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Risk of diverticulitis and gastrointestinal perforation
in rheumatoid arthritis treated with tocilizumab
compared to rituximab or abatacept

Claire Rempenault ', Cédric Lukas', Bernard Combe ', Astrid Herrero?,
Isabelle Pane®, Thierry Schaeverbeke*, Daniel Wendling®, Thao Pham®,
Jacques-Eric Gottenberg’, Xavier Mariette® and Jacques Morel '; On behalf
of the French Society of Rheumatology and the investigators participating in
AIR-PR, ORA and REGATE registries

Abstract

Objective. To compare the risk of diverticulitis and gastrointestinal perforation (GIP) in RA treated with tocilizumab
(TCZ) compared with rituximab (RTX) and abatacept (ABA).

Methods. We conducted a population-based study using three observational French registries on TCZ, RTX and
ABA in RA. Using a propensity score approach, we compared the risk of diverticulitis or GIP in these patients.
Results. With inverse probability weighting, there was an increased risk of diverticulitis in TCZ-treated patients
compared with RTX- or ABA-treated patients [hazard ratio (HR)=3.1 (95% CI: 1.5, 6.3), P =0.002]. Moreover,
patients treated with TCZ had also an increased risk of GIP due to diverticulitis compared with those treated
with RTX or ABA [HR=3.8 (1.1-13.6), P =0.04], resulting in an overall increased risk of GIP [HR=2.9 (1.1-7.8),
P =0.03], while no significant increased risk of GIP due to any other aetiology was found in TCZ treated
patients. Diverticulitis and GIP occurred earlier with TCZ than other drugs after the last perfusion (P =0.01),
with atypical clinical presentation (slow transit in 30%, P =0.04) and lower acute-phase reactants at the time
of the event (P =0.005).

Conclusion. TCZ for RA was associated with increased odds of diverticulitis as well as GIP due to diverticulitis
as compared with RTX and ABA. Our study confirms the increased odds of GIP in patients receiving TCZ, which
might be explained by an increased risk of diverticulitis with misleading clinical presentation.
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Rheumatology key messages

o Tocilizumab is associated with an increased risk of diverticulitis.

o Tocilizumab is associated with an increased risk of gastrointestinal perforation, especially those due to diverticulitis.

o Gastrointestinal events including diverticulitis have misleading clinical presentations in RA treated with
tocilizumab leading to gastrointestinal perforation.
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Introduction

Gastrointestinal (Gl) perforation (GIP) is a rare but severe
complication that occasionally occurs in patients with
RA. The incidence of GIP in RA is estimated at 0.2-1.2/
1000 person-years (PY) [1]. As compared with non-RA
patients, RA patients seem at increased risk of GIP
{hazard ratio [HR] = 1.5 [95% CI: 1.1, 1.9], with an
increased risk of mortality [HR=1.6 (1.1-2.2)]} [2].
Before the use of biologic agents, GIP occurred mainly
in the upper Gl tract, related to the use of NSAIDs [3, 4].
Nevertheless, in recent studies, nearly 80% of GIP
occurred in the lower Gl tract [1, 5]. Some risk factors
for GIP in RA have been concordantly identified in mul-
tiple studies: age, comorbidities [estimated by the
Charlson Comorbidity Index (CCI)], exposure to (or cu-
mulative dose of) glucocorticoids or NSAIDs at the time
of the event, and history of diverticulitis [5-7].

A clinical development program in RA revealed a
potential risk of GIP in patients receiving at least 1
dose of intravenous (i.v.) tocilizumab (TCZ), a mono-
clonal antibody targeting IL-6 receptor (IL-6R). Pooled
data from phase 2, 3 and 4 trials in this patient popu-
lation found an estimated incidence of GIP of 2.0/1000
PY (95CI1=1.4-2.9) [8]. Two retrospective observation-
al studies corroborated these findings [6, 7]. The ana-
lysis of the German RABBIT registry found an
increased risk of lower GIP in RA patients receiving
TCZ vs conventional synthetic disease-modifying anti-
rheumatic drugs (csDMARDs) [HR =4.5 (2.0-10.0)] [6].
Additionally, an analysis of the Marketscan and
Medicare databases, including 164 152 RA patients,
found an increased risk of GIP in patients receiving
TCZ vs TNF inhibitor (TNFi) agents [adjusted HR=2.5
(1.3-4.9)] [7]. These results were confirmed in the
Swedish registry ARTIS recently [9].

The aetiology of these GIP cases in patients with RA
receiving TCZ has never been investigated in clinical
studies. In the general population, lower GIP is frequent-
ly linked to diverticular disease [10]. Strangfeld et al. [6]
showed that symptomatic diverticulitis was more likely
complicated by GIP in patients receiving TCZ vs
csDMARDs or TNFi agents (68.7% vs 32.5% or 35.1%).
Nevertheless, to our knowledge, the risk of diverticulitis
in patients receiving different biologic agents has never
been explored.

Thus, we compared the risk of diverticulitis and GIP in
RA treated with TCZ vs rituximab (RTX) and abatacept
(ABA) for patients included in the registries of the
French Society of Rheumatology by using a propensity
score approach.

