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ABSTRACT
Background: Viral infections are established contributors to oncogenesis, leading to significant public health challenges. This 
systematic review aims to synthesize current knowledge on the mechanisms of viral cellular transformation and their associa-
tion with various cancers.
Recent findings: Studies reveal key mechanisms of oncogenesis, including direct viral integration into the host genome, 
expression of viral oncogenes, and indirect pathways such as chronic inflammation and immune evasion. Notably, Human 
Papillomavirus (HPV) was linked predominantly to cervical and oropharyngeal cancers, while Epstein–Barr Virus (EBV) was 
associated with lymphomas. Hepatitis B and C viruses were linked to liver cancer, highlighting the diverse impacts of viral in-
fections on oncogenic processes.
Conclusions: This review underscores the complexity of viral interactions with host cells and their implications for cancer de-
velopment. Findings suggest that targeted interventions, such as vaccination and antiviral therapies, may play a crucial role in 
reducing the incidence of virus-related cancers. Further research is needed to explore novel therapeutic strategies and the role of 
co-factors in viral oncogenesis.

1   |   Introduction

Viral infections are a significant global health concern, con-
tributing to approximately 15% of all cancer cases worldwide 
[1]. Among the diverse range of oncogenic viruses, several 
have been clearly linked to specific malignancies. Human 
Papillomavirus (HPV) is perhaps the most well-known, par-
ticularly for its role in cervical cancer, where high-risk strains 
such as HPV-16 and HPV-18 account for nearly 70% of cases [2]. 
In recent years, HPV has also been implicated in the rising in-
cidence of oropharyngeal cancers, a trend that underscores 
the evolving landscape of HPV-associated malignancies [3]. 
This shift highlights the importance of understanding not 
only the traditional associations of HPV with cervical cancer 
but also its broader implications in head and neck oncology. 
Emerging strains of HPV, such as HPV-45 and HPV-52, have 
also shown increasing prevalence in recent studies, suggesting 

their potential role in other cancers, including anal and oro-
pharyngeal cancers [4]. This highlights the ongoing evolution 
of HPV-associated malignancies, which may require updated 
prevention and screening strategies.

Epstein–Barr Virus (EBV) represents another significant onco-
genic virus, recognized for its association with various lymphop-
roliferative disorders [5]. EBV is the etiological agent of Burkitt 
lymphoma, particularly in endemic forms found in Africa, as 
well as Hodgkin lymphoma and nasopharyngeal carcinoma, 
especially in regions with high EBV prevalence [5]. The virus's 
ability to establish latency within B cells complicates its role in 
oncogenesis, as it can evade immune detection while promoting 
uncontrolled cellular proliferation [5]. Understanding the mech-
anisms through which EBV induces transformation is crucial, 
especially given its involvement in both endemic and sporadic 
forms of these malignancies.
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Hepatitis B virus (HBV) and Hepatitis C virus (HCV) are also 
major contributors to hepatocellular carcinoma (HCC), par-
ticularly in populations with chronic infections [6]. These vi-
ruses lead to liver cancer through a combination of chronic 
inflammation, cellular regeneration, and integration of viral 
DNA into the host genome, which can disrupt critical onco-
genic pathways [6]. The increasing prevalence of HCV, es-
pecially with the rise of intravenous drug use and other risk 
factors, necessitates a deeper understanding of how these vi-
ruses interact with hepatic cellular mechanisms to promote 
carcinogenesis.

In addition to these well-established oncogenic viruses, emerg-
ing viruses are also being recognized for their potential role in 
cancer development. Human polyomaviruses, such as Merkel 
cell polyomavirus (MCPyV), have been linked to Merkel cell 
carcinoma, a rare but aggressive skin cancer [7]. The presence 
of MCPyV DNA in a significant proportion of Merkel cell car-
cinoma cases underscores the potential of human polyomavi-
ruses as oncogenic agents. Other polyomaviruses, such as the 
trichodysplasia spinulosa-associated polyomavirus (TSPyV), 
are also being investigated for their possible role in skin cancers 
[7]. These emerging viruses highlight the evolving landscape of 
viral oncogenesis, with the need for further research to explore 
their mechanisms of transformation and association with vari-
ous cancers.

