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Two-sample Mendelian Randomization @
to evaluate the causal relationship between
inflammatory arthritis and female-specific

cancers
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Abstract

Background There is evidence that inflammatory arthritis in the form of ankylosing spondylitis (AS), psoriatic arthritis
(PsA), and rheumatoid arthritis are both positively and negatively associated with certain female-specific cancers.
However, the study results are very heterogeneous.

Methods Based on up to 375,814 European women, we performed an iterative two-sample Mendelian
randomization to assess causal effects of the occurrence of the inflammatory arthritis on the risk of female-specific
cancer in form of breast, endometrial, and ovarian cancer sites as well as their subtypes. Evidence was strengthened
by using similar exposures for plausibility or by replication with a subsequent meta-analysis. P-values were Bonferroni
adjusted.

Results Genetic liability to AS was associated with ovarian cancer (OR=1.03; 95% CI: [1.01; 1.04]; Pag;=0.029) and
liability to PsA with breast cancer (OR=1.02; Cl: [1.01; 1.04]; Faq;=0.002). Subgroup analyses revealed that the high-
grade serous ovarian cancer (OR=1.04; CI: [1.02; 1.06]; F.qj=0.015) and the ER- breast cancer (OR=1.04; CI: [1.01; 1.07];
PL4j=0.118) appeared to drive the observed associations, respectively. No further associations were found between
the remaining inflammatory arthritis phenotypes and female-specific cancers.

Conclusions This study suggests that AS is a risk factor for ovarian cancer, while PsA is linked to an increased breast
cancer risk. These results are important for physicians caring women with inflammatory arthritis to advise their
patients on cancer screening and preventive measures.
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Background

The prevalence of autoimmune diseases is estimated to
be about 10%, and it is predicted to continue to increase
worldwide [1] with consequently enormous health and
economic burdens [2, 3]. Their prevalence can vary
widely in different regions and countries, depending on
ethnicity, age, and other demographic factors [1, 4]. It is
also known that women are more often affected by auto-
immune diseases than men. However, the reasons for this
are not yet clear [5].

There is evidence that autoimmune diseases are associ-
ated with an increased risk of cancer, which may be due
to an underlying dysregulation of the immune system or
the therapies used to treat the diseases [6—9]. Common
representatives of autoimmune diseases are inflamma-
tory joint diseases, whose connection with the occur-
rence of various cancers has been the subject of several
previous studies [10-12]. However, the risk for female
cancers in these patients has been understudied. Previous
observational investigations on this topic have focused
primarily on rheumatoid arthritis (RA), one of the most
common autoimmune diseases, and female cancers; most
studies suggested reduced or no risk of endometrial [13,
14], breast [14, 15], cervical [15], and ovarian cancer [14].
So far, there is scarce data on whether women with other
forms of inflammatory arthritis such as psoriatic arthri-
tis (PsA) and ankylosing spondylitis (AS) are more or less
likely to develop breast, endometrium, and ovarian can-
cers [16, 17].

Despite previous findings, it is difficult to establish a
causal relationship between inflammatory arthritis and
the occurrence of various cancers in women because of
the possibility of unmeasured confounding factors or
reverse causality in observational studies.

We therefore performed a two-sample Mendelian ran-
domization (MR) study to investigate the causal effects of
different types of inflammatory arthritis, namely RA, AS,
and PsA on breast, ovarian, and endometrial cancer and
their subgroups.
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Methods

Study design

MR is an instrumental variable analysis method in which
genetic variants are used as instruments for an exposure
to infer causality with an outcome of interest. The allo-
cation of the genetic variants is assumed to be naturally
randomized according to Mendel’s laws and thus not
influenced by any confounding factor of the exposure-
outcome association. Because of this randomization
process, this study design is less prone to unobserved
confounding or reverse causality compared to the obser-
vational study design. The following three core assump-
tions should ensure the definition of an instrumental
variable for each of the genetic variants in a MR: Genetic
instruments (1) have to be associated with the risk factor
of interest (relevance assumption), (2) must not be asso-
ciated with confounding factors of the exposure-outcome
association (independence assumption), and (3) must
influence the outcome only via exposure and not via any
other path (exclusion restriction assumption).