Materials and methods
Study data

We used data from three registries of the French
Society of Rheumatology, [Autolmmunity and
Rituximab (AIR), Orencia and RA (ORA) and REGistry-

RoAcTEmra (REGATE)] prospectively evaluating the
efficacy and safety of RTX, ABA (i.v.) and TCZ (i.v.) in
real-life patients with RA. These registries and their
methodologies for data collection have been
described previously [11-13]. In summary, standar-
dized information about demographic, clinical and
therapeutic characteristics as well as reported ad-
verse events (AEs) were prospectively collected by
trained staff at each site (at baseline, 3 and 6 months
and every 6 months or at disease relapse afterwards)
during 7years for AIR and 5years for ORA and
REGATE. A systematic follow-up for safety reasons
was performed even after drug discontinuation. In this
study, data from the three registries were pooled. If a
patient was included in several registries, all available
data were taken into consideration. Informed patient
consent was obtained. This cohort study was based
on the auidelines of the STROBE stateme

These studies were approved by the French
authorities (Comité Consultatif sur le Traitement de
I'information en matiére de Recherche dans le do-
maine de la Santé (Advisory Committee on Information
Processing in Health Research) and Commission
Nationale de L’Informatique et des Libertés (the
National Commission for Data Protection and
Liberties)).

Eligibility criteria

Patients were recruited from 107 study sites (54 aca-
demic and 53 non-academic) in France from September
2005 to August 2013 for AIR and ORA and from January
2011 to June 2018 for REGATE. Inclusion criteria were
diagnosis of RA according to the 1987 American
College of Rheumatology criteria, age >18years, and
initiation of i.v. RTX, ABA and TCZ. A full list of patients
receiving i.v. RTX, ABA or TCZ for each site was
obtained from the pharmacist to avoid any inclusion
bias.

Objectives

We assessed and compared the incidence of diverticu-
litis, GIP, diverticular GIP and GIP due to other aetiolo-
gies across RTX-, ABA- or TCZ-treated patients. Then
we analysed risk factors for diverticulitis, GIP, diverticu-
lar GIP and GIP due to other aetiologies among all
patients and specifically by treatment. Finally, we
described and compared the clinical symptoms experi-
encing abdominal complications across RTX-, ABA- or
TCZ-treated patients.

Outcomes and definition

The medical records of all patients with the events of
interest were additionally analysed. Comorbidities were
evaluated by age-adjusted CCI [14]. Exposure time to
biologic DMARDs (bDMARDs) was defined as the time
from the first infusion to 3 months after the last infusion
of TCZ or ABA, and 6 months after the last infusion of



RTX. For each patient, mean Disease Activity Score in
28 joints (DAS28) and mean glucocorticoids dose were
calculated as the mean of all recorded data during
follow-up. The dose of NSAID used at the time of the
AE was collected according to the Assessment of
SpondyloArthritis International Society scoring [15].
History of diverticulosis, diverticulitis or GIP were only
specifically collected in the TCZ registry, but when a pa-
tient presented an event, previous history was identified
through medical records.

Outcome validation

To capture all diverticulitis and GIP cases among
recorded AEs from the three registries, we used a meth-
odology previously described [6]. A predefined list of
MedDRA terms translated in French, including all events
of the standard MedDRA query ‘Gl perforation’ along
with additional MedDRA codes was used to for the
database search

. We excluded all
events occurring after the exposure time (defined
above). On the basis of medical records and specific
questions (a standardized data collection form was sent
to each site where a potential AE of interest was identi-
fied) completed by patient’s physician. The diagnosis of
diverticulitis was retained if the patient had a suggestive
abdominal CT scan in adequation with the diagnosis or
if the patient had received appropriate antibiotic treat-
ment after a concordant clinical episode. All events
were adjudicated by two investigators (C.R. and J.M.)
with blinding to the allocated bDMARD. An additional
external validation was provided by a gastrointestinal di-
gestive suraeon (A.H.) with blindina to the allocated
bDMARD

. When a patient

presented an event (diverticulitis or GIP), the patient was
censored. If a patient presented a second event in the
course of treatment, it was notified as a recurrence but
not analysed as a second event.

Definition of DMARD exposure

Patients with diverticulitis or GIP were considered
exposed to the bDMARD if the AE occurred on treat-
ment or within 3 months after the last infusion of TCZ or
ABA or within 6 months after the last infusion of RTX.

