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Abstract

Objective Randomized controlled trials (RCTs) in biologic-naive rheumatoid arthritis (RA) patients with high disease activ-
ity and inadequate response/intolerance to methotrexate have shown interleukin-6 (IL-6) receptor inhibitors (IL-6R1i) to be
superior to tumor necrosis factor inhibitors (TNFi) as monotherapy. This observational study aimed to compare the effec-
tiveness of TNFi vs IL-6Ri as mono- or combination therapy in biologic/targeted synthetic (b/ts) -experienced RA patients
with moderate/high disease activity.

Methods Eligible b/ts-experienced patients from the CorEvitas RA registry were categorized as TNFi and IL-6Ri initiators,
with subgroups initiating as mono- or combination therapy. Mixed-effects regression models evaluated the impact of treat-
ment on Clinical Disease Activity Index (CDAI), patient-reported outcomes, and disproportionate pain (DP). Unadjusted
and covariate-adjusted effects were reported.

Results Patients initiating IL-6Ri (n=286) vs TNFi monotherapy (n="737) were older, had a longer RA history and higher
baseline CDAI, and were more likely to initiate as third-line therapy; IL-6Ri (n=401) vs TNFi (n=1315) combination
therapy initiators had higher baseline CDAI and were more likely to initiate as third-line therapy. No significant differences
were noted in the outcomes between TNFi and IL-6Ri initiators (as mono- or combination therapy).

Conclusion This observational study showed no significant differences in outcomes among b/ts-experienced TNFi vs IL-6Ri
initiators, as either mono- or combination therapy. These findings were in contrast with the previous RCTs in biologic-naive
patients and could be explained by the differences in the patient characteristics included in this study. Further studies are
needed to help understand the reasons for this discrepancy in the real-world b/ts-experienced population.

Key Points

o Patients with rheumatoid arthritis (RA) often require switching between biologics or targeted synthetic (b/ts) disease-modifying anti-rheumatic
drugs (DMARD:s) to achieve their treatment target.

o Head-to-head randomized controlled trials (RCTs) in biologic-naive RA patients with high disease activity and inadequate response/intolerance
to methotrexate have shown interleukin-6 receptor inhibitors (IL-6Ri) to be superior to tumor necrosis factor inhibitors (TNFi) as monotherapy;
however, there are no RCTs comparing these therapies in a population previously treated with b/tsDMARD:s (i.e., b/ts-experienced patients).

o This observational study compared the effectiveness of TNFi vs IL-6Ri (as mono- or combination therapy) in b/ts-experienced RA patients
with moderate or high disease activity and found no significant differences in clinical outcomes for the two treatments.

e A discrepancy is noted between our study and RCTs, which have shown superiority of IL-6Ri therapy (albeit in biologic-naive patients).
Further analyses may help elucidate the reason for this discrepancy in the real-world b/ts-experienced population.
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Rheumatoid arthritis - Tumor necrosis factor inhibitors
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Introduction

Rheumatoid arthritis (RA) is a global public health
challenge, with increasing rates of age-standardized point
prevalence and annual incidence [1]. If inadequately
treated, RA may cause joint damage, disability, and
other sequelae that impact the quality of life and lead to
economic losses [2]. Early diagnosis and treatment are
important to reduce this disease burden in patients with
RA, and a treat-to-target (TTT) approach is recommended
to achieve clinical remission or low disease activity
(LDA). Over the years, this has become a realistic goal
with the advent of effective medications, including
conventional synthetic (cs), biologic (b), and targeted
synthetic (ts) disease-modifying anti-rheumatic drugs
(DMARDs) [3, 4].

At present, methotrexate (MTX), a csDMARD is
considered an integral part of the first-line treatment strategy
in patients with RA [3]. Further optimization of MTX
dosage or addition of b/tsDMARD:s is driven by the TTT
approach. If a b/tsDMARD fails, switching to a b/tsDMARD
of a different class is recommended to achieve the target;
however, there are limited data to support the choice of drug
class for this approach [3, 4].

Two of the currently approved b/tsDMARD therapy
classes act via inhibition of tumor necrosis factor-alpha
(TNF) or interleukin-6 receptor (IL-6R), thereby playing
a vital role in RA via their anti-inflammatory effects [5,
6]. Although 10% to 50% of RA patients achieve remission
in 6 to 12 months with the use of the first b/tsDMARD
(such as TNF inhibitor [TNFi] or IL-6R inhibitor
[IL-6Ri]), either as monotherapy or in combination with
csDMARDs, a meaningful proportion of patients have
active disease and progression of disability [7, 8]. Thus,
patients require switching between b/tsDMARDs to
achieve the target of remission [3, 4], and this decision can
be informed by research on the comparative effectiveness
of these therapies.

A randomized Phase 3 head-to-head (H2H) trial
(MONARCH) in biologic-naive RA patients, with high disease
activity and intolerance or inadequate response to MTX,
showed sarilumab (an IL-6Ri) monotherapy to be superior to
adalimumab (a TNFi) monotherapy for reducing disease activity
and signs/symptoms of RA [9]. Tocilizumab (another IL.-6R1)
also demonstrated superior clinical response than adalimumab
in a Phase 4 randomized controlled trial (RCT) as monotherapy
in a similar population [10]. However, there is limited research
comparing the relative effectiveness of TNFi vs IL-6Ri as
monotherapy or in combination with csDMARDs in RA patients
with moderate or high disease activity, who have previously been
treated with b/tsDMARD:s (i.e., b/ts-experienced patients), in a
real-world patient population.

