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Summary
Background Despite highly effective targeted therapies for rheumatoid arthritis, about 40% of patients respond poorly, 
and predictive biomarkers for treatment choices are lacking. We did a biopsy-driven trial to compare the response to 
rituximab, etanercept, and tocilizumab in biologic-naive patients with rheumatoid arthritis stratified for synovial 
B cell status.

Methods STRAP and STRAP-EU were two parallel, open-label, biopsy-driven, stratified, randomised, phase 3 trials 
done across 26 university centres in the UK and Europe. Biologic-naive patients aged 18 years or older with rheumatoid 
arthritis based on American College of Rheumatology (ACR)–European League Against Rheumatism classification 
criteria and an inadequate response to conventional synthetic disease-modifying antirheumatic drugs (DMARDs) 
were included. Following ultrasound-guided synovial biopsy, patients were classified as B cell poor or B cell rich 
according to synovial B cell signatures and randomly assigned (1:1:1) to intravenous rituximab (1000 mg at week 0 and 
week 2), subcutaneous tocilizumab (162 mg per week), or subcutaneous etanercept (50 mg per week). The primary 
outcome was the 16-week ACR20 response in the B cell-poor, intention-to-treat population (defined as all randomly 
assigned patients), with data pooled from the two trials, comparing etanercept and tocilizumab (grouped) versus 
rituximab. Safety was assessed in all patients who received at least one dose of study drug. These trials are registered 
with the EU Clinical Trials Register, 2014-003529-16 (STRAP) and 2017-004079-30 (STRAP-EU).

Findings Between June 8, 2015, and July 4, 2019, 226 patients were randomly assigned to etanercept (n=73), 
tocilizumab (n=74), and rituximab (n=79). Three patients (one in each group) were excluded after randomisation 
because they received parenteral steroids in the 4 weeks before recruitment. 168 (75%) of 223 patients in the intention-
to-treat population were women and 170 (76%) were White. In the B cell-poor population, ACR20 response at 16 weeks 
(primary endpoint) showed no significant differences between etanercept and tocilizumab grouped together and 
rituximab (46 [60%] of 77 patients vs 26 [59%] of 44; odds ratio 1·02 [95% CI 0·47–2·17], p=0·97). No differences were 
observed for adverse events, including serious adverse events, which occurred in six (6%) of 102 patients in the 
rituximab group, nine (6%) of 108 patients in the etanercept group, and three (4%) of 73 patients in the tocilizumab 
group (p=0·53).

Interpretation In this biologic-naive population of patients with rheumatoid arthrtitis, the dichotomic classification 
into synovial B cell poor versus rich did not predict treatment response to B cell depletion with rituximab compared 
with alternative treatment strategies. However, the lack of response to rituximab in patients with a pauci-immune 
pathotype and the higher risk of structural damage progression in B cell-rich patients treated with rituximab warrant 
further investigations into the ability of synovial tissue analyses to inform disease pathogenesis and treatment 
response.
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Introduction
Biological disease-modifying antirheumatic drugs 
(DMARDs) have transformed the outlook for patients 
with rheumatoid arthritis. However, the lack of a 

meaningful response to treatment in about 40% of patients, 
particularly when using stringent response criteria such 
as low disease activity or remission, and the potential side-
effects and exposure to potentially ineffective high-cost 
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drugs, have underlined the need to identify predictive 
markers of response to ensure the best therapeutic 
outcome to individual targeted therapeutics and facilitate 
patient stratification before treatment.1

Consistent with the well known heterogeneity of 
rheumatoid arthritis, variable response to biological 
DMARDs can be linked to the variable expression and 
pathogenetic relevance of the therapeutic targets in 
individual patients. Several studies have attempted to 
define blood and synovial biomarkers associated with 
response to biological DMARDs, including both genes 
(DNA, RNA, and miRNA) and proteins. However, most 
of the evidence comes from small observational studies 
or post-hoc analyses of clinical trials with little predictive 
value and limited clinical applicability for patient 
stratification in clinical practice. One randomised 
controlled trial (R4RA) from 2021 reported that a low or 
absent synovial B cell molecular signature in patients 
who did not respond to at least one tumour necrosis 
factor (TNF) inhibitor was associated with a lower 
response to B cell depletion (rituximab) compared with 
interleukin-6 receptor inhibition (tocilizumab).2 Further 
analyses of the same trial identified molecular predictors 
of treatment response to the individual therapies, together 
with a signature associated with multidrug resistance.3

Here, we report results from the stratification of biological 
therapies for rheumatoid arthritis by pathobiology (STRAP) 
trials, the main aim of which was to test the utility of 

analysing synovial B cell infiltrates as a potential biomarker 
to guide therapeutic decisions in patients who do not 
respond to conventional synthetic DMARDs. The primary 
hypothesis was that patients with a low B cell infiltrate, 
assessed by combining histomorphology and a B cell-
specific molecular score, would have a worse response to 
B cell depletion with rituximab, as compared with 
etanercept and tocilizumab grouped together.

Methods
Study design and participants
We did two parallel, open-label, biopsy-driven, stratified, 
randomised, phase 3 trials at 26 centres across the UK 
and the EU. The STRAP trial began recruitment in 
the UK on June 8, 2015. Owing to drug supply issues, a 
separate trial (STRAP-EU) was opened in 2018 in 
four EU countries (Belgium, Italy, Portugal, and Spain). 
The data from both trials were combined, as prespecfied 
in the statistical analysis plan, because the two studies 
were identical in design up to the 16-week primary 
endpoint.

