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Summary

Background Older studies uncovered an increased risk of cancer in patients with rheumatoid arthritis between 10%
and 30% compared to the general population, with a lack of data concerning infrequent cancers. In recent year, major
therapeutic breakthroughs might have affected this risk of cancer by mitigating disease activity or on the contrary by
impairing antitumoral immune response. The objectives of this study are to compare cancer risk in patients with
treated rheumatoid arthritis to the general population, in all treated patients and according to treatment exposure.

Methods This is a nationwide population-based study within the French national claims database “Systeme National
des Données de Santé” (SNDS) between January 1st 2010 and December 31st 2020, to estimate the age and sex-
standardized incidence ratios of cancer (all sites and site specific) of treated rheumatoid arthritis patients, with the

French population as reference (by use of the French Network of Population-Based Cancer Registries [FRANCIM]).

Findings During the study period, 257,074 treated patients with rheumatoid arthritis contributed to a total of 2,098,238
person-years for the main analysis. The all-cancer risk was increased in rheumatoid arthritis patients, with a SIR
(Standardized Incidence Ratio) of 1.20 (95% CI [1.17-1.23]). This risk was increased particularly for lung (SIR
1.41, 95% CI [1.36-1.46], bladder (SIR 2.38 95% CI [2.25-2.51]), cervix (SIR 1.80, 95% CI [1.62-2.01]), prostate
(SIR 1.08, 95% CI [1.04, 1.13]) cancers, melanoma (SIR 1.37, 95% CI [1.29-1.46]), diffuse large B cell lymphoma
(SIR 1.79, 95% CI [1.63-1.96], multiple myeloma (SIR 1.42, 95% CI [1.27-1.60]) and Hodgkin’s lymphoma (SIR
2.73, 95% CI [2.31-3.23]). Some cancers were less frequent than in the general population such as pancreatic
(SIR 0.90, 95% CI [0.83-0.97]) as well as breast and endometrial cancers (SIR 0.91, 95% CI [0.88-0.94] and SIR
0.77, 95% CI [0.71-0.84] respectively). Although we observed a modest but significant relative increase of all-
cancer risk over-time in rheumatoid arthritis patients, there was a trend towards a decrease in risk of non-
Hodgkin’s lymphoma. Patients treated with rituximab were the patients displaying the highest risk of cancer.

Interpretation Compared to the general population, treated rheumatoid arthritis patients were at greater risk of all-
cancer and some site specific cancers, except for breast, pancreatic and endometrial cancers which were less
frequent than in the general population.

Funding This work was supported by unrestricted grants from the InCA (national institute against cancer) and AP-HP
(Assistance Publique des Hopitaux de Paris).

Copyright © 2023 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction affects preferentially women in their sixties although it

Rheumatoid arthritis is the most common systemic ~ can be observed in both sex at any age. Rheumatoid
auto-immune disease (0.5% of the population). It  arthritis patients are at higher all-cancer risk, with an
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Research in context

Evidence before this study

We searched Pubmed on October 14th 2023 for observational
studies assessing the risk of cancer in rheumatoid arthritis,
using the terms “rheumatoid arthritis” and “cancer or
malignancy” and “risk or incidence”. We found 21 studies of
interest, including 4 limited to lymphoma. Of these, 10
included a comparison between rheumatoid arthritis patients
and the general population. Among those 10 studies, 6
compared users of specific treatments to the general
population (e.g., users of TNF inhibitor versus the general
population) and only 4 compared all rheumatoid arthritis
patients to the general population. Overall, the relative
increase in all-cancer risk in rheumatoid arthritis patients was
estimated between 10 and 30% compared to the general
population, and between 60 and 80% for the risk of
lymphoma. Regarding the association between treatment
exposure and cancer incidence, some drugs such as TNF
inhibitors have been closely studied and do not seem to be
associated with an increased risk of cancer, except for some
skin cancers. Rituximab is considered safe by previous studies
and is used in clinical practice in patients with a high risk of
cancer. Knowledge on the effect of other targeted treatments
such as abatacept and anti-IL6 receptors have been less
studied. In addition, JAK inhibitors are under continuous
monitoring since the results of the ORAL surveillance study.
Overall, given the recent therapeutic breakthroughs, we

excess relative risk of 28% compared to the general
population as described by Mercer et al.” a decade ago,
however the estimation was imprecise for infrequent
cancers due to insufficient follow-up. This risk is
mostly carried by specific cancers such as lung cancer,
Hodgkin’s and non-Hodgkin’s lymphomas along with
skin cancers.>’ The relationship between rheumatoid
arthritis and lung cancer can easily be explained by
tobacco use, a shared risk factor for both diseases,
whereas lymphoma risk could be a consequence of
chronic immune activation.* Although tobacco expo-
sure is beyond reach of therapeutic advances, its
prevalence is decreasing in recent years in France’
which could lead to a decrease of smoking related
cancer incidences.

Likewise, chronic immune activation in rheuma-
toid arthritis is also expected to decline in the era of
biological and targeted synthetic Disease-Modifying
Antirheumatic Drugs (b/tsDMARDs) which started
in the early 2000s (full details on DMARD cate-
gories, commercialization dates and action mecha-
nism are provided in Table S1). Studies exploring
the evolution of the risk of cancer over time are
lacking. By virtue of these major therapeutic break-
throughs to jugulate disease activity, one could hope

present an update on the risk of cancer in rheumatoid arthritis
patients.

Added value of this study

This study reveals updated data regarding cancer risk in the
disease burden of rheumatoid arthritis. We show that all-
cancer risk remains higher by 20% in rheumatoid arthritis
patients compared to the general population, with mostly
tobacco linked cancers (lung, bladder, ears nose and throat),
cervix and prostatic cancers, melanoma and hematological
malignancies. Although all-cancer risk was relatively increased
by 5% in the second half of our study period compared to the
first half, the elevated risk of non-Hodgkin's lymphomas
tended to decrease with time. Of note, breast, endometrial
and pancreatic cancers were less frequent in rheumatoid
arthritis patients than in the general population. In a
secondary analysis, patients who were the most at risk of
cancer were the ones currently exposed to rituximab and
abatacept.

