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Background: Current therapeutic guidelines for immune-mediated inflammatory
diseases (IMIDs) contraindicate the administration of tumour necrosis factor inhibi-
tors (TNFis) in advanced heart failure (HF) and highlight the potential risk for new-
onset HE. The current evidence has low certainty, and the results of studies in the
past two decades have even challenged the recommendations regarding the impact
of TNFis on the risk of HF.

Objectives: The objective was to systematically synthesize data on the risk of HF in
TNFi-treated groups compared to non-treated controls in IMIDs.

Methods: A systematic search was conducted in August 2023. Randomized con-
trolled trials (RCTs) and non-randomized observational studies of IMID patients
comparing groups receiving TNFis to non-TNFi-exposed controls were included.
The outcome was the incidence of worsening, de novo, and composite HF. Random-
effects meta-analysis was conducted using risk ratios (RR) with 95% confidence in-
tervals (CIs) to pool data.

Results: The systematic search identified 49 studies, with 45 included in the quanti-
tative analysis. For the worsening of HF, the pooled results of non-randomized stud-
ies showed no statistically significant risk-increasing effect of TNFis (RR=1.18, 95%
CI: 0.69-2.00). Analyses from both RCTs and non-randomized data indicated no in-
creased risk of de novo HF in the TNFi-group compared to controls (RR=0.87, 95%
CI: 0.60-1.25 and RR=0.86, 95% CI: 0.64-1.14, respectively). Similarly, no increased
risk was found for composite (worsening and de novo) HF in the TNFi-treated group
versus controls, pooling non-randomized data.

Conclusions: Our findings indicate that TNFi-treated IMID patients do not have
an increased risk for developing de novo HF, and no statistically significant risk en-
hancement could be observed in the risk of worsening HF with TNFis. Updating
IMID guidelines should be considered regarding TNFis' non-risk increasing effect
on de novo HF, whereas further validating data on the risk of worsening HF in TNFi-
treated IMID patients is needed.
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EFFECT OF TNFis ON HEART FAILURE

INTRODUCTION

Immune-mediated inflammatory diseases (IMID) refer
to a heterogeneous group of patients in whom common
immuno-inflammatory pathways are activated. Chronic
inflammation leads to various clinical manifestations, af-
fecting multiple organs, including the skin, joints and in-
testines." Psoriasis (PsO), rheumatoid arthritis (RA) and
inflammatory bowel diseases (IBD) are among the most
frequent IMIDs, with global age-standardized preva-
lences of around 504, 224 and 59 per 100,000 persons,
respectively.”™

According to the signature cytokine-based concept, tu-
mour necrosis factor-a (TNF-a) represents the hub of the
shared immunological pathways of IMIDs, elevated levels
of TNF-a contribute to tissue remodelling and organ dam-
age. Through inhibiting this crucial role, TNF-a inhibitors
(TNFis) have been proven to be highly effective, leading to
breakthroughs in treating IMIDs.! Currently, five differently
engineered TNF-a inhibitor agents (TNFi) are approved by
the European Medicines Agency (EMA) and the U.S. Food
and Drug Administration (FDA) for IMID treatment: in-
fliximab (INF), adalimumab (ADA), golimumab (GOL),
certolizumab-pegol (CZP) and etanercept (ETA).>®

TNFis are generally well-tolerated biological treatments
with mostly minor and self-limiting side effects. However,
patients may occasionally also experience more serious ad-
verse reactions.” The evidence for associating the worsening
and new-onset of heart failure (HF) with TNFis was based
on two pillars in the early 2000s.

The effect of TNFis in worsening HF was supported by
studies testing the hypothesis of a potentially beneficial effect
of TNFis on HE® Randomized controlled trials (RCTs) on ETA
and INF with New York Heart Association (NYHA) class II-
IV HF found no benefits compared to placebo (PBO) exam-
ining the outcomes of the clinical status of HE, hospitalization
due to HF or mortality risk.”'* In addition, in the INF-related
(ATTACH) trial, although the hazard of reaching the end point
of death or hospitalization due to HF did not improve with a
medium dose (5 mg/ kg) of INF (HR=0.80, 95% CI 0.22-2.99),
it increased with a higher (10mg/kg) dose compared to PBO
(HR=2.84, 95% CI 1.01-7.97)."° These trials were stopped
prematurely, and no further investigations on TNFi agents and
doses in patients with HF were performed.

TNFi has been identified as a potential harm for the de-
velopment of de novo HF in an FDA report that includes
early post-marketing surveillance data in IMID patients.
The report covers 38 new-onset and nine worsening cases
of HF with ETA or INF registered in the FDA MedWatch
system up to February 2002, by which time approximately
274,000 patients worldwide had received these therapies. A
potential causal relationship was suggested by the fact that
nine of the 10 patients under 50 achieved complete reso-
lution or improvement after TNFi was withdrawn and HF
treatment was initiated."