Patients aged 18 years or older fulfilling the 
2010 American College of Rheumatology (ACR)–European 
League Against Rheumatism (EULAR) classification 
criteria for rheumatoid arthritis4 with an inadequate 
response to two conventional synthetic DMARDs and 
eligible for biological DMARD therapy according to UK 
National Institute for Health and Care Excellence (NICE) 
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Research in context

Evidence before this study
We searched PubMed for clinical trials, observational studies, 
and review articles published in English between Jan 1, 2013, 
and Jan 1, 2023, with the search terms “rheumatoid arthritis” 
AND (“biologic drugs” or “biologic DMARDs” or “biologics”) 
AND (“biomarkers” or “RNA” or “RNAseq” or “gene expression” 
or “transcriptomics”), including medical subject heading terms 
and variations of the above search terms. Several studies 
described blood and synovial biomarkers associated with 
response to biological disease-modifying antirheumatic drugs 
(DMARDs), including genes (DNA, RNA, and miRNA) and 
proteins. However, most of the evidence came from small 
observational studies or post-hoc analyses of clinical trials with 
little predictive value and limited clinical applicability for 
patient stratification in clinical practice. Only one randomised 
controlled trial (R4RA, published in 2021) identified predictive 
signatures of treatment response to rituximab and tocilizumab.

Added value of this study
The stratification of biological therapies for rheumatoid 
arthritis by pathobiology (STRAP) and STRAP-EU trials are the 
largest biopsy-driven, multicentre, randomised trials comparing 
etanercept, tocilizumab, and rituximab in biological DMARD-
naive patients with rheumatoid arthritis. Although the absence 
of synovial B cell signatures according to a prespecified and 
arbitrary dichotomic B cell-rich versus B cell-poor classification 

was not associated with a significantly different response to 
rituximab compared with etanercept or tocilizumab (primary 
outcome), synovial inflammatory patterns (pathotypes) were 
informative of treatment response, and the presence of a 
B cell-rich synovitis was associated with structural damage 
progression in patients treated with rituximab.

Implications of all the available evidence
The R4RA and STRAP trials represent key steps in the journey 
towards precision medicine in rheumatology. As we learned 
from other fields—eg, in oncology with PD1 and PDL1 
inhibitors—multiple attempts are often needed to identify 
optimal biomarker cutoffs for patient stratification. 
In rheumatoid arthritis, the available evidence indicates that 
synovial tissue analysis is informative of disease evolution and 
progression; however, the association of low or absent synovial 
B cell signatures with lack of response to B cell depletion with 
rituximab observed in the R4RA trial was not observed in the 
biologic-naive population of the STRAP trials. Given the 
heterogeneity of rheumatoid arthritis, future precision medicine 
studies should move from binary patient stratification towards 
more comprehensive biomarker-driven approaches, in which 
molecular and histological signatures are combined into 
predictive algorithms of treatment responses to individual 
medication.
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guidelines (ie, disease activity score in 28 joints 
[DAS28] ≥5·1) were included. Patients were identified 
through rheumatology outpatient clinics at participating 
sites. The appendix contains a complete list of the 
inclusion and exclusion criteria (p 1) and a list of protocol 
deviations leading to exclusion from the per-protocol 
set (p 2). Participants’ sex was collected from hospital 
records. The study was conducted in compliance with the 
Declaration of Helsinki, International Conference on 
Harmonisation Guidelines for Good Clinical Practice, and 
local country regulations. The final protocols for both 
trials, amendments, and documentation of consent were 
approved by the regulatory authorities and relevant ethics 
committees in each country.

Randomisation and masking
Before randomisation, participants were stratified 
according to synovial histopathology (B cell rich, B cell 
poor, or unknown B cell status) and methotrexate use, 
and subsequently randomly assigned (1:1:1) to rituximab, 
etanercept, or tocilizumab using hierarchical dynamic 
randomisation. Randomisation was performed by the 
STRAP Trial Office within the Barts Clinical Trials Unit 
(London, UK). The randomisation list was prepared by 
the trial statistician, and the application codes of 
hierarchical dynamic randomisation were securely 
embedded with the application code so that it was not 
accessible to end users in order to ensure concealment. 
The named joint assessor was masked to study drug 
allocation, and all staff at the recruiting sites were 
masked to the B cell classification throughout the study.

Procedures
Patients underwent a synovial biopsy of a clinically active 
joint (clinically swollen and with ultrasound synovial 
thickening ≥2) before starting trial therapy. The biopsy 
was performed according to the expertise of the local 
centre as an ultrasound-guided or as an arthroscopic 
procedure, as previously described.5,6

For histological analyses, a minimum of six synovial 
fragments were paraffin-embedded at Queen Mary 
University of London (London, UK) Core Pathology 
Laboratory. Tissue sections with 3–5 µm thickness were 
stained for haematoxylin and eosin, and immuno-
histochemical markers, as previously described.7 Follow-
ing immunohistochemical staining, sections underwent 
semiquantitative scoring (0–4) to determine levels of 
CD20 and CD79a B cells, CD3 T cells, CD138 plasma 
cells, and CD68 lining and sublining macrophages 
(appendix p 13). Haematoxylin and eosin-stained slides 
also underwent assessment of synovitis (Krenn synovitis 
score), as previously described.8 After confirming the 
presence of synovial lining, patients were classified as 
B cell rich or B cell poor in the pathology laboratory of 
Barts Health NHS Trust (London, UK) by a consultant 
pathologist masked to randomly assigned therapy, 
according to a validated semiquantitative score:9 samples 

with a CD20 score of 2 or higher and with CD20 B cell 
aggregates were classified as B cell rich, those with a 
CD20 score of less than 2 were classified as B cell poor, 
samples with no visible lining or characteristic synovial 
vessels or stroma were classified as ungraded 
(appendix p 14). The histological classification was 
replicated at Queen Mary University of London by an 
independent expert and discrepancies in classification 
were resolved through mutual agreement.

RNA was extracted from 216 synovial tissue samples 
(including baseline and 16-week samples) and sequenced 
at Genewiz (Bishop’s Stortford, UK) according to the 
previously described standard operating procedure 
(appendix p 15).3,10 Following quality control, eight samples 
(five baseline and three follow-up) were excluded due to 
poor mapping rate.

