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Abstract

Background
Observational studies suggested that systemic lupus erythematosus (SLE) was associated with an
increased risk of cancer, however, the causal effect remains unclear. We aim to determine the causality
between SLE and cancer using a meta-analysis and Mendelian randomization (MR) approach.

Methods
A systematic search was conducted using PubMed to identify cohort studies published before January
21, 2021. Meta-analysis was performed to calculate relative risk (RR) and corresponding 95% con�dence
intervals (CI), and the potentially causal relationships identi�ed by observational studies were further
validated using two-sample Mendelian randomization.

Results
Through meta-analysis of 43 cohort studies involving 231,499 patients, we observed an increased overall
cancer risk among SLE patients (RR = 1.62, 95% CI, 1.47–1.79). Site-speci�c analysis suggested that SLE
patients were associated with an increased risk of 17 cancers. Mendelian randomization analysis
indicated that genetically predisposed SLE was causally associated with an increased risk of lymphoma
(odds ratio = 1.0004, 95% CI, 1.0001–1.0007, P = 0.0035), whereas a decreased risk of bladder cancer
(odds ratio = 0.9996, 95% CI, 0.9994–0.9998, P = 0.00004) in European ancestry. However, no relationship
was observed between genetically predisposed SLE and risk of colon, pancreatic, lung, cervical and Non-
melanoma skin cancer in European ancestry, liver cancer and lung cancer in Asian ancestry.

Conclusions
Findings from meta-analysis and Mendelian randomization analysis suggested that SLE might be
causally associated with an increased risk of lymphoma. However, inconsistent results were observed
between SLE and risk of bladder cancer.

Introduction
Systemic lupus erythematosus (SLE) is an autoimmune disease characterized by the presence of nuclear
autoantibodies which could cause immune complexes formation, and thus resulting in in�ammation of
multiple organs1. Globally, the prevalence of SLE has been estimated to be 30–150 per 100,000, and
incidence ranges from 2.2 to 23.1 per 100,000 each year 1. It is reported that there is approximately
500,000 SLE patients in Europe and 250,000 in the USA 2, 3. The clinical presentation of SLE is
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heterogeneous and can involve one or more organs, including the skin, joints, kidneys, blood cells, and
nervous system, taking a chronic or relapsing and remitting disease course 4.

In past decades, various observational studies have investigated the relationship between SLE and
cancers. Patients with SLE generally carry an increased risk of developing cancers. However, the
relationship between SLE and cancer is complex. Recent epidemiologic evidences have suggested that
there is an increased risk of some malignancies, including lung cancer, liver cancer, cervical cancer, and
especially some hematologic cancers, such as non-Hodgkin lymphoma (NHL), Hodgkin lymphoma (HL)
and leukemia among patients with SLE 5–10. To the contrary, some studies have found a decreased risk
of some hormone-sensitive cancers, such as breast, ovarian, and endometrial cancer, in SLE patients 11–

13. Importantly, the causal role of SLE for cancer is weak since inference from observational studies is
limited by residual or unmeasured confounding, and other biases such as reverse causation and
detection bias 14, 15.

In recent years, Mendelian randomization (MR) analysis has been widely used to assess potential causal
estimates of various risk factors with outcomes of interest. This approach has the advantage over
conventional observational studies of minimizing potential biases by using genetic markers as
instrumental variables of environmental risk factors 16. Two-sample Mendelian randomization is an
extension of this methodology deriving estimates for the required genotype-exposure and genotype-
outcome associations from separate and nonoverlapping samples of the same representative population
17, 18. This approach exploit the rapidly growing availability of summary data from large consortia of
genome-wide association studies (GWASs), and thus allow greater sample sizes, to improve statistical
power 19. Furthermore, in terms of SLE, genetic variants play an important role in SLE occurrence. The
heritability of SLE was estimated to range from 8.7–16.0%, suggesting a novel and promising
instrumental variable for analyzing the causal relationship between SLE and disease risk 20. Peng et al.
has identi�ed SLE as a causal risk factor for lung cancer using Mendelian randomization analysis 21.
Therefore, the Mendelian randomization analysis may be an ideal approach to evaluate the causality
between SLE and speci�c cancers.

