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General Introduction

THE ROLE OF HumAN PAPILLOmAvIRuS IN HEAd 
ANd NECk CANCER
Head and neck squamous cell carcinoma (HNSCC) is the sixth most common cancer 
worldwide, accounting for approximately 4% of all tumors.(1) In the Netherlands, 
approximately 3000 patients are diagnosed with HNSCC per year and only 40-50% 
of these patients will survive for 5 years. (2) HNSCC arises from the mucosal lining 
of the oral cavity, nasopharynx, oropharynx, hypopharynx or larynx. (Figure 1)
The prognosis for patients with HNSCC is largely determined by the stage at 
presentation. The extent of the tumor as well as the presence of lymph node 
metastases and distant metastases determine the stage. The mainstays of treatment 
for advanced tumors are surgery with postoperative (chemo)radiotherapy, or 
(chemo)radiotherapy with surgical salvage if needed. In the past decade, the role 
of organ preservation protocols has increased for resectable tumors. 

Figure 1. Sites of origin of tumors in the head and neck region
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RISk FACTORS FOR THE dEvELOPmENT OF HNSCC
Tobacco use and excessive alcohol consumption are the main risk factors for 
HNSCC. These seem to have a synergistic effect.(3) In 1983, Syrjänen et al. raised 
the possibility of human papillomavirus (HPV) also playing an etiological role in 
HNSCC when HPV structural proteins were detected by immunohistochemistry 
(IHC) in 6 out of 8 oral squamous cell carcinomas.(4) Since this observation, 
further basic science, clinical and epidemiologic research has led to our current 
understanding of the role of HPV in head and neck cancers. 

HPv vIROLOGy ANd ONCOGENESIS
Worldwide, HPV is assumed to be responsible for more than 550.000 new cases 
of human cancer annually. (5) A clear association between HPV infection and 
cervical carcinogenesis has been established almost 40 years ago. (6-8) The 
first HPV types were isolated directly from cancer biopsies of the cervix; HPV16 
and HPV18 were cloned in 1983 and 1984, respectively. (9;10) This initiated a 
rapid expansion of the research field. Within four years, the basic experimental 
details that explained the role of HPVs in the etiology of cervical cancer had been 
described: the expression of two viral oncogenes (named E6 and E7, initially 
referred to as viral genes) was invariably shown in cervical cancer cell lines and 
cancer biopsies. (11) Subsequently, the necessity of expression of these viral 
oncogenes for the maintenance of the malignant phenotype in specific cervical 
cancer cell lines was shown.(12;13) The subsequent years of research have 
resulted in a better understanding of viral oncogene functions and in a more 
detailed knowledge of the natural history of cervical infections. It has become 
apparent that the effect of HPV is more far-reaching than originally thought, 
with a strong link between HPV infection and the development of a subset of 
vaginal, vulvar, penile, anal and head and neck cancers. (5;14;15) Moreover, it 
was shown that patients with a primary HPV-related cancer, such as cervical 
cancer or head and neck cancer, have a significantly elevated risk of developing 
a second primary HPV-related cancer elsewhere in the body. (16;17) The role of 
HPV in the development of esophageal and lung cancers has also been studied 
by many groups. While some studies have suggested a possible association, 
current evidence does not implicate a causal role of HPV in esophageal and 
lung cancers. (18;19)
To date, more than 130 different types of HPV have been identified that are often 
subdivided into ‘low-risk’ and ‘high-risk’, based on their potential for oncogenesis. 
The ‘low risk’ HPV-types (e.g. HPV6, -11, -40, -42, -43, -44, -53, -54, -61, -72 and – 81) 
induce benign lesions affecting the skin (warts), anogenital areas (condylomata), 
larynx (papillomas) and low-grade squamous intraepithelial lesions of the cervix. 
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By contrast, high-risk, or oncogenic HPV-types (eg HPV16, -18, -31, -33, -35, -39, 
-45, -51, -52, -56, -58, -59, -68, -73 and -82) have been associated with cancers of 
the cervix, vagina, vulva, penis, anal canal and head and neck region. In cervical 
cancers, HPV16 and -18 are most relevant, while in HNSCC particularly HPV16 
seems to be involved. (20) 
The HPV genome consists of circular double-stranded DNA, approximately 
7.9 kilobases in size. The genome consists of a non-coding long-control region, 
six early genes (E1, E2, E4-E7), and two late genes that encode the viral capsid 
proteins (L1 and L2). (21) Two early genes, E1 and E2, control viral gene transcription 
and replication. (22) Two other early genes, E6 and E7, have pivotal roles in 
creating a cellular environment to facilitate viral DNA replication, but also in 
oncogenesis, when expressed disproportionally in dividing basal epithelial cells. 
The E6 oncoprotein disrupts normal apoptosis by binding and inactivating the 
tumor suppressor p53 and promoting its degradation.(22-24) The E7 oncoprotein 
functions by binding and degrading the RB pocket proteins (pRB). (25;26) 
The molecular consequence of the expression of the viral oncogenes E6 and 
E7 is cell cycle entry (by blocking the function of pRB) and inhibition of p53-
mediated apoptosis, which allows the virus to replicate. (Figure 2) In a so-called 
‘productive infection’, the expression of E6 and E7 is confined to the differentiating 
layers of the squamous epithelium of the cervix and virions are produced. An 
‘oncogenic infection’ is associated with deregulated E6 and E7 expression in 
the basal layer (where the stem cells reside) and causes abrogation of the cell 
cycle checkpoints. (27)
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THE ROLE OF HPv IN HEAd ANd NECk CANCER

Prevalence of HPV in HNSCC
The majority of HPV-positive HNSCCs arise in the oropharyngeal region, most 
commonly in the tonsil or base of tongue. (14;28-30) HPV has also been detected in 
the oral cavity, hypopharynx, larynx, paranasal sinuses and nasopharynx, however, 
to a far lesser extent.(14;31) Prevalence rates of HPV-positive oropharyngeal 
squamous cell carcinomas (OPSCCs) vary around the world. In Europe, prevalence 
rates have been described that range from 20% in the Netherlands (32), to 41% 
in Switzerland (33), 55% in Germany (34) and 62% in France in the period 2000-
2005. (35) In the United States, prevalence rates in that period were higher, 
varying from 64% (36) in Texas to 72% in Maryland.(37) Part of the high variability 
in HPV prevalence rates in OPSCC reported worldwide may be due to varying 
exposures to HPV in different geographical regions. True differences can only be 
investigated in population-based studies and not in institutional-based studies. 
Additionally, differences with regard to the oropharyngeal subsite should be 
taken into account, as HPV prevalence is relatively high in carcinomas of the 
tonsil and the base of tongue, compared to the other oropharyngeal subsites.
(38;39) However, differences in HPV detection methodologies among studies 
and differences in the time period in which HPV prevalence is investigated are 
likely to be even more critical: the performance of different HPV assays can vary 
substantially (see section ‘HPV testing’) and HPV prevalence rates appear to be 
increasing in time. (40-42) 
The epidemiology of head and neck cancer has been changing over the last 
decades. In the United States, the overall incidence of head and neck cancers 
has declined in recent years, consistent with the decrease of tobacco use in this 
region. By contrast, incidence and prevalence of HPV-associated OPSCCs is rising. 
(43-45) This increase is mainly seen in white men (but not in women) and at younger 
ages. (43) Since 2010, oropharnygeal cancer incidence among men has surpassed 
the incidence of cervical cancers in the USA. (Figure 3) If current trends continue, 
it is projected that the annual number of oropharyngeal cancers will surpass the 
annual number of cervical cancers in the United States by the year 2020. (28) 
An increase in the incidence and prevalence of HPV-associated oropharyngeal 
cancers has also been noted in Northern-Europe, Australia and Canada. (46-49) 
Whether such an increase in HPV-associated oropharyngeal cancers is also seen 
in Western-Europe, must be awaited.

Risk factors
Mucosal HPVs are known to be transmitted by sexual contacts and findings suggest 
that the number of lifetime sexual partners, in particular oral sex partners, is an 
important risk factor for development of HPV- associated OPSCC. (50) Increased 
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numbers of vaginal, oral, and oral-anal sex partners have been associated with an 
increased risk of developing HPV-associated OPSCC. (50-52) This is likely due to 
an increased risk of exposure to the virus as the persistence of oral HPV infection 
increases the risk of eventual oropharyngeal cancer. (53;54) Numerous studies have 
examined whether changes in sexual behavior may be able to explain the increase 
in incidence of HPV-positive oropharyngeal cancers. In the United States as well 
as in other countries, the age at sexual debut is decreasing and the number of 
sexual partners is increasing. (55-57) In addition, sexual practices are changing, 
with oral sex being performed more by men and women that are currently aged 
30-49 years compared with older generations. (56) Therefore, changes in sexual 
practices over past decades may explain why the incidence of HPV-positive cases 
continues to increase.

PATHOGENESIS
Evidence for a causal involvement of HPV in the pathogenesis of OPSCC comes 
from epidemiologic and molecular studies. The current model for the pathogenesis 
of HPV-associated OPSCC follows that of cervical cancer. As discussed in the 
previous section, oncogenesis involves the degradation of p53 by early-coding 

 

 

Figure 3 Predicted number of oropharyngeal cancers in the USA in the years 2010-2030 (28) 
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region E6 (22-24), and the E7-induced inactivation of pRB. (25;26) Recently, it has 
been shown that HPV16 E7 induces epigenetic alterations (HPV16 E7-mediated 
KDM6B induction), which causes over-expression of the biomarker p16 INK4A (p16).(58) 
Actions of E7 also allow for evasion of the normal tumor suppressor effects of p16. 
(59;60) These actions collectively result in the inactivation of apoptotic pathways, 
disruption of cell cycle control and activation of cellular proliferation that leads 
to oncogenesis. (60-62) HPV-positive OPSCCs are associated with wild-type p53, 
low pRB levels and p16-overexpression, whereas tobacco-and alcohol-associated 
OPSCCs are associated with mutations in TP53, relatively high pRB levels and, as 
a result of point mutations, promoter methylation and homozygous deletion, low 
expression of p16. (63-66) 
In HPV-associated OPSCC, the HPV genome may remain episomal or become 
integrated into the host genome. How HPV DNA persists in the tissue in its episomal 
form and stays transcriptionally active has not been fully elucidated, but may 
involve the HPV E2 protein binding episomal HPV to cellular mitotic spindles. (67)

HPv TESTING
There exist numerous techniques to detect HPV in tissue samples of patients 
with HNSCC. A widely accepted “gold standard” test for assessment of HPV 
involvement in tumor specimen is detection of transcripts of the viral oncogenes 
E6 and E7. Viral oncogene expression can be detected by (quantitative) reverse 
transcriptase (RT)-PCR using mRNA isolated from tumor tissue. This analysis is 
most reliably performed on snap-frozen samples as mRNA from formalin-fixed, 
paraffin-embedded (FFPE) samples is often of poor quality. Unfortunately, the 
above described HPV-detection method is difficult to realize since usually only 
FFPE tissue is available. Therefore, other HPV detection methods are being used 
routinely.
The most commonly applied HPV-detection methods are based on detection 
of HPV DNA by DNA amplification methods, such as PCR. The problem with 
most of these assays is their extremely high sensitivity, which might identify 
transient infections and contaminations instead of oncogenic infections, causing 
false-positive results. (68) Besides HPV-DNA PCR methods, fluorescence in situ 
hybridization (FISH) is frequently used to detect type-specific HPV-DNA. However, 
FISH is not an easy and simply implemented method and although its specificity 
is high, its sensitivity is not optimal (85-88%).(42;69) Another mode of detecting 
HPV involvement involves the use of surrogate biomarkers of transforming HPV 
infections, such as expression of p16 encoded by the CDKN2A gene. Immunostaining 
for p16 protein has recently been regarded as a practical alternative for HPV DNA 
testing of OPSCCs based on a high correlation between transcriptionally active 
HPV and p16 expression in tumor cells. (70-73) The simplicity, low costs and high 
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sensitivity of p16-immunohistochemistry (p16-IHC) analysis have led to calls for 
the substitution of the more demanding HPV DNA PCR-based methods with this 
routine diagnostic approach. (73) However, the major critique of p16-IHC is that 
it lacks specificity for the presence of transcriptionally-active HPV. (74-76) There 
is still a remarkable number of patients with p16-positive but HPV DNA-negative 
OPSCCs varying from 15-20%. (70-72;77) This tendency toward false-positive results 
is likely based on (1) variations in the practice (for example the use of different 
monoclonal antibodies) and reporting of p16 staining and (2) the absence of a 
direct and exclusive mechanistic link between HPV activity and p16 expression. (74) 
In the latter context, detection of elevated p16 expression due to yet unexplained 
non-HPV-mediated mechanisms must be considered. 
Given the limitations of individual tests, algorithms have been evaluated to more 
accurately detect biologically relevant HPV in FFPE samples. In 2007, Smeets et 
al. evaluated various combinations of HPV detection methods and found that the 
test algorithm consisting of p16-IHC followed by high-risk HPV DNA detection by 
GP5+/6+ PCR on the p16–positive FFPE samples revealed outcomes that were fully 
equivalent to HPV E6 mRNA RT-PCR analysis on corresponding frozen samples. 
However, this test algorithm has not been validated on an independent data set. 

CLINICAL ANd PATHOLOGIC FEATuRES
HPV-associated OPSCCs have distinct clinical and pathologic features. Compared 
to non-HPV HNSCC patients, those with HPV-positive OPSCC are generally younger 
by approximately 10 years, more often male, and less likely to have a history of 
tobacco or alcohol use. (28;29;52) Histopathologically, HPV-positive tumors tend 
to have a poorly differentiated and frequently basaloid histology. (29;78) Clinically, 
HPV-positive tumors present mostly at an early tumor stage and advanced nodal 
stage. In general, HPV-associated OPSCCs are TNM stage III and IV disease at 
presentation. Lymph node metastases are usually cystic and multilevel.(78;79) 
It should be noted that most of these data have been generated in the United 
States. The question arises whether these data can be extrapolated to Europe 
as the proportion of HPV-attributed disease is lower and smoking and alcohol 
habits are different. 

PROGNOSIS
Despite its presentation at a later stage, HPV-associated OPSCC has been shown 
to be more responsive to therapy and have a better outcome than HPV-negative 
tumors. (80-82) Several retrospective and prospective studies in the United States, 
Australia and Western Europe have consistently demonstrated that HPV-positive 
OPSCC is associated with a more favorable prognosis. (83-86) Prognostic risk 
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models have already been developed for OPSCC patients that include HPV as 
main prognostic factor. (83;87) However, as these models are based on clinical 
trials with well-defined inclusion and exclusion criteria, data are missing on OPSCC 
patients with severe comorbidity or a low stage of disease (as these patients are 
usually excluded for clinical trials). One has to wonder whether these models would 
also be applicable to the entire population of patients who present with OPSCC, 
or if additional prognostic factors need to be considered. 
Several hypotheses have already been proposed to explain the improved outcome 
in HPV-positive patients. These hypotheses include an increased sensitivity to 
radiation and chemotherapy, differences in the role of the host cell immune 
system, a possible absence of field cancerization and a lower number of cancer 
stem cells in patients with an HPV-positive OPSCC. (88) These possible causes 
need to be further investigated.

AIm ANd OuTLINE OF THIS THESIS
As described above, it is obvious that, the role of HPV in OPSCCs, becomes 
increasingly important. However, there are still some important issues that need 
to be investigated. 

1. The prevalence of HPV-positive OPSCC varies between studies, ranging from 
20% to 90%. This may be related to the lack of a standardized HPV detection assay 
as well as to the calendar time in which HPV prevalence is investigated as rising 
incidence rates are reported over the last decades. In Chapter 2, we validated 
a previously defined test algorithm for HPV detection in FFPE tumor specimen 
consisting of p16INK4A immunostaining followed by high-risk HPV DNA detection 
by GP5+/6+ PCR on the positive cases. In addition, we analyzed HPV prevalence 
rates in OPSCCs in the years 1990-2010. 
2. It has been reported that HPV plays an important role in the prognosis of 
OPSCC patients. However, the role of HPV and other prognostic factors, remains 
to be confirmed in a large, unselected cohort of patients, which also includes 
patients with stage I/II disease and patients with severe comorbidity. In Chapter 3 
we show that, in such a large, unselective cohort of patients, tumor HPV-status 
and comorbidity are independent prognostic factors for survival among patients 
with OPSCC. An additional prognostic model is proposed, based on our large, 
unselective cohort of patients. 
3. Recent studies have reported that p16-protein overexpression qualifies as a 
surrogate marker identifying an oncogenic HPV infection in OPSCC. However, 
there is still a percentage OPSCCs that is p16-IHC positive but lack HPV DNA. In 
Chapter 3, we show that the survival of patients with p16-positive but HPV DNA 
negative tumors is similar to the survival of patients with HPV-negative tumors. 
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Moreover, in Chapter 4, this group is further characterized at the molecular level 
by performing additional sensitive HPV DNA-and RNA-based PCR methods and 
genetic profiling.
4. Several hypotheses have already been proposed to explain the improved outcome 
in HPV-positive patients. In Chapter 5, the possible absence of ‘field cancerization’ 
in HPV-positive patients is further investigated as a possible factor for improved 
patient outcome. Another hypothesis for the better outcome, includes a higher 
sensitivity of the HPV-positive OPSCCs to radiation or chemoradiation. Previous 
studies have shown that a possible explanation for treatment failure in HNSCC 
patients could be therapy resistance of a subpopulation of cells in a tumor; the 
cancer stem cells. In Chapter 6, we evaluated the number of cancer stem cells in 
HPV-positive patients and a possible association with survival.
In Chapter 7, a general discussion of the results presented in this thesis, is provided. 
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ABSTRACT
Human papillomavirus (HPV) infection has been etiologically linked to oropharyngeal 
squamous cell carcinoma (OPSCC). The prevalence of HPV-positive OPSCC varies 
between studies, ranging from 20% to 90%. This may be related to the lack of 
a standardized HPV detection assay as well as to the time period in which HPV 
prevalence is investigated, as rising incidence rates are reported over the last 
decades. Here, we validated our previously defined test algorithm for HPV detection 
in formalin-fixed paraffin-embedded (FFPE) tumor specimen consisting of p16INK4A 
immunostaining followed by high-risk HPV DNA detection by GP5+/6+ PCR on 
the positive cases. (1) In addition, we analyzed HPV prevalence rates in OPSCCs 
in the years 1990-2010. 
The test algorithm was validated on a consecutive series of 86 OPSCCs collected 
during 2008-2011, of which both fresh frozen and FFPE samples were available. We 
performed HPV-E6 RT-PCR on the frozen samples as gold standard and applied 
the algorithm to the corresponding FFPE samples. The test algorithm showed 
an accuracy of 98%. Using the validated algorithm, we determined the presence 
of an oncogenic HPV infection in 240 OPSCCs of patients diagnosed in the years 
1990-2010 at our center.
A significant increase in the proportion of HPV-positive samples was observed, 
from 5.1% in 1990 to 29.0% in 2010 (p=0.001).
In conclusion, we confirmed the accuracy of the test algorithm for HPV detection 
in FFPE tumor specimen and we found a significant increase in the prevalence of 
HPV in OPSCC over the last two decades at our center.
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INTROduCTION
Head and neck squamous cell carcinoma (HNSCC) is the sixth most common cancer 
worldwide, accounting for approximately 4% of all tumors. (2) Tobacco smoking 
and alcohol consumption are the main risk factors in the etiology of HNSCC. Over 
the last three decades, it has become clear that infection with high-risk human 
papillomavirus (HPV) is also etiologically linked to the development of HNSCCs, 
particularly those carcinomas that arise in the oropharyngeal region. HPV-positive 
oropharyngeal squamous cell carcinomas (OPSCCs) are considered to be a different 
tumor entity, based on prominent biological and epidemiological differences, 
when compared to the HPV-negative OPSCCs. (3) The biological characteristics 
of HPV-positive OPSCCs are distinct with respect to gene expression profiles, 
patterns of genetic changes, frequency of mutations in TP53 and expression of 
p16INK4A (p16), encoded by the CDKN2A gene. (3;4) Epidemiologically, it has been 
reported that most patients with HPV-positive OPSCC are younger, are less likely 
to have a history of tobacco and alcohol use and have a higher number of sexual 
partners, in particular oral sex partners, than patients with HPV-negative OPSCC. 
(5-8) Furthermore, survival is markedly better for patients with an HPV-positive 
OPSCC, despite the fact that HPV-positive OPSCCs often present as poorly 
differentiated, aggressively growing tumors, that have already metastasized to 
the lymph nodes in the neck. (9-13)
Prevalence rates of HPV-positive OPSCCs vary around the world. In Europe, 
prevalence rates have been described that range from 20% in the Netherlands 
(1997-2002) (14), to 41% in Switzerland (1998-2003) (15), 55% in Germany (1997-
2005) (16) and 62% in France (1987-2005). (17) In the United States, prevalence 
rates are higher, varying from 64% (2002-2005) (9) to 72% (2000-2006) (6) Part 
of the high variability in HPV prevalence rates in OPSCC reported worldwide 
may be due to varying exposures to HPV in different geographical regions and 
referral bias in the populations tested. Additionally, differences with regard to the 
anatomical subsite should be taken into account, as HPV prevalence is relatively 
high in squamous cell carcinoma of the tonsil and the base of tongue, compared 
to the other oropharyngeal subsites. (5;18)
However, differences in HPV detection methodologies among studies and 
differences in the time period in which HPV prevalence is investigated are likely 
to be even more critical: the performance of different HPV assays can vary 
substantially (1) and HPV prevalence rates appear to be increasing in time. (19-21) 

Many different assays are available for HPV detection in HNSCC. A widely accepted 
“gold standard” test for assessment of HPV involvement in tumor specimen is 
detection of transcripts of the viral oncogenes E6 and E7. E6 and E7 oncoproteins 
target p53 and pRb proteins, respectively, and are crucial to cause and maintain 
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a transformed state in cervical as well as head and neck cancer.  (1;22;23) Viral 
oncogene expression can be detected by (quantitative) reverse transcriptase 
(RT)-PCR using mRNA isolated from tumor tissue. This analysis is most reliably 
performed on snap frozen samples as mRNA from formalin-fixed, paraffin-
embedded (FFPE) samples is often of poor quality. Unfortunately, the above 
described HPV-detection method is difficult to realize since usually only FFPE tissue 
is available. Therefore, other HPV detection methods are being used routinely.
The most widely applied HPV-detection methods are based on PCR amplification 
of HPV-DNA. The problem with most of these assays is their extremely high 
sensitivity, which might identify transient infections and contaminations instead 
of oncogenic infections, which yields false-positive results. (24) Besides HPV-DNA 
PCR methods, fluorescence in situ hybridization (FISH) is frequently used to detect 
type-specific HPV-DNA. However, FISH is not an easy and simply implemented 
method and although its specificity is high, its sensitivity is not optimal (85-88%).
(1;21) Another HPV detection method is the use of surrogate biomarkers of 
transforming HPV infections, such as p16 INK4A. p16 INK4A -immunohistochemistry 
(p16-IHC), which detects p16 overexpression, is widely in use nowadays and has 
been shown to have a sensitivity of 100%. (1) However, recent literature shows that 
the specificity of p16-IHC alone is approximately 80%. (1;21) This is likely due to a 
tendency toward false-positive results based on (1) variations in the practice and 
reporting of p16 staining and (2) the absence of a direct and exclusive mechanistic 
link between HPV activity and p16 expression. (25) In the latter context, the 
likelihood of encountering elevated p16 expression due to yet unexplained non-
HPV-mediated mechanisms must be considered. (26) Consequently, p16-IHC alone 
overestimates the true HPV-positive OPSCCs in the population.
Since all single HPV-detection methods show limitations with respect to sensitivity 
and specificity, some institutional laboratories already use combinations of HPV 
detection methods. In 2007, we compared various combinations of HPV detection 
methods and we found that the test algorithm consisting of p16-IHC followed by 
high-risk HPV DNA detection by GP5+/6+ PCR on the p16–positive FFPE samples 
revealed outcomes that were fully equivalent to HPV E6 mRNA RT-PCR analysis 
on corresponding frozen samples. 

