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Objective. Despite a wealth of studies evaluating rheumatoid arthritis (RA) therapies, it remains difficult to compare
efficacies across trials due to heterogeneous study populations. We sought to identify patient/trial characteristics
associated with clinical response to enable fairer comparisons.

Methods. We reviewed 565 disease-modifying antirheumatic drug studies compiled for American College of Rheu-
matology (ACR) management guidelines. Seventy-two articles on randomized controlled phase II/III trials from 1995 to
2018 reporting the proportion of patients achieving 20%, 50% or 70% improvement in the ACR’s RA disease score
(ACR20/50/70) or Disease Activity Score-28 with erythrocyte sedimentation rate or C-reactive protein (DAS28-ESR or
DAS28-CRP) with follow-up more than 3 months were included. We explored associations between 34 patient/trial
characteristics and ACR responses. We constructed multivariable models using these factors to compute expected
response rates and to compare observed with expected response rates across therapies.

Results. Among eligible clinical trials, later publication year, baseline DAS28-CRP score, methotrexate/biologic naivety,
baseline ESR, follow-up of 52 weeks or more, number of subjects enrolled, and anticitrullinated peptide antibody seropos-
itivity were associated with greater ACR response. Greater age, longer disease duration, higher baseline Sharp score, and
steroid use were associated with lower response rates. Predictive models incorporating these factors explained 29%,
37%, and 53% of variance in ACR20, ACR50, and ACR70, respectively. Overall, comparing observed versus expected
rates of response across trials more closely approximated results of head-to-head trials. For example, although observed
responses numerically favored adalimumab to tofacitinib, comparison of observed versus expected results across trials
more closely approximated the results from a head-to-head trial (“Oral Rheumatoid Arthritis triaL [ORAL] Strategy”).

Conclusion. We identified factors associated with ACR response in RA trials. Adjusting for expected outcomes
yielded therapy comparisons somewhat more similar to head-to-head trials. These findings could inform other
across-trial comparisons, particularly when head-to-head trials are lacking.

INTRODUCTION

In recent years, the number of disease-modifying treatment

options for rheumatoid arthritis (RA) has dramatically expanded

beyond the conventional synthetic disease-modifying antirheumatic

drugs (csDMARDs) thanks to the introduction of new drugs against

diverse therapeutic targets. This includes tumor necrosis factor α

(TNFα) inhibitors, interleukin-6 inhibitors, cytotoxic T-lymphocyte-

associated protein 4 (CTLA-4) co-stimulation modulators, Janus

kinase inhibitors, and anti-CD20 antibodies. The efficacy of these

drugs both individually and in combination with csDMARDs, espe-

cially methotrexate (MTX), is well-established based on randomized

controlled clinical trials, marking welcome progress in a prevalent

and morbid disease.
Comparing response rates of these drugs with one another is

challenging because of the significant heterogeneity between study

populations recruited for clinical trials. It has also not been
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practicable to conduct head-to-head trials directly comparing the

efficacy of all the different combinations of available therapies.

Observational studies are influenced by channeling and confound-

ing by indication, which limit the interpretability of comparative data.

We hypothesized that certain patient characteristics and features

of clinical trial design would have an important effect on response

rates. Such factors might include, among others, patient age, sex,

duration of RA, rheumatoid factor (RF) and/or anticitrullinated pep-

tide antibody (ACPA) serostatus, baseline disease activity, number

of prior drug failures, and whether or not a clinical trial was spon-

sored by a pharmaceutical company. Understanding the role of

patient and trial factors in predicting treatment response would help

facilitate across-trial comparisons and add to methods such as net-

work meta-analysis (1).
Which patient baseline characteristics and trial features are

associated with clinical response rates and to what degree clinical
trial response rates can be predicted from these factors has not
been established. Successful identification of predictive factors
would facilitate more accurate trial-to-trial comparisons of efficacy
through population adjustment. We sought to identify patient and
study factors associated with the proportion of patients achieving
20%, 50%, or 70% improvement in the American College of
Rheumatology’s (ACR) RA disease score (ACR20/50/70) by
using published data from a large number of phase II/III clinical tri-
als. We constructed multivariable models incorporating these fac-
tors to predict ACR responses and facilitate more accurate direct
comparison of therapies.

