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Abstract

Background: The aim of our study was to synthesize evidence on the occurrence of
malignancy in spondyloarthritis (SpA), from randomized controlled trials (RCTs) comparing
biologics with non-biologics and biologics to each other.

Methods: We systematically searched Medline, Cochrane Library, EMBASE, Scopus and
ClinicalTrials.gov from inception until 31 October 2018. RCTs with =24-week follow-up were
included. We extracted data using standardized forms and assessed the risk of bias using
the Cochrane Risk of Bias Tool. We performed pair-wise meta-analyses and network meta-
analyses to compare the risk of malignancy for each biologics class and SpA type. We reported
the Peto odds ratio (OR) of any malignancy along with 95% confidence intervals (95% Cl).
Bayesian posterior probabilities comparing risk of malignancy of each biologic class with non-
biologics were computed as supplementary measures.

Results: Fifty-four trials were included; most (44/54) had follow-up <1year. Among 14,245
patients, 63 developed a malignancy. While most Peto ORs were >1, they had wide 95% Cl
and p>0.05. The overall Peto OR comparing biologics with non-biologics was 1.42 (95% ClI
0.80-2.53). Only interleukin-17 inhibitors in peripheral SpA had p <0.05 (Peto OR 2.77, 95%
Cl 1.07-7.13); the posterior probability that the risk was higher than non-biologics was 98%.
Stratified analyses revealed no consistent trend by prior exposure to biologics, duration of
follow-up, study quality, study-arm crossover, analytical approaches and type of malignancy.
Conclusions: Our findings indicate no overall elevated risk of malignancy with biologics

in SpA. As our meta-analyses are unable to conclude on the long-term risk, long-term
pharmacovigilance of biologics in SpA may still be warranted.
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Introduction

Spondyloarthritis (SpA) is a group of chronic auto-
inflammatory diseases. As SpA affects the joints
and the entheses (where ligaments and tendons
attach to the bones), it impairs physical function
and reduces quality of life.! There are two main
types of SpA, axial SpA and peripheral SpA; the

former predominantly affects spine or sacroiliac
joints, whereas the latter predominantly affects the
peripheral joints. Nosological entities of axial SpA
are ankylosing spondylitis (AS) and non-radio-
graphic axial SpA; nosological entities of periph-
eral SpA are psoriatic arthritis (PsA) and
inflammatory-bowel-disease-related arthritis.2 The
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prevalence of SpA varies across geographical
regions (0.20% in south-east Asia to 1.61% in the
northern Arctic community).3 Biologics are the
next-line treatment for SpA after non-steroidal
anti-inflammatory drugs (NSAIDs) and conven-
tional synthetic disease-modifying anti-rheumatic
drugs (csDMARDSs).4 The proportion of patients
with axial SpA treated with biologics varies and
can range from 16% to 60%.5% Despite providing
clinically important improvement, there has been
concern over the risk of infections and malignan-
cies with the use of biologics due to their immuno-
suppressive properties.’-8

The risk of malignancy has been investigated
among patients with rheumatoid arthritis (RA) in
meta-analyses of randomized controlled trials
(RCTs)%10 and observational studies.!! These
meta-analyses found no or inconclusive risk of
malignancy with biologics compared with placebo
and/or csDMARDs. Nevertheless, this may not
apply to SpA which has different patient demo-
graphic and pathophysiology. In terms of patient
demographic, patients with SpA, especially axial
SpA, are younger and have fewer effective non-bio-
logics treatment options than patients with RA.!2
Hence, patients with SpA are more likely to be
exposed to biologics and at a much younger age
than patients with RA.12 In terms of pathophysiol-
ogy, while patients with SpA and RA are both
affected by Th-17, the tendency for pathogno-
monic accumulation of Th-17 cells is higher in SpA
than in RA.13 The Th-17 cells can either promote
or suppress tumor progression depending on the
malignancy and course of therapeutic interven-
tion.!+16 The longer exposure to biologics among
patients with SpA and the complex role of Th-17
cells in tumor progression imply that the safety of
biologics may vary between patients with SpA and
patients with RA, including the risk of malignancy.