Statistical analysis

Baseline characteristics and disease evolution are
described with mean (s.n.) or frequency (%) as appro-
priate. The incidence rate of diverticulitis or GIP was
calculated as the number of events over exposure
time. We used a propensity score approach to ac-
count for factors that might affect both treatment as-
signment and outcome. Because we hypothesized an
increased risk of diverticulitis or GIP associated with
TCZ, the propensity score was defined as the prob-
ability of receiving TCZ. Covariate selection was done
using a univariate analysis. Propensity was estimated

by using a logistic model with TCZ as the dependent
variable and the following covariates as independent
variables: age, sex, history of diabetes mellitus and
neoplasia, CCIl, number of previous csDMARDs, num-
ber of previous TNFi agents, daily dose of glucocorti-
coids at baseline, co-treatment with a csDMARD and
duration of RA. The analysis was based on inverse
probability weighting [IPW, i.e.: 1/propensity score in
exposed patients (TCZ) and 1/(1—propensity score) in
unexposed patients (RTX or ABA)] [16]. The covariate
balance was checked after weighting by computing
standardized differences. A standardized difference of
>10% is generally considered meaningful [17]. We
first estimated the crude risk of diverticulitis or GIP
with TCZ vs ABA or RTX, or ABA and RTX pooled, in
the total cohort by a Cox regression analysis to esti-
mate hazard ratios (HRs) and 95% Cls. Then patients
were weighted using IPW to estimate the risk of diver-
ticulitis or GIP with TCZ vs ABA or RTX, or ABA and
RTX pooled, in the total cohort by a Cox regression
analysis. Time was censored when a patient experi-
enced a gastrointestinal event. In order not to over-
estimate statistical power, the weighting was
accounted for in the calculation of P-values and confi-
dence intervals through the robust standard error
method. We identified risk factors for diverticulitis or
GIP among the whole cohort and by each treatment
by using univariate analysis (Student’s t test for quan-
titative variables, 12 test for qualitative variables).
Variables associated with diverticulitis or GIP with P <
0.2 on univariate analysis were included in a multivari-
ate logistic regression analysis. As there were few
events, we performed a sensitivity analysis restricted
to the scientifically confirmed risk factors for these
gastrointestinal events in the general population,
namely: age, sex, tobacco exposure, daily dose of
GCs and DAS28-CRP during follow-up. Finally, we
compared the clinical and biological signs, evolution
and treatment of diverticulitis or GIP among patients
with TCZ vs ABA or RTX treatment by Fisher exact
test for categorical data and Mann-Whitney U test for
the numerical data. We also used subgroup analyses
of GIP by aetiology of GIP: diverticular GIP or GIP due
to another aetiology than diverticulitis. Statistical anal-
yses involved using SPSS v15. P < 0.05 was consid-
ered statistically significant.

Results
Baseline characteristics of patients and follow-up

Altogether, the REGATE, AIR and ORA registries
included 4501 patients: 1496 receiving TCZ, 1986 RTX
and 1019 ABA. There were more females in the TCZ
and RTX registries than the ABA registry and more fre-
quent history of neoplasia in the RTX than TCZ and ABA
registries. Patients receiving TCZ had shorter RA dur-
ation and less frequently received glucocorticoids at
baseline than those receiving RTX and ABA. Most of the



TaBLE 1 Baseline and follow-up characteristics of patients with RA who received tocilizumab (TCZ), rituximab (RTX) or

abatacept (ABA)

Registry (n)

Female, n (%)

Age, mean (s.D.)

History of diabetes mellitus, n (%)
History of neoplasia, n (%)

Charlson index, mean (s.p.)

Tobacco exposure, n (%)

RA duration, mean (s.p.) (months)

RF and/or ACPA positive, n (%)
Number of prior csDMARDs, mean (s.p.)
Prior use of TNFi, n (%)

Exposure time to the assigned bDMARD, mean (s.p.) (months)

Dose (/perfusion) of the assigned bDMARD, mean (s.p.) (mg)
Concomitant treatment with csDMARDs, n (%)
Concomitant treatment with GCs, n (%)

Daily dose of GCs at baseline, mean (s.n.) (mg)

Daily dose of GCs during follow-up mean (s.p.) (mg)

DAS28 at inclusion, mean (s.n.)

DAS28 during follow-up, mean (s.p.)

All patients (4501) TCZ (1496) RTX (1986) ABA (1019)
3465 (77.0) 1196 (79.9) 1563 (78.7) 706 (69.3)
57.5 (13.2) 56.6 (13.6) 58.0 (12.7)  58.1 (13.6)
470 (10.4) 156(10.4)  196(9.9)  118(11.6)

378 (8.5) 81 (5.4) 238 (12.4) 59 (5.8)
3.1(1.7) 3.0 (1.5) 3.2(1.8) 3.3(1.9)
852 (18.9) 317(21.2)  435(21.9) NR
161.0 (116.6)  152.3 (120.2) 163.4 (114.7) 168.5 (114.5)
3716 (87.3) 1193 (88.0) 1692(85.6) 831 (86.9)
2.7 (1.4) 2.2(1.3) 3.0 (1.4) 2.8 (1.5)
3573 (79.4) 1195(79.9) 1545(77.8)  833(81.7)
37.7 (29.9) 35.0 (22.0) 42.6 (34.2)  32.0 (29.5)
NA 554.2 (127.3) NR 688.7 (133.0)
2742 (60.9) 892 (59.6) 1287 (64.8) 563 (55.3)
3329 (74.0) 1024 (68.4) 1544 (77.7) 761 (74.7)
11.3 (8.9) 102 (7.3) 121990  11.3(8.4)
6.9 (4.6) 7.5 (4.2) 6.8 (4.8) 6.4 (4.5)
5.3 (1.3) 5.1 (1.3) 5.6(1.2) 5.3 (1.3)
3.9(1.2) 33(1.2) 43(1.1) 4.0(1.2)

ACPA: anti-citrullinated protein antibodies; bDMARDs: biologic DMARDs; csDMARDSs: conventional synthetic disease modi-
fying anti-rheumatic drugs; DAS28: Disease Activity Score in 28 joints; GCs: glucocorticoids; NA: not applicable; NR: not

reported.

patients (79.4%) had prior TNFi treatment (Table 1).
History of diverticulosis, diverticulits or GIP was
recorded only in the TCZ registry [20.1% had a digestive
history, including 3.0% diverticulosis (20% recorded as
complicated) and 0.3% GIP].

