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Correlation study of malignant lymphoma
and breast Cancer in different gender
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Abstract

Background Previous research has already indicated an elevated risk of breast cancer (BC) among survivors

of malignant lymphoma, but the underlying reasons remain unknown. Our objective is to elucidate the causal
relationship between malignant lymphoma and BC through Mendelian randomization (MR). Genome-wide
association studies (GWAS) data from 181,125 Hodgkin lymphoma (HL) patients and 181,289 non-Hodgkin lymphoma
(NHL) patients from the FinnGen Consortium were utilized as exposure. We selected single nucleotide polymorphisms
(SNPs) strongly associated with the exposure as instrumental variables to investigate their relationship with BC in a
cohort of 107,722 participants. Subsequently, we obtained data from the UK Biobank containing gender-stratified
information on HL, NHL, and BC. We validated the findings from our analysis and explored the impact of gender. The
Inverse-Variance Weighted (IVW) method served as the primary reference for the two-sample MR, accompanied by
tests for heterogeneity and pleiotropy.

Results The analysis results from the FinnGen consortium indicate that there is no causal relationship between

HL and NHL with BC. HL (OR=1.01, 95% CI=0.98-1.04, p=0.29), NHL (OR=1.01, 95% CI=0.96-1.05, p=0.64). When
utilizing GWAS data from the UK Biobank that includes different gender cohorts, the lack of association between HL,
NHL, and BC remains consistent. HL (OR=1.08, 95% Cl=0.74-1.56, p=0.69), HL.-Female (OR=0.84, 95% Cl=0.59-1.19,
p=0.33), NHL (OR=0.89, 95% Cl=0.66-1.19, p=0.44), and NHL-Female (OR=0.81,95% CI=0.58-1.11, p=0.18).

Conclusions The two-sample MR analysis indicates that there is no significant causal relationship between malignant
lymphoma (HL and NHL) and BC. The association between malignant lymphoma and breast cancer requires further
in-depth research and exploration.
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Introduction

Breast cancer (BC) is a common malignant tumor among
women, and its high incidence and mortality rates
have drawn significant attention [1]. Especially in the
advanced stages, BC with metastasis is extremely chal-
lenging to cure [2]. Risk factors for BC have been iden-
tified, including alcohol consumption, body mass index
(BMI), physical activity, height, smoking, age at men-
arche, age at menopause, type 2 diabetes, and family his-
tory of breast cancer (Illnesses of mother and siblings)
[3-5]. Furthermore, Hodgkin lymphoma (HL) survivors
who have undergone radiation therapy are at a consider-
ably higher risk of developing BC [6]. Previous research
has indicated that radiation therapy can increase the risk
of BC [7]. However, the relationship between HL and BC
remains unclear, and there is a scarcity of studies in this
area.

HL patients have a notably high risk of developing
secondary malignancies, with secondary BC being par-
ticularly prevalent among females [8]. Numerous stud-
ies have indicated that female HL patients who have
undergone radiation therapy are at an elevated risk of
developing BC (Risk=22.3% ,95% CIL:4.1-40.5) [9-12].
This heightened risk could be attributed to factors such
as radiation exposure, hormonal influences, and age
[13-15]. In a recent study, it was found that male HL
patients also face an increased risk of BC (OR=1.6, 95%
CI: 0.7-3.3) [16]. Additionally, Kang et al. pointed out a
significant correlation between the development of BC
and an increased risk of non-Hodgkin lymphoma (NHL)
(OR=1.64, 95% CI=1.34-2.00) [17]. Due to confounding
factors, potential biases, and other complexities, the rela-
tionship between HL and BC, as well as between NHL
and BC, remains unclear. The impact of gender on cau-
sality has also yet to be elucidated.

