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Rheumatoid arthritis is characterised by persistent synovitis, systemic infl ammation, and autoantibodies 
(particularly to rheumatoid factor and citrullinated peptide). 50% of the risk for development of rheumatoid 
arthritis is attributable to genetic factors. Smoking is the main environmental risk. In industrialised countries, 
rheumatoid arthritis aff ects 0·5–1·0% of adults, with 5–50 per 100 000 new cases annually. The disorder is most 
typical in women and elderly people. Uncontrolled active rheumatoid arthritis causes joint damage, disability, 
decreased quality of life, and cardiovascular and other comorbidities. Disease-modifying antirheumatic drugs 
(DMARDs), the key therapeutic agents, reduce synovitis and systemic infl ammation and improve function. The 
leading DMARD is methotrexate, which can be combined with other drugs of this type. Biological agents are used 
when arthritis is uncontrolled or toxic eff ects arise with DMARDs. Tumour necrosis factor inhibitors were the fi rst 
biological agents, followed by abatacept, rituximab, and tocilizumab. Infections and high costs restrict prescription 
of biological agents. Long-term remission induced by intensive, short-term treatment selected by biomarker 
profi les is the ultimate goal.

Introduction 
Rheumatoid arthritis has 19th century roots and a 
20th century pedigree. Although its name was 
introduced in the 1850s,1 classifi cation criteria were 
only developed 50 years ago.2,3 Observational studies in 
which these criteria are used portray treated rheumatoid 
arthritis as a serious long-term disease with dominant 
extra-articular features, limited treatment options, and 
poor outcomes.4,5 

Tumour necrosis factor (TNF) inhibitors and other 
biological agents have heralded a so-called therapeutic 
revolution, transforming the outlook for patients with 
rheumatoid arthritis. However, improved disease 
outcomes preceded biological agents, refl ecting early use 
of conventional drugs, ambitious treatment goals, and 
better management of comorbidities. An historic parallel 
is the 1950s revolution in tuberculosis care, when 
improved conventional management followed by eff ective 
chemotherapy made tuberculosis curable.6 

Pathophysiology 
Rheumatoid arthritis is best considered a clinical 
syndrome spanning several disease subsets.7 These 
diff erent subsets entail several infl ammatory cascades,8 
which all lead towards a fi nal common pathway in which 
persistent synovial infl ammation and associated damage 
to articular cartilage and underlying bone are present. 

Infl ammation 
One key infl ammatory cascade includes overproduction 
and overexpression of TNF.9 This pathway drives both 
synovial infl ammation and joint destruction. TNF 
overproduction has several causes, including interactions 
between T and B lymphocytes, synovial-like fi broblasts, 
and macrophages. This process leads to overproduction 
of many cytokines such as interleukin 6, which also 
drives persistent infl ammation and joint destruction.10 
Overproduction of other proinfl ammatory cytokines 
(eg, interleukin 1) diff ers from the process for interleukin 6 
in that production is either less marked or is specifi c to 

one or more disease subsets, as best shown by the eff ects 
of interleukin 1 blockade in subforms of juvenile 
idiopathic arthritis or adult-onset Still’s disease.

Synovial cells and cartilage cells
The dominant local cell populations in joints aff ected by 
rheumatoid arthritis are synovial and cartilage cells. 
Synovial cells can be divided into fi broblast-like and 
macrophage-like synoviocytes. Overproduction of 
proinfl ammatory cytokines is believed to be led 
predominantly by macrophage-like synoviocytes. 
Fibroblast-like synoviocytes show abnormal behaviour 
in rheumatoid arthritis. In experimental models, 
co-implantation of fi broblast-like synoviocytes with 
cartilage leads to fi broblasts invading cartilage,11 
behaviour that correlates with joint destruction.12 
Considerable information has accumulated about joint 
destruction and the role of osteoclast activation as a key 
process leading to bone erosion. This association is 
proven because specifi c inhibition of osteoclast activation 
can reduce joint destruction yet not aff ect joint 

Search strategy and selection criteria

We searched the Cochrane Library (2000–09), Medline 
(2000–09), and Embase (2000–09). We used the search term 
“rheumatoid arthritis” in combination with terms relevant for 
every section of the article, including: “cytokines”, 
auto-antibodies”, genetic risk factors”, “prevalence”, 
“incidence”, “assessments”, “outcome measures”, 
“co-morbidities”, and every specifi c treatment approach. We 
mainly selected publications from the past 5 years, although 
we did not exclude commonly referenced and highly regarded 
older publications. We also searched the reference lists of 
articles identifi ed by this search strategy and selected those 
we judged relevant. We selected high-quality systematic 
reviews in preference to individual studies. Other review 
articles and books were cited to provide readers with more 
details and references than this Seminar can accommodate.
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complications. TWH was mainly responsible for sections on 
pathophysiology and classifi cation and diagnosis. All authors 
contributed equally to revision of the report and fi nalisation of the text. 
The corresponding author had fi nal responsibility for the decision to 
submit for publication.
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Severe disability in rheumatoid arthritis equates with 
high health-care expenses.120 Disability can progress 
rapidly in some patients treated with DMARDs. 
Economic models justify the high costs of biological 
agents by showing that they reduce progression of 
disability compared with conventional treatments, thus 
cutting long-term expenditure. Some models include 
increased workforce participation and productivity of 
people with rheumatoid arthritis, which is a result of 
biological treatment.

Economic models simplify complex issues and use 
historical data for comparison. Some models suggest 
TNF inhibitors—with costs for these biological agents in 
the region of £10 000 (US$14  900) per year—are generally 
cost eff ective;121 others draw opposite conclusions.122 To 
give no patients biological agents seems unsupportable, 
yet to treat all patients with them is economically 
unaff ordable. Various health-care systems have made 
diff erent choices about access to biological agents based 
on diverse interpretations of available evidence. 

