
B-ENT, 2014, 10, 7-14

Introduction

Oropharyngeal carcinoma accounts for 23% of 
all  head and neck cancers in Flanders, Belgium 
with 304 new diagnoses in 2010.1 Data from the 
American National Cancer Institute’s Surveillance, 
Epidemiology and End Results (SEER) show a 
decreasing trend in the overall incidence of head 
and neck squamous cell carcinomas (HNSCC), 
which has been attributed to a decrease in the 
prevalence of smoking.2 Nonetheless, the incidence 
of oropharyngeal carcinoma has increased 2-3% 
annually in the United States.

Tobacco and alcohol use are the primary risk 
factors for HNSCC and are associated with the 

majority of these tumors worldwide. Recently, how-
ever, high-risk human papillomaviruses (HPV), in 
particular HPV16, were recognized as independent 
risk factors strongly associated with oropharyn-
geal carcinomas.3 American studies have shown 
that 40 to 65% of oropharyngeal HNSCC could be 
attributed to HPV16.4-7 These HPV infections might 
be the cause of the increased incidence of oropha-
ryngeal carcinoma. Patients with HPV-associated 
HNSCC tend to be non-smokers and non-drinkers, 
present with more advanced N-stage lesions, are 
diagnosed at a younger age, and ultimately expe-
rience improved survival.3,7 These findings were 
recently confirmed in correlative studies from the 
Radiation Therapy and Oncology Group (RTOG) 
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IHC were performed using an automated protocol 
on a DAKO PT link module and autostainer. For 
p16 IHC, a purified mouse anti-human p16 anti-
body (G175-405, BD Pharmigen) was used. Sec-
tions were scored as p16 positive when there was 
clear immunoreactivity in at least 50% of cells.8,13 

DNA was extracted from FFPE sections using 
the QIAamp DNA FFPE Tissue kit. The concen-
tration and purity were then determined by spec-
trophotometry (Nanodrop ND-1000). The quality 
of the extracted DNA for use as a PCR-template 
was verified by generating a 167 bp fragment of 
the IDH2 gene using PCR. Subsequently, HPV sta-
tus was determined with a PCR reaction using the 
GP5+/6+ primer set, capable of detecting at least 
16 high risk-HPV subtypes in addition to the most 
common HPV16 and HPV18 subtypes.14 

Statistics 

The confidence interval for HPV prevalence is 
based on Wilson (score) confidence limits for a bi
nomial proportion. Inverse probability weighting 
(IPW) was used to deal with non-random, missing 
HPV statuses. Differences between HPV(-) and 
HPV(+) groups were analyzed using the Chi-square 
test in cases of categorical predictors; whereas, the 
Mann-Whitney U-test was used for ordinal or con-
tinuous predictors. Follow-up summary statistics 
were based on the Kaplan-Meier estimate of poten-
tial follow-up. Overall survival (OS) was defined as 
the time between the start of radiotherapy and death. 
Disease free survival (DFS) was defined as the 
time between the start of radiotherapy and disease 
recurrence or death. Locoregional control (LRC) 
was defined as the time between the start of radio-
therapy and the date of locoregional recurrence. 
Differences between groups regarding survival or 
other time-to-event outcomes were analyzed using 
the Log Rank test. Kaplan-Meier estimates were 
obtained for survival curves and follow-up. For the 
analysis of independent predictor effects on time-
to-event outcomes, multivariable Cox proportional 
hazards models were used, including the predictor 
of interest as well as possible confounders. Changes 
in incidence rates over time were calculated using 
the Estimated Annual Percentage Change method. 
Analyses were performed using SAS software, ver-
sion 9.2 of the SAS System for Windows. All tests 
are 2-sided and a 5% significance level was used.

0129 and the Trans Tasman Radiation Oncology 
group (TROG) 02.02 phase III trials.8,9 Geographi-
cal differences in the disease prevalence seem to 
exist. In the United States, 40 to 80% of oropha-
ryngeal tumors are associated with HPV; while in 
Europe, the proportion varies from 90% in Sweden 
to about 20% in communities with high tobacco 
exposure.10 Until now, no data were available for 
Flanders or Belgium.

