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ABSTRACT

Introduction: The advent of biological and
targeted synthetic therapies has revolutionized
rheumatoid arthritis (RA) treatment. However,
this has come at the price of an increased risk of
infections. The aim of this study was to present
an integrated overview of both serious and non-
serious infections, and to identify potential
predictors of infection risk in RA patients using
biological or targeted synthetic drugs.

Methods: We systematically reviewed available
literature from PubMed and Cochrane and
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performed multivariate meta-analysis with
meta-regression on the reported infections.
Randomized controlled trials and prospective
and retrospective observational studies includ-
ing patient registry studies were analyzed,
combined as well as separately.We excluded
studies focusing on viral infections only.

Results: Infections were not reported in a
standardized manner. Meta-analysis showed
significant heterogeneity that persisted after
forming subgroups by study design and follow-
up duration. Overall, the pooled proportions of
patients experiencing an infection during a
study were 0.30 (95% CI, 0.28-0.33) and 0.03
(95% CI, 0.028-0.035) for any kind of infections
or serious infections only, respectively. We
found no potential predictors that were consis-
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tent across all study subgroups.

Conclusions: The high heterogeneity and the
inconsistency of potential predictors between
studies show that we do not yet have a complete
picture of infection risk in RA patients using
biological or targeted synthetic drugs. Besides,
we found non-serious infections outnumbered
serious infections by a factor 10:1, but only a
tew studies have focused on their occurrence.
Future studies should apply a uniform method
of infectious adverse event reporting and also
focus on non-serious infections and their
impact on treatment decisions and quality of
life.

Keywords: Biological; Infection;

Heterogeneity; Meta-analysis; Meta-regression;
Rheumatoid arthritis; Targeted synthetic drugs

Key Summary Points

Of all patients with rheumatoid arthritis
(RA) that use biological or targeted
synthetic therapies, approximately 30%
are affected by an infection at some point
during their treatment; only 2-3% are
affected by a serious infection.

Serious infections as described in case
reports are generally rare infections; they
have hardly been observed in trials and
observational studies, meaning the
incidence of such infections is indeed very
low.

There is high variability in the way
infectious adverse events are reported in
clinical trials and observational studies in
RA patients using biological and targeted
synthetic therapies, leading to
considerable heterogeneity when pooling
infection proportions.

That heterogeneity is particularly apparent
for non-serious infections as opposed to
serious infections, due to a lack of a
standardized definition for non-serious
infections.

Using meta-regression, we could not
consistently corroborate any prior
established predictive factor for infectious
adverse events during biological or
targeted synthetic therapy use.

INTRODUCTION

Patients with rheumatoid arthritis (RA) have an
increased risk of contracting serious infections
which are defined as infections that are life-
threatening or fatal, result in significant dis-
ability or require hospitalization [1, 2]. Aside
from RA itself, which impairs an effective
immune response to pathogens [3], the
immunomodulating therapies used to treat RA
also contribute to this risk.

Biologicals are monoclonal antibodies that
target essential components in immune path-
ways related to RA pathogenesis. TNF-alpha
inhibitors were introduced first, in the late
1990s (infliximab, etanercept, adalimumab,
certolizumab pegol, golimumab). Other biolog-
icals soon followed: anti-CD20 (B-cell) agents
(rituximab), T-cell co-stimulation inhibitors
(abatacept) and interleukin-(IL)-antagonists
(most notably tocilizumab (anti-IL6) and ana-
kinra (anti-IL1)). Existing categories are still
expanding, and many other biological classes
are being investigated as potential RA treat-
ments. Targeted synthetic drugs are the most
recent addition to the RA treatment options.
These are small molecules that inhibit proin-
flammatory cytokine production through
interference with intracellular signaling path-
ways, for example Janus Kinase-Signal Trans-
ducer and Activator of Transcription (JAK-STAT)
inhibitors (tofacitinib, filgotinib). Most RA
patients need a combination of different
immunomodulators to adequately control their
RA.

The current knowledge on infectious adverse
events following treatment of RA with biologi-
cals originates from several study designs, each
with their own strengths and weaknesses [4].
Initially, infectious adverse events were mainly
reported in randomized controlled trials (RCTs),
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which are limited by a relatively short follow-up
and the employment of exclusion criteria, such
as serious comorbidities or recurrent infections.
Post-marketing observational studies may have
a longer follow-up and include patients that
would be considered ineligible in RCTs, but
generally focus on serious infections only. Case
reports mostly describe (very) rare, serious
infections which are likely to be missed in trials
due to the shorter follow-up.

A number of factors have been identified
that increase the risk of serious infections in RA,
most notably the presence of comorbidities
such as diabetes mellitus and cardiovascular
disease [5, 6], longer RA disease duration [7],
older age, extra-articular RA manifestations, a
previous history of recurrent infections, higher
disease activity [8-10] and corticosteroid use
[3, 11]. Biological use is another risk factor. An
increased rate of serious infections as compared
to placebo has been reported for several bio-
logicals [12]. Tuberculosis reactivation, for
example, is a well-documented adverse effect of
TNF-alpha inhibitor use [13-15]. Little attention
has been paid to the specific types of infections
or the occurrence of non-serious infections
during biological therapy [16]. More detailed
knowledge would enable clinicians to monitor
patients more closely or even prevent
infections.

To perform a thorough analysis of infections
in biological and targeted synthetic therapy use,
we included as many study designs and as many
articles as possible to be able to generate a
complete overview. To this end, we performed a
scoping review and meta-analysis with meta-
regression taking disease characteristics, patient
characteristics, and comorbidities into account.
We determined the pooled proportion of
patients that experienced serious and/or non-
serious infections during treatment with bio-
logicals or targeted synthetic therapies included
in trials, observational studies, and registries.
We compared this information with an over-
view of infections published in case reports of
RA patients using biological or targeted syn-
thetic therapies. In addition, we aimed to
identify risk factors for developing these
infections.