Besides the actual methods of HPV testing, the time period from which tumor 
samples are selected to determine HPV prevalence seems to impact the prevalence 
rates as well. Recent studies from Europe and the United States showed, by using 
an accurate HPV detection method, that HPV prevalence rates in OPSCC are 
changing in time. (13;20;21) In Liverpool (England), HPV prevalence rates in OPSCC 
have increased from 14% in the years 1988-1997 to 57% in the years 2008-2009 
as assessed by the method of p16-IHC and HPV DNA qPCR. (21) In Sweden, the 
prevalence of HPV-positive tonsillar squamous cell carcinomas almost doubled 
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each decade between 1970 and 2007, from 23% in 1970 to 93% in 2007, as 
determined by an HPV E6/E7 RNA assay. (20) In the United States, HPV prevalence 
in oropharyngeal cancers significantly increased over time period, regardless of 
the HPV detection assay used. For example, HPV prevalence, as detected by the 
Inno-LiPA assay, increased from 16.3% in 1984-1989 to 71.7% during 2000-2004. (13)

The current study was set out to firstly validate the previously developed p16-IHC/ 
GP5+/6+ HPV DNA PCR test algorithm in an independent series of FFPE and 
frozen tumor specimen of OPSCC tissue. Subsequently, this test algorithm was 
used to assess HPV prevalence over a time period of two decades in a geographic 
region with an apparently low HPV prevalence, such as the Netherlands, using 
FFPE tumor specimen of 240 patients diagnosed with OPSCC at our institute in 
the years 1990, 1995, 2000, 2005 and 2010.

mATERIALS ANd mETHOdS

Patients and tumor samples
To validate our algorithm, we used pre-treatment tumor samples of 86 patients who 
were treated at the VU Medical Center (VUmc) for an oropharyngeal squamous cell 
carcinoma (OPSCC) in the period 2008-2011. The tumor samples were collected 
during examination under general anesthesia. 
A dual work-up was followed: a biopsy of the tumor was fixed in 4% buffered 
formaldehyde and embedded in paraffin for histopathological analysis. A second 
biopsy next to the first one was snap-frozen and stored in liquid-nitrogen at a 
temperature of -196°C. 
Cases were only included when the pathologist confirmed the presence of 
invasive squamous cell carcinoma in the specimen. The study was approved by 
the Institutional Review Board and was in accordance with the national Dutch 
guidelines and regulations. Informed consent was obtained from all patients.
The time trend analysis was carried out on a cohort of 240 patients treated at VUmc 
for an OPSCC in the years 1990 (n=39), 1995 (n=37), 2000 (n=43), 2005 (n=59) and 
2010 (n=62). We used pre-treatment FFPE biopsies taken during panendoscopy. 
Eligible samples included histopathologically confirmed invasive squamous cell 
carcinoma of the oropharynx (International classification of diseases for Oncology, 
[ICD-10] codes C019, C051, C052, C090-C099 and C100-C109). In total 272 patients 
could be retrieved from the patient files and 240 pre-treatment tumor biopsies 
could be obtained from the pathology archives. We only included the 240 patients 
whose tumor biopsies were available. The age of these patients ranged from 
40-92 years and the median age at diagnosis was 61 years. We collected information 
on TNM-stage, oropharyngeal subsite and drinking and smoking behavior from the 
patient files. Smoking was defined in pack years (1 packyear= 20 cigarettes a day 
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during one year) and alcohol consumption was defined in unit years (1 unit year= 
one alcohol-containing consumption a day during one year). Informed consent 
was obtained from all patients.Isolation of nucleic acids from fresh frozen tissue
Snap frozen tissue was homogenized with Trizol for RNA and DNA isolation. The 
RNA was in the aqueous phase and was precipitated with isopropanol according 
to the protocol of the manufacturer. RNA was collected by centrifugation, the 
pellet was rinsed with 70% ethanol and redissolved in RNAse-free water. The RNA 
was once re-precipitated by adding 0.1 volumes 3M NaAc pH 5.3 and 2.5 volumes 
ethanol to increase the purity. The RNA precipitate was collected by centrifugation 
and rinsed with ethanol as indicated and finally redissolved in RNAse free water. 
The DNA was re-extracted from the Trizol interphase by DNA-STAT (Tel-test, Inc, 
Friendswood, Texas) according to the protocol of the manufacturer. Both for RNA 
and DNA precipitations, 1 ug of glycogen was added as carrier. The DNA was 
redissolved in LoTE buffer (3 mmol/L TRIS, 0.2 mmol/L ethylenediaminetetraacetic 
acid (EDTA), pH 7.5). The DNA and RNA quantity was determined by the absorbance 
at 260 nm by a Nanodrop ND-1000 Spectrophotometer (Isogen Life Science, 
IJsselstein, The Netherlands). 

Preparation of paraffin sections and isolation of nucleic acids from 
paraffin embedded tissue
Paraffin sections were prepared according to the sandwich method: The first 
and last sections were stained by haematotoxylin and eosin to check for tumor 
presence. In between, sections of 3 µm were made for p16 immunostaining and 
another 4 sections of 10 µm were used for HPV DNA isolation. To avoid cross-
contamination, the microtome was cleaned by benzine between sectioning of 
separate specimen and a new microtome blade was used for each specimen. To 
check for potential cross-contaminations, blank paraffin control blocks without any 
tissue were cut between each 10 samples and analyzed for HPV DNA presence. 
These samples were all negative.

Detection of high-risk HPV DNA 
The GP5+/6+ HPV DNA PCR with enzyme-immuno-assay (GP5+/6+-PCR-EIA) 
read-out was used for detection of 14 high-risk HPV types (i.e. HPV 16, 18, 31, 
33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68). (27) Subsequent genotyping of the 
infection was performed by bead-based array on the Luminex platform. (28) 
Sample quality after DNA extraction was controlled by β-globin PCR (amplicon 
size 100 bp). (29) The values that were seen in the EIA, which is semi-quantitative, 
were comparable, indicating that there was no difference in quality between FFPE 
samples from different time periods. Type-specific PCR for HPV16 was performed 
using primers in the E7 gene as previously described. (1) 
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Detection of HPV E6 mRNA
Detection of HPV16 E6 mRNA was described previously (ref 1). For HPV33 E6 mRNA 
detection the sequence of the forward primer was 5’-TATCCTGAACCAACTGACCTAT-3’ 
and of the reverse primer 5’-CTGTGGCTGGTTGTGCTT-3’ (personal communication 
M. del Pino). The amplicon size was 103 bases and detection was performed by 
agarose gel-electrophoresis. RQ-DNAse treatment was applied to reduce the 
signal from contaminating genomic DNA. Besides DNAse treatment, RT-PCR 
reactions were also performed without reverse transcriptase added to check 
for possible (co-)amplification of traces of DNA. To control for RNA quality we 
performed qRT-PCR with primers detecting β-glucuronidase gene (BGUS), which 
is considered to be a constantly expressed housekeeping gene. (30)

Immunohistochemical staining of p16
p16-IHC was carried out with the CINtec TM Histology Kit (Roche mtm laboratories 
AG, Heidelberg, Germany) which contains the mouse monoclonal antibody INK4A 
directed against p16, on a BONDmax (Leica) automated platform. The sections 
were pre-treated with Epitope Retrieval Solution 2 for 20 minutes at 99°C. As 
a negative control, a monoclonal mouse antibody against Rat oxytocin-related 
neurophysin was used. Two independent observers performed evaluation of the 
slides and consensus was achieved in all cases. Moderate to strong diffuse nuclear 
and cytoplasmic immunoreactivity in more than 70% of the carcinoma tissue, was 
considered as p16-positive, whereas tissue with only faintly diffuse or no reactivity 
was considered to be p16-negative.

Statistical analysis
Sensitivity, specificity and accuracy of the algorithm were calculated from a 
2x2 table. The Cochrane-Armitage test for trend was performed to compare 
proportions of HPV DNA-positive samples across the different time periods. 
Differences in patient characteristics between HPV-positive and HPV-negative 
cases were assessed using the Pearson Chi-square test (χ2). Bonferroni correction 
was used to compare subgroups. The Student’s t test was used to compare the 
mean age between HPV-positive and HPV-negative cases. Statistical analysis was 
performed using SPSS (version 15, SPSS Inc, Chicago, IL) and a p-value of <0.05 
was considered to indicate statistical significance.

RESuLTS

Validation algorithm
To validate the algorithm, snap frozen samples of 86 OPSCCs were tested for 
the presence of HPV DNA, HPV genotype and HPV E6 mRNA, whereas the 
corresponding FFPE samples were evaluated by p16-IHC followed by GP5+/6+ 
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PCR on the p16-positive cases. In total, 24 frozen cases were HPV-positive after 
DNA and RNA analysis by the gold standard test, including HPV 16 in 22/24 (91.7%) 
and HPV 33 in 2/24 (8.3%) cases. As depicted in table 1, the results obtained by 
the algorithm on the FFPE samples (p16-IHC followed by GP 5+/6+ HPV DNA PCR 
on the p16-positive cases) and the results obtained by the gold standard test (E6 
RT-PCR) on the corresponding frozen samples, were concordant in 23/24 (96%) of 
the HPV-positive cases and 61/62 (98%) of the HPV-negative cases. The accuracy 
of the test algorithm on FFPE tumor specimen in comparison to the gold standard 
(E6 RT-PCR) on the frozen samples was 98%.
The two discordant cases were studied in more detail. One was positive for HPV 16 
DNA and HPV 16 mRNA on the frozen sample but negative for the test algorithm 
on the matched FFPE sample, whereas the other was both HPV DNA and mRNA 
negative on the frozen sample but positive for the test algorithm on the matched 
FFPE sample. To rule out potential sample mix up, tissue identification analysis based 
on a multiplex short tandem repeat (STR) system (Promega, Benelux, Leiden, the 
Netherlands) was used. This analysis revealed that frozen and FFPE counterparts 
were from the same patients in both cases (data not shown). Next, the case that was 
positive by gold standard on the frozen sample, but negative by the test algorithm 
on the matched FFPE sample was subjected to CD44v6 immunostaining to check the 
quality of the FFPE block for IHC. There was clear immunostaining for CD44v6 (data 
not shown). In addition, HPV16-specific PCR with E7 primers and HPV16 E6 mRNA 
RT-PCR were performed on the FFPE sample, both of which were negative. Hence, 
the absence of p16 immunostaining matched with the lack of HPV DNA and RNA in 
the FFPE sample, but remained discordant to the results of the snap frozen sample.
The second discordant case, which was HPV DNA and mRNA negative on the 
frozen sample, but positive for p16-IHC and HPV 16 by genotyping of GP5+/6+ 
PCR product on the matched FFPE sample, was positive by HPV16 E6*I reverse-
transcriptase PCR on the FFPE sample. This is in line with the expression of p16 and 
the presence of HPV DNA in the FFPE sample as demonstrated by the algorithm, 

Table 1. 2x2 table of HPV detection by the gold standard versus HPV detection by the 
algorithm

Number of HPv-positive 
samples “gold standard” †

Number of HPv- negative 
samples “gold standard” †

Number of HPV- positive 
samples “test algorithm” ‡

23 1

Number of HPV- negative 
samples “test algorithm” ‡

1 61

† as determined by RT-PCR on snap frozen tissue, ‡ as determined by p16 immunohistochemistry 
and GP5+/6+ PCR on formalin-fixed-paraffin-embedded tissue
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and clearly indicates the existence of an active oncogenic infection in the FFPE 
specimen. However, it remains discordant to the snap frozen tissue specimen.

Time trend analysis
Subsequently, the validated test algorithm was used for a time trend analysis 
using 240 archival FFPE specimen of OPSCC collected from 1990 till 2010. In total, 
41/240 (17.1%) of the biopsies were positive for HPV according to the algorithm. 
Stratified per year, 2/39 (5%) biopsies from 1990, 3/37 (8%) from 1995, 6/42 (14%) 
from 2000, 12/59 (20%) from 2005 and 18/62 (29%) from 2010 were HPV-positive. 
(Figure 1) A highly significant increase in the frequency of HPV-positive samples 
from 1990-2010 was observed by the Cochrane-Armitage test for trend (p< 0.001). 
It is unlikely that the difference in HPV prevalence is due to a different analytical 
sensitivity or performance of the HPV DNA PCR in different years as the EIA values 
did not differ between the years. The same statistic test revealed that smoking 
and excessive consumption of alcohol did not change significantly during these 
two decades. (Figure 2) Furthermore, a significantly higher HPV prevalence was 
seen in males compared to females (Chi-square test p=0.004) and in squamous cell 
carcinoma in the tonsils compared to the other oropharyngeal subsites (Chi-square 

years 1990 1995 2000 2005 2010

HPV-positive 2 3 6 12 18

HPV-negative 37 34 37 47 44

Figure 1. The proportion of HPV-positive oropharyngeal squamous cell carcinomas obtained in 
the years 1990,1995, 2000, 2005 and 2010 (X-axis). The y-axis denotes the percentage of tumors 
that are positive for HPV by p16-IHC and GP5+/6+ PCR.
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test p=0.001, with Bonferroni correction). (Table 2) Patients with an HPV-positive 
tumor were less likely to have a history of heavy smoking and excessive alcohol 
consumption than HPV- negative patients. (Table 2)

dISCuSSION
In the present study, the combination of p16 IHC followed by GP5+/6+ PCR on 
the positive cases was validated, in an independent tumor series and showed 
an accuracy of 98% (sensitivity: 96%, specificity 98%). This algorithm was tested 
against the assay that is generally accepted as the “gold standard”; the detection 
of viral mRNA expression carried out by (quantitative) RT-PCR techniques on snap 
frozen samples. 
Similar findings were reported by Schache et al. (2011): a high sensitivity (97%) and 
specificity (94%) for the combination of p16 IHC and HPV DNA qPCR. Additionally, 
Schache et al. demonstrated that the combination of p16 IHC and DNA qPCR 
seems to be the best discriminator of a favourable outcome. (21) 
We could not identify the reason for the two discordant cases. For these two 
cases, the results of our test algorithm did not correspond to the “gold standard” 
assay, while we ruled out any technical failures. The only explanation seems to be 
heterogeneity for HPV within the tumor. Intratumoral heterogeneity has already 
been described in various tumor types including renal carcinomas. (31) However, 

Figure 2. Smoking and drinking patterns during the years 1990-2010. The black line denotes the 
percentage of smokers (>24 pack years) and the dotted line denotes the percentage of alcohol 
drinkers (>149 unit years).
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Table 2. Patient and tumor characteristics

HPv-positive HPv-negative

p-valuenumber (percentages) number (percentages)

Patient characteristics

No. of cases 41 (17.1%) 199 (82.9%)

Age at diagnosis p=0.78†

mean 61.1 61.5

median 58.5 60.9

Gender p=0.004‡

male 35 (85.4%) 124 (62.3%)

female 6 (14.6%) 75 (37.7%)

Oropharyngeal Sub-site p=0.001‡

tonsil 23 (56.1%) 60 (30.2%)

base of tongue 13 (31.7%) 54 (27.1%)

soft palate 0 31 (15.6%)

oropharynx nos 5 (12.2%) 54 (27.1%)

Smoking p=0.004‡

never (0-5 pack years) 10 (24.4%) 16 (8.0%)

moderate (6-24 pack years) 9 (22%) 29 (14.6%)

heavy (>24 pack years) 19 (46.3%) 145 (72.9%)

unknown 3 (7.3) 9 (4.5%)

Alcohol use p=0.02‡

never (0) 5 (12.2%) 18 (9.0%)

moderate (1-149 unit years) 18 (43.9%) 54 (27.1%)

heavy (> 149 unityears) 14 (34.1%) 119 (59.8%)

unknown 4 (9.8%) 8 (4.0%)

T-stage p=0.05‡

T1-2 25 (61%) 83 (41.7%)

T3-4 16 (39%) 108 (54.3)

Tx 0 8 (4.0%)

N-stage p=0.002‡

N0 8 (19.5%) 84 (42.2%)

N1-3 33 (80.5%) 103 (51.8%)

Nx 0 12 (6.0%)

Oropharynx nos= oropharynx not otherwise specified, Nx=unknown N-stage, Tx=unknown 
T-stage
† independent T-test ‡ Chi square
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there is no data on the possible existence of heterogeneity within HPV-positive 
tumors, and this would require additional studies. 
The availability of a reliable test algorithm for FFPE tumor specimen is needed to 
compare prevalence rates of HPV-positive oropharyngeal squamous cell carcinomas 
(OPSCCs) around the world. In addition, a reliable HPV detection method, that 
allows evaluation of active, oncogenic HPV involvement in OPSCC, is of major 
importance for the selection of patients in clinical de-escalation trials. (21) These 
trials are being developed to investigate de-escalation of therapy for patients 
with an HPV-positive tumor. Therefore, the clinical consequences may be severe 
in case of a false-positive test. (21)
Using the validated HPV-detection algorithm, we showed a continuous increase 
in the proportion of HPV-positive OPSCC from 5% in 1990 to 29% in 2010 at our 
institute. This increase in the proportion of HPV-positive OPSCCs has also been 
observed in other European countries and in the United States. (13;20;21;32) The 
fact that the incidence of OPSCC is increasing in the Netherlands (33) might be due 
to the increasing number of HPV-positive OPSCCs, which is also observed in other 
countries. However, the increase in the proportion of HPV-positive OPSCC has only 
been observed at our institute and cannot be automatically extrapolated to the 
whole Dutch population. Interestingly, smoking patterns and alcohol use remained 
stable in our patient cohort in the years 1990-2010, while in most developed 
countries smoking and alcohol use are declining. (19;34;35) Notwithstanding the 
continuous exposure to these classical risk factors, the number of HPV positive 
OPSCCs in this patient population increased. 
The reason of the rapid increase in prevalence of HPV-positive OPSCCs remains 
elusive. One of the explanations may be a change in sexual behavior, i.e., increasing 
practice of oral sex and increasing numbers of lifetime sex partners. Although 
data on generational changes in sexual behaviors are limited, initial studies both 
in Europe and the U.S. suggest that the number of lifetime sexual partners has 
increased over the past several decades. (36;37) As HPV infection usually takes 
more than 10 years to progress from infection to malignancy, a temporal change 
in sexual behavior could explain the increased incidence and observed in HPV-
positive OPSCC one to two decades later. (34) In concordance with other studies 
published, oropharyngeal HPV prevalence was higher in males compared to 
females, and higher in the tonsils compared to the other oropharyngeal subsites. 
In line with previous reports (6;7;9), we found that HPV-positive OPSCC was more 
common among patients who had never smoked and those with a lower number 
of cumulative pack years compared to patients with a history of heavier smoking. 
These epidemiological findings as well as the prognosis for patients with an HPV-
positive OPSCC compared to patients with an HPV-negative OPSCC should be 
verified on a much larger cohort of Dutch patients. 
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ABSTRACT 
The presence of human papillomavirus (HPV)-infection in oropharyngeal squamous 
cell carcinoma (OPSCC) is a major determinant in prognostic risk modeling. 
However, most risk models are based on clinical trials which only include a selected 
patient population. The clinical significance of HPV and other prognostic factors in 
patients with OPSCC remains to be evaluated in a large, unselected cohort, which 
also includes patients with stage I/II disease and patients with severe comorbidity. 
All patients diagnosed with OPSCC in 2000-2006 in two Dutch university hospitals 
were included. The presence of an oncogenic HPV infection was determined by 
p16-immunostaining, followed by a high-risk HPV general primer 5+/6+ DNA PCR 
on the p16-positive cases. Cox regression analysis was performed to compare 
survival rates between HPV-positive and HPV-negative patients and a prognostic 
model was generated by recursive partitioning. 
In total, 163 of 841 (19.4%) tumors were HPV-positive. Patients with HPV-positive 
OPSCC had a more favorable overall survival (73.5% vs 40.9% after five years; 
p<0.001; hazard ratio=0.34, 95% confidence interval [CI]: 0.25-0.48) compared 
to patients with HPV-negative OPSCC. Patients with p16-positive but HPV DNA-
negative tumors showed a significantly less favorable survival than patients with 
p16-positive and HPV DNA-positive tumors (p<0.001). A prognostic model was 
developed in which patients were classified into three risk groups according to 
HPV-status, nodal stage and comorbidity. (Harrell’s concordance-index of 0.68 
[95% CI: 0.65-0.71]).
Tumor HPV-status is a strong and independent prognostic factor for survival 
among patients with OPSCC. A prognostic risk model was proposed, based on 
our large, unselected cohort of patients with HPV-status, comorbidity and nodal 
stage being the important prognostic factors. In addition, this study emphasizes the 
importance of performing an HPV DNA-specific test besides p16-immunostaining.
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INTROduCTION 
Over the last three decades, it has become clear that infection with high-risk 
human papillomavirus (HPV) is etiologically linked to the development of head 
and neck squamous cell carcinomas, particularly those carcinomas that arise in 
the oropharyngeal region. 
Epidemiologic evidence has revealed a rapid increase in the prevalence rates of 
HPV-induced oropharyngeal squamous cell carcinomas (OPSCCs) in Europe and 
the United States. (1-3) HPV-associated oropharyngeal carcinomas are considered 
to be a different tumor entity, based on biological, epidemiological and clinical 
differences, when compared to the HPV-negative OPSCCs. The most important 
clinical difference between patients with HPV-positive and HPV-negative OPSCCs 
is related to the prognosis. Several retrospective and prospective studies in the 
United States, Australia and Western Europe have consistently demonstrated that 
HPV-positive OPSCC is associated with a more favorable prognosis. (4-6) However, a 
common limitation of most studies is the selection of the studied patient population. 
As most of these studies are based on protocol-driven trials with well-defined 
inclusion and exclusion criteria, there is a selection bias tendency for younger and 
healthier patients. In addition, most clinical trials focus on patients with advanced 
stage disease who are treated by chemoradiation. Patients with stage I/II disease 
are treated differently and hence little data on this group is available. Recently, a 
recursive partitioning model (RPA) for patients with OPSCC has been proposed 
based on the Radiation Therapy Oncology Group study (RTOG 0129 study). (4) 
This unique model has already been validated by others. (7) However, this model 
is based on a clinical trial in which only patients with stage III/IV disease and a 
Zubrod’s performance score of 0-1 were included. One has to wonder whether 
this model would also be applicable for the entire population of patients who 
present with OPSCC, or if additional prognostic factors need to be considered. 
The first aim of this study was to determine the clinical significance of HPV and 
other prognostic factors in a large, unselected cohort of patients with OPSCC. The 
second aim was to validate the prognostic model for OPSCC patients as defined 
by Ang et al. (4) and to evaluate an additional prognostic model, based on this 
unselected cohort of patients. 

mATERIALS ANd mETHOdS

Study design
This study comprised all patients with an OPSCC diagnosed at two Dutch 
University hospitals between January 2000 and December 2006. The patients 
were identified through the Dutch Cancer Registries. Patient characteristics, 
information on smoking behaviour (one pack year = 20 cigarettes a day during one 
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year) and alcohol consumption (one unit year= one drink a day during one year) as 
well as clinical outcome were obtained from the patient files. Survival data were 
additionally linked to the Dutch Cancer Registries and were collected over a 5-year 
follow-up period. Comorbidity was classified according to the Adult Comorbidity 
Evaluation 27 (ACE-27) index calculator (http://oto2.wustl.edu/clinepi/calc.html), 
which divides comorbidity into three categories; mild, moderate and severe. The 
ACE-27 index is a comorbidity classification system based on the Kaplan–Feinstein 
Comorbidity index (8) and was proven to be of prognostic value. (9) 
The presence of HPV was detected using pre-treatment formalin-fixed, paraffin-
embedded (FFPE) biopsies. Eligible samples included histopathologically confirmed 
invasive squamous cell carcinoma of the oropharynx (International classification of 
diseases for Oncology, [ICD-10] codes C019,C051,C052,C090-C099 and C100-C109). 
In total, 841 of 906 (93%) tumor biopsies could be retrieved from the pathology 
archives. Approval for this study was obtained from the Institutional Review Board 
and secondary use of tissue specimen adheres to the guidelines for proper use 
of human tissue (www.federa.org.). 

