 87 −8.1 (−11.6 to −4.6) None –1 None Moderate

Short-term

Pain 9 2611 81 −7.7 (−11.4 to −4.1) None –1 None Moderate

Disability 8 2086 85 −6.1 (−9.5 to −2.8) None –1 None Moderate

Quality-of-life (PC) 4 1330 0 −2.9 (−3.7 to −2.1) None None None High

Quality-of-life (MC) 4 1330 15 −0.3 (−1.2 to 0.6) None None None High

Neck pain

Immediate-term

Pain 2 225 36 −16.3 (−20.6 to −12.0) None None –1 Moderate

Disability 2 225 98 −12.2 (−34.3 to 10.0) None –1 –1 Low

Acute low back pain

Immediate-term

Pain 5 814 26 −6.4 (−10.3 to −2.5) None None None High

Disability 3 476 43 −7.1 (−12.4 to −1.9) None None None High

Short-term

Pain 1 120 0 −1.0 (−5.9 to 3.9) None None –1 Moderate

Disability 1 120 0 −0.4 (−5.4 to 4.5) None None –1 Moderate

Chronic low back pain

Immediate-term

Pain 9 2537 52 −11.1 (−13.8 to −8.4) None –1 None Moderate

Disability 6 1752 30 −8.4 (−10.6 to −6.3) None None None High

Short-term

Pain 7 2277 60 −9.8 (−12.7 to −7.0) None –1 None Moderate

Disability 6 1752 87 −7.9 (−11.8 to −4.0) None –1 None Moderate

Sciatica

Immediate-term

Pain 7 1641 0 −6.2 (−8.2 to −4.2) None None None High

Disability 1 214 0 1.2 (−3.8 to 6.1) None None –1 Moderate

Short-term

Pain 1 214 0 3.3 (−1.5 to 8.1) None None –1 Moderate

Disability 1 214 0 2.4 (−2.6 to 7.3) None None –1 Moderate

Safety outcomes

All time points

Adverse events (any)* 21 5153 16 1.1 (1.0 to 1.2) None None None High

Adverse events (serious)† 2 635 56 1.5 (0.4 to 5.2) None –1 None Moderate

Adverse events (dropout)‡ 9 3283 38 1.0 (0.6 to 1.6) None None None High

Adverse events (gastro)§ 3 1167 0 2.5 (1.2 to 5.2) None None None High

Negative values favours NSAIDs.
*Number of patients reporting any adverse effect.
†Number of patients reporting any serious adverse effect (as defined by each study).
‡Number of patients withdrawn from study due to adverse effects.
§Number of patients reporting gastrointestinal adverse effects.
MC, mental component; MD, mean differences; NSAIDs, non-steroidal anti-inflammatory drugs; PC, physical component.
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We provide sound evidence that NSAIDs are effective, but do
not offer clinically important benefits for spinal pain above
those attributable to placebo, given overall pooled estimated dif-
ferences were <10 points. This is crucially important because
we now know paracetamol is ineffective,6 7 and opioids only
offer small benefits for spinal pain.8 Thus, given our results and
evidence from these recent high-quality meta-analyses, it seems
that there are no analgesics with clinically important effects over
placebo for spinal pain. This is a problem, as current guidelines

for spinal pain endorse these three medicines.5 For instance, the
National Institute for Health and Care Excellence (NICE) guid-
ance on low back pain and sciatica now recommends NSAIDs as
first analgesic option and suggests the use of opioids with para-
cetamol to treat spinal pain. In our review, even when the
effects of NSAIDs were analysed for different spinal pain strata
(ie, neck pain, acute/chronic low back pain or sciatica), only 3
of the 14 analyses revealed effects that were marginally above
our threshold for clinical relevance. The effects observed in

Figure 4 Risk ratio for safety outcome measures in placebo-controlled trials on efficacy of non-steroidal anti-inflammatory drugs (NSAIDs)
compared with placebo. Any adverse event=no. of patients reporting any adverse event; serious adverse events=no. of patients reporting any serious
adverse event (as defined by each study); GI adverse events=no. of patients reporting gastrointestinal adverse events; withdrawals=no. of patients
withdrawn from study because of adverse events. Studies are ordered chronologically within subgroups.
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trials including participants with neck pain were unexpected,
particularly because these trials investigated topical NSAIDs
only. Our safety analysis revealed that NSAIDs increased the risk
of gastrointestinal adverse effects by 2.5 times compared with
placebo, although safety data were limited to trials that used
non-selective NSAIDs. However, it is established that all
NSAIDs, including COX-2 inhibitors, have been linked to
gastrointestinal harms.15 72 Our safety results should be inter-
preted with caution given the short duration of exposure to
NSAIDs in included trials.

In summary, compared with placebo, NSAIDs do not provide
a clinically important effect on spinal pain, and six patients
must be treated with NSAIDs for one patient to achieve a clinic-
ally important benefit in the short-term. When this result is
taken together with those from recent reviews on paracetamol
and opioids, it is now clear that the three most widely used, and
guideline-recommended medicines for spinal pain do not
provide clinically important effects over placebo. There is an
urgent need to develop new analgesics for spinal pain.
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Tocilizumab combination therapy or monotherapy
or methotrexate monotherapy in methotrexate-naive
patients with early rheumatoid arthritis: 2-year
clinical and radiographic results from the
randomised, placebo-controlled FUNCTION trial
Gerd R Burmester,1 William F Rigby,2 Ronald F van Vollenhoven,3,4 Jonathan Kay,5

Andrea Rubbert-Roth,6 Ricardo Blanco,7 Alysha Kadva,8 Sophie Dimonaco9

ABSTRACT
Objective Investigate whether the efficacy and safety
of intravenous tocilizumab (TCZ) demonstrated at week
52 in patients with early rheumatoid arthritis (RA) are
maintained to week 104.
Methods Methotrexate (MTX)-naive patients with early
progressive RA were randomly assigned to double-blind
4 mg/kg TCZ+MTX, 8 mg/kg TCZ+MTX, 8 mg/kg TCZ
+placebo or placebo+MTX for 104 weeks. Patients not
receiving 8 mg/kg TCZ and not achieving Disease Activity
Score-28 joints (DAS28-erythrocyte sedimentation rate
(ESR)) ≤3.2 at week 52 switched to escape therapy
(8 mg/kg TCZ+MTX). Analyses were exploratory.
Results Intent-to-treat and safety populations included
1157 and 1153 patients, respectively. DAS28-ESR
remission (<2.6) rates were maintained from weeks 52 to
104 (eg, 8 mg/kg TCZ+MTX, 49.3% to 47.6%). Placebo
+MTX and 4 mg/kg TCZ+MTX escape patients’ week 104
response rates were 51.4% and 30.5%, respectively.
Inhibition of radiographic progression was maintained with
8 mg/kg TCZ (eg, 8 mg/kg TCZ+MTX mean (SD) change
from baseline in modified total Sharp score: 0.13 (1.28),
week 52; 0.19 (2.08), week 104). The safety profile of TCZ
was consistent with that of previous reports.
Conclusions Patients with early RA treated with TCZ
monotherapy or TCZ+MTX maintained clinical benefits
during their second year of treatment with no new safety
signals.
Trial registration number: NCT01007435.

INTRODUCTION
Early intensive treatment, including addition of a
biological agent to conventional synthetic disease-
modifying antirheumatic drugs (DMARDs), is
recommended for patients with rheumatoid arth-
ritis (RA) and features of poor prognosis.1 2

Tocilizumab (TCZ), an interleukin-6 receptor-alpha
inhibitor, has demonstrated safety and efficacy in
combination with DMARDs in patients with RA
and inadequate response to DMARDs3–6 and as
monotherapy in patients with RA.7–9 The multicen-
tre, 2-year, double-blind, double-dummy, rando-
mised, parallel-group, phase III FUNCTION trial
investigated the efficacy and safety of TCZ in com-
bination with methotrexate (MTX) and as mono-
therapy in patients with early, active, progressive

RA who were MTX-naive.10 The week 52 analysis
showed that compared with MTX, TCZ+MTX or
TCZ significantly improved rates of remission
according to Disease Activity Score based on 28
joint counts and erythrocyte sedimentation rate
(DAS28-ESR <2.6). TCZ+MTX also inhibited
joint damage progression and improved physical
function at 52 weeks compared with MTX.10

This analysis investigated whether previously
reported clinical benefits and safety profiles of TCZ
were maintained through 104 weeks of double-
blind treatment.

PATIENTS AND METHODS
Patient populations and methods of this trial have
been described.10 Briefly, MTX-naive patients
(≥18 years old) with moderate to severe, active,11

early (≤2 years) RA were randomly assigned
(1:1:1:1) to 8 mg/kg TCZ+MTX, 4 mg/kg TCZ
+MTX, 8 mg/kg TCZ+placebo (TCZ monother-
apy) or placebo+MTX. TCZ+placebo was admi-
nistered intravenously every four weeks. MTX was
administered as oral capsules starting at 7.5 mg/
week to a maximum of 20 mg/week at week 8 if
they had swollen or tender joints (see online
supplementary appendix table S1 for mean MTX
doses). Randomisation was stratified by serological
status (presence of rheumatoid factor (RF) and/or
anticyclic citrullinated peptide (anti-CCP) anti-
bodies) and geographical region.
Inclusion criteria included DAS28-ESR >3.2, ESR

≥28 mm/h or C reactive protein (CRP) ≥1 mg/dL,
seropositivity for RF or anti-CCP antibodies and
RA-associated erosion in ≥1 joint. Data were col-
lected until the end of the double-blind treatment
(week 104) and the 8-week safety follow-up. At week
52, patients receiving 4 mg/kg TCZ+MTX or
placebo+MTX who had not achieved low disease
activity (LDA; DAS28-ESR ≤3.2) were switched to
8 mg/kg TCZ+MTX (escape therapy) and analysed
under their originally assigned treatment groups in a
separate postescape subanalysis, re-baselined at the
time of escape.

Assessments
Efficacy was assessed in the intent-to-treat (ITT)
population (randomly assigned patients who
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received ≥1 dose of TCZ/placebo) by evaluating DAS28-ESR
remission (<2.6) and LDA; American College of Rheumatology
(ACR)20/50/70 responses; Clinical Disease Activity Index
(CDAI) remission (<2.8); ACR/European League Against
Rheumatism (EULAR) Boolean remission (tender joint count
(68) ≤1, swollen joint count (66) ≤1, Patient Global Assessment
of Disease Activity visual analogue scale (VAS, cm) ≤1 and CRP
≤1 mg/dL) and index remission (Simplified Disease Activity
Index (SDAI) ≤3.3); radiographic measures (van der Heijde–
modified total Sharp score (vdH mTSS), erosion score and
joint space narrowing score). Baseline and week 52 radiographs
were reread by the joint assessor along with the week 104
radiographs; a baseline radiograph and at least one postbaseline
time point had to be available for a patient to be included in
the analysis. The study used two assessors, but a third assessor
adjudicated in cases where scores did not match. All X-rays were
blinded to order and treatment group. Serum TCZ levels and
neutralising anti-TCZ antibodies were measured regularly
through week 104, including withdrawal (see online
supplementary appendix).

Safety was assessed in the safety population (all patients who
received ≥1 TCZ+placebo infusion and had ≥1 postdose safety
assessment). Adverse events (AEs) and serious AEs (SAEs) were
reported. All analyses were exploratory; no statistical analyses
were performed to compare treatment arms at week 104.

RESULTS
Patients
Of 1162 randomly assigned patients, 1157 were included in the
ITT population and 1153 in the safety population; 809 (69.6%)
completed week 104 (see online supplementary appendix
figure S1). At week 52, 33% (95/290) of patients receiving 4 mg/kg
TCZ+MTX and 49% (142/289) receiving placebo+MTX
switched to escape therapy with 8 mg/kg TCZ+MTX.
Demographics and disease characteristics at baseline were similar
across treatment arms in the ITT population10 and in escape
patients (see online supplementary appendix table S2).

Efficacy
DAS28-ESR remission rates were maintained from weeks 52
through 104 (figure 1A). DAS28-ESR remission was achieved by
49.3% (143/290) of patients in the 8 mg/kg TCZ+MTX group
at week 52 and by 47.6% (138/290) at week 104, and
DAS28-ESR LDA was achieved by 57.9% (168/290) and 55.5%
(161/290), respectively (figure 1A). Proportions of patients who
lost DAS28-ESR LDA (DAS28-ESR >3.2 at two consecutive
visits) after week 52 were 4.2% (7/168) in the 8 mg/kg TCZ
+MTX group and 4.8% (7/147) in the 8 mg/kg TCZ monother-
apy group. Proportions of patients achieving ACR20, ACR50
and ACR70 responses were similar at weeks 52 and 104 in the
8 mg/kg TCZ monotherapy and 8 mg/kg TCZ+MTX groups
(figure 1B). After 52 weeks of escape therapy, 30.5% (29/95)
and 51.4% (73/142) of patients who originally received 4 mg/kg
TCZ+MTX and placebo+MTX, respectively, achieved
DAS28-ESR remission (figure 1A). ACR20, ACR50 and ACR70
response rates after 52 weeks of escape therapy were 43.0%,
30.3% and 16.2%, respectively, in the placebo+MTX escape
group and 29.5%, 16.8% and 6.3%, respectively, in the 4 mg/kg
TCZ+MTX escape group (figure 1B). Similar proportions of
patients in each initial treatment arm achieved remission accord-
ing to CDAI and ACR/EULAR Boolean and Index criteria at
weeks 52 and 104 (figure 1C).

Inhibition of radiographic progression was maintained
between weeks 52 and 104 for both 8 mg/kg TCZ groups and

was numerically greater in the 8 mg/kg TCZ+MTX group. The
mean (SD) change from baseline in vdH mTSS was 0.13 (1.28)
at week 52 and 0.19 (2.08) at week 104 for the 8 mg/kg TCZ
+MTX group (table 1). The annualised progression rate (APR)
for vdH mTSS was numerically lower for the TCZ groups than
the placebo+MTX group in the first and second years and
between baseline and week 104. The vdH mTSS APR decreased
in patients who switched to escape therapy (see online
supplementary appendix table S3).

Post hoc analysis of efficacy at week 104 according to achieve-
ment of DAS28-ESR LDA at week 52 suggested that in the TCZ
groups some week 52 non-responders achieved responses at
week 104; for example, 14–17% of week 52 LDA non-
responders achieved remission at week 104 (see online
supplementary appendix table S4).

Pharmacokinetics
Mean predose serum TCZ concentrations over time were
similar for both 8 mg/kg TCZ groups (see online supplementary
appendix figure S2).

Safety
Eighty-three SAEs were reported in the 8 mg/kg TCZ+MTX
group compared with 67, 58 and 31 for the 8 mg/kg TCZ
+placebo, 4 mg/kg TCZ+MTX and placebo+MTX groups,
respectively (table 2). Rates (95% CI) of SAEs per 100
patient-years (PY) were 11.6 (9.2 to 14.3), 13.3 (10.3 to
16.9), 14.7 (11.2 to 19.0) and 9.1 (6.2 to 13.0), respectively.
Most AEs were mild or moderate in intensity (96–97% across
the four treatment groups). Infections were the most fre-
quently reported AEs/SAEs in all treatment arms, with AE
rates (95% CI) per 100 PY ranging from 89.4 (82.6–96.6) for
8 mg/kg TCZ+MTX to 113.3 (103.0–124.3) for 4 mg/kg
TCZ+MTX.

Fourteen deaths occurred during the study: nine in the first
year10 and five in the second year (none on escape therapy).
Causes of second-year deaths included duodenal ulcer haemor-
rhage in a patient receiving 4 mg/kg TCZ+MTX, interstitial lung
disease and endometrial cancer in patients receiving 8 mg/kg TCZ
+MTX and congestive heart failure and metastatic cancer in
patients receiving 8 mg/kg TCZ+placebo (see online
supplementary appendix table S5). Switching to escape therapy
did not impact the incidence or rate of AEs (see online
supplementary appendix table S6).

Immunogenicity
Nine patients tested positive for neutralising anti-TCZ anti-
bodies (8 mg/kg TCZ+MTX, n=2; 8 mg/kg TCZ+placebo,
n=2; 4 mg/kg TCZ+MTX, n=5), though none withdrew from
treatment because of insufficient therapeutic responses.

DISCUSSION
FUNCTION is the first study of TCZ initiated in patients with
early RA. Year 2 results show that the efficacy of TCZ10 was
maintained for extended treatment periods; patients with early
RA who received 8 mg/kg TCZ+MTX or 8 mg/kg TCZ mono-
therapy exhibited sustained improvement in disease activity and
maintained inhibition of joint damage during their second year
of treatment. In both 8 mg/kg TCZ groups, week 52 improve-
ments were maintained through week 104 for DAS28-ESR
remission and LDA, ACR 20/50/70 responses and radiographic
progression. The best responses were consistently observed in
the 8 mg/kg TCZ+MTX group, particularly for radiographic
endpoints. Maintenance of response with 8 mg/kg TCZ
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monotherapy suggests that early TCZ therapy is a viable option
for patients intolerant of MTX. Some patients in the TCZ
groups who did not achieve DAS28-ESR LDA by week 52
achieved remission by week 104 in a post hoc analysis, suggest-
ing that longer treatment may be required to observe efficacy in
some patients.

In escape patients who received 4 mg/kg TCZ+MTX or
placebo+MTX in the first year and 8 mg/kg TCZ+MTX in the
second year, further efficacy improvements were generally
observed from escape through week 104 for DAS28-ESR, ACR
and radiographic endpoints. Although comparable DAS28-ESR
remission rates were observed between escape patients who

Figure 1 Proportions of patients
achieving (A) Disease Activity Score
based on 28 joint counts and
erythrocyte sedimentation rate
(DAS28-ESR) remission or low disease
activity (LDA), (B) ACR20/50/70
responses at weeks 52 and 104 or (C)
Clinical Disease Activity Index (CDAI)
remission, American College of
Rheumatology (ACR)/European League
Against Rheumatism (EULAR) Boolean
remission or ACR/EULAR Index
remission (intent-to-treat (ITT)
population). For DAS28 and ACR, last
observation carried forward (LOCF) was
used for missing tender and swollen
joint counts. No imputation was used
for missing ESR, Patient Global
Assessment of Disease Activity visual
analogue scale, Health Assessment
Questionnaire–Disability Index score or
C reactive protein (CRP). ESR was used
if CRP was missing for assessment of
ACR response. For CDAI, data collected
after withdrawal or initiation of escape
therapy were set to missing, and LOCF
was used for missing data. Patients
who received escape therapy or
withdrew prematurely or for whom a
DAS28 score, ACR response or EULAR
response could not be calculated were
considered non-responders. Postescape
data at week 104 were based on the
postescape baseline and represented
52 weeks of 8 mg/kg tocilizumab (TCZ)
+ methotrexate (MTX) escape therapy.
SDAI, Simplified Disease Activity Index.
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Table 1 Radiographic endpoints (intent-to-treat population)

Time point

Placebo
+MTX
n=287

4 mg/kg TCZ
+MTX
n=288

8 mg/kg TCZ
+MTX
n=290

8 mg/kg TCZ
+placebo
n=292

vdH mTSS,* mean (SD) change from baseline Week 52 0.97 (3.207) 0.75 (5.901) 0.13 (1.278) 0.30 (2.699)

Week 104 1.88 (6.242) 1.43 (11.669) 0.19 (2.081) 0.62 (4.756)

Erosion score,* mean (SD) change from baseline Week 52 0.52 (2.075) 0.30 (2.061) 0.09 (0.878) 0.08 (1.318)

Week 104 1.01 (4.040) 0.57 (4.062) 0.11 (1.341) 0.19 (1.974)

JSN score,* mean (SD) change from baseline Week 52 0.45 (1.697) 0.45 (4.024) 0.04 (0.705) 0.22 (2.120)

Week 104 0.87 (3.284) 0.86 (7.958) 0.08 (1.175) 0.43 (3.981)

APR for vdH mTSS,† mean (SD) Baseline to week
52

0.87 (2.706) 0.33 (1.618) 0.09 (0.894) 0.14 (1.370)

Weeks 52–104 0.23 (0.762) 0.12 (0.813) 0.00 (0.621) 0.13 (0.776)

Patients with no progression of vdH mTSS, n/N (%) Week 52 190/266 (71) 205/266 (77) 231/272 (85) 224/275 (81)

Week 104 180/266 (68) 194/266 (73) 227/272 (83) 219/275 (80)

Percentage inhibition of vdH mTSS change from baseline compared with
placebo+MTX

Week 104 – 23.94 89.89 67.02

*Data collected after withdrawal or initiation of escape therapy was set to missing; missing data were imputed using linear extrapolation.
†Observed data.
APR, annualised progression rate; JSN, joint space narrowing; MTX, methotrexate; TCZ, tocilizumab; vdH mTSS, van der Heijde–modified total Sharp score.

Table 2 Safety at week 104 (safety population)

Placebo+MTX
n=282

4 mg/kg TCZ+MTX
n=289

8 mg/kg TCZ+MTX
n=527

8 mg/kg TCZ+placebo
n=292

Exposure, PY 339.53 394.64 718.39 502.26

AEs, rate/100 PY (95% CI) (events, n)

Overall AEs 367.9
(347.7 to 388.8)
(1249)

391.5
(372.2 to 411.5)
(1545)

336.6
(323.3 to 350.3)
(2418)

338.7
(322.8 to 355.2)
(1701)

Withdrawal due to AE 6.5
(4.1 to 9.8)
(22)

9.9
(7.0 to 13.5)
(39)

12.0
(9.6 to 14.8)
(86)

10.0
(7.4 to 13.1)
(50)

Overall SAEs 9.1
(6.2 to 13.0)
(31)

14.7
(11.2 to 19.0)
(58)

11.6
(9.2 to 14.3)
(83)

13.3
(10.3 to 16.9)
(67)

Deaths 0.59
(0.07 to 2.13)
(2)

1.27
(0.41 to 2.96)
(5)

0.56
(0.15 to 1.43)
(4)

0.60
(0.12 to 1.75)
(3)

AEs of special interest, rate/100 PY (95% CI) (events, n)

Infection AEs* 98.1
(87.8 to 109.2)
(333)

113.3
(103.0 to 124.3)
(447)

89.4
(82.6 to 96.6)
(642)

94.4
(86.1 to 103.3)(474)

Infection SAEs* 1.8
(0.6 to 3.8)
(6)

4.1
(2.3 to 6.6)
(16)

3.5
(2.3 to 5.1)
(25)

4.0
(2.4 to 6.1)
(20)

Malignancy SAEs 0.9
(0.2 to 2.6)
(3)

1.0
(0.3 to 2.6)
(4)

0.4
(0.1 to 1.2)
(3)

1.0
(0.3 to 2.3)
(5)

Stroke SAEs 0.6
(0.1 to 2.1)
(2)

0.8
(0.2 to 2.2)
(3)

0.4
(0.1 to 1.2)
(3)

0.2
(0.0 to 1.1)
(1)

Myocardial infarction SAEs 0.0
(0.0 to 1.1)
(0)

0.8
(0.2 to 2.2)
(3)

0.3
(0.0 to 1.0)
(2)

0.2
(0.0 to 1.1)
(1)

GI perforation SAEs† 0.3
(0.0 to 1.6)
(1)

0.0
(0.0 to 0.9)
(0)

0.0
(0.0 to 0.5)
(0)

0.2
(0.0 to 1.1)
(1)

Hepatic SAEs‡ 0.0
(0.0 to 1.1)
(0)

0.0
(0.0 to 0.9)
(0)

0.0
(0.0 to 0.5)
(0)

0.0
(0.0 to 0.7)
(0)

Continued
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received 8 mg/kg TCZ+MTX in the second year and patients
who received 8 mg/kg TCZ+MTX throughout, ACR response
rates were lower and the overall degree of joint damage was
greater in escape patients, highlighting the importance of early
initiation of therapy.