Implications of all the available evidence

Although we observed some encouraging results regarding
non-Hodgkin’s lymphoma, cancer risk remains high in
patients with rheumatoid arthritis compared to the general
population. To allow for early diagnosis of malignancy,
physicians should be wary of this increase of risk, particularly
in patients treated with abatacept or rituximab.

for a decline of some cancers such as lymphomas in
rheumatoid arthritis patients compared to older
studies.

On the other hand, treatments with b/tsDMARDs
might also increase the risk of cancer in rheumatoid
arthritis patients by hampering anti-tumor immune
response. There was long saga regarding the possible
increased risk of cancer with anti-TNF after a first
meta-analysis published in 2006, which was not
confirmed later, except for non-melanoma skin can-
cers.” Some questions persist with anti-TNF regarding
melanoma and lymphoma risk. Lastly, recent signals
suggest that rheumatoid arthritis treatments abatacept®
and tofacitinib>—could by themselves increase cancer
risk. Overall, an update on cancer risk estimation in
rheumatoid arthritis patients compared to the general
population, in the era of modern biological treatment,
using a large sample size with extended follow-up
database is necessary.

We therefore conducted this study within the large
French national claims database “Systéme National des
Données de Santé” (SNDS), to compare the risk of
cancer—all sites and site specific—of patients with
rheumatoid arthritis to that of the general population
and according to treatment exposure.
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Methods

Study design

This is a nationwide population-based study conducted
within the French national claims database between
January 1st 2010 and December 31st 2020, to estimate
the age and sex-standardized incidence ratios of cancer
(all sites and site specific), with the French population as
reference (by use of the French Network of Population-
Based Cancer Registries [FRANCIM]").

Data sources
In France, healthcare affiliation is free and universal.
The general scheme is the most sizeable and covers
around 90% of the French population, that is 60 million
beneficiaries."

Rheumatoid arthritis patients were identified in the
general scheme of the French national healthcare data-
base, the “Systtme National des Données de Santé”
(SNDS). This database collects all primary care claims
such as drug and devices reimbursement, type and date
of in and out-patient visits as well as radiologic or bio-
logic acts. It also collects data regarding diagnoses with
International Classification of Diseases (ICD)-10 codes,
either through “ALD” (long lasting disease) declaration
or hospital discharge summaries."

Reference population for cancer incidence was ob-
tained through the FRANCIM register, which exhaus-
tively collects cancer incidence in 23 French regional
registries and estimates yearly cancer incidence in the
whole French population. Cancer incidence is given by
age, sex and calendar year for all cancers and by cancer
sites, including hematological malignancies, excluding
non-melanoma skin cancer. The FRANCIM register
covers from 1990 to 2018 except for prostate cancer
which ends in 2015. Individual data on patients to the
register are not accessible.

Study population

Inclusion criteria

We identified patients >20 years-old, with an affiliation
to the French health insurance general scheme, be-
tween January 1st 2010 and December 31st 2019 and
affected by rheumatoid arthritis during the study
period, without history of cancer. Rheumatoid arthritis
was defined as at least one occurrence of ICD-10 M05
or MO06 codes in hospitalization release or “ALD”
declaration and the reimbursement of at least one
DMARD. This latter condition was required to maxi-
mize the specificity of disease definition by fitting with
European guidelines.”” Included subjects were
required to have at least one year of affiliation to the
health insurance general scheme prior to screening
eligibility (i.e. first date with fulfillment of inclusion
criteria). This period, defined as the minimal lookback
period, allowed to differentiate prevalent from incident
rheumatoid arthritis. It also allowed to exclude patients
with an ICD-10 cancer code or cancer related health

www.thelancet.com Vol 35 December, 2023

expenditure, including specific treatment or proced-
ures, preceding their eligibility screening. Subjects
were also required to have at least one year of affiliation
following screening eligibility, to ensure they were
regular consumers of the French health insurance.

Follow-up

The index date for prevalent rheumatoid arthritis pa-
tients was January 1st 2010. For incident rheumatoid
arthritis patients, the index date was the date of first
DMARD dispensation. Patients were followed-up until
death or exit from the general insurance scheme or
December 31st 2020. Although inclusions were limited
to December 31st 2019, follow-up was extended until
December 31st 2020 in order to ensure all patients were
able to contribute at least one year.

Exposure definition

Cancer risk analysis in the overall treated rheumatoid arthritis
population

In the primary analysis, exposure of interest was defined
as having rheumatoid arthritis, with the risk period
starting on January 1st 2010 for prevalent rheumatoid
arthritis or at first dispensation of DMARD for incident
rheumatoid arthritis. Thereafter, patients were consid-
ered as having rheumatoid arthritis until end of follow-
up, regardless of patients’ continuation of DMARD.

Cancer risk analysis in rheumatoid arthritis patients according
to current treatment exposure

In the secondary analyses, exposure was defined, among
patients with rheumatoid arthritis, by the treatment
received (categorized by molecular target). We distin-
guished csDMARDs (methotrexate, hydroxychloroquine,
leflunomide, sulfasalazine), Tumor Necrosis Factor in-
hibitors (TNFi) (infliximab, adalimumab, golimumab,
etanercept, certolizumab), rituximab, abatacept, Anti-
Interleukine 6 receptors (anti-IL6R) (tocilizumab, sar-
ilumab) and Janus Kinase inhibitors (JAKi) (tofacitinib
and baracitinib). The risk period starts with a 90 days
delay after first treatment dispensation (lag period), per-
sists until treatment discontinuation (i.e. end of the
period covered by the last treatment delivery (detailed in
Table S1) with tolerated gaps of up to 90 days) and ends
180 days after treatment discontinuation (carry-over
period). The risk period was thus not limited to incident
treatment use. Therefore, a patient could contribute to
multiple treatment exposure groups during the study
period, and could contribute briefly (90 days) to two
treatment exposure in case of treatment switch. Out-
comes were attributed to the current exposure group(s) at
the time of the event. Ultimately, simultaneous exposure
to two b/tsDMARD was negligible.