Materials and methods

Subjects

The study was a joint effort of the Flemish radia-
tion oncology centers of Antwerp, Brussels, Ghent, 
and Leuven. The study protocol was approved by 
the ethical committee of the university hospital of 
Leuven. All patients registered with oropharyn-
geal squamous cell carcinoma between 2000 and 
2010 were included if formalin fixed paraffin em
bedded (FFPE) tumor tissue was available. The 
following data were collected from patients: identi-
fication number, date of birth, gender, tobacco and 
alcohol usage as noted in the medical records, oro-
pharyngeal subsite, TNM and tumor stage (UICC 
7th edition), type of therapy, start- and end-date of 
therapy, date of local or regional relapse, date of 
distant recurrence, date of death, and date of last 
follow-up. For survival analysis, only patients who 
underwent radiotherapy (> 60 Gy) for a macro-
scopic tumor were included. 

Tumor samples and laboratory studies

The HPV-status was determined for all patients in 
one central location (Leuven). HPV testing was 
performed using FFPE tissue and a previously 
validated algorithm using data from p16 immuno-
histochemistry (IHC) and HPV-PCR.11,12 A tumor 
was regarded as HPV-related when both p16 IHC 
and HPV-PCR were positive. From each FFPE 
block, several sections were cut, using a fresh 
microtome for each block to avoid DNA carry over. 
The first and the last sections were H&E stained to 
confirm the presence of tumor in the biopsies used. 
A third slice was used for p16 IHC, and another 
3 slices were used for DNA extraction and PCR 
testing. The p16 IHC was performed on 5 µm 
sections. Deparaffinization, antigen retrieval, and 
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Table 1. The mean follow-up time for our cohort was 
4.44 years (2.41 years Q1, 6.63 years Q3). The 
majority of patients were diagnosed at an advanced 
disease stage: 51 (19%) and 192 (72%) patients 
had UICC stage III and IV disease, respectively. 
The median age of the study population was 
58.8 years, ranging from 26 to 83 years. The most 
frequent tumoral localizations in the oropharyngeal 

Results

Baseline patient characteristics

In total, 264 patients with an oropharyngeal 
squamous cell carcinoma were included and their 
medical records and FFPE tissue were obtained. 
Baseline patient characteristics are presented in 

Table 1
Characteristic All patients

 (N = 264)
HPV neg.
(N=196)

HPV pos.
(N = 53)

p-value

HPV status, N (%)
  •  Negative 196 (74%) 196 /
  •  Positive 53 (20%) / 53
  •  Unknown* 15 (6%) / /
Gender
  •  Male 211 (80%) 159 (81%) 41 (77%) 0.73
  •  Female 53 (20%) 37 (19%) 12 (23%)
Age, Median (Q1, Q3) 58.8 (52.2, 65.8) 58.0 (51.3,65.2) 62.1 (53.3, 71.1) 0.028
UICC stage number, N (%)$

  •  I 5 (2%) 4 (2%) 1 (2%) 0.026
  •  II 16 (6%) 14 (7%) 2 (4%)
  •  III 51 (19%) 43 (22%) 5 (9%)
  •  IV 192 (73%) 135 (69%) 45 (85%)
Smoking, N (%)
  •  Never 28 (112%) 11 (6%) 14 (31%) <0.001
  •  Stopped >1 year 35 (15%) 22 (13%) 8 (18%)
  •  Current 167 (73%) 139 (81%) 23 (51%)
  •  Unknown 34 24 8
Alcohol, current use, N (%)
  •  No 46 (24%) 25 (18%) 18 (49%) <0.001
  •  Weekly 19 (10%) 7 (5%) 9 (24%)
  •  Daily 124 (66%) 108 (77%) 10 (27%)
  •  Unknown 75 56   16
Localization, N (%)
  •  Soft palate 12 (5%) 11 (6%) 0 (0%) 0.002
  •  Tonsil 114 (46%) 72 (40%) 33 (66%)
  •  BOT/vallecula** 88 (36%) 67 (37%) 16 (32%)
  •  Pharyngeal wall 31 (13%) 30 (17%) 1 (2%)
  •  Unclear 19 16 3
Concurrent treatment, N (%)
  •  None 100 (39%) 78 (40%) 16 (32%) 0.53
  •  Chemo 152 (58%) 111 (57%) 32 (64%)
  •  EGFR inhibition 7 (3%) 5 (3%) 2 (4%)
  •  Censored (no radiotherapy or 

