Review Article 

Therapeutic and Diagnostic Potential of HPV16 E6 and E7 Oncoproteins in Cervical and Oropharyngeal Carcinogenesis: A Scoping Review


Abstract	Comment by Aparna Latha: Why didn't the authors concentrate on other HPV kinds or oncoproteins instead of HPV16 E6 and E7? 
This scoping review aimed to summarize the current evidence on the role of human papillomavirus (HPV) type 16 E6 and E7 oncoproteins in cervical and oropharyngeal carcinogenesis, and their potential applications in the development of therapeutic vaccines and diagnostic tools. The review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping Reviews (PRISMA-ScR), and the protocol was registered in the Open Science Framework (OSF). From a total of 533 retrieved studies, 25 were included in the final review. The findings show that high-risk HPV types, particularly types 16 and 18, are strongly associated with the etiology of cervical and head and neck cancers. The E6 and E7 oncoproteins are key drivers of viral replication and are critical for the immortalization and transformation of host cells. Therapeutic vaccines have demonstrated efficacy in treating cervical and oropharyngeal cancers by activating HPV-specific antibody responses in the host. Clinical trials have also shown that HPV-specific human T cells can be generated. E6 and E7 stand out as promising therapeutic targets, as silencing either protein induces senescence and apoptosis in infected cells. Notably, these viral oncoproteins do not share homology with any human cellular proteins. Therefore, HPV16 E6 and E7 oncoproteins emerge as compelling therapeutic targets, capable of inducing cellular senescence and apoptosis without off-target effects, and hold strong potential as biomarkers and as the basis for novel therapeutic strategies in cervical and oropharyngeal tumors.	Comment by Aparna Latha: Did the investigations contain both clinical and experimental data?

How were the included studies' quality and bias evaluated? 	Comment by Aparna Latha: What were the primary reasons for exclusion, and why were only 25 of the 533 retrieved studies included in the final review?

Which discoveries about the roles of E6 and E7 in carcinogenesis were the most important? 
Keywords: Biomarker; E6/E7 mRNA detection; High-risk HPV genotypes; Prognostic marker; Oncogenes.






[bookmark: _heading=h.t035uiw2yiun]Introduction
The human papillomavirus (HPV) is a small, non-enveloped virus with a strong affinity for the keratinized epithelium of the skin and mucous membranes (Boada et al., 2023; Pratiwi et al., 2024). Belonging to the Papillomaviridae family, more than 200 HPV genotypes are currently known (Tomaic et al., 2016), exhibiting high tissue and species specificity, and characterized by remarkable coevolution with their hosts (Basukala; Banks, 2021).	Comment by Aparna Latha: Does the introduction sufficiently explain the history and significance of the HPV16 E6 and E7 oncoproteins? 
From an epidemiological perspective, HPV infection is associated with approximately 700,000 new cancer cases annually, in addition to numerous asymptomatic infections that may progress to benign, premalignant, or malignant lesions (Song et al., 2023). Persistent infections with oncogenic HPV types such as 16, 18, 31, 33, 45, 52, 58, and about 20 other genotypes predispose female patients to the development of cervical and oropharyngeal malignancies (Tang et al., 2022), with HPV16 being the most prevalent genotype in these cancers (Yu; Majerciak; Zheng, 2022).	Comment by Aparna Latha: Does this scoping review's necessity get justified by discussing and comparing earlier reviews on the subject?

Does the progression from HPV biology to clinical uses (diagnostics, vaccinations)?
HPV genomes consist of approximately 8,000 base pairs associated with histones (Pesut et al., 2021), and contain untranslated regulatory regions known as the long control region (LCR) (Song et al., 2023). In addition, they include seven to eight open reading frames (ORFs), which encode six early-expressed proteins—E1, E2, E4, E5, E6, and E7 (early phase) (Vaccarella et al., 2013)—and two late-expressed proteins, L1 and L2 (late phase) (Bruni et al., 2021; Gheit, 2019).	Comment by Aparna Latha: Did conference abstracts and grey literature get included or left out? 
The regulation of HPV gene expression is complex and mediated by both cellular and viral transcription factors that bind to specific sequences within the LCR, particularly in the central segment known as the enhancer region (Bakker et al., 2021). This regulatory mechanism controls the transcription of the E6 and E7 genes (Pesut et al., 2021), inducing their expression in infected cells and contributing to the virus’s oncogenic potential (Song et al., 2023).	Comment by Aparna Latha: Does the progression from HPV biology to clinical uses (diagnostics, vaccinations) make sense? 
The oncoproteins encoded by the E5, E6, and E7 genes enable viral replication, as well as the immortalization and transformation of host cells (Hallez et al., 2004). The late region of the viral genome, which represents approximately 40% of the total genome, includes the L1 and L2 genes, responsible for encoding the major and minor capsid proteins, respectively (Bruni et al., 2021).
Among the various HPV genotypes, 15 are associated with cervical cancer, and at least one of them is also linked to the development of neoplasms in other anatomical sites, such as the oropharynx (Kalingarine et al., 2023). In this context, the oncogenic proteins E6 and E7, expressed by HPV, play essential roles in carcinogenesis by promoting cellular transformation and sustained proliferation of tumor cells (Pratiwi et al., 2024).	Comment by Aparna Latha: Did clinical settings validate any biomarkers or diagnostic tools involving E6/E7?