MATERIALS AND METHODS

Identification of relevant trials and data extraction.
We identified relevant published clinical trials through multiple
strategies. We leveraged the database of clinical trials compiled
for the ACR’s efforts to update its management guidelines for
RA as a reference. We also performed literature searches through
PubMed to identify additional trials. As a secondary analysis of
previously published data, this study was not considered human
subjects research and therefore was exempt from Institutional
Review Board review.

Table 1. Treatment arms by therapy and therapy class

Therapy class No. of treatment arms Therapy No. of treatment arms

csDMARDs 58 MTX 43
Triple therapy 4
Other csDMARDs 11

TNFα inhibitor mono 14 Adalimumab mono 7
Infliximab mono 0
Etanercept mono 4
Golimumab mono 2
Certolizumab pegol mono 1

IL-6 inhibitor mono 5 Sarilumab mono 1
Tocilizumab mono 4

JAK inhibitor mono 9 Tofacitinib mono 8
Baricitinib mono 1

Rituximab mono 1 Rituximab mono 1
Abatacept mono 1 Abatacept mono 1
TNFα inhibitor + MTX 51 Adalimumab + MTX 14

Infliximab + MTX 12
Etanercept + MTX 4
Golimumab + MTX 11
Certolizumab pegol + MTX 10

IL-6 inhibitor + MTX 15 Tocilizumab + MTX 11
Sarilumab + MTX 4

Abatacept + MTX 10 Abatacept + MTX 10
Rituximab + MTX 5 Rituximab + MTX 10
JAK inhibitor + MTX 15 Tofacitinib + MTX 8

Baricitinib + MTX 7

Abbreviations: csDMARD, conventional synthetic disease-modifying antirheumatic drug; IL-6, interleukin-6; JAK,
Janus kinase; MTX, methotrexate; TNFα, tumor necrosis factor alpha.

SIGNIFICANCE & INNOVATIONS
• A number of patient and trial characteristics were

associated with clinical responses in clinical trials of
pharmacologic therapies for rheumatoid arthritis.

• Differences in patient and trial characteristics
explained 37% and 53% of the variance in response
rates across treatment arms for the proportion of
patients achieving 50% or 70% improvment in the
ACR’s RA disease score (ACR50 and ACR70).

• Consideration of patient and trial characteristics
facilitated somewhat more accurate cross-trial
comparison of therapies compared with published
head-to-head trials.
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Inclusion criteria were as follows: articles had to report on ran-
domized controlled phase II/III trials of now-approved disease-
modifying drugs for RA published between 1995 and 2018 with
outcomes assessed at time-points greater than 3 months.
Although phase II studies were not excluded, nearly all the included
studies were phase III. Safety trials, cost-effectiveness trials, meta-
analyses, long-term open-label extension studies, studies with
crossover or treat-to-target designs, and studies that used exclu-
sively functional, quality of life, or patient-reported outcomes were
not included. Studies that reported neither ACR20/50/70
responses nor Disease Activity Score-28 (DAS28)-ESR/CRP as
endpoints were excluded. Nearly all the trials were anonymized
although this was not strictly required for inclusion. A very small
number of trials did not anonymize patients due to difficulty con-
cealing particular drugs’ delivery mechanisms. However, in these
cases, evaluators remained anonymized. In situations in whichmul-
tiple articles reported on clinical trial results from multiple follow-up
times, we used data from the longest follow-up time reported
(before patients entered an open-label extension period). When
numerical values for ACR response were not provided, the num-
bers were interpolated from graphs. A total of 565 articles were ini-
tially screened based on their titles of which 410 were reviewed in
more detail. Ultimately, 72 articles totaling 185 treatment arms
were included; the complete list and their references are provided
in Supplementary Table 1.