Tight control
The key treatment aim should be remission or sustained 
low disease. This goal can be achieved with DMARD 
monotherapy, combinations of DMARDs (with or 
without glucocorticoids), and DMARD–biological 
combinations. So-called tight control entails increasing 
treatment until remission or low disease activity is 
achieved. Many trials use DAS2853 to monitor disease 
control; fi ndings of most studies show tight control is 
eff ective.123,124 Limitations of tight control include the 
need for frequent follow-up and reluctance of clinicians 
and patients with longstanding rheumatoid arthritis to 
adhere to intensive treatment strategies. Another 

drawback is that patients’ perspectives of the benefi ts of 
intensive treatment diff er from those of clinicians.125 
Many individuals fi nd taking medication unpleasant, 
and many specialist appointments take time and result 
in loss of autonomy. The cost-eff ectiveness equation 
seems very diff erent viewed from patients’ perspectives.

Treatment of early rheumatoid arthritis
Methotrexate is usually the fi rst DMARD administered to 
people with rheumatoid arthritis. It should be initiated 
when the disease is fi rst diagnosed. The dose used and 
escalation of dosing have increased in recent years. Folic 
acid is given to limit toxic eff ects. When methotrexate is 
contraindicated, sulfasalazine or lefl unomide are 
alternatives. Findings of observational studies show 
many patients remain on methotrexate and it achieves 
good outcomes.126

Active rheumatoid arthritis needs intensive treatment. 
Figure 5 shows the main choices. Step-up DMARDs, 
with extra DMARDs added to achieve disease control, is 
the most conservative strategy. Initial methotrexate–
biological combinations are the most expensive 
alternative. Parallel treatment, with several DMARDs 
started concurrently, is an intermediate option. DMARD 
combinations or methotrexate–TNF inhibitor regimens 
have similar effi  cacy (fi gure 6).127 Early addition of 
biological agents for patients with incomplete responses 
to DMARDs seems highly eff ective, but cost-eff ectiveness 
of this approach is unknown.128,129

When patients achieve remission they should be 
stabilised on one DMARD alone. Biological agents have 
been tapered and stopped in individuals with early 
rheumatoid arthritis in remission,130 although further 
research is needed to ensure withdrawal is feasible. 
Because cessation of all DMARDs risks fl are-ups of 
rheumatoid arthritis, this approach is not currently 
recommended for most patients.131 However, some 
individuals can have treatment then withdraw 
methotrexate without the disease fl aring up. Whatever 
strategy is followed, patients with persistently active 
synovitis will eventually receive biological agents.

One unresolved diffi  culty is identifi cation of subgroups 
of patients who are most likely to benefi t from intensive 
initial treatment. Another issue is deciding the best care 
for people with very mild early rheumatoid arthritis.

Treatment of established rheumatoid arthritis
The key aim of treatment for established rheumatoid 
arthritis is minimisation of disease activity. This goal can 
be achieved with DMARDs and biological agents singly or 
in combination, with or without glucocorticoids. Flare-ups 
and persistently active disease are treated by switching or 
combining DMARDs, adding glucocorticoids, and starting 
or switching biological agents. 

TNF inhibitors are the dominant biological agent. In 
established disease they are usually continued unless they 
become ineff ective or a relevant adverse eff ect arises; this 

Figure 5: Treatment strategies in early active rheumatoid arthritis
DMARD=disease-modifying antirheumatic drug. TNF=tumour necrosis factor. These strategies follow 
recommendations from the American College of Rheumatology, European League Against Rheumatism, and the 
UK’s National Institute for Health and Clinical Excellence.77–79
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A B S T R A C T

Autoimmune rheumatic diseases are characterised by an abnormal immune system response, complement ac-
tivation, cytokines dysregulation and inflammation. In last years, despite many progresses in managing these
patients, it has been shown that clinical remission is reached in less than 50% of patients and a personalised and
tailored therapeutic approach is still lacking resulting in a significant gap between guidelines and real-world
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2. Methods

2.1. Aims of the project

The overarching aim of this workshop is to clarify the meaning of
specific biomarkers during autoimmune diseases; their possible role in
confirming diagnosis, predicting outcome and suggesting specific
treatments. The general methodology based on a Delphi Technique-
based aimed at producing, starting from the results of a systematic re-
view of available literature, a set of statements summarising the con-
sensus among the Experts, as previously reported [12]. This systematic
review has been designed to be included in an International project
named “Clinical and biological biomarkers in conventional and/or biolo-
gical therapies. From pathology to treatment: what evidence in rheumatic
and autoimmune diseases? 2th International workshop” aimed to update
some features in management of patients affected by autoimmune
disease. As a part of an International project, a Scientific Committee
composed by a group of experts and bibliographic fellows identified
some relevant clinical questions on biomarkers in autoimmune diseases,
needing further and updated clarifications according to available sci-
entific evidence and joined Experts’ opinion. These invitations were a
consequence of the individuals’ contributions to the specific fields in-
cluded in the topics of the meeting as well as deliberations among
members of the steering committee. Six autoimmune diseases were
selected and evaluated: rheumatoid arthritis (RA), spondyloarthritides
(SpA), systemic sclerosis (SSc), systemic lupus erythematosus (SLE),
antiphospholipid syndrome (APS), primary Sjogren’s syndrome (pSS).
These topics were developed and updated throughout an extensive
bibliographic review by the Steering Board, after joining common limits
and methods of search. For each selected topic, preliminary statements
based on available scientific results have been presented in accordance
with their level of evidence, discussed, eventually reformulated, and
voted through a Delphi-method during a Consensus involving a panel of
International Experts. Statements supported by ≥ 66% of votes were
accepted as final statements, while the others were rejected outright.
This project has been concluded in Italy on October 6-7, 2017.