missing information)
5 2 3

OTT#, Median (Q1, Q3) 44.0 (42.0, 47.0) 44.0 (42.0,47.0) 44.0 (42.0,48.0) 0.45

Differences between HPV- and HPV+ groups were analyzed using the Chi square test for gender, tonsillar localization, and concurrent 
treatment. The Mann-Whitney U test was used for age, UICC stage number, pack-years, alcohol use, OTT. * For some patients HPV 
status could not be determined. The characteristics of this group are not shown; therefore, the sum of the HPV positive and negative 
subgroups is equal or lower than the number shown for the whole patient population. ** BOT, base of tongue. $UICC 7th edition.  
# OTT, Overall Treatment Time.
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year); whereas, the incidence rate (N/100.000) for 
oropharyngeal cancers increased significantly in 
both males (+2.3% per year) and females (+5.5% 
per year). 

Prevalence of HPV-related oropharyngeal disease

For a small number (15 cases, see Table 1) 
of observations, there was missing information 
on HPV status. In 2 of 15 cases there was no 
information on p16 IHC. In the other 13 cases, 
there was positive p16 IHC, but no HPV PCR 
results (e.g., due to an insufficient amount or 
insufficient quality of extracted DNA). Patients 
with negative p16 IHC were regarded as HPV(-).11 
In case of random missingness (equal probability 
of unknown HPV status for HPV(-) and HPV(+)), 
missing information did not affect the estimate of 
the prevalence. However, as a result of the applied 
algorithm, we observed that all cases with unknown 
HPV status, but known p16 status, had a positive 
p16 status. This suggested that the probability of 
unknown HPV status is larger for HPV(+) compared 
to HPV(-) patients; therefore, the prevalence of 
HPV may be underestimated if we only use the 
observed data. To account for this, we estimated 
prevalence by accounting for missing data using 
the means of IPW. Based on this analysis, the 

subsite were tonsillar and base of tongue (BOT), 
for 114 (43%) and 88 (33%) patients, respectively. 
Of 264 patients, 213 (75%) received ablative doses 
of radiotherapy (> 60 Gy) for a macroscopic tumor. 
The remaining 51 patients received postoperative 
radiotherapy (35), no radiotherapy (4), palliative 
radiotherapy (2), or stopped radiotherapy prema
turely (10). In addition, 152 (58%) patients were 
treated with concurrent chemotherapy and seven 
patients (3%) received concurrent treatment 
based on EGFR inhibition. Adequate information 
regarding smoking and ethanol use was retrieved 
from the medical files for 230 (87%) and 189 (72%) 
patients, respectively.

Incidence trends of head and neck carcinoma and 
oropharyngeal carcinoma in Flanders: from 1999 
to 2010

From the Belgian Cancer Registry (www.kanker-
register.org), the age-standardized incidence 
rates (WSR) for males and females between 1999 
and 2010 were obtained for head and neck cancer in 
general, and more specifically for the oropharyngeal 
subsite, to investigate incidence trends over time in 
Flanders. As shown in Figure 1, the incidence of 
head and neck cancer decreased in males (-1.1% 
per year) and increased in females (+2.8% per 

Figure 1
Incidence rates of head and neck cancers in total and cancers of the oropharyngeal subsite according to gender. Data are based on crude 
incidence rates (N/100.000) for the Flemish region, obtained from the National Cancer Registry (Belgium). EAPC, Estimated Annual 
Percentage of Change. A p-value < 0.05 indicates a significant change over time.

