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S and

Observational studies are often considered unreliable for evaluating relative treatment effectiveness, but it has
been suggested that following target trial protocols could reduce bias. Using observational data from patients
with rheumatoid arthritis (RA) in the Swedish Rheumatology Quality Register (SRQ), between 2006 and 2020, we
emulated the protocol of the Swedish Farmacotherapy trial (SWEFOT) and compared the results. SWEFOT was a
pragmatic trial nested in SRQ, between 2002 and 2005, where methotrexate (MTX) insufficient responders were
randomized to receive additional infliximab or sulfasalazine (SSZ) + hydroxychloroquine (HCQ). Patients with RA
initiating infliximab (N = 313) or SSZ + HCQ (N = 196) after MTX were identified in SRQ and the Prescribed Drugs
Register, mimicking the SWEFOT eligibility criteria. The primary outcome was the proportion of European Alliance
of Associations for Rheumatology (EULAR) good responders at 9 months, classifying patients who discontinued
treatment as “nonresponders.” Through sensitivity analyses, we assessed the impact of relaxing eligibility criteria.
The observed proportions reaching EULAR good response were close to those reported in SWEFOT: 39% (vs. 39%
in SWEFOT) for infliximab and 28% (vs. 25%) for SSZ + HCQ. The crude observed response ratio was 1.39

(95% confidence interval (Cl) 1.04-1.86), increasing to 1.48 (95% Cl 0.98-2.24) after confounding adjustment,
compared to 1.59 (95% CI 1.10-2.30) in SWEFOT. Results remained close to SWEFOT when relaxing eligibility
criteria until allowing prior disease-modifying anti-rheumatic drug (DMARD) use which reduced the observed
difference between treatments. By applying a prespecified trial emulation protocol to observational clinical registry
data, we could replicate the results of SWEFOT, favoring infliximab over SSZ + HCQ combination therapy at 9

months.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE
TOPIC?

M Randomized controlled trials comparing the efficacy of add-
ing TNF inhibitors vs. adding conventional synthetic disease-
modifying drug combinations to methotrexate (MTX) for the
treatment of rheumatoid arthritis (RA) showed mixed results.
Observational studies assessing the same question indicated
that TNF inhibitors in combination with MTX might be more
effective, but they are often considered biased.

WHAT QUESTION DID THIS STUDY ADDRESS?

M This study emulated the protocol of one of the trials using ob-
servational data and compared the results with those of the trial.

WHAT DOES THIS STUDY ADD TO OUR
KNOWLEDGE?

V] The results of this observational emulation were close to those of
its target trial, supporting an increased effectiveness of TNF inhibi-
tors plus MTX compared with conventional synthetic disease modi-
fying drug combinations, within the first year of RA treatment.
HOW MIGHT THIS CHANGE CLINICAL
PHARMACOLOGY ORTRANSLATIONAL SCIENCE?
| Emulating target trials (conducted or theoretical) could
reduce bias in observational studies allowing them to credibly
answer more questions about treatments in clinical use, at lower
costs than possible with trials.
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Randomized controlled trials (RCTs) are the gold standard for
evaluating the relative efficacy and safety of drugs, but practical
constraints preclude well-powered head-to-head RCTs of all ther-
apeutic options in all clinically relevant patient groups. Whereas
“real-world studies,” providing evidence on treatment outcomes
in clinical practice are increasingly recognized as necessary com-
plementary information sources for patients not included in clini-
cal trials,? they are also criticized for their susceptibility to bias.’
Comparative effectiveness studies using real-world data are the
main target of such criticism because in clinical practice treatment
decisions are mainly based on perceived predictors of treatment ben-
efit, introducing confounding by indication.* In the treatment of
rheumatoid arthritis (RA), for example, switching to a second con-
ventional synthetic discase-modifying drug (csDMARD) or to a
combination of sDMARDs is recommended for patients who have
failed initial methotrexate (MTX) and who do not have indicators
of a poor prognosis, whereas switching to a biological DMARD
(bDMARD) is recommended for patients with poor prognosis.s’é
To adjust for confounding, measurements of prognosis indicators
which influenced treatment decision and are also associated with
the outcome (c.g., discase activity at treatment initiation) must be
available to the investigator. Nonetheless, even if sufficient data are
available to adequately adjust for confounding, more insidious bi-
ases, such as selection bias or immortal time bias, may still occur in
observational studies, especially when these are based on secondary
longitudinal data which allow conditioning on events that hap-
pened after treatment initiation.”® It has been argued that selection
and immortal time biases could be avoided if observational studies
were designed to explicitly follow target RCT protocols,g’w thus
aligning eligibility assessment, treatment assignment, and the start
of follow-up. Additionally, harmonizing definitions of eligibility
criteria, exposure, outcome, and causal contrast of interest between
observational emulations and existing target RCTs facilitates their
comparison. Sensitivity anaiyses aimed at explaining persisting
differences in results could then be informed by any remaining dif-
ferences in key protocol elements.! Finally, formally adopting and
recording pre-analysis study plans increases the transparency and
credibility of observational studies.