Key trial characteristics and study outcomes. The pri-
mary treatment endpoints of interest were the ACR20/50/70
response rates. The rates of ACR response were extracted for each
of the treatment arms to which patients were randomized. Planned
secondary endpoints included the proportion of patients achieving
DAS28-ESR or DAS28-CRP remission, although these endpoints
were reported much less frequently and were not analyzed.

Treatment armswere assigned a numerical identifier based on
the therapy that the patients in that arm were randomized to
receive. This included an identifier for the specific therapy (eg, ada-
limumab) and an identifier for the drug class (eg, TNFα inhibitor).
Treatment arms for biologic therapies were also coded based on
whether the biologic was given concurrently with a csDMARD (eg,
tocilizumab + MTX). Separate variables also specified whether or
not the patients in the treatment arm were MTX naïve and/or bio-
logic naïve. The MTX-naïve variable was used to distinguish
whether MTX use represented a new, active therapy initiation ver-
sus continuation of previous background therapy. The specific
therapies, drug classes, and drug combinations that were evalu-
ated in the study are defined in Table 1. As we sought specifically
to create models that could inform treatment comparisons, thera-
pies themselves were not included in predictive models.

We extracted 34 baseline patient or trial factors that were
hypothesized to be potentially important predictors of clinical
response rates. These included trial characteristics (eg, whether
or not it was primarily sponsored by a pharmaceutical company)

and characteristics of participants randomized to a given treat-
ment arm (eg, average disease duration prior to enrollment). In
general, many variables were not reported in every eligible trial
arm and, indeed, some variables of theoretical importance were
found to be rarely reported, such as patient smoking status. The
baseline characteristics and response endpoints extracted, and
the proportion of treatment arms reporting them are detailed in
Supplementary Tables 2A and B.

Statistical analysis. An initial series of univariate regres-
sions was performed to describe associations between baseline
patient and trial characteristics (independent variables) and
ACR20, 50, and 70 response rates (dependent variables) among
all trial arms with available data. These analyses then informed
multivariable predictive models.

Table 2. Full multivariable predictive models for ACR50 response

β (95% CI)

Model 1
Age, y* −1.00 (−1.88 to −0.12)
Disease duration, y −0.53 (−1.18 to 0.12)
Calendar year published* 0.40 (0.00 to 0.80)
Early escape permitted** −7.83 (−12.3 to −3.35)
Number of patients** 0.027 (0.01 to 0.045)
Follow up ≥52 wk 2.47 (−2.38 to 7.32)
Constant* −714 (−1520 to 96.4)

Model 2
Age, y 1.25 (−0.62 to 3.12)
Disease duration, y* −1.54 (−3.17 to 0.09)
Calendar year published −0.14 (−1.60 to 1.31)
Early escape permitted −0.14 (−7.17 to 6.89)
Number of patients −0.016 (−0.048 to 0.015)
Follow up ≥52 wk 7.12 (−1.53 to 15.8)
DAS28-CRP** 17.6 (8.05 to 27.2)
Constant 176 (−2750 to 3100)

Model 3
Age, y −0.39 (−1.61 to 0.83)
Disease duration, y* −0.99 (−1.99 to 0.013)
Calendar year published* 0.54 (−0.073 to 1.16)
Early escape permitted −6.51 (−13.0 to −0.01)
Number of patients 0.014 (−0.013 to 0.042)
Follow up ≥52 wk 4.05 (−3.26 to 11.4)
ESR, mm/h* 0.27 (−0.06 to 0.59)
Constant −1040 (−2300 to 203)

Model 4
Age, y 4.14 (−1.82 to 10.1)
Disease duration, y 2.82 (−5.36 to 11.0)
Calendar year published 1.87 (−6.53 to 10.3)
Early escape permitted −18.5 (−60.7 to 23.7)
Number of patients 0.012 (−0.15 to 0.18)
Follow ≥52 wk −0.51 (−28.0 to 27.0)
DAS28-CRP* 38.0 (3.72 to 72.4)
ESR, mm/h* −0.22 (−2.28 to 1.85)
Constant −4170 (−21,300 to 13,000)

