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ABstrACt

 About half of the patients with head and neck squamous cell carcinoma have advanced 
disease. In these cases chemoradiation can achieve locoregional control rates of on 
average 65%. Recent literature suggests that HPV-detection might subdivide these 
cases, particularly those originating from the pharynx, into groups with a different 
prognosis. This separation can even be stronger by taking cigarette smoking and high 
EGFR expression into consideration as poor prognosticators. We studied the incidence 
and predictive value of HPV-presence in a series of squamous cell carcinomas presented 
in the oropharynx (OPSCC) and hypopharynx (HPSCC), all treated with chemoradiation. 
Furthermore, we tested the hypothesis that high EGFR expression and/or cigarette 
smoking in HPV-positive patients have an influence on survival. 

Material and methods: Locally advanced OPSCC (n=111) and HPSCC (n=46) patients, 
treated with concurrent radiotherapy and chemotherapy (cisplatin) within phase II and 
randomized phase III trials at the Netherlands Cancer Institute between 1997 and 2004, 
were included. Tissue microarrays of tumour specimens were subjected to p16INK4A and 
EGFR-immunohistochemistry and HPV16-specific FISH-analysis. Whole tissue sections 
were used for DNA isolation and HPV-specific PCR in 10 cases. Endpoints included 
locoregional control, distant metastases, overall and disease free survival.    

Results: Out of 111 OPSCC, 37 (33%) were p16INK4A positive, of which 35 were HPV16- and 
2 HPV33-positive. Kaplan-Meier analyses revealed that HPV-positivity was associated with 
less locoregional recurrences (p=0.039), less distant metastases (p= 0.012) and a more 
favourable overall and disease free survival (p= 0.001). Within the HPV-positive group, 
EGFR immunopositive tumours had a worse survival than EGFR negative cases (p= 0.02), 
and 9 out of 31 smokers developed recurrent diseases versus 1 out of 6 non-smokers (no 
significant difference). Only 1 HPSCC (2%) was HPV16-positive.

Conclusion: P16INK4A is a good surrogate marker for high-risk HPV-positive pharyngeal 
cancer. HPV-presence in advanced OPSCC, all treated with a similar treatment modality, 
predicts decreased risk of locoregional recurrences, distant metastases and a favourable 
disease free survival. Interestingly, EGFR-immunopositivity was an unfavourable predictive 
factor in HPV-positive tumours. 
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IntroduCtIon

Head and neck squamous cell carcinoma (HNSCC) is the 5th most common cancer in 
the world with almost 480,000 new cases and around 273000 disease related deaths in 
2008 (1). At presentation half of these patients have advanced disease (2).  In cases with 
advanced oropharyngeal and hypopharyngeal cancer chemoradiation is the most fre-
quently used treatment, with locoregional control rates of around 65% after two years. 
(3). 
A subgroup of HNSCC, originating from the oropharynx, is etiologically related to 
prolonged exposure to cigarette smoking and alcohol intake, but can also be induced 
by high-risk (HR) human papillomavirus (HPV) infection, particularly HPV-type 16 (4-6). 
The latter subgroup is the only type of HNSCC with a rising age adjusted incidence in 
recent years (7, 8). Furthermore, patients with an HPV-positive tumour have a much better 
prognosis than patients with a smoking/tobacco induced tumour (5, 9, 10). Within the 
HPV-positive patient group, smoking is an indicator of unfavourable prognosis (10, 11).

The HPV-positive tumours are now considered to be a separate entity on basis of both 
clinical and molecular factors (12). For example, these tumours often have low T-stages 
and higher N-stages at presentation and are associated with less smoking/ alcohol 
consumption. By using these parameters, a prognostic risk-model has been put forward 
to subdivide OPSCC patients in 3 risk-groups (11).