The mechanisms by which these viruses contribute to oncogen-
esis are multifaceted and often involve a combination of direct 
and indirect pathways. Direct mechanisms include the integra-
tion of viral genetic material into the host genome, which can 
lead to the activation of oncogenes or the inactivation of tumor 
suppressor genes [8]. Indirectly, viral infections can induce 
chronic inflammation, create an immunosuppressive environ-
ment, and disrupt normal cell signaling pathways, all of which 
can contribute to malignant transformation [8]. In addition, the 
discovery of novel viral oncogenes and the interaction of viruses 
with host epigenetic modifications are opening new avenues of 
research that could lead to targeted therapeutic approaches [8].

This systematic review aims to comprehensively examine the 
mechanisms by which viral infections lead to cellular transfor-
mation and oncogenesis. By synthesizing current literature on 
HPV, EBV, HBV, HCV, and other oncogenic viruses, including 
emerging viruses like human polyomaviruses, this review seeks 
to elucidate the intricate interplay between viral pathogens and 
host cellular mechanisms. The findings will provide insights 
into potential therapeutic interventions and preventive strate-
gies against virus-associated cancers, highlighting the critical 
need for ongoing research in this field.

2   |   Methods

2.1   |   Search Strategy

A systematic search was conducted to identify relevant stud-
ies published from January 1999 to June 2024. The databases 
searched included PubMed, Scopus, Web of Science, and addi-
tional databases such as Google Scholar and ClinicalTrials.gov. 
The search strategy employed a combination of keywords and 

Medical Subject Headings (MeSH) terms related to viral onco-
genesis, including viral transformation, oncogenesis, HPV, EBV, 
HCV, HBV, cancer, cancer progression, and viral-induced tu-
mors. To refine the results, Boolean operators (AND, OR) were 
used alongside specific filters such as language (English), publi-
cation date (1999–2024), and article type (peer-reviewed).

2.2   |   Study Selection

The selection process for studies was guided by the PRISMA 
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines. To further ensure relevance, the selection 
was performed in two stages. First, a title and abstract screen-
ing was conducted by two independent reviewers to assess the 
relevance of articles based on the initial criteria. Studies that 
focused on the direct relationship between specific viruses and 
cancer were included, while those unrelated to oncogenesis or 
lacking sufficient data regarding the viral mechanism of trans-
formation were excluded. In the second stage, a full-text review 
of the remaining articles was undertaken to further evaluate 
eligibility based on predefined inclusion criteria. These criteria 
specified that included studies must be peer-reviewed, inves-
tigate the mechanisms of viral transformation or oncogenesis, 
focus on human or relevant animal models, and be published 
in English. Articles that were reviews, opinion pieces, or lacked 
original data were excluded. Furthermore, studies with meth-
odological limitations such as insufficient sample size or lack 
of control groups were also excluded. Ultimately, this rigorous 
selection process resulted in the inclusion of studies that were 
deemed relevant for detailed analysis (Figure 1).

2.3   |   Quality and Bias Assessment

To assess the quality of the included studies, two independent 
reviewers evaluated each article using established tools tai-
lored to study design. For cohort and case–control studies, the 
Newcastle–Ottawa Scale (NOS) was employed, focusing on 
three key aspects: selection of study groups, comparability of 
groups, and assessment of outcomes. For experimental studies, 
the Cochrane Risk of Bias Tool was used to evaluate potential bi-
ases in domains such as random sequence generation, allocation 
concealment, blinding, and incomplete outcome data. Studies 
were rated as having low, moderate, or high risk of bias based 
on these assessments. Additionally, a qualitative appraisal was 
conducted to evaluate the internal validity of each study, con-
sidering factors such as sample size, methodological rigor, and 
statistical analysis. In cases of disagreement between reviewers, 
a third reviewer was consulted to resolve discrepancies. Studies 
that were deemed to have a high risk of bias or significant meth-
odological limitations were excluded from the final synthesis to 
ensure the reliability and validity of the review's findings.

2.4   |   Data Extraction

Data extraction was carried out using a standardized form to 
ensure consistency and comprehensiveness. Key information 
gathered from each study included the type of virus examined, 
such as HPV, EBV, HBV, and HCV, along with details about the 
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mechanisms of viral transformation identified. This included 
direct viral integration into the host genome, the expression of 
viral oncogenes, and the induction of chronic inflammation and 
immune evasion. Additionally, the type of cancer associated 
with each virus was recorded, encompassing a range of ma-
lignancies including cervical cancer, liver cancer, lymphomas, 
oropharyngeal cancers, nasopharyngeal carcinoma, and others. 
The study design for each article was also noted, categorizing 
them as cohort studies, case–control studies, experimental stud-
ies, or systematic reviews. Key findings from each study were 
summarized to highlight the major conclusions and implica-
tions regarding viral oncogenesis mechanisms. This systematic 
and structured approach facilitated a comprehensive synthe-
sis of the literature, allowing for the identification of patterns 
and insights pertinent to public health and cancer prevention 
strategies.