METHODS

Ethics approval was waived as this study article
is based on previously conducted studies and
does not contain any new studies with human
participants or animals performed by any of the
authors. We systematically collected available
literature and performed a descriptive as well as
meta-analysis with meta-regression following
the PRISMA guidelines [17]. See Supplement 1
for the search terms and strategy. We included a
wide variety of article types, as a complete
overview of infections can only be obtained
when analyzing all available literature. Narra-
tive reviews, meta-analyses, studies on other
antirheumatic drugs, studies not reporting
infectious complications, not reporting data on
RA patients separately, focusing on postopera-
tive complications, or aggregating results of
different drug classes were excluded. We also
excluded studies focusing on the coronavirus
disease that emerged in 2019 (COVID-19)
because the lockdowns created a unique situa-
tion of decreased exposure, and studies focusing
on reactivating viral infections only, as they
originate in a different epidemiological setting
altogether. Only published, peer-reviewed arti-
cles published until January 10, 2021, written in
English and collected from PubMed and
Cochrane were included. This review was reg-
istered at the Open Science Framework (Regis-
tration https://doi.org/10.17605/OSF.10/
FWTQE).

Blinded study selection was performed using
Rayyan software [18]. EdV, JLM and BB per-
formed the title and abstract selection, JLM and
EdV each evaluating half and BB all hits, in
order to review each article twice. Discrepancies
were resolved by discussion until consensus was
reached. BB screened the remaining full-text
articles (flowchart in Supplement 2). We dis-
cussed beforehand which variables would be
extracted (see Supplement 3 and 4). Two data-
bases were constructed: one for RCTs, RCTs with
open-label extension studies (RCT 4 OLE),
prospective observational studies, registry stud-
ies, open-label studies and retrospective obser-
vational studies, and one for the case reports
and series.
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Randomized Controlled, Prospective,
and Retrospective Observational Studies

Studies with multiple study arms examining
multiple drugs, multiple different dosages of the
same drug, or studies that reported the use of
more than one observational study separately
were divided into multiple entries in the data-
base. Studies using the same registry or data-
base, and RCTs and associated extension studies
were critically reviewed and in- or excluded as
described in Supplement 5 and 6 to prevent
duplicate data. The following information was
extracted per study (arm): year of publication,
country of origin, biological or targeted syn-
thetic agent name, class and dosage, follow-up
duration, number of included patients, sex, age,
and other patient characteristics, laboratory
parameters, being: C-Reactive Protein (CRP) or
Erythrocyte Sedimentation Rate (ESR), disease
activity inventories (Disease Activity Score
using CRP or ESR (DAS28-CRP/ESR), Clinical
Disease Activity Index for RA (CDAI), Health
Assessment Questionnaire — Disability Index
(HAQ-DI), Swollen Joint Count in 66 joints
(§JC66), Tender Joint Count in 68 Joints
(TJC68), Patient’s Global Assessment (Visual
Analogue Scale 0-100), Physicians, Global
Assessment (Visual Analogue Scale 0-100), Pain
score (Visual Analogue Scale 0-100), Functional
Assessment of Chronic Illness Therapy — Fatigue
(FACIT-fatigue)) concomitant immunosuppres-
sant use, concomitant Non-Steroidal Anti-
Inflammatory Drug (NSAID) use, use of any
prior conventional synthetic disease-modifying
anti-rheumatic drugs (csDMARDs) or biologi-
cal/targeted synthetic therapies, presence of
comorbidities, number and type of infectious
events during follow-up, number of serious
infectious events and rate of infectious events
during follow-up using Medical Dictionary for
Regulatory Activities (MedDRA)[19] terminol-
ogy (details in Supplement 3).

Infection count was extracted either as the
total number of infected patients in a population
of n patients, the number of infectious events in
a population of n patients, an incidence rate
(n infected patients per 100 patients) or an
event rate (n events per 100 patient-years of
exposure to study drug), as reported in the

original article. Infections were extracted as
either the number and/or rate of the total
number of infections, as stated by the authors,
or the number and/or rate of serious infections,
as stated by the authors. See Table 1 for terms
and definitions used throughout this paper.
Specific infections were grouped into composite
variables by the corresponding organ system
(see Supplement 7). Information on the occur-
rence of specific infections was also extracted, if
available, in the manner stated previously.

Case Reports and Series

Single case reports and case series from the lit-
erature search and from secondary citations
were included. We analyzed the case series as
separate case reports (they contained 2-15 cases
per article). Per case, the following information
was registered in the database: country of ori-
gin, year of publication, patient characteristics
(age, sex, comorbidities), time since RA diag-
nosis, prescribed biological/targeted therapy
and duration of use, comedication, infectious
diagnosis using MedDRA [19] terminology,
causative micro-organism, affected organ sys-
tem, diagnostic method and outcome (details in
Supplement 4).

Statistical Analysis

Data analyses and visualizations were carried
out using R (R Core Team, version 4.2.1,
2022-06-23) and RStudio (version 2021.9.1.372)
with the packages metafor [20], dmetar [21], and
ggplot2 [22].