On the molecular level, HPV-positive tumours show deregulation of the cellular p53 and 
pRb pathways by the functional activity of the viral oncoproteins E6 and E7, respectively. 
As a consequence, they usually lack classical gene mutations found in the HPV-negative 
tumours, such as those in p53 and p16INK4A (13, 14). Moreover, high expression of 
the epidermal growth factor receptor (EGFR) is usually absent (15-17). If present in 
HPV-positive tumours, patients may show an unfavourable survival when treated with 
multimodal therapy (15).

A number of chemoradiation trials have been retrospectively analysed for HPV-presence 
and in all studies HPV-positivity was found to be a favourable prognostic factor (18). 
Some studies analysed in addition EGFR expression with different outcomes in relation 
to survival (16, 19). 

The aim of the present study was to analyse the incidence and predictive value of HPV-
presence, p16INK4A and EGFR (over)expression, as well as clinical factors in a series of 
patients with squamous cell carcinoma originating from the oropharynx (OPSSC) and 
hypopharynx (HPSCC), treated with the same modality, i.e. concurrent radiotherapy and 
chemotherapy (cisplatin) at the Netherlands Cancer Institute (20). Data were correlated 
with survival outcomes, including locoregional control, distant metastasis, overall survival 
(OS) and disease free survival (DFS).



Chapter 6

96

patIents and methods

study population
We selected tissue material from 157 patients, diagnosed between 1997 and 2004 and 
treated within phase II and randomized phase III trials at the Netherlands Cancer Institute 
(3). These included 111 patients with an OPSCC and 46 with a HPSCC. Patient material 
was used according to the Code for Proper Secondary Use of Human Tissue (Federation 
of Medical Scientific Societies, The Netherlands; 2003). Patient data were extracted from 
retrospective chart review, including age at diagnosis, gender, smoking behaviour, TNM 
stage and clinical follow-up data.

Overall follow-up time ranged from 3 months to 77 months with a mean of 24 months. 
The follow-up time to locoregional recurrence ranged from 1 to 13 months (mean: 6 
months), time to distant metastases from 1 months to 57 months (mean: 9 months) and 
time to disease recurrence from 1 months to 57 months (mean: 13 months).

Table 1 provides demographic and clinical features of the 111 OPSCC patients, also split 
into HPV + and HPV – patients. Age at diagnosis ranged from 39 to 85 (mean 58), 79 
patients were male and 32 patients were female. Most of these patients presented with 
advanced (T3 and T4) pharyngeal tumours and had lymph node metastases at time of 
diagnosis. Smoking data were available for 108 patients. One hundred (93%) of the 108 
patients were smokers (>1 cigarette, pipe, and/or cigar per day). Two out of the 8 non-
smokers were former smokers (quit smoking >10 years before diagnosis).

All patients were treated with concurrent radiotherapy and chemotherapy (cisplatin) in a 
phase II and randomised phase III trial with intention to cure. All patients were irradiated 
with a total dose of 46 Gy to elective lymph nodes and 70 Gy to the affected areas, given 
in 2 Gy daily fractions, 5 times per week. During radiotherapy, patients received either 3 
courses of high dose cisplatin: 100 mg/m2 body surface intravenously (IV), 4 courses of 150 
mg/m2 body surface given intra-arterially (IA) or a daily low dose of cisplatin (20 x 6 mg/
m2 body surface). Recurrences were defined as histologically confirmed local recurrences 
or clinically progressive disease. In the neck, a regional recurrence was defined as vital 
tumour cells in a neck dissection specimen or clinically progressive disease. Necrosis 
in a lymph node in the neck dissection specimen without vital tumour cells was not 
considered a regional recurrence. If there was no evidence for recurrent disease, patients 
were considered to be cured. Following primary treatment, 26 of the 111 patients (23%) 
developed a locoregional recurrence and 41 out of 111 (37%) a disease recurrence 
(locoregional or distant metastasis). Seventy patients (63%) remained disease free after 
treatment. 

