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ABSTRACT

Introduction: Clinical trial findings may not be
generalizable to routine practice. This study
evaluated sarilumab effectiveness in patients
with rheumatoid arthritis (RA) and tested the
real-world applicability of a response prediction
rule, derived from trial data using machine
learning (based on C-reactive protein
[CRP][12.3 mg/l and seropositivity [anticyclic
citrullinated peptide antibodies, ACPA ?]).

Methods: Sarilumab initiators from the ACR-
RISE Registry, with C 1 prescription on/after its
FDA approval (2017–2020), were divided into
three cohorts based on progressively restrictive
criteria: Cohort A (had active disease), Cohort B
(met eligibility criteria of a phase 3 trial in RA
patients with inadequate response/intolerance
to tumor necrosis factor inhibitors [TNFi]), and
Cohort C (characteristics matched to the
phase 3 trial baseline). Mean changes in Clinical
Disease Activity Index (CDAI) and Routine
Assessment of Patient Index Data 3 (RAPID3)
were evaluated at 6 and 12 months. In a sepa-
rate cohort, predictive rule was tested based on
CRP levels and seropositive status (ACPA and/or
rheumatoid factor); patients were categorized
into rule-positive (seropositive with
CRP[ 12.3 mg/l) and rule-negative groups to
compare the odds of achieving CDAI low dis-
ease activity (LDA)/remission and minimal
clinically important difference (MCID) over
24 weeks.
Results: Among sarilumab initiators
(N = 2949), treatment effectiveness was noted
across cohorts, with greater improvement noted
for Cohort C at 6 and 12 months. Among the
predictive rule cohort (N = 205), rule-positive
(vs. rule-negative) patients were more likely to
reach LDA (odds ratio: 1.5 [0.7, 3.2]) and MCID
(1.1 [0.5, 2.4]). Sensitivity analyses
(CRP[5 mg/l) showed better response to sar-
ilumab in rule-positive patients.
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Conclusions: In real-world setting, sarilumab
demonstrated treatment effectiveness, with
greater improvements in the most selective
population, mirroring phase 3 TNFi-refractory
and rule-positive RA patients. Seropositivity
appeared a stronger driver for treatment
response than CRP, although optimization of
the rule in routine practice requires further
data.

PLAIN LANGUAGE SUMMARY

Rheumatoid arthritis (RA) is a condition that
may cause joint damage, if untreated. Sarilumab
is an advanced medication, approved for treat-
ing moderate-to-severe RA in patients not
responding to initial standard medicines. Clin-
ical trials have shown that sarilumab improves
RA symptoms; however, some people do not
respond. This is a common problem in RA
treatment. Physicians measure proteins in peo-
ple’s blood (called biomarkers; e.g., anticyclic
citrullinated peptide antibodies [ACPA], C-re-
active protein [CRP], and rheumatoid factor
[RF]) to predict a medicine’s response. A previ-
ous study showed that people with positive
blood tests for ACPA and CRP ([12.3 mg/l)
responded well to sarilumab; this study was
based on machine learning (a branch of science
using computers) and identified factors that
could be linked to treatment benefits. The pre-
sent study analyzed routine data of 2949 people
from the ACR-RISE Registry and showed an
improvement in RA symptoms after 6 and
12 months of sarilumab, with a greater
improvement noted in patients previously
treated with other medicines. Biomarkers were
tested in 205 people to check whether they
could predict treatment response in day-to-day
life. People were called rule-positive if they tes-
ted positive for RF and/or ACPA with
CRP[ 12.3 mg/l, and otherwise rule-negative.
After 24 weeks of treatment, rule-positive peo-
ple had a greater chance of disease improve-
ment than rule-negative people. These results
showed the benefits of sarilumab in RA in rou-
tine care and suggested the usefulness of
machine learning in identifying biomarkers

that physicians can use to make treatment
decisions.

Keywords: ACPA; CDAI; CRP; Real-world;
Rheumatoid arthritis; RISE registry; Sarilumab;
Seronegative; Seropositive; Treatment response

Key Summary Points

Why carry out this study?

Randomized controlled trials (RCTs) may
lack external validity because of selection
of a population based on a strict inclusion
and exclusion criteria; thus, their findings
may not be generalizable to routine
clinical practice.

Based on the clinical trial data, sarilumab
is known to improve the signs and
symptoms of rheumatoid arthritis (RA) in
patients who have an inadequate response
or intolerance to methotrexate or tumor
necrosis factor inhibitors (TNFi); a
previous analysis identified a rule based
on the presence of anticyclic citrullinated
peptide antibodies (ACPA) and C-reactive
protein (CRP)[ 12.3 mg/l that can predict
treatment response to sarilumab, derived
using machine learning in a clinical trial
setting.