Did the included studies have any noteworthy limitations or inconsistencies? 
Due to their immunogenicity, these proteins are considered promising targets for immunization strategies, particularly in the treatment of cervical intraepithelial neoplasia, as well as cervical and oropharyngeal cancers. Several therapeutic vaccines targeting the E6 and/or E7 proteins have already been developed, with completed clinical trials showing promising results for the treatment of these conditions (Kalingarine et al., 2023). Therefore, the aim of this study was to summarize the evidence on the role of HPV16 E6 and E7 oncoproteins in cervical and oropharyngeal carcinogenesis, and to assess their potential in the development of diagnostic tools and therapeutic vaccines.	Comment by Aparna Latha: Which molecular mechanism, clinical relevance, or therapeutic application best categorised the data about the roles of E6 and E7 in carcinogenesis? 

Study Design
A scoping review was conducted in accordance with the criteria established by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) (Peters et al., 2020). The research protocol was registered in the Open Science Framework (OSF) (https://osf.io/v79cw/).	Comment by Aparna Latha: Even though PRISMA-ScR does not require it, were the included studies' quality or risk of bias evaluated? 

Research Question

This topic was developed using the PCC strategy (Population, Concept, Context): Population (P): Female participants/samples infected with HPV16 or HPV18; Concept (C): Modulation of E6 and E7 protein expression; Context (C): Carcinogenesis of the genital and oropharyngeal mucosa, and the diagnostic and therapeutic potential targeting the E6/E7 oncoproteins. The following guiding research question was formulated: “What is the available evidence on the mechanisms of carcinogenesis associated with the expression of HPV16 E6 and E7 oncoproteins in female patients, and their potential application in diagnostic and vaccine strategies for precancerous and cancerous lesions in genital and oropharyngeal mucosa?”	Comment by Aparna Latha: Can the concentration on HPV16 and HPV18 be sufficiently justified by the study question, given that other high-risk genotypes also contribute to carcinogenesis?

Why does the population only include female volunteers, even though males can also develop oropharyngeal malignancies linked to HPV16? 	Comment by Aparna Latha: What was the definition or measurement of "modulation of E6/E7 expression" in the various study types (human, animal, or molecular)? 



Study Selection Strategy

To identify eligible studies for inclusion in this review, comprehensive searches were conducted in the PubMed/MEDLINE, SciVerse Scopus, Web of Science, Embase, and gray literature (Google Scholar) databases between April 10, 2024, and December 30, 2024, with an update performed on May 23, 2025. Appropriate truncations and keyword combinations were selected and adapted for each database using the Boolean operators “AND/OR” (Appendix 1).
Two reviewers (ZSS and MSB) independently (blinded) participated in both phases of the study selection. In Phase 2, a manual search of the references of the included studies—after full-text reading—was also conducted to identify any articles that may have been unintentionally missed during the database searches. In the event of any disagreement between the reviewers in either phase, the article was discussed between the two authors and a third researcher (JRSA) until consensus was reached.
[bookmark: _heading=h.olc5eb37cfur]Eligibility Criteria
The inclusion criteria encompassed clinical trials, in vitro, and in vivo studies, regardless of the country of origin or publication date. Studies were required to report on the carcinogenic effect and/or the diagnostic and therapeutic potential of HPV16 E6/E7 oncoproteins in precancerous and cancerous lesions of the cervix and oropharynx.
Studies were excluded if they were: clinical trial protocols, pilot studies, oropharyngeal cancers related to tobacco or alcohol use, review articles, abstracts, letters, commentaries, meeting proceedings, case reports or case series, theses, dissertations, editorials, duplicates, unavailable in full text, incomplete, conference proceedings, cross-sectional studies, opinion pieces, or not written in the Latin (Roman) alphabet. In addition, articles focusing on high-grade vulvar intraepithelial neoplasia (VIN) and vaginal intraepithelial neoplasia (VaIN) were also excluded from the final data synthesis.
[bookmark: _heading=h.ywbhabutwm]Study Selection
The study selection process was carried out in two phases. In Phase 1, two independent reviewers (ZSS and MSB) screened the titles and abstracts of all citations retrieved from the electronic databases. Phase 1 was conducted using a web-based systematic review platform (Rayyan®, Qatar Computing Research Institute, Doha, Qatar). Articles that did not meet the inclusion criteria were excluded. In Phase 2, the same reviewers independently applied the inclusion criteria to the full texts of the articles, as well as to the reference lists of the selected studies, in order to identify any additional relevant studies not captured in the initial screening.	Comment by Aparna Latha: How were the results of the Google Scholar search for grey literature sorted for relevancy?

Was the same protocol used for the original search and the search update (in May 2025)?

Was manual checking performed or were duplicates eliminated automatically?

Does the entire search approach (Appendix 1) contain enough information for other researchers to replicate? 	Comment by Aparna Latha: Was inter-reviewer agreement statistically assessed, for example, with Cohen's kappa? 
Data Collection Process
One author (ZSS) extracted the data from the selected studies. A second author (MSB) verified all the information obtained. Any disagreements between the two authors were discussed until full resolution. A third author (JRSA) made the final decision in cases where the first two authors could not reach a consensus.
Data Items

The following information was recorded from the selected studies: author/year, study design/country, study population, anatomical site, expressed oncoproteins, E6/E7 expression, HPV status, clinical implications, trial phase, vaccine and type, context, sample size, administration route, protocol, serious adverse events, follow-up time, and generation of immune response against the antigen.	Comment by Aparna Latha: Why were only female subjects included, given that males can also develop oropharyngeal cancer linked to HPV16?