Randomized Controlled, Prospective,

and Retrospective Observational Studies

We estimated the pooled proportions of the
total number of infected patients and the
number of seriously infected patients with their
95% confidence intervals (CI) across all studies
as well as grouped by study design and biolog-
ical target. The majority of the studies included
in this review contributed two or more study
arms and therefore multiple proportions of
infections. A multivariate meta-regression
model was used to account for this potential
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Table 1 Terms and definitions used throughout this paper

Term

Definition

Serious infection

Total number of infected

patients

Total number of seriously

infected patients

Total number of infectious

events

Total number of serious

A serious adverse event [2] of infectious nature, as defined by the authors

Total number of infected patients in the study as stated by the authors (a patient is
counted only once even though she/he could have had multiple infections) including

both serious and non-serious infections

Total number of patients in the study that experienced an infection considered serious, as
stated by the authors (a patient is counted only once even though she/he could have

had multiple serious infections)

Total number of infectious events in the study as stated by the authors (a patient can be
counted multiple times as she/he can experience multiple events), including both

serious and non-serious infections

Total number of serious infectious events in the study as stated by the authors (each event

infectious events
Incidence rate

Event rate

a patient experiences is counted, even if the patient experiences multiple serious events)
The number of infected patients per 100 patient-years of follow-up

The number of infectious events per 100 patient-years of follow-up

dependence between proportions belonging to
the same study. Raw proportions were trans-
formed into logit transformed proportions (i.e.,
the log of the proportion divided by one minus
the proportion). Logit transformation was
selected for its straightforward back-transfor-
mation and to ensure the confidence interval
estimates fell between 0 and 1 [23]. Event rates
per patient year were also estimated for total
and serious infection events using multivariate
meta-regression.

We used the rma.mv function of the metafor
package [20] with the input of the observed
effect sizes and the corresponding sampling
variances; see Supplement 8 for details.

The heterogeneity between the reported
proportions and event rates was assessed by
computing I? [24] and Cochran’s generalized Q
test [25, 26]. The I? statistic describes the per-
centage of variation in the estimated effects that
is explained by differences between the inclu-
ded studies rather than by chance. Similar to
Higgins et al. [24], we categorized the level of
heterogeneity based on I? as low (25-50%),
moderate (50-75%), and high (> 75%). The
Cochran’s Q test statistic is the weighted sum of
squared differences between the observed

effects and the overall effects and the pooled
effect across studies. The null hypothesis of the
test is that all studies have the same effect size,
and the alternative hypothesis is that the effect
size for at least one study is different. For the
Cochran’s generalized Q test, p< 0.05 was
regarded as significant heterogeneity.

We followed a two-stage procedure to deal
with heterogeneity, if present. In the first stage,
we attempted to create mutually exclusive sets
of studies that were relatively homogeneous.
We grouped studies based on study design
(RCT, retrospective study, RCT + OLE,
prospective cohort study, registry, open-label
trial) and follow-up length (< 18 weeks; 19--
38 weeks; 39-60 weeks) (see Supplement 8 for
details) and assessed the level of heterogeneity
separately for each subgroup. In the second
stage, a multivariate meta-regression was used
to further identify factors that significantly
moderated the observed heterogeneity.

A common pitfall of meta-regression is the
use of a small number of studies per examined
covariate [27]. The Cochrane handbook sug-
gests a minimum of ten studies per covariate
[28]. For our multivariate meta-regression
model, we first identified potential moderators
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from the literature (see Supplement 9 for
details). Then, all of these features that were
reported by at least ten studies were included in
the model. Moderator analysis using multivari-
ate meta-regression was performed only for RCT
studies as the number of studies per subgroup
was below ten for other study designs. In com-
parison, the multivariate meta-regression model
was also fitted for alternative grouping of stud-
ies, separately for each study design (results see
Supplement 10).

We also created two composite features our-
selves. The included studies used a selection of
ten different disease activity indices (see above).
Each study reported at least two of these indices,
however, the specific indices that were used
varied greatly across studies. A composite dis-
ease activity was computed by scaling each
disease activity index using each index’s mini-
mum and maximum values and then taking the
mean of the scaled values (details in Supple-
ment 11). Out of all utilized exclusion criteria,
we identified 14 unique ones that all studies
used in varying combinations. To overcome
this, we created a second composite variable:
the summed number of exclusion criteria used
in each study (details in Supplement 12).

Case Reports and Series

In the case reports database, patient character-
istics, infection location and micro-organisms
were analyzed using descriptive statistics.

RESULTS

Trials, Registries and Cohort Studies

The final selection for this category yielded 242
studies containing 512 study arms and a total of
293,431 patients (descriptive statistics Supple-
ment 13). The largest proportion of studies were
RCTs (150, 61.9%), but the highest proportion
of patients were supplied by registry studies
(172,892 patients, 59%). A high proportion of
studies was carried out in Western countries,
with 182 (79%) studies taking place in North
America and/or Europe (see Supplement 14).
Out of all studies reporting on race or ethnicity,
89% of participants was Caucasian. TNF-alpha

inhibitors were the most often administered
biological class, with 117 studies (44%), 205
study arms (42%) and 170,826 patients (58%).
Most patients were female (79.0%). The weigh-
ted mean age was 57 years. No causative micro-
organisms were specified in trials, registries, or
cohort studies. There was a high variability in
the methods of infectious adverse event
reporting. These were not mutually exclusive,
with 129 studies reporting a total number of
infected patients, 157 studies reporting a total
number of seriously infected patients, 25 studies
reporting the total number of infectious events
and 38 studies reporting the total number of
serious infectious events. Specific infections
within the number of infected patients and
number of infectious events were reported by
166 and 29 studies, respectively. Incidence and
event rates were reported by a minority of
studies, see Supplement 13. Figure 1 shows the
number of studies by study design and by bio-
logical target over the past three decades.

Between-Study Heterogeneity
and Subgroups

The between-study heterogeneity was assessed
first for all studies together, then for each study
design separately, and finally by further group-
ing studies based on follow-up duration (see
Fig. 2). There was substantial between-study
heterogeneity when all studies are taken toge-
ther (both for total as well as seriously infected
patients). All subgroups based on study design —
except the registry subgroup (which comprised
only three studies) - showed significant
heterogeneity. Following the pattern observed
in the follow-up duration of studies (see Sup-
plement 8 Figs S1 and S2), we defined three
subgroups: < 18 weeks, 19-38 weeks, and
39-60 weeks. Although the level of hetero-
geneity was reduced after subgroups were
formed, a moderate to higher level of hetero-
geneity remained, especially among subgroups
for the total number of infected patients. For
that, we employed a multivariate meta-regres-
sion model, see Supplement 15 and 16 for the
results.
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Pooled Proportion of Infected Patients
and Event Rate Estimates

