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Abstract

Background: The associations of rheumatoid arthritis (RA) with risk of site-specific cancers beyond lymphohemat-
opoietic cancer have been scarcely explored. We conducted a Mendelian randomization investigation of the associa-
tions of RA with site-specific cancers in European and East Asian populations.

Methods: Independent genetic variants strongly associated with RA in European and East Asian populations were
selected as instrumental variables from genome-wide association studies of 58,284 European individuals (14,361
cases and 43,923 controls) and 22,515 East Asian individuals (4873 cases and 17,642 controls), respectively. The asso-
ciations of genetic variants with overall and 22 site-specific cancers were extracted from the UK Biobank study (n =
367,561), the FinnGen study (n = 260,405), Biobank Japan (n = 212,453), and international consortia. The associations
for one outcome from different data sources were combined by meta-analysis.

Results: In the European population, the combined odds ratios per 1-unit increase in log odds of genetic liability
to RA were 1.06 (95% confidence interval [Cl] 1.03-1.10) for head and neck cancer, 1.06 (95% Cl 1.02-1.10) for cervi-
cal cancer, 0.92 (95% Cl 0.87-0.96) for testicular cancer, and 0.94 (95% Cl 0.90-0.98) for multiple myeloma. In the East
Asian population, the corresponding odds ratios were 1.17 (95% Cl 1.06-1.29) for pancreatic cancer, 0.91 (95% Cl
0.88-0.94) for breast cancer, and 0.90 (95% Cl 0.84-0.96) for ovarian cancer. There were suggestive associations for
breast and ovarian cancer and overall cancer in the European population. No other associations were observed.

Conclusion: This study suggests that RA may play a role in the development of several site-specific cancers.
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Background

Rheumatoid arthritis (RA) is a prevalent chronic auto-
immune disease with a high disease burden globally
[1]. RA patients have severe comorbidities, including
major mental disorders, lung disease, cardiovascular
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disease, and solid malignancies [2]. Epidemiological
studies found that RA was associated with increased
risk of overall cancer [3] and several site-specific can-
cers, such as lymphoma [3, 4], lung cancer [5], leuke-
mia [6, 7], and cervical cancer [8], but with decreased
risk of breast and colorectal cancer [3]. A recent Men-
delian randomization (MR) study found that high lev-
els of tumor necrosis factor, a clinical feature of RA
patients, were associated with decreased risk of breast
and colorectal cancers [9]. However, the inverse associ-
ations of RA with breast and colorectal cancer were not
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observed in other studies [10, 11]. The associations of
RA with other site-specific cancers have been scarcely
investigated. In addition, the majority of previous evi-
dence on the associations between RA and cancer risk
was based on observational studies where results are
prone to be influenced by confounding and reverse cau-
sality. Thus, the causal role of RA in the development of
cancer remains unestablished.

Mendelian randomization (MR) is an epidemiological
approach that utilizes genetic variants as an instrument
to strengthen causal inference [12]. MR is by nature
not prone to confounding since genetic variants are
randomly assorted at conception and thus unrelated
to environmental and self-adopted factors. Addition-
ally, this method can minimize reverse causality since
germline genotypes are unaffected by the onset and
progression of the disease. A recent MR study found
a protective association of genetic liability to RA and
breast cancer risk in an East Asian population [13].
However, the MR associations of RA with risk of site-
specific cancers have not been explored in a systematic
way. Here, we conducted an MR investigation to deter-
mine the associations of RA with risk of overall cancer
and site-specific cancers in European and East Asian
populations.
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Materials and methods

Study design

An overview of the study design is presented in Fig. 1.
The present study is based on data on RA and cancers
from the UK biobank [14], the FinnGen study [15], the
Biobank Japan [16], and genome-wide association stud-
ies (GWASs) on female-specific cancers [17-19] (Sup-
plementary Table 1). All studies had been approved
by a relevant ethical review board and participants had
given informed consent. The present MR analyses were
approved by the Swedish Ethical Review Authority
(2019-02793).

Cancer data sources

Genetic associations with cancers in European ancestry
were obtained from the UK Biobank [14], FinnGen study
[15], and international consortia, including the Breast
Cancer Association Consortium (BCAC, 122,977 cases
and 105,974 controls) [17], the Ovarian Cancer Asso-
ciation Consortium (OCAC, 25,509 cases and 40,941
controls) [18], and a genome-wide meta-analysis on
endometrial cancer (12,906 cases and 108,979 controls,
including UK Biobank) [19]. The definition of site-spe-
cific cancers in UK Biobank and FinnGen is displayed
in Supplementary Table 2. Detailed descriptions on UK
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Biobank, FinnGen, and Biobank Japan [16], like exclusion
criteria and quality control information, are presented in
Supplementary Method.