Patients were classified as B cell poor or rich according 
to a previously developed B cell-specific gene module 
derived from analysis of FANTOM5 gene expression 
data11 that had been validated using RNA sequence of 
drug-naive early rheumatoid arthritis synovial biopsy 
samples.9,10 Module scores were calculated using scaled 
data. Scaled gene expression of the baseline samples was 
used for scaling and centring of the expression data 
from follow-up visits. Then, patients were classified as 
B cell poor or rich according to predetermined cutoff 
points for B cell transcript classification.2 The final 
classification of patients into B cell rich or poor 
combined histological and molecular classification is 
shown in the appendix (p 15).

Following randomisation, patients received rituximab 
as two 1000 mg intravenous infusions at week 0 and 2, 
or 162 mg tocilizumab or 50 mg etanercept as weekly 
subcutaneous injections. Patients were followed up 
every 4 weeks (±1 week) up to 48 weeks. At each visit, 
rheumatoid arthritis disease activity measurements 
and safety data were collected (appendix p 16). An 
optional repeat synovial biopsy was carried out at 
16 weeks. Following a protocol amendment on Dec 24, 
2018, the follow-up of STRAP patients recruited in 
the UK after Jan 1, 2019, ended at 24 weeks from 
baseline; however, there were no differences in the trial 
procedures up to that point, including the primary 
endpoint at week 16. Clinical outcomes up to week 16 
are presented herein.

Outcomes
The primary objective was to ascertain whether 
etanercept or tocilizumab (grouped together) were 
superior to rituximab in patients with a B cell-poor 
synovial pathotype. The primary endpoint was a binary 
outcome of treatment response using the ACR20 at 
16 weeks in the B cell-poor population. ACR20 response 
was defined as 20% improvement in tender and swollen 
joint counts and 20% improvement in three of the five 
remaining ACR core set measures: patient and physician 
global assessments on a visual analogue scale (VAS), 

Eastern Piedmont and 
Maggiore della Carita Hospital, 

Novara, Italy 
(Prof P P Sainaghi PhD); Royal 

Free Hospital, Royal Free 
London NHS Foundation Trust, 

London, UK 
(Prof R Stratton PhD); 

Department of Rheumatology, 
University College London; 

London, UK 
(Prof M R Ehrenstein PhD); 

The Kellgren Centre for 
Rheumatology, Manchester 

Royal Infirmary, Manchester 
University NHS Foundation 

Trust, Manchester, UK 
(P Ho PhD); Rheumatology 

Department, Hospital De Santa 
Maria, Centro Hospitalar 

Universitário Lisboa Norte, 
Lisbon, Portugal 

(J P Pereira MD); Rheumatology 
Research Unit, Instituto de 

Medicina Molecular João Lobo 
Antunes, Faculdade de 

Medicina, Universidade de 
Lisboa, Lisbon, Portugal 

(J P Pereira); Rheumatology 
Department, Mid and South 

Essex University Hospitals NHS 
Foundation Trust, Southend 

University Hospital, 
Westcliff-on-Sea, UK 

(Prof B Dasgupta FRCP); 
Department of Rheumatology, 
Homerton University Hospital, 

Homerton Healthcare NHS 
Foundation Trust, London, UK 
(C Gorman PhD); King’s College 

Hospital, King’s College 
Hospital NHS Foundation 

Trust, London, UK 
(J Galloway PhD); Department 

of Rheumatology, Salford 
Royal Hospital, Northern Care 

Alliance NHS Foundation Trust, 
Manchester Academic Health 

Science Centre, Salford, UK 
(Prof H Chinoy); Department of 

Rheumatology, Leiden 
University Medical Center, 

Leiden, Netherlands 
(Prof D van der Heijde MD); 

King’s Clinical Trials Unit, Kings 
College London, London, UK 

(Prof P Sasieni PhD); IRCCS 
Humanitas Research Hospital, 

Milan, Italy (Prof C Pitzalis) 

Correspondence to: 
Prof Costantino Pitzalis, Centre 
for Experimental Medicine and 
Rheumatology, William Harvey 
Research Institute, Queen Mary 

University of London, London 
EC1M 6BQ, UK  

c.pitzalis@qmul.ac.uk

See Online for appendix

For the protocols see https://
matura-mrc.whri.qmul.ac.uk/

documents.php



Articles

www.thelancet.com/rheumatology   Vol 5   November 2023 e651

pain VAS, health assessment questionnaire (HAQ), and 
an acute-phase reactant (erythrocyte sedimentation rate 
[ESR] or C-reactive protein [CRP]).

Prespecified secondary outcomes were 16-week ACR20 
response in the B cell-rich population; DAS28 
remission (<2·6); ACR50 and ACR70 response; low 
Clinical Disease Activity Index (CDAI) score (≤10); mean 
percentage change from baseline in CDAI score at 
16 weeks; the treatment effects of etanercept and 
tocilizumab versus rituximab in the B cell-rich 
population; the interaction between treatments and 
B cell status. Prespecified exploratory outcomes were 
response in patients stratified according to histological 
pathotypes,7 post-treatment changes in histopathological 
and molecular scores, and the progression of structural 
damage measured by the change from baseline in the 
radiographic Sharp–van der Heijde scores at 16 weeks.12

The incidence and severity of treatment-emergent and 
procedure-emergent adverse events were monitored 
throughout the study; adverse event coding was done 
according to the Medical Dictionary for Regulatory 
Activities (version 22). The causality and expectedness of 
all serious adverse events in relation to the trial treatment 
was assessed by the principal investigator (or delegated 
medic) according to the severe adverse event definition. If 
a severe adverse event related to the treatment was 
unexpected, it was considered a suspected unexpected 
serious adverse reaction. All severe adverse events up to 
week 48 (and up to 30 days later) were reported by 
relatedness using the Medical Dictionary for Regulatory 
Activities lowest level term classification. All adverse 
events up to week 48 (and up to 30 days later) were 
reported using the Medical Dictionary for Regulatory 
Activities system organ class classification. Recurrent 
events (ie, those that occurred more than once in the same 
participant) were considered as one event.