Improvements in the placebo+MTX escape group were com-
parable to those of patients receiving 8 mg/kg TCZ throughout.
Serum TCZ concentrations were maintained at similar levels
between the 8 mg/kg TCZ+placebo and 8 mg/kg TCZ+MTX
groups, indicating that, in contrast to adalimumab,12 MTX does
not appear to have an additive effect on serum drug levels. Only
nine patients tested positive for neutralising anti-TCZ anti-
bodies, none of whom withdrew because of insufficient thera-
peutic response or loss of efficacy, consistent with previous
reports.13

Because of the complexity of multiple comparisons, all week
104 analyses were exploratory, which is a limitation of this
study. Post-week 52 data for the 4 mg/kg TCZ+MTX and
placebo+MTX groups should be interpreted with caution given
the large number of patients switching to escape therapy. This
meant the data were enriched for patients who achieved DAS28
LDA at week 52 for endpoints at which escape patients were set

to missing and possibly underestimated for endpoints at which
they were considered non-responders.

The most common AEs/SAEs in all groups were infections.
Although there was no clear difference in the rate of infections
between the TCZ and placebo+MTX groups, the rate of serious
infections was numerically higher with TCZ (95% CIs overlap-
ping). Rates of infection and serious infection did not appear to
increase over time. Safety was consistent with the known TCZ
safety profile. The low incidence of gastrointestinal perforations
may reflect less exposure to non-steroidal anti-inflammatory
drugs and corticosteroids. No new safety signals were identified
in this MTX-naive patient population with early RA.

Author affiliations
1Charité-Universitätsmedizin Berlin, Free University and Humboldt University of
Berlin, Berlin, Germany
2Geisel School of Medicine at Dartmouth, Lebanon, New Hampshire, USA
3Karolinska Institute, Stockholm, Sweden
4Amsterdam Rheumatology and Immunology Center (ARC) Academic Medical
Center/University of Amsterdam, Amsterdam, Netherlands
5UMass Memorial Medical Center and University of Massachusetts Medical School,
Worcester, Massachusetts, USA
6University of Cologne, Cologne, Germany
7Hospital Universitario Marqués de Valdecilla, Santander, Spain

Table 2 Continued

Placebo+MTX
n=282

4 mg/kg TCZ+MTX
n=289

8 mg/kg TCZ+MTX
n=527

8 mg/kg TCZ+placebo
n=292

Clinical laboratory abnormalities, n (%)

Neutropenia

Grade 3
<1.0–0.5×109/L

1 (0.4) 3 (1.0) 21 (4.0) 14 (4.8)

Grade 4
<0.5×109/L

0 (0.0) 0 (0.0) 0 (0.0) 1 (0.3)

Thrombocytopenia (based on platelet count)

Grade 3
<50–25×109/L

1 (0.4) 1 (0.3) 0 (0.0) 1 (0.3)

Grade 4
<25×109/L

1 (0.4) 0 (0.0) 1 (0.2) 0 (0.0)

ALT elevations

Grade 1
>ULN-2.5× ULN

122 (43.3) 133 (46.2) 261 (49.7) 138 (47.3)

Grade 2
>2.5–5× ULN

25 (8.9) 38 (13.2) 101 (19.2) 27 (9.2)

Grade 3
>5.0–20× ULN

4 (1.4) 13 (4.5) 15 (2.9) 7 (2.4)

Grade 4
>20× ULN

0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

AST elevations

Grade 1
>ULN-2.5× ULN

94 (33.5) 105 (36.3) 269 (51.2) 115 (39.4)

Grade 2
>2.5–5× ULN

14 (5.0) 16 (5.5) 29 (5.5) 10 (3.4)

Grade 3
>5.0–20× ULN

1 (0.4) 2 (0.7) 7 (1.3) 3 (1.0)

Grade 4
>20×ULN

0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Events that occurred while patients were receiving escape therapy are included in the group in which they occurred.
*Three opportunistic infections occurred during the second year in two patients receiving 8 mg/kg TCZ+MTX and in one patient receiving 8 mg/kg TCZ+placebo. There were two cases of
primary pulmonary tuberculosis: one SAE in the 8 mg/kg TCZ+MTX group in year 1 (case originated from Europe; patient had exposure to a patient with active tuberculosis) and one AE
in a patient in the placebo+MTX group who had an unknown history of tuberculosis and who received escape therapy in year 2.
†The patient in the placebo+MTX group had perforated appendicitis approximately 10 months after starting the study. The patient in the 8 mg/kg TCZ+placebo group had diverticulitis
complicated by GI perforation 18 months after starting treatment.
‡As identified by cirrhosis, fibrosis, hepatic failure and other liver damage-related conditions. Based on standardised Medical Dictionary for Regulatory Activities queries.
AEs, adverse events; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GI, gastrointestinal; MTX, methotrexate; PY, patient-years, SAEs, serious adverse events; TCZ,
tocilizumab; ULN, upper limit of normal.
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Infusion reactions during infliximab treatment are not 
associated with IgE anti-infliximab antibodies
Karin A van schie,1 pleuni ooijevaar-De Heer,1 simone Kruithof,1 Chamaida plasencia,2 
teresa Jurado,3 Dora pascual salcedo,3 Johannan F Brandse,4 Geert rAM d’Haens,4 
Gerrit Jan Wolbink,1,5 theo rispens1

AbstrACt
Objectives Controversy exists on the role of ige 
antidrug antibodies (ige-ADA) in infusion reactions 
(ir) on infliximab treatment, partly due to the lack of 
a positive control used for assay validation. We sought 
to (1) develop a robust assay to measure ige-ADA, 
including a positive control, (2) determine the association 
between ige-ADA and ir and (3) determine the incidence 
of ige-ADA in infliximab treated patients.
Methods A recombinant human ige anti-infliximab 
monoclonal antibody was developed as standard 
and positive control. With this antibody, we set up a 
novel robust assay to measure ige-ADA. ige-ADA was 
determined in three retrospective cohorts (n=159) 
containing ir+ (n=37) and ir− (n=39), and longitudinal 
sera of 83 spondyloarthritis.
results ige-ADA was found in 0/39 ir−, whereas 4/37 
(11%) ir+ showed low levels (0.1–0.3 iU/mL, below the 
0.35 iU/mL threshold associated with elevated risk of 
allergic symptoms). All patients who were ige-ADA positive 
also had (very) high igG-ADA levels. the incidence of ige-
ADA in patients with infliximab-treated spondyloarthritis 
was estimated at less than approximately 1%.
Conclusions ige-ADA is rarely detected in infliximab-
treated patients. Moreover, the absence of ige-ADA in 
the majority of ir+ patients suggests that ige-ADA is not 
associated with infusion reactions.

IntrOduCtIOn
During treatment of inflammatory conditions with 
infliximab, some patients experience adverse events 
called infusion reactions (IR). The reported inci-
dence of IR varies between studies, ranging from 
4% to 15% across both early and more recent 
trials.1–7 With the infliximab biosimilar CT-P13, a 
comparable incidence of IR to reference infliximab 
has been reported, averaging around 12%.3 5

IR are mostly mild to moderate, with the most 
common symptoms being pruritus, flushing and 
dyspneoa.6 In rare cases, severe IR are described 
with symptoms such as hypotension, respiratory 
distress, chest tightness and other anaphylactoid 
reactions.8 9 Since these symptoms resemble those 
of a Type I allergic reaction and occur on admin-
istration of infliximab, IR have been suggested to 
be mediated by IgE antidrug antibodies (IgE-ADA). 
Indeed, several studies show detection of IgE-ADA 
in part of the patients with IR, although in the 
study by Benucci et al IgE-ADA was also detected in 
several IR− patients.10–12

Measurement of IgE-ADA has thus far been 
performed with assays that were not designed to 
overcome specific therapeutic antibody-related 
issues, including underestimation of IgE-ADA by 
high drug levels or rheumatoid factor (RF) causing 
false positivity due to cross-linking of, for example, 
coating and detecting antibodies. Importantly, 
specific positive controls were lacking in these 
assays, hampering assay development and interpre-
tation.

We here describe a novel assay to measure 
IgE-ADA that circumvents these issues and includes 
a recombinant human monoclonal IgE anti-inflix-
imab antibody as calibrator. We investigated the 
association of IgE-ADA with infusion reactions and 
determined its general incidence in patients with 
spondyloarthritis.

MAterIAls And MethOds
See online supplementary methods.

results

Construction of human Ige anti-infliximab
For construction of a positive control and calibra-
tion curve, a human IgE anti-infliximab clone was 
developed. From two patients with high IgG-ADA 
titres, eight human monoclonal IgG anti-inflix-
imab antibodies were obtained by sequencing the 
variable heavy (VH) and variable light (VL) of indi-
vidual infliximab-specific B cells (see online supple-
mentary table 1). One clone, mAb 1.1, was recom-
binantly expressed as IgE. Infliximab specificity and 
IgE isotype were confirmed on blot (figure 1A).

development of an Ige-AdA assay
We developed an IgE-ADA assay as an anti-
gen-binding test: capture of total IgE from a sample 
followed by detection of specific IgE using bioti-
nylated infliximab (figure 1B). Since infliximab is an 
IgG antibody, and antibodies are used as a reagent 
for IgE capture, we envisaged potential background 
issues due to RF and antihinge activity.13 Further-
more, binding of IgG4-ADA via Fc interactions 
might also cause false-positive signals.14 This was 
remedied by (1) using F(ab′)2 fragments of both 
capture antibody and infliximab to remove RF 
backgrounds, (2) addition of intravenous immuno-
globulin F(ab′)2 to remove antihinge background, 
and (3) addition of irrelevant IgG4 to block binding 
of IgG4-ADA. A representative calibration curve is 
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shown in figure 1C together with blank and RF+/antihinge+ 
control sera.

Potential loss of sensitivity due to non-specific IgE in serum 
samples was investigated by adding high amounts of polyclonal 
serum-derived IgE to the calibrator. Only the highest concen-
tration resulted in a modest (<1.5-fold) reduction in signal 

(figure 1D). Less than approximately 5% of patients with rheu-
matoid arthritis will have total IgE levels approaching this value, 
effectively ruling out interference from total IgE.15

Drug tolerance of our initial protocol (2-hour incubation with 
biotinylated infliximab F(ab′)2 at room temperature) was poor: a 
large excess of infliximab reduced the signal from the calibrator 
100-fold (figure 1E). Overnight incubation at 37°C resulted in an 
improved, modestly drug-tolerant assay, with a nearly 10-fold reduc-
tion in signal in the presence of 100 µg/mL of infliximab (figure 1E), 
which was unaffected by the additional presence of IgG-ADA (not 
shown). The technical cut-off was 0.08 IU/mL and values >0.1 IU/
mL were considered positive. The cut-off of 0.35 IU/mL was used 
to determine clinical relevance, since values above this threshold are 
associated with elevated risk of allergic symptoms.16

With the IgE-ADA assay, we determined the frequency of 
IgE-ADA in IgG-ADA positive samples. Sera of 54 patients 
treated with infliximab sent to our diagnostics department 
were selected based on their IgG-ADA levels (median 1800 AU/
mL; range: 510–140 000). Fifty-three sera were negative for 
IgE-ADA, whereas one serum was positive (28 IU/mL). This 
latter sample contained no detectable infliximab and a very high 
titre of IgG-ADA (140 000 AU/mL).

To assess the specificity of the assay, the serum was depleted 
for IgE, resulting in removal of specific signal alongside reduc-
tion of total IgE (figure 1F), confirming the specificity. Drug 
tolerance was also investigated using this sample: adding 100 µg/
mL infliximab to the sample prior to analysis reduced the signals 
approximately threefold to fourfold (figure 1G).

Association of Ige-AdA with Ir
We investigated the association of IgE-ADA in relation to IR. 
To this end, patients in cohort 1A (n=19) and cohort 2 (n=18) 
were selected on presence of an IR (see online supplementary 
table 3 for symptoms), irrespective of IgG-ADA status. As a 
comparison cohort 1B (n=39) was used, containing IR-negative 
patients from the same centre as cohort 1A, but selected based 
on ADA positivity, measured by bridging ELISA.

Of cohort 1A, samples taken at median 1 (IQR 1–3), 59 (IQR 
51–75) and 114 (IQR 92–119) days prior to IR were analysed. 
Detectable IgE-ADA levels were found in 2/19 patients (0.10 and 
0.23 IU/mL) at time-point 59 days prior to IR; 17/19 patients 
were negative for IgE-ADA on all time points (figure 2A). Of 
cohort 2, samples taken several time points before and after IR, 
and just prior to IR were analysed (figure 2B). Low IgE-ADA 
levels were detected in 2/18 patients just before IR (0.30 and 
0.11 IU/mL) and either 8 weeks before (0.12 IU/mL) or after IR 
(0.18 IU/mL). Sixteen patients did not have detectable IgE-ADA. 
Of cohort 1B, no IgE-ADA was detected in any of the samples 
taken median 55 (IQR 25–100) and 61 (IQR 33–102) months 
after start of treatment (figure 2A).

Incidence of Ige-AdA
We investigated the general IgE-ADA incidence in inflix-
imab-treated patients, as well as the possibility of an early 
IgE-ADA response shortly after infliximab treatment, using a 
retrospective longitudinal cohort of 83 patients with spondy-
loarthritis that were followed for 52 weeks (cohort 3). However, 
no IgE-ADA was detected in any of the samples, suggesting an 
incidence of less than approximately 1% in patients with inflix-
imab-treated spondyloarthritis (figure 2C).

dIsCussIOn
The role of IgE-ADA in infusion reactions is under debate. In 
this study, we developed a robust assay to measure IgE-ADA and 

Figure 1 ELISA for measurement of IgE antidrug antibodies (IgE-ADA). 
(A) Western blots of IgE anti-infliximab. Anti-IgE (left) and infliximab 
(IFX, right) are used as detection antibodies. The molecular weight of 
IgE is approximately 190 kDa. (B) Anti-IgE F(ab′)2 is used to capture IgE, 
followed by detection using biotinylated infliximab F(ab′)2. To enhance 
drug-tolerance, the second step involves overnight incubation at 37°C. 
(C) Calibration curve of the recombinant IgE anti-infliximab 1.1 mAb. 
Dotted line indicates the detection limit, open circle indicates blank, 
and black diamonds are randomly selected serum samples containing 
rheumatoid factor and/or antihinge antibodies. Samples are diluted 1:10 
and units on x-axis represent those in undiluted sample throughout. (D) 
Calibration curve with and without additional irrelevant polyclonal IgE 
(600 or 2000 IU/mL). (E) Calibration curve in the absence or presence 
of infliximab (100 µg/mL), on incubation with biotinylated infliximab 
F(ab′)2 for either 2 hours at room temperature (RT, closed symbols)
or overnight at 37°C (open symbols). Drug tolerance is enhanced by 
prolonged incubation at elevated temperature; the second protocol was 
used for all other experiments. (F) A serum containing a high titre of 
IgE-ADA was depleted for total IgE using an anti-IgE Sepharose column, 
and flow-through and eluate were analysed for total IgE (left panel) and 
IgE-ADA (right panel). (G) This serum, which contained no detectable 
infliximab, was also used to assess drug tolerance of the ELISA by 
adding 100 µg/mL infliximab.
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created a recombinant human IgE anti-infliximab antibody to use 
as standard. IgE-ADA was detected in 5/213 infliximab-treated 
patients, which in only one case exceeded the cut-off of 0.35 IU/
mL. In IR+ patients, 4/37 (11%) had detectable IgE-ADA levels, 
indicating that the majority of infusion reactions are not related 
to IgE-ADA.

Previous studies reported frequencies of 1/5 and 6/30 in 
IR+ patients.10 12 However, comparison with these studies is 
troublesome. For instance, the assays used are generally not opti-
mised to measure IgE specific to therapeutic antibodies. Further-
more, comparing frequencies between studies is hampered by 
the ill-defined definition of an infusion reaction and its associ-
ated classification system of mild, moderate and severe reactions.

Four out of five IgE-ADA-positive patients had documented 
infusion reactions; clinical data of the fifth patient was not 
known. All patients also had high levels of IgG-ADA (an esti-
mated >1000-fold excess) which may have competed with 
IgE-ADA for infliximab, thereby ameliorating IgE driven effects. 
The study by Cheifetz et al showing normal tryptase levels in 
IR+ patients supports the notion that these reactions are not IgE 
mediated.17

Nevertheless, in case of infliximab as the ‘allergen’, IgG-ADA 
may alternatively induce type III hypersensitivity. Thus far, the 
only factor correlating with IR is the (IgG or total immunoglob-
ulin) ADA titre: IR+ patients have a significantly higher ADA 

titre than patients without adverse events.7 The mechanism 
behind the clinical effects is thought to be immune complex 
formation between infliximab and (IgG) ADA.18

Importantly, not all patients with a high ADA titre experience 
IR, and IR are also observed in patients without detectable ADA, 
indicating that factors other than ADA can be involved.

In the longitudinal retrospective cohort, none of the samples 
were positive for IgE-ADA during the first year, whereas in 13/83 
patients IgG-ADA were detected. The absence of IgE-ADA in 
these patients suggests that the general incidence of IgE antibody 
formation is low.

The IgE-ADA assay described in this study is, besides its RF 
tolerance, also moderately drug tolerant. It is however possible 
that, through complex formation with infliximab or due to low 
affinity, very small amounts of IgE-ADA will not be detected. 
Moreover, in cohort 1A, part of the samples of IR+ patients 
taken shortly before IR are missing, and the possibility exists that 
IgE-ADA was developed after median 59 days.

In short, this study shows a frequency of 11% in IR+ rheu-
matic patients, and an incidence of less than approximately 1% 
in patients with infliximab-treated spondyloarthritis. IgE-ADA 
was generally found in very low levels, and all IgE-ADA-positive 
patients were also IgG-ADA positive. To the extent that ADA 
play a role in eliciting an IR, we expect IgG to be a more domi-
nant risk factor than IgE.

Figure 2 IgE antidrug antibody (IgE-ADA) levels determined in patient sera. (A) Cohort 1A consisted of infusion reaction (IR)+ patients that were 
either IgG-ADA+ or IgG-ADA- (n=19, left). All samples measured at median 114 days before IR have a paired sample at median 59 days before IR. 
Cohort 1B consisted of IR− patients that were IgG-ADA+ in the bridging ELISA (n=39, right). (B) Cohort 2 consisted of IR+ patients that were either 
IgG-ADA+ or IgG-ADA- (n=18). (C) Cohort 3 consisted of longitudinal samples of IgG-ADA+ or IgG-ADA− patients (n=83). Patients that were IgE-
ADA positive in at least one time point are depicted by open symbols. Numbers stated above each time point indicate: number of IgE-ADA positive 
samples/all measured samples. Indicated time in A and B is the median, m=months, d=days. Dashed line = detection limit, dotted line = cut-off for 
clinical relevance.16
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The unclosing premature mortality gap in gout:
a general population-based study
Mark C Fisher,1 Sharan K Rai,1 Na Lu,1 Yuqing Zhang,1,2 Hyon K Choi1

ABSTRACT
Objective Gout, the most common inflammatory
arthritis, is associated with premature mortality. Whether
this mortality gap has improved over time, as observed
in rheumatoid arthritis (RA), is unknown.
Methods Using an electronic medical record database
representative of the UK general population, we
identified incident gout cases and controls between
1999 and 2014. The gout cohort was divided based on
year of diagnosis into early (1999–2006) and late
(2007–2014) cohorts. We compared the mortality rates
and HRs, adjusting for potential confounders between
the cohorts. We conducted sensitivity analyses among
patients with gout who received at least one prescription
for urate-lowering therapy, which has been found to
have a validity of 90%.
Results In both cohorts, patients with gout showed
similar levels of excess mortality compared with their
corresponding comparison cohort (ie, 29.1 vs 23.5
deaths/1000 person-years and 23.0 vs 18.8 deaths/1000
person-years in the early and late cohorts, respectively).
The corresponding mortality HRs were 1.25 (95% CI
1.21 to 1.30) and 1.24 (95% CI 1.20 to 1.29), and the
multivariable HRs were 1.10 (95% CI 1.06 to 1.15) and
1.09 (95% CI 1.05 to 1.13), respectively (both p values
for interaction >0.72). Our sensitivity analyses showed
similar findings (both p values for interaction >0.88).
Conclusions This general population-based cohort
study indicates that the level of premature mortality
among patients with gout remains unimproved over the
past 16 years, unlike RA during the same period. This
unclosing premature mortality gap calls for improved
management of gout and its comorbidities.

INTRODUCTION
Gout is the most common form of inflammatory
arthritis.1–3 In addition to causing severe pain and
joint damage, gout is associated with
cardiovascular-metabolic comorbidities and prema-
ture mortality.4–11 For example, in the Health
Professionals Follow-Up Study, men with gout had
a 28% higher risk of death from all causes,9 and a
study of over 50 000 Singapore Chinese individuals
found that patients with gout had an 18%
increased risk of all-cause mortality.11

Meanwhile, rheumatoid arthritis (RA), another
common inflammatory arthritis also associated with
premature mortality, was found to have a substan-
tially narrowed mortality gap in the premature
death risk compared with the general population in
recent years (likely owing to improvements in RA
care), including our own study spanning 1999–
2014.12 However, no equivalent secular trend data

are available for gout. Given the well-documented
suboptimal gout care, opposing mortality trends
may exist between RA and gout, as was recently
shown in their hospitalisation trends.13 We evalu-
ated this hypothesis by examining mortality trends
among patients with gout over the same period as
in our recent study of RA (ie, 1999–2014) based
on the same general population database.12 As mor-
tality in the UK has improved substantially over the
past decades,12 we incorporated these background
mortality trends to assess excess mortality in
patients with gout.

METHODS
Data source
The Health Improvement Network (THIN) is an
electronic medical record (EMR) database involving
general practitioners (GPs) throughout the UK. It
has health information on over 10 million patients
from over 575 general practices in the UK. Health
information is recorded at each site using a compu-
terised system with several procedures to maintain
sufficient data completion rates and accuracy. The
information includes social and demographic vari-
ables, anthropometrics, lifestyle factors, details
from GP visits, diagnoses from specialist referrals
and inpatient admissions and results of laboratory
tests. The READ classification system is used to
code specific diagnoses14 and a drug dictionary
using data from the Multilex classification system is
used to code drugs.15 Approximately 95% of the
UK population is registered with a general practice,
and prior research has shown that THIN is repre-
sentative of the UK population in terms of patient
demographics and the prevalence of common
illnesses.16

Study design and cohort definition
We conducted a matched cohort study to examine
the secular trends of all-cause mortality among
patients with incident gout compared with indivi-
duals with no gout. We identified all individuals
between 18 and 89 years of age who had a first-
ever diagnosis of gout defined by at least one
READ code for gout between 1 January 1999 and
31 December 2014. The date of gout onset (ie, the
index date) was defined as the date of the first diag-
nosis of gout. We considered incident cases as those
who had an index date occurring at least 1 year
after the date of entry into the study cohort.
In our alternative definition of gout, we identi-

fied all patients with a diagnosis of gout who were
prescribed urate-lowering therapy (ULT) within
3 months after the diagnosis of gout. A similar case

1285Fisher MC, et al. Ann Rheum Dis 2017;76:1285–1290. doi:10.1136/annrheumdis-2016-210588

Clinical and epidemiological research

To cite: Fisher MC, Rai SK, 
Lu N, et al. Ann Rheum Dis 
2017;76:1285–1290.