Outcome
The outcome of interest was incident cancer identified
according to Ajrouche et al. algorithm for SNDS'* with
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all-cancer risk defined as ICD-10 code C00 through C97
excluding C44 which stands for non-melanoma skin
cancer (NMSC, not included in the FRANCIM registry),
along with cancer specific drugs dispensation or pro-
cedures. Site specific cancer incidence was defined ac-
cording to ICD-10 codes in the SNDS and ICD for
Oncology 3 in FRANCIM.

Ethics and legislation

This observational study used existing claims data
(SNDS) and yearly aggregated data by sex and age cat-
egories from the FRANCIM register. The study protocol
has been approved by the French « Commission
Nationale Informatique et Libertés » (CNIL) (authori-
zation n° MLD/MFI/AR2012850) governing data access
and privacy laws. As this study involved anonymized
data, informed consent from patients was not required
(see Social Security Code, article L161-28-1). Moreover,
according to the French legislation, process to access
such administrative database did not require submis-
sion to an ethics committee.

Patient involvement
No patient was involved in the study design, data anal-
ysis nor interpretation.

Statistical analysis

Cancer risk in rheumatoid arthritis compared to the general
population

We compared the incidence of cancer (all site
excluding NMSC and site specific) in patients with
rheumatoid arthritis to that of the general population
in France by calculating the Standardized Incidence
Ratio (SIR) of cancer and their 95% confidence
intervals.

For privacy concerns, all analyses were conducted on
aggregated data. Individual patient records were aggre-
gated by a certified statistician in summary tables
comprising of number of all-cancer and site specific
cancer cases and number of person-time by sex, calen-
dar year and age category in each calendar year stratum
given by 5 years’ interval from 20 to over 85 years old.
For secondary analyses, aggregation was further split by
treatment exposure.

Cancer incidence was considered to follow a
Poisson distribution. For each age, sex and calendar
year group, the expected number of cancers in the
rheumatoid arthritis population based on cancer
incidence rates provided by FRANCIM were esti-
mated. SIR were then tested to 1 (i.e. absence of dif-
ference) by a Poisson regression model with the
number of observed cases as the dependent variable
and the log of expected cases as offset. Cancer risk
was estimated in the whole rheumatoid arthritis
population for the primary analysis and according to
treatment exposure for secondary analyses. In case of
overdispersion, negative binomial regression was

used instead of Poisson regression models. Over-
dispersion was observed in the main analysis for all-
cancer and multiple myeloma.

Subgroup analysis

We applied the same approach in the following pre-
specified subgroups: age <65 and >65 years-old as well
as male and female, calendar year before 2016 (middle
of the study period) or including 2016 and after.
Between-group incidence rate ratios (IRR), which is the
between-group ratio of SIR, were estimated for each
subgroup analysis.

Sensitivity analyses

We repeated the primary and secondary analysis with a
fixed lag period of 90 days and varying carry-over periods
of 24 and 60 months, the latter being very close from an
“ever treated analysis”. Another analysis was carried out
without the age categories of 80 years-old and older to
address concerns of missing cancers in elderly patients in
the SNDS, as a suspected cancer diagnosis might not be
fully investigated in this population if no treatment is
ultimately warranted. Therefore, since cancers are
detected through hospitalization discharges summaries,
“ALD” or specific treatment or procedures in the SNDS,
estimation of cancer incidence in elderly rheumatoid
arthritis patients could be underestimated. We repeated
the main analysis excluding the years 2019-2020 as
FRANCIM’s projection terminate in 2018, and conducted
an analysis restricted to incident rheumatoid arthritis
only. To explore reverse causation, we conducted an
analysis excluding cancers occurring within the first two
years after rheumatoid arthritis diagnosis. Finally, we
performed the main analysis on all patients with an ICD-
10 code for rheumatoid arthritis within the SNDS
regardless of reimbursement of a DMARD.

Role of the funding source

This study was supported by unrestricted grants from
the nation institute against cancer and the Paris public
hospital association. The funding sources did not
participate in the design, data curation, data analysis nor
writing of the manuscript.

Results
During the study period, we included 257,074 patients
with rheumatoid arthritis, aged >20 years, and treated
with DMARDs who contributed to a total of 2,098,238
person-years for the main analysis, with a median
follow-up of 8.7 years [Interquartile Range (IQR)
4.8-11.9]. A flow chart is presented in Fig. 1. Median
age at inclusion was 58.3 [IQR 48.0-68.7] and 189,335
(73.6%) of patients were women (Table 1).

A total of 23,821 all-cancer cases were observed with
most frequent being breast cancer (n = 3857), lung
cancer (n = 3072), colon cancer (n = 2311) and prostatic
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Subjects with inflammatory joints
disease in the SNDS
N =4,188,168

Ineligible
- Age <20 (n =68,379)
- Other health insurance regimen (n = 420,801)
- < 1year health insurance affiliation prior to and
following eligibility screening (n = 57,064)

Eligible subjects
N = 3,641,924

- No ICD-10 code for rheumatoid arthritis
(n=3,176,930)

Subjects with ICD-10 code for
rheumatoid arthritis
N = 464,994

Not included

- No DMARD initiation (n = 164,561)
- < 1year follow-up after index date (n = 22,012)
- Cancer prior to index date (n = 3,347)

Total included patients
N = 275,074

Fig. 1: Flow Chart. SNDS: systeme national des données de santé, DMARD: disease-modifying anti-rheumatic drug, ICD: international classi-

fication of diseases.

cancer (n = 2147). Incidence rates by cancer site ac-
cording to population, age category and sex are shown in
Figure S1 and Table S2.