Statistical analysis
A sample size of 96 B cell-poor patients was planned to 
achieve 80% power and 126 B cell-poor patients to achieve 
90% power to test the difference in response rates 
between treatment groups for the primary endpoint. This 
was based on assuming a response rate of 30% for the 
rituximab group and 60% for etanercept and tocilizumab 
groups, with a two-sided 5% type 1 error rate and a 
dropout rate of 10%. The primary analysis assessed the 
difference in the ACR20 response between rituximab and 
etanercept and tocilizumab grouped together at 16 weeks 
in the B cell-poor population. For the primary endpoint 
(ACR20 response) and secondary binary endpoints 
(DAS28 remission, low CDAI score, ACR50 response, 
and ACR70 response), we used logistic regression 
adjusting for treatment, baseline methotrexate use, and 
study (STRAP and STRAP-EU) as factors to calculate 
odds ratio (OR) and 95% CI. For continuous endpoints, 
we used ANCOVA, with treatment, methotrexate use, 
and study as factors and baseline score as covariate, to 

calculate least-squares mean changes from baseline and 
95% CI. In B cell-rich patients, although the study was 
under powered for non-inferiority analysis, we aimed to 
ascertain whether rituximab was as effective as etanercept 
and tocilizumab (grouped together), by calculating the 
OR of response and its 95% CI through logistic regression 
and assessing whether the lower limit of the CI was 
above 0·8 (prespecified). The interaction between 
treatments and B cell status (rich vs poor) was tested 
using the likelihood-ratio test comparing the fit of two 
nested logistic regression models (full model with the 
interaction term vs a reduced model without) to determine 
the significance of the interaction term (package lmtest, 
version 0.9–40) and adjusted for baseline methotrexate 
use and seropositivity for rheumatoid factor or 
anticitrullinated protein antibody (ACPA). The primary 
and secondary analyses were based on the intention-to-
treat population, defined as all randomly assigned 
patients. No correction for multiplicity was applied. 
Missing values were assumed to be missing at random 
and were imputed using multiple imputation (package 
Amelia, version 1.7.6). As for the prespecified exploratory 
analyses, we used the Mann-Whitney U test to compare 
baseline semiquantitative immune cell scores, Fisher’s 
exact test to compare the proportion of patients with 
ACR20, ACR50, and ACR70 response stratified according 
to synovial pathotype, and paired-samples Wilcoxon test 
to compare immune cell scores at baseline and 16 weeks. 
Adverse events were analysed using Fisher’s exact test.

In addition to the prespecified primary, secondary, and 
exploratory outcomes, we analysed individual outcome 
components (28 tender and swollen joint counts, patient 
and physician global assessments on VAS, ESR, and 
CRP) collected every 4 weeks up to week 16 (post-hoc 
outcomes). Least-squares mean was used to compare 
changes from baseline and 16 weeks, two-way repeated 
measures ANCOVA to assess the interaction between 
medications and time, and Mann-Whitney U test with 
Bonferroni correction for multiple comparisons to 
compare treatments at each timepoint. Synovial RNA 
sequencing, processed as described previously, underwent 
decon volution using MCP-counter,13 and synovial 
signatures at baseline and 16 weeks were compared using 
paired-samples Wilcoxon test. A list of the genes included 
in each cell signature is provided in the appendix (p 10).

All analyses were carried out on R (version 3.6.3 or 
higher), using the stats package (version 4.2.2) unless 
differently specified.

These trials are registered with the EU Clinical Trials 
Register, 2014-003529-16 (STRAP) and 2017-004079-30 
(STRAP-EU).

Role of the funding source
The funders of the study and the donors of the study 
drugs had no role in the study design, data collection, 
data analysis, data interpretation, or writing of the 
report.
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Results
Between June 8, 2015, and July 4, 2019, 331 patients were 
screened, of whom 294 (89%) gave consent, and 
226 (68%) were randomly assigned (figure). Three patients 
were excluded because, after randomisation, it was found 
that they did not meet the inclusion criteria (appendix p 1), 
having received parenteral steroids less than 4 weeks 
before screening. After synovial biopsy and stratification 
according to B cell status, 78 patients were randomly 
assigned to rituximab (44 B cell poor and 34 B cell rich), 
73 to tocilizumab (36 B cell poor, 36 B cell rich, and 
one with unknown status), and 72 to etanercept (41 B cell 
poor, 30 B cell rich, and one with unknown status); of these 
patients, 72 (92%) of 78 assigned to rituximab, 72 (99%) of 73 
assigned to tocilizumab, and 69 (96%) of 72 assigned to 
etanercept, completed treatment to the primary endpoint 
at week 16 (figure). 168 (75%) of 223 patients in the 
intention-to-treat population were women and 
170 (76%) were White. Recruitment per site can be found 
in the appendix (p 3). Baseline characteristics, disease 
activity, and synovial B cell stratification are reported in 
table 1 and the appendix (p 4).

At 16 weeks, the ACR20 response in the B cell-poor 
population (primary endpoint) was not significantly 
different between etanercept and tocilizumab grouped 
together and rituximab (46 [60%] of 77 vs 26 [59%] of 44; 
OR 1·02 [95% CI 0·47–2·17], p=0·97; table 2). In a post-
hoc analysis of tocilizumab and etanercept separately, an 
ACR20 response was seen in 26 (72%) of 36 patients 

assigned to tocilizumab and 20 (49%) of 41 patients 
assigned to etanercept (table 2).

Among the secondary outcomes, ACR50 response 
(OR 2·24 [95% CI 1·01–5·18]), DAS28(CRP)-based 
remission (2·61 [1·09–6·88]), and DAS28(ESR)-based 
remission (3·84 [1·52–11·17]) showed a significant 
difference between rituximab and etanercept and 
tocilizumab grouped together, in favour of the latter, 
whereas no differences were observed for CDAI (table 2).