Handling editor Tore K Kvien

1Division of Rheumatology, 
Allergy, and Immunology, 
Massachusetts General Hospital, 
Harvard Medical School, Boston, 
Massachusetts, USA
2Clinical Epidemiology Research 
and Training Unit, Boston 
University School of Medicine, 
Boston, Massachusetts, USA

Correspondence to
Dr Hyon K Choi, Division of 
Rheumatology, Allergy, and 
Immunology, Department of 
Medicine, Harvard Medical 
School, Massachusetts General 
Hospital, 55 Fruit Street, 
Bulfinch 165, Boston, MA 
02114, USA;  
hchoi@partners.org

Received 25 September 2016
Revised 25 November 2016
Accepted 28 December 2016
Published Online First 
25 January 2017

http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2016-210588&domain=pdf&date_stamp=2017-03-17
http://ard.bmj.com/
http://www.eular.org/
http://ard.bmj.com/
http://group.bmj.com


definition of gout has been shown to have a validity of 90% in
the UK General Practice Research Database.17 To evaluate
changes in mortality, we then divided the gout cohort into two
calendar time-based cohorts according to each patient’s year of
diagnosis, forming the early (1999–2006) and late cohorts
(2007–2014).

For the comparison cohorts corresponding to each gout
cohort, we matched up to five individuals without gout based
on age, sex and calendar year of entry (ie, the index year). If
there were more than five non-gout matches available per
subject with gout, we assigned each a random number and ran-
domly selected five among these, whereas we selected all avail-
able non-gout matches in cases where there were fewer than five
matches. The non-gout subjects were also required to have at
least 1 year of continuous enrolment and to have at least one
GP visit within the year prior to cohort entry.

Assessment of outcome
The outcome of this study was all-cause mortality, defined using
the death date recorded in THIN. Registering of a death triggers
an update in a national database, the Personal Demographics
Service, which holds patient demographic data for the National
Health Service. This change in patient status to ‘deceased’
immediately updates the patient’s EMR. Previous studies have
shown that the mortality data from THIN has high concordance
with national death rates in the UK.16

Assessment of covariates
Using the THIN database, we obtained information prior to the
index date on sociodemographic and anthropometric character-
istics (ie, age, sex, birth date and body mass index (BMI)), life-
style factors (ie, cigarette use and alcohol consumption),
medication use (ie, diuretics and other antihypertensive agents,
including angiotensin II receptor antagonists, ACE inhibitors,
calcium channel blockers, β-blockers and low-dose aspirin) and
comorbidities (ie, myocardial infarction, congestive heart
failure, peripheral vascular disease, cerebrovascular disease,
dementia, chronic obstructive pulmonary disease, ulcer, liver
disease, diabetes mellitus, renal disease, rheumatologic disease,
cancer and AIDS). Based on comorbidities recorded by GPs, we
calculated the adapted Charlson Comorbidity Index.18 All medi-
cation use was assessed starting 1 year prior to the index date,
and sociodemographic and anthropometric characteristics were
assessed using the most recent available data prior to the index
date. Comorbidities were assessed any time prior to the index
date. We assessed health service utilisation by assessing the
number of GP visits in the year prior to the index date.

Statistical analysis
We compared the baseline characteristics of individuals in the
gout cohorts and corresponding non-gout cohorts. Person-years
of follow-up for each subject were calculated as the amount of
time from the index date to the first of any of the following
events: death, disenrolment from the THIN database or the end
of the follow-up (either 31 December 2006 for the early cohort
or 31 December 2014 for the late cohort, ensuring that the
follow-up time was equal between the two cohorts to allow for
a fair comparison). We then calculated all-cause mortality rates
and plotted Kaplan-Meier mortality curves for each cohort.

We used a Cox proportional hazard model to examine the
relation of gout to all-cause mortality for each time-specific gout
cohort, adjusting for the number of GP visits, BMI, smoking
status (ie, non-smokers, ex-smokers and current smokers),
alcohol consumption (ie, non-drinkers, ex-drinkers and current

drinkers), comorbidities and medication use. We also examined
the difference in all-cause mortality between the gout cohorts
and comparison cohorts using an additive hazard model in
which the hazard was modelled as a linear function of gout
status.19 The effect estimate generated from the model can be
interpreted as the number of excess deaths attributable to gout
per 1000 person-years. To evaluate whether the relationship
between gout and all-cause mortality varied according to time,
we combined the two gout cohorts and tested an interaction
term (ie, gout status × calendar time-based cohort) in the multi-
variable regression model. Given the predilection of gout among
men, we also analysed the mortality trends according to sex.

For all analyses, missing values for covariates (ie, BMI,
alcohol consumption and smoking status) were imputed by a
sequential regression method based on a set of covariates as pre-
dictors (IVEware for SAS, V.9.2; SAS Institute, Cary, North
Carolina, USA).20

RESULTS
The early cohort consisted of 44 783 incident patients with
gout and 223 365 matched individuals with no gout. During
the follow-up period, 3898 and 15 605 individuals died in the
gout and non-gout cohorts, respectively. The median age at
death was 79.0 and 79.4 years, respectively. In the late cohort of
58 478 incident patients with gout and 291 552 matched indivi-
duals with no gout, 4354 and 17 530 died during the follow-up
period, with a median age at death of 79.8 and 80.1 years,
respectively. The mean follow-up time in the two comparison
cohorts was similar, with approximately 3 years of follow-up in
the early cohorts and 3.2 years in the late cohorts.

As shown in table 1, there was no difference in age and sex
between patients with gout and individuals with no gout in the
early cohort at baseline. However, patients with gout were more
likely to be current drinkers, less likely to be current smokers
and more often used cardiovascular medications with more
comorbidities than their matched controls. Similar findings were
observed among subjects in the late cohorts.

Figure 1 depicts the cumulative all-cause mortality during the
follow-up among gout and non-gout cohorts. Patients with gout
had higher mortality rates compared with individuals with no
gout in both the early and late cohorts, and the magnitude of
excess mortality was similar between the two cohorts. The age-
matched, sex-matched and entry time-matched HR for all-cause
mortality was 1.25 (95% CI 1.21 to 1.30) in the early cohorts
as compared with 1.24 (95% CI 1.20 to 1.29) in the late
cohorts (table 2), indicating that there was no improvement in
the mortality gap between patients with gout and the general
population over time (p for interaction=0.73). The
multivariable-adjusted HR of all-cause mortality from gout also
did not differ between the early (1.10, 95% CI 1.06 to 1.15)
and late (1.09, 95% CI 1.05 to 1.13) cohorts (p for inter-
action=0.85) (table 2).

The excess mortality rate between patients and matched con-
trols before adjusting for covariates was slightly larger in the
early cohorts than in the late cohorts (5.6 vs 4.1 deaths per
1000 person-years; p for interaction=0.03) (table 2). However,
after adjusting for covariates, the corresponding multivariable-
adjusted rate difference showed no significant difference (3.6
deaths per 1000 person-years in the early cohorts vs 3.2 per
1000 person-years in the late cohorts; p for interaction=0.51)
(table 2).

When we repeated the analyses using our alternative defin-
ition of gout (ie, gout diagnosis plus ULT use), the results
remained similar (figure 2 and table 3). The age-matched, sex-

1286 Fisher MC, et al. Ann Rheum Dis 2017;76:1285–1290. doi:10.1136/annrheumdis-2016-210588

Clinical and epidemiological research

http://ard.bmj.com/
http://group.bmj.com


matched and entry time-matched rate ratio for all-cause mortal-
ity was 1.56 (95% CI 1.45 to 1.66) in the early cohorts as com-
pared with 1.57 (95% CI 1.47 to 1.67) in the late cohorts,
indicating no improvement in the mortality gap compared with
the general population over time (p for interaction=0.89). After

adjusting for covariates, the multivariable rate ratio did not
differ significantly between the early and late cohorts (1.33;
95% CI 1.23 to 1.44 vs 1.32; 95% CI 1.22 to 1.43) (p for
interaction=0.98). Similarly, the excess mortality rate between
gout and matched controls did not differ significantly between
the early and late cohorts (12.4 deaths per 1000 person-years
(95% CI 10.1 to 14.6) vs 10.0 deaths per 1000 person-years
(95% CI 8.2 to 11.7); p for interaction=0.10). The adjusted
mortality rate difference also did not differ significantly between
the two cohorts (9.6 deaths per 1000 person-years (95% CI 6.9
to 12.3) vs 7.4 deaths per 1000 person-years (95% CI 5.4 to
9.5); p for interaction=0.15).

DISCUSSION
In this general population-based cohort study from 1999 to
2014, we found that the level of excess mortality among
patients with gout remained unchanged. As such, the mortality
trend among patients with gout over the past 16 years approxi-
mately paralleled that of the general population, leaving the pre-
mature mortality gap unimproved. This is in marked contrast to
the aforementioned substantial reduction in excess mortality
observed among patients with RA (likely due to improvements
in RA care) during the same period in the same general popula-
tion cohort.12 To our knowledge, this study is the first to investi-
gate premature mortality trends in patients with gout over
recent years, and our findings call for renewed attention and
effort to improve and close the persisting mortality gap, as was
achieved in RA.12

The unclosing mortality gap in gout may be related to the
widely reported suboptimal gout care as well as its comorbidity

Table 1 Baseline characteristics of participants according to calendar time-based subcohorts and gout status

1999–2006 2007–2014

Characteristics Gout cohort (n=44 783) Non-gout cohort (n=223 365) Gout cohort (n=58 478) Non-gout cohort (n=291 552)

Sex (% of men) 74.7 74.7 73.7 73.7

Age (years) 61.9±14.9 61.9±14.9 61.9±15.1 61.9±15.1

BMI (kg/m2) 28.6±5.1 26.5±4.5 29.6±5.6 27.2±5

Smoking status (%)

Non-smoker 21 192 (47.3%) 97 956 (43.9%) 29 573 (50.6%) 147 072 (50.4%)

Ex-smoker 12 363 (27.6%) 45 344 (20.3%) 20 996 (35.9%) 82 810 (28.4%)

Current smoker 6859 (15.3%) 42 436 (19.0%) 7485 (12.8%) 51 819 (17.8%)

Missing 4369 (9.8%) 37 629 (16.8%) 424 (0.7%) 9851 (3.4%)

Alcohol drinking (%)

Non-drinker 4731 (10.6%) 27 262 (12.2%) 7149 (12.2%) 41 226 (14.1%)

Ex-drinker 623 (1.4%) 2725 (1.2%) 1422 (2.4%) 7189 (2.5%)

Current drinker 31 814 (71.0%) 137 455 (61.5%) 44 545 (76.2%) 201 164 (69.0%)

Missing 7615 (17.0%) 55 923 (25.0%) 5362 (9.2%) 41 973 (14.4%)

Medication use (%)

Diuretics 17 673 (39.5%) 39 465 (17.7%) 21 777 (37.2%) 48 546 (16.7%)

Angiotensin II receptor antagonists 2960 (6.6%) 7450 (3.3%) 7612 (13.0%) 20 385 (7.0%)

11 561 (25.8%) 30 159 (13.5%) 15 096 (25.8%) 40 737 (14.0%)

β-Blocker 7905 (17.7%) 25 988 (11.6%) 12 064 (20.6%) 46 097 (15.8%)

Calcium channel blockers 10 284 (23.0%) 35 923 (16.1%) 13 760 (23.5%) 52 167 (17.9%)

Low-dose aspirin 11 123 (24.8%) 27 007 (12.1%) 18 180 (31.1%) 53 957 (18.5%)

ACE inhibitor 17 673 (39.5%) 39 465 (17.7%) 21 777 (37.2%) 48 546 (16.7%)

Urate-lowering therapy 10 880 (24.3%) 863 (0.4%) 13 631 (23.3%) 777 (0.3%)

Non-steroidal anti-inflammatory drugs 15 425 (34.4%) 36 152 (16.2%) 17 970 (30.7%) 39 615 (13.6%)

Colchicine 5115 (11.4%) 68 (0.0%) 13 943 (23.8%) 195 (0.1%)

Charlson Comorbidity Index 0.42±0.99 0.29±0.85 0.65±1.22 0.43±1.03

Figure 1 Cumulative mortality of patients with gout and
corresponding individuals with no gout in the early versus late cohorts
(1999–2006 vs 2007–2014, respectively).
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management.21–29 For example, although the vast majority of
patients with gout are indicated for a urate-lowering agent (eg,
87% within 5 years of diagnosis), only a small proportion
receive treatment.25 Moreover, few patients receive a clear
explanation about their gout and treatment expectations or
appropriate lifestyle advice to reduce risk factors for gout and
its associated comorbidities.30 31 These practices have led to
poor medication adherence, with as few as 10% of patients with
gout adhering to their treatment.32 Indeed, one study found
adherence among patients with gout to be the worst among
seven investigated chronic conditions.33 As a consequence, only
a minority become free of gout, with the majority continuing to
experience acute attacks, thereby contributing to an increased
inpatient burden.28 34 which also contributes to many avoidable
hospitalisations.13 35 36 A recent study based on the US national
inpatient data found that primary hospitalisation rates for gout
have increased substantially over the past two decades, whereas
those for RA have declined considerably.13 Moreover, a recent

abstract highlighted that up to 89% of hospitalisations with a
primary diagnosis of gout were preventable, owing to inefficient
or inadequate care.36

Proper urate control37 38 could have cardiovascular-
metabolic-renal benefits39 40 via the hypothesised direct effect
of lowering urate as well as reducing ongoing low-grade
inflammation and the associated thrombogenic process.41 42

Furthermore, the prevention of gout flares by ULT could also
have cardiovascular-metabolic-renal benefits via the reduced use
of non-steroidal anti-inflammatory drugs and glucocorticoids
that are often employed in ‘treat-to-symptom’ approaches.

Our excess mortality gap estimates of patients with gout using
our primary definition (ie, 10% and 9% in the early and late
cohorts, respectively) were comparable to those observed in the
multiple risk factor intervention trial (MRFIT) study (9%) that
defined gout using self-reported physician diagnosis of gout plus
hyperuricemia8 and in another UK investigation using the same
gout definition as the current study (13%).6 A Singapore Chinese
Health Study that adopted self-reported physician diagnosis of
gout with hyperuricemia or evidence of lifestyle intervention
reported a slightly larger magnitude of association with all-cause
mortality (18%).11 Finally, our estimates based on our secondary
gout definition additionally requiring at least one prescription of
ULT (33% and 32% in the early and late cohorts, respectively)
were closer to those observed in the Health Professionals
Follow-up Study that defined gout using the American College of
Rheumatology preliminary criteria (28%).9 The larger mortality
risk associated with our gout definition requiring ULT should be
due to confounding by indication, as demonstrated in a previous
analysis based on all (unmatched) allopurinol users compared
with non-users.43 The same study also found that proper adjust-
ment of potential confounders using propensity scores that incor-
porated the major imbalance of baseline serum uric acid (SUA)
levels could overcome such confounding by indication and reveal
the potential survival benefit of allopurinol in patients with gout.

Our study has several strengths and limitations. Our study is a
general population-based cohort study; thus, our findings are
likely to be generalisable. Unlike typical mortality trend study
approaches that adjust only for age and sex to obtain standar-
dised mortality ratios,44 45 we adjusted for potential key con-
founders prior to gout diagnosis (ie, obesity, smoking,
comorbidities and medication use), thereby reducing a residual
confounding effect. Furthermore, using incident gout cases
minimises the selection bias that could underestimate the risk of

Table 2 Association between gout and all-cause mortality according to time period

1999–2006 2007–2014

p For
interaction

Gout cohort
(n=44 783)

Non-gout cohort
(n=223 365)

Gout cohort
(n=58 478)

Non-gout cohort
(n=291 552)

Mean follow-up (PYs) 2.99±2.10 2.97±2.10 3.24±2.19 3.20±2.19

No. of deaths 3898 15 605 4354 17 530

Death rate/1000 PYs (95% CI) 29.07 (28.16 to 29.99) 23.50 (23.14 to 23.88) 22.96 (22.28 to 23.65) 18.80 (18.52 to 19.08)

Age-matched, sex-matched and entry year-matched rate
ratio (95% CI)

1.25 (1.21 to 1.30) 1.00 (Ref) 1.24 (1.20 to 1.29) 1.00 (Ref) 0.73

Multivariable-adjusted rate ratio (95% CI)* 1.10 (1.06 to 1.15) 1.00 (Ref) 1.09 (1.05 to 1.13) 1.00 (Ref) 0.85

Age-matched, sex-matched and entry year-matched rate
difference/1000 PYs (95% CI)

5.6 (4.6 to 6.6) 0.0 (Ref) 4.1 (3.4 to 4.9) 0.0 (Ref) 0.03

Multivariable-adjusted rate difference/1000 PYs
(95% CI)*

3.6 (2.4 to 4.7) 0.0 (Ref) 3.2 (2.4 to 4.0) 0.0 (Ref) 0.51

*In addition to the matching variables, multivariable models were adjusted for the number of GP visits, BMI, smoking status (ie, non-smokers, ex-smokers and current smokers), alcohol
consumption (ie, non-drinkers, ex-drinkers and current drinkers), comorbidities and medication use prior to the index date.
BMI, body mass index; GP, general practitioner; PYs, person-years.

Figure 2 Cumulative mortality of patients with gout who received at
least one prescription for urate-lowering therapy and corresponding
individuals with no gout in the early versus late cohorts (1999–2006 vs
2007–2014, respectively).
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death if prevalent gout cases were included in the analysis.46

However, uncertainty surrounding diagnostic accuracy is a
potential concern in epidemiological studies such as ours.
Nevertheless, the overall accuracy of using EMRs to assess
important outcomes appears to be high as reflected in many val-
idation studies.47 48 Furthermore, no other significant difference
over the two periods was evident using our more specific alter-
native definition (ie, a physician-recorded diagnosis of gout plus
at least one prescription of antigout medication, which has a
positive predictive value of 90%).17 49 The mean duration of
follow-up may appear short in each cohort; however, the afore-
mentioned RA study during the same period in the same general
population setting had a similar follow-up time in each cohort
and showed a substantial mortality improvement. As such, the
follow-up duration does not appear to be a reason for our
finding. We did not have sufficient detail on the cause of death
in a number of cases in our dataset, precluding investigations on
the cause of death in this cohort. Nevertheless, the overall mor-
tality trends are critically important in their own right, as all-
cause mortality represents the overall net health outcome of
various benefits and risks associated with disease management.50

In conclusion, this general population-based cohort study
indicates that the survival of patients with gout has not
improved over the past decade compared with the general popu-
lation, unlike that of patients with RA during the same period.12

To that end, these data provide a key contrasting appraisal of
the disease burden of gout and call for improved management
of the disease and its comorbidities.
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EXTENDED REPORT

Kdm6b regulates cartilage development and
homeostasis through anabolic metabolism
Jun Dai,1,2 Dongsheng Yu,1,2,3 Yafei Wang,1,2 Yishan Chen,1,2 Heng Sun,1,2

Xiaolei Zhang,1,2 Shouan Zhu,1,2 Zongyou Pan,1,2 Boon Chin Heng,4

Shufang Zhang,1,2 Hongwei Ouyang1,2,3,5,6

ABSTRACT
Objectives Epigenetic mechanisms have been reported
to play key roles in chondrogenesis and osteoarthritis
(OA) development. Here, we sought to identify specific
histone demethylases that are involved and delineate the
underlying mechanisms.
Methods We screened the expression of 17 distinct
histone demethylases by quantitative real time PCR (qRT-
PCR) during chondrogenic differentiation of C3H10T1/2
cells. The role of Kdm6b in cartilage development was
then analysed with transgenic Col2a1-CreERT2;Kdm6bf/f.
RNA-Seq was applied to explore the underlying changes
in chondrocytes upon knockdown of Kdm6b.
Experimental OA in mice was induced by destabilisation
of the medial meniscus in C57BL/6J (wild type, Kdm6bf/f

and Col2a1-CreERT2;Kdm6bf/f ) mice, either with intra-
articular injection of shKdm6b lentivirus or after
tamoxifen treatment. Mouse joints and human cartilage
samples were used for histological analysis.
Results Kdm6b expression was significantly increased
during cartilage development. Col2a1-CreERT2;Kdm6bf/f

mice displayed obvious skeletal abnormalities at E16.5
and E18.5 with intraperitoneal injection of tamoxifen at
E12.5. RNA-Seq and qRT-PCR analyses revealed
decreased expression of chondrocyte anabolic genes in
Col2a1-CreERT2;Kdm6bf/f chondrocytes. The histological
OA score was significantly higher in mice injected with
Kdm6b short hairpin RNA lentivirus. Col2a1-CreERT2;
Kdm6bf/f mice exhibited accelerated OA development at
8 and 12 weeks following surgical induction. The
number of Kdm6b-positive chondrocytes was lower in
both mice and human OA cartilage samples.
Conclusions These findings indicate that knockdown
of Kdm6b in chondrocytes leads to abnormal cartilage
development and accelerated OA progression via
inhibition of the anabolic metabolism of chondrocytes.
Understanding the epigenetic mechanism of joint
cartilage development and homeostasis would be useful
for development of new therapeutic modalities for OA.

INTRODUCTION
Osteoarthritis (OA) is the most common form of
arthritis, which afflicts about 10% of the popula-
tion, particularly middle-aged and older persons.1–3

Although OA occurs predominantly in load-bearing
joints such as the hip and knee, it is thought of as a
multifactorial disease in which age, gender, metab-
olism, genetics and environment play a vital role,
rather than just being a biomechanical

dysfunction.4 5 The pathological symptoms of OA
are characterised by cartilage degradation, synovial
inflammation and subchondral bone remodelling
and hypertrophy of the entire joint, but the
primary hallmark of OA is still structural damage
and functional failure of articular cartilage.6

Chondrocytes, as the only cell type in cartilage,
play an important role in cartilage homeostasis.
These cells express and secrete various extracellular
matrix (ECM) molecules such as collagen and pro-
teoglycans.7 8 The maintenance of normal expres-
sion and structure of these various components are
essential for cartilage function. However, OA
chondrocytes are characterised by suppressed
anabolic metabolism and accelerated catabolic
metabolism.9–11 It is known that chondrogenesis is a
process characterised by excessive synthesis of large
amounts of ECM.12 Therefore, investigations of the
underlying mechanisms of chondrogenesis will con-
tribute to a better understanding of cartilage devel-
opment and new strategies for OA therapy.
Epigenetics is defined as heritable changes in gene

expression caused by external or environmental
factors other than changes in the DNA sequence,
which mainly involve DNA methylation, histone
modification and non-coding RNAs. It has been
reported that epigenetic mechanisms are involved in
both chondrogenesis and OA pathology.13–17

Kdm6b, also named Jmjd3, has been identified as a
H3K27 demethylase that can catalyse the demethyla-
tion of H3K27me2/3. Trimethylation of H3K37 is
typically associated with gene inactivation, while
monomethylation of H3K27 is associated with gene
activation.18 19 Kdm6b is reported to be involved in
many cellular processes, such as proliferation, differ-
entiation, apoptosis and senescence.20 Homozygous
Kdm6b-deficient newborn mice were reported to
become cyanotic within minutes due to respiratory
failure and died shortly with kyphosis and severe lor-
dosis.21 Kdm6b is known to play key roles in devel-
opment, cancer, neurodegenerative diseases, ageing
and inflammatory diseases.20 Additionally, it has been
reported that Kdm6b can promote chondrocyte pro-
liferation and hypertrophy during endochondral
bone formation in Kdm6b−/− mice.22 However, it
remains unknown whether Kdm6b plays any role in
cartilage homeostasis and OA development in vivo.
Here, we investigated the functional role of Kdm6b
in chondrogenesis and OA pathology using an
inducible cartilage-specific Kdm6b-deficient mouse.
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MATERIALS AND METHODS
Animals
Kdm6bf/f mice and Col2a1-CreERT2 mice were generated in the
laboratories of Dr Zhongzhou Yang and Dr Di Chen, respect-
ively.22 23 Both Kdm6bf/f and Col2a1-CreERT2 mice were of
C57BL/6J background. To generate Col2a1-CreERT2;Kdm6bf/f

mice, Kdm6bf/f mice were mated with Col2a1-CreERT2 mice to
obtain Col2a1-CreERT2; Kdm6bf/+ mice, which were then
mated with Kdm6bf/f mice.