To date, based on the evidence from these two pillars, the
IMID therapeutic guidelines describe the absolute or relative

Why was the study undertaken?

o The clinical question was whether tumour necrosis
factor inhibitors (TNFis) increase the risk of wors-
ening and de novo heart failure (HF) in immune-
mediated inflammatory diseases (IMID).

What does this study add?

o The present meta-analysis provides evidence that
the risk of de novo HF is not higher in TNFi-treated
IMIDs than in controls not receiving TNFis, and
no statistically significant risk increase was shown
in worsening HF in TNFi-treated IMIDs.

What are the implications of this study for
disease understanding and/or clinical care?

« TNFis do not increase the risk of de novo HF in
IMID patients; updating therapeutic guidelines
should be considered. Further validating data re-
garding the effect of TNFis on the worsening of
HF is required.

contraindications for TNFi use in advanced HF cases and
cautious use in milder HF cases and include the risk of de
novo HF associated with the use of TNFis.'*™"” Despite this,
TNFis have been widely used for over two decades among
IMID patients, providing growing data on their safety and
rising evidence of their beneficial effect on major adverse
cardiovascular events."® The substantial amount of data
available, which sometimes even challenges present guide-
lines, and the currently limited robustness of evidence ne-
cessitate a comprehensive synthesis of all existing data on
the risk of new-onset and worsening HF in TNFi-treated
versus non-exposed IMID populations.

METHODS
Systematic search and selection process

We conducted a systematic review and meta-analysis ac-
cording to the instructions of the Cochrane Handbook."
The current study report aligns with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses 2020
statement.”

After submission of the protocol to the PROSPERO register
system (ID CRD42023451099), a systematic search was per-
formed in four databases (MEDLINE via Pubmed, Cochrane
Library, EMBASE, Web of Science) without any search restric-
tions on 3 August 2023 (for the search key, see Section S1).

Journal articles were included if they reported results of
RCTs or observational studies that met the following PICO
(population-intervention-comparator-outcome)-determined
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inclusion criteria: (1) adult IMID patients, (2) TNFi-treated
cohorts, (3) non-TNFi-exposed control groups (application of
PBO or conventional non-biologic treatments, but non-use of
TNFis or other biological treatments) and (4) incidence of HF
during comparative follow-up periods. The statement of the
diagnosis of heart/cardiac/ventricular failure had to be pres-
ent in the publications. Case reports, case series, abstracts,
commentaries and notes were exclusion criteria. For the sum-
mary of the selection process, see Section S2.

Data extraction and quality assessment

The detailed procedure for data extraction, the types of data
collected, the principles applied to identify de novo, worsen-
ing and composite HF events and the methods used to assess
data quality are described in Sections S3 and S4.

Synthesis and analysis of data

A detailed description of principles for data synthesis is
summarized in Section S5.

Methods for statistical analysis

In cases where more than one suitable reported effect meas-
ure was available in a study, primarily HR, secondly IRR and
if neither of these was reported, then the crude incidences
were included in the meta-analysis. Relative risks were cal-
culated from the crude incidences. IRRs were calculated
from IRs with 95% ClIs and corresponding follow-up times.
Either calculated by crude data or extracted directly from
the study reports, IRRs and HRs were considered equivalent
effects of measures and were generally referred to as risk ra-
tios (RR). Random effects meta-analysis was applied to cal-
culate the summary effects of RRs separately for RCTs and
non-randomized studies.

For the analysis of both randomized and non-randomized
data, we used the random effects model with the adjustment
proposed by Hartung and Knapp (2001) to avoid false pos-
itive findings.”' For the summary estimates of relative risks
in RCTs, we used the Mantel-Haenszel method, as suggested
by the Cochrane Handbook, for the analysis of rare events."
To assess statistical heterogeneity, the Q test and I* statistics
were calculated. We also reported the 95% prediction interval
(PI), following the recommendation of IntHout (2016).22 We
visualized our findings in forest plots, reporting the average
RR, its 95% CI and the statistical test of no average effect as
summary statistics. We used funnel plots to visually assess the
signs of a possible small study effect. Statistical significance
was considered if the p-value <0.05. All statistical analyses
were performed with the R program (R Core Team 2020,
V4.1.3) using the meta and metafor packages.”

RESULTS
Systematic selection

The systematic search and selection process yielded a total
of 6434 records (see Table S1). After duplicate removal, se-
lection by title and abstract, and subsequent screening of
full texts, 34 hits met the inclusion criteria.”*™>" Backward
and forward citation searching identified 19 additional full
texts.*7® A total of 53 journal articles with the results of
49 individual studies were included in the systematic review
and meta-analysis. The detailed selection process is summa-
rized in Figure 1.