The estimated pooled proportions of the total
number of infected patients and of the number
of seriously infected patients were determined
consecutively (1) across all study arms, (2)
grouped by study design, and (3) grouped by
biological/synthetic therapy target. Across all
study arms, this comprised 58,789 (totally
infected) and 168,042 (seriously infected) par-
ticipants, as there were more studies reporting
on serious infections only. There was consider-
able between-study heterogeneity, more so in
the pooled proportion of the total number of
infected patients than in the pooled proportion

of seriously infected patients (Fig.3). The
pooled estimates and heterogeneity metrics for
both the proportion of infected patients and
event rates are presented in Table 2. In Table 2,
we presented results for the categories of bio-
logical target and study design that are reported
by at least two studies (n > 2) as it is the mini-
mum number (n) required to compute the
pooled estimates wusing multivariate meta-
regression.

The estimated pooled proportion of the total
number of infected patients was highest in RCT
+ OLE and RCT studies. However, the differ-
ences between the estimated pooled propor-
tions must be interpreted with caution as the
heterogeneity as well as the number of studies

200 Study design
% 20 - Registry
= 45 Retrospective cohort
§ Prospective cohort
coi 10 Open label trial
= 5 II I I RCT+OLE
| . ReT
PO VL OA DOV O oA 290
EESTETESETETETETEESS
(a)
25
- Biological class
.6 D Other
T 45 -
2" JAK inhibitor
e . T cell inhibitor
S - -
= . . Interleukin antagonist
B TNF aipha innibitor
0_
(b) Publication Year

Fig. 1 Distribution of included studies by year of publication and study design (a) and by year of publication and biological
target (b). JAK Janus kinase, OLE open-label extension, RCT randomized controlled trial, 7NF tumor necrosis factor
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RCT < 18 weeks

n=91,1 = 1466,67 =
0.132,0% = 0, [P} =0.95

n=77,1* = 6874,6{ =
0.119, o =0, QlF) <0.01

RCT studies

RCT 19 — 38 weeks

n=211,1* =89.79,0¢ = n=253,1* = 38.08,6f = ! n=02,I'= 8a33,62 = n=108,I* = 40.7,6f =
027,07 =0.004,Q(p)<001 || 0149, 0F = 0,024, O[P}<0.01 : 0.126, 03 = 0007, 0fp} <001 || 0.161,c% = 0,011, Q(p) <0.0%
Prospective cohort studies RCT 39 — 60 weeks
s H i
=19, I* = 9888, 67 = n=18,1° = 8667,07 = H L | = ri=essaoi= n=ds, ' = a426,07 =
| 0808, o = 0,014, Q{P}<0.01 0.202, o2 = 0.05, QlP}<0.01 N 0451, ¢f = 0.001, QfF) <0.02 0,037, ¢ = 0,078, [P} <0.01
L ild] s
Registry studies
L
n=3,I* = 5753, 6} = 0.0, n=37,1* = 98.43,6f =
of =0.025,Q(p) = 0,095 0.131, o = 0259, Q[p) <0.01
s H
il s = ___{ | RCT + OLE studies
;.-szxga,’l; :2:0‘7' ‘Z:M-m ;i’;’g :Mu‘;}:w H | ne12,1% = sa17,07 = n=6,1 = 7778, 0 = 0527,
’: 2 2 H 0,662, 0% = 0,012, Q{P}<0.01 || &f = 0272, Qi) <0.01
|
H
| Retrospective studies
f— H : . ;
[ =7, la‘ = ;z.u(z,la“ =0, ;7.1; Z 524,07 = 1.06, : [: Number of seriously infected patients
| of =0.169,Q (P} =0.045 =0, QiP0.01 H
:] Total number of infected patients
Open-label studies
[ n=8,1°= 9638,0{ = n=13,1* = 69.62,6{ = H
| 0841, a? =0.075, Q{P}<0.01 0236, 0f =0,Q(P) <0.01 !
1
:
.
Stage 1: all studies taken together | Stage 2: subgroup by study design Stage 3: subgroup by study design and follow-up duration

Fig. 2 Between-study heterogeneity metrics and subgroup
formation. I* = variation (%) explained by differences in
studies, 7 = number of studies/study arms, 0'%= variance
(between-study), o3 = variance (within study), Q(P) =
Cochran’s Q test p value. Overall, heterogeneity reduced

per design subgroup varied substantially. The
estimated pooled proportion of seriously infec-
ted patients was highest in registry and retro-
spective studies; however, the heterogeneity
was also highest in these two study designs.

Fewer studies reported the infection event
rates; 37 study arms (25 studies) and 79 study
arms (38 studies) reported 7821 infectious
events in 13,937 patients and 6100 serious
infectious events in 90,204 patients,
respectively.

Multivariate Meta-Regression

A multivariate meta-regression model was fitted
using one moderator at a time to explore the
association between demographic, biologi-
cal/targeted therapy, and methodological char-
acteristics as potential predictors of the logit of
infection prevalence in RCT studies with a fol-
low-up duration of < 18 weeks, 19-38 weeks,
and 39-60 weeks. For the purpose of readability,
we included the results of the meta-regression

sequentially as studies were grouped first based on study
design (stage 2) then based on follow-up duration (stage 3).
This was especially true for the number of seriously
infected patients

analyses in Supplement 15 (follow-up duration
of < 18 weeks and 19-38 weeks) and Supple-
ment 16 (follow-up duration 39-60 weeks). A
separate analysis by follow-up duration was
carried out with anticipation that different sets
of moderators are responsible for the hetero-
geneity in the three subgroups. No single
moderator was found to be significant across all
three groups. In both the total number of
infected patients as well as in the number of
seriously infected patients, the subgroup of
39-60 weeks of follow-up was the smallest and
most heterogenous, with results not signifi-
cantly different from other subgroups. More
information on how studies are grouped based
on study design and follow-up duration is
available in Supplement 8.

