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Abstract

Background: It has been observed that cancer and venous thromboembolism

(VTE) are associated, but anticancer therapy may violate the causality.

Therefore, this study aimed to elucidate the causal relationship of various

cancers to VTE using Mendelian randomization (MR).

Methods: Three MR methods were used to estimate causal effects: Inverse

variance weighted (IVW), MR‐Egger and weighted median. Sensitivity

analyses included Cochran's Q‐test, MR‐Egger intercept test and MR‐
PRESSO. Gene ontology enrichment analysis was performed to elucidate the

underlying mechanisms of VTE development in cancer patients.

Results: The primary IVW approach showed that non‐Hodgkin's lymphoma

(NHL) might increase the risk of VTE (odds ratio [OR]: 1.20, 95% confidence

interval [95% CI]: 1.00–1.44, p=0.045), while melanoma possibly reduced the risk
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of VTE (OR: 0.89, 95% CI: 0.82–0.97, p=0.006), although there was no significance

after adjustment for multiple testing. No association was observed between VTE

risk and other site‐specific cancers. Gene ontology enrichment analysis revealed

that vitamin D played an important role in the development of VTE in cancer

patients.

Conclusions: Our findings suggested that genetically predicted NHL was

associated with higher VTE risk, whereas melanoma had lower VTE risk

compared with other site‐specific cancers. Moreover, this study suggested that

anticancer therapy and increased extensive examination might play a more

important role in VTE development than the nature of cancer.
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1 | INTRODUCTION

According to the World Health Organization's 2020
estimates, cancer incidence and mortality are rapidly
increasing and represent a major obstacle to increasing life
expectancy globally [1]. Venous thromboembolism (VTE),
including pulmonary embolism (PE) and deep vein throm-
bosis (DVT), is the second leading cause of disability and
death in cancer patients after disease progression [2]. In fact,
cancer patients have a four‐ to seven‐fold increased risk of
VTE compared with patients without cancer [3, 4]. Cancer‐
associated thrombosis (CAT) can lead to bleeding, hospital-
ization, postthrombotic syndrome, morbidity, delays in
cancer treatment and death [5]. Therefore, strategies such
as early diagnosis and optimal prevention management of
VTE are of crucial for cancer patients.

Cancers are known to be at particularly high risk for
VTE, but reported risk events varied widely by cancer type,
stage of malignancy and antineoplastic drug treatment [6, 7].
Although previous observational studies report an increased
incidence of VTE in cancer patients, the causal relationship
between various cancers and VTE remains uncertain. Cross‐
sectional studies fail to differentiate between precancerous
CAT and VTE cases [8]. In addition, confirmed cases in
patients with unprovoked VTE and no underlying or directly
predisposing risk factors were more likely to have underlying
cancer [9, 10]. Moreover, new cancer therapies (e.g.,
antiangiogenic agents, multitargeted tyrosine kinase inhibi-
tors, immunomodulatory drug combinations and immuno-
therapy regimens) and the accompanying extensive exam-
inations (e.g., high‐resolution imaging and central venous
catheters) might increase the risk of VTE in cancer patients
over the past decade [11–13]. Furthermore, close clinical
monitoring of cancer patients might lead to relatively earlier
detection and subsequent higher incidence of VTE. Although

pharmacologic thromboprophylaxis (low‐molecular‐weight
heparin and oral anticoagulants) has been repeatedly shown
to reduce the risk of VTE, long‐term anticoagulation therapy
also increases the risk of bleeding and the financial burden
on patients [5, 7]. It remains to be determined whether
cancer contributes to an increased risk of VTE compared to
subsequent testing and treatment [11].

Mendelian randomization (MR) is an epidemiologic
method in which genetic variation (as a surrogate for
modifiable risk factors) is used to make causal inferences
about a disease of interest. Because the study design
parallels the random assignment of treatments in
randomized controlled trials (RCTs), it is less susceptible
to the typical biases encountered in observational studies,
such as confounding and reverse causality [14, 15]. More
importantly, RCTs that exclude interference from other
treatment regimens are not ethically feasible in cancer
patients; therefore, MR is necessary. However, no
previous study applied MR to address this issue.

Therefore, this study aimed to investigate the impact
of various cancers on VTE using publicly available
genome‐wide association study (GWAS) data with MR.

