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Abstract. Traditionally, head and neck squamous cell 
carcinoma (HNSCC) has been considered to be a rela-
tively homogeneous disease. However, recent data have 
demonstrated that human papillomavirus (HPV)‑positive 
and HPV‑negative disease are two different clinical enti-
ties associated with different outcomes. Preclinical and 
clinical studies have reported a divergence in treatment 
strategies as well as prognostic outcomes for HNSCCs that 
are HPV‑positive versus HPV‑negative. The present study 
describes the case of a 52‑year‑old man who presented with 
stage IVB cT2N3M0 right tonsillar HPV‑positive squamous 
cell carcinoma. Induction chemotherapy with docetaxel, 
cisplatin and 5‑fluorouracil (TPF), followed by chemoradia-
tion therapy with carboplatin and 70 Gray (Gy) radiation in 
daily fractions was recommended. The patient completed 
the TPF and carboplatin treatment; however, he was unable 
to tolerate the radiation course, receiving a final dose of 
46 Gy. A 60‑day follow‑up right neck salvage dissection was 
subsequently performed. Despite having received a partial 
radiation treatment of 46 Gy, the patient had no pathological 
evidence of disease at 60  days post radiation treatment. 
Repeat positron emission tomography‑computed tomog-
raphy at 32 months after the right neck dissection revealed 
no evidence of disease. The present study also discusses the 
current preclinical in vitro and in vivo targets for HPV‑posi-
tive HNSCC and the obstacles presented in advancing 

clinical treatment modalities. Previous preclinical models 
investigating radiation sensitivity have yielded mixed results. 
Thus, it is important to understand and establish represen-
tative preclinical models for studying HPV and HNSCC to 
improve clinical research and therapeutic development. This 
review may guide future understanding of the role of HPV 
in HNSCC.

Introduction

Head and neck cancers represent the 7th most common 
neoplasms worldwide (1). In 2012, there were an estimated 
40,250 new cases in the United States and 7,850 mortalities 
secondary to these tumors (2), with the vast majority of head 
and neck cancers identified as squamous cell carcinomas 
(SCCs) by histology. Currently, treatment for patients with 
head and neck cancer involves multiple modalities, including 
chemoradiotherapy and/or surgery. The potential benefits 
of a chemoradiotherapeutic approach include functional 
organpreservation.

Traditionally, the selection of treatment modality for 
locally advanced head and neck squamous cell carcinoma 
(HNSCC) is based on tumor‑related factors, including 
primary site, stage, patient characteristics and comorbidi-
ties (3). Patients with stage III‑IV disease typically receive 
concurrent chemoradiotherapy of 70  Gray (Gy) in daily 
fractions with cisplatin administered every 3  weeks  (4). 
Recently, there has been a growing interest in the role of 
human papillomavirus (HPV) in HNSCC pathogenesis (5) 
due to an associated rise in the incidence of HPV‑positive 
oropharyngeal cancers, younger patient populations without 
the traditional head and neck cancer risk factors of tobacco 
and alcohol, and improved survival outcomes. These patients 
generally present with smaller primary tumors involving the 
palatine tonsils or base of tongue region, as well as multiple 
and/or large nodal metastases, giving them an advanced stage 
of disease at the time of presentation. As a result, patients 
may be treated with standard chemoradiation protocols 
that may lead to unnecessary long‑term complications. The 
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present study reports the case of a patient with HPV‑positive 
right tonsillar SCC who received carboplatin‑based combi-
nation chemotherapy and incomplete radiotherapy to a final 
tumor dose of 46 Gy, with complete pathological response 
observed on post‑chemoradiation surgical resection. Written 
informed consent was obtained from the patient. In addition, 
a literature review discussing the current preclinical studies 
associated with radiation sensitivity and HPV in HNSCC 
was performed.

Case report

In March 2012, a 52‑year‑old male with a history of daily 
marijuana use and no smoking history initially arrived at 
the Emergency Department of Columbia University Medical 
Center (New York, USA) with right‑sided neck swelling 
that had lasted 1  week. The patient also exhibited mild 
odynophagia. Computed tomography (CT) of the neck was 
performed, revealing a large supraglottic mass involving 
the right tonsillar tissue as well as multiple neck lymph-
adenopathy, and a fine needle aspiration biopsy of the neck 
mass was completed for pathological assessment. Pathology 
revealed classic keratinizing SCC with necrosis and p16 
positivity (Fig. 1). Hematoxylin and eosin staining revealed 
atypical cells consistent with carcinoma (Fig. 1A and B). Diff-
Quick‑stained smears showed squamous cells with dense 
cytoplasm and necrotic squamous cells (Fig 1C). Further-
more, Papanicolaou‑stained smears showed neoplastic 
squamous cells with orangeophilic cytoplasm, consistent 
with keratinization (Fig. 1D). In addition, in situ hybridization 
staining for high risk HPV was positive (Fig. 1E). Positron 
emission tomography‑computed tomography (PET‑CT) 
was performed prior to treatment to assess the extent of the 
disease. This revealed a 6.7x5.6x10.8 cm right neck mass 
with maximal standardized uptake value (SUV) of 8.1, an 
inferior 3.7x2.9 cm nodule with an SUV of 31.2, and a right 
tonsillar mass measuring 3.9x3.0 cm with an SUV of 23.4 
(Fig. 2). Furthermore, scattered small bilateral neck lymph 
nodes were present, measuring ≤1.0x1.0 cm with an SUV of 
5.4. Considering the pathological confirmation of SCC and 
staging workup, the patient was diagnosed with stage IVB 
cT2N3M0 [AJCC TNM staging system (6)] right tonsillar 
HPV‑positive SCC. A multidisciplinary tumor board discus-
sion of the case resulted in the recommendation for induction 
chemotherapy with 3 cycles of docetaxel (75 mg/m2), cispl-
atin (100 mg/m2) and 5‑fluorouracil (1,000 mg/m2; TPF), 
to be followed by definitive concurrent chemoradiation: 
External beam radiation for a total dose of 70 Gy (35 frac-
tions of 2 Gy each) with concurrent chemotherapy of 7 cycles 
of carboplatin (7). 

