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ARTICLE INFO ABSTRACT

Keywords: Objectives: to evaluate interobserver agreement in synovial tissue (ST) biopsy histology and immunohisto-
Synovial tissue chemistry (IHC) analysis across expert centers, and the influence of observers’ experience on interobserver
OMERACT agreement.

Histology

Methods: ST slides, collected from 38 biologic-naive rheumatoid arthritis patients, stained for H&E, FVIII, CD68,

Standardizati . . . . L.
A;;eze;zta o CD3 and CD19/20, were uploaded to an online platform. Using semiquantitative analysis, independent observers
Experience scored ST slides for immune and vascularity markers (0 to 4), and Krenn’s synovitis score (0 to 9). Presence of

lymphoid aggregates and synovial pathotype were also recorded. After the initial scoring, a modified eDelphi
process was conducted to reach consensus on a shared scoring approach among observers, followed by a second
scoring.

Interobserver agreement was assessed with Kappa coefficients.

Results: Initial scoring showed variability across observers and centres, with higher agreement for immune
markers (e.g. kappa for CD19/20=0.737; CD3=0.713) compared to vascular ones (FVIII=0.392, H&E = 0.316).
Stratifying by observers’ experience revealed lower agreement among highly experienced observers compared
with low and intermediate-experienced observers on specific markers.

After discussion, a modified eDelphi process was conducted, and consensus on adopting a maximum-score
approach (the highest score observable on the slide as the final scoring) for semiquantitative parameters was
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reached. A rescoring exercise, applying this principle, demonstrated improved agreement among observers,
across most parameters (CD68= 0.684, Krenn's score 0.545), although variability persists for certain parameters.
Conclusion: This study demonstrates that consensus-based methods can improve interobserver agreement in ST
histology and IHC scoring across centres. Adoption of a maximum-score approach among observers represents a
further step toward standardization of ST biopsy analysis, and may support its broader application

Statement of clinical significance: Histological and immunohistochemical analysis of synovial tissue (ST) biopsy is a
promising tool in rheumatoid arthritis (RA), both in translational and clinical research. Notably, the differences
in ST biopsy evaluation and interpretation persist across different centres of excellence hampers its widespread
clinical application and use in multicentre trials. Our study demonstrates that consensus-based approaches,
particularly the adoption of a maximum-score principle, can improve interobserver agreement of ST scoring
across centres. Our findings represent a critical step toward the standardization of ST biopsy analysis.

Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease pri-
marily affecting synovial joints, often leading to severe disability and
premature mortality [1]. Over the past 20 years, drugs with different
mechanisms of action have expanded our therapeutic arsenal. However,
a considerable number of patients still do not achieve remission, and the
assessment of disease activity remains highly dependent on the evalu-
ation methods used [2,3]. Notably, considering the lack of validated
biomarkers, treatment strategies are still based on a “trial and error”
approach.

To overcome this unmet need in RA, synovial tissue (ST) biopsy
analysis is an attractive tool for biomarkers discovery, to improve
treatment responses of targeted therapeutics, and to assess prognosis
[4]. Although various clinical trials have recently applied cellular and
molecular analyses of ST biopsy, using cutting edge technology to
stratify patients to different treatments [5,6], a more widely applicable
approach for routine practice is the histological analysis of ST [like
haematoxylin/eosin (H&E) and immunohistochemistry (IHC)]. Histol-
ogy and IHC have already been utilised to stratify disease [7,8], and
predict therapy outcomes [8,9], with some success. Furthermore, his-
tology and IHC are still relevant in ST biopsy research contexts. Indeed,
not only do they provide simple and useful insights on quality control,
but they are also useful to select region of interest before applying
higher-end techniques, such as imaging mass cytometry and spatial
transcriptomics. However, standardisation of the methodology of
interpretation of ST histology and IHC is critical to ensure reproduc-
ibility [8,10]. Indeed, substantial differences in ST biopsy evaluation
and interpretation persist across different centres of excellence.

Several steps have been undertaken to address these issues. Rooney
et al. [11] evaluated interobserver agreement for 2 IHC markers (CD3
and CD68) amongst 6 international centres, and obtained satisfactory
results. Efforts by the OMERACT ST biopsy Special Interest Group (SIG),
have progressively advanced the field of ST biopsy standardisation:
firstly, minimally invasive ultrasound-guided synovial biopsy tech-
niques were validated [12], following which, in collaboration with the
EULAR Synovitis Study Group (ESSG), consensus recommendations on
ST biopsy handling and analysis were published [13] as well as minimal
reporting requirements in ST research [10]. The next step, defined
during OMERACT 2018 by the OMERACT ST biopsy SIG, was to provide
further insights into the analysis of ST histological markers in order to
evaluate:

1) the interobserver variability in ST staining and analysis across expert
centres and,
2) the influence of observers’ experience on interobserver agreement.