Study samples

All analyses were based on female individuals of Euro-
pean ancestry. To minimize sample-overlap and in this
way ensure an unbiased two-sample setting, we restricted
the exposure datasets to non-UK Biobank participants,
whereas outcome datasets did not contain participants
from the FinnGen study.

Exposures

The summary-level data regarding the RA phenotype
were taken from two different sources considering par-
ticipants of European ancestry. The GWAS of Okada et
al. included 29,880 cases and 73,758 controls [18] and the
FinnGen study included 12,555 cases and 240,862 con-
trols [19] [Table 1]. The FinnGen database was also used
to extract data for both AS and AS under a strict defini-
tion (as a subgroup of AS), containing 2,860 and 1,193
cases, respectively. In this way we were able to compare
the strengths and consistencies of results. We had a simi-
lar rationale in case of psoriasis phenotypes where PsA,
the autoimmune disease of interest, was a subset of pso-
riasis. With the exception of PsA, which we took from the

Table 1 Description of exposure-datasets and associated independent genetic instruments based on the genome-wide association

thresholdof p = 5. 10°8

Phenotype Source Cases Controls Associated SNPs
Ankylosing spondylitis FinnGen 2,860 270,964 14
Ankylosing spondylitis (strict def) FinnGen 1,193 374,621 11
Psoriasis FinnGen 9,267 364,071 33
Psoriatic arthritis FinnGen 2912 330,975 14
Rheumatoid arthritis Okada et al. 29,880 73,758 46
Rheumatoid arthritis FinnGen 12,555 240,862 27

Abbreviations: SNPs Single Nucleotide Polymorphisms
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8th round of the FinnGen study, the remaining pheno-
types were derived from the 9th round [Table 1].

Outcomes

Three women-specific cancers and their subgroups were
considered as outcomes [Table 2]. The GWAS for breast
cancer and its subtypes, estrogen receptor-positive (ER+)
and -negative (ER-) comprised 122,977, 69,501, and
21,468 cases, respectively, each compared with 105,974
controls [20]. The endometrial cancer GWAS conducted
by O’Mara et al. included 12,906 cases and 108,979 con-
trols [21]. The endometrioid endometrial carcinoma
(EEC), which typically has a good prognosis, and the
non-endometrioid endometrial carcinoma (NEEC), with
a worse prognosis [22], were used in the subgroup analy-
ses. In contrast to the main analysis, the subgroup analy-
ses did not include UK Biobank individuals. The ovarian
cancer GWAS including 25,509 cases and 40,941 controls
and its subgroups endometrioid ovarian cancer, clear cell
ovarian cancer, and low- and high-grade serous ovarian
carcinomas conducted by Phelan et al. [23] were accessed
through the IEU OpenGWAS database [24, 25].

Instrument selection

Due to the relevance assumption, single nucleotide poly-
morphisms (SNPs) that were associated with the respec-
tive exposure were selected based on the genome-wide
association threshold of P = 5. 10~8. Independency of
genetic instruments was ensured by performing PLINK
clumping to prune SNPs in linkage disequilibrium (LD)
within a 10,000 kb window using a conservative clumping
cutoff of y2=0.001. During the harmonization process,
palindromic SNPs with a minor allele frequency > 0.42
were removed from the analyses, and a proxy-search was
performed for instruments not found in the respective
outcome datasets, restricting the LD to 2 > ().8.