Following the completion of 3 cycles of induction TPF, 
a repeat PET‑CT scan revealed a decrease in the size of the 
right neck mass to 3.6x2.5x7.7 cm, with maximal SUV of 7.7. 
Resolution of hypermetabolic activity was observed in the 
other cervical lymph nodes. Subsequently, the patient began 
concurrent chemoradiation therapy. However, due to persis-
tent fatigue, he refused to complete the prescribed course 
of 70 Gy radiation, delivered via an intensity‑modulated 
radiation therapy (IMRT) plan. The patient received a total 
of 46 Gy in 23 fractions over the course of 31 days. A repeat 

PET‑CT scan revealed a further decrease in the size of the 
right neck mass to 2.8x2.8x4.8 cm, with a maximal SUV of 
7.9 (Fig. 2).

At 60 days after the end of the shortened concurrent chemo-
radiation treatment, the patient underwent a salvage right neck 
dissection. Pathological findings revealed a 6.5x4.0x2.0 cm 
level  II mass  (8) that had extensive necrosis, fibrosis and 
mixed inflammatory infiltrate. No evidence of carcinoma 
was identified in 25 lymph nodes. The patient underwent no 
further treatment following the surgery. At 32 months after the 
right neck dissection, a repeat PET‑CT revealed no evidence 
of disease, despite not receiving the full radiation. As there is 
no standard treatment for this disease entity, prognosis cannot 
be predicted.

Discussion

Classically, HNSCC has been considered to be a relatively 
homogeneous disease, and risk factors for HNSCC were 
predominantly thought to be environmental, including alcohol 
consumption and tobacco use  (9,10). The recommended 
treatment for stage  III‑IV HNSCC is typically concurrent 
chemoradiotherapy of 70 Gy in daily fractions with cisplatin 
delivered every 3 weeks (4). The role of HPV in HNSCC has 
become a growing area of research (5), with multiple prelimi-
nary studies suggesting that HPV status may have a significant 
impact on patient care and outcome (11,12).

Ang et al (13), in a phase III clinical trial from the Radiation 
Therapy Oncology Group (RTOG 0129), first demonstrated 
that tumor HPV status is a strong and independent prognostic 
factor for survival among patients with oropharyngeal cancer. 
The findings from this study and others (5,14) changed the 
understanding of HNSCC pathophysiology and treatment 
paradigms. It is now understood that HPV‑positive and 
HPV‑negative diseases are two very different clinical entities 
associated with vastly different outcomes (5,14). Furthermore, 
over the last 10 years in the USA, there has been an increase 
in the incidence and survival of oropharyngeal cancers caused 
by HPV (15,16). As a result, new clinical trials, including 
the Eastern Cooperative Oncology Group (ECOG)‑E1308 
trial (17), have targeted HPV‑positive HNSCC, with a focus 
on de‑escalation of treatment based on the hypothesis that 
HPV‑positive HNSCC requires a less aggressive treatment 
approach to achieve favorable outcomes  (5). However, at 
present, little is known with regard to the molecular mecha-
nisms underlying the increased sensitivity of HPV‑positive 
HNSCCs to radiation, and there is a disconnect between 
preclinical research and clinical research addressing this 
topic. The following sections review preclinical and clinical 
research, discussing the role of HPV in radiation sensitization.