Type of Infections

Across all biological/targeted synthetic therapy
classes, upper respiratory tract (URT) infections
were the most prevalent (12.7%, 95% CI
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Study Event
Genovese et al. 2011

Genovese et al. 2008

Tanaka et al. 2015

Genovese et al. 2017

Burmester et al. 2013

Genovese et al. 2014

Tanaka et al. 2015

Smolen et al. 2017

Tanaka et al. 2011

Dougados et al. 2017
Takeuchi etal. 2013
Genovese etal. 2011

Total

Proportion  [95% CI]

0.0000 [0.0000; 0.0197)
0.0000 [0.0000; 0.0302
0.0000 [0.0000; 0.0230)
0.0000 (0.0000; 0.0211
0.0000 [0.0000; 0.0295,
0.0000 [0.0000; 0.0344,
0.0000 (0.0000; 0.0230)
0.0000 [0.0000; 0.0222
0.0000 [0.0000; 0.0214]
0.0000 [0.0000; 0.0441]
0.0079 (0.0000; 0.0187)
0.0088 (0.0000; 0.0260)
0.0125 (0.0048; 0.0202)

Study Events Total Proportion [95% ClI)
Cohen ct al. 2020 3 40 —— 0.0675 [0.0000; 0.1410]
Gockoop-Ruiterman et al. 2005 10 128 & 0.0703 [0.0285; 0.1122]
Pavelka et al. 2017 100 489 = 0.1840 [0.1519; 0.2162]
Tanaka et al. 2014 5 24 —— 0.1875 (0.0413;0.3337]
Senolt et al. 2015 10 4 —— 0.2000 [0.0907; 0.3093]
Polik et al. 2019 43 187 - 0.2070 [0.1527;0.2612
Genovese et al. 2015 87 379 - 0.2066 [0.1685; 0.2447]
Yoo etal. 2017 24 102 = 0.2118 [0.1377; 0.2859]
Smolen et al. 2017 13 55 — 0.2127 [0.1117;0.3138]
Burmester et al. 2015 24 99 — 0.2182 [0.1422; 0.2942
Weinblatt et al. 2013 96 395 - 0.2187 [0.1807; 0.2568]
Genovese etal. 2013 14 54 e 0.2333 [0.1281; 0.3385]
Cohen et al. 2015 68 262 - 0.2336 [0.1858; 0.2814]
Burmester et al. 2017 53 184 -- 0.2592 (0.2003; 0.3181)]
Kaeley et al. 2017 45 154 —o- 0.2630 [0.1983; 0.3276]
Kivitz et al. 2014 131 437 - 0.2698 [0.2311; 0.3085]
Tanaka et al. 2019 24 80 —t 0.2700 [0.1796; 0.3604
Keystone et al. 2009 40 133 = 0.2707 [0.2005; 0.3408]
Kremer et al. 2009 21 69 — 0.2739 [0.1762; 0.3716]
Combe et al. 2006 31 101 e 0.2762 [0.1953; 0.3572
Genovese et al. 2013 10 35 o 0.2571 [0.1224; 0.3918]
Taylor et al. 2011 42 129 =g 0.2930 (0.2202; 0.3658]
Genovese et al. 2008 12 36 —— 0.3000 [0.1614; 0.4386]
Suh etal. 2019 721 - 0.3028 (0.2455; 0.3602]
Genovese et al. 2011 2 64 —— 0.3094 [0.2046; 0.4141
Miyasaka et al. 2008 30 87 e T 0.3103 [0.2205; 0.4002]
Takeuchi ct al. 2014 59 171 = G 0.3105 [0.2464; 0.3747]
van Vollenhoven et al. 2011 27 78 —— 0.3115 [0.2165; 0.4066)
Cohen et al. 2018 114 325 - 0.3157 [0.2690; 0.3624
Genovese ct al. 2019 53 147 - 0.3245 [0.2546; 0.3943]
Smolen et al. 2015 35 9% St 0.3281 [0.2415; 0.4148]
Genovese et al. 2008 300 803 | 0.3362 [0.3061; 0.3684]
Kennedy et al. 2014 32 85 o 0.3388 [0.2461: 0.4315]
Tanaka et al. 2012 33 86 0.3453 [0.2528; 0.4378]
Schiff et al. 2009 231 597 0.3482 [0.3131;0.3834]
Genovese ctal. 2016 70 177 0.3559 [0.2911; 0.4208)
Harigai et al. 2012 16 39 0.3692 [0.2303; 0.5082]
Fleischmann et al. 2003 459 1116 0.3702 [0.3442; 0.3961)
Dougados ct al. 2017 96 227 0.3806 (0.3228; 0.4385]
Tanaka ctal. 2011 10 26 0.3462 [0.1779; 0.5145]
Baek etal. 2018 20 47 0.3830 [0.2558; 0.5102]
Mueller et al. 2019 10 22 0.4091 [0.2218; 0.5984]
Fleischmann ct al. 2017 108 215 0.4521 (0.3919;0.5122)
Westhovens et al. 2009 132 256 0.4641 [0.4090; 0.5192]
Johnsen et al. 2006 27 51 0.4765 [0.3532; 0.5998]
Matsuno ct al. 2018 100 185 0.4865 (0.4219;0.5511)]
Weinbiatt ct al. 2006 470 856 0.4942 [0.4842; 0.5242]
Takeuchi et al. 2018 38 61 0.5607 [0.4512;0.6701]
Kameda ct al. 2020 21 30 0.6300 (0.4824; 0.7776)
Nam ctal. 2014 43 55 0.7036 [0.6054; 0.8019]
Common effect model 9730 0.3085 [0.3003; 0.3167]
Random effects model o 0.3187 [0.2007; 0.4366)

—T - L

0 02 04 06 08 1
Total infection proportion

Heterogenetty:/* = 93%

(a)