Given that case reports, pilot studies, and cross-sectional research may offer pertinent mechanistic insights, why were they excluded?

Would language bias be introduced if only research written in the Latin (Roman) alphabet were included? 

Results
To summarize the essential elements of each tabulated study, a descriptive analytical framework was employed to examine the content of each article. This involved a comprehensive evaluation of all materials, allowing the identification and creation of categories derived from the in-depth analysis of the publications, which helped to illustrate the topics of interest. The primary outcomes were the clinical implications of HPV16 E6/E7 oncoprotein expression in the carcinogenesis of cervical and oropharyngeal mucosa. Secondary outcomes included the clinical efficacy of therapeutic DNA vaccines as potential treatments.	Comment by Aparna Latha: Did a pilot test of the standardised data extraction form take place prior to complete extraction? 
Study Selection
A total of 533 studies were initially retrieved. Subsequently, a detailed review of titles and abstracts was conducted, applying all predefined eligibility criteria, leaving 477 studies. Among these, 9 were excluded due to incomplete or unavailable abstracts. Of the remaining 468 studies, 21 were excluded for focusing on tumors caused by smoking, 42 did not assess HPV infection in the oral/oropharyngeal cavity, and 379 did not report a group with high-grade squamous intraepithelial lesions (HSIL).	Comment by Aparna Latha: What distinguishes the analysis's primary outcomes (carcinogenesis pathways) from secondary ones (vaccine efficacy)? 
Ultimately, a total of 25 studies meeting all eligibility criteria were included in the final sample for discussion of the results. Figure 1 was created to illustrate the methodological process during the database search.







Figure 1 – Flow diagram adapted from PRISMA (2020), illustrating the study selection process

[image: ]
*Studies unavailable for full-text review. Source: Adapted from PRISMA (2021)

Characterization of Included Studies
Initially, in the experimental studies, a total of 1,589 samples were collected across the six studies included with this design. The research focused on women with cervical lesions at various stages of the disease. Detection methods included NucliSens® EasyQ® HPV v1 for HPV and E6/E7 oncoprotein detection (Bruno et al., 2018; Fontecha et al., 2016; Tezcan et al., 2014), as well as the radioimmunoprecipitation assay (RIPA) for HPV E7 protein identification (Chee et al., 1995). Additionally, TLR9 receptor expression was analyzed in uterine cervical tissues (Rodrigues et al., 2016; Hao et al., 2014).	Comment by Aparna Latha: Was the patient group uniform in terms of HIV status, age, and HPV type? 
The expression of E6/E7 oncoproteins has been associated with clinical implications, including their use as biomarkers for effective screening and cervical cancer prognosis (Fontecha et al., 2016; Rodrigues et al., 2016). Furthermore, a negative interference of E6/E7 oncoproteins on immune function was observed, particularly affecting TLR9 expression, suggesting potential immunosuppressive effects in the context of HPV16 infection (Hao et al., 2014). Detection of E6/E7 mRNA and assessment of E6/E7 oncoproteins may be essential for estimating the risk of cervical lesion progression and can serve as effective markers of HPV-associated cervical disease status (Fontecha et al., 2016; Tezcan et al., 2014).	Comment by Aparna Latha: Did the sensitivity and specificity of the various detection techniques (NucliSens® EasyQ®, RIPA) utilised in the various investigations compare?

Did these assays undergo validation or standardisation for the detection of E6/E7 oncoproteins? 



These biomarkers may influence therapeutic decisions and the follow-up of women at higher risk, such as those infected with high-risk HPV types or HIV-positive women. A synthesis of the included studies is presented in Table 1.	Comment by Aparna Latha: How was it determined that the expression of E6/E7 was linked to the advancement of cervical disease?

Did the findings meet statistical significance criteria, and what sort of correlation analysis was done? 



[bookmark: _heading=h.ku8o5f1ukjq9]Table 1 – Summary of the experimental studies included regarding the role of HPV 16 E6/E7 mRNA and its prognostic value in the female population.
[bookmark: _heading=h.2xcytpi]Details such as author, year, study design, country, study population, anatomical site, expressed oncoproteins, test used, other HPV types analyzed, and main findings are highlighted.
	Author/Year
	Design/Country
	Study Population
	Anatomical Site
	Expressed Oncoproteins
	E6/E7 Expression
	HPV
	Clinical Implications

	[bookmark: _heading=h.1ci93xb]Bruno et al., 2018
	Observational Retrospective / Italy
	674 Samples
(LSIL e HSIL)
	Cervical
	E6/E7
	NucliSens® EasyQ® HPV v1 Test (bioMérieux)
	16, 18, 31, 33 e 45
	The determination of HPV genotype and the detection of E6/E7 mRNA could have important applications in the treatment of HPV-positive women.

	Fontecha et al., 2016
	In vitro/Spain
	128 Samples
(LSIL e HSIL)
	Cervical
	E6/E7
	NucliSens® EasyQ® HPV v1 Test (bioMérieux)
	16, 18, 31, 33 e 45

	The detection of HPV E6/E7 mRNA may serve as an effective screening test and biomarker for cervical cancer in women infected with these five genotypes.