Human cartilage and mouse primary chondrocytes
Human OA cartilage was obtained from patients undergoing
total knee replacement surgery. Normal control cartilage from
patients with no prior medical history of OA was obtained at
postmortem and from trauma subjects. Detailed human cartilage
information is described in online supplementary materials and
methods. The human cartilage samples were used for subse-
quent histological assessment and immunostaining. To obtain
mouse primary chondrocytes, we harvested the knee joints from
3-day-old Kdm6bf/f and Col2a1-CreERT2;Kdm6bf/f mice and
digested the joints with 0.1% collagenase (Gibco).
Chondrocytes were seeded in six-well plates at a density of
1×106 cells per well. After 3 days of culture, cells were treated
with 4-hydroxytamoxifen (1 μM) for 48 hours.

OA experiment
Before surgical induction of OA, tamoxifen (TM) (Sigma; 100 μg/g
body weight) was intraperitoneally injected into 8-week-old
Col2a1-CreERT2; Kdm6bf/f mice and the Kdm6bf/f littermates daily

for 5 days. Destabilisation of medial meniscus (DMM) surgery was
performed on the knee joints of 10-week-old male mice as
previously reported.24 We performed intra-articular injection of
lentivirus to C57BL/6J wild-type mice after surgical induction
according to previously described procedures.11 All animal experi-
ments were approved by the Zhejiang University Ethics Committee
(NO.ZJU20160427). We quantified OA severity by the
Osteoarthritis Research Society International (OARSI) scoring
system.25

Other detailed experimental procedures and specific materials
are described in online supplementary materials and methods,
including western blot analysis, lentivirus production and con-
centration, histological analyses, statistical analysis and so on.

RESULTS
Identification of Kdm6b as an upregulated histone
demethylase during chondrocyte differentiation
Transforming growth factor (TGF)-β3 is a commonly used
potent inducer of chondrocyte differentiation of the murine
mesenchymal stem cell (MSC) line C3H10T1/2.26–28 To investi-
gate the potential roles of histone demethylases during chondro-
cyte differentiation, we analysed the expression levels of 17
histone demethylases in TGF-β3-stimulated murine MSC line
C3H10T1/2 by qRT-PCR. The results showed that Kdm6b was
most significantly induced by TGF-β3 (figure 1A). We then
examined the in vitro and in vivo expression patterns of Kdm6b
during chondrocyte differentiation. In the murine MSC line
C3H10T1/2 chondrogenesis model, Kdm6b was upregulated
during differentiation (figure 1B). As Kdm6b is a histone

Figure 1 Kdm6b was upregulated during chondrocyte differentiation in vitro and cartilage development in vivo. (A) The mRNA expression levels of
17 distinct histone demethylases were screened by qRT-PCR in murine MSC line C3H10T1/2 stimulated with TGF-β3. (B) Time course of protein
expression levels of sex-determining region Y-related high mobility group box (SOX9), KDM6B and H3K27me3 during chondrogenic differentiation of
murine MSC cell line C3H10T1/2. (C) The upper image is Safranin O–Fast Green staining and the lower image is immunohistochemistry for detection
of KDM6B in the knee joint cartilage of wild-type mice at postpartum day (PPD) 3, 10, 14 and 42. Insets in the Safranin O–Fast Green staining
image indicate the regions shown in the enlarged immunohistochemistry images. (Scale bars, 200 and 50 μm for upper and lower images,
respectively.) (D) Ratio of KDM6B-positive chondrocyte numbers to total number of chondrocytes. N.S., not significant; * p<0.05; ** p<0.01.
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demethylase that can remove H3K27me3, expression of
H3K27me3 at the protein level was obviously downregulated
during differentiation (figure 1B). Additionally, immunohisto-
chemistry for detection of KDM6B within the knee joint cartil-
age of mice between postpartum day 3 and 42 showed that
Kdm6b was abundantly expressed and that the ratio of
KDM6B-positive chondrocytes gradually increased during post-
natal cartilage development (figure 1C,D). Immunostaining of
prenatal cartilage detected expression of KDM6B at the centre
of cartilaginous templates as early as at E12.5. At E14.5, E15.5,
E16.5 and E18.5, KDM6B was expressed in the proliferative
and resting zones, even though expression was not as strong as
that in the hypertrophic zone (see online supplementary figure
S1A,B). These results indicated the involvement of KDM6B in
endochondral ossification. However, at E18.5, the expression of
KDM6B was observed in all zones, while type X collagen
(COLX), the marker of hypertrophic chondrocytes was only
expressed at the hypertrophic zone (see online supplementary
figure S1B), which thus suggests a potential role of KDM6B in
articular cartilage.

Targeted deletion of Kdm6b in chondrocytes impairs
cartilage and skeletal development
To investigate the roles of the endogenous Kdm6b gene in
cartilage development, pregnant mice with embryos at E12.5
were injected with TM. The knockdown efficiency of KDM6B
was confirmed by immunohistochemical staining in
Col2a1-CreERT2;Kdm6bf/f mice (see online supplementary figure

S2B). Both E16.5 and E18.5 embryos were collected and whole
skeletal Alizarin Red and Alcian Blue staining was performed.
Whole skeletons and extremities of Col2a1-CreERT2;Kdm6bf/f

embryos were smaller than those of Kdm6bf/f littermates (figure
2A,F). The lengths of the humerus, ulna, radius, femur, tibia
and lumbar were shorter in Col2a1-CreERT2;Kdm6bf/f mice, as
compared with Kdm6bf/f littermates (figure 2B,G). Further histo-
logical analyses of whole tibia and femurs revealed that the
lengths of the bone and proliferation zones were obviously
reduced, with disordered columnar chondrocyte structure being
indicated with black arrows (figure 2C–E,H–J).
Immunohistochemical staining for type II collagen in
Col2a1-CreERT2;Kdm6bf/f mice was significantly decreased, as
compared with the knee joint tibia of Kdm6bf/f littermates
(figure 2K). Considering the severe dwarfism of the limbs, we
investigated the proliferation and apoptosis changes in the cartil-
age growth plate of E16.5 Col2a1-CreERT2;Kdm6bf/f mice.
BrdU incorporation assays and immunohistochemistry detection
for Ki67 revealed impaired proliferation rate in
Col2a1-CreERT2;Kdm6bf/f mice (see online supplementary
figures S2Aa-h,Ca,b). We also performed in situ terminal deoxy-
nucleotidyl transferase dUTP nick end labeling (TUNEL) assays
and immunostaining for caspase-3 to detect apoptotic changes
in the cartilage growth plate of Col2a1-CreERT2;Kdm6bf/f mice.
However, we did not identify any significant differences in the
number of apoptotic cells between Col2a1-CreERT2;Kdm6bf/f

mice and the Kdm6bf/f littermates (see online supplementary
figure S2Ai-l,Cc,d).

Figure 2 Abnormal cartilage and skeletal formation in Col2a1-CreERT2;Kdm6bf/f mouse embryos. (A) Double staining with Alizarin Red and Alcian
Blue of whole skeleton (top), upper extremities (middle) and lower extremities (bottom) of Kdm6bf/f and Col2a1-CreERT2;Kdm6bf/f littermate embryos
(E16.5). (Scale bars, 1 mm.) (B) Length of long bones and vertebra (first to fifth lumbar spines) of Kdm6bf/f (n=4) and Col2a1-CreERT2;Kdm6bf/f

(n=3) littermate embryos (E16.5). Data are expressed as mean±SD. ** p<0.01. (C–D) H&E staining of whole tibia (C) of the Kdm6bf/f and
Col2a1-CreERT2;Kdm6bf/f littermate embryos (E16.5), with the boxed areas indicating the regions shown in the magnified images with matched
colour rim (D). Arrows indicate abnormal cartilage formation. (Scale bars, 500 μm in C and 50 μm in D.) (E) Percentages of the lengths of
proliferative zone (red), hypertrophic zone (blue) and bone area (green) over the total tibial length. (F) Double staining with Alizarin Red and Alcian
Blue of the whole skeleton (top), upper extremities (middle) and lower extremities (bottom) of Kdm6bf/f and Col2a1-CreERT2;Kdm6bf/f littermate
embryos (E18.5). (Scale bars, 1 mm.) (G) Length of long bones of Kdm6bf/f (n=4) and Col2a1-CreERT2;Kdm6bf/f (n=5) littermate embryos (E18.5).
Data are expressed as mean±SD. * p<0.05; ** p<0.01. (H and I) H&E staining of the whole tibia (H) and femurs (I) of the Kdm6bf/f and
Col2a1-CreERT2;Kdm6bf/f littermate embryos (E18.5). Insets indicate the regions shown in the enlarged images directly to the right. Arrows indicate
abnormal cartilage formation. (Scale bars, 500 and 50 μm for low and high magnification images, respectively.) (K) Immunostaining of type II
collagen in the tibia of the Kdm6bf/f and Col2a1-CreERT2;Kdm6bf/f littermate embryos (E18.5). Boxed areas indicate the regions shown in magnified
images with matched colour rim, respectively. (Scale bar, 200 μm or 50 μm.)
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Kdm6b regulates cartilage development through anabolic
gene markers in chondrocytes
To further investigate the underlying mechanisms of impaired
cartilage and skeletal development in Col2a1-CreERT2;Kdm6bf/f

mice, we performed RNA-Seq analysis on Kdm6bf/f and
Col2a1-CreERT2;Kdm6bf/f primary chondrocytes. Among the
245 differentially expressed genes, 185 genes were upregulated
and 60 genes were downregulated in Col2a1-CreERT2;Kdm6bf/f

versus Kdm6bf/f primary chondrocytes (see online
supplementary table S2). Representative genes with altered
expression (>twofold) are shown in figure 3A. Notably, Kdm6b
ablation in chondrocytes downregulated the expression of genes

known to play important roles in cartilage development and
homeostasis, including Fgfr3, Acan, Col11a2, Col9a1, Col9a2,
Matn1 and Matn4. Similarly, downregulated gene ontology
(GO) terms with the most significant p values for biological pro-
cesses, molecular function and cellular component were related
to cartilage development (GO:0051216), ECM structural con-
stituent (GO:0005201) and extracellular region (GO:0005576)
(figure 3B). Consistent with these results, qRT-PCR analysis
revealed that mRNA expression levels of chondrocyte anabolic
markers such as Sox9 (p<0.05), Acan (p<0.01) and Col2a1
(p=0.056), were significantly lower in Col2a1-CreERT2;Kdm6bf/
f chondrocytes, as compared with Kdm6bf/f chondrocytes. On

Figure 3 Kdm6b regulates the expression of cartilage development markers. (A) RNA-Seq analysis showing representative genes that were
differentially expressed between Kdm6bf/f (control) and Col2a1-CreERT2;Kdm6bf/f conditional knockout (CKO) primary chondrocytes. (B)
Downregulated GO terms with the most significant p values for biological processes, molecular function and cellular component. (C) qRT-PCR was
performed to validate the expression of selected genes in Kdm6bf/f and Col2a1-CreERT2;Kdm6bf/f primary chondrocytes. Data are expressed as mean
±SD. N.S., not significant; * p<0.05; ** p<0.01. (D) Western blot analysis of the protein expression levels of selected genes in Kdm6bf/f and
Col2a1-CreERT2;Kdm6bf/f primary chondrocytes.
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the other hand, mRNA expression level of catabolic marker
Mmp13 remained unchanged (figure 3C). At the same time,
western blot analyses showed that protein levels of SOX9, type
II collagen and fibroblast growth factor receptor (FGFR)3
were significantly lower in Col2a1-CreERT2;Kdm6bf/f chondro-
cytes, when compared with Kdm6bf/f chondrocytes (figure 3D).
We also performed chromatin immunoprecipitation followed
by qPCR to analyse whether KDM6B directly bound to the pro-
moters of putative anabolic genes in primary chondrocytes.
Indeed, the results showed that KDM6B directly regulated the
transcription of Col2a1 and Acan (see online supplementary
figure S4N). Taken together, these results suggest that Kdm6b
regulates cartilage development through anabolic metabolism in
chondrocytes.

Kdm6b ablation accelerates OA development through
suppression of anabolism
To investigate the function of Kdm6b in OA pathogenesis, we
disrupted the balance between anabolic and catabolic metabol-
ism in chondrocytes artificially. We created two Kdm6b deletion
systems: (i) intra-articular injection of lentivirus encoding
Kdm6b-specific shRNA in wild-type mice and (ii) CreERT2;
Kdm6bf/f-inducible conditional knockout mice. First, we evalu-
ated the knockdown efficiency of Kdm6b shRNA in the murine
MSC line C3H10T1/2, and it was shown that the two shRNAs

considerably reduced Kdm6b mRNA expression, with
Kdm6b-sh2 displaying better efficiency (figure 4A). Then, PLKO
and Kdm6b-sh2 were packaged into lentivirus for intra-articular
injection of knee joint after DMM surgery, as described previ-
ously.11 At the same time, 8-week-old Col2a1-CreERT2;Kdm6bf/f

mice and Kdm6bf/f littermates were intraperitoneally injected
with TM daily for 5 days. DMM surgery was performed on the
knee joints of 10-week-old male mice. The knockout efficiency
of either system was examined by immunohistochemical staining
(figure 4B) or immunofluorescent (figure 5A) detection of
KDM6B in knee joint cartilage, respectively. Histological exam-
ination showed more severe OA progression in
shKDM6B-injected and Col2a1-CreERT2;Kdm6bf/f mice, when
compared with PLKO-injected and Kdm6bf/f mice, respectively
(figures 4C and 5B). Maximal and summed OARSI scores were
significantly higher for the Kdm6b-deleted mice, when com-
pared with control mice (figures 4D,E and 5C,D). In addition,
immunohistochemical analysis demonstrated that expression of
chondrocyte anabolic markers such as SOX9, AGGRECAN
and type II collagen was decreased in Col2a1-CreERT2;
Kdm6bf/f versus Kdm6bf/f mice at 8 weeks after DMM surgery
(figure 5E–G). However, there were no substantial differences
in OA phenotype or protein expression levels of anabolic
markers between the sham-operated groups (see online
supplementary figure S5). Similar results were also observed

Figure 4 Kdm6b shRNA lentivirus could accelerate the development of osteoarthritis (OA) in wild-type mice. (A) Murine MSC line C3H10T1/2 was
transfected with Kdm6b short hairpin RNA (shKDM6B), and knockdown efficiency of Kdm6b was assessed by qRT-PCR. Data are expressed as mean
±SD. ** p<0.01. (B) Immunohistochemistry for detection of KDM6B in wild-type mice knee joint cartilage with intra-articular injection of PLKO or
shKDM6B lentivirus. Insets indicate the regions shown in the enlarged images (lower). (Scale bars, 200 and 50 μm for low and high magnification
images, respectively.) (C) Cartilage degradation assessed by Safranin O–Fast Green staining in mouse knee joints 8 weeks after creating a surgical
OA model accompanied with intra-articular injection of PLKO or shKDM6B lentivirus in 8-week-old wild-type mice. Insets indicate the regions shown
in the enlarged images (lower). (Scale bars, 200 and 50 μm for low and high magnification images, respectively.) (D–E) Maximal (D) and summed
(E) Osteoarthritis Research Society International (OARSI) histological scores in OA joints injected with PLKO (n=10) or shKDM6B lentivirus (n=10).
Data are expressed as mean±SD. ** p<0.01. DMM, destabilisation of medial meniscus.
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in shKDM6B-injected mice (see online supplementary figure
S4A,B). However, there were no substantial differences in OA
phenotype or protein expression levels of anabolic markers
between the sham-operated groups (see online supplementary
figure S5).

Moreover, immunohistochemical detection of catabolic
markers showed decreased COLX expression in both
Kdm6b-deleted groups, while no significant difference was
observed in ADAMTS5 expression. Immunostaining for
MMP13 showed increased expression in Col2a1-CreERT2;
Kdm6bf/f mice, when compared with Kdm6bf/f littermates, but
there was no noticeable difference in the lentivirus injection
groups (see online supplementary figure S4A,C-J). To validate

whether KDM6B ablation accelerates OA progress via suppres-
sion of anabolic metabolism, we next performed a full-thickness
cartilage defect in the trochlear groove of Kdm6bf/f and
Col2a1-CreERT2;Kdm6bf/f mice (see online supplementary figure
S4L,M). The results revealed impaired cartilage regeneration in
Col2a1-CreERT2;Kdm6bf/f mice, particularly in matrix synthesis
and deposition of type II collagen. In addition, we also exam-
ined the phenotypes in synovium inflammation and aberrant
subchondral bone formation, but no significant differences were
observed (see online supplementary figure S6). Therefore, these
results reveal that Kdm6b deletion resulted in accelerated OA
development through suppression of chondrocyte anabolic
metabolism.

Figure 5 Accelerated osteoarthritis (OA) development in Col2a1-CreERT2;Kdm6bf/f mice after destabilisation of medial meniscus (DMM) surgery. (A)
Immunofluorescence for detection of KDM6B in Kdm6bf/f and Col2a1-CreERT2;Kdm6bf/f mice at 8 weeks after tamoxifen injection. 4’,6-diamidino-2-
phenylindole (DAPI) was used as a counterstain. (Scale bar, 50 μm.) (B) Safranin O–Fast Green staining of the medial femoral condyle and tibial
plateau at 8 and 12 weeks after surgical induction of OA in Kdm6bf/f and Col2a1-CreERT2;Kdm6bf/f mice. Insets indicate the regions shown in the
enlarged images (down). (Scale bars, 100 and 50 μm for low and high magnification images, respectively.) (C–D) Maximum (C) and summed (D)
Osteoarthritis Research Society International (OARSI) histological scores in Kdm6bf/f (n=8/time point) and Col2a1-CreERT2;Kdm6bf/f mice (n=8/time
point). Data are expressed as mean±SD. * p<0.05; ** p<0.01. (E) Immunohistochemistry for detection of type II collagen, AGGRECAN and SOX9 in
tibial cartilage at 8 weeks after DMM surgery in Kdm6bf/f and Col2a1-CreERT2;Kdm6bf/f mice. (Scale bar, 50 μm.) (F–G) Quantification of cells
positively stained for AGGRECAN and SOX9. Data are expressed as mean±SD. * p<0.05.
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Kdm6b expression levels were decreased in OA cartilage
We further investigated whether Kdm6b expression is altered in
OA cartilage. Immunostaining showed that KDM6B was highly
expressed in chondrocyte nuclei of both mouse and human
normal cartilage (figure 6A). Furthermore, we observed
co-localisation of KDM6B and SOX9 expression (figure 6A).
Immunohistochemistry for detection of KDM6B showed that
the ratio of KDM6B-positive chondrocytes in OA mice cartilage
was significantly lower compared with normal mice cartilage,
particularly within the lesion areas (figure 6B,C). Consistent
with this result, the protein expression level of KDM6B and

anabolic markers was significantly lower in human OA cartilages
as compared with normal cartilage samples (figure 6D–G).
Hence, these results establish a strong association between OA
progression and decreased Kdm6b expression.

DISCUSSION
Chondrogenic differentiation is a complex process that is regu-
lated by multiple factors, such as intracellular proteins, receptor
ligands and transcription factors. Several epigenetic regulators
have been shown to play important roles in chondrogenesis.29–31

For example, histone deacetylase (HDAC)1 and HDAC2 can

Figure 6 Kdm6b expression levels were decreased in osteoarthritis (OA) cartilage. (A) Immunofluorescence for detection of co-localisation of
KDM6B with type II collagen or SOX9 in normal mouse and human cartilage. (B) Safranin O–Fast Green staining and immunohistochemistry for
detection of KDM6B in mice normal and OA samples. Boxed areas indicate the region for immunostaining and arrows indicate the KDM6B-positive
cells. (Scale bar, 50 μm.) (C) Quantification of KDM6B-positive cells in mouse normal and OA cartilage. Data are expressed as mean±SD. ** p<0.01.
(D) Safranin O–Fast Green staining and immunostaining for detection of KDM6B, type II collagen, AGGRECAN and SOX9 in human normal and OA
samples. Boxed areas indicate the damaged region of OA cartilage for immunostaining. (Scale bars, 200 or 50 μm.) (E–G) Quantification of cells for
positively stained KDM6B, AGGRECAN and SOX9. Data are expressed as mean±SD. * p<0.05; ** p<0.01.
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inhibit the expression of cartilage-specific genes in human chon-
drocytes.32 Recently, Lee et al33 found that KDM4B could
mediate SOX9 activation by removing a repressive epigenetic
mark (H3K9me3) from the SOX9 promoter region, which in
turn promoted TGF-β-mediated chondrogenesis. These findings
illustrate that histone methylation and acetylation act as import-
ant epigenetic regulators during chondrogenic differentiation. In
this study, we found that Kdm6b was activated by TGF-β3, a
potent inducer of chondrogenic differentiation. Furthermore, the
H3K27me3 marker was significantly decreased with increased
Kdm6b expression during chondrogenesis in vitro. These results
corroborated a previous study that carried out genome-wide
quantitative epigenetic analysis of bone marrow mesenchymal
stem cells (BMSCs) undergoing chondrogenic differentiation, in
which the H3K27me3 marker for chondrogenic signature genes
significantly decreased.34 Therefore, the mechanism by which
Kdm6b modulates chondrogenesis may involve activation of
chondrogenic differentiation related genes through its demethy-
lating function. However, it was reported that the H3K27me3
marker could be regulated by both histone demethylases (Kdm6a
and Kdm6b) and histone methylase (Ezh2)35; so, it is unclear
whether Kdm6a or Ezh2 are also involved in chondrogenesis.

To characterise the specific functions of Kdm6b in cartilage
development and homeostasis in vivo, we generated
chondrocyte-specific Kdm6b knockouts with Col2a1-CreERT2

transgenic mice. Deletion of Kdm6b in chondrocytes results in
severe defects of cartilage and bone development, which are
similar to the results with Jmjd3−/− mice.21 22 At the same time,
we also found disordered columnar chondrocyte structure and
enlarged nuclei in Col2a1-CreERT2;Kdm6bf/f mice (figure 2D,H,
I), which were also similarly observed in Bmp2/4 double KO
mice.36 We hypothesise that this is partially related to the disor-
ganised structure of ECM because RNA-Seq analysis showed
that Kdm6b could regulate a set of anabolic markers in chondro-
cytes. It is possible that Kdm6b could directly regulate Col2a1
and Acan by binding to their promoters (see online
supplementary figure S4N). In addition, Kdm6b might also
function through regulating other factors like Fgfr3 (see online
supplementary table S2 and figure 3D), which is known to acti-
vate anabolism in chondrocytes via the FGF-2/FGFR3 or
FGF-18/FGFR3 signalling pathways.37–39 Nevertheless, the
underlying mechanisms by which Kdm6b regulates these ana-
bolic markers are still unclear.

