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Abstract. We investigated the prevalence of human papil-
lomavirus (HPV) in a clinical series of 72 patients with 
head and neck squamous cell carcinoma (HNSCC) using 
a retrospective and prospective study design. The majority 
of patients were smokers and/or drinkers and were treated 
with concomitant chemoradiotherapy (CCR). Furthermore, 
we assessed the impact of HPV positivity on the response 
to CCR. Paraffin-embedded samples from HNSCC patients 
(n=72) were evaluated for the presence of HPV DNA using 
both GP5+/GP6+ consensus PCR and type-specific E6/E7 
PCR to detect HPV types 6, 11, 16, 18, 31, 33, 35, 39, 45, 
51, 52, 53, 56, 58, 59, 66, 67 and 68. The type-specific E6/
E7 PCR demonstrated that 20 out of 69 HNSCC patients 
(29%) presented with high-risk (HR) HPV types and that 5 
of the 69 HNSCC patients (7%) presented with low-risk (LR) 
HPV types. Using the GP5+/GP6+ PCR, we observed that the 
rate of response was statistically lower in the HPV+ group 
(P=0.02). Concerning patient outcomes in terms of recurrence 
and survival, we observed that the prognosis was poorer for 
HPV+ patients. We showed for the first time that patients with 
HPV+ HNSCC present with a worse prognosis after CCR. This 
observation highlights the need for prospective studies with 
large numbers of patients and a detailed history of tobacco 

and alcohol consumption before validating HPV as a marker 
of prognosis following CCR.

Introduction

Head and neck squamous cell carcinomas (HNSCCs) remain 
a significant cause of morbidity worldwide, with as many as 
466,831 and 168,368 cases diagnosed in 2008 among men and 
women, respectively (1‑3). HNSCC patients with early clinical 
stage disease (stages I and II) have similar survival rates, with 
a 5-year survival rate between 70 and 90%, independent of the 
sublocation or the treatment (surgery vs. radiotherapy) (4). In 
contrast, HNSCC patients with advanced clinical stage disease 
(stages III and IV) display different survival rates depending on 
the histological type of the tumor and its sublocation (4,5). In 
this group, the combination of chemotherapy and radiotherapy 
allows for a better local-regional control rate of up to 65% (6,7). 
However, the obvious benefit of chemotherapy is associated 
with higher (grade III and IV) toxicity and mortality (8). It is, 
therefore, crucial to predict which patients will not benefit from 
concomitant chemoradiotherapy (CCR).

During the last 30 years, we have observed a clear increase 
in the incidence of carcinomas arising from the oral cavity and 
the oropharynx in the United States and in Europe, whereas 
the incidence of laryngeal carcinoma has been stable or has 
decreased slightly (9). This observation led us to propose that 
human papillomavirus (HPV) infection is a new risk factor for 
HNSCC in younger, non-smoking and non-drinking patients. 
In this subpopulation of HNSCC patients, HPV+ tumors occur 
more frequently in the oropharynx than in other sites and 
appear to have a more favorable prognosis than HPV- carci-
nomas (10,11). The better prognosis of HPV+ tumors was also 
reported for advanced oropharyngeal carcinomas treated 
by CCR (12-20). However, HPV-associated tumors have a 
different pathogenesis with less chromosomal aberrations 
than tumors caused by alcohol and tobacco abuse. In Belgium, 
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the situation is more complex since our HNSCC patients 
present with a higher incidence of HPV positivity associated 
with alcohol and tobacco abuse. In this context, we recently 
described that oral cavity HPV+ carcinomas are associated 
with a worse prognosis that of HPV- carcinomas (21). The aim 
of the present study was to assess the impact of HPV positivity 
on the response to CCR in a series of 72 HNSCC patients.

Materials and methods

Histopathological and clinical data. Formalin-fixed, paraffin-
embedded HNSCC specimens were obtained from 72 patients 
(57 males, 15 females) who underwent concomitant chemo
radiotherapy at the Saint-Pieter Hospital (Brussels) and 
Epicura (Baudour). The clinical data collected from this series 
of 72 HNSCC patients are described in Table I. This prospec-
tive and retrospective study was approved by the Institutional 
Review Board (AK/09-09-47/3805AD).