	Rodrigues et al., 2016
	In vitro/ Brazil
	158 Samples
(LSIL e HSIL)
	Cervical
	E6/ E7 
	Immunohistochemistry
	16 e 18
	The immunoexpression of HPV 16/18 oncoproteins E6 and E7 may have prognostic value regarding lesion persistence in HIV-positive women.

	Hao et al., 2014
	In vitro/ Central Asia
	97 Samples
(Carcinomas, LSIL E HSIL)
	Cervical
	E6/E7
	Immunohistochemistry
	16
	HPV oncoproteins E6 and E7 negatively affect the expression and function of TLR9.

	Tezcan et al., 2014
	In vitro/ Sul da Turquia
	476 Samples
(LSIL, HSIL e ASC-US)
	Cervical
	E6/E7
	Real-time type-specific NASBA assay (NucliSENS EasyQ® HPV v1.1)
	16, 18, 31, 33 e 45, 66, 6, 31, 53 e 83 
	These data are important for determining the future impact of vaccination in women infected with HPV.

	Chee et al., 1995
	In vitro/Coreia
	60 Samples
(LSIL e HSIL)
	Cervical
	E6/E7
	Radioimmunoprecipitation assay (RIPA)
	6, 11, 16, 18, 31, 33, 35, 45, 51 e 52
	Antibodies against the HPV16 E6 and E7 proteins may serve as effective virus-specific markers and indicators of disease status in HPV16-associated cervical cancer.


Legend: LSIL: Low-grade squamous intraepithelial lesion; HSIL: High-grade squamous intraepithelial lesion; ASC-US: Atypical squamous cells of undetermined significance

In the eight clinical studies included, therapeutic vaccines expressing the HPV16 E6/E7 oncoproteins in HSIL (Kawana et al., 2023; Simon et al., 2003) for CIN grades 2 and 3 were highlighted. The vaccines were administered orally, subcutaneously, and intramuscularly, with distinct protocols for each route of administration. The evaluation period for clinical response (safety, tolerability, and immunogenicity) in the trials ranged from 9 weeks to 2 years. All trials reported the generation of an immune response against the antigen, suggesting that the vaccines were effective in eliciting an immune response against HPV16. A synthesis of the included studies is presented in Table 2.
[bookmark: _heading=h.3whwml4]Table 2 – Synthesis of clinical studies on therapeutic vaccines expressing HPV 16 E6/E7 oncoproteins in CIN 2/3, highlighting information such as author, year of publication, study design, phase, vaccine, type, expressed oncoproteins, total sample, route of administration, protocol, adverse event, evaluation time, and main results.
	Author/Year
	Design/Phase
	Vaccine and Type
	Expressed Oncoprotein
	Context
	Sample
	Route of Administration
	Protocol
	Serious Adverse Events
	Evaluation period
	Antigen-specific immune response generation

	[bookmark: _heading=h.2bn6wsx]Kawana et al., 2023
	Clinical trial | Phase I/II
	IGMKK16E7
	E7
	CIN 2/3 due to HPV 16
	165 Participants

	Oral
	Four rounds of oral immunization were administered in weeks 1, 2, 4, and 8. Low-dose IGMKK16E7 (0.5 g/day), intermediate dose (1.0 g/day), high dose (1.5 g/day), or placebo were given orally after fasting, once each morning for 5 consecutive days during each treatment week.
	no
	16 weeks
	yes

	Ikeda et al., 2021
	Clinical trial | Phase I/II
	GLBL101c
	E7
	CIN 2
	40 Participants

	Oral
	Four daily capsules (250 mg per capsule) were administered. All patients received four rounds of oral vaccination in weeks 1, 2, 4, and 8.
	no
	2 years
	yes

	Trimble et al., 2015
	Double-blind clinical trial | Phase I/II
	VGX-3100


	E6/E7
	CIN 2/3 due to HPV 16 or 18
	167 Participants

	Intramuscular
	VGX-3100 (n=125) or placebo (n=42).
	no
	36 weeks
	yes

	Kawana et al., 2014
	Clinical trial | Phase I/II
	Attenuated Lactobacillus casei (GLBL101c)

	E7
	CIN 3 due to HPV 16
	10 Participants
.

	Oral
	Ten participants received oral vaccination in dose-ranging studies (1–6 capsules/day) during weeks 1, 2, 4, and 8 (Stage 1). An additional seven participants were vaccinated with the optimized formulation.
	no
	9 weeks
	yes

	Roman et al., 2007
	Clinical trial | Phase II
	Hsp-7 (SGN-00101)
	E7
	CIN 2/3 due to HPV 16
	21
Participants

	Subcutaneous 
	Four injections at a dose of 500 mg each were administered at three-week intervals.
	no
	1 year
	yes

	Hallez et al., 2004
	Clinical trial | Phase I/II

	PD-E7/AS02B

	E7
	CIN 1 and 3 due to HPV 16
	10 Participants

	Intramuscular
	Three intramuscular injections were administered at two-week intervals. An additional three patients with CIN1 received a placebo.
	no
	8 weeks
	yes


	Sheets et al., 2003
	Clinical trial | Phase I
	ZYC101
	E7
	CIN 2/3 due to HPV 16
	15 Participants

	Subcutaneous or Intramuscular
	Doses of 50 µg, 100 µg, and 200 µg of pDNA were administered at alternating sites on the anterior thigh.
	no
	4 months
	yes