As chondrocytes are the only known cell type in cartilage,
they play crucial roles in cartilage homeostasis and OA develop-
ment. To determine the role of Kdm6b in OA pathogenesis, we
examined the phenotypes of 2-month-old and 12-month-old
Col2a1-CreERT2;Kdm6bf/f mice after TM treatment. From the
results, no significant differences were observed between
Col2a1-CreERT2;Kdm6bf/f mice and Kdm6bf/f mice at 2 months
old (see online supplementary figure S3A–C). But mild cartilage
destruction and loss of matrix were detected in 12-month-old
Col2a1-CreERT2;Kdm6bf/f mice. However, no significant differ-
ence was observed in OARSI scores (see online supplementary
figure S3D–F). Therefore, we performed DMM surgery to
disrupt the balance of cartilage homeostasis. We subsequently
found that OA development was more severe in
shKDM6B-injected and Col2a1-CreERT2;Kdm6bf/f mice, when
compared with PLKO-injected and Kdm6bf/f mice, respectively.
This was corroborated by our immunostaining data, which
revealed lower expression levels of SOX9, AGGRECAN and
type II collagen in Col2a1-CreERT2;Kdm6bf/f mice articular car-
tilage. Meanwhile, we also examined the catabolic markers and
found increased expression of MMP13, decreased expression of

COLX, but no substantial change inADAMTS5 expression in
Col2a1-CreERT2;Kdm6bf/f mice. Considering the complicated
relationship between anabolism and catabolism in the DMM
model, we further investigated a cartilage repair model. The
results indicated impaired cartilage regeneration in
Col2a1-CreERT2;Kdm6bf/f mice, particularly in matrix synthesis
and deposition of type II collagen, which confirmed the involve-
ment of KDM6B in cartilage anabolic metabolism.

Interestingly, we also found decreased Kdm6b expression in
OA cartilage, particularly within the lesion sites of both mice
and human samples. This suggests that Kdm6b could be a poten-
tial mediator linking environmental risk factors with OA devel-
opment. These results were consistent with a previous study
which showed that the H3K27me3 mark, particularly on SOX9
promoter, was increased in OA cartilage.40 Therefore, these
findings indicated that Kdm6b could be a possible target for OA
therapy. However, we have no idea whether it will be useful if
Kdm6b is overexpressed in OA chondrocytes. Further studies
could identify the various factors that downregulate Kdm6b
expression in OA cartilage, because this will considerably
advance our understanding of the role of Kdm6b in the patho-
genesis of OA.

In conclusion, our findings demonstrate that Kdm6b is essen-
tial for cartilage development and homeostasis, and that the
aberrant alteration of Kdm6b expression in OA cartilage may
provide a promising therapeutic target for OA treatment.
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EXTENDED REPORT

IL-38 overexpression induces anti-inflammatory
effects in mice arthritis models and in human
macrophages in vitro
Marie-Astrid Boutet,1,2 Aurélie Najm,1,2,3 Géraldine Bart,1,2,3 Régis Brion,1,2

Sophie Touchais,3 Valérie Trichet,1,2 Pierre Layrolle,1,2 Cem Gabay,4,5 Gaby Palmer,4,5

Frédéric Blanchard,1,2 Benoit Le Goff1,2,3

ABSTRACT
Objectives Interleukin (IL)-38 is a newly characterised
cytokine that belongs to the IL-1 family. This cytokine is
expressed in the rheumatoid arthritis (RA) synovial tissue
and IL-38 deficient mice have exacerbated arthritis. Here,
we analysed the effect of IL-38 overexpression in the
joints of arthritic mice, in human macrophages and
synovial fibroblasts in vitro.
Methods Articular injections of an adeno-associated
virus (AAV) 2/8 encoding IL-38 were performed in
collagen-induced arthritis (CIA), K/BxN serum transfer-
induced arthritis (STIA) and antigen-induced arthritis
(AIA) in mice. The effect of IL-38 overexpression was
evaluated through clinical scores, immunohistochemistry,
microCT, Luminex and RT-qPCR analysis. THP-1
macrophages were transduced with a lentiviral vector to
overexpress IL-38.
Results Clinical inflammatory scores were significantly
decreased after AAV IL-38 injection in joints of mice with
CIA and STIA, but not AIA. This decrease was
accompanied by reduced macrophage infiltration and a
decreased expression of Th17 cytokines (IL-17, IL-23,
IL-22) and TNFα. However, IL-38 overexpression had no
effect on cartilage or bone destruction. In vitro, the
THP-1 monocytic cell line expressed less IL-6, TNFα and
IL-23 after IL-38 overexpression. Conditioned media from
these cells, containing released IL-38, also exert an
anti-inflammatory effect on human primary macrophages
and synovial fibroblasts from patients with RA.
Conclusions This study shows for the first time that
IL-38 overexpression attenuates the severity of
experimental arthritis. IL-38 may exert its anti-
inflammatory effects by decreasing the production of
proinflammatory cytokines by macrophages and synovial
fibroblasts. This effect can lead to the development of
novel treatment strategies in arthritis.

INTRODUCTION
The interleukin (IL)-38 gene was cloned and its
product first characterised in 2001 as an IL-1 family
member.1 IL-38 is a 17–18 kDa weight protein
devoid of signal peptide or caspase-1 cleavage site. It
was shown that apoptotic cells were able to produce
a mature, truncated form of IL-38, but the exact
cleavage site and the protease responsible for this
maturation are not yet identified.2 Recently we have
shown that IL-38 is expressed by keratinocytes, syn-
ovial fibroblast from patients with rheumatoid

arthritis (RA), as well as by human monocytes and
type I macrophages (M1) polarised in vitro.3 IL-38
gene polymorphisms are associated with RA, psori-
atic arthritis, ankylosing spondylitis and heart
disease.4–8 Moreover, patients with systemic lupus
erythematosus, chronic hepatitis B, myocardial
infarction or childhood asthma have higher levels of
serum IL-38 than control populations.7–13 IL-38
levels are also increased in the synovial membrane
and sera from patients with RA compared with
healthy controls.13 14 We have previously shown that
IL-38 mRNA levels are enhanced in synovial mem-
branes of patients with RA and in colons of patients
with Crohn’s disease. In contrast, IL-38 expression
was decreased in psoriatic skin.3 IL-38 protein levels
were also enhanced in the synovial fluid of patients
with RA.3

IL-38 could bind three different receptor chains,
IL-1R1,1 IL-36R15 and the orphan receptor
IL-1RAPL1.2 In peripheral blood mononuclear cells
(PBMCs) stimulated with IL-36γ, IL-38 decreases
IL-8 expression. Moreover, IL-38 is able to decrease
IL-22 and IL-17 expression from Candida Albicans
stimulated PBMCs.15 PBMCs from healthy donors
treated with siRNA targeting IL-38 produced signifi-
cantly more proinflammatory mediators after stimu-
lation with toll-like receptors 7 and 9 ligands.9 IL-38
depletion also exacerbated the expression of IL-6 and
IL-8 in cultured macrophages.2 Interestingly, full
length recombinant IL-38 induced IL-6 production
by macrophages, whereas truncated IL-38 decreased
IL-6 expression after IL-1RAPL1 binding.2

In the collagen-induced arthritis (CIA) model in
mice, IL-38 was mainly expressed during the reso-
lution phase of inflammation suggesting that IL-38
exerts anti-inflammatory effects.3 Moreover, C57BL/
6 mice deficient for IL-38 have a more severe K/BxN
serum transfer-induced arthritis (STIA) together with
a higher expression of IL-1β and IL-6 in the joints.14

Thus, IL-38 appears to be a potential negative regula-
tor of inflammation during arthritis, but its exact bio-
logical effect in vitro and in vivo needs to be
elucidated. Because the exact mature form of IL-38 is
currently unknown, we designed here viral vectors
(adeno-associated virus (AAV) and lentivirus) encod-
ing the full length IL-38 cDNA. We investigated the
effects of IL-38 overexpression in mice with CIA, K/
BxN STIA, and antigen-induced arthritis (AIA), as
well as in THP-1 macrophages in vitro.
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METHODS
Mouse models of arthritis
The full length mouse IL-38 cDNA (amino acid 1–152,
NM_153077) was subcloned into the SSV9scCMV plasmid,
under the control of the cytomegalovirus (CMV) promoter, to
generate a double stranded AAV, serotype 2/8 (AAV IL-38). This
recombinant virus was produced together with the control virus
AAV GFP (enhanced Green Fluorescent Protein) in the gene
therapy facility (Inserm UMR 1089, Nantes, France). This sero-
type is known to have a stable expression after intra-articular
injection.16

For CIA, 8-week-old male DBA/1 mice were immunised as
described previously.3 Each ankle was intra-articularly injected
with 25×109 vector genomes (vg) of AAV at the first signs of
inflammation. Each ankle was considered independently and, if
the two ankles did not develop arthritis at the same time, the

second ankle was included and injected only if arthritis
appeared within the following 2 days. Inflammatory symptoms
were assessed by a daily hind paw clinical scoring and mice were
sacrificed around day 3 (peak phase) or day 11 (resolution
phase). Other arthritis models are described in additional
methods (K/BxN STIA and AIA models).

Histological and immunohistochemistry analysis
Ankles were fixed, decalcified and embedded.17 H&E, toluidine
blue or tartrate-resistant acid phosphatase (TRAP) staining was
performed as described.18

Immunostaining was performed as described previously19 20

with the following primary antibodies: goat anti-ionized
calcium-binding adapter molecule 1 (Iba1; Abcam, Cambridge,
UK), goat anti-CD3 (Abcam), rat anti-CD45R (BD Biosciences,
San Jose, California, USA) rat anti-Ly6G (Abcam).

Figure 1 Effects of adeno-associated virus (AAV)-mediated interleukin (IL) 38 overexpression in collagen-induced arthritis (CIA). (A) enhanced
Green Fluorescent Protein (eGFP) and IL-38 mRNA expression was assessed in the peak and resolution phases of arthritis in ankle extracts of CIA
mice injected with AAV GFP (grey columns) or AAV IL-38 (black columns) (n=3 per group and per time point), CT, non-arthritic control, ND, not
detectable. (B) IL-38 mRNA expression in AAV injected and non-injected ankles was compared with expression in inguinal lymph nodes, spleen or
liver at the resolution phase of arthritis (n=3 per organ). mRNA expression is represented as 2−ΔCT relative to hypoxanthine-guanine
phosphoribosyltransferase (HPRT). Results are shown as mean±SEM (A and B). (C) IL-38 protein expression in ankle extracts of CIA mice (n=3 per
group) at the resolution phase of arthritis was detected by western blot. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as invariant
control. (D) IL-38 protein expression in the serum of mice injected intra-articularly with AAV GFP or AAV IL-38 was analysed by western blot. n=3
for AAV GFP and n=5 for AAV IL-38. Recombinant mouse IL-38 (rmL-38) was used as a control. (E) Clinical scores for individual hind paws are
shown after CIA induction in mice injected intra-articularly at the first signs of inflammation (day 0) with AAV GFP (grey symbols) or IL-38 (black
symbols), (n=8 per group and per time point). This experiment is representative of four independent experiments with similar results. Results are
shown as mean±SEM,*p<0.05, **p<0.01 compared with AAV GFP injected mice, as assessed by Mann-Whitney test. (F) Clinical scores for
individual hind paws in CIA mice during the peak and resolution phases of arthritis were pooled from four independent experiments. AAV GFP
injected mice are represented in grey and AAV IL-38 injected mice in black. Results are shown as box (lines for median, 25th and 75th centiles;
crosses for mean) and whiskers (minimum and maximum values). p<0.0001 was assessed using Student’s t-test.
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Figure 2 Histology and IHC of ankle sections in collagen-induced arthritis (CIA) mice after adeno-associated virus (AAV) interleukin (IL) 38
injection. (A) Histological and IHC scores were evaluated during the peak and resolution phases of arthritis on ankle sections of AAV GFP (black
dots) or AAV IL-38 (white dots) injected mice. Inflammatory, cartilage erosion and bone destruction scores were attributed for each tarsus on a scale
from 0 to 3 (H&E, toluidine blue (TB)). Within the inflammatory synovial area (exclusion of bone, bone marrow and fibrous tissue): CD45R+

(B lymphocytes) and CD3+ (T lymphocytes) cells were counted manually and are presented as number per mm2; tartrate-resistant acid phosphatase
(TRAP)+ (osteoclasts), ionized calcium-binding adapter molecule 1 (Iba1)+ (monocytes/macrophages) and Ly6G+ (granulocytes) surfaces were
determined using ImageJ software (NIH, Bethesda, MD) and are presented as % of the region of interest. Results are shown as mean±SEM,
*p<0.05 compared with AAV GFP injected mice, as assessed by Mann-Whitney test. n=5–8 for each group and time point. (B) Sections of CIA
ankles injected with AAV GFP or AAV IL-38 were stained with H&E (upper panels) or with an anti-Iba1 antibody (lower panels). Representative
images are shown. Scale bar=500 mm. Enlarged images correspond to the respective boxed areas.
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microCT analysis
Bone architecture was analysed using the high-resolution
SkyScan-1076 X-ray microCT system (SkyScan, Kartuizersweg,
Belgium).20

Cell culture
The full length human IL-38 cDNA (amino acid 1–152,
NM_032556) was subcloned into the pWPI lentiviral plasmid
under the control of the elongation factor 1-alpha (EF-1 alpha)
promoter. pWPI was a gift from Didier Trono (Addgene plasmid
# 12254). This bicistronic vector allows for simultaneous expres-
sion of the inserted transgene and an EGFP marker to facilitate
tracking of transduced cells. The EGFP marker cDNA is inserted
downstream of encephalomyocarditis virus (EMCV) internal
ribosome entry site (IRES). Lentivirus were produced in human
embryonic kidney (HEK) 293Tcells as described.21

THP-1 monocytic cells (American Type Culture Collection,
Manassas, Virginia, USA) were transduced with lentiviral parti-
cles encoding IL-38-GFP or GFP alone using a multiplicity of
infection of 5. The two cell lines obtained will be named
THP-1-IL-38 and THP-1-CT. Parental cells are named THP-1-P.
THP-1 were stimulated with phorbol 12-myristate 13-acetate
(PMA; Sigma) at 0.1 mM during 72 hours to induce differenti-
ation into active macrophages-like cells.22

M1 macrophages were obtained from PBMCs of five different
healthy donors, RA synovial fibroblasts (RA-SF) from six differ-
ent patients, as described.3

RT-qPCR analysis
Mouse tissue samples were homogenised using a DI25
Ultra-Turrax homogeniser (IKA, Staufen, Germany) in
TriReagent (Molecular Research Center, Cincinnati, Ohio,
USA). Cell cultures were scraped in TriReagent. The reverse
transcription (RT)-qPCR was carried out as described.3 Analysis
was performed using hypoxanthine-guanine phosphoribosyl-
transferase as invariant control and results were expressed as 2–
ΔCt.

Western blot, luminex and ELISA
Mouse tissue samples were homogenised using a DI25 Ultra
Turrax homogeniser in lysis buffer (Promega, Madison,
Wisconsin, USA). Cells in culture were lysed in radioimmuno-
precipitation assay (RIPA) buffer. Samples were loaded on
precast 12% Bolt mini gels (Life technologies, Waltham,

Massachusetts USA). Primary antibodies (anti-mIL-38, R&D
Systems; anti-hIL-38, R&D Systems) were used to detect pro-
teins of interest as described.20 21

ELISA tests for the detection of IL-6 and IL-23 (R&D
Systems) and Luminex assays (Merck Millipore, Billerica,
Massachusetts, USA) were performed according to the supplier’s
instructions.

Statistical analysis
Differences between groups were evaluated by the Mann-Whitney
test using GraphPad Prism V.6 software (La Jolla, California, USA).
p Values <0.05 (*) were considered statistically significant. In
figure 1F, Student’s t-test was used.

RESULTS
Local overexpression of IL-38 in AAV injected mice
As shown in figure 1A, GFP or IL-38 mRNAs were stably
expressed in the joints of mice with established CIA after
intra-articular injection of AAV GFP or IL-38. Moreover, IL-38
was overexpressed only locally in injected ankles and was
present at much lower levels in inguinal lymph nodes, spleen
and liver (figure 1B). At the protein level, IL-38 was present in
ankles of mice with CIA injected with AAV IL-38 but was not
detected in their sera (figure 1C, D). Taken together, these
results showed that our AAV were able to induce stable overex-
pression of IL-38 locally in the joint of mice during arthritis,
but not at the systemic level.

IL-38 overexpression decreases clinical score in CIA
and K/BxN STIA
To investigate the impact of IL-38 overexpression on arthritis
course, we injected AAV IL-38 or GFP (control group) into the
ankle joints of mice with CIA at the onset of arthritis. The admin-
istration of AAV IL-38 significantly reduced the clinical score
from the first day after injection. This anti-inflammatory effect
was only partial (25%–45% of inhibition depending on the time
point) and observed at the peak and resolution phases of arthritis
(figure 1E, F). Early administration of AAV IL-38 1 day before
the immunisation boost slightly reduced arthritis incidence at
early time points but this effect did not reach statistical signifi-
cance (see online supplementary figure S1A). When analysing
ankles that developed arthritis, the early administration of AAV
IL-38 significantly reduced the clinical inflammatory score from
day 5 onwards (see online supplementary figure S1B).

Figure 3 MicroCT analysis of collagen-induced arthritis (CIA) mice after adeno-associated virus (AAV) interleukin (IL) 38 injection.
(A) Three-dimensional reconstructions of paws from CIA mice using the Skyscan CtVol software. Representative non-arthritic and non-injected mice
(CT) and arthritic AAV GFP or AAV IL-38 injected paws are shown. (B) Bone destruction scores were attributed from the microCT analysis (erosion
score between 0 and 4 for the tibia, talus and navicular joints according to median, medial and lateral plans for a total score of 36), n=7 per group,
results are shown as mean±SEM.
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In K/BxN STIA, the late administration of AAV IL-38 at the
onset of arthritis also had an anti-inflammatory effect. This
effect appeared independent of the mouse strain, since the same
results were obtained in C57BL/6 (see online supplementary
figure S1F) or DBA/1 (see online supplementary figure S1G)
mice. In a third model of arthritis, the AIA model, injection of
AAV IL-38 had no significant impact on knee diameter or clin-
ical score (see online supplementary figure S1C, D) although
IL-38 was strongly overexpressed locally in injected knees (see
online supplementary figure S1E). Thus, late (see online
supplementary figure S1C, D) and early (data not shown) AAV

IL-38 injections had no significant impact in AIA while they sig-
nificantly reduced inflammation in CIA and K/BxN STIA.

The anti-inflammatory effect of IL-38 overexpression is
associated with a reduction in the monocyte/macrophage
infiltrate
Following AAV IL-38 injection, the histological inflammatory
score was significantly reduced during the resolution phase of
inflammation (figure 2A, B). This effect was only local at the
site of AAV injection (tarsus and tibiotalar joints), no effect was
observed in metatarsophalangeal joints (see online

Figure 4 Cytokines expression in paws and serum of arthritic mice after adeno-associated virus (AAV) interleukin (IL) 38 injections. (A) mRNA
expression of various inflammatory mediators was assessed in ankles from AAV GFP (black square) or AAV IL-38 (white square) injected mice with
collagen-induced arthritis (CIA) at the peak and resolution phases of arthritis, and in non-arthritic and non-injected mice (CT). The results represent
IL-1β, tumor necrosis factor alpha (TNFa), IL-6, IL-17A, IL-23p19, IL-22, chemokine (C-X-C motif ) ligand 1 (CXCL1), receptor activator of nuclear
factor kappa-B ligand (RANKL) and osteoprotegerin (OPG) mRNA expression relative to hypoxanthine-guanine phosphoribosyltransferase (HPRT),
shown as mean±SEM. *p<0.05 compared with AAV GFP injected mice, as assessed by Mann-Whitney test. (B) IL-6, TNFα and IL-22 protein
expression were assessed by Luminex assay in serum of AAV GFP (black dots) or AAV IL-38 (white dots) injected mice with CIA at the peak and
resolution phases of arthritis. *p<0.05 compared with AAV GFP injected mice, as assessed by Mann-Whitney test.
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supplementary figure S3). In contrast, no effect was observed on
bone destruction and cartilage erosion at any time point
(figure 2A). Similarly, IL-38 overexpression had no effect on
TRAP+ osteoclasts in the pannus (figure 2A). MicroCT analysis
confirmed that bone erosions were similar when mice were
injected with AAV GFP or IL-38 (figure 3A, B).

Within the inflammatory synovial area, granulocytes (Ly6G+), B
lymphocytes (CD45R+) and T lymphocytes (CD3+) were not
affected by IL-38 overexpression (figure 2A). However, the density
of Iba1+ monocytes/macrophages was significantly reduced during
the resolution phase of inflammation (figure 2A, B). In addition,
there was no difference in the serum titres of anticollagen type II
antibodies when IL-38 was overexpressed (see online
supplementary figure S2).

Thus, the anti-inflammatory effect of IL-38 overexpression
was mainly associated with a decrease of the macrophage
infiltrate.

IL-38 overexpression reduces Th17 cytokine expression
We analysed mRNA expression of major inflammatory cyto-
kines. Tumor necrosis factor alpha (TNFa) expression was not
altered during CIA, but IL-1β and IL-6 mRNA levels were
induced at the peak of inflammation (day 3) and IL-38 overex-
pression did not reduce their expression in inflamed joints.
Interestingly, IL-38 overexpression significantly reduced expres-
sion of Th17 cytokines (IL-17A, IL-23p19, IL-22), chemokine
(C-X-C motif ) ligand 1 (CXCL1) (neutrophil chemoattractant)
and receptor activator of nuclear factor kappa-B ligand
(RANKL) (osteoclastic cytokine) but not osteoprotegerin (OPG)
(RANKL decoy receptor) (figure 4A). IL-38 overexpression had
variable effects on expression of IL-36 cytokines (IL-36α, β, γ
and Ra) or Th1 cytokines (interferon gamma (IFNγ) and
IL-12p35), and did not induce anti-inflammatory cytokines such

as IL-10, IL-4 or transforming growth factor beta (TGFβ) (see
online supplementary figure S4A). Rather, IL-38 overexpression
reduced IL-10 mRNA levels (see online supplementary figure
S4A). At the serum protein level, IL-6 expression was not
altered in AAV IL-38 injected mice but TNFα, IL-22 and IL-10
expressions were significantly reduced (see figure 4B and online
supplementary figure S4B). IL-23 and IL-17A serum levels were
below the detection limits.