2 | MATERIALS AND METHODS

2.1 | Data sources

The exposed GWAS aggregated data included 14 cancer
types (bladder, breast, cervical, colon, gastricesophageal,
kidney, leukemia, lung, melanoma, non‐Hodgkin's lym-
phoma [NHL], pancreatic, prostate, rectal, and thyroid
cancers) and included 408,786 people of European ancestry
from two large, independent and modern cohorts that
weren't phenotypic screened—UK Biobank and Kaiser
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Permanente Genetic Epidemiology Research on Adult
Health and Aging (GERA) [16]. Cancer cases in the UK
Biobank were identified through linked to various national
cancer registries. GERA cancer cases were identified using
the Kaiser Permanente Northern California Cancer Registry.
Due to the low number of cases in GERA, testicular cancer
data were only obtained from UK Biobank. Controls were
limited to individuals without any cancer records in the
relevant registry. After a separate GWAS for each cohort,
the association results for 7,846,216 single nucleotide
polymorphisms (SNPs) in the two cohorts were combined
by meta‐analysis. For variants examined in only one cohort
(22% of the total SNPs), raw summary statistics were
combined with the meta‐analyzed SNPs to create a set of
SNP statistics. Detailed methods can be found in a meta‐
analysis by Rashkin et al. [16].

GWAS summary statistics on VTE were collected
from the FinnGen consortium, which included 130,235
control cases and 5403 patients with the disease, all
European ancestry (these data are available at https://
finngen.gitbook.io/documentation/). Detailed methods
such as data collection, participation in cohorts, genotyp-
ing and data analysis are described on FinnGen's
webpage. For sex‐specific cancers (prostate, cervical
and breast cancers), we used additional sex‐specific
VTE summary GWAS data downloaded from UK
Biobank to avoid sex as a confounding factor.

2.2 | Instrumental variable selection

The complete research framework was shown in
Figure 1. As shown in our previous study, the selection
of instrumental variables was based on (i) a GWAS‐
correlation p< 5 × 10−8, and (ii) a linkage disequilibrium
[LD] r2 < 0.001, clump_kb = 10,000 [17]. The correspond-
ing SNPs in the VTE were retrieved. Proximal SNPs with
r2 > 0.8 were selected if corresponding SNPs were absent
in the VTE [15]. Therefore, 2–45 SNPs were selected as
instrumental variables with F statistics between 15 and
45, indicating that the instrumental variables used in our
study were strong (Table 1) [18]. Detailed SNP informa-
tion was listed in Supporting Information: Table S1.

2.3 | MR analysis

Three MR methods were used to provide robust MR
estimates: Inverse‐Variance Weighted (IVW), MR‐Egger,
and Weighted Median. Since IVW has been recommended
compared to the other two methods, it was selected as the
primary method, while the others were used to obtain more
robust estimates. In IVW, the MR estimate was represented

by the weighted regression slope of the effect of SNP‐VTE on
the SNP‐cancer effect, and the intercept was fixed at zero.
WeightedMedian provided a consistent estimate of causality,
even when 50% of the instrumental variables are invalid.
MR‐Egger assumed that SNP‐exposure effects did not involve
directed pleiotropic effects, whereas MR‐PRESSO identified
potential horizontal pleiotropic effects of SNPs to detect and
correct for possible outliers; both were used for the sensitivity
analyses [19]. All results were presented as odds ratio (OR)
and 95% confidence interval (95% CI), representing the risk
of VTE in cancer patients compared to non‐cancer cases.
Since our data included 14 cancer types, we used Bonferroni
correction to adjust the significance threshold and set it to
0.05/14 for multiple analyses.

2.4 | Sensitivity analysis

In an MR study, three main assumptions must be met to
generate robust causal estimates: (1) the selected genetic
variant is strongly associated with exposure, (2) the genetic
variant is not associated with any confounding factors for
exposure and outcome, and (3) the genetic variant should
independently affect outcome only through exposure and
not through any other causal pathway (Figure 1). The first
assumption was easily satisfied by using strong instrumental
variables, while the second assumption was satisfied for
SNPs randomly assigned during pregnancy and independent
of the environment. To determine whether the third
assumption was satisfied and to assess the possible effect
of horizontal pleiotropy, we performed a sensitivity analysis
using MR‐Steiger. In addition, the MR‐Egger regression
intercept test, MR‐PRESSO, leave‐one‐out ，and funnel
plots were performed to detect outliers, and Cochran's Q test
was performed to detect heterogeneity. In addition, PhenoS-
canner (www.phenoscanner.medschl.cam.ac.uk) is a plat-
form for comprehensive genotype and phenotype association
information to determine if our SNPs are associated with any
potential confounders, such as obesity, BMI and other
cardiovascular diseases [20]. The MR analyses were
subsequently reperformed to ensure the robustness of causal
effects after the removal of SNPs associated with potential
confounders of genome‐wide significance.

