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Abstract

Background: Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune disease

associated with increased risk of cardiovascular disease (CVD). Treatment for CVD may involve
pharmacological agents that antagonise beta adrenergic receptors. These receptors may play

an important role in immunology, and the effects of beta-blockers (BB) in RA is unknown. The

aim of this study was to investigate the association between BB use and remission in patients

with RA initiating tocilizumab +/- conventional synthetic (cs-) DMARD therapy.

Methods: Data was pooled from five randomised trials investigating tocilizumab and/or forrespandence to:
csDMARD treatment in RA (primarily methotrexate). The association between BB use and ELSaCrirF:ia";f;gCy“gi;ﬁége
remission according to the Simplified Disease Activity Index (SDAI) and Clinical Disease of Medicine and Public
Activity Index (CDAI) was assessed by Cox proportional hazard analysis. Sensitivity analysis in o ™ s
patients with pre-existing CVD and an exploratory analysis of the impact of other CVD drugs Esgtf:arﬁaParkv SA 5042,

were conducted. Health and Biomedical
Results: Data were available from 5502 participants, 594 (10.8%) of whom were using systemic  Innovation, UniSA: Clinical

and Health Sciences,

BB. BB use was associated with less frequent SDAI remission in the total [adjusted hazard University of South
ratio (HR) 0.70, 95% confidence interval (Cl) 0.57-0.87, p=0.001] and CVD cohort [adjusted HR ~ Australia, Adelaide, SA,
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0.72 (0.57-0.90, p=0.005]]. The association was consistent between trials (interaction p=0.44)  Ahmad.Abuhetwar

and treatment arms (interaction p=0.06). No significant association between remission and ;"“‘_’::S':d:'a“
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Catecholamines can modulate the effects of
immune effector cells via beta-adrenergic recep-
tors (BAR). There are three types of AR (B,AR,
B,AR and B;AR), and B,AR are thought to play a
key role in immunological balance and may influ-
ence the development of RA and/or disease activ-
ity in patients with established disease.?* These
effects appear to be dependent upon the cell type
and stage of disease,’ accelerating disease in the
early stages, but leading to beneficial (immuno-
suppressive) effects in later stage RA.%* It is not
known if they modulate responses to DMARDs.
In recent years, there has been a trend to use ;-
adrenergic receptor (B;AR) selective BB for CVD
as these receptors are concentrated in cardiac
myocytes. These agents should therefore interact
less with the immune system than non-selective
BB. Given the potential interaction of BB with
the immune system, the aim of this study was to
use large, high-quality individual-participant
data (IPD) collected in clinical trials to investi-
gate the association between systemic use of con-
comitant BB and the likelihood of achieving
remission in RA patients on conventional syn-
thetic DMARDs (¢csDMARDs) or the biological
DMARD tocilizumab.

Patients and methods

Patient population

IPD from the Hoffmann-La Roche sponsored
phase III clinical trials LITHE [ClinicalTrials.gov
identifier: NCT00106535] registered 28 March
2005, AMBITION [ClinicalTrials.gov identifier:
NCT00109408] registered 28 April 2005),
TOWARD [ClinicalTrials.gov identifier: NCT
00106574] registered 28 March 2005, FUN
CTION [ClinicalTrials.gov identifier: NCTO
1007435] registered 20 August 2012, and
SUMMACTA [ClinicalTrials.gov identifier: NC
T01194414] registered 3 September 2010, were
utilized in this pooled analysis. These studies
were conducted in accordance with the ethical
principles of the Declaration of Helsinki. Written
informed consent was obtained from all patients
prior to enrolment. The secondary analysis of
de-identified IPD, in the current study, was
exempted from review by the Southern Adelaide
Local Health Network, Office for Research
and Ethics as it was classified as minimal risk
research. Tocilizumab clinical trials were
accessed according to Hoffmann-I.a Roche pol-
icy and have been made available through Vivli,
Inc. (www.vivli.org).