In the present study, we systematically investigate the correlation between SLE and overall cancer and
site-speci�c cancers risk by conducting a meta-analysis of published cohort studies. Furthermore,
subgroup meta-analyses by region (Europe, America, or Asia) were performed. Then, utilizing SLE-related
SNPs as instrumental variables identi�ed by the GWAS with largest sample size, we investigated the
correlation between genetically predisposed SLE and site-speci�c cancers risk using data from MR-Base.
We aim to determine the causality between SLE and site-speci�c cancers based on �ndings from meta-
analysis of cohort studies and Mendelian randomization analysis. Otherwise, we estimate the cause-
speci�c standard mortality ratio (SMR) for cancer in SLE patients. This comprehensive study will provide
epidemiological evidence supporting the associations between SLE and cancer risk. These evidences
could be utilized to drive public policies and to help guide personalized medicine to better manage SLE
and reduce associated cancer morbidity and mortality.
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Materials And Methods
Our methodology for the meta-analysis followed the guidelines proposed by the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) statement 22. Review protocol of this meta-analysis
was registered in PROSPERO (CRD42021243635).

Meta-analysis of Cohort Studies
We searched PubMed to identify cohort studies that investigated the association between SLE and
cancer risk published before January 21, 2021 (Fig. 1). We combined relative risks (RRs) of overall cancer
and sites-speci�c cancer in SLE patients using a random-effects meta-analysis. For studies not
containing RR, standard incidence ratio (SIR), odds ratio (OR) or hazard ratio (HR) were treated as the
substitute of RR in the current study. We also performed subgroup meta-analyses based on region
(Europe, America, or Asia). We used the Cochran’s Q statistic to test for heterogeneity and the I2 statistic
to quantify heterogeneity across studies. Potential publication bias was assessed using Begg’s and
Egger’s approaches. Sensitivity analyses were performed to evaluate the robustness of the results. We
considered P values of less than 0.10 in tests of heterogeneity and publication bias, and P values of less
than 0.05 in the meta-analyses to be statistically signi�cant. All tests were two-sided, with the exception
of tests of heterogeneity and publication bias. Details of literature searches, study inclusion criteria, and
meta-analysis are presented in the Supplementary Methods.

Mendelian randomization Analysis
The positive associations identi�ed by the meta-analysis of cohort studies were further con�rmed by two-
sample Mendelian randomization analysis. We searched for SLE in GWAS catalog (www.ebi.ac.uk/gwas)
to identify the associations between SNPs and SLE, and the SNPs identi�ed by the largest GWAS in
populations of European ancestry or Asian ancestry were selected as instrumental variables respectively.
We also calculated the proportion of variance (R2) explained in the risk factor by the SNP(s) and the
strength of the instrument (F-statistic). Details of methodology for SNP selection, and calculation of the
R2 and F-statistic are presented in the Supplementary Methods. We used the inverse variance weighted
(IVW) �xed-effect method as the main method to estimate the effect of genetically predicted SLE on sites-
speci�c cancer in our Mendelian randomization analysis. The IVW method estimates the effect of the
exposure on the outcome from the slope of the relationship between bXG (SNP-exposure association)
and bYG (SNP-outcome association). In addition, other Mendelian randomization methods including MR-
Egger, weighted median, and weighted mode method were used to check the consistency of the direction
of effect estimates.

In sensitivity analyses, we assessed horizontal pleiotropy, heterogeneity tests, funnel plots, scatter plots
and leave-one-out plots. In addition, scatter plots of effect estimates of individual SNPs with outcome
versus effect estimates of individual SNPs with exposure are provided as a comparative visual
assessment of the effect estimates generated from different Mendelian randomization methods.

http://www.ebi.ac.uk/gwas
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All analyses were conducted using the TwoSampleMR and MRInstruments R packages, curated by MR-
Base platform (www.mrbase.org). All tests were two-sided, and P values of less than 0.05 were
considered statistically signi�cant unless stated otherwise.

Results

Meta-analysis results
The literature search and selection process was presented in Fig. 1. The comprehensive search generated
4292 potentially relevant studies, of which 4206 articles were excluded based on title and abstract review.
We then examined full texts of the remaining 83 studies and excluded 39 of them. To be speci�c, 17
studies with irrelevant topics, 16 studies in which the study design was not cohort, four studies with
incomplete data to calculate the estimates, and two studies being reviews were excluded. Additionally,
four articles were included through previous review or reference lists of relevant studies. Finally, 48
eligible articles were included in the meta-analysis.