A sensible approach for testing if observational studies following
the trial emulation methodology can produce valid results is to em-
ulate published RCTs and compare the results. One such recent ef-
fort is the DUPLICATE initiative where US claims data were used
to emulate 10 cardiovascular outcome RCTs, with mixed results.
Also in the field of cardiology, a pragmatic trial nested in a Swedish
register has been emulated in an observational study using the same
register as data-source, and the results were broadly comparabie.13

A recent review aimed at assessing how many comparative effec-
tiveness observational studies in RA emulated target trials found
only one study which explicitly described the target trial in some
detail and no study was designed to replicate an existing trial.'”

Thus, in the current study, we aim to evaluate how closely we
are able to mimic the protocol and replicate the primary end point
results of the Swedish Farmacotherapy trial (SWEFOT)™ in an
observational study using Swedish register data. SWEFOT was
an open-label RCT which recruited patients with early RA from
Sweden between October 2002 and December 2005 and treated
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them with MTX monotherapy for 3 months, subsequently ran-
domizing nonresponders to either the tumor necrosis factor inhib-
itor (TNFi) infliximab or a combination of sulfasalazine (SSZ) and
hydroxychloroquine (HCQ) added to MTX. At 9 months after
randomization a 59% higher European Alliance of Associations
for Rheumatology (EULAR) good responder proportion was
observed among patients who received additional infliximab. We
identified SWEFOT as a good candidate for emulation since it
was nested in the Swedish Rheumatology Quality Register (SRQ)
which allowed for identification of other patients initiating the
same treatments in clinical practice. Thus, we could emulate the
trial in a non-overlapping population defined using the same data
source, with access to the necessary primary outcome data. The
secondary aim of our study was to explore if and how treatment
effect estimates changed when relaxing eligibility criteria.

METHODS

As proposed previousiy,15 to make the RCT emulation process as trans-
parent and reliable as possible, we first drafted a structured analysis pro-
tocol describing in detail how criteria and definitions from SWEFOT
would be implemented. Draft definitions of exposure and eligibility cri-
teria were applied to the available data for initial feasibility assessment
of sample size and covariate balance, without analyzing the association
between treatment and outcome, and were revised aiming for a sample
size of 200+ patients per arm (according to the power calculation in
SWEFOT)." The final version of the protocol was published on Clinical
Trials.gov (NCT05051137). The details of the emulation are summa-
rized in Table S1 and the study design in Figure 1.

Data sources and population

We used patient-level data from the SRQ'® linked via the personal iden-
tity number of each patient to several Swedish national registers' —the
Prescribed Drugs Register (PDR), the National Patients Register (NPR),
the Cancer Register—and demographic data from Statistics Sweden.
The carliest date of data availability in all sources was July 2005 (start of
PDR). The SRQ has good coverage for bDM ARDs, containing the dates
of decision to start and stop treatment.

We identified patients with a primary diagnosis of RA which debuted
after July 2005, as recorded in the SRQ, in order to have complete prescrip-
tion data for all patients from RA debut onward and to reduce overlap with
the SWEFOT population. We then identified study treatment initiations
(i.e., baseline) and excluded patients not fulfilling the emulation eligibility
criteria at baseline, patients who, due to migrations, lacked full 5-year data
before baseline, and patients with <9 months of follow-up to January 2021
(end of study period). The main eligibility criteria were: a Disease Activity
Score (DAS)28-ESR (disease activity score using 28 joints and erythrocyte
sedimentation rate) > 3.2, use of MTX for > 30 days before baseline, and
no use of other DMARD:s before baseline (details in Table S1).

Treatment strategies

Infliximab arm. The baseline in this arm was the first decision to initi-
ate infliximab, as recorded in the SRQ. Protocol treatment was ended at
the recorded infliximab treatment stop or at the initiation of a DMARD
(other than infliximab or MTX), whichever came first. Consecutive
infliximab treatment episodes on the same or different products, with
less than 90days in between, were merged. Mimicking SWEFOT, pa-
tients who stopped infliximab for safety reasons, and initiated etaner-
cept within 90 days were considered to stay on treatment until the end of
etanercept treatment.
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Figure 1 Study design. The time unit is days and time-windows are measured relative to baseline (i.e., time 0); for example, the time window for

the 9-month outcome evaluation (+180days to +360days) represents a time window between 180 and 360days after baseline. DMARD, disease-
modifying anti-rheumatic drug; GC, glucocorticoids; HCQ, hydroxychloroquine; INF, infliximab; MTX, methotrexate; PDR, Prescribed Drugs Register;
RA, rheumatoid arthritis; SRQ, Swedish Rheumatology Quality Register; SSZ, sulfasalazine. [Colour figure can be viewed at wileyonlinelibrary.com]