2.2. Search design

For each of these 6 topics, a systematic literature search was per-
formed in indexed international Journals (Medline via Pubmed, Scopus,
Cochrane database). The Scientific Committee decided to analyse the
literature from July 1, 2007 – July 1, 2017. The choices of temporal
limits, online databases and methodology were originally discussed and
shared by participants in order to gain homogeneous results.

2.3. Search strategy

The search strategy combined indexed and free-text terms, inter-
ventions and outcomes of interest in Medline via Pubmed, Scopus,
Cochrane database, as requested for each single topic. PICO strategy
was also joined as shared rephrasing strategy across working groups,
along with pre-defined “Population”, “Intervention”, “Comparison”,
“Outcomes”, as requested by single topic research question. The main
search was thus formulated using a string of relevant terms of research.
In addition, the main keywords were used in different combinations in
order to improve the sensitivity of the search strategy. The bibliography
of relevant articles was also hand-searched for identification of other
potentially suitable studies.

2.4. Eligibility criteria

Included studies were full-text manuscripts in English language
conducted in adult patients with autoimmune diseases. To be included
in the final analysis, studies had to meet the following joined inclusion
criteria: 1) study design: systematic review and meta-analysis,

randomised controlled trial (RCT), quasi-RCT (trials in which allocation
to treatment was made by alternation, use of alternate medical records,
date of birth or other expected methods), observational cohort studies
or case series; 2) data concerning population, intervention, comparison
and outcomes were requested for each single selected topic. Narrative
reviews, editorials, scientific conference abstracts, case reports and pre-
clinical studies have been excluded from the purpose of this work.
Papers retrieved by literature search but reporting insufficient data
according to selected PICO strategy were excluded from the review. The
hierarchy of study types was indicated by levels of evidence suggested
by Oxford University (http://www.cebm.net/oxford-centre-evidence-
based-medicine-levels-evidence-march-2009/).

2.5. Study identification and data extraction

In each group working on a single topic, full-text articles were
screened and selected analysing titles and abstracts by bibliographic
fellows, then independently verified by corresponding senior reviewers.
After the screening phase, the bibliographic fellows also independently
evaluated the selected abstracts and the full-text of these studies to
determine eligibility according to the eligibility criteria. Any un-
certainties and/or disagreements were resolved by discussion until
reaching a final consensus. Data extraction was also performed by
bibliographic fellows and independently verified by corresponding se-
nior reviewers. After that, the results of the analysis of literature were
summarised, presented, and further inputs were obtained from ex-
panded working groups with other authors. Conflicting results were
analysed by discussion taking into account quality of assessed studies
until reaching an agreement into the single working group. The state-
ments were thus formulated according to results and quality of eval-
uated works. Further disagreements were resolved by discussion until
reaching a final consensus. In the subsequent plenary session, the
statements were subjected to be voted as ‘yes’ (agreement) or ‘no’
(disagreement) from the entire panel of Experts. Statements supported
by ≥ 66% of positive votes were accepted while the others were re-
jected outright. At this final stage, only suggestions for improvements of
clarity of wording or addressing redundancies were considered, while
any change to the meaning was not accepted.

3. RA working group

To date, recognition and better definition of disease-specific bio-
markers, easily and routinely detectable in patients serum samples,
could be relevant for diagnostic and prognostic purposes in the view of
a more patients’ tailored approach, regardless of the underlying con-
dition. Anti-citrullinated protein antibodies (ACPA) and rheumatoid
factor (RF) are well recognized clinically relevant biomarkers in rheu-
matoid arthritis (RA) patients [13]. Their pathogenic role has been well
characterized, being detectable in the serum in pre-clinical phase many
years before clinical presentation of the disease. Moreover, both bio-
markers have been included in the new 2010 RA classification criteria
into a score-based algorithm where both qualitative (negative versus
positive) and quantitative (low level versus high level) evaluations have
been inserted, with high level (predefined as≥3 times the ULN for the
laboratory test and assay) having greater weight in substantially con-
tributing to RA diagnosis [14]. In the 2016 update of EULAR re-
commendations for RA management, either presence and levels of RF
and/or ACPA have been listed among several other prognostic factors to
be considered during therapeutic management, too. Moving from this
starting point, it could be clarified whether a better definition of such
biomarkers (high versus low serum levels) might help clinicians in term
of discriminative ability in diagnostic accuracy (as diagnostic and dif-
ferential diagnostic tool) and prognostic stratification (disease course,
radiographic damage, response to therapy). In other words, throughout
an extended systematic review on the topic in line with joined pre-
specified limits and settings, the clinical meaning of “level criterion” of
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poorly correlated with MRI/US indexes of inflammation, elevated va-
lues were determined in patients characterised by more severe radio-
graphic damage [54].

Analysing MBDA and response to treatment, Hambardzumyan et al.
described the MBDA to be predictive for optimal add-on treatment in
non-responder RA patients [55]. Authors assessed data from 157 pa-
tients enrolled in SWEFOT trial, after 3 months of methotrexate (MTX)
therapy. A significant percentage of patients characterised by a low
MBDA score experienced a good clinical response to subsequent triple
therapy (MTX+sulfasalazine+hydroxychloroquine), whereas in pa-
tients displaying a high MBDA score, a significant percentage experi-
enced a good clinical response to subsequent combination therapy with
TNFi (MTX+infliximab) [55]. Finally, in the analysis of RETRO study
MBDA scores were investigated to be predictive of disease relapse.
RETRO was a phase-3, multicentre, randomised, open, prospective,
controlled, parallel-group study in patients were allocated to continue
conventional and/or biological DMARD regimen at full dose for 12
months, to reduce the dose of all conventional and/or biological
DMARDs by 50% or to reduce the dose of all conventional and/or
biological DMARDs by 50% for the first 6 months before to entirely stop
all DMARDs. The results showed that higher values of MBDA scores in
patients experiencing disease relapse after tapering and/or stopping
conventional and/or biological DMARDs treatment, allowing a predic-
tion of relapse in more than 80% of the patients [56].