@ Springer

The CorEvitas RA registry (formerly known as Cor-
rona) is a prospective, multicenter, real-world regis-
try, launched in the United States (US), and collects
data (at the time of a clinical encounter) of clinical
outcomes and patient-reported outcomes (PROs) from
both physicians and patients. At present, the registry
includes information on > 56,000 patients with RA
from 857 rheumatologists across 42 states in the US
[11]. Based on the CorEvitas RA registry, a retrospec-
tive examination of prospectively collected data was
conducted to assess the clinical outcomes in b/ts-expe-
rienced RA patients, who received TNFi or IL-6Ri as
monotherapy or in combination with csDMARDs. The
objective of the study was to compare the effectiveness
of second- and third-line TNFi vs IL-6Ri (as mono- or
combination therapy) in treating RA patients with mod-
erate or high disease activity.

Materials and methods
Study design and patient population

This was a retrospective, observational study in which
data from adult RA patients, within the US CorEvitas
RA registry [11], were evaluated. The study was con-
ducted in accordance with the Declaration of Helsinki,
and all participating investigators obtained full eth-
ics or institutional review board (IRB) approval (cen-
tral IRB: New England Independent Review Board
[NEIRB] number: 120160610 and/or individual approv-
als at sites). All registry patients were required to pro-
vide written informed consent prior to participation.

Adult patients with RA (> 18 years) who initiated a TNFi
(adalimumab, certolizumab pegol, etanercept, golimumab,
or infliximab) or IL-6Ri (sarilumab or tocilizumab) during
or after January 2010 (until May 2020) were included. The
study period was selected based on the approval and clini-
cal availability of IL-6Ri and TNFi classes of therapeutics.
Patients were included in the study if they had a history
of one or two b/tsDMARDs prior to initiation, moderate
(Clinical Disease Activity Index [CDAI]: 10 to <22) or
high (CDAI: > 22) disease activity at initiation [12], and
recorded a follow-up visit at 6 (+3) months after therapy
initiation. Patients who were not eligible to participate in
the registry included those who: (i) had a diagnosis of juve-
nile idiopathic arthritis, psoriatic arthritis, spondylarthritis,
ankylosing spondylitis, systemic lupus erythematosus, or
any other form of autoimmune inflammatory arthritis; (ii)
were only on csDMARDSs; or (iii) were participating/plan-
ning to participate in any RA clinical trial.
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Study treatments

All RA patients with moderate or high disease activity were
categorized as either TNFi or IL-6Ri initiators, both with
subgroups initiating as monotherapy or combination ther-
apy. Monotherapy initiators stopped the prior csDMARDs
at the time of initiating TNFi or IL-6Ri or anytime earlier,
and combination therapy initiators received MTX with or
without other csDMARDs, in addition to TNFi or IL-6Ri.

Study assessments

At the baseline visit (i.e., visit at which TNFi/IL-6Ri was
started), the following variables were recorded for each
patient: demographic characteristics, lifestyle status, his-
tory of comorbidities, medication use, and disease severity
measures including the CDAI and PROs. Clinical outcomes
collected were as follows:

Clinical disease activity index Mean change and achieve-
ment of low disease activity (LDA; CDAI: <10); achieve-
ment of minimal clinically important difference (MCID,
i.e., improvement by > 6 [for moderate disease activity at
baseline] or > 12 [for high disease activity at baseline] units)
in the CDAI from baseline to follow-up; and achievement of
remission (CDAI: <2.8) [12, 13].

Patient-reported outcomes Health Assessment Ques-
tionnaire-Disability Index (HAQ-DI) (mean change and
achievement of improvement in the HAQ-DI of > 0.22
or >0.30 units) [14, 15]; EuroQol-5 Dimension (EQ-5D)
score (mean change); pain visual analog scale (VAS,
0-100) (mean change and achievement of improvement
by > 10 units); patient global assessment (VAS, 0-100)
(mean change and achievement of improvement by > 10
units) [16]; and fatigue (single-item VAS, 0—100) (mean
change and achievement of improvement by > 10 units)
[17].

Disproportionate pain (DP) [18, 19] Presence or absence of
DP, at 6 months among patients with DP, at baseline; and
presence or absence of DP, at 6 months among patients with
DP, at baseline, for which:

Presence of DP, is defined as:

TIC-SIC>7

Presence of DP, (among those with TIC > 0) is defined
as:
SIC

m<05

where, TIC is 28-tender joint count and SJC is 28-swollen
joint count.

The following outcomes were measured as exploratory
analyses: response to prior TNFi therapies (using dura-
tion of previous TNFi) to investigate whether response/
non-response to prior TNFi therapy channeled patients to
different subsequent treatments (TNFi vs IL-6Ri). Also,
change in the prednisone dose from baseline to 6 months
(using baseline dose of prednisone) was evaluated for all
patients.

No safety outcomes were assessed in the present study.

Statistical analyses

Both TNFi and IL-6Ri initiators (as mono- or combination
therapy) were compared at baseline and at the follow-up
visit. Descriptive statistics were measured for each variable
at baseline. Continuous variables were summarized using
mean and standard deviation (SD), while categorical vari-
ables were reported as total number and proportion of each
category. Univariate comparisons between therapy groups
were performed using t-tests for continuous variables and
chi-square tests for categorical variables.

Since the same patient can potentially contribute to mul-
tiple observations for repeated initiations within the same
drug class or across different drug classes, mixed-effects
regression models with random intercept for patient were
used to account for the potential correlation among separate
observations from the same patient.