Page 3 of 9

Statistical analyses

The inverse variance-weighted (IVW) method with
modified second-order weights within the radial MR
framework was used as the principal approach embed-
ded into an iterative setting. In this way, we were able to
focus on outliers contributing to global heterogeneity in
each iteration with respect to their individual Cochran’s
@ statistics (based on an @ @=0.01) and the number of
instruments. Results from the first and last iterations
were compared to check the distortion as well as consis-
tency and therefore the robustness of estimates.

To assess different heterogeneity patterns and rule out
biases related to horizontal pleiotropy, we performed a
range of pleiotropy-robust methods. Under the InSIDE
assumption, the MR-Egger provides a consistent estimate
even when the intercept (added as an additional param-
eter to a random effects IVW model) is different from
zero (i.e. directional pleiotropy). The weighted median
and mode approaches also produce consistent estimates
when less of more than 50% of instruments are invalid,
respectively. The MR-RAPS (Robust Adjusted Profile
Score) approach was performed to account for weak
instruments bias and extreme outliers in case of balanced
pleiotropy. Finally, in each iteration the MR-PRESSO was
used to identify outliers and, if necessary, to test for dis-
tortion of estimates before and after outlier removal in
each iteration.

Presence of substantial and directional (i.e. unbalanced)
pleiotropy was investigated applying the MR-PRESSO
global test and the MR-Egger intercept test, respectively.
Additionally, Cochran’s () and Ruecker’s )’ statistics as
well as their differences and ratios were calculated and
tested.

To strengthen the evidence, we pooled the results from
both RA-datasets using a fixed-effect meta-analysis. With
regard to the evidence in AS patients, we compared the
results of two datasets. The first dataset included all cases
within the FinnGen cohort, while the second dataset was

Table 2 Description of outcome-datasets used in main and subgroup mendelian randomization analyses

Cancer site Subgroup Source Cases Controls
Breast Michailidou et al. 122,977 105,974
ER+ 69,501 105,974
ER- 21,468 105,974
Endometrial O'Mara et al. 12,906 108,979
EEC 8,758 46,126
NEEC 1,230 35,447
Ovary Phelan et al. 25,509 40,941
Low-grade serous 1,012 40,941
High-grade serous 13,037 40,941
Endometrioid 2,810 40,941
Clear cell 1,366 40,941

Abbreviations: ER+, estrogen receptor-positive; ER-, estrogen receptor-negative; EEC, endometrioid endometrial carcinoma; NEEC, non-endometrioid endometrial

carcinoma
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restricted to cases with a stricter definition. We then
interpreted only those associations with consistent point
estimates.

Presented P-values were Bonferroni adjusted to correct
for multiple testing for 44 null hypotheses due to four
exposure sets and eleven outcomes (three main outcomes
and seven subgroup analyses). Estimates were presented
as ORs, 95% Cls and Bonferroni-adjusted P-values.

All analyses were performed using the open-source sta-
tistical software R (version 4.2.2). For the most part, the
following software packages (version number) were used:
LDIlinkR (1.3.0), mr.raps (0.2), MendelianRandomization
(0.9.0), MRPRESSO (1.0), RadialMR (1.1), MVMR (0.4),
TwoSampleMR (0.5.6), data.Table (1.14.8), dplyr (1.1.2),
and ggplot2 (3.4.3).

Results

After the clumping procedure, between 11 and 46 associ-
ated independent SNPs were available to be considered
as potential genetic instruments for the correspond-
ing exposures at the beginning of the iterative analyses
[Table 1]. The model-specific number of genetic variants
before and after outlier removal in up to three iterations
were listed in Supplementary Table 1. In the following,
breast cancer _i_.—
ER+1 _:’_

—i o I

ER-1
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the estimates on the OR scale represent the average
change in the outcome per 2.72-fold increase in the prev-
alence of the exposures from the final models after out-
lier removal [Supplementary Table 2].

