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ABSTRACT. Objective. The Outcome Measures in Rheumatology (OMERACT) synovial tissue biopsy (STB)
working group initiated an international effort to standardize STB analyses, define consensual items
to inform treatment choices, and predict responses in rheumatoid arthritis (RA).
Methods. (1) A Delphi survey to determine items for STB analyses. (2) A multicenter retrospective
study of STB data in patients with RA posttreatment with biological disease-modifying antirheumatic
drugs.
Results. The Delphi survey identified 18 STB analyses items. Consensus on histological markers was
achieved in the OMERACT 2018 SIG.
Conclusion. Six markers were identified for examination in a multicenter study designed to define
an OMERACT-endorsed set of STB markers to predict responses to treatment. (First Release January
15 2019; J Rheumatol 2019;46:1365–8; doi:10.3899/jrheum.181062)
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Despite current therapeutic advances in rheumatoid arthritis
(RA), predicting and achieving adequate treatment responses
and remission remains elusive for a substantial proportion of
patients. Indeed, even with biological disease-modifying
antirheumatic drugs (bDMARD), rates of remission and
improvement in function are suboptimal1,2. RA is a heterogeneous disease clinically and pathologically3,4, so one
explanation for low response rates may be the current nontargeted, “trial and error” use of conventional DMARD
(cDMARD) and bDMARD. Although there have been
several attempts to identify biomarkers in peripheral blood
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SYNOVIUM

to guide therapeutic choices for individual patients5,6,7, they
have generally proven inconclusive and inconsistent.
Because the synovium is the major target of disease and a
robust measure of treatment response in RA8, it is probable
that the search for biomarker(s) to guide therapy and predict
response to treatment may best be addressed by synovial
tissue biopsy (STB) analyses9,10,11,12. Indeed, despite current
therapeutic approaches, 30–40% of patients are resistant to
therapy, having persistent synovitis and erosion progression11. An alternative “pathobiological” approach13 basing
treatment selection upon individual patient factors such as
STB analyses could provide a better rationale for the
selection of appropriate bDMARD, resulting in better
individual patient responses.
STB are not currently considered standard of care in
randomized controlled trials or for choice of therapy for a
variety of reasons14,15, including relative lack of access and
technical expertise in their performance and evaluation16. An
important step advancing their use occurred at the
OMERACT 2016 STB SIG, establishing the feasibility, reliability, and validity of minimally invasive ultrasound (US)guided synovial biopsy techniques according to the
OMERACT Filter 2.014,17,18.
Regarding evaluation and interpretation of STB, considerable heterogeneity remains across centers. Before
addressing more advanced techniques to interpret STB, such
as RNA sequencing and transcriptomics19, standardization of
standard histologic and immunohistochemistry (IHC)
analysis is critical. Given the relative ease of performing
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histological semiquantitative analysis (SQA), it is likely to
be the most feasible technique to direct treatment choices,
facilitating rapid decision making from the bench to the
bedside.
However, before proposing routine use of standardized
STB histologic and IHC techniques to guide therapy, several
factors must be satisfied, including (1) uniformity of biopsy
handling and analyses across centers, (2) creation of a
uniform quality score, (3) validation of the score to identify
the relationship between immunopathology and therapeutic
responses, and (4) identification of novel STB markers of
disease phenotype and outcomes and to match these with
circulating biomarkers and imaging techniques. Hence, the
strategic aims and objectives of the OMERACT STB SIG
were to initially conduct a Delphi survey regarding STB
handling and analytic procedures, followed by analysis of
STB histological markers to assess whether they can (1)
guide choices of appropriate therapeutic agents, (2) predict
responses to treatment, and thereby (3) define a consensual
set of histological items to be used for prediction of therapeutic responses in RA.
MATERIALS AND METHODS

The initial Delphi survey (Table 1 and Supplementary Data, available with
the online version of this article) invited participation from relevant experts
in performance and analysis of STB. The survey was conducted in 3 stages.
The first stage included 44 items in 2 distinct clinical parts: clinical practice
and translational research. Each participant rated each item on a scale of
1 to 5 (1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly
agree). The second round constituted iterative refinements from the earlier
round.
Based on the consensual set of items that emerged from this Delphi, the
OMERACT STB SIG decided to perform a study to determine whether STB
histological markers can be used to guide treatment choices, predict
responses, and define a consensual set of histological items for future use.

Table 1. The key areas assessed in the Delphi survey for performance and
analysis of synovial tissue biopsy.