While there have been studies examining the risk of
malignancy with biologics in patients with SpA,17-18
there are several important gaps. To date, four meta-
analyses of RCT's have concluded no increased risk
of malignancy with biologics in patients with
SpA.719-21 However, they focused solely on tumor
necrosis factor alpha (TNF-A) inhibitors and did not
consider interleukin-17 (IL-17) inhibitors, another
common class of biologics in SpA, or other classes of
biologics (non-IL-17 and non-TNF-A inhibitors).
Additionally, axial and peripheral SpA have different
symptom manifestations, and RCTs have usually
recruited patients with either type of SpA but not
both. Yet, no systemic review or meta-analysis has

investigated the risk of malignancy of different classes
of biologics in both types of SpA.

Therefore, our study aimed to compare the risk of
malignancy of biologics among patients with SpA
against that of non-biologics, and to compare the
biologics against each other by pooling evidence
from published RCTs using meta-analyses. To
compare the classes of biologics (IL-17 inhibitors,
TNF-A inhibitors, others) against placebo, we
used traditional meta-analyses. To compare the
classes of biologics against each other, we used
network meta-analyses. We separated the analy-
ses into axial and peripheral SpA to examine how
different classes of biologics affect the risk of
malignancy in both types of SpA.

Methods

We designed the search strategy, screened the arti-
cles, performed the analysis and reported the find-
ings according to the Preferred Reporting Items for
Systematic Review and Meta-Analyses for Network
Meta-Analysis statement, the Cochrane Handbook
for Intervention Reviews, and the International
Society for Pharmacoeconomics and Outcomes
Research (ISPOR) good research practices for net-
work meta-analysis.?2-24

Data sources and searches

The protocol for the systematic review was pro-
spectively registered on International Prospective
Register of Systematic Reviews [PROPSERO ID:
CRD42018112345].

We performed systematic searches of five biblio-
graphic databases (PubMed, Cochrane Library,
EMBASE, Scopus, and ClinicalTrials.gov) from
inception of the respective databases until 31
October 2018. We developed the search strategy
(see Appendix 1) based on similar systematic
reviews,%° guided by a medical librarian and in
consultation with practicing rheumatologists.
Our search strategy included three concepts:
RCTs, biologics and SpA. We included the
generic and the brand names of existing biologics
to improve the sensitivity of our search terms.

Study selection

We removed duplicate citations in Microsoft
Excel® (Microsoft, Seattle, WA) and EndNote
(Clarivate Analytics, Philadelphia, USA) before
screening. Two co-authors (HG and LN)
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independently screened the titles and abstracts for
potential eligibility, before screening the full texts
of potentially eligible articles. Both co-authors
resolved their disagreements via consensus, failing
which, they consulted a third co-author (YHK).

Inclusion and exclusion criteria

We included RCTs that compared the safety of
any biologics against non-biologics (placebo or
NSAIDs or csDMARDSs) or against each other,
examined only patients with SpA, with a mini-
mum of 24 weeks of follow-up. We excluded non-
English studies, studies which did not examine
malignancy as an outcome measure, follow-up
reports of original publications (parent studies),
and open-label studies without a control arm.

Data extraction

From eligible articles, two co-authors (HG and
LN) extracted study characteristics, their eligibil-
ity criteria, the number of patients recruited in
treatment and control arms, duration of follow-
up, the number of patients who had developed a
malignancy by the end of the follow-up in each
arm, and the type of malignancies using a stand-
ard data abstraction sheet. For studies with cross-
over for example, to an open-label phase, we
assigned the malignancy cases that occur after
crossover to the original arm(s). Two co-authors
(YHK and JKP) checked the data for accuracy.

Quality assessment

Two reviewers (HG and LN) independently
assessed the risk of bias using the Cochrane Risk
of Bias Tool.25 The tool appraises studies on six
domains: sequence generation, allocation con-
cealment, blinding, incomplete outcome data,
selective outcome reporting, and other biases
(namely, baseline imbalance, carryover, and
funding). Each domain was rated ‘yes’ (low risk
of bias), ‘no’ (high risk of bias), and ‘unclear’
(lack of information or uncertainty about the
potential for bias). A summary rating was then
derived: ‘high’ for studies with bias that is unlikely
to alter the results; ‘fair’ for studies with bias that
raised doubts on the results; and ‘low’ for studies
with bias that weakened confidence in the results.

Data synthesis and analysis
We first described the characteristics of included
RCTs using median and range, mean * standard

deviation or number and percentages, where
appropriate.

Due to the small number of studies (z=4) com-
paring biologics with non-biologics such as
NSAIDs and csDMARDs, we did not differenti-
ate non-biologics from placebo (hereafter ‘non-
biologics’). As the number of malignancy cases
were small, we could not compare doses or fre-
quencies of administration. Thus, for studies
examining different doses and frequencies of the
same biologics, we combined the malignancy
cases across the different doses and frequencies
for analyses.