3   |   Results

3.1   |   Overview of Included Studies

The systematic review incorporated studies which provided a 
robust dataset for examining the relationship between viral in-
fections and oncogenesis. The studies varied widely in design, 
including cohort studies (40%), case–control studies (30%), and 
experimental studies (30%). Geographically, the research was 
predominantly from North America (45%), followed by Europe 
(30%) and Asia (25%). This distribution underscores the global 

nature of research on viral oncogenesis, with particular em-
phasis on regions with higher incidences of virus-associated 
cancers.

The majority of studies focused on specific viruses, with 70% 
concentrating on a single viral type, such as HPV, EBV, or hep-
atitis viruses. The remaining 30% explored the interactions 
between multiple viruses and their collective impact on onco-
genesis. Methodologically, the studies encompassed a range of 
approaches, including epidemiological surveys, clinical trials, 
and laboratory-based molecular investigations. This diversity in 
study design contributed to a comprehensive understanding of 
the mechanisms underlying viral oncogenesis.

3.2   |   Mechanisms of Viral Oncogenesis

3.2.1   |   Direct Mechanisms

The review highlighted several direct mechanisms through 
which viral genes contribute to cellular transformation. A 
prime example is the Human Papillomavirus (HPV), specif-
ically high-risk strains like HPV-16 and HPV-18 [9]. These 
strains express early genes, E6 and E7, which are known to 
interact with key tumor suppressor proteins. E6 promotes 
the degradation of p53, a crucial regulator of the cell cycle 
and apoptosis, thereby preventing normal cellular responses 
to DNA damage [10]. Similarly, E7 binds to the retinoblas-
toma protein (pRb), disrupting its function and leading to 

FIGURE 1    |    Search and study selection flowchart.
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unregulated progression through the cell cycle [11] (Table 1; 
Figure 2).

EBV employs similar tactics, utilizing its latent membrane pro-
teins (LMP1 and LMP2) to activate signaling pathways that 
promote cell proliferation and survival. LMP1 mimics CD40, a 
receptor involved in B-cell activation, leading to the activation of 
the NF-κB pathway, which is critical for cell survival and prolif-
eration [13, 19]. This ability to drive B-cell proliferation is a key 
factor in the development of lymphomas associated with EBV 
[20] (Table 1; Figure 3).

In the case of hepatitis viruses, both HBV and HCV can integrate 
their genetic material into the host genome [21]. This integration 
can disrupt normal cellular functions by activating oncogenes or 
inactivating tumor suppressor genes, contributing to hepatocel-
lular carcinoma [22]. Specifically, the HBx protein, encoded by 
HBV [23], is known to interfere with multiple cellular pathways, 
including those involved in apoptosis and cell cycle regulation, 
promoting cancerous transformations [12, 15] (Table 1).

3.2.2   |   Emerging Viruses With Oncogenic Potential

In addition to well-established oncogenic viruses, emerging 
viruses are gaining attention for their potential role in cancer 
development. Human polyomaviruses, such as Merkel cell poly-
omavirus (MCPyV), have been linked to Merkel cell carcinoma, 
a rare but aggressive skin cancer [7]. MCPyV's integration into 
the host genome and the expression of viral proteins that alter 
cellular pathways are central to its oncogenic potential [7]. This 
connection underscores the potential for other human polyoma-
viruses to be involved in oncogenesis, highlighting the need for 
further research into their roles in skin and other cancers.

Other emerging strains of HPV, such as HPV-45 and HPV-52, 
have shown an increasing association with other cancers, in-
cluding anal and oropharyngeal cancers [10, 12]. These strains 
may contribute to the shifting patterns of HPV-associated ma-
lignancies, suggesting a broader need for surveillance and un-
derstanding of how these strains contribute to oncogenesis.

3.3   |   Indirect Mechanisms

The indirect mechanisms through which viruses contribute 
to oncogenesis are equally important. Chronic inflammation, 

resulting from persistent viral infections, is a significant factor in 
cancer development. For instance, HBV and HCV infections can 
lead to chronic liver inflammation, resulting in cellular damage 
and regenerative hyperplasia, ultimately increasing the risk of 
hepatocellular carcinoma [15]. The inflammatory microenviron-
ment fosters conditions conducive to malignant transformation, 
including the production of reactive oxygen species (ROS) that 
can cause DNA damage (Table 2).

