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ABSTRACT

Background and objective: No clinical trial has exam-
ined the risk of infection associated methotrexate and
azathioprine, two advocated treatments for sarcoidosis.
We aimed to compare the 6-month risk of infection
after the initiation of methotrexate or azathioprine.
Methods: We conducted a retrospective target trial
emulation using Swedish pre-existing data. We searched
for eligible participants who were dispensed methotrex-
ate or azathioprine in the Prescribed Drug Register
(PDR) every day between January 2007 and June 2013.
Adults were eligible if they had ≥2 ICD-coded visits for
sarcoidosis in the National Patient Register (NPR) and
were dispensed ≥1 systemic corticosteroid but no meth-
otrexate or azathioprine in the past 6 months (PDR).
Within 6 months of methotrexate or azathioprine initia-
tion, diagnosis of infectious disease was identified (visit
in the NPR where infectious disease was the primary
diagnosis). We estimated RR and risk differences com-
paring methotrexate (n = 667) to azathioprine initia-
tions (n = 259) using targeted maximum likelihood
estimation (TMLE) adjusting for demographic factors,
comorbidity and sarcoidosis severity proxies.
Results: There were 43 infections in the methotrexate
group (adjusted 6-month risk 6.8%) and 29 infections in
the azathioprine group (12.0%). The RR for infectious
disease at 6 months associated with methotrexate com-
pared to azathioprine initiation was 0.57 (95% CI: 0.39,
0.82) and the risk difference was −5.2% (95% CI:
−8.5%, −1.8%). The RR at 9 months was attenuated to
0.77 (95% CI: 0.52, 1.14).

Conclusion: Methotrexate appears to be associated with
a lower risk of infection in sarcoidosis than azathio-
prine, but randomized trials should confirm this
finding.

Key words: azathioprine, infection, methotrexate, registry,

sarcoidosis, trial emulation.

INTRODUCTION

Sarcoidosis, a systemic granulomatous disease of
unknown aetiology, is associated with a higher risk of
infection.1,2 The risk of infection is particularly exacer-
bated in patients who need corticosteroid treatment to
manage symptoms and control disease progression.2

The increase in infection risk in this patient group,
especially during the first 2 years after diagnosis,2 is
perceived to be partly mediated by corticosteroid use.
Changing to steroid-sparing treatments may alleviate
some of the increased risk in individuals with
sarcoidosis.
Among steroid-sparing medications indicated for

controlling disease activity when corticosteroid dose is
tapered, methotrexate and azathioprine are the most
popular choices in Sweden.3 Although the induction
time is longer than for oral corticosteroids, they are
both effective steroid-sparing agents in sarcoidosis and
their toxicity profiles are well known.4–8 Choosing
between the two is therefore challenging for physicians.
In individuals without specific contraindications for
one or the other medication, the risk of infection
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SUMMARY AT A GLANCE

The 6-month infection risk was 43% lower in
patients with sarcoidosis who initiated methotrexate
compared to those who started azathioprine. Our
findings suggest that unless contraindications exist,
methotrexate should be preferred over azathioprine
as the primary steroid-sparing choice in individuals
with sarcoidosis.
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associated with their use in sarcoidosis could inform
choice of treatment.
In the absence of safety trials, however, little is

known about the risk of infection associated with meth-
otrexate or azathioprine use. In addition, reports on
adverse events from efficacy trials in sarcoidosis and
other inflammatory diseases are inconclusive due to
small numbers.9–13 In a study on sarcoidosis, infections
were about twice as common in a hospital cohort that
was treated exclusively with azathioprine compared to
another cohort that received methotrexate.14 It is diffi-
cult to draw conclusions from that study because con-
founders were not considered, ascertainment of
infection was not standardized and discontinuation of
treatment varied between the two cohorts. Our objec-
tive was therefore to estimate the relative risk of infec-
tious disease at 6 months associated with the initiation
of methotrexate compared to initiation of azathioprine
in patients with sarcoidosis.