Cancer risk in patients with rheumatoid arthritis
Compared to the French general population, all-cancer
risk was increased in rheumatoid arthritis patients
(Fig. 2A) with a SIR of 1.20 (95% CI [1.17-1.23]). We
observed an increased risk of lung (SIR 1.41, 95% CI
[1.36-1.46]), bladder (SIR 2.38 95% CI [2.25-2.51]), cervix
(SIR 1.80, 95% CI [1.62-2.01]), prostate (SIR 1.08, 95%
CI [1.04, 1.13]) cancer and melanoma (SIR 1.37, 95% CI
[1.29-1.46]). Hematological cancers were also more
frequent in rheumatoid arthritis patients (Fig. 2B),
including diffuse large B cell lymphoma (SIR 1.79, 95%
CI [1.63-1.96)), follicular lymphoma (SIR 2.16, CI 95%
[1.94-2.40]) and Hodgkin’s lymphoma (SIR 2.73, 95% CI
[2.31-3.23)). Finally, multiple myeloma (SIR 1.42, 95% CI
[1.27-1.60]) were also more frequent in patients with
rheumatoid arthritis than in the general population. On
the contrary, pancreatic cancer was less frequent than in
the general population (SIR 0.90, 95% CI [0.83-0.97]) as
well as some female specific cancers such as breast and
endometrial cancers (SIR 0.91, 95% CI [0.88-0.94] and
SIR 0.77, 95% CI [0.71-0.84], respectively). All absolute
incident rates are presented in Table S2.

Subgroup analysis

Trends in risk of cancer over time

The increased risk of cancer in rheumatoid arthritis pa-
tients as compared to the general population was signif-
icantly higher during the 2016-2020 (SIR 1.19 95% CI
[1.17-1.22)) than during the 2010-2015 period (SIR 1.14

www.thelancet.com Vol 35 December, 2023

95% CI [1.12-1.16]), although relative difference was
modest with an incidence rate ratio (IRR) of 1.05 95% CI
[1.02-1.07]. This increase in risk was partly driven by a
significant increased risk of melanoma and liver cancer
(Fig. 3A) among rheumatoid arthritis patients compared
to the general population in the 2016-2020 period
compared to 2010-2015 period. Of note, the increased
risk of some non-Hodgkin’s lymphoma such as marginal
zone lymphoma and follicular lymphoma were signifi-
cantly lower in the 2016-2020 compared to the
2010-2015 period (Fig. 3B) (IRR 0.72, 95% CI [0.53-0.97]
and IRR 0.65, 95% CI [0.52-0.80] respectively).

Sex-differences in cancer risk

The SIR for all-cancer in men was 1.34 (95% CI
1.31-1.36] and 1.08 (95% CI 1.06-1.10) in women. The
estimated incidence rate ratio (IRR) between men and
women was of 1.24 (95% CI [1.21-1.27]) (Fig. 4A). This
difference was mostly driven by higher risk of lung
cancer, colon cancer and pancreatic cancer in men than
in women with rheumatoid arthritis, compared to the
general population (Fig. 4A). Moreover, as stated above,
some frequent sex-specific cancers in women with
rheumatoid arthritis tend to be less frequent than in the
general population such as breast and endometrial cancer
contrarily to prostate cancer risk, which was more
frequent in patients with rheumatoid arthritis compared
to the general population.

Cancer risk in rheumatoid arthritis patients
according to treatment exposure

In analyses according to treatment exposure (Tables 2
and 3), we observed that, compared to the general
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Age at inclusion (median [IQR])

Follow-up duration (median, IQR)

Cancers per subject (n, %)
0
1
>2

Rheumatoid arthritis status
Prevalent
Incident

Treatment exposure

csDMARD alone
Subjects exposed (N)
Exposure, years (median, IQR)
Person-years

TNFi
Subjects exposed (N)
Exposure, years (median, IQR)
Person-years

Anti-IL6R
Subjects exposed (N)
Exposure, years (median, IQR)
Person-years

Rituximab
Subjects exposed (N)
Exposure, years (median, IQR)
Person-years

Abatacept
Subjects exposed (N)
Exposure, years (median, IQR)
Person-years

JAKi
Subjects exposed (N)
Exposure, years (median, IQR)

Person-years

59.4 [49.9-68.8]
7.78 [4.28-11.70]

58,759 (86.7%)
7606 (11.2%)
1374 (2.1%)

28,114 (41.5%)
39,625 (58.5%)

61,498
5.42 [2.64-9.63]
271,318

17,764
4.95 [2.04-9.24]
86,800

3279
2.02 [0.96-4.30]
34,057

3219
179 [0.86-3.64]
8396

3018
1.85 [0.92-3.81]
7386

1423
1.48 [0.87-2.18]
1701

Male Female
Population description
Subjects (n) 67,739 189,335
Person-years 52,6972 1,571,266

57.80 [47.3-68.7]
9.05 [5.06-11.95]

175,791 (92.8%)
12,076 (6.4%)
11,468 (0.8%)

88,966 (47.0%)
100,369 (53.0%)

17,4767
6.06 [2.87-10.65]
828,003

48,233
4.50 [1.86-8.61]
222,834

11,706
215 [0.97-4.66]
8883

10,179
1.95 [0.87-4.05]
28,521

11,514
1.84 [0.91-3.97]
29,247

5639
1.42 [0.82-2.13]
6639

csDMARD: conventional disease-modifying antirheumatic drug, TNFi: Tumor necrosis factor inhibitor, JAKi: Janus Kinase inhibitor.