a b
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49%, respectively, p = 0.006; Figure 2a). At 1 and 
5 years, the DFS was also better in the HPV(+) 
group (75% and 54%, respectively) in comparison 
to the HPV(-) patient group (58% and 31%, 
respectively) (p = 0.028; Figure 2b). For OS, we 
noted a trend for better outcome in the HPV positive 
group where the OS was 84% at 1 year and 45% at 5 
years in comparison to 67% and 38%, respectively, 
in the HPV negative group (p = 0.09; Figure 2c). 
Finally we estimated the effect of HPV status on 
outcome, correcting for possible confounders 
significantly associated with HPV status in a Cox 
proportional hazards model. Included confounders 
were tumor stage, age, smoking, drinking, and 
tumor localization (see Table 1). Since there was 
no association between concurrent chemotherapy 
or overall treatment time and HPV-status, they 
were not included as possible confounders. After 
correction for the described confounders, positive 
HPV status remained significantly associated with 

estimated prevalence of HPV-related squamous cell 
carcinomas located in the oropharyngeal subsite is 
24.78% (19.93-30.36%). Additionally, we observed 
that HPV(+) cases are significantly (p < 0.05)
associated with higher UICC tumor stage, lower 
alcohol and tobacco usage, and a tonsillar or BOT 
sublocalization in the oropharynx (Table 1). Of 
note, in our study population, the HPV(+) patients 
had a significantly older age at diagnosis (62 vs. 
58 years, p = 0.028). The prevalence of HPV(+) 
disease was similar in males and females.

Prognostic effect of HPV status after high dose 
radiotherapy
In this analysis, only patients who received 
ablative radiotherapy (> 60 Gy) for a macroscopic 
tumor were included. Positive HPV status was 
associated with a better LRC after radiotherapy 
at 1 and 5 years (87% and 87%, respectively) 
when compared to the HPV(-) group (73% and 

Figure 2
Kaplan Meier estimates for survival among patients with 
an oropharyngeal carcinoma who had a macroscopic tumor 
treated with ablative doses of radiotherapy (> 60 Gy), stratified 
according to HPV-status. Figures show locoregional tumor 
control (a), disease free survival (b), and overall survival (c). 
Numbers at risk at each stage of follow-up are shown in a box 
below each graph.

a b

c
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data. Yet, the general incidence of head and neck 
cancers remained stable, which suggests that the 
higher incidence of oropharyngeal carcinoma was 
not related to increased exposure of the population 
to tobacco and alcohol. However, it was possibly 
attributed to an increase in HPV-infections. 

Our series was a multicenter collaboration between 
the different radiation-oncology departments  of 
the  Flemish universities. We documented a pre
valence of HPV-induced oropharyngeal carcinoma 
of 24.78% (19.93-30.36%) by testing with p16 IHC 
as well as HPV-PCR.11 These data are comparable 
to the prevalences reported in our neighboring 
regions, such as the Netherlands (23.3-29%), 
France (17.2%), and Germany (16.7-62.9%);6,12 
although, some of these series were conducted 
earlier and may not represent the current prevalence 
rates. The rates of HPV-related disease in male and 
female subgroups were similar. 

HPV-related carcinomas were associated with 
higher tumor stage, lower alcohol or tobacco 
exposure, and a tonsillar or BOT sublocalization. 
In addition, survival analysis showed significant 
improvements for LRC, DFS, and OS in the HPV-
related pathology compared with the HPV(-) 
disease (87% vs. 49%, 54% vs. 31%, and 45% vs. 
38%, respectively) at 5 years (Figure 2a-c). After 
multivariate analysis, HPV remained a strong 
independent factor associated with better LRC after 
radiotherapy (HR = 0.21, p = 0.02). These findings 
are all in agreement with other published series.3,4,7-9,16,17  
Onthe other hand, we found HPV(+) status in  
Flemish patients to be associated with older rather 
than younger age, which is in contrast to many other 
series. The reason for this remains unclear. Although 
the incidence age of HPV(-) oropharyngeal cancers 
in our series seems comparable to those seen in the 
American series, 4,8 the incidence age of HPV(+) 
cancers seems older. These findings may be 
explained by differences in the age exposed to HPV 
through oral sexual contact.4,8