METHODS

We emulated a hypothetical (termed ‘target’) trial
using pre-existing (observational) data to investigate
the comparative safety of methotrexate and azathio-
prine in terms of infection. Target trial emulation is a
recent approach to comparative safety studies. The aim
is to reduce common fallacies associated with observa-
tional studies (e.g. immortal time and selection bias)
by replicating features of randomized trials that protect
them from these errors.15,16 In line with the target trial
emulation approach,15 we compiled an explicit proto-
col for the target trial (Table S1 in Supplementary
Information), which we then emulated using Swedish
register data.

Data on medication dispensing and

healthcare visits
To emulate the target trial, we obtained data on medi-
cation which had been dispensed from pharmacies
across Sweden from the Prescribed Drug Register
(PDR; available since July 2005). We retrieved data on
morbidity from the National Patient Register (NPR),
which records inpatient visits using the International
Classification of Disease (ICD) codes since 1964
(nationwide since 1987) and visits to outpatient special-
ist (non-primary care) clinics since 2001. Only few visits
for somatic disease are either miscoded or missing
from the NPR,17 but results of examinations including
microbiological analyses and imaging are not captured.
Records in the NPR, PDR and other registers were
linked using an individual’s unique personal number
assigned upon birth or immigration.

Trial emulation procedure
Each day between 1 January 2006 and 30 June 2013, we
allowed for a new trial emulation to occur amounting
to 2738 potential emulations (Fig. 1). An emulation was
successful if at least one eligible individual (see criteria
below) was dispensed methotrexate or azathioprine in
the PDR that day, hereafter referred to as ‘trial start’ or

‘trial initiation’. At trial start, the assessment of partici-
pants’ eligibility, the initiation of methotrexate or aza-
thioprine and the start of follow-up all coincided.
Ethical permission for this study was obtained from

the Regional Ethics Review Board in Stockholm
(2014/230-31), which waived the need for informed
consent.

Eligibility criteria
Eligibility was evaluated on the day each potential
trial was emulated. Eligible individuals were those
aged 18–85 years and who had a history of ≥2 inpa-
tient or outpatient visits in the NPR listing an ICD
code for sarcoidosis. To reduce misclassification of
sarcoidosis, we excluded participants with a diagnosis
of a haematopoietic or lung malignancy recorded in
the Cancer Register ±6 months from their first visit for
sarcoidosis in the NPR. To capture individuals who
needed a steroid-sparing treatment for sarcoidosis, we
required participants to be dispensed ≥1 prescription
of systemic corticosteroids in the PDR within
6 months up to the day before trial start and excluded

1 January 2006

2 January 2006

30 June 2013

Figure 1 Graphical representation of the target trial emulation

design including 2738 potential trial emulations nested in the

Prescribed Drug Register (PDR). At each trial’s initiation (i.e. time

zero, depicted by a black circle, ●), eligibility criteria were evalu-

ated (some using information collected within the previous

6 months), treatment was allocated and the 6-month follow-up

for infectious disease started. Also, several covariates (e.g. age,

sex and residential location) were evaluated at time zero some

using information collected within the previous 6 months

(e.g. cumulative defined daily doses of systemic corticosteroids

dispensed in the PDR).
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those who were dispensed either methotrexate or aza-
thioprine during the same 6-month period (see Fig. 2
for study flowchart). ICD and Anatomical Therapeutic
Chemical (ATC) codes used to identify morbidity and
medications, respectively, are listed in Table S2
(Supplementary Information).

Treatment allocation
Eligible individuals who were dispensed methotrexate
in the PDR at trial start were allocated to the metho-
trexate initiators group, while those who were dis-
pensed azathioprine entered the azathioprine initiators
group. Information on the administered dose was not
available in the PDR. Although prescription patterns
may vary by clinic, usual practice was to prescribe a
weekly dose of methotrexate of up to 15 mg (followed
by folic acid supplementation) or up to 150 mg azathio-
prine once daily.18 An individual could appear in multi-
ple subsequent trials if they were deemed eligible and
initiated either methotrexate or azathioprine.