DNA extraction. The formalin-fixed, paraffin-embedded tissue 
samples (n=72) were sectioned (10x5 µm), de-paraffinized and 
digested with proteinase K by overnight incubation at 56˚C. 
DNA was purified using the QIAamp DNA Mini Kit (Qiagen, 
Benelux, Belgium) according to the manufacturer's recom-
mended protocol.

Detection of HPV by polymerase chain reaction (PCR) 
amplification. HPV detection was performed using PCR with 
GP5+/GP6+ primers (synthesized by Eurogentec, Liege, Belgium). 
The GP5+/GP6+ primers amplify a consensus region located 
within the L1 region of the HPV genome. The PCR amplifica-
tion of the HPV-L1 DNA was performed in a 25‑µl reaction 
mixture containing 2 µl of extracted DNA, 2.5 µl 1X PCR 
buffer, 0.025 U Taq DNA polymerase (Roche, Mannheim, 
Germany), 200 µM DNTPs and 0.5 pmol of each primer. The 
cycling conditions for the PCR were as follows: denaturation 
was performed at 94˚C for 1 min, annealing was performed 
at 55˚C for 1 min and 30 sec, and extension was performed 
at 72˚C for 2 min, for a total of 45 amplification cycles. The 
first cycle was preceded by a 7‑min denaturation step at 94˚C, 
and the last cycle was followed by an additional 10‑min exten-
sion step at 72˚C. Aliquots (10 µl) of each PCR product were 
electrophoresed through a 1.8% agarose gel and stained with 
ethidium bromide to visualize the amplified HPV-L1 DNA 
fragments.

Real-time quantitative PCR amplification of the HPV type-
specific DNA. All DNA extracts were tested for the presence 
of 18 different HPV genotypes using TaqMan-based real-time 
quantitative PCR that targeted type-specific sequences of the 
following viral genes: 6 E6, 11 E6, 16 E7, 18 E7, 31 E6, 33 
E6, 35 E6, 39 E7, 45 E7, 51 E6, 52 E7, 53 E6, 56 E7, 58 E6, 
59 E7, 66 E6, 67 L1 and 68 E7 (22). For the various real-time 
quantitative PCR assays, the analytical sensitivity ranged from 
1 to 100 copies and was calculated using standard curves 
generated with plasmids containing the entire genome of the 
different HPV types (23). Real-time quantitative PCR for the 
detection of β-globin was performed in each PCR assay to 
verify the quality of DNA in the samples and to measure the 
amount of input DNA (23,24). The following HPV types tested 

were considered high-risk (HR): 16, 18, 31, 33, 35, 39, 45, 51, 
52, 53, 56, 58, 59 and 66.

Results

HPV status in our clinical series of HNSCC patients treated 
by CCR. Of the 72 cases, three were excluded from further 
analysis since β-globin could not be amplified (Fig.  1). 
Ultimately, 69 β-globin PCR-positive specimens were typed 
by quantitative real-time PCR using primers for 18 different 
HPV types. We identified 20 (29%) patients whose tumors 
tested positive for the following HR HPV types: 16 (15 cases), 
59 (2 cases), 53 (2 cases), 58 (1 case), 66 (1 case) and 67 (1 
case). One patient was infected with multiple types of HR HPV 
(HPV 59 E7 and HPV 33, 52, 58, 67 L1). Among the 20 patients 
with HR HPV+ tumors, 7 tumors were both GP5+/GP6+ posi-
tive (L1 detection) and type-specific HPV positive (HR HPV+ 
group). However, 13 tumors were GP5+/GP6+ negative and 
type-specific HPV positive, corresponding to an integrated 
HPV+ group (int. HR HPV+). In the HR HPV-negative group 
(n=49), 5 patients tested positive for HPV using the GP5+/
GP6+ consensus primers and were considered to be infected 
with low-risk (LR) HPV types. Forty-four tumors (64%) were 
negative for both GP5+/GP6+ and type-specific HPV upon 
PCR analysis (Fig. 1).