Characteristics of the studies and patients
included

A total of 287,769 IMID patients were examined in the stud-
ies included in the systematic review. Of the 49 individual
trials included, RA patients were solely involved in 21, IBD
in 11 and PsO and/or PsA patients in 14 studies. One study
analysed data from both patients with RA and IBD, and two
trials incorporated data from patients with spondyloarthritis
(SpA). The most frequently administered TNFi was ADA; its
application was reported in 28 studies. Of the 49 studies, 28
provided results from randomized comparison groups, and
19 reported data from non-randomized patients. Data from
both randomized and non-randomized cohorts could be
retrieved from one trial. One additional study contained al-
ready pooled safety data from 19 RCTs that had already been
analysed. The main characteristics of the 49 studies included
in the systematic review are summarized in Table S2.

The meta-analysis was performed using data from 45
studies, 26 with randomized and 19 with non-randomized
observational data, with a minimum of 152,829 patients. In
all 26 randomized trials, the outcome was de novo HF. Of
the 19 non-randomized trials, data on worsening HF were
collected from 4, de novo HF from 10, whereas 13 studies
included mixed populations of individuals with and without
heart failure. Additional characteristics of these studies (i.e.
follow-up periods) and patient demographics are shown in
Table S3.

Worsening heart failure

Four observational studies with real-world data examined
the worsening of HF in TNFi versus non-TNFi-treated
groups. All four studies included only patients with RA. The
overall analysis involving 1966 patients showed no statisti-
cally significant increase in the risk of worsening HF in the
group receiving TNFi compared to the controls. The pooled
effect size with RR was 1.18, with a 95% CI of 0.69-2.00
(Figure 2).

5190117 SUOLLILIOD SAIIER.0 3|01 jdde a1 Aq pouienob a2 oI YO 95N J0'SBINI 10y AXRi 1 SUIIUO AB]1A UO (SUO1HIPUOD-PUB-SLLLIBILICO" B 1 AZeJqfpuijuoy/:Sdy) SUOTIPUOD PUe S 1 8L 39S *[G202/90/2T ] Uo Arid1auiluo /B1IM ‘Pebezs JO AIseAIuN Aq 98202 ADTTTT'OT/I0p/w00 /a1 AReiq1eu1|uO//'Schy Wolj papeojumod ‘0 ‘80889 T



EFFECT OF TNFis ON HEART FAILURE

Identification of studies
via databases and registers

Identification of studies
via other methods

Records identified Records identified from:
c from:Databases (n = 4). Citation searching:
2 All records: n = 6434 from ¢ Backward citation chasing
3  Pubmed: 936 (n =701)
"g. * (E:MI?]ASE: ‘;15951 * Forward citation chasing
o o OC| rane:. ina: (n = 4750)
= * Web of Science: 1052 .R e.g?,ﬁiscﬁz ,?;;dr(;): :Z:‘]aos\zgenmg * Further citations through the
(n = 1308) citation chaser results (n = 5)
* Records marked as ineligible by
v automation tools (n = 0)
¢ Records removed for other
Records screened reasons (n = 0)
(n =5126)
Records excluded**
(n =5007)
\ \
Reports sought for retrieval Reports excluded (n = 85) Reports sought for retrieval
(n=119) * Not PICO-matched: n = 48 (n = 5456) Reports excluded
e Abstract: n =27 (n = 5437)
e Letterrn=4 ¢ Not PICO-matched,
¢ HF not reported separately by | no HF incidence as
v , a0 groups:n =2 v an outcome
Reports assessed for eligibility ¢ Full text not found: n = 1 Reports assessed for eligibility (n=5512)
(n=34) e TNFi also in the C groups: n =2 (n=19)
\
Reports of included studies
(n=53)
Studies included in review
(n=49)

FIGURE 1 PRISMA flow diagram of the systematic selection process. HF, heart failure; PICO, Patients-intervention-comparator-outcome; TNFi,
tumour necrosis factor inhibitor.

TNFi no TNFi
Study Event Total Event Total Risk ratio RR 95% CI Weight
RA
Chen, 2021 9 21 10 23 0.66 [0.03;14.49] 2.12%
Solomon, 2013 40 432 34 359 - 0.95 [0.58; 1.56] 55.17%
Listing, 2008 9 52 3 46 1.18 [0.30; 4.69] 10.10%
Setoguchi, 2008 33 225 101 808 e 1.75 [0.86; 3.56] 32.61%

Random effects model 91 730 148 1236 1.18 [0.69; 2.00] 100.00%
Prediction interval ’# [0.33; 4.13]
Heterogeneity: /2 = 0% [0%;85%),1° = 0.03, p = 0.556

Test for overall effect: t ;= 0.97, (p = 0.403) 01 0512 10

Higher risk Higher risk
in no TNF1 in TNFi

FIGURE 2 Forest plot on the results of pooled non-randomized data on the risk of worsening heart failure. CI, confidence interval; RA, Rheumatoid
arthritis; RR, Risk ratio; TNFi, tumour necrosis factor inhibitor.