In the B cell-rich population, ACR20 response was not 
different between etanercept and tocilizumab grouped 
together and rituximab (49 [74%] of 66 vs 23 [68%] of 34; 
OR 1·57 [95% CI 0·59–4·18); these results show that non-
inferiority of rituximab in the B cell-rich population was 
not met, although the study was underpowered for a non-
inferiority analysis. Response to the individual medications 
showed no differences (table 3). Among the secondary 
outcomes, ACR50 response (OR 3·09 [95% CI 1·23–8·41]), 
ACR70 response (3·49 [1·09–13·89]), DAS28(ESR)-based 
remission (6·15 [2·20–19·89]), and changes in CDAI (least-
squares mean 4·5 [95% CI 0·2–8·7]) favoured etanercept 
and tocilizumab grouped together over rituximab (table 3).

The interaction analysis between treatment and B cell 
status, adjusted for baseline methotrexate use and 
seropositivity for rheumatoid factor or ACPAs, was not 
significant (appendix p 5).

When considering the entire population (B cell rich and 
poor; appendix p 6) in a post-hoc analysis, no difference 
between rituximab and etanercept and tocilizumab 
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grouped together was seen in ACR20 response (OR 1·20 
[95% CI 0·66–2·16]), whereas ACR50 response (2·52 
[1·39–4·72]), ACR70 response (2·47 [1·17–5·63]), DAS28-
based remission (4·27 [2·18–8·92]), and changes in CDAI 
(least-squares mean 4·0 [95% CI 1·0–6·9]) favoured 
etanercept and tocilizumab grouped together over 
rituximab.

A post-hoc analysis of individual outcome components 
showed that tocilizumab, in line with its known 
mechanism of action,14 led to a greater improvement in 
ESR and CRP at 16 weeks (appendix p 7). However, 
compared with rituximab, tocilizumab also showed 
significant improvements in disease activity in both 
patient global assessment and physician global 
assessment, and in pain. The longitudinal analysis of 
outcomes at monthly follow-up visits showed a 
significant interaction between treatment and time by 

analysis of covariance for ESR, CRP, pain VAS, global 
disease activity, DAS28(ESR) and DAS28(CRP), and 
CDAI (appendix p 17). In particular, tocilizumab had a 
significantly greater effect on inflammatory markers, 
which were already significantly reduced after the first 
administration and remained significantly lower up to 
week 16. Accordingly, tocilizumab had a significantly 
greater effect on DAS-based outcomes, whereas the 
differences were less marked for CDAI. By contrast, 
rituximab was associated with a slower onset of action 
on several outcomes, including inflammatory markers, 
DAS outcomes, but also CDAI and swollen joints.

When analysing baseline synovial immune cell scores, 
we found no differences between responders and non-
responders to each medication (appendix p 18). However, 
when patients were stratified according to synovial 
pathotypes,7 patients with a pauci-immune 

Rituximab 
(n=44)

Tocilizumab and 
etanercept (n=77)

Treatment effect Adjusted 
p value*

Etanercept 
(n=41)

Tocilizumab 
(n=36)

Primary endpoint

ACR20 response at week 16 26 (59%) 46 (60%) 1·02 (0·47 to 2·17) 0·97 20 (49%) 26 (72%)

Secondary endpoints

ACR50 response at week 16 12 (27%) 35 (45%) 2·24 (1·01 to 5·18) 0·052 16 (39%) 19 (53%)

ACR70 response at week 16 6 (14%) 18 (23%) 1·92 (0·73 to 5·73) 0·21 9 (22%) 9 (25%)

CDAI ≤10 at week 16 16 (36%) 35 (45%) 1·45 (0·67 to 3·22) 0·35 17 (41%) 18 (50%)

DAS28(ESR) ≤2·6 at week 16 6 (14%) 29 (38%) 3·84 (1·52 to 11·17) 0·0072 8 (20%) 21 (58%)

DAS28(CRP) ≤2·6 at week 16 8 (18%) 28 (36%) 2·61 (1·09 to 6·88) 0·039 12 (29%) 16 (44%)

CDAI, least-squares mean change at 
week 16 (95% CI)

–18·1 
(–22·6 to –13·6)

–21·3 
(–25·1 to –17·4)

3·2 (–1·2 to 7·5) 0·15 –19·8 
(–24·1 to –15·5)

–23·5 
(–28·5 to –18·6)

Data are n (%) for primary and binary secondary endpoints and least-squares mean (95% CI) for CDAI changes. Treatment effect is expressed as odds ratio (95% CI) for 
primary and secondary binary endpoints and as least-squares mean difference (95% CI) for CDAI change. ACR=American College of Rheumatology. CDAI=Clinical Disease 
Activity Index. CRP=C-reactive protein. DAS28=disease activity score in 28 joints. *Adjusted for treatment, baseline methotrexate use, and study (STRAP and STRAP-EU).

Table 2: Clinical outcomes at 16 weeks in the B cell-poor population by intention to treat

Rituximab 
(n=34)

Tocilizumab 
and etanercept 
(n=66)

Treatment 
effect

Adjusted 
p value*

Etanercept 
(n=30)

Tocilizumab 
(n=36)

ACR20 response at week 16 23 (68%) 49 (74%) 1·57 
(0·59 to 4·18)

0·37 21 (70%) 28 (78%)

ACR50 response at week 16 9 (26%) 33 (50%) 3·09 
(1·23 to 8·41)

0·02 14 (47%) 19 (53%)

ACR70 response at week 16 4 (12%) 20 (30%) 3·49 
(1·09 to 13·89)

0·049 7 (23%) 13 (36%)

CDAI ≤10 at week 16 16 (47%) 38 (58%) 2·03 
(0·80 to 5·39)

0·14 18 (60%) 20 (56%)

DAS28(ESR) ≤2·6 at week 16 8 (24%) 36 (55%) 6·15 
(2·20 to 19·89)

0·0011 14 (47%) 22 (61%)

DAS28(CRP) ≤2·6 at week 16 11 (32%) 30 (45%) 2·22 
(0·85 to 6·28)

0·12 12 (40%) 18 (50%)

CDAI, least-squares mean change at week 16 (95% CI) –19·3 
(–23·1 to –15·6)

–23·8 
(–26·5 to –21·1)

4·5 
(0·2 to 8·7)

0·038 –25·2 
(–29·0 to –21·3)

–22·8 
(–26·3 to –19·4)

Data are n (%) for primary and binary secondary endpoints and least-squares mean (95% CI) for CDAI changes. Treatment effect is expressed as odds ratio (95% CI) for 
primary and secondary binary endpoints and as least-squares mean difference (95% CI) for CDAI change. ACR=American College of Rheumatology. CDAI=Clinical Disease 
Activity Index. CRP=C-reactive protein. DAS28=disease activity score in 28 joints. *Adjusted for treatment, baseline methotrexate use, and study (STRAP and STRAP-EU). 