The present study was conducted to
evaluate the effectiveness of sarilumab in
patients with varying disease severity and
test the response predictive rule in a real-
world setting.

What was learned from the study?

In routine clinical practice, sarilumab
demonstrated treatment effectiveness,
with a greater improvement noted in
patients who closely resembled the
clinical trial population (those having
inadequate response/intolerance to TNFi).
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Furthermore, treatment responses were in
favor of the patients with ACPA and
CRP[ 12.3 mg/dl; these findings were
consistent with the response prediction
rule derived from the clinical trial data,
although seropositivity appeared to be a
stronger driver for treatment response
than CRP levels and the rule needs to be
further optimized in clinical practice.

This real-world analysis may support
patients, physicians, and payers in
understanding treatment response with
sarilumab in routine clinical practice,
based on the patients’ disease severity and
biomarker status, and could help them to
make informed treatment decisions.

INTRODUCTION

Sarilumab is a human monoclonal antibody
that targets the interleukin-6-receptor (IL-6R). It
has demonstrated efficacy in improving the
signs and symptoms along with physical func-
tion in patients with rheumatoid arthritis (RA)
who had an inadequate response or intolerance
to methotrexate (MTX) or tumor necrosis factor
inhibitors (TNFi) in phase 3 randomized con-
trolled trials (RCTs; MOBILITY [NCT01061736],
TARGET [NCT01709578], and MONARCH
[NCT02332590]) [1–3]. This has led to its
approval for the treatment of moderate-to-sev-
ere active RA in adults having an inadequate
response or intolerance to C 1 disease modify-
ing antirheumatic drugs (DMARDs) [4–6].
However, limited data are available regarding
the effectiveness of sarilumab in a US-based
routine care population.

Although RCTs are considered the gold
standard for determining the efficacy of thera-
peutic interventions [7], they may lack external
validity, owing to the strict inclusion and
exclusion criteria. RCTs are conducted in a more
homogeneous population and are subject to

strict quality standards. On the other hand, real-
world studies are based on more diverse patient
populations in routine care and are dependent
on various factors such as varying disease
severity, patient-physician relationship, their
preferences, and compliance. As a result, find-
ings from the RCTs may not always be gener-
alizable to routine care patients [7–10].

Literature reviews of RCTs and observational
studies in RA have shown substantial differ-
ences in patient characteristics, with patients
enrolled in RCTs having better prognostic fac-
tors such as younger age, shorter disease dura-
tion, and fewer comorbidities [11, 12]. In fact,
various studies have shown that few RA patients
in the clinical setting meet eligibility criteria for
RCTs (3–7% for biologic DMARD trials and
8–44% for TNFi trials) [13–16]. Furthermore, a
gap in efficacy and effectiveness has been
observed in RCTs and real-world studies, with
lower magnitude of improvement observed in
real-world clinical practice [13, 15–19].

Accurate identification of patients who
respond to a specific therapy can help in the
rational selection of medication and optimiza-
tion of the clinical response in RA [20, 21].
Machine learning (ML; using the generalized,
unbiased, interaction detection, and estimation
decision tree methods) was adopted to identify
a rule (anticyclic citrullinated peptide antibod-
ies positive [ACPA?] and C-reactive protein
[CRP][12.3 mg/l) that could predict treatment
response to sarilumab using datasets from four
clinical trials (MOBILITY, MONARCH, TARGET,
and ASCERTAIN [NCT01768572]). Overall, rule-
positive patients were found to have an
improved clinical response to sarilumab (an
additional response of - 0.8 to - 5.4 in Clini-
cal Disease Activity Index [CDAI] and - 0.2
to - 1.4 in 28-joint disease activity score using
CRP [DAS28-CRP]) compared with rule-negative
patients [22], although the rule was less appli-
cable to the TARGET trial, which included
patients having an inadequate response or
intolerance to TNFi [2]. Since this treatment
prediction model was developed using clinical
trial data, which selected patients with elevated
CRP and high disease activity at baseline [22],
the findings may not be applicable to a real-
world population, where patients usually have
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lower disease activity/CRP and have been pre-
viously treated with multiple DMARDs [11, 14].

While data from RCTs are useful to develop a
prediction model, homogeneity of the enrolled
study population may reduce the generalizabil-
ity and utility of the model in routine practice,
highlighting the need to test such models in a
real-world setting [23–26]. Findings from real-
world studies can complement RCTs to better
understand how a treatment or prediction
model performs in routine care and in sub-
groups of patients who may not have been
included in the clinical trials.