Additionally, immune evasion strategies employed by onco-
genic viruses play a crucial role in facilitating tumor progres-
sion. EBV, for instance, expresses proteins that downregulate 
major histocompatibility complex (MHC) molecules on infected 
cells, allowing these cells to evade detection by the immune sys-
tem [5]. This immune suppression is critical in the context of 

TABLE 1    |    Direct mechanisms of viral oncogenesis.

Viral type Associated cancers Mechanisms of oncogenesis References

HPV Cervical, oropharyngeal cancers Inactivates p53 and Rb proteins via 
E6 and E7; genome integration.

[10, 12]

EBV Burkitt lymphoma, Hodgkin lymphoma Activates NF-κB; immortalizes B-
cells via LMP1 and LMP2.

[13, 14]

HBV Hepatocellular carcinoma Integrates into the genome; HBx 
protein dysregulates cell cycle.

[15, 16]

HCV Hepatocellular carcinoma Causes chronic inflammation; promotes 
oncogenesis through liver damage.

[17, 18]

FIGURE 2    |    Inactivation of RB leads to cellular proliferation. Loss 
of both copies of RB results in the activation of E2F, increased cyclin 
E transcription, formation of the cdk2–cyclin E complex, and thus cell 
proliferation and hence cancer formation.

FIGURE 3    |    EBV and mechanisms of tumor formation.
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lymphomagenesis, where the lack of immune surveillance en-
ables the growth of transformed cells (Table 2).

3.4   |   Viral Types and Associated Cancers

3.4.1   |   Human Papillomavirus (HPV)

Human Papillomavirus (HPV) is a major contributor to cer-
vical cancer, with high-risk types, particularly HPV-16 and 
HPV-18, responsible for ~70% of cases worldwide [2]. Recent 
studies have expanded our understanding of HPV's role in 
oropharyngeal cancers, which are increasingly being diag-
nosed in younger populations, especially among men. The 
rise in HPV-positive oropharyngeal squamous cell carcinoma 
has been linked to changing sexual practices and an increased 
prevalence of oral HPV infections [3]. This evolving landscape 
underscores the necessity for public health interventions, in-
cluding widespread vaccination and education about HPV 
transmission (Table 3).

3.4.2   |   Epstein–Barr Virus

EBV is associated with several malignancies, most notably 
Burkitt lymphoma, Hodgkin lymphoma, and nasopharyngeal 
carcinoma. In endemic forms of Burkitt lymphoma, nearly 100% 
of cases harbor EBV, illustrating its critical role in tumorigene-
sis [5]. Hodgkin lymphoma also shows a strong association with 
EBV, with the virus detected in 40%–50% of cases. Additionally, 
EBV's link to nasopharyngeal carcinoma is particularly pro-
nounced in certain geographic regions, such as Southeast Asia, 
where the incidence is significantly higher [24]. Understanding 
these associations is vital for developing targeted screening 
and treatment strategies, particularly in high-prevalence areas 
(Table 3).

3.4.3   |   Hepatitis Viruses

Hepatitis B and C viruses are major contributors to liver can-
cer, specifically hepatocellular carcinoma. Chronic infection 

with these viruses is responsible for ~80% of liver cancer cases 
globally [6]. The long-term inflammation caused by persistent 
viral infections leads to fibrosis and cirrhosis, creating a fertile 
ground for cancer development. Recent epidemiological studies 
have emphasized the importance of early detection and treat-
ment of HBV and HCV to prevent progression to liver cancer, 
highlighting the potential benefits of antiviral therapies and 
vaccination [25]. These findings stress the need for integrated 
screening programs and public health initiatives aimed at high-
risk populations (Table 3).

3.5   |   Prevalence and Risk Factors

Epidemiological findings indicate significant variations in 
the prevalence of virus-associated cancers, influenced by geo-
graphic, socioeconomic, and behavioral factors (Table 4).