To compare each class of biologics with non-
biologics in terms of their risks of malignancy,
we, similar to a previous study on RA,° used tra-
ditional meta-analyses and pooled the studies
using Peto’s method, which is recommended for
meta-analyses of rare events.? The resulting
odds ratio (OR) is known as the Peto’s OR.
Peto’s OR (hereafter ‘OR’) has been shown to be
the least biased in meta-analyses for event
rates <1%, small-effect sizes and balanced sam-
ple sizes between study arms.2® However, some
pooled-effect sizes appeared large (OR>3), and
some studies have imbalanced sample sizes
between study arms. To examine the robustness
of the OR estimates, we also pooled the studies
using the Mantel-Haenszel (MH) method with
treatment-arm continuity correction (TACC) in
sensitivity analyses.2?” Unlike Peto’s method,
which pools studies with single zero without
continuity correction, the MH method with
TACC applies continuity correction by a factor
of the reciprocal of the size of the opposite arm.
The MH method with TACC has been shown to
be give the least biased results when there are
imbalanced sample sizes between study arms.?7

To examine the effect of study heterogeneity on
the pooled ORs, we performed six stratified meta-
analyses by prior exposure to biologics (experi-
enced, naive, both experienced and naive, not
specified), duration of follow-up (24 weeks, >24—
52weeks, >52weeks), study quality (high- or
fair- versus low-quality rating), whether the study
allowed crossover (yes wersus no), analysis
approach (per protocol, intention to treat, modi-
fied intention to treat), and type of malignancy
(melanoma skin cancer, non-melanoma skin can-
cer, lymphoma, hematologic cancer, lymphoma,
solid tumor, unspecified). We separated the anal-
yses by SpA types to investigate how different
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classes of biologics affect the risk of malignancy in
each SpA type. We assessed heterogeneity based
on the I? index.??

To compare each class of biologics with each other,
we used Bayesian network meta-analyses (NMA).
We used a binomial likelihood model with informa-
tive prior for between-study variance.?® We derived
the ORs and corresponding 95% confidence intervals
(95% CI) using four independent chains of Markov
Chain Monte Carlo, each with 5000 burn-ins fol-
lowed by 50,000 additional iterations. We also used
Bayesian NMA to estimate the posterior probability
of each biologic class having higher malignancy risk
than non-biologics in each SpA type. We explored
transitivity by assessing distribution of clinical and
methodological variables (follow-up duration, study
quality, inclusion of participants with prior exposure
to biologics, criteria used to categorize SpA, and
whether the studies allow crossover) that might affect
the outcome of interest.

We performed traditional meta-analyses using the
‘meta’ package?® and Bayesian NMA using the
‘gemtc’ package3®) in R X64 3.5.3 (The R
Foundation for Statistical Computing, Vienna,
Austria). All models were random-effects models.

We assessed and quantified publication bias using
funnel plot, modified Egger’s linear regression3!
and rank correlation tests.3?

In all statistical analyses, we considered p<<0.05
as statistically significant.

Results

Study characteristics

Our database search retrieved 11,372 articles, of
which 6985 were unique. A total of 169 articles
remained after title and abstract screening. After
full-text screening, 53 articles reporting 54 RCT's
were eligible for data extraction and meta-analy-
ses, including 3 from ClinicalTrials.gov (findings
not reported in peer-reviewed articles) and 7 from
hand-searches of reference lists. The most com-
mon reasons for exclusion were no mention of
malignancy (=99), <24weeks of follow-up
(n=17), and open-label or long-term extension
studies (n="7; Figure 1).

The 54 RCTs were published between 2003 and
2018 and included 14,245 patients with SpA, of
which 24 examined axial SpA (5268 patients) and

30 examined peripheral SpA (8977 patients).
Most RCTs were two-arms trials (61.1%), with
follow-up duration ranging from 24 to 156 weeks.
Most RCTs reported malignancy endpoints after
crossover (66.7%) and were analysed using an
intention-to-treat approach (79.6%). Only 29
RCTs observed malignancies at either arm at the
end of the follow-up. Out of the 63 patients who
developed malignancies, 23 had solid tumors, 19
had non-melanoma skin cancers, 3 lymphomas, 3
melanoma skin cancer and the remaining 15
unspecified. These are summarized in Table 1;
detailed characteristics of each included study are
available in Appendix 2.