Thus, the objectives of this study were to
describe the patient population, assess the
effectiveness, and test the predictive rule for
sarilumab in RA in a real-world setting, using
data from the American College of Rheumatol-
ogy (ACR) Rheumatology Informatics System
for Effectiveness (RISE) Registry [27].

METHODS

Data Source and Eligibility Criteria

The current analyses were based on data
obtained from the RISE Rheumatology Registry,
which is the largest real-world electronic health
record (EHR)-enabled and Health Insurance
Portability and Accountability Act (HIPAA)-
compliant Qualified Clinical Data Registry
(QCDR) in the USA [27]. The analyses were
approved by the local Institutional Review
Board (IRB-300000748) at the University of
Alabama, Birmingham (US). The study was
conducted in accordance with the principles
defined in the Declaration of Helsinki.

Using May 2017 to June 2020 data from the
RISE Registry, sarilumab initiators were identi-
fied who had C 1 prescription of sarilumab on
or after May 22, 2017 (Food and Drug Admin-
istration [FDA] approval date of sarilumab); the
first prescription date was the index date. Eligi-
ble patients were required to be C 18 years of
age on the index date, with C 1 rheumatologist
diagnosis for RA (during the ambulatory visit)
prior to the index date, and CDAI[ 10 within
30 days prior to or 7 days after the index date

and/or Routine Assessment of Patient Index
Data 3 (RAPID3)[6.

Patient Characterization

Cohorts To assess baseline characteristics, all
eligible sarilumab initiators were divided into
four cohorts based on time since FDA approval;
the overall period was divided into calendar
years (2017, 2018, 2019, and through June
2020).

Outcomes Demographics and RA-related fea-
tures (such as CDAI/RAPID3 scores, CRP levels,
and prior and concomitant medications) were
described for all patients using available data
prior to sarilumab initiation. Additionally, a
two-page self-reported Multidimensional
Health Assessment Questionnaire (MDHAQ;
derived from the Stanford Health Assessment
Questionnaire) was used to measure physical
function, pain, and patient global estimate, a
higher score indicating poorer status [28, 29].
To measure the comorbidity burden in patients,
the rheumatic disease comorbidity index
(RDCI), the Elixhauser total score (both are
diagnosis-based indices) [30, 31], and the Rx-
Risk score (prescription-based index) [32] were
measured, higher scores indicating more
comorbidities.

Evaluation of Sarilumab Effectiveness

Cohorts Sarilumab effectiveness was assessed by
categorizing all the initiators into three cohorts
(with varying disease severity) using progres-
sively restrictive inclusion criteria: (1) Cohort A:
sarilumab initiators who had active disease,
with CDAI[ 10 or RAPID3[ 6, and CRP (if
measured) C 8 mg/l; (2) Cohort B: sarilumab
initiators from Cohort A, who met the minimal
eligibility criteria for the phase 3 trial [2] in RA
patients, with an inadequate response or intol-
erance to TNFi, based on the covariates avail-
able in the RISE EHR data (female, age, White
race, prior TNFi [1 and[ 1], concomitant cor-
ticosteroids, rheumatoid factor [RF]-positive
status, and CDAI [for CDAI cohort]); (3)
Cohort C: sarilumab initiators from Cohort B,
who met the minimal eligibility criteria for the
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phase 3 trial [2] in RA and whose characteristics
were further weighted (according to the
matching-adjusted indirect comparison method
[33]) to balance the key covariates.

Outcomes Baseline characteristics and longi-
tudinal change in disease activity (measured as
CDAI and RAPID3) were evaluated with sar-
ilumab treatment over 6 and 12 months (a
period of ± 3 months was allowed, with closest
values to 6 months in 3–9 months and
12 months in 10–15 months).

Testing Predictive Rule

A separate cohort of sarilumab initiators from
the RISE Registry was included in this analysis if
they had a CRP value available within 90 days
prior to the index date, C 1 CDAI within
6 ± 3 months after the index date, and docu-
mented serostatus (ACPA and/or RF). Also,
patients should have been on treatment at the
time of the second CDAI assessment.

Patient groups Patients were categorized into
four groups based on the previously identified
predictive rule [22]: seropositive with
CRP[ 12.3 mg/l (Group 1), seropositive with
CRP B 12.3 mg/l (Group 2), seronegative with
CRP[ 12.3 mg/l (Group 3), and seronegative
with CRP B 12.3 mg/l (Group 4). Since patients
in routine care may not have ACPA measured
[34, 35], the predictive rule from clinical trial
data [22] was modified to include RF in the
seropositive status, in line with the ACR and
European Alliance of Associations for Rheuma-
tology (EULAR) classification criteria for RA
[36]; patients were defined as seropositive if
they had a history of ACPA? status or RF? sta-
tus (if laboratory results were available) or any
International Classification of Diseases (ICD)-10
diagnosis code of M05 (RA patients with RF?
status). Patients who met both criteria of
seropositivity and CRP[ 12.3 mg/l were con-
sidered rule-positive patients (Group 1), while
those not meeting these criteria were consid-
ered rule-negative patients (Groups 2, 3, and 4).