The characteristics of the included studies were summarized in Supplementary Table S1. 48 articles with
a total of 247,575 patients with SLE (more than 178,332 females and 19,900 males) were represented.
Among them, 43 studies estimated the cancer incidence in SLE patients with the follow-up period ranging
from 1,000 person-years to 157,969 person-years or from 4.7 years to 35.3 years. Seven studies
estimated cancer-speci�c death in SLE patients with the follow-up period ranging from 48 person-years to
91,669 person-years or from 8.1 years to 11.9 years. In addition, a total of 30 human cancers were
systematically divided into six systemic groups (digestive cancers, respiratory cancers, reproductive
cancers, urinary cancers, hematopoietic cancers, and other cancers).

The relationships between SLE and cancers were shown in Table 1 and Fig. 2. Our results suggested an
increased cancer risk in SLE patients (RR = 1.62, 95% CI, 1.47–1.79). Site-speci�c analysis suggested that
SLE were associated with an increased risk of lymphoma, Hodgkin’s lymphoma, non-Hodgkin Lymphoma,
leukemia, multiple myeloma, as well as esophagus, colon, anal, hepatobiliary, liver, pancreatic, larynx,
lung, cervical, vagina/vulva, renal, bladder, skin (non-melanoma), and thyroid cancer. However, no
signi�cant associations were observed between SLE and cancers of stomach, colorectum, rectal, lip, oral
cavity and pharynx, breast, ovary, uterus, prostate, melanoma, and brain.

The results of subgroup analysis by region were presented in Table 1 and Fig. 3. SLE patients were
associated with an increased risk of overall cancers in Europe (RR = 1.66, 95% CI, 1.35–2.03), America
(RR = 1.58, 95% CI, 1.19–2.09), and Asia (RR = 1.57, 95% CI, 1.39–1.77). In region of Europe, we observed
an increased risk of lymphoma, Hodgkin’s lymphoma, non-Hodgkin Lymphoma, leukemia, as well as
colon, anal, hepatobiliary, liver, pancreatic, larynx, lung, cervical, vagina/vulva, bladder, and skin (non-
melanoma) cancer. However, no signi�cant associations were observed between SLE and cancers of
esophagus, stomach, colorectum, rectal, lip, oral cavity and pharynx, breast, ovary, uterus, prostate, kidney,
brain and thyroid, as well as Multiple myeloma and melanoma. In region of America, we observed an

http://www.ebi.ac.uk/gwas
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increased risk of liver cancer, lymphoma, Hodgkin’s lymphoma and non-Hodgkin Lymphoma, whereas a
deceased risk of prostate cancer in SLE patients. However, no signi�cant associations were observed
between SLE and cancers of colon, lung, breast, ovary, cervix, kidney, and melanoma. In region of Asia,
SLE patients were associated with an increased risk of esophagus, hepatobiliary, liver, lip, oral cavity and
pharynx, lung, cervical, skin (non-melanoma), brain and thyroid cancer, as well as lymphoma, non-
Hodgkin Lymphoma, and leukemia. However, no signi�cant associations were observed between SLE and
cancers of stomach, colorectum, pancreatic, breast, ovary, uterus, prostate, kidney, and bladder.

We also estimated the cancer-speci�c death in SLE patients, and the results were presented in Table 1
and Supplementary Figure S1. The cause-speci�c standard mortality ratio (SMR) in SLE patients was
higher for overall cancer (SMR = 1.52, 95% CI, 1.36–1.70), particularly for lung cancer (SMR = 1.52, 95%
CI, 2.13–3.10). However, the cause-speci�c SMR for hematologic cancer was 1.42 (95% CI, 0.97–2.08).

Mendelian randomization results
The instrumental variable of SLE was constructed using 69 SNPs in European ancestry, explaining
approximately 34% of the heritability totally, and the F-statistic was 172.36 (F > 100). In addition, 16 SNPs
remained as the �nal genetic variants to construct instrumental variable of SLE in Asian ancestry,
explaining over 1% of the variation, and the F-statistic was 10.47 (F > 10). The details of the SNPs
enrolled in our study were represented in Supplementary Table S2 and Supplementary Table S3.