Future specific designed and adequately powered studies with a
longer follow up are needed to fully clarify the role of MBDA in man-
agement of RA patients, in predicting radiographic progression as well
as response to therapeutic strategies.

4. Spondyloarthritides working group

The spondyloarthritis (SpA) complex includes a group of in-
flammatory rheumatic diseases with peculiar clinical and radiological
features including sacroiliitis, enthesitis, and dactylitis [57]. Among
SpA, psoriatic arthritis (PsA) is characterized for a broad and hetero-
geneous spectrum of clinical features and courses [58,59]. In some
cases, PsA can occur with peripheral enthesitis, particularly Achilles
tendinitis, and/or dactylitis [60,61]. In the last decades, an increasing
attention has been paid to the erosive and deforming course of PsA
(40%–60% of patients) [62]. The identification of clinical and biolo-
gical predictors of response to different biological disease-modifying
anti-rheumatic drugs (bDMARDs) might help clinicians to make evi-
dence-based decisions that maximise the benefits from treatment by
targeting subsets of patients. In addition, this approach could also im-
prove the cost/benefit and benefit/risk ratios in patients selected to
start bDMARDs treatment [63].

4.1. Although enthesitis may be considered a clinical marker of PsA, there is
no evidence showing that its presence at baseline predicts the response to
different bDMARDs (TNFis, IL17is, IL12/IL23is). LoE 5

Enthesitis is the inflammation of the insertion of tendons and liga-
ments into the bone and represents a hallmark of PsA and SpA [64]. It
can be considered among the first signs of PsA, occurring independently
of arthritis [60]. The role of enthesitis as a predictor of treatment re-
sponse in ankylosing spondylitis (AS) has been well defined in 2011 by
Vastesaeger et al. [65]. Thereafter, in 2013, in a retrospective study,
Spadaro et al. and co-workers showed that in AS patients treated with
adalimumab, etanercept or infliximab, the probability of obtaining
partial remission was significantly lower when enthesitis was present at
baseline [66]. In PsA patients, there are no studies evaluating the role of
enthesitis as an independent clinical biomarker predicting the response
among different bDMARDs (TNFis, IL17is, IL12/IL23is).

4.2. Although data available on biomarkers for predicting therapeutic
response in SpA are scarce, CRP in clinical practice may be useful in
predicting TNFis response. LoE 2b

Only few articles addressed the potential role of soluble biomarkers
in prediction of treatment response to TNFis in SpA patients. The ma-
jority of these studies were characterised by a weak methodology,
mainly due to low power or lack of power calculation and an un-
controlled design. Amongst the potential biomarkers, baseline serum
levels of matrix metalloproteinase-3 (MMP-3) [67,68], serum type I
collagen C-telopeptide (sCTX) [69], complement fraction C3 [70],
serum amyloid A (SAA) [71], anti-drug antibodies (ADAbs) [72], and
IL-6 [73] have been reported to predict treatment response in in-
dividual studies. Moreover, two well-designed sub-studies of RCTs
evaluated the predictivity of a large pool of soluble biomarkers in AS
and PsA [74,75]. In particular, baseline levels of insulin, apolipoprotein
C3, leptin, haptoglobin, IL-6, osteocalcin, procollagen type 1 amino-
terminal propeptide (P1NP) and deoxypyridinoline were associated
with ASAS20 response at week 14 in AS patients while baseline levels of
adiponectin, prostatic acid phosphatase (PAP) and vascular endothelial
growth factor (VEGF) predicted at least two out of the three clinical
endpoints (ACR20, DAS28, PASI75) after 14 weeks in PsA patients. The
results of the systematic review showed that only higher baseline C-
reactive protein CRP values were consistently reported to predict re-
sponse to treatment with TNFis in SpA patients, although this evidence
relies mainly on observational studies [71,74,76] and only one RCT
[73].

5. SSc working group

SSc has the highest fatality rate among connective tissue diseases
and is characterized by cellular and humoral immunological abnorm-
alities, fibroproliferative vasculopathy, and fibrosis of the skin and
various internal organs. Pulmonary involvement, including both inter-
stitial lung disease (ILD) and pulmonary arterial hypertension (PAH) is
currently the primary cause of morbidity and mortality in SSc [77]. The
course of ILD is highly variable, and patients may develop severe and
rapidly progressive interstitial lung involvement during the early phase
of the disease, while others may have a limited and non-progressive
course [78–81]. The clinical course of untreated PAH is in most cases
rapidly progressive leading to respiratory failure or death within 2–3
years after it becomes clinically detectable [82]. In this context, the
identification of biomarkers for assessing certain phenotypes associated
with an increased risk of developing severe and rapidly progressive ILD
and/or PAH is extremely important [83]. At present, despite intense
investigation, only a few biomarkers for SSc have been fully validated
and widely accepted. On this background, five statements were for-
mulated and voted.