Genetic instrument selection

Single-nucleotide polymorphisms (SNPs) associated with
RA in the European and East Asian populations at the
genome-wide significance level (P<5 x 107®) were sepa-
rately derived from a GWAS with a total of 58,284 Euro-
pean individuals (14,361 RA cases and 43,923 controls)
and 22,515 East Asian individuals (4873 RA cases and
17,642 controls) [20]. After removal of SNPs with linkage
disequilibrium (+* > 0.01), 70 and 32 SNPs were selected
as instrumental variables in the analysis in the European
and East Asian populations, respectively (Supplementary
Table 3). Odds ratios (ORs) and corresponding confi-
dence intervals (CIs) of the associations were scaled to a
1-unit increase in log-transformed odds of genetic liabil-
ity to RA in the main analysis.

To provide estimates with a more intuitive interpreta-
tion, we estimated absolute genetic associations with
RA using linear regression with adjustment for age, sex,
and first 10 genomic principal components among the
UK Biobank participants [21]. RA was defined using
electronic health records (ICD-9 714.0, ICD-10: MO05 or
MO06). These summary-level coefficients were used in the
sensitivity analysis where the OR of cancer was scaled to
per 1% increase in the probability of RA. Based on these
estimates obtained from linear regression, the phenotypi-
cal variance explained by used RA-associated SNPs was
estimated to be approximately 0.3%, which was used in
F statistic and power calculation for the analysis in the
European population. Estimates of SNPs in the sensitivity
analysis are given in the Supplementary Table 3.

Statistical analysis

All instrumental variables for each outcome were har-
monized to omit ambiguous SNPs with non-concordant
alleles and palindromic SNPs with ambiguous minor
allele frequency (>0.42 and <0.58). If an SNP was una-
vailable in the outcome data, a proxy SNP in high linkage
disequilibrium (*>0.8) will replace. We found no evi-
dence of pleiotropic associations of RA-associated SNPs
with cancer by a search in the PhenoScanner platform
[22].

The primary analysis was conducted based on the mul-
tiplicative random-effects inverse-variance weighted
method [23]. The weighted median [23], MR-egger
regression [24], and Mendelian randomization plei-
otropy residual sum and outlier (MR-PRESSO) [25]
methods were performed as sensitivity analyses. The
weighted median model can provide valid estimates if at
least 50% of the weight comes from valid instrumental
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variables [23]. MR-Egger method can provide estimates
after adjusting for pleiotropy; however, the obtained asso-
ciations are usually imprecise [24]. MR-PRESSO method
can detect outliers of SNPs with pleiotropic effects and
provide estimates after removal of outliers [25]. Het-
erogeneity among estimates of SNPs was assessed by
the Cochran’s Q value. The intercept test of MR-Egger
regression was used to identify horizontal pleiotropy
[24]. The fixed-effects meta-analysis was used to com-
bine MR estimates from different data sources for each
site-specific cancer. Power of the analysis in the European
population was estimated using an online tool (Supple-
mentary Table 4) [26]. The Benjamini-Hochberg method
that controls the false discovery rate (FDR) was applied to
correct for multiple testing. The association with a Ben-
jamini—Hochberg adjusted P-value <0.05 was deemed
significant. The association with a nominal P-value <0.05
and a Benjamini—Hochberg adjusted P-value >0.05 was
treated as a suggestive association. All analyses were two-
sided and performed using the TwoSampleMR [27] and
MRPRESSO [25] packages in R software 4.1.2.

Results

Genetic instruments

Seventy and thirty-two RA-associated SNPs were avail-
able in the UK Biobank study and Biobank Japan, respec-
tively. One SNP was unavailable and without a suitable
proxy SNP, leaving 69 SNPs as an instrumental variable
in the FinnGen study. All F statistics for the analyses in
the European populations were above 10 (Supplementary
Table 4).