Table 1: Rheumatoid arthitis patients’ characteristics at inclusion.

population, all-cancer risk was increased in patients while
exposed to csDMARD (SIR 1.15, 95% CI [1.13-1.17)),
TNFi (SIR 1.11, 95% CI [1.07-1.15]), abatacept (SIR 1.27,
95% CI [1.16-1.39)), and rituximab exposure, the latter
carrying the greatest observed risk (SIR 1.43, 95% CI
[1.31-1.55]) (Fig. 5). This increased risk was not observed
in patients exposed to anti-IL6R (SIR 1.00, 95% CI
[0.90-1.10)). Although we did not observe any difference
in cancer risk compared to the general population in
patients while exposed to JAKi (SIR 0.97, 95% CI
[0.77-1.21)), it should be noted that number of subjects
and person-years for JAKi exposure was relatively
small (n = 7,062, person-years = 8340). For this reason,

site-specific cancers under JAKi exposure are not pre-
sented. Although Hodgkin’s lymphoma and multiple
myeloma occurred more frequently in rheumatoid
arthritis patients across all treatment categories than in
the general population, the association’s magnitude was
considerably higher for patients under rituximab for
Hodgkin’s lymphoma (SIR 6.44, 95% CI [2.89-14.39] and
for multiple myeloma SIR 8.81 95% CI [6.61-11.74]).

Sensitivity analyses

When restricting the main analysis to incident rheu-
matoid arthritis patients, result for all-cancer risk in
rheumatoid arthritis compared to the general population
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Fig. 2: Standardized incidence ratios (SIR) of cancers in rheumatoid arthritis patients compared to general population. Panel A: solid
cancers, panel B: hematological cancers, All: all cancers excluding non-melanoma skin cancer, ENT: ears, nose, throat, DLBCL: diffuse large B cell
lymphoma, MZ: marginal zone Cases: Observed cancer cases, SIR: standardized incidence ratio, CI: confidence interval.

was unchanged, and trends according to cancer site
were similar (Figure S3). Excluding patients older than
80 years-old did not impact results significantly
although overall, cancer risk tends to be higher when
excluding patients older than 80 years-old, in particular
for bladder cancer (Figure S4). Truncating the years
2019-2020 did not impact results of the main analysis
(Figure S5). Of note, applying a lag period of 2 years
after the diagnosis of rheumatoid arthritis tended to
decrease cancer risk (Figure S6) in rheumatoid arthritis
patients, as expected. When extended the main analysis
to all patients with an ICD-10 code of rheumatoid
arthritis regardless of DMARD reimbursement, overall
and site-specific cancers risk tended to be less important
than in our main analysis (Figure S7). Finally, analyses
with increasing carry-over periods show similar trends
with the main analysis (Figure S8).

Discussion
This large observational study, to our knowledge,
showcases the longest average follow-up regarding
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cancer risks in patients with rheumatoid arthritis. It
confirms an increased risk of all-cancer in rheumatoid
arthritis patients compared to the general population,
with a relative excess of risk of 20%. This excess of risk
was essentially carried by men who displayed a relative
excess of all-cancer risk of 34%, whereas women
demonstrated a comparatively smaller increase in rela-
tive risk, at 8%, compared to the general population.
Some site specific cancers were overrepresented in
rheumatoid arthritis such as lung, bladder, kidney and
upper urinary tract, melanoma, ovarian, cervix and
prostate cancer as well as diffuse large B cell lymphoma,
follicular, Hodgkin’s and marginal zone lymphoma, as
well as multiple myeloma. Interestingly, we observed a
decreased risk of breast, endometrial and pancreatic
cancer in rheumatoid arthritis patients compared to the
general population. Patients currently exposed to ritux-
imab or abatacept faced the highest cancer risk, specif-
ically exhibiting a markedly higher incidence of multiple
myeloma and Hodgkin’s lymphoma in the case of rit-
uximab, and of lung cancer in the case of abatacept
compared to the general population.
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Fig. 3: Standardized incidence ratios (SIR) of cancers in rheumatoid arthritis patients compared to general population according to
calendar period. Panel A: solid cancers, panel B: hematological cancers, All: all cancers excluding non-melanoma skin cancer, ENT: ears, nose,
throat, DLBCL: diffuse large B cell lymphoma, MZ: marginal zone, IRR: incidence rate ratio (male versus female), Cl: confidence interval, SIR:
standardized incidence ratio, p-values represent the between-group difference in incidence rate ratio.

The all-cancer relative excess of risk estimated in our
study was higher to Wolfe et al.‘s"® estimation in a study
published in 2007, involving nearly 14,000 subjects,
with a SIR of 1.0 [95% CI 1.0-1.1]. However, our esti-
mation was similar to Dreyer’s et al.‘s® Danish cohort of
10,000 subjects spanning from 2000 to 2008, which
reported a SIR of 1.25 [95% CI 1.05-1.48] for all-cancer
in rheumatoid arthritis patients not treated by TNFi
versus the general population, and of 1.27 [95% CI
1.08-1.49] in patients treated by TNFi versus the general
population. Our estimation is also similar to Mercer
et al.‘s' study which extended from 2002 to 2009 in the
UK, and included 13,000 subjects. They identified a SIR
of 1.28 [95% CI 1.10-1.48] for all-cancer among rheu-
matoid arthritis patients not treated by biologics. How-
ever, it should be mentioned the definition of all-cancer
was broader in Dreyer’s study than in Mercer’s and
ours. The former study encompassed non-melanoma
skin cancers, which are more prevalent in rheumatoid
arthritis patients than in the general population and

thus significantly contribute to the overall cancer burden
in rheumatoid arthritis patients.

Behind this slight increase in all-cancer risk lies a
more complex relationship between rheumatoid
arthritis and site-specific cancers. To begin, we observed
a clear increase in smoking related cancers, namely
lung, bladder, kidney and upper urinary tract, and ears,
nose, throat (ENT) and cervix cancers. The relationship
between tobacco use and risk of rheumatoid arthritis is
well established, with a higher risk of rheumatoid
arthritis in men than women smokers,”® possibly
because of more intense tobacco exposition in men
smokers than in women. This is partly concordant with
our results as men with rheumatoid arthritis were more
at risk of lung cancer than women with rheumatoid
arthritis, which hints towards higher tobacco con-
sumption in men than women with rheumatoid
arthritis.