HPV testing
A sample was scored as HPV-positive based on a positive p16-immunostaining 
and a subsequent positive GP 5+/6+ HPV DNA PCR, according to a validated 
algorithm. (2;10;11)
Paraffin sections were prepared according to the sandwich method: the first and 
last sections were stained by haematoxylin and eosin to check for tumor presence. 
Sections of 3 µm were made for p16-immunostaining. Four sections of 10 µm were 
used for DNA isolation and HPV DNA detection. Precautions taken to avoid cross-
contamination, have been described before. (2) P16-immunostaining was performed 
with a CINtec TM Histology Kit (Roche MTM laboratories AG, Heidelberg, Germany) 
which contains the mouse monoclonal antibody INK4A directed against p16, on 
a BONDmax (Leica) automated platform. Two independent observers performed 
evaluation of the slides and consensus was achieved in all cases. Strong and diffuse 
nuclear and cytoplasmic immunostaining in more than 70% of the carcinoma tissue, 
was considered as p16-positive, whereas tissue with only faintly diffuse or no 
reactivity was considered to be p16-negative. (12) This definition is consistent with 
previously published articles and with clinical trial eligibility criteria in the U.S. (i.e 
E1308 and RTOG 1016). (4;13) The GP5+/6+-PCR with enzyme-immuno-assay (EIA) 
read-out was used for DNA detection of 14 high-risk HPV types (HPV 16, 18, 31, 33, 
35, 39, 45, 51, 52, 56, 58, 59, 66 and 68). (14) Subsequent genotyping of the virus 
was performed by bead-based array on the Luminex platform. (15) Sample quality 
after DNA extraction was controlled by β-globin PCR (amplicon size 100 bp). When 
p16-immunostaining was positive, but GP 5+/6+ PCR was negative, type-specific 
PCR for HPV16 was performed in addition using primers in the E7 gene. (10)
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End points
The endpoints were overall and progression-free survival. Overall survival (OS) 
was defined as the time from date of incidence (defined as the date on which 
the squamous cell carcinoma was histologically confirmed) to death (any cause). 
Progression-free survival (PFS) was defined as the time period from date of 
incidence to death or the first documented relapse, which was categorized as 
local-regional recurrence or distant metastases.

Statistical Methods
Differences in patient characteristics between HPV-positive and HPV-negative 
cases were assessed using the Pearson χ²-test or Student’s t-test. Bonferroni 
correction was used to compare subgroups for specific variables.
OS and PFS were estimated by means of the Kaplan-Meier method and survival 
curves were compared by use of the log-rank test. Gray’s test was used to 
compare rates of local-regional relapse, distant metastases and second primary 
tumors. Potential effect modifiers in the association between HPV and survival 
were analyzed by Cox regression analyses. Multivariable analysis was performed 
using Cox regression with backward stepwise selection. The p-value to remove 
the variable from the model was set to p<0.1. Statistical analysis was performed 
using SPSS (version 15, SPSS Inc, Chicago, IL). A p-value of < 0.05 was considered 
to indicate statistical significance. To validate the recursive partitioning analysis 
(RPA) model based on the RTOG 0129 study (the RTOG RPA model) (4), all patients 
were divided into the three risk categories according to this RTOG classification. 
We estimated the Kaplan–Meier group-stratified OS curves and comparison 
between the curves was carried out using the log-rank test. As a measure of 
model performance, the Harrell’s Concordance-index (Harrell’s C-Index) was used. 
(16) Exploration of risk models based on our data was performed by RPA as well. 
The S-tree software (http://c2s2yale.edu/software/stree) was used to identify the 
factors that were most influential for overall survival and to permit classification 
of patients with OPSCC as having low, intermediate or high risk of death. 

RESuLTS

Patient characteristics and HPV-detection
P16-immunostaining was scored positive in 195 samples, of which 161 were 
GP5+/6+-PCR-positive and 34 GP5+/6+-PCR-negative. On this latter group, 
an E7 PCR was performed, which identified two more HPV-positive cases. HPV 
genotyping was performed on the HPV-positive cases; 149 (91.4%) contained 
HPV16, 7 (4.3%) HPV35, 3 (1.8%) HPV33, 2 (1.2%) HPV18 and 1 (0.6%) HPV45 and 
1 HPV58. There was no significant difference in HPV-prevalence between the two 
university medical centers. 
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The association of patient variables and tumor characteristics were analyzed in 
relation to tumor HPV status. (Table 1) Patients with HPV-positive OPSCC were 
less likely to have moderate to severe comorbidity (ACE-27 score 2-3), a history 
of heavy smoking (>24 pack years) and excessive alcohol consumption (>149 
unit years) than HPV-negative patients (p<0.001). HPV-positive patients had less 
advanced primary tumors than HPV-negative patients, but a more advanced 
nodal stage. A higher HPV-prevalence was found in squamous cell carcinoma 
in the base of tongue and the tonsils compared to the other oropharyngeal 

Table 1. Patient and tumor characteristics in relation to HPV-status (continued)

HPv-
positive

HPv-
negative

p-value*

p16+/ HPv dNA- 
‘discordant group’

p-value** p-value***number (%) number (%) number (%)

Patient 
characteristics

No. of cases 163 (19.4%) 646 (76.8%) 32 (3.8%)

Age at diagnosis p=0.13† p=0.77† p=0.29†

mean 60.53 60.94 61.10

median 58.14 59.67 59.26

Gender p=0.13‡ p=0.73‡ p=0.70‡

male 117 (71.8%) 423 (65.5%) 22 (68.8%)

female 46 (28.2%) 223 (34.5%) 10 (31.2%)

Comorbidity 
(ACE-27 score)

p<0.001‡ p=0.01‡ p=0.97‡

0 92 (56.4%) 209 (32.4%) 11 (34.3%)

1 40 (24.5%) 196 (30.3%) 10 (31.2%)

2 28 (17.2%) 186 (28.8%) 8 (25.0%)

3 2 (1.2%) 54 (8.4%) 3 (9.4%)

Unknown 1 (0.6%) 1 (0.2%) 0

Smoking p<0.001‡ p<0.001‡ p=0.54‡

0-10 pack years 66 (40.5%) 41 (6.3%) 3 (9.4%)

11-24 pack years 26 (16.0%) 60 (9.3%) 1 (3.1%)

>24 pack years 70 (42.9%) 537 (83.1%) 28 (87.5%)

unknown 1 (0.6%) 8 (1.2%) 0

Alcohol use p<0.001‡ p<0.001‡ p=0.52‡

0-100 unit years 112 (68.7%) 167 (25.9%) 6 (18.8%)

111-149 unit 
years

15 (9.2%) 50 (7.7%) 4 (12.5%)

> 149 unit years 35 (21.5%) 415 (64.2%) 22 (68.8%)

unknown 1 (0.6%) 14 (2.2%) 0
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Table 1. Patient and tumor characteristics in relation to HPV-status (continued)

HPv-
positive

HPv-
negative

p-value*

p16+/ HPv dNA- 
‘discordant group’

p-value** p-value***number (%) number (%) number (%)

Oropharyngeal 
Sub-site

p<0.001‡ p<0.001‡ p=0.88‡

tonsil 96 (58.9%) 248 (38.4%) 13 (40.6%)

base of tongue 51 (31.3%) 161 (24.9%) 6 (18.8%)

soft palate 9 (5.5%) 115 (17.8%) 6 (18.8%)

oropharynx nos 7 (4.3%) 122 (18.9%) 7 (21.9%)

T-stage p<0.001‡ p=0.81‡ p=0.05‡

T1-2 88 (54%) 252 (39.1%) 18 (56.2%)

T3-4 75 (46%) 392 (60.9) 14 (43.8%)

Tx 0 8 (4.0%) 0

N-stage p<0.001‡ p<0.001‡ p=0.09‡

N0 24 (14.7%) 254 (39.3%) 17 (53.1%)

N1-3 139 (85.3%) 390 (60.4%) 14 (43.8%)

Nx 0 2 (0.3%) 1 (3.1%)

Tumor 
differentiation

p<0.001‡ p=0.04‡ p<0.001‡

Well 2 (1.2%) 37 (5.5%) 0

Moderate 46 (28.2%) 472 (71.8%) 15 (46.9%)

Poor 115 (70.6%) 137 (22.7%) 17 (53.1%)

Intention of 
treatment

p=0.003‡ p=0.04‡ p=0.620‡

Palliative 
treatment

11 (6.7%) 101 (15.5%) 6 (18.8%)

Curative 
treatment

152 (93.3%) 545 (84.4%) 26 (81.2%)

Treatment 
modalities 
(curative)

p<0.001‡ p=0.003‡ p=0.214‡

SURG +/-RT 42 (27.7%) 167 (30.7%) 11 (42.3%)

RT 28 (18.4%) 169 (31.0%) 11 (42.3%)

CRT 42 (27.6%) 157 (28.8%) 3 (11.5%)

RT+LND+RT 
(brachytherapy)

40 (26.3%) 52 (9.5%) 1 (3.8%)

oropharynx nos= oropharynx not otherwise specified, Nx=unknown N-stage, Tx=unknown 
T-stage, SURG=surgery, RT=radiotherapy, CRT=chemoradiation, LND=lymphnode dissection
† independent T-test, ‡ Chi square 
p-value*= HPV-positive group compared to HPV-negative group, p-value**= discordant group 
compared to HPV-positive group, p-value***= discordant group compared to HPV-negative 
group
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subsites (p<0.001, with Bonferroni correction). Significantly more tumors in the 
HPV-positive group were poorly differentiated compared to the HPV-negative 
group (p<0.001). Patients with a p16-positive but HPV DNA-negative OPSCC (the 
‘discordant’ group), showed more similarities to the HPV-negative group than to 
the HPV-positive group regarding patient variables. (Table 1)

Survival analysis
For analysis of the association of tumor HPV status with survival, we included all 
patients treated with curative intent (723 of 841). The baseline characteristics of 
patients excluded from the survival analysis are depicted in table 2. The median 
follow-up of patients who received treatment and remained alive was 4.33 years 

Table 2. Patient and tumor characteristics of patients treated with palliative versus curative 
intent (continued)

Patient characteristics

Patients treated with 
curative intent

Patients treated with 
palliative intent

p-value*

HPv-positive HPv-negative HPv-positive HPv-negative

number 
(percentages)

number 
(percentages)

number 
(percentages)

number 
(percentages)

No. of cases 152 (21.0%) 571 (79.0%) 11 (9.3%) 107 (90.7%) p=0.003‡

Age at diagnosis

mean 60.21 60.25 64.94 64.67 p=0.003†

median 57.94 59.10 64.85 62.24

Gender p=0.81‡

male 108 (71.1%) 374 (65.5%) 9 (81.8%) 71 (66.4%)

female 44 (28.9%) 197 (34.5%) 2 (18.2%) 36 (33.6%)

Comorbidity  
(ACE-27 score)

p<0.001‡

0 89 (58.6%) 203 (35.6%) 3 (27.3%) 17 (15.9%)

1 38 (25.0%) 181 (31.7%) 2 (18.2%) 25 (23.4%)

2 22 (14.5%) 154 (27.0%) 6 (54.5%) 40 (37.4%)

3 2 (1.3%) 32 (5.6%) 0 25 (23.4%)

Smoking p=0.22‡

0-10 pack years 63 (41.4%) 36 (6.3%) 3 (27.3%) 8 (7.5%)

11-24 pack years 24 (15.8%) 51 (8.9%) 2 (18.2%) 10 (9.3%)

>24 pack years 64 (42.1%) 479 (83.9%) 6 (54.5%) 86 (80.4%)

unknown 1 (0.7%) 5 (0.9%) 0 3 (2.8%)

Alcohol use p<0.001‡

0-100 unit years 108 (71.1%) 153 (26.8%) 4 (36.4%) 20 (18.7%)

111-149 unit years 14 (9.2%) 74 (8.2%) 1 (9.1%) 7 (6.5%)
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Table 2. Patient and tumor characteristics of patients treated with palliative versus curative 
intent (continued)

Patient characteristics

Patients treated with 
curative intent

Patients treated with 
palliative intent

p-value*

HPv-positive HPv-negative HPv-positive HPv-negative

number 
(percentages)

number 
(percentages)

number 
(percentages)

number 
(percentages)

> 149 unit years 29 (19.1%) 363 (63.6%) 6 (54.5%) 74 (69.2%)

unknown 1 (0.7%) 8 (1.4%) 0 6 (5.6%)

Oropharyngeal 
Sub-site

p<0.001‡

tonsil 91 (59.9%) 230 (40.3%) 5 (45.5%) 31 (29.0%)

base of tongue 47 (30.9%) 135 (23.6%) 4 (36.4%) 32 (29.9%)

soft palate+uvula 7 (4.6%) 112 (19.6%) 2 (18.2%) 9 (8.4%)

oropharynx nos 7 (4.6%) 94 (16.5%) 0 35 (32.7%)

T-stage p=0.001‡

T1 33 (21.7%) 81 (14.2%) 33 (9.1%) 4 (3.7%)

T2 52 (34.2%) 178 (31.2%) 52 (18.2%) 7 (6.5%)

T3 53 (34.9%) 190 (33.3%) 53 (18.2%) 34 (31.8%)

T4 14 (9.2%) 120 (21.0%) 14 (54.5%) 62 (57.9%)

Tx 0 2 (0.4%) 0 0

N-stage p=0.001‡

N0 22 (14.5%) 249 (43.6% 2 (18.2%) 22 (20.6%)

N1 20 (13.2%) 81 (14.2%) 1 (9.1%) 9 (8.4%)

N2 100 (65.8%) 217 (38.0%) 4 (36.4%) 57 (53.3%)

N3 10 (6.6%) 23 (4.0%) 4 (36.4%) 17 (15.9%)

Nx 0 1 (0.2%) 0 2 (1.9%)

Tumor differentiation p<0.001‡

Well 2 (1.3%) 34 (6.0%) 0 3 (2.8%)

Moderate 44 (28.9%) 412 (72.2%) 2 (18.2%) 75 (70.1%)

Poor 106 (69.7%) 125 (21.9%) 9 (81.8%) 29 (27.1%)

Treatment modalities p<0.001‡

SURG +/-RT 42 (27.7%) 178 (31.2%) 0 0

RT 28 (18.4%) 180 (31.5%) 4 (40.0%) 50 (48.5%)

CRT 42 (27.6%) 160 (28.0%) 1 (10.0%) 2 (1.9%)

RT+LND+RT (brachy) 40 (26.3%) 53 (9.3%) 0 0

none 0 0 5 (50.0%) 51 (49.5%)

Oropharynx nos= oropharynx not otherwise specified, Nx=unknown N-stage, Tx=unknown 
T-stage, SURG=surgery, RT=radiotherapy, CRT=chemoradiation, LND=lymphnode dissection
† independent T-test, ‡ Chi square 
p-value*= patients treated with palliative intent compared to patients treated with curative intent



52

3

(range, 0.1-12.1). There was no significant difference in survival between the different 
treatment groups for HPV-negative patients (p=0.383) neither for HPV- positive 
patients (p=0.149). An increase in HPV-prevalence was seen in the period 2000-2006 
(from 17.8% to 27.0%), but the year of inclusion did not confound OS (p=0.481).
Patients with an HPV-positive OPSCC (n=152) had a significantly better OS and 
PFS than patients with an HPV-negative OPSCC (n=571) (p<0.001 for both, Fig. 1 
A+B). The 5-year OS-rates were 73.5% in the HPV-positive subgroup and 40.9% in 
the HPV-negative subgroup The 5-year PFS-rates were 70.0% in the HPV-positive 
subgroup and 42.6% in the HPV-negative subgroup. OS and PFS survival rates 
of curatively treated patients with a p16-positive but HPV DNA-negative OPSCC 
(n=26), were significantly worse compared to those of patients with an HPV-positive 
OPSCC (5-year OS: 46.2%, 5-year PFS: 45.8%, p<0.001 compared to HPV-positive 
group). (Fig. 1 C+D) Analysis of treatment failure, revealed significantly less local-
regional recurrences (6.6%), second primary tumors (6.6%) and distant metastases 
(7.2%) in HPV-positive patients compared with HPV-negative patients (19.1%, 21.5% 
and 13.0%, respectively). 
Univariate analysis revealed that age, gender, comorbidity, pack-years, unit years, 
tumor size, nodal stage and HPV-status were all individually associated with OS 
and PFS outcomes. Nodal stage and comorbidity were effect modifiers on the 
relation between HPV-status and survival. Therefore, different HPV survival curves 
are shown for patients with a low nodal stage (N0-N2a) versus patients with a high 
nodal stage (N2b-N3) and for patients with ACE-27 score 0-1 versus patients with 
ACE-27 score 2-3. (Figure 2) 
Multivariable analysis confirmed the independent association of age, gender, 
comorbidity, pack-years, tumor size, nodal stage and HPV-status with overall and 
progression-free survival. (Table 3) 

Recursive partitioning analysis
First, the RTOG RPA model was validated with our patient data. (Figure 3) According 
to this model, 95 of 151 (62.9%) patients with HPV-positive OPSCC belonged to 
the low risk group and 56 of 151 (37.1%) belonged to the intermediate risk group, 
because of their smoking status (i.e. >10 pack years). The Harrell’s C-Index was 
0.58 [95% CI: 0.56-0.61]. 
An additional RPA model was developed, based on our consecutive patient 
cohort. Prognostic factors entered in the RPA were age, gender, tumor stage, 
nodal stage, pack years, unit years, comorbidity and HPV status. This analysis 
showed that HPV-status of the tumor was the major determinant of OS, followed 
by nodal stage in the HPV-negative group and comorbidity in the HPV-positive 
group. According to this classification, 721/723 patients could be divided into 
three categories with respect to the risk of death; low, intermediate and high 
with corresponding 3-year survival rates of 88.1%, 59.1% and 33.5%, respectively. 
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Figure 1: Kaplan-Meier curves for patients treated with curative intent, stratified by tumor HPV status. 

A. Overall survival for all patients treated with curative intent: 5-year survival HPV-positive patients (blue line): 

73.5% versus 5-year survival HPV-negative patients (green line): 40.9% (hazard ratio (HR) 0.34, 95% CI: 0.25-

0.48). B. Progression-free survival for all patients treated with curative intent: 5-year survival HPV-positive 

patients (blue line): 70.0%, versus 5-year survival for HPV-negative patients (green line):  42.6% (HR 0.40, 95% 

CI: 0.29-0.55). C. Overall survival for patients in the p16-positive/ HPV DNA-negative group (red line) 

compared to survival rates for HPV-positive and HPV-negative patients: 5-year survival for p16-positive/HPV-

negative patients: 46.2% (HR compared to HPV-negative group: 0.82, 95% CI: 0.48-1.39), versus 5-year 

survival HPV-positive patients: 73.5% (HR compared to HPV-negative group: 0.34, 95% CI: 0.24-0.47), versus 

5-year survival for HPV-negative patients: 40.7%. D. Progression-free survival for patients in the p16-positive/ 

HPV DNA-negative group (red line) compared to survival rates for HPV-positive and HPV-negative patients: 5-

year survival for p16-positive/HPV-negative patients: 45.8% (HR compared to HPV-negative group: 0.879, 95% 

CI: 0.46-1.38), versus 5-year survival for HPV-positive patients: 70.0% (HR compared to HPV-negative group: 

0.40, 95% CI: 0.29-0.54), versus 5-year survival for HPV-negative patients: 42.5%.  
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intent: 5-year survival HPV-positive patients (blue line): 70.0%, versus 5-year survival for HPV-
negative patients (green line): 42.6% (HR 0.40, 95% CI: 0.29-0.55). C. Overall survival for patients 
in the p16-positive/ HPV DNA-negative group (red line) compared to survival rates for HPV-
positive and HPV-negative patients: 5-year survival for p16-positive/HPV-negative patients: 46.2% 
(HR compared to HPV-negative group: 0.82, 95% CI: 0.48-1.39), versus 5-year survival HPV-positive 
patients: 73.5% (HR compared to HPV-negative group: 0.34, 95% CI: 0.24-0.47), versus 5-year 
survival for HPV-negative patients: 40.7%. D. Progression-free survival for patients in the p16-
positive/ HPV DNA-negative group (red line) compared to survival rates for HPV-positive and HPV-
negative patients: 5-year survival for p16-positive/HPV-negative patients: 45.8% (HR compared 
to HPV-negative group: 0.879, 95% CI: 0.46-1.38), versus 5-year survival for HPV-positive patients: 
70.0% (HR compared to HPV-negative group: 0.40, 95% CI: 0.29-0.54), versus 5-year survival for 
HPV-negative patients: 42.5%. 
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Figure 2. HPV overall survival curves separated for patients with a low nodal stage (i.e. N0-N2a) 
(Fig. 1A) versus patients with a high nodal stage (N2b-N3) (Fig. 1B) and for patients with ACE-27 
score 0-1 (Fig. 1C) versus patients with ACE-27 score 2-3 (Fig. 1D).
The effect of HPV-status on survival was significantly different for patients with a low nodal stage 
(i.e. N0-N2a) versus patients with a high nodal stage (N2b-N3) (p=0.004) and for patients with a 
low ACE-27 score (0-1) compared to patients with a moderate-high ACE-27 score (2-3) (p=0.017). 
Kaplan Meier curves for overall survival stratified by tumor HPV status. 
In patients with N0-N2a disease, the 5 year overall survival rates were 71.5% for HPV-positive 
patients (black line) versus 52.8% for HPV-negative patients (dotted line) (p=0.006). For patients 
with N2b-N3 disease, the 5 year survival rates were 74.6% for HPV-positive patients (black line) 
and 30.2% for HPV-negative patients (dotted line). (Figure 1A and 1B) 
In patients with ACE-27 score 0-1, HPV-status was a significant prognostic factor with a 5-year 
overall survival of 79.4% and 45.3% for HPV-positive (black line) and HPV-negative patients (dotted 
line) respectively. For patients with ACE-27 score 2-3, HPV status was not longer significant and 
the 5-year overall survival for HPV-positive patients was 45.8% (black line), compared to a 5 year 
survival of 32.0% for the HPV-negative patients (dotted line). (Figure 1C and 1D)
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Figure 3: Kaplan-Meier overall survival curves of the three risk groups as stratified by the RTOG RPA 

model 

The RTOG RPA model was validated with our patient data. In total, 718 of 723 patients could be categorized 

into three categories according to the RTOG classification resulting in a low-risk group (group 1) of 95 cases, an 

intermediate risk group (group 2), of 86 cases and a high risk group (group 3) of 537 cases. The 3-year overall 

survival estimates were 86.2% for the low-risk group (green line), 69.8% for the intermediate risk group (blue 

line) (HR compared to low risk: 1.78, 95% CI: 1.03 to 3.07) and 51.6% for the high-risk group (red line) (HR 

compared to low risk: 3.53, 95% CI, 2.29 to 5.44). The associated 95% confidence intervals are shown as well. 

The Harrell’s Concordance Index (Harrell’s C- Index) was 0.58 [95% CI: 0.56-0.61].  
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The RTOG RPA model was validated with our patient data. In total, 718 of 723 patients could 
be categorized into three categories according to the RTOG classification resulting in a low-risk 
group (group 1) of 95 cases, an intermediate risk group (group 2), of 86 cases and a high risk group 
(group 3) of 537 cases. The 3-year overall survival estimates were 86.2% for the low-risk group 
(green line), 69.8% for the intermediate risk group (blue line) (HR compared to low risk: 1.78, 95% 
CI: 1.03 to 3.07) and 51.6% for the high-risk group (red line) (HR compared to low risk: 3.53, 95% 
CI, 2.29 to 5.44). The associated 95% confidence intervals are shown as well.
The Harrell’s Concordance Index (Harrell’s C- Index) was 0.58 [95% CI: 0.56-0.61]. 