For mean change in outcomes, the difference from
baseline to six-month follow-up was calculated for each
patient and used as the dependent variable in mixed-
effect linear regression models. For binary outcomes,
an indicator variable was created, measuring whether a
patient achieved the outcome from baseline to follow-
up or not. These indicator variables were then used as
dependent variables in mixed-effect logistic regression
models to predict the achievement of each outcome.
Unadjusted and covariate-adjusted effects (mean change
in effect [B, 95% confidence interval {CI}] for linear
regressions and odds ratio [OR, 95% CI] for logistic
regressions) were reported. The independent variables
in all models included treatment group (TNFi as refer-
ence), the baseline value of the outcome variable, and a
set of additional covariates (confounders) determined a
priori to be likely to influence the outcome measures.
Covariates also included those characteristics which were
found to be significantly different at the baseline; For
monotherapy initiators, covariates included biologic line
of therapy, age, duration of RA, gender, work status, his-
tory of cardiovascular disease (CVD), CDAI, and morn-
ing stiffness; for combination therapy initiators, these
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were biologic line of therapy, history of CVD, CDAI,
patient reported pain, prior use of csDMARDs, and opi-
oids use. These analyses were replicated for monotherapy
and combination therapy initiators.

Differences in duration of prior exposure to TNFi were
also investigated among patients who had received TNFi
earlier. Duration of prior TNFi therapy was used as a
proxy for primary and secondary non-response, which
may be associated with the effectiveness of subsequent
TNFi [20, 21]. The last prior TNFi was identified among
patients with a history of at least one prior TNFi, and the
proportion of the population was reported with the avail-
able information as well as the mean (SD) and median
(25" percentile and 75" percentile) duration of therapy.
Also, the proportions of the population that persisted
on therapy for at least 6 and 12 months were reported.
This information was presented for all eligible initiators
and by line of therapy. It was assumed that therapy dis-
continued prior to 6 months would be more likely to be
associated with primary non-response.

Lastly, prednisone use was categorized as no use,
dose < 10 mg, and dose > 10 mg, and summarized at
baseline and at 6 months for TNFi and IL-6Ri mono-
therapy and combination therapy initiators.

Sensitivity analyses were conducted for mean change
in outcomes and prednisone use, where outcomes were
reanalyzed by considering binary response outcomes as
“non-responders” and imputing continuous outcomes
with last observation carried forward (LOCF) for patients
who discontinued a biologic prior to the six-months
follow-up.

All analyses were performed using Stata 15 and/or
SAS 9.4.

Results
Patient disposition and baseline characteristics

Out of 9682 patients (with moderate or high disease activ-
ity) initiating TNFi, 737 and 1315 patients were included
in the study as monotherapy and combination therapy ini-
tiators, respectively. Similarly, out of 3008 patients (with
moderate or high disease activity) initiating IL-6Ri, 286 and
401 patients were included in the study as monotherapy and
combination therapy initiators, respectively (Fig. 1).

Patients initiating IL-6Ri (n=286) vs TNFi monother-
apy (n="737) were older (60.0 vs 55.4 years; P<0.001),
had a longer history of RA (12.2 vs 10.0 years; P=0.001),
higher CDALI at baseline (26.9 vs 24.9; P=0.02), and were
more likely to initiate as third-line therapy (57.0% vs 30.9%;
P <0.001). Further, patients initiating IL-6Ri (n=401) vs
TNFi (n=1315) combination therapy had higher CDAI at
baseline (26.7 vs 24.8; P=0.007) and were more likely to
initiate as third-line therapy (56.4% vs 28.7%; P <0.001).
The detailed baseline demographic and clinical characteris-
tics are described in Table 1 and Table 2, respectively.

Outcome assessments

In unadjusted as well as adjusted analyses, no clinically or
statistically significant differences were noted for disease
activity measures, PROs, and DP between TNFi and IL-6Ri
initiators, both as mono- or combination therapy, although
there was one exception. In the unadjusted analyses of DP,
(all initiators) among the combination therapy group, higher

Fig. 1 Patient disposition

All patients (aged 18+ years) enrolled in the CorEvitas RA registry

(N = 54 752)

l

l

January 2010
N = 9682

Patients initiating a TNFi during or after

Patients initiating an IL-6Ri during or after
January 2010

N = 3008

N =7610

Patients with a six-month follow-up
visit after TNFi initiation

Patients with a six-month follow-up
visit after IL-6Ri initiation
N =2310

N = 3683

Patients having a history of one or two prior
b/tsDMARDs prior to initiation

Patients having a history of one or two prior
b/tsDMARDs prior to initiation

N = 1179

Monotherapy initiators
with moderate or high
baseline CDAI

N =737

Combination therapy
initiators with moderate
or high baseline CDAI

N =1315

Monotherapy initiators
with moderate or high
baseline CDAI

N = 286

Combination therapy
initiators with moderate
or high baseline CDAI

N =401

b/ts DMARDSs, biologic/targeted synthetic disease modifying anti-rheumatic drugs; CDAI,
clinical disease activity index; IL-6Ri, interleukin-6 receptor inhibitor; N, number of patients;
RA, rheumatoid arthritis; TNFi, tumor necrosis factor inhibitor
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Table 1 Baseline demographic characteristics in monotherapy and combination therapy initiators by therapy class