Sulfasalazine and hydroxychloroquine arm. Prescriptions for SSZ
(ATC = A07ECO1) and HCQ (ATC = P01BA02) were identified in
the PDR. We included patients who initiated both drugs no more than
180 days apart, and who collected at least one prescription for the first
drug after the initiation of the second drug. The decision to allow a
sequential initiation of the two drugs within this time window encoun-
tered in clinical practice was based on feasibility analyses with the goal
of achieving sample sizes of ~ 200 patients per arm. The dispensation
date for the second drug in the combination was considered the base-
line in this arm (i.c., the date when the patient started being treated
with both drugs). The end of each treatment in the combination was
estimated at the first gap in the sequence of prescriptions. To identify
such gaps, the duration of each prescription was first calculated using
the dispensed quantity and assuming a daily dose of 2,000 mg/day for
$SZ and 200 mg/day for HCQ. Then, a gap in the sequence of prescrip-
tions was defined as not collecting a subsequent prescription within
90days after the current dispensed duration. If the patient stopped
both SSZ and HCQ and initiated cyclosporin A within 90 days, the
end of protocol treatment was extended to the end of the cyclosporin
A treatment. Protocol treatment was ended at the initiation of another
DMARD.

Outcomes

Similar to SWEFOT, outcomes were evaluated at 9 months after base-
line using data from the SRQ (rheumatology visits). The primary out-
come measure was the achievement of a EULAR good (vs. moderate or
no) response defined as a DAS28-ESR < 3.2 at evaluation and a decrease
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in DAS28-ESR larger than 1.2 units at evaluation compared with base-
line. Patients who stopped the protocol treatment before the 9-month
evaluation were classified as “nonresponders.” Patients who discontinued
follow-up due to death or emigration were excluded from the analysis.

A secondary outcome wasa EULAR good or moderate (vs. no) response
defined as: DAS28-ESR < 5.1 at evaluation and a decrease > 0.6 units com-
pared with baseline, or a DAS28-ESR > 5.1 at evaluation and a decrease
> 1.2 units compared with baseline, again with nonresponder imputation
for those who stopped treatment.

The baseline DAS28-ESR was measured within a window spanning
from 90 days before to 30 days after baseline and end point DAS28-ESR
was measured between 180 to 360 days after baseline. The closest mea-
surement to baseline and day 270 (end point), respectively, was picked. If
several measurements were recorded at the same distance from baseline or
evaluation, respectively, the average value was calculated.

Covariates

Several baseline patient characteristics that were considered outcome
predictors were specified in the protocol for inclusion in the propen-
sity score (PS): sex, age, country of origin, year of treatment start, RA
duration at treatment start, rheumatoid factor positivity, disease ac-
tivity: DAS28-ESR, Clinical Disease Activity Index (CDAI), counts
of swollen and tender joints, pain assessment (measured on a visual
analogue scale) and Health Assessment Questionnaire Disability
Index (HAQ-DI), use of MTX, nonsteroidal anti-inflammatory drugs
(NSAIDs), and of glucocorticoids, history of: cancer, diabetes, acute
coronary syndrome, stroke, venous thromboembolism, peripheral
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vascular disease, obstructive respiratory disease, anemia, psoriasis,
ncuropathics, pain syndromcs, 0steoporosis, dcprcssion or anxiety,
joint surgery, retinopathy, and hospitalized infections, the number of
days spent in the hospital within 5years before treatment start, and
smoking status. Definitions of all measured covariates are presented

in Table S2.

Statistical analysis

We estimated crude and adjusted responder proportions and their ratios
using generalized linear models with log link function, binomial out-
come distribution, and robust standard error estimation.

Confounding was adjusted for by stabilized inverse-probability of treatment
weighting (IPTW), where the conditional probability of receiving infliximab
(vs.SSZ+HCQ) asa function of baseline patient characteristics (PS) was mod-
cled using logistic regression. Stabilized weights were calculated for each obser-
vation as the marginal probability of receiving the treatment actually received
divided by the corresponding conditional probability.18 Balance of baseline
patient characteristics between treatment arms was assessed before and after
weighting using standardized mean differences.””

Missing outcome and covariate values were addressed with multiple
imputation using fully conditional specification, 30 imputations and 25
burn-in iterations. Each missing variable was imputed as a function of all
other variables used in the analysis (plus their transformations), includ-
ing exposure and outcome, and an “on-treatment at evaluation” indicator.
Predictive mean matching was used for quantitative variables and logistic
regression for categorical variables. [IPTW estimation and outcome mod-
cling were conducted in each imputation, pooling final estimates using
Rubin’s rules.”

Sensitivity analyses
A series of analyses tested how altering the pre-recorded analysis plan
would change the results compared with the protocol analysis.

The first analysis was identical to the main analysis but included several
additional covariates which were excluded from the protocol due to their
low prevalence (congestive heart failure, renal or liver diseases, interstitial
respiratory disease, and inflammatory bowel disease), and did not allow
treatment continuation on etanercept or cyclosporin A.