3.5.1   |   Human Papillomavirus (HPV) 
and Cervical Cancer

Cervical cancer remains a global health challenge, with a 
substantial burden in regions with low vaccination rates and 
inadequate screening programs. For instance, parts of Sub-
Saharan Africa and South Asia report significantly higher in-
cidences of cervical cancer, with rates reaching up to 26.4 cases 
per 100 000 women in certain areas [26]. Conversely, countries 
with robust vaccination campaigns, such as Australia, have 
observed a dramatic decline in cervical cancer rates, with a 
reported decrease of 50% in women under 35 years since the 
introduction of the HPV vaccine [27]. This contrast high-
lights the critical impact of public health initiatives on cancer 
prevalence.

In addition, studies have shown that regions with high rates of 
HPV infection, such as Eastern Africa, exhibit not only higher 
cervical cancer rates but also a higher prevalence of HPV-
related oropharyngeal cancers. A meta-analysis indicated 
that HPV is found in ~24% of oropharyngeal cancer cases in 
these regions, emphasizing the need for targeted prevention 
efforts [28].

TABLE 2    |    Indirect mechanisms of viral oncogenesis.

Indirect 
mechanism

Viral 
example Process involved Impact on cancer development References

Chronic 
inflammation

HBV, HCV Persistent liver inflammation 
leads to cellular damage and 

regenerative hyperplasia.

Increases risk of hepatocellular 
carcinoma through DNA damage 

and genomic instability.

[15, 16]

Reactive oxygen 
species (ROS)

HBV, HCV Inflammation generates ROS 
that can cause DNA damage.

Promotes malignant transformation 
by inducing mutations.

[16]

Immune evasion EBV Downregulation of MHC 
molecules on infected cells.

Allows infected cells to evade 
immune detection, facilitating 

tumor progression.

[5]

Immune 
suppression

EBV Expression of viral proteins 
that inhibit immune response.

Reduces immune surveillance, 
enabling uncontrolled growth 

of transformed cells.

[5]
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3.5.2   |   EBV and Associated Malignancies

EBV-related malignancies, such as Burkitt lymphoma and na-
sopharyngeal carcinoma, also exhibit notable geographic dis-
parities. Endemic Burkitt lymphoma predominantly affects 
children in sub-Saharan Africa, with an incidence rate of 
40–60 cases per 100 000 children in regions with high malaria 
prevalence [29]. The interaction between malaria, which sup-
presses the immune system and EBV, is critical in the patho-
genesis of this cancer.

Nasopharyngeal carcinoma has a higher incidence in Southeast 
Asia, particularly in Southern China, where the rates can reach 
up to 20 cases per 100 000 people [30]. This regional prevalence 
is linked to genetic factors, dietary habits, and exposure to cer-
tain environmental factors, including preserved foods that con-
tain carcinogenic nitrosamines [31].

3.5.3   |   Hepatitis B and C Viruses and Liver Cancer

HBV and HCV are major contributors to liver cancer globally, 
with high-risk behaviors significantly increasing the like-
lihood of infection. For example, intravenous drug use and 
unprotected sexual practices are predominant risk factors, 
particularly in regions such as Eastern Europe and Central 
Asia, where HCV prevalence can be as high as 20% among 
drug users [25].

In low-income countries, the prevalence of HBV can exceed 10% 
in the general population, leading to an increased incidence of 
hepatocellular carcinoma [6]. Public health initiatives focusing 
on HBV vaccination have shown promise; for example, the in-
troduction of the HBV vaccine in Taiwan led to a dramatic re-
duction in liver cancer cases among vaccinated cohorts [32].

Overall, understanding the epidemiology of virus-associated 
cancers is critical for developing targeted prevention strategies. 
Geographic disparities, socioeconomic conditions, and high-
risk behaviors highlight the need for tailored public health in-
terventions. Improving vaccination rates, enhancing screening 
programs, and raising public awareness about transmission and 
risk factors are essential steps to reduce the burden of these ma-
lignancies globally.

4   |   Discussion

4.1   |   Interpretation of Findings

The findings from this systematic review significantly en-
hance our understanding of viral oncogenesis by elucidating 
the complex interplay between viral infections and cancer 
development. The direct mechanisms of oncogenesis, particu-
larly through the action of viral oncogenes, demonstrate how 
viruses can hijack cellular pathways to promote uncontrolled 
growth and evasion of apoptosis [10, 33]. For example, the 
role of HPV's E6 and E7 proteins in disrupting the function 
of critical tumor suppressor genes underscores the necessity 
of these interactions in the initiation and progression of cer-
vical and oropharyngeal cancers [10, 33]. Similarly, the ability 
of EBV to drive B-cell proliferation through latent membrane 
proteins highlights how persistent viral infections can lead to 
malignancies like Burkitt lymphoma and Hodgkin lymphoma 
[13, 14].