Recent studies suggest that smoking status is 
a prognostic factor for patients with oropharyn-
geal carcinoma treated with radiotherapy, and is 
independent from HPV status.8,18 We confirmed 
these observations by showing the DFS was sig-
nificantly worse for current smokers compared to 
never-smokers (HR 2.55, p = 0.036). In addition, 
there was a clear trend towards a worse OS for 
current smokers compared to never-smokers (HR 
2.23, p = 0.072). Concurrent radio-chemotherapy 

better LRC (Hazard Rate (HR) 0.21, p = 0.018); 
while, the associations between HPV status and 
DFS/OS were not significant.

The prognostic effect of smoking and concurrent 
chemotherapy in HPV(+) oropharyngeal carci-
noma

Smoking and concurrent chemotherapy are well 
known parameters affecting the outcome in classical 
HPV(-) head and neck cancers. It is not clear 
whether these parameters are equally important in 
HPV(+) head and neck cancers. To investigate the 
effect of smoking as an independent predictor of 
outcome next to HPV status, a multivariate model 
was built including both smoking and HPV status 
as predictors. In our series, we found a significantly 
better DFS for never smokers compared to 
smokers (HR 0.39, p = 0.036), but not to former 
smokers. Regarding OS, we also noted a clear 
trend towards better outcome for never smokers 
compared to current smokers (HR 0.45, p = 0.072). 
Smoking did not seem to be an independent risk 
factor for predicting LRC. 

To determine if concurrent chemotherapy was 
associated with better LRC and OS in HPV(+) 
patients, the interaction between HPV status and 
concurrent chemotherapy was tested and found not 
to exist. Therefore, we also tested for the main effect 
of concurrent chemotherapy, which was assumed 
to be equal in HPV(-) and HPV (+) patients. A 
significantly better LRC was found for concurrent 
radio-chemotherapy (HR =  0.59, p = 0.0462). We 
did not find a significant association with OS.

Discussion

While low risk HPV infections may induce be-
nign wart-like lesions predominantly localized on 
the larynx, high risk HPV infections may induce 
cancerous lesions predominantly localized in the 
oropharynx.3,15 These HPV-associated oropharyngeal 
carcinomas currently represent an emerging global 
pandemic. However, large geographical differences 
in the prevalence seem to exist.6,10 No data were 
available for the region of Flanders. 

Our analysis of data from the National Cancer 
Registry of Belgium determined a yearly increase 
of 2.3% in the incidence rates of oropharyngeal 
carcinoma for males (Figure 1A) in the region of 
Flanders, which was comparable to the SEER-
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is a highly toxic treatment; although, it improved 
the outcome in locoregionally advanced head and 
neck carcinomas.19,20 However, a more recent report 
claimed that radiotherapy alone had similar LRC 
rates compared to concurrent radio-chemotherapy 
in advanced stage HPV-associated oropharyngeal 
carcinoma.21 Thus, treatment strategies may need to 
be reevaluated. However, in our series, we did not 
find any evidence that the effectiveness of concur-
rent radio-chemotherapy was different for HPV(+) 
vs. HPV(-) patients. In addition, we noted a sig-
nificant association towards improvement of LRC 
with the addition of chemotherapy (HR = 0.59, 
p = 0.046) for both subgroups.

Conclusion

The prevalence of HPV(+) oropharyngeal carcino
ma was 24.78% (19.93-30.36%). HPV(+) tumors 
correlated with a more advanced tumor stage, less 
smoking and alcohol consumption, and a tonsillar/
BOT sublocalization, but were associated with 
older age in our cohort. After radiotherapy, LRC, 
DFS, and OS were significantly better for HPV(+) 
patients in univariate analysis. HPV status remained 
a strong predictor of better LRC after multivariate 
analysis. We also found the addition of concurrent 
chemotherapy had an equal beneficial effect on 
LRC in HPV(+) and HPV(-) patients.
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