The next analysis included only observations with complete baseline
and outcome data where treatment responses of all patients included at
baseline were measured around the 9-month end point regardless of treat-
ment discontinuation/switch (without nonresponder imputation).

Subsequently, eligibility criteria were relaxed one by one: first, a base-
line DAS28-ESR < 3.2 was allowed; second, no restriction on the tim-
ing of MTX initiation relative to RA debut and baseline was imposed
(but MTX had to be initiated between RA debut and baseline); third,
the use of other non-MTX DMARDs before baseline was permitted
(but not after baseline). Baseline DAS28-ESR, RA duration, and use of
DMARD: before baseline were adjusted for. Trimming of observations
based on the PS, as suggested by Stiirmer ez al,*' was used to improve
comparability of treatment arms and avoid extreme IPTW after allow-
ing use of DMARDs before baseline. The PS was estimated separately
in each imputation and observations with PS lower than the 5th per-
centile in the infliximab arm or higher than the 95th percentile in the
SSZ + HCQ arm were excluded.

Finally, the SSZ+HCQ arm was restricted to patients who initiated the
two drugs simultaneously to avoid potential selection and immortal time biases
built in the protocol definition.” Selection bias occurs when initiation of the
first drug in the combination is allowed before baseline only in the SSZ+ HCQ
arm. Patients in this arm who respect inclusion criteria (i.., high enough base-
line DAS28-ESR) after an initial treatment with the first drug may have a
higher prevalence of other common causes of baseline DAS28-ESR and later
treatment response compared with those in the infliximab arm. Immortal time
bias occurs when a prescription for the first drug is required after baseline (to en-
sure addition of the second drug over the first and not just a treatment switch).
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This decreases the probability that patients in the SSZ + HCQ arm stop proto-
col treatment (thus be classified as nonresponders) because protocol treatment
continues until both drugs are stopped/replaced. Time when the outcome (ie.,
nonresponse) cannot occur is deemed “immortal” No similar “immortal time”
is introduced in the infliximab arm, biasing results in favor of SSZ+HCQ.
There was no need to ensure continued treatment with one drug after baseline
when both drugs were initiated at baseline, thus avoiding immortal time bias.

Ethics

The study was approved by the Ethical Review Board in Stockholm
(DNR: 2015/1844-31/2, amended 2016/1986-32, 2017/2473-32, 2020-
01756). In accordance with Swedish law, participant consent is not neces-
sary for register-based studies with pseudo-anonymized data.

RESULTS

After screening 57,288 patients with RA identified in the SRQ,
and applying the eligibility criteria we included 509 patients who
initiated either infliximab (V= 313) or SSZ+HCQ (N = 196)
between January 2006 and April 2020. A diagram of how the
study population was identified and progressed through follow-up
is presented in Figure 2.

Baseline characteristics

Bascline characteristics of patients in the emulation and in
SWEFOT are presented in Table 1. The RA duration was sim-
ilarly distributed in both emulation arms, with 75% of patients
at less than 1.4 years since the RA debut. Patients who initiated
SSZ + HCQ were marginally older, more likely women, and of
Swedish origin than the ones initiating infliximab and the pro-
portion of women were overall lower in the emulation than in
SWEFOT. In the emulation population, patients who initiated
infliximab had a higher disease activity at treatment initiation
than patients who initiated SSZ + HCQ. The baseline use of
glucocorticoids and NSAIDs was balanced between emulation
arms. The use of NSAIDs was more common in SWEFOT.
Patients initiating infliximab were less likely to have suffered
from cancer or serious infections and more likely to have suf-
fered from diabetes.

The proportions of missing data are presented in Table S3.
Missingness in baseline RA disease activity, disability, and rheuma-
toid factor positivity was under 5% in both groups. Smoking status
data was missing in high proportion in both groups (60%-70%).

There was substantial overlap in PS distribution between
treatment groups (Figure S1). Stabilized IPTW ranged from
0.6 to 8.1 in the infliximab arm and between 0.4 and 28.1 in the
SSZ+HCQ arm. Weights higher than 10 were observed for only
3 patients in the SSZ + HCQ arm and were truncated to 10. The
distribution of IPTW before truncation over all imputations is
presented in Figure $2. The balance in baseline characteristics be-
fore and after weighting is displayed in Figures $3 and $4 and in
Table S4. Baseline characteristics were well-balanced by the trun-
cated IPTW, with most standardized differences lower than 0.1.