Infectious disease
The outcome was diagnosis of an infectious disease
within 6 months after the initiation of a trial medica-
tion. Six months was deemed enough time for adverse
events associated with methotrexate and azathioprine

to onset and be diagnosed.7,11,12 Infectious disease was
defined as an inpatient or outpatient visit in the NPR
where the primary discharge diagnosis listed an ICD
code for an infection (ICD codes listed in Table S2 in
Supplementary Information). The date of hospital
admission or that of the outpatient visit was considered
the date of infectious disease diagnosis. A unique indi-
vidual contributed only one infectious disease diagno-
sis per treatment episode. They could, however,
contribute with more than one outcome if they were
diagnosed with an infectious disease in a future treat-
ment episode.

Other variables
We evaluated several potential confounders at the start
of each trial to emulate the randomized allocation of
treatment in the target trial. We retrieved data on the
date of birth, sex, residential location, country of birth
and civil status from the Total Population Register and
attained education from the Longitudinal Integrated
Database for Health Insurance and Labor Market
Studies.
Using data on healthcare visits from the NPR and

medication data from the PDR, we defined the following
comorbidities: congestive heart disease, atrial fibrillation,
acute myocardial infarction, stroke, hypertension, diabe-
tes mellitus, dyslipidaemia, chronic obstructive

†

Figure 2 Eligible individuals for the

potential 2738 target trial emulations.
†Non-unique individuals. A participant

was counted once per day between

1 January 2006 and 30 June 2013

(i.e. 2738 times, as many times as the

potential trials).

© 2021 The Authors.

Respirology published by John Wiley & Sons Australia, Ltd on behalf of Asian Pacific Society of Respirology.

Respirology (2021) 26, 452–460

454 M Rossides et al.



pulmonary disease, asthma and autoimmune disease
(excluding sarcoidosis). To approximate general health
status before trial initiation, we counted visits in the
NPR and searched for ≥1 non-steroidal anti-
inflammatory drug and for an antimicrobial medication
(i.e. an antibiotic, antimycobacterial, antifungal or an
antiviral) being dispensed within 6 months before trial
start. Lastly, we used the number of dispensed defined
daily doses of systemic corticosteroids within 6 months
before trial start as an indicator of sarcoidosis severity
and/or regional prescribing patterns.3 Detailed variable
definitions are available in Table S2 (Supplementary
Information).

Statistical analysis
Data from each trial were pooled into a single data
set and were analysed according to an intention-to-
treat scheme, thus estimating the effect of treatment
initiation irrespective of adherence to treatment. We
estimated the risk ratio (RR) and risk difference of
infectious disease at 6 months comparing methotrex-
ate to azathioprine initiation accounting for poten-
tially differential loss to follow-up (outcome
missingness) due to death. We used an estimator for
the RR and risk difference from the targeted maxi-
mum likelihood estimation (TMLE) framework.19,20

TMLE estimators are unbiased when either the expo-
sure or outcome models are misspecified (i.e. doubly
robust) and more efficient than alternative estima-
tors leading to narrower CI.19,21

We estimated the exposure, outcome and outcome–
missingness mechanisms through an ensemble (i.e. a
weighted average) of machine-learning (prediction)
algorithms and conventional statistical models that was
determined using cross-validation techniques
implemented in the SuperLearner package (version
2.0-26)22 for R. We used the following SuperLearner
wrappers: logistic regression with main and/or interac-
tion effects, a fast version of generalized linear models
(speedGLM), generalized additive models and elastic
net (lasso and ridge) regression models, recursive par-
titioning and regression trees algorithms, Kernellab’s
support vector machines algorithm and ranger’s ran-
dom forests algorithm.
The following covariates were used to estimate the