Abbreviations: ACR50, percentage of patients achieving at least 50%
improvement in AmericanCollege of Rheumatology rheumatoid arthri-
tis disease score; CI, confidence interval; DAS28-CRP, Disease Activity
Score-28-C-reactive protein; ESR, erythrocyte sedimentation rate.
* P < 0.10.
** P < 0.01.
*** P < 0.001.
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Predictive models were developed in a multistage process.
Variables that were associated with ACR response in univariate
analyses (P < 0.10) were included inmultivariablemodels in amulti-
stage process to avoid dropping studies that did not report certain
characteristics. An initial model was constructed from variables that
were associated with response in univariate analyses and that were
reported in every study. We then performed sequential regressions
in which other variables of interest were added to this base model
one at a time and tested in the subset of studies for which those
data were available. Variables that were independently associated
with ACR response were then included in a group of final predictive
models. In a sensitivity analysis, we also exploredweighting the pre-
dictive models based on the size (n) of the trial arm.

Predictive models were used to determine an expected
ACR20, ACR50, and ACR70 score for each treatment arm based
on available trial and patient characteristics. From combinatorics,
predicting ACR responses for every treatment arm required the
total number of models contained within a group to be 2n, where
n was the number of variables associated with response that were
not reported in every treatment arm. There were 2 models for
ACR20, 4 for ACR50, and 16 for ACR70; the 4 models for
ACR50 are detailed as an example in Table 2. The model selected
for a given treatment arm was selected based on the information
available from that study (algorithm for ACR50 shown in Figure 1).

We then generated the observed minus the expected re-
sponse for each treatment arm, thereby defining residual re-
sponses over and beyond what the predictive models attributed

to patient and trial characteristics. We then compared the
observed and residual response rates of therapies with one
another to determine how the apparent differences in efficacy
changed when accounting for the trial and patient characteristics.
Both the nominal and residual response rates for a given therapy
were determined using meta-analysis across all treatment arms
using that therapy in order to account for varying sample sizes.
This was done for abatacept versus adalimumab and tofacitinib
versus adalimumab (all combined with MTX) because the results
could be compared with those of two published head-to-head tri-
als: the “Abatacept versus adaliMumab comParison in bioLogic-
naïvE RA subjects with background methotrexate (AMPLE)” trial
of abatacept + MTX versus adalimumab + MTX and the “ORAL
Strategy” trial of tofacitinib + MTX versus adalimumab + MTX (2,3).

All statistical analysis was performed using Stata 14.2
(StataCorp, LP, College Station, TX).

RESULTS

Association of trial characteristics with ACR
response rates. Trial characteristics associated with ACR
response rates are shown in Table 3. A number of trial features
and population baseline characteristics were associated with
ACR responses. Later calendar year of publication and higher
baseline DAS28-CRP score at enrollment were associated with
greater likelihood of achieving all degrees of ACR response.
Response rates were also higher in trials with a greater proportion

Figure 1. Algorithm for choosing a regression model for a treatment arm to predict the expected outcome for ACR50 response. Variables above
the dashed lined were reported in all treatment arms extracted and are included in every model, albeit with varying coefficients. ACR50, percent-
age of patients achieving at least 50% improvement in American College of Rheumatology rheumatoid arthritis disease score; DAS28-CRP, Dis-
ease Activity Score-28-C-reactive protein; ESR, erythrocyte sedimentation rate; F/u, follow-up.
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of subjects who were either MTX or biologic naïve and in trials
enrolling a greater number of patients. More advanced age, lon-
ger disease duration at enrollment, prior MTX or biologic failure,
and a trial design permitting early escape were associated with a
lower likelihood of achieving all degrees of ACR response. Trials
with patients with a higher baseline ESR and a follow-up of
52 weeks or more also had higher rates of achieving ACR50
and ACR70 response, whereas a higher baseline radiographic
damage score (Sharp score) was associated with a lower likeli-
hood of response. ACR70 response was also more likely in trials
with a greater percentage of patients who were seropositive for
ACPA and less likely in those with a greater percentage of patients
using corticosteroids at baseline.