Propensity weighted analysis

Because of missing data, propensity scores were calcu-
lated for 3823 patients. We observed no differences in
these patients’ characteristics compared with the whole
cohort

. Weights ranged from 1 to 38.0.
The weighted groups were well balanced for recorded
baseline and follow-up variables, with standardized dif-
ferences ranging from 0% to 7.1%

Incidence and risk of diverticulitis or GIP with TCZ,
RTX and ABA treatment

From 69 414 recorded AEs in the three registries, 49 di-
verticulitis or GIP were considered after internal and ex-
ternal adjudication (Fig. 1). Most of the time, GIP was
linked to diverticulitis, but in the TCZ and RTX registries,
some GIP cases were linked to other aetiologies such
as appendicitis or peptic ulcer disease (Fig. 1). No pa-
tient experienced an event in two different registries.

In total, 21 cases of diverticulitis occurred with TCZ
treatment (3989.7 PY), corresponding to an incidence
rate (IR) of 5.26/1000 PY; 10 occurred with RTX (6321.8
PY), corresponding to an incidence of 1.58/1000 PY;
and 10 occurred with ABA (2389.1 PY), corresponding
to an incidence of 4.19/1000 PY (Table 2). In the crude

analysis, we found an increased risk of diverticulitis with
TCZ vs pooled RTX or ABA [HR 2.1 (95% ClI: 1.1, 3.8), P
= 0.02] and vs RTX [HR 2.8 (1.3-6.0), P = 0.007] but not
when compared with ABA (Table 2). In the propensity-
weighted analysis, risk of diverticulitis remained
increased with TCZ vs pooled RTX or ABA [HR 3.1 (1.5—
6.3), P = 0.002 < 0.0001] and vs RTX [HR 4.0 (1.7-9.6),
P < 0.0001] but not vs ABA (Table 2).

Regarding GIP, nine cases occurred with TCZ (IR
=2.3/1000 PY), eight cases occurred with RTX (IR
=1.3/1000 PY) and two cases occurred with ABA (IR
=0.8/1000 PY). The crude analysis failed to demon-
strate an increased risk of GIP in the TCZ-treated
patients compared with RTX- or ABA-treated patients.
However, in the propensity-weighted analysis, we
found an increased risk of GIP with TCZ vs pooled
RTX or ABA [HR 2.9 (1.1-7.8), P = 0.03] and with a
trend compared with RTX [HR 2.6 (0.9-7.6), P = 0.07]
or to ABA [HR 3.9 (0.8-18.6), P = 0.09] (Table 2).
Consistently  with the previous demonstrated
increased risk of diverticulitis, this increased risk of
GIP remained significant

Risk factors for diverticulitis and GIP with TCZ, RTX
and ABA treatment

On univariate analysis

), older age, low number of
prior csDMARDs, concomitant treatment with metho-
trexate and TCZ treatment were associated with diver-
ticulitis overall and higher DAS28-CRP at baseline and
during follow-up in the TCZ group. On multivariate ana-
lysis (Table 3), only older age and TCZ remained



Fic. 1 Flowchart of case selection and validation process

Total cohort (n=4501)
naes—69414

TCZ registry (1=1496)
naEs=7855

RTX registry (n=1986)
naes—33733

ABA registry (n=1019)
NnAes—7826

1) Diverticulitis or GIP ide

ntify using MedDRA terms

TCZ registry, n=41

RTX registry, n=58

ABA registry, n=30

2) Exclusion of events occuring after exposure time
(3 months for TCZ and ABA ; 6 months for RTX)

|

TCZ registry, n=31

RTX registry, n=31

ABA registry, n=13

|

3) Medical review
External validation from 2 rheumatologists and 1 digestive surgeon

|

TCZ registry, n=24

- Diverticulitis, n=21

- GIP, n=9— Aetiology :

* Diverticulitis, n=6

* Peptic ulcer disease, n=1
* Haemopathy, n=1

* Unknown, n=1

RTX registy, n=15

- Diverticulitis, n=10

- GIP, n=8 — Aetiology :

* Diverticulitis, n=3

* Peptic ulcer disease, n=1
* Appendicular disease, n=1
* Unknown, n=2

|

ABA registry, n=10

- Diverticulitis, n=10
- GIP, n=2— Aetiology :
* Diverticulitis, n=2

* Endoscopy procedure, n=1

ABA: abatacept; AEs: adverse events for diverticular GIP but not for GIP due to another aetiology (Table 2); GIP:
gastrointestinal perforation; n: number; RTX: rituximab; TCZ: tocilizumab.