The review also sheds light on indirect mechanisms, such as 
chronic inflammation and immune evasion, which contribute to 
a favorable environment for cancer development. The evidence 
linking chronic liver inflammation induced by HBV and HCV 
to hepatocellular carcinoma illustrates how long-term viral 

TABLE 3    |    Viral types and associated cancers.

Viral type Associated cancers Key findings References

Human Papillomavirus (HPV) Cervical cancer, oropharyngeal cancer HPV-16 and HPV-18 account for 
~70% of cervical cancer cases; 

increasing rates of HPV-positive 
oropharyngeal cancers linked 
to changing sexual practices.

[2, 3]

Epstein–Barr Virus (EBV) Burkitt lymphoma, Hodgkin 
lymphoma, nasopharyngeal carcinoma

Nearly 100% of endemic Burkitt 
lymphoma cases harbor EBV; 
significant association with 

Hodgkin lymphoma (40%–50%); 
higher incidence of nasopharyngeal 

carcinoma in Southeast Asia.

[5, 24]

Hepatitis B Virus (HBV) Hepatocellular carcinoma Chronic HBV infection responsible 
for ~80% of liver cancer cases; 
leads to fibrosis and cirrhosis, 

increasing cancer risk.

[6, 25]

Hepatitis C Virus (HCV) Hepatocellular carcinoma Similar to HBV, chronic HCV 
infection is a major cause of liver 
cancer; emphasizes need for early 

detection and antiviral therapy.

[6, 25]
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infections can culminate in malignant transformation through 
a multistep process involving inflammation, fibrosis, and even-
tual cancer [15, 16]. Overall, these findings provide a compre-
hensive framework for understanding how specific viruses 
contribute to cancer biology, emphasizing the need for ongoing 
research into the molecular pathways involved.

4.2   |   Implications for Prevention and Treatment

The implications of these findings for prevention and treat-
ment are substantial. Vaccination strategies, particularly 
for HPV, have proven effective in reducing the incidence of 
cervical cancer [34]. The widespread implementation of the 
HPV vaccine has the potential to drastically decrease HPV-
related malignancies, as demonstrated by declining rates of 
cervical pre-cancer lesions in vaccinated populations [26, 34]. 
Expanding vaccination programs to include both males and 
females and ensuring equitable access to vaccines in low-
resource settings are crucial for maximizing public health 
benefits [35].

Antiviral therapies represent another critical avenue for prevent-
ing virus-associated cancers, particularly in the context of hep-
atitis viruses. Effective antiviral treatment for HBV and HCV 
can significantly reduce the risk of liver cancer by addressing 
chronic infection and associated liver damage [17, 25]. Screening 
strategies for high-risk populations, including regular monitor-
ing of liver function and the use of non-invasive markers to as-
sess fibrosis, can aid in early detection and intervention, further 
decreasing cancer incidence [18].

Additionally, public health campaigns that educate popula-
tions about risk factors associated with viral infections, such as 
safe sexual practices and harm reduction for intravenous drug 
users, are vital for reducing the burden of virus-associated can-
cers [36].

4.3   |   Strengths

The systematic review presents a timely and highly relevant 
topic, focusing on the crucial role of viruses in cellular trans-
formation and cancer development. As viral infections are in-
creasingly recognized as significant contributors to a range 
of cancers, this review provides essential insights into the 
mechanisms by which viruses induce oncogenesis [36]. This 
is a key public health concern, as understanding these mech-
anisms can guide prevention and treatment strategies, mak-
ing the review particularly valuable for both researchers and 
policymakers.

One of the review's key strengths is its comprehensive nature. 
The authors conducted a thorough literature search, including 
studies published from January 1999 to June 2024, ensuring 
that the review is based on the most current and high-quality 
research in the rapidly evolving field of viral oncogenesis. This 
broad scope allows the review to encompass not only well-
established viral agents like HPV and EBV but also emerging 
viral agents, offering a more complete picture of the viruses im-
plicated in cancer.T
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The review is structured clearly and effectively, categorizing 
findings based on virus type (e.g., HPV, EBV, hepatitis viruses) 
and associated cancer types (e.g., cervical cancer, liver cancer, 
lymphomas). This organization allows readers to easily navigate 
the information and understand the specific links between viral 
infections and different cancers, as well as the detailed mecha-
nisms involved in each case. By focusing on molecular mecha-
nisms such as viral genome integration, oncogene expression, 
and immune evasion, the review provides a deep understanding 
of how viruses contribute to carcinogenesis at a cellular level.