LITHE included RA patients randomly assigned
(1:1:1) to tocilizumab (4 or 8 mg/kg) plus MTX or
MTZX alone. AMBITION included RA patients
randomized 3:3:1 to tocilizumab (8 mg/kg), MTX
(7.5 mg/week) or placebo for 8 weeks followed by
tocilizumab (8 mg/kg).” TOWARD randomised
patients 2:1 to either tocilizumab (8 mg/kg) or pla-
cebo, with both groups receiving concomitant
c¢sDMARD therapy.® FUNCTION included
MTX-naive patients with early progressive RA
randomized 1:1:1:1 to tocilizumab (4 or 8 mg/kg)
plus MTX, tocilizumab (8mg/kg) or MTX.°
SUMMACTA included RA patients randomised
1:1 to tocilizumab-subcutaneous (tocilizumab-
SC) 162mg weekly or tocilizumab-intravenous
(tocilizumab-1V) 8mg/kg every 4weeks for
24weeks in combination with csDMARDs. To
assess the long-term safety and efficacy of tocili-
zumab in an extension study of SUMMACTA,
patients who received tocilizumab-SC in the first
24 weeks were randomised 11:1 to receive tocili-
zumab-SC or tocilizumab-IV and patients receiv-
ing tocilizumab-IV were randomized 2:1 to receive
tocilizumab-IV or tocilizumab-SC.1° Data were
collected up to week 97 in the SUMMACTA
extension study.!?

All studies included adult patients (age = 18 years)
diagnosed with moderate-to-severe RA for =3
(AMBITION) or =6months (all other studies)
according to American College of Rheumatology
(ACR) classification criteria. Active RA was
defined by swollen joint count (SJC) = 6 (66 joint
count), tender joint count (TJC)=8 (68 joint
count) and C-reactive protein (CRP) = 1 mg/dl or
erythrocyte sedimentation rate (ESR) =28 mm/h.
FUNCTION included early progressive RA
patients defined according to the 28-joint Disease
Activity Score using the erythrocyte sedimenta-
tion rate (DAS28-ESR) over 3.2, with SJC =4,
TJC=6, ESR=28mm/h or CRP=1mg/dl and
positive rheumatoid factor or anti-cyclic citrulli-
nated peptide antibodies.

Predictors and outcomes

The primary outcome was time to first RA remis-
sion according to the Simplified Disease Activity
Index (i.e. SDAI=<3.3).!! Time to first RA remis-
sion according to Clinical Disease Activity Index
(i.e. CDAI=<2.8) was the secondary outcome.!!
Patients were censored at the last known date of
follow up or at the recorded date of death if they
had not achieved remission. Systemic BB use at
the time of initiating RA therapy (baseline) was
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assessed as the primary predictor. The use of
other cardiovascular medicines at baseline [i.e.
calcium channel blockers (CCB), angiotensin-
converting enzyme inhibitors (ACEI)/angiotensin
receptor blockers (ARB), and thiazide diuretics]
was assessed as secondary predictors.

Pre-treatment SDAI, CDAI, age, sex, race (white/
Asian/black/other), RA disease duration, number
of previous DMARDs, corticosteroid use, pres-
ence of hypertension, coronary artery disease and
diabetes mellitus were available.

Individual components of the disease activity
measures [28 tender (TJC) and swollen (SJC)
joint counts, patient and physician assessment of
disease activity and C-reactive protein (CRP)]
were evaluated to identify the main factors driving
altered rates of remission. Remission criteria for
individual disease activity measures were based on
the Boolean criteria proposed by Felson ez al.,!!
whereby remission was defined for TJC as <1,
SJC=<1, and CRP<I1mm/h. Although not
included in Felson ez al.,!! physician assessment of
disease activity <10% was classified as remission.

Statistical analysis

Cox proportional hazard analysis was used to
assess the association between BB use and remis-
sion in the pooled cohort from five clinical trials.
Results were reported as hazard ratios (HR) with
95% confidence intervals (95% CI). Statistical
significance was set at p<<0.05 (likelihood ratio
test). Univariable and adjusted analyses were
conducted to assess the independence of associa-
tions from other prognostic factors. Complete
case analysis was used. Analyses were stratified by
study and treatment arms. Heterogeneity of the
BB association according to treatment, study, or
number of cardiovascular drugs (excluding BB)
at baseline was assessed using a treatment-by-
biomarker interaction term. Kaplan—Meier analy-
sis was used for plotting and estimating remission
probabilities.

A sensitivity analysis was conducted to determine
the association of BB use with remission in
patients with pre-existing CVD. Exploratory
analysis of the likelihood of remission according
to BB cardio-selectivity (B1AR-selective/non-
selective) was performed. The association
between remission and baseline use of CCB,
ACEI/ARB, or thiazide diuretics was also

explored. All analyses were conducted using R
version 3.4.3.