	Simon et al., 2003
	Clinical trial | Phase I
	Prot D HPV16/E7

	E7
	CIN 3 due to HPV 16
	05 Participants

	Intramuscular
	200 mg in the SB ASO2B adjuvant was administered three times (on days 0, 14, and 28).
	no
	9 months
	yes


Legenda: Neoplasia intraepitelial cervical (CIN) 3; Neoplasia intraepitelial vulvar (NIV) grau 2 e 3;
Regarding the five clinical trials on cervical cancers and the role of DNA therapeutic vaccines (Hasan et al., 2020; Yang et al., 2019; Kenter et al., 2008; Santin et al., 2008; Borysiewicz et al., 1996), a total of 73 participants were included. Intramuscular (n=2) and intradermal (n=2) administration were the most common routes. The vaccines tested included MEDI0457 (INO-3112) (Hasan et al., 2020), a plasmid DNA vaccine (Yang et al., 2019; Santin et al., 2008), and dendritic cell vaccines pulsed with HPV16 or HPV18 E7 oncoproteins (Kenter et al., 2008; Borysiewicz et al., 1996).
Regarding vaccination protocols, schedules varied between multiple immunizations with weekly or monthly intervals and single-dose administrations. None of the studies reported serious adverse events, highlighting the safety of the tested vaccines. The evaluation periods ranged from 6 months to 2 years and 6 months, with the longest follow-up in the studies by Wang et al. (2009) and Santin et al. (2008), both lasting 2 years and 6 months.
The clinical trials demonstrated the efficacy and safety of the investigated vaccines, with vaccination protocols differing in dose number, route of administration, and duration of follow-up (Hasan et al., 2020; Yang et al., 2019; Kenter et al., 2008; Santin et al., 2008; Borysiewicz et al., 1996). All studies reported the generation of an immune response, reinforcing the therapeutic potential of these vaccines in combating HPV16-associated cervical cancer. A synthesis of studies on therapeutic vaccines expressing HPV16 E6/E7 oncoproteins in advanced cervical cancers is presented in Table 3.
Table 3 – Synthesis of studies on therapeutic vaccines expressing HPV 16 E6/E7 oncoproteins in advanced cervical cancers, highlighting information such as the author, year of publication, study design, phase, vaccine, type, expressed oncoproteins, total sample, route of administration, protocol, adverse event, evaluation time, and main results.
	Author/Year
	Design/Phase
	
Vaccine
	Expressed Oncoprotein
	Context
	Sample
	Route of Administration
	Protocol
	Evento adverso graves
	Tempo de avaliação
	Geração de resposta imune contra o antígeno

	[bookmark: _heading=h.qsh70q]Hasan et al., 2020
	Clinical Trial | Phase I/II
	MEDI0457 (INO-3112)
	E6/E7
	Cervical Cancer
	10 Participants

	Intramuscular
	Four MEDI0457 immunizations every 4 weeks.

	No
	6 Months
	yes

	Wang et al., 2009
	Clinical Trial | Phase I
	E7-Pulsed Dendritic Cell Vaccination

	E7
	Cervical Cancer due to HPV 16 or 18
	10 Participants

	Intradermal
	Five subcutaneous injections of autologous mature DCs pulsed with recombinant HPV 16 or 18 E7 protein were administered at 21-day intervals. 
	No
	2 years and 6 months

	yes

	Kenter et al., 2008
	Clinical Trial | Phase I
	ISA-51
	E6/E7
	Cervical Cancer due to HPV 16
	35 Participants

	Subcutaneous
	Group 1 received 300 µg/peptide at a single site, and Group 2 received 100 µg/peptide of the E6 peptides in one limb and 300 µg/peptide of the E7 peptides in a second limb. Group 3 received separate injections of E6 and E7 peptides, each at a dose of 50 µg/peptide.
	No
	12 weeks
	yes

	Santin et al., 2008
	Clinical Trial | Phase I

	E7-Pulsed Dendritic Cell Vaccination


	E7
	Cervical Cancer due to HPV 16 or 18
	10 Participants

	Intradermal
	Five subcutaneous injections of autologous mature dendritic cells pulsed with recombinant HPV 16 or 18 E7 protein were administered at 21-day intervals.
	No
	2 years and 6 months
	yes

	[bookmark: _heading=h.3as4poj]Borysiewicz et al., 1996
	Clinical Trial | Phase I/II
	TA-HPV


	E6/E7
	Cervical Cancer due to HPV 16
	08 Participants

	Intramuscular
	Single dose of TA-HPV and kept under strict isolation to monitor local and systemic adverse effects, environmental shedding, and anti-E6/E7 immune responses.
	No
	2 to 21 months

	yes





Regarding the treatment of oropharyngeal cancers using DNA therapeutic vaccines, six clinical trials (Aggarwal et al., 2023; Chandra et al., 2021; De Sousa et al., 2016; Aggarwal et al., 2019; Zandberg et al., 2015; Voskens et al., 2012), published between 2012 and 2023, involving a total of 132 participants, were identified and included. All studies demonstrated statistically significant clinical efficacy of the vaccines in suppressing oral HPV infection (Aggarwal et al., 2023; Chandra et al., 2021; De Sousa et al., 2016; Aggarwal et al., 2019; Zandberg et al., 2015; Voskens et al., 2012).
Clinical and histological responses induced by the vaccines were observed over a 2-year period. Vaccination resulted in increased E6/E7 antibody levels against HPV16 and HPV18 (p = 0.005 to 0.009). Adverse reactions at the injection site were reported, with only local erythema and pain being statistically significant (p = 0.005 to 0.007). A synthesis of studies on therapeutic vaccines expressing HPV16 E6/E7 oncoproteins in advanced oropharyngeal cancers is presented in Table 4.