2.5 | Gene ontology (GO)
enrichment analysis

To better understand the mechanism of CAT develop-
ment, we combined all significant estimated SNPs and
performed GO enrichment analysis using the nearest
genes for each SNP. GO enrichment analysis is widely
used for gene annotation concerning biological processes
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(BP), cellular components, and molecular functions.
Here, we focused on BP. Metascape (http://metascape.
org/gp/index.html) is a customer‐friendly web‐based
portal designed to provide a comprehensive resource
for gene list annotation and analysis, which was used in
this study for GO enrichment analysis [21].

2.6 | Statistics analysis

All analyses were conducted using the TwoSampleMR
(version 0.4.25) and MR‐PRESSO (version 1.0) packages
in R (version 3.6.1). Two‐sided p< 0.05 was considered

significant. In this report, a specific p‐value threshold
(e.g., 0.05) was not a goal, rather we were interested in
finding causal relationship between different cancers
and VTE.

3 | RESULTS

3.1 | Causal effect from site‐specific
cancers to VTE

Our MR study showed that genetically predisposed
melanoma may be associated with an 11% lower risk

FIGURE 1 Schematic overview of the Mendelian randomization (MR) framework. (a) Conceptual framework for the MR analysis of
cancers and risk of venous thromboembolism (VTE) and (b) flowchart and main methods of this MR study. IVW, inverse‐variance weighted;
NHL, non‐Hodgkin's lymphoma; SNP, single‐nucleotide polymorphism.
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of VTE compared with non‐cancer cases (OR: 0.89,
95% CI: 0.82–0.97; p = 0.006), while genetically pre-
disposed NHL may increase risk of VTE with 20%
(OR: 1.20, 95% CI: 1.00–1.44; p = 0.045). However,
neither reached a significant level after correction by
multiple testing. In addition, genetically predicted
breast cancer may slightly increase the risk of VTE by
9% (OR: 1.09, 95% CI: 1.00–1.20; p = 0.054; Table 2).
The estimates from MR‐Egger, Weighted Median, and
MR‐PRESSO analyses were consistent with the direc-
tion and magnitude of the IVW estimates (Figure 2).
The scatter plots of melanoma and NHL were shown
in Supporting Information: Figure S1a,b.

For sex‐specific cancers (prostate, cervix, and breast),
we also performed MR estimates using sex‐specific
aggregated data downloaded from UK Biobank. IVW
estimates for these cancers remained insignificant
(prostate cancer, p= 0.632; cervical cancer, p= 0.282
and breast cancer, p= 0.744), which were consistent with
estimates from FinnGen consortium data.

3.2 | Sensitivity analysis

To make our estimates robust, we performed a series of
sensitivity analyses. The Cochran's Q test indicated no

heterogeneity (p> 0.05). Likewise, the intercepts of the
MR‐Egger regression indicated no directional pleiot-
ropy (p> 0.05), and no outlier or horizontal pleiotropic
effects of cancer on VTE risk were detected in the MR‐
PRESSO global test (Table 3). MR‐Steiger was applied
and no SNP bias orientation was found. In the leave‐
one‐out analysis, the estimated risk of VTE due to
melanoma remained negative and significant, while the
estimated risk of NHL remained positive but no longer
significant (Supporting Information: Figure S1c,d). The
funnel plots were shown in Supporting Information:
Figure 1e,f. No SNP was associated with any known risk
factors for VTE, suggesting that our hypothesis was not
violated.

3.3 | Gene ontology enrichment

Sixteen SNPs from melanoma and three SNPs from NHL
were combined and their nearest genes were determined.
These 19 genes were used for GO enrichment analysis in
Metascape. Figure 3 showed the top four GO‐BP enriched
terms, including miRNA regulation of gene silencing,
vitamin D receptor pathway, regulation of cellular amide
metabolic processes and negative regulation of phosphate
metabolic processes.