Results

Patient population

Of the 5502 patients, 4126 (75%) were treated
with tocilizumab + csDMARDs and 1376 (25%)
with ¢sDMARDs alone, 594 (11%) of whom
were using a BB, the majority of which (89%)
were [;AR-selective agents. A summary of
patients’ baseline characteristics stratified by
study and BB use is provided in Supplemental
Tables S1 and S2, respectively. A summary of
BBs taken at baseline is presented in Supplemental
Table S3. SDAI and CDAI were missing for 10
and 2 patients, respectively, and for SDAI and
CDAI adjusted analysis, 143 (2.6%) and 100
(1.8%) patients, respectively, were excluded due
to missing data.

Median follow up was 260weeks in LITHE,
24 weeks in AMBITION, 24 weeks in TOWARD,
52weeks in FUNCTION and 97weeks in
SUMMACTA.

Association between concomitant BB use and
remission

BB use was associated with less SDAI-defined
remission on univariable [(hazard ratio (HR) 0.63,
95% confidence interval (CI) 0.52-0.76], p<<0.001,
Supplemental Table S4] and adjusted analysis [HR
0.70 (0.57-0.87), p=0.001, Table 1]. No signifi-
cant heterogeneity in the identified association was
observed between studies (SDAl-interaction p=
0.44), treatment arms (SDAI-interaction p=0.06),
or by the number of other cardiovascular drugs used
(SDAI-interaction p=0.88) (Supplemental Tables
S5-87). There was no significant difference in the
rate of SDAI-remission between patients on 3;AR-
selective and non-selective BB [adjusted HR 0.68
(0.40-1.16), p=0.16, Table 2]. Similar associations
between BB use and CDAI remission were observed
(Tables 1 and 2, Supplemental Tables S4-S7).
Kaplan-Meier estimates of remission likelihood
according to BB use and BB selectivity are pre-
sented in Figure 1.

Although the use of CCB (p=0.006) and ACEl/
ARB (p=0.001) were significantly associated with
lower likelihood of achieving SDAI-remission on
univariable analysis, no significant associations
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Table 1. Adjusted pooled cohort analysis of the association between BB use and remission.

Pooled cohort SDAI-remission

CDAIl-remission

Events/patients HR (95% Cl) Events/patients HR (95% Cl) p
BB use
No 1341/4769 1 1630/4815 1
Yes 110/580 0.70(0.57-0.87) 0.001  133/585 0.73 (0.60-0.88) 0.001

Adjustment variables: weight, age, race, sex, RA disease duration, presence of coronary artery diseases, hypertension,
diabetes, corticosteroid use, baseline disease activity (SDAI, CDAI scores), and number of previous DMARDs.

BB, beta-blocker; CDAI, clinical disease activity index; Cl, confidence interval; DMARDS, disease-modifying antirheumatic
drugs; HR, hazard ratio; RA, rheumatoid arthritis; SDAI, simple disease activity index.

Table 2. Adjusted pooled cohort analysis of the association between BB selectivity and remission.

Pooled cohort SDAI-remission

CDAIl-remission

Events/patients HR (95% Cl) P Events/patients HR (95% Cl) p
BB selectivity
Non-selective  19/82 1 18/83 1
B1-selective 91/498 0.68 (0.40-1.16)  0.157  115/502 1.04(0.61-1.78] 0.871

Adjustment variables: weight, age, race, sex, RA disease duration, presence of coronary artery diseases, hypertension,
diabetes, corticosteroid use, baseline disease activity (SDAI, CDAI scores), and number of previous DMARDs.

BB, beta-blocker; CDAI, clinical disease activity index; Cl, confidence interval; DMARDS, disease-modifying antirheumatic
drugs; HR, hazard ratio; RA, rheumatoid arthritis; SDAI, simple disease activity index.

between the use of CCB (p=0.18), ACEI/ARB
(»p=0.22), and thiazide diuretics (p=0.83) were
identified on adjusted analysis. Similar associa-
tions were observed with CDAI-remission
(Supplemental Tables S8 and S9).

The analysis of the individual components of the
disease activity measures indicated tender joint
count, and patient and physician assessments of
disease activity were the primary drivers of
reduced remission in patients on BB
(Supplemental Table S10 and Supplemental
Figure S1).

Sensitivity analysis

In the pooled cohort, 1949 (35%) had pre-exist-
ing CVD, 539 (28%) of whom were using a BB.
In this subgroup, BB use was associated with
lower remission on univariable (Supplemental
Table S11) and adjusted analyses (Table 3).
Kaplan—Meier estimates of remission likelihood
according to BB selectivity are presented in
Supplemental Figure S2.