Table 3: Clinical secondary outcomes at 16 weeks in the B cell-rich population by intention to treat
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pathotype—ie, patients without synovial immune cells, 
and, accordingly, lower autoantibody positivity 
(20 [59%] of 34 ACPA positive)—showed significantly 
lower responses to rituximab than to etanercept and 
tocilizumab. Conversely, the response rates were similar 
in patients with a lymphomyeloid pathotype, dominated 
by the presence of B cells in addition to myeloid cells, and 
in those with a diffuse-myeloid pathotype, with myeloid 
lineage predominance but scant B cells (appendix p 18).

Next, we examined the effects of medications on 
synovial immune cell infiltration by analysing matched 
pre-treatment and post-treatment synovial biopsies, 
which were available for 65 patients (appendix p 19). As 
the post-treatment biopsy was an optional procedure, 
patients who underwent a repeated biopsy had lower 
16-week response rates, which is expected because 
responders are usually less likely to consent to a second 
biopsy (appendix p 8). Rituximab induced a significant 
reduction of synovial CD20 B cells, but also CD138 
plasma cells, CD3 T cells, and the total synovitis Krenn 
score. Etanercept also reduced CD20 B cells (albeit less 
strongly than rituximab), CD138 plasma cells, and the 
total synovitis Krenn score, but also CD68 sublining 
macrophages. Tocilizumab induced a significant 
reduction of CD20 B cells, CD138 plasma cells, CD3 
T cells, the total synovitis score, and CD68 sublining 
macrophages (appendix p 19).

To further dissect the specific modulation of synovial 
cells, we applied a post-hoc molecular deconvolution 
analysis (MCP-counter),3 showing a significant reduction 
of B cells and monocyte-macrophage signatures in 
patients who received rituximab and of monocytes and 
monocyte-macrophages in patients who received 
etanercept (appendix p 18). Tocilizumab affected multiple 
immune cell lineages, as it reduced B cells, macrophage-
monocytes, myeloid dendritic cells, total and CD8 or 
cytotoxic T cells, and natural killer cells, but induced an 
increase in endothelial cells and fibroblast signatures.

Finally, we analysed structural disease outcomes by 
evaluating radiographic progression assessed using the 
Sharp–van der Heijde score on radiographs of hands and 
feet; data were available for 190 patients at baseline and 
164 patients at week 16 (appendix p 9). We observed 
significantly worse radiographic progression with 
rituximab: the delta changes in the Sharp–van der Heijde 
score for rituximab was 0·9 (95% CI 0·5 to 1·3), as 
opposed to 0·3 (0·0 to 0·6) for etanercept and tocilizumab 
grouped together, with an effect size of 0·6 (0·2 to 1·0, 
p=0·0072; appendix pp 9, 20 for probability plots). When 
stratifying patients according to synovial B cell status, 
B cell-poor patients showed a similar limited radiographic 
progression with all the drugs, whereas the presence of a 
B cell-rich infiltrate, previously linked with worse 
radiographic burden in patients with early rheumatoid 
arthritis,7 was associated with a significantly higher 
radiographic progression at 16 weeks in patients treated 
with rituximab (delta Sharp–van der Heijde score 1·3 

[95% CI 0·5 to 2·1]) than in those treated with etanercept 
or tocilizumab (0·3 [–0·1 to 0·8], p=0·031; appendix p 9). 
Accordingly, a significant interaction between treatment 
and B cell status on the 16-week total Sharp–van der 
Heijde score was found, independent of seropositivity 
(χ² value of 4·011, p=0·036, corrected for rheumatoid 
factor or ACPA status).

A total of 22 serious adverse events (11 of which were 
related to the study drug and 11 unrelated to study drug; 
table 4) occurred in 18 patients throughout the trial. Of 
these patients, six were in the rituximab group, nine in 
the etanercept group, and three in the tocilizumab group, 
with no significant differences between the three drugs 
(p=0·53; table 4). Non-serious adverse events occurred in 
241 (85%) patients. Of these patients, 84 (82%) were in 
the rituximab group, 95 (88%) in the etanercept group, 
and 62 (85%) in the tocilizumab group, with no 

Total 
(n=283)

Rituximab 
(n=102)

Etanercept 
(n=108)

Tocilizumab 
(n=73)