In terms of study quality, most studies (68.5%)
had high or fair-quality rating (Table 1, Appendix
2). The main quality domain contributing to
high- or fair-quality rating was incomplete out-
come data (81.5% rated low risk of bias), fol-
lowed by selective reporting (79.6%), blinding
(72.2%), other bias (72.2%), sequence genera-
tion (55.6%), and allocation concealment
(55.6%). While each domain only had one or two
studies rated low-quality (high risk of bias), each
domain had a sizeable proportion of the studies
reporting insufficient information, and hence
were rated unclear (14.8%, 18.5%, 24.1%,
24.1%, 40.7%, 42.6%, respectively).

Figure 2 illustrates the network of evidence in the
meta-analyses. Each line represents a comparison;
the thicker the line, the higher the number of RCT's
making the comparison. Each node represents a
treatment; the larger the node, the larger the num-
ber of comparisons including the node. Out of the
54 included RCTs, 19 compared TNF-A inhibi-
tors in axial SpA with non-biologics, 14 TNF-A
inhibitors in peripheral SpA, 9 other biologics in
peripheral SpA, 8 IL-17 inhibitors in peripheral
SpA, 3 IL-17 inhibitors in axial SpA and 2 other
biologics in axial SpA. All included RCTs
compared a single class of biologics against non-
biologics, except one that compared two classes of
biologics against non-biologics.33

Comparison between biologics and non-

biologics

Meta-analyses with Peto’s method and Mantel-
Haenszel method. Overall, the pooled OR
(Figure 3) was 1.42 (95% CI 0.80-2.53). For
most comparisons of biologics with non-biolog-
ics, the ORs had wide 95% CI with p>0.05 (non-
statistically significant), except for IL-17 inhibitors
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Number of duplicates detected:

4387

Number of articles excluded
based on title and abstract:

n = 6816

Number of artices excluded based on full-text review; n = 126

Reasons for exclusion
No mention of adverse events (n=99)
< 24 weeks follow up (n=17)
Open label / long term extension studies (n=7)
Pooled or posthoc analysis (n=2)
Articles not available in English Language (n=1)

Articles from ClinicalTrials.gov, reference lists

Figure 1. Study selection flow chart.

Articles identified through database searching
PubMed: n = 1974
Scopus: n = 3172
Embase : n = 4547
c Cochrane: n = 1679
O Total: n = 11372
®
=
E -
= Y
Articles left after duplicates removed
n = 6985
—
& \
.
§ Articles left after screening against
S title and abstract
«n n= 169
—
2 Y
2
2 . -
o Articles left after full-text review
n=43
\
o
3
’_3 Total eligible articles
g n=53
o= (reporting 54 randomized controlled trials)

hand-searching
n=10

PRISMA, Preferred Reporting Items for Systematic Review and Meta-Analysis.

in peripheral SpA compared with non-biologics.
Specifically, the pooled ORs were 2.77 (95% CI
1.07-7.13) for IL-17 inhibitors in peripheral
SpA, 2.30 (95% CI 0.52-10.23) TNF-A inhibi-
tors in axial SpA, 1.81 (95% CI 0.28-11.75) for
IL-17 inhibitors in axial SpA, 0.88 (95% CI
0.27-2.84) for TNF-A inhibitors in peripheral
SpA, 0.58 (95% CI 0.14-2.43) for other biologics
in peripheral SpA. Sensitivity analyses using the
MH method with TACC gave similar ORs, all
with »>0.05, including that for IL-17 inhibitors
in peripheral SpA (OR 2.13, 95% CI 0.63-7.19;
Appendix 3). In all pooled ORs, heterogeneity
was low (I2 0-40%) to moderate (1?2 40—-60%).

Stratified analyses. Across all stratified analyses,
we observed no consistent trend, whether there
was prior exposure to biologics (Appendix 4),

duration of follow-up (Appendix 5), and study
quality (Appendix 6), study-arm crossover
(Appendix 7), analytical approaches of individual
RCTs (Appendix 8), and type of malignancy
(Appendix 9). Almost all stratified analyses, simi-
lar to the main analyses, had wide 95% CIs that
crossed 1, with p>0.05 (non-statistically signifi-
cant). The only stratified analyses with p»<<0.05
were for IL-17 in peripheral SpA: among studies
that included both patients with or without prior
exposure to biologics (OR 3.34, 95% CI 1.19—
9.35; Appendix 4); among studies with >24—
52weeks of follow-up (OR 3.28, 95% CI
1.13-9.48; Appendix 5); among studies with
study-arm crossover (OR 2.77, 95% CI 1.07—
7.13; Appendix 7); among studies analyzed with
intention-to-treat approach (OR 2.77, 95% CI
1.07-7.13; Appendix 8).
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Table 1. Characteristics of included trials (n=54).