5.1. Anti-topoisomerase 1 antibody is a biomarker for faster progression of
SSc-ILD. LoE 2b

Anti-topoisomerase 1 antibody is directed against DNA topoisome-
rase I and is strongly associated with the diffuse form of SSc and with
the development and/or faster progression of ILD. The Genetics versus
Environment in Scleroderma Outcome Study (GENISOS), based on a
prospective, observational cohort of 266 patients with early systemic
sclerosis, confirmed that the presence of anti-topoisomerase 1 antibody
was the only variable associated with differential forced vital capacity
(FVC) levels, predicting the rate of decline in FVC within the first 3
years of follow-up [80]. Subsequently, a study cohort consisting of 398
consecutive SSc patients with follow-up for up to 15 years confirmed
that anti–topoisomerase 1 antibody remained a significant predictor of
the development of clinically significant pulmonary fibrosis together
with other variables such as dcSSc, lower FVC, and lower diffusing lung
capacity for carbon monoxide (DLCO). In this study, SSc-ILD was
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A Multi-Biomarker Disease Activity Score and the Choice of
Second-Line Therapy in Early Rheumatoid Arthritis After

Methotrexate Failure

Karen Hambardzumyan,1 Saedis Saevarsdottir,1 Kristina Forslind,2 Ingemar F. Petersson,3

Johan K. Wallman,3 Sofia Ernestam,4 Rebecca J. Bolce,5 and Ronald F. van Vollenhoven1

Objective. To investigate whether the Multi-
Biomarker Disease Activity (MBDA) score predicts opti-
mal add-on treatment in patients with early rheumatoid
arthritis (RA) who were inadequate responders to MTX
(MTX-IRs).

Methods. We analyzed data from 157 MTX-IRs
(with a Disease Activity Score using the erythrocyte sedi-
mentation rate [DAS28-ESR] >3.2) from the Swedish
Pharmacotherapy (SWEFOT) trial who were randomized
to receive triple therapy (MTX plus sulfasalazine plus
hydroxychloroquine) versus MTX plus infliximab. The
MBDA score as a predictor of the subsequent DAS28-
based response to each second-line treatment was analyzed
at randomization with the Breslow-Day test for 2 3 2
groups, using both validated categories (low [<30], moder-
ate [30–44], and high [>44]) and dichotomized categories
(lower [£38] versus higher [>38]).

Results. Among the 157 patients, 12% had a low
MBDA score, 32% moderate, and 56% high. Of those with a

low MBDA score, 88% responded to subsequent triple ther-
apy, and 18% responded to MTX plus infliximab (P 5
0.006); for those with a high MBDA score, the response
rates were 35% and 58%, respectively (P 5 0.040). When
using 38 as a cutoff for the MBDA score (29% patients with
lower scores versus 71% with higher scores), the differential
associations with response to triple therapy versus MTX
plus infliximab were 79% versus 44% and 36% versus
58%, respectively (P 5 0.001). Clinical and inflammatory
markers had poorer predictive capacity for response to tri-
ple therapy or MTX plus infliximab.

Conclusion. In patients with RA who had an inade-
quate response to MTX, the MBDA score categories were
differentially associated with response to subsequent thera-
pies. Thus, patients with post-MTX biochemical improve-
ments (lower MBDA scores) were more likely to respond to
triple therapy than to MTX plus infliximab. If confirmed,
these results may help to improve treatment in RA.

In the standard care of patients with early rheumatoid
arthritis (RA) (1,2), inadequate response to methotrexate
(MTX) monotherapy is followed by a further intensification
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INTRODUCTION
As rheumatoid arthritis (RA) is a potentially 
disabling disease, affecting up to 1% of the 
population, structural monitoring of stan-
dardised outcomes to identify best healthcare 
practices is vital to quality improvement.1 2 
Seven sets of RA standardised outcomes or 
‘quality indicators’ have been described in 
the literature.3 However, only one group 
involved patients.4

This lack of patient representation in the 
current indicator sets might be due to the 
common methodology of indicator selection: 
indicators are determined through system-
atic searches of evidence-based literature and 
consultation of experts, usually defined as 
clinicians or researchers, rather than patients.

Studies have shown that patients and 
healthcare providers have different perspec-
tives regarding quality of care.5 6 As the 
patient is the customer in the business called 
‘health care’, the quality of the product 
should meet the costumers’ needs. There-
fore, we have studied the patient’s perspective 
on quality of care in order to incorporate this 
together with the clinician’s perspective into 
quality indicators.

METHODS
Patients were consulted using focus group 
methodology in combination with an online 
survey. The focus group method is a well-es-
tablished research technique, gathering 
rich, descriptive data from participants in a 
small and homogeneous group, who focus 
on a specific topic, while guided by a neutral 
moderator.7

Study sample and procedure
Phase I: focus group discussion
Nine patients of the established patient 
partner network of the Dutch Arthritis 

Foundation were invited to the focus group 
discussion (FGD).

Participants received an invitation and 
written information on the topic of the study 
by email. Prior to the meeting all patients 
gave oral consent to record the meeting and 
to use the results of this meeting for research 
purposes. Transcripts of the recording were 
analysed by one researcher (SM).

The moderator (MvO) explained the 
purpose of the discussion, created a ‘safe envi-
ronment’ and ensured that participants did 
not deviate too much from the topic. Partic-
ipants had the opportunity to give extensive 
answers to questions.

In the first part of the FGD, patients were 
asked for their positive and negative experi-
ences with rheumatology care and were asked 
to prioritise three elements that were consid-
ered most important for their rheumatology 
care. The top three answers of each of the 
participants were then discussed and clus-
tered in similar groups, if possible, resulting 
in domains. Finally patients were asked to vote 
for the domains that were most important to 
them.

In the second part of the FGD, a set of 
nine domains, defined by Dutch rheuma-
tologists in a separate, parallel process, 
was introduced (figure 1). These domains 
were discussed, compared with the domains 
chosen by the participants and missing 
domains were added.