Clinical and molecular data for the HPSCC patient group are summarized in supplementary 
Table 1.
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table 1. Clinical and molecular characteristics of OPSCC, including HPV-status

Characteristic Categories total (%) hpv + (%) hpv - 
(%)

p-value (fisher’s exact) 

Gender male 79 (71%) 31 (84%) 48 (65%) p = 0.046

 female 32 (29%) 6 (16%) 26 (35%)  

age at diagnosis >60 66 (60%) 23 (62%) 43 (58%) NS

<60 45 (40%) 14 (38%) 31 (42%)

T-stage T2 5 (5%) 1 (3%) 4 (5%) NS

T3 39 (35%) 12 (32%) 27 (36%)

T4 67 (60%) 24 (65%) 43 (59%)

N-stage N0 20 (18%) 8 (21%) 12 (16%) NS

N1 12 ((11%) 5 (14%) 7 (10%)

N2 63 ((57%) 20 (54%) 43 (58%)

N3 16 ((14%) 4 (11%) 12 (16%)

M-stage M0 87 (78%) 31(84%) 56 (76%) NS

 M1 24 (22%) 6 (16%) 18 (24%)  

Locoregional 
recurrence yes 26 (23%) 5 (14%) 21 (28%) NS

no 85 (77%) 32 (86%) 53 (72%)

Disease recurrence yes 41 (37%) 11(30%) 30 (40%) NS

no 70 (63%) 26 (70%) 44 (60%)

P16
ink4a

positive 37 (33%) 37 (100%) 0 p <0.0001

 negative 74 (67%) 0 74(100%)  

EGFR positive 74 (67%) 27(73%) 47 (64%) NS

negative 37 (33%) 10 (27%) 27 (36%)

Smoking   yes 100 (93%) 31 (84%) 69 (97%) p=0.02

(3 patients no data) no 8 (7%) 6 (16%) 2 (3%)

tissue microarray
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Tissue Microarrays (TMAs) were constructed as described by Chen et al (21). Briefly, 
from every routinely fixed paraffin embedded tumour block (tissues collected prior to 
treatment) a tissue section was stained with H & E to guide the sampling of morphologically 
representative regions of the tumour. To construct the TMA, 3 core tissue biopsy specimens 
(diameter: 0.6 mm) from selected regions of the donor block were taken and brought into 
a new recipient paraffin block using a manual tissue arrayer (Beecher Instruments, Silver 
Spring, MD, USA). Each TMA block contained a maximum of 168 punches. Five μm tissue 
sections were cut with a microtome using an adhesive-coated tape sectioning system 
(Instramedics Hackensack, NJ) of which one was stained with H & E to verify histology. 

p16Ink4A and Egfr immunohistochemistry
Immunostaining with primary antibodies was performed using standard methodologies 
previously described (21, 22). In short, TMA sections were deparaffinized and subsequently 
heated in a microwave in 0.1 M Citrate pH 6.0  (p16INK4A staining) or treated with pepsin 
at 37ºC (EGFR staining) for antigen retrieval.  After blocking endogenous peroxidases 
with 0.3% H2O2 the sections were incubated with primary mouse monoclonal antibodies 
directed against EGFR (clone 111.6; diluted 1:100, Neomarkers, Freemont, CA, US) or 
p16INK4A (clone 16P04; diluted 1:500, Neomarkers) diluted in 1% BSA-PBS.

Secondary rabbit anti-mouse peroxidase antibodies were used to detect the primary 
antibodies. Peroxidase activity was visualized by H2O2/ 3.3’ diaminobenzidine 
tetrachloride as a substrate and slides were counterstained with hematoxylin. Stainings 
were considered positive for p16INK4A if more than 70% of the nuclei and cytoplasm 
stained strongly positive and for EGFR if more than 50% of tumour cell membranes, with 
or without the cytoplasm, completely stained positive (15). The scoring was performed by 
2 investigators (J.P., E-J.S.).