Median year of publication (range) Al Axial SpA
2014 (2003-2018) 2014 (2003-2018) 2014 (2004-2018)

Peripheral SpA

Number of trials 54 (100%) 24 (100%) 30 (100%)
Study arms

Two-arm trials 33 (61.1%) 17 (70.8%) 16 (53.3%)
Multi-arm trials 21 (38.9%) 7 (29.2%) 14 (46.7%)
Follow-up

Mean follow-up duration (weeks) 42.9+25.6 50.8 =32.7 36.5+16.1
Follow-up duration >52weeks 10 (18.5%) 6 (25.0%) 4 (13.3%)
Malignancy cases

Observed malignancies at the end of follow-up 29 (53.7%) 8 (33.3%) 21(70.0%)
Classes of biological agents”

IL-17 inhibitors 11 (20.4%) 3(12.5%) 8 (26.7%)
TNF-A inhibitors 33(61.1%) 15 (62.5%]) 18 (60.0%)
Other classes 11 (20.4%) 6 (25.0%) 5(16.7%)
Quality rating

Good or fair 37 (68.5%) 16 (66.7%) 21 (70.0%)
Poor 17 (31.5%) 8 (33.3%) 9 (30.0%)
Crossover

Yes 36 (66.7%) 16 (66.7%) 20 (66.7%)
No 18 (33.3%) 8 (33.3%) 10 (33.3%)
Analysis approach

Per protocol 1(1.9%) 0 (0.0%) 1(3.3%)
Intention to treat 43 (79.6%) 18 (75.0%) 25 (83.3%)
Modified intention to treat 10 (18.5%) 6 (25.0%) 4 (13.3%)
Sponsorship

Pharmaceutical companies 50 (92.6%) 23 (95.8%) 27 (90.0%)
Non-pharmaceutical companies 3(5.6%) 1 (4.2%) 2 (6.7%)
Not specified 1(1.9%) 0(0.0%) 1(3.3%)

Number of patients in trials

14,245 (100%)

5268 (100%)

8977 (100%)

Sample size

Mean number of patients 263.8+187.7 219.5+107.2 299.2+228.8
Malignancy cases

Developed malignancy during follow-up 63 (0.44%) 15 (0.28%]) 48 (0.53%)

*Sum more than the total number of trials because some trials are multi-arm.

IL, interleukin; TNF-A, tumor necrosis factor alpha.
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IL17iin Axial SpA

TNF-Ai in Peripheral SpA

IL17i in Peripheral SpA

TNF-Ai in Axial SpA

Non-Biologics

Other Biologics in Peripheral SpA

Figure 2. Evidence network.
Other biologics are biologics other than IL-17i and TNF-Ai.
Non-biologics include placebo, NSAIDS and/or DMARDS.

Other Biologics in Axial SpA

Each line represents a comparison; the thicker the line, the higher the number of RCTs making the comparison.

Each node represents a treatment; the larger the node, the higher the number of direct comparisons including the node.
DMARDs, disease-modifying anti-rheumatic drugs; IL-17i, interleukin-17 inhibitor; NSAIDs, non-steroidal anti-inflammatory
drugs; RCT, randomized controlled trial; SpA, spondyloarthritis; TNF-Ai, tumor necrosis factor alpha inhibitor.

Although some subgroups contain only a single
study (e.g. IL-17 inhibitors in peripheral SpA
patients who were naive to biologics, Appendix
4), we presented all the estimates in Appendices
4-9 for completion.

Bayesian network meta-analyses. Based on Bayes-
ian NMA, IL-17 inhibitors had 79.0% and 98.0%
posterior probabilities of having higher risk of
malignancy than non-biologics in axial and periph-
eral SpA, respectively; TNF-A inhibitors, 90.8%
and 56.8% in axial and peripheral SpA, respec-
tively; other biologics, 23.0% in peripheral SpA.

Comparison between different classes of

biologics

Bayesian network meta-analyses. The distribu-
tions of clinical and methodological variables
that might affect the outcome of interest suggest
transitivity (Appendix 10). Compared with other
biologics (non-IL-17 and non-TNF-A inhibi-
tors) in peripheral SpA, IL-17 inhibitors in both
SpA types, TNF-A inhibitors in both SpA types
and other biologics in axial SpA had OR>1.