Discussion

This study showed that BB use was associated
with reduced likelihood of remission in five large
independent cohorts of patients with RA who ini-
tiated tocilizumab and/or csDMARDs. No sig-
nificant heterogeneity in the identified association
was observed between studies, treatment arms,
and the number of cardiovascular drugs used at
baseline.

The role of BAR in autoimmune conditions has
not been clearly established, although ,AR appear
to be most prominently involved. Further,
Arthropathy associated with various BB has been
reported in various case reports with metoprolol
being the most frequently implicated.?1¢ In the
present study, concurrent use of BB was associated
with reduced likelihood of achieving remission but
a difference in outcomes between those taking
non-selective and ;AR selective agents was not
identified. Most patients in the analysis were tak-
ing B,AR selective agents, suggesting that effects
were mediated via interaction with B;AR. ;AR
can inhibit the migration of innate immune cells
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Figure 1. Kaplan-Meier estimates of the proportion of RA patients achieving remission at least once by
BB use (top) and by BB selectivity (bottom) in the pooled cohort using (a) SDAI and (b) CDAI remission. The
numbers underneath Kaplan-Meier plots indicate the absolute number of patients at risk by time.

BB, beta-blocker; CDAI, clinical disease activity index; RA, rheumatoid arthritis; SDAI, simplified disease activity index.

and, in murine models, mice deficient in ;AR
have improved bacterial defences — both of which
are suggestive of catecholamines having an immu-
nosuppressive role,!> although ;AR stimulation
has also been shown to induce the production of
proinflammatory IL-1p in monocytes.!® However,
the results of this analysis are inconsistent with a
small study in patients with severe RA where the
non-selective BB propranolol was associated with

an improvement in some manifestations of disease
in 10 of 11 patients, although this study was not
controlled, patients had very advanced disease, the
markers used to measure disease activity were not
contemporary and other therapy was not
reported.!” The results presented herein may indi-
cate a role for ;AR pathways in RA pathophysiol-
ogy, but this mechanism is yet to be confirmed and
is uncertain given that ;AR are located primarily
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Table 3. Adjusted analysis of the association between BB use and remission in patients with pre-existing CVD

(sensitivity cohort).

Sensitivity cohort SDAI-remission

Events/patients HR (95% Cl)

CDAIl-remission

BB use
No 377/1372 1
Yes 99/527 0.72 (0.57-0.90)

p Events/patients HR (95% Cl) p
0.005 0.004
424/1384 1
118/532 0.73 (0.59-0.91)

Adjustment variables: weight, age, race, sex, RA disease duration, presence of coronary artery diseases, hypertension,
diabetes, corticosteroid use, baseline disease activity (SDAI, CDAI scores), and number of previous DMARDs.

BB, beta-blocker; CDAI, clinical disease activity index; Cl, confidence interval; CVD, cardiovascular disease; DMARDS,
disease-modifying antirheumatic drugs; HR, hazard ratio; RA, rheumatoid arthritis; SDAI, simple disease activity index.

on cardiac myocytes and may be downregulated in
chronic inflammation.!8

The large number of patients included in this
analysis and the completeness of data collected
are strengths of this study as they allowed for a
relatively high-powered analysis. However,
despite the large number of patients, there were
comparatively few who took non-selective com-
pared with ;AR selective BB. The lack of differ-
ence in effect between [,AR selective and
non-selective BB may be due to low power in the
subgroup analysis.

The limitations of this study include the lack of
information regarding the dosage or duration of
BB use, and subsequent inability to determine if
these variables conferred a different response.
This may be pertinent given that BB may be less
effective in patients with RA and other autoim-
mune conditions due to the down-regulation of
BAR, which may necessitate a higher dose.!®
Another potential limitation is that the study
included data for tocilizumab as a bDMARD.
Confirming the association for other bDMARDs
is a future direction of the research. In all included
studies, tocilizumab was administered intrave-
nously except for the SUMMACTA study where
TCZ was administered wvia subcutaneous injec-
tion. However, intravenous and subcutaneous
tocilizumab have similar retention and effective-
ness in patients with rheumatoid arthritis.!®

The key implication of our findings is that the
association between BB use and remission should
be explored further to both confirm our findings
and determine the pharmacological basis for the

class effect, with future research focussing on
determining differences between ;AR selective
and non-selective BB.
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