[bookmark: _heading=h.1pxezwc]Table 4 – Synthesis of studies on therapeutic vaccines expressing HPV 16 E6/E7 oncoproteins in advanced oropharyngeal cancers, highlighting information such as author, year of publication, study design, phase, vaccine, type, expressed oncoproteins, total sample, route of administration, protocol, adverse event, evaluation time, and main results.
	Author/Year
	Design/Phase
	Vaccine
	Expressed Oncoprotein
	Context
	Sample

	Route of Administration
	Protocol
	Severe Adverse Event
	Evaluation Time
	Immune Response Generation against the Antigen

	[bookmark: _heading=h.49x2ik5]Aggarwal et al., 2023
	I/II
	MEDI0457

	E6/E7
	Oropharynx, Hypopharynx, and Oral Cavity (Recurrent)
	29 participants
	Intramuscular
	MEDI0457 7 mg intramuscularly with electroporation at weeks 1, 3, 7, and 12, followed by durvalumab 1,500 mg intravenously at weeks 4, 8, and 12, and every 4 weeks thereafter until disease progression or unacceptable toxicity.
	no
	16 Weeks
	yes

	Chandra et al., 2021
	I
	AMV002 DNA
	E6/E7
	Oropharynx (Recurrent)

	12 participants
	Intradermal
	Group 1: 0.25 mg/dose, Group 2: 1 mg/dose, Group 3: 4 mg/dose. AMV002 was administered intradermally on days 0, 28, and 56. 
	no
	84 days
	yes

	[bookmark: _heading=h.2p2csry]De Sousa et al., 2016
	II
	ISA101
	E6/ E7
	Oropharynx (Recurrent)
	24 participants
	Subcutaneous
	(100 µg/peptide) on days 1, 22, and 50, and nivolumab 3 mg/kg every 2 weeks starting on day 8.
	no
	1 year
	yes

	Aggarwal et al., 2019
	I/II
	MEDI0457

	E6/E7
	Oropharynx, Hypopharynx, and Oral Cavity (Recurrent)

	21 participants
	Intramuscular
	In Cohort I, patients received 1 or 2 doses of immunotherapy prior to surgery and, 4 weeks later, resumed treatment every 3 weeks for up to 4 doses, followed by adjuvant therapy if indicated. In Cohort II, immunotherapy was initiated 2 months after chemoradiation.
	No
	6 Months
	yes

	Zandberg et al., 2015
	I
	GL-0810 (HPV16) e GL-0817 (MAGE-A3) 
	E6/E7
	Oropharynx, Hypopharynx, and Oral Cavity (Recurrent)
	16 participants
	Intramuscular
	Three dose levels (500, 1,000, and 1,500 µg) of GL-0810 or GL-0817 with Montanide adjuvants (1.2 ml) and GM-CSF (100 µg/m²).
	Não
	10,5 Months
	yes

	Voskens et al., 2012
	I
	GM-CSF
	E7
	Oropharynx, Hypopharynx, and Oral Cavity (Recurrent)
	5 participants
	Intramuscular
	300 μg, administered every 4 weeks, for up to 4 injections.

	no
	31 months
	yes



Discussion
The literature suggests that viral persistence and the development of neoplasms in the cervix and oropharynx are closely linked to the integration of viral DNA into the host genome, a sporadic event that disrupts productive infection and the release of viral particles (Menezes et al., 2020; Suk et al., 2018). Genomic instability caused by the expression of E6 and E7 oncoproteins is a key mechanism leading to the accumulation of various mutations in HPV-induced cancers (Yang et al., 2019), most commonly affecting the PI3KCA, PTEN, HLA-A and B genes, as well as genes involved in the NOTCH1 and RAS/EGFR/ERK pathways (Dukic et al., 2020).	Comment by Aparna Latha: Existing research provides sufficient evidence for the roles of E6/E7 oncoproteins in epithelial–mesenchymal transition and genomic instability?

Is it evident from the explanation how the mechanisms and risk factors of HPV-positive and HPV-negative malignancies differ from one another? 
In these cases, E6 and E7 proteins contribute to epithelial–mesenchymal transition in keratinocytes, thereby promoting malignant phenotypes and invasion (Trimble et al., 2020). Through their multiple interactions with cellular proteins, E6 and E7 initiate pro-proliferative events aimed at facilitating viral amplification, inadvertently orchestrating carcinogenesis in the infected epithelium (Tomaic et al., 2016).
During carcinogenesis, the expression of E6 and E7 oncoproteins is essential for the development of cervical neoplasia (Ghittoni et al., 2010). In persistent infections, E6 and E7 gene expression is unregulated, and the overexpression of these oncoproteins drives the development of cancerous lesions. Similarly, in the oral cavity, HPV tends to induce oropharyngeal cancers, although the exact mechanisms remain incompletely understood (De Sousa et al., 2022). Most HPV-positive head and neck carcinomas are found in the oropharyngeal region (up to 50% of total cases), likely due to the virus's easier access to the basal layer of the tonsillar crypt epithelium (Peng et al., 2021; Hellner et al., 2009).	Comment by Aparna Latha: To what extent can E6/E7 mRNA or protein expression be trusted as a screening or prognostic biomarker?