Compared with IL-17 inhibitors in peripheral
SpA, TNF-A inhibitors, and other biologics in
both SpA types, as well as IL.-17 inhibitors in
axial SpA had OR <1. Nevertheless, 95% CI for
all ORs were wide and crossed 1; all p values
were also>0.05 (non-statistically significant;
Appendix 11).

Publication bias

There was little evidence of publication bias in
the estimates, with modified Egger’s test p=0.521
and rank correlation test p=0.216 (funnel plots
available in Appendix 12).

Discussion

We examined the risk of malignancy with biologics
in SpA, overall, as well as by classes of biologics in
each SpA type. All pooled ORs had wide 95% CI
and p>0.05 except IL-17 inhibitors in peripheral
SpA compared with non-biologics, which had
$<0.05 when pooled using Peto’s method, but not
when pooled using the MH method with TACC.
To our knowledge, this is the largest systematic

journals.sagepub.com/home/tab


https://journals.sagepub.com/home/tab

Therapeutic Advances in Musculoskeletal Disease 12

Biologics Non-biologics
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight

IL-17 inhibitors for Axial SpA
Dominique Baeten,2015 3 249 1 122 — 1.43 [0.18; 11.64] 5.7%

Dominique Baeten,2015 1 145 o 74 4.53 [0.07; 285.45] 1.8%
Pavelka,2017 0 152 0 76 0.0%
Random effects model 546 272 1.81 [0.28; 11.75] 7.5%
I geneity: I“ = f=0,p=

IL-17 inhibitors for Peripheral SpA

Mease, 2016 0 210 1 106 ———1— 0.05 [0.00; 3.22] 1.8%
Mease, 2015 3 404 1 202 — 1.46 [0.18; 11.72] 5.7%
Mclnnes,2015 3 299 0 98 -1 3.80 [0.27; 52.75] 4.0%
Nash,2017 2 245 0 118 —— 4.42 [0.28; 85.51] 8.2%
Mease, 2018 1 664 0 332 —_—1 4.48 [0.07; 286.49] 1.8%
Mease,2014 3 118 0 55 - 4.50 [0.40; 50.95] 4.5%
Nash,2018 6 277 0 137 T 4.54 [0.82; 25.12] 7.6%
Mclnness,2013 0 28 0 14 0.0%
Random effects model 2240 1062 R 2.77 [1.07; 7.13] 28.6%
I ( geneity: =0 t=0,p=

TNF-A inhibitors for Axial SpA

Landewe, 2018 0 152 1 153 —_— 0.14 [0.00; 6.87] 2.0%
Inman,2008 1 278 1 78 —_—s] 0.19 [0.01; 5.52] 2.6%
Sieper,2013 1 106 0 52 4.44 [0.07;287.63] 1.8%
Dijkmans,2009 4 45 0 39 i 6.94 [0.94; 51.82] 6.1%
Bao,2014 1 108 0 105 —T—%—— 7.19 [0.14;862.32] 2.0%
Dougados,2011 1 89 0 43 —T—*—— 8.19 [0.16; 414.54] 2.0%
Landewe,2013 0 218 0 107 0.0%
Huang,2014 0 229 0 115 0.0%
Deodhar,2018 0 105 0 108 0.0%
DavisJr,2003 0 138 0 139 0.0%
Marzo-Ortega,2005 0 28 0 14 0.0%
Haibel, 2008 0 22 0 24 0.0%
van der Heijde,2005 0 201 0 78 0.0%
van der Heijde, 2006 0 208 0 107 0.0%
Inman,2010 0 39 0 87 0.0%
Maksymowych,2015 0 111 0 114 0.0%
van der Heijde, 2018 0o 91 0 94 0.0%
Braun,2003 0 85 0 85 0.0%
Sieper,2015 0 98 0 100 0.0%
Random effects model 2251 1537 - 2.30 [0.52; 10.23] 16.3%
Heterogeneity: /° = 17 =0.6180, p =