RA and cancer in the European population
The associations of genetic liability to RA with over-
all cancer and 22 site-specific cancers are displayed in
Fig. 2. Genetic predisposition to RA was not associated
with 22 studied site-specific cancers or overall cancer in
the UK Biobank study after Benjamini—Hochberg correc-
tion (Fig. 2, Supplementary Table 5, and Supplementary
Table 6). The direction of the associations in UK biobank
was overall consistent with that in the FinnGen study
(Fig. 2). However, genetic predisposition to RA showed
significant associations with a decreased risk of cancers
of brain, testis, breast, and ovary as well as overall cancer
in the FinnGen study (Fig. 2, Supplementary Table 6, and
Supplementary Table 7). We detected high heterogene-
ity but no horizontal pleiotropy in the analysis of overall
cancer. The association for overall cancer remained in the
MR-PRESSO analysis after removal of the outliers (OR
0.98, 95% CI 0.97-0.99) (Supplementary Table 7).

In the combined analysis of UK Biobank and FinnGen,
genetic liability to RA was nominally associated with an
increased risk of head and neck cancer (OR 1.06, 95% CI
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Cases/Controls OR (95% Cl)

Cancer site UK Biobank FinnGen UK Biobank FinnGen Combined

Testis 747/167,989 268/113,076 —e——F— 0.94 (0.88,0.99) 0.85(0.77,0.94) 0.92 (0.87, 0.96)
Multiple myeloma 930/361,870 693/209,134 — 0.95 (0.89, 1.00) 0.93 (0.87,0.99) 0.94 (0.90, 0.98)
Brain 1,057/366,504 1,718/779,497 —— 1.01 (0.95, 1.07) 0.91 (0.87,0.95) 0.94 (0.91, 0.97)
Ovary 1,839/196,986  1041/146,020 — 0.99 (0.95, 1.04) 0.92(0.87,0.97) 0.96 (0.93, 0.99)
Uterus 2,281/196,544 1,430/145,631 —— 0.98 (0.94, 1.01) 0.99 (0.94, 1.03) 0.98 (0.95, 1.01)
Breast 15,695/183,130 11,573/135,488 1.00 (0.98, 1.01) 0.97 (0.95, 0.99) 0.98 (0.97, 1.00)
Kidney 1,741/365,820 1,393/259,012 —— 1.00 (0.96, 1.04) 0.96 (0.91, 1.01) 0.98 (0.95, 1.02)
Oesophagus 1,228/366,333  358/260,047 —_—— 1.01 (0.96, 1.06) 0.93 (0.85, 1.02) 0.99 (0.95, 1.03)
Lung 4,231/363,330  3,061/204,021 e 0.97 (0.93, 1.00) 1.01 (0.98, 1.04) 0.99 (0.97, 1.01)
Overall cancer 59,647/307,914 51,271/209,134 o 1.00 (0.99, 1.01) 0.98 (0.96, 0.99) 0.99 (0.98, 1.00)
Melanoma 5,691/361,870 143/260,262 . ———=> 0.99(0.96,1.01) 1.18(1.02, 1.35) 0.99 (0.97, 1.02)
Bladder 3,326/364,235  1,701/258,704 e 0.99 (0.96, 1.03) 1.01(0.97, 1.05) 1.00 (0.97, 1.03)
Colorectum 6,995/360,566  4,401/256,004 — 1.00 (0.98,1.02) 1.01 (0.98, 1.05) 1.01 (0.99, 1.02)
Prostate 10,506/158,230 8,709/104,635 —= 1.01 (0.99, 1.03) 1.00 (0.98, 1.02) 1.01 (0.99, 1.02)
Biliary tract 604/366,957 157/260,248 —— = 1.00 (0.94,1.07) 1.06 (0.93, 1.22) 1.01 (0.96, 1.07)
Pancreas 1,747/365,814  881/259,524 — 1.00 (0.96, 1.05) 1.04 (0.97,1.11) 1.01 (0.98, 1.05)
Stomach 994/366,567 889/259,516 —— 1.04 (0.99, 1.10) 0.98 (0.92, 1.04) 1.02 (0.98, 1.05)
Non-Hodgkin lymphoma 2,878/364,683 2,937/1,038,683 e — 1.03 (0.97,1.09) 1.02(0.98, 1.06) 1.02 (0.99, 1.05)
Thyroid 384/367,177 1,257/259,148 —e— 1.08 (0.99, 1.18) 1.01 (0.96, 1.06) 1.03 (0.98, 1.07)
Liver 463/367,098 442/259,963 —_— 1.04 (0.95, 1.14) 1.03 (0.95,1.12) 1.03 (0.97, 1.10)
Leukemia 1,825/365,736  1,148/519,662 UK Biobank = ——n 1.06 (1.01, 1.11) 1.01 (0.96, 1.07) 1.04 (1.00, 1.08)
Cervix 1,973/196,852 2,229/144,832 ® FinnGen — e— 1.06 (1.01,1.12) 1.06 (1.00, 1.12) 1.06 (1.02, 1.10)
Head and neck 1,983/365,578  569/780,646 ¢ Combined —f—~——— 1.06(1.01,1.10) 1.10(1.02,1.19) 1.06 (1.03, 1.10)