Primary and secondary outcome

No patient was lost during follow-up due to emigration. One
patient in the SSZ+HCQ arm was lost due to death (and ex-
cluded from the analysis). In the infliximab arm, 81 of 313 (26%;
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"On treatment" at the 9-months end-
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"On treatment” at the 9-months end-
point and EULAR response missing and
imputed (N=87)

v

Collected at least one prescription for
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after RA debut (N=10759)

v
Collected prescriptions for the second
drug after the first prescription for the
first drug (N=2757)
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v

The two drugs were initiated no more
than 180d apart (N=768)

Excluded -- used non-MTX DMARDs
v before RA debut (N=54)

Excluded -- did not use MTX before
baseline or have initiated it outside the
specified time windows (N=331)

N=383
Excluded -- baseline DAS28< 3.2
v (N=134)
[ N=197 ]

Excluded -- Incomplete baseline or FU
(N=1)

Sulfasalazine + Hydroxychloroquine
(+MTX) arm (N=196)

Died or emigrated during FU (i.e. lost
to FU) (N=1)

Stopped protocol treatment before the
9-months end-point and classified as
"non-responders" (N=64)

"On treatment" at the 9-months end-
point and EULAR response observed
(N=83)

"On treatment" at the 9-months end-
point and EULAR response missing and
imputed (N=48)

Figure 2 Identification of the emulation population and progression through follow-up. DAS28, Disease Activity Score (28 joints); DMARD,
disease-modifying anti-rheumatic drugs; EULAR, European Alliance of Associations for Rheumatology; FU, follow-up; MTX, methotrexate; PDR,
Prescribed Drugs Register; RA, rheumatoid arthritis; SRQ, Swedish Rheumatology Quality Register.

Figure 2) patients stopped protocol treatment before the 9-month
evaluation and were classified as “nonresponders”; the corre-
sponding number for SSZ +HCQ was 64 of 196 (33%; Figure 2).
Figure 2 and Table S3 show that, among patients on treatment at
9-month evaluation, treatment response was missing for 87 of 313
(28%) subjects in the infliximab arm and 48 of 196 (25%) subjects
in the SSZ+HCQ arm.
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Table 2 summarizes the proportions of EULAR “good” and
“good or moderate” responders after multiple imputation of miss-
ing responses. In the infliximab arm, we observed 39% “good”
EULAR responders, the same proportion as in SWEFOT. In the
SSZ+HCQ arm, the crude proportion of responders was higher
than in SWEFOT, at 28% vs. 25%. The crude response ratio was
numerically lower but with overlapping confidence intervals (Cls)
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Table 1 Patients characteristics at baseline in the observational emulation and SWEFOT

Observational emulation

Characteristic Infliximab SSZ+HCQ Infliximab SSZ+HCQ

N 313 196 124 127

Start year 2012 (2010-2015) 2010 (2007-2015) 2004 (2003-2005) 2004 (2004-2005)
Age, years 56.0 (46.0-65.0) 57.5 (47.0-66.5) 54.0 (42.0-60.5) 56.0 (46-0-63.0)
Female 211 (67.4) 139 (70.9) 94 (75.8) 98 (77.2)
Origin (Swedish) 260 (83.1) 169 (86.2) 110 (88.7) 116 (91.3)

RA duration, years 1.0 (0.7-1.4) 1.0 (0.7-1.4) 0.8 (0.6-1.0) 0.8 (0.6-1.0)
Rheumatoid factor positivity 225 (72.8) 124 (66.0) 89 (72.4) 86 (68.8)
Disease activity score (DAS28ESR) 5.1 (4.4-5.9) 4.6 (4.0-5.2) 4.9 (4.2-5.5) 4.7 (3.9-5.5)
HAQ disability score 1.0 (0.6-1.5) 0.9 (0.5-1.1) 0.9 (0.5-1.3) 0.9 (0.6-1.4)
Swollen joints count 7.0 (4.0-11.0) 5.0 (2.5-7.0) 6.0 (3.0-10.0) 6.0 (3.0-9.0)
Tender joints count 7.0 (4.0-11.0) 5.0 (3.0-8.0) 6.0 (4.0-10.0) 5.0 (2.0-10.0)

Global health (patient assessment)

62.0 (44.0-75.0)

46.0 (26.5-64.5)

49.5 (34.5-67.5)

40.0 (22.0-64.0)

Pain (VAS scale)

43.5 (29.0-62.0)

47.0 (30.0-63.0)

38.0 (21.0-60.0)

Clinical Disease Activity Index

(
63.0 (43.0-74.5)
25.5 (19.5-34.5)

19.5 (15.0-24.0)

23.0 (17.0-28.8)

19.0 (13.0-28.5)