exposure, outcome and outcome–missingness mecha-
nisms: age at trial entry (continuous), age at sarcoidosis
diagnosis (second visit for sarcoidosis; continuous),
sex, region of residence (grouped into six healthcare
regions3), birth country (Nordic or non-Nordic), educa-
tion (≤9 years including missing due to very small
numbers, 10–12 or ≥13 years), civil status (married/in
registered partnership or other), calendar period
(<2010 or ≥2010), >3 healthcare visits within 6 months
before trial entry, history of comorbidity (see ‘Other
variables’ section above), number of dispensed defined
daily doses of systemic corticosteroids (continuous)
and ≥1 non-steroidal anti-inflammatory drug or an
antimicrobial medication being dispensed within
6 months before trial entry. 95% CI were constructed
using variance of the RR or risk difference derived from
their influence curve and adjusted for multiple obser-
vations per individual.20 The number needed to harm

was calculated using TMLE-derived risks as j1/(metho-
trexate risk − azathioprine risk)j.

Sensitivity analysis
We conducted several sensitivity analyses to test the
robustness of the RR from the main analysis. First, we
excluded participants with any history of methotrexate
or azathioprine being dispensed before trial start to
completely avoid any carry-over effects or confounding
by indication. Second, we ascertained infectious dis-
ease at 3 and 9 months to check the impact of varying
induction periods and any potential time-varying effect
of treatment initiation on infection risk. For the latter,
trial emulations ran between June 2007 and March
2013 to allow for enough time to evaluate exclusion
criteria and the outcome. Third, we examined defini-
tions of infectious disease of different severity by
restricting to hospitalized infections, considering infec-
tious diseases coded as a cause of death (Cause of
Death Register) or identified through antimicrobial
treatment being dispensed in addition to healthcare
visits. Moreover, we estimated RR for infectious disease
and corresponding robust 95% CI using a modified
Poisson regression model adjusted for the same
covariates used in the TMLE analyses to identify any
differences pertaining to TMLE’s double robustness
and efficiency. Lastly, we calculated the E-value23 to
quantify the minimum strength of an association a con-
founder needed to have with both exposure and out-
come to completely attenuate the RR observed in this
study.
Data were managed and analysed with SAS software

version 9.4 (SAS Institute Inc., Cary, NC, USA) and R
version 3.6.3 (R Core Team, R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS

From January 2006 to June 2013, we identified 667 epi-
sodes of methotrexate initiation (in 493 unique individ-
uals) and 259 episodes of azathioprine initiation
(in 231 unique individuals; Table 1). No individual dis-
pensed both medications at the same time and a small
proportion (<6%) started azathioprine after having a
history of methotrexate use (more than 6 months
before trial start) or the opposite. Participants initiated
both treatments after a median 3 years from sarcoidosis
diagnosis (interquartile range 1, 7).
Mean age at trial start was about 54 years and 45% of

participants were female in both the methotrexate and
azathioprine groups (Table 1). Socioeconomic indica-
tors (education, salary and civil status) were similar
between the two groups. The majority of individuals in
a region were dispensed methotrexate than azathio-
prine (>80% in Stockholm, Southeast and North) except
in the West where preference for methotrexate and
azathioprine was split in half (data not shown). Most
comorbidities were equally distributed between the
two groups, except autoimmune disease that was more
prevalent in azathioprine initiators (35.5% vs 21.6%;
Table 1). A slightly smaller dose of systemic corticoste-
roids was dispensed to methotrexate initiators within
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6 months before trial entry (mean 196 defined daily
doses (≈11 mg/day) vs 238 (≈13 mg/day) in the meth-
otrexate and azathioprine groups, respectively).
Within 6 months of treatment initiation, 43 infections

were identified in the methotrexate group compared to
29 infections in the azathioprine group (Table 2). Six
treatment initiation episodes in each group could not
be ascertained for infectious disease because of death
during the 6-month follow-up. Five of the 43 events in
the methotrexate group occurred in two unique indi-
viduals and 2 of the 29 events in the azathioprine
group were attributed to one unique individual.
The adjusted risk of infectious disease at 6 months

was 6.80% in methotrexate initiators (95% CI: 5.27,
8.62) compared to 11.99% in azathioprine initiators
(95% CI: 9.96, 14.25; Table 2). Methotrexate initiation
was associated with a 43% lower risk of infectious dis-
ease at 6 months compared to azathioprine initiation
(RR: 0.57 (95% CI: 0.39, 0.82); risk difference: −5.17%
(95% CI: −8.53%, −1.82%)). Nineteen individuals need
to initiate methotrexate (vs azathioprine) for one to
develop infectious disease at 6 months.
Results of sensitivity analyses are summarized in