IL-38 overexpression in THP-1 cells also triggers an
anti-inflammatory effect
Together, the results obtained in mouse models of arthritis sug-
gested that IL-38 overexpression could mainly impact macro-
phage infiltration and their production of key cytokines and
chemokines implicated in the Th17 pathway. Thus, we next ana-
lysed whether IL-38 overexpression in the THP-1 monocytic
cell line in vitro also impacted its cytokine production. THP-1
cells were transduced with lentiviral particles to overexpress
human IL-38 (figure 5A, B). Overexpression of IL-38 in THP-1
cells significantly reduced IL-6 and IL-23p19 mRNA expression
after lipopolysaccharide (LPS) stimulation (see online
supplementary figure S5A). IL-38 overexpression also signifi-
cantly reduced LPS-induced IL-6, TNFα, IL-23 and IL-10
protein secretion by 2–2.5-fold (figure 5C, D) but IL-1β was not
affected (figure 5D).

Conditioned media from IL-38-transduced cells contain
biologically active IL-38
We next asked whether IL-38 could be released from lentivirally
transduced THP-1 cells to exert anti-inflammatory effects. IL-38
(17–18 kDa) was detected in the culture supernatants of
THP-1-IL-38 cells, but not of THP-1-CT cells (figure 6A).
Release of IL-38 was not modified by macrophage

Figure 5 Effects of lentiviral interleukin (IL) 38 overexpression in THP-1 cells. (A) IL-38 mRNA expression was measured in THP-1-CT and
THP-1-IL-38 cells differentiated with phorbol 12-myristate 13-acetate (PMA). mRNA expression is represented as 2−ΔCT relative to
hypoxanthine-guanine phosphoribosyltransferase (HPRT) and results are shown as mean±SEM. (B) IL-38 protein expression in PMA-differentiated
THP-1 cells was assessed by western blot. GAPDH, glyceraldehyde-3-phosphate dehydrogenase. (C) IL-6 secretion was assessed by ELISA in culture
supernatants of PMA-differentiated THP-1-CT (grey columns) or THP-1-IL-38 (black columns) cells stimulated for 24 hours with lipopolysaccharide
(LPS) (0.1; 1; 10; 100 ng/mL). (D) TNFα, IL-23, IL-1β and IL-10 expressions were assessed by Luminex assay in culture supernatants of
PMA-differentiated THP-1-CT (grey columns) or THP-1-IL-38 (black columns) cells stimulated for 24 hours with LPS at 100 ng/mL. Results are shown
as mean±SEM.*p<0.05 compared with THP-1-CT in the same conditions as assessed by Mann-Whitney test (C and D).
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differentiation induced by phorbol 12-myristate 13-acetate
(PMA) or LPS stimulation (data not shown).

Conditioned media from THP-1-IL-38 cells significantly
reduced IL-6, TNFα and IL-23 secretion of THP-1-P stimulated
with LPS but IL-1β secretion was not altered (figure 6B).
Moreover, conditioned media from the epithelial HEK cell line
transduced to overexpress IL-38 also reduced IL-6 secretion by
THP-1-P cells (see online supplementary figure S5B).

These results indicated that overexpressed IL-38 was
efficiently released by different cell types and that part of the
anti-inflammatory effect of IL-38 could be autocrine or
paracrine. To expand these results to cells more relevant to
RA pathogenesis, we next treated M1 macrophages from
healthy donors and RA-SF in primary culture with
IL-38-containing conditioned media. Again, the addition of
conditioned media from THP-1-IL-38 cells reduced the secre-
tion of IL-6 and IL-23 by LPS stimulated M1 macrophages

(figure 6C), as well as IL-6 secretion by RA-SF stimulated with
IL-1β (figure 6D). IL-23 expression was below the detection
limit for two M1 macrophage donors. In RA-SF, only the
IL-23p19 subunit is expressed and total IL-23 (p19+p40) could
not be detected.23

DISCUSSION
Previously, it has been shown that IL-38 deficient mice exhibit
more severe STIA than wild type mice.14 Our present study
expands these results and demonstrates for the first time that
AAV-mediated IL-38 overexpression exerted moderate but sig-
nificant anti-inflammatory effects in mice with CIA or STIA.
AAV IL-38 appeared to have similar effects after late or early
administration and to act only locally on the inflammatory infil-
trate. This effect was associated with a decreased number of
Iba1+ monocytes/macrophages in the synovial tissue, whereas
other immune cell populations were not significantly altered.

Figure 6 Effects of THP-1 conditioned media containing interleukin (IL) 38 on different cell types. (A) The release of IL-38 into the culture
supernatant by PMA-differentiated THP-1-CT and -IL-38 cells after 24, 48 or 72 hours and by human embryonic kidney (HEK)-CT and HEK-IL-38 cells
after 24 hours was detected by western blot. (B) IL-6, IL-23, TNFα and IL-1β secretion was assessed by Luminex assay in culture supernatants of
parental THP-1 (THP-1-P) cells incubated in presence or absence of LPS (10 ng/mL) and in presence of conditioned media from THP-1-CT or
THP-1-IL-38 cells (dilution 1:4) for 24 hours. ND, not detectable. (C) IL-6 and IL-23 secretions were assessed by ELISA in culture supernatants of M1
macrophages differentiated from CD14+ monocytes of five different healthy donors (IL-6) or three different donors (IL-23) and incubated in presence
or absence of LPS (10 ng/mL) and in presence of conditioned media from THP-1-CT or THP-1-IL-38 cells (dilution 1:1) for 24 hours. (D) IL-6 secretion
was assessed by ELISA in culture supernatants of rheumatoid arthritis synovial fibroblasts (RA-SF) of six different patients incubated in presence or
absence of IL-1β (100 ng/mL) and in presence of conditioned media from THP-1-CT or THP-1-IL-38 cells (dilution 1:1) for 48 hours. ELISA results are
shown as mean±SEM. * p<0.05 compared with control conditioned media as assessed by Mann-Whitney test (B). a p<0.05, b p<0.01 compared
with control conditioned media as assessed by the paired Mann-Whitney-Wilcoxon test (C-D). (E) Proposed model of IL-38 action in arthritic joint.
Overexpressed IL-38 reduces the production of several proinflammatory cytokines on macrophages and synovial fibroblasts. This could lead to
reduced generation of Th17 cells and thus reduced level of IL-17, IL-22, RANKL, and so on. This inhibition of the Th17 axis would limit osteoclast
formation and bone resorption (indicated in black). However, overexpressed IL-38 does not impact in vivo level of pro-osteoclastogenic IL-1β and
IL-6, reduced the antiosteoclastogenic cytokine IL-10 and could also have direct effects on osteoclasts (indicated in red). Overall, IL-38
overexpression does not affect bone destruction.

1306 Boutet M-A, et al. Ann Rheum Dis 2017;76:1300–1308. doi:10.1136/annrheumdis-2016-210630

http://dx.doi.org/10.1136/annrheumdis-2016-210630
http://ard.bmj.com/
http://group.bmj.com


The levels of endogenous IL-38 were increased during the reso-
lution of acute inflammation3 as previously shown for IL-1Ra,24

thus suggesting that IL-38 may act naturally as an anti-
inflammatory cytokine.

In addition to the reduced macrophage number, a significant
decrease in the expression of Th17 cytokines (IL-17, IL-22,
IL-23), TNFα and CXCL1 was observed in mice with CIA
injected with AAV IL-38. IL-17 and IL-22 are mainly produced
by Th17 cells, while IL-23 is produced by macrophages and
induce the polarisation and maintenance of Th17 cells.25 IL-17
also induces the expression of proinflammatory cytokines such
as TNFα, IL-1β or IL-6 and of chemokines such as CXCL1 or
CCL20.26 Of note, IL-38 overexpression did not induce the
production of other anti-inflammatory cytokines but reduced
significantly IL-10 expression. Our in vitro experiments indicate
that IL-38 inhibited the production of cytokines such as IL-6,
TNFα and IL-23 by THP-1 cells, M1 macrophages and RA-SF
but did not alter IL-1β expression. These effects could indirectly
influence the expression of Th17 cytokines (figure 6E). Overall,
these results are in accordance with previous studies showing
that IL-38 restricts macrophage-dependent generation of Th17
cells2 and that TNFα and IL-6 are not regulated as IL-1β in
macrophages.27 The fact that IL-38 overexpression does not
reduce IL-6 expression in CIA mice could be explained by the
numerous different cell types that produce this pleiotropic cyto-
kine in vivo, some of which being possibly not responsive to
IL-38. Moreover, IL-38 overexpression did not affect cartilage
and bone destruction even if RANKL expression was reduced
after AAV IL-38 injection in mice with CIA. This could be
explained by the very destructive character of the CIA model
and the moderate effect of full length IL-38 overexpression.

Furthermore, other cytokines whose global expression is not
altered in vivo by IL-38 overexpression, such as IL-1β or IL-6,
are known to sustain cartilage and bone destruction during arth-
ritis.28 Reduced expression of the antiosteoclastogenic cytokine
IL-10 by IL-38 would also sustain osteolysis29 and we cannot
rule out a direct effect of IL-38 on osteoclast formation or on
cartilage destruction (figure 6E). Considering IL-38 as an anti-
inflammatory cytokine, these contrasting and counterintuitive
effects now need to be better dissected.

IL-38 overexpression also reduced clinical scores in STIA.
Interestingly, the pathogenesis of STIA is independent of B cells
and T cells,30 which is consistent with the role of IL-38 on
innate immune cells such as macrophages. In contrast, IL-38
overexpression had no effect in AIA, an acute and monoarticu-
lar model of arthritis.31 Although we have no definitive explan-
ation for this finding, IL-1Ra is also not efficient in reducing the
severity of AIA, in contrast to CIA,32 indicating that mouse
models of arthritis have variable dependency on IL-1 family
members.

It remains unclear if IL-38 needs to be processed in order to
have a full biological activity. We confirmed that full length
recombinant IL-38 had no anti-inflammatory effect on multiple
cell types such as RA-SF, THP-1 or macrophages (data not
shown). It was recently demonstrated that its maturation in
apoptotic cells (cancer cells, macrophages, neutrophils) allowed
to potentiate its anti-inflammatory action, but the exact cleavage
site and the proteases involved are unknown.2 In the same
study, the authors used a truncated form of IL-38 designed
based on in silico prediction of potential cleavage site (AA 20–
152, from Adipogen, Switzerland).33 In contrast to full length
IL-38, this truncated form of IL-38 proved to have an anti-

Figure 6 (Continued)

1307Boutet M-A, et al. Ann Rheum Dis 2017;76:1300–1308. doi:10.1136/annrheumdis-2016-210630

Basic and translational research

http://ard.bmj.com/
http://group.bmj.com


inflammatory effect, especially on macrophages.2 Unfortunately,
truncated recombinant IL-38 was not commercially available for
our experiments. Here, THP-1 macrophages and HEK epithelial
cells overexpressing full length IL-38 release large amounts of
biologically active IL-38 (μg/mL range). This form of IL-38
comigrates with recombinant full length IL-38 at an apparent
molecular weight of 17–18 kDa. However, it remains possible
that a minor truncated form of IL-38 is produced, but not easily
detected by western blot, especially if only a few amino acids
are removed.2

It has been shown that IL-38 exerts anti-inflammatory effects
via binding to IL-36R and neutralisation of IL-36 cytokine sig-
nalling.15 However, subsequent studies rather indicated that
IL-38 binds to IL-1RAPL1 to limit cytokine production in a
broader inflammatory context, such as LPS stimulation of
macrophages.2 Here we showed that IL-38 present in condi-
tioned media reduced the production of inflammatory cytokines
by LPS treated macrophages and IL-1β stimulated RA-SF. These
findings further indicate that the effects of IL-38 are not specif-
ically limited to IL-36 inhibition.

This study is the first to highlight the anti-inflammatory effect
of IL-38 overexpression in vivo. This cytokine appears to act on
macrophages in the inflammatory infiltrate, reducing the expres-
sion of proinflammatory cytokines with potent indirect effects
on Th17 cytokines. Whether IL-38 should be considered as a
new therapeutic option in arthritis or other inflammatory dis-
eases deserves further experiments.
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EXTENDED REPORT

Patients with gout have short telomeres compared
with healthy participants: association of telomere
length with flare frequency and cardiovascular
disease in gout
N Vazirpanah,1,2 L B E Kienhorst,3 E Van Lochem,4 C Wichers,1,2 M Rossato,1,2

P G Shiels,5 N Dalbeth,6 L K Stamp,7 T R Merriman,8 M Janssen,4

T R D J Radstake,1,2 J CA Broen1,2

ABSTRACT
Aim and background Chronic inflammation
associates with increased senescence, which is a strong
predictor for cardiovascular disease. We hypothesised
that inflammation accelerates senescence and thereby
enhances the risk of cardiovascular disease in gout.
Methods We assessed replicative senescence by
quantifying telomere length (TL) in a discovery cohort of
145 Dutch patients with gout and 273 healthy
individuals and validated our results in 474 patients with
gout and 293 healthy participants from New Zealand.
Subsequently, we investigated the effect of
cardiovascular disease on TL of all participants. Also,
we measured TL of CD4+ and CD8+ T lymphocytes,
B lymphocytes, monocytes, natural killer cells and
plasmacytoid dendritic cells. Additionally, we assessed
the potential temporal difference in TL and telomerase
activity.
Results TL in PBMCs of healthy donors decreased over
time, reflecting normal ageing. Patients with gout
demonstrated shorter telomeres (p=0.001, R2=0.01873).
In fact, the extent of telomere erosion in patients with gout
was higher at any age compared with healthy counterparts
at any age (p<0.0001, R2=0.02847). Patients with gout
with cardiovascular disease had the shortest telomeres and
TL was an independent risk factor for cardiovascular
disease in patients with gout (p=0.001). TL was inversely
associated with the number of gouty flares (p=0.005).
Conclusions Patients with gout have shorter telomeres
than healthy participants, reflecting increased cellular
senescence. Telomere shortening was associated with the
number of flares and with cardiovascular disease in people
with gout.

INTRODUCTION
Gout is a rheumatic disease characterised by depos-
ition of monosodium urate crystals in and around
the joints, associated with elevated serum urate
levels. Gout is the most common inflammatory
arthritis in men older than 40 years and it affects
1–5% of adults in the Western populations.1–5

Patients experience recurrent episodes of acute
joint inflammation and, in the presence of persist-
ent hyperuricaemia, may also develop chronic joint
inflammation. We recently demonstrated that
patients with gout display high levels of

inflammatory mediators such as interleukin (IL)-8
even though these patients did not have clinically
apparent inflammatory disease at the time of
sample collection.6

Chronic and recurrent inflammation activates the
immune system, elevating the demand for immune
cells, damaging tissues and forcing cell replication.
This can ultimately eventuate a state of replicative sen-
escence in most cells. Replicative senescence is when
cells can no longer divide to form new cells. These
senescent cells secrete pro-inflammatory markers such
as IL-6 and IL-1a.7 The most commonly used marker
for replicative senescence is telomere length (TL).
Telomeres function as a non-coding protective end
region of chromosomes. Due to the DNA end-
replication inefficiency of polymerases, chromosomes
shorten every cell division. After a certain number of
divisions, the threshold of attrition is reached, cell-
cycle arrest occurs and eventuates the senescent state.
Telomeres therefore are indicative of the number of
divisions the cell lineage has undergone and are a
measure of replicative senescence.
Since recurrent and chronic inflammation leads

to replicative senescence, which in turn contributes
to a pro-inflammatory environment, measuring rep-
licative senescence by TL has been a subject of scru-
tiny in inflammatory diseases.8 Telomere shortening
has been repeatedly associated with multiple
inflammatory diseases. Previously, TL has been
associated with lifespan, although this remains con-
troversial, and with cardiovascular disease.9 The
latter association has been recently substantiated in
a large meta-analysis including >50 000 indivi-
duals.10 This study showed a significantly increased
relative risk for developing cardiovascular and cere-
brovascular disease in the tertile of the population
with the shortest telomeres. Causality between sen-
escence and cardiovascular diseases is supported by
the presence of a high number of senescent cells in
atherosclerotic plaques, enhancing inflammation
and decreasing recovery potential. Endothelial
cells, vascular smooth muscle cells (VSMCs) and
immune cells are involved. The reduced prolifera-
tive capacity of endothelial cells and VSMCs,
together with the pro-inflammatory environment,
leads to plaque instability, preluding vascular
events.11–13
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Gout is often accompanied by cardiovascular comorbid condi-
tions including myocardial infarction (MI) and cerebrovascular
events, which lead to an increased morbidity and decreased life
span.14 15 Gout is also associated with metabolic syndrome, dia-
betes and renal failure, which in turn are predictors for cardio-
vascular disease. However, patients with gout remain at higher
risk for developing cardiovascular disease after correction for
these variables.16

We hypothesise that chronic and recurrent acute inflammation
in gout accelerates replicative senescence, increasing the risk of
cardiovascular disease. That is, patients with gout with the
highest burden of replicative senescence will also have the
highest burden of cardiovascular disease. To test our hypothesis,
we investigated the most studied hallmark of replicative senes-
cence, TL of PBMCs in two independent cohorts consisting of
patients with gout and healthy individuals, both with and
without cardiovascular disease. Also, we investigated telomere
dynamics in various immune cell subsets, scrutinised TL in a
follow-up cohort and quantified human telomerase reverse tran-
scriptase (hTERT) (encoding human telomere reverse transcript-
ase) gene expression.

METHODS
Discovery cohort and validation cohort
In our discovery cohort, we compared TL of PBMCs in 145
patients with gout with 273 Dutch participants (see online
supplementary table S1). In our validation cohort, we assessed
TL in PBMCs collected from 474 Caucasian patients with gout
and 293 healthy participants participating from New Zealand
(see online supplementary table S1).

This study was performed according to the guidelines of the
Declaration of Helsinki and meets the ethical approval of the
Ethical and Review committee of the University Medical Centre
of Utrecht, Rijnstate Hospital, in Arnhem (both the
Netherlands) and the Multi-Region Ethics Committee in New
Zealand. All the participants in this study gave their informed
consent to participate.

Isolation of mononuclear immune cell subsets
Mononuclear cell subsets were sorted from total PBMCs isolated
by Ficoll (Ficoll-Paque Plus, GE Healthcare) from peripheral
blood of 10 Dutch patients with gout and 11 healthy participants
(see online supplementary table S3). Sorting the mononuclear
cell subsets was performed using fluorescence-activated cell
sorting (FACSAria_III, BD Biosciences) to separate the cells
according to the expression of cellular surface molecules; CD3+/
CD56−/CD4+ for T helper lymphocytes, CD3+/CD56−/CD8+

for cytotoxic T lymphocytes, CD19+/CD20+ for B lymphocytes,
CD14+ monocytes, CD3−/CD56+ natural killer (NK) cells and
CD123 (IL3RA)+/ CD304 (BDCA4)+ plasmacytoid dendritic
cells (pDCs).

TL measurements
DNA of PBMCs was extracted using a standard salting-out
protocol. Absolute TL quantification17 modified with synthetic
standards as described by O’Connell et al18 was performed
using the quantitative PCR method.

hTERT gene expression
hTERT gene expression level was quantified using synthesised
cDNA (Biorad iScript kit) from RNA that was extracted from
the PBMCs. Patients with gout (N=64) and healthy participants
(N=89) from the Dutch cohort were randomly chosen.
Quantstudio QPCR apparatus with TaqMan assay (Applied

Biosystems) were used to perform QPCR under conditions as
specified by the manufacturer. To normalise the hTERT gene
expression, the housekeeping GUSB and GAPDH genes were
included. A similar method was used to assess hTERT gene
expression in 10 patients with gout and 11 healthy participants
immune cell subtypes separately.

Statistical analyses
For statistical analysis, IBM SPSS Statistics V.23 (SPSS, Chicago,
Illinois 60606 USA) and GraphPad Prism V.6 (GraphPad
Software, San Diego, California, USA) applications were
applied. TL (in kilobase pairs) of patients with gout and healthy
participants were log-transformed to normalise the distribution.
A two-tailed t-test was used when appropriate with Welch’s cor-
rection for comparing the unequal variances between the
groups. Three independent linear regression models were
applied to separately estimate (a) the interpolation between TL
and age, gender, smoking, cardiovascular disease, heart failure,
stroke (non-fatal), MI (non-fatal), angina pectoris, systolic and
diastolic blood pressure, body mass index (BMI) (kg/m2), serum
UA level (mmol/L) and creatinine level (mmol/L) in patients and
healthy individuals; (b) the association between TL and the pres-
ence of cardiovascular events (heart failure, stroke (non-fatal),
MI (non-fatal), angina pectoris and age) severally in individuals
with gout; and (C) the relation between TL and gout hallmarks
including attack frequency, age at the first attack, disease dur-
ation, serum UA level (mmol/L) and creatinine level (mmol/L)
severally in patients group (table 2).

In addition, the difference in TL between gout patients with
or without cardiovascular events (a) and separately the associ-
ation between flare frequency and cardiovascular events (angina
pectoris, heart failure, MI (non-fatal) and stroke (non-fatal)) (b)
is represented in online supplementary table S4. Univariate ana-
lysis was performed to examine the effect of variables such as
gender, age, smoking, BMI and creatinine levels on TL (see
online supplementary table 5). Where appropriate, two-tailed
Pearson’s or Spearman’s bivariate correlations were applied to
assess the correlation between the variables (p<0.05). The
Bonferroni correction was applied to account for multiple
testing.

RESULTS
Demographics
Baseline characteristics of participants from the Netherlands and
New Zealand are summarised in table 1.

PBMCs from patients with gout have shorter telomeres
compared with their healthy counterparts in two unrelated
cohorts
Within our Dutch discovery cohort, we analysed the TL of
PBMCs of 273 healthy participants and 145 patients with gout
and correlated the results with their age in year. The TL in
patients with gout was significantly shorter than healthy partici-
pants (see online supplementary table S1). In patients with gout,
linear regression analyses demonstrated no association between
age and TL (p>0.05, R2=0.002853) (telomere shortenin-
g=0.002082*age+4.01). This was in contrast to the significant
inverse/negative correlation between TL and age in healthy par-
ticipants (p<0.0001, R2=0.3721) (telomere shortening=
−0.02180*age+5.31) (see online supplementary figure S1).

Next our results in the independent cohort of New Zealand
Caucasian showed that TL was significantly shorter in patients
with gout (N=474) compared with healthy participants
(N=293) (see online supplementary table S2). Moreover, we
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found a negative association between TL and age in patients
with gout (p=0.0014, R2=0.02276) (telomere erosion=
−0.004926*age+3.51). In healthy participants, we found a
negative association with age (p<0.0001, R2=0.111) (telomere
erosion=−0.01089*age+3.94) (see online supplementary table
S2 and figure S2).

Given the similarities in TL of PBMCs in both the discovery and
replication cohort, we pooled the data (figure 1). When corrected
for age, patients with gout have significantly shorter telomeres in
PBMCs compared with healthy participants (p<0.0001). TL cor-
relates negatively with age in patients with gout (p=0.0010,
R2=0.01873) (TL=−0.006084*X+3.79). Similarly, PBMCs TL
in healthy participants were inversely correlated with age
(p<0.0001, R2=0.02847) (TL=−0.006349*X+3.99).

Finally, we had access to follow-up data on TL from nine
patients with gout involved in the Dutch cohort of whom
88.90% were male 46–87 years old with a median age of
63 years. The time period between the inclusion date and the
follow-up at the second time point was from 1 to 11 months
with an average of 4.33 months. There was no (p=0.34) change
in TL of the same patients with gout measured at two different
time points (T1=4.20 kbp and T2=4.29 kbp).