Characteristics® Monotherapy initiators Combination therapy initiators
TNFi IL-6Ri P-value TNFi IL-6Ri P-value®
Total, N 737 286 1315 401
Age, years 55.4 (13.6) 60.0 (12.9) <0.001 57.5 (13.2) 58.1 (13.4) 0.42
Duration of RA, years 10.0 (9.7) 12.2 (10.1) 0.001 10.1 9.2) 9.9 (9.3) 0.74
Female, n (%) 613 (83.2) 220 (76.9) 0.02 1055 (80.2) 305 (76.1) 0.07
Race (White), n (%) 616 (83.7) 231 (81.3) 0.37 1077 (82.3) 314 (78.7) 0.10
Smoking status, n (%) 0.45 0.32
Never 354 (48.2) 129 (45.6) 665 (51.1) 192 (48.2)
Previous/Current 380 (51.8) 154 (54.4) 637 (48.9) 206 (51.8)
Alcohol use, n (%)° 299 (43.0) 116 (43.3) 0.93 517 (41.3) 183 (48.0) 0.02
BMI, kg/m? 30.1(7.2) 29.3 (7.1) 0.13 31.2(8.1) 30.8 (7.5) 0.33
BMI category, n (%) 0.32 0.98
Underweight (BMI < 18.5) 12 (1.6) 7(2.4) 20 (1.5) 7(1.8)
Normal weight (18.5 <BMI<25) 172 (23.4) 80 (28.0) 277 (21.1) 83 (20.8)
Overweight (25 <BMI < 30) 227 (30.9) 78 (27.3) 382 (29.1) 115 (28.7)
Obese (BMI>30) 323 (44.0) 121 (42.3) 632 (48.2) 195 (48.8)
History of comorbidities, n (%)
cvp! 71 (9.6) 42 (14.7) 0.02 145 (11.0) 72 (18.0) <0.001
Hypertension 210 (28.6) 99 (34.7) 0.05 420 (31.9) 132 (33.1) 0.67
Hyperlipidemia® 84 (12.4) 36 (13.5) 0.66 144 (12.3) 47 (12.4) 0.97
Malignancy® 46 (6.2) 17 (5.9) 0.86 86 (6.5) 21(5.2) 0.34
Serious infections® 55(7.5) 28 (9.8) 0.22 89 (6.8) 37(9.2) 0.10
Diabetes 83 (11.3) 35(12.3) 0.66 136 (10.3) 37.(9.3) 0.53
Depression 302 (41.0) 122 (42.7) 0.62 524 (39.8) 150 (37.4) 0.38
Fibromyalgia® 71 (10.5) 18 (6.7) 0.08 71 (6.1) 24 (6.3) 0.86

#Values are mean (standard deviation) unless indicated otherwise

®P_values from unadjusted comparison tests of characteristic distributions between therapy groups

“Variables (for monotherapy initiators) with more than 5% of missing data

dHistory of CVD includes myocardial infarction, stroke, acute coronary syndrome, coronary artery disease, congestive heart failure, revasculari-
zation procedure including percutaneous coronary intervention, coronary artery bypass grafting or coronary artery stents, ventricular arrhythmia,
cardiac arrest, unstable angina, peripheral arterial disease, other CVDs, pulmonary embolism, carotid artery disease, deep vein thrombosis, and

transient ischemic attack

“History of malignancy includes lymphoma, lung cancer, breast cancer, non-melanoma skin cancer, and other cancer

fSerious infections include infections that led to hospitalization or intravenous antibiotics: joint/bursa, cellulitis, sinusitis, diverticulitis, sepsis,
pneumonia, bronchitis, gastroenteritis, meningitis, urinary tract infection, upper respiratory tract infection, or infection of other specified sites

BMI, body mass index; CVD, cardiovascular disease; IL-6Ri, interleukin-6 receptor inhibitor; n/N, number of patients; RA, rheumatoid arthritis;

SD, standard deviation; TNFi, tumor necrosis factor inhibitor

odds of DP, presence were noted at 6 months for IL-6Ri
when compared with TNFi (17.8% vs 12.6%; OR: 1.64 [1.10,
2.45]; P=0.015); however, this difference was not seen in the
adjusted analyses. One-third of the TNFi and IL-6Ri mono-
therapy (37.0% vs 32.7%; adjusted OR [aOR]: 0.99 [0.59,
1.67]; Table 3) and combination therapy initiators (36.7%
vs 31.2%; aOR: 0.96 [0.66, 1.38]; Table 4) achieved LDA.
In sensitivity analyses, no clinically meaningful
differences were noted, with exception of the patient
global assessment in the monotherapy initiators; IL-6Ri
monotherapy initiators reported higher odds of achieving

patient global assessment compared to TNFi monotherapy
initiators (OR=1.62; 1.12-2.35) (Online Supplementary
Table 1 and Online Supplementary Table 2).

Among monotherapy (TNFi, n=319; IL-6Ri,
n=115) and combination therapy (TNFi, n=617; IL-
6Ri, n=173) initiators with available data on immedi-
ate prior TNFi therapy, no meaningful differences were
noted between TNFi vs IL 6Ri for the duration of prior
TNFi (Table 5).