I T T T ]
0.80 0.90 1.0 11 1.2

UK Biobank and FinnGen studies. Cl, confidence interval; OR, odds ratio

Fig. 2 Associations of genetic liability to rheumatoid arthritis with risk of overall cancer and 22 site-specific cancers in European individuals in the

1.03-1.10) and cervical cancer (OR 1.06, 95% CI 1.02—
1.10), and a decreased risk of testicular cancer (OR 0.92,
95% CI 0.87-0.96), multiple myeloma (OR 0.94, 95% CI
0.90-0.98), brain cancer (OR 0.94, 95% CI 0.91-0.97),
ovarian cancer (OR 0.96, 95% CI 0.93—-0.99), breast can-
cer (OR 0.98, 95% CI 0.97-1.00), and overall cancer (OR
0.99, 95% CI 0.98-1.00) (Fig. 2). The associations for
cancers of brain, head and neck, testis, and uterus, and
multiple myeloma remained after Benjamini—Hochberg
adjustment for multiple comparisons (Supplementary
Table 6). In the sensitivity MR analysis using instrumen-
tal variables with summary-level coefficients from linear
regression, the association between genetic liability to RA
and overall cancer and 22 site-specific cancers showed
the same pattern with a larger magnitude of the esti-
mates (Supplementary Table 8). The association between
genetic liability to RA and the risk of leukemia became
clear. Per 1% increase in genetic liability to RA, the com-
bined OR of leukemia was 1.07 (95% CI 1.01-1.14).

We did not observe any associations for female-specific
cancers in the analyses based on consortia data (Supple-
mentary Table 9). In the meta-analysis combining data
from UK Biobank, FinnGen, and consortia, there was a
suggestive association between genetic liability to RA and
ovarian cancer (OR 0.98, 95% CI 0.97-1.00) (Fig. 3). No

associations were observed with cancer of the breast or
uterus in this combined analysis (Fig. 3).

RA and cancer in the East Asian population

The OR per 1-unit increase in genetically predicted log
odds of RA was 1.17 (95% CI 1.06—1.29) for pancreatic
cancer, 0.91 (95% CI 0.88-0.94) for breast cancer, and
0.90 (95% CI 0.84-0.96) for ovarian cancer (Fig. 4). The
results remained consistent in the sensitivity analyses
(Supplementary Table 10). We observed heterogene-
ity in the analysis of breast cancer and the association
became stronger after removal of one outlier SNP. We
detected possible horizontal pleiotropy in MR-Egger
intercept analysis of pancreatic cancer and no outliers in
the corresponding MR-PRESSO analysis (Supplementary
Table 10). There were no associations of genetic liability
to RA with the other studied cancers (Fig. 4).

Discussion

In the current MR study, we found that genetic liability
to RA was associated with an increased risk of cancer
of head and neck and cervix and possibly leukemia and
a decreased risk of brain and testicular cancer, multi-
ple myeloma, and possibly breast and ovarian cancer in
the European population. Genetic liability to RA was
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Cancer site/Source Cases Controls OR (95% CI) P value
Ovary
UK Biobank 1,839 196,986 —— 0.99 (0.95, 1.04) 0.702
FinnGen 1,041 146,020 —— 0.92 (0.87,0.97) 0.001
OCAC 25,509 40,941 . 0.99 (0.97,1.01) 0.197
Combined - 0.98 (0.97, 1.00) 0.029
Uterus
UK Biobank 2,281 196,544 —— 0.98 (0.94,1.01) 0.184
FinnGen 1,430 145,631 - 0.99 (0.94, 1.03) 0.590
O'Mara et.al 12,906 108,979 - 0.99 (0.97,1.01) 0.220
Combined —r 0.99 (0.97,1.01) 0.180
Breast
UK Biobank 15,695 183,130 - 1.00 (0.98,1.01) 0.764
FinnGen 11,573 135,488 —a— 0.97 (0.95, 0.99) <0.001
BCAC 122,977 105,974 - 1.00 (0.99, 1.01) 0.826
Combined : : - I 0.99 (0.99, 1.00) 0.146

0.8 0.9 1.1

OR (95% Cl)