Mendelian randomization (MR) is a recently emerging
method for inferring causal relationships, falling under
the category of randomized controlled trial research
[18-20]. The basic principle involves using the influ-
ence of randomly distributed genotypes on phenotypes
to infer the relationship between exposure and outcomes
[21]. It overcomes biases introduced by confounding fac-
tors and utilizes genetic variations strongly associated
with the exposure to explore causal relationships with
outcomes [22]. Because an individual’s genotype is estab-
lished during conception, there will be no reverse causal
relationship. The implementation of MR must satisfy
three conditions: (1) the variation is correlated with the
exposure, (2) the variation does not affect the outcome
through confounding factors, (3) the variation affects the
outcome solely through the exposure, without a direct
influence [23]. The core of the research design is to estab-
lish a unidirectional causal relationship analysis where
genetic variation influences outcomes through exposure.
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However, MR may also suffer from horizontal pleiotropy,
meaning genetic variation may affect outcomes through
other factors or directly, which should be eliminated for
in our analysis [24, 25].

In this study, we conducted a two-sample MR analysis
using summary data from genome-wide association stud-
ies (GWAS) sourced from public databases. The objective
was to comprehensively elucidate the causal relationship
between malignant lymphoma and BC, while also explor-
ing whether gender exerts an influence. To the best of our
knowledge, research in this realm is scarce. This endeavor
holds the potential to offer valuable insights for the pre-
vention and screening of BC in HL/NHL patients.

Original research

Methods

Obtaining GWAS data related to malignant lymphoma
exposure

In this study, we included exposure factors related to
HL and NHL. These data were sourced from publicly
available datasets, thus without any ethical and copy-
right concerns. We conducted our search on the web-
site https://gwas.mrcieu.ac.uk/ and selected two GWAS
datasets for HL and NHL from the year 2021 as instru-
mental variables (IVs). These datasets were both from
the FinnGen consortium (Supplementary Table S1). We
selected instrumental variables related to the exposure
(p-value<5%x10-8), and the results indicated that the
number of obtainable SNPs was quite limited. In such
a scenario, conducting MR analysis could lead to issues
of low statistical power and weak instrument problems,
resulting in biased parameter estimates [26]. Therefore,
we used a more liberal criterion of “p-value<5x10—-6" to
identify SNPs significantly associated with the exposure
while also addressing the elimination of linkage disequi-
librium effects (LD r2<0.001, kb=10,000). Additionally,
we calculated the F-statistic for each SNP. To enhance the
accuracy of our analysis, we applied criterion “F>10" to
filter out weak SNPs [27].

GWAS data for BC and BC risk factors

The BC data included both male and female European
populations and was sourced from the FinnGen con-
sortium, comprising 8,401 cases and 99,321 controls.
Additionally, to meet the conditions for Mendelian ran-
domization implementation, we selected ten known
risk factors for BC: Alcohol consumption, BMI, Physi-
cal activity, Height, Smoking, Age when periods started
(menarche), Age at menopause, Type 2 diabetes (exclude
DM1), and Family history of breast cancer (Illnesses of
mother and siblings). The genetic association between
risk factors and outcomes can be seen in Supplementary
Figure S13. These data were obtained from UK Biobank,
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Within family GWAS consortium, MRC-IEU, and Finn-
Gen consortiums. We utilized the inverse variance
weighted (IVW) method to calculate the associations
between HL/NHL and each of these BC risk factors. All
the data were retrieved from https://gwas.mrcieu.ac.uk/
and are detailed in Supplementary Table S1.

The data on HL/NHL and BC in different genders

In order to investigate whether the relationship between
HL/NHL and BC is influenced by gender, and to validate
the results of the analysis from the FinnGen consor-
tium, we obtained data on HL/NHL and BC from the UK
Biobank. The data was divided into two categories: one
with both males and females, and the other with only
females. The filtering criteria for SNPs were as follows:
p-value<5x10-6, LD r2<0.001, kb=10,000, and F>10.
The detailed sources of the data refer to Supplementary
Table S2.