Secondly, the SIR of cancer in women was of 1.08
compared to 1.34 in men. In particular, endometrial and
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Fig. 4: Standardized incidence ratios (SIR) of cancers in rheumatoid arthritis patients compared to general population according to sex.
Panel A: solid cancers, panel B: hematological cancers, All: all cancers excluding non-melanoma skin cancer, ENT: ears, nose, throat, DLBCL:
diffuse large B cell lymphoma, MZ: marginal zone, IRR: between-group incidence rate ratio (2016-2020 versus 2010-2015), Cl: confidence

IRR [95% CI|
1.24 [1.21-1.27]
1.11[1.02-1.21]
1.26 [1.17-1.35]
1.02[0.91-1.14]
1.09 [0.95-1.25]
1.09 [0.95-1.25]

0.95 [0.83-1.09]
0.93[0.77-1.13]
1.25 [1.07-1.46]

IRR [95% CI]
1.20 [0.99-1.45]
1.42 [1.04-1.94]
1.08 [0.86-1.36]
1.06 [0.75-1.50]
1.12 [0.92-1.36]

interval, IRR:incidence rate ratio, SIR: standardized incidence ratio, p-values represent the between-group difference in incidence rate ratio.

#All cancer except non melanoma skin cancer; ENT: ear, nose throat, UIT: upper urinary tract.

Cancers csDMARD TNFi Abatacept Rituximab Anti-IL6R

AllP 1.15 [1.13-1.17] 1.11 [1.07-1.15] 1.27 [1.16-1.39] 1.43 [1.31-1.55] 1.00 [0.90-1.10]
Colon 0.95 [0.90-1.00] 0.96 [0.85-1.08] 1.06 [0.79-1.43] 1.15 [0.87-1.53] 0.81 [0.58-1.13]
Lung 142 [1.35-1.48] 1.41 [1.28-155] 2.10 [1.69-2.59] 1.68 [1.33-2.12] 115 [0.87-1.53]
Bladder 2.37 [2.21-2.54] 2.40 [2.05-2.82] 2.37 [1.54-3.64] 2.96 [2.04-4.29] 2.87 [1.94-4.25]
Kidney + UIT 1.12 [1.03-1.23] 1.16 [0.95-1.40] 1.11 [0.65-1.87] 0.70 [0.36-1.34] 1.06 [0.63-1.79]
ENT 1.36 [1.24-1.48] 1.37 [1.15-1.64] 1.26 [0.75-2.13] 171 [1.10-2.66] 1.31 [0.80-2.14]
Breast 0.91 [0.88-0.95] 0.87 [0.80-0.95] 0.84 [0.67-1.06] 0.67 [0.52-0.87] 0.69 [0.55-0.88]
Cervix 1.93 [1.68-2.21] 1.44 [1.06-1.95] 132 [0.54-3.19] 135 [0.56-3.26] 2.28 [1.22-4.26]
Endometrial 0.80 [0.72-0.89] 0.76 [0.60-0.97] 0.50 [0.24-1.05] 0.82 [0.45-1.48] 0.82 [0.46-1.45]
Ovarian 1.01 [0.89-1.14] 1.47 [1.18-1.84] 1.56 [0.90-2.69] 0.87 [0.41-1.85] 1.26 [0.69-2.28]
Prostate 1.15 [1.09-1.21] 0.78 [0.68-0.90] 1.18 [0.85-1.63] 0.93 [0.67-1.31] 0.86 [0.59-1.25]
Melanoma 1.45 [1.34-1.58] 113 [0.93-1.35] 1.49 [0.96-2.32] 135 [0.85-2.15] 1.23 [0.77-1.95]
Liver 0.69 [0.60-0.79] 1.07 [0.83-1.37] 1.50 [0.85-2.65] 0.83 [0.40-1.75] 0.49 [0.18-1.31]
Pancreatic 0.79 [0.71-0.88] 0.98 [0.79-1.21] 1.04 [0.62-1.76] 0.92 [0.52-1.62] 0.59 [0.29-1.18]

Table 2: Standardized incidence ratio of solid cancer by treatment compared to the general population.
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DLBCL: Diffuse Large B Cell Lymphoma, MZ: Marginal Zone.

Cancers csDMARD TNFi Abatacept Rituximab Anti-IL6R

DLBCL 1.89 [1.68-2.12] 1.54 [1.15-2.05] 3.16 [1.87-5.35] 2.27 [1.22-4.23] 132 [0.59-2.94]
MZ Lymphoma 1.10 [0.90-1.36] 1.57 [1.07-2.31] 1.99 [0.82-4.79] 2.87 [1.36-6.03] 0.39 [0.05-2.77]
Follicular Lymphoma 2.28 [1.99-2.61] 2.14 [1.61-2.86] 0.98 [0.31-3.04] 2.61 [1.30-5.24] 0.31 [0.04-2.19]
Hodgkin Lymphoma 2.62 [2.09-3.29] 2.88 [1.92-4.30] 110 [0.15-7.88] 6.44 [2.89-14.39] 1.80 [0.45-7.25]
Multiple Myeloma 1.20 [1.06-1.37] 1.10 [0.80-1.50] 2.22 [1.26-3.92] 8.81 [6.61-11.74] 2.21 [1.25-3.90]

Table 3: Standardized incidence ratio of hematological cancer by treatment compared to the general population.