Main analyses

Genetic liability to AS was positively associated with the
occurrence of ovarian cancer (OR=1.03; CI: [1.01; 1.04];
P,4;=0.029) [Fig. 1]. The result held also for the strict
definition of AS (OR=1.02; CI: [1.01; 1.04]; F%4j=0.012).
Subtype analyses revealed a positive association with
high-grade serous ovarian cancer (OR=1.04; CI: [1.02;
1.06]; F,4j=0.015) with a consistent estimate in case of
strict definition (OR=1.02; CI: [1.00; 1.04]; P. ~1).
Contradictory estimates were observed in endometrioid
and clear cell ovarian cancers with a negative point esti-
mate for AS and a positive for the strict definition of AS.
Regarding this fact and the adjusted P-values of approxi-
mately 1, no clear conclusion can be drawn for the both
subtypes.

While there were no notable associations between
genetic liability to psoriasis and major cancer risk, genet-
ically liability to PsA was found to be associated with
breast cancer (OR=1.02; CI: [1.01; 1.04]; F.4=0.002)
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Fig. 1 Estimates for the causal effects of ankylosing spondylitis (using the usual and a strict definition) on female-specific cancers given as odds ratios
(ORs) and 95% confidence intervals. Presented P-values are Bonferroni-adjusted. A gray background represents the main and the unshaded background

the subgroup analyses of the respective cancer site
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that appeared to be driven by its relationship to the ER-
subtype (OR=1.04; CL: [1.01; 1.07]; F.4j=0.118) [Fig. 2].
Although there was little evidence of an association with
ovarian cancer (OR=1.03; CL [1.00; 1.07]; P.gj =1), a
suggestive positive association of PsA with high-grade
serous subtype and a negative association of psoriasis
with the clear cell subtype was observed, indicating a
potential heterogenous influence on cancer subtypes.
Again, inconsistent estimates were observed for the
endometrioid ovarian cancer.

No evidence of an inverse association between geneti-
cally liability to RA and female-specific cancer risk was
found in either the individual studies or the meta-analy-
sis that included both studies (i.e. Okada et al. and Finn-
Gen) [Fig. 3].

Robustness and heterogeneity

Looking at the iterative approach, the point estimates
before outlier removal agreed with the final results with-
out a substantial distortion effect [Supplementary Fig. 1].
Also, the pleiotropy-robust approaches used in sensitivity
analyses fully supported the results from main analyses
in terms of consistency and magnitude of point estimates
[Supplementary Figs. 2—4]. Notably, except MR-Egger,

breast cancer
ER+4

ER-1
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which is known to have a low statistical power, all plei-
otropy-robust approaches were statistically significant
for the findings mentioned above based on an « -level of
0.05.

Regarding the notable associations, there was no indi-
cation for substantial heterogeneity in the final models
on an «-level of 0.05 [Supplementary Table 3]. How-
ever, heterogeneity (especially directional pleiotropy)
was observed particularly in RA-breast cancer models,
indicating biased estimates. In these cases, the weighted
median and weighted mode approaches suggested a neg-
ative association between RA and breast cancer [Supple-
mentary Fig. 4].

In summary, we found a positive genetic association
between AS and ovarian cancer, possibly due to the high-
grade serous subtype. Furthermore, PsA appeared to be a
risk factor for the development of breast cancer, particu-
larly the ER- subtype. Uncertainties existed in the inverse
relationship between RA and breast cancer.

Discussion

The present study using a two-sample mendelian ran-
domization approach found a causal relationship
between PsA and an increased risk of breast cancer, as
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well as between AS and the risk of ovarian cancer. There
was no evidence for further causal relationships between
PsA, psoriasis, AS, and RA with endometrial, breast, and
ovarian cancer.