(Figure 4) According to this RPA model, 127 of 151 (84.1%) HPV-positive patients 
belonged to the low risk group and 24 of 151 (15.9%) to the intermediate risk 
group because of a higher ACE-27 score. The Harrell’s C-Index of this model 
was 0.68 [95% CI: 0.65-0.71]. Patients with early stage (stage I/II) and advanced 
stage (stage III/IV) disease were considered separately for the two models. Both 
Harrell’s C-indices remained unchanged.

dISCuSSION 
This study evaluated the clinical significance of HPV and other prognostic factors 
in a large, unselected cohort of patients with OPSCC. In the period 2000-2006, 
19.4% of all the OPSCCs diagnosed were HPV- induced. This is a relatively low 
prevalence rate, compared to prevalence rates in the United States and other 
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Figure 4: Classification of patients into three risk groups (according to recursive partitioning analysis 

performed on our patient cohort) and Kaplan-Meier overall survival curves for these three risk groups 

Recursive-partitioning analysis was used on our patient cohort to identify the most important prognostic factors 

and to classify patients into three risk-of death categories (low, intermediate and high risk of death). The 

prognostic factors entered in the analysis were: age, gender, tumor stage (T1,T2,T3,T4), nodal stage 

(N0,N1,N2a,N2b,N2c,N3), pack years (dichotomized: 0-10 PY,11-24 PY, >24 PY and dichotomized: ≤ 10PY, > 

10PY), unit years (dichotomized: 0-100 UY, 111-149 UY, >149 UY and dichotomized: ≤ 100UY, > 100UY), 

comorbidity (ACE-score 27: 0, 1, 2, 3) and HPV status. According to this recursive partitioning analysis, 

721/723 patients could be divided into three categories with respect to the risk of death; low, intermediate and 

high. The 3-year overall survival in these three categories was 88.1% for the low-risk group (green line), 59.1% 

for the intermediate risk group (blue line) (HR compared to low risk: 3.50, 95% CI: 2.43 to 5.05) and 33.5% for 

the high-risk group (green line) (HR compared to low risk: 7.57, 95% CI, 5.27 to 10.89) and Kaplan-Meier 
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Table 3. Univariate and multivariable models for Overall and Progression-free Survival

univariate

P value

multivariable

P value

Hazard ratio 
(95% Confidence 

Interval)

Hazard ratio 
(95% Confidence 

Interval)

Overall Survival

Age (per increase of 1 year) 1.03 (1.02-1.04) p< 0.001 1.04 (1.02-1.05) p< 0.001

Gender (male vs female) 0.79 (0.64-0.99) p=0.04 0.98 (0.78-1.24) p=0.86

Comorbidity (ACE-27 score 2-3 
vs ACE-27 score 0-1)

1.84 (1.49-2.27) p< 0.001 1.62 (1.31-2.01) p<0.001

Pack Years (>10 PY vs ≤ 10 PY) 2.27 (1.56-3.30) p< 0.001 1.60 (1.07-2.38) p=0.021

Unit Years (>100 UY vs ≤ 100 UY) 1.54 (1.23-1.93) p< 0.001 1.14 (0.90-1.45) p=0.28

Tumor size (T3-4 vs T1-2) 1.67 (1.36-2.06) p< 0.001 1.42 (1.15-1.76) p=0.001

Nodal stage (N2b-N3 vs N0-N2a) 1.77 (1.44-2.16) p< 0.001 2.24 (1.80-2.78) p<0.001

HPV status (positive vs negative) 0.34 (0.25-0.48) p< 0.001 0.35 (0.25-0.50) p<0.001

Progression-free Survival

Age (per increase of 1 year) 1.02 (1.01-1.03) p< 0.001 1.02 (1.01-1.04) p<0.001

Gender (male vs female) 0.80 (0.64-1.01) p=0.06 0.94 (0.74-1.20) p=0.64

Comorbidity (ACE-27 score 2-3 
vs ACE-27 score 0-1)

1.63 (1.31-2.04) p< 0.001 1.49 (1.19-1.87) p=0.001

Pack Years (>10 PY vs ≤ 10 PY) 1.868 (1.31-2.68) p= 0.001 1.26 (0.86-1.86) p=0.24

Unit Years (>100 UY vs ≤ 100 UY) 1.445 (1.15-1.82) p=0.002 1.13 (0.88-1.45) p=0.34

Tumor size (T3-4 vs T1-2) 1.44 (1.16-1.78) p=0.001 1.27 (1.02-1.59) p=0.03

Nodal stage (N2b-N3 vs N0-N2a) 1.68 (1.36-2.07) p< 0.001 2.14 (1.71-2.68) p<0.001

HPV status (positive vs negative) 0.40 (0.29-0.55) p<0.001 0.33 (0.24-0.46) p<0.001

Figure 4. Classification of patients into three risk groups (according to recursive partitioning 
analysis performed on our patient cohort) and Kaplan-Meier overall survival curves for these three 
risk groups. 
Recursive-partitioning analysis was used on our patient cohort to identify the most important 
prognostic factors and to classify patients into three risk-of death categories (low, intermediate and 
high risk of death). The prognostic factors entered in the analysis were: age, gender, tumor stage 
(T1,T2,T3,T4), nodal stage (N0,N1,N2a,N2b,N2c,N3), pack years (dichotomized: 0-10 PY,11-24 PY, 
>24 PY and dichotomized: ≤ 10PY, > 10PY), unit years (dichotomized: 0-100 UY, 111-149 UY, >149 
UY and dichotomized: ≤ 100UY, > 100UY), comorbidity (ACE-score 27: 0, 1, 2, 3) and HPV status. 
According to this recursive partitioning analysis, 721/723 patients could be divided into three 
categories with respect to the risk of death; low, intermediate and high. The 3-year overall survival 
in these three categories was 88.1% for the low-risk group (green line), 59.1% for the intermediate 
risk group (blue line) (HR compared to low risk: 3.50, 95% CI: 2.43 to 5.05) and 33.5% for the 
high-risk group (green line) (HR compared to low risk: 7.57, 95% CI, 5.27 to 10.89) and Kaplan-Meier 
overall survival curves for these three risk groups (Harrell’s-C index 0.68 [95% CI: 0.65-0.71]). The 
associated 95% confidence intervals are shown as well.
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parts of Europe in the same period. (4;17;18) However, recently published data 
show that the proportion of HPV-induced OPSCC has been increasing rapidly at 
our center, from 5.1% in 1990 to 29.0% in 2010. (2)
HPV status was an independent prognostic factor for OS and PFS among patients 
with OPSCC. Recently, it was shown that this also counts for non-OPSCC (oral cavity, 
hypopharynx and larynx). (19) Our analyses confirmed the prognostic model of 
the RTOG 0129 study and the 3-year survival rates were similar to those described 
previously. (4) However, the Harrell’s C-index was not optimal, probably because 
our patient cohort also included patients with stage I/II disease and patients with 
moderate to severe comorbidity. Therefore, we developed an additional prognostic 
risk model, based on our unselected patient cohort. Our model revealed that the 
main prognostic factor in patients with an OPSCC is HPV-status. In HPV-negative 
patients, nodal stage remains the most important prognostic factor, however in 
HPV-positive patients, nodal stage does not influence the prognosis. This is in 
concordance with several other studies. (1;3) Comorbidity was the most important 
prognostic factor in HPV-positive patients and the second most important factor 
in HPV-negative patients. In other models, smoking appears to be one of the main 
prognostic factors. (4) In this study, smoking was indeed one of the prognostic 
determinants of survival in the univariate and multivariable analyses. However, in 
the RPA, comorbidity was a stronger prognostic factor than smoking. A reason 
for this could be that most of the patients in our cohort smoked more than 10 PY 
(87.1%), which is a very high percentage in comparison to other studies.
This new model is applicable for a more general group of patients and not only 
for patients included in clinical trials. Moreover, this model might be very suitable 
for a patient population with a high percentage of heavy smokers. According to 
the RTOG RPA model, 37.1% of the HPV-positive patients in our study belonged 
to the intermediate risk group, because of their smoking status (i.e. >10 pack 
years). However, a large part of these patients did in fact have a good prognosis. 
Therefore, a selection based on comorbidity seems to be more reliable in such 
patient populations.
One of the remarkable findings is the survival of patients with p16-positive but HPV 
DNA-negative OPSCC, which is significantly different compared to patients with 
‘truly’ HPV-positive OPSCC. The survival curve of this ‘discordant’ group almost 
converged the survival curve of patients with HPV-negative OPSCC. Furthermore, 
the patient characteristics of this ‘discordant group’ resembled those of HPV-
negative patients. In 2011, similar results were reported. (20) At this moment, 
de-intensification trials are being conducted for which eligibility for randomization 
is based on a positive p16-immunostaining. However, this causes the risk to enroll 
patients with HPV DNA-negative tumors, who, according to our study, show a 
less favorable prognosis. Obviously, these findings should be interpreted with 
caution as they are based on a relatively small group. Moreover, these findings 
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need to be validated, both clinically and biologically. Most logical explanation for 
p16-overexpression independent of HPV, is a disruption of the pRb pathway by 
other as yet unidentified molecular mechanisms, such as activating CDK4 or CDK6 
mutations combined with a premature senescence response of the cells. Genetic 
characterization might reveal whether these tumors are HPV-induced or not. (21) 
In conclusion, tumor HPV-status is a strong and independent prognostic factor 
for survival among patients with OPSCC. Comorbidity appeared to be another 
important prognostic factor for both HPV-positive and HPV-negative patients. 
This study highlights the importance of performing reliable HPV DNA testing 
besides p16-immunostaining to detect a true HPV-related OPSCC and to select 
patients for de-intensifying trials.
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ABSTRACT
Patients with human papillomavirus (HPV)-positive oropharyngeal squamous cell 
carcinomas (OPSCCs) have a better prognosis than patients with HPV-negative 
OPSCCs. Important factors contributing to this better prognosis are relatively low 
numbers of local-regional recurrences (LRRs) and second primary tumors (SPTs) in 
HPV-positive patients. These low numbers may be explained by the absence of 
a ‘field cancerization’ effect, which is a cause of LRRs and SPTs in HPV-negative 
patients. We aimed to detect a possible ‘field-effect’ in HPV-positive patients. 
Since HPV is involved in the early stage of carcinogenesis in OPSCCs, its presence 
is considered a reliable marker for detection of such a field effect. Therefore, the 
presence of transcriptionally active HPV was analyzed in the mucosa surrounding 
HPV-positive OPSCCs. 
We included 20 patients who were surgically treated for an HPV-positive OPSCC 
in the period 2000-2006. Of each patient, the formalin-fixed paraffin-embedded 
tumor sample and all available resection margins were collected. In total, 
97 resection margins were investigated with an average of 5 resection margins 
per tumor.All samples were analyzed for the presence of tumor and the presence 
of transcriptionally active HPV by HPV16-E6-mRNA detection. 
All tumors were HPV16-E6-mRNA positive. HPV16-E6-mRNA could be detected 
in the resection margins that contained tumor (n=6). All tumor-negative resection 
margins (n=91) scored negative for HPV16-E6-mRNA. 
In conclusion, transcriptional active HPV could not be detected in the mucosa 
surrounding an HPV-positive OPSCC, which suggests the absence of a field-
effect. This observation may explain the lower number of LRRs and SPTs in HPV-
positive patients.
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INTROduCTION
Over the last three decades, it has become clear that infection with high-risk 
human papillomavirus (HPV) is etiologically linked to the development of HNSCCs, 
particularly those carcinomas that arise in the oropharyngeal region. HPV-positive 
oropharyngeal squamous cell carcinomas (OPSCCs) are characterized by an 
epidemiologic, demographic and clinical profile that deviates from the profile of 
conventional HPV-negative OPSCCs. (1;2) The most important difference is related 
to prognosis, which is markedly better for patients with an HPV-positive tumor 
compared to those with an HPV-negative tumor. A better locoregional control 
and a lower incidence of second primary tumors (SPTs) are important parameters 
contributing to improved outcome in patients with an HPV-positive tumor. (3-5)
A likely explanation for a lower number of locoregional recurrences (LRRs) and SPTs 
in HPV-positive patients may be related to the absence of field cancerization. (6) 
Field cancerization in HPV-negative tumors is defined as the presence of one or 
more mucosal fields surrounding a tumor that consist of epithelial cells that have 
tumor-associated genetic or epi-genetic alterations. (7;8) These mucosal fields might 
give rise to new invasive carcinomas, that are clonally related to the primary tumor 
because they develop from a common genetically altered field. (9;10) In HPV-negative 
HNSCCs, at least 25% of the surgical margins contain histopathologically normal 
tissue with tumor-associated genetic abnormalities including loss of heterozygosity 
in microsatellite markers and TP53 mutations. (11;12) This has led to the hypothesis 
that HPV-negative HNSCCs develop within a field with genetic alterations. (7;8;13) 
In HPV-negative HNSCC patients, the presence of field cancerization has been 
widely accepted as one of the risk factors for LRRs or the development of SPTs. 
Previous studies in HPV-negative patients showed that more than 30% of the local 
recurrences originated from a tumor related genetically altered field. (13)
We wondered if a comparable process as ‘field cancerization’ takes place during 
the development of HPV-positive tumors. As genetic alterations are less frequently 
found in HPV-positive tumors (14) and the HPV-related early changes are not known, 
it is difficult to assess the presence of fields surrounding the tumor by genetic 
markers. However, the presence of transcriptionally active HPV has been proven to 
be an early event in the development of HNSCCs and can serve as a reliable marker 
for monitoring a possible field effect. (15-17) Therefore, we aimed to detect fields 
by analyzing transcriptionally active HPV in the mucosa surrounding the tumor. We 
hypothesized that HPV is absent in the fields surrounding HPV-positive OPSCCs. 
Although the number of SPTs in patients with an HPV-positive index tumor, is 
relatively low, there are still some patients that do develop a SPT. We wondered if 
these SPTs originate in the head and neck region and if so, if they are HPV-related. 
Therefore, the second aim of this study was to analyze details on the role of HPV in 
the development of SPTs that occur in patients with an HPV-positive index tumor. 
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mATERIALS ANd mETHOdS

Patient and tumor samples
This study comprised all HPV-positive patients who were treated with curative intent 
for an OPSCC either at the VU University Medical Center (VUmc) in Amsterdam or 
at the Erasmus Medical Center (EMC) in Rotterdam between January 2000 and 
December 2006 (n=152). Patients were identified and data was retrieved by the 
Dutch Cancer Registry. Eligible samples included histopathologically confirmed 
invasive squamous cell carcinoma of the oropharynx (International classification 
of diseases for Oncology, [ICD-10] codes C019, C051, C052, C090-C099 and 
C100-C109). The presence of oncogenic HPV involvement was determined by 
immunohistochemistry for p16INK4A (p16-IHC), followed by a high-risk HPV GP5+/6+ 
DNA PCR (HPV DNA PCR) on the p16 immuno-positive cases. The accuracy of this 
detection method is 98%. (18)
The study on ‘field cancerization’ comprised all patients with an HPV-positive 
OPSCC (n=152) who were surgically treated (n=42/152). From this cohort, we 
selected 15 patients with tumor-free resection margins that had sufficient tumor 
material and all surgical margins available to test for transcriptional active HPV. 
In addition, five patients with one or more tumor-positive resection margins 
were included as a positive control of the assay. All these patients had stage IV 
disease and were treated by excision of the primary tumor and neck dissection. 
Formalin-fixed, paraffin-embedded (FFPE) tumor samples and the surrounding 
surgical margins were collected and reviewed by an experienced pathologist for 
the presence of dysplasia or invasive squamous cell carcinoma.
To investigate the clonal relationship between SPTs and the index tumors, all 
patients with an HPV-positive OPSCC (n=152) who developed a second primary 
tumor (n=10/152) were included. Clinical data were collected from the patient files 
and FFPE tumor samples were retrieved from the pathology archives.
In order to define SPTs, we utilized a modified version of the criteria that were originally 
described by Warren and Gates. (9;19) Second lesions were considered second 
primary tumors (SPTs) if they were 1.) of a different histopathological type than the 
index tumor, 2.) occurred more than three years after treatment for the index tumor 
or 3.) were separated from the index tumor by two centimeters of macroscopically 
normal epithelium. (20) Synchronous SPTs were defined as two geographically 
separate tumors in the head and neck region that were diagnosed within a 6-month 
period and metachronous SPTs were defined as two separate carcinomas that were 
diagnosed more than 6 months after the index tumor was diagnosed. (21)

Preparation of paraffin sections 
Paraffin sections of tumor margins were prepared according to the sandwich 
method: First and last sections were stained by haematoxylin and eosin and 
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evaluated for tumor presence. Sections of 3 µm were used for p16 immunostaining 
and another 4 sections of 10 µm were used for nucleic acid isolation. Precautions 
taken to avoid cross-contamination, have been described previously. (18)

p16 immunohistochemistry
P16-immunohistochemistry (p16-IHC) was performed on FFPE tissue sections. 
After pre-treatment with Epitope Retrieval Solution 2 for 20 minutes at 99°C, 
sections were incubated with the mouse monoclonal antibody INK4A directed 
against p16 (CINtec TM Histology Kit) on a BONDmax (Leica) automated platform. 
As a negative control, a monoclonal mouse antibody against Rat oxytocin-related 
neurophysin was used. Two independent observers performed evaluation of the 
slides and consensus was achieved in all cases. Scoring of the slides was performed 
as described before. (18) 

Detection of High Risk HPV DNA 
The GP5+/6+-PCR with enzyme-immuno-assay (EIA) read-out was used for DNA 
detection of 14 high-risk HPV types (HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 
59, 66 and 68). (22) Subsequent genotyping of the virus was performed by bead-
based array on the Luminex platform. (23) Sample quality after DNA extraction 
was controlled by β-globin PCR (amplicon size 100 bp). (24) 

Detection of HPVE6 mRNA
Detection of HPV16 E6 mRNA was described previously. (25) The amplicon size 
was 86 bases and detection was done by agarose gel-electrophoresis and Enzyme 
Immuno Assay (EIA). Nucleic acid samples were pretreated with DNAse and the 
RT-PCR reactions were also performed without reverse transcriptase added to 
check for possible (co-)amplification of traces of DNA. To control for RNA quality 
we performed qRT-PCR with primers detecting β-glucuronidase gene (BGUS), 
which is a housekeeping gene. (26) The BGUS primers were exon spanning and 
amplified a fragment of 84 basepairs. Primer and probe sequences are listed in 
supplementary table 1.

Next generation sequencing
DNA derived from the HPV-positive primary tumor and the subsequent HPV-positive 
SPT was sequenced at low coverage depth (shallow sequencing). DNA was isolated 
from FFPE samples using methods described previously. (27) In total, 500ng of 
tumor DNA was used for library preparation by the Illumina TruSeq protocol. 
Bar-coded libraries of 20 samples were pooled per lane and run on an Illumina 
HiSeq 2000 (San Diego, CA, USA) for single end 50 cycle (SR50) sequencing. 
Two rounds of sequencing were used to obtain sufficient data (roughly 10 million 
reads) to test for clonal relationship between the samples. Sequencing reads 
were aligned to the human reference genome (build GRCh37 / hg19) with BWA 
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(28) and PCR duplicates as well as ambiguous reads were filtered out. Next, the 
genome was divided into non-overlapping bins of 1000 kbp, and the number of 
reads in each bin was counted. These counts were corrected for the GC content, 
log2-transformed, median normalized, and segmented with DNA copy. (29) Copy 
number aberrations were called using the CGHcall algorithm (30) and common 
regions detected with CGHregions. (31) A correlation test and a log likelihood 
test were performed to detect a clonal relationship between the index tumor 
and SPT. (32;33) HPV content was assessed by aligning the sequence data to the 
HPV genome (NC_0001562.2) with BWA and detecting the homozygous variants 
with samtools. (34)

RESuLTS

Analysis of a possible field-effect
To investigate the presence of transcriptional active HPV virus in the mucosal fields 
surrounding HPV-positive OPSCCs, tumor resection margins were collected of 
20 patients with an HPV-positive OPSCCs. Of each patient, the FFPE tumor sample 
and all available resection margins were collected. The patient characteristic are 
depicted in Table 1. 
In total, 97 resection margins were investigated with an average of 5 resection 
margins per tumour. An HE-staining was performed to check for histological tumor 
presence and dysplasia. In total, 6 of 97 resection margins contained tumor and 2 
of 97 resection margins contained mild dysplasia. These areas of dysplasia were 
not directly adjacent to the tumor. Subsequently, immunohistochemical staining 
for p16 was performed on all the samples. All tumor nests in the tumor-positive 
margins stained positive for p16, as expected. The mucosa of all tumor-free margins 
stained negative for p16, including the two dysplastic margins. 
HPV16 E6 detection was performed on RNA isolated from these samples. As a 
control, we first performed HPV16 E6-mRNA detection on the 20 tumor samples, 
which were all E6-positive. Second, HPV16 E6-mRNA detection was performed on 
the resection margins. All 6 tumor-positive resection margins contained HPV16 
E6-mRNA, as expected. All 91 tumor-negative resection margins were negative 
for HPV16 E6-mRNA. (Figure 1) In the two samples with mild dysplasia, HPV 16 
E6-mRNA could not be detected either. 

Clinical and biological analysis of SPTs
In table 2, the characteristics of patients who developed a SPT are depicted. It 
can be observed that all the HPV-positive patients who developed a SPT, were 
smokers. The interval between the index tumor and the second primary tumor 
ranged from 1 month to 91 months. (Table 1) Only 3 of 10 SPTs were located in the 
head and neck region. These three SPTs were metachronous, synchronous lesions 
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Table 1. Characteristics of patients with a surgically treated OPSCC, included in the ‘field 
cancerization’ study

C
as

e

A
g

e*

G
en

d
er

Location TNm stage Stage Therapy

No of 
resection 
margins

No of tumor-
positive

resection 
margins

No of tumor-
negative
resection
margins

1 56 F BOT T3N2bM0 IV A SURG+LND+RT 4 1 3

2 73 F tonsil T2N2bM0 IV A SURG+LND+RT 2 1 1

3 56 M tonsil T4N0M0 IV A SURG+LND+RT 10 2 8

4 58 M BOT T2N2bM0 IV A SURG+LND+RT 7 1 6

5 68 M tonsil T3N1M0 IV A SURG+LND+RT 6 1 5

6 67 M tonsil T2N2bN0 IV A SURG+LND+RT 4 0 4

7 73 M tonsil T3N2bM0 IV A SURG+LND+RT 7 0 7

8 52 M tonsil T2N2bN0 IV A SURG+LND+RT 2 0 2

9 71 M tonsil T3N2bM0 IV A SURG+LND+RT 3 0 3

10 55 M tonsil T4N2cM0 IV A SURG+LND+RT 8 0 8

11 44 F tonsil T2N2bM0 IV A SURG+LND+RT 4 0 4

12 71 M palatum
molle

T3N2cM0 IV A SURG+LND+RT 2 0 2

13 69 M tonsil T4N1M0 IV A SURG+LND+RT 6 0 6

14 51 F tonsil T2N2bM0 IV A SURG+LND+RT 2 0 2

15 48 M tonsil T2N2aM0 IV A SURG+LND+RT 4 0 4

16 50 M tonsil T3N2bM0 IV A SURG+LND+RT 7 0 7

17 75 M BOT T1N2aM0 IV A SURG+LND+RT 4 0 4

18 57 F palatum 
molle

T4N0M0 IV A SURG+LND+RT 5 0 5

19 55 M tonsil T3N2bM0 IV A SURG+LND+RT 6 0 6

20 73 M tonsil T3N0M0 IV A SURG+LND+RT 4 0 4

* at diagnosis of first oropharyngeal tumor
BOT= base of tongue
SURG+LND+RT= surgery+ lymphnode dissection+ radiotherapy

were not found. Remarkably, two of the three SPTs in the head and neck region 
were HPV-negative and only one was HPV-positive. This suggests that these two 
HPV-negative SPTs developed independent from their HPV-positive index tumor. 
The HPV-positive SPT was located in the left tonsillar fossa and occurred more 
than 3 years after the index tumor, which was located in the left tonsil. (Table 2) 
In order to investigate the clonal relationship of the HPV-positive SPT and the 
HPV-positive index tumor, additional analyses were performed. The presence of 
HPV16-DNA in the index tumor and its paired SPT by a GP5+/6+ PCR was confirmed 
with enzyme-immuno-assay (GP5+/6+) read-out. Next, next generation shallow 
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positive OPSCC. All 91 tumor-negative resection margins were negative for HPV16 E6 mRNA

14

Figure 1. Diagram of the tumor-positive and tumor-negative resection margins in 20 patients with 
an HPV-positive OPSCC. All 91 tumor-negative resection margins were negative for HPV16 E6 mRNA

sequencing was performed on the index tumor and the SPT. The HPV16-DNA 
sequence variants from the index tumor and the SPT were found to be 100% 
concordant (see supplementary data). The correlation test and the log likelihood 
test for copy number alterations detected by shallow sequencing demonstrated 
a clonal relationship between the index tumor and the SPT. 
The other SPTs were located in the lungs (4/10), breast (2/10) and rectosigmoid 
(1/10). All these tumors had a nonsquamous histology or occurred more than three 
years after treatment for the index tumor. 

dISCuSSION
The aim of this study was to determine the existence of a so-called ‘field effect’ in 
patients with an HPV-positive OPSCC by analyzing the presence of transcriptionally 
active HPV virus in the mucosa surrounding the tumor. In previous studies, we 
noted that HPV DNA assays are unreliable to analyze an oncogenic HPV infection 
as tumor DNA contaminates the margins. (35) We therefore relied on a RNA assay. 
We found that none of the 91 tumor free resection margins stained positive for 
p16 nor contained HPV transcripts. The six tumor-positive resection margins 
did contain tumor, as expected. Because of its involvement in the early stage 
of squamous carcinogenesis (15-17), presence of transcriptionally active HPV (as 
detected by the E6 mRNA PCR) can be considered a reliable marker of ‘cancer 
associated alteration’ applied in the context of a preneoplastic field. This is also 
known from cervical (pre) cancer screening. HPV and HPV transcripts are the most 
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suitable markers to detect CIN lesions. At present, we have to extrapolate the 
carcinogenesis models from cervical cancer, assuming at least that carcinogenesis 
starts with HPV infection. 
Our data are in concordance with other studies which show discrete boundaries 
of p16-immunostaing in tonsils that distinguish tumor from adjacent uninvolved 
mucosa. (36;37) In addition, Begum et al. showed that HPV integration is tightly 
coupled to the neoplastic process as viral DNA integration (as visualized by an in 
situ signal amplification system) did not occur outside of the field of phenotypically 
altered cells, not even in the epithelium directly adjacent to areas of dysplasia. (36) 
Based on these observations and our observations, HPV-positive OPSCCs seem 
not be surrounded by a field of abnormal (HPV-infected) tissue. The observation 
that a field effect is absent in HPV-positive OPSCCs may partly explain why these 
tumors are less likely to recur or cause SPTs in comparison with HPV-negative 