Figure 1. HPV PCR results from 72 HNSCC cases. β-globin could not be 
amplified in three samples; therefore, a total of 69 cases were analyzed 
using type-specific real-time PCR and GP5+/GP6+ consensus PCR. Among 
these patients, 29% tested positive for infection with one or several types of 
HR HPV, 7% tested positive for LR HPV and 64% were HPV-negative. HR, 
high risk; LR, low risk.
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Correlation between HPV detection and clinical data. The 
HPV+ group was composed of more men (n=20, 77%) than 
women (n=6, 23%). The age ranged from 43 to 78 years, and 
most patients had stage IV disease (4 had stage III and 22 had 
stage IV). There was a clear predominance of smokers (n=19, 
73%) or former smokers (n=6, 23%) and drinkers (n=23, 88%) 
or former drinkers (n=1, 4%) compared to patients who did 
not consume tobacco (n=1, 4%) or alcohol (n=2, 8%) (Table I). 
However, no statistical correlation was found between the HPV 
status and the following clinical data: gender, smoking status, 
alcohol status, sublocation, differentiation, T and N stage.

Correlation between HPV detection and of response rate to 
CCR. When analyzing the impact of HPV positivity on the rate 
of response and non-response to CCR, we tested the potential 
correlation using the two tests (GP5+/GP6+ PCR and qPCR) 
separately and also in combination. We investigated whether 
one of these two tests or their combination could predict the 
response to CCR. Interestingly, using the PCR GP5+/GP6+ 
as a tool for HPV detection, the rate of response to CCR 

Table I. Clinical data of the HNSCC patients.

Variable	 Patients (n=72)

Gender
	 Male	 57
	 Female	 15
Age (years)
	 Mean	 57.9
	 Range	 42-83
Localization
	 Oral cavity	 19
	 Oropharynx	 29
	 Hypopharynx	 12
	 Larynx	 12
Grade (differentiation)
	 Well	 29
	 Moderate	 15
	 Poor	 13
	 In situ	 2
	 Not recorded	 13
TNM stage
	 T1N2	 4
	 T1N3	 1
	 T2N0	 1
	 T2N1	 3
	 T2N2	 5
	 T3N0	 8
	 T3N1	 9
	 T3N2	 10
	 T4N0	 5
	 T4N1	 6
	 T4N2	 19
	 T4N3	 1
TNM stage I-IV
	 I		 0
	 II	 1
	 III	 20
	 IV	 51
Risk factors
	 Tobacco
		  Smoker	 54
		  Non-smoker	 12
		  Former smoker	 6
	 Alcohol
		  Drinker	 55
		  Non-drinker	 7
		  Former drinker	 10
Treatment
	 Cisplatin 100 mg/m2 (Day 1-21-42)
		  Two doses	 12
		  Three doses	 23
	 Cisplatin 40 mg/m2 (weekly)	 7
	 Carboplatin (weekly)	 7
	 Cisplatin 100 mg/m2 (1 cycle) and	 2
	 carboplatin 40 mg/m2 (weekly)

Table I. Continued.

Variable	 Patients (n=72)

	 Erbitux	 18
	 Erbitux (2 cycles) and cisplatin	 1
	 40 mg/m2 (weekly)
	 Carboplatin + 5FU	 1
	 Cisplatin 100 mg/m2 (2 cycles)	 1
	 and erbitux (1 cycle)
Radiotherapy (n=70)
	 70 Gy	 66
	 >70 Gy	 1
	 <70 Gy	 3
Responders
	 Yes	 38
	 No	 34
Lymph node dissection
	 Yes	 10
	 Positive node	 3
	 Negative node	 7
	 No	 62
Recurrence
	 Local	 10
	 Nodal	 5
	 Distant metastases	 4
	 Local + distant metastases	 1
	 Nodal + distant metastases	 1
Follow-upa

	 Range (months)	 1-106
	 Mean (months)	 30

aForty-six deaths, including 35 caused by the HNSCC and 11 deaths 
that were unrelated to HNSCC.