Outcomes The primary outcome of this anal-
ysis was to determine the proportion of patients
achieving CDAI low disease activity (LDA) (i.e.,
CDAI\10) in sarilumab ‘‘rule-positive’’

compared with ‘‘rule-negative’’ groups at
24 weeks. Secondary outcomes included the
proportion of patients achieving CDAI remis-
sion (CDAI B 2.8) and CDAI minimal clinically
important difference (MCID) in rule-positive
patients compared with rule-negative patients
at 24 weeks. CDAI MCID was defined as CDAI
improvement C 12 if baseline CDAI was[22 or
CDAI improvement C 6 if baseline CDAI was
10\CDAI B 22. Mean change in CDAI
(DCDAI) observed in rule-positive patients was
also compared with the change in rule-negative
patients at 24 weeks.

An exploratory analysis was conducted to
explore whether other CRP thresholds
improved the performance of the rule in a real-
world setting. Based on the distribution of
index CRP, the median value of[ 5 mg/ml
observed in the entire cohort was used as a
binary cut point for sensitivity analysis to
ensure an even sample size. In sensitivity anal-
ysis, patients were categorized into four groups
based on seropositivity and a CRP cutoff value
of 5 mg/l: seropositive with CRP[ 5 mg/l
(Group 1), seropositive with CRP B 5 mg/l
(Group 2), seronegative with CRP[ 5 mg/l
(Group 3), and seronegative with CRP B 5 mg/l
(Group 4).

Outcomes were also compared between
seropositive (Groups 1 and 2) and seronegative
(Groups 3 and 4) groups that were pooled based
on the seropositivity status, regardless of their
CRP values.

Statistical Analyses

Patient characteristics were summarized for four
cohorts, based on time since FDA approval,
using descriptive statistics. Between-cohort
comparisons were made using a chi-square test
for categorical variables and a non-parametric
test for continuous variables; a = 0.05 was pre-
specified, P B a was considered significant.

For evaluation of sarilumab effectiveness,
patient characteristics along with mean changes
in CDAI and RAPID3 at 6 (± 3) and 12 (± 3)
months were measured for each of the three
cohorts: both as crude values and adjusted for
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age, sex, race, calendar year, seropositivity, and
baseline CDAI/RAPID3.

For the patient cohort to test the predictive
rule, baseline demographics and disease char-
acteristics were separately reported as descrip-
tive statistics. Means and standard deviations
(SD) were reported for continuous variables, and
percentages and numbers were reported for
dichotomous or categorical variables. Logistic
regression models were used to compare the
odds of achieving CDAI LDA or remission, and
MCID between rule-positive and rule-negative
patients. A linear model was used to compare
the change in CDAI from the index period to
3–9 months after the index date between rule-
positive and -negative patients. The odds ratio
estimates with 95% confidence intervals (CIs)
were reported for CDAI LDA and MCID, while
least square (LS) means and 95% CI values were
reported for the change of CDAI.

All the analyses were conducted using SAS
9.4 (SAS Institute, Cary, NC, US).

RESULTS

Patient Characterization

A total of 2949 patients with RA initiating sar-
ilumab and treated by 585 rheumatologists were
identified (Fig. 1). Overall, there was relative
similarity in terms of age, sex, race, and most
clinical characteristics among sarilumab initia-
tors over the calendar time. However, patients
receiving sarilumab shortly after FDA approval
had more ambulatory visits (P = 0.05), greater
number of previously used non-TNFi (particu-
larly tocilizumab; P\0.01), and higher comor-
bidity burden (P = 0.02); they were also more
likely to be current users of opioids than sar-
ilumab initiators in subsequent calendar years
(P\0.01) (Supplementary Material, Table S1).
However, these differences in baseline charac-
teristics did not impact treatment response to
sarilumab.