Are there precise definitions for expression thresholds and how they relate to the development of lesions?

Does the distinction between integrated and episomal HPV DNA and its implications for clinical practice get enough attention?

In the context of HPV infection, are immune-modulating effects (such as TLR9 inhibition) well explained? 
Unlike HPV-negative tumors, which are associated with tobacco and alcohol consumption, HPV-positive head and neck cancers are strongly linked to sexual behavior, consistent with the predominant modes of HPV transmission via sexual contact (Bruno et al., 2018). A key question in the literature regarding oral HPV infection is whether it arises from genital HPV infection via orogenital contact or autoinoculation, or if it can occur as an independent event (Voskens et al., 2012).

Unlike the cervix, precancerous lesions in the oropharynx have not been clearly identified, likely due to the difficulty of accessing the deep tonsillar crypts (Zandberg et al., 2015). Although much of the HPV detected in oropharyngeal cancers exists in episomal form, viral DNA integration has been observed in the epithelium of the tonsillar crypts (Zhou et al., 2022).
Therapeutic vaccines targeting the E7 protein have been shown to induce systemic, antigen-specific cellular immune responses following subcutaneous or intramuscular administration (Ikeda et al., 2021; Trimble et al., 2015; Kawana et al., 2014; Roman et al., 2007; Hallez et al., 2004; Sheets et al., 2003; Simon et al., 2003). Various forms of therapeutic vaccines against anogenital cancers, primarily targeting HPV16 E6 and E7, have been tested in preclinical and clinical trials, each with its own advantages and limitations (Welters et al., 2008).	Comment by Aparna Latha: Is there enough differentiation made between the systemic and mucosal immune responses that vaccinations elicit?

Does the safety, immunological response, and preliminary efficacy data from Phase I/II trials get a clear report and analysis?

Has the potential benefit and risk of combination therapies—vaccines plus checkpoint inhibitors or monoclonal antibodies—been sufficiently assessed?

Is pre-existing immunity or repeated immunisation a problem with DNA vaccines?

Does the evaluation assess the translation of preclinical results into clinical applications for humans critically? 
First, E6 and E7 are consistently expressed in HPV-associated malignancies and infected cells but not in healthy cells, providing specificity (Daayana et al., 2010). Second, the oncogenic proteins E6/E7 are typically required for the initiation and maintenance of HPV-associated malignancies, making them essential for cancer growth and preventing immune evasion (Wang et al., 2009).	Comment by Aparna Latha: Are the discussion's consequences for E6/E7 targeting's diagnosis and treatment well balanced? 
These HPV vaccines include viral or bacterial vector-based vaccines, nucleic acid-based vaccines, peptide/protein vaccines, and cell-based vaccines (Termine et al., 2011). Several different immunotherapeutic approaches target E6 or E7 proteins from oncogenic HPV genotypes, and improvements in HPV-related genitourinary dysplasia have been reported in multiple uncontrolled open-label studies (Tsang et al., 2017).	Comment by Aparna Latha: Are the existing findings sufficient to support the suggested future approaches (combination immunotherapy, checkpoint inhibitors)? 
The combined actions of high-risk HPV oncoproteins E6 and E7 are essential for maintaining the neoplastic phenotype (Psut et al., 2021). Since E6 and E7 are the only HPV proteins expressed in precursor lesions, they represent reliable antigenic targets for HSIL immunotherapy (Santin et al., 2008). Immunization with HPV16 E6 and/or E7, leading to the generation of antigen-specific cytotoxic T lymphocytes (CTLs) (Sheets et al., 2003; Simons et al., 2003; Hasan et al., 2020; Yang et al., 2019), has been a frequent immunotherapeutic approach for HPV-associated neoplasia, employing a wide range of potential vaccine delivery systems (Kenter et al., 2008).
Previous clinical trials of therapeutic HPV vaccines have successfully elicited systemic type 1 cell-mediated immune responses specific to E7 (systemic E7-CMI) via subcutaneous or intramuscular administration; however, few have investigated mucosal type 1 cell-mediated immune responses specific to E7 (mucosal E7-CMI) (Kawana et al., 2023; Ikeda et al., 2021; Trimble et al., 2015; Hellner et al., 2009; Peng et al., 2021; Zhou et al., 2022). Our analysis highlights that the study of HPV16 E6/E7 oncoproteins demonstrates one of the critical strategies these viruses employ to create an optimal environment for successful replication.
Authors such as Hasan et al. (2020), Wang et al. (2009), Aggarwal et al. (2023), and Chandra et al. (2021) emphasize the importance of these oncoproteins as vaccination targets, reinforcing the notion that immunization against E6/E7 is a promising strategy for HPV-related cancer treatment. In our review, observational studies indicated the efficacy of E6/E7 mRNA as a biomarker for screening and prognosis, while clinical trials explored diverse vaccine approaches, all demonstrating robust immune responses without serious adverse events.	Comment by Aparna Latha: Are possible side effects or issues relating to the immune system adequately taken into account? 
Most of the clinical studies presented are Phase I or Phase I/II trials, primarily focused on evaluating safety and the induction of immune responses. Although Phase II trials are reported in some studies, such as those by Aggarwal et al. (2023) and De Sousa et al. (2016), the primary objective remains the assessment of vaccine safety and preliminary efficacy. The combination of vaccines with other immunotherapeutic approaches, including monoclonal antibodies (Nivolumab and Durvalumab), is more extensively explored in studies like Aggarwal et al. (2023) and De Sousa et al. (2016), reflecting a trend toward enhancing immune responses.
Unlike viral vector–based constructs, DNA vaccines can be administered repeatedly because the efficacy of plasmid vectors is not affected by pre-existing neutralizing antibodies (Voskens et al., 2012). Additionally, the ability to design precise targeting of multiple antigenic components allows for the inclusion of specific antigens, adjuvants, or targeting sequences. Consequently, DNA vaccination strategies can be seamlessly integrated with chemoradiation approaches for HPV-associated cancers (Tsang et al., 2017).	Comment by Aparna Latha: Describe how vaccines affect mucosal versus systemic immune responses.