DURAY et al:  HPV AND CHEMORADIOTHERAPY IN ORAL CANCERS374

was statistically lower, with 23% of responders in the HPV+ 
group against 59% in the HPV- group (P=0.02, Fisher's exact 
test). There was no statistical correlation between the type of 
chemotherapy administered and the number of responders 
according to HPV status determined through consensus PCR 
or qPCR. Using the qPCR for HPV detection, no statistical 
correlation was observed, and the rate of response was lower in 
the HPV+ group (50%) than in the HPV- group (57%).

Correlation between HPV infection and prognosis in 
HNSCC patients. Based on the GP5+/GP6+ PCR detection, 
we observed that the HPV+ group exhibited a worse prognosis 
in terms of survival. In fact, the recurrence rate was higher 
in patients with HPV+ carcinomas, at 38%, while it reached 
only 27% among patients with HPV- carcinomas (log-rank 
test, P=0.27) (Fig. 2A). However, the treatment did not influ-

ence the recurrence rate; there was no significant difference 
between patients who received platin or erbitux. Therefore, the 
disease-free survival rate at 5 years was 57% for patients with 
HPV- carcinoma vs. 23% for patients with HPV+ carcinoma 
(Gehan-Wilcoxon test, P=0.068) (Fig. 2B).

The percentages shown in the two curves do not represent 
the total number of patients. The follow-up of several patients 
was shorter than the first event of recurrence or death.

Discussion

In the early 2000s, with the advent of CCR, we observed a clear 
increase in the 5-year disease-free survival of HNSCC stage IV 
patients, from 45 to 66% (25). However, CCR was also associated 
with significant morbidity and mortality (notably, a higher inci-
dence of dysphonia and dysphagia) (26). Therefore, clinicians are 

Figure 2. These graphs show, respectively, the recurrence rate (A) and the survival rate (B) of patients with HPV+ and HPV- carcinomas. Both analyses reveal 
a less favorable prognosis for the HPV+ subgroup, with a recurrence rate of 38 vs. 27% for HPV- patients (P=0.27) (A) and a survival rate at 5 years of 23 
vs. 57% for the HPV- population (P=0.068) (B). The percentages shown in the two curves do not represent the total number of patients since the follow-up 
of several patients was shorter than the first event of recurrence or death. Standard survival time analyses were performed using Kaplan-Meier curves, the 
Gehan-Wilcoxon text and the log-rank test.

Table II. Studies that found a positive correlation between HPV and response to chemoradiotherapy in HNSCCs.

	 No. of	 HPV		  Smokers	 Drinkers
Authors (ref.)	 patients	 prevalence (%)	 Anatomical site	 (n)	 (n)	 Detection methods

Kumar et al (12)	 42	 64	 Oropharynx	 34	 Not listed	 qPCR
Chung et al (17)	 46	 50	 Oropharynx	 Not listed	 Not listed	 PCR in situ
						      hybridization
Nichols et al (18)	 44	 61	 Oropharynx	 Not listed	 Not listed	 In situ hybridization
Fallai et al (20)	 22	 23	 Oropharynx	 Not listed	 Not listed	 qPCR
de Jong et al (19)	 75	 49	 Pharynx	 Not listed	 Not listed	 Genetic signature
			   Oral cavity
Rischin et al (13)	 172	 65	 Oropharynx	 111	 Not listed	 PCR in situ
						      hybridization
Hong et al (15)	 35	 24	 Head and neck squamous	 Not listed	 Not listed	 qPCR
			   cell carcinomas
Lill et al (14)	 29	 38	 Head and neck squamous	 Not listed	 Not listed	 PCR in situ
			   cell carcinomas 			   hybridization
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searching for new reliable prognostic markers of CCR response 
and are considering the growing interest in HPV infection in the 
biology of HNSCC. We decided to investigate whether a correla-
tion exists between HPV positivity and the response to CCR in 
a series of 72 HNSCC patients with a history of tobacco and 
alcohol use (in more than 90% of our population).