Table 2. Characteristics of patients with an HPV-positive index tumor that developed a 
second primary tumor

Index tumor

In
te

rv
al

in
 m

o
nt

hs

Second primary tumor

C
as

e

A
g

e*

G
en

d
er

To
b

ac
co

(P
y

)

A
lc

o
ho

l
(u

y
)

A
C

E
-2

7 
 

sc
o

re

Si
te

H
P

v

Tu
m

o
r-

 
St

ag
e

Tr
ea

tm
en

t

Si
te

H
P

v

H
is

to
lo

g
y

1 57 F 18 no 0 tonsil pos III RT 40 tonsillar 
fossa

pos scc

2 57 M 40 240 0 BOT pos IV A SUR+RT 91 piriformal 
sinus

neg scc

3 49 F 32 no 0 PM pos I SUR 39 oral cavity neg scc

4 69 M 50 >201 3 BOT pos II RT 1 lung nt SCLC

5 62 M 30 44 0 tonsil pos III RT+LND 22 lung nt SCLC

6 43 F 39 no 0 BOT pos IV A CRT 57 lung nt NSCLC
(adeno)

7 58 M 120 40 0 tonsil pos III SUR+RT 73 lung nt NSCLC
(scc)

8 66 F 80 >201 0 tonsil pos III LND+RT 68 mamma nt adeno

9 56 F 30 30 0 tonsil pos IV A LND+RT 39 mamma nt adeno

10 62 M 40 176 0 tonsil pos I RT 15 sigmoid nt adeno

* at diagnosis of first oropharyngeal tumor
PY= pack years (one pack year = 20 cigarettes a day during one year), UY= unit year (one unit 
year= one drink a day during one year)
BOT= base of tongue, PM=palatum molle, RT= radiotherapy, CRT= chemo-radiation, LND= 
lymph node dissection, SUR= surgery
nt= not tested
scc= squamous cell carcinoma, SCLC= small-cell lung carcinoma, NSCLC= small-cell lung 
carcinoma, adeno= adenocarcinoma, bcc= basal cell carcinoma
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tumors. The absence of an HPV-infected field possibly also declares why almost 
no HPV-related lesions can be detected in the healthy population.(38-41) 
A limitation of this study is that we could not further evaluate the existence of 
tumor-associated genetic or epigenetic alterations in the fields surrounding HPV-
positive OPSCCs. As genetic alterations are less frequently found in HPV-positive 
tumors (14) and the HPV-related early changes, other than the viral infection itself, 
are not known, we were not able to assess the presence of fields surrounding the 
tumor by genetic markers. 
In this study, we only found one HPV-positive metachronous SPT in the head 
and neck region, which was clonally related to the index tumor. This tumor was 
categorized as SPT because it occurred after an interval of more than three years 
(40 months). However, this tumor appeared at exactly the same location as the 
index tumor. In addition, this patient did not complete the radiation therapy, 
but stopped after a dose of 20 Gray. Given that HPV-positive tumors generally 
slowly proliferate, we assume that this tumor, that was initially classified as a SPT 
according to clinical criteria, might be a local recurrence, according to molecular 
criteria. (9) Without considering this particular case, HPV-related synchronous or 
metachronous SPTs in the head and neck region were not found in patients with 
an HPV-positive OPSCC. This further underlines our statement that an HPV-related 
field effect from which new invasive carcinomas develop rarely exists in patients 
with an HPV-positive OPSCC. 
Recent studies from the United States have reported on the existence of HPV- 
positive multifocal OPSCCs (synchronous OPSCCs). (21;37) However, if there is no 
role for field cancerization, what other mechanism could underlie this HPV- mediated 
multifocality? We propose that these synchronous OPSCCs result from a single 
infection and are clonally related to the index tumor through the migration of 
virally-infected cells to other sites. (21) A similar phenomenon has been described 
in women with cervical cancer that develop second lesions in the lower genital 
tract (vulva and vagina). These lesions were found to have the same viral genome 
integration sites as their index tumor.(42) Additional studies are needed to discover 
the exact mechanism behind this phenomenon, for example by evaluation of the 
integration site of HPV DNA in the genome.

In conclusion, this study reveals that transcriptional active HPV virus seems not 
to be present in the mucosa surrounding an HPV-positive OPSCC. The absence 
of this field effect is a further explanation for the fact that HPV-positive OPSCC 
patients develop less LRRs and SPTs and therefore might contribute to an improved 
outcome in these patients. 
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SuPPLEmENTARy dATA

Table 1. Primer and probe sequences 

BGUS F: TTTGGAATTTTGCCGATTTCAT

BGUS R: GTCTCTGCCGAGTGAAGAT

BGUS probe: CCAGCACTCTGGTCGGTGACTGTTCA

 18

A. 

 

B. 

 
Figure 1: Gene profiles of the index tumor (A) and the SPT (B). X-axis: chromosomes. Y-axis: gains (in green) 

and losses (in red).  Figure 1. Gene profiles of the index tumor (A) and the SPT (B). X-axis: chromosomes. Y-axis: gains 
(in green) and losses (in red). 
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Figure 2. Clonality report of the index tumor and the SPT as measured by the log likelihood test 
and the correlation of segments. The data point in the upper right quadrant indicates that the 
clonal relationship is ascertained by both the log likelihood as the correlation of segments test.
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ABSTRACT
Recent studies have reported that p16-protein overexpression qualifies as a 
surrogate marker identifying an oncogenic human papillomavirus (HPV) infection 
in oropharyngeal squamous cell carcinoma (OPSCC). However, there is still a 
percentage OPSCCs that are positive for p16-immunohistochemistry (p16-IHC) but 
lack HPV DNA. The objective of this study was to characterize this group at the 
molecular level by performing sensitive HPV DNA-and RNA-based PCR methods 
and genetic profiling.
All patients diagnosed with an OPSCC in the period 2000-2006 in two Dutch 
university medical centers were included (n=841). Presence of HPV in a tumor 
sample was tested by p16-IHC followed by an HPV DNA 5+/6+-PCR. P16-IHC 
scored positive in 195 samples, of which 161 were HPV DNA-positive and 34 (17%) 
HPV DNA-negative. On this latter group, a SPF10-LiPA25 assay, an HPV16-type 
specific E7-PCR and an E6 mRNA RT-PCR were performed. Next, ten of these 
cases were further analyzed for loss of heterozygosity (LOH) of 15 microsatellite 
markers at chromosome arms 3p,9p and 17p. 
Of the 34 p16-positive but PCR-negative OPSCCs, two samples tested positive by 
SPF10-assay, HPV16 E7-PCR and HPV16 E6 mRNA RT-PCR. Three samples tested 
positive by SPF10-assay but negative by the HPV16-specific-assays. Nine of ten 
cases that were tested for LOH, showed a genetic pattern comparable to that of 
HPV-negative tumors. 
This study categorizes p16-positive but HPV DNA-negative OPSCCs as HPV-
negative tumors based on genetic profiling. This highlights the importance of 
performing HPV testing in addition to p16-IHC for proper identification of HPV-
associated OPSCCs.
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INTROduCTION 
Head and neck squamous cell carcinoma (HNSCC) arises in the oral cavity, oropharynx, 
larynx or hypopharynx and is the sixth most common cancer worldwide, accounting 
for approximately 4% of all tumors. (1) Besides tobacco and alcohol consumption, 
high-risk human papillomavirus (HPV) is also etiologically linked to the development 
of HNSCCs, particularly those carcinomas that arise in the oropharyngeal region. It is 
widely acknowledged that HPV-attributable oropharyngeal squamous cell carcinomas 
(OPSCCs) have a unique biology and also have improved treatment responses 
and patient outcomes.(2;3) Knowledge of HPV-status does provide prognostic 
information, and more importantly, it may guide specific treatment decisions. At 
this moment, clinical trials are being conducted to investigate de-escalation of 
therapy for patients with an HPV-positive OPSCC. The hazards to patient safety of 
inaccurately assigning HPV-negative tumors to a HPV-positive category are clear. 
Therefore, a reliable HPV detection method is of major importance. 
The most commonly applied HPV-detection methods are based on PCR amplification 
of HPV DNA. The problem with most of these assays is their extremely high sensitivity, 
which may easily identify transient infections or contaminations yielding false-positive 
results rather than identifying biologically relevant oncogenic infections. (4) Another 
approach is the use of surrogate biomarkers of transforming HPV infections, such 
as expression of p16 (p16 INK4A) encoded by the CDKN2A gene. Immunostaining of 
p16 protein has recently been regarded as a practical alternative for identifying HPV 
involvement in OPSCCs and is based on a high correlation between transcriptionally 
active HPV and p16-overexpression in tumor cells. (5-7) However, the major limitation 
of p16-immunostaining is that it lacks specificity for the presence of a transcriptionally 
active HPV infection. (8-10) There is still a considerable number of patients with 
p16-positive but HPV DNA-negative OPSCCs varying from 15-20%. (6;7;11) 
In a recent study, we identified 34 (17%) of 195 patients with a p16-positive but 
HPV DNA-negative OPSCC, according to the applied GP 5+/6+ PCR. Interestingly 
enough, the survival rate of patients with these type of tumors equaled that of 
HPV-negative patients. (12)
The objective of the present study was to comprehensively analyze this group of 
‘discordant tumors’ (in which p16 is overexpressed but HPV DNA appears to be 
absent) at the molecular level. First, we performed additional HPV-DNA and –RNA 
based PCR methods to check whether we could have missed cases with the GP 
5+/6+ PCR. Second, loss of heterozygosity (LOH) at specific chromosomal loci 
was analyzed. Previous studies showed that OPSCCs with a transcriptionally active 
HPV infection are characterized by occasional chromosomal loss, whereas OPSCCs 
lacking HPV DNA are characterized by gross deletions and mutations.(13-15) We 
used these profiles to classify the tumors that belonged to the discordant group 
as either HPV-positive or HPV-negative. 
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PATIENTS ANd mETHOdS

Study design
This study comprised all patients with an OPSCC diagnosed at the VU University 
Medical Center (VUmc) in Amsterdam and the Erasmus University Medical Center 
(EMC) in Rotterdam between January 2000 and December 2006. In total, 906 
patients were identified by the Dutch Cancer Registries and 841 of 906 (93%) 
tumor biopsies could be retrieved from the pathology archives. HPV detection was 
performed using pre-treatment formalin-fixed, paraffin-embedded (FFPE) biopsies. 
Eligible samples included histopathologically confirmed invasive squamous cell 
carcinoma of the oropharynx (International classification of diseases for Oncology, 
[ICD-10] codes C019,C051,C052,C090-C099 and C100-C109). 
A sample was scored as HPV-positive based on a positive p16-IHC and a subsequent 
positive GP 5+/6+ HPV DNA PCR, according to our validated algorithm. (16) 
P16-IHC was scored positive in 195 (of 841) tumor samples and 161 of these 195 
samples were tested HPV-positive by the GP 5+/6+ HPV DNA-PCR. However, 34 
of 195 (17%) samples were p16-positive but HPV DNA-negative according to the 
GP5+/6+ PCR. The remaining 646 samples were negative by p16-IHC. The p16-IHC 
and GP 5+/6+ HPV DNA-PCR test were done as research studies. However, the 
analyses itself were performed in routine clinical practice.

Preparation of paraffin sections and isolation of nucleic acids from 
FFPE- tissue
Paraffin sections were prepared according to the sandwich method, i.e., the first 
and last sections were stained by haematoxylin and eosin to check for tumor 
presence, one in-between section of 3 µm was put on a slide for p16–IHC, four 
in-between sections of 10 µm were put in micro-centrifuge vials for nucleic acid 
isolation (DNA and RNA) and ten in-between sections of 10um were put on slides 
for microdissection (LOH test). Isolation of nucleic acids from FFPE tissue has been 
described before. (11) The paraffin sections were revised by a senior pathologist 
for the presence of squamous cell carcinoma. 

p16-immunohistochemistry
p16-immunohistochemistry (p16-IHC) was performed with a CINtec TM Histology 
Kit (Roche MTM laboratories AG, Heidelberg, Germany) which contains the mouse 
monoclonal antibody INK4A directed against p16, on a BONDmax (Leica) automated 
platform. Two independent observers performed evaluation of the slides and 
consensus was achieved in all cases. Strong and diffuse nuclear and cytoplasmic 
immunostaining in more than 70% of the carcinoma tissue, was considered as p16-
positive, whereas tissue with only faintly diffuse or no reactivity was considered to 
be p16-negative.(17) This definition is consistent with previously published articles 
and with clinical trial eligibility criteria in the U.S. (i.e E1308 and RTOG 1016). (2;18)
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High-risk HPV DNA detection
Detection of High Risk HPV DNA by GP 5+/6+-PCR. GP5+/6+-PCR with enzyme-
immuno-assay (EIA) read-out was used for detection of 14 high-risk HPV types 
(i.e. HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68). (19) Sample quality 
after DNA extraction was checked by β-globin PCR (amplicon size 100 bp). (20) 
Detection of High Risk HPV-16 DNA by E7-PCR. Type-specific PCR for HPV16 was 
performed using primers in the E7 gene as previously described. (11)
Detection of High Risk HPV DNA by SPF10. HPV type-specific sequences were 
detected by the RHA kit HPV SPF10-LiPA25, version 1 genotyping assay (LBP, 
Rijswijk, The Netherlands) according to the manufacturer’s instructions. The assay 
allows the simultaneous and separate detection of HPV types 6, 11, 16, 18, 31, 
33-35, 39, 40, 42-45, 51-54, 56, 58, 59, 66, 68, 70 and 74. Hybridisation patterns 
were read manually.

High-risk HPV RNA detection
Detection of HPV16 E6 mRNA. Detection of HPV16 E6 mRNA was described 
previously. (11) The amplicon size was 86 bases and detection was performed by 
agarose gel-electrophoresis and Enzyme Immuno Assay (EIA). Besides DNAse 
treatment, RT-PCR reactions were also performed without reverse transcriptase 
added to check for possible (co-) amplification of traces of DNA. To check for 
RNA quality we performed qRT-PCR with primers detecting β-glucuronidase gene 
(BGUS), which is considered to be a constantly expressed housekeeping gene. (21)

Loss of heterozygosity analysis
In total, ten tumors that belonged to the discordant group had sufficient tissue 
available for LOH analysis. Pictures of the p16-immunohistochemical staining of 
the ten p16-immunopositive but HPV DNA-negative tumors, as well as pictures 
of p16-negative and p16-positive/ HPV DNA-positive oropharyngeal squamous 
cell carcinomas are shown in Figures 1A and 1B.
For comparison, five ‘truly’ HPV-positive (i.e., clearly p16-positive and HPV DNA-
positive) and five ‘truly’ HPV-negative (i.e., clearly p16-negative and HPV DNA-
negative) samples were analyzed. For each sample, the first and last tissue sections 
were stained with haematoxylin and eosin for histological assessment and to guide 
microdissection. After consultation of a pathologist, the 10 in-between, 10 um-thick 
tissue sections were stained with 1% toluidine blue and 0.2% methylene blue and 
manually microdissected under a stereomicroscope. All microdissected samples 
contained >70% of cells of interest (tumor or normal tissue). DNA was extracted 
from the tumour tissue and from the connective tissue (which was the source of 
normal DNA), as described before.(22)
We used 15 microsatellite markers to evaluate LOH. Markers on chromosome arms 
3p, 9p and 17p were selected because these markers have been shown to be of 
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statistical significance when comparing HPV-positive and HPV-negative tumors. 
(13) LOH was determined according to established methods.(23;24) In brief, one 
primer in each set was labelled with a fluorochrome, and the primer sets were 
used to amplify the microsatellite sequences by PCR. The amplification products 
were separated by capillary electrophoresis on a 3500 Genetic Analyzer (Applied 
Biosystems, Nieuwerkerk aan den IJssel, The Netherlands). Genemapper software 
(Applied Biosystems) was used for calculations. LOH was scored according to 
standard criteria and a change in more than 50% of the allele ratio was considered 
LOH. (23) Primer sequences are available at http://www.ncbi.nlm.nih.gov/unists 
or on request.

Detection of TP53 mutations
The mutational status of TP53 in the tumors, was determined by direct DNA 
sequencing essentially as previously described. (25)

Statistical Methods
Frequency of LOH was defined as number of markers that showed LOH divided 
by the total number of informative markers. In addition to the LOH frequencies we 
retrieved from the five ‘truly’ HPV-positive and ‘truly’ HPV-negative samples, we 
used existing data on LOH frequencies previously published by Braakhuis et al. 
(13) For this set of tumors the methodology and set of microsatellite markers was 
identical to the tumors used in the present study. Combining the two datasets we 
had data on 17 HPV-positive and 17 HPV-negative samples. Herewith, we could 
develop a reliable ROC curve to determine the best cut-off value for LOH frequency 
to discriminate HPV-positive from HPV-negative tumors. (Figure 1) As the LOH 
frequency from the 10 cases in the discordant group was skewed distributed, a 
non-parametrical T-test was performed to compare the median of the discordant 
group with the medians of the HPV-positive and HPV-negative group. The Pearson 
χ²-test was used to compare allelic loss of all chromosomal regions between the 
three groups. Fisher’s exact test was used to assess the statistical significance of 
frequency distributions. This test was used because the expected frequency was 
<5 in some groups. Two-tailed analyses were performed and P values less than 
0.05 were considered statistically significant. 

RESuLTS

High-risk HPV detection
Additional HPV detection assays were performed on the 34 tumors that were 
initially identified as being p16-immunopositive but HPV DNA-negative based 
on GP 5+/6+ HPV DNA PCR. These additional HPV detection assays included a 
SPF10-LiPA25 assay, an HPV16-E7 PCR and finally an HPV16-E6 mRNA RT-PCR. The 
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Figure 1A: Pictures of the p16- immunohistochemical staining of the ten p16-immunopositive but HPV DNA-

negative oropharyngeal squamous cell carcinomas. The numbers of the cases correspond to the numbers in 

Figure 1.  

 

 

 
Figure 1B: Pictures of  the p16- immunohistochemical staining of two p16-negative and  four p16-positive/ 

HPV DNA-positive oropharyngeal squamous cell carcinomas. 

 

 

 

Figure 1B. Pictures of the p16- immunohistochemical staining of two p16-negative and four p16-
positive/ HPV DNA-positive oropharyngeal squamous cell carcinomas.
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latter assay was performed as gold standard when one or more of the additional 
DNA assays turned out positive. Two samples tested positive by all three additional 
assays. Three more samples only tested HPV16 positive by the SPF10- LiPA25assay, 
but neither by the HPV16 E7 DNA PCR nor the E6 mRNA RT-PCR. These three 
samples had lower OD-values in the SPF10-assay than the two samples that were 
positive for all three additional assays (median 1.8 vs 4.0). (Table 1)

Table 1. Additional HPV DNA and RNA testing

P16
HPv GP 

5+/6+PCR HPv16 E7 PCR SPF 10 (Od-values) HPv16 E6 mRNA PCR

1. Positive Negative Positive* Positive (4.0) Positive

2. Positive Negative Positive* Positive (4.0) Positive

3. Positive Negative Negative Positive (2.08)** Negative

4. Positive Negative Negative Positive (1.28)** Negative

5. Positive Negative Negative Positive (1.9)** Negative

6-34. Positive Negative Negative Negative

* Previously published results
** These cases tested positive for HPV16

LOH profile of discordant versus truly HPV-positive and HPV-
negative OPSCCs
Table 2 and Figure 2 present the frequency of LOH in various chromosomal arms 
for tumors in the discordant group and for tumors in the control groups (17 p16-
positive/HPV DNA-positive tumors and 17 p16-negative/HPV-negative tumors). 
Significantly more LOH was observed among tumors in the discordant group and 
the HPV-negative (control) group than among tumors in the HPV-positive (control) 
group. In the discordant group, allelic loss in chromosome arms 3p, 9p and 17p 
occurred at a frequency of 70.0% (i.e. at 70 of 100 informative markers). Allelic loss 
among tumors in the HPV-negative group occurred at a frequency of 80.1% (i.e. at 
149 of 186 informative markers) and in HPV-positive tumors, allelic loss in these 
chromosome arms occurred at a frequency of 13.0% (i.e. at 22 of 169 informative 
markers). Regarding the individual markers, a statistical difference in LOH frequency 
was seen in 8 of 15 markers comparing the discordant group to the HPV-positive 
group. However, comparing the discordant group to the HPV-negative group, a 
statistical difference was only detected in 1 of 15 individual markers. (Table 2) The 
non-parametrical test showed that the median of LOH frequency of the discordant 
group was statistically different from the median of the HPV-positive (p<0.001), 
while no statistic difference could be detected between the discordant group 
and the HPV-negative group (p=0.187).
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Using the LOH frequency data of the HPV-positive and the HPV-negative group, a 
ROC curve was constructed with an area under the curve of 0.984. (Figure 3) Using 
this ROC curve, a sensitivity of 100% (95% Confidence Interval (CI): 80.5%-100%) 
with a specificity of 94% (95% CI:71.3%-99.9%) could be obtained using a cut-off 
value for LOH frequency of 0.44. The accuracy of this test to predict HPV-status 
was 97%. If the ratio of markers that showed LOH divided by the total number 
of informative markers was <0.44 (44%), samples were classified as HPV-positive. 
According to this cut-off value, nine of ten discordant samples showed an HPV-
negative LOH pattern (LOH frequency≥0.44). One discordant sample had a value 
just below the cut-off value: 41.67%.

TP53 gene mutation status of case and control OPSCCs
A mutation in TP53 was found in six of nine discordant tumors (66.7%), whereas 
only one of the 17 (5.9%) tumors that were HPV-positive had such mutations 
(p<0.001, Fisher’s exact test). 

dISCuSSION
Immunostaining of p16 protein has recently been regarded as a practical alternative 
for identifying HPV involvement in OPSCCs and is based on a high correlation 
between transcriptionally active HPV and p16-overexpression in tumor cells. 
(5-7) Moreover, it has been shown that p16-overexpression is an independent 
prognostic marker for patients with an oropharyngeal tumor. (2;6;26-30) As HPV 
DNA-specific testing turns out to be quite complicated in practice, many argue to 
use p16-overexpression instead as a risk stratification marker for implementation in 
clinical and research study settings. However, most studies also report on a group 
of ‘discordant cases’: tumors that show p16-overexpression without the presence 
of HPV DNA. Several speculations exist about this group of tumors, but as far as 
we know, no one has ever studied their genetic background. 
At our institute, we routinely use a validated algorithm for HPV detection; p16-
immunostaining, followed by a GP 5+/6-PCR on the p16-immunopositive cases. (16) 
Using this algorithm in a previous study, we detected an oncogenic HPV infection 
in 21% of OPSCCs in the period 2000-2006. (12) This prevalence rate is relatively 
low. However, prevalence rates in the Netherlands are increasing rapidly. At our 
center, an increase from 5.1% in 1990 to 29.0% in 2010 was observed. (16) We 
expect that this increase will continue and that prevalence rates that resemble 
those of the United States and Northern Europe (i.e. 60-70%) will be reached 
within 10-20 years.
In our large series of OPSCCs examined for HPV involvement in the period 2000-
2006, we initially identified 34 of 195 (17%) OPSCCs that were p16-positive but 
HPV DNA-negative, according to the GP5+/6+ PCR. However, by performing 
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additional HPV detection assays, two of these cases appeared to be HPV-
positive. The fact that we missed two cases by GP5+6+ HPV DNA PCR, could 
be related to DNA fragmentation as a result of formalin fixation and storage 
in paraffin, and/or viral integration into the host cell genome. The successful 
amplification of HPV DNA in PCR assays depends on the presence of intact DNA 
target sequences. The amplification products of the SPF10 assay (65 bp) and the 
E7 PCR (114 bp) are shorter than the products obtained by the GP 5+/6+ HPV 
DNA PCR (150 bp). This could underlie the improved efficiency of HPV detection 
from FFPE-derived DNA. In addition, integration of HPV DNA (i.e., particularly 
in carcinomas the HPV genome is often integrated into the genome of the host 
cell) may result in interruption of the viral genome in a region that may extend 
from the E1 to the L1 open reading frame. This may have consequences for 
PCR-mediated amplification of viral DNA in these regions. The use of an HPV 
detection technique that targets sequences not affected by viral integration, 
such as the E7 PCR, may overcome this. We may therefore suggest to perform 
an additional HPV16 E7 PCR on the cases that are p16-immunopositive but HPV 
DNA-negative according to our validated algorithm. (16) However, we acknowledge 
that performance of additional HPV PCR based tests might be quite complex to 

 

 

 
Figure 3: Using the LOH frequency data of the HPV-positive and the HPV-negative group, a ROC curve was 
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implement at routine pathology laboratories, and centralization of these tests 
at experienced centers is required.