Biopsy sampling
No. samples retrieved per large or small joint and from different areas
of the joint
Biopsy processing
Duration of time biopsies should be kept in formalin prior to being
processed
Histological criteria
Biopsy area
Specific morphological criteria including presence of lining layer and
preservation of tissue architecture
Staining and immunohistochemistry
Requirement for H&E and staining for specific mandatory or optional
immunohistochemical cellular markers (CD68, CD3, CD19, CD20, etc.)
Biopsy interpretation
Requirement for synovitis score, pathotype, presence of lymphoid
follicles
Type of analysis: semiquantitative or quantitative, and no. areas of biopsy
to be assessed
RNA analysis
Pooling of biopsies for RNA extraction
1366

This analysis of STB histological markers will be performed retrospectively on collected STB at baseline and followup ≥ 6 months in biologic
treatment–naive patients with RA [fulfilling the American College of
Rheumatology (ACR)/European League Against Rheumatism (EULAR)
2010 criteria for diagnosis] following initiation of treatment with bDMARD.
Synovial biopsies will be stained for H&E, CD68+, CD3+, CD19+, or
CD20+, presence of lymphoid aggregates, and staining of blood vessels.
Following initial quality control, all slides will be independently scored
(using SQA) by 2 observers at each center who are blinded to the design of
the study and responses to the treatment. Each observer will be asked for a
percent likelihood of response to each of the following bDMARD: interleukin 6 blockade, T cell costimulation inhibition, tumor necrosis factor-α
(TNF-α) blockade, and anti-CD20, depending on histological features.
Statistical analyses will include descriptive analyses, logistic regression,
and κ coefficients for each histological marker.

RESULTS
Delphi exercise: first round. Twenty-seven experts from 19
centers were contacted by e-mail. Twenty participants (85%)
from 18 centers responded; of these, 19 (95%) were rheumatologists, and 1 (5%) was a pathologist. Twenty-three out of
44 items (52.3%) from the clinical practice portion of the first
questionnaire were selected for the second round based on
their score and percentage of agreement. Of these, 5 remained
unchanged, 16 were modified, and 2 were added according
to participants’ comments. Nineteen out of 43 items (44%)
from the translational research component of the first
questionnaire were selected for the second round; of these,
10 remained unchanged and 9 were modified according to
participants’ comments; no new item was proposed.
Delphi exercise: second round. From the clinical practice
component of the second round, 20/23 (87%) and 18/19 items
(95%) from the clinical practice and translational research
components, respectively, were selected for the third round.
Face-to-face meeting. Results of the second round were
disseminated through participating members and orally
presented to the task force at the EULAR Synovitis Study
Group meeting in June 2017. All task force members agreed
on the final set of items. Items with a median score > 3.5 and
percentage of agreement > 70% were selected for further
rounds. Statistics were performed using GraphPad Prism 6.0.
Results of synovial biopsy study. The planned multicenter
(n = 5 per center) study will analyze STB histological
markers for macrophages, T cells, B cells, lymphoid aggregates, and blood vessels to determine likelihood of response
to treatment with bDMARD (tocilizumab, abatacept, TNF
inhibitor, or rituximab). These results will be presented once
the planned study has been completed.
Results from discussion at OMERACT 2018. At the
OMERACT STB SIG, results of the Delphi survey and
methodological details of the next component (analysis of
histological markers on retrospectively collected STB) were
presented and discussed.
A consensus was reached regarding quality control for
histology and SQA and IHC markers to be used in STB
analyses. It was decided that the next steps would be the
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finalization of participating centers and a uniformly
agreed-upon protocol, to establish an atlas of SQA to ensure
uniformity across centers and provide a reference standard
for future studies. A qualitative study on participant experiences with arthroscopy and US-guided STB was also
proposed.

DISCUSSION
Standardization of synovial tissue analysis as a predictor to
guide therapy and response to treatment. Although there is
considerable literature on responsiveness to changes in RA
disease activity following treatment with c/bDMARD16,
there are limited data, despite a strong pathobiologic rationale
that demonstrates the usefulness of STB guiding treatment
choices13. This is particularly relevant in the current context
of availability of bDMARD with diverse mechanisms of
action, but relatively similar responses across treatments13
and may likely reflect synovial pathotype heterogeneity as
shown in a recent prospective study that reported higher
levels of B cell infiltrates and lymphoid aggregates in anticitrullinated protein antibody-positive patients20. Another
notable study by Dennis, et al9 revealed better responses to
TNF inhibitors with an underlying “myeloid” as opposed to
“lymphoid” or other synovial phenotypes.
Another important factor contributing to the heterogeneity
of results is the varying methodology assessing STB across
centers. Although analysis of IHC by SQA has been used as
one of the fastest quantification techniques, it is subject to
observer error. Despite attempts to reduce this error by
observer training and standardization and using 2 observers
and a consensus score, none of these methods have been
thoroughly validated16.
Data and insights following discussion at OMERACT 2018.
Following the OMERACT STB SIG, further steps are to
finalize a staining protocol, and formally invite STB centers
of excellence to participate in the study, which will be undertaken through the EULAR/ACR STB SIG. A quality-control
exercise will follow, which will result in an atlas of SQA as the
reference standard for this and future studies. Following patient
selection across centers and appropriate IHC staining, slides
will be uploaded onto a central server for blinded analyses,
followed by formal statistical analyses, including histopathological correlations with clinical and imaging outcomes.
Following this exercise, it is expected that the OMERACT
STB working group will be able to create and validate an
acceptable uniform quality score, gain insights into histological markers that will help identify relationships between
synovial immunopathology and treatment responses (or lack
thereof), and facilitate identification of novel STB biomarkers of disease phenotype and outcomes and match these
with circulating biomarkers and imaging techniques.

ONLINE SUPPLEMENT

Supplementary material accompanies the online version of this article.
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