fIsh analysis
FISH for the detection of HPV16 was performed on 5-mm thick TMA sections from all 
patients as described previously (13). Briefly, sections were deparaffinized, pretreated 
with 85% formic acid 0.3% H2O2, 1 M NaSCN and 4 mg/ml pepsin, post-fixed in 1% 
formaldehyde in PBS, dehydrated in an ethanol series and hybridized with digoxigenin-
labeled HPV16-specific probes (PanPath, Budel, The Netherlands) according to the 
manufacturer’s instructions. After hybridization the preparations were washed stringently in 
50% formamide, 2×SSC at 42°C (2 times 5 min). The probes were detected by application 
of mouse anti-digoxin (Sigma, St. Louis, MO), peroxidase-conjugated rabbit anti-mouse 
and peroxidase-conjugated swine anti-rabbit antibodies (both Dako A/S), and visualized 
by a peroxidase reaction using rhodamine-labeled tyramide (23). Preparations were 
mounted in Vectashield (Vector Laboratories, Burlingame, CA) containing 4,6-diamidino-
2-phenyl indole (DAPI; Sigma: 0.2 g/ml). Microscope images were recorded with the  
 
Metasystems Image Pro System (black and white CCD camera; Sandhausen, Germany) 
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mounted on top of a Leica DM-RE fluorescence microscope equipped with DAPI and 
rhodamine filters. 

Evaluation of nuclear hybridization signals was performed by 2 investigators (J.P., E-J.S.) 
according to the criteria described by Mooren et al. (24), i.e. nuclear punctate signals 
were considered to indicate integrated HPV DNA and diffuse signals to indicate episomal 
HPV DNA. Also a granular FISH pattern, defined as the presence of several nuclear signals 
varying significantly in size and intensity, was observed in a few cases, which may indicate 
a combination of viral integration and episomal DNA and/or viral RNA. Controls included 
hybridizations on HPV16-positive formaldehyde-fixed, paraffin-embedded tissues of 
known human uterine cervical and head and neck (pre)malignancies. Negative controls 
consisted of HPV PCR- and FISH-negative tissue sections and hybridizations omitting the 
viral probe. 

hpv-specific pCr and enzyme-immunoassay typing 
PCR analysis was performed to identify HPV-types in 2 p16INK4A positive, HPV16 FISH-
negative tumours. Additionaly, 4 HPV16-positive and 4 HPV16-negative cases were 
analysed as controls. Genomic DNA was extracted from 5–10 five μm-thick tissue sections 
of biopsies (collected prior to treatment), using the QIAamp DNA mini kit (Qiagen, 
Westburg, Leusden, The Netherlands). RAG1 gene PCR, according to the protocol of the 
Department of Pathology of the Maastricht University Medical Center, was performed 
with all samples to demonstrate that they contained sufficient DNA of adequate quality 
and size (minimal 200 bp).

HPV16-specific PCR was performed according to Baay et al (25). Negative controls, 
consisting of water or human placental DNA instead of patient samples, were included in 
each PCR run. A general primer GP5+/6+ PCR (150 bp product) for HPV was used; PCR 
products were separated on 2% agarose gels and visualized by Sybr Safe staining. For 
HPV-typing biotinylated PCR products were hybridized with 37 type-specific digoxigenin-
labeled oligonucleotide probes in an enzyme-immunoassay (EIA) (26).

statistical analysis
Clinical and molecular parameters were correlated with HPV-status using cross-tabulations 
and the two-tailed Fisher exact test and/or Chi-square test. We regarded a p-value ≤ 0.05 
as significant. The Kaplan–Meier method was used to calculate survival curves. Overall 
survival (OS) was calculated from the date of diagnosis until date of patient’s death or until 
the last date the patient was known to be alive. Disease-free survival (DFS) was calculated 
from the date of diagnosis until the date of recurrence (local, regional or distant, whichever 
occurred first). Patients without recurrence were censored at the date of the last follow-up 
or the date of death. Locoregional control and metastases free survival were calculated 
from the date of diagnosis until the date of locoregional recurrence and the date of 
metastases detection, respectively.
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The statistical significance of differences between survival times was determined by the 
log rank test in univariate analysis. Hazard ratios were calculated using Cox regression 
analysis. We used the SPSS Base System version 20.0 for all calculations.