Materials and methods

According to OMERACT methodology, the work was conducted in 4
phases as follows:

Digital slide collection

Each participating excellence centre was asked to contribute digital
images of ST biopsy, collected with image-guided techniques [10], from
patients affected by RA (fulfilling the ACR/EULAR 2010 criteria [1]),
prior to the start of the first biologic disease modifying anti-rheumatic
drug (bDMARD:s). For each patient, 5 different images corresponding
each to a different IHC staining were uploaded on an online platform
(carearthritis.com). Staining was performed based on a priorly shared
standardised protocol and included (Fig. 1): H&E and Factor VIII (FVIII)
for vascularity, CD68, CD3 and CD19/20 for immune infiltrates (mac-
rophages, T- and B-cells, respectively). Following quality control and
exclusion of 10 images (5.2%), 180 ST biopsy slides were included.

Blinded online scoring exercise

Independent observers (all rheumatologists/immunologists) scored
each slide online, using a 5-point semiquantitative analysis scoring
system (0-4), for immune [12-15] and vascularity [18,19] markers, a
pre-defined atlas was also provided [20]. Centres with multiple ob-
servers scored independently, blinded to each other’s results. Slides
were also graded for synovitis severity according to Krenn et al. [21],
assigning a single score (0-3) to its determinants (hyper-
plasia/enlargement of synovial lining cell layer; activation of resident
cells/synovial stroma; inflammatory infiltrate), to a total score of 0-9.
Observers also indicated presence/absence of lymphoid aggregates, as
well as synovial phenotype (pathotype) according to Dennis et al.
(lymphoid; myeloid; low inflammatory and fibroid) [7]. Results were
presented at OMERACT 2023.

Delphi exercise

Following OMERACT 2023, participants convened online to discuss
scoring modalities to address existing discrepancies. Slides with the
highest scoring heterogeneity were selected according to Shannon’s
equitability index (Shannon’s J) and discussed. Shannon’s J quantifies
response heterogeneity, as normalised measures derived from Shan-
non’s diversity index (Shannon’s H) [22], ranging from 0 (maximum
skewedness, no variability) to 1 (maximum evenness, high variability).

Following discussion, a modified Delphi process was initiated to
establish consensus on key scoring principles. Items for voting were
derived from critical discussion points, and formulated into two
statements:

(a) The global score for semiquantitative parameters should reflect
the highest score observed in the slide;
(b) A cut off is required to define lymphoid aggregates.

Voting was conducted via a one-stage eDelphi process, in which
participants responded anonymously with “yes” or “no” to each item.
Items were endorsed if agreement was > 70%.
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Blinded online rescoring exercise

The rescoring exercise used the same slides from the initial scoring
round. Based on the eDelphi results, participants applied the maximum
score approach. Each slide was rescored for immune [14-17] and
vascularity [18,19] markers, as well as for the activation of resident
cells/synovial stroma item of the Krenn score [21], using the method-
ology previously described. These parameters were selected during the
online meeting, as the most contentious and requiring re-scoring.

Statistical analysis

Descriptive statistics were applied to describe patients’ and ob-
servers’ characteristics.

To assess interobserver variability across the scores performed,
Cohen’s Kappa was calculated for categorical variables (such as
lymphoid aggregates and pathotype), while Cohen’s weighted Kappa
was used for continuous variables. Notably, Krenn’s synovitis severity
was analysed both as the total score and categorised as grades of syno-
vitis: none (0-1), low (2-4), or high (5-9) [21].

Kappa values were calculated for both scoring exercises, and
compared among matched observers that took part in both rounds.
Kappa coefficients were interpreted as follows: poor (<0.20), fair (>0.20
and <0.40), moderate (>0.40 and <0.60), good (>0.60 and <0.80) and
very good (>0.80 and <1.00) [23]. Light’s Kappa was calculated for
each parameter, and for both scoring exercises, to assess interobserver
agreement. Light’s Kappa, together with its 95% confidence intervals,
was calculated for each parameter, and for both scoring exercises, to
assess interobserver agreement.