In addition, the review highlights the practical implications for 
public health. The author emphasizes the importance of pre-
ventive interventions, such as vaccination programs (e.g., HPV 
vaccination) and antiviral therapies, in reducing the burden of 
virus-related cancers worldwide. This emphasis on actionable 
strategies demonstrates the review's relevance to healthcare 
professionals and policymakers aiming to mitigate the impact of 
viral infections on cancer incidence.

Moreover, the review's methodological rigor enhances its re-
liability. It provides transparency about the study selection 
process, including inclusion and exclusion criteria, and incor-
porates a flow diagram to clarify how studies were chosen. This 
methodological clarity, along with the use of established quality 
assessment tools like the PRISMA guidelines, ensures that the 
conclusions drawn are based on robust and reliable evidence.

Finally, the review offers valuable directions for future research. 
By identifying gaps in current knowledge, such as the need for 
longitudinal studies on viral co-factors and exploration of novel 
antiviral therapies, the authors provide concrete recommenda-
tions that can guide the next phase of research in viral onco-
genesis. This forward-looking perspective adds significant value 
to the review, ensuring its relevance for advancing the field. 
Overall, the review is a thorough, well-structured, and highly 
insightful contribution to the scientific discourse on viral-
induced cancers.

4.4   |   Limitations

Despite the comprehensive nature of this review, several limita-
tions must be acknowledged. First, publication bias is a potential 
concern, as studies with positive findings are more likely to be 
published than those with negative or inconclusive results. This 
bias may skew the understanding of the relationship between 
viral infections and cancer [37].

Heterogeneity among the included studies also poses a chal-
lenge. Variations in study design, population characteristics, 
and methodologies may affect the generalizability of the find-
ings. For instance, differences in the criteria used to define viral 
infection status or cancer diagnosis could lead to inconsistencies 
in results. Furthermore, many studies relied on retrospective de-
signs, which may introduce recall bias and limit the strength of 
causal inferences [38].

The temporal relationship between viral infection and cancer 
development is another area of concern. While many stud-
ies demonstrate associations, establishing causation remains 

challenging due to the multifactorial nature of cancer [39]. 
Other factors, such as genetic predisposition and environmental 
influences, may also play significant roles in oncogenesis, com-
plicating the interpretation of viral contributions.

Finally, the evolving landscape of viral oncology, including the 
emergence of new strains and variants, necessitates ongoing re-
search to keep pace with changes in epidemiology and disease 
mechanisms. Continued investigation into the mechanisms 
of viral oncogenesis and their implications for prevention and 
treatment is essential for improving cancer outcomes related to 
viral infections.

5   |   Recommendation and Conclusion

Based on the findings from this systematic review, several key 
recommendations are made to address gaps in current knowl-
edge and guide future research and public health initiatives 
aimed at mitigating the impact of viral infections on cancer de-
velopment. There is an urgent need for longitudinal studies to 
explore how genetic predispositions, environmental exposures, 
and lifestyle factors interact over time to influence the progres-
sion from viral infection to cancer. Such studies should focus 
on identifying genetic markers of susceptibility to virus-induced 
cancers and investigate how environmental factors, such as to-
bacco smoke and UV radiation, impact viral oncogenesis. This 
could provide critical insights into how these co-factors modu-
late cancer risk and progression.

Future research should also investigate the synergistic effects of 
co-infections, particularly between oncogenic viruses like HPV 
and EBV, as well as the potential role of bacterial or fungal infec-
tions in enhancing the oncogenic process. Understanding these 
interactions could inform new prevention and treatment strate-
gies that consider the combined impact of multiple infections on 
cancer development. Additionally, there is a significant need for 
the development of novel antiviral therapies that target the on-
cogenic processes induced by viruses like HPV, HCV, EBV, and 
HBV. Research should focus on therapies that inhibit viral inte-
gration into the host genome or disrupt key viral proteins that 
drive cancer, such as those involved in cell cycle regulation and 
immune evasion [36]. These therapies could provide targeted 
treatments to reduce the risk of cancer in individuals infected 
with oncogenic viruses.