De novo heart failure—Randomized studies non-TNFi-treated groups for the risk of de novo HE. The pooled

effect size showed no risk increase with TNFis for new-onset HF
Data from 26 randomized studies were pooled, includ- compared to controls (RR=0.87, 95% CI 0.60-1.25). Similarly,
ing 10,981 IMID patients, comparing TNFi recipients with ~ pooled effects by subgroup analyses demonstrated that TNFis
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did not increase the risk of de novo HE whether different IMID
subpopulations (IBD, PsO/PsA, RA) or TNFi agents (ADA,
INF) were considered and compared. Heterogeneity measured

FIGURE 3

Study
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Test for effect in subgroup: t12:-1 49 (p=0.162)
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Maini, 1999

Kavanaugh, 2013
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SpA
Huang, 2014
Landewé, 2018

Random effects model

0

0
0
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Heterogeneity: /2= 0% 12 = 0, p = 0.806
Test for effect in subgroup: t=-0.98 (p = 0.506)

Random effects model

Prediction interval

Heterogeneity: ?= 0% [0%; 43%),12= 0, p = 1.000

8

6592

0

0
0

3

Test for overall effect: t,.= -0.80 (p= 0.429)
Test for subgroup differences:xi: 2.10,df = 3 (p=0.551)

SpA, spondyloarthritis; TNFi, tumour necrosis factor inhibitor.

Risk Ratio RR
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4389 - 0.87
I
[ I I |
0.01 0.1 1 10 100
Higher risk Higher risk
in no TNFi in TNFi

95% CI

[0.01; 25.39]
[0.01; 27.18]
[0.02; 48.49]
[0.02; 50.41]
[
[

0.06; 37.14]
0.12; 73.92]

[0.56; 2.38]

[0.01; 12.81]

[0.01; 12.94]
[0.01; 12.85]

[0.01; 18.70]
[0.01; 24.61]

[0.01; 24.74]
[0.01; 26.62]

[0.02; 47.01]
[0.02; 47.51]

[0.02; 53.72]
[0.02; 56.99]

[0.04; 89.56]
[0.12; 72.17]

[0.43; 1.17]

[0.00; 2.11]

[0.06; 16.01]
[0.06; 36.88]

[0.13; 31.78]
[0.12; 52.04]

[0.20; 4.90]

[0.01; 25.20]

[0.02; 50.40]
[0.01; 58.19]

[0.60; 1.25]
[0.42; 1.81]

Weight

3.19%
3.20%

3.25%
3.21%

4.80%
4.79%

22.44%

3.20%

3.20%
3.23%

3.21%
3.19%

3.21%
3.25%

3.20%
3.22%

3.20%
3.22%

3.34%
4.81%

43.47%

4.81%

6.39%
4.79%

6.39%
5.32%

27.69%

3.20%

3.20%
6.39%

100.00%

Forest plot on the results of pooled randomized data on the risk of de novo heart failure with subgroups of immune-mediated
inflammatory diseases. CI, confidence interval; IBD, inflammatory bowel diseases; PsA, psoriatic arthritis; PsO, psoriasis; RA, rheumatoid arthritis;

by the I test resulted in 0% for the overall and subgroup analy-
ses, indicating high group homogeneity. Results presented in
forest plots are shown in Figures 3 and 4.

85UB017 SUOWILIOD 3A1IR1D 3|cedl|dde au Aq pausenob a1e saple WO ‘@SN JO S9INJ 10} A2eiq 1 8UIIUO AB|IM UO (SUOIPUOD-pUR-SUIRY WD A8 | 1M ARR1q | U1 |UO//SHNY) SUO RIPUOD PUe SWiB L 83U} &3S *[5202/90/2T] Uo Arigiauliuo A|IM ‘pefiezs JO Aisieniun Aq 98,02 APITTTT OT/I0p/wo0 A8 M ARiq U1 jUO//SANY WOI) papeo|umoq ‘0 ‘€80E89FT