results

Correlation between hpv-status, immunostainings and clinical factors
Of the 46 HPSCCs only 1 (2%) showed a strong nuclear and cytoplasmic p16INK4A 
immunostaining and FISH analysis identified HPV16 in the cell nuclei (see Supplementary 
Table 1). This tumour originated from the pyriform sinus. In contrast, 37 of 111 (33%) 
OPSCCs showed strong p16INK4A immunostaining in more than 70% of tumour cells 
(Figure 1A). Thirty-five of these 37 cases contained HR-HPV16 assessed by FISH analysis; 
31 showed punctate (Figure 1B), 2 granular and 2 diffuse FISH signals. The two p16INK4A 
positive/ HPV16 FISH-negative cases proved to contain HPV33 DNA upon PCR analyses 
(Table 1). Thus, all p16INK4A positive cases harboured HR-HPV in this study.

The HPV-positive OPSCC group showed a significantly higher male-female ratio (p = 
0.046) and these patients smoked significantly less than patients with an HPV-negative 
tumour (p = 0.02). There were no significant differences in age at first diagnosis or the 
T- and N-status between the 2 patient groups.

Twenty-seven out of 37 (73%) HPV-positive OPSCCs were EGFR positive, compared to 47 
out of 74 (64%) in the HPV-negative group (Figure 1C, no significant difference). Six out of 
the 8 non- or former-smokers were found in the HPV-positive group, of which only 1 was 
EGFR negative. From the 2 non-smokers in the HPV-negative group 1 tumour was EGFR 
negative and 1 EGFR positive. 

survival
OS and DFS between OPSCC and HPSCC were not significantly different (data not shown). 
Within the OPSCC group we correlated HPV-status, EGFR expression and smoking-behaviour 
with OS, DFS, locoregional control and metastasis free survival to determine their role as 
predictive markers and indicators of prognosis. Results are presented in Figure 2 and Figure 3.

HPV-positive OPSCCs have a significant favourable OS, DFS, locoregional control and 
metastasis free survival compared to HPV-negative tumours (Figure 2). The 5-year OS was 
76% for the HPV-positive OPSCC group and 45% for the HPV-negative group (HR =0.27, 
95% CI =0.12-0.62) (Figure 2A). The DFS after 5 years was 79% for patients with an HPV-
positive carcinoma and 46% for patients with an HPV-negative carcinoma (HR=0.29, 95% 
CI=0.13-0.65) (Figure 2B). Furthermore patients with an HPV-positive tumour developed 
significantly less locoregional recurrences and distant metastases than patients with an 
HPV-negative tumour (HR=0.241, 95% CI=0.072-0.811, and HR=0.337, 95% CI=0.116-
0.981, respectively) (Figure 2C and 2D).
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figure 1. Representative examples of (A) an HPV16-positive OPSCC with a strong nuclear and 
cytoplasmic p16INK4A immunohistochemical staining pattern in all tumour cells, (B) an HPV16-
positive OPSCC with a punctated FISH pattern, (C) an HPV-negative OPSCC with strong EGFR 
immunostaining of the tumour cell membranes and (D) an HPV-positive, EGFR negative OPSCC. See 
color section for full colour.

 

figure 2. Kaplan Meier curves according to HPV-status for (A) overall survival (HR =0.27, 95% 
CI =0.12-0.62), (B) disease free survival (HR=0.29, 95% CI=0.13-0.65), (C) locoregional control 
(HR=0.241, 95% CI=0.072-0.811) and (D) metastasis free survival (HR=0.337, 95% CI=0.116-0.981) 
in 111 OPSCC
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figure 3. Kaplan Meier curves according to EGFR status for overall survival in (A) all 111 OPSCC, 
(B) 74 HPV-negative OPSCC and (C) 37 HPV-positive OPSCC; and for (D) disease free survival in 37 
HPV-positive OPSCC. 