Statistical

We extracted the filtered SNPs from the exposure,
removing those that were associated with the outcomes
(p-value>5x10-6). Next, the allelic directions of SNPs
associated with exposure and outcomes were coordi-
nated, while removing incompatible SNPs. For the two-
sample MR analysis of HL/NHL and BC, we employed
three methods: IVW, MR-Egger, and weighted median.
The IVW estimates served as the primary reference for
the MR analysis, while MR-Egger and weighted median
were used as supplementary approaches due to their
broader applicability despite lower efficiency. To assess
the sensitivity of the analysis results, we conducted a het-
erogeneity test using Cochran’s Q estimate for the IVW
method (Q-pvalue<0.05 indicates potential heterogene-
ity) [28]. MR-Egger was utilized for directional pleiot-
ropy testing, where pleiotropy-pval<0.05 indicates the
presence of directional pleiotropy [29]. Additionally, we
employed the MR-PRESSO method to detect MR pleio-
tropic residuals, outliers, and correct for potential hori-
zontal pleiotropy and outliers [25]. We cross-validated
these two horizontal pleiotropy tests to provide more
robust results or correct for any pleiotropy. Finally, we
performed a leave-one-out analysis to examine whether
individual SNPs introduced biases in the MR results.

Due to potential biases arising from discrepancies in
results from different databases, we conducted cross-
validation by utilizing two independent databases. Addi-
tionally, we explored the relationship between MR results
and gender. The filtering criteria and MR methods used
were consistent for both analyses. The aforementioned
steps were carried out using the R-4.2.2 software pack-
ages TwoSampleMR, MRPRESSO, MungeSumstats, data.
table, dplyr, and tidyr [30].
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Results

Relationship between Hodgkin lymphoma and breast
cancer

We conducted an analysis of the GWAS data from the
FinnGen consortium. We did not find a significant
causal relationship between HL and BC (OR=1.01, 95%
CI=0.98-1.04, p=0.29). The results from MR-Egger
(OR=0.98, 95% CI=0.94-1.02, p=0.45) and Weighted
Median (OR=1.03, 95% CI=0.99-1.06, p=0.15) were
consistent with the IVW method, all showing no sig-
nificant association (Fig. 1A). The Cochran Q-test for
IVW vyielded a p-value of 0.515, suggesting no hetero-
geneity. MR-PRESSO did not detect any pleiotropy
(p=0.541), and there was no evidence of intercept pres-
ence (p=0.117) (Table 1). Additionally, the leave-one-out
analysis did not reveal any single SNP significantly alter-
ing the results (Supplementary Figure S1). The funnel
plot was symmetrical (Supplementary Figure S7).

Association between non-hodgkin lymphoma and breast
cancer

We also investigated the potential causal relationship
between NHL and BC, and similarly, no significant asso-
ciation was observed (OR=1.01, 95% CI=0.96-1.05,
p=0.64). Both MR-Egger and Weighted Median methods
yielded non-significant p-values of 0.34 and 0.84, respec-
tively (Fig. 1A). In sensitivity analysis, no heterogeneity
was found (p=0.057), and neither horizontal pleiotropy
nor directional pleiotropy was detected (Pleiotropy-
p=0.184, Presso-p=0.071) (Table 1). Additionally, the
leave-one-out analysis and the funnel plot demonstrated
the reliability of our findings, with no apparent bias (Sup-
plementary Figure S2, 8).

Association of HL/NHL with BC risk factors

To meet the requirements for MR analysis, it is crucial to
establish a clear relationship between the exposure and
outcome risk factors. Therefore, we selected ten estab-
lished risk factors: Alcohol consumption, BMI, Physical
activity, Height, Smoking, Menarche, Menopause, Type
2 diabetes, and Family history of breast cancer (Illnesses
of mother and siblings). We conducted MR assessment
using the IVW method. The results indicated that there
was no causal relationship between HL and any of the
eight risk factors (p>0.05) (Fig. 2A). Similarly, the same
observation was made for NHL (Fig. 2B).