HPV in head and neck cancer and associated radiation 
sensitivity. The role of HPV in carcinogenesis was initially 
discovered by zur Hausen in cervical cancer (18). Since then, 
HPV has been extensively studied in cervical cancer and, more 
recently, in HNSCC (19‑21). HPV and cancer radiation sensi-
tivity has been extensively reviewed by Vozenin et al (22). In 
brief, ionizing radiation leads to the production of ionized 
molecules within the tissue. These molecules may then lead to 
series of effects that damage all cell molecules, most notably 
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Figure 1. Tumor histopathology of the initial tumor biopsy. (A and B) Hematoxylin and eosin staining showing atypical cells consistent with carcinoma 
(magnification, x600). (C) Diff-Quik‑stained smear showing squamous cells with dense cytoplasm and necrotic squamous cells (magnification, x400). 
(D) Papanicolaou‑stained smear showing neoplastic squamous cells with orangeophilic cytoplasm, consistent with keratinization (magnification, x600). 
(E) p16 stain with an inset (left lower corner) showing a cell positive for high risk HPV by in situ hybridization (magnification, x600).
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Figure 2. Pre‑and post‑treatment positron emission tomography‑computed tomography images: (A) Pre‑treatment axial section; (B) pre‑treatment coronal 
section; (C) post‑treatment axial section; (D) post‑treatment coronal section. 
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at the DNA level. Injuries to the DNA include base damages 
and single or double strand breaks (DSBs). The ability for a 
cell to sense these damages, repair the insult, halt cell cycle 
progression at various check points and initiate programmed 
cell death/apoptosis becomes important for cell radiosensi-
tivity (22). In addition, further studies have demonstrated that 
manipulation of various cell signaling pathways, including 
epidermal growth factor receptor and phosphoinositide 
3‑kinase (PI3K)/protein kinase B (AKT)/mammalian target 
of rapamycin (mTOR) signaling, may also affect radiosen-
sitivity (22,23). Notably, tumor‑type specific variations in 
radiosensitivity have been reported.

Gillison and colleagues first demonstrated a causal asso-
ciation between HPV and head and neck cancers (24). Since 
then, numerous studies have demonstrated the relationship 
between HPV status in HNSCC and radiotherapy (recently 
reviewed by Blitzer et al) (25). Traditionally, HPV has been 
hypothesized to alter radiation sensitivity through regulation 
of p53 and retinoblastoma (pRb) and downstream cell cycle 
control through viral E6 and E7, respectively. Cell cycle 
regulation and checkpoints are modulated by p53. Acting 
with cyclin‑dependent kinases (CDKs) (cyclin/CDK4 and 
cyclin E/CDK2), p53 halts the cell cycle and facilitates the 
assessment of DNA integrity prior to cell division. In addition, 
p53 promotes apoptosis in severely damaged cells. HPV E6 
manifests its function by causing degradation of p53, leading 
to aberrancy in cell cycle regulation and apoptosis. Similarly, 
pRb is also involved in cell cycle regulation. Unphosphory-
lated pRb binds to transcription factors, including E2F 
family members, and represses the transcription of genes 
involved in DNA synthesis and cell cycle progression, whilst 
phosphorylation leads to their activation. Binding of E7 to 
unphosphorylated pRb disrupts pRb‑E2F complexes, causing 
premature entry into S phase. Notably, one specific CDK 
inhibitor, p16INK4a, is overexpressed when pRb is inactivated 
by HPV E7. Typically, overexpression of p16INK4a results in 
cell cycle arrest through promotion of pRb‑E2F complexes; 
however, with HNSCC HPV E7‑associated overexpression, 
p16INK4a has been used as biomarker for the evaluation of 
HPV status (26,27). Inhibition of these two tumor suppressor 
genes (p53 via E6 or pRb via E7) leads to a failure to delay 
cell cycle progression. Furthermore, E6 and E7 contribute to 
cellular immortality through other mechanisms (26,27). This 
leads to genetic instability following irradiation and may 
increase tumor resistance (22,27).

However, the opposite is thought to be true in HPV‑posi-
tive HNSCC, which may have a higher sensitivity to radiation 
compared with HPV‑negative HNSCC (24,28,29). There are 
numerous differences between HPV‑positive and ‑negative 
HNSCC, including histological and clinical features, which 
were elegantly reviewed by Ang and Sturgis (30). Further 
molecular studies have demonstrated that HPV‑positive 
HNSCCs are genetically and molecularly distinct from 
HPV‑negative tumors. Common genetic aberrations for 
HNSCC, which include mutations in tumor protein p53 
(TP53), CDK inhibitor 2A (CDKN2A; P16) and loss of hetero-
zygosity at 3p and 17p, are less common in HPV‑positive 
HNSCC (26). Notably, Perrone and colleagues (31) examined 
the molecular and cytogenetic subgroups of HNSCC. In 
the groups that were HPV‑positive, p53 mutation occurred 

in 12%, and 100% of HPV‑positive cases carried normal 
p16INK4a. By contrast, 45% of the HPV‑negative subgroup had 
p53 mutations, and 47% had p16INK4a homozygous deletion. 
The exact mechanism underlying the increased radiosen-
sitivity of HPV‑positive HNSCCs is unclear; however, the 
molecular and cytogenetic differences associated with posi-
tive and negative HPV status in HNSCC may contribute to 
the differences in response to therapy.

