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Abstract: Purpose: We analyzed data from the National Health Insurance Research Database
(NHIRD) in Taiwan, collected information regarding human papillomavirus (HPV) and breast
cancer prevalence, and explored the association between HPV infection and the risk of breast
carcinoma. Methods: We included the NHIRD data of 30,936 insured patients aged 20 years an older
without breast cancer prior to the index date (date of HPV diagnosis) and matched each patient with
a reference subject according to age, comorbidities, and index year (1:1 ratio). We calculated the
incidence rates of breast cancer in the cohorts, age groups, and comorbidity groups, as well as the
relative risk of breast cancer stratified by age and comorbidity in the HPV and non-HPV groups.
Results: The patients with and without HPV had incidence rates of 12.5 and 9.81 per 10,000 person
years, respectively. The risk of breast cancer for the 50-64 and 265 age groups was 1.67 and 1.36
times higher than that in patients younger than 49 years, respectively, and hypertension, chronic
obstructive pulmonary disease, and diabetes mellitus were significant risk factors for breast cancer.
The HPV group had a higher risk of developing breast cancer than the non-HPV group, regardless
of age group and the presence or absence of comorbidities. Patients with HPV in the 50-64 age
group were 1.39 times more likely to develop breast cancer than patients of the same age without
HPV. Conclusion: Patients older than 49 were more likely to develop breast cancer, and patients
with HPV had a higher likelihood of developing breast cancer, regardless of age and the presence
or absence of comorbidities. HPV likely plays a causal role in breast cancer.
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1. Introduction

Breast cancer is one of the cancers with the highest global prevalence among women
and is the leading cause of death from cancer in women. According to American Cancer
Society, breast cancer is the most common cancer in women in the United States,
accounting for about 30% (or 1 in 3) of all new female cancers each year. In Taiwan, the
incidence of invasive breast cancer increased from 66.1/100,000 in 2007 to 107.2/100,000 in
2018 [1]. However, the etiology of breast cancer remains unclear, generally referred to as
a multifactorial disease. The established risk factors for breast cancer include age, obesity,
early menarche, late menopause, alcohol consumption, no breast feeding, estrogen use,
and a BRCA genetic mutation (BRCA1 and BRCA2, which produce proteins that help
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repair damaged DNA; people who inherit harmful variants in one of these genes have
increased risks of several cancers, especially breast cancer and ovarian cancer.) [2,3]. Most
of these factors are related to prolonged estrogen and progesterone stimulation. Other
potential risk factors for breast cancer, such as insomnia, air pollution, and viral infection,
have not been verified, and the results of studies on these risk factors remain contentious.
Only 5%-10% of patients with breast cancer have a family history of germline mutation,
and the other 90-95% of cases are sporadic [2]. Therefore, determining potential risk
factors for breast cancer is essential.

Human papillomavirus (HPV) infection is a sexually transmitted disease with the
highest prevalence among both women and men. The CDC (Center for Disease Control
and Prevention) reported that HPV is the most common STI, with about 43 million HPV
infections in 2018, many among people in their late teens and early 20s. There are many
different types of HPV. Some types can cause health problems, including genital warts
and cancers. Approximately 90% of HPV infections cause no evident symptoms and
resolve within 2 years [4]. However, some HPV infections persist and cause warts or
sustained inflammation lesions [5]. HPV has also been established as a malignancy
precursor or a risk factor for many cancers, including head and neck squamous cell
carcinoma and cervical, anal, penile, bladder, laryngeal, and esophageal cancers [6,7]. In
the HPV family, high-risk HPV types, including HPV16 and HPV1S, have particularly
been associated with an increased risk of cancer. The E6 and E7 proteins in HPV promote
cellular proliferation and inactivate cell cycle checkpoint function, promoting viral
proliferation by degrading p53 and Rb tumor suppressors. The E7 protein causes
replication stress and oncogene-induced senescence. Oncogenesis can be directly induced
by the virus protein [7].

In the United States, where the epidemiology of HPV infection was first established,
the HPV prevalence is much higher among women than among men [8]. Furthermore,
HPV has a notable carcinogenic effect on women's fertility systems. Therefore, numerous
studies have investigated the association between HPV infection and breast cancer. Most
of these studies have sought to do so by detecting HPV DNA in both cancer and benign
lesions in breast tissue through initial polymerase chain reaction (PCR) amplification by
using standard, commercially available primers commonly used to screen HPV in cervical
tissue or applied primers for specific oncogenic types. Several reports have indicated an
association between HPV and breast cancer lesions [9-23], whereas others have disagreed
[24-32]. Retrospective studies generally compare carcinoma with benign lesions. In these
retrospective studies, several types of HPV (6, 11, 16, 18, and 33) have been detected in up
to 86.21% of breast cancer tissue. However, most studies have collected data from patients
with benign breast lesions, such as fibroadenoma, and have used fibrocystic change as a
control group. Therefore, the conclusions of these studies are not robust.

The aim of our study was to analyze data from the National Health Insurance
Research Database (NHIRD) in Taiwan, collect information regarding HPV and breast
cancer prevalence, and explore the association between HPV infection and the risk of
breast carcinoma.

2. Methods
2.1. Data Source and Study Population

Taiwan launched a single-payer National Health Insurance program in 1995. Since
that time, 99% of the residents of Taiwan have been enrolled in the program. The NHIRD
was subsequently established. The Longitudinal Health Insurance Database (LHID)
contains a subset of the NHIRD data. One million patients insured through the National
Health Insurance program were randomly selected to become part of the LHID, and their
registration and original claims data were recorded. The diseases recorded in the database
were defined according to the International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM). We conducted a cohort study using data from the
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LHID from 2000 to 2013. We included insured patients aged 20 years and older without
breast cancer prior to the index date, which was the date of HPV diagnosis (ICD-9-CM
codes 079.4, 078.1, 795.05, 795.09, 795.15, 795.19, 795.75, and 796.79). A total of 61,872
patients were included and divided into HPV and non-HPV groups. The patients with
HPV were matched to a reference subject according to age, comorbidities, and index year
(1:1 ratio).

2.2. Main Outcome and Covariates

Breast cancer (ICD-9-CM code 174) was the study end point. The follow-up time was
the interval between the index date and the date of breast cancer diagnosis, missing data,
death, or the end of 2013. We also considered comorbidities related to breast cancer,
including hypertension (ICD-9-CM codes 401-405, A260, and A269), coronary artery
disease (ICD-9-CM codes 410414, A270, and A279), chronic obstructive pulmonary
disease (ICD-9-CM codes 491, 492, and 496), stroke (ICD-9-CM codes 43 and A29),
diabetes mellitus (ICD-9-CM codes 250 and A181), hyperlipidemia (ICD-9-CM codes 272
and A182), and obesity (ICD-9-CM codes 278 and A183).

2.3. Statistical Analysis

The chi-square test was used to compare the proportional distribution of the age
groups (2049, 50-64, and 265) and comorbidities in the HPV and non-HPV cohorts. The
mean ages of the groups were determined using a two-sample f test. We calculated the
incidence rates of breast cancer in the cohorts, age groups, and comorbidity groups. The
hazard ratio of each variable was estimated using a Cox regression model. We adjusted
the hazard ratios by including the variables that were significant in the univariate Cox
regression model in a multivariate Cox model. The relative risk of breast cancer, stratified
by age and comorbidity in the HPV compared with the non-HPV groups, was also
analyzed. The Kaplan-Meier method was used to assess the cumulative incidence of
breast cancer in the cohorts, and the differences were compared using a log-rank test.
Significance was set at a p value of <0.05.

3. Results

The distributions of the baseline characteristics in the case and control groups are
presented in Table 1. The average follow-up time for the case cohort was 7.22 years
(standard deviation (SD) = 3.67), and that for the control cohort was 7.12 years (SD = 3.69).
The age and comorbidity distributions between the groups were similar. The mean age
for both groups was 41.5 years. Hypertension and hyperlipidemia were the most common
comorbidities in the groups. The incidence rates and relative risks of breast cancer in the
study population are listed in Table 2. The patients with HPV had an incidence rate of 12.5
per 10,000 person years, and those without HPV had an incidence rate of 9.81 per 10,000
person years. The relative risk of breast cancer in the HPV group compared with the non-
HPV group was 1.27 (95% confidence interval (CI) = 1.20-1.34). People older than 49 years
were more likely to develop breast cancer. The risk of breast cancer in the 50-64 and 265
age groups was 1.67 times (95% CI = 1.56-1.80) and 1.36 times (95% CI = 1.32-1.52) times
higher than that in patients younger than 49 years, respectively. Hypertension, chronic
obstructive pulmonary disease, and diabetes mellitus were significant risk factors for
breast cancer. The adjusted hazard ratios for hypertension, chronic obstructive pulmonary
disease, and diabetes mellitus were 1.30 (95% CI = 1.20-1.41), 1.12 (95% CI = 1.01-1.24),
and 1.90 (95% CI = 1.69-2.14), respectively. The results regarding the risk of breast cancer
in the case and control groups are presented in Table 3. The HPV group had a higher risk
of developing breast cancer than the non-HPV group, regardless of age group and the
presence or absence of comorbidities. Moreover, the patients with HPV in the 50-64 age
group had a 1.39 times higher risk of breast cancer than patients without HPV in the same
age group, which represented the highest risk ratio between the groups. The results of the
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Kaplan—-Meier analysis of breast cancer between the groups are presented in Figure 1. The
patients with HPV had a significantly higher cumulative incidence of breast cancer than
patients without HPV according to the log-rank test, with a p value of <0.05.
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Figure 1. Cumulative incidence of breast cancer in individuals with and without HPV.

Table 1. Baseline characteristics of individuals with and without HPV.

HPV
No Yes
n =30,936 n =30,936
n % n % p-Value

Age, year 0.99

20-49 22,560 729 22,560 729

50-64 5583 18.1 5583 18.1

>65 2793 9.03 2793 9.03
Mean (SD) * 41.5 15.3 41.5 154 0.76

Comorbidity
Hypertension 5102 16.5 5102 16.5 0.99
Coronary artery disease (CAD) 2681 8.67 2681 8.67 0.99
Chronic obstructive pulmonary disease

(COPD) 1798 5.81 1798 5.81 0.99
Stroke 259 0.84 259 0.84 0.99
Diabetes mellitus 808 2.61 808 2.61 0.99
Hyperlipidemia 4697 15.2 4697 15.2 0.99
Obesity 560 1.81 560 1.81 0.99

Chi-square test; * two-sample ¢ test; case group follow-up time: 7.22 (SD = 3.67); control group

follow-up time: 7.12 (SD = 3.69).
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Table 2. Incidence of and risk factors for breast cancer.

Crude HR Adjusted HR &
Event  PY Ratef (95% CI) (95% CI)
HPV
No 217 221,132 9.81 1.00 1.00
Yes 280 223,329 12.5 1.28(1.21, 1.35) ** 1.27(1.20, 1.34) **
Age, years
20-49 302 334,656 9.02 1.00 1.00
50-64 134 75,192 17.8 1.97(1.86, 2.10) ** 1.67(1.56, 1.80) **
>65 61 34,612 17.6 1.95(1.80, 2.12) ** 1.36(1.23, 1.52) **
Comorbidity
Hypertension
No 368 376,435 9.78 1.00 1.00
Yes 129 68,026 19.0 1.94(1.83, 2.06) ** 1.30(1.20, 1.41) **
Coronary artery disease (CAD)
No 430 408,266 10.5 1.00 1.00
Yes 67 36,195 18.5 1.76(1.63, 1.90) ** 1.02(0.93, 1.12)
Chronic obstructive pulmonary
disease (COPD)
No 457 421,435 10.8 1.00 1.00
Yes 40 23,026 17.4 1.60(1.45, 1.76) ** 1.12(1.01, 1.24) *
Stroke
No 491 441,751 11.1 1.00 1.00
Yes 6 2710 22.1 1.99(1.57, 2.54) ** 1.04(0.82, 1.34)
Diabetes mellitus
No 465 434,513 10.7 1.00 1.00
Yes 32 9948 32.2 3.01(2.70, 3.35) ** 1.90(1.69, 2.14) **
Hyperlipidemia
No 390 381,171 10.2 1.00 1.00
Yes 107 62,690 17.1 1.67(1.57, 1.78) ** 1.03(0.95, 1.11)
Obesity
No 488 437,968 11.1 1.00 1.00
Yes 9 6493 13.9 1.24(1.02,1.52) * 1.14(0.94, 1.39)
CI, confidence interval; HR, hazard ratio; PY, person years; Rate #, incidence rate per 10,000 person
years; ¢ multivariable analyses included age and comorbidities of hypertension CAD, COPD, stroke,
diabetes mellitus, hyperlipidemia, and obesity; * p < 0.05, ** p < 0.001.
Table 3. Incidence and HRs of breast cancer in individuals with and without HPV.
HPV
No Yes
Event PY Rate* Event PY Rate? (i;::;: é—g{ Ad](;;f)ZdCISR ¢
Age, years
20-49 136 166,722 8.16 166 167,934 9.88 1.21(1.14, 1.29) ** 1.21(1.14, 1.29) **
50-64 56 37,616 149 78 37,576 20.8 1.39(1.24, 1.57) ** 1.39(1.24, 1.57) **
>65 25 16,793 149 36 17,819 20.2 1.36(1.14, 1.61) ** 1.36(1.15, 1.61) **
Comorbidity §
No 129 164,589 7.84 179 165,767 10.8 1.38(1.29, 1.47) ** 1.38(1.29, 1.47) **
Yes 88 56,543 15.6 101 57,562 17.6 1.13(1.03, 1.24) * 1.12(1.02, 1.24) *

CI, confidence interval; HR, hazard ratio; PY, person years; Rate?, incidence rate per 10,000 person
years; & multivariable analyses included age and comorbidities of hypertension, CAD, COPD,
stroke, diabetes mellitus, hyperlipidemia, and obesity; § individuals with hypertension, CAD,
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COPD, stroke, diabetes mellitus, hyperlipidemia, and obesity were classified into the comorbidity
group; * p <0.05, ** p <0.001.

4. Discussion

The global incidence and mortality rates of breast cancer are increasing. Because the
etiology of breast cancer is complex, identifying new potential risk factors for breast
cancer is essential for both its treatment and prevention. HPV is transmitted through
sustained skin-to-skin contact. The virus infects the epithelium and mucosa, inducing
inflammation and production of oncogenic protein. This process of transmission and its
carcinogenicity renders HPV a highly suspected risk factor for breast cancer development.
Viral infection causes 18-20% of cancers [33], and the high-risk HPV16 and 18 are present
in 50-70% of cervical cancer cases [34] and have been reported to be linked to anal, penile,
and head and neck cancers [33]. Furthermore, HPV is present in 35.7% of lung cancer cases
[35,36].

In this study, we paired the data of 30,936 women reported to be infected with HPV
between 2000 and 2013 in the NHIRD with those of a non-HPV group, with an average
follow-up of 7.2 years. We demonstrated that the hazard ratio (HR) for HPV in women
aged between 20 and 49 was 1.27 (95% CI = 1.20-1.34), with a relative risk of 27%. Among
women aged 50-64, the adjusted ratio was 1.39 (1.24, 1.57), with a 39% increased relative
risk; among women aged 2049, the adjusted ratio was 1.21 (1.14, 1.29), with a 21%
increased relative risk. The adjusted ratio was 1.36 (1.15, 1.61), with a 36% increased
relative risk, among women aged >65 years. For all ages, women who were infected with
HPYV had a 21%-36% increased risk of breast cancer compared with women without HPV.
The incidence rate of breast cancer in women with HPV was 12.5/10,000 person years, and
that in women without HPV was 9.81/10,000 person years. The breast cancer incidence for
all women in Taiwan from 2010 to 2015 ranged between 6.32/10,000 and 7.3/10,000 after
age standardization.

Most studies on HPV and breast cancer test HPV DNA in both benign breast lesions
and breast cancer lesions [9-32]. Mohammad et al. conducted a meta-analysis in Iran
including 11 studies with a total of 858 samples. The pooled odds ratio of developing
breast cancer between women with and without HPV was 5.7 (0.7-46.8), and the total
prevalence of HPV infection among women with breast cancer was 23.6%, which
increased to 29.2% after exclusion of a heterogenous study.

Saimul et al. conducted a retrospective study in India in which they analyzed benign
and malignant breast tissue. The results revealed a high frequency of HPV infection
(63.9% in pretherapeutic women and 71% in women who received neoadjuvant therapy)
in breast cancer tissue and only a 9.5% frequency in adjacent normal breast tissue. HPV16
and HPV18 were responsible for 69% and 35% of the infections, respectively, and HPV33
was responsible for 2.9% of the infections. In the same study, of the women with HIV, 30%
had fibroadenomas, and 71.5% had benign phylloides, whereas only 9.5% of the normal
women were HIV-infected.

In a 2017 review of the molecular evidence of HPV and breast cancer, Carolina et al.
included 43 studies that tested HPV in breast cancer tissue with and without normal breast
tissue. Most of the studies employed initial PCR amplification using commercially
available primers to screen HPV in cervical cancer. Some studies further obtained primers
from the E6 and E7 regions or primers sequenced to identify specific subtypes. The
percentage of women who had breast cancer who were also identified as infected with
HPV ranged from 0% to 86.2%, and the percentage ranged from 0% to 32% in women with
nonmalignant tumors. The included studies analyzed both benign and malignant
specimens, with 17 studies achieving statistical significance, compared to 6 studies in
which statistical significance was not achieved. The heterogeneity maybe due to racial
differences, age differences, a lack of standardization in optimizing DNA amplification,
or differing epidemiologies between counties. Because the prevalence of HPV among
women aged older than 18 was 7.3% in the United States from 2011 to 2014, 4.1% to 17.2%
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in different parts of Asia, and 2.1%—6.1% in different parts of Europe, the results of these
studies must be interpreted with caution.

Our study is the first to apply data from a national health program to explore the
effects of HPV on breast cancer by matching the data of women with HPV with data of
women without HPV of the same age and with the same comorbidities. Atique et al. also
used the NHIRD to explore the risk of breast cancer in women with HPV [13]. However,
their study did not pair samples with similar comorbidities for comparison.

Most studies that have compared breast cancer and normal breast specimens have
investigated HPV genotypes 16, 18, and 33. Three types of HPV vaccines are commercially
available. Cervarix protects against initial infection with HPV 16 and 18; Gardasil protects
against HPV 6, 11, 16, and 18; and protects against HPV 6, 11, 16, 18, 31, 33, 45, 52, and 58.
However, these vaccines primarily benefit women who have not been exposed to HPV.
The actual effectiveness and protective effects against breast cancer of HPV vaccines
remain unclear and warrant further investigation.

Our result of a 27% total increased relative risk among women with HPV infection
supports that the risk of breast cancer increases with HPV infection.

4.1. Limitations

The limitations of this study include its observational nature, selection biases related
to the data being obtained from a registry of patients screened for suspected diseases
rather than an unselected population-based cohort, and the lack of information on
behavioral risk factors reported to affect risk of infection. Furthermore, we included no
subgroups for other risk factors for breast cancer, such as insomnia, air pollution
exposure, and other viral infections.

Because 90% of HPV infections have no observable symptoms and resolve within 2
years, the number of infected individuals may have been underestimated. The average
follow-up was 7.22 years. New cases of infection may have occurred after that period.

4.2. Future Work

The prevalence of HPV in breast cancer indicates that prophylactic vaccination
against HPV is required to limit infection in women. Moreover, the presence of HPV in
breast tissue could be a powerful biomarker that could be implemented in a treatment
protocol for HPV-infected breast cancer. Furthermore, HPV vaccines primarily benefit
women who have not been exposed to HPV. Therefore, the vaccine’s actual effectiveness
and protective effects against breast cancer remain unclear and warrant further
investigation.

5. Conclusions

The strengths of our study include a large sample size and robust event rate, analytic
control for known risk factors in the matched cohort, and independent confirmation of the
magnitude and direction in the unmatched cohort.

Several HPV families, such as HPV16 and HPV18, have been linked to an increased
risk of several types of cancer. In our study, we discovered that these families increase the
risk of breast cancer.

People who were older than 49 years had a greater risk of developing breast cancer.
The risk of breast cancer for the 50-64 and the >65 age groups was 1.67 and 1.36 times
higher than that of people younger than 49 years, respectively. The patients with HPV had
a higher risk of breast cancer than patients without HPV, regardless of age group and the
presence or absence of comorbidities. Moreover, the patients with HPV in the 5064 age
group were 1.39 times more likely to develop breast cancer than the patients without HPV
in the same age group. HPV may play a causal role in breast cancer.

According to the CDC, HPV is the most common sexually transmitted infection.
When used correctly and consistently, condoms represent one of the most effective
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methods of protection. HPV vaccines primarily benefit women who have not been
exposed to HPV. Therefore, the vaccine’s actual effectiveness and protective effects
against breast cancer remain unclear and warrant further investigation.

Author Contributions: Conceptualization: M.-H.Y. and ]J.C.-CW.; Methodology: J.C.-C.W;
Software: C.-Y.L.; Validation: C-H.L. and C.-Y.L; Formal analysis: C-H.L. and C.-Y.L;
Investigation: M.-H.Y.; Resources: M.-H.Y. and ].C.-C.W.; Data curation: J.C.-C.W.; Writing—
original draft preparation: C.-H.L. and C.-Y.L.; Writing—review and editing: C.-H.L. and C.-Y.L,;
Supervision: M.-H.Y. and J.C.-C.W.; Project administration: M.-H.Y. and J.C.-C.W. All authors have
read and agreed to the published version of the manuscript.

Funding: Chung Shan Medical University Hospital grant number CSH-2021-D-001.

Institutional Review Board Statement: Approved by the Chung Shan Medical University
Institutional Review Board.

Informed Consent Statement: Waive approved by Chung Shan Medical University Institutional
Review Board.

Data Availability Statement: The data that was support the finding of this study are available in
National Health Insurance Research Database (NHIRD) in Taiwan. These data were available in the
public domain for now.

Acknowledgments: This study is supported in part by China Medical University Hospital (DMR-
111-105).

Conflicts of Interest: We declare that we have no financial and personal relationships with other
people or organizations that can inappropriately influence our work, there is no professional or
other personal interest of any nature or kind in any product, service and/or company that could be
construed as influencing the position presented in, or the review of, the manuscript entitled.

References

1. Breast Cancer Prevelance. Available online: https://www.hpa.gov.tw/Home/Index.aspx (accessed on 25 June 2018).

2. Palacios, J.; Robles-Frias, M.].; Castilla, M.A.; Lopez-Garcia, M.A.; Benitez, J. The molecular pathology of hereditary breast
cancer. Pathobiology 2008, 75, 85-94. https://doi.org/10.1159/000123846.

3. Sun,Y.S; Zhao, Z; Yang, ZN,; Xu, F,; Lu, H].; Zhu, Z.Y; Shi, W ; Jiang, J.; Yao, P.P.; Zhu, H.P. Risk Factors and Preventions of
Breast Cancer. Int. J. Biol. Sci. 2017, 13, 1387-1397. https://doi.org/10.7150/ijbs.21635.

4. Ljubojevic, S,; Skerlev, M. HPV-associated diseases. Clin. Dermatol. 2014, 32, 227-234.
https://doi.org/10.1016/j.clindermatol.2013.08.007.

5. Antonsson, A.; Forslund, O.; Ekberg, H.; Sterner, G.; Hansson, B.G. The ubiquity and impressive genomic diversity of human
skin papillomaviruses suggest a commensalic nature of these viruses. . Virol. 2000, 74, 11636-11641.
https://doi.org/10.1128/jvi.74.24.11636-11641.2000.

6. Pahud, B.A,; Ault, K.A. The Expanded Impact of Human Papillomavirus Vaccine. Infect. Dis. Clin. N. Am. 2015, 29, 715-724.
https://doi.org/10.1016/j.idc.2015.07.007.

7. Nowinska, K. Ciesielska, U.; Podhorska-Okotéw, M.; Dziegiel, P. The role of human papillomavirus in oncogenic
transformation and its contribution to the etiology of precancerous lesions and cancer of the larynx: A review. Adv. Clin. Exp.
Med. 2017, 26, 539-547. https://doi.org/10.17219/acem/67461.

8.  Stokley, S.; Jeyarajah, J.; Yankey, D.; Cano, M.; Gee, ].; Roark, J.; Curtis, C.R.; Markowitz, L. Human papillomavirus vaccination
coverage among adolescents, 2007-2013, and postlicensure vaccine safety monitoring, 2006-2014 — United States. MMWR Morb.
Mortal Wkly. Rep. 2014, 63, 620-624.

9. Li, J,; Ding, J.; Zhai, K. Detection of Human Papillomavirus DNA in Patients with Breast Tumor in China. PLoS ONE 2015, 10,
e0136050. https://doi.org/10.1371/journal.pone.0136050.

10. Choi, J.; Kim, C.; Lee, H.S.; Choi, Y.J.; Kim, H.Y,; Lee, J.; Chang, H.; Kim, A. Detection of Human Papillomavirus in Korean
Breast Cancer Patients by Real-Time Polymerase Chain Reaction and Meta-Analysis of Human Papillomavirus and Breast
Cancer. J. Pathol. Transl. Med. 2016, 50, 442—-450. https://doi.org/10.4132/jptm.2016.07.08.

11. Ngan, C.; Lawson, ].S.; Clay, R.; Delprado, W.; Whitaker, N.J.; Glenn, W.K. Early Human Papilloma Virus (HPV) Oncogenic
Influences in Breast Cancer. Breast Cancer 2015, 9, 93-97. https://doi.org/10.4137/BCBCR.S35692.

12.  Antonsson, A.; Spurr, T.P.; Chen, A.C; Francis, G.D.; McMillan, N.A.; Saunders, N.A.; Law, M.; Bennett, I.C. High prevalence

of human papillomaviruses in fresh frozen breast cancer samples. ]. Med. Virol. 2011, 83, 2157-2163.
https://doi.org/10.1002/jmv.22223.



Healthcare 2022, 10, 2235 9 of 9

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Atique, S.; Hsieh, C.H.; Hsiao, R.T.; Igbal, U.; Nguyen, P.A.A; Islam, M.M.; Li, Y.C.].; Hsu, C.Y.; Chuang, T.W.; Syed-Abdul, S.
Viral warts (Human Papilloma Virus) as a potential risk for breast cancer among younger females. Comput. Methods Programs
Biomed. 2017, 144, 203-207.

Tsai, ].H.; Tsai, C.H.; Cheng, M.H.; Lin, S.J.; Xu, F.L.; Yang, C.C. Association of viral factors with non-familial breast cancer in
Taiwan by comparison with non-cancerous, fibroadenoma, and thyroid tumor tissues. J. Med. Virol. 2005, 75, 276-281.
https://doi.org/10.1002/jmv.20267.

Gumus, M.A.HM.U.T.; Yumuk, P.F.; Salepci, T.; Aliustaoglu, M.; Dane, F.A.Y.S.AL.; Ekenel, M.; Basaran, G.; Kaya, H.; Barisik,
N.; Turhal, N.S. HPV DNA frequency and subset analysis in human breast cancer patients’ normal and tumoral tissue samples.
J. Exp. Clin. Cancer Res. 2006, 25, 515-521.

Choi, Y.L.; Cho, E.Y.; Kim, ].H.; Nam, S.]J.; Oh, Y.L.; Song, S.Y.; Yang, ] H.; Kim, D.S. Detection of human papillomavirus DNA
by DNA chip in breast carcinomas of Korean women. Tumour Biol. 2007, 28, 327-332.

Cantu de Ledn, D.; Pérez Montiel, D.; Nemcova, J.; Mykyskova, I.; Turcios, E.; Villavicencio, V.; Cetina, L.; Coronel, A.; Hes, O.
Human papillomavirus (HPV) in breast tumors: Prevalence in a group of Mexican patients. BMC Cancer 2009, 9, 26.

He, Q.; Zhang, 5S.Q.; Chu, Y.L.; Jia, X.L.; Wang, X.L. The correlations between HPV16 infection and expressions of c-erbB-2 and
bcl-2 in breast carcinoma. Mol. Biol. Rep. 2009, 36, 807-812. https://doi.org/10.1007/s11033-008-9249-9.

De Villiers, E.M.; Sandstrom, R.E.; Hausen, H.z.; Buck, C.E. Presence of papillomavirus sequences in condylomatous lesions of
the mamillae and in invasive carcinoma of the breast. Breast Cancer Res. 2005, 7, R1-R11. https://doi.org/10.1186/bcr940.

Frega, A.; Lorenzon, L.; Bononi, M.; De Cesare, A.; Ciardi, A.; Lombardi, D.; Assorgi, C.; Gentile, M.; Moscarini, M.; Torrisi,
M.R.; et al. Evaluation of E6 and E7 mRNA expression in HPV DNA positive breast cancer. Eur. J. Gynaecol. Oncol. 2012, 33, 164—
167.

Glenn, W.K.; Heng, B.; Delprado, W.; Iacopetta, B.; Whitaker, N.J.; Lawson, ].S. Epstein-Barr virus, human papillomavirus and
mouse mammary tumour virus as multiple viruses in breast cancer. PLoS ONE 2012, 7, e48788.
https://doi.org/10.1371/journal.pone.0048788.

Sigaroodi, A.; Nadji, S.A.; Naghshvar, F.; Nategh, R.; Emami, H.; Velayati, A.A. Human papillomavirus is associated with breast
cancer in the north part of Iran. Sci. World |. 2012, 2012, 837191. https://doi.org/10.1100/2012/837191.

Ali, S.H.; Al-Alwan, N.A.; Al-Alwany, S.H. Detection and genotyping of human papillomavirus in breast cancer tissues from
Iraqi patients. East Mediterr. Health ]. 2014, 20, 372-377.

Aguayo, F.; Khan, N.; Koriyama, C.; Gonzalez, C.; Ampuero, S.; Padilla, O.; Solis, L.; Eizuru, Y.; Corvalan, A.; Akiba, S. Human
papillomavirus and Epstein-Barr virus infections in breast cancer from chile. Infect. Agents Cancer 2011, 6, 7.
https://doi.org/10.1186/1750-9378-6-7.

Lawson, ].S.; Glenn, W.K,; Salyakina, D.; Delprado, W.; Clay, R.; Antonsson, A.; Heng, B.; Miyauchi, S.; Tran, D.D.; Ngan, C.C.
Human Papilloma Viruses and Breast Cancer. Front. Oncol. 2015, 5, 298. https://doi.org/10.3389/fonc.2015.00277.

Bonlokke, S.; Blaakeer, J.; Steiniche, T.; Hogdall, E.; Jensen, 5.G.; Hammer, A.; Balslev, E.; Strube, M.L.; Knakkergaard, H.; Lenz,
S. Evidence of No Association Between Human Papillomavirus and Breast Cancer. Front Oncol. 2018, 8, 209.
https://doi.org/10.3389/fonc.2018.00209.

Vernet-Tomas, M.; Mena, M.; Alemany, L.; Bravo, L; De Sanjosé, S.; Nicolau, P.; Bergueiro, A.; Corominas, ].M.; Serrano, S.;
Carreras, R.; et al. Human Papillomavirus and Breast Cancer: No Evidence of Association in a Spanish Set of Cases. Anticancer.
Res. 2015, 35, 851-856.

Bratthauer, G.L.; Tavassoli, F.A.; O’'Leary, T.J. Etiology of Breast Carcinoma: No Apparent Role for Papillomavirus Types
6/11/16/18. Pathol. Res. Pract. 1992, 188, 384-386. https://doi.org/10.1016/S0344-0338(11)81229-X.

Manzouri, L.; Salehi, R.; Shariatpanahi, S.; Rezaie, P. Prevalence of human papilloma virus among women with breast cancer
since 2005-2009 in Isfahan. Adv. Biomed. Res. 2014, 3, 75. https://doi.org/10.4103/2277-9175.125873.

Mendizabal-Ruiz, A.P.; Morales, ].A.; Ramirez-Jirano, L.J.; Padilla-Rosas, M.; Moran-Moguel, M.C.; Montoya-Fuentes, H. Low
frequency of human papillomavirus DNA in breast cancer tissue. Breast Cancer Res. Treat 2009, 114, 189-194.
https://doi.org/10.1007/s10549-008-9989-1.

Mou, X.; Chen, L.; Liu, F,; Shen, Y.; Wang, H.; Li, Y.; Yuan, L.; Lin, J.; Lin, J.; Teng, L. Low prevalence of human papillomavirus
(HPV) in Chinese patients with breast cancer. . Int. Med. Res. 2011, 39, 1636-1644.

Ahangar-Oskouee, M.; Shahmahmoodi, S.; Jalilvand, S.; Mahmoodi, M.; Ziaee, A.A.; Esmaeili, H.A.; Keshtvarz, M.; Pishraft-
Sabet, L.; Yousefi, M.; Mollaei-Kandelous, Y.; et al. No detection of ‘high-risk” human papillomaviruses in a group of Iranian
women with breast cancer. Asian Pac. ]. Cancer Prev. 2014, 15, 4061-4065. https://doi.org/10.7314/apjcp.2014.15.9.4061.

Saraiya, M.; Unger, E.R.; Thompson, T.D.; Lynch, C.F.; Hernandez, B.Y.; Lyu, C.W.; Steinau, M.; Watson, M.; Wilkinson, E.J.;
Hopenhayn, C.; et al. HPV Typing of Cancers Workgroup US assessment of HPV types in cancers: Implications for current and
9-valent HPV vaccines. |. Natl. Cancer Inst. 2015, 107, djv086.

Spence, A.R.; Goggin, P.; Franco, E.L. Process of care failures in invasive cervical cancer: Systematic review and meta-analysis.
Prev. Med. 2007, 45, 93-106. https://doi.org/10.1016/j.ypmed.2007.06.007.

De Oliveira, T.H.A.; do Amaral, C.M.; de Franga Sao Marcos, B.; Nascimento, K.C.G.; de Miranda Rios, A.C.; Quixabeira, D.C.A.;
Muniz, M.T.C,; Silva Neto, ].D.C.; de Freitas, A.C. Presence and activity of HPV in primary lung cancer. J. Cancer Res. Clin.
Oncol. 2018, 144, 2367-2376.

Tsyganov, M.M.; Pevzner, A.M.; Ibragimova, M.K,; Deryusheva, I.V.; Litviakov, N.V. Human papillomavirus and lung cancer:
An overview and a meta-analysis. |. Cancer Res. Clin. Oncol. 2019, 145, 1919-1937. https://doi.org/10.1007/s00432-019-02960-w.