No associations were found between EGFR expression and patient survival in the whole 
OPSCC group. In the OS analyses, however, after ~ 35 months a difference between 
EGFR positive and -negative tumours could be observed (Figure 3A). Therefore, we also 
assessed the correlation between EGFR expression and survival in OPSCC, stratified for 
HPV-status. This revealed no association between EGFR expression and survival in the 
HPV-negative group (Figure 3B), but did reveal that EGFR overexpression was significantly 
associated with an unfavourable OS and DFS in the HPV-positive OPSCC group (p=0.02 
and p=0.036, Figure 3C and Figure 3D, respectively). Both in locoregional recurrence 
and metastasis free survival analyses similar curves can be seen, although not reaching 
significance (data not shown).

Eight patients were non-smokers in the OPSCC group. No association was found between 
smoking-status and patient survival, also after stratification for HPV-status. Nevertheless, 
a favourable trend could be observed for non-smokers in OS and Metastasis free survival 
analyses (Supplementary Figure 1A and 1B).



103

6

dIsCussIon 

In contrast to the decreases in incidence of most HNSCC over the last decade, the 
occurrence of OPSCC is increasing worldwide, which has been particularly attributed to 
HPV (7, 8). Survival is markedly better for patients with HPV-positive OPSCC, but appears 
to be influenced by several additional parameters, including smoking behaviour and, 
on the molecular level EGFR gene expression (10, 16). The goal of the present study 
was to analyse the incidence and predictive value of HPV-presence, p16INK4A and EGFR 
protein (over)expression, as well as clinical factors in a series of patients with OPSSC 
and HPSCC, all treated with a similar treatment modality, i.e. concurrent radiotherapy 
and chemotherapy (cisplatin). We found an incidence of HR-HPV in OPSCC and HPSCC 
of 33% and 2%, respectively. In the OPSCC group HPV-positivity was associated with 
the occurrence of less locoregional recurrences, less distant metastases and a more 
favourable overall and disease free survival. Within the HPV-positive tumours, EGFR 
immunopositivity was associated with a significant unfavourable survival, and recurrent 
disease appeared to be more often present in smokers.

The observed prevalence of 33% HPV-positivity in our study with OPSCC specimens 
obtained between 1997 and 2004 is in accordance with other studies using material of 
patients diagnosed in approximately the same time period (6, 22, 27). Recent studies show 
increasing incidence-figures of HPV-related OPSCC over the last decades, for example 
Marur et al. (7) describe a rise in incidence of OPSCC (most likely to be HPV-associated) 
by 1.3% for base of tongue carcinomas and by 0.6% for tonsillar carcinomas every year 
between 1973 and 2004 in the USA, and in the Netherlands Rietbergen et al. (7, 8) show 
an increase in the proportion of HPV-positive OPSCC from 5.1% in 1990 to 29% in 2010. 
In contrast to OPSCC we only detected HPV in 1 out of 46 HPSCC. This is in accordance 
with a recent study of Wendt et al., who detected 4 HPV16-positive and p16INK4A positive 
tumours out of 109 HPSCC (28).  Several other studies observed higher frequencies of 
HR-HPV-positive HPSCC, ranging from 20% to even 82% (29-31), but these studies did 
not apply the algorithm of p16INK4A immunohistomchemistry followed by HPV-specific 
DNA-analyses to identify relevant HPV-related tumours. Remarkably, Ernoux-Neufcoeur 
et al. did immunostain their tumour collection for p16INK4A overexpression, which resulted 
in only 11% HPV-positive and p16INK4A positive cases (31).