Further, no meaningful differences were found
between TNFi and IL-6Ri initiators (as mono- or

@ Springer
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Table 2 Baseline clinical characteristics in monotherapy and combination therapy initiators by therapy class

Characteristics® Monotherapy initiators Combination therapy initiators
TNFi IL-6Ri P-value TNFi IL-6Ri P-value®

Total, N 737 286 1315 401
CDAI 24.9 (12.3) 26.9 (12.4) 0.02 24.8 (12.2) 26.7 (12.2) 0.007
Tender joint count 9.0 (7.1) 9.6 (7.2) 0.23 9.0 (7.0) 10.0 (7.4) 0.01
Swollen joint count 6.0 (5.3) 6.9 (5.3) 0.02 6.6 (5.3) 6.7 (5.4) 0.60
Physician-reported global assessment 42.8 (21.6) 45.5 (20.6) 0.06 40.8 (20.5) 44.3 (20.0) 0.003
Patient-reported global assessment 56.5 (23.4) 58.4(24.2) 0.26 52.2(24.7) 55.5(23.5) 0.02
HAQ-DI¢ 1.1 (0.7) 1.3 (0.7) <0.001 1.1 (0.7) 1.2 (0.7) 0.08
EQ-5D¢ 0.7 (0.2) 0.6 (0.2) 0.20 0.7 (0.2) 0.7 (0.2) 0.15
Patient reported pain 59.8 (25.0) 62.2 (25.1) 0.18 54.3(25.9) 57.3 (24.1) 0.04
Patient reported fatigue® 58.2 (27.3) 58.5(27.7) 0.85 53.9 (27.7) 57.3(26.9) 0.03
Morning stiffness, n (%) 678 (92.4) 274 (96.1) 0.03 1208 (92.4) 376 (94.5) 0.15
Morning stiffness duration, ¢ 2.3 (3.8) 2.4 (3.7) 0.64 2.2(3.9) 2.34.2) 0.66
DP,, n (%)° 165 (22.4) 65 (22.7) 0.91 260 (19.8) 87 (21.7) 0.40
DP,, n (%)*° 228 (33.1) 82 (30.4) 0.41 356 (28.5) 119 (31.3) 0.28
Prior use of csDMARDSs, 1 (%) 0.65 0.03

0 90 (12.2) 29 (10.1) - -

1 275 (37.3) 109 (38.1) 642 (48.8) 221 (55.1)

2+ 372 (50.5) 148 (51.7) 673 (51.2) 180 (44.9)
Prior use of TNFi, n (%) <0.001 <0.001

0 69 (9.4) 32(11.2) 104 (7.9) 34 (8.5)

1 540 (73.3) 177 (61.9) 984 (74.8) 254 (63.3)

2 128 (17.4) 77 (26.9) 227 (17.3) 113 (28.2)
Prior use of any non-TNFi, n (%) 123 (16.7) 99 (34.6) <0.001 202 (15.4) 130 (32.4) <0.001
Prednisone use, n (%) 0.01 0.18

No use 517 (70.1) 190 (66.4) 928 (70.6) 261 (65.1)

Current use, missing dose 6 (0.8) 1 21 (1.6) 6 (1.5)

Current use, dose < 10 mg 147 (19.9) 49 (17.1) 259 (19.7) 92 (22.9)

Current use, dose > 10 mg 67 (9.1) 46 (16.1) 107 (8.1) 42 (10.5)
b/tsDMARD line of therapy, n (%) <0.001 <0.001

Second 509 (69.1) 123 (43.0) 937 (71.3) 175 (43.6)

Third 228 (30.9) 163 (57.0) 378 (28.7) 226 (56.4)

*Values are mean (standard deviation) unless indicated otherwise

bP-values from unadjusted comparison tests of characteristic distributions between therapy groups

“Variables (for monotherapy initiators) with more than 5% of missing data

4Only calculated for those reporting morning stiffness

°DP;: tender joint count (TJC, 28) — swollen joint count (SJC, 28) >7; DP,: SIC (28)/TJC (28) < 0.5

b/tsDMARD, biologic/targeted synthetic disease modifying anti-rheumatic drug; CDAI, clinical disease activity index; csDMARDs, conven-
tional synthetic disease modifying anti-rheumatic drugs; DP, disproportionate pain; HAQ-DI, Health Assessment Questionnaire-Disability
Index; IL-6Ri, interleukin-6 receptor inhibitor; n/N, number of patients; SJC, swollen joint counts; TJC, tender joint count; TNFi, tumor necrosis

factor inhibitor

combination therapy) for the use of prednisone, with majority
of the patients continuing either at their baseline dose or
switching to a low dose/no use of prednisone after 6 months
of treatment (Online Supplementary Table 3 and Online
Supplementary Table 4).

@ Springer

Discussion

In this retrospective real-world evaluation of a b/
ts-experienced cohort, TNFi and IL-6Ri initiators had similar
clinical outcomes (i.e., disease activity, PROs, and DP),
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Table 3 Results from mixed models evaluating the impact of treatment class on disease burden, disproportionate pain, and disease activity among monotherapy initiators

Outcomes Six-month mean (SD)/response rate Unadjusted? Adjusted®
TNFi IL-6Ri B¢ OR® 95% CI pe OR* 95% CI
Disease activity
CDAI 17.9 (13.4) 19.0 (13.9) 0.42 - -1.24,2.09 0.20 - -1.54,1.93
Achievement of 270/729 (37.0%) 92/281 (32.7%) - 0.80 0.48,1.33 - 0.99 0.59, 1.67
LDA
Achievement of 52/729 (7.1%) 207281 (7.1%) - 1.74 0.25,11.90 - 1.86 0.23, 15.05
remission
Achievement of 326/729 (44.7%) 127/281 (45.2%) - 0.94 0.61, 1.46 - 1.06 0.67, 1.69
MCID in CDAI
Disease burden
HAQ-DI 1.0 (0.7) 1.2 (0.7) 0.02 - -0.05, 0.09 0.01 - -0.06, 0.08
HAQ-DI improve- 252/678 (37.2%) 1107267 (41.2%) - 1.03 0.68, 1.56 - 1.13 0.72, 1.77
ment >0.22
HAQ-DI improve- 192/678 (28.3%) 78/267 (29.2%) - 0.81 0.49,1.32 - 0.91 0.56, 1.47
ment >0.30
Pain VAS 49.1 (28.5) 51.2 (28.5) 1.09 - -2.40, 4.58 -0.03 - -3.67,3.61
Pain VAS 348/735 (47.3%) 128/285 (44.9%) - 0.75 0.47,1.21 - 0.80 0.48, 1.35
improve-
ment> 10
Patient global 47.2 (26.7) 47.2 (27.2) -0.60 - -3.92,2.71 -1.47 - -4.91,1.98
assessment VAS
Patient global 3477735 (47.2%) 146/285 (51.2%) - 1.14 0.78, 1.69 - 1.24 0.82,1.87
assessment
VAS improve-
ment> 10
Fatigue VAS 51.4 (28.9) 53.2(29.1) 1.06 - -2.39,4.52 0.85 - -2.73,4.42
Fatigue VAS 287/674 (42.6%) 101/266 (38.0%) - 0.73 0.45,1.19 - 0.74 0.43,1.27
improve-
ment > 10
EQ-5D 0.7 (0.2) 0.7 (0.2) 0.02 - -0.01, 0.04 0.02 - -0.01, 0.05
DP
DP,: All initiators  120/731 (16.4%) 52/283 (18.4%) - 1.56 0.39, 6.18 - 1.38 0.58,3.26