Phase II: survey
All unique domains were presented to a panel 
of 1132 Dutch patients with RA. This estab-
lished panel can be consulted by the Dutch 
Arthritis Foundation in case of healthcare-re-
lated questions or for research purposes. 
Patients are invited to participate for each 
study separately. Also, patients are free to 
leave the panel without explanation regarding 
their decision. Due to the voluntary and 
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Disruption of the cortical plate and erosive destruction of
the subchondral bone are characteristic features of
active rheumatoid arthritis (RA), potentially leading to

progressive damage. Until recently, damage progression as
documented on radiographs has been regarded as an irrevers-
ible process. However, several case reports now indicate that
this process may be stopped or even reversed, leading to heal-
ing or repair of bone lesions. Under physiological conditions
there is a balance between bone resorption by osteoclasts and
bone formation by osteoblasts. In a state of active inflamma-
tion, bone resorption usually exceeds new bone formation,
resulting in bone destruction. However, as soon as the inflam-
matory process has been stopped in an individual joint, osteo-
blastic activity may exceed bone resorption, leading to new
bone formation and repair. This process is regulated by
osteoprotegerin.1 2 Because bone formation takes time, repara-
tive changes can be expected to be clearly visible on
radiographs only 6–12 months after distinct clinical improve-
ment occurred. These may present as reappearance of the cor-
tical plate or filling in of erosions. As clinical remission rarely
occurs within the timeframe of clinical trials, and as patients
experiencing remission outside clinical trials often do not visit
their rheumatologist, x ray pictures showing healing phenom-
ena have only occasionally been reported.3–11 Recent clinical
trials with tumour necrosis factor α inhibitors12–15 indicate that
clinical improvement and halting of radiographic progression
occur earlier than with conventional disease modifying
antirheumatic drugs (DMARDs). They have also shown a
reduction in the radiographic scores in a considerable number
of patients, probably indicating repair if measurement error
can be excluded. As interleukin 1 (IL1) plays an important
part in bone destruction, its inhibition might also result in a
preponderance of repair over further destruction in eroded
joints.

We wish to demonstrate here an example of healing during
treatment with the IL1 receptor antagonist (IL1Ra) anakinra
in a patient with active RA who did not respond sufficiently to
conventional DMARD treatment.

CASE REPORT
In 1991, the patient, who was then 55 years old, first
experienced pain and some swelling in several joints (feet,
wrists, elbows, shoulders, knee joints, etc). She also had early
morning stiffness lasting 2–3 hours. At her first presentation in
November 1991, there was tenderness of the metacarpo-
phalangeal joints, and some swelling of the metatarsophalan-
geal (MTP) joints and the left ankle joint. The erythrocyte sedi-
mentation rate (ESR) was 41/77 mm/1st h, rheumatoid factor
was positive (latex test 149 U/ml, Rose-Waaler test 1/160).

Radiographically, there was soft tissue swelling of the MTP
joints I–V on both feet, and erosions at the left first MTP joint
and the interphalangeal (IP) joint of the left great toe. There
were no changes indicative of RA in the hands or wrists.

Non-steroidal anti-inflammatory drugs and parenteral gold
treatment were started. Gold had to be stopped three months
later because of an exanthema. DMARD treatment was

continued with 10 mg methotrexate intramuscularly a week.
This dose was increased to 15 mg intramuscularly a week
owing to increasing disease activity, with an ESR of 58/96
mm/1st h. Methotrexate had to be withdrawn in June 1993
because the patient reported retrosternal pain after each
application. In January 1994 treatment with sulfasalazine (3
g/day) was started. One year later, in April 1995, the disease
was still active with a C reactive protein (CRP) of 43 mg/l, an
ESR of 29 mm/1st h, although rheumatoid factor had become
negative. Most importantly, an x ray examination demon-
strated severe radiographic progression in the forefeet. For this
reason, the patient was included in a randomised, double
blind, placebo controlled trial with IL1Ra (anakinra) over six
months,12 where she was treated with subcutaneous injections
of 75 mg anakinra a day. Clinical improvement was seen
within four weeks. The patient also participated in a six month
continuation study. After one year, her RA was almost in
remission (ESR 10 mm/1st h, CRP <5 mg/l).

When the study ended the patient continued to be treated
with the same dose of anakinra until January 2001.

Radiographs of the forefeet
The following radiographs of the forefeet were obtained:

1991: Small erosions were seen at the IP I joint and the MTP I
joint of the left great toe and a small erosion at the right MTP
IV.

1992: New erosions had developed at the IP joint of the left
great toe, the MTP III and IV joints of the left foot, and at the
right MTP II joint.

1995: Severe destruction of the IP joint of the left great toe.
Erosions of the left MTP I and II joints had increased. At the
right foot, erosions at the IP joint of the right great toe, the
MTP III and IV joints (here with luxation) were visible.

1996: All erosions appeared to be stabilised/inactivated.

The radiographs from 1997 to 1999 showed no progression,
which indicates that the process continued to be inactive.

Radiographs of the hands and wrists
The following results were shown in the radiographs of the
hands and wrist:

1991 and 1992: No inflammatory changes.

1993: Several erosions at the right wrist and the metacarpal
basis had developed.

1995: Severe erosive damage of the right wrist could be seen.

1997 and in the following years: Signs of inactivation and
repair. No changes in the left hand and wrist were seen at any
time.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Abbreviations: CRP, C reactive protein; DMARDs, disease modifying
antirheumatic drugs; ESR, erythrocyte sedimentation rate; IL1Ra,
interleukin 1 receptor antagonist; IP, interphalangeal; MTP,
metatarsophalangeal; RA, rheumatoid arthritis
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Comparing biosimilar SB2 with reference infliximab
after 54 weeks of a double-blind trial: clinical,
structural and safety results

Josef S. Smolen1, Jung-Yoon Choe2, Nenad Prodanovic3,
Jaroslaw Niebrzydowski4, Ivan Staykov5, Eva Dokoupilova6,
Asta Baranauskaite7, Roman Yatsyshyn8, Mevludin Mekic9,
Wieskawa Porawska10, Hana Ciferska11, Krystyna Jedrychowicz-Rosiak12,
Agnieszka Zielinska13, Jasmine Choi14 and Young Hee Rho14

Abstract

Objectives. SB2 is a biosimilar to the reference infliximab (INF). Similar efficacy, safety and immunogen-
icity between SB2 and INF up to 30 weeks were previously reported. This report investigates such clinical
similarity up to 54 weeks, including structural joint damage.