Table 3. We observed a stronger association between
methotrexate initiation and infection at 3 months (RR:
0.47 (95% CI: 0.30, 0.74)) compared to the main analy-
sis (RR: 0.57). The association was weaker at 9 months
(RR: 0.77 (95% CI: 0.52, 1.14)). Similarly, restricting to
infectious diseases identified only through inpatient
visits or considering antimicrobial being dispensed in
addition to healthcare visits at 6 months resulted in
some attenuation of the RR (0.69 and 0.87, respec-
tively). The RR did not change markedly when we
included cause of death data to define infectious dis-
ease at 6 months or when we required no history of a
methotrexate or azathioprine being dispensed ever
before trial start.
Replicating all analyses with modified Poisson

regression yielded almost identical point estimates for
the RR except for the analysis for hospitalized infection
(RR: 0.80 vs 0.69 for TMLE); albeit 95% robust CI were
wider than the ones from TMLE. Lastly, we found that

Table 1 Demographic and clinical characteristics at trial

initiation by trial arm

Methotrexate

initiation

(n = 667)

Azathioprine

initiation

(n = 259)

Unique individuals, n 493 231

Trials per unique individual,

mean (SD)

1.4 (0.9) 1.1 (0.4)

Age at trial start, mean (SD) 54 (13.0) 53 (13.2)

Age at sarcoidosis

diagnosis, mean (SD)

49 (12.4) 48 (14.0)

Female (%) 45.3 42.5

Region of residence (%)

Stockholm 25.9 14.7

Uppsala-Örebro 18.6 22.4

West 12.1 30.5

South 14.7 19.7

Southeast 16.0 5.4

North 12.6 7.3

Born in non-Nordic country†

(%)

6.7 10.4

Completed education‡ (%)

≤9 years 51.0 47.9

10–12 years 19.6 25.5

≥13 years 29.4 26.6

Married or in registered

partnership (%)

52.2 49.8

Calendar period 2006–2009

(%)

40.0 54.1

Years from sarcoidosis

diagnosis to trial entry,

median (IQR)

3 (1, 7) 3 (1, 7)

>3 Healthcare visits in the

previous 6 months (%)

45.3 52.1

History of morbidity (%)

Congestive heart disease 7.2 4.2

Atrial fibrillation 4.5 4.2

Acute myocardial

infarction

2.5 2.3

Stroke 2.7 4.2

Hypertension 40.5 39.4

Diabetes mellitus 15.9 15.4

Dyslipidaemia 21.7 21.2

Chronic obstructive

pulmonary disease

5.1 6.2

Asthma 8.2 6.6

Autoimmune disease 21.6 35.5

Infectious disease within

6 months before trial

start§

7.3 10.0

≥1 Dispensed medication

>6 months before trial

start (%)

Methotrexate 41.4 5.8

Azathioprine 4.5 21.6

Medication dispensed within

6 months before trial start

Defined daily doses of

systemic

196 (158.7) 238 (172.2)

Continued

Table 1 Continued

Methotrexate

initiation

(n = 667)

Azathioprine

initiation

(n = 259)

corticosteroids, mean

(SD)

≥1 NSAID (%) 52.0 39.4

≥1 Antimicrobial¶ (%) 75.7 69.5

†Nordic countries include Sweden, Denmark, Norway, Finland

and Iceland.
‡Missing (<1.5% in both groups) included in ‘≤9 years’

category.
§Defined as one inpatient or outpatient visit in the National

Patient Register listing an ICD code for infectious disease as the

primary discharge diagnosis.
¶Antimicrobials include antibiotic, antiviral, antimycobacterial

and antifungal medications.