Preclinical studies in vitro. The findings of in vitro studies 
examining the effects of HPV on intrinsic tumor cellular 
radiation sensitivity have been unclear. Initial studies by 
Gupta et al (32) examined the response of two HPV‑positive 
HNSCC cell lines (UPCI‑SCC90 and UM‑SCC47) and 
a HPV‑negative line (SQ20B) to radiation therapy. Prior 
studies in cervical cancer had indicated that HPV‑positive 
cervical carcinoma exhibited resistance to radiation treat-
ment (22,33,34). However, Gupta et al (32) demonstrated that 
the two HPV‑positive HNSCC cell lines were more sensitive 
to radiation alone compared with HPV‑negative cell lines. By 
contrast, Spanos et al reported that HPV‑positive cells were 
more resistant to radiation compared with HPV‑negative cells; 
however, in vivo, HPV‑positive tumors were more sensitive to 
radiation (35). Subsequent studies by other groups using addi-
tional cell lines have produced mixed results. Most notably, 
Nagel et al (36) and others (37), examined four HPV‑positive 
cell lines (UM‑SCC‑47, UD‑SCC‑2, UPCI‑SCC90 and 
VU‑SCC‑147) and fourteen HPV‑negative HNSCC lines, and 
observed no response differences to radiation. More recently, 
studies by Arenz et al (38) revealed that irradiated HPV‑positive 
HNSCC cell lines progressed faster through S‑phase, exhib-
iting an increase in accumulation in G2/M phase as well as 
increased DNA DSBs. The increased radiosensitivity may be, 
in part, due to increased cell cycle dysregulation and impaired 
DNA DSB repair. Variations in findings may be due to the 
in vitro experimental parameters used to assess response to 
radiation, cell‑line variability, p53 mutant status or the lack of 
systemic response following radiation treatment using in vitro 
models (35,36,39). Furthermore, it is possible that the changes 
in radiosensitivity are not related to the intrinsic sensitivity of 
the tumor cells to radiation in vitro (35).

In order to address some of these var iables, 
Kimple et al (39) performed single‑cell isolation and clonal 
selection of four HPV‑positive cell lines (UD‑SCC‑2, 
UM‑SCC‑47, UPCI‑SCC90 and 93‑VU‑147T) as well as 
four HPV‑negative cell lines (UM‑SCC‑1, UM‑SCC‑6, 
UM‑SCC‑22B and SCC‑1483). HPV status was validated 
by Southern blot analysis and, using these validated clones, 
increased sensitivity to radiation in HPV‑positive HNSCC 
lines compared with HPV‑negative HNSCC lines was consis-
tently shown, with clonogenic survival assays showing 22% vs. 
59% survival following 2 Gy radiation treatment, respectively. 
This was further validated in vivo with cell line xenografts of 
the eight aforementioned cell lines, which were treated with a 
dose/fraction of 2 Gy, delivered twice weekly to a total dose of 
8 Gy. Under these conditions, none of the four HPV‑negative 
groups exhibited a delay in tumor growth following irradiation 
compared with that of non‑irradiated groups. However, three 
of the four HPV‑positive cell lines (UD‑SCC‑2, UM‑SCC‑47 
and UPCI‑SCC90) did exhibit significant growth delays (39). 
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Using clonal populations of HPV‑positive tumors, these results 
suggest that HPV does indeed cause an intrinsic increase in 
radiosensitivity in HNSCC; however, it is still unclear whether 
molecular and cytogenetic variations in TP53, CDKN2A, 
and loss of heterozygosity at 3p and 17p further contribute 
to radiosensitivity.

In addition to altering radiation sensitivity alone, HPV 
status in HNSCC has been associated with differences in 
radiosensitization in response to various therapeutic agents. 
As described previously, HPV expresses E6 and E7 oncop-
roteins that bind to and neutralize the functions of p53 and 
pRb (26,27). The majority of HPV‑positive HNSCCs have 
wild type p53, and agents targeting E6 and E7 function and/or 
expression in order to restore p53 and pRb function have been 
investigated as a way of increasing radiosensitivity. Cidofovir 
[(S)‑1‑(3‑hydroxy‑2‑phosphonylmethoxypropyl)cytosine; 
‘HPMPC’] is an antiviral agent that has been demonstrated 
to exert antiproliferative effects on HPV infected cells (40). 
Abdulkarim et al (41) first examined the role of cidofovir on 
E6/E7 and downstream p53/pRb pathways in HNSCC using 
HEP2, a HPV‑positive HNSCC cell line. The same group 
also determined whether cidofovir modulated radiosensitivity. 
Results revealed that cidofovir reduced E6/E7 and induced 
p53/pRb in HEP2. A clonogenic survival assay of HEP2 
cells treated with 2 Gy radiation and cidofovir demonstrated 
a marked reduction in survival compared with irradiation 
alone (2.5 vs. 28%). Similar results were later demonstrated 
in HPV‑positive HNSCC UPCI‑SCC90 cells (42). Although 
targeting HPV using cidofovir appeared to be effective in 
increasing radiotherapeutic efficacy, reverse strategies acti-
vating downstream pathways triggered by HPV infections, 
have also been investigated. Pang et al (43) stably expressed 
whole E6 or specific splice isoforms of E6 in oropharyngeal 
SCC, demonstrating that these strategies confer radiosensi-
tivity. Similarly, adenovirus‑mediated p16INK4a gene therapy in 
laryngeal SCC revealed that the combined adenovirus‑p16 and 
radiation group exhibited greater inhibition of tumor growth, 
compared with any other treatment groups and controls (44). 
A recent study reported that E6 increases metabolic phenotype 
through mTOR by altering cellular metabolic function through 
pathways involved in hypoxia response element (45), and that 
upregulated mTOR activity in HNSCC is critical in local 
recurrence and survival. Rapamycin (sirolimus) is an mTOR 
inhibitor that prevents progression, growth, angiogenesis and 
lymphangiogenesis in HNSCC (45). The use of rapamycin 
concurrently with radiation has been shown to significantly 
enhance direct cell killing in a clonogenic assay using 
HPV‑positive HNSCC cells in a dose‑dependent manner (45).