Methods. In this phase III, double-blind, parallel-group, multicentre study, patients with moderate to
severe RA despite MTX were randomized (1:1) to receive 3 mg/kg of either SB2 or INF at 0, 2, 6 and
every 8 weeks thereafter. Dose escalation by 1.5 mg/kg up to a maximum dose of 7.5 mg/kg was
allowed after week 30. Efficacy, safety and immunogenicity were measured at each visit up to week
54. Radiographic damage evaluated by modified total Sharp score was measured at baseline and
week 54.

Results. A total of 584 patients were randomized to receive SB2 (n = 291) or INF (n = 293). The rate of
radiographic progression was comparable between SB2 and INF (mean modified total Sharp score dif-
ference: SB2, 0.38; INF, 0.37) at 1 year. ACR responses, 28-joint DAS, Clinical Disease Activity Index and
Simplified Disease Activity Index were comparable between SB2 and INF up to week 54. The incidence of
treatment-emergent adverse events and anti-drug antibodies were comparable between treatment groups.
Such comparable trends of efficacy, safety and immunogenicity were consistent from baseline up to
54 weeks. The pattern of dose increment was also comparable between SB2 and INF.

Conclusion. SB2 maintained similar efficacy, safety and immunogenicity with INF up to 54 weeks in
patients with moderate to severe RA. Radiographic progression was comparable at 1 year.

Trial registration: ClinicalTrials.gov (http://clinicaltrials.gov; NCT01936181) and EudraCT (https://www.
clinicaltrialsregister.eu; 2012-005733-37)

Key words: biosimilar, infliximab, Flixabi, Renflexis, Remicade, rheumatoid arthritis, tumour necrosis factor
blocker, radiographic progression, Sharp score, monoclonal antibody
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We read with great interest the article published in Inter-
national Journal of Rheumatology, “Long-Term Dietary
Changes after Diagnosis of Rheumatoid Arthritis in Swedish
Women: Data from a Population-Based Cohort” by Cecilia
Lourdudoss et al. [1].The role of diet in rheumatoid arthritis
(RA) remains an ever-burning question for both the patient
and the treating physician and, while it is quite acceptable
for the lay person to think that the occurrence of the
arthritis is influenced by the diet, unfortunately the scientific
community is yet to produce a definite answer.

In a systematic review of dietary intervention studies
in RA, it was concluded that the effect of various dietary
manipulations on the disease is uncertain [2]. The potential
risks associated with such intervention were also highlighted
in that review. The present study is among the important
observations in this field and the authors give specific dietary
recommendations for patients with RA in the future. The
authors noted that there was no change in dietary pattern in
RA patients, whereas those without RAmade certain changes
to their dietary pattern during the study period.Thismight be
because of the relatively small RApopulationwhen compared
to the controls in this cohort.The duration of the disease, the
disease activity, and the occurrence of comorbid illness also
were not taken into consideration.

We did a study that assessed the role of diet in RA patients
and its impact on arthritis-related symptoms as perceived by

the patients themselves, using a simple questionnaire in their
own language [3]. We categorized them as diet restrictors
and nonrestrictors based on whether they are following any
change in dietary pattern depending upon the aggravation of
joint symptoms following a specific food intake.We also con-
sidered associated comorbidities and alternative medicine
intake, which can influence the dietary pattern. Out of a total
of 101 patients with an average disease duration of 50.2 ±
65.4months, 44 (43.6%) followed dietary restriction while 57
(56.4%) did not observe any restriction. 20 of the 44 patients
who restricted their diet (45.5%) felt a difference in joint
symptoms on exposure to particular diet; 52 out of 57 (91.2%)
nonrestrictors did not experience any influence of diet on
their symptoms. Patients who observed changes in their joint
symptoms on exposure to a particular diet adopted dietary
restriction and we observe this association as statistically
significant in our study (p <0.0001). 20 out of the 44 and 52
out of 57 patients in either group appeared to be correctly
judging whether or not to restrict their diets.

We concluded that the decision of modifying diet should
be individual case-based rather than a generalized dietary
restriction, which lacks a solid scientific proof as of now and
might deprive the individual of the benefits of a nutritious
diet. The voluntary addition or deletion of part of the diet
might well have an influence on the overall dietary habits
of the entire family, as most often RA affects women who
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Abstract
In this chapter, we describe the usage of this rheumatoid arthritis model to investigate pain-like 
behavior in mice, including the assessment of clinical changes and the time-dependent changes in 
nociceptive behavior during disease progresses.
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1. Introduction
Chronic pain is a major health problem affecting approximately 20% of the population, 
resulting in markedly reduced quality of life for the individual as well as extensive costs for 
society. Approximately 1% of the population is diagnosed with rheumatoid arthritis (RA), a 
systemic autoimmune-mediated disease comprising synovial inflammation and matrix 
destruction. Swelling is particularly prominent in the small joints of the hands and feet. Pain 
is frequently the most egregious symptom reported and can persist after resolution of joint 
swelling with anti-inflammatory treatment. The inflammatory processes that result in 
rheumatoid arthritis are complex, with interactions among the cytokine network, 
autoantibodies, and the complement cascade. While the peripheral inflammation is an 
important component in generating pain in RA, the peripheral pathology cannot fully 
explain the amount of pain the arthritis patient experiences and facilitation of pain 
processing at the level of the spinal cord has been implicated (1). Despite the efficacy of new 
therapeutics (e.g., TNF and interleukin blockers) and treatment strategies (e.g., combination 
therapies), pain is still a significant problem. In a recent survey, more than 85% of RA 
patients described their RA as somewhat completely controlled, yet greater than 75% of 
them reported moderate to severe pain within the previous 2 months (2). Drug development 
in the area of chronic inflammatory pain has hitherto been insufficient. Thus, it is critical to 
increase our understanding for how chronic pain emerges during and subsequent to joint 
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Retraction: Novel piperazine 
core compound induces death in 
human liver cancer cells: possible 
pharmacological properties
Nima Samie, Sekaran Muniandy, M. S. Kanthimathi, Batoul Sadat Haerian & 
Raja Elina Raja Azudin