Evaluation of Sarilumab Effectiveness

Baseline characteristics for Cohorts A, B, and C
based on change in CDAI/RAPID3 at 6 (± 3) and
12 (± 3) months are summarized in Supple-
mentary Material, Tables S2–S5. Mean baseline
CDAI score varied substantially by cohort
(Cohort A: 24.8 units; Cohort B: 25.0 units; and
Cohort C: 42.0 units). Though improvements
were noted in CDAI for all three cohorts at
6 months (Cohort A: 17.9 units; Cohort B: 17.9
units; Cohort C: 25.0 units) and 12 months
(Cohort A: 16.1 units; Cohort B: 16.8 units;
Cohort C: 24.6 units), both the crude and
adjusted improvements were greater in Cohort
C at 6 months (Cohort A: 7.1 units; Cohort B:
7.8 units; Cohort C: 18.1 units) and 12 months
(Cohort A: 9.4 units; Cohort B: 5.6 units;
Cohort C: 18.4 units). Mean baseline RAPID3
scores were similar for all cohorts. However,
similar trends in improvement were observed in
RAPID3, with the exception of Cohorts B and C
at 12 months, where improvement was similar
(Fig. 2).

Testing Predictive Rule

A total of 205 sarilumab initiators met the
inclusion criteria for analysis of the predictive
rule. Most baseline characteristics of these
patients were equally distributed across the four
groups in the main analysis (CRP cutoff value:
12.3 mg/l), although differences were observed
in race and history of Janus kinase inhibitor
(JAKi) use: the rule-positive group included a
relatively higher proportion of African Ameri-
can patients (18.9% vs. 3.3%) and fewer patients
with a history of JAKi use (34.0% vs. 51.3%)
compared with rule-negative groups (Table 1
and Supplementary Material, Table S6). Similar
characteristics were observed in the sensitivity
analysis (CRP cutoff value: 5 mg/l) (Supple-
mentary Material, Table S7 and Supplementary
Material, Table S8).

Outcomes Outcomes assessed in the main
analysis and sensitivity analysis are summarized
in Table 2 and outcomes observed in the indi-
vidual groups of the main analysis are shown in
Supplementary Material, Table S9. At 24 weeks,
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a numerically higher proportion of patients
(37.7%) in the rule-positive group achieved
CDAI LDA compared with the pooled rule-neg-
ative group (28.9%) in the main analysis
(P = 0.24). In the sensitivity analysis, 33.3% vs.
30.1% of patients achieved CDAI LDA in the
rule-positive vs. rule-negative groups (P = 0.63),
respectively. Furthermore, CDAI remission was
numerically higher (9.4%) in the rule-positive
group compared with the pooled rule-negative

group (1.3%; P = 0.01) in the main analysis; a
similar trend was observed in the sensitivity
analysis (CRP cutoff 5 mg/ml).

CDAI MCID was achieved in 37.7% vs.
34.9% of patients in the rule-positive and rule-
negative groups, respectively, in the main
analysis (P = 0.71). In the sensitivity analysis,
41.7% vs. 32.3% achieved CDAI MCID
(P = 0.18). DCDAI was also higher in the rule-
positive group (mean [SD]: - 8.2 [13.9])

Fig. 1 Patient selection flowchart in the RISE Registry.
CDAI, Clinical Disease Activity Index; CRP, C-reactive
protein; ESS, effective sample size; FDA, Food and Drug

Administration; Ph, phase; RA, rheumatoid arthritis;
RAPID3, Routine Assessment of Patient Index Data 3

Rheumatol Ther (2023) 10:1055–1072 1061



compared with the pooled rule-negative group
(- 6.3 [13.6]) in the main analysis (P = 0.32). A
similar trend was observed in the sensitivity
analysis (- 8.7 [13.3] vs. - 5.8 [13.8]; P = 0.09).

Overall, logistic regression showed that,
compared with rule-negative patients, rule-
positive patients were more likely to reach LDA/
remission and MCID in the main analysis and

Fig. 2 Mean change and improvement in CDAI and
RAPID3 by cohort. a Crude mean change in CDAI by
cohort. b Crude mean change in RAPID3 by cohort.
c Adjusteda improvement in CDAI with progressive
restriction in inclusion criteria. d Adjustedb improvement
in RAPID3 with progressive restriction in inclusion

criteria. aAdjusted for age, sex, race, calendar year,
seropositivity, and baseline CDAI. bAdjusted for age, sex,
race, calendar year, seropositivity, and baseline RAPID3.
CDAI, Clinical Disease Activity Index; RAPID3, Routine
Assessment of Patient Index Data 3
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the sensitivity analysis, although the results
were not statistically significant. The difference
in DCDAI (LS mean [CI]) between rule-positive
and rule-negative groups was - 1.2 (- 5.1, 2.7)

Table 1 Baseline demographic and clinical characteristics
in sarilumab-treated patients (rule-positive vs. rule-negative
patients categorized based on seropositive status and CRP
cutoff at 12.3 mg/l)

Rule-
positivea

group

Rule-
negativeb

group

P-
valuec

Number of patients

N 53 152

Age (years)

Mean ± SD 54.5 (11.7) 53.5 (10.0) 0.26

Sex 0.21

Male 7 (13.2) 32 (21.1)