associated with diverticulitis; nevertheless, a higher daily
dose of GCs during the follow-up seemed to be associ-
ated with diverticulitis. Similar results were found in the
sensitivity analysis available

On univariate analysis
, GIP overall was associated
with only older age, but with TCZ treatment, it was associ-
ated with history of cancer and glucocorticoids at baseline
and with RTX, older age, male sex, tobacco exposure and
shorter RA duration. Of note, history of diverticulosis,

diverticulitis or GIP was not associated with diverticulitis or
GIP in the TCZ group. On multivariate analysis (Table 4),
only older age remained associated with GIP.
Nevertheless, patients experiencing GIP had also a higher
daily dose of glucocorticoids during follow-up although
not significantly (P = 0.08). Specifically, in the TCZ group,
a history of cancer was associated with GIP (P = 0.03)
and only older age and tobacco exposure remained asso-
ciated with GIP in the RTX group. Similar results were
found in the sensitivity analysis



TaBLE 2 Incidence and risk of diverticulitis or gastrointestinal perforation (GIP) with TCZ, RTX or ABA treatment

AE (n) IR (/1000 PY) AE (n) IR (/1000 PY) Crude analysis IPW analysis

HR[95%CI] P HR[95%CI] P

TCZ vs other bbDMARDs TCZ (ref) RTX & ABA
Exposure (PY) 3989.7 PY 87109 PY
Diverticulitis 21 5.26 20 2.30 2.1[1.1,3.8] 0.02 3.1[1.5,6.3] 0.002
GIP 9 2.26 10 1.15 1.9[0.7,4.7] 0147 29[1.1,7.8] 0.03
*Diverticular GIP 6 1.50 5 0.57 2.3[0.7,7.6] 0.17 3.8[1.1,13.6] 0.04
*GIP due to another aetiology 3 0.75 5 0.57 1.4[0.3,6.2] 0.66 2.1[0.5,10.0] 0.33
TCZvs RTX TCZ (ref) RTX
3989.7 PY 6321.8 PY
Diverticulitis 21 5.26 10 1.58 2.8[1.3,6.01 0.007 4.0[1.7,9.6] 0.002
GIP 9 2.26 8 1.26 1.7[0.6,4.5] 0.29 2.6[0.9,7.6] 0.07
*Diverticular GIP 6 1.50 3 0.47 2.6[0.7,10.6] 0.17 4.6[1.1,19.6] 0.04
*GIP due to another aetiology 3 0.75 5 0.79 1.00[0.2,4.5] 1.00 1.7[0.3,8.1] 0.51
TCZvs ABA TCZ (ref) ABA
3989.7 PY 2389.1 PY
Diverticulitis 21 5.26 10 4.19 1.2[0.6,2.77 06 1.7[0.7,41] 0.22
GIP 9 2.26 2 0.84 2.6[0.5,11.9] 0.23 3.9[0.8,18.6] 0.09
*Diverticular GIP 3 0.75 2 0.84 1.8[0.4,9.00 0.46 2.6[0.5,14.1] 0.26

HR: hazard ratio; IPW: inverse probability weighting; IR: incidence rate; PY: person-years; ref.: reference. Significant values
have been highlighted in bold.

TasLe 3 Risk factors for diverticulitis in multivariate analysis

Group (n) All patients (3737)° TCZ (993)° RTX (1763)° ABA (939)¢
OR [95% Cl] P OR [95% CI] P OR[95% CI] OR [95% CI]

Age at time of the event 1.03[1.0,1.1] 0.02 1.01[09,1.1] 075 1.1[1.0,12] 0.09 1.1[1.0,1.1] 0.11
Female 0.7[0.3,1.6] 0.43 0.8[0.2, 3.0] 0.73 0.3[0.8,1.5] 0.15 2.1[0.4,11.5] 0.37
Tobacco exposure NA NA 0.31[0.04,2.5] 0.27 6.1[1.3,27.8] 0.02 NA NA
History of neoplasia 1.1[0.4,33] 0.84 2.1[0.4,10.7] 0.36 0.5[0.1,5.0] 0.57 0.7[0.2,15.7] 0.62
History of diverticulitis NA NA 010, 0] 0.99 NA NA NA NA
Exposure time to bDMARD 1.01[0.9,1.02] 0.07 1.01[0.98,1.04] 0.51 1.0[0.9,1.1] 0.83 1.04[1.0,1.1] 0.002
RA duration, per months 0.99[0.9,1.00] 0.33 0.99[0.9,1.00 0.27 0.99[0.9,1.0] 045 0.99[0.9,1.0] 0.64