TABLE 1 Description of instrumental variable for various cancers

Exposures

No. of
SNPs
for
the IV

Variance
explained
by the
IV (R2)

Sample
size of
exposure
GWAS

Number
of cases Consortium Adjustment Population F‐statistics

Bladder 3 2.99 × 10−04 412,592 2242 All were from
meta‐
analysis of
UK
Biobank
and GERA

Age at specimen
collection, sex
(nonsex‐specific
cancers only),
first 10 ancestry
PCs, genotyping
array (UKB
only), and
reagent kit used
for genotyping
(Axiom v1 or v2;
GERA only)

European 41

Breast 44 6.33 × 10−03 237,537 17,881 European 34

Cervix 6 1.07 × 10−03 226,219 6563 European 40

Colon 5 3.60 × 10−04 414,143 3793 European 29

Gastricesophageal 2 8.34 × 10−05 411,441 1091 European 17

Kidney 3 2.90 × 10−04 411,688 1338 European 39

Leukemia 7 6.95 × 10−04 411,202 852 European 41

Lung 4 3.39 × 10−04 412,835 2485 European 35

Melanoma 17 1.85 × 10−03 417,127 6777 European 45

NHL 3 2.54 × 10−04 412,750 2400 European 35

Pancreas 5 2.01 × 10−02 360,296 663 European 15

Prostate 45 1.01 × 10−02 201,486 10,792 European 45

Rectum 4 3.48 × 10−04 412,441 2091 European 36

Thyroid 4 4.42 × 10−04 411,112 762 European 45

Abbreviations: GWAS, genome‐wide association studies; IV, instrumental variable; NHL, non‐Hodgkin's lymphoma; SNPs, single nucleotide polymorphisms.
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4 | DISCUSSION

In this study, we performed MR using a population of
European ancestry to comprehensively reveal the causal
relationship between various cancers and VTE. Our
findings suggested that genetically predisposed mela-
noma may reduce VTE risk, while genetically predis-
posed NHL and breast cancer may increase VTE risk,
supporting previous observational studies. Conversely,
no causal relationship was found between VTE and most
types of cancer, such as bladder, cervical, colon,
gastricesophageal, kidney, leukemia, lung, pancreatic,
prostate, rectal and thyroid cancers. Furthermore, our
study suggested that vitamin D may play an important
role in CAT development and thus may be a potential
therapeutic target for its management.

Cancer has been reported to increase the risk of VTE,
an important cause of death in cancer patients, by seven
times [22]. However, whether the association between
cancer and VTE is primarily causal or confounded by
common risk factors remains incompletely understood.
Importantly, it has been observed that VTE risk varies
widely between different types of cancer subgroups.
Moreover, increases in CAT may be due in part to
interindividual differences (e.g., advanced age, smoking,
obesity and activity), tumor‐related factors (e.g., cancer
type and stage), testing methods (e.g., computerized

tomography or magnetic resonance) and treatments (e.g.,
chemotherapy, anticoagulant and hormonal therapy,
immunotherapy, surgery, or central venous catheter
use, of which VTE is a common complication) [11, 13,
23, 24]. Since optimal thrombosis prevention strategies
target cancer patients at high risk for VTE while avoiding
low‐risk patients, well‐designed methods for predicting
CAT risk are critical. However, to date, few studies have
been able to determine whether VTE is associated with
individual differences in cancer type or patients. To our
knowledge, this is the first study to use MR to investigate
the causal relationship between site‐specific cancer
and VTE.

The reported incidence of VTE from multiple cross‐
sectional and cohort studies varied by cancer type [11,
25–27]. Yohei et al. broadly divided cancer into three
groups based on the risk of VTE: High risk (pancreatic,
ovarian, brain, stomach, gynecologic and hematologic
cancers), intermediate risk (colon and lung cancers) and
low risk (breast and prostate cancer) [28]. Here, the
causal relationship between most types of cancer and
VTE risk was not statistically significant; this is in
contrast to previous studies reporting cancer to be
associated with a 4‐ to 7‐fold higher risk of VTE [3, 29].
In this study, only genetically predisposed melanoma
significantly reduced VTE risk, while genetically predis-
posed NHL cancer increased VTE risk. This difference

TABLE 2 MR estimates of IVW, MR‐Egger, and weighted median for various cancers on VTE