6 EFFECT OF TNFis ON HEART FAILURE
TNFi no TNFi
Study Events Total Events Total Risk Ratio RR  95% CI Weight
ADA
Cai, 2017 0 338 0 87 — .+ 0.26 [0.01; 12.94] 3.20%
Asahina, 2010 0 123 0 46 - 0.38 [0.01; 18.70] 3.21%
Menter, 2008 0 814 0 398 - 0.49 [0.01; 24.61] 3.19%
Papp, 2009, CHAMPION 0 107 0 53 m 0.50 [0.01; 24.74] 3.21%
Huang, 2014 0 229 0 115 = 0.50 [0.01; 25.20] 3.20%
Colombel, 2006 0 517 0 261 = 0.51 [0.01; 25.39] 3.19%
Suzuki, 2013 0 177 0 96 _ 0.54 [0.01; 27.18] 3.20%
Genovese, 2007 0 51 0 49 - = 0.96  [0.02; 47.51] 3.22%
Watanabe, 2012 0 25 0 25 I 1.00 [0.02; 48.49] 3.25%
Kavanaugh, 2013 1 515 1 517 _————— 1.00 [0.06; 16.01] 6.39%
Landewé, 2018 0 152 0 153 L 1.01 [0.02; 50.40] 3.20%
Rutgeerts, 2012 0 64 0 65 I 1.02 [0.02; 50.41] 3.21%
Gladman, 2007 0 151 0 162 1.07 [0.02; 53.72] 3.20%
Papp, 2009, M02-528 0 45 0 52 — 1.15  [0.02; 56.99] 3.22%
Larian, 2011 0 8 0 16 —— 194 [0.04; 89.56] 3.34%
Fleischmann, 2019 1 327 1 652 — 1 m 1.99 [0.13; 31.78] 6.39%
Elewski, 2018 1 109 0 108 I 2.97 [0.12; 72.17] 4.81%
Colombel, 2014 1 480 0 483 —t— 3.02 [0.12; 73.92] 4.79%
Random effects model 4 4232 2 3338 * 0.99 [0.70; 1.42] 67.40%
Heterogeneity: 1% 0% [0%; 50%], 12= 0, p = 1.000
Test for effect in subgroup: t ;= -0.04 (p = 0.965)
CZP
Umezawa, 2021/2 0 101 0 26 — 0.26 [0.01; 12.85] 3.23%
ETA
Klareskog, 2004 1 454 0 228 - 1.51 [0.06; 36.88] 4.79%
GOL
Sandborn, 2013 1 308 0 156 —_—ty— 1.52 [0.06; 37.14] 4.80%
INF
Maini, 1999 0 340 1 8 — = | 0.09 [0.00; 2.11] 4.81%
Reich, 2005 0 298 0 % @ — 0.26 [0.01; 12.81] 3.20%
Torii, 2010 0 35 0 19 _ 0.55 [0.01; 26.62] 3.25%
Antoni, 2005 0 103 0 97 _ 0.94 [0.02; 47.01] 3.20%
Westhovens, 2006 2 721 0 361 —_— 2.51 [0.12; 52.04] 5.32%
Random effects model 2 1497 1 641 — 0.51 [0.09; 2.92] 19.78%
Heterogeneity: /= 0% [0%; 79%],12 = 0, p = 0.652
Test for effect in subgroup: t4 =-1.07(p=0.343 )
Random effects model 8 6592 3 4389 - 0.87 [0.60; 1.25] 100.00%
Prediction interval —— [0.42; 1.81]
Heterogeneity: /= 0% [0%; 43%],7 = 0, p = 1.000 \ \ \ \
Test for overall effect: t,5= -0.80 (p = 0.429) 001 0 1 10 100
Test for subgroup differences: X2 = 1.64, df = 4 Higher risk Higher risk
(p=0.802) in no TNFi in TNFi
FIGURE 4 Forest plot on the results of pooled randomized data on the risk of de novo heart failure with subgroups of tumour necrosis factor

inhibitor agents. ADA, adalimumab; CI, confidence interval; CZP, certolizumab-pegol; ETA, etanercept; GOL, golimumab; INF, infliximab; TNFi,

tumour necrosis factor inhibitor; RR, risk ratio.

De novo heart failure—Comparison of INF
dosages in randomized studies

As one of the main reasons for the potentially increased
risk of HF associated with TNFi treatment was the in-
creased risk observed in patients with advanced HF who

received higher doses of INF (10 mg/kg),'” we aimed to
compare the effects of different INF doses to non-treated
control groups.

Although subgroup analysis of higher doses (10 mg/kg)
published in articles included could not be performed, the
lower dose of INF (5mg/kg), commonly used in clinical
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practice, did not show an associated risk compared to con-
trol (RR=0.51, 95% CI: 0.10-2.58, Figure 5).

De novo heart failure—Non-randomized studies

The risk of de novo HF risk was also analysed using non-
randomized, observational, real-world data from 11 stud-
ies. The overall effect of this analysis of patients with
mainly RA, similar to the results of pooled randomized
data, indicated no risk increase with TNFi compared to
patients not treated with TNFi (RR=0.86, 95% CI: 0.64—
1.14, see Figure 6).

Composite (de novo and worsening) of heart
failure—Non-randomized studies

Data from 13 non-randomized studies of more than 100,000
patients examined the risk of composite HF outcome (de novo
and worsening cases) by comparing TNFi-treated and non-
TNFi-exposed groups. The overall effect showed no increase
in risk in the TNFi- compared to the control group, tending
rather towards a beneficial effect of TNFis (RR=0.71, 95%
CI: 0.48-1.04) among patients with RA, PsO and IBD. The
heterogeneity between the studies was high (I*=72%) due to
the observational nature of patient data. The findings for the
composite outcome presented in the forest plot can be seen
in Figure 7.