Number of prior csDMARDs 0.98[0.7,1.3] 0.90 1.1[0.7,1.8] 0.63 0.8[0.4,1.5] 0.46 0.94[0.5,1.5] 0.79
Number of prior bDMARDs 1.06[0.8,1.4] 069 1.2[0.7,19] 047 06[03,12] 0.17 0.9][0.5,1.8] 0.88
Treatment with csDMARDs 1.7[0.8,36] 0.18 1.1[0.3,3.5] 0.85 1.8[0.3,9.5] 049 2.0[0.5,85] 0.35
Treatment with TCZ 2.4[1.1,4.8] 0.02 NA NA NA NA NA NA
Daily dose of GCs — baseline  0.96[0.9,1.0] 0.17 0.97[0.9,1.1 049 0.9[0.8,1.1] 0.22 0.98[0.9,1.1] 0.75
Daily dose of GCs — follow-up  1.08[1.0,1.2] 0.06 1.06[0.9,1.2] 0.41 0.98[0.7,1.3] 0.87 1.2[1.1,1.4] 0.02
DAS28-CRP - follow-up 1.0[0.9,1.00 0.71 1.6[0.9,3.00 0.11 0.8[0.4,1.5] 0.48 0.99[0.9,1.1] 0.70

bDMARDs: biologic DMARDS; csDMARDS: conventional synthetic DMARDS; DMARDs: disease modifying anti rheumatic
drugs; GCs: glucocorticoids; NA: not adapted; OR: odds ratios. Significant values have been highlighted in bold.
Parameters included in the logistic regression model. ®Age, sex, history of neoplasia, exposure time to the assigned
bDMARDs, RA duration, number of prior csDMARDs and bDMARDs, treatment with TCZ, daily dose of GCs at baseline
and during follow-up, DAS28-CRP during follow-up. PAge, sex, tobacco exposure, history of neoplasia, history of diverticu-
litis, exposure time to the assigned bDMARDs, RA duration, number of prior csDMARDs and bDMARDs, daily dose of
GCs at baseline and during follow-up, DAS28-CRP during follow-up. “Age, sex, tobacco exposure history of neoplasia, ex-
posure time to the assigned bDMARDs, RA duration, number of prior csDMARDs and bDMARDs, daily dose of GCs at
baseline and during follow-up, DAS28-CRP during follow-up. %Age, sex, history of neoplasia, exposure time to the
assigned bDMARDs, RA duration, number of prior csDMARDs and bDMARDs, daily dose of GCs at baseline and during
follow-up, DAS28-CRP during follow-up.



TaBLE 4 Risk factors for gastrointestinal perforation (GIP) in multivariate analysis

Group (n)

All patients (3737)?

OR [95% CI]

P

Age at time of the event 1.04[1.0, 1.1] 0.04
Female 0.66[0.2, 1.8] 0.66
Tobacco exposure NA NA
History of neoplasia 0.98[0.2, 4.5] 0.98
History of diverticulitis NA NA
Exposure time to bDMARD 1.00[1.0,1.1] 0.83
RA duration, per months 1.0[0.9, 1.0] 0.51
Number of prior csDMARDs 0.9[0.6, 1.3] 0.46
Number of prior bDMARDs 1.03[0.7,1.5] 0.88
Treatment with csDMARDs 1.1[0.4, 3.1] 0.78
Treatment with TCZ 1.9[0.7,5.0] 0.21
Daily dose of GCs - baseline 0.97[0.9, 1.1] 0.47
Daily dose of GCs - follow-up 1.08 [1.0, 1.2] 0.08
DAS28-CRP - follow-up 1.0[0.9, 1.0] 0.56

TCZ (993)° RTX (1763)°

OR [95% CI] OR [95% CI]
1.011[0.9, 1.1] 0.79 1.1[1.0,1.2] 0.04
1.0[1.0, 1.0] 0.99 0.6 [0.1,3.0] 0.56
0[0, 0] 0.99 5.5[1.1,28.1] 0.04
7.1[1.2, 41.6] 0.03 0[0, 0] 0.99
010, 0] 0.99 NA NA
1.1[0.9, 1.1] 0.78 1.01[0.9, 1.1] 0.42
1.0[0.9, 1.1] 0.47 0.98 [0.9, 1.0] 0.06
1.0[0.5, 1.9] 0.95 0.99[0.5, 1.9] 0.99
1.3[0.7, 2.6] 0.43 0.9[0.4, 1.8] 0.77
2.6 [0.5, 14.4] 0.28 0.3[0.1, 1.6] 0.18
NA NA NA NA
1.0[0.9, 1.1] 0.96 0.9[0.8, 1.0] 0.19
1.1[0.9, 1.3] 0.53 1.1[0.9, 1.3] 0.26
0.9[0.4,2.2] 0.90 0.99[0.9, 1.1] 0.81

bDMARDs: biologic DMARDS; csDMARDS: conventional synthetic DMARDS; DMARDs: disease modifying anti rheumatic
drugs; GCs: glucocorticoids; NA: not adapted; OR: odds ratios. Significant values have been highlighted in bold.
Parameters included in the logistic regression model. ®Age, sex, history of neoplasia, exposure time to the assigned
bDMARDs, RA duration, number of prior csDMARDs and bDMARDs, treatment with TCZ, daily dose of GCs at baseline
and during follow-up, DAS28-CRP during follow-up. PAge, sex, tobacco exposure history of neoplasia, history of diverticu-
litis, exposure time to the assigned bDMARDs, RA duration, number of prior csDMARDs and bDMARDs, daily dose of
GCs at baseline and during follow-up, DAS28-CRP during follow-up. °Age, sex, tobacco exposure history of neoplasia, ex-
posure time to the assigned bDMARDs, RA duration, number of prior csDMARDs and bDMARDs, daily dose of GCs at

baseline and during follow-up, DAS28-CRP during follow-up.