Fig. 3 Associations of genetic liability to rheumatoid arthritis with risk of female-specific cancers in European individuals in the UK Biobank,
FinnGen, and international consortia. BCAC Breast Cancer Association Consortium; Cl, confidence interval; OCAC, the Ovarian Cancer Association
Consortium; OR, odds ratio

Cancer site Cases Controls OR (95% CI) P value
Ovary 720 89,731 —— 0.90 (0.84, 0.96) 0.002
Breast 5,652 89,731 —— 0.91 (0.88, 0.94) <0.001
Biliary tract 339 195,745 —_ 0.94 (0.85,1.04) 0.217
Liver 1,866 195,745 — 0.97 (0.90, 1.04) 0.440
Prostate 5,408 103,939 - 0.99 (0.96, 1.01) 0.336
Oesophagus 1,300 195,745 —— 1.00 (0.94,1.05) 0.859
Colorectum 7,062 195,745 —-— 1.02 (1.00, 1.05) 0.082
Uterus 999 89,731 —t— 1.03(0.95,1.11) 0.522
Stomach 6,563 195,745 —— 1.05 (1.00, 1.10) 0.042
Lung 4,050 208,403 —— 1.06 (1.00, 1.12) 0.034
Cervix 605 89,731 1.12 (0.95,1.32) 0.168
Pancreas 442 195,745 1.17 (1.06, 1.29) 0.001
I T 1
0.8 1.2 1.4

OR (95% Cl)

Fig. 4 Associations of genetic liability to rheumatoid arthritis with risk of 12 site-specific cancers in East Asian individuals in the Biobank Japan. Cl,
confidence interval; OR, odds ratio
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associated with an increased risk of pancreatic cancer
and a decreased risk of breast and ovarian cancer in the
East Asian population.

The identified associations between RA and female-
specific cancers are in line with previous studies. A
cohort study comprising 58,979 American women with
RA found that the risk of high-grade cervical dysplasia
and cervical cancer was 1.5 times higher in individu-
als with RA [8]. In a nationwide register-based cohort
study including 374,944 Swedish females, biologic-naive
women with RA were at greater risk of cervical intraepi-
thelial neoplasia (CIN) 1 (hazard ratio 1.53, 95% CI
1.23-1.89) and CIN 2-3 (hazard ratio 1.39, 95% CI 1.16
to 1.66) [28]. A possible explanation for this positive
association is that RA patients’ autoimmunity disorders
may lead to a deficient response to human papillomavi-
rus infection, which ultimately results in invasive cervical
cancer. Regarding breast cancer, previous observational
studies have consistently found a lower risk of breast can-
cer in RA patients than in women without this disease
[29-31]. An MR study based on data from the BCAC,
Biobank Japan, and Consortium of Investigators of Modi-
fiers of BRCA1/2 also found that genetically proxied RA
liability based on 25 SNPs was inversely associated with
breast cancer in the East Asian population [13]. Never-
theless, this inverse association was not observed in the
European population in our analysis. The reason that
may explain this ethnicity-specific association remains
unknown. Our study further demonstrated RA to be
associated with a decreased risk of ovarian cancer. More
studies are needed to verify this association.

The biological mechanism behind the observed asso-
ciations between genetic liability to RA and decreased
risk of breast and ovarian cancers is unclear. Female
hormonal factors may play an essential role. Studies on
serum sex hormone levels in RA patients found that pre-
menopausal RA women had lower concentrations of
luteinizing hormone [32] and high levels of luteinizing
hormone in pre-menopausal women may result in the
immature release of the ovum, which may contribute to
improper re-epithelialization of the ovaries [33]. Micro-
RNA-498 was found in lower levels in peripheral blood
of RA patients [34], and it is suspected to be associated
with the development of breast cancer [35]. Likewise,
polymorphisms in the DRBI gene, the primary genetic
susceptibility locus for RA [36], have recently been linked
to a decreased risk of breast cancer [37]. The estradiol
levels were similar between female RA patients’ and con-
trols [32, 38], and endometrial cancer is strongly related
to estradiol levels, which may explain our null finding for
endometrial cancer.