ICD, International Classification of Disease; IQR, interquartile

range; NSAID, non-steroidal anti-inflammatory drug.
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to nullify the association we observed in the main anal-
ysis an association between an unmeasured con-
founder with both exposure and outcome (E-value) of
strength 2.90 on the RR scale would be needed (or of
strength 1.74 for CI of the TMLE analysis to include the
null value 1).

DISCUSSION

No comparative safety trials contrasting infection risk
in individuals treated with methotrexate compared to
azathioprine exist in either sarcoidosis or other inflam-
matory diseases. In this target trial emulation using
Swedish nationwide register data, we found that com-
pared to azathioprine, initiation of methotrexate was
associated with a 43% lower risk of infectious disease at
6 months in sarcoidosis (RR: 0.57). The favourable
effect of methotrexate on infection risk was stronger at
3 months (RR: 0.47), but attenuated at 9 months
(RR: 0.77).
The observed lower risk of infection associated with

methotrexate is in line with descriptive data suggesting
that infectious diseases might be less common in
patients with sarcoidosis treated with methotrexate
than azathioprine.14 It remains unknown which

pharmacodynamic mechanisms render methotrexate
more advantageous regarding infection risk in sarcoid-
osis or other inflammatory diseases.24–26 One may
hypothesize that azathioprine is a more potent immu-
nosuppressant and/or elicits its effect earlier than
methotrexate does, which could explain the stronger
association in favour of methotrexate at 3 months and
the attenuation observed at 9 months after the initia-
tion of treatment. Observational and experimental data
in sarcoidosis and several other immune-mediated dis-
eases have shown mixed results in terms of safety and
efficacy of these drugs.10–14

This target trial emulation has several advantages
over a traditional pharmacoepidemiological investiga-
tion. Similar to a randomized target trial, a well-defined
research question was determined in advance and
guided identification of necessary data and their analy-
sis. In addition, mimicking features of the target trial
and being explicit about study design and data analysis
decisions, we minimized immortal time bias and selec-
tion bias.27 Specifically, pre-defined inclusion and
exclusion criteria in this emulation allowed us to obtain
a group of individuals with sarcoidosis who needed a
steroid-sparing treatment and at the same time reduce
confounding and selection bias originating from inclu-
sion in the analyses of prevalent users of the treatments
under comparison. Another major benefit of a trial
emulation is that treatment allocation (i.e. initiation of
methotrexate or azathioprine), eligibility assessment
and start of follow-up are designed to coincide thus
further limiting immortal time and selection bias.
Despite the meticulous planning and conduct of the

trial emulation, there are some fundamental ways in
which it diverges from the target trial. One is randomi-
zation; a powerful feature of clinical trials that elimi-
nates confounding by indication, that is, allocation of
treatments that is intentionally or inadvertently
influenced by factors related to the outcome
(e.g. sarcoidosis severity). Although we did not ran-
domize individuals into treatment groups, we believe
that the impact of confounding by indication on our
results is small. Despite the fact that methotrexate was
more commonly prescribed, both methotrexate and
azathioprine were equally advocated as steroid-sparing
treatments for sarcoidosis during the study period
(2007–mid-2013).28,29 In addition, we adjusted for prox-
ies of sarcoidosis severity (e.g. differences in corticoste-
roid dose) to improve the comparability of the two
treatment groups.
Nevertheless, to minimize the possibility of residual

confounding, we used TMLE that compared to stan-
dard outcome-based estimators is both doubly robust
and more efficient when combined with data-adaptive
modelling techniques.21 Regarding double robustness,
we did not observe any advantage of TMLE as point
estimates from TMLE and modified Poisson regression
models were similar. An exception was the analysis
with the lowest power where we restricted to infections
resulting in hospitalizations in which TMLE indicated a
somewhat larger association (RR: 0.80 vs 0.69). TMLE’s
efficiency manifested in all analyses where 95% CI were
considerably narrower than those estimated using
Poisson models. Lastly, we believe that residual con-
founding of the magnitude estimated by the E-value