In our study, the prevalence of HPV positivity reached 
36%, with 29% of samples containing HR HPV DNA and 7% 
of samples containing LR HPV DNA. Moreover, we observed 
that the rate of response was statistically lower in the HPV+ 
group. Several studies have reported that HPV DNA detec-
tion was closely correlated to a more favorable prognosis in 
HNSCC patients treated with CCR (Table II) (12-20).

We recently revealed, in a large clinical series of 162 oral 
cavity carcinoma patients, that HPV+ tumors were significantly 
associated with a poorer prognosis  (27). The association 
between HPV positivity and poor prognosis was also previ-
ously reported in two Swedish studies in which oral HPV 
infection was associated with a dramatically increased risk of 
oral squamous cell carcinoma (OSCC) development (28,29). 
Clayman et al also showed that HPV+ carcinomas were signifi-
cantly correlated with a decreased survival rate (30). In fact, 
our results could be explained by the fact that our series was 
mainly composed of smokers and/or drinkers (Table I), which 
is contrary to the majority of studies describing a favorable 
prognosis for patients with HPV+ tumors (Table II). It should 
also be emphasized that HPV+ tumors related to tobacco 
and alcohol consumption constitute a distinct biological and 
clinical entity from HPV+ tumors without classical risk factors, 
which are associated with a better outcome. In this regard, 
trends in smoking behavior in Europe present some signifi-
cant differences (31). A greater decline in smoking habits was 
observed among Norwegian, Finnish and Dutch populations, 
highlighting that individuals in Northern European countries 
are less exposed to classical risk factors than those residing 
in Southern European countries (31). Therefore, all studies 
investigating the HPV status in HNSCC need to be interpreted 
with caution since many are small clinical series without 
information on the alcohol consumption and smoking status of 
their patients. Moreover, our clinical series was composed of 
patients with an extremely long-term follow‑up (ranging from 
0 to 106 months), which is a crucial point for assessing the 
prognostic implications of HPV infection.

A persistent HPV infection that can lead to the development 
of epithelial cancer requires immune tolerance. Thus, HPV 
has also developed several mechanisms to avoid detection by 
the host immune defense system, such as downregulation of 
INF-α and toll-like receptor 9, production of TGF-β and main-
tenance of low viremia (viral protein synthesis is confined to 
keratinocytes without an increase in cell death) (32‑34). In the 
absence of cell lysis, there is little or no release of the pro-
inflammatory cytokines that are crucial for the activation and 
migration of dendritic cells (32,35). There are limited data 
describing the interaction between the host immune system 
during HPV infection in the context of HNSCC, which means 
that the role of innate and adaptive immunity in this context is 
largely unknown. As mentioned previously, in several studies, 
HPV+ HNSCC was associated with an unfavorable outcome. 
From these results, some authors supported the hypothesis that 
immunosuppression favors HPV infection and that a failing 

immune response may be negative in terms of prognosis for 
HPV+ HNSCC. In fact, Tung et al reported the presence of 
HPV-16 or HPV-18 and the Epstein Barr virus in 80% of naso-
pharyngeal carcinoma samples (36). Another study showed 
that herpes simplex virus-2 infection was associated with an 
increased risk of HPV infection (37). In 2004, Kreimer et al 
demonstrated that tonsillar HPV infection was strongly asso-
ciated with HIV co-infection and immunosuppression (38). 
More recently, we studied different markers of the immune 
system in a large series of 110 HNSCC cases (36 HPV+ cases 
vs. 74 HPV- cases) to study the involvement of HPV infection 
in the alterations of the immune system in a population of 
smokers and drinkers. We observed a significant decrease in 
the number of natural killer cells and dendritic cells in HPV+ 
samples compared to HPV- samples (unpublished data).

In conclusion, we showed for the first time, in a clinical 
series of 72 HNSCC patients, that the rate of response to CCR 
was statistically lower in the HPV+ group. Notably, the associ
ation between HPV positivity and an unfavorable prognosis 
was discovered in a population of smokers and drinkers with 
HNSCC. Our study also highlights the need for prospective, 
controlled studies with larger numbers of patients, a detailed 
history of tobacco and alcohol use among patients, and homo-
geneous treatments and anatomical sites in order to confirm 
the impact of HPV infection in HNSCCs treated with CCR.
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