Female 46 (86.8) 120 (78.9)

Race 0.00

Black 10 (18.9) 5 (3.3)

White 32 (60.4) 111 (73.0)

Other/missing 11 (20.8) 36 (23.7)

CDAI at index date

Mean ± SD 25.5 (13.4) 25.6 (10.9) 0.49

CDAI category at
index date

0.60

Moderate 27 (50.9) 71 (46.7)

High 26 (49.1) 81 (53.3)

csDMARD at 1-year
baseline

Yes 35 (66.0) 102 (67.1) 0.89

MTX at 1-year
baseline

Yes 28 (52.8) 62 (40.8) 0.13

Baseline csDMARD
(excluding MTX)

Yes 18 (34.0) 61 (40.1) 0.43

History of TNFi

Yes 40 (75.5) 115 (75.7) 0.98

History of JAKi

Yes 18 (34.0) 78 (51.3) 0.03

Table 1 continued

Rule-
positivea

group

Rule-
negativeb

group

P-
valuec

History of non-TNFi
bDMARDs

Yes 22 (41.5) 86 (56.6) 0.06

Rx of oral steroid at
1-year baseline

Yes 36 (67.9) 99 (65.1) 0.71

Rx of opioid at 1-year
baseline

Yes 11 (20.8) 33 (21.7) 0.88

RF 0.00

Positive 23 (43.4) 44 (28.9)

Negative 0 (0.0) 38 (25.0)

Missing 30 (56.6) 70 (46.1)

CRP at index date
(- 90 to 0 day)

Mean ± SD 33.5 (29.2) 4.7 (8.6) 0.00

All the numbers in the table are n (%) unless indicated
otherwise
ACPA, anticyclic citrullinated peptide antibody;
bDMARD, biologic disease modifying antirheumatic drug;
CDAI, Clinical Disease Activity Index; csDMARD, con-
ventional synthetic disease modifying antirheumatic drug;
CRP, C-reactive protein; ICD, International Classification
of Diseases; JAKi, Janus kinase inhibitors; MTX,
methotrexate; RF, rheumatoid factor; Rx, prescription; SD,
standard deviation; TNFi, tumor necrosis factor inhibitors
aRule-positive patients are those with seropositive status
and CRP level[ 12.3 mg/l. Seropositive patients were
defined as those with a history of ACPA-positive status or
RF-positive status or any ICD-10 diagnosis code of M05
bRule-negative patients are those who do not meet the
criteria of seropositive status and CRP level[ 12.3 mg/l
cWilcoxon rank sum test; Pearson’s chi-squared test;
Fisher’s exact test
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in the main analysis and - 1.0 (- 4.6, 2.5) in
the sensitivity analysis.

Furthermore, the pooled seropositive group
showed better outcomes compared with the
pooled seronegative group (Table 3): 4.9% vs.
0% achieved CDAI remission in the seropositive
and seronegative groups, respectively. The
logistic model also showed that the seropositive
group was more likely to achieve CDAI LDA

compared with the seronegative group
(seropositive vs. seronegative group, odds ratio
estimate [95% CI]: 1.7 [0.8, 3.6]). The difference
in DCDAI (LS mean [CI]) between seropositive
and seronegative groups was - 2.9 (- 7.2, 1.4).

Scatter plots showed no association between
the index CRP and DCDAI or first CDAI
observed at the 3 to 9 months follow-up

Table 2 Outcomes at 24 weeks in sarilumab-treated patients (main and sensitivity analyses)

Rule-positive vs. rule-negative patients based on seropositive status and CRP cutoff at 12.3 mg/l

Outcome Rule-positive patients (N = 53) Rule-negative patients
(N = 152)

P-value

CDAI LDA 20 (37.7) 44 (28.9) 0.24

CDAI remission 5 (9.4) 2 (1.3) 0.01

CDAI MCID 20 (37.7) 53 (34.9) 0.71

DCDAIa, mean (SD) - 8.2 (13.9) - 6.3 (13.6) 0.32

CDAI LDAb Odds ratio estimates (95% Wald CI), rule-positive vs. rule-negative

groups

1.5 (0.7, 3.2)

CDAI MCIDb 1.1 (0.5, 2.4)

Difference in DCDAIa,b LS mean (95% CI), rule-positive vs. rule-negative groups - 1.2 (- 5.1, 2.7)

Rule-positive vs. rule-negative patients based on seropositive status and CRP cutoff at 5 mg/l

Outcome Rule-positive
patients (N = 72)

Rule-negative
patients (N = 133)