SIR [95% CI]

csDMARD- —~— 1.15 [1.13-1.17]
TNFi- —— 1.11 [1.07-1.15]
Abatacept- —_— 1.27 [1.16-1.39]
Rituximab - — | 1.43[1.31-1.55]
Anti-IL6R - S — 1.00 [0.90-1.10]
JAKi- 0.97 [0.77-1.21]

0.5 1.0 15

SIR

Fig. 5: All cancer risk (except non-melanoma skin cancer) in rheumatoid arthritis patients according to treatment exposure compared to
the general population. csDMARD: conventional disease-modifying antirheumatic drug, TNFi: Tumor necrosis factor inhibitor, JAKi: Janus
Kinase inhibitor, SIR: standardized incidence ratio, CI: confidence interval.

breast cancer were less frequent than in the general
population, specifically in patients over 65. We further
explored if the reason behind this risk reduction could
be an underdiagnosis of cancers in the very elderly
within the SNDS, however this decrease in risk was also
found in patients aged under 80. Wadstrom et al.
showed in a nationwide registry based case—control
study that patients with rheumatoid arthritis were at
lower risk of breast cancer than controls (HR 0.80
[0.68-0.93]), regardless of whether rheumatoid arthritis
diagnosis was made prior or following breast cancer
diagnosis.” Interestingly, a similar risk profile can be
observed in coeliac disease with a reduced risk of breast,
ovarian and endometrial cancer.’ These results suggest
that some hormonal factors may act both as protective
factors of some cancers and as a risk factor of auto-
immune diseases. For instance, in a prospective
cohort study, we observed that early menopause and
younger age at first pregnancy were associated with an
increased risk of rheumatoid arthritis.”” Given that both
these factors are associated with a reduced risk of breast
cancer, endogenous hormonal exposure could poten-
tially contribute to the lower incidence of breast cancer
in patients with rheumatoid arthritis as compared to the
general population.

Cervix cancers on the other hand were noticeably
more frequent in rheumatoid arthritis. Given that
almost all cases of cervix cancers are secondary to the

human papillomavirus (HPV), this result suggests that
treated rheumatoid arthritis patients, because of their
disease and treatment-related impaired immunity, are
more susceptible to HPV-related cancers. This hypoth-
esis if reinforced by the increased risk of ENT cancers in
rheumatoid arthritis which risk is also, to a lesser extent,
increased with HPV infection. Moreover, cervix cancer
might appear more frequent in rheumatoid arthritis
because of ascertainment bias, since patients with
chronic illnesses are likely to use health care more
frequently than otherwise healthy individuals and thus
might benefit from better screening than healthy sub-
jects. However, this effect was not observed for breast
cancer, which risk was lower in patients with rheuma-
toid arthritis than in the general population, pleading
that ascertainment bias is not the only factor driving the
increased risk of cervix cancer.

Surprisingly, pancreatic cancer was also less frequent
in rheumatoid arthritis patients than in the general
population. Despite our results being consistent across
subgroup and sensitivity analyses, they differ from a
previous US study based on multiple healthcare pro-
viders’ electronic records, spanning from 1999 to 2019.°
This study estimated an increased risk of pancreatic
cancers among rheumatoid arthritis patients however
this study did not use general population comparators
but patients from a healthcare facility. Conversely, an
exploratory case—control study estimated a lower risk of
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pancreatic cancer in rheumatoid arthritis patients and
suggested the existence of opposite environmental or
genetic factors between pancreatic cancer and auto-
immune disease risk.”!

The increased risk of lymphoma, either Hodgkin’s
lymphoma or non-Hodgkin’s lymphoma is well known
in rheumatoid arthritis patients and our results are in
line with the literature.” However, an important and
encouraging result is the decrease in risk of some non-
Hodgkin’s lymphoma in the 2016-2020 period
compared to 2010-2015, confirming a previous study
carried by the ARTIS group.”” As chronic inflammation
is one of the main drivers of lymphomagenesis in
rheumatoid arthritis,”” we hypothesize this decrease
might reflect the major therapeutic advances over the
past two decades, which led to great improvement in
controlling chronic inflammation. Conversely, it is
interesting to note that the risk of Hodgkin’s lymphoma
did not decrease between study periods. Risk of Hodg-
kin’s lymphoma, which is frequently associated with
Epstein-Barr Virus (EBV), could be favored by immu-
nosuppressive treatments. Another noteworthy result
was the increased risk of multiple myeloma in patients
with rheumatoid arthritis than in the general popula-
tion. The relationship between rheumatoid arthritis and
multiple myeloma has been scarcely studied with con-
flicting results, some studies finding an increased risk
while others not,*** although compared to our study,
sample size was limited.

Some cancers which are not associated with disease
activity nor tobacco, such as prostatic cancer or mela-
noma, were more frequent in rheumatoid arthritis
patients compared to general population with similar
trends across treatment exposure. This suggests either
common risk factors between these cancers and
rheumatoid arthritis, which is not currently identified,
or, more likely, an effect of immunosuppressive treat-
ments on the risk of these cancers As mentioned pre-
viously, this is well known for cervix cancer,”® and has
been described in other inflammatory diseases for
melanoma.”

In the analysis of cancer according to treatment
exposure, it is striking to observe that the highest risk of
cancer was observed in patients treated by rituximab and
abatacept. This contrasts with a similar increase of risk
in patients exposed to csDMARDs, TNFj, or even a risk
similar to that of the general population in rheumatoid
arthritis patients treated with anti-IL6R. We remind that
this study is descriptive and we do not infer a causal
relationship between treatment exposure and cancer
risk. These differences probably underline first and
foremost various patient profiles according to treatment
exposure.