Lastly, observers were stratified into three groups based on their
experience in scoring ST biopsy: low (<10 years), intermediate (11-20
years) and high (>20 years); details available in Supplementary Table 1.
Eventual differences in interobserver agreement across the experience
groups were assessed based on results from the first scoring exercise,
including scores for vascularity and immune markers, and Krenn’s
subcategories. For each score, a permuted Kruskal-Wallis test was per-
formed (10,000 permutations/test), with Benjamini-Hochberg correc-
tion. Empirical p-values were calculated as the proportion of permuted
statistics greater than or equal to the observed statistic. Permuted Dunn's
tests (10,000 permutations) were applied for post-hoc comparisons.

Statistical analysis was performed using R 4.4.2 [24], using the “irr”
[25] and “FSA’’ [26] packages, while ggiraphExtra [27] and ggcorrplot2
[28] packages were used to produce graphs. p < 0.05 was considered as
statistically significant.

Ethics

All participating centres obtained local ethical approval related to
this study, in accordance with institutional and national regulations.
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Results
Blinded online scoring exercise

11 observers from 7 different centres from 3 continents participated
in the first scoring exercise. ST biopsy slides were collected from 38
patients with RA (demographic and clinical data depicted in Supple-
mentary Table 2).

Overall, correlation analysis showed moderate-good agreement
amongst observers for different histology and IHC markers, that also
reflected in the agreement analysis (Table 1). In particular, agreement
for immune markers such as CD19/20 and CD3 achieved “good” or “very
good”. For these markers, Light’s Kappa values resulted above 0.7. On
the other hand, both vascularity staining (by H&E and Factor VIII ob-
tained much lower agreement values (Light’s Kappa values of 0.316 and
0.392, respectively).

Degrees of heterogeneity and variations in histology/IHC scores
were noted across observers and centres (Fig. 2), reflecting differences in
scoring approaches. Indeed, while some parameters (like CD3 and
CD19/20) were scored consistently by the observers, greater variability
was noted for other parameters (like H&E and FVIII). Remarkably, it
appeared as some observers presented a tendency toward higher [like
observer 8 (Fig. 2)] or lower [like observer 4 and 5 (Fig. 2)] scores in the
semiquantitative analysis, contributing to the observed spread in results.

Differences in interobserver agreement according to observers’ experience

Interobserver agreement varied among groups based on experience
(Table 2). Surprisingly, for CD19 (p = 0.005) and CD68 (p = 0.041),
highly experienced observers had lower agreement when compared
with those less experienced. Similar results were obtained when
comparing the high with the intermediate experience group for CD3 (p
= 0.001), CD68 (p = 0.015), H&E vascularity (p = 0.007), hyperplasia
of lining layer (p = 0.007) and inflammatory infiltrate (p = 0.047).
Likewise, the latter also resulted statistically different between low and
intermediate experience groups (p = 0.047). No other significant dif-
ferences were observed for the other comparisons made, as well as for
FVIIL

Delphi exercise

The differences observed during the first scoring exercise highlighted
the need for a more homogeneous and shared approach to semi-
quantitative analysis. Hence, the SIG held an eDelphi survey aiming at
standardizing the scoring framework. Voting results showed 77.78%
agreement for adopting a “maximum score approach” for semi-
quantitative analysis, that is: each parameter’s final score corresponds to
the highest value observable. Similarly, there was 100% agreement to
define a cutoff for lymphoid aggregates. Consequently, the SIG endorsed
the “maximum score approach” for semiquantitative analysis of histol-
ogy/IHC scores, while further work on lymphoid aggregates’ definition

Fig. 1. Representative images of synovial tissues showing the stainings that were scored by observers: Haematoxylin/Eosin (H&E), CD20, CD68, CD3 and Factor

VIII (FVIID).
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Table 1
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Analysis of interobserver agreement from the first scoring exercise, involving 11 observers, and calculated using unweighted (for Lymphoid Aggregates and Pathotype)
and weighted (for all others) Cohen’s Kappa for correlation coefficients, and Light’s Kappa.