Next, the genetic profile (LOH patterns) of the discordant tumors was analyzed. 
These LOH patterns were not statistically different from those in the HPV-negative 
tumors. LOH in the discordant group occurred at a high frequency and, according 
to the criteria set after comparing truly HPV-positive and truly HPV-negative cases, 
nine of ten discordant samples were classified as being HPV-negative. Moreover, a 
mutation in TP53 was found in 66.7% of the discordant tumors, which corresponded 
to the percentage of 68.6% of TP53 mutations in the HPV-negative group.
Recently, we showed that the survival of p16-immunopositive but HPV DNA-
negative patients is almost identical to the survival of ‘truly’ HPV-negative 
patients. (12) This phenomenon has been described by other groups as well. (9) 
These survival data, in combination with the LOH pattern of the discordant 
group and the TP53 mutations in this group, support the statement that these 
tumors should be categorized HPV-negative. This is a very important implication 
as eligibility for randomization in the current de-escalation trials involves only 
positivity on p16-immunostaining. This implies that some patients might be 
inaccurately assigned as having an HPV-positive OPSCC and should better be 
excluded. A limitation of this study is that the findings are based on a relatively 
small group and based on the analysis of FFPE material. Therefore, these findings 
need to be validated, both clinically and biologically, ideally using fresh, frozen 
tumor samples.
It would be interesting to further investigate the mechanism for p16-overexpression 
in these tumors in which detectable HPV DNA is absent. There might be specific 
mutations or deletions in host cell genes explaining the overexpression of p16 
in this group of tumors. Unfortunately, we only had small FFPE tumor samples 
available and we were not able to perform whole exome sequencing on this 
material. Future research might include exome sequencing on fresh frozen tumor 
samples. However, given the rarity of these p16-positive/ HPV DNA-negative 
cases, this will remain a practical challenge. 

In conclusion, this study categorizes p16-immunopositive but truly HPV DNA-
negative OPSCCs as HPV-negative tumors based on genetic profiling. Previously, 
we showed that the survival rate of patients with these type of tumors equaled 
that of HPV-negative patients. This highlights the importance of performing HPV 
DNA-specific testing in addition to p16-immunostaining for proper identification of 
HPV-associated OPSCCs. These techniques are feasible in well-equiped pathology 
laboratories and have the potential to deliver quality assured HPV diagnostics for 
OPSCC as part of a routine pathology service. (31)
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ABSTRACT
Several hypotheses have been proposed to explain the relatively good prognosis 
of patients with an HPV-positive oropharyngeal squamous cell carcinoma (OPSCC) 
and one of these is a higher sensitivity to (chemo) radiation. Previous studies have 
suggested that treatment failure in OPSCC patients is caused by resistance of 
cancer stem cells (CSCs). The purpose of this study was to evaluate the association 
between the number of CSCs and prognosis in HPV-positive OPSCC patients.
All OPSCC patients (n=711) treated between 2000 and 2006 at two Dutch 
university hospitals were included. Presence of HPV in a tumor tissue specimen 
was tested by p16-immunostaining followed by an HPV DNA GP5+/6+-PCR. The 
presence and intensity of tumor CSC markers CD44 and CD98 were determined by 
immunohistochemistry and semiquantitative scoring was performed. Cox regression 
analysis was carried out to compare overall survival (OS) and progression-free 
survival (PFS) rates between patients with low and high CD44/CD98 expression 
and how this relates to HPV status. 
HPV-positive tumours expressed less CD44 and CD98 than HPV-negative tumours 
(p<0.001, χ²-test). Within the group of HPV-positive patients, a high percentage 
of CD98-positive tumour cells was associated with a significantly worse 5-years 
OS and PFS (OS: 36.4% and PFS: 27.3%) compared to patients with a low number 
of CD98-positve cells (OS: 71.9% and PFS: 70.5%, respectively) (p<0.001).
HPV-positive OPSCCs harbour fewer cells expressing the CSC enrichment markers 
CD44 and CD98. Furthermore, OS and PFS were significantly worse for HPV-positive 
patients with a high CD98 expression. 
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INTROduCTION
Infection with high-risk human papillomavirus (HPV) is etiologically linked 
to the development of head and neck squamous cell carcinomas (HNSCCs), 
particularly those carcinomas that arise in the oropharyngeal region. HPV-
positive oropharyngeal squamous cell carcinomas (OPSCCs) are characterized 
by an epidemiologic, demographic and clinical profile that deviates from that 
of HPV-negative OPSCCs. (1;2) The most important difference is related to 
prognosis, which is markedly better for patients with an HPV-positive tumor 
compared to those with an HPV-negative tumor. Several hypotheses have been 
proposed to explain the improved outcome for HPV-positive patients, including 
an increased sensitivity to radiation and chemotherapy, differences in the role 
of the host immune system and the absence of field cancerization.  (3-6) In 
this study, we further evaluated the role of cancer stem cells (CSCs) in HPV-
positive OPSCCs.
Previous studies suggest that treatment failure in HNSCC patients might be 
the consequence of therapy resistance of cancer stem cells (CSCs). (7) CSCs 
represent a small subpopulation of tumor cells that maintain tumor growth by 
fuelling the expansion of the malignant cell population infinitely. (8) CSCs can 
be distinguished from the bulk of the tumor based on differential expression of 
protein markers on the cell membrane. A large body of evidence indicates that 
HNSCC cells expressing high levels of the CD44 antigen possess CSC properties. 
CD44high HNSCC cells have been shown to initiate tumor growth in mice much 
more efficiently than CD44low cells, indicating that CSCs are enriched in the 
CD44high subpopulation of HNSCC.(9) Moreover, a high expression of CD44 seems 
associated with a poor prognosis in patients with HNSCC. (10) 
Recently, we examined CD98 as a novel, putative CSC enrichment marker in 
HNSCC and showed that CD98high cells, in contrast to CD98low cells, are able to 
generate tumors in immune-deficient mice. (11) Studies in a multitude of cancer 
types showed a higher CD98 expression in progressive and metastatic tumors, 
which relates to a poor prognosis. (12-17)
Recently, it was shown that a small subpopulation of cells with CSC properties 
could also be isolated from an HPV-positive head and neck cancer cell line. (18) 
As patients with an HPV-positive OPSCC respond better to treatment and have 
a more favorable prognosis compared to patients with an HPV-negative OPSCC, 
we hypothesized that HPV-positive OPSCCs, might have relatively low levels of 
CSCs. To test this hypothesis, we performed CD44 and CD98 immunostaining 
on a cohort of OPSCC patients with known HPV status. (19) Furthermore, we 
evaluated whether CD44 and CD98 expression could be of potential relevance 
for predicting treatment outcome in HPV-positive patients. 
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mATERIALS ANd mETHOdS

Patients and tumour samples
To evaluate CD44/CD98 immunostaining and the relation to HPV, a test 
cohort was composed, which included 88 fresh-frozen, pre-treatment OPSCC 
samples of patients treated in the period 2008-2011. Eligible samples included 
histopathologically confirmed invasive squamous cell carcinoma of the oropharynx 
(International classification of diseases for Oncology, [ICD-10] codes C019, C051, 
C052, C090-C099 and C100-C109). These OPSCCs were previously tested for 
HPV using an HPV E6 mRNA RT-PCR.(19) 
To further study the association between survival and CD44/CD98 expression, all 
patients (n=711) treated between 2000 and 2006 at two Dutch university hospitals 
were included. Patients were identified through the Dutch Cancer Registries. 
Patient characteristics and clinical outcome were obtained from the patient 
files. HPV detection was performed using pre-treatment formalin-fixed, paraffin-
embedded (FFPE) biopsies. (20) A sample was scored HPV-positive based on a 
positive p16INK4A- immunohistochemistry (p16-IHC) and a subsequent positive GP 
5+/6+ HPV DNA PCR, according to a previously validated algorithm. (19) Approval 
for this retrospective study was obtained from the Institutional Review Board and 
the study adheres to the guidelines for proper secondary use of human tissue 
specimen (www.federa.org).

Immunohistochemical staining of CD44 and CD98
Formalin-fixed paraffin-embedded sections of HNSCC tumors were deparaffinised 
and subjected to Tris/EDTA (10 mM/1 mM, pH 9.0) antigen retrieval. Primary 
antibodies U36 (anti-CD44v6, developed at our laboratory (21)) and anti-CD98 
(clone H-300, Santa Cruz Biotechnology), were diluted in PBS containing 2% goat 
serum and incubated overnight at 4ºC. Afterwards, the BrightVision +Poly-HRP-
Anti Ms/Rb/Rt IgG kit (Immunologic BV, Duiven, The Netherlands) was employed 
according to the description of the manufacturer. The staining was developed 
with diaminobenzidine and H2O2 as chromogen. Sections were counterstained 
with haematoxylin and cover slipped with Kaiser’s glycerin. 

Evaluation of immunohistochemical staining
CD44 and CD98 expression were evaluated by staining intensity and by fraction of 
positive cells. Percentage of CD44-positive cells was evaluated semi-quantitatively, 
and classified according to the percentages of stained malignant cells: 1 (≤10% of 
tumour cells stained), 2 (11-50% stained), 3 (51-75% stained) or 4 (>75% stained). 
(10) Percentage of CD98-positive cells was classified differently, in accordance to 
previous reports, as overall staining was lower: 1 (≤10% of tumour cells stained), 
2 (11-25% stained), 3 (26-50% stained) and 4 (>50% stained). (15;16) The intensity 



101

6

CD98: A Prognostic Factor For Survival in Patients with an HPV-Positive OPSCC

of CD44 and CD98 staining was scored separately and evaluated as absent (0), 
weak (1), moderate (2) and strong (3). (10)
Three investigators independently classified the fraction of positive cells and 
staining intensity in all cases, without prior knowledge of the clinical data. The 
data are presented as the mean of the three observations.

Statistical analyses
Probability values of <0.05 indicated a statistically significant difference. A 
Mann-Whitney U Test was performed to compute the CD44/CD98 expression 
differences between HPV-positive and HPV-negative OPSCCs. Differences in 
patient characteristics between HPV-positive and HPV-negative cases were 
assessed using the Pearson χ²-test or Student’s t-test. Bonferroni correction was 
used to compare subgroups for specific variables. The endpoints were overall 
survival (OS) and progression-free survival (PFS). OS was defined as the time from 
date of incidence (defined as the date on which the squamous cell carcinoma 
was histologically confirmed) to death (any cause). PFS was defined as the time 
period from date of incidence to death or the first documented relapse, which 
was categorized as local-regional recurrence or distant metastases. Patients who 
developed a second primary tumor were censored at the incidence date of that 
tumor. Survival rates were estimated by means of the Kaplan-Meier method and 
associations were analyzed with the log-rank test. Multivariate analyses were 
performed using a forward selection procedure (p was set at <0.05 to enter the 
model) in the Cox proportional hazards model to identify independent prognostic 
factors. Intraclass correlation coefficients (with 95% confidence intervals [CI]) were 
computed to determine interobserver variability of the three investigators for 
percentages of CD44 and CD98 positive cells.

RESuLTS

CD44/ CD98 expression in the test cohort
CD44 and CD98-immunostaining were first performed on a test cohort to detect 
a potential difference between HPV-positive and HPV-negative cases and to 
evaluate the chosen cut-off values. CD44 staining intensity and percentage of 
CD44-positive cells were significantly higher in HPV-negative tumours (n=63) 
compared to HPV-positive tumours (n=25) (p=0.03 and p=0.002, respectively), as 
calculated by the Mann-Whitney U test. CD98 staining intensity and percentage 
of CD98-positive cells were also significantly higher (p<0.001 for both) for HPV-
negative tumours compared to HPV-positive tumours. Distribution curves for 
percentage of CD44/CD98-positive cells and CD44/CD98 intensity for this test 
cohort are depicted in Figure 1. 
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Patient and tumor characteristics
Next, we investigated the relation between CD44/CD98 expression and survival on 
a large, consecutive cohort of 711 OPSCC patients. Patient and tumor characteristics 
are depicted in Table 1. As published before, patients with HPV-positive tumors 
had less advanced tumor stages than patients with HPV-negative tumors, but a 
more advanced nodal stage. A higher HPV-prevalence was found in squamous 
cell carcinomas in the base of tongue and the tonsils compared to the other 
oropharyngeal subsites (p<0.001, with Bonferroni correction). (20)
With regard to differentiation, the majority of all HPV-positive tumors (71.3%) 
were poorly differentiated, while the majority of the HPV-negative tumors 
(72.5%) were moderately differentiated. The intensity and percentage of CD44 
and CD98 positive cells were not statistically different in poorly differentiated 
tumors compared to well and moderately differentiated tumors. This concerned 
HPV-positive as well as HPV-negative tumors. Distribution curves for CD44/CD98 
intensity and percentage of CD44/CD98-positive cells for the whole patient group 
are depicted in Figure 2. 

Figure 1. Results of the scoring the percentage of (A) CD44- and (B) CD98-positive tumor cells and 
the intensities of the immunohistochemical stainings (C and d) in the test cohort (n=88). The data 
is represented as the mean observation of the three observers. Thick horizontal lines represent 
the median value observed in the cohort.

HPv-positiveHPv-positive

HPv-positive

HPv-positive

HPv-positive

HPv-negativeHPv-negative
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Table 1. Patient and tumor characteristics (continued)

Patient characteristics

HPv-positive
patients

HPv-negative
patients

p-value

All patients

number 
(percentages)

number 
(percentages)

number 
(percentages)

No. of cases 150 (21.1%) 561 (78.9%) 711

Age at diagnosis

mean 61.0 60.6 p=0.722 60.7

median 58.8 59.4 59.3

Gender p=0.374

male 106 (70.7%) 375 (66.8%) 481 (67.7%)

female 44 (29.3%) 186 (33.2%) 230 (32.3%)

Oropharyngeal Sub-site p<0.001‡

tonsil 88 (58.7%) 226 (40.3%) 314 (44.2%)

base of tongue 48 (32.0%) 138 (24.6%) 186 (26.2%)

soft palate+uvula 9 (6.0%) 101 (18.0%) 110 (15.5%)

oropharynx nos 5 (3.3%) 96 (17.1%) 101 (14.2%)

T-stage p=0.001‡

T1 32 (21.3%) 68 (12.1%) 100 (14.1%)

T2 45 (30.0%) 168 (29.9%) 213 (30.0%)

T3 53 (35.3%) 184 (32.8%) 237 (33.3%)

T4 20 (13.3%) 139 (24.8%) 159 (22.4%)

Tx 0 2 (0.4%) 2 (0.3%)

N-stage p< 0.001‡

N0 21 (14.0%) 233 (41.5%) 254 (35.7%)

N1 21 (14.0%) 79 (14.1%) 100 (14.1%)

N2 97 (64.7%) 218 (38.9%) 315 (44.3%)

N3 11 (7.3%) 29 (5.2%) 40 (5.6%)

Nx 0 2 (0.4%) 2 (0.3%)

Tumor differentiation p<0.001‡

Well 2 (1.3%) 30 (5.3%) 32 (4.5%)

Moderate 41 (27.3%) 407 (72.5%) 448 (63.0%)

Poor 107 (71.3%) 124 (22.1%) 231 (32.5%)

Cd44 intensity p<0.001‡

Absent (0) 5 (3.3%) 1 (0.2%) 6 (0.8%)

Weak (1) 12 (8.0%) 4 (0.7%) 16 (2.3%)

Moderate (2) 62 (41.3%) 111 (19.8%) 173 (24.3%)

Strong (3) 71 (47.3%) 445 (79.3%) 516 (72.6%)
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CD44 expression
CD44 intensity as well as percentage of CD44-positive cells was compared between 
HPV-positive and HPV-negative tumours. In Figure 3, examples of strong CD44-
immunostaining (in an HPV-negative tumour) and weak CD44-immunostaining 
(in an HPV-positive tumour) are shown. The CD44 intensity, dichotomized as 
absent (0)/ weak (1) /intermediate (2) (n=192) vs. strong (3) (n=519), was compared 
between HPV-positive and HPV-negative tumours. Strong CD44-staining intensity 
(score=3) was observed in 445 of 561 (79.3%) HPV-negative tumors compared to 
71 of 150 (47.3%) HPV-positive tumors (p<0.001, Pearson χ²-test). Furthermore, 
a high percentage of CD44-positive cells (i.e. >75% of malignant cells stained) 
was found in 72 of 150 HPV-positive tumours (48.0%) versus 503 of 561 HPV-

Table 1. Patient and tumor characteristics (continued)

Patient characteristics

HPv-positive
patients

HPv-negative
patients

p-value

All patients

number 
(percentages)

number 
(percentages)

number 
(percentages)

Cd44 expression p<0.001‡

≤10% 9 (6.0%) 4 (0.7%) 13 (1.8%)

11-50% 37 (24.7%) 25 (4.5%) 62 (8.7%)

51-75% 32 (21.3%) 29 (5.2%) 61 (8.6%)

76-100% 72 (48.0%) 503 (89.7%) 575 (80.9%)

Cd98 intensity p<0.001‡

Absent (0) 76 (50.7%) 32 (5.7%) 108 (15.2%)

Weak (1) 41 (27.3%) 128 (22.8%) 169 (23.8%)

Moderate (2) 26 (17.3%) 255 (45.5%) 281 (39.5%)

Strong (3) 7 (4.7%) 146 (26.0%) 153 (21.5%)

Cd98 expression p<0.001‡

≤10% 105 (70.0%) 70 (12.5%) 175 (24.6%)

11-25% 22 (14.7%) 151 (26.9%) 173 (24.3%)

26-50% 12 (8.0%) 146 (26.0%) 158 (22.2%)

51-100% 11 (7.3%) 194 (34.6%) 205 (28.8%)

Treatment modalities p<0.001‡

SURG+RT 38 (25.3%) 167 (28.5%) 198 (27.8%)

RT 28 (18.7%) 178 (31.7%) 206 (29.0%)

CRT 45 (30.0%) 158 (28.2%) 203 (28.6%)

RT+LND+RT (brachytherapy) 35 (23.3%) 160 (8.6%) 83 (11.7%)

unknown 4 (2.7%) 17 (3.0%) 21 (3.0%)

NOS= not otherwise specified, † independent T-test ‡ Chi square
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negative tumours (89.7%). This was a significant difference (p<0.001). (Table 1) The 
interobserver intraclass correlation coefficient (ICC) for fraction of CD44-positive 
cells was 0.88 (95% CI: 0.87-0.90).

CD98 expression
CD98-immunostaining was less intense and a lower percentage of tumour cells 
were stained compared to CD44-immunostaining. (Table 1) CD98-intensity was 
dichotomized as absent (0)/ weak (1) (n=277) versus intermediate (2)/ strong (3) 
(n=434). Percentage of CD98-positive cells was classified as ‘high’ if >50% of 
tumour cells were stained, in concordance with previously published reports. 
(15;16) In Figure 3, examples of weak and strong CD98-immunostaining are 
depicted. CD98 expression differed significantly between HPV-positive and 
HPV-negative tumours. An intermediate or strong CD98-staining intensity (score 
2/3) was observed in 401 of 561 (71.5%) HPV-negative tumors compared to 33 of 
150 (22.0%) HPV-positive tumors (p<0.001). Furthermore, HPV-positive tumours 
showed a significantly smaller percentage of tumour cells with CD98 expression 
than HPV-negative tumours; a high percentage of CD98-positive cells (i.e. >50% 

Figure 2. Results of the scoring percentages of (A) CD44- and (B) CD98-positive tumour cells and 
the intensities of the immunohistochemical staining (C and d) in the whole patient group (n = 711). 
The data is represented as the mean observation of the three observers. Thick horizontal lines 
represent the median value observed in the cohort.

Figure 2: Results of the scoring percentages of (A) CD44- and (B) CD98-positive tumour cells and the 

intensities of the immunohistochemical staining (C and D) in the whole patient group (n = 711). The data is 

represented as the mean observation of the three observers. Thick horizontal lines represent the median value 

observed in the cohort.
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of malignant cells stained) was found in 11 of 150 HPV-positive tumours (7.3%) 
versus 194 of 561 HPV-negative tumours (34.6%) (p<0.001). (Table 1) The ICC for 
percentage of CD98-positive cells was 0.83 (95% CI: 0.81-0.84).

Associations between CD44/CD98 expression and survival
There was no significant difference in survival between the different treatment 
groups neither for patients with HPV-negative tumors (p=0.204) nor for patients 
with HPV-positive tumors (p=0.277), after correcting for age and stage of disease.
A univariate survival analysis was performed to evaluate factors potentially associated 
with OS and PFS. The analyses were subdivided for patients with HPV-positive and 
HPV-negative tumors. Prognostic factors entered in the univariate analysis were: 
age, nodal stage, tumor stage, gender, CD44 intensity, percentage of CD44-positive 
cells, CD98 intensity and percentage of CD98-positive cells. In HPV-negative 
patients, age, tumor size and nodal stage were all individually associated with 
OS and PFS outcomes. However, neither CD44 expression nor CD98 expression 

Figure 3: A. CD44-immunostaining of an HPV-negative OPSCC B. CD98-immunostaining of an HPV-negative

OPSCC. C. Absence of p16INK4A-immunostaining of an HPV-negative OPSCC. D. CD44-immunostaining of an 

HPV-positive OPSCC. E. Absence of CD98-immunostaining of an HPV-positive OPSCC. F. p16 INK4A 

-immunostaining of an HPV-negative OPSCC. G. CD44-immunostaining of an HPV-positive OPSCC. H. 

CD98-immunostaining of an HPV-positive OPSCC. I. p16 INK4A -immunostaining of an HPV-positive OPSCC. 