TNFi no TNFi
Study Events Total Events Total
10 mg/kg
Maini, 1999 0 168 1 88
Westhovens, 2006 1 361 0 361

Heterogeneity:lzz 34%,1%2=1.38,p=0.218
Test for effect in subgroup: t,=-0.23 (p = 0.857)

3 mg/kg
Maini, 1999 0 172 1 88
Westhovens, 2006 1 360 O 361
Heterogeneity: 1° = 35%,72=1.46,p = 0.213
Test for effect in subgroup: t, = -0.23(p = 0.854)

5 mg/kg
Reich, 2005 0 298 0 76
Torii, 2010 0 35 0 19
Antoni, 2005 0 103 0 97
Random effects model 0 436 0 192

Heterogeneity: /2= 0% [0%; 90%)],12= 0, p= 0.898
Test for effect in subgroup: t,=-1.79 (p = 0.216)

Random effects model 2 1497 2 1090
Heterogeneity:/ 2= 0% [0%; 71%)],t2=0,p= 0.765
Test for overall effect: t = -0.90 (p= 0.404)

Higher risk
in no TNFi

FIGURE 5
interval; RR, risk ratio; TNFi, tumour necrosis factor inhibitor.

Studies not involved in the quantitative analyses

Four studies could not be included and statistically synthe-
sized in the meta-analysis; their findings on the risk of HF
are qualitatively summarized.

Edwards (2019) reported the results of 19 ETA-
interventional, phase I-IV PBO-controlled RCTs that have
already been pooled and analysed. Data analysed were from
elderly (=65years) and non-elderly (<65years) RA patients.
In the analysis of elderly patients, data from 821 patients
treated with ETA and 196 patients treated with PBO were
included, whereas, in the non-elderly group, 4325 patients
treated with ETA and 634 patients treated with PBO were
involved. There was no difference in the magnitude of the
mean percentage occurrence between the ETA and PBO co-
horts in the elderly (1.22 vs. 1.22) and non-elderly (0.18 vs.
0.16) populations (Edwards, 2019, Table S6).3

Of the PBO-controlled induction and maintenance RCTs
reported in Watanabe (2012), the maintenance study was se-
lected for inclusion in the meta-analysis to avoid overlapping
data based on a more extended follow-up period than the
induction trial (52 vs. 4 weeks). At 4weeks of the induction
period, none of the 67 CD patients treated with ADA expe-
rienced de novo HF-related adverse events (Watanabe, 2012,
table 3).>

One RCT was excluded from the meta-analysis due to
its population consisting of RA patients infected with the
hepatitis C virus and having a higher risk of cardiovascu-
lar adverse events’” than the populations in the other RCTs

Risk Ratio RR 95% Cl Weight
— 018  [0.01;  4.25]16.67%
- 300 [0.12  73.40] 16.60%
i 017  [0.01;  4.16] 16.67%
. 301 [0.12;  73.60] 16.60%
——— 026  [0.01;  12.81] 11.09%
——— 055 [0.01;  26.62] 11.27%
— 094 [0.02  47.01]111.10%
- 0.51 [0.10;  2.58] 33.46%

- 0.64 [0.19;  2.16] 100.00%

0.001 1101000

Higher risk
in TNFi

Comparison of infliximab dosages compared to non-treated controls in randomized studies on de novo heart failure. CI, confidence
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TNFi no TNFi

Study Event Total Event Total Risk ratio RR 95%Cl Weight

IBD
Curtis, 2007, IBD 1 569 2 1328 - 1.20 [0.07;20.20] 0.70%

RA
Chen, 2021 20 1257 36 1909 —m 0.49 [0.27; 0.89] 10.65%
Bernatsky, 2005 12 187 221 1877 — = 0.50 [0.20; 0.90] 7.66%
Myasoedova, 2011 ) . } I R 0.50 [0.10; 3.50] 1.71%
Listing, 2008 17 1894 8 2256 _— 0.70 [0.27; 1.84] 5.19%
Edwards, 2020 242 13912 508 41735 0.80 [0.70; 0.91] 28.74%
Solomon, 2013 71 10921 50 8091 0.86 [0.58; 1.27] 17.08%
Wolfe, 2004 12 3003 12 3248 1.08 [0.49; 2.40] 6.99%
Huang, 2023 . . . . 1.11 [0.65; 1.92] 12.06%
Setoguchi, 2008 26 777 126 3783 —8a— 2.07 [1.00; 4.25] 8.12%
Curtis, 2007, RA 5 1138 1 983 — | 440 [0.46;41.84] 1.09%
Random effects model 405 33089 962 63882 < 0.85 [0.63; 1.17] 99.30%
Heterogeneity: 12= 41% [0%; 72%], ©=0.05 ,p =0.085
Test for effect in subgroup: t,=-1.14 (o= 0.285)

Random effects model 406 33658 964 65210 < 0.86 [0.64; 1.14] 100.00%

Prediction interval — [0.49; 1.50]
Het(—)rogeneity:l2 = 35% [0%; 68%], = 0.05,p =0.121
Test for overall effect: t1o= -1.20 (p=0.259) 01 051 2 10