Fig. 3 Forest plot for 50 randomly selected RCT studies,
a for the total number of infected patients, b for seriously
infected patients. 95% CI 95% confidence interval. Events
number of (seriously) infected patients. Toza/ total number

10.6-15.0), followed by genitourinary tract
infections (3.5%, 95% CI 2.9-4.2) and lower
respiratory tract (LRT) infections (2.2%, 95% CI
1.9-2.7). See Table 3. Individual infection pro-
portions were comparable across biological
classes. TNF-alpha inhibitors were associated
with an increased proportion of mycobacterial
infections (0.9%, 95% CI 0.6-1.0) compared to
other drug classes. Overall, the proportion of
seriously infected patients was highest in
rituximab users (6.7%, 95% CI 4.5-9.7). The
proportion of LRT infections (3.3%, 95% CI
1.6-6.5), and skin and soft tissue infections
(2.3%, 95% CI 0.4-13.4) was also relatively high
in this group, as was the proportion of Herpes
Zoster (11.8%, 95% CI 3.1-35.4), however, only
few studies reported on these adverse events.
Compared to other drug classes, tofacitinib use

Bykerk et al. 2012
Tanaka et al. 2019

0.0166 [0.0090; 0.0242]
104 < 0.0173 (0.0000; 0.0411

Yoo etal. 2017 51 0.0176 [0.0000; 0.0519]
Bao et al. 2016 51 0.0176 (0.0000; 0.0519)
Yoo etal. 2013

o
0
0
o
0
0
o
0
Takeuchi et al. 2016 0 57
0
2
1
10
18
2
1
1
6
1

302 0.0179 [0.0037; 0.0320]
50

Keystone et al. 2015 0.0180 (0.0000; 0.0529)

Smolen et al. 2015 2 96 0.0187 [0.0000; 0.0445]
Koike et al. 2014 182 77408 0.0212 (0.0181; 0.0242]
Weinblatt et al. 2006 22 856 ¢ 0.0231 [0.0136; 0.0327]
Chen ctal. 2018 298 11248 @ 0.0238 (0.0212; 0.0265]
Schiff et al. 2009 12 449 0.0241 (0.0106; 0.0375)
Weinblatt et al. 2013 9 328 0.0247 (0.0088; 0.0408)
Genovese et al. 2014 3 105 0.0257 [0.0000; 0.0544;
Weinblatt et al. 2013 4 138 0.0261 (0.0009; 0.0513]
Weisman et al. 2007 8 266 0.0271 (0.0086; 0.0455]
Takeuchi et al. 2016 1 32+ 0.0281 (0.0000; 0.0824]
van der Heijde etal. 2013 11 321 0.0308 [0.0129; 0.0488]
‘Yamamoto et al. 2014 4 116 + 0.0310 (0.0012; 0.0609]
Kremer et al. 2006 17 433 0.0353 [0.0189; 0.0518]
Ishiguro et al. 2017 38 839 0.0408 (0.0281; 0.0534]

-3
o
1

Genovese et al. 2014
Curtis et al. 2014
Mori et al. 2017
Edwards et al. 2004
Harigai et al. 2012
Keystone et al. 2004

0.0415 (0.0000; 0.0874)
596 » 0.0423 (0.0270; 0.0576]
0.0433 [0.0243; 0.0623]
0.0439 [0.0000; 0.1032)
0.0462 (0.0000; 0.1085)
0.0478 (0.0203; 0.0753]

e

WOWINNDD W
©
k3

Maini et al. 2006 53 +— 0.0509 [0.0000; 0.1069)
Neven et al. 2005 1 168 0.0536 (0.0214; 0.0858)
Maini et al. 2008 50 +— 0.0540 [0.0000; 0.1132]
Yun etal. 2016 317 4845 jo 0.0589 [0.0526; 0.0652)
Tokunaga et al. 2020 8 118 0.0610 [0.0202; 0.1018}
Yun etal. 2016 275 3814 ie 0.0649 (0.0575; 0.0723)
Addimanda et al. 2014 2 A p— 0.0667 [0.0000; 0.1556)
Genovese et al. 2008 3 40— 0.0675 (0.0000; 0.1410)
Favalli et al. 2009 42 519 i~ 0.0728 [0.0517; 0.0939)
Morel et al. 2017 122 1491 - 0.0736 (0.0611; 0.0862)
Harigai et al. 2012 4 39 0.0923 (0.0066; 0.1780)

Common effect model
Random effects model —

TR A T R |
Heterogeneity:/’ = 88% 5

0 02 04 06 08 1
(b)

0.0269 [0.0253; 0.0284]
0.0299 [0.0000; 0.1668]

Severe infection proportion

of patients included in the study. A forest plot visually
illustrates the relationship between included studies and
gives an overview of heterogeneity of individual results. For
a complete overview of forest plots, see Supplement 17

was associated with an increased proportion of
Herpes Zoster (2.8%, 95% CI 1.3-6.0) and
Pneumocystis jirovecii pneumonia (PJP) (1.5%,
95% CI 0.4-4.5).

Case Reports and Series

The final selection yielded 372 articles in this
category, comprising 503 cases and 509 identi-
fied micro-organisms. Most articles originated
in the US (83, 22.3%) and Japan (77, 20.7%).
Described patients were mostly female (66.8%),
with a mean age of 61 years. Most described
patients (398, 82%) used TNF-alpha inhibitors
(details in Supplement 18). The median onset of
an infectious adverse event was 9 months
after start of biological/targeted therapy
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Table 2 a Pooled proportion estimates b Pooled event rate estimates