A systematic review and updated meta-analysis inves-
tigating the impact of RA on the risk of breast cancer,
found no overall increased cancer risk in RA patients.
However, in sub-group analysis, breast cancer risk
was increased in non-Caucasians patients while it was
decreased in Caucasians [10]. Recently, a large obser-
vational study from UK reported that women with RA
have a lower risk of endometrial cancer and a modestly
decreased risk of breast cancer. No association with ovary
cancer was found in that study [26]. Contrary, a Mende-
lian randomization study in European and East Asian
populations found a suggestive relationship of genetic lia-
bility to RA and ovarian cancer and no association with
endometrial and breast cancer in a meta-analysis com-
bining different GWAS data from European populations
[27]. The results of our study confirm these prior findings
regarding the association between RA and endometrium

and breast cancer. We found no link between RA and
ovarian cancer in European women.

To date, there are only few studies on the associa-
tion between PsA and female cancers [9]. In a Canadian
cohort including 680 patients with PsA, the frequency of
different cancers in comparison to the general population
was determined [16]. In that study, the cancer incidence
did not differ from that seen in the general population.
Contrary, another population-based cohort study from
the US reported a 41% increased incidence of breast can-
cer in comparison to the general population [28]. Our
result due to PsA and breast cancer is in accordance
with the finding from the latter study. Additionally, our
study revealed that this relationship was mainly due to
the association with ER- breast cancer [29]. As far as we
aware, there are no previous studies on the association
between PsA and ovarian and endometrium cancer, so
our results on this question are the first and no compari-
sons can be made with other studies. Furthermore, we
did not find an association between psoriasis and any of
the considered female-specific cancer sites, a result that
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is consistent with previous findings from observational
studies [17].

Studies of whether patients with AS are at increased
risk for cancer are rare. A retrospective cohort study
from Western Australia reported no increased risk of
cancer diagnosis in AS patients [30]. These findings are
also supported by a population-based Swedish cohort
study that found no increased overall cancer risk in
patients with AS [31]. A study by Hemminki et al. includ-
ing close to 200,000 patients from Sweden with any diag-
nosis of 33 autoimmune diseases observed no increased
risk for breast and ovarian cancer in patients with AS,
but a decreased standardized incidence ratio for endo-
metrium cancer [17]. In the present study, a causal rela-
tionship between AS and ovarian cancer, in particular the
high-grade serous subtype, the most common form of
epithelial ovarian cancers, was found.

Evidence for cancer subtypes

In previous studies investigating the relationship between
autoimmune diseases and female-specific cancers, the
analyses were generally not stratified by subtype. This is
probably due to the small number of cases of the individ-
ual subtypes. So far there are no studies available which
investigated whether rarer endometrial cancer subtypes,
particularly non-endometrioid endometrial cancers
(NEEC), which account for less than 20% of endometrial
cancer cases and include more aggressive subtypes such
as serous papillary carcinoma, clear cell carcinoma and
carcinosarcoma would be more likely associated with
inflammatory arthritides [32]. The same applies to the
relationship with breast cancer subtypes. Breast cancer
is a heterogeneous disease with multiple molecular/clini-
cal subtypes based on factors such as hormone recep-
tor status and human epidermal growth factor receptor
2 (HER2) protein expression [33]. Approximately 80% of
breast cancers are breast tumors with hormone recep-
tors on the cell surface and are associated with the best
prognosis of all subtypes. The extent to which inflam-
matory arthritides are associated with the subtypes
HER2-positive breast cancer and triple-negative (basal-
like) breast cancer, which are generally associated with a
poorer prognosis and which exhibit different degrees of
inflammation [34, 35], cannot currently be answered due
to a lack of studies. This also applies to the association of
inflammatory arthritis and subtypes of endometrial can-
cer, which have genomic features that overlap with the
very aggressive, estrogen-negative, basal-like subtypes of
breast cancer [36].

Biological mechanisms

Factors that may contribute to an increased or decreased
cancer risk in patients with inflammatory arthritis
include, for example, immune dysregulation, hormonal
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exposures, genetic factors and medication [37-40]. In
addition, a complex interplay between genetic and envi-
ronmental factors could be involved in the development
of malignancies in patients with autoimmune diseases
[41]. Furthermore, epigenetic changes may influence the
risk of cancers in these patients [42].