Gout and cardiovascular disease have an independent
and cumulative effect on telomere attrition
Since gout is strongly associated with cardiovascular disease,
and cardiovascular disease has been associated with shorter telo-
meres, we investigated their separate effects. We included both
patients with gout and participants with chronic heart disease,
non-fatal MI, non-fatal stroke and angina pectoris (figure 2).
Consistent with previous reports, healthy participants without
cardiovascular disease had longer telomeres (p=0.04) compared

with healthy participants with cardiovascular disorders. The
presence of cardiovascular disease in patients with gout resulted
in significantly shorter telomeres (p=0.0001) compared with
individuals with gout only. Moreover, TL in patients with gout
without cardiovascular disease was shorter (p=0.0037) com-
pared with matched healthy individuals (figure 2).
Consequently, both gout and cardiovascular disease eventuated
even shorter telomeres compared with healthy participants
(p=0.005). Patients with cardiovascular disease concomitant
with gout demonstrated shorter telomeres (p<0.0001) com-
pared with healthy individuals without any comorbidities.

In the linear regression model involving both patients with
gout and healthy individuals, gout (p=0.008), cardiovascular
disease (p=0.023) and heart failure (p=0.01) were independ-
ently influencing TL (table 2A). Of note, although all the con-
tinuous variables mentioned in table 2 were included in this
model, gout, cardiovascular disease and heart failure remained
in the model as significantly associated with TL. Moreover, in a
linear regression model, cardiovascular disease (p=0.001) and
MI (p=0.016) influenced telomere attrition in the gout popula-
tion (table 2B). Additionally, in a separately performed inde-
pendent linear regression model, the age at the first gout event
(p=0.04), frequency of gouty flares (p=0.005) and the disease
duration (p=0.035) were the most significant hallmarks of gout
associating with shorter telomeres (table 2C).

Furthermore, analysis revealed significantly shorter telomeres
in patients with gout and cardiovascular events compared with
gout patients without cardiovascular events (see online
supplementary table S4A). According to the linear regression
model, however, there was no association between the flare fre-
quency and cardiovascular events in patients with gout (see
online supplementary table S4B).

Table 1 Baseline characteristics of Dutch and New Zealand patients and healthy participants

Gout (n=619) Healthy participants (n=566) p Value

Male, n (%) 489 (79.00) 398 (70.32) 0.247

Age (mean±SD) 62.8±14.15 59.60±13.67 0.0001

Age at the first flare (mean±SD) 51.12±16.75 – –

Disease duration (year) (mean±SD) 12.90±12.28 – –

Colchicine (yes), n (%) 254 (50.50) 1 (0.17) 0.247

Non-steroidal anti-inflammatory drug (yes), n (%) 353 (75.50) 2 (0.35) 0.433

Allopurinol (yes), n (%) (mean 200 mg/day) 337 (67.10) 1 (0.17) 0.0001

Corticosteroids (yes) n (%) 197 (40.20) 1 (0.17) 0.643

CVD (yes/no) n (%) 270 (43.62) 43 (7.59) 0.0001

Diabetes (type 2) (yes), n (%) 87 (14.02) 19 (3.36) 0.0001

Stroke (yes/no), n (%) 43 (6.95) 67 (11.83) 0.0001

Myocardial infarction (non-fatal) (yes), n (%) 70 (8.60) 66 (11.60) 0.054

Heart failure (yes), n (%) 70 (11.31) 64 (11.31) 0.270

Angina pectoris (yes), n (%) 37 (5.98) 7 (1.24) 0.0001

Creatinine level (mmol/L) (mean±SD) 105.73 (±39.38) 93.44 (±30.29) 0.0001

Body mass index (kg/m2) (mean±SD) 29.73 (±5.60) 28 (±6.37) 0.0001

Smoking (yes) n (%) 51 (8.24) 5 (0.90) 0.0001

Serum urate (mmol/L) (mean±SD) 0.43 (±0.13) 0.35 (±0.10) 0.0001

Total number of flares per year (mean±SD) 8.75±(12.67) – –

Presence of tophi (yes/no), n (%) 116 (21.40) – –

Systolic blood pressure (mm Hg) (mean±SD) 139.90 (±20.55) 136 (±17.64) 0.039

Diastolic blood pressure (mm Hg) (mean±SD) 80.40 (±11.83) 80.00 (±9.62) 0.559

Telomere length (total leucocytes) (mean±SD) 5924.90 (±8617.76) 8242.70 (±8482.00) 0.0001

The data are presented as mean±SD. The significance of the association between the two classified subgroups of gout and healthy participants was tested using Fisher’s exact test
(categorical values) and Mann-Whitney U test (non-parametrical continues values) (p<0.05).
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Treatment might inhibit inflammation-induced telomere
erosion in immune cells of patients with gout
Since the majority of patients with gout were receiving anti-
inflammatory and/or urate-lowering treatment, we tested if any
treatment had any effect on the extent of telomeres. The treatment
included allopurinol (mean 200 mg/day), colchicine, corticoster-
oids, non-steroidal anti-inflammatory drugs or a combination of
these drugs. There was no significant difference between TL of

treated (TL(±SD)=2301±2333.79) and untreated patients (TL
(±SD)=2998±5166.92) (N=23) (p=0.584). The insignificant
difference in TL might be due to low number of untreated
patients. Since the patients were treated with more than one drug,
any drug specific effect on the extent of TL was intractable.

Telomere shortening is not specific for certain immune
cell subsets
To identify immune cells with a dominant effect on the complica-
tions associated with senescence, we investigated the percentage
and TL of mononuclear cell subsets of 10 healthy participants
and 10 patients with gout (see online supplementary table S3).

In patients with gout, there were no significant differences in
CD4+ T lymphocytes (24.42%), CD8+ cytotoxic T lympho-
cytes (6.74%), CD19+ B lymphocytes (7.02%), CD14+ mono-
cytes (7.75%), NK cells (7.92%) and CD123+/CD304+ pDCs
(0.02%) of patients with gout compared with healthy partici-
pants’ cell subsets that were 33.19% (p=0.11), 8.98%
(p=0.061), 10.07% (p=0.157), 6.28% (p=0.90), 7.38%
(p=0.52) and 0.11% (p=0.8) respectively (Mann-Whitney U
test, p<0.05).

Moreover, CD19+ B lymphocytes of patients with gout had
the longest telomeres and CD123+/CD304+ pDCs the shortest.
The longest and shortest telomeres in healthy participants were
also respectively in CD19+ B lymphocytes and CD123+/
CD304+ pDCs. In direct comparison between cell subsets from
patients with gout and healthy individuals, we did not observe a
significant difference in TL.

Figure 2 Log-transformed leucocytes’ telomere length (kbp) of
pooled Dutch and New Zealand patients with gout and healthy
participants stratified according to (A) cardiovascular disease (CVD)
(yes/no) and (B) the level of creatinine (mmol/L). (A) Leucocytes’
telomere length of patients with gout (N=325) and healthy participants
(N=183) without (–) or with (+) (N gout=294) (N healthy
participant=383) CVD (chronic heart disease, non-fatal stroke, non-fatal
myocardial infarction and angina pectoris) is represented. (B)
Leucocytes’ telomere length of patients with gout and healthy
participants stratified according to the plasma level of creatinine
(mmol/L). The threshold of plasma creatinine was set at 100 mmol/L
and below the threshold, creatinine levels of patients with gout and
healthy participants are represented as normal (filled/empty bullets)
and subsequently above the threshold are represented as high. (N gout
normal creatinine=219) (N gout high creatinine =214) (N HC normal
creatinine =208) (N HC high creatinine =92). Box plot is represented
with minimum and maximum range. Statistical differences were tested
using Mann-Whitney U test (*p<0.05 was considered as significant).

Figure 1 Log-transformed telomere length (kbp) of PBMCs of
patients with gout and healthy participants consistent with age (years).
Patients with gout (filled dots) (N=619) have shorter telomeres at
young age and the telomere length remains short in older patients with
gout (p=0.001). Young healthy participants (empty dots) (N=566)
represent longer telomere compared with older individuals (p<0.0001).
Overall telomere length of patients with gout is significantly shorter
compared with healthy participants (p<0.0001). Statistical analysis
between the two groups was performed using two-tailed Student’s
t-test (Mann–Whitney correction). Correlation between telomere length
and age was tested through linear regression model.

Table 2 Multiple linear regression models for telomere length (TL)
measurements in patients and healthy participants

Number of
participants Standardised β SE p Value

A

Gout 619 −0.23 0.01 0.008

Cardiovascular disease 313 −0.19 0.02 0.023

Heart failure 134 −0.22 0.01 0.010

B

Cardiovascular disease 270 −0.55 0.02 0.001

Myocardial infarction (non-fatal) 70 −0.40 0.01 0.016

Mean±SD Standardised β SE p Value

C

Multiple number of flares 8.75±12.67 −0.30 2.02 0.005

Age at the first attack 51.12±16.75 −0.05 0.71 0.040

Disease duration 12.90±12.28 −0.22 0.52 0.035

(A) demonstrates the variables significantly associated with TL involving patients with
gout and healthy individuals assessed using multiple linear regression model. Age,
gender, smoking, cardiovascular disease, heart failure, stroke (non-fatal), myocardial
infarction (non-fatal), angina pectoris, systolic and diastolic blood pressure, body mass
index (kg/m2), serum UA level (mmol/L) and creatinine level (mmol/L) were included in
the model as independent variables (p<0.05).
(B) includes the results of multiple linear regression analysis associating TL with
cardiovascular events (heart failure, stroke (non-fatal), myocardial infarction (non-fatal),
angina pectoris and age) only in individuals with gout (p<0.05).
(C) represents multiple linear regression analysis results where the association between
TL and gout hallmarks (attack frequency, age at the first attack, disease duration, serum
UA level (mmol/L), creatinine level (mmol/L)) was tested (p<0.05).
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Telomerase activity is similar in patients with gout and
healthy participants
There was no correlation between hTERT gene expression level
and TL in total PBMCs. There was no significant difference in
the mean fold change of hTERT expression level of patients
with gout (p=0.921, R2=0.013) and healthy participants
(p=0.087, R2=−0.264) (figure 3). Similarly, there was no cor-
relation between hTERT gene expression level and TL of the
immune cell subset (see online supplementary table S3).

DISCUSSION
In this study, we show that patients with gout have shorter telo-
meres than healthy participants, reflecting increased cellular sen-
escence. Telomere shortening was strongly associated with the
number of gouty flares. Both gout and cardiovascular disease
were independently associated with shorter telomeres. This is to
our knowledge the first study to show telomere erosion in
patients with gout compared with healthy participants.

There are several strengths of this study that minimise the risk
of chance observation or population bias. We exploited an inde-
pendent replication cohort where DNA material was isolated and
measured using a similar protocol. We observed intriguing TL
differences in participants of both Dutch and New Zealand
cohorts. It has been described previously that there are large dif-
ferences in TL between Caucasians from different European
descent. For instance, telomeres of inhabitants from Belgium
have been shown to be sixfold longer compared with inhabitants
from Italy and are approximately twice as long as inhabitants
from the UK, Ireland and Scotland.19 20 Since the Caucasians
from New Zealand have ancestors primarily from Britain and the
Dutch are more closely related to the Belgians, our findings are
most likely caused by an ancestral difference.20–22

To rule out an effect of differences in telomere maintenance
between patients with gout and healthy participants, we tested
hTERT gene expression, which has been shown to be a reliant
proxy marker to measure telomerase activity.22 We assessed
hTERT gene expression in PBMCs and cell subsets of patients

with gout and healthy individuals. We did not observe any dif-
ference in hTERT gene expression level that underscores any
bias due to telomerase activity as very unlikely. To minimise
technical issues, we used the same protocols and same machines
to measure TL.

To elucidate more details on underlying facets contributing to
telomere attrition in gout, we quantified absolute TL in CD4+

and CD8+ T cells, CD19+ B cells, CD14+ monocytes, NK cells
and pDCs in patients with gout and matched healthy partici-
pants. TL of CD4+ and CD8+ T cells, CD19+ B cells, CD14+

monocytes, NK cells and pDCs showed no significant differ-
ence. In immune cell-subtypes of patients with gout, telomere
shortening showed a slightly declining trend compared with
healthy participants. However, the number of included partici-
pants is insufficient to empower us to draw definite conclusions
from these results. Multiple research groups have corroborated
a strong link between chronic inflammation and decrease of TL
in cell subsets. For instance, studies on HIV elucidated the link
between chronic infection and telomere attrition in CD4+ and
CD8+ T cells.23 24 The replicative senescence of T lymphocytes
is not limited to HIV since it is broadly investigated in associ-
ation with malignancies,25 autoimmune disorders26 and envir-
onmental mediators.27 28 In autoimmune diseases, telomere
erosion in lymphocytes has been less well delineated. Telomere
erosion in CD14+ monocytes, however, was shown to be signifi-
cantly associated with pro-inflammatory behaviour and, of high
relevance for our findings, thereby accelerated atherosclerotic
plaque formation.29 In the elderly, diminished NK cell function
was significantly associated with the extent of telomere
erosion.30 31 The literature describing telomere attrition in
pDCs is rather poor and requires additional investigations.
Taken together, it is known from the literature that TL of
various immune cell subsets can be impacted when chronic or
recurrent inflammation is present. In our study, we could not
pinpoint a single cell subset responsible for the shortening of
telomeres as observed in the PBMCs from the gout population.
Since the effects on TL difference in PBMCs only came appar-
ent in a large cohort with hundreds of patients, we believe that
our lack of findings is most likely caused by a lack of power in
the subset analyses. On the other hand, since we observe such
similar findings between subsets, it seems to indicate that there
is not one single cell subset responsible for a large effect on TL
in the whole PBMC population. The latter might point to a
more generalisable effect in the cell subset populations.
Additionally, the shifting of naive T lymphocytes towards a
memory-like subset remains to be delineated whereby the CD28
marker repertoire might be indicative of chronic
inflammation-induced activation in T lymphocytes.32

We conclude that the shorter telomeres observed in the gout
population are most likely caused by increased PBMCs turnover
due to ongoing or frequent inflammatory episodes. This is con-
sistent with association of reduced TL with increased flare fre-
quency. In various tissues and cell-subtypes, accelerated cell
turnover is inversely associated with replicative senescence. In
disorders involving accelerated oxidative injury and chronic
immune system activation as the main manifestation, such as sys-
temic lupus erythematosus,33 rheumatoid arthritis32 and sys-
temic sclerosis,34 enhanced cell turnover and telomere erosion
has been extensively described. Furthermore, we observed no
significant TL difference in treated patients with gout compared
with patients without treatment. In addition, patients with the
most frequent flares had the shortest telomeres. This might
indirectly imply a modulating effect of inflammation on TL and
thereby replicative senescence.

Figure 3 Log human telomerase reverse transcriptase (hTERT) gene
expression level (FC) of Dutch patients with gout, measured using
PBMCs’ RNA and quantitative PCR method. hTERT gene expression
levels between patients with gout (N=64) and healthy participants
(N=89) are not significant (statistical differences were tested using
Mann-Whitney U test) (*p<0.05 was considered as significant). Error
bars represent box plot with minimum and maximum range.
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The results of our study underline the strong association
between inflammation, senescence and cardiovascular disease, as
suggested previously.35 Recently, it has become apparent that
rheumatic diseases confer risk of cardiovascular disease develop-
ment. In rheumatoid arthritis, this risk approaches the risk of
patients with diabetes.36 The pathogenesis of this increased risk
is largely enigmatic, but is proposed to arise from a chronic
inflammatory environment, causing vascular damage and plaque
formation.37 38 The occurrence of atherosclerotic plaques has
been related to an increasing chronological age.11 On the other
hand, there is a large role for biological ageing as well, which
has been demonstrated by the influx of pro-inflammatory senes-
cent immune cells in the plaque contributing to plaque instabil-
ity and rupture and eventually cardiovascular and
cerebrovascular events.39 The connection between replicative
senescence and the presence of cardiovascular disease has been
described before in the literature.40 Likewise, the prevalence of
MI in the elderly with shorter leucocytes’ TL is about three
times higher.40–42 A recent systemic review confirmed this asso-
ciation by combining the telomere data and vascular morbidity
of >50 000 individuals.10

In summary, we present decreased TL as a feature of gout and
confirm TL as an independent factor associated with flare fre-
quency and cardiovascular disease. These data suggest that
intensive treatment of gout may prevent replicative senescence
and subsequently reduce the associated cardiovascular risk.
However, large prospective studies are needed to test this
possibility.
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ConCise report

A rare coding allele in IFIH1 is protective for 
psoriatic arthritis
Ashley Budu-Aggrey,1,2 John Bowes,1 philip e stuart,3 Matthew Zawistowski,4 
Lam C tsoi,3,4 rajan nair,3 Deepak rohit Jadon,5,6 neil McHugh,5,7 
eleanor Korendowych,5 James t elder,3,8 Anne Barton,1,2 soumya raychaudhuri1,2,9,10

ABstrAct
Objectives psoriatic arthritis (psA) is an inflammatory 
arthritis associated with psoriasis. While many common 
risk alleles have been reported for association with psA 
as well as psoriasis, few rare coding alleles have yet been 
identified.
Methods to identify rare coding variation associated 
with psA risk or protection, we genotyped 41 267 
variants with the exome chip and investigated 
association within an initial cohort of 1980 psA cases 
and 5913 controls. Genotype data for an independent 
cohort of 2234 psA cases and 5708 controls was also 
made available, allowing for a meta-analysis to be 
performed with the discovery dataset.
results We identified an association with the rare 
variant rs35667974 (p=2.39x10−6, or=0.47), encoding 
an ile923Val amino acid change in the IFIH1 gene 
protein product. the association was reproduced in 
our independent cohort, which reached a high level of 
significance on meta-analysis with the discovery and 
replication datasets (p=4.67x10−10). We identified a 
strong association with IFIH1 when performing multiple-
variant analysis (p=6.77x10−6), and found evidence of 
independent effects between the rare allele and the 
common psA variant at the same locus.
conclusion For the first time, we report a rare coding 
allele in IFIH1 to be protective for psA. this rare allele has 
also been identified to have the same direction of effect 
on type i diabetes and psoriasis. While this association 
further supports existing evidence for IFIH1 as a causal 
gene for psA, mechanistic studies will need to be 
pursued to confirm that IFIH1 is indeed causal.

IntrOductIOn
In approximately 6%–42% of cases psoriasis is 
associated with an inflammatory arthritis,1 psoriatic 
arthritis (PsA), which includes joint inflammation, 
involving primarily the distal interphalangeal (DIP) 
joints, entheses and sacroiliac joints. As patients 
typically test negative for rheumatoid factor, PsA 
is considered one of the spondyloarthropathies.1 
Patients with PsA have a worse quality of life than 
patients with psoriatic skin disease alone.2 PsA may 
demonstrate a greater genetic component than 
psoriasis; a recent family study among first-degree 
relatives estimated a sibling recurrence risk (λs) 
between 30 and 40, greater than that of psoriasis, 
where the recurrence risk is between 4 and 10.3 4

Genome-wide association studies have identi-
fied common risk alleles that are associated with 

both psoriasis and PsA.5–10 Familial studies11 and 
case-control studies12 have reported rare missense 
alleles in CARD14 that confer strong risk of psori-
asis, but to date no rare coding alleles have been 
identified for PsA risk. As rare coding variants are 
more likely to result in an interpretable functional 
effect, they might more easily provide insight into 
the mechanism of disease than known common 
variants associated with psoriasis and PsA. If rare 
alleles are protective, have a strong effect and result 
in loss of gene function, they could be flagging 
promising drug targets.13 For example, the Y142X, 
C679X and R46L alleles in PCSK9 identified this 
gene as a promising drug target for lipid modifica-
tion.14 15

To identify rare alleles that are associated with PsA 
(MAF<0.05), we queried the exome by analysing 
1980 PsA cases and 5913 healthy controls that 
were genotyped using the Illumina HumanExome 
chip and HumanCoreExome chip. In doing so, we 
report an association with a rare coding variant at 
the IFIH1 locus.

MethOds
study sample description
We recruited a total of 2384 patients with PsA and 
5946 healthy individuals in this study following 
approval of the research ethics committee (MRES 
99/8/84), as described previously.16 All participants 
were the UK Caucasians and had provided written 
informed consent.

Genotyping
We genotyped DNA samples using the Infinium 
HumanExome-12 BeadChip (V.1-0) (Illumina) 
and the Infinium HumanCoreExome-24 Bead-
Chip (V.1-0) (Illumina) (see online supplementary 
table 1), where 691 cases and all control samples 
were genotyped with the HumanExome chip, and 
the remaining 1693 cases were genotyped with 
the HumanCoreExome chip within the Arthritis 
Research UK Centre for Genetics and Genomics at 
The University of Manchester.

Genotype calling and quality control
We performed genotype calling and clustering with 
the GenomeStudio Data Analysis software (Geno-
typing Module V.1.8.4). We carried out initial geno-
type clustering to identify and exclude samples with 
a genotyping call rate <98%. We then performed 
automated reclustering of the remaining samples to 
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obtain more accurate genotype clusters. As we were concerned 
that rare variants may be incorrectly clustered, we conducted an 
extensive manual review of clusters. We reviewed variants that 
were filtered based on cluster separation (<0.4), signal intensity 
(<1.0) and allele frequency, where we identified variants that 
had failed genotyping, and those that had been incorrectly called 
as ‘missing’.

statistical quality control
We identified duplicated samples and related individuals using 
identity-by-descent with PLINK software (see online supplemen-
tary table 2). We also performed principal component analysis 
with the EIGENSOFT software package (V.6.0.1), to identify 
and exclude samples with divergent ancestry (see online supple-
mentary figure 1, supplementary table 2). Principal components 
were calculated with a set of linkage disequilibrium (LD)-pruned 
single nucleotide polymorphisms (SNPs) (n=13 444). We 
excluded monomorphic, Y chromosome, pseudoautosomal, 
mitochondrial and variants within the human leukocyte antigen 
(HLA) region, as well as variants with a call rate <100% in 
order to ensure high quality of the data. We also excluded SNPs 
found to significantly deviate from Hardy-Weinberg equilibrium 
(<1.0×10−6) among the control samples.

To prevent any bias due to differences in genotyping between 
the two platforms used in this study, we excluded all variants 
with evidence of case allele frequency differences between the 
two platforms (p<0.05) (see online supplementary figure 2). We 
also excluded variants with an allele count of 0 among either 
of the case cohorts or the control samples. Furthermore, we 
excluded rare variants showing evidence of genotyping bias by 
assessing the allele counts of cases and controls for each geno-
typing platform used.

replication dataset
We used an independent cohort of 2234 PsA cases and 5708 
controls to replicate our findings. Briefly, people of European 
Caucasian ancestry were collected in North America and Sweden, 
and were genotyped using the Affymetrix Axiom Biobank Plus 
Genotyping Array. More details of this cohort, as well as quality 
control procedures applied to the genotype data, have been 
described previously.17

Association testing
We performed single-point analysis using the Fisher's exact test 
in PLINK with all SNPs passing quality control, and separately 
for rare variants. We calculated genomic inflation for all vari-
ants, and separately for rare and common variants alone, where 
we created a null SNP set (n=13 106) with the common vari-
ants and excluded previously reported psoriasis loci (see online 
supplementary figures 3–5). We performed multiple-variant 
testing with the rare variants using SKAT analysis in R. We used 
the Firth logistic regression test (with four principal components 
as covariates) for association analysis of the replication cohort. 
In our replication cohort, principal components had been calcu-
lated with a set of LD-pruned SNPs, where known psoriasis loci 
had been excluded (n=11 005). We performed a meta-analysis 
with the discovery and independent cohort data assuming an 
inverse-variance fixed-effects model. The choice of methods to 
perform the single-variant analysis was based on their suitability 
for analysing rare variants.