Total number of infected patients Number of seriously infected patients
Pooled n 95% CI [2 Cochran’s Pooled n 95% CI J2 Cochran’s
estimate Q test (P)  estimate Q test (P)
a. Proportions
All studies 0.30 260 [0.28, 95.14 < 0.001 0.03 332 [0.03, 9144 < 0.001
0.33] 0.03]
Study design
RCT 0.35 211 [0.32, 89.79 < 0.001 0.03 253 [0.02, 38.08 0.001
0.37] 0.03]
Prospective 0.16 19 [0.10, 98.89 < 0.001 0.05 18  [0.03, 86.67 < 0.001
cohort 0.23] 0.06]
Registry 0.23 3 [0.19, 57.51 0.1 0.07 37 [0.05, 9843 < 0.001
0.27] 0.09]
RCT + OLE 0.36 12 [0.21, 94.17 < 0.001 0.04 6 [0.01, 77.78 < 0.001
0.53] 0.10]
Retrospective 0.10 7 [0.07, 52.82 0.04 0.06 7 [0.02, 9524 < 0.001
cohort 0.15] 0.19]
Open-label 0.18 8 [0.10, 96.38 < 0.001 0.03 11 [0.02, 69.62 < 0.001
erial 0.32) 0.05
Biological target
TNF alpha 0.30 95 [0.26, 96.12 < 0.001 0.03 113 [0.03, 94.63 < 0.001
inhibitor 0.35] 0.04]
B-cell inhibitor 0.37 24 [0.30, 86.50 < 0.001 0.03 18 [0.02, 61.27 0.01
0.45) 0.05]
Rituximab 0.29 11 [0.20, 96.16 < 0.001 0.06 21 [0.04, 96.77 < 0.001
0.40] 0.09]
T-cell inhibitor 0.34 12 [0.21, 99.17 < 0.001 0.03 20 [0.02, 95.33 < 0.001
0.50] 0.05]
JAK1/3 0.25 10 [0.20, 36.30 0.06 0.02 20 [0.01, 31.60 0.48
inhibitor 0.30] 0.03]
JAK1/2 0.40 12 [033, 8161 <0001 002 15 [002 0 0.96
inhibitor 0.47] 0.03]
JAK1 inhibitor 0.32 15 [0.27, 65.75 0.03 0.02 15 [0.012, 0 0.76
0.37] 0.03]
Pan-JAK 0.25 4 [0.17, 53.25 0.09 0.02 14 [0.01, 25.85 0.88
inhibitor 0.34] 0.03]
IL6 inhibitor 0.30 48 [0.24, 95.33 < 0.001 0.04 59  [0.03, 7729 < 0.001
0.36] 0.04]

A\ Adis



Rheumatol Ther (2023) 10:1147-1165 1157
Table 2 continued
Total number of infected patients Number of seriously infected patients
Pooled n 95% CI 2 Cochran’s Pooled n 95% CI J? Cochran’s
estimate Q test (P)  estimate Q test (P)
IL17 inhibitor 0.26 17 [0.21, 36.12 0.29 0.02 11 [0.01, 9.70 0.94
0.31] 0.05]
IL1 inhibitor 0.23 2 [0.04, 85.40 0.01 0.03 7 [0.02, 74.33 0.001
0.67] 0.06]
IL23 inhibitor 0.23 2 [0.16, 0 0.78 0.03 2 [0.01, 0 0.36
0.32] 0.09]
IL 12/IL 23 0.31 2 [0.18, 62.76 0.10 0.01 2 [0,0.07] 0 0.68
inhibitor 0.47]
BTK inhibitor 0.11 4 [0.08, 3.69 039 0.01 4 [0.01, 0 0.94
0.16] 0.04]
SYK inhibitor - - - - - 0.02 2 [0.01, 0 0.63
0.06]
GM-CSF - - - - - 0.01 7 [0.01, 0 1
inhibitor 0.04]
Total number of infected patients Number of seriously infected patients
ER #» 95% CI I? Cochran’s ER 2z  95% CI I? Cochran’s
Q test(P) Q test (P)
b. Event rates
All studies 092 8 [0.34,150] 9982 <0001 005 44 [0.03,008] 9944 < 0.001
Study design
RCT - - - - - 003 7 [0.01,0086] 8797 < 0.001
Prospective cohort - - - - - - - - - -
Registry 076 3 [0.67,083] 7903 001 007 32 [0.03,011] 9971 < 0.0l
RCT + OLE 132 3 [0.03,260] 9975 <0001 004 4 [0.03, 005  43.15 0.38
Retrospective cohort - - - - - . - - - _
Open-label trial - - - - - - - - -
Biological target
TNF alpha inhibitor - - - - - 0.05 19 [0.00, 0.10] 99.80 < 0.001
IL 6 inhibitor 053 5 [0.30,077] 9924 <0001 004 9 [0.03,006] 9463 < 0.0l
Rituximab - - - - - 009 4 [001,0.18 99 < 0.001
T cell inhibitor - - - - - 0.07 6 [0.0, 0.17] 99.71 < 0.001
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Table 2 continued

Total number of infected patients

Number of seriously infected patients

ER n 95% CI 12

Cochran’s ER n
Q test(P)

Cochran’s

Q test (P)

95% CI I?

B cell inhibitor - — — _ _

004 5 [0.02,007] 7398 001

BTK Bruton tyrosine kinase, CI 95% confidence interval, ER pooled event rate, GM-CSF granulocyte—macrophage colony-

stimulating factor, IL interleukin, J4K Janus kinase, » number of study arms, RCT randomized controlled trial,

RCT + OLE randomized controlled trial and open-label extension, SYK spleen tyrosine kinase, 7NF tumor necrosis factor

(interquartile range (IQR) 3-24). Of all reported
pathogens, 326 (64%) were bacterial (of which
143 mycobacterial infections), 19.4% (99) fun-
gal, 7.9% [40] parasitic and 8.6% [44] viral (see
Supplement 19 and 20). Overall, the most fre-
quently reported infections (187, 32%) occurred
in the lower respiratory tract (LRT). The most
frequently reported pathogens were Mycobac-
terium tuberculosis (85, 16.7% of pathogens),
nontuberculous mycobacteria (50, 9.8%), Pneu-
mocystis jirovecii (28, 5.5%), Salmonella spp (28,
5.5%), Listeria monocytogenes (24, 4.7%), Histo-
plasma capsulatum (22, 4.3%) and Leishmania
spp (21, 4.1%). The largest proportion of these
infections were reported in TNF-alpha inhibitor
users, who are known to have difficulty clearing
mycobacterial and intracellular bacterial
infections.