The signi�cant associations (15 for SLE and sites-speci�c cancers in European ancestry, and 12 for SLE
and sites-speci�c cancers in Asian ancestry) identi�ed by the meta-analysis of cohort studies were further
estimated by two-sample Mendelian randomization analysis. We searched for the outcome data using
MR-Base and only found the data of colon cancer, pancreatic cancer, lung cancer, cervical cancer, bladder
cancer, lymphoma, and Non-melanoma skin cancer in European ancestry, liver cancer and lung cancer in
Asian ancestry. The details of outcome included in Mendelian randomization analyses were shown in
Supplementary Table S4.

Table 2 presented associations of cancer risk in SLE patients as predicted using the instrument variants
in Mendelian randomization analysis. Being consistent with the �ndings in the meta-analysis, the
conventional IVW method indicated a causal association between genetically predisposed SLE and
lymphoma (OR = 1.0004, 95% CI, 1.0001–1.0007, P = 0.0035), whereas a decreased risk of bladder cancer
(OR = 0.9996, 95% CI, 0.9994–0.9998, P = 0.00004) in European ancestry. Furthermore, the MR-Egger and
weighted median methods yielded similar results (Supplementary Table S5). However, no association
was observed between genetically predisposed SLE and risk of colon, pancreatic, lung, cervical and Non-
melanoma skin cancer in European ancestry, liver cancer and lung cancer in Asian ancestry. Sensitivity
analyses were performed to evaluate the robustness of the associations, and the results of horizontal
pleiotropy and heterogeneity tests were shown in Supplementary Table S5.

Funnel plots, scatter plots and leave-one-out plots concerning relationship between SLE and lymphoma
were shown in Supplementary �gures S2-4. In addtion, leave-one-out analysis suggested that no single
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instrument was strongly driving the overall effect of SLE on other speci�c cancer types, indicating that
these results were not sensitive to SNP selection (data not shown).

Discussion
Our meta-analysis included 48 cohort studies involving approximately 247,575 SLE patients to estimate
the relationship between SLE and cancers. The present study demonstrated that SLE patients had a 62%
elevated risk of overall cancer and a higher cause-speci�c SMR for overall cancer. In addition, our study
yielded a signi�cantly risk of site-speci�c cancers among SLE patients, especially esophagus, colon, anal,
hepatobiliary, liver, pancreatic, larynx, lung, cervical, vagina/vulva, renal, bladder, skin (non-melanoma),
and thyroid cancer, as well as lymphoma, Hodgkin’s lymphoma, non-Hodgkin Lymphoma, leukemia, and
multiple myeloma.

Furthermore, our study used 69 SNPs identi�ed by the largest GWAS in European ancestry as the �nal
genetic variants, which can explain over 34% of the heritability totally, suggesting a strong instrumental
variable for analyzing the causal relation between SLE and disease risk. Using the Mendelian
randomization approach, our study provided strong evidence for a possible causal association between
SLE and lymphoma risk in European ancestry. As far as we know, our study provided the most
comprehensive and latest evidence for assessing the causality between SLE and site-speci�c cancers risk
through meta-analysis of cohort studies and Mendelian randomization analysis.

At present, the exact etiology underlying the attribution of SLE to cancer risk remains unclear. SLE is a
chronic systemic autoimmune disease which could induce chronic multiorgan in�ammatory lesion. The
SLE-induced chronic in�ammation may also promote the tissue injury, leading to the cancer development
23. Furthermore, the chronic in�ammation causing cellular apoptosis may also induce changes of cancer-
associated genes 24. On the other hand, immunosuppressive agents may also contribute to the onset of
malignancies. It has been reported that immunosuppressive therapy, such as glucocorticoid and CTX,
could also induce cytotoxic effects and suppress immune surveillance. Then the immune dysregulation
of SLE may lead to the cellular damage and mutation, thus resulting in carcinogenesis of various cancers
25–28. Overall, more studies are warranted to further investigate the underlying mechanism.