Notable variables that were not significantly associated with
ACR response rates included sex, swollen/tender joint counts,
patient and evaluator global scores, RF serostatus, whether or
not a trial was primarily sponsored by a pharmaceutical company
as opposed to an academic or government institution, and the

geographic location of the trial (using the first author’s institution
location as a proxy). Although the DAS28-CRP score was associ-
ated with treatment response, there was no significant associa-
tion for baseline DAS28-ESR or CRP itself among the studies
that reported these quantities. In exploratory models weighting
based on trial size, patient pain visual analog score and smoking
were also found to be associated with ACR20 response (not
shown), although other predictors were similar.

Predictive models. The full groups of models used for
ACR50 are shown in Table 2. Pearson correlations between the
predicted ACR20, ACR50, and ACR70 response rates and the
actual response rates yielded correlation coefficients of 0.53,
0.62, and 0.73, respectively, suggesting that predictive models
accounted for 29%, 37%, and 53% of the variance in the
response rates, respectively.

Without accounting for patient and trial factors, the average
ACR20, ACR50, and ACR70 response rates appeared

Table 3. Single variable regressions for ACR20/50/70 with baseline patient/trial characteristics

Baseline characteristic ACR20 (95% CI) ACR50 (95% CI) ACR70 (95% CI)

Calendar year published (N = 174) 0.52* (0.07 to 0.97) 0.61** (0.22 to 1.00) 0.55*** (0.26 to 0.84)
DAS28-ESR (N = 114) 0.30 (−7.61 to 8.20) 1.65 (−5.26 to 8.56) 2.16 (−3.14 to 7.46)
DAS28-CRP (N = 46) 13.3** (4.88 to 21.7) 13.6** (6.21 to 21.0) 8.42* (1.96 to 14.89)
Age, y (N = 174) −1.66** (−2.65 to −0.67) −1.90*** (−2.76 to −1.04) −1.63*** (−2.26 to −1.00)
Female, % (N = 174) −0.05 (−0.47 to 0.36) −0.12 (−0.48 to 0.25) −0.13 (−0.41 to 0.15)
White, % (N = 91) 0.04 (−0.06 to 0.15) 0.06 (−0.04 to 0.16) 0.05 (−0.02 to 0.13)
Smokers, % (N = 5) −1.43 (−3.10 to 0.25) −1.03 (−2.37 to 0.31) −0.66 (−1.55 to 0.23)
BMI, kg/m2 (N = 19) −1.06 (−5.87 to 3.75) −0.62 (−4.37 to 3.13) −0.53 (−2.94 to 1.88)
HAQ (N = 157) −4.97 (−17.4 to 7.48) 0.74 (−10.4 to 11.9) 3.22 (−5.44 to 11.9)
SJC (28 joints) (N = 24) −1.46 (−3.58 to 0.65) −1.32 (−3.37 to 0.73) −1.19 (−2.92 to 0.54)
TJC (28 joints) (N = 24) −1.06 (−2.22 to 0.09) −0.97 (−2.00 to 0.05) −0.89 (−1.74 to −0.03)
SJC (66 joints) (N = 148) −0.45 (−1.22 to 0.32) −0.29 (−0.97 to 0.38) −0.20 (−0.70 to 0.30)
TJC (68 joints) (N = 148) −0.39 (−0.91 to 0.13) −0.23 (−0.69 to 0.22) −0.09 (−0.43 to 0.25)
Patient Pain (VAS) (N = 101) 0.26 (−0.33 to 0.86) 0.22 (−0.30 to 0.75) 0.16 (−0.23 to 0.55)
Patient Global Score (N = 105) −0.11 (−0.57 to 0.35) −0.13 (−0.54 to 0.28) −0.03 (−0.33 to 0.27)
Evaluator Global Score (N = 105) −0.05 (−0.65 to 0.55) −0.17 (−0.71 to 0.36) −0.14 (−0.53 to 0.25)
Sharp score (N = 80) −0.17 (−0.35 to 0.01) −0.22** (−0.37 to −0.07) −0.21*** (−0.33 to −0.096)
Using corticosteroids, % (N = 125) −0.01 (−0.21 to 0.19) −0.10 (−0.27 to 0.08) −0.14* (−0.27 to −0.02)
Disease duration, y (N = 174) −1.14** (−1.82 to −0.45) −1.45*** (−2.03 to −0.87) −1.44*** (−1.85 to −1.03)
RF+, % (N = 134) 0.14 (−0.15 to 0.42) 0.18 (−0.06 to 0.42) 0.16 (−0.02 to 0.35)
ACPA+, % (N = 53) −0.27 (−0.71 to 0.18) 0.17 (−0.25 to 0.60) 0.36a (0.01 to 0.71)
ESR, mm/h (N = 98) 0.30 (−0.11 to 0.71) 0.34* (0.00 to 0.68) 0.29* (0.05 to 0.52)
CRP, mg/L (N = 154) −0.01 (−0.28 to 0.26) −0.03 (−0.27 to 0.20) −0.03 (−0.21 to 0.15)
MTX naïve, % (N = 162) 0.07* (0.01 to 0.13) 0.10*** (0.05 to 0.15) 0.10*** (0.07 to 0.14)
Biologic naïve, % (N = 106) 0.11* (0.01 to 0.22) 0.10* (0.01 to 0.19) 0.06 (0.00 to 0.13)
Sponsored by industry (N = 174) −0.72 (−7.97 to 6.53) 0.67 (−5.55 to 6.89) 1.96 (−2.70 to 6.62)
F/u ≥ 52 wk (N = 174) 4.47 (−0.72 to 9.67) 9.27*** (4.88 to 13.7) 9.86*** (6.73 to 13.0)
Early escape permitted (N = 174) −9.28*** (−14.3 to −4.22) −7.50** (−12.0 to −2.99) −5.63** (−9.01 to −2.25)
Non-Western study (N = 174) 1.67 (−5.15 to 8.49) −0.17 (−6.22 to 5.87) −1.41 (−5.94 to 3.13)
Number of patients (N = 174) 0.029** (0.01 to 0.049) 0.034*** (0.016 to 0.051) 0.031*** (0.018 to 0.044)