Cohen’s Kappa correlation coefficients

Light’s Kappa (95%CI)

Poor Fair Moderate Good Very Good
CD19/20 0 (0%) 0 (0%) 7 (12.7%) 27 (49.1%) 21 (38.2%) 0.737 (0.628-0.795)
CD3 0 (0%) 1 (1.9%) 9 (16.7%) 34 (63%) 10 (18.5%) 0.713 (0.609-0.777)
CD68 0 (0%) 4 (7.3%) 12 (21.8%) 34 (61.8%) 5(9.1%) 0.653 (0.562-0.72)
FVIII 5(9.1%) 25 (45.5%) 20 (36.4%) 5(9.1%) 0 (0%) 0.392 (0.247-0.517)
H&E vascularity 12 (21.8%) 29 (52.7%) 13 (23.6%) 1 (1.8%) 0 (0%) 0.316 (0.185-0.412)
Lymphoid Aggregates 0 (0%) 1(1.8%) 15 (27.3%) 30 (54.5%) 9 (16.4%) 0.675 (0.537-0.796)
Pathotype 10 (18.2%) 23 (41.8%) 20 (36.4%) 2 (3.6%) 0 (0%) 0.344 (0.261-0.422)
Total Krenn’s score (0-9 scale) 1 (1.8%) 10 (18.2%) 18 (32.7%) 26 (47.3%) 0 (0%) 0.535 (0.441-0.597)
Activation of resident cells/stroma 14 (25.5%) 21 (38.2%) 18 (32.7%) 2 (3.6%) 0 (0%) 0.341 (0.231-0.43)
Hyperplasia of Lining Layer 9 (16.4%) 32 (58.2%) 13 (23.6%) 1 (1.8%) 0 (0%) 0.326 (0.205-0.421)
Inflammatory Infiltrate 3 (5.5%) 10 (18.2%) 20 (36.4%) 20 (36.4%) 2 (3.6%) 0.525 (0.416-0.601)
Total Krenn’s score (categorised) 4 (7.3%) 13 (23.6%) 22 (40.0%) 16 (29.1%) 0 (0%) 0.474 (0.361-0.568)
H&E: Hematoxylin/Eosin.
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Fig. 2. Radar plot of the mean value for each score across all slides in the initial scoring exercise, depicted for all observers (panel A) and according to expert centres

(panel B).

was planned.

Second online scoring exercise

Eight observers, from 6 centres, who participated in the first scoring
exercise, took part in the rescoring exercise. Agreement improved be-
tween the first and second scores (correlation coefficients in Table 3).
Notably, this improvement included activation of resident cells/stroma
(64.3%), an outcome that also affected the total Krenn’s score (42.9%).
There were similar improvements with regards to the vascularity
markers FVIII and H&E (60.7%, and 53.6%, respectively), as well as
CD68 (60.7%).

The rescoring exercise led to improvements in the interobserver
agreements for almost all parameters rescored. Looking at Light’s Kappa
values for matched observers who took part in both scores, these were
particularly improved for activation of resident cells/stroma, H&E and
CD68 (Supplementary Table 3).

Discussion

In this manuscript we investigated interobserver variability in his-
tological and IHC analysis of ST biopsy, recognising that these tech-
niques are fundamental for ST analysis in the era of spatial
transcriptomics. The presented study was conducted on ST biopsy from a

large cohort of bDMARD-naive patients with RA.

To the best of our knowledge, this represents the first study to sys-
tematically evaluate the inter-observer agreement for histological and
[HC ST markers by a high number of international experts and centers.

Results show a substantial level of agreement between observers,
particularly for CD19/20, CD3 and CD68 markers. Despite a strong
agreement, we observed discrepancies on specific IHC markers which
led to further discussions. Indeed, through a structured eDelphi exercise,
consensus was reached on scoring methods, which subsequently led to
improvement in the interobserver agreement.

Previous efforts to address interobserver variability in ST biopsy
analysis have been limited. Rooney et al. achieved a strong interobserver
agreement for synovial sublining CD3+ and CD68+ infiltration using
semiquantitative analysis [11], though their study encompassed a
smaller patient population. Mussawy et al. found a comparable Cohen’s
kappa of 0.712 between 2 observers for H&E staining, in a 20-patient
arthritis cohort that included 8 RA patients [29]. Our results appear
more robust than those available in the literature, as they are based not
only on a larger cohort, but especially since they include multiple his-
tology and IHC markers and various other scores, fully implementing the
EULAR/OMERACT consensus on the set of items needed for ST biopsy
analysis [13].

Through discussion and an eDelphi process, we were able to reach
agreement on scoring methods and add supplementary items to the
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Table 2
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Comparison of interobserver agreement among observers who participated in the first online score, divided according to their years of experience in scoring synovial
tissue biopsy. That is 1) low: 10 years or less, 2) intermediate: between 11 years and up to 20 years, and 3) high: >20 years.