Table 2 Adjusted risk difference and RR of infectious

disease within 6 months associated with methotrexate

compared to azathioprine initiation in sarcoidosis

(infectious disease could not be evaluated in six

individuals in each group who died before the end of

follow-up)

Infectious disease

at 6 months

Methotrexate

initiation

(n = 667)

Azathioprine

initiation

(n = 259)

Infectious disease,

n (%)

43 (6.4) 29 (11.2)

Adjusted risk (95%

CI), %

6.80 (5.27, 8.62) 11.99 (9.96, 14.25)

Adjusted risk

difference (95%

CI), % (TMLE)

−5.17 (−8.53, −1.82) 0.00 (reference)

Adjusted RR (95%

CI), TMLE

0.57 (0.39, 0.82) 1.00 (reference)

Adjusted RR (95%

CI), MPR

0.57 (0.34, 0.97) 1.00 (reference)

RR (and risk difference) from TMLE analyses and in modified

Poisson models adjusted for age at trial entry and sarcoidosis

diagnosis, sex, region of residence, birth country, education,

civil status, calendar period, healthcare visits within 6 months

before trial start, history of congestive heart disease, atrial fibril-

lation, acute myocardial infarction, stroke, hypertension, diabe-

tes mellitus, dyslipidaemia, chronic obstructive pulmonary

disease, asthma and autoimmune disease, dispensed defined

daily doses of systemic corticosteroids, non-steroidal anti-

inflammatory drug or an antimicrobial medication being dis-

pensed within 6 months before trial start.

MPR, modified Poisson regression; RR, risk ratio; TMLE,

targeted maximum likelihood estimation.
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(2.90 on the RR scale) that could explain away our find-
ings is very unlikely.
Another way in which our emulation deviates from a

clinical trial is the lack of standardization of the dose or
administration scheme of methotrexate and azathio-
prine. Assuming that treating physicians followed the
recommended administration schemes,18 we believe
that our findings are similar to those that would have
been obtained from a pragmatic clinical trial.15 We
observed, however, a preference for prescribing metho-
trexate (mimicking worldwide patterns28) in all regions
but the West, which we adjusted for in our analyses. In
addition, we could not blind participants or physicians
to the treatment received. A possible issue with the lat-
ter is differential misclassification of infectious disease.
To reduce its impact on our findings, we restricted to
infectious diseases that were classified as the primary
discharge diagnosis and tested several other defini-
tions, all of which resulted in the same conclusion.
Compared to the target trial, allowing for multiple

treatment episodes per individual to improve power
was at the expense of a slightly higher risk of con-
founding and selection bias (‘prevalent user’ bias).
Indeed, individuals in the methotrexate group were
more likely to be exposed to the medication in the past
than those in the azathioprine group (21% vs 12%;
Fig. 3). However, a sensitivity analysis in which we
excluded participants who were ever dispensed the two
medications yielded very similar results to the main
analysis (RR: 0.62 vs 0.57, respectively) suggesting little,
if any, bias was present in the main analysis.
We should also note that the treatment initiation

effect that we estimated corresponds to a per-protocol
effect under the assumptions of full treatment adher-
ence. In a post hoc analysis, we found that more than
70% of methotrexate or azathioprine initiation episodes

Table 3 Adjusted RR comparing initiation of

methotrexate and azathioprine in sensitivity analyses

testing induction times, infectious disease definitions

and inclusion criteria (infectious disease could not be

evaluated in ≤6 individuals in each group who died

before the end of follow-up)

Analysis

Methotrexate

initiation

Azathioprine

initiation

Infectious disease at

3 months

Treatment episodes, n 667 259

Infectious disease, n (%) 23 (3.4) 19 (7.3)

Adjusted RR (95% CI),

TMLE

0.47 (0.30, 0.74) 1.00 (reference)

Adjusted RR (95% CI),

MPR

0.50 (0.25, 1.00) 1.00 (reference)

Infectious disease at

9 months†

Treatment episodes, n 343 168

Infectious disease, n (%) 36 (10.5) 27 (16.1)