Higher risk Higher risk
in no TNFi in TNFi
FIGURE 6 Forest plot on the results of pooled non-randomized data on the risk of de novo heart failure with subgroups of immune-mediated

inflammatory diseases. CI, confidence interval; IBD, inflammatory bowel disease; RR, risk ratio; TNFi, tumour necrosis factor inhibitor.

included in the meta-analysis. Altogether, nine patients were
treated with methotrexate, 13 with ETA, and 7 with com-
bination methotrexate-ETA, and they were followed for
54 weeks. One patient developed de novo HF in the com-
bined methotrexate-ETA group.”’

In the fourth study (Nurmohamed, 2015), retrospective
data were analysed for composite HF events. In the analy-
sis of 113,677 patients with RA, TNFi exposure was associ-
ated with a reduced HF risk (HR=0.80).”* Without a CI or
range of estimates, this outcome could not be included in
the quantitative analysis. However, the large-scale real-world
data analysed contribute significantly to the assessment of
the effect of TNFis on HF, refuting current evidence of an
increased risk of HF with TNFis.

Risk of bias assessment, publication bias and
certainty of evidence

For most studies, the risk of bias assessment resulted in a
high overall risk. In RCTs, the main reasons for downgrad-
ing were deviations from intended interventions (D2) and
bias due to measurement of the outcome (D4) domains.
During the evaluation of non-randomized observational
trials, downgrading was caused by bias due to confound-
ing (D1 domain). The results of the risk of bias for each
outcome are shown in the Figures S1-S8. Figures S9-S13
present the funnel plots for evaluation of publication bias;
the results show that no publication bias can be detected
among the included studies. According to GRADEpro's

assessment, the certainty of evidence was rated very low
for all outcomes. However, the rigorous as possible meth-
odology and the comprehensive data set analysed in the
present study provide a higher level of evidence compared
to previous ones in the literature. See the detailed cer-
tainty of evidence in the Table S4.

DISCUSSION

Our results from the meta-analyses with more than 150,000
IMID patients demonstrated no risk-increasing effect of
TNFis on new-onset and worsening of HF.

Presumably, because of concerns raised by the initial
RCTs among non-IMID, advanced HF-diagnosed patients,
no RCTs were performed in IMID patients to investigate the
risk of worsening HF. Consequently, only non-randomized,
real-world observational data could be used to analyse wors-
ening HF in IMID patients treated with TNFi. The results of
our analysis on the risk of worsening HF showed no statis-
tically significant risk-increasing effect in the TNFi-treated
group compared to the control. However, it only includes
data from patients with RA with a low number of individuals
with mixed TNFi groups, leading to high uncertainty in the
evaluation of the results.

De novo HF as an endpoint was assessed by analysing
both RCTs and non-randomized observational data. In ad-
dition, the overall effects did not indicate an increased risk;
there was a tendency to suggest a beneficial effect of TNFis
on the new onset of HF in both analyses.
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TNFi no TNFi

Study Event Total Event Total Risk ratio RR 95% CI Weight

IBD
Reinisch, 2018 . 599 . 96 - = 0.06 [0.00; 1.72] 0.88%
D'Haens, 2017 0 .4 . — = | 0.20 [0.03; 1.15] 2.68%
Panés, 2019 3 1059 3 1180 —. 1.11 [0.23; 5.51] 3.09%
Random effects model 16582 1276 —_—  —— 0.35 [0.01; 9.76] 6.65%
Heterogeneity:/2= 41% [ 0%; 82%)] ,T=0.77,,p = 0.185
Test for effect in subgroup: t, = -1.37(p = 0.304)

PsO
Rivera, 2011 0 417 0 215 - 0.52 [0.01; 25.93] 0.64%

RA
Carmona, 2007 5 . 28 . e 0.14 [0.05; 0.37] 6.08%
Morgan, 2014 28 3529 36 2864 = 0.52 [0.31; 0.84] 9.90%
Chen, 2021 29 1278 46 1932 0.59 [0.35; 0.97] 9.75%
Listing, 2008 26 1946 11 2302 0.65 [0.29; 1.44] 7.17%
Wolfe, 2004 180 5832 281 7339 0.81 [0.67; 0.97] 12.38%
Solomon, 2013 111 11587 84 8656 0.84 [0.62; 1.12] 11.64%
Ozen, 2021 . 7724 . 15541 0.87 [0.73; 1.03] 12.44%
Al-aly, 2011 . 3796 19899 1.05 [0.91; 1.22] 12.57%
Setoguchi, 2008 59 1002 227 4591 1.61 [1.08; 2.39] 10.78%
Random effects model 36694 63124 0.75 [0.48; 1.16] 92.71%
Heterogeneity:l2 = 78% [59%; 89%],T2: 0.20, p < 0.001
Test for effect in subgroup: t;= -1.53 (p=0.164)