Glucocorticoid dose (mg/day) 8.8 (6.4-10.1) 8.8 (4.2-10.0) - -
Methotrexate comedication 297 (94.9) 179 (91.3) 122 (98.4) 126 (99.2)
NSAID comedication 104 (33.1) 72 (36.7) 79 (63.7) 67 (52.8)
Joint surgery 23 (7.3) 14 (7.1) - -
Cancer 8 (2.6) 14 (7.1) - -
Diabetes 20 (6.4) 4 (2.0 - -
Hospitalized infections 4 (1.3) 4 (2.0) - -
Acute coronary syndrome 1(0.3) 4 (2.0) - -
Congestive heart failure 1(0.3) 0 (0.0) - -
Stroke 6 (1.9) 2 (1.0) - -
Venous thromboembolism 5 (1.6) 3(1.5) - -
Peripheral vascular diseases 4 (1.3) 2 (1.0) - -
Obstruct lung diseases 4 (1.3) 5 (2.6) - -
Interstitial lung diseases 1(0.3) 0 (0.0) - -
Liver diseases 0 (0.0) 1 (0.5) - -
Renal diseases 3(1.0) 0 (0.0) - -
Neuropathies 3(1.0) 2 (1.0) - -
Pain syndromes 13 (4.2) 6 (3.1) - -
Mood disorders 15 (4.8) 10 (5.1) - -
Anemias 7(2.2) 3(1.5) - -
Retinopathies 9 (2.9) 5 (2.6) - -
Smoking status (never) 48 (39.0) 28 (44.4) - -
Smoking status (past) 53 (43.1) 29 (46.0) - -
Smoking status (current) 22 (17.9) 6 (9.5) - -
Days in hospital (last 5years) 0.0 (0.0-4.0) 0.0 (0.0-4.5) 0.0 (0.0-3.5) 0.0 (0.0-3.0)

HAQ, Health Assessment Questionnaire; HCQ, hydroxychloroquine; NSAID, nonsteroidal anti-inflammatory drug; RA, rheumatoid arthritis; SSZ, sulfasalazine;
SWEFOT, Swedish Farmacotherapy trial; VAS, visual analogue scale.

Median (interquartile range) presented for quantitative variables. Number (percentage) presented for binary indicators.

#Baseline characteristics in SWEFOT were measured at randomization using the available registry data (data from the Prescribed Drugs Register and National
Patients Register was not available or incomplete). No data was available for four patients in the SWEFOT infliximab arm and three patients in the SSZ+HCQ arm.
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Table 2 Proportions of “good” and “good or moderate” EULAR responders in the protocol analysis

Infliximab SSZ+HCQ
Emulation N
Total 313 195
With non-missing outcome data 226 147
SWEFOT® N 128 130

EULAR good response proportions at 9 months (95% Cl)

Ratio (95% Cl)

Crude

39% (33-46%)

28% (22-37%)

1.39 (1.04-1.86)

IPTW adjusted®

40% (34-47%)

27% (19-39%)

1.48 (0.98-2.24)

SWEFOT®

39%

25%

1.59 (1.10-2.30)

EULAR good or moderate response proportions at 9 months (95% Cl)

Ratio (95% Cl)

Crude

60% (54-66%)

47% (40-56%)

1.26 (1.04-1.52)

IPTW adjusted®

61% (55-68%)

48% (38-60%)

1.27 (0.99-1.63)

SWEFOT®

60%

49%

1.22 (0.98-1.53)

Cl, confidence interval; EULAR, European Alliance of Associations for Rheumatology; HCQ, hydroxychloroquine; IPTW, inverse probability of treatment weighting;

SSZ, sulfasalazine; SWEFOT, Swedish Farmacotherapy trial.
®From van Vollenhoven et al.**

bAdjusted for: age, sex, country of birth, smoking status (63.3% missing), RA duration, rheumatoid factor (2.4% missing), year of treatment start, disease activity
measures (5.9% missing), comedication, and comorbidity. Missing data was accounted for by multiple imputation.

compared with SWEFOT, 1.39 (95% CI: 1.04-1.86) vs. 1.59 (95%
CI: 1.10-2.30). After inverse probability weighting adjustment,
the ratio rose to 1.48 (95% CI: 0.98-2.24). The proportions of
“good or moderate” responders were similar in our emulation and
SWEFOT with minimal changes after confounding adjustment.

Sensitivity analyses
Table 3 presents the results of sensitivity analyses.

Adding disease history covariates and not allowing treatment
continuation on etanercept and cyclosporin A, respectively (base
case), left the results unchanged.

Complete case analysis without nonresponder imputation. The
crude response rates were higher than in the main analysis, with
47% responders in the infliximab arm (vs. 39%) and 40% in the
SSZ + HCQ arm (vs. 28%), which corresponds to a crude response
ratio of 1.19 (95% CI: 0.91-1.55). After confounding adjustment,
the response ratio rose to 1.23 (95% CI: 0.85-1.83), which was
lower than 1.48 in the main analysis.

Eligibility criteria relaxation. Relaxing the eligibility criteria
unsurprisingly increased sample size but also lowered the contrast
between infliximab and SSZ + HCQ especially after allowing a
longer RA duration and prior use of non-MTX DMARD:s. The
lowest contrast was observed after allowing the use of non-MTX
DMARD:s before baseline—adjusted response ratio 1.19 (95%
CI: 0.86-1.66) and 1.23 (95% CI: 0.88-1.73) after initial PS-

based trimming.

Alternative SSZ +HCQ definition. Allowing only simultaneous
initiation of SSZ and HCQ produced an adjusted response ratio
of 1.47 (95% CI: 0.91-2.37), very similar to the one obtained in

the main analysis.
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DISCUSSION

Using the same source population (SRQ) as in SWEFOT and
striving to harmonize eligibility criteria, treatment definitions,
outcome measurements, and causal contrasts between the non-
randomized emulation and the trial, we obtained similar results
in both primary and secondary end points despite remaining dif-
ferences between protocols. These results indicate an increased ef
fectiveness of infliximab compared to SSZ + HCQ when initiated
after unsuccessful treatment with MTX monotherapy.