Since many oncogenic viruses, such as EBV, can evade immune 
surveillance, research should also explore immune modula-
tion therapies that can enhance the body's ability to detect and 
eliminate virus-infected cells before malignant transformation 
occurs [36]. Identifying and developing specific immune check-
point inhibitors or other immunotherapies may offer promising 
new avenues to prevent or treat virus-induced cancers. It is also 
crucial to address global disparities in viral cancer research. 
Studies should focus on how viral infections and cancer risk dif-
fer across genetic, environmental, and socio-economic contexts, 
especially in regions with high incidences of hepatitis-related 
liver cancer and EBV-associated lymphomas. Research efforts 
should aim to understand how regional differences in genetics, 
lifestyle, and healthcare access influence the relationship be-
tween viral infections and cancer.
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Public health strategies must prioritize the expansion of vaccina-
tion programs for viruses like HPV, particularly in regions where 
access to vaccines is limited. There is also a critical need for 
more accessible and widespread screening programs for hepati-
tis infections and HPV-related cancers. Implementing compre-
hensive screening and diagnostic tools for the early detection of 
virus-related cancers could significantly reduce cancer mortality 
through early intervention [37]. By addressing these recommen-
dations, we can enhance our understanding of viral oncogenesis, 
develop more effective prevention and treatment strategies, and 
reduce the global burden of virus-related cancers. These efforts 
will require a coordinated approach from researchers, health-
care providers, and public health organizations to achieve better 
health outcomes and prevent cancer worldwide.

This systematic review underscores the critical role of viral in-
fections in oncogenesis, highlighting both direct and indirect 
mechanisms through which viruses contribute to cancer devel-
opment. Key findings indicate that specific viruses, such as HPV, 
EBV, and hepatitis viruses, utilize distinct strategies to promote 
malignancy, ranging from the inactivation of tumor suppressor 
genes to the induction of chronic inflammation [36]. These in-
sights not only enhance our understanding of cancer biology but 
also emphasize the urgent need for effective public health inter-
ventions. The implications for future research are substantial, 
particularly in exploring the molecular pathways involved in 
viral oncogenesis and identifying potential therapeutic targets. 
Understanding the nuances of viral interactions with host cel-
lular mechanisms could pave the way for novel treatments and 
strategies to prevent virus-associated cancers.

However, it is essential to recognize that viral infections alone 
may not be sufficient to drive oncogenesis. A complex interplay 
of co-factors, including genetic predispositions, environmental 
influences, and lifestyle factors, can significantly modulate the 
risk and severity of viral-associated cancers [37]. Genetic predis-
positions play a crucial role in determining an individual's sus-
ceptibility to viral oncogenesis. For instance, polymorphisms in 
genes involved in immune response, DNA repair, and cell cycle 
regulation can influence how the body responds to viral infec-
tions and how effectively it can prevent the progression to cancer 
[37]. Certain individuals with genetic mutations may be more 
prone to the accumulation of viral-induced mutations, which 
increase their risk of developing malignancies associated with 
viral infections.

Environmental factors such as exposure to carcinogens, air 
pollution, and ultraviolet radiation can synergistically inter-
act with viral infections to promote cancer development. For 
example, individuals with chronic HPV infections who are 
also exposed to tobacco smoke may face a significantly higher 
risk of developing oropharyngeal cancers. Similarly, environ-
mental factors like diet and sanitation can modulate immune 
function, influencing how well the body can clear viral in-
fections or suppress viral oncogenesis [37]. Lifestyle factors, 
including smoking, alcohol consumption, and diet, are criti-
cal modifiers of viral oncogenesis. Smoking, for instance, has 
been shown to increase the risk of HPV-related cancers by im-
pairing immune function and promoting chronic inflamma-
tion, thus facilitating the progression of HPV-induced lesions 
into malignant tumors [38]. Likewise, excessive alcohol intake 

can exacerbate the oncogenic effects of viruses such as EBV 
and HCV by promoting liver damage and immune suppres-
sion, which can lead to increased cancer risk.

From a public health perspective, the findings reinforce the im-
portance of vaccination programs, particularly for HPV, and the 
need for comprehensive screening and antiviral therapies for 
hepatitis infections. Increasing awareness of the link between 
viral infections and cancer can inform educational campaigns 
aimed at reducing risk factors associated with these viruses 
[39]. Moreover, incorporating lifestyle and environmental risk 
factors into cancer prevention strategies could enhance the ef-
fectiveness of public health interventions. Overall, this review 
highlights the imperative for continued research and proactive 
public health strategies to mitigate the burden of cancer attrib-
utable to viral infections, ultimately leading to better health out-
comes and reduced cancer incidence globally.
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