The present MR results did not support observational
studies suggesting an elevated risk of overall and lung
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cancer and reduced risk of colorectal cancer among RA
patients. A meta-analysis of 23 studies found that the
standardized incidence ratio in RA patients compared
with the general population was 1.09 (95% CI 1.06—1.13)
for overall cancer, 1.64 (95% CI 1.51-1.79) for lung can-
cer, and 0.78 (95% CI 0.71-0.86) for colorectal cancer
[3]. A cohort study found that the standardized inci-
dence ratio (RA patients vs. controls) for colorectal can-
cer was 0.78 (95% CI 0.68—0.91) [39]. In a retrospective
cohort study including 1885 Korean RA patients, the risk
of overall cancer and lung cancer was higher in all RA
patients and male RA patients, respectively [10]. A recent
meta-analysis of 11 cohort studies involving 183,888
patients also found that having RA was associated with
a higher lung cancer risk [5]. However, our findings are
consistent with an MR study where there was a null asso-
ciation of genetic liability to RA with risk of lung cancer
and its subtypes in a European population [5]. The dis-
crepancies between our results and previous observa-
tional findings might be caused by residual confounding
(e.g., smoking habits, drug use) or reverse causation bias
in the observational studies.

In this MR study, we observed non-significant positive
associations of genetic liability to RA with non-Hodgkin
lymphoma and leukemia risk, thereby partly support-
ing most observational studies which have found an
increased risk of lymphohematopoietic cancer in RA
patients [3, 4, 6, 7, 10, 11, 40]. A possible explanation for
this positive association is that most patients with RA are
treated with methotrexate, biologics, or disease-modify-
ing antirheumatic drugs, all of which might contribute
to the development of lymphohematopoietic cancer. The
non-significant associations in the present MR analy-
sis might be explained by inadequate power caused by a
small number of cases. In contrast to observational find-
ings, we observed an inverse association between RA
and multiple myeloma. In a meta-analysis comprising 18
observational studies, a slightly increased (14% higher)
risk of multiple myeloma was observed in RA patients
[41]. However, significant heterogeneity and confounding
factors remained as the primary limitations of this study,
which suggests caution in interpretation of the results.

We found that genetic liability to RA was positively
associated with head and neck cancer risk. Epidemio-
logical data on this association are limited. A retro-
spective cohort study in the USA showed that patients
treated with tumor necrosis factor inhibitor did not
have a significantly increased risk of head and neck
cancer recurrence [42]. However, female RA patients
were found to have a higher risk of buccal cavity/phar-
ynx cancer compared to healthy controls [43]. Evidence
for the pathogenic effect of chronic immune stimula-
tion/chronic inflammation suggests that RA itself could
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lead to the increased risk of tumor formation [44].
Furthermore, RA results in the number and function
of T-suppressor lymphocytes decreasing, which may
impair the ability to direct against the pro-oncogenic
virus including Epstein-Barr virus and papillomavirus
[45]. We also observed inverse associations for tes-
ticular and brain cancers. These are novel findings that
need confirmation.

We found a positive association between genetic lia-
bility to RA and pancreatic cancer risk in East Asian
individuals. Previous observational findings on this
association were inconsistent. In a nationwide Japanese
cohort, the incidence of pancreatic cancer in female
patients with RA was slightly lower than in the general
population, but the potential confounders were not
adjusted for [39]. A null association between RA and
pancreatic cancer was observed in another study of the
Asian population [4]. Thus, the role of RA in the devel-
opment of pancreatic cancer in East Asians needs more
investigation.

A chief strength of this study is MR design with data
from different populations, which diminishes confound-
ing and reverse causality as well as examines the ancestral
difference in the associations. We performed MR analysis
in the European and East Asian populations, separately,
which minimized bias caused by population structure
bias.

A major limitation of the current MR study was that
several site-specific cancers had relatively small numbers
of cases, which resulted in low precision in MR estima-
tion and possible false negative findings, given that used
SNPs for RA explained a small phenotypic variance.
Another disadvantage is that we could not completely
rule out horizontal pleiotropic effects that might influ-
ence our findings even though we conducted a series of
sensitivity analyses that indicated limited pleiotropic
effects. A further limitation is that the MR analysis
assessed the life-long liability to RA. Thus, our findings
might not be compared to the effect of RA on cancer dur-
ing a particular lifecycle. There was a large sample over-
lap between the exposure and outcomes in the analysis
in the East Asian population, which might cause weak
instrument bias [46]. Given lack of information on vari-
ance explained by used instruments in the East Asian
population, F-statistic was not able to be estimated to
measure this bias. Finally, our results might not be com-
parable with those of observational studies as RA status
was defined by genetic liability based on genetic variants
in MR analysis.

In conclusion, this study suggests that RA may play a
role in the development of several site-specific cancers.
Future studies are warranted to verify our findings.
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