Exposure

IVW MR‐egger Weighted median

OR SE p OR SE p OR SE p

Bladder 0.980 0.069 0.769 0.956 0.200 0.860 0.980 0.075 0.787

Breast 1.095 0.047 0.054 1.351 0.171 0.088 1.089 0.065 0.190

Cervix 0.964 0.082 0.653 0.779 0.238 0.352 0.914 0.088 0.309

Colon 0.940 0.064 0.329 0.801 0.507 0.704 0.980 0.078 0.791

Gastricesophageal 0.759 0.230 0.229 / / / / / /

Kidney 0.985 0.029 0.604 0.967 0.079 0.748 0.986 0.031 0.648

Leukemia 0.987 0.028 0.639 0.969 0.091 0.748 0.981 0.034 0.567

Lung 1.073 0.055 0.198 1.212 0.180 0.396 1.066 0.065 0.326

Melanoma 0.888 0.043 0.006 0.935 0.100 0.509 0.881 0.057 0.026

NHL 1.201 0.091 0.045 3.054 0.646 0.334 1.134 0.103 0.224

Pancreas 0.983 0.048 0.726 / / / / / /

Prostate 0.994 0.029 0.830 0.961 0.094 0.677 0.980 0.045 0.663

Rectum 1.004 0.051 0.941 0.677 0.659 0.614 1.006 0.059 0.913

Thyroid 1.009 0.034 0.789 1.443 0.265 0.301 0.987 0.035 0.697

Abbreviations: IVW, inverse‐variance weighted; MR, Mendelian randomization; NHL, non‐Hodgkin's lymphoma; OR, odds ratio; SE, standard error; VTE,
venous thromboembolism.

CANCER INNOVATION | 321



may be due in part to differences in methodologies,
sample populations, and methods of detecting and
reporting VTE [7]. It has been reported that the biological
aggressiveness of the tumor as reflected by the high

tumor grade may lead to a hypercoagulable state in
cancer patients. A meta‐analysis of 29 independent
cohorts find that the OR for thrombosis increased
proportionally to the disease stage [30]. Here, the VTE

FIGURE 2 Forest plot of the Mendelian
randomization (MR) analysis with odds ratio
(OR) and 95% confidence intervals (95% CIs) of
the causal effect of site‐specific cancers on venous
thromboembolism in regression analyses,
including (a) inverse‐variance weighted (IVW),
(b) MR‐Egger, and (c) weighted median. NHL,
non‐Hodgkin's lymphoma.
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TABLE 3 Sensitivity analysis for the MR analyses concerning causal effect from various cancers on VTE

Cochran Q test derived p‐value (IVW) MR‐egger MR‐PRESSO
Exposure Q p‐Value Intercept p‐Value p‐Value

Bladder 0.223 0.894 −0.005 0.918 /

Breast 24.219 0.836 0.019 0.204 0.859

Cervix 7.743 0.171 −0.029 0.393 0.192

Colon 1.595 0.660 −0.026 0.781 0.515

Gastricesophageal / / / / /

Kidney 0.087 0.957 −0.021 0.845 /

Leukemia 6.966 0.324 −0.007 0.844 0.344

Lung 2.726 0.436 0.027 0.547 0.448

Melanoma 8.286 0.912 0.008 0.578 0.909

NHL 2.635 0.268 0.193 0.383 /

Pancreas 0.002 0.965 / / /

Prostate 34.895 0.568 −0.004 0.711 0.635

Rectum 0.533 0.912 −0.074 0.610 0.923

Thyroid 4.376 0.224 0.122 0.307 0.213

Abbreviations: IVW, inverse‐variance weighted; MR, Mendelian randomization; NHL, non‐Hodgkin's lymphoma; OR, odds ratio; SE, standard error; VTE,
venous thromboembolism.

FIGURE 3 Gene ontology enrichment analysis of nearest genes for single‐nucleotide polymorphisms used on significant Mendelian
randomization (MR) analysis results. (a) enriched ontology clusters, where every cluster is represented in a single color and shown as a
circle; (b) enrichment heatmap where count means enriched number of genes.

CANCER INNOVATION | 323



risk was estimated using genetics rather than tumor
grade, which may explain some of the differences from
previous observational studies [31]. Another explanation
could be an association between cancer types and specific
VTE pathways. Levels of leukocytes, platelets, heparinase
and tissue factor‐positive microvesicles were all potential
factors (alone or in combination) to increase CAT,
explaining some of the differences in CAT risk [28].