Note: N is the number of observations for a given association between one of the ACR responses and the baseline variable of
interest.
Abbreviations: ACPA, anticitrullinated peptide antibody; ACR20/50/70, percentage of patients achieving at least 20%, 50%, or
70% improvement in American College of Rheumatology rheumatoid arthritis disease score; BMI, body mass index; CI, confi-
dence interval; CRP, C-reactive protein; DAS28, Disease Activity Score-28; ESR, erythrocyte sedimentation rate; F/u, follow-up;
HAQ, health assessment questionnaire; MTX, methotrexate; RF, rheumatoid factor; SJC, swollen joint count; TJC, tender joint
count; VAS, visual analog score.
* P < 0.05.
** P < 0.01.
*** P < 0.001.
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numerically higher for abatacept compared with adalimumab
(both combined with background MTX) by 3.8% (P = 0.43),
1.7% (P = 0.75), and 6.3% (P = 0.33), respectively (Figure 2).
The differences in residual response were not statistically signifi-
cant but numerically favored adalimumab: −3.6% (P = 0.39),
−7.0% (P = 0.11), and −5.2% (P = 0.10). In the head-to-head
AMPLE trial, there were no significant advantages for abatacept
compared with adalimumab in ACR20, ACR50, and ACR70:
−0.4%, −1.9%, and 1.8%, respectively (2).