ABojojewnayy [ediul)
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Table 3 (continued)

Outcomes Six-month mean (SD)/response rate Unadjusted® Adjusted®
TNFi IL-6Ri pe OR¢ 95% CI pe OR® 95% CI
DP, at baseline, 92/162 (56.8%) 30/64 (46.9%) - 0.49 0.17, 1.46 - 0.54 0.16, 1.83
no DP, at
6 months
DP,: All initiators ~ 235/547 (43.0%) 86/213 (40.4%) - 0.82 0.45,1.51 - 0.87 0.46, 1.67
DP, at baseline, 50/188 (26.6%) 16/69 (23.2%) - 0.82 0.39,1.73 - 0.65 0.19,2.20
no DP, at
6 months

*Unadjusted models include treatment indicators and baseline value of outcome as independent variables

bAdjusted models include treatment indicators, baseline value of outcome, and covariates specified in the covariate list and those identified to be significantly different in baseline table (covari-
ates of monotherapy initiators: biologic line of therapy, age, duration of RA, gender, work status, history of CVD, CDAI, and morning stiffness; covariates of combination therapy initiators:
biologic line of therapy, history of CVD, CDALI, patient reported pain, prior use of csDMARDs, and opioids use.)

“Based on unadjusted and covariate-adjusted regression analyses (B [95% CI] for linear regressions and OR [95% CI] for logistic regressions) using TNFi group as the reference; p represents the
expected difference in the mean change of outcomes from baseline to 6 months for IL-6Ri group compared to TNFi group

CDALI, clinical disease activity index; csDMARDs, conventional synthetic disease modifying anti-rheumatic drugs; CI, confidence interval, CVD, cardiovascular disease; DP, disproportionate
pain; EQ-5D, EuroQol-5 Dimension score; HAQ-DI, Health Assessment Questionnaire-Disability Index; IL-6Ri, interleukin-6 receptor inhibitor; LDA, low disease activity; MCID, minimal
clinically important difference; OR, odds ratio; RA, rheumatoid arthritis; SD, standard deviation; TNFi, tumor necrosis factor inhibitor; VAS, visual analog scale

KBojojewnayy [ed1ul)



138uradg @

Table 4 Results from mixed models evaluating the impact of treatment class on disease burden, disproportionate pain, and disease activity among combination therapy initiators

Outcomes Six-month mean (SD)/response rate Unadjusted® Adjusted®
TNFi IL-6Ri pe OR® 95% CI pe OR° 95% CI
Disease activity
CDAI 16.7 (12.3) 18.7 (13.6) 1.12 - -0.17,2.40 0.48 - -0.84, 1.81
Achievement of 478/1301 (36.7%)  124/397 (31.2%) - 0.81 0.56, 1.18 - 0.96 0.66, 1.38
LDA
Achievement of 114/1301 (8.8%) 31/397 (7.8%) - 1.43 0.42, 4.86 - 1.23 0.34,4.44
remission
Achievement 605/1301 (46.5%)  185/397 (46.6%) - 0.89 0.66, 1.20 - 0.97 0.71, 1.30
of MCID in
CDAI
Disease burden
HAQ-DI 1.0 (0.7) 1.1 (0.7) 0.03 - -0.02, 0.09 0.01 - -0.05, 0.07
HAQ-DI 456/1168 (39.0%)  142/382 (37.2%) - 0.82 0.59, 1.15 - 0.89 0.63, 1.25
improve-
ment>0.22
HAQ-DI 348/1168 (29.8%)  111/382 (29.1%) - 0.87 0.59, 1.28 - 0.98 0.66, 1.46
improve-
ment >0.30
Pain VAS 45.3 (28.4) 47.8 (27.5) 0.97 - -1.81,3.76 0.21 - -2.66, 3.08
Pain VAS 611/1308 (46.7%) 181/401 (45.1%) - 0.78 0.54,1.11 - 0.82 0.56, 1.18
improve-
ment > 10
Patient global ~ 42.0 (26.6) 45.5 (27.0) 1.73 - -0.95, 4.41 1.30 - -1.44,4.04
assessment
VAS
Patient global 656/1306 (50.2%) 191/400 (47.8%) - 0.72 0.49, 1.05 - 0.74 0.51, 1.08
assessment
VAS improve-
ment > 10
Fatigue VAS 46.4 (29.1) 49.3 (29.1) 1.18 - -1.64,3.99 1.13 - -1.77,4.03
Fatigue VAS 509/1165 (43.7%) 175/379 (46.2%) - 1.02 0.74, 1.41 - 0.99 0.71, 1.38
improve-
ment > 10
EQ-5D 0.7 (0.2) 0.7 (0.2) -0.00 - -0.02, 0.01 -0.00 - -0.02, 0.02
DP
DP;: All initia-  165/1310 (12.6%)  71/398 (17.8%) - 1.64 1.10, 2.45 - 1.39 0.94, 2.06

tors
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Table 4 (continued)