The relationship between melanoma and VTE has been
under the spotlight for many years. In a large Danish
population cohort study of 499,092 newly diagnosed cancer
patients and 1,497,276 cancer‐free controls, pancreatic cancer
(4.4%; 95% CI, 4.1%–4.8%) was associated with the highest 6‐
month cumulative incidence of VTE, while melanoma
(0.36%; 95% CI, 0.30%–0.43%) was associated with the lowest
risk [27]. Similarly, a hospital‐based study of 3,558,660
cancer patients in England reported the lowest risk for
melanoma (0.37%) compared with the highest risk for
pancreatic cancer (4.89%) [11]. In contrast, we showed a
causal relationship between melanoma and a lower risk of
VTE at the genetic level, with an 11% lower risk of VTE in
IVW and MR‐PRESSO. A plausible explanation for this
difference might be that most melanomas are clinically
benign. Therefore, a lower incidence of malignant melanoma
might be associated with a lower risk of VTE [32].
Interestingly, Sparsa et al. found a high prevalence of VTE
in stage IV melanomas (e.g., lung and gastrointestinal
cancers), suggesting that comprehensive VTE testing and
aggressive anticoagulation in patients with stage IV mela-
noma may be relevant [32]. In a meta‐analysis including
18,018 lymphoma patients from 29 cohorts, the incidence of
VTE was found to be 5.3%, of which 95% occurred during
treatment; 3.8% were present at disease diagnosis before
initiation of chemotherapy. Only 1.2% appeared after
treatment was completed [30].

Furthermore, in a cohort study using the UK
healthcare databases, Walker et al. reported that the risk
of VTE to be increased by more than 10 times during
chemotherapy, and women receiving tamoxifen were five
times higher than those before starting treatment [33].
Meanwhile, a 10‐year study observed a doubling of the
incidence of VTE and breast cancer, likely a result of
more aggressive cancer screening or treatment [33]. This
finding was consistent with our findings, which sug-
gested that while some cancers, such as breast cancer,
may not increase the incidence of VTE, associated
treatments do. In a retrospective cohort study matching
cancer patients receiving therapeutic anticoagulation
with those not receiving therapeutic anticoagulation,
Wood and colleagues reported that melanoma had a
higher risk of intracerebral hemorrhage than other
primary malignancies (HR 6.46 vs. 1.36, p= 0.02) [34].
This finding supported our MR estimates. Summarizing

our findings and those in the existing literature, cancer
nature (except NHL) was not a significant risk factor for
the development of VTE, but anticancer therapy was.
Therefore, promotion of empirical anticoagulation for
most cancer patients may lead to bleeding risk rather
than VTE avoidance. Moreover, further studies should be
conducted to clarify the role of different anticancer
treatment regimens in the development of VTE.

VTE and cancer are interconnected through multiple
pathophysiological mechanisms. About 150 years ago,
Trousseau first identified a particular condition of blood
that predisposes it to spontaneously clot in the cachexia [35].
The idea that cancer cells can activate the coagulation
cascade is gaining acceptance. This activation may occur
directly, by increasing the expression of tissue factor and
plasminogen activator inhibitor‐1, or indirectly, facilitated by
secretion of inflammatory cytokines such as tumor necrosis
factor‐α and interleukin‐1β, promoting procoagulant activity,
inhibits the antithrombotic response of endothelial cells [36,
37]. However, the exact mechanism of VTE is not entirely
consistent across different cancer types. For instance,
malignant melanoma is one of the most aggressive tumors.
Highly aggressive melanoma cells can activate the vascular
endothelium and promote the release of coagulation and
angiogenesis‐related factors (von Willebrand factor, P‐
selectin, angiopoietin‐2), thereby promoting cancer progres-
sion [38, 39]. In this study, we performed GO enrichment
analysis of melanoma and NHL‐related genes, and the
results indicated that vitamin D may be involved in the
development of coronary artery disease. There was growing
evidence that vitamin D is important in reducing the risk of
cardiovascular diseases and VTE [40–43]. Blondon et al.
reported associations between serum 25‐hydroxyvitamin D,
plasminogen activator inhibitor‐1 concentrations and tissue
factor pathway inhibitors. In addition, the same group found
that vitamin D‐deficient participants had a propensity for
hypofibrinolysis, suggesting a higher risk of VTE [44].
However, Hejazi and colleagues reported in their pilot
randomized clinical trial that there was no significant
reduction in C‐reactive protein or P‐selectin after vitamin
D supplementation. Interestingly, vitamin D supplementa-
tion did allow the use of lower doses of warfarin to control
the international normalized ratio (INR) [45]. These results
taken together suggested that the role of vitamin D in CAT
development should be further investigated, especially in
patients with melanoma and NHL.