Scientific Reports 6:24172; doi: 10.1038/srep24172; published online 13 April 2016; updated 22 June 2016

This Article has been retracted by the Editors and Publishers of Scientific Reports. Following online criticisms of 
the published paper, an investigation at the journal has confirmed the manipulation and duplication of data and a 
level of image processing that is not compliant with the journal’s policies on image data integrity in figures 1–3, 6, 
7, 10 and 12. Versions of figures 1–11 and large sections of the text had also previously been published1,2.

All authors acknowledge these issues and agree to the retraction of the Article.
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PCC induced membrane blebbing and nuclear condensation. After 24 h treatment of SNU-475, and 
SNU-423 cells with 6.25 μg/ml of PCC, the apoptotic features were analyzed by fluorescence microscopy. Normal 
nuclear structure in control cells was displayed as green fluorescence, where as bright green fluorescence was 
shown in early apoptotic cells, caused by interposition of acridine orange with the fragmented DNA. Nuclear 
chromatin pucker and membrane zeiosis, as moderate apoptotic features, were detected after 24 and 48 h. Binding 

Figure 1. PCC arrests the cell cycle in the S/M phase. Cells were incubated with DMSO (negative control) and 
PCC (6.25 μg/ml) for 24 h, followed by collection and staining with BrdU and Phopho-Histone H3. Treatment 
with PCC revealed no significant changes in the BrdU and Phosho-Histone H3 fluorescence intensity which 
suggests that the cells have not been arrested at S/M phase.

Figure 2. Effect of PCC on development of cell cycle using flow cytometry. Momentous cell cycle arrest 
was identified at G1 phase after 24 and 48 h incubation of the cells with PCC. All data are expressed as the 
means ±  standard error of triplicate measurements. *P <  0.05 compared with the no-treatment group.
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seen as a potential inducer of morphological modifications downstream of apoptotic molecular events in the liver 
cancer cells associated with its cytotoxic potential.

Piperazines (1, 4-diazacyclohexane) are an extensive group of chemical compounds, containing a core func-
tional group with important pharmacological properties. They consist of a six-membered ring containing two 
nitrogen atoms at opposite positions in the ring. A large number of piperazine compounds have anthelmintic 
action. They are usually used as anti-helmintic against common roundworms such as ascariasis and pinworms 
(enterobiasis; oxyuriasis). Their mode of action is generally by paralysing parasites, which allows the host body 
to easily remove or expel the invading organ26. Based on the literature, unsubstituted piperazine do not show 
anti-cancer effect however, but when they are incorporated into to another molecule or are used as a derivate, 
some of them tend to show anti-cancer activity based on the compound’s structure. PCC is a piperazine derivate 
which has potential cytotoxic effect toward liver cancer cell lines. Nevertheless, there is little data showing that 
piperazine compounds can induce apoptosis pathways associated with their cytotoxic properties. Recent studies 
have demonstrated the cytotoxic effect of some piperazine derivatives such as β -elemene piperazine, 1,4-bis- 
(4-(1H-benzo[d]imidazol-2-yl-phenyl) piperazine and chloroalkyl piperazine and 6-(4-substituted piperazine-1-yl)- 
9-(β -D-ribofuranosyl) purine in cancer cells. However, only the extrinsic pathway of apoptosis is activated by 
these compounds27–31 whereas, PCC simultaneously activates both intrinsic and extrinsic pathways of apoptosis. 
To further support the role of PCC as a novel piperazine derivative with pro-apoptotic properties, we analyzed 
the apoptotic pathways in the liver cancer cell lines. Results showed that PCC enhanced the release of mitochon-
drial cytochrome c which activated caspase 9 by 4.8–5.0 fold in both liver cancer cells32. Interestingly, activated 
caspase-8 is also increased by about 5.0 fold in both cancer cell lines, suggesting that PCC-induced apopto-
sis is mediated by more than one pathway. Following cell excitation, calcium ions are released from mitochon-
dria to regulate several cellular processes such as apoptosis. Therefore, prolonged elevation of cytosolic calcium 
ions causes cell death33. In addition, mitochondrial calcium ion uptake alters the mitochondrial permeability 
which switches on the apoptosis event in response to the stress. Increase of calcium ion levels occurs at both 
the early and late stages of apoptosis. Hence, intracellular calcium ion elevation causes cell death through apop-
tosis pathways34–36. On the basis of the absence of cytosolic free calcium evaluated by using a calcium chelator 
(EGTA/AM) and flow cytometry analysis of Annexin-V in the PCC treated cells, an increase in the number of 

Figure 12. Western blot analysis of cancer and normal cell lines. Cells were treated with 3.12 and 6.25 μg/ml  
of PCC for 24 h. Proteins were transferred to a membrane and followed by probing with antibodies. 
Normalization of band densities of treated samples were accomplished based on the control. The results 
represent significant increase in the expression level of caspase 3, 7, 8, 9, p53, Bax and conversion of Bid to its 
truncated form, where as decrease in Bcl-2 and Bcl-xL levels.
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