Rituximab is the oldest biologic and is considered to
be safe regarding the risk of cancer, being the bDMARD
of choice in patients with a high risk of cancer, which
might clearly induce an indication bias for this biologic.
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In the ARTIS registry, where indication bias might have
been taken into account with adjustment for comor-
bidities, no increased risk of cancer was found in 4123
patients with rheumatoid patients treated with Ritux-
imab with a median follow-up of more than 5 years.”
Anti-citrullinated protein antibody (ACPA) or rheuma-
toid factor positivity might also bias the association be-
tween hematologic cancer and rituximab. Seropositivity
is associated both with tobacco smoking and with non-
Hodgkin’s lymphoma in rheumatoid arthritis.”” Given
that, in clinical practice, rituximab is preferentially used
in ACPA positive patients because of better efficacy,”
there might be an indication bias towards rituximab
prescription in patients with the highest risk of cancer.
This illustrates the intricate relationship between patient
profile, treatment exposure and cancer risk. Likewise,
the subtype of cancer the most linked to rituximab is
multiple myeloma (SIR = 8.81 [6.61-11.74]), possibly
because patients with monoclonal components of un-
known significance, that is a pre-multiple myeloma
stage, were more prone to receive rituximab. Of note,
the importance of B cells for the efficacy of immune
check points in cancer has recently been highlighted*'
and, overall, physicians should be wary of hematologi-
cal and tobacco-linked cancers in patients treated with
rituximab. We issue a similar warning concerning aba-
tacept exposure, particularly for melanoma risk which
was highest in patients exposed to abatacept in our
study. Two studies showed an increased risk of mela-
noma in patients treated with abatacept,”*? and,
although these results are not consistent across
studies,*** our results warrant caution. Last, no conclu-
sion can be drawn on tofacitinib and JAK inhibitors in
general since follow-up was limited.

Our study presents several strengths, the main one
being its representativeness, as it sought to include all
rheumatoid arthritis patients from the French nation-
wide comprehensive database. Also, this database spans
from more than a decade and allowed for a duration of
follow-up extending far beyond previous studies. Its
large sample size also allowed to study some cancers
with a very low incidence rate such as Hodgkin’s lym-
phoma or individual non-Hodgkin’s lymphoma, unlike
previous studies which were underpowered. Finally, as
our inclusion criteria were broad and all rheumatoid
arthritis patients treated at least once with a DMARD
were included, we believe our results are generalizable
to most clinical situations, and might help clinicians to
adequately screen and monitor rheumatoid arthritis
patients regarding their actual risk of cancer.

This study’s main limitation is that the only factors
accounted for were age, sex and calendar year, by
design. However, the main strength is its representa-
tiveness since involving all treated rheumatoid arthritis
cases from the nationwide healthcare database covering
almost all French population. The aim of this study was
primarily to depict a picture of cancer risk in
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rheumatoid arthritis patients rather than explore a
causal link between rheumatoid arthritis, its treatments
and cancer development. The reported associations be-
tween treatment exposure and cancer risk are solely
descriptive and are designed to be practical aids for
physician to assess cancer risk for each patient.

Another limitation is the absence of validated algo-
rithm within the SNDS to identify patients with rheu-
matoid arthritis. This could raise concerns regarding
misclassification. However, we used the same algorithm
to identify rheumatoid arthritis patients as the one used
in a recent study estimating the prevalence of rheuma-
toid arthritis in France,* which found an estimated
prevalence of rheumatoid arthritis very similar to results
from an ad hoc and well conducted epidemiological
study.” We however restricted our analysis to all sub-
jects who received at least one DMARD. We therefore
repeated our main analysis including all patients with an
ICD-10 code of rheumatoid arthritis regardless of
DMARD reimbursement, and observed a risk of cancer
in the rheumatoid arthritis population closer to the risk
in the general population. This results could be
explained by the fact that untreated patients might either
not effectively have rheumatoid arthritis, or present with
milder cases. In either case, restricting the analysis to
patients receiving at least one DMARD is in our opinion
more reflective of clinical practice”” and increases
specificity.

Moreover, although we acknowledged that smoking
status is a strong driver for cancer risk, we were not able
to adjust for this factor or to compare cancer risk
differentially among smokers and non-smokers, as this
information is lacking for the general population
(FRANCIM data). This was, however, not one of the
initial objectives of our study, as we wished to estimate
cancer risk in all rheumatoid arthritis patients, to in-
crease awareness of physician on the necessity/useful-
ness of an appropriate monitoring. It is possible that the
magnitude of the increased SIR for smoking-related
cancers could be almost entirely attributed to smoking,
and this point is important to be addressed in further
studies.

Moreover, although we acknowledge smoking status
is a strong driver for cancer risk, we were not able to
adjust for this factor or to compare cancer risk differ-
entially among smokers and non-smokers, as this in-
formation is lacking for the general population
(FRANCIM data). This was, however, not one of the
initial objectives of our study, as we wished to estimate
cancer risk in all rheumatoid arthritis patients, to in-
crease awareness of physician on the necessity/useful-
ness of an appropriate monitoring. It is possible that the
magnitude of the increased SIR for smoking-related
cancers could be almost entirely attributed to smoking,
and this point is important to be addressed in further
studies. Another limit was that the FRANCIM cancer
registry coverage period did not include the calendar

years 2019 and 2020 used in the primary analysis.
However, a sensitivity analysis excluding the calendar
years 2019-2020 has shown similar results.

Finally, as is the case with most medico-
administrative database, individual medical records
data are lacking and we were note able to further decline
our results depending on serological status or the
presence of bone erosion. Future studies should address
these limitations, and should in particular better outline
risk factors associated with cancer risk in rheumatoid
arthritis patients. The assessment of factors, either
environmental or constitutional, associated either with
higher or lower risk of cancer, is pivotal towards pro-
moting primary prevention and targeted screening.
Further investigations should also explore the correla-
tion between rituximab exposure and cancer to ascertain
whether the heightened occurrence of malignancy in
patients with rheumatoid arthritis currently exposed to
rituximab treatment can be exclusively attributed to
indication bias.

Conclusion

Disease burden of rheumatoid arthritis remains partic-
ularly affected by an increased cancer risk. While
smoking related cancers are markedly more incident in
treated rheumatoid arthritis patients, particularly in
men, women are less at risk of breast, endometrial and
pancreatic cancer than the general population. Hema-
tological cancers were still increased in rheumatoid
arthritis patients compared to the general population,
although incidence tended to decrease with time for
non-Hodgkin’s lymphoma. Patients exposed to ritux-
imab and abatacept were those who displayed the
highest malignancy rate. Knowing these risks, physi-
cians can recommend specific screenings in high risk
patients with rtheumatoid arthritis which could allow for
earlier management in some cases.
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