Random effects model 38769 64615 0.71 [0.48; 1.04] 100.00%

Prediction interval [0.24; 2.07]

L2 2 I I I I I
Heterogeneity:/ = 72% [51%; 84%], T=0.21 ,p< 0.001
Test for overall effect: ¢ |, — _1.93(p= 0.077) 001 0.1 1 10 100
i - x2 Higher risk Higher risk
Test for subgroup differences: X5 = 0,96, df = 2 in%o N ig TNE
(p=0.619)
FIGURE 7 Forest plot on the results of pooled non-randomized data on the risk of composite (de novo and worsening) heart failure with subgroups

of immune-mediated inflammatory diseases. CI, confidence interval; IBD, inflammatory bowel diseases; PsO, psoriasis; RA, rheumatoid arthritis; RR,

risk ratio.

In the pooled synthesis of RCTs, subgroup analyses of the
active agents (ADA, INF) were performed, supplemented by a
dosage comparison analysis of INE The currently widely used
dose of INF (5mg/kg) did not show any risk-increasing effect
on developing HE The 10mg dose of infliximab, previously in
the literature linked to the enhanced risk of HE'® could not be
investigated in the present study. Although this higher dose
is rarely applied in clinical practice, it should be noted that a
dose-dependent threshold effect with infliximab still cannot be
ruled out. A subgroup analysis of PsO and PsA patients in the
randomized data synthesis also showed no increase in risk in
the group receiving TNFi compared to controls. These findings
were consistent with the results of a meta-analysis published
by Champs et al. (2019), conducted in patients with PsO and
PsA, where there was no HF-risk difference between TNFi and
PBO groups (risk difference=0.00, 95% CI —0.01 to 0.01).”®
Compared with this prior work, our current analysis provides
a more comprehensive assessment of the safety of TNFis, as it
also includes data from patients with RA, IBD and SpA.

The analysis of data from non-randomized studies on
the risk of de novo HF with almost exclusively RA patients
showed a non-significantly lower risk in the TNFi-treated
group. Consistent with our results, a previous meta-analysis

from Roubille et al. on supposedly mainly new onset of
HF outcomes with fewer RA patients demonstrated a non-
significant risk-reducing effect in TNFi-treated versus non-
TNFi-treated groups.”

Strengths and limitations

The major strength of our work is that it is the first meta-
analysis of TNFi-treated IMID patients to distinguish
between worsening, de novo events of HF in separate com-
parative analyses. An additional strength is that it syn-
thesizes data from a large number of patients from both
randomized trials and non-randomized observational stud-
ies, presumably representing the highest level of evidence in
the study on the effect of TNFis on HF to date. However, a
limitation is that definitions of HF cases in individual stud-
ies are different and insufficient. Although the assessment
of real-world data is a strength of the present meta-analysis,
these observational studies have a high degree of heterogene-
ity; due to the lack of randomisation, selection bias can cause
a difference in the baseline risk of the outcome investigated
between the comparison groups, potentially increasing the
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inconsistency of the analyses. As for the analyses of rand-
omized trials, the reliability of the results may be reduced by
the very low event rate in the individual studies.

Implications for research and practice

Given that current guidelines contraindicate the use of
TNFis in advanced HF, it is crucial to further investigate
the outcome of worsening HF and strengthen the find-
ings of the present analysis with new data. Findings from
recent basic research suggest that the complex dual pro-
inflammatory and late anti-inflammatory cardiac effects
of TNF-a signalling might play a role in the exacerbation
of HF with TNFis.*® However, the mechanism still needs
to be clarified. Further studies using animal models are in-
evitable to exclude the association between TNFis and the
worsening of HF.

Both on worsening and de novo HF outcomes, detailed
subgroup analyses using individual patient data are also
warranted, particularly for different stages, NYHA classes
and aetiologies of HF. Further separate analyses with all
the active substances of TNFis are also needed. As initial
RCTs with ETA and INF suggested that the application of
increased doses may carry a potential risk for worsening
HF, investigating the effect of different dose regimens of
TNFi agents on the risk of HF would also be essential to re-
fine recommendations for the use of TNFis in IMIDs. The
guidelines should be continuously revised as additional
data become available and synthesized with the present
findings.

The early translation of the findings of synthesized data
derived from both basic and clinical research into everyday
practice is undeniably required to ensure that IMID patients
receive the most appropriate anti-inflammatory treatment,
also tailored to their comorbidities.*"*

CONCLUSION

The present findings indicate that TNFis have no risk-
increasing effect on the development of de novo HF in
IMID patients; additionally, no statistically significant risk
enhancement could be detected on worsening of HF with
TNFis. An update of IMID guidelines should be considered
to specify that TNFis do not increase the risk of new-onset
HF, and further data are needed on the worsening of HF
with TNFis in IMIDs.
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