A relatively high number of viral (38%) and
fungal (31%) infections were reported in abat-
acept users, however, absolute numbers were
low. Relatively few fungal infections were
reported in interleukin antagonist users (2,
3.6%), conversely, a relatively high number of
other than intracellular bacterial infections was
reported. This was also true for rituximab. Only
three infections were reported in JAK-inhibitors,
all fungal; see Supplement 20.

DISCUSSION

We performed a scoping review and meta-
analysis with meta-regression to create an
overview of and identify risk factors for infec-
tious complications of biological and targeted
synthetic therapies in RA patients. We report

upon the combined results of 242 studies (trials/
registries) with in total 293,431 included
patients. To the best of our knowledge, this is
the largest meta-analysis on infections in bio-
logical and targeted synthetic drug use in RA
patients to date.

We found a very high between-study
heterogeneity across all analyses. A possible
cause of this is likely different study method-
ologies and differences in the follow-up dura-
tion. However, significant heterogeneity
persisted even after formation of subgroups that
took these factors into account. We therefore
presume the high heterogeneity may be attrib-
uted to differences in infectious adverse event
reporting on multiple levels. Firstly, included
studies used a multitude of techniques to
express infection count (either as the number of
infected patients per follow-up duration, the
number of infectious events or an incidence- or
event rate. See also Table S14). There was also
considerable variation in the reporting of seri-
ous- versus non-serious infections, some studies
reporting on only one type. Standardization of
these reporting methods would likely reduce
heterogeneity. Secondly, there is currently a
lack of standardized definitions for non-serious
infections and there are, therefore, various
interpretations of observed adverse events. The
registration of infectious adverse events during
a clinical trial is in itself subject to bias and
inconsistency [29-31]. For example, “sinusitis”
may be registered as either “sinusitis”, “upper
respiratory tract infection” or “upper respiratory
tract symptoms”, the latter being non-infec-
tious in nature. Standardized definitions would

reduce heterogeneity, as illustrated by a lower I*
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value in the pooled proportion of seriously as
opposed to total infected patients (see Fig. 2):
only a definition of serious infection is currently
available. We tried to mitigate this effect by
grouping individual infections by the affected
organ system. These shortcomings are impor-
tant to consider when interpreting the results of
this review, and of future studies as well.

Our data show non-serious infections to be
the most prevalent infectious adverse events
during biological or targeted synthetic drug use
in RA, outnumbering serious infections in a
ratio of approximately 10:1 (30% of patients
being affected by any kind of infection at some
point in their treatment, vs. 2-3% being affec-
ted by a serious infection — see Table 3). Non-
serious infections frequently lead to treatment
discontinuation, for which their recurrent nat-
ure may be more important than their severity
[32]. Furthermore, recurrent non-serious infec-
tions are associated with a high patient-experi-
enced burden and socioeconomic costs [33-37].
Although the impact of non-serious infections
is high, only a few studies have made their
occurrence and their potential implications for
treatment and quality of life in patients a pri-
ority [16, 38].

As for predictive risk factors, we found no
moderator that was significant across all three
RCT subgroups for the total number of infected
patients. However, several moderators which
were previously associated with an increased
risk of serious infection were significant in one
subgroup [10, 39-43]. Similar to the current
study, previous studies also show differences in
risks for serious infections between different
biologicals [12]. Interestingly, while prior liter-
ature shows a dose-dependent effect of corti-
costeroids on the occurrence of serious
infections, our findings do not support that
effect. This may be explained by the exclusion
of patients using high-dose corticosteroids from
most RCTs and by the relatively short duration
of corticosteroid therapy.

Limitations of our study include the high
observed heterogeneity, which may be attrib-
uted to variations in methodology as well as
differences in the reporting of infectious
adverse events in the included studies. Stan-
dardized definitions for infections would

probably have reduced the heterogeneity and
provided more reliable estimates. Furthermore,
the registration of infectious adverse events
during clinical trials is subject to inherent bias
and inconsistencies. This introduces potential
limitations in the accuracy and completeness of
the reported data. Finally, as most included
studies were RCTs (of which a significant num-
ber excluded patients with comorbidities or
recurrent or chronic infections, see Supplement
12), it is unclear to what extent our findings can
be extrapolated to real-world settings in which
patients have multiple comorbidities and use
many different immunomodulators. The geo-
graphical spread of included studies is not
equally distributed across the world. This is
most likely a reflection of the biological/tar-
geted drug consumption, which is correlated
with accessibility [44]. Therefore, little infor-
mation could be obtained about the risks for
infectious complications were these drugs to be
used more in populations where other, ‘exotic’,
infections are prevalent.

The broad scope is without doubt this study’s
greatest strength. That scope enabled us to
analyze information on a comprehensive list of
aspects of infectious complications of biologi-
cal/synthetic targeted treatment in RA, using
different study designs that complement each
other’s limitations. This review includes not
only pooled proportions of the total number of
(seriously) infected patients, but also propor-
tions of patients contracting specific infections,
and an analysis on potential predictors of
infectious adverse events. The addition of case
reports provides information on various rare
serious infections and their causative patho-
gens, data that are generally not available from
RCT studies.

CONCLUSIONS

In conclusion, non-serious infections outnum-
bered serious infections in a ratio of approxi-
mately 10:1 in RA  patients using
biological/targeted synthetic therapies, how-
ever, only little attention has been paid to them
in existing literature. None of the risk factors for
developing infections that were previously
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identified in separate studies were consistently
confirmed in our meta-analysis. Further
prospective research is needed using uniform
infectious adverse event registration.
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