Other strategies for modulating radiosensitivity, in addi-
tion to modulating HPV‑mediated pathways, include hypoxic 
modifications by nimorazole; however, HPV‑positive and 
‑negative HNSCC displayed the same relative sensitization 
effect (46). Although various studies have investigated HPV 
status and methods to increase radiosensitivity in HNSCC, 
very little is known in terms of its mechanism. One possible 
mechanism includes the impairment of DSB repair capacity 
in HPV‑positive HNSCC (37). Another model, proposed by 
Kimple et al  (39), is that HPV‑positive HNSCCs generally 
have a higher prevalence of wild type p53 compared with 
HPV‑negative HNSCCs. E6 induces the degradation of p53, 

causing a low level of baseline p53; however, this low level 
of wild type p53 may be activated by radiation‑induced DNA 
damage, resulting in partial arrest and increased cell death. This 
induction is not observed in HPV‑negative HNSCC due to the 
high percentage of mutant p53 or alterations in p53 signaling. 
This was demonstrated by the upregulation of multiple TP53 
pathway‑related genes in HPV‑positive cell lines following 
radiation. Complete knockdown of TP53 with siRNA resulted 
in radiation resistance in the same HPV‑positive cell lines (39). 
In addition, an in vitro study demonstrated that the degree of 
Akt phosphorylation and activation is greater in HPV‑negative 
versus HPV‑positive HNSCC cells, and that Akt activation is 
inversely correlated with radiosensitivity (32). Furthermore, 
nelfinavir, a human immunodeficiency virus protease inhibitor 
able to downregulate Akt signaling, may further sensitize 
HNSCC cells to radiation in vitro (32).

A recent study by Gubanova et al (47) examined the role 
of SMG1, a PI3K‑related kinase, with regard to HPV and 
HNSCC. SMG1 has been demonstrated to possess multiple 
functions, including regulation of mRNA with premature 
termination codons, maintenance of telomere integrity, regu-
lation of cell lifespan, protection against apoptosis, oxidative 
stress resistance, embryogenesis, activation of p53 and irradi-
ation‑induced DNA damage and tumor suppressor roles (47). 
In respect to ionizing radiation, decreased SMG1 has been 
reported to increase radiation sensitivity in osteosarcoma (48). 
Gubanova et al (47) reported that the expression of SMG1 is 
diminished in HPV‑positive SCCs through E6/E7‑mediated 
SMG1 promoter hypermethylation. Furthermore, downregula-
tion of SMG1 using shRNA in HPV‑negative HNSCC reduced 
clonogenic survival upon radiation, whereas overexpression of 
SMG1 in HPV‑positive HNSCC resulted in increased resis-
tance to radiation (47). Currently, one limitation of preclinical 
studies on HPV and HNSCC in vitro is the availability of 
HPV‑positive cell lines; these presently include UD‑SCC‑2 
(hypopharynx), UPCI‑SCC90 (base of tongue), UM‑SCC‑47 
(lateral tongue), 93‑VU‑147T (floor of mouth), UM‑SCC‑14 
(recurrent oral cavity) and HEP2 (larynx). Furthermore, 
certain studies have suggested that HPV‑mediated effects on 
radiosensitivity are modulated by extrinsic factors, including 
an increased immune response (35,45,49,50).