p value

Serious adverse events* 18 (6%) 6 (6%) 9 (8%) 3 (4%) 0·53

Serious adverse events related to study 
drug

11 (4%) 4 (4%) 6 (6%) 1 (1%) 0·40

Circumscribed labyrinthitis 1 (<1%) 0 0 1 (1%) ··

Hypersensitivity pneumonitis 1 (<1%) 0 1 (1%) 0 ··

Infected insect bite 1 (<1%) 0 1 (1%) 0 ··

Influenza A virus infection 1 (<1%) 1 (1%) 0 0 ··

Lower respiratory tract infection 1 (<1%) 0 1 (1%) 0 ··

Lower respiratory tract infection viral 1 (<1%) 0 1 (1%) 0 ··

Neutropenia 1 (<1%) 1 (1%) 0 0 ··

Neutropenic sepsis 2 (1%) 1 (1%) 1 (1%) 0 ··

Other appendicitis 1 (<1%) 0 1 (1%) 0 ··

Other pyelonephritis or pyonephrosis, 
not specified as acute or chronic

1 (<1%) 0 1 (1%) 0 ··

Postoperative wound infection 1 (<1%) 1 (1%) 0 0 ··

Serious adverse events unrelated to 
study drug

11 (4%) 6 (6%) 3 (3%) 2 (3%) 0·54

Ovarian cancer 1 (<1%) 1 (1%) 0 0 ··

Cardiac pacemaker insertion 1 (<1%) 0 1 (1%) 0 ··

Cyst ovary 1 (<1%) 1 (1%) 0 0 ··

Endometrial thickening 1 (<1%) 1 (1%) 0 0 ··

Fall 1 (<1%) 1 (1%) 0 0 ··

Fracture of spine 1 (<1%) 0 0 1 (1%) ··

Giant-cell arteritis 1 (<1%) 0 1 (1%) 0 ··

Non-specific hepatitis 1 (<1%) 0 0 1 (1%) ··

Ovariectomy 2 (1%) 1 (1%) 1 (1%) 0 ··

Xanthogranulomatous cholecystitis 1 (<1%) 1 (1%) 0 0 ··

Serious adverse events resulting in 
study drug discontinuation

4 (1%) 2 (2%) 2 (2%) 0 ··

Any non-serious adverse event† 241 (85%) 84 (82%) 95 (88%) 62 (85%) 0·51

Data are n (%). All events were reported after the first prescription of the study drug up to week 48 (+30 days). Some 
patients had more than one adverse event. Recurrent events (ie, those that occurred more than once in the same 
participant) were considered as one event. Events are classified using the Medical Dictionary for Regulatory Activities 
system classification, using the lowest level terms grouping. *Indicates the number of times any of the serious adverse 
events listed occurred in any patient, counted once per patient. †Indicates the number of times any non-serious 
adverse events occurred in any patient, counted once per patient.

Table 4: Safety data from baseline to 48 weeks (including treatment switch at 16 weeks)
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significant differences. No deaths or suspected 
unexpected serious adverse reactions were reported. Two 
serious adverse events in the rituximab group (ovarian 
cancer and neutropenic sepsis) and two in the etanercept 
group (giant-cell arteritis and neutropenic sepsis) directly 
resulted in the permanent discontinuation of the study 
regimens. Of 288 synovial biopsy procedures performed 
in the trial, a coincidental tendon rupture in a patient 
with pre-existing evidence of tendon damage on MRI 
was reported, but no serious adverse events were directly 
related to the synovial biopsy.

Discussion
The STRAP trial aimed to tackle the current trial-and-
error approach in the treatment of rheumatoid arthritis,15 
building on evidence from the first biopsy-driven 
randomised, controlled trial in rheumatoid arthritis 
(R4RA), which showed that the absence of synovial B cell 
molecular signatures in a population of patients with an 
inadequate response to anti-TNF agents was associated 
with a lower response to rituximab than to tocilizumab.2 
STRAP sought to explore the utility of synovial biopsy 
analyses at an earlier disease stage—ie, in patients with 
an inadequate response to conventional synthetic 
DMARDs before their first biological DMARD. We 
hypothesised that patients with a low synovial histological 
or molecular B cell score would have a lower response to 
rituximab than to etanercept or tocilizumab. Contrary to 
expectation, the primary endpoint was not met, as the 
ACR20 response to rituximab in B cell-poor patients was 
not significantly different from the response to etanercept 
and tocilizumab. In other words, in this population of 
patients with an inadequate response to conventional 
synthetic DMARDs, the absence of synovial B cell 
signatures established using a prespecified dichotomic 
B cell-rich versus B cell-poor classification was not 
associated with a significantly different response to B cell 
depletion with rituximab compared with alternative 
treatments (etanercept or tocilizumab). It remains to be 
established whether these differences could be linked to 
the different disease stage (mean disease duration R4RA 
was 9 years, compared with 3 years in STRAP) and the 
potential plastic modification of disease pathology 
following exposure to anti-TNF therapy, or to the wrong 
choice of an arbitrary cutoff for the dichotomic synovial 
B cell-rich versus B cell-poor classification. For example, 
in an independent post-hoc analysis of the R4RA trial, 
using a different patient classification based on single-
cell transcriptomics that defines specific cell-type 
abundance phenotypes in the synovial biopsy, cell-type 
abundance phenotypes were shown to be more accurate 
than the original R4RA B cell-poor and B cell-rich 
classification.16

When analysing the whole population, independently 
of the B cell status, etanercept and tocilizumab showed 
higher response rates than rituximab. This finding 
seems to contrast with previous non-biopsy studies that 

showed the non-inferiority of rituximab to TNF 
inhibitors;17 however, in the ORBIT study,17 response was 
assessed at 6 months and 12 months, with a second 
administration of rituximab in patients flaring at 
20 weeks, whereas in STRAP the response was recorded 
at 16 weeks. Our longitudinal analyses confirmed that, at 
this timepoint, rituximab is at a disadvantage because of 
its slower onset of action. In line with the known ability 
of tocilizumab to directly affect inflammatory markers,14 
the analysis of individual outcome components showed 
their rapid and persistent reduction already evident at 
week 4, which could explain the higher response rates 
observed in the tocilizumab and etanercept group when 
using composite endpoints. However, we also identified 
a greater effect of tocilizumab than of rituximab on 
objective measurements, such as swollen joints, and, 
importantly, on patient-reported outcomes, such as 
patient global assessment of disease activity and pain. 
This is in line with previous reports showing a greater 
effect of tocilizumab on patient-reported outcomes than 
of conventional synthetic DMARDs and TNF inhibitors, 
particularly when used in monotherapy.18