Outcomes Six-month mean (SD)/response rate Unadjusted® Adjustedb
TNFi IL-6Ri pe OR® 95% CI pe OR® 95% CI

DP, at baseline, 160/258 (62.0%) 51/87 (58.6%) - 0.83 0.42,1.63 - 0.93 0.45, 1.89
no DP, at
6 months

DP,: All initia-  332/978 (33.9%) 115/311 (37.0%) - 1.16 0.78, 1.73 - 1.06 0.70, 1.61
tors

DP, at baseline, 112/287 (39.0%) 38/100 (38.0%) - 0.90 0.44, 1.88 - 1.00 0.47,2.12
no DP, at
6 months

#Unadjusted models include treatment indicators and baseline value of outcome as independent variables

hAdjusted models include treatment indicators, baseline value of outcome, and covariates specified in the covariate list and those identified to be significantly different in baseline table (covari-
ates of monotherapy initiators: biologic line of therapy, age, duration of RA, gender, work status, history of CVD, CDAI, and morning stiffness; covariates of combination therapy initiators:
biologic line of therapy, history of CVD, CDAI, patient reported pain, prior use of csDMARDs, and opioids use.)

“Based on unadjusted and covariate-adjusted regression analyses (p [95% CI] for linear regressions and OR [95% CI] for logistic regressions) using TNFi group as the reference; f§ represents the
expected difference in the mean change of outcomes from baseline to 6 months for IL-6i group compared to TNFi group

CDALI, clinical disease activity index; csDMARDs, conventional synthetic disease modifying anti-rheumatic drugs; CI, confidence interval; CVD, cardiovascular disease; DP, disproportion-
ate pain; EQ-5D, EuroQol-5 Dimension score; HAQ-DI, Health Assessment Questionnaire-Disability Index; IL-6i, interleukin-6 receptor inhibitor; LDA, low disease activity; MCID, minimal
clinically important difference; OR, odds ratio; RA, rheumatoid arthritis; SD, standard deviation; TNFi, tumor necrosis factor inhibitor; VAS, visual analog scale
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Table 5 Duration of last prior

- o Monotherapy Combination therapy
TNFi, by mono/combination
therapy and therapy class TNFi IL-6Ri TNFi IL-6Ri
groups
All initiators with history of at least one 668 254 1211 367
prior TNFi, N
Available prior therapy duration, N 319 115 617 173
Duration (months)
Mean (SD) 15.3 (22.0) 18.1 (24.4) 18.2 (27.7) 16.5 (22.1)
Median (P25, P75) 7@3,17) 10 (3.5,21) 8 (3,20) 10 (4, 18)
Duration > 6 months, n (%) 174 (54.5) 72 (62.6) 370 (60.0) 116 (67.1)
Duration > 12 months, n (%) 117 (36.7) 49 (42.6) 228 (37.0) 70 (40.5)
All second-line initiators, N 449 93 850 148
Available prior therapy duration, N 193 38 404 67
Duration (months)
Mean (SD) 15.8 (23.5) 21.0 27.2) 19.6 (29.8) 22.1 (26.8)
Median (P25, P75) 6(3,17) 11(7,22) 8(3,22) 12 (7,25)
Duration > 6 months, n (%) 101 (52.3) 29 (76.3) 244 (60.4) 53 (79.1)
Duration > 12 months, n (%) 72 (37.3) 18 (47.4) 155 (38.4) 38 (56.7)
All third-line initiators, N 219 161 361 219
Available prior therapy duration, N 126 77 213 106
Duration (months)
Mean (SD) 14.7 (19.6) 16.7 (23.0) 15.5(23.2) 13.0 (17.8)
Median (P25, P75) 7(3,19) 8(3,21) 7(3,17.5) 7.5@3,15)
Duration > 6 months, n (%) 73 (57.9) 43 (55.8) 126 (59.2) 63 (59.4)
Duration > 12 months, n (%) 45 (35.7) 31 (40.3) 73 (34.3) 32 (30.2)

IL-6i, interleukin-6 receptor inhibitor; n/N, number of patients; P25, 25t percentile; P75, 75 percentile;
SD, standard deviation; TNFi, tumor necrosis factor inhibitor

regardless of whether they initiated as monotherapy or
combination therapy.

Due to the limited number of real-world biologic-
naive patients initiating IL-6Ri monotherapy in this large
retrospective registry, the present study did not evaluate
biologic-naive patients such as the ones included in the
H2H trials, systematic literature reviews, and network
meta-analysis, which have shown improved clinical
outcomes with IL-6Ri when compared with TNFi as
monotherapy [9, 10, 22-26]. Although evidence exists
for similar clinical outcomes of TNFi and IL-6Ri as
combination therapy in biologic-naive patients [22, 23],
no H2H trials in combination with a csDMARD have been
conducted so far.