Without accounting for patient and trial factors, average
ACR20, ACR50, and ACR70 response rates numerically favored
adalimumab compared with tofacitinib (both combined with
MTX) by 6.5% (P = 0.04), 8.0% (P = 0.04), and 5.9% (P = 0.19),
respectively. However, the differences in the residual responses
(adjusted for trial factors) of tofacitinib versus adalimumab were
smaller and not statistically significant: 3.6% (P = 0.39), 7.0%
(P = 0.11), and 5.2% (P = 0.10), respectively (Figure 3). In the
head-to-head “ORAL” Strategy trial, tofacitinib + MTX response

Figure 2. Efficacy comparison of abatacept versus adalimumab (both with background MTX). ACR20/50/70, percentage of patients achieving
at least 20%, 50%, or 70% improvement in American College of Rheumatology rheumatoid arthritis disease score; AMPLE, Abatacept versus
adaliMumab comParison in bioLogic-naïvE RA subjects with background methotrexate; MTX, methotrexate.

Figure 3. Efficacy comparison of tofacitinib versus adalimumab (both with background MTX). ACR20/50/70, percentage of patients achieving at
least 20%, 50%, or 70% improvement in American College of Rheumatology rheumatoid arthritis disease score; MTX, methotrexate; ORAL, Oral
Rheumatoid Arthritis triaL.
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rates were not significantly different but were numerically higher
than for adalimumab + MTX by 2%, 2%, and 4%, respectively.

DISCUSSION

We identified multiple patient-specific and trial-specific fac-
tors associated with ACR response rates among clinical trials of
pharmacologic therapies for RA. Of note, we identified that more
recent year of publication, higher baseline DAS28-CRP score,
higher proportion of MTX- or biologic-naïve subjects, higher
ESR, ACPA positivity, larger sample size, and a follow-up time of
52 weeks or more were each associated with greater ACR
response. Meanwhile, longer disease duration, more advanced
age, higher radiographic damage score, corticosteroid use at
baseline, and trial design allowing early escape were all associ-
ated with lower ACR response rates. All of these variables were
commonly reported baseline characteristics of clinical trials.
Awareness of their association with ACR response may allow for
a more nuanced interpretation of response rates from individual
trials and may inform future trial design.

The positive association between higher baseline DAS28-CRP
score and ACR response may reflect the fact that ACR20, ACR50,
and ACR70 describe proportional improvements in disease sever-
ity. Patients who enroll in a clinical trial with higher baseline disease
activity have greater opportunity to achieve greater proportional
improvement. Higher baseline disease activity has previously been
noted to be associated with greater ACR response. In a Swedish
cohort study using patients on TNF inhibitors, patients with greater
baseline DAS28 score were more likely to achieve an ACR20
response (odds ratio [OR]: 1.44, 95% confidence interval [CI]:
1.19-1.75) (4). Thus, it should be expected that trials that recruit
patients with higher disease activity will have higher ACR response
rates.

We also observed that older age, greater disease duration,
greater joint damage, and prior treatment failure were all associ-
ated with lower response rates in clinical trials. Symptoms that
are due to accumulated tissue damage might be less likely to
respond to immunomodulatory therapies aimed at reducing the
activity of the inflammatory disease. Our observations support
prior studies that have suggested that longer disease duration
and prior treatment failure predict poorer response to therapy
(5,6). The Swedish cohort study of TNF inhibitors also found that
earlier age at the start of therapy was significantly associated with
ACR50 response (4).

There are likely several reasons why studies using an early
escape design reported lower response rates. In many studies,
patients who are allowed early escape are considered treatment
non-responders from that point forward. Also, studies with an
early escape design had a significantly lower percentage of
patients who were MTX naïve (13.7% vs. 41.0%, P = 0.001) and
trend toward a lower percentage being biologic naïve (78.7%
vs. 90.5%, P = 0.06). It is possible that studies aimed at enrolling

patients who have had RA for a long time and/or failed prior ther-
apies are more likely to build early escape into their design in
anticipation of some patients doing poorly. Ultimately, early
escape was a more useful variable than treatment naïveté for pre-
dictive models because, as a feature of clinical trial design, it was
reliably reported. In contrast, failure of prior therapies was not uni-
versally described.

We found that there was an association between the number
of subjects enrolled in clinical trials and response rates, but this is
unlikely to be causal. The number of subjects enrolled is moder-
ately positively correlated with the calendar year of publication
(r [174] = 0.26, P = 0.0004), and more recent publication date is
itself associated with response. Additionally, trials with follow-up
times of 1 year or greater had significantly more patients enrolled
on average than those with follow-up times under 1 year: 236 ver-
sus 155, P < 0.001.