The influence of tumour HPV-status on outcome after CRT has been investigated in several 
studies and in a variety of treatment combinations, differing amongst others in timing of 
chemotherapy, use of different drugs and poly/monochemotherapy (32). We observed a 
more favourable overall and disease free survival for patients with an HPV-positive OPSCC 
treated by concurrent radiotherapy and cisplatin. This is in accordance with other studies 
using a similar treatment modality or other combinations of chemotherapeutic drugs with 
radiotherapy (11, 32, 33). 
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We have also analysed EGFR expression in our tumour series in relation to HPV-status 
and patient survival, because previous studies suggest that HPV-positive tumours show 
less frequently EGFR overexpression than HPV-negative tumours (15, 16, 34) and that 
EGFR overexpression results in an unfavourable prognosis (15, 16). In our study, we 
did not find a correlation between HPV-positivity and no/low EGFR expression, and in 
comparison with these studies, we even detected a relatively high prevalence of EGFR 
immunopositivity in the HPV-positive tumours. This might be due to the fact that our 
series contains a relatively high amount of advanced tumours, which has been reported 
to be associated with a higher occurrence of EGFR overexpression (15). Interestingly, 
although EGFR overexpression did not correlate with a poor prognosis in our series of 
OPSCC, it did predict a significant worse survival in the HPV-positive tumour group. This 
implicates that for accurate prediction of prognosis of OPSCC patients EGFR expression 
might be an additional factor to take into consideration, besides HPV-status, smoking 
and N-stage, as suggested by Ang et al. (11). Recently new prediction models have been 
proposed for HNSCC by Egelmeer et al. (35) and Rietbergen et al. (8) and it will be 
interesting to determine if EGFR expression can improve the value of these models when 
applied to OPSCC.

Despite the fact that HPV-positive tumours have a good overall and disease free 
survival when treated with CRT, this is a toxic treatment with severe adverse events. As a 
consequence, trials, such as the RTOG1016 trial in the USA and the De-ESCALaTE HPV 
trial in Europe, have been initiated to examine if de-escalation of therapy can reduce 
toxicity in this subgroup while maintaining favourable prognosis (36, 37). For example, 
use of radiotherapy alone has been proven to show good survival rates when compared 
to CRT for the HPV-positive low-risk group (9, 38).

In case of HPV-positive tumours with EGFR overexpression (having a worse prognosis) 
we would not recommend to use de-escalation of therapy. In these cases it would be 
interesting to analyse if a combination of cetuximab with radiotherapy might be a better 
option than chemoradiation, which remains to be studied.

Because EGFR immunohistochemistry may vary in staining protocol, signal interpretation 
and used primary antibody clone when applied in different molecular diagnostic 
laboratories, (39) it is important to develop standardized protocols and scoring criteria 
(as developed for p16INK4A) (40, 41) to reliably use this marker in future risk models or as 
potential indicator for targeted therapy in HPV-positive OPSCC.

In conclusion, our data show that p16INK4A is an excellent surrogate marker for high-risk 
-HPV in the here studied OPSCCs and HPSCCs, all treated with chemoradiation therapy. 
HPV-presence in advanced OPSCC predicts a decreased risk of locoregional recurrences, 
distant metastasis and a favourable overall survival. Interestingly, EGFR overexpression 
marks a distinct subgroup of HPV-positive tumours with a significantly worse survival. We 
suggest EGFR expression to be taken into consideration as additional marker in future 
risk-models for OPSCC and to be explored as potential biomarker for anti-EGFR targeted 
therapy in HPV-positive OPSCC.
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supplementary figure 1. Kaplan Meier curves according to smoking status for (A) overall survival 
and (B) distant metastases free survival in 108 OPSCC.

supplementary table 1. Clinical and molecular characteristics of HPSCC

Characteristic Categories n 
Gender male 35 (76%)

female 11 (24%)

Age at diagnosis >60 20 (43%)

<60 26 (57%)

T-stage T2 8 (18%)

T3 18(39%)

T4 20 (43%)

N-stage N0 14 (30%)

N1 6 (13%)

N2 16 (35%)

N3 10 (22%)

M-stage M0 39 (85%)

M1 7 (15%)

Locoregional recurrence yes 6 (13%)

no 40 (87%)

Disease recurrence yes 13 (28%)

no 33 (72%)

HPV+/ p16INK4A + positive 1 (2%)

negative 45 (98%)

EGFR positive 37 (80%)

negative 9 (20%)
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