Given that this study showed no causal relationship
between most types of cancer and VTE risk, careful
consideration should be given to patients who would and
would not benefit from screening and prophylaxis after
cancer diagnosis. Moreover, our results supported the notion
that certain iatrogenic factors increased the risk of VTE, such
as screening imaging techniques, indwelling central venous
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catheters, history of thrombosis and surgeries, chemotherapy
and hormone therapy [11, 13, 46]. Although thrombopro-
phylaxis is an effective means of VTE prevention and
treatment, it also increases the risk of bleeding, morbidity
andmortality [47]. In fact, according to the American Society
of Clinical Oncology guidelines, clinicians should not
provide routine anticoagulant therapy to all cancer patients,
but should only provide routine anticoagulant therapy to
patients at high risk for VTE [47]. Being able to accurately
quantify the risk of VTE in patients with different types of
cancer will allow for optimal thromboprophylaxis strategies,
allowing treatment to be targeted to high‐risk patients while
avoiding low‐risk patients.

This study found a causal relationship between NHL
and VTE risk. Therefore, patients with NHL require
more stringent VTE screening. However, this may not be
clinically feasible; instead, from a public health and
clinical viewpoint, more attention should be paid to
prophylactic thromboembolic interventions and more
rigorous testing for thrombosis in NHL patients [48].
Unprovoked VTE events in the absence of major
thrombotic risk factors may be the earliest signs of
cancer [10]. If risk factors associated with occult cancer
can be distinguished, patients can be stratified by
different cancer risks. Detection of unprovoked VTE
can serve as the basis for effective screening and
prevention strategies. In addition, patients with occult
malignant melanoma may benefit from early VTE testing
and intervention when unprovoked VTE occurs.

Our work had several advantages. First, MR
provided an opportunity to efficiently and reliably
investigate the potential causal relationship between
cancer types and VTE, regardless of reverse causality
and confounding factors inherent in observational
studies. This methodological difference may also ex-
plain why we found results that were inconsistent with
those of previous studies. Second, this study included a
heterogeneous population of VTE patients, and we also
obtained and pooled data from the UK Biobank and
GERA cohorts, particularly for the investigation of VTE
in sex‐specific cancers (e.g., prostate, cervical and breast
cancers). To our knowledge, this is the first comprehen-
sive MR analysis to assess the causal relationship
between various cancers and VTE in a population of
approximately 370,000 individuals of European ances-
try. Such a large cohort may be particularly important
for stratifying cancer patient groups. Our results can
guide clinicians on what aspects of tumor screening
should be performed in patients with unprovoked VTE.
What more, policymakers could use the study's findings
to inform testing guidelines based on cancer types, such
as more stringent testing for thrombosis and even
preventive anticoagulation therapy.

However, this study also has several limitations. First,
because this study was conducted only in a population of
single European ancestry, the results may not apply to
other ethnic populations. Future research should focus
on including more diverse cohorts. Second, some
misclassification may have been introduced, since
exposed parts were defined by validated self‐reports.
Furthermore, endpoints were obtained from a computer-
ized registry and were not personally verified. Although
we have shown that different genes predict cancers with
different VTE risk, we were unable to explore the precise
physiological mechanisms that might mediate the
relationship between these cancers and VTE risk.

5 | CONCLUSION

In conclusion, our estimates suggested that genetically
predicted melanoma was associated with a lower risk of
VTE, whereas NHL increases this risk. In contrast,
cancers of multiple sites, including bladder, cervix, colon,
stomach and esophagus, kidney, leukemia, lung, pan-
creas, prostate, rectum, thyroid and breast cancers, were
not associated with VTE. Understanding the causal
relationship between various cancers and VTE can lay
the foundation for targeted therapy and prevention
guidelines for CAT in selected high‐risk patient
populations.
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