Because B cells are only one of many players involved in 
driving synovial histopathology, by classifying patients 
into synovial pathotypes, as previously described in the 
Pathobiology of Early Arthritis Cohort,7 we observed that 
patients with a pauci-immune pathotype (scant or absent 
B cells, T cells, and macrophages) had a poor response to 
rituximab, with none of them reaching ACR50 or above. 
These observations are in line with previous studies 
linking the pauci-immune pathotype with no response to 
anti-TNF therapy19 and with the recent evidence of a 
fibroblast-stromal synovial signature associated with 
multidrug-resistant rheumatoid arthritis.3 Notably, in this 
population of biological DMARD-naive patients with 
rheumatoid arthritis, the absence of synovial immune 
cells was associated quite specifically with no response to 
rituximab. Because the pauci-immune pathotype is also 
associated with a lower prevalence of autoantibody 
positivity (ACPA positivity 66% in the pauci-immune 
pathotype vs 83% in the diffuse-myeloid pathotype and 
91% in the lymphomyeloid pathotype), these results could 
be in keeping with the established evidence showing 
better response to rituximab in seropositive patients.20 
However, the 66% of ACPA-positive patients with a pauci-
immune pathotype did not reach at least a ACR50 
response when treated with rituximab compared with 
patients with diffuse-myeloid and lymphomyeloid 
pathotype, suggesting that the absence of immune cells 
in synovia, even in the presence of circulating 
autoantibodies, is informative of non-response to B cell 
depletion. By contrast, the response of patients with a 
pauci-immune pathotype to etanercept and tocilizumab 
was equivalent to patients with a diffuse-myeloid or 
lymphomyeloid pathotype. This finding indicates that 
etanercept and tocilizumab have a broader effect on 
synovial inflammation, in addition to the direct effects on 
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immune cells. Accordingly, the analysis of post-treatment 
synovial biopsy samples showed that although rituximab 
has an exclusive effect on B cells, the wider effect of 
etanercept and, more strikingly, tocilizumab on myeloid 
and stromal cells could at least partially explain their 
higher efficacy in patients with lower synovial immune 
cell infiltration. For tocilizumab, in particular, this is in 
line with the pleiotropism of interleukin-6,14 a cytokine 
known to be produced by fibroblasts21 and able to induce 
their activation and differentiation.22

Like most human studies, this biopsy-driven, 
randomised, head-to-head comparison of biological 
DMARDs has some limitations. First, the comparison of 
medications with different routes of administration and 
pharmacodynamics, in particular rapid versus slow 
mechanism of action. Second, grouping etanercept and 
tocilizumab for the primary analysis was a pragmatic 
choice, but individual medications were shown to have 
important differences that were probably diluted in the 
combined analysis. Third, the choice of a low threshold 
response rate (ACR20) as the primary endpoint might 
have reduced the chance of detecting a difference when 
comparing active treatments. In support of this notion, a 
meta-analysis, comparing biosimilars versus originator 
biological DMARDs, has shown that low threshold 
measures like ACR20 can be heavily affected by placebo 
response.23 Finally, as the analyses at 16 weeks are based 
on a single cycle of rituximab (two 1000 mg infusions, 
14 days apart), it remains to be established whether a 
second cycle of rituximab could have led to additive 
efficacy, as shown in previous studies.24 Although STRAP 
extended beyond 16 weeks, patients without a response 
to rituximab at 16 weeks were switched to an 
alternative medication; therefore, the results past the 
primary endpoint cannot be informative on this issue. 
Importantly, however, our results show that rituximab 
has a much slower effect on various disease activity 
components, including swollen joints and patient-
reported outcomes. Crucially, although in a relatively 
small number of patients, we observed a higher rate of 
structural damage progression at 16 weeks in B cell-rich 
patients treated with rituximab, an observation of 
potential clinical importance and in line with previous 
evidence showing higher risk of radiographic progression 
in patients with early rheumatoid arthritis and synovial 
lymphoid infiltrates.7 Notably, the interaction between 
B cell status and treatment on radiographic progression 
was independent of seropositivity, a well known risk 
factor for radiographic progression. Previous studies 
have shown that rituximab could reduce radiographic 
progression, but most of those studies included patients 
with an inadequate response to TNF inhibitors, who 
were thus at a more advanced disease stage, and did not 
compare rituximab with other biological DMARDs.25,26 In 
the IMAGE trial,27 for example, rituximab inhibited 
structural damage in methotrexate-naive patients, 

including at the 2-year follow-up; however, this was in 

comparison with methotrexate, not with other biological 
DMARDs. Similar effects were observed by MRI, but, 
again, the comparator was methotrexate.28 As the 
ORBIT trial17 did not include structural outcomes, to our 
knowledge, this is the first study comparing rituximab 
head-to-head with other biological DMARDs for 
structural outcomes, and our results emphasise the risk 
of damage progression when rituximab is used at a 
relatively early stage of the disease, particularly in 
patients with high degrees of synovial inflammation.

As expected, safety analyses indicated no differences in 
adverse events and serious adverse events between the 
three medications. Notably, however, this study confirms 
the safety and tolerability of minimally invasive synovial 
tissue analysis, together with the feasibility of its 
implementation in multicentre trials.

In conclusion, the STRAP trials showed that a 
dichotomic classification into synovial B cell poor versus 
rich is unable to predict treatment response in patients 
treated with rituximab compared with etanercept or 
tocilizumab, as in patients with a low or absent synovial 
B cell signatures the primary endpoint (ACR20 response) 
was not significantly different. However, the study shows 
that synovial tissue analysis could be of potential 
relevance for clinical practice. In particular, the lower 
response to rituximab in patients with a pauci-immune 
pathotype, together with the slower onset of action of 
rituximab and the higher risk of radiographic progression 
in B cell-rich patients, suggests that rituximab is less 
suitable in early disease, as the window of opportunity29 
for inhibiting structural damage requires medications 
that can rapidly control joint inflammation.

As for the future of precision medicine in rheumatoid 
arthritis, it is expected that predictive algorithms of 
response versus non-response will emerge from ongoing 
post-hoc deep molecular analyses, as previously shown 
in the R4RA trial.3 Additionally, given the well known 
heterogeneity of rheumatoid arthritis, rather than binary 
patient stratification, more comprehensive biomarker-
driven approaches should be used, in which granular 
molecular and histological response signatures are 
combined to define predictive algorithms of treatment 
responses to individual medication.30
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