TNF-A inhibitors for Peripheral SpA

Genovese,2007 0 51 3 49 —— 0.12 [0.01; 1.28] 5.0%
Kavanaugh,2017 0 241 2 239 — 0.13 [0.01; 2.14] 3.6%
Antoni,2005 0 100 1 100 —_— 0.14 [0.00; 6.82] 2.0%
Mease,2016 1 101 1 106 — 1.05 [0.07; 16.91] 8.6%
Sterry,2010 3 879 1 878 —TE— 2.69 [0.38; 19.14] 6.3%
Kavanaugh,2010 3 292 0 113 1 4.03 [0.82; 50.56] 4.2%
Mease, 2013 1 278 0 136 —_— 4.47 [0.07;286.70] 1.8%
Torii,2010 1 10 0 7 R 5.47 [0.10; 293.66] 1.9%
Mease, 2017 0 106 0 105 0.0%
Mease, 2004 0 101 0 104 0.0%
Paramarta,2012 0 20 0 20 0.0%
Carron,2017 0 40 0 20 0.0%
Antoni,2005 0 52 0 52 0.0%
Mease, 2005 0 162 0 158 0.0%
Random effects model 1928 1577 > 0.88 [0.27; 2.84] 28.3%
Heterogeneity =2 £=0.7327,p =0.22

Other biologics for Axial SpA

CTGov01,2018 0 281 0 116 0.0%
CTGov02,2018 0 211 0 104 0.0%
Random effects model 442 220 0.0%
Heterogeneity applicable

Other biologics for Peripheral SpA

Mease, 2016 0 124 2 M 0.02 [0.00; 0.44] 2.8%
Papp,2007 0 54 1 88 —%——7— 0.13 [0.00; 6.69] 2.0%
Ritchlin,2014 1 208 1 104 —— 0.47 [0.02; 8.96] 8.83%
Mease, 2017 2 218 2 211 —i— 0.99 [0.14; 7.08] 6.2%
Mease,2010 1 128 0 42 ——#———  38.77 [0.04;855.11] 1.5%
Deodhar,2017 1 100 0 49 s 4.44 [0.07;287.70] 1.8%
Deodhar,2018 1 100 0 49 —_— 4.44 [0.07;287.70] 1.8%
Mease, 2006 0 128 0 62 0.0%
Mclnnes,2013 0 409 0 206 0.0%
Random effects model 1459 817 e 0.58 [0.14; 2.43] 19.3%
He geneity. =24 f= p =0.25

Random effects model 8866 5379* > 1.42 [0.80; 2.53] 100.0%
Heterogeneity: 12 = 15%, £ =0.3668, p = 0.24 I T T 1

Residual heterogeneity: /% = 12%, p = 0.30 0.001 01 1 10 1000

Lower odds of maligancy Higher odds of maligancy

Figure 3. Meta-analyses comparing biologics versus non-biologics.

Other biologics are biologics other than IL-17i and TNF-Ai.

Non-biologics include placebo, NSAIDS and/or DMARDS.

*This is less than the sum of the above, because it does not double count the number of patients in the non-biologics arms
in multi-arm RCTs.

Cl, confidence interval; DMARDs, disease-modifying anti-rheumatic drugs; IL-17, interleukin-17; NSAIDs, non-steroidal
anti-inflammatory drugs; OR, odds ratio; RCT, randomized controlled trial; SpA, spondyloarthritis; TNF-A, tumor necrosis
factor alpha.
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review and meta-analysis to examine the risk of
malignancy with biologics in SpA.

The comparison of IL-17 inhibitors with non-
biologics in peripheral SpA was the only one that
achieved statistical significance. The statistical
significance was only observed with Peto’s
method, but not the MH method with TACC.
This difference may be due to the tendency of
MH with TACC to ‘pull’ the ORs toward no
effect (OR=1), resulting in more conservative
OR estimates and a 95% CI that crosses OR=1.
Nevertheless, all eight RCTs for IL-17 inhibitors
in peripheral SpA examined exclusively patients
with PsA (a specific subtype of peripheral SpA).
Thus, the findings may not be generalizable to
other types of peripheral SpA, such as reactive
arthritis and enteropathic arthritis. Interestingly,
psoriasis, with and without arthritis, is shown to
be associated with an overall increased risk of
non-melanoma skin cancer, lymphoma, and lung
cancer.3* It is plausible that any elevated risk for
malignancy may be contributed in part by the
chronic inflammatory nature of the disease with
the involvement of ILL-17. However, the exact
roles of IL-17 and the effects of its inhibition on
carcinogenesis in PsA are still unclear due to its
double-edged nature: it enhances angiogenesis
(which increases the risk of malignancy), as well
as mediates anti-tumor immunity (which
decreases the risk of malignancy).'* We recom-
mend more high-quality RCTs, as well as labora-
tory-based studies to further elucidate the role of
IL-17 in carcinogenesis in PsA.