Several other observational studies also found combinations
of TNFi***> or other bDMARDs** with MTX superior to the
SSZ+HCQ+MTX at 6months and 1year. One of the studies
used data from the SRQ within a time period overlapping with
SWEFOT, but substituted infliximab for awider bDMARD group,
defined different outcomes and identified the SSZ+ HCQ + MTX
group using a different algorithm and data source than in our
study.?* Another study of Norwegian patients compared EULAR
good response proportions at 6 months and found 40% in the
TNFi+MTX arm and 20% in the SSZ+ HCQ+MTX arm. An
American study was able to stratify the analysis into bBDMARDs-
exposed and bDMARDs-naive patients and observed reduced pro-
portions of responders in both arms and a lower contrast among
the biologics-exposed.”” Due to very few patients who had used
any non-MTX DMARD before SSZ+HCQ, we were unable to
replicate this analysis. However, the lower contrast in the analysis
allowing DMARD use before baseline could indicate such effect
modification. Alternatively, the low contrast in this analysis could
be explained by residual confounding given the extreme IPTW (up
to 400) which had to be truncated, but ameliorating comparabil-
ity and extreme weights by initial PS trimming yiclded similar re-
sults. The possibility of obtaining extreme weights may be seen asa
downside of IPT'W because they lower the precision of estimation.
However, extreme weights can alert the analyst to the presence of
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Table 3 Proportions of “good” EULAR responders in sensitivity analyses

Crude response Crude response IPTW adjusted?®

N proportions (95% Cl) ratio (95% CI) response ratio (95% CI)
Base case” Infliximab 313 40% (34%—46%) 1.37 (1.02-1.83) 1.45 (0.98-2.15)
SSZ+HCQ 195 29% (23%—37%) Ref Ref
Complete cases without nonresponder Infliximab 187 47% (40%-55%) 1.19 (0.91-1.55) 1.23 (0.85-1.83)
imputation® SSZ+HCQ 121 40% (32%—49%) Ref Ref
Relaxed eligibility criteria
+ No DAS28 restriction Infliximab 438 37% (31%—43%) 1.48 (1.10-1.98) 1.39 (0.96-2.00)
SSZ+HCQ 366 25% (20%—-32%) Ref Ref
+ No RA duration restriction Infliximab 800 37% (33%—41%) 1.35 (1.08-1.70) 1.24 (0.96-1.60)
SSZ+HCQ 546 27% (22%—-33%) Ref Ref
+ Prior DMARDs allowed® Infliximab 1,465 30% (28%—34%) 1.16 (0.92-1.46) 1.19 (0.86-1.66)
SSZ+HCQ 579 26% (21%—-32%) Ref Ref
+ Prior DMARDs allowed +PS trimming® Infliximab 1,114 33% (29%-36%) 1.18 (0.92-1.53) 1.23(0.88-1.73)
SSZ+HCQ 497 28% (22%—34%) Ref Ref
Alternative definition of the SSZ+HCQ arm
Simultaneous SSZ+HCQ initiation Infliximab 313 39% (33%—46%) 1.30 (0.96-1.77) 1.47 (0.91-2.37)
SSZ+HCQ 166 30% (23%-39%) Ref Ref

Cl, confidence interval; DAS28, disease activity score (28 joints); DMARD, disease-modifying anti-rheumatic drug; EULAR, European Alliance of Associations
for Rheumatology; GC, glucocorticoid; HCQ, hydroxychloroquine; IPTW, inverse probability of treatment weighting; MTX, methotrexate; PS, propensity score; RA,

rheumatoid arthritis; SSZ, sulfasalazine.

@Adjusted for age, sex, country of birth, smoking status, RA duration, rheumatoid factor, year of treatment start, disease activity measures, comedication, and
comorbidity (congestive heart failure, inflammatory bowel disease, renal and liver disease, and interstitial lung disease added to protocol analysis adjustment
set). °Base case: all inclusion criteria are in place (as in the protocol analysis) but treatment switch to etanercept (infliximab) or cyclosporin A (SSZ+HCQ) is not
allowed. °Only observations without missing outcome or covariate data; smoking excluded from the adjustment set due to >60% missingness; actual EULAR
response analyzed regardless of treatment discontinuation (without nonresponder imputation). dUse of other DMARDSs than MTX allowed before baseline and
adjusted for in the analysis. “Use of other DMARDs than MTX allowed before baseline and adjusted for in the analysis + exclusion of observations with PS lower
than the 5th percentile of PS among INF or higher than the 95th percentile of PS among SSZ + HCQ; separate PS trimming in each imputation, therefore numbers

of observations in each arm were averaged over imputations.