Clinical signs and outcomes of patients with
diverticulitis or GIP

Ten of 49 (20.4%) diverticulitis or GIP cases occurred in
patients with a history of diverticulosis, diverticulitis or
GIP, with no difference among treatments. As compared
with RTX and ABA treatment, with TCZ, diverticulitis and
GIP occurred earlier after the last perfusion [24.5 (18.4)
vs 58.6 (49.2)days, P = 0.01] and in patients with lower
disease activity [DAS28 at the time of the event 3.1 (1.5)
vs 4.5(1.6), P = 0.008]. Clinically, patients more fre-
quently showed atypical presentation [body temperature
37.4 (1.1) vs 38.6 (0.6), P = 0.04; and sub-occlusive syn-
drome in 30% vs 0, P = 0.04]. Moreover, these patients
had lower objective signs of inflammation at the time of
the event [haemoglobin level 13.9 (1.9) vs 10.6 (2.8) g/dI,
P = 0.01; platelet count 251 583 (5976) vs 371 500 (68
066)/mm3, P = 0.04; and CRP level 31.2 (58.4) vs
88.2 (89.6)mg/l, P = 0.005] (Table 5). Recurrence
occurred in 16.7% patients with TCZ treatment. As
compared with uncomplicated diverticulitis, GIP
occurred in patients with a higher dose of glucocorti-
coids at the time of the event although not significantly
[median (range)=10 (2.5-12.5) vs 6.5 (0-24) mg/dl, P =
0.06]. Mortality within 30days after the events did not
differ among TCZ, RTX or ABA treatment

. Only one death occurred in the TCZ group
(accounting for 11.1% of patients experiencing a GIP),
occurring after GIP due to peptic ulcer disease, and one

death in the RTX group (12.5% of patients experiencing
a GIP), occurring after an undetermined rectal perfor-
ation. Both deaths occurred in older patients with mul-
tiple comorbidities.

Discussion

Our study confirms an increased risk of GIP with TCZ
treatment for RA but also highlights an increased risk of
diverticulitis due to TCZ, with disconcerting clinical and
biological presentation. Apart from the bDMARD, age
was the only risk factor associated with diverticulitis and
GIP in our whole cohort.

Even if the comparator is different, our observed risk
of GIP (HR =2.9 vs RTX or ABA in our study) was similar
to that reported by Strangfeld et al. (HR =4.5 vs
csDMARDs) [6], Xie et al. [7], (HR =2.5 vs TNFi) and
Barbulescu et al. (HR =2.2 vs TNFi), except when TCZ
was compared exclusively to ABA or RTX, probably due
to a limited number of events and thus a lack of power
[9]. Our results were also consistent with those by
Strangfeld et al. [6] regarding the reduced symptomatic
events (clinical presentation and laboratory parameters)
in the TCZ group. However, mortality rate among TCZ-
treated patients with GIP was lower in our study than
that observed in the above studies (11.1% vs 15.4% to
46%) [6, 7]. This finding could be explained by the sen-
sitization of the French rheumatologists to the increased
risk already described in these two studies [6, 7].



TasLe 5 Clinical signs and outcomes of patients with diverticulitis or GIP

Incident tobacco exposure, n (%)

History of diverticulosis, n (%)

History of diverticulitis, n (%)

History of GIP, n (%)

Time since last perfusion (days), mean (s.p.)
Time since first symptoms to diagnosis (days), mean (s.p.)
Incident GCs use, n (%)

Daily incident GCs dose (mg), mean (s.p.)
Incident NSAIDs use, n (%)

ASAS score, mean (s.D.)

Incident use of GCs plus NSAIDs, n (%)

Incident DAS28, mean (s.p.)

Body temperature (°C), mean (s.p.)

Presentation with unusual abdominal pain, n (%)
Presentation with diarrhea, n (%)

Presentation with constipation or sub-occlusive syndrome, n (%)

Incident haemoglobin level (g/dl), mean (s.p.)
Incident leucocyte count (/mm?), mean (s.p.)
Incident platelet count (/mm®), mean (s.0.)
Incident CRP level (mg/L), mean (s.Dn.)