Compared with prior H2H trials [9, 10], patients in the
present study were 4—6 years older, and had 2-4 years
longer disease duration and half the disease activity (in
terms of CDAI) at baseline. The H2H trials compared
the efficacy of IL-6Ri with adalimumab in b/ts-naive
RA patients while the present study included the b/
ts-experienced patients on IL-6Ri and various TNFi drugs
(not limited to adalimumab). Further, the dose of IL-6Ri
(tocilizumab) used in the trial [10] was higher as compared
with the approved starting dose in clinical practice and the

real-world studies, where tocilizumab (subcutaneous or
intravenous) was initiated either at low doses or escalated
over time as per the patient’s disease activity [27-29].
Lastly, the present study included those patients who either
had prior use of csDMARDs and/or were on combination
therapy with csDMARDs, while the patients in H2H trials
were those considered inappropriate candidates for the
continued treatment with MTX. All these differences with
the populations included in the previous H2H trials may
have contributed to a reduced difference in effectiveness
between the two treatments in this study [30, 31].

In line with the recently published definition of “difficult-
to-treat RA” by the European Alliance of Associations
for Rheumatology (i.e., patients who have failed>2 b/
tsDMARD therapies), there were approximately 30% TNFi
and 57% IL-6Ri initiators in this study who would fall in this
category and thus, would have been classified as refractory
to the treatment [32]. Therefore, it is possible that the larger
fraction of “difficult-to-treat patients” in the IL-6Ri cohort
may have influenced the results in favor of the TNFi cohort.
While most of the components included in the “difficult-
to-treat RA” definition were adjusted in the present study,
some of the factors (such as radiographic progression) were
not adjusted.

@ Springer
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There was a high proportion of patients who had prior
TNFi exposure (88.8%-92.1%) in our study. Literature sug-
gests that a better treatment response would occur when
switching from a TNFi to an alternative mechanism of action
therapy [33-36]. Since many patients initiating a TNFi had
already failed another TNFi in our b/ts-experienced cohort,
we investigated for a potential selection bias in patients
who received a follow-on TNFi. Patients with secondary
non-response to a TNFi may be more likely to respond to
another TNFi than patients with primary non-response [20,
21]. Thus, duration of prior TNFi therapy was used as a
proxy for primary and secondary non-response, assuming
therapy discontinued within 6 months after initiation would
be more likely to be associated with primary non-response.
The distribution of prior TNFi discontinuation within or
after 6 months of therapy did not differ between the TNFi
and IL-6Ri cohorts. However, time on prior TNFi may not
have been a good surrogate for primary and secondary non-
response [36, 37].

The current analysis had some important differences
compared with other studies, which had suggested better
outcomes when patients were switched to a different class of
biologics after a TNFi failure rather than rechallenged with
another TNFi (i.e., cycling) [33-36]. In our study, CDAI
was the primary outcome, whereas in some similar analyses,
persistence was used as an outcome [33, 34, 36]; there were
only 6 months of follow-up; and approximately one-third of
the TNFi initiators and more than half of the IL-6Ri initia-
tors were on their second treatment switch.

Though similar efficacy has been reported for TNFi and
other biologics (with different mechanisms of action) in
RA, there may be patient subsets with differences noted in
clinical outcomes. For example, the AMPLE trial reported
similar efficacy for abatacept and adalimumab in all patients
with RA [38], while its exploratory analysis showed an
association between seropositivity (anti-cyclic citrullinated
peptide antibodies [ACPA] and/or rheumatoid factor) and
better clinical response with abatacept than adalimumab
[39]. Similarly, various subsets of RA patients have shown
better treatment responses with IL-6Ri compared with TNFi
[40-43]. Recently, machine learning was used to identify
a rule to predict the treatment response to sarilumab and
suggested that the subset of RA patients with ACPA and
CRP > 12.3 mg/L might respond better to sarilumab than to
adalimumab [40]; this finding was also validated in a real-
world setting [41].

The present study was designed to better inform clinicians
about treatment options in patients who have failed prior
b/tsDMARDs. The major strengths of this study were its
observational real-world nature (reflective of current clinical
practices in the US) and the large number of enrolled patients
[44]. Further, our methodology was based on logistic
regression to control confounders, which is known to yield

@ Springer

similar results as propensity score methods in observational
studies [45, 46]. However, as with every retrospective
observational study, there are limitations. Patients and
physicians were unblinded to treatment, and there could be
unidentified selection or channeling biases (such as factors
affecting adherence to therapy, monitoring requirements,
and beliefs and preferences of patients/physicians) that may
influence the choice as well as outcomes of a therapy in
clinical practice [37, 44]. Also, the visits occurred every
6 months in the study and thus, possible dose changes for
the treatments that occurred in between visits might not have
been captured accurately in the registry, especially if there
were multiple changes. Clinical trials, on the other hand,
frequently use pre-determined dose escalation schemas. This
difference may have accounted for some of the discrepancy
in the study findings. Further, there was no assessment
done for the relationship between prednisone and/or non-
prescription medications (such as non-steroidal anti-
inflammatory drugs) with b/tsDMARDs, which was outside
the scope of current analyses, and may have an impact on the
effect of b/tsDMARD therapies. Lastly, the findings for DP,
and DP, need to be validated in future studies.

In conclusion, no significant differences were noted in
clinical outcomes for TNFi vs IL-6Ri initiators (as mono-
or combination therapy) in b/ts-experienced patients in this
observational study. Results from RCTs have shown that IL-
6Ri therapy in biologic-naive patients is more efficacious
than TNFi therapy. This inconsistency may be explained
by the fact that the present study included real-world b/ts-
experienced patients. Further analyses may help understand
the reasons for this inconsistency and optimize the clinical
outcomes for patients with RA.

Supplementary information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10067-023-06588-7.
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