Our findings underscore the need for long-term
studies. An OR point estimate of >1 with TNF-A
inhibitors has also been observed in two previous
meta-analyses of RCTs (OR 1.31, 95% CI 0.89—
1.95 in 9.2-months follow-up;!® OR 1.48, 95%
CI 0.71-3.09 in 4.5-months follow-up?2?),
although their estimates also did not achieve sta-
tistical significance, similar to our findings.
Another previous meta-analysis found an OR
point estimate <1 (OR 0.98; 95% CI 0.25-3.85)7
with TNF-A in AS (a specific subtype of axial
SpA), but it included only three RCTs (versus six
RCTs in our study), one of which only had
12-week follow-up. A 10-year registry-based
study,!” meanwhile, found no elevated risk of
overall malignancy (relative risk, RR 0.90, 95%
CI 0.70-1.10) for TNF-A inhibitors in PsA, com-
pared with TNF-A-naive patients. Nevertheless,
the risk for breast cancer (RR 1.80, 95% CI 1.10—
2.90) may be elevated.

Our findings should be interpreted with several
limitations in mind. First, we included only RCTs,
most of which (44/54) had follow-up <1 year.
Thus, our findings at best represent short- to
medium-term risk of malignancy with biologics in
controlled settings. As the events were rare, all
pooled estimates had a wide 95% CI; with the
exception of IL-17 inhibitors in peripheral SpA,
none of the other pooled estimates achieved statis-
tical significance. Importantly, the studies included
in our meta-analysis may have had too short a
follow-up to fully detect elevated risk of malig-
nancy, and patients in some control arms received
biologics after a delay of several months. It should
also be noted that malignancies that occur within
the short period of RCTs may not be new onset.
Nevertheless, those with existing malignancies and
those thought to be at high risk of malignancies
were likely excluded from the RCTs as malignancy
is a contraindication to biologic treatment; none
of the 54 RCTs included in our meta-analyses
recruited patients with existing malignancy (Appendix
2). Thus, the findings may not be generalizable to
these patients. Rare occurrence of malignancies
and short follow-up also makes it less meaningful
to present summary measures such as rate of
malignancies per person-time. Long-term studies
may be required to verify the findings in real-world
settings, especially on long-term risk. While we
sought to include studies that compared biologics
against each other, we identified no such studies.
Hence, the findings from indirect comparisons
between biologic classes in different SpA types
should also be verified in future studies. Meta-
analyses of rare events are challenging due to diffi-
culties in handling studies with zero-outcome
events. We pooled the estimates using Peto’s
method in main analyses (shown to be the least
biased for event rates <1%, small-effect sizes and
balanced sample sizes between study arms2%) and
MH method with TACC in sensitivity analyses
(shown to be less susceptible to bias with larger
effect sizes and imbalanced sample sizes between-
study arms?7); both methods yielded similar pooled
ORs. We adopted a strict definition of biologics:
they should be produced by living systems and are
large molecules. Hence, small molecules such as
tofacitinib were not considered as biologics in this
study. Due to the small number of malignancy
cases, we did not examine the effect of different
doses and frequencies of biologics on malignancy.
We were also unable to examine whether the effect
sizes differed between types of study sponsorship,
as almost all studies were sponsored by pharma-
ceutical companies. These could be topics for
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future study. In addition, we included only RCT's
in English. However, there was only one excluded
study that was not in English.

Despite the limitations, our study has important
clinical implications. Our findings suggest no
overall elevated risk of malignancy with biologics
in SpA, compared with non-biologics. Even if one
were to interpret an elevated risk based on the
point estimates, it is worth highlighting that the
absolute risks of malignancy remain low across
the study participants (<0.5% overall). Our study
calls for observational studies and ongoing phar-
macovigilance with long-term follow-up to verify
the findings in real-world settings, and to identify
the specific types of malignancies associated with
biologics in SpA, if any.

Conclusion

Our study found no elevated risk of malignancy
among biologics in SpA, compared with non-
biologics and compared with each other. While
IL-17 inhibitors compared with non-biologics in
patients with peripheral SpA achieved statistical
significance, there was evidence of confounding by
prior exposure to biologics, duration of follow-up
and study quality. The absolute risks of malignancy
also remain low. Our analyses point to the need for
more high-quality RCTs and observational studies
with long follow-up to draw a firm conclusion.
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