Preclinical studies in vivo. As described above, the avail-
able data regarding the increased radiation responsiveness 
of HPV‑positive HNSCC in vitro has been mixed, despite 
clinical evidence of an association between HPV status and 
response rate. In order to further assess the role of HPV in 
HNSCC, further studies utilizing animal models with systemic 
responses are required. This is initially evident by the findings 
of a study by Spanos et al (35), as mentioned previously, in 
which HPV‑positive tumors were more sensitive to radiation 
only in vivo, and not in vitro. This suggests that, in addition 
to the HPV‑positive HNSCC intrinsic changes, the in vivo 
environment may also contribute to changes in radiation 
sensitivity. It has been postulated that radiation induces an 
antigenic immune response to HPV‑positive HNSCC, leading 
to increased sensitivity  (35). Further investigation demon-
strated that radiation induces a dose‑dependent reduction in 
CD47 expression and that the reduction in cancer cell CD47 
expression increased phagocytosis via dendritic cells, thus 
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increasing radiation‑related immune clearance (49). To vali-
date the role of the immune system in HPV‑positive HNSCC 
radiosensitivity, a non‑oncogenic HPV 16 E6/E7 adenoviral 
vaccine containing an E6/E7 mutant construct (rendering it 
non‑oncogenic) was investigated for its ability to induce an 
HPV‑specific immune response in preclinical mouse models 
and the subsequent effects of treatment with cisplatin and 
radiation were evaluated (50). Results from the study revealed 
that infection of tumor cells with the mutant E6/E7 construct 
did not affect p53 or pRb expression and telomerase activation 
was not altered. However, the mutant E6/E7 did induce an 
HPV‑specific cell‑mediated immune response, and a survival 
analysis of HPV‑positive HNSCC treated with cisplatin 
and radiation revealed a significantly improved long‑term 
survival versus the vector control group (50). Experiments 
studying the effects of rapamycin in HPV‑positive HNSCC 
radiosensitization also demonstrated the importance of the 
immune response, as concurrent treatment with radiation 
and rapamycin prolonged survival time in immunocompro-
mised mice; however, in immunocompetent mice, long‑term 
tumor‑free survival was increased by 21% (45).

Although much work is conducted in xenograft models 
using the various available cell lines for HPV‑positive and 
‑negative HNSCC, one drawback is the variation between cell 
lines from different sources. Attempts to minimize variation 
include clonal selection and characterization of the various 
cell lines (39); however, the use of immortalized cell lines has 
inherent limitations. Recent evidence suggests that immor-
talized cell lines from a variety of tumor types tend to have 
gene expressions that are more similar to each other than to 
their original tissue type (51,52). These variations may limit 
the usage of this model for the accurate simulation of clinical 
conditions. To address this issue, Kimple et al (53) successfully 
established direct‑from‑patient tumorgrafts from 22 patients in 
athymic nude mice. Animals were irradiated with 2 Gy/frac-
tion twice weekly for 4 weeks via an X‑RAD 320 biologic 
irradiator, custom‑designed to immobilize the animals and 
limit radiation exposure to the tumors of the dorsal flank. 
Results from the study revealed that 4 of 22 cases were positive 
for HPV 16 or HPV 18. Tumorgrafts responded well to radia-
tion, exhibiting a 2‑fold increase in time to tumor quadrupling. 
However, the comparison of dose response to radiation was not 
reported. These results establish a good preclinical model to 
further assess the role of dose de‑escalation in the treatment of 
HPV‑positive HNSCC (53).

Clinical studies relating to HPV, HNSCC and radiation. 
Since the late 1980s and early 1990s, there has been a 
growing interest in the role of HPV and HNSCC. An initial 
retrospective study by Haraf et al (54) examined 66 patients 
and tissue samples prior to primary treatment. HPV was posi-
tive in only 18% of the patients; however, a subset analysis 
of patients with stage IV disease revealed that HPV infection 
was correlated with overall survival time (54). Since then, 
extensive research has been conducted to examine the associa-
tion between HPV and prognosis in HNSCC, including studies 
by Mellin et al (55), Gillison et al (24), Schwartz et al (56), 
Lindel et al (57), and Weinberger et al (58), all of which were 
extensively reviewed by Ang and Sturgis (30). In general, all 
of these studies consistently demonstrated that HPV‑positive 

HNSCC was associated with a decrease in relapse, recurrence, 
risk of cancer‑specific mortality and all causes of mortality, 
and an increase in local control and disease‑free and overall 
survival, to various degrees. A meta‑analysis of the literature 
examining the association between HPV and overall survival 
and disease‑free survival was published in 2007, and found 
that patients with HPV‑positive HNSCC had a lower risk 
of mortality [meta hazard ratio (HR), 0.85; 95% confidence 
interval (CI), 0.7‑1.0], and a lower risk of recurrence (meta HR, 
0.62; 95% CI, 0.5‑0.8) compared with that of HPV‑negative 
HNSCC patients (59).

These promising findings lead to prospective clinical 
trials examining the correlation between HNSCC and HPV 
status beginning with the ECOG 2399 trial funded by the 
US National Cancer Institute (ClinicalTrials.gov Identifier: 
NCT00014118). The ECOG 2399 trial was a phase II trial in 
which patients received two cycles of induction chemotherapy 
with intravenous paclitaxel (175 mg/m2; intravenous infusion 
over 3 h) and carboplatin (area under the curve, 6) on day 1 of 
a 3‑week cycle, followed by concomitant paclitaxel (30 mg/m2 
weekly; intravenous) and standard‑fractionation external beam 
radiation therapy (70 Gy in 35 fractions over 7 weeks). The 
results of the study were analyzed by Fakhry et al (29) and HPV 
status was determined via the detection of HPV 16 DNA using 
in situ hybridization and p16 immunohistochemistry. Patients 
with HPV‑positive HNSCC were found to have higher rate 
of response to induction chemotherapy (82 vs. 55%; P=0.01) 
and chemoradiation therapy (84 vs. 57%; P=0.007), and an 
improved 2‑year overall survival rate after a median follow‑up 
of 39.1 months (95 vs. 62%; P=0.005, log‑rank test) compared 
with that of HPV‑negative patients. Furthermore, patients 
with HPV‑positive HNSCC had a reduced risk of progression 
(HR, 0.27; 95% CI, 0.10‑0.75) and mortality from any cause 
(HR, 0.36; 95% CI, 0.15‑0.85) compared with HPV‑negative 
HNSCC patients (29).