population strata where the use of one treatment is unlikely. Such
strata hold little information about the outcome under the unlikely
treatment (therefore the imprecision in effect estimation) and may
harbor unmeasured confounding, thus they could be trimmed
awaly.z1

Not all studies agree that TNFi+MTX are superior to
SSZ+HCQ+MTX. Two RCTs did not find etanercept + MTX
superior to SSZ+HCQ + MTX.>* It could be argued that these
results are not directly comparable to SWEFOT because etanercept
was used instead of infliximab. Besides, the two trials were blinded
whereas SWEFOT was open-label (as were of course the observa-
tional studies). Whereas limiting the interpretability of results in
terms of “treatment efficacy; the open-label design was a reason for
choosing SWEFOT as the emulation target in our study because
blinding is impossible in observational data, and cannot be emu-
lated by statistical means.” Being able to use similarly collected data
from the same context (Swedish rheumatology) but from a non-
overlapping calendar period allowed us to emulate SWEFOT in
most respects. Emulating a trial using real-world data from different
settings would impose additional challenges for the emulation, re-
quiring creative solutions to overcome them (for example, treatment
response measured via proxies, such as an increase in the dose of glu-
cocorticoids in the absence of RA disease activity measurements).

Nonetheless, we could not emulate the SWEFOT protocol per-
fectly. Most difficult was identifying a sufficiently large SSZ + HCQ
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arm, as this has gradually become a less common treatment choice
in clinical practice. In order to increase the size of our study popu-
lation, we allowed the initiation of the drugs in sequence, as long
as they were not initiated more than 180 days apart and as long as
the first drug was not stopped before initiating the second. This
treatment definition may introduce selection bias by initiating a
treatment component before baseline and immortal time bias by
demanding treatment continuation on one component during fol-
low-up. Restricting to patients who initiated both drugs simultane-
ously produced similar effect estimates as in the main analysis since
it turned out that 67% of the 196 patients initiating SSZ+HCQ
in the main analysis initiated the drugs at the same time and 50%
stopped SSZ +HCQ due to initiation of another DMARD regard-
less of continuation of the first drug in combination.

Other compromises were made in the interest of sample size.
First, the protocol analysis was not restricted to treatments initi-
ated within the first year of RA debut. However, the median RA
duration was 1year in both arms. Second, continuation of MTX
treatment to baseline was not imposed. Nonetheless, more than
90% of patients in both arms were on treatment with MTX at
baseline. Finally, no patients were excluded based on study treat-
ments contraindications (such as congestive heart failure, chronic
infections, porphyria, or retinopathies) or baseline glucocorticoid
use. Instead, these covariates were measured and considered for
adjustment.
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Despite relaxing eligibility criteria, an important limitation of
our study (as of SWEFOT) remains the small sample size. Due
to small sample size, the lower confidence limit reached 0.98 in
our IPTW adjusted main results and would be interpreted as “no
statistically significant difference between treatments” based on a
binary hypothesis test, disagreeing with SWEFOT. Additionally,
outcome data was incomplete due to the unstructured follow-up
in real clinical practice. We used a window spanning from 90 days
before to 90 days after the 9-month end point to capture as much
DAS28-ESR data as possible but we still had to impute outcome
datafor ~ 25% of observations, adding uncertainty to our estimates.

Analyzing only observations with complete data and using the
observed 9-month treatment response regardless of protocol treat-
ment discontinuation produced higher response proportions and a
lower response ratio. Such results are expected in the absence of bias
because patients who discontinued due to ineffectiveness would
switch to alternative treatments which may improve response.

The foremost strength of our emulation is the access to the
same source population as the target trial and to disease activity
data which is arguably the most important confounding factor. In
addition, adjusting for confounding via IPT'W produces effect es-
timates averaged (marginalized) over the entire study population,
thus comparable to RCT estimates. Our results were not sensitive
to minor deviations from the protocol and the impact of con-
founding was modest after applying broad exclusion criteria.

To conclude, we observed a 48% increased EULAR good re-
sponse proportion for infliximab vs. SSZ +HCQ compared with
59% increase observed in SWEFOT, with largely overlapping CIs.
The fact that this emulation managed to obtain similar results to
its target trial is not a guarantee for observational studies in gen-
eral. Nevertheless, previous observational studies comparing sim-
ilar treatment strategies but not emulating SWEFOT obtained
results with similar qualitative interpretation (despite some hetero-
geneity in treatments, outcome measures and effect estimates).zz_24
The current study shows that close emulation of a trial protocol
using similar data can also produce quantitatively similar results.
This holds promise for conducting in parallel pragmatic trials and
observational trial emulations in large healthcare registries in order
to broaden the scope of evidence to the entire population requiring
treatment in real-world clinical practice. Observational extensions
could also include additional comparator arms, outcome measure-
ments, and longer follow-up, all with the purpose of better inform-
ing clinical and regulatory decisionmaking.

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical
Pharmacology & Therapeutics website (www.cpt-journal.com).
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