Adjusted RR (95% CI),

TMLE

0.77 (0.52, 1.14) 1.00 (reference)

Adjusted RR (95% CI),

MPR

0.76 (0.46, 1.28) 1.00 (reference)

Infectious disease at

6 months identified from

inpatient visits

Treatment episodes, n 667 259

Infectious disease, n (%) 29 (4.3) 16 (6.2)

Adjusted RR (95% CI),

TMLE

0.69 (0.48, 1.02) 1.00 (reference)

Adjusted RR (95% CI),

MPR

0.80 (0.37, 1.70) 1.00 (reference)

Infectious disease at

6 months identified from

inpatient/outpatient visits

or ≥1 dispensed

antimicrobial

Treatment episodes, n 667 259

Infectious disease, n (%) 226 (33.9) 94 (36.3)

Adjusted RR (95% CI),

TMLE

0.87 (0.77, 0.99) 1.00 (reference)

Adjusted RR (95% CI),

MPR

0.87 (0.70, 1.07) 1.00 (reference)

Infectious disease at

6 months identified from

inpatient/outpatient visits

or cause of death data

Treatment episodes, n 667 259

Infectious disease, n (%) 45 (6.7) 31 (12.0)

Adjusted RR (95% CI),

TMLE

0.56 (0.41, 0.76) 1.00 (reference)

Adjusted RR (95% CI),

MPR

0.60 (0.36, 1.01) 1.00 (reference)

Infectious disease at

6 months; no history of

methotrexate or

azathioprine being

dispensed at trial start

Continued

Table 3 Continued

Analysis

Methotrexate

initiation

Azathioprine

initiation

Treatment episodes, n 379 191

Infectious disease, n (%) 26 (6.9) 23 (12.0)

Adjusted RR (95% CI),

TMLE

0.62 (0.39, 0.99) 1.00 (reference)

Adjusted RR (95% CI),

MPR

0.64 (0.34, 1.22) 1.00 (reference)

RR from TMLE analyses and in modified Poisson models

adjusted for age at trial entry and sarcoidosis diagnosis, sex,

region of residence, birth country, education, civil status, calen-

dar period, healthcare visits within 6 months before trial start,

history of congestive heart disease, atrial fibrillation, acute myo-

cardial infarction, stroke, hypertension, diabetes mellitus,

dyslipidaemia, chronic obstructive pulmonary disease, asthma

and autoimmune disease, dispensed defined daily doses of sys-

temic corticosteroids, non-steroidal anti-inflammatory drug or

an antimicrobial medication being dispensed within 6 months

before trial start.
†Trial emulation run between June 2007 and March 2013 to

allow for enough time to evaluate exclusion criteria and ascer-

tain infectious disease.

MPR, modified Poisson regression; RR, risk ratio; TMLE,

targeted maximum likelihood estimation.
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were followed by a prescription refill of the trial medi-
cation during the 6-month follow-up for infectious dis-
ease suggesting a relatively high and similar between-
group adherence to treatment (Fig. 3). Similar propor-
tions of adherence were observed in other patient
cohorts in which methotrexate and azathioprine are
frequently used.8,30,31 Nevertheless, lack of randomiza-
tion, blinding and information on other adverse events
as well as incomplete adherence remain important lim-
itations of an emulated versus the target trial.
To conclude, results from this emulation of a tar-

get trial with pre-existing data suggest that initiation
of methotrexate as compared to azathioprine is asso-
ciated with a lower risk of infectious disease at
6 months. The favourable effect of methotrexate
regarding infection risk is less sustained at 9 months.
Although our findings are in support of recent rec-
ommendations for the treatment of pulmonary sar-
coidosis32 that endorse methotrexate as the primary
steroid-sparing alternative in the absence of specific
contraindications (i.e. severe liver, renal or bone
marrow disease or prospect of pregnancy for metho-
trexate and thiopurine methyltransferase deficiency
or use of allopurinol for azathioprine), future pro-
spective studies are warranted before developing
informed guidelines for sarcoidosis treatment.
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