MADON, Joanna, CZECHOWICZ, Marta and GADZINSKI, Patryk. Human papillomavirus as an important factor in the
development of oropharyngeal cancer - modern diagnostics and new therapeutic methods. Quality in Sport. 2025;47:66784. eISSN
2450-3118.

https://doi.org/10.12775/QS.2025.47.66784

https://apcz.umk.pl/QS/article/view/66784

The journal has been awarded 20 points in the parametric evaluation by the Ministry of Higher Education and Science of Poland. This is according to the Annex to the announcement of the Minister of Higher

Education and Science dated 05.01.2024, No. 32553. The journal has a Unique I ifier: 201398. Scienti It i E ics and Finance (Field of Social Sciences); Management and Quality Sciences
(Field of Social Sciences).

Punkty Ministerialne z 2019 - aktualny rok 20 punktéw. Zalacznik do il Ministra ictwa Wyzszego i Nauki z dnia 05.01.2024 Lp. 32553. Posiada Unikatowy Identyfikator Czasopisma: 201398.
Przypisane dyscypliny naukowe: Ekonomia i finanse (Dziedzina nauk sp ych); Nauki o zarzadzaniu i jako$ci (Dziedzina nauk sp ). © The Authors 2025.

This article is published with open access under the License Open Journal Systems of Nicolaus Copernicus University in Torun, Poland. Open Access: This article is distributed under the terms of the Creative
Commons Attribution Noncommercial License, which permits any noncommercial use, distribution, and reproduction in any medium, provided the original author(s) and source are credited. This is an open access
article licensed under the terms of the Creative Commons Attribution Non-commercial Share Alike License (http://creativecommons.org/licenses/by-nc-sa/4.0/), which permits unrestricted, non-commercial use,
distribution, and reproduction in any medium, provided the work is properly cited.

The authors declare that there is no conflict of interest regarding the publication of this paper.

Received: 21.11.2025. Revised: 26.11.2025. Accepted: 26.11.2025. Published: 30.11.2025.

Human papillomavirus as an important factor in the development of oropharyngeal
cancer - modern diagnostics and new therapeutic methods

1. Joanna Madon, ORCID https://orcid.org/0009-0007-7496-3239

E-mail joannamadonl@gmail.com

4. Military Clinical Hospital and Polyclinic IPHC, Weigla 5, 53-114 Wroctaw

2. Marta Czechowicz, ORCID https://orcid.org/0009-0003-2655-8643

E-mail martaczechowicz23@gmail.com

4. Military Clinical Hospital and Polyclinic IPHC, Weigla 5, 53-114 Wroctaw

3. Patryk Gadzinski, ORCID https://orcid.org/0009-0000-4207-0611

E-mail patryk.gadzinskil @gmail.com
Regional Specialist Hospital in Wroctaw, Kamienskiego 73a, 51-124 Wroclaw

Corresponding Author

Author Marta Czechowicz, Email martaczechowicz23@gmail.com


https://doi.org/10.12775/QS.2025.47.66784
https://apcz.umk.pl/QS/article/view/66784
http://creativecommons.org/licenses/by-nc-sa/4.0/

Abstract

Background. The article focuses on epidemiological trends observed globally over the past
few decades, which demonstrate a dynamic increase in the incidence of HPV-positive OPC. A
significant part of the paper is a discussion of the latest therapeutic and diagnostic methods,
enabling the dynamic development of clinical management.

Aim. The aim of this article was to present the current state of knowledge regarding the impact
of HPV infection on the development of OPC.

Material and methods. The review methodology included an analysis of 28 publications
retrieved from the PubMed database, selected based on their currency and relevance to the
research topic. The article primarily includes work published between 2018 and 2024, with the
largest possible number of participants included.

Results. HPV-associated OPC is currently one of the fastest-growing types of head and neck
cancer worldwide. HPV types 16 and 18 are responsible for the majority of cases. The disease
typically has a better prognosis than its HPV-negative counterparts, which is due to the different
tumor biology. The introduction and widespread use of HPV vaccinations is a key element of
global prevention, potentially significantly reducing the number of new cases in the future.
Conclusions. Despite the dynamically developing knowledge about the HPV virus, we still

need new diagnostic and therapeutic techniques to more effectively treat patients with OPC.
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Introduction
Human papillomavirus (HPV) infection has become a significant risk factor for the
development of oropharyngeal carcinoma (OPC) in recent years [21]. In contrast to well-known

risk factors such as smoking and alcohol abuse, HPV infection, especially types



16 and 18, is gaining importance as a cause of head and neck cancers, especially in
developed countries [22]. Changes in sexual behavior, including an increase in the number
of sexual partners, contribute to an increased risk of infection with this virus [23]. Therefore,
understanding the relationship between HPV infection and OPC becomes crucial for
developing effective preventive and therapeutic strategies.

HPV is a virus with a double-stranded circular DNA genotype belonging to the
Papillomaviridae family. There are about 100 types of HPV viruses, including 16 groups
divided into cutaneous and mucosal types depending on their affinity for specific tissues. The
HPV virus is divided into non-oncogenic types - 6 and 11, mainly responsible for the
formation of warts and condyloma acuminata [24] and oncogenic types -
16,18,31,33,35,39,45, involved in the development of cervical, anal, penile or oral and
pharyngeal mucosal cancer [25]. It is estimated that 4.5% of cancers in the world are
associated with HPV infection, and about half of adults during their lives are at least once in
a lifetime be infected.[1] Infection most often occurs at a young age during sexual
intercourse, but most infections are asymptomatic and are fought off by the immune
system.[26]

Viral replication depends on the transcriptional mechanisms of the host. In the initial stage of
infection, the virus enters the basal layer and then, thanks to early genes, causes

hypertrophy of the basal layer, increasing the number of cells in the spinous and granular
layers, leading to the formation of papillomatosis. The entire process takes about 3-4
months. The cells of the basal layer differentiate, leading to the release of specific nuclear
factors, which facilitates transcription of viral genes. As infected cells mature, the expression
of viral genes increases. In mature, differentiated cells, late genes that encode structural
proteins are activated and when the cell reaches the apical layer, it dies and the virus is
released. [27]

The host's immune response is important in preventing infection. A special role is played by
antibodies against the L1 protein of the HPV envelope, which is the most important element
of protective vaccinations, and specific IgG antibodies prevent infection after vaccination.

[28]

Epidemiology
The correlation between persistent high-risk HPV infection and the
development of oral squamous cell carcinoma has been known for a long time. It is estimated

that up to 70% of throat cancer cases are related to HPV 16 infection [2]. At the



same time, we see a significant increase in the number of cases of oral and throat cancer,
and it is also believed that the frequency of HPV+ OPC has the fastest growth rate of all
HPV+ cancers. [6] In both the UK and the USA, the incidence of OPC in men has exceeded
the incidence of cervical cancer in women. [7] It is estimated that in the United States, OPC
is the most common cancer associated with HPV infection. [3]. In the United States alone,
approximately 15,800 cases of HPV-related OPC are diagnosed each year. [17] Increasingly,
cases concern people under 45 years of age [4] without risk factors such as alcohol abuse or
smoking and with a better prognosis in terms of survival [5]. The problem is the lack of
screening for the presence of HPV in the oral cavity compared to the widespread screening

for cervical cancer, which is also, in most cases, induced by HPV.

Vaccination

The primary method of preventing HPV-related infections and cancers is HPV

vaccination. Six studies with a total of 15,240 participants were included in a meta-analysis,
which showed that vaccinated individuals were 46% less likely to develop oral HPV infection.
A second meta-analysis, including 4 studies and a total of 13,285 participants, showed that
oral HPV infection was 80% less likely to occur. [9] At the same time, therapeutic
vaccinations are being developed to treat established cancer. These vaccinations target
oncogenes E6 and E7. These include ADXS-HPV11-001, which uses genetically modified
L.monocytogenes bacteria to induce immunity against E7 [10]. MEDI0457 (INO-3112) is an
E6 and E7 vaccine, a TA-CIN vaccine developed for the treatment of squamous
intraepithelial neoplasia [11]. Additionally, the PDS0101 vaccine consisting of the
immune-activating cationic lipid R-DOTAP and HLA-nonrestricted HPV16 peptides, which
has been shown to induce CD8+ T cells in vivo. [12] However, data are still lacking in the

context of their role in the treatment of HPV+ oral cancer.

Diagnostics

Currently, molecular tests are performed to detect HPV DNA using the PCR

method; however, the mere presence of the virus's genetic material does not indicate that
cancer has started, because most infections resolve spontaneously. mRNA tests of E6 and
E7 oncogenes [8] are used in the diagnosis of persistent infection, which allows for the
detection of the beginning of oncogenesis and reduces the probability of false positive

results. However, it is estimated that P16 determination with HPV DNA has higher sensitivity



than RNA testing alone [ 13]. Antibodies against HPV E6 have an additional application. Studies
show that up to 85% of patients with HPV OPC are seropositive at the time of diagnosis, and

the level of antibodies decreases after treatment. [14]

Treatment

HPV-related OPC responds better to radiotherapy and chemotherapy than cancers of other
etiologies and is associated with a better prognosis. The risk of death is 28% lower, and the risk
of disease recurrence is 49% lower in patients with HPV-positive OPC compared to patients
with non-HPV OPC. [20]. Additionally, these tumors increasingly affect young people with no
medical history. For this reason, research is being conducted to enable the patient to be cured
with the least radical method possible. The method used in patients with HPV OPC is a
combination of intensity-modulated radiotherapy (IMRT) in combination with cisplatin.
Additionally, the NCCN 2024 and ESMO 2020 guidelines use cetuximab - a monoclonal
antibody against the epidermal growth factor receptor (EGFR).

The study by Bonner et al. demonstrated a significant improvement in survival with the
addition of cetuximab in patients with locally advanced OPC, with no increase in
radiation-related adverse events [15]. A 5-year follow-up of 67 patients with
recurrent/metastatic OPC demonstrated an increase in OS compared to chemotherapy with
cetuximab of 35,7% vs. 12,5%, respectively (hazard ratio [HR] 0.38; 95% CI 0.13-1.05). [19]
An additional option for HPV+ patients is transoral robotic surgery (TORS). TORS allows
surgery to be performed through the mouth, eliminating the need for large incisions in the
neck. This leads to less postoperative pain, shorter recovery time, and smaller scars. With
maximum precision, TORS can help preserve speech and swallowing function. The study
included 96 people with stage 3 and 4 HPV+ OPC cancer, 30 (group A) treated with TORS, and
66 (group B) with IMRT. There was no statistically significant difference in survival

outcomes (group A: overall survival 97%, progression-free survival 83%; group B: OS 98%,
PFS 86%) or toxicity between groups. [16] Drugs such as pembrolizumab (Keytruda) and
nivolumab (Opdivo) are examples of drugs that can be used to treat some head and neck
cancers, including those associated with HPV. Preliminary results suggest that patients with
HPV-positive OPC may have better responses to immunotherapy compared with patients

with HPV-negative cancer. 52 patients with stage III-IV resectable HNSCC received
neoadjuvant nivolumab (26 HPV-positive, 26 HPV-negative). Neoadjuvant nivolumab was
found to be safe and induced regression in HPV-positive (23.5%) and HPV-negative (5.9%)

tumors [18].



Discussion

HPV is a significant risk factor for OPC, and the number of HPV+ OPC patients is

a huge challenge for today's oncology. The development of science has contributed to more
accurate diagnostic and therapeutic methods in this group of patients, and therapies are still
being developed. It is important to counteract HPV infections, where education and wide
access to vaccinations play a key role in prevention. The direction of further research
should be the improvement of diagnostic and therapeutic methods and the development of

new therapies that improve patients’ prognosis.

Conclusions
Despite the dynamically developing knowledge about the HPV virus, we still need new

diagnostic and therapeutic techniques to more effectively treat patients with OPC.
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