IFIH1 conditional analysis and conditional haplotype analysis
At the IFIH1 locus, we performed conditional logistic regression 
in PLINK to test for independence between the rare (Ile923Val) 

and common (rs984971) variants using PsA Immunochip geno-
type data (1962 cases, 8923 controls). We also used this dataset 
to construct haplotypes in PLINK to test for association with 
PsA, where we calculated OR and 95% CIs. We performed 
conditional haplotype analysis based on a likelihood ratio, to test 
for an effect of Ile923Val independent from that of rs984971.

results
After quality control, we examined genotype data for 41 267 
non-HLA variants in 1980 cases and 5913 controls (see online 
supplementary table 3). We excluded more case samples compared 
with controls due to the overlap of case samples that were geno-
typed on both platforms. We carried out single-point analysis using 
the Fisher's exact test to identify associations with PsA. Unsur-
prisingly, we observed evidence of association in our cohort at 
known PsA alleles (see online supplementary table 4), including the 
rs33980500 SNP at TRAF3IP2 (p=3.9×10−18). After removing 
these known associations, we observed only modest genomic infla-
tion (λ=1.06, λ1000,1000=1.02), suggesting little evidence of popula-
tion stratification (see online supplementary figure 4).

We conducted a single-point analysis for a total of 27 066 rare 
variants alone (MAF<0.05, λ=0.79) (see online supplementary 
figure 5). The strongest association we found was with the SNP 
rs35667974 (p=2.39×10−6, OR=0.47) (see online supplemen-
tary figures 6 and 7, supplementary table 5), mapping to IFIH1; 
this variant causes a missense mutation, resulting in an amino 
acid substitution of valine for isoleucine (Ile923Val). Of the 18 
variants taken forward for replication (p<1.0×10−3), we only 
found the Ile923Val association to replicate within our inde-
pendent cohort (p=3.5×10−5, OR=0.49), based on a Bonfer-
roni-corrected p value threshold of 2.78×10–3 (=0.05/18, see 
online supplementary tables 6 and 7). On meta-analysis with 
the discovery and replication datasets, we found the association 
with the Ile923Val allele to exceed genome-wide significance 
(p=4.78×10-10). We performed multiple-variant analysis to 
assess allele counts among genes and obtained further evidence 
to support the association of IFIH1 with PsA (p=6.77×10−6, 
Bonferroni-corrected p value threshold=5.60×10−6, based on 
the number of genes tested) (see online supplementary table 8).

Independent effects at the IFIH1 locus
A common variant at IFIH1 has been previously reported as 
associated with PsA in our recent Immunochip study.9 When 
performing single-point analysis with the Immunochip dataset, 
we found evidence for an independent signal within the locus. In 
that study, we observed that Ile923Val obtained nominal signifi-
cance after conditional analysis (figure 1). We also observed this 
association to be stronger than that previously reported for the 
common variant at the same locus, rs984971 (p=3.62×10−6). 
When we performed conditional logistic regression, the 
Ile923Val variant remained associated with PsA (p<0.05) while 
conditioning on rs984971 (pcond=4.0×10−6) (figure 1). Like-
wise, the SNP rs984971 remained associated with PsA when 
we conditioned on the Ile923Val variant (pcond=1.6×10−4)
(figure 1). This gives evidence of the independent effects of the 
two variants. We performed conditional haplotype analysis using 
haplotypes constructed with both variants (figure 2). Here, we 
found that the derived haplotype containing Ile923Val (CG) 
has a significantly greater protective effect compared with that 
containing the derived allele at rs984971 (TA), relative to the 
ancestral haplotype (TG) (p=6.36×10−11 vs pcond=2.95×10−7).
This confirms that the association with the rare IFIH1 variant is 
not driven by the common rs984971 variant.
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dIscussIOn
We have identified a PsA association with the rare coding allele 
Ile923Val within the IFIH1 gene. This rare allele was found to 
be protective for PsA, and also replicated within an independent 
cohort. We found the association signal to reach genome-wide 
significance during meta-analysis, and confirmed the associa-
tion with IFIH1 when performing multiple-variant analysis. The 
Ile923Val allele has been previously reported to be protective for 
type 1 diabetes18 and psoriasis.19 Associations within the IFIH1 

locus have also been reported to increase PsA risk.10 20 However, 
until now no association with the Ile923Val allele has been 
reported to have a protective effect on PsA alone. We found the 
Ile923Val variant to be independent of the common SNP previ-
ously identified at the IFIH1 locus (rs984971). This SNP is highly 
correlated (r2=0.64) with an additional common IFIH1 variant 
(rs1990760) that has been recently reported for PsA.10 We also 
found the Ile923Val variant to have an independent effect from 
this variant (Pcond=4.39×10−6). Furthermore, we also found the
Ile923Val variant to be independent of the common rs3747517 
IFIH1 variant previously reported for PsA (Pcond=7.73×10−7).10

These findings highlight the relevance of IFIH1 in immune-related 
disorders, especially given the recent association reported for the 
rare IFIH1 allele with ankylosing spondylitis, Crohn's disease, 
psoriasis, primary sclerosing cholangitis and ulcerative colitis.21 
The frequency of the Ile923Val variant in our control population 
(0.021) is slightly higher than observed in European populations 
in the 1000 genomes project and the exome sequencing project 
(0.01–0.018).22 23 This should be taken into consideration when 
interpreting the results of this study.

As the rare allele identified lies within a coding region, this 
provides strong evidence to suggest that IFIH1 is a causal gene 
for PsA. As discussed by Plenge et al,13 a rare and independent 
variant in a causal gene for disease could provide a potential 
therapeutic target for treatment. However, linking human 
genetics with therapeutic targets requires the biological function 
of the causal gene and variant to be known.

IFIH1 encodes a cytoplasmic RNA helicase that recognises 
viral RNA and mediates an immune response on viral infection.18 
The protective effect of the rare IFIH1 allele observed with PsA 
suggests that the variant results in a loss of function phenotype, 
where the production or activity of IFIH1 is decreased. Increased 
expression levels of IFIH1 have been observed in psoriasis skin 
lesions compared with healthy skin,10 suggesting that pharmaco-
logical inhibition of this gene could be effective in treating psori-
atic disease. However, when investigating the effect of Ile923Val 
in knockout mice, mutants showed no change in their double-
stranded RNA binding activity compared with the wild-type.24 
This indicates the requirement for further investigation into the 
biological effect before any conclusions can be drawn from our 
current study regarding the impact of this allele on disease or the 
potential for treatment of PsA. Mechanistic studies will also be 
required to confirm that IFIH1 is causal for PsA.

In conclusion, we report for the first time an association with 
a rare coding allele in IFIH1 that is protective for PsA, and 
independent of associations that have previously been reported 
within this locus.
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Drug-free sustained remission or spontaneous
remission by natural history in rheumatoid
arthritis? An unsolved question: comment
on the article of Ajeganova et al

Dear Editor, I read with interest the article by Ajeganova et al1

reporting disease-modifying antirheumatic drug (DMARD) free
sustained remission in rheumatoid arthritis (RA) as an increas-
ingly achievable outcome with subsidence of disease symptoms.
The conclusion of their study was that more intensive treatment
strategies increased the chance for DMARD-free sustained
remission, indicating that RA chronicity can be influenced.
Of note, ‘Patients who achieved DMARD-free sustained remis-
sion, compared with those who did not, were less often anti-
citrullinated protein antibodies (ACPA) or rheumatoid factor
(RF) positive (18% vs 62%, and 31% vs 65%, both p≤0.001)
and had shorter symptom duration at inclusion (median (inter-
quartile range) of 3 months (2–7) vs 5 months (2–9), p≤0.001)’.
Moreover, patients included in the more recent inclusion groups
had fewer number of swollen joints, and lower acute phase reac-
tants. Although all patients studied fulfilled the 1987 criteria for
RA, this may suggest that these patients had somewhat milder
disease at the time of diagnosis.

The low rate of ACPA and RF positivity, the shorter duration
of patients with drug-free remission, the fewer number of
swollen joints and the lower acute phase reactants prompt
several questions. Did the proportion of the diagnosis of
patients with seropositive and seronegative RA changed in the
various collection periods stratified for the different treatment
strategies? What was the frequency of erosive disease in patients
with drug-free remission? Did the frequency of erosive disease
varied in the collection periods stratified for the different treat-
ment strategies? The answers to these questions are important
to exclude that the observed remissions are in part spontaneous
instead of the suggested result of the different treatment
strategies.

Seronegative RA represents a disease entity clinically and
immunogenetically distinct from seropositive RA, tend to have
milder disease, less erosive disease, fewer subcutaneous nodules
and better prognosis.2–7 The correct diagnosis and classification
of seronegative RA is challenging in case of those patients with
a persistently seronegative inflammatory arthropathy who have
neither overt coexistent disease like psoriasis or inflammatory
bowel disease nor a B27-related spondyloarthropathy.8 9 Was
there any predefined diagnostic programme or application of
inclusion and exclusion criteria to differentiate seronegative RA
from other seronegative arthritis in the collected cohorts? Were
the roentgenological bony erosions characteristic of RA in the
patients classified as seronegative RA? The issue of spontaneous
remission especially of seronegative RA should be discussed
when one is describing drug-free sustained remission following
disease-modifying anti-rheumatic agents.

The distinction between spontaneous remission by natural
history and drug-induced by the present advanced treatment
strategy will be nearly impossible by retrospective data analysis
instead of prospective controlled trials, especially with the
increasing use of the less specific 2010 American College of
Rheumatology/European League Against Rheumatism classifica-
tion criteria.10 11
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Disease-modifying treatment in rheumatoid
arthritis: treat early and do not forget to try
to taper and stop

We thank Professor Zeidler1 for the interest in our study, in
which we showed an increased chance and a shorter time to
achieve disease-modifying antirheumatic drug (DMARD)-free
sustained remission in patients with rheumatoid arthritis (RA)
treated with present strategies (early start of methotrexate and
treat-to-target approach) compared with treatment strategies
that were applied 10 years ago.2 DMARD-free sustained remis-
sion in the study was defined as the sustained absence of syno-
vitis (by physical examination) after discontinuation of DMARD
therapy (including biologics and systemic or intra-articular corti-
costeroids) for the entire follow-up and at least for 1 year after
DMARD withdrawal.3

Zeidler questioned if patients would also have achieved remis-
sion without DMARD treatment. Our study was done on an
observational cohort of patients with RA (the Leiden Early
Arthritis Clinic (EAC)); none of the patients studied were
treated with placebo; therefore, we cannot formally answer this
question.

Nonetheless, we do not believe that our results could be
ascribed to a shift in inclusion of patients who would have had
a spontaneous remission if they were left untreated, because of
following reasons:

First, the inclusion process was similar throughout the recruit-
ment years. Also, the achievement of DMARD-free sustained
remission was uniformly assessed based on the medical records.
We were thus able to compare the outcome of drug-free remis-
sion in the periods of changing initial treatment strategies in
patients with RA.

Second, the diagnosis of RA in this large cohort was reas-
sessed 1 year after inclusion. Patients who were not fulfilling
1987-American College of Radiology RA criteria and who were
not prescribed any DMARDs the first year after inclusion, that
is, who may have achieved spontaneous remission, were
excluded from the study.

Third, the rate of remission in our study was higher in the
patients diagnosed with RA in the latest decennium compared
with those diagnosed in the 90s, while spontaneous remission
would occur regardless of treatment strategy and thus the rates
of spontaneous remission would be similar through the years.

We agree with Zeidler that the severity of RA varies between
patients, and the patients who achieve drug-free remission are
generally the patients with milder disease characteristics (they
are more frequently anti-citrullinated peptide antibody (ACPA)
negative and have lower levels of inflammation at inclusion).

However, the shown difference in achieving DMARD-free
remission between treatment strategies (inclusion periods) was
independent of the swollen joint count, erythrocyte sedimenta-
tion rate/C reactive protein levels and autoantibody status at
inclusion. Therefore, we concluded that improved treatment
strategies resulted in an increased occurrence of DMARD-free
sustained remission.

We believe that early suppression of disease activity can change
the course of the disease and result in drug-free remission. We
hope that our results encourage rheumatologists to consider
reduction and withdrawal of DMARDs in patients with RA who
were early treated according to current treatment strategies and
have achieved sustained disease activity score (DAS) remission.
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Statin therapy now more common than
steroids in clinical practice

Dear Editor,
In the recent article from Ozen et al1, the authors found
increased risk of diabetes mellitus (DM) in patients with
rheumatoid arthritis (RA) compared with normal US adult
population.

The authors have also reported increased risk of DM in
patients with RA who took glucocorticoids (GCs) and statin
therapy. Surprisingly, the HR of diabetes has been found to be
higher in the statin group than in the steroid group. It is import-
ant to know the duration of exposure to steroids in patients
with RA . Not all patients may be exposed to steroids for pro-
longed period. The authors may comment on the duration of
steroids in various patients.

While the concomitant use of GC did not alter DM risk
reduction with HCQ, the authors have also reported DM risk
reduction with concomitant use of HCQ and statin therapy. The
authors have mentioned the risk of incident diabetes by steroid
dose, HCQ dose, and duration and concomitant GC use in a
tabular form (table 4, page no. 5) but similar information is
missing for concomitant use of statin and HCQ. We request the
authors to throw more light on this.

In our study, ‘Efficacy and safety of fixed dose combination of
atorvastatin and hydroxychloroquine: a randomized, double-
blind comparison with atorvastatin alone among Indian patients
with dyslipidemia’, we compared the efficacy and safety of ator-
vastatin (10 mg)+hydroxychloroquine (200 mg) fixed-dose
combination tablets in comparison with atorvastatin (10 mg)
alone in treatment of dyslipidaemia for 6 months and found in
exploratory analysis that 15% patients with prediabetic dyslipi-
daemia from the monotherapy group and 2% from the combin-
ation group developed diabetes.2

Other observational studies have also suggested the potential
benefit of hydroxychloroquine in attenuating the risk of dia-
betes in patients with RA. A population-based cohort study in
patients with systemic lupus erythematosus3 4 demonstrated an
increased risk of DM with high dose of GC which was
decreased by concomitant use of HCQ in a dose-dependent
manner.5

It is important to note that in comparison with GC, which
may often be used intermittently for short period, statin therapy
is used for long term to reduce cardiovascular risk. Hence, it is
important to know the risk of diabetes due to statin exposure in
patients with RA and the preventive role of HCQ in the same.
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Response to: ‘Statin therapy now more
common than steroids in clinical practice’
by Pareek and Chandurkar

We appreciate the interest shown by Pareek and Chandurkar1

concerning our recent study on diabetes mellitus (DM) risk
associated with disease-modifying antirheumatic drugs and
statins in patients with rheumatoid arthritis (RA).2 They pointed
out that statin-associated DM risk in patients with RA might be
a more important concern than the risk attributed to glucocorti-
coids (GCs) due to longer treatment durations.1

We agree that statin treatment is potentially continued for a
longer duration than GC when initiated in patients with RA, as
in the case of our cohort (median (IQR) duration for statins: 13
(6–26) months vs GC: 7 (0–17) months). However, GCs are
more frequently used in patients with RA than statins (GC: 65%
vs statins: 25% in our cohort), and the DM risk increase starts
at the first month of treatment and continues to increase as the
duration increases.3 Although there are no data regarding timing
of statin-associated risk increase, studies from the general popu-
lation suggest that DM risk further increases with longer dur-
ation of statin use4 and intensive regimens.5 These factors were
not accounted for in our study and may partially explain the
higher HR observed with statins compared with GC. However,
we also like to emphasise that statins’ effects on DM risk might
be potentiated by the chronic inflammation of RA along with
the use of other medications influencing DM risk. The
JUPITER ( Justification for the Use of Statins in Prevention: An
Intervention Trial Evaluating Rosuvastatin) trial showed in
patients with slightly elevated C reactive protein (≥2 mg/L) a
relatively greater DM risk increase (HR (95% CI)=1.26 (1.04
to 1.51)) than in other statin trials.6 7 Although this risk might
be partly attributed to the potency of rosuvastatin, it is likely
that even low-grade inflammation might influence DM risk
given the non-significant DM risk increase (HR (95% CI) 1.14
(0.84 to 1.55)) observed in another rosuvastatin trial in patients
with heart failure (a well-known diabetogenic state).8 Lastly,
despite the anti-inflammatory effects of both GCs and statins,
the potency of this effect might also modify the insulin resist-
ance and DM risk emerged by these medications.

Pareek and Chandurkar1 also highlight that concomitant
hydroxychloroquine (HCQ) use with statins or GCs might
attenuate the DM risk increase associated with both medica-
tions. This therapeutic advantage of HCQ was also demon-
strated in our study2 (see table 1) as shown by Pareek et al9 for
statins, despite the differences in patient characteristics, statin
and HCQ doses and durations. This is an important point since
both statins and GCs play essential roles in RA and cardiovascu-
lar risk management and cannot be avoided because of DM

risk. Concomitant HCQ use might be considered in patients
with RA who are on these medications and at high risk for DM.
However, for DM risk reduction with HCQ in RA, longer treat-
ment durations may be required (∼2 years+) than in those
without inflammatory diseases.2 10–12

To conclude, despite the DM risk increase with statins and treat-
ment duration concern pointed out by Pareek and Chandurkar,1

we believe that statins exert beneficial cardiovascular effects with
more complex interactions in patients with RA than in the general
population. We hope to elucidate the net risk/benefit ratio of
statins in our ongoing research on statins in additional RA cohorts.
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Table 1 Risk of incident diabetes by concomitant
hydroxychloroquine use with either glucocorticoids or statins

No of events/
No of exposure

Adjusted HR*
(95% CI) p Value

Concomitant hydroxychloroquine treatment

With glucocorticoids 48/2078 0.69 (0.51 to 0.93) 0.014

With statins 45/1012 0.92 (0.68 to 1.25) 0.604

*Adjusted for age, sex, disease duration, socioeconomic status, ethnicity, smoking,
hypertension, comorbidity index, body mass index, Health Assessment Questionnaire
Score, non-steroidal anti-inflammatory drug usage and year of entry.
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Does inflammation predict radiographic
progression in hand osteoarthritis?

Dear Editor,
We read with deep interest the article by Mathiessen et al1

aimed to determine whether ultrasound predicts radiographic
hand osteoarthritis (OA) progression after 5 years. This pro-
spective study suggested that ultrasound-detected grey-scale
synovitis and power Doppler signals were significantly asso-
ciated with radiographic progression after 5 years. We really
appreciate the work conducted by the authors and the findings
support the use of ultrasound as a tool to detect patients with
hand OA who are likely to progress. However, there are some
worthwhile issues that need exploration.

We need to be very careful when assessing the risk factors of
OA progression which easily leads to paradoxical phenomena.2

The study conducted by Mathiessen et al1 included 78 patients
with hand OA at baseline, and found 17.9% joints experienced
radiographic progression during the follow-up time. They
further indicated that ultrasound-detected inflammation at base-
line was significantly associated with radiographic progression of
OA after 5 years. As we all know, inflammation has been consid-
ered as a risk factor for OA.3 However, synovitis and power
Doppler were found in only 16.6% and 2.5% of the 78
included participants, respectively, which means only a fraction
of the hand OA participants can at least partly be attributed to
inflammation. In other words, only these small number of
people were susceptible to inflammation. On further examining
the effect of inflammation on OA progression, it is easy to
speculate the positive findings if the inflammation still exists
during the 5-year follow-up time but there are more people
who are diagnosed with hand OA without ultrasound-detected
inflammation at baseline. There definitely exist some other
unmeasured OA risk factors for these patients. When examining
the effect of ultrasound-detected inflammation on OA progres-
sion, it turned out to compare the effect of inflammation versus
other unmeasured risk factors which may bias the results. If this
speculation does exist, the number of 78 participants may be
too small to reach a valid conclusion. Maybe it is better to
examine the effect of new-onset inflammation on the progres-
sion of OA.

In addition to all the above, there are some other issues that
need to be mentioned. First, we hypothesised that the

inflammation continued to affect OA progression but the
authors only reported the ultrasound-detected inflammation at
baseline. We are not sure whether the inflammation has per-
sisted during the 5 years of follow-up time. Second, the authors
did not report the drug use of the included 78 participants,
especially the use of anti-inflammation drugs. On the basis of
the small number of participants, this may influence the results.
Third, we have no idea whether there is a need to adjust for
follow-up time. Further explanation about this adjustment is
worthy of expectation.

We respect the great contributions of the authors and we
would be very interested in the authors’ response to these
issues.
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Response to ‘Does inflammation predict
radiographic progression in hand
osteoarthritis?’ by Li et al

Dear Editor,
We highly appreciate the interest Li and Liu1 show in our

paper in their eLetter.
The concern of Drs Li and Liu is the low number of patients

with inflammation in our cohort, and they suggest carefulness
when interpreting the results. Unfortunately, Li and Liu have
misunderstood the results when stating that “synovitis and
power Doppler were found only in 16.6% and 2.5% of the 78
included participants respectively”. These numbers are found in
table 1 and refer to the number of affected joints, not patients.2

The high prevalence of synovitis at patient level is reported in
the Results section, second paragraph: ‘At baseline, 73 (93.6%)
and 33 (42.3%) patients had grey scale synovitis and power
Doppler present in one or more joints, respectively’. The ana-
lyses were performed at joint level, not at patient level, by gen-
eralised estimating equation, which account for intraperson
dependency. We agree with Drs Li and Liu that analyses that
explore risk factors for osteoarthritis (OA) progression are
prone to null results, as elegantly described by Zhang et al.3

However, based on the fact that statistically significant associa-
tions between synovitis and radiographic progression were
demonstrated in the current paper, this issue is not relevant.
Our results are also in line with previous studies4 5 which
strengthen the validity of the current results. Taken together, we
found evidence that inflammation is highly prevalent in patients
with hand OA and represent a risk factor for disease
progression.

Few studies have explored whether anti-inflammatory treat-
ment affect future radiographic progression. Verbruggen et al6

demonstrated less erosive development in swollen joints in
persons on antitumour necrosis factor therapy as compared
with placebo. However, future studies are needed to confirm
these findings. In the Oslo hand OA cohort, patients were not
treated with synthetic or biological disease-modifying antirheu-
matic drugs. Some patients reported the use of non-steroidal
anti-inflammatory drugs (39.7%) and prednisolone (5.1%), but
analyses including these medications did not change our results,
as expected, as they most likely do not affect the risk of
progression.

The authors also address the limitation of synovitis only being
reported at baseline, and we agree that longitudinal data on
inflammation is of interest. However, the association between
changes of synovitis and radiographic progression will answer a
different hypothesis than the predictive value of baseline obser-
vations. In this context, we recommend a recent 2-year study by
Kortekaas et al5 on patients with hand OA who reported a
stronger association between persistent inflammatory features
(ie, synovial thickening, effusion and power Doppler signals at
baseline and 2-year follow-up) and radiographic progression

than fluctuating inflammatory features when compared with
hand OA joints with no inflammation.

Finally, the authors question the adjustment of follow-up
time. The degree of radiographic progression, which was our
outcome in the analyses, depends on the follow-up time, which
we wanted to adjust for in our analyses. Analyses without adjust-
ment for the period of follow-up time gave us more or less the
same results.

We appreciate the interest in our paper and hope that we
have adequately answered the concerns that were raised by Drs
Li and Liu.
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