Pictures were taken through a 10x objective.
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Figure 3. A. CD44-immunostaining of an HPV-negative OPSCC B. CD98-immunostaining of 
an HPV-negative OPSCC. C. Absence of p16INK4A-immunostaining of an HPV-negative OPSCC. 
d. CD44-immunostaining of an HPV-positive OPSCC. E. Absence of CD98-immunostaining of 
an HPV-positive OPSCC. F. p16 INK4A -immunostaining of an HPV-negative OPSCC. G. CD44-
immunostaining of an HPV-positive OPSCC. H. CD98-immunostaining of an HPV-positive OPSCC. I. 
p16 INK4A -immunostaining of an HPV-positive OPSCC. Pictures were taken through a 10x objective.
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were of significant importance. (Table 2) In HPV-positive patients, age, tumor size 
and percentage of CD98-positive cells were prognostic factors for OS and PFS. 
HPV-positive patients with a high percentage of CD98-positive cells (i.e. >50% of 
malignant cells stained) had significantly worse 5-years OS and PFS rates (36.4% and 
27.3%, respectively) compared to patients with a low percentage of CD98-positive 
cells (71.8% and 69.8%, respectively). (Figure 4) The percentage of CD44-positive 
cells did not correlate with OS and PFS survival rates in HPV-positive patients.
Multivariate analysis was performed to estimate the association of all the analyzed 
factors with OS and PFS. Age (≤55 years), tumor size (T1-2) and nodal stage (N0-N1) 

Table 2. Univariate models for Overall and Progression-free Survival 

HPv-positive patients HPv-negative patients

Hazard ratio 
(95% Confidence 

Interval) P value

Hazard ratio 
(95% Confidence 

Interval) P value

Overall Survival

Age (per increase of 1 year) 1.05 (1.02-1.08) p<0.001 1.02 (1.01-1.04) p<0.001

Gender (male vs female) 0.79 (0.41-1.52) p=0.47 0.81 (0.65-1.02) p=0.07

Tumor size (T3-4 vs T1-2) 1.85 (1.03-3.35) p=0.04 1.78 (1.42-2.22) p<0.001

Nodal stage (N2-3 vs N0-N1) 0.80 (0.43-1.47) p=0.47 2.28 (1.84-2.82) p<0.001

CD44 intensity  
(score 3 vs score 0/1/2)

1.51 (0.79-2.87) p=0.21 0.92 (0.73-1.15) p=0.46

CD44 expression
(≤75% vs >75%)

0.78 (0.44-1.40) p=0.42 0.87 (0.62-1.22) p=0.42

CD98 intensity  
(score 2-3 vs score 0-1)

1.51 (0.79-2.87) p=0.21 0.92 (0.73-1.15) p=0.46

CD98 expression
(≤50% vs >50%)

2.92 (1.30-6.54) p=0.009 0.86 (0.69-1.07) p=0.18

Progression-free Survival

Age (per increase of 1 year) 1.05 (1.02-1.08) p<0.001 1.02 (1.01-1.03) p=0.006

Tumor size (T3-4 vs T1-2) 1.84 (1.04-3.27) p=0.04 1.52 (1.21-1.91) p< 0.001

Gender (male vs female) 1.00 (0.56-1.84) p=1.00 0.81 (0.64-1.02) p=0.08

Nodal stage (N2-3 vs N0-1) 0.82 (0.45-1.51) p=0.53 2.16 (1.73-2.69) p<0.001

CD44 intensity  
(score 3 vs score 0/1/2)

1.62 (0.87-3.02) p=0.13 0.93 (0.73-1.18) p=0.54

CD44 expression
(≤75% vs >75%)

0.86 (0.49-1.51) p=0.60 0.97 (0.67-1.40) p=0.87

CD98 intensity  
(score 2-3 vs score 0-1)

1.62 (0.87-3.02) p=0.13 0.93 (0.73-1.18) p=0.93

CD98 expression
(≤50% vs >50%)

3.57 (1.66- 7.68) p=0.001 0.90 (0.71-1.13) p=0.36
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Figure 4. A. 5-year OS curves for patients with an HPV-positive OPSCC and high percentage of CD98-
positive cells (i.e. >50% of malignant cells stained; red line) versus patients with a low to intermediate 
percentage of CD98-positive cells (i.e. ≤50% of malignant cells stained; blue line) (p=0.006). B. 5-year 
PFS curves for patients with an HPV-positive OPSCC and high percentage of CD98-positive cells 
(i.e. >50% of malignant cells stained; red line) versus patients with a low to intermediate percentage 
of CD98-positive cells (i.e. ≤50% of malignant cells stained; blue line) (p<0.001). C. 5-year OS curves 
for patients with an HPV-negative OPSCC and high percentage of CD98-positive cells (i.e. >50% of 
malignant cells stained; red line) versus patients with a low to intermediate percentage of CD98-
positive cells (i.e. ≤50% of malignant cells stained; blue line) (p=0.176). D. 5-year PFS curves for 
patients with an HPV-negative OPSCC and high percentage of CD98-positive cells (i.e. >50% of 
malignant cells stained; red line) versus patients with a low to intermediate percentage of CD98-
positive cells (i.e. ≤50% of malignant cells stained; blue line) (p=0.693).
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cells (i.e. >50% of malignant cells stained; red line) versus patients with a low to intermediate percentage of 
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with an HPV-positive OPSCC and high percentage of CD98-positive cells (i.e. >50% of malignant cells stained; 

red line) versus patients with a low to intermediate percentage of CD98-positive cells (i.e. ≤50% of malignant 
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percentage of CD98-positive cells (i.e. >50% of malignant cells stained; red line) versus patients with a low to 

intermediate percentage of CD98-positive cells (i.e. ≤50% of malignant cells stained; blue line) (p=0.176). 

D. 5-year PFS curves for patients with an HPV-negative OPSCC and high percentage of CD98-positive cells (i.e. 

>50% of malignant cells stained; red line) versus patients with a low to intermediate percentage of CD98-

positive cells (i.e. ≤50% of malignant cells stained; blue line) (p=0.693). 

 

 

were independent prognostic factors for OS and PFS in HPV-negative patients. In 
HPV-positive patients, age (≤55 years), tumor size (T1-2) and a low percentage of 
CD98-positive cells (i.e. <50% of stained tumor cells) were independent prognostic 
factors for OS and PFS. (Table 3)
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dISCuSSION
Over the past decades, CSCs have been identified in multiple solid tumors and 
were implicated to play a role in resistance to anticancer treatments. (22;23) As 
CSCs generally divide slowly and are rich in DNA repair enzymes and detoxification 
mechanisms, treatment failure likely occurs due to ineffective killing of these 
CSCs.(24) As many studies have shown that patients with an HPV-positive OPSCC 
respond better to (chemo) radiation than patients with an HPV-negative OPSCC, 
we hypothesized that a possible explanation for this could be lower percentages 
of CSCs in HPV-positive OPSCCs. In this study, we evaluated the immunostaining 
patterns of two CSC markers, CD44 and CD98, in both HPV-positive and HPV-
negative OPSCCs. Expression of both CD44 and CD98 was significantly lower in 
patients with an HPV-positive OPSCC. This suggests that HPV-positive tumors 
may have lower numbers of CSCs, which may be reflected by a better therapy 
response. Therefore, we evaluated whether CD44 and/or CD98 expression could 
be of potential relevance for predicting treatment in HPV-positive patients. CD44-
expression was not associated with survival neither in HPV-positive patients nor 
in HPV-negative patients. This is likely due to the fact that CD44 was abundantly 
expressed in almost all tumors. 
Several studies have shown that CD44 expression might be used as an outcome 
predictor in head and neck cancer (7;10), but we cannot confirm this observation. 
Although CD44 seems an interesting marker for CSC enrichment in HNSCC, it is 

Table 3. Multivariate models for Overall and Progression-free Survival 

HPv-positive patients HPv-negative patients

Hazard ratio 
(95% Confidence 

Interval) P value

Hazard ratio 
(95% Confidence 

Interval) P value

Overall Survival

Age (per increase of 1 year) 1.06 (1.03-1.09) p<0.001 1.03 (1.02-1.05) p<0.001

Tumor size (T3-4 vs T1-2) 2.21 (1.20-4.07) p=0.01 1.51 (1.21-1.90) p<0.001

Nodal stage (N2-3 vs N0-N1) 2.32 (1.85-2.89) p<0.001

CD98 expression
(<50% vs ≥ 50%)

4.15 (1.80-9.57) p=0.001

Progression-free Survival

Age (per increase of 1 year) 1.05 (1.03-1.08) p<0.001 1.03 (1.01-1.04) p=0.001

Tumor size (T3-4 vs T1-2) 2.15 (1.19-3.86) p=0.011 1.32 (1.05-1.66) p=0.02

Nodal stage (N2-3 vs N0-1) 2.19 (1.74-2.76) p<0.001

CD98 expression
(<50% vs ≥ 50%)

4.69 (2.16-10.27) p< 0.001
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not optimal. In several studies it was shown that CD44 protein expression is not 
only present on the basal cells (the compartment where the CSCs are assumed to 
reside) but also on the suprabasal cells, both on normal and malignant squamous 
tissue (25-29). Subtle differences in CD44 expression might by detected by FACS-
sorting, but quantification of CD44-immunostained tissue sections is difficult 
considering the profuse CD44-expression throughout normal and malignant 
squamous tissues. In contrast, CD98 expression was restricted to cells in the basal 
layer and was expressed on a more restricted cell population than CD44, making 
CD98 more distinctive than CD44. In HPV-negative patients, no association was 
seen between CD98 expression and survival. However, in HPV-positive patients, 
OS and PFS were significantly worse for patients with a high fraction of CD98-
positive tumour cells.
At this moment, de-escalation trials are being performed for patients with an 
HPV-positive OPSCC. We suggest it might be useful to evaluate the presence of 
CSC markers, such as CD98, in addition to HPV-status, as a stratification marker. 
Consequently, patients with an HPV-positive OPSCC, but a high fraction of CD98-
positive tumour cells, might better not be selected for de-escalating oncological 
treatment. Although a challenging and attractive idea, the use of CD98 as a 
prognostic marker should first be preceded by a thorough validation phase in 
prospective clinical trials.
The observation that CD98 expression was not associated with survival in HPV-
negative patients, suggests that the molecular characteristics of these cells might 
be more relevant than the mere numbers. This requires additional investigation 
and characterization of these cells in responding and non-responding tumors. 
In conclusion, most HPV-positive OPSCCs show low expression levels of the CSC 
markers CD44 and CD98 compared to HPV-negative OPSCCs. Furthermore, 
OS as well as PFS was markedly better for HPV-positive patients with a low 
fraction of CD98-positive tumour cells compared to HPV-positive patients with 
high fraction of CD98-positive tumour cells. In the future, we might use CD98-
expression as an additional prognostic marker for selection of HPV-positive 
patients in clinical trials.
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Summary and future perspectives

SummARy
Over the last three decades, it has become clear that infection with high-risk 
human papillomavirus (HPV) is etiologically linked to the development of head 
and neck squamous cell carcinomas (HNSCCs), particularly those carcinomas that 
arise in the oropharyngeal region. Prevalence rates of HPV-positive oropharyngeal 
squaous cell carcinomas (OPSCCs) vary between studies, ranging from 20% to 
90%. This may be related in part to the lack of a standardized HPV detection 
assay as well as to the time period in which HPV prevalence is investigated, 
as rising incidence rates have been reported over the last decades. (1-4) In 
Chapter 2, we validated our previously defined test algorithm for HPV detection 
in formalin-fixed paraffin-embedded tumor specimen. This test algorithm consists 
of a p16 INK4A -immunohistochemistry (p16-IHC) followed by a HPV DNA PCR on 
the p16-immunopositive cases. The test algorithm showed an accuracy of 98%. 
A standardized HPV detection method is urgently awaited and we encourage to 
use this validated algorithm for HPV detection. 
Using the validated algorithm we found a significant increase in the proportion of 
HPV-positive OPSCCs, from 5.1% in 1990 to 29.0% in 2010. However, the increase 
in the proportion of HPV-positive OPSCC has only been observed at our institute 
and cannot be automatically extrapolated to the whole Dutch population. Future 
research should focus on rising prevalence rates of OPSCCs in the Netherlands 
and in particular the HPV-positive OPSCCs. 

HPV-associated oropharyngeal carcinomas are considered to be a different 
tumor entity, based on biological, epidemiological and clinical differences, when 
compared to the HPV-negative OPSCCs. The most important clinical difference 
between patients with HPV-positive and HPV-negative OPSCCs is related to the 
prognosis. Several retrospective and prospective studies in the United States, 
Australia and Western Europe have consistently demonstrated that HPV-positive 
OPSCC is associated with a more favorable prognosis. (5-10) However, a common 
limitation of most studies is the selection of the studied population. As most of 
these studies are based on protocol-driven trials, with well-defined inclusion 
and exclusion criteria, there is a selection bias tendency for younger and hence 
healthier patients. Additionally, most clinical trials focus on patients with advanced 
stage of disease who are treated by chemoradiation. Patients with stage I/II 
disease are treated differently and hence little data on this group is available. 
In Chapter 3 we determined HPV prevalence in a large cohort of 841 patients 
who were diagnosed with an OPSCC between 2000-2006 in two main university 
hospitals in the Netherlands. Subsequently, the correlation between survival and 
HPV-status was determined in the patients who were curatively treated (723 out of 
841). Patients with an HPV-positive OPSCC had a more favorable overall survival 
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(73.5% vs. 40.9% after five years) compared to patients with an HPV-negative 
OPSCC. Next, a prognostic model was developed, based on this large cohort of 
patients. This model revealed that the main prognostic factor in patients with an 
OPSCC is HPV-status. In HPV-positive patients, nodal stage did not influence the 
prognosis. Instead, comorbidity was the most important prognostic factor. This 
new model is applicable for a more general group of patients and not only for 
patients included in clinical trials. We propose that the current TNM classification 
for patients with an OPSCC is insufficient for patients with HPV-positive tumors, as 
nodal stage seems not to be of prognostic value for these patients. Therefore, we 
encourage incorporating HPV-status into the next edition of the TNM classification. 

As patients with HPV-positive OPSCCs have a favorable prognosis, an opportunity 
now exists to investigate less intense treatment strategies for these patients. These 
treatment strategies should not compromise survival outcomes but lower the risk 
of potentially debilitating late effects of treatment. For the most part, patients 
with HPV-positive OPSCC are young and in good health. Thus, provision of a 
high level of quality of live and the fewest treatment complications are important 
considerations. 
At this moment, trials are running to investigate de-escalation of therapy for 
patients with an HPV-positive tumor. The clinical consequences may be severe in 
case of a false-positive HPV test. (11) Therefore, a reliable HPV detection method, 
that allows evaluation of active, oncogenic HPV involvement in OPSCC, is of major 
importance for the selection of patients in these trials. However, at this moment, 
eligibility for randomization only involves a positive p16-immunostaining. 
In Chapter 3, we determined the survival of patients with a p16-positive but 
HPV DNA negative OPSCC. The survival of patients with a p16-positive but HPV 
DNA-negative OPSCC was almost identical to the survival of patients with a ‘truly’ 
HPV-negative (negative for p16-immunostaining) OPSCC. In Chapter 4, we analyzed 
the genetic profile (LOH patterns) of these ‘discordant (i.e. p16-positive but HPV 
DNA-negative) tumors’. The LOH patterns were not statistically different from 
those found in the HPV-negative tumors. LOH in the discordant group occurred 
at a high frequency and, according to the criteria set after comparing truly 
HPV-positive and truly HPV-negative cases, nine of ten discordant samples were 
classified as being HPV-negative. Thus, our studies categorize p16-positive but 
HPV DNA-negative OPSCCs as HPV-negative tumors based on survival patterns 
and genetic profiling. This implies that some patients participating in the current 
clinical de-escalation trials (in which eligibility for randomization only involves 
positivity on p16-immunostaining) might be inaccurately assigned as having an 
HPV-positive OPSCC and should be excluded. We emphasize the importance of 
performing HPV testing in addition to p16-IHC for proper identification of HPV-
associated OPSCCs. 
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In the future, it would be interesting to further investigate the mechanism for p16 
overexpression in these ‘discordant tumors’ that lack HPV DNA. There might be 
specific mutations or deletions in genes explaining the overexpression of p16 in 
this group of tumors. Realizing that p16 is frequently inactivated by mutations, 
homozygous deletions and promoter methylation in HPV-negative OPSCC does 
raise the question why it is activated in this particular subgroup of tumors. (12-14) 
Most logical explanation for p16-overexpression independent of HPV, could be a 
disruption of the pRb pathway by other as yet unidentified molecular mechanisms, 
such as activating CDK4 or CDK6 mutations combined with a premature senescence 
response of the cells. 

Several theories have already been proposed to explain the improved outcome 
and response to therapy of HPV-positive patients. One of these hypotheses is the 
possible absence of field cancerization.(15) In Chapter 5, we further investigated 
this possibility. Since HPV is involved in the early stage of carcinogenesis in 
OPSCCs, its presence is considered a reliable marker for ‘field cancerization’. We 
demonstrated that transcriptional active HPV is not present in the fields surrounding 
an HPV-positive OPSCC. The absence of this field cancerization effect might be 
a possible explanation for the fact that HPV-positive OPSCC patients develop 
less local-regional recurrences and SPTs and therefore might contribute to an 
improved outcome in these patients. A second hypothesis for the better outcome 
in HPV-positive patients, includes a higher sensitivity of the HPV-positive OPSCCs 
to radiation or chemoradiation. As previous studies have shown that a possible 
explanation for (chemo) radiation failure in HNSCC patients could be therapy 
resistance of cancer stem cells (CSCs), we aimed to further evaluate the levels of 
CSCs in HPV-positive patients and a possible correlation with survival. In Chapter 6, 
we analyzed the presence of stem cell markers CD44 and CD98 in the previously 
described cohort of patients that were curatively treated for an oropharyngeal 
tumor in the period 2000-2006. Sufficient FFPE material was available for 711 of 
these 723 patients. We showed that patients with an HPV-positive OPSCC have 
lower expression of the cancer stem cell markers CD44 and CD98 than patients 
with an HPV-negative OPSCC. Within HPV-positive patients a high fraction of 
CD98-positive tumor cells was associated with a significantly worse prognosis. 
These data suggest that the lower number of CSCs in HPV-positive tumors, might 
be a reason for a better response to (chemo) radiation. Furthermore, CD98-
expression could be useful as a prognostic marker for treatment outcome. A third 
hypothesis for the favorable prognosis of patients with an HPV-positive OPSCC, 
includes a possible role of the host immune system in defeating the tumor. The 
relationship between the immune system, HPV status and outcome remains an 
interesting area of future research. 
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Screening options for HPV associated OPSCC
Death rates from cervical cancer have dramatically fallen in populations that have 
access to cervical cytology screening. (16;17) By contrast, there are no widely 
utilized and validated screening methods for OPSCC. The cervical transformation 
zone, where most cervical cancers arise, is relatively easily accessible to visual 
or colposcopic inspection and direct cell and tissue sampling. In contrast, 
the situation in head and neck carcinogenesis is different as the majority of 
HPV-positive cancers arise from the invaginating tonsillar crypt epithelium and 
possible preneoplastic changes are not easily visible on the surface epithelium. 
Moreover, the absence of field cancerization in HPV-positive OPSCCS, indicates 
that large, preneoplastic changes in the fields surrounding these tumors seem 
to be absent. A recent study evaluated whether screening with an equivalent of 
the Pap test allowed identification of HPV-induced oropharyngeal precancerous 
lesions; although a strong association was observed between HPV16 and cancer 
in visible lesions, there was no association between HPV16 and cytopathology 
in the absence of visible lesions. (18) An oropharyngeal Pap-test equivalent 
may not be feasible, likely due to limitations in sampling the relevant tonsillar 
crypt epithelium. Thus, the infeasibility of performing natural history studies 
of the histopathological progression of HPV-positive oropharynx in healthy 
subjects, limits studies for secondary prevention of oropharyngeal cancer. 
(19) In the absence of any clinically identifiable premalignant lesion, it seems 
that any future attempt for screening would rely on molecular biomarkers for 
premalignant disease. 
Another screening option for HPV-associated OPSCC, could be detection of oral 
HPV infection. Recent studies have highlighted the increased risk of OPSCC if 
HPV16 infection is detected in saliva.(20) HPV acquisition appears to increase 
around sexual debut with prevalent oral HPV detected in 1.5% of 12–15 year old 
and 3.3% of 16–20 year old individuals. (21;22) Oral HPV prevalence is higher 
among adults and is detected in ~ 4.5% of healthy adults.(23) Higher oral HPV 
prevalence has been reported in women with cervical HPV infection (24;25) and 
people infected with human immunodeficiency virus (HIV). (24;26) Oral HPV16 
prevalence (the HPV type responsible for > 85% of all HPV-associated HNSCC) is 
found in 1.3% of healthy adults. (23) However, the great majority of these cases 
do not show progression to malignancy. Initial oral HPV natural history studies 
suggest that oral HPV persistence is similar to that known for anogenital HPV 
infection and that most prevalent infections clear spontaneously within a year. 
More longitudinal research is needed to better understand transmission of oral 
HPV infections, how likely infections are to be cleared, and what factors are 
associated with persistence. 
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Prophylactic HPV vaccination
The fact that detection of precancerous oropharyngeal lesions is still not possible, 
highlights the opportunity for primary prevention through prophylactic HPV 
vaccination, if proven efficacious and cost-effective. Prospective, randomized 
controlled trials have shown that HPV virus-like particle vaccines have very high 
efficacy in the prevention of high-grade cervical dysplasias caused by HPV16 and 
18 infection in HPV-negative subjects. (27;28) At present, two HPV vaccines are 
available. The quadrivalent vaccine, Gardasil® (HPV4), protects against infection 
with HPV types -6, -11, -16 and 18. This vaccine was first licensed in 2006 for use 
in females aged 9–26 years old for the prevention of cervical, vaginal and vulvar 
cancers. More recent work has shown the vaccine to effectively prevent anal 
pre-cancers, thus the clinical indications for the vaccine have further expanded 
to include anal cancer prevention (29)
The second HPV vaccine, Cervarix®(HPV2), is a bivalent vaccine that provides 
protection against HPV types -16 and -18. This vaccine was licensed for use 
in the U.S. in 2009 for the prevention of cervical cancers (U.S. Food and Drug 
Administration (FDA), 2009). HPV2 was not tested in clinical trials for efficacy 
against vaginal, vulvar or anal cancers/pre-cancers. Therefore, these diseases 
cannot be included as approved clinical indications for the vaccine. 

The clinical trials for both HPV vaccines were designed to evaluate vaccine efficacy 
for cervical and/or other anogenital “pre-cancers” as the clinical endpoints. The 
progression of cervical cancer along several defined precancerous states is well 
accepted. (30) This progression, combined with the generally long lag time between 
HPV infection and cervical cancer makes cervical pre-cancer a reasonable endpoint 
to assess in clinical trials. (31) In contrast, the typical progression between pre-
cancerous and cancerous states for OPSCC is significantly less well established, 
though still highly biologically plausible. (13) The lack of well-defined precancerous 
lesions (i.e. the disease endpoint recommended by U.S. FDA), combined with lack 
of data regarding clearance of oral HPV infection has hampered the design of 
clinical trials to evaluate the efficacy of HPV vaccines for prevention of oral HPV 
infection. It is unclear whether the FDA and other regulatory agencies will accept 
virological endpoints of efficacy (i.e. persistent HPV infection). Such acceptance 
would greatly facilitate and accelerate the evaluation of current and future HPV 
vaccines for oropharyngeal cancer and cancer at other anatomical sites. (19) 
Assuming efficacy against oral HPV infections equivalent to that for cervical 
infection, a higher proportion of HPV-caused OPSCCs might be prevented with 
current generation vaccines, as the attributable fraction for HPV16 and 18 is 90-95%. 
An important consideration for the potential of HPV vaccines to reduce the 
incidence of OPSCC, is related to the rates of vaccine coverage in girls. Vaccination 
against HPV has been included in the national Vaccination Programme of the 
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Netherlands for 12-year-old girls since 2010. However, vaccination coverage for 
the birth cohort of 1997 was only 56%. (32) Vaccination coverage among girls 
must be sufficiently high (>80%) to sufficiently prevent transmission of oral HPV16 
infection to boys through herd immunity. Populations with vaccination rates 
sufficient for herd immunity might observe reductions in OPSCC incidence as 
a consequence of reduced rates of genital-to-oral HPV transmission. However, 
in populations where vaccination coverage is below 80%, vaccination of boys is 
likely to be cost-effective. 