This eventually led to a pivotal study by Ang et al (13) that 
analyzed HNSCC tumor specimens from a large phase III trial, 
the RTOG 0129 study, to assess the effect of tumor HPV status 
on survival among patients with oropharyngeal SCC. In brief, 
patients with pathologically confirmed stage III or IV SCC of 
the oral cavity, oropharynx, hypopharynx or larynx without 
distant metastases were randomly assigned to receive high‑dose 
cisplatin (100 mg/m2 body surface area) concurrently with 
accelerated‑fractionation radiotherapy (72 Gy in 42 fractions 
over 6 weeks, with a concomitant boost of twice‑daily irradiation 
for 12 treatment days) or standard‑fractionation radiotherapy 
(70 Gy in 35 fractions over a 7‑week period). Samples were 
assessed for HPV 16 DNA using in situ hybridization and for 
p16 expression via immunohistochemistry. HPV 16‑negative 
tumors were further evaluated for the presence of additional 
oncogenic HPV types. The results revealed that 63.8% of 
patients had HPV‑positive tumors, and that these patients had 
a higher 3‑year overall survival rate compared with that of 
HPV‑negative patients (82.4 vs. 57.1%; P<0.001, log‑rank test), 
in addition to a 58% lower risk of mortality (HR, 0.42; 95% CI, 
0.27‑0.66) following adjustment for age, race, tumor and nodal 
stage, tobacco exposure and treatment assignment (13).

Subsequently, additional clinical trials have been analyzed 
for the association between HPV and chemoradiation treatment 
outcomes; this includes studies by Rischin et al (Trans Tasman 
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Radiation Oncology Group 02.02 trial)  (28), Posner  et  al 
(TAX‑324 trial) (60) and Lassen et al (Danish Head and Neck 
Cancer Study Group 6 and 7 trials) (61), and results have been 
extensively reviewed (30,62). Findings suggest that HPV‑positive 
HNSCCs generally have more favorable prognosis in terms of 
local regional control, risk of progression and cancer‑related and 
overall survival.

Current clinical guidelines for the treatment of HNSCC do 
not account for HPV status, despite the evidence indicating 
clinical differences between HPV‑positive and ‑ negative 
HNSCCs, including the improved outcomes associated with 
HPV status in HNSCC (63). Preclinical and clinical studies 
also indicate that HPV‑positive HNSCCs are more responsive 
to radiation and chemoradiation treatments. The question 
remains whether patients with HPV‑positive HNSCC may 
achieve similar results with reduced treatments, with the aim of 
preserving clinical outcome whilst minimizing the side effects 
associated with intensified treatment. Given the potential for 
long‑term toxic effects from radiation, attempts to minimize 
its use have been investigated in various clinical trials. 
Marur et al (17) in the phase III ECOG 1308 trial examined 
the role of reduced radiation in HPV‑positive oral pharyn-
geal SCC. Stage III and IVA‑B resectable HPV‑positive oral 
pharyngeal SCC were included. Patients received induction 
chemotherapy of paclitaxel (three treatments; 90 mg/m2 once 
per week), cisplatin (one treatment, 75 mg/m2) and cetuximab 
(one treatment, 400 mg/m2), followed by cisplatin (250 mg/m2 

weekly; 3 cycles). Patients then received IMRT to a dose of 
54 Gy/27 fractions with weekly cetuximab for patients with 
complete response, or standard therapy (69.3  Gy/33  frac-
tions) with weekly cetuximab for those without a complete 
response. Preliminary results between March 2010 and 
October  2011 were presented at the American Society of 
Clinical Oncology 2013 meeting. Low dose IMRT/cetuximab 
was administered to 73.8% (59/80) of the patients [54 Gy 
(56 patients), 52 Gy (1 patient) or 40 Gy (2 patients)]. During 
chemoradiotherapy, oral mucositis (31%), dysphagia (17%) 
and radiation dermatitis (8%) were observed in a proportion 
of the patients. According to the authors, it is premature to 
conclude the 2‑year progression‑free survival rate; however, a 
≥85% progression‑free survival rate will merit further study. 
In addition to ECOG 1308, numerous other clinical trials 
(Table I) are currently being conducted to examine whether 
HPV‑positive HNSCC patients are able to achieve adequate 
clinical outcomes with reduced radiation treatment.

Future perspective. Oropharyngeal squamous cell carci-
noma continues to increase in incidence, accounting for a 
plurality of HPV‑associated cancers in the USA (64). Patients 
with HPV‑positive tumors have an improved prognosis in 
comparison to those with HPV‑negative tumors, leading to 
investigation into treatment de‑escalation in favorable‑risk 
patients. Additionally, HPV E6 and E7 present potential thera-
peutic targets for further improving outcomes in patients with 

Table I. Clinical trials with dose de‑escalation in head and neck squamous cell carcinoma.