Evolution into recurrence, n (%)

Permanent stop of the assigned bDMARDs, n (%)

TCZ (n = 24) Other bDMARDs
RTX(n=15) ABA (n=10)

2(8.3) 2(13.3) 1(10) 1.00
4(16.7) 00 2 (20) 0.67
1(4.2) 00 2 (20) 0.6
1(4.2) 00 00 1.00

24.5 (18.4) 78.1(51.5) 31.3(30.7)  0.01
11.7 (10.6) 3.2 (3.9) 18.5(32.2) 0.25
17 (70.8) 9 (60) 7 (70) 0.76
7.3(5.2) 9.2 (3.0) 72(44) 015
7(29.2) 3(20) 2 (20) 0.52
95.0 (11.2) 83.3 (57.7) 50.0 0.24
6 (25) 2(13.3) 1(10) 0.28
3.1 (1.5) 5.1 (1.7) 3.9(1.1)  0.008
37.4 (1.1) 38.4 (0.8) 38.7(0.6) 0.04
19 (79.2) 6 (40) 9(90) 0.21
2(8.3) 1(6.7) 2 (20) 0.65
7(29.2) 00 00 0.008
13.9 (1.9) 7.1 (1.0) 11.9(1.7)  0.01

10772 (4687) 13085 (12466) 12323 (2878) 0.74
251583 (5976) 368000 (117 380) 375 000(8485) 0.04

31.2 (58.4) 172.5 (99.2) 40.0 (31.9)  0.005
4(16.7) 00 00 0.11
17 (70.8) 6 (40) 1(10) 0.03

ASAS, Assessment of SpondyloArthritis International Society; bDMARDs: biologic DMARDs; CsDMARDSs: conventional syn-
thetic disease modifying anti-rheumatic drugs; DAS28: Disease Activity Score in 28 joints; GCs: glucocorticoids.

Indeed, the lack of abdominal pain was associated with
increased risk of mortality with GIP in patients with auto-
immune diseases [18]. In our study, abdominal pain was
noticed in all GIP patients, whereas only a few of those
treated with TCZ had abdominal pain in the RABBIT
registry [6]. Due to this increased risk of mortality,
prophylactic elective sigmoid colectomy might be con-
sidered within immunosuppressed patients after recov-
ery from acute diverticulitis according to international
recommendations if a switch is not possible [19, 20].
The underlying mechanism of action behind the
increased risk of GIP in RA patients receiving TCZ
remains unknown. In vitro studies demonstrated that
IL-6 is required to maintain small intestinal crypt
homeostasis [21], to enhance intestinal epithelial cell
proliferation and renewal following an injury [22], and
to protect against inappropriate apoptosis [23]. It has
also been demonstrated that IL-6 mediates colonic
contraction [24, 25]. Therefore, we hypothesize that in
susceptible RA patients, neutralization of IL-6 might
favor diverticulitis (owing to the change in colonic con-
traction) with an atypical inflamed presentation. The
digestive epithelium would not repair the primary le-
sion and this diverticulitis might result in GIP.
Nevertheless, despite limited tolerance data, only a
few GIP have been reported with sarilumab, a new
anti-IL-6R monoclonal antibody [26, 27]. Moreover,
Xie et al. also showed an increased risk of GIP in
patients receiving JAK inhibitor vs TNFi agents

[adjusted HR=3.2 (1.1-10.0)] [7], suggesting that neu-
tralization of IL-6 is not sufficient to explain the devel-
opment of GIP.

While risk factors for GIP are well known in RA (i.e.
age, glucocorticoids, NSAIDs, CCl, and a history of di-
verticulitis) [5-7], only older age was identified as risk
factor of GIP in our overall population. Because NSAID
exposure and history of diverticulitis were not systemat-
ically collected in the three registries (nor other risk fac-
tors for GIP in the general population such as body
mass index), it was unfeasible and inaccurate to analyse
them, which constitutes an important bias.
Nevertheless, regarding glucocorticoids, we found a
trend for receiving a higher mean daily dose during
follow-up in patients with GIP and also a higher daily
dose, although not significantly. in patients with GIP vs
uncomplicated diverticulitis. This finding could be
explained by a lower statistical power owing to the low
number of events observed in these registries. Another
limitation could be the study design resulting in missing
data, lack of randomization and a possible channeling
bias. Because of missing data, we could not calculate
the propensity score for the whole cohort, and some
confounding factors (not collected in the registries)
might have not been included in this score. Finally, ad-
verse events were spontaneous reports of adverse drug
reactions from physicians at participating sites.
Consequently, vigilance regarding gastrointestinal events
such as diverticulitis might be increased in patients



receiving tocilizumab, resulting in an overestimated risk
of diverticulitis due to a declaration bias.

The strengths of our study are the prospective design,
multi-centric setting and large sample size; exhaustive
collection of medical data to characterize and adjudicate
AEs to be included in the analyses; and mitigation of the
indication bias with a propensity score approach and
therefore mimicking a pseudo-randomization design.
Using the same approach in the same registries, we
previously reported that drug retention differed between
the three drugs [13]. Moreover, to our knowledge, this is
the first study suggesting that the increased risk of GIP
among TCZ-treated patients was linked to an increased
risk of diverticulitis among those patients.

To conclude, using a propensity score approach,
TCZ treatment for RA was associated with an
increased risk of diverticulitis as compared with RTX
and ABA treatment. Regarding GIP, only those related
to diverticular disease were increased by TCZ.
Moreover, patients receiving TCZ and experiencing
these gastrointestinal complications might have dis-
concerting clinical presentation.
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