Future direction of treatment for HPV-positive OPSCC
We can conclude that HPV-positive oropharyngeal cancer is a distinct subset of 
HNSCC with a favorable outcome. In future clinical trials, researchers will, at the 
very least, need to stratify for HPV-status. An opportunity now exists to investigate 
less intense treatment strategies that do not compromise survival outcomes but 
lower the risk of potentially debilitating late effects. Currently, several de-escalation 
trials are running. In the Eastern Cooperative Oncology Group (ECOG) E1308 trial 
(phase II trial), HPV-positive patients with locally advanced disease receive induction 
chemotherapy with cisplatin, paclitaxel and cetuximab (Erbitux, Imclone). For those 
patients with a clinical complete response at the primary site, the definitive therapy 
of cetuximab and radiation is given to a lower total radiation dose of 54 Gy. The 
main aim of this study is to assess potential for a lower dose of radiation to control 
disease and to investigate toxic effects and quality of life variables. 
A second trial is the Radiation Therapy Oncology Group (RTOG) 1016 trial (phase 
III trial). This study divides patients with an HPV-positive OPSCC in two arms: The 
control arm is accelerated radiotherapy (RT), 70 Gy in 6 weeks plus concurrent 
high dose cisplatin for 2 cycles. This will be compared to accelerated RT (70 Gy 
in 6 weeks) plus weekly cetuximab (8 doses in total). The aim of this study is to 
assess a potential for cetuximab (a molecular target agent), which is a less toxic 
alternative to concurrent chemoradiation.
Another phase III trial that compares concurrent chemoradiation versus RT plus 
cetuximab, is the DeESCALATE- HPV (determination of Epidermal growth factor 
receptor inhibitor versus Standard Chemotherapy early And Late Toxicity Events 
in Human Papillomavirus positive oropharyngeal squamous cell carcinoma) trial. 
The control arm in this study is three doses of cisplatin (100mg/m2) at days 1, 22 
and 43 from start of radiotherapy. This will be compared to one dose of cetuximab 
(400mg/m2) one week before start of radiotherapy, followed by a weekly dose of 
cetuximab (250mg/m2, 7 doses in total) during radiotherapy. 
In the future, these (and other) clinical trials should demonstrate whether de-
intensification of treatment might be possible for patients with an HPV-positive 
OPSCC.
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In conclusion, to increase our understanding of the etiology of OPSCC and HPV 
infection, specific areas for future research are recommended. Natural history 
studies of oral HPV infection would be necessary for the development of primary 
(prophylactic HPV vaccination) and secondary prevention (screening for HPV-
induced OPSCCs) strategies analogous to those for cervical cancer. Regarding 
treatment of OPSCCs, we have to await the results of clinical trials running at the 
moment that consider reduction in the intensity of treatment.
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SAmENvATTING
In Nederland krijgen meer dan 550 patiënten per jaar een orofarynxtumor. 
Belangrijke risicofactoren in de etiologie van orofarynxtumoren zijn roken 
en overmatig alcoholgebruik. De laatste drie decennia is het echter duidelijk 
geworden dat ook infectie met het humaan papillomavirus (HPV), het virus dat 
cervixcarcinomen veroorzaakt, bijdraagt aan de ontwikkeling van orofarynxtumoren.  
HPV- geïnduceerde orofarynxtumoren (HPV- positieve orofarynxtumoren) worden 
gezien als een aparte tumorentiteit, gebaseerd op biologische, epidemiologische 
en klinische verschillen vergeleken met orofarynxtumoren die niet door HPV worden 
veroorzaakt. Epidemiologisch gezien zijn de meeste patiënten met een HPV- 
positieve orofarynxtumor jonger, en hebben ze minder vaak een voorgeschiedenis 
van roken of overmatig alcoholgebruik. Daarnaast lijkt een groot aantal seksuele 
partners, vooral orale sekspartners, een risicofactor voor het ontwikkelen van 
een HPV- positieve tumor. Het belangrijkste klinische verschil is gerelateerd aan 
de prognose. Het klinisch beloop is namelijk beter voor patiënten met een HPV-
positieve orofarynxtumor, ondanks het feit dat HPV-positieve tumoren zich vaak 
presenteren als slecht gedifferentieerde, agressief groeiende tumoren die vaak 
al gemetastaseerd zijn naar de lymfeklieren in de hals.
De prevalentie aantallen van HPV- positieve orofarynxtumoren die in diverse 
studies worden beschreven variëren van 20% tot 90%. Dit verschil in prevalentie 
kan worden veroorzaakt door het ontbreken van een gestandaardiseerde HPV 
detectie methode of door de tijdsperiode waarin de HPV prevalentie wordt 
gemeten. Recent onderzoek in de Verenigde Staten heeft namelijk uitgewezen 
dat het percentage HPV- positieve orofarynxtumoren aldaar de laatste decennia is 
gestegen. In hoofdstuk 2 van dit proefschrift werd daarom aandacht besteed aan 
het valideren van een gestandaardiseerd HPV detectie algoritme en het bepalen 
van een eventuele toename van HPV- positieve orofarynxtumoren in Nederland. 
Het HPV- detectie algoritme dat gevalideerd werd, bestaat uit p16-immunohistochemie 
gevolgd door een GP5+/6+ HPV PCR op de p16-positieve orofarynxtumoren. Dit 
algoritme kan gebruikt worden voor HPV detectie in formaline-gefixeerd, in 
paraffine ingebed tumorweefsel. Uit validatie bleek dat de accuraatheid van dit 
algoritme 98% was. Vervolgens werd het algoritme gebruikt om te bepalen of de 
HPV prevalentie in orofarynxtumoren is toegenomen de afgelopen decennia. Het 
percentage HPV- positieve orofarynxtumoren in het VU Medisch Centrum bleek de 
laatste twintig jaar gestegen te zijn van 5% in 1990 tot 30% in 2010. Deze toename 
is erg zorgwekkend. We kunnen deze toename niet automatisch extrapoleren naar 
heel Nederland, dus er is meer onderzoek nodig in deze richting.
Zoals boven beschreven, lijkt het belangrijkste klinische verschil tussen patiënten 
met een HPV- positieve orofarynxtumor en een HPV-negatieve orofarynxtumor, 
gerelateerd te zijn aan de prognose. Meerdere retrospectieve en prospectieve 
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studies in de Verenigde Staten, Australië en West-Europa hebben aangetoond 
dat patiënten met een HPV-positieve orofarynxtumor een relatief goede prognose 
hebben. Echter, een beperking van deze studies is de selectie van de studie 
populatie. Het merendeel van deze studies is gebaseerd op klinische trials met 
goed gedefinieerde inclusie- en exclusiecriteria. Daarom bestaat er een selectie 
bias voor jonge en gezonde patiënten. Daarbij focussen de meeste trials zich 
op patiënten die in een gevorderd stadium van de ziekte zijn (stadium III/ IV) en 
die zijn behandeld met chemoradiatie. Patiënten met stadium I/ II ziekte worden 
anders behandeld en daardoor is er minder data over deze groep beschikbaar. 
In hoofdstuk 3 werden de verschillen in prognose beschreven tussen een groot, 
consecutief cohort Nederlandse patiënten met HPV-positieve versus HPV-
negatieve orofarynxtumoren. In deze studie werden alle patiënten geïncludeerd 
die in de periode 2000-2006 met een orofarynxtumor waren gediagnosticeerd 
in het Erasmus Medisch Centrum in Rotterdam en het VU Medisch Centrum 
in Amsterdam. Patiënten met een HPV-positieve orofarynxtumor hadden een 
betere 5-jaars overleving dat patiënten met een HPV-negatieve orofarynxtumor 
(73.5% versus 40.9%). Een prognostisch model werd ontworpen, gebaseerd op 
dit cohort patiënten. Dit model liet zien dat de belangrijkste prognostische factor 
voor patiënten met een orofarynxtumor de HPV-status is. Dit werd gevolgd door 
comorbiditeit voor HPV-positieve patiënten en N-stadium (mate van tumorgroei in 
de lymfklieren) voor HPV-negatieve patiënten. Aangezien HPV-status van dermate 
prognostisch belang is voor patiënten met een orofarynxtumor, adviseren wij 
HPV-status op te nemen in de volgende editie van de TNM-classificatie. 

Omdat patiënten met een HPV-positieve orofarynxtumor een relatief goede 
prognose hebben, bestaat er de overweging een minder intense behandeling te 
geven. Zo’n behandeling moet de overleving niet compromitteren maar wel het 
risico van potentieel verzwakkende bijwerkingen verlagen. Het merendeel van de 
patiënten met een HPV-positieve orofarynxtumor is jong en in goede conditie. 
Daarom is een hoog niveau van kwaliteit van leven en daarom een zo laag mogelijk 
aantal behandelingscomplicaties van groot belang. 
Op dit moment lopen er klinische trials die als doel hebben de effecten van een 
minder intense behandeling voor patiënten met een HPV-positieve orofarynxtumor 
te bekijken. Daarom is het gebruik van een betrouwbare HPV-detectie methode van 
groot belang voor de selectie van patiënten voor zulke klinische trials. De klinische 
consequenties kunnen immers ernstig zijn in geval van een vals positieve HPV test. 
Echter, op dit moment worden patiënten alleen geïncludeerd op basis van een 
positieve p16-immunokleuring aangezien een aantal studies een hoge correlatie 
hebben aangetoond tussen deze marker en de aanwezigheid van oncogeen HPV.
In hoofdstuk 3 werd de overleving beschreven van patiënten met een p16-positieve 
maar HPV DNA negatieve tumor (‘discordante groep’). De overleving van deze 
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groep patiënten was bijna identiek aan de overleving van HPV-negatieve patiënten. 
In hoofdstuk 4 werd het genetisch profiel (LOH; ‘verlies van heterozygositeit’) van 
deze groep tumoren geanalyseerd. Het bleek dat LOH in de discordante groep 
veelvuldig voorkwam. Wat betreft LOH frequentie, kwamen negen van de tien voor 
LOH geanalyseerde tumoren overeen met HPV-negatieve tumoren. Concluderend 
lijkt deze groep p16-positieve maar HPV DNA negatieve orofarynxtumoren wat 
betreft prognose en genetisch profiel meer overeenkomsten te vertonen met 
HPV-negatieve dan met HPV-positieve orofarynxtumoren. Dit impliceert dat een 
aantal patiënten onterecht geselecteerd worden voor een klinische trial waarin 
een minder intense behandeling wordt gegeven. Om die reden onderstrepen 
wij het belang van het uitvoeren van HPV DNA specifieke testen naast een p16-
immunokleuring. 
In HPV-negatieve orofarynxtumoren is het p16 eiwit niet detecteerbaar omdat 
het vaak wordt geïnactiveerd door mutaties, homozygote deleties en promoter 
methylatie. Dat realiserende rijst de vraag waarom p16 wel verhoogd aanwezig is 
in de discordante groep tumoren. Een mogelijke verklaring voor p16-overexpressie 
in de discordante groep zou een onderbreking van de pRb pathway kunnen zijn 
door molecualire mechanismen zoals CDK4 of CDK6 mutaties, gecombineerd 
met premature senescence van de cellen. In de toekomst zou het interessant zijn 
om het verdere mechanisme achter p16-overexpressie in de afwezigheid van HPV 
verder te onderzoeken.

Er zijn verschillende theorieën die de goede prognose en de goede respons op 
behandeling verklaren van patiënten met een HPV-positieve orofarynxtumor. 
Eén van deze hypotheses is de mogelijke afwezigheid van ‘field cancerization’. 
Het begrip field cancerization wordt gedefinieerd als de aanwezigheid van één 
of meer mucosale velden die de tumor omgeven waarin tumor-geassocieerde 
genetische of epigenetische veranderingen te detecteren zijn. In HPV-negatieve 
patiënten zijn deze afwijkende velden verantwoordelijk voor het ontstaan van 
meer dan 30% van de lokaal recidieven. In hoofdstuk 5 wordt beschreven hoe 
een mogelijke afwezigheid van field cancerization in HPV-positieve patiënten werd 
getoetst. Omdat HPV een rol speelt in de vroege stadia van carcinogenese, werd 
de aanwezigheid van HPV in de mucosale velden rondom een tumor beschouwd 
als een betrouwbare marker voor field cancerization. We lieten zien dat er geen 
transcriptioneel actief HPV aanwezig is in de velden rondom een HPV-positieve 
orofarynxtumor. De afwezigheid van field cancerization zou een mogelijke verklaring 
kunnen zijn voor het feit dat patiënten met een HPV-positieve orofarynxtumor 
minder lokaal recidieven en tweede primaire tumoren ontwikkelen. 
Een tweede hypothese voor de betere prognose van patiënten met een HPV-
positieve orofarynxtumor, is een betere respons op behandeling (in veel gevallen 
radiotherapie, gecombineerd met chemotherapie). Een mogelijke oorzaak voor het 
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falen van behandeling bij patiënten met een orofarynxtumor is de aanwezigheid 
van kanker stamcellen. Dit zijn cellen die de tumorgroei onderhouden door 
continu de uitbreiding van een maligne celpopulatie te stimuleren. In hoofdstuk 6 
demonstreerden we dat patiënten met een HPV-positieve orofarynxtumor minder 
expressie laten zien van de kanker stamcelmarkers CD44 en CD98. Daarbij bleek 
de vijf jaars overleving significant beter voor HPV-positieve patiënten met een 
lage expressie van de stamcelmarker CD98, vergeleken met een hoge expressie 
van CD98. Mogelijk zou CD98 in de toekomst kunnen worden gebruikt als een 
additionele prognostische marker voor HPV-positieve patiënten. Bovendien 
suggereren deze data dat het lager aantal kanker stamcellen in HPV-positieve 
patiënten een verklaring zou kunnen zijn voor de betere respons op behandeling.
Een derde hypothese voor de relatief goede prognose bij patiënten met een HPV-
positieve orofarynxtumor, lijkt de rol van het immuunsysteem te zijn. De relatie 
tussen het immuunsysteem en de aanwezigheid van HPV in een orofarynxtumor 
lijkt een interessant onderwerp voor toekomstig onderzoek. 

TOEkOmSTPERSPECTIEF

Screenings mogelijkheden voor HPV-positieve orofarynxtumoren
Het percentage patiënten dat overlijdt aan baarmoederhalskanker is opzienbarend 
gedaald in populaties die toegang hebben tot baarmoederhalskanker screening. 
Echter, voor tumoren in de orofarynx, blijken er geen gevalideerde screeningsopties 
te bestaan. De zone in de baarmoeder waar kanker ontstaat (de baarmoederhals), 
is relatief makkelijk te inspecteren en bereikbaar voor het nemen van een 
baarmoederhalsuitstrijkje. De meeste orofarynx tumoren daarentegen, ontstaan uit 
het crypteuze epitheel van de tonsil, en zijn niet goed zichtbaar aan de oppervlakte. 
Bovendien blijkt uit de afwezigheid van ‘field cancerization’ in HPV-positieve 
orofarynxtumoren, dat pre-neoplastische veranderingen in de velden rondom de 
tumor afwezig zijn. Een recente studie heeft geëvalueerd of een voorloperlaesie 
van een HPV-positieve orofarynxtumor kon worden geïdentificeerd met behulp 
van een Pap-test. De uitkomst van deze studie was dat ondanks een sterke 
associatie tussen HPV16 en tumorgroei in zichtbare laesies, er geen associatie 
bestond tussen HPV 16 en tumorgroei in de afwezigheid van zichtbare laesies. 
Een Pap-test, bruikbaar voor het detecteren van HPV-positieve orofarynxtumoren, 
zal dus waarschijnlijk niet realiseerbaar zijn, en daardoor worden studies naar 
secundaire preventie van orofarynxtumoren beperkt. 

Een andere screenings optie voor detectie van HPV-positieve orofarynxtumoren, zou 
de aanwezigheid van een orale HPV infectie kunnen zijn. Recente studies hebben 
een verhoogd risico aangetoond voor het ontwikkelen van een HPV-positieve 
orofarynxtumor indien HPV16 in het speeksel kan worden gedetecteerd. Het 
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risico van het oplopen van een HPV infectie lijkt toe te nemen rondom het sexuele 
debuut; een orale HPV infectie werd gedetecteerd in 1.2% van de 12-15 jarigen en 
in 3.3% van de 16-20 jarigen. Onder de jong volwassenen blijkt 4.5% een orale HPV 
infectie te hebben. Een hogere orale HPV prevalentie is beschreven bij vrouwen 
met baarmoederhalskanker en bij HIV- positieve patiënten. Een infectie met HPV16 
(het type HPV dat verantwoordelijk is voor meer dan 90% van alle HPV-positieve 
orofarynxtumoren) is aanwezig in 1.3% van alle gezonde volwassenen. Echter, de 
meerderheid van deze volwassenen (met HPV16 in het sputum), ontwikkelen geen 
orofarynxtumoren. De meeste wetenschappelijke studies suggereren dat een orale 
HPV infectie meestal binnen een jaar wordt geklaard. Meer onderzoek is nodig 
om de transmissie van een orale HPV infectie beter te begrijpen en te bepalen 
welke factoren geassocieerd zijn met het persisteren van een orale HPV infectie.

Profylactische HPV vaccinatie
Het feit dat detectie van voorloperlaesies voor HPV-positieve orofarynxtumoren 
niet mogelijk is, onderstreept het belang van primaire preventie door middel van 
profylactische HPV vaccinaties. Gerandomiseerde, prospectieve studies hebben 
aangetoond dat HPV-vaccinaties een hoge effectiviteit hebben in de preventie van 
hooggradige cervicale dysplasiën. Op dit moment zijn er twee type vaccinaties 
verkrijgbaar; Gardasil® beschermt tegen infectie met HPV typen-6, -11, -16 en 
18. Deze vaccinatie heeft een rol in de preventie van cervicale, vaginale en vulva 
tumoren. Recente studies hebben ook aangetoond dat de vaccinatie effectief is 
in het voorkomen van anale voorloperlaesies. Het tweede vaccin, Cervarix®, biedt 
bescherming tegen HPV-16 en-18. Dit vaccin werd in 2009 in de Verenigde Staten 
gelicenseerd voor de preventie van baarmoederhalskanker. De effectiviteit tegen 
vaginale, vulva en anale tumoren is echter nog niet bewezen.

De klinische studies naar beide HPV vaccinaties hebben de ef fectiviteit 
geëvalueerd voor cervicale en/of andere anogenitale laesies als klinisch eindpunt. 
De ontwikkeling (carcinogenese) van baarmoederhalskanker via verschillende 
voorloperlaesies, is algemeen geaccepteerd. Deze ontwikkeling, in combinatie met 
de lange tijd tussen een HPV infectie en baarmoederhalskanker, maken dit type 
kanker goed bruikbaar als eindpunt in klinische trials. De typische ontwikkeling van 
voorloperlaesie naar kanker in HPV-positieve tumoren daarentegen, is veel minder 
bekend en ontwikkeld. Het gebrek aan een goed gedefinieerde voorloperlaesie, 
gecombineerd met een gebrek aan data wat betreft het klaren van een orale 
HPV-infectie, heeft de ontwikkeling van klinische studies naar het effect van HPV 
vaccinaties gehinderd. Indien de huidige vaccinaties net zo effectief blijken te zijn 
in de preventie van een orale HPV infectie als in de preventie van een cervicale 
HPV infectie, zou een groot deel van de HPV-positieve orofarynxtumoren met de 
huidige vaccinaties voorkomen kunnen worden.
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Een belangrijke overweging voor het introduceren van HPV vaccinaties voor het 
reduceren van het aantal HPV-positieve orofarynxtumoren, blijkt de vaccinatiegraad 
bij meisjes.
Vaccinatie tegen HPV voor 12-jaar oude meisjes is in het Nationale Vaccinatie 
Programma in Nederland geïntroduceerd sinds 2010. Echter, de vaccinatiegraad 
voor het geboortecohort uit 1997 was maar 56%. De vaccinatiegraad onder meisjes 
moet voldoende hoog zijn (>80%) om de transmissie van een orale HPV infectie 
naar jongens te voorkomen. Populaties met een vaccinatiegraad die voldoende 
is voor de immuniteit van de populatie (zogenaamde ‘kudde immuniteit’) zullen 
als consequentie gereduceerde aantallen van HPV-positieve orofarynxkanker 
zien vanwege gereduceerde aantallen genitaal-orale HPV transmissies. Echter, in 
populaties waar de vaccinatiegraad onder de 80% is, lijkt vaccinatie van jongens 
kosten-effectief. Daarom is de introductie van een HPV vaccin van jongens van 
groot belang.

Toekomstige behandeling van patiënten met een HPV- positieve 
orofarynxtumor
Op dit moment krijgen patiënten met een HPV-positieve orofarynxtumor nog 
steeds dezelfde behandeling als patiënten met een HPV-negatieve orofarynxtumor. 
Echter, patiënten met een HPV-positieve orofarynxtumor hebben een relatief goede 
prognose. Daarbij zijn ze vaak jonger en in een betere conditie. Deze combinatie 
heeft geleid tot het voorstel deze patiënten een minder intense behandeling te 
geven. Op dit moment lopen er meerdere studies die het effect van een minder 
intense behandeling onderzoeken. Eén daarvan is de ‘ECOG-E1308’ studie. In 
deze studie ontvangen patiënten met een HPV-positieve orofarynxtumor inductie 
chemotherapie met cisplatin, paclitaxel en cetuximab. Voor patiënten met een 
complete respons, wordt de hoeveelheid radiotherapie dan verlaagd naar 54 Gy 
in plaats van 70 Gy. Het doel van deze studie is om het effect van een lagere 
hoeveelheid bestraling te evalueren en toxische effecten en kwaliteit van leven 
te evalueren. 
Een tweede studie is de ‘RTOG-1016’ studie (een fase III studie). Deze studie 
verdeelt patiënten met een HPV-positieve orofarynxtumor in twee groepen; de 
controle groep ontvangt de conventionele therapie: radiotherapie gecombineerd 
met twee doseringen cisplatin. De patiënten in de te onderzoeken groep ontvangen 
radiotherapie gecombineerd met wekelijks cetuximab. Het doel van deze studie 
is het evalueren van cetuximab, een minder toxisch alternatief dan cisplatin.
Een anders fase III studie die conventionele chemoradiatie (radiotherapie plus 
cisplatin) vergelijkt met radiotherapie plus cetuximab, is de ‘DeESCALATE- HPV’ 
studie. In deze studie bestaat de controle groep uit HPV-positieve patiënten die 
radiotherapie krijgen met gelijktijdig drie doseringen cisplatin. Dit wordt dan 
vergeleken met de studiegroep, die één dosering cetuximab krijgt voordat de 
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radiotherapie begint, gevolgd door een wekelijkse dosering cetuximab gedurende 
de radiotherapeutische behandeling. 
In de toekomst zullen deze en andere klinische trials uitwijzen of een minder intense 
behandeling mogelijk is voor patiënten met een HPV-positieve orofarynxtumor. 

Concluderend lijken specifieke onderzoeksgebieden van belang om meer te 
kunnen begrijpen van de etiologie van orofarynxtumoren en HPV-infectie. Studies 
naar de etiologie en de detectie van een orale HPV infectie zijn noodzakelijk 
voor de ontwikkeling van primaire (profylactische HPV vaccinatie) en secundaire 
preventie (vroege detectie) van HPV- positieve orofarynxtumoren. Wat betreft de 
behandeling van HPV-positieve orofarynxtumoren, moeten de resultaten worden 
afgewacht van de klinische trials die op dit moment lopen en die een minder 
intense behandeling voor patiënten met dit type tumor evalueren.





&appendix
List of publications 

dankwoord 
Curriculum vitae





139

&

Appendix

LIST OF PuBLICATIONS
Rietbergen MM, Leemans CR, Bloemena E, Heideman DA, Braakhuis BJ, Hesselink 
AT, Witte BI, Baatenburg de Jong RJ, Meijer CJ, Snijders PJ, Brakenhoff RH. 
Increasing prevalence rates of HPV attributable oropharyngeal squamous cell 
carcinomas in the Netherlands as assessed by a validated test algorithm. Int J 
Cancer 2013; 132: 1565-71.

Rietbergen MM, Brakenhoff RH, Bloemena E, Witte BI, Snijders PJ, Heideman DA, 
Boon D, Koljenovic S, Baatenburg-de Jong RJ, Leemans CR. Human papillomavirus 
detection and comorbidity: critical issues in selection of patients with oropharyngeal 
cancer for treatment De-escalation trials. Ann Oncol 2013; 24: 2740-5.

Rietbergen MM, Braakhuis BJ, Moukhtari N, Bloemena E, Brink A, Sie D, Ylstra B, 
Baatenburg de Jong RJ, Snijders PJ, Brakenhoff RH, Leemans CR. No evidence for 
active human papillomavirus (HPV) in fields surrounding HPV-positive oropharyngeal 
tumors. J Oral Pathol Med 2013; 43: 137-42.

Rietbergen MM, Snijders PJ, Beekzada D, Braakhuis BJ, Brink A, Heideman DA, 
Hesselink AT, Witte BI, Bloemena E, Baatenburg-de Jong RJ, Rene LC, Brakenhoff 
RH. Molecular characterization of p16-immunopositive but HPV DNA-negative 
oropharyngeal carcinomas. Int J Cancer 2013 Oct 31.

Rietbergen MM, Martens-de Kemp SR, Bloemena E, Witte BI, Brink A, Baatenburg 
de Jong RJ, Leemans CR, Braakhuis BJ, Brakenhoff RH. Cancer stem cell enrichment 
marker CD98: A prognostic factor for survival in patients with human papillomavirus-
positive oropharyngeal cancer. Eur J Cancer 2013 Dec 4.

Braakhuis B, Rietbergen M, Buijze M, Snijders P, Bloemena E, Brakenhoff R, 
Leemans C. TP53 mutation and human papilloma virus status of oral squamous 
cell carcinomas in young adult patients. Oral Dis 2013 Aug 23.





141

&

Appendix

dANkwOORd (& TERuGBLIk…)
Een dankwoord schrijven…Het gehele promotietraject heb ik ervan gedroomd 
om zover te mogen zijn. In mijn hoofd had ik ‘m al tien keer geschreven en iedere 
week kwam er wel weer iemand bij om vooral niet te vergeten in mijn dankwoord.
En dan is het zover, het moment is eindelijk daar. Maar wanneer ga je dat nou 
schrijven? Niet zomaar op de zoveelste regenachtige zaterdagmiddag die ik in 
het ziekenhuis doorbreng om m’n promotie af te maken. Dan beter ’s avonds thuis 
met een goed glas rode wijn en een gezellig kaarsje, maar die avonden zijn het 
laatste half jaar zeer schaars.
Dus heb ik besloten het dankwoord te schrijven tijdens een heerlijke vakantie in 
Zuid-Afrika. En hier zit ik dan, in Knysna, gelegen in de West Kaap van Zuid Afrika, 
in een tent middenin het bos waar –heel luxe- een schrijftafeltje in staat met een 
kaarsje erop. Om me heen krekels, vogels en af en toe een brullend aapje. En 
hier heb ik dan alle rust om eens goed te denken aan drie jaar terug toen mijn 
promotietraject begon…

Het was 1 augustus 2010 toen ik begon als arts-onderzoeker Hoofd-Halