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ABSTRACT

The etiology of cancer is multifactorial, involving genetic predisposition,
disruption of apoptosis, environmental exposures (e.g., radiation), toxic
substances (e.g., tobacco), hormonal influences (e.g., estrogens and ovarian
cancer), among others. More recently, several pathogens—particularly
viruses—have been identified as direct oncogenic agents, with the
potential to drive global cancer epidemics. Well-established examples
include hepatitis B virus, human papillomavirus, and Epstein—Barr virus,
among others.

In addition, emerging experimental evidence suggests that even non-
oncogenic acute respiratory viruses (such as SARS-CoV-2 and influenza
virus) may trigger neoplastic cell activation and facilitate tumor
dissemination, particularly in breast cancer models.

Vaccination has already demonstrated a major impact on cancer
prevention, with hepatitis B and human papillomavirus vaccines
significantly reducing liver and cervical cancers, respectively. Expanding
immunization strategies to target not only directly oncogenic pathogens but
also respiratory viruses with tumor-promoting potential could lead to an
even greater global reduction in cancer burden—representing a novel and
transformative role for vaccines in cancer prevention.
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Introduction

Cancer remains as a pandemic, not only because of its
immense burden in morbidity, mortality, and economic
cost, but also due to the complexity of its evolution and
the challenges in developing effective treatments. lts
burden is magnified by the fact that “cancer”
encompasses a constellation of diseases, each with distinct
pathogenic mechanisms and prognoses. Within this
spectrum, cancers that arise directly from infectious
processes hold particular significance for two reasons.
First, unraveling how infections drive malignant
transformation provides insights into fundamental cellular
pathways of carcinogenesis. Indeed, viruses have been
described as infectious agents capable of driving cellular
transformation toward dysplasia, and anaplasia. Unlike
many environmental risk factors, infections are discrete,
traceable events, often with measurable burden, that can
be systematically studied over time!. Second, infection-
related cancers are inherently preventable—whether
through primary measures such as vaccination or through
secondary approaches that target chronic infections
before they progress to malignancy!'-3.

Scientific interest in the etiological links between

infectious diseases and cancer has been steadily

increasing for several reasons!-3:

1. A growing number of neoplasms have been
definitively associated with specific pathogens.

2. Research into the pathways leading to carcinogenesis
has illuminated critical cellular processes.

3. Perhaps most importantly, cancers caused by
infections are, in principle, preventable—either at
the primary level by blocking infection (e.g.
vaccination) or secondarily by interrupting the
carcinogenic process. This rationale underpins two of
the most impactful public health campaigns of recent
decades: vaccination against hepatitis B virus and
human papillomavirus.

4. In addition. recent studies in animal models have
shown that acute viral infections can trigger cancer,
including lung and breast cancer, further
strengthening the case for vaccination as a key
preventive strategy.

The aim of this editorial is to update information of
infection prevention by vaccines leading to reduction of
cancer-associated.

Infectious agents as confirmed and/or

potential contributors to cancer:

The list of infectious agents linked to carcinogenesis—
whether definitively or speculatively—continues to
expand, with additional neoplasms being associated with
recognized oncogenic pathogens. A classic example is
Epstein—Barr virus (EBV), which, beyond its established
role in Burkitt's lymphoma is also etiologically implicated
in other malignancies'-3. Perhaps even more illustrative is
its association with nasopharyngeal carcinoma, alongside
the role of human papillomavirus (HPV)'-3,

Table 1. Pathogens with a definitive and possible or indirect role in cancer causation.
(Modified from Pappas G. Clin Microbiol Infect. 2009 Nov;15(11):961-3. doi: 10.1111/j.1469-0691.2009.03034.x.)

Pathogen Associated cancer YearIY cases .
associated with

IDefinite causes of cancer H H ‘
Epstein—Barr virus BUI’kI!‘T s I?lmphor.no Nas?phor)tngeol cancer. 100,000

Also implicated in gastric carcinoma.
Helicobacter pylori Gastric cancer. Gastric mucosal-associated lymphoid tissue 490,000

lymphoma.
|Hepatitis B virus ||Hepq'rocellulqr carcinoma. ||280,000 |
|Hepatitis C virus HHepq'roceIIqur carcinoma. H] 10,000 ‘
Human herpes virus-8 Kaposi's sc:rco.ma. Primary effusion lymphoma. Multicentric 55,000

Castleman’s disease.

Cervical cancer. Anal cancer. Also implicated in vulvar,
Human papilloma virus vaginal, penile cancer. Nasopharyngeal (head /neck) 550,000

cancer.
|Human T-cell lymphotropic virus ||Acu’re T-cell leukemia. ||2,7OO |
|0pisthorchis viverrini HChoangiocqrcinomq. H8OO ‘
|Schisiosoma haematobium ||B|c1dder cancer. ||9,000 |

IPossibIe/indireci causes of cancer H

|

Clonorchis sinensis / Opisthorchis
felineus

Cholangiocarcinoma.

HIV

Increased potential for lymphomas (including CNS);
synergy-like action with HHV-8. Other lymphomas.

|Po|yoma viruses — JCV HBroin tumors.

=

|Po|yomq viruses — BKV ||quin tumors.

|Po|yoma viruses — SV40

HOsfeosorcoma, mesothelioma. H—

|Schisiosomq japonicum

||Co|orectc1| cancer, hepatocellular carcinoma. ||—
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To date, only two viral vaccines are globally
administered with the main purpose of decreasing
cancer:

1. Hepatitis B: World Hepatitis Day has been
celebrated on July 28 since 2010, a date chosen in
honor of the birthday of Dr. Baruch Blumberg, winner
of a Nobel Prize for discovering the hepatitis B virus
and developing its diagnostic test and vaccine. Each
year, this date reinforces the need to intensify
national and international efforts to eliminate viral
hepatitis!45. For 2025, the global campaign adopts
the theme “Hepatitis: Let’s break it down!” which calls
on governments, civil society, and partners to
dismantle financial, social, and systemic barriers,
including stigma, that hinder access to hepatitis
prevention, diagnosis, and treatment, as well as liver
cancer prevention. The focus of the efforts
coordinated by the World Health Organization
(WHO) and the Pan American Health Organization
(PAHO) is on simplifying, expanding, and integrating
vaccination services, safe practices, harm reduction,
testing, and treatment into national health
systems!45, Estimates from the WHO indicate that in

2022, approximately 254 million people were living
with hepatitis B and 50 million with hepatitis C,
causing approximately 1.3 million deaths annually,
many of them from cirrhosis and liver cancer4.
According to multilateral health agencies, it is
possible to prevent 2.8 million deaths by 2030, but
only if countries act now45. The elimination of
hepatitis is within our reach, as well as decreasing
significantly all hepatitis B-related hepatocarcinoma
cases.

2. HPV: An American retrospective cohort study was
conducted using a patient population selected from
the TriNetX United States Collaborative Network®.
Patients 9-39 years old attending medical encounters
where any vaccine was administered between
1/1/2010 and 12/31 /2023 were divided into two
cohorts: patients vaccinated for HPV at least five
years prior and those no history of HPV vaccination.
The results were impressive, vaccination vs. HPV
significantly reduced not only cervical cancer in
women, but also anal and head/neck cancer in both
genders, as well as penile cancer in males shown in
Table 2.

Table 2. Effects of HPV vaccination on the development of HPV-related cancers: A retrospective analysis of a
United States-based cohort. (Taken from Dekloe J, et al. J Clin Oncol 2024; 42: 10507-10507.

Doi:10.1200/JC0O.2024.42.16_suppl.10507)

Patient HPV Vaccinated: Patients HPV Vaccinated:
Outcome . .
Group with Outcome Total Patients
Male Head and Neck
. 21 760,467
Patients Cancers
Anal Cancer Suppressed (n=10) 760,540
Penile Cancer Suppressed (n=10) 760,540
Al HPV-related
26 760,435
Cancers
Female Head and Neck
A 29 945,953
Patients Cancers
Cervical Cancer 70 945,690
Anal Cancer Suppressed (ns10) 896,586
Vulvar or Vaginal
20 945,963
Cancer
AWl HPV-related
109 945,584

Cancers

Additionally, a retrospective cohort study conducted in
Germany evaluated individuals vaccinated against HPV
at age 8 years or older, who were propensity score—
matched to unvaccinated controls”. Outcomes included the
incidence of malignancies in the head and neck,
gastrointestinal, anogenital, neuronal, and hematologic
systems, as well as all-cause mortality, assessed over 8-
and 20-year follow-up periods. Kaplan—Meier survival
analysis and hazard ratios (HRs) were applied. HPV
vaccination was significantly associated with reduced
risks of hypopharyngeal and laryngeal carcinomas (8-
year HR: 0.19; 95% Cl: 0.057-0.631; p = 0.0025; 20-
year HR: 0.227; 95% Cl: 0.067-0.764; p = 0.0092) and
leukemia (8-year HR: 0.461; p = 0.0035; 20-year HR:

No HPV Vaccine: Patients No HPV Vaccine:

Odds Ratio (Vaccinated vs. P-

with Outcome Total Patients Unvaccinated) value
48 760,054 0.44 (0.26-0.73) 0.0016
Suppressed (n=10) 760,539 - -
Suppressed (n=10) 760,539 - -

57 760,036 0.46 (0.29-0.72) 0.0010
43 945,580 0.67 (0.42-1.10) 0.10
99 945,900 0.71(0.52-0.96) 0.027
Suppressed (n£10) 896,589 - -

12 945,999 1.66 (0.81-3.41) 0.16
149 945,441 0.73(0.57-0.94) 0.013

0.443; p = 0.0019). No significant protection was
observed for rectal, anal, oral cavity, or prostate cancers.
Importantly, all-cause mortality was reduced by nearly
half among vaccinated individuals (8-year HR: 0.543;
20-year HR: 0.536; both p < 0.0001). Beyond epithelial
malignancies, these findings indicate that HPV vaccination
may confer systemic cancer protection, particularly in
hematologic and possibly neuronal tissues”. This suggests
a broader biological impact of HPV vaccination than
previously recognized and underscores the need for
mechanistic studies to elucidate HPV’s oncogenic
pathways. If confirmed, these results could support the
expansion of HPV vaccination strategies to broader
indications and wider population coverage®.

© 2025 European Society of Medicine 3
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Respiratory viruses and cancer risk:

Recent evidence suggests that respiratory viruses may
play a role in triggering cancer, a finding that carries
important implications for both improving vaccination
coverage and accelerating research and development of
new vaccines against these pathogens? 10,

In a murine model, phenotypic transitions and cellular
expansions were shown to be interleukin-6—dependent.
The study demonstrated that dormant disseminated
cancer cells (DCCs) impair lung T cell activation, while
CD4" T cells promote pulmonary metastatic burden
following influenza infection by suppressing CD8" T cell
activation and cytotoxicity!'.

Crucially, these experimental findings are consistent with
human observational data. Analyses of cancer survivors
from the UK Biobank (all cancer types) and Flatiron
Health (breast cancer) databases revealed that SARS-
CoV-2 infection significantly increases the risk of cancer-
related mortality and lung metastasis compared with
uninfected cancer survivors'2.

Additionally, DeGregori and colleagues’® in a
continuation of the previous study explored whether
acute inflammation triggered by a respiratory infection
could reactivate dormant cancer cells. To investigate this,
they genetically engineered mice to develop breast
tumors resembling those in humans and to harbor dormant
tumor cells in other tissues, including the lungs. The animals
were then infected with either SARS-CoV-2 or influenza.
Within days, the dormant cancer cells in the lungs became
highly active, proliferating and forming metastatic
lesions. Interestingly, it wasn’t the viruses themselves
driving this process. The researchers identified a key
immune molecule, interleukin-6 (IL-6), which amplifies the
body’s response to threats, as the main culprit. When they
engineered mice to lack IL-6, the dormant cancer cells

multiplied far more slowly. About two weeks after
infection, the cells returned to a dormant state!3. These
findings suggest that respiratory infections do not directly
cause cancer. Instead, they can create conditions—
through inflammation—that make it more likely for
dormant cancer cells to reactivate in response to future
threats, such as subsequent infections or genetic mutations.

Conclusions:

By linking a specific neoplasia to a particular infectious
agent, researchers have highlighted a clear path for
prevention: eliminating the initiating infection or its
carcinogenic effects. This approach has naturally
attracted significant scientific attention and underpins
some of the most promising public health campaigns
aimed at reducing both the incidence and mortality of
various malignancies. A recent and notable example is
HPV and the challenges and opportunities arising from
the recent implementation of mass vaccination programs.

Furthermore, respiratory virus infections can promote the
awakening and expansion of previously seeded dormant
cancer cells.

All of this underscores the need for vaccinology to not
only increase coverage for vaccines against hepatitis B,
HPV, SARS-CoV-2, and influenza, but also to drive
research into the links between infections and cancer. It
highlights the importance of investing in both basic
research on these associations and the development of
new vaccines. Indeed, the field of vaccinology extends
far beyond the control of infectious diseases alone!4-16,
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