There is evidence that a dysregulation of immune cells
in patients with autoimmune diseases may be a trigger
or risk for the development of malignancies [40, 43, 44].
Prior research has shown that the tumor necrosis fac-
tor-alpha (TNF-a) pathway, and interleukin-23 (IL-23),
and interleukin-17 (IL-17) axis play an important role in
inflammatory arthritis [45]. In addition, the molecular
mechanism of HLA-B27 misfolding appears to be associ-
ated with immune activation [46]. Also, a large number
of toll-like receptors (TLR) and other innate receptors are
found in inflamed joints [47]. While the innate immune
cells are able to respond, they also maintain an inflam-
matory immune memory, which underlines the role of
non-immune and innate immune cells in autoinflamma-
tory diseases. Inflammation is suggested to contribute
to the development and progression of various female
malignancies [48]. IL-17 has been identified in various
tumors, including ovarian cancers [49, 50]. Several stud-
ies suggested potent anti-tumor functions of IL-17 and
IL-17-producing cells [51-53], whereas other reports
indicated that IL-17 promotes tumor growth [54, 55].
Thus, at present, the exact mechanisms underlying the
dysregulation of the immune system in certain inflam-
matory arthritides that play a role in carcinogenesis and
tumor development in females are still controversial.

Hormonal factors could also play a role regarding the
association between genetic liability to inflammatory
arthritis and female cancers. Both ovarian and breast
cancer are influenced by various hormonal signaling
pathways [39, 56, 57] and there is evidence that estro-
gens may play an important role in ovarian and breast
carcinogenesis [57, 58]. Estrogens are also involved in
the pathogenesis of inflammatory arthritis [59]. Due to
the present findings, women with PsA have an increased
risk of breast cancer, in particular, the ER-negative sub-
type. So far, less is known on the role of sex hormones in
patients with PsA [59] and there is no possible explana-
tion for this result at this time.

Strengths and limitations

One of the major strengths of this work is the MR study
design, which have several advantages over conventional
observational studies and is less likely to yield biased esti-
mates due to unmeasured confounding or residual bias,
inherent in most of the studies reviewed. We extended
this study design through the use of an iterative approach
and performed bias assessment by focusing on outliers
responsible for horizontal pleiotropy. Together with a



Meisinger et al. Journal of Translational Medicine (2024) 22:962

series of pleiotropy-robust methods and several tests, our
approach ensured robust and reliable estimates. We also
used more than one data set per exposure where possible
and focused on the plausibility of our results. The use
of the largest GWAS available at the time of this study
increased the statistical power.

However, in the present study, it was not possible
to consider treatment effects in inflammatory arthri-
tis. Treatment of chronic inflammatory diseases such
as RA, AS, and PsA is nowadays frequently performed
with tumor necrosis factor-a inhibitors (TNFi). Patients
treated with TNFi have not been found to have an
increased risk of cancer overall or for the six most com-
mon cancers (including breast cancer) compared with
TNFi-naive patients with any of the chronic inflam-
matory diseases mentioned above [60]. Furthermore,
although MR estimates based on binary exposures pro-
vide a valid test for a causal relationship, they are gener-
ally imprecise [61]. Therefore, the results from this study
should not be interpreted on the basis of their mag-
nitude, but only as a test for a causal effect. Finally, we
only included European women, so it is not possible to
generalize the results to other ethnic groups, which may
be very different. The same applies to other cancer sub-
groups that could not be investigated in this study.

Conclusions

The present study suggests that AS is a risk factor for
ovarian cancer, while PsA is linked to an increased
breast cancer risk. Future research in this area will help
to unravel specific mechanisms and elucidate which fac-
tors are responsible for the associations between inflam-
matory arthritides and certain female-specific cancer
entities. These risk factors are important for physicians
caring women with inflammatory arthritis to under-
stand in order to counsel these patients regarding cancer
screening and preventive measures.
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