P-value

CDAI LDA 24 (33.3) 40 (30.1) 0.63

CDAI remission 5 (6.9) 2 (1.5) 0.04

CDAI MCID 30 (41.7) 43 (32.3) 0.18

DCDAIa, mean (SD) - 8.7 (13.3) - 5.8 (13.8) 0.09

CDAI LDAb Odds ratio estimates (95% Wald CI), rule-positive vs. rule-negative groups 1.2 (0.6, 2.4)

CDAI MCIDb 1.1 (0.5, 2.4)

Difference in DCDAIa,b LS mean (95% CI), rule-positive vs. rule-negative groups - 1.0

(- 4.6, 2.5)

All the numbers in the table are n (%) unless indicated otherwise
P-values were used to determine the difference between two or more groups
aChange of CDAI from the index period to 3–9 months after the index date
bAdjusted for age, sex, race, TNFi, non-TNFi, steroid, diabetes, hypertension, number of Rx risk during baseline, and CDAI
at index
CDAI, Clinical Disease Activity Index; CI, confidence interval; CRP, C-reactive protein; LDA, low disease activity; LS, least
square; MCID, minimal clinically important difference; Rx, prescription; SD, standard deviation; TNFi, tumor necrosis
factor inhibitors
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(Supplementary Material, Figure S1 and Sup-
plementary Material, Figure S2).

DISCUSSION

Using data from the ACR-RISE Registry [27], this
study showed the effectiveness of sarilumab (as
noted by CDAI and RAPID3 changes over 6 and
12 months) in active RA patients. Furthermore,
the predictive rule for treatment response
(based on serostatus and CRP level), developed
based on the RCT data [22], was consistent in
the real-world setting. Extending the sarilumab
effectiveness and utility of the response predic-
tive rule in a real-world practice-based large US
registry, beyond the evidence produced in the
RCTs, allows a better understanding for guiding
treatment choices [26, 37].

The present study included patients with
active RA who had received multiple biologics
or targeted therapies compared with the previ-
ous clinical trials [1–3, 38, 39]. Such patients
tend to have more severe disease over time,
which may lead to poorer treatment outcomes
[40, 41]. In this study, modest evidence was
observed for channeling of patients to sar-
ilumab shortly after its approval. However, all
cohorts (based on progressively restrictive
inclusion criteria) demonstrated treatment
effectiveness, and there was no impact of cal-
endar year on the treatment response; this
highlights the well-established efficacy of sar-
ilumab in patients with RA [1, 3, 38, 39]. Fur-
thermore, the greatest improvements were seen
in the cohort that had the highest baseline
CDAI score and mirrored the phase 3 trial
population in TNFi inadequate responders,
consistent with the literature evidence
[2, 42, 43]. This could be due to the more
selective nature of the clinical trial population,
in which better treatment responses are noted
than the real-world setting [13, 15–17].

Furthermore, owing to the heterogeneity
seen in RA treatment response [44, 45], it has
become important to characterize the factors
that can help to optimize the treatment for
maximum benefit while minimizing the asso-
ciated toxicities. Challenges in identifying the
right drug for the right patient have led to sig-
nificant efforts in the investigation of treatment
response predictors in RA, including genomic,
protein, and flow cytometry biomarkers [46].

Table 3 Outcomes at 24 weeks in sarilumab-treated
seropositive vs. seronegative patients

Outcome Seropositive
patientsa

(N = 144)

Seronegative
patients
(N = 61)

P-
value

CDAI LDA 50 (34.7) 14 (23.0) 0.10

CDAI

remission

7 (4.9) 0 (0.0) 0.08

CDAI

MCID

55 (38.2) 18 (29.5) 0.24

DCDAIb,

Mean

(SD)

- 7.7 (13.8) - 4.7 (13.2) 0.15

Seropositive vs. seronegative groups

CDAI LDAc OR estimates (95% Wald

CI)

1.7 (0.8, 3.6)

CDAI

MCIDc

1.8 (0.8, 4.0)

Difference in

DCDAIb,c
LS mean (95% CI) - 2.9

(- 7.2,

1.4)