The causal effect from HL/NHL to BC in different genders

In order to explore whether there is a causal relation-
ship between HL/NHL and BC patients of different
genders and to enhance the credibility of our analysis.
we performed two-sample Mendelian randomization
separately for both genders: both males and females, and
only females. The analysis of HL and BC in the combined
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A exposure method OR (95% CI) P-Value
HL Inverse variance weighted 1.01 (0.98 to 1.04) 4 0.29
HL MR Egger 0.98 (0.94 to 1.02) t? 0.45
HL Weighted median 1.03 (0.99 to 1.06) b 0.15
NHL Inverse variance weighted 1.01 (0.96 to 1.05) l:-i 0.64
NHL MR Egger 0.96 (0.88 to 1.04) e 0.34
NHL Weighted median 1.00 (0.94 to 1.04) "E' 0.84
The FinnGen for MR. 05 1 2

No Breast Cancer Breast Cancer

B exposure method OR (95% CI) P-Value
HL Inverse variance weighted 1.08 (0.74 to 1.56) —— 0.69
HL MR Egger 1.14 (0.57 t0 2.24) o—i——a 0.71
HL Weighted median 1.11 (0.65 to 1.88) —_— 0.70
HL-F Inverse variance weighted 0.84 (0.59 to 1.19) l—-—i—' 0.33
HL-F MR Egger 1.37 (0.75 t0 2.49) : 0.30
HL-F Weighted median 0.85 (0.52 to 1.35) '—E—| 0.49
NHL Inverse variance weighted 0.89 (0.66 to 1.19) — 0.44
NHL MR Egger 0.89 (0.55 to 1.42) '_"E_' 0.62
NHL Weighted median 0.86 (0.55 to 1.31) — 0.48
NHL-F Inverse variance weighted 0.81 (0.58 to 1.11) '—'—E-' 0.18
NHL-F MR Egger 0.77 (0.45 to 1.31) —— 0.34
NHL-F Weighted median 0.92 (0.58 to 1.44) !—-5—' 0.71
The UKbiobank for MR, 05 1 > 3

No Breast Cancer Breast Cancer

Fig. 1 The forest plot for MR analysis: (A) MR analysis of HL, NHL, and BC data from the FinnGen consortium. (B) HL, NHL, BC data from different
gender classifications of UK Biobank. HL: Hodgkin lymphoma; NHL: non Hodgkin lymphoma; HL-F: Hodgkin lymphoma-female; NHL-F: non Hodgkin

lymphoma-female

Table 1 Heterogeneity and pleiotropy tests in the two-sample

MR analysis

Exposure Heterogeneity-pval Pleiotropy-pval Presso-
pval

HL finn 0.515 0.117 0.541

NHL finn 0.057 0.184 0.071

HL ukb 0.629 0.856 0.099

HL-F ukb 0.991 0.056 0.896

NHL ukb 0.569 0.986 0.704

NHL-F ukb 0.794 0.833 0.752

gender group showed results similar to the data from
the FinnGen consortium (OR=1.08, 95% CI=0.74—1.56,
p=0.69), indicating no significant causal association. The
same observation was made for NHL as well (OR=0.89,
95% CI=0.66—1.19, p=0.44). Interestingly, when analyz-
ing only females with HL (HL-F) and only females with
NHL (NHL-F), the results were also not associated sig-
nificantly with BC (HL-F OR=0.84, 95% CI=0.59-1.19,
p=0.33; NHL-F OR=0.81, 95% CI=0.58-1.11, p=0.18)

(Fig. 1B). Furthermore, sensitivity tests did not detect any
heterogeneity or pleiotropy issues (p>0.05) (Table 1). The
leave-one-out analysis and funnel plot were employed to
demonstrate that the SNPs used for analysis exhibited
neither singular bias nor uneven distribution (Supple-
mentary Figure $3-6, S9-12).

Discussion

Our research is the first to use a two-sample MR analysis
to explore the causal relationship between Hodgkin lym-
phoma (HL), non-Hodgkin lymphoma (NHL), and breast
cancer (BC). When utilizing gender-neutral GWAS data
from the FinnGen consortium, the causal relationship
was not found to be significant. This does not support
the hypothesis that HL or NHL could increase the risk of
BC. Interestingly, we conducted our analysis using gen-
der-stratified GWAS data from the UK Biobank. HL and
NHL were further divided into categories that included
both males and females, as well as a category specific to
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A Risk factors OR (95% CI) P-Value
Alcohol consumption 1.00 (0.99 to 1.00) 0.26
Body mass index 1.01 (0.96 to 1.05) 0.65
Physical activity 1.00 (0.99 to 1.00) 0.12
Height 1.02 (0.94 to 1.11) 0.60
Smoking 1.01 (0.95 to 1.06) 0.78
Age when periods started (menarche) 1.00 (0.99 to 1.00) 0.52
Had menopause 1.00 (0.99 to 1.00) 0.79
Type 2 diabetes, strict (exclude DM1)  1.00 (0.98 to 1.02) 0.80
llinesses of mother: Breast cancer 1.00 (0.99 to 1.00) 0.26
llinesses of siblings: Breast cancer 1.00 (0.99 to 1.00) 0.63
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B Risk factors OR (95% CI) P-Value

Alcohol consumption 1.00 (0.99 to 1.00) 0.53
Body mass index 0.97 (0.92to 1.01) 0.23
Physical activity 1.00 (0.99 to 1.00) 0.98
Height 1.00 (0.94 to 1.06) 0.97
Smoking 0.98 (0.91 to 1.05) 0.58
Age when periods started (menarche) 1.00 (0.99 to 1.00) 0.98
Had menopause 1.00 (0.99 to 1.00) 0.62
Type 2 diabetes, strict (exclude DM1)  1.01 (0.98 to 1.03) 0.49
llinesses of mother: Breast cancer 1.00 (0.99 to 1.00) 0.46
llinesses of siblings: Breast cancer 1.00 (0.99 to 1.00) 0.89

Fig. 2 Association between malignant lymphoma and risk factors for BC: (A) Causal relationship between HL and BC risk factors. (B) Association of NHL

with BC risk factors

females only. The analysis demonstrated that even when
considering different gender scenarios, both HL and
NHL are not significantly associated with an increased
risk of BC.

The relationship between HL and BC has been exten-
sively studied, while research on the association between
NHL and BC remains relatively limited. Among survi-
vors of HL, secondary cancers are a major cause of mor-
tality, with BC being the most common in females [31].
Notably, women who have undergone treatment for HL
exhibit a significantly elevated risk of developing BC [32].
However, the exact nature of the relationship between
HL and BC remains unclear. Some scholars have pro-
posed that factors such as the age at initial HL treatment
[33], dosage and location of radiation [13], and hormonal
stimulation may contribute to the occurrence of BC [14].
Nonetheless, most previous studies have utilized case-
control or prospective research designs, which might
introduce temporal ambiguity and reverse causation
issues. Additionally, inevitable confounding factors and
potential biases could be present. The underlying causes
of secondary BC in HL patients might be related to other
undiagnosed cancers or conditions. In contrast, our study
employs MR analysis to explore the effects on outcomes
based on exposures determined by genetic variations.
This approach allows for the elimination of confounding
factors and reverse causation interference, effectively elu-
cidating causal relationships.

A recent study has revealed an evident increase in BC
risk among male HL survivors [16]. This suggests that the
causal relationship between HL and BC might be influ-
enced by gender. However, due to the lower incidence
of male BC and the resulting scarcity of cases, relevant
research in this area is exceedingly limited. The data
accessible from the UK Biobank is also relatively sparse,
lacking GWAS data exclusively for males. Therefore, we
conducted MR analysis using data categorized by both
all genders and only females, aiming to explore the influ-
ence of gender on the relationship between HL and BC.
The analysis results indicated no significant causal link
between HL and BC in either of the two gender catego-
ries. It’s possible that the limitations of our data and the

insufficient number of cases contributed to false nega-
tives. This is an aspect that we and future related studies
should seek to refine.