Light’s Kappa (95%CI)

Post-hoc Dunn's test

Experience Kruskal-Wallace Observed Permutated p value Permutated p value
Low Intermediate High permutated adjusted p- Z (unadjusted) (adjusted)
value:
CD19/20 0.838 0.783 0.597 0.023
(0.717-0.895) (0.67-0.851) (0.448-0.7)
expe- low vs 0.903 0.399 0.399
rience  intermediate
low vs high 2.740 0.001 0.005
high vs 2.002 0.040 0.0613
intermediate
CD3 0.737 0.797 0.539 0.023
(0.603-0.819)  (0.648-0.884)  (0.401-0.642)
expe- low vs —1.742 0.084 0.126
rience  intermediate
low vs high 1.528 0.130 0.130
high vs 2.951 <0.0001 0.001
intermediate
CD68 0.732 0.778 0.454 0.023
(0.608-0.818)  (0.685-0.837)  (0.302-0.596)
expe- low vs —0.516 0.650 0.650
rience intermediate
low vs high 2.160 0.027 0.041
high vs 2.582 0.005 0.015
intermediate
FVIII 0.425 0.441 0.259 0.345
(0.238-0.584)  (0.195-0.603)  (0.078-0.417)
expe- low vs —0.387 0.727 0.727
rience intermediate
low vs high 1.159 0.266 0.4
high vs 1.475 0.147 0.4
intermediate
H&E vascularity 0.343 0.41 0.109 0.023
(0.185-0.448)  (0.221-0.55) (0.011-0.211)
expe- low vs —0.774 0.452 0.452
rience intermediate
low vs high 2.054 0.037 0.056
high vs 2.687 0.002 0.007
intermediate
Activation of resident 0.227 0.503 0.326 0.023
cells/stroma (0.049-0.38) (0.32-0.646) (0.234-0.406)
expe- low vs —2.646 0.004 0.014
rience  intermediate
low vs high —0.685 0.513 0.513
high vs 1.475 0.155 0.233
intermediate
Hyperplasia of lining layer  0.379 0.44 0.143 0.023
(0.22-0.505) (0.211-0.625)  (0.001-0.284)
expe- low vs -0.774 0.462 0.462
rience  intermediate
low vs high 2.055 0.037 0.055
high vs 2.687 0.002 0.007
intermediate
Inflammatory Infiltrate 0.445 0.658 0.406 0.035
(0.296-0.558)  (0.535-0.744)  (0.265-0.528)
expe- low vs -2.130 0.031 0.047
rience  intermediate
low vs high 0.316 0.774 0.774
high vs 2.055 0.031 0.047
intermediate

research agenda. Indeed, the Delphi-based approach provided valuable
insights into experts’ scoring methods. In particular, the method used for
semiquantitative scoring varied widely across observers due to use of
either maximum scoring or average scoring across one slide. Following
the eDelphi survey, the “maximum score approach” was adopted by the
SIG, establishing a common scoring paradigm among observers. Experts
agreed that the final grading of each semiquantitative score should
reflect the highest available on a ST slide. The “maximum score
approach” can offer a more representative reflection of synovial disease
severity, and by leveraging onto the most pronounced histological fea-
tures, it might enhance patient-level representativity by better capturing

aggressive synovial changes. At the same time, “maximum score
approach”, resembling scoring paradigms used in oncology, may spec-
ulatively inform therapy choices, although this potential requires
further investigation.

Results from the second score, performed applying the "maximum
score approach”, show an improvement in correlation analysis, as well
as in Light’s kappa values demonstrating a consistent, although in some
cases modest, increase in interobserver agreement values. Importantly,
the observed effect of the consensus-based approach, represents evi-
dence that standardisation of scoring methodology can lead to
measurable and directionally consistent improvements across different
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Correlation and agreement analysis for the second scoring exercise, with percentage of improved correlations confronted with the first score on matched observers.

H&E: Hematoxylin/Eosin.

Cohen’s Kappa interpretation

Impro-vement

Light’s Kappa (95%CI)

Poor Fair Moderate Good Very Good
CD19/20 0 (0%) 0 (0%) 3 (10.7%) 13 (46.4%) 12 (42.9%) 46.4% 0.759 (0.621-0.84)
CD3 0 (0%) 0 (0%) 4 (14.3%) 18 (64.3%) 6 (21.4%) 53.6% 0.712 (0.611-0.788)
CD68 0 (0%) 0 (0%) 8 (28.6%) 15 (53.6%) 5 (17.9%) 60.7% 0.684 (0.57-0.759)
FVIII 7 (25.0%) 11 (39.3%) 8 (28.6%) 2(7.1%) 0 (0%) 60.7% 0.342 (0.182-0.478)
H&E vascularity 5 (17.9%) 12 (42.9%) 9 (32.1%) 2 (7.1%) 0 (0%) 53.6% 0.368 (0.233-0.474)
Krenn’s Synovitis score (0-9 scale) 1 (3.6%) 3(10.7%) 12 (42.9%) 12 (42.9%) 0 (0%) 42.9% 0.545 (0.438-0.627)
Activation of resident cells/stroma 8 (28.6%) 11 (39.3%) 9 (32.1%) 0 (0%) 0 (0%) 64.3% 0.322 (0.205-0.413)
Krenn’s Synovitis score (categorised) 1 (3.6%) 8 (28.6%) 12 (42.9%) 7 (25.0%) 0 (0.0%) 53.6% 0.472 (0.336-0.575)

expert centres.

Finally, the SIG emphasised how the “maximum score approach”
should be conducted with care to any overestimation, that might
represent a potential limitation. To ensure objectivity and fairness, the
SIG recommends to evaluate multiple slides per patient, with different
IHC staining conducted on serial sections and multi-site sampling per
patient, as recommended in previous OMERACT led standardisation
efforts [13].

Furthermore, tissue quality appeared in this work as a major driver of
agreement, emphasizing the need for appropriate quality controls, as
previously reported [10,13,30]. Notably, in present study, ST were
processed across different centres and their image files were shared in
different formats. In line with quality control principles, a standardised
protocol was circulated prior to collection to all centres. However, these
elements might have influenced agreement, and should be considered as
an intrinsic limitation. Additionally, clinical data were available for 70%
of included patients; yet, considering the focus of present study, and its
scope as a methodological scoring exercise, impact of missing data on
main outcomes is likely minimal.

Lastly, this study considered observers’ experience and assessed its
influence on interobserver agreement. Interestingly, while longer
experience would conceivably be associated with higher agreement, we
found results to the contrary, for multiple parameters. Similar findings
have been reported in other fields. Comparable rates of interobserver
agreement have been described among experienced and inexperienced
pathologists [31], and even between senior and junior radiologists [32].
In another case junior pathologists even out-performed senior ones in
agreement levels [33].

A plausible explanation for this discrepancy, is that observers’
experience shape divergent approaches to ST biopsy analysis. Less
experienced observers may adhere more strictly to scoring guidelines or
atlases. Conversely, highly experienced observers may have developed -
during the years - a more refined but possibly divergent perspective on
ST scoring, based on personal interpretive habits developed over time.
Hence, the variability observed in the highly experienced group can be
based on this divergence, especially considering the semiquantitative
nature of performed scores, where subjective judgement plays a role.
Another possible explanation might involve centre-specific character-
istics like scoring habits or volume of ST biopsies locally handled.
However, all experts come from large third-level centres and — apart
from 1 centre — there are 2 observers from each of them - that also have
different experience levels among one another. Thus, even though these
differences may have played a role, their effect appears minimised.

It would have been interesting to perform another analysis on the
second scoring, however the dropout rate in the most experienced ob-
servers’ group did not allow this.

The consensus at OMERACT 2025 following the presentation of these
results was the need for integration of artificial intelligence (AI) tech-
nology into ST biopsy analysis as a key research priority. Indeed, digital
image analysis (DIA) techniques have been previously applied to ST
biopsy analysis [11,34], finding good correlation with semiquantitative
analysis, but have not been validated furtherly. Similarly, a machine

learning approach recently achieved good correlation with quantitative
assessment of synovial cells on H&E staining [35]

Al technology can potentially further improve scoring of ST biopsy,
potentially reducing interobserver variability by automating the quan-
tification of ST histology and IHC, aiding selection of representative
tissue regions and generating reproducible metrics. These could
conceivably enable patient stratification with regards to the degree and
type of inflammation and improve prediction of therapeutic outcomes.

The next steps for the ST biopsy SIG include validation of Al-assisted
approaches for ST biopsy analyses.

Conclusion

Considering the high potential of ST biopsy in clinical trials and
clinical practice, continued efforts are needed to standardise ST biopsy
analysis, in an effort to improve both utility and reproducibility. Our
study highlights the need for common scoring methods across observers
and centres, and demonstrates a framework to improve interobserver
agreement through scoring, discussion about discrepancies and agree-
ment through a Delphi survey, followed by a rescoring exercise. This
work from the OMERACT ST biopsy SIG represents a further step to-
wards standardization of ST biopsy analysis, including the future aim to
integrate Al technology into the workflow.
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