Clinicaltrials.gov identifier	 Phase	 Description

NCT01530997	 II	 Phase II study of de‑intensification of radiation and chemotherapy
		  for low‑risk hpv‑related oropharyngeal squamous cell carcinoma
NCT01716195	 II	 Phase II trial of induction chemotherapy followed by attenuated 
		  chemoradiotherapy for locally advanced head and neck squamous
		  cell carcinoma associated with HPV
NCT01084083	 II	 Phase II trial of induction chemotherapy followed by cetuximab 
		  (Erbitux®) with low dose vs. standard dose intensity‑modulated 
		  radiation therapy in patients with HPV‑associated resectable 
		  squamous cell carcinoma of the oropharynx
NCT01525927	 II	 Phase II trial of neoadjuvant chemotherapy for HPV‑associated 
		  squamous cell carcinoma of the oropharynx followed by reduced
		  dose radiotherapy/chemoradiotherapy for responders or standard 
		  dose chemoradiotherapy for non‑responders
NCT01663259	 II	 Reduced‑intensity therapy for advanced oropharyngeal cancer in
		  non‑smoking HPV 16‑positive patients
NCT01932697	 II	 Phase II evaluation of adjuvant hyperfractionated radiation and 
		  docetaxel for HPV associated oropharynx cancer
NCT01088802	 II	 A phase II study on treatment de‑intensification in favorable
		  squamous cell carcinoma of the oropharynx
NCT01706939	 III	 The quarterback trial: A randomized phase III clinical trial
		  comparing reduced and standard radiation therapy doses for
		  locally advanced HPV 16‑positive oropharynx cancer
NCT01687413	 III	 Adjuvant De‑escalation, Extracapsular spread, P16+, Transoral
		  (A.D.E.P.T.) Trial for oropharynx malignancy

HPV, human papillomavirus.
 

https://www.spandidos-publications.com/10.3892/ol.2015.3836
https://www.spandidos-publications.com/10.3892/ol.2015.3836
https://www.spandidos-publications.com/10.3892/ol.2015.3836
https://www.spandidos-publications.com/10.3892/ol.2015.3836
https://www.spandidos-publications.com/10.3892/ol.2015.3836
https://www.spandidos-publications.com/10.3892/ol.2015.3836
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HPV‑positive tumors (65). Beyond the treatment of individual 
patients, public education measures and investigation of HPV 
vaccination in the prevention of HPV‑associated oropharyn-
geal SCC have the potential to reduce the incidence of the 
disease (19).

Summary. The current case report describes a patient with 
HPV‑positive HNSCC who received induction chemotherapy 
with TPF and concurrent chemoradiation with carboplatin 
and incomplete radiation treatment of 46  Gy via IMRT. 
Despite receiving a reduced radiation dose relative to the 
planned 70 Gy, the patient exhibited no pathological evidence 
of disease at 2 months after the termination of treatment, and 
no evidence of disease at 32 months post right neck dissection. 
To date, the patient has not complained of any side effects 
associated with radiation. Follow‑up to determine whether 
the decrease in radiation limited the side effect profile for 
the current patient would be of interest. In addition, further 
follow‑up is required to determine whether the patient is in 
remission from his disease. This case supports the require-
ment to reexamine treatment strategies for HNSCC based on 
HPV status. 

Current studies examining the role of HPV and HNSCC 
with respect to radiation sensitivity are limited. Although 
clinical evidence demonstrates an association between HPV 
and radiation sensitivity, little is known in terms of mecha-
nistic causes for this effect; preclinical studies investigating 
the enhancement or inhibition of the HPV E6/E7 axis have 
reported improvements in radiation sensitivity. There are 
various obstacles preventing further understanding and 
optimization of treatment, including identifying the proper 
preclinical models for research. In addition, variations at 
the molecular and cytogenetic levels may add another level 
of complexity to the subgroups of HNSCC. Although there 
has been increasing interest in identifying prognostic markers 
for treatment, the question remains whether these targets may 
be used as therapeutic targets to further improve treatment. 
A notable study from the Washington University School 
of Medicine examined microRNA (miRNA) profiles in 
oropharyngeal SCC (66). In total, 150 oropharyngeal tumors 
were analyzed and six miRNAs were identified that were 
significantly associated with cancer survival. In particular, 
miR‑142‑3p, miR‑146a and miR‑26b were preferentially 
overexpressed in the surviving patients, while miR‑31, 
miR‑24 and miR‑193b were overexpressed in the patients who 
succumbed to their disease. When assessing miRNA expres-
sion with respect to HPV expression, miR‑31 had a 1.73‑fold 
lower expression in HPV‑positive SCC. The question remains 
whether targeting miR‑31 may affect overall prognosis and 
radiation sensitivity. There must be greater effort in transla-
tional research, based on bench to bedside and back to bench, 
in order to help develop further treatment options.
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