According to our study, hematologic cancers, especially non-Hodgkin Lymphoma, is a common
malignancy in SLE patients. Meta-analysis of cohort studies suggested that SLE patients had a 5.08-fold
increased risk of lymphoma, 5.18-fold increased risk of non-Hodgkin Lymphoma, and 3.21-fold increased
risk of Hodgkin’s lymphoma. Moreover, both meta-analysis and Mendelian randomization analysis results
revealed a potential causal relationship between SLE and lymphoma risk in European ancestry. Several
potential mechanisms may account for the association between SLE and lymphoma. First, B cell and T
cell activation play crucial roles in the pathogenesis of SLE and NHL, and the dysfunction of immune
cells (such as B cell) in SLE patients may lead to abnormal B cell activation and proliferation, resulting in
B cell malignancies 29. Second, chronic in�ammation might heighten lymphoma risk in autoimmune
diseases like SLE 30. Third, SLE and lymphoma have similar genetic susceptibility or risk factors (e.g.
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Epstein-Barr virus infection) 31–34. Fourth, the use of immunosuppressants (e.g. cyclophosphamide)
might lead to lymphoma by direct mutagenesis or by disturbing immune surveillance 26, 35. Also, the
animal models suggested an interaction between SLE and lymphoma 36, 37.

Interestingly, although meta-analysis results suggested an increased risk of bladder cancer, inconsistent
results were observed in Mendelian randomization analysis. There are some plausible hypotheses that
might explain the elevated risk of bladder cancers in patients with SLE. In particular, the use of
immunosuppressive agents has an in�uence on the risk of bladder cancer in SLE patients. Several case
series suggested that immunosuppressive agents increased the risk of bladder cancer in patients with
SLE 38–40. Otherwise, Bernasky et al. reported that SLE patients with immunosuppressive therapy had a
25% increased risk of bladder cancer 41. However, these studies may have insu�cient statistical power
due to small sample sizes, and the development of SLE in relation to bladder cancer may be by chance.
Therefore, we can hardly determine the relationship between SLE and bladder cancer risk according to the
present evidence, and more related observational studies and biological studies are needed in the future.

The limitations of this study include: �rst, although we used the genetic variants identi�ed by the largest
GWAS as instrumental variable, it merely explained a part of variance of SLE. Especially in Asians, the
instrumental variable of SLE could only explain approximately 1% of the variation. Second, we cannot
estimate the relative contribution of genetic variants and environmental exposures to the association
between SLE and cancer risk in our study, particularly because many additional genetic variants related to
SLE have not yet been identi�ed.

Third, results from the meta-analysis of cohort studies and Mendelian randomization analysis were
inconsistent concerning the relationship between SLE and bladder cancer risk, so future well-designed
cohort studies and Mendelian randomization analysis are needed to determine this association. Fourth,
some outcome data were not found in MR-Base, therefore, we could hardly perform the Mendelian
randomization analysis to identify the potentially causal relationships. Besides, some of the included
studies in our meta-analysis were the retrospective studies, and the results might be confounded by recall
bias and other factors.

Conclusions
In conclusion, our meta-analysis of cohort studies suggests that SLE patients are susceptible to overall
cancers, particularly among Europeans. Besides, a higher risk of site-speci�c cancer of esophagus, colon,
anal, hepatobiliary, liver, pancreatic, larynx, lung, cervical, vagina/vulva, renal, bladder, skin (non-
melanoma), and thyroid, as well as lymphoma, Hodgkin’s lymphoma, non-Hodgkin Lymphoma, leukemia
and multiple myeloma are observed among SLE patients. Furthermore, our study provides strong
evidence that SLE is a risk factor for lymphoma and the association between them is likely to be causal
based on data from a large meta-analysis of cohort studies and Mendelian randomization analysis.
However, more well-designed cohort studies and Mendelian randomization analysis using more genetic
variants are necessary to validate our �ndings.
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Figure 1
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Figure 1. Flow diagram of literature search and study selection.

Figure 2

Figure 2. Overall cancer and site-speci�c cancer risk in patients with systemic lupus erythematosus based
on meta-analysis of cohort studies.
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Figure 3

Overall cancer and site-speci�c cancer risk in patients with systemic lupus erythematosus based on meta-
analysis of cohort studies in different region (A. Europe, B. America, C. Asia)
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