Prior studies have identified factors associated with
response to therapy that we did not identify in our study. One sys-
tematic review evaluated randomized controlled trials and obser-
vational studies (case-control, cohort, and case series designs)
(7). The investigators found that female sex was associated with
lower response rates, largely based on a study by Anderson
et al in 2000 (5). Another meta-analysis of randomized controlled
trials of DMARDs found that placebo-arm ACR20 response was
lower in clinical trials performed largely in non-Western countries,
but we found no such association (8). Previously, smoking has
been found to be a negative predictor of ACR response in cohort
studies. In one such study, it was associated with lower likelihood
of response in infliximab patients with an OR of 0.77 (95% CI:
0.60-0.99) (9). Unfortunately, smoking status was rarely reported
in clinical trials assessed in our study.

Using the factors associated with response, we constructed
multivariable models that accounted for a substantial proportion
of the variance in ACR response, particularly for ACR70. These
models were used to calculate expected ACR responses and
the residuals (observed minus the expected). Comparison of the
residual responses for two DMARD comparisons—abatacept
versus adalimumab and tofacitinib versus adalimumab—yielded
differences that, for some levels of ACR response, were more like
those seen in published head-to-head trials. However, this effect
was modest.

Investigators have aimed to overcome barriers in comparing
data from different trials through network meta-analysis (10).
These studies compare therapies indirectly by taking advantage
of similar comparison arms. However, network meta-analyses
require no violation of the transitivity assumption and rarely con-
sider differences in patient and trial characteristics, which may
influence treatment effects across trials and affect validity. Popu-
lation adjustment for both prognostic variables and effect modi-
fiers may add value to traditional network meta-analysis.
Although the data presented in this study demonstrate improve-
ments in the ability to compare therapies across different trials
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through population adjustment, the reduction in bias is generally
modest, and residual bias remains a concern. Use of population
adjustment in combination with network meta-analysis may be
of value.

A significant limitation of this study is that many of the vari-
ables shown to be associated with ACR response were not con-
sistently reported in clinical trial articles. For example, although
baseline DAS28-CRP score was strongly associated with ACR
response, it was only reported in 31% of the treatment arms
extracted and primarily after 2008. Similarly, ACPA was associ-
ated with ACR response but was uncommonly reported (31% of
articles) and also primarily after 2008. Other variables of theoreti-
cal interest, such as smoking, were reported so infrequently that
no informative analysis could be done.

We circumvented the problem of missing data by building
groups of models for ACR20, ACR50, and ACR70 that used dif-
ferent sets of independent variables. However, missing data for
key variables likely limited the variance these models could
explain. Unmeasured baseline variables may yet explain a signifi-
cant proportion in the remaining total variance in ACR response.
The results of the current study importantly suggest that greater
efforts to characterize trial populations in publications of clinical
trials will be of value. This will help to better understand how indi-
vidual trial populations compare with others regarding important
patient factors, and to understand how trial population might have
influenced response rates. A machine learning approach might
have improved the predictive capacity of the model; however,
we did not use this approach because no validation sample was
available. Finally, the factors we have identified should not be
interpreted as having a causal effect on response to therapies,
although some of the associations identified in this work may war-
rant further investigation.

In conclusion, head-to-head trials of contemporary biologic
DMARDs are uncommon, and it is tempting to compare efficacies
of different therapies by comparing results from clinical trials con-
ducted under distinct circumstances. This study characterized
patient and trial factors associated with ACR response rates and
used these factors to adjust across-trial comparisons. The mod-
els constructed in this work produce comparisons of DMARDs
more similar to known head-to-head studies, although the effect
is modest and may suffer from residual confounding. This type
of approach may be useful for comparing drugs and drug classes
across clinical studies, especially when no head-to-head trials
exist, and when other approaches such as network meta-analysis
are not appropriate or possible.
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