A history of prior malignant lymphoma is considered
a negative prognostic factor for later developing BC [34].
For survivors of NHL, the challenge of subsequent late-
stage complications is equally serious. A study focus-
ing on the Korean population highlighted a significant
increase in the risk of developing NHL for BC patients,
particularly among younger BC patients who had
undergone hormone therapy [17]. Additionally, Iv et al.
proposed that radiation treatment is a risk factor for sec-
ondary BC in female NHL patients [35]. This observation
closely parallels findings from previous research on the
relationship between HL and BC. However, because both
of these studies are retrospective cohort studies, they
could be influenced by confounding factors or poten-
tially exhibit reverse causation. We hold reservations
regarding the causal relationship between BC and NHL.
As a next step, we devised a MR analysis for NHL and
BC, also exploring the potential impact of gender on the
causal relationship. While false negatives stemming from
data limitations are a possibility, our results consistently
demonstrate the absence of a causal relationship between
NHL and BC.

After receiving improved treatment, both HL and NHL
have achieved significant survival rates [36]. However,
the increased risk of developing subsequent malignancies
is a concern. Scholars generally believe that the treatment
for HL might elevate the risk of developing a second type
of cancer [37-39]. Some studies have observed a lower
risk of BC among NHL survivors [40, 41], attributed to
the potential ovarian suppression caused by NHL medi-
cations [42]. Similar circumstances are evident in HL
cases. HL females undergoing chemotherapy experi-
ence a significant reduction in the incidence of BC due
to ovarian suppression [34]. Nevertheless, the connection
between malignant lymphoma and BC remains unclear.
Our research aims to interpret the relationship between
HL/NHL and BC from the perspective of genetic deter-
minants influencing outcomes. This approach effectively
mitigates confounding factors and offers an advantage
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over conventional epidemiological study methods. While
our analytical results suggest there is no causal relation-
ship between HL/NHL and BC, it is plausible that HL/
NHL could impact the progression and prognosis of
BC. BC patients with a history of malignant lymphoma
exhibit poorer five-year disease-free survival (DFS) and
overall survival (OS) [34]. Furthermore, this provides
a reference point for exploring the interplay between
malignant lymphoma and BC. As HL/NHL are not direct
causes of BC, it implies that factors such as the treat-
ments received, environment, lifestyle habits, and intrin-
sic physiological conditions could be associated with an
increased risk of BC. Other variables, including certain
unknown biological traits, require further investigation.

This study has three main strengths. Firstly, we
employed a two-sample MR analysis. This approach uti-
lizes allele randomization to determine biological phe-
notypes, followed by investigating the causal relationship
between exposure phenotype and outcome using SNPs.
This methodology effectively mitigates confounding fac-
tors and reverse causation. Secondly, MR analysis resem-
bles a randomized controlled trial design. We conducted
the analysis using publicly available GWAS data, mak-
ing the process convenient and efficient. Thirdly, unlike
previous studies, we simultaneously compared the rela-
tionship between both HL and NHL with breast cancer.
Additionally, we explored whether gender has an impact
on the results, a facet that hasn’t been addressed in prior
research. However, our study also has several limitations.
Firstly, the data available to us is limited. For instance,
we couldn’t access data specific to only males, and there
were constraints on the number of samples in the cohort.
Secondly, The stratification of the samples was not done
according to age, the other factors such as environmen-
tal and epigenetic factor are further need to be explored.
Thirdly, further investigation is needed to determine if
the findings of this MR study, which is conducted in indi-
viduals of European ancestry, can be generalized to non-
European populations.

In conclusion, this study has found no significant causal
relationship between HL/NHL and BC. This suggests
that intensifying breast cancer screening and detection
for malignant lymphoma patients might not yield effec-
tive results in clinical practice. Further exploration could
potentially focus on treatment choices, environmental
changes, and other unknown biological characteristics.
More relevant research investigations are needed in the
future to delve deeper into this matter.
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