All the numbers in the table are n (%) unless indicated
otherwise
P-values were used to determine the difference between
two groups
ACPA, anticyclic citrullinated peptide antibody; CDAI,
Clinical Disease Activity Index; CI, confidence interval;
ICD, International Classification of Diseases; LDA, low
disease activity; LS, least square; MCID, minimal clinically
important difference; OR, odds ratio; RF, rheumatoid
factor; Rx, prescription; SD, standard deviation; TNFi,
tumor necrosis factor inhibitors
aPatients with a history of ACPA-positive status or RF-
positive status or any ICD-10 diagnosis code of M05
bChange of CDAI from the index period to 3–9 months
after the index date
cAdjusted for age, sex, race, TNFi, non-TNFi, steroid,
diabetes, hypertension, number of Rx risk during baseline,
and CDAI at index
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However, each method has few limitations,
preventing their clinical utility. Genomic
markers may not be applicable to different
ethnic groups or may be too weak to contribute
to treatment selection for individual patients
[47–50], whereas flow cytometry and protein
biomarkers may not be suitable in clinical
practice due to requirement of complex labo-
ratory analyses [51]. Other tools to enable pre-
cision medicine and rational drug selection in
RA (such as ribonucleic acid [RNA] sequencing
or molecular signature response classifier) either
remain in development or are newly available
but have not yet entered mainstream clinical
practice [52–56]. ML, a subfield of artificial
intelligence (AI), seems promising in predicting
treatment response in RA patients, and thus,
can be helpful in finding biomarkers of response
[50, 57–59].

The strength of the current analyses is that
the predictive rule tested in this study was
derived from ML using clinical trial data [22]
and was based on parameters routinely assessed
in clinical practice, such as RF and ACPA [60] as
well as one of the most used clinical biomarkers,
i.e., CRP [61]. To date, available evidence on the
association of these individual variables (ACPA,
RF, and CRP) with RA treatment response is
mixed, showing both positive [21, 62–64] or no/
negative associations [65–67].

A post hoc analysis from the AVERT trial
showed that ACPA status at baseline may serve
as a predictor for achieving remission (CDAI,
simplified disease activity index [SDAI], Boo-
lean, and DAS28-CRP) at 1 year for abatacept
plus MTX (in combination) but may not predict
response for abatacept or MTX monotherapies
[68, 69], while other studies showed that RF/
ACPA? patients had better treatment response
to bDMARDs (such as rituximab or infliximab)
than ACPA-RA patients [62, 63, 70]. Several
other studies showed no or a negative associa-
tion between seropositivity and treatment
response for MTX and TNFi [65, 67, 71]. Studies
on the predictive value of serostatus on clinical
response to treatment with IL-6R inhibitors
were also less conclusive. A meta-analysis
showed RF positivity as a predictor of better
clinical response (ACR20: odds ratio [OR]: 1.51
[1.21, 1.90]) in six studies with tocilizumab [72].

In contrast, a retrospective study (n = 204) of
tocilizumab showed no correlation between
seropositivity and EULAR response (RF?
P = 0.18; ACPA? P = 0.12) or remission (RF?
P = 0.39; ACPA? P = 0.36) after 6 months of
treatment [73].

Evidence for the impact of CRP levels on
treatment response is also not well established.
In a prospective study, high pretreatment CRP
levels resulted in better treatment response to
higher doses of infliximab than low pretreat-
ment CRP levels [74], whereas distinct CRP
patterns were seen in infliximab non-respon-
ders in another study: failure to achieve CRP
suppression at Week 2 predicted non-response
at Week 12, but CRP suppression at Week 12
predicted a late response to infliximab upon the
continuation of treatment [75]. Another retro-
spective study of tocilizumab showed a positive
correlation between high baseline CRP levels
and EULAR response (OR: 4.45 [1.45, 13.73]) at
6 months [73].

The present study provides insights on the
effectiveness of sarilumab in routine clinical
practice and attempts to fill the literature gaps
on the prognostic values of ACPA, RF, and CRP
for treatment response. However, this study had
some limitations. In the current analysis,
patients had to be on therapy for 6 and
12 months, which could represent selection
bias. Also, the results were inconsistent as the
statistical significance was noted for remission
but not for LDA, MCID, and change in CDAI.
Furthermore, serostatus (ACPA? and/or RF?)
appeared to differentiate patients better than
the overall rule for change in CDAI. The study
demonstrated that the CDAI changes/measures
were not dependent on the index CRP values.
Though similar trends were observed in the
current analyses with both the evaluated cutoff
values of CRP (12.3 mg/l and 5 mg/l), more
studies with a larger sample size are needed to
validate these findings and verify the potential
contribution of a CRP optimal cutoff. The
duration of clinical response improvement
beyond 6–12 months and differentiation of rule
outcomes for various drugs also remain to be
elucidated.
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CONCLUSIONS

Treatment with sarilumab was effective in the
real-world setting, with greater improvement
seen in the most selective population, mirroring
the TNF-refractory phase 3 population. Also,
treatment responses were in favor of the
patients with seropositive status and elevated
CRP, with seropositivity appearing as a stronger
driver. Overall, serostatus and CRP levels may
help in identifying subpopulations of RA
patients who are more likely to respond to sar-
ilumab, which may help physicians tailor
treatment for individual patients based on their
clinical characteristics. Further work is needed
to optimize the rule for clinical practice.
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