Compile the findings of Phase I/II trials in terms of immunological response, safety, and first efficacy. 

Contributions and Limitations
The investigation of HPV16 oncoproteins E6 and E7 demonstrates significant potential for the diagnosis and treatment of cervical and oropharyngeal cancers. However, to optimize the efficacy of these diagnostic tests and therapeutic vaccines, it is essential to integrate combined approaches involving other immunotherapeutic modalities, such as monoclonal antibodies and electroporation-based therapies.	Comment by Aparna Latha: Evaluate whether oropharyngeal sites can benefit from vaccine efficacy data for cervical cancer, or if site-specific variations exist. 
Clinical trials indicate that inducing an immune response against E6/E7 oncoproteins is a critical step toward the elimination of tumor cells. Nonetheless, the long-term safety and efficacy of these therapies require careful monitoring in Phase IV studies, which should involve larger sample sizes and extended follow-up periods.
For future research, exploring a combined treatment model is recommended, in which E6/E7 vaccines are administered alongside other forms of immunotherapy, such as immune checkpoint inhibitors, for both anatomical sites. This strategy may enhance treatment efficacy for HPV-related cancers, particularly in persistent and recurrent tumors, which remain challenging to manage with conventional therapies.

CONCLUSION

The E6 and E7 proteins represent promising targets for the development of screening, diagnostic, and therapeutic approaches in cervical and oropharyngeal cancers, as silencing either protein induces senescence and apoptosis in the infected cell. Furthermore, E6 and E7 do not share homology with any cellular proteins, minimizing the likelihood of adverse effects in patients. Additionally, therapeutic vaccines expressing E6/E7 have demonstrated the potential to elicit effective immune responses against these antigens, which may contribute to the control and regression of HPV16-associated precancerous lesions.
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APPENDIX-I


Specific search terms and truncations for each database
	Database
	Search strategy
	Total 

	Medline - PubMed
	(("Human Papillomavirus 16"[Mesh] OR "HPV16") OR ("Carcinogenesis"[Mesh] OR "Oncogene Proteins"[Mesh]) AND ("Papillomavirus E7 Proteins"[Mesh] OR "E7 Oncogene Proteins"[Mesh])) AND (("Oropharyngeal Neoplasms"[Mesh] OR "Oropharynx"[Mesh]) OR ("Cervix Uteri"[Mesh] OR "Uterine Cervical Neoplasms"[Mesh]))
	33

	SciVerse Scopus
	("Human Papillomavirus 16" OR "HPV16" ) AND ( "Carcinogenesis" OR "Oncogene Proteins" ) AND ( "Papillomavirus E7 Proteins" OR "E7 Oncogene Proteins" OR "E6 protein, Human papillomavirus type 16" ) AND ( "Oropharyngeal Neoplasms" OR "Oropharynx" OR "Cervix Uteri" OR "Uterine Cervical Neoplasms" ) AND ( "Clinical Trial" OR “In Vitro Techniques”)
	35

	Web of Science
	("Human Papillomavirus 16" OR "HPV16") AND ("Carcinogenesis" OR "Oncogene Proteins") AND ("Papillomavirus E7 Proteins" OR "E7 Oncogene Proteins" OR "E6 protein, Human papillomavirus type 16") AND ("Oropharyngeal Neoplasms" OR "Oropharynx" OR "Cervix Uteri" OR "Uterine Cervical Neoplasms")
	28

	EMBASE
	("Human Papillomavirus 16" OR "HPV16" ) AND ( "Carcinogenesis" OR "Oncogene Proteins" ) AND ( "Papillomavirus E7 Proteins" OR "E7 Oncogene Proteins" OR "E6 protein, Human papillomavirus type 16" ) AND ( "Oropharyngeal Neoplasms" OR "Oropharynx" OR "Cervix Uteri" OR "Uterine Cervical Neoplasms" ) AND ( "Clinical article”) 
	90

	Google Scholar
	"Human Papillomavirus 16" OR "HPV16" AND "Carcinogenesis" OR "Oncogene Proteins" AND "Papillomavirus E7 Proteins" OR "E7 Oncogene Proteins" OR "E6 protein, Human papillomavirus type 16" AND "Oropharyngeal Neoplasms" OR "Oropharynx" OR "Cervix Uteri" OR "Uterine Cervical Neoplasms"
	347

	Filters
	Clinical Study, Clinical Trial, Clinical Trial, Phase I,II, III, IV; Observational Study; Observational Study, Veterinary; Randomized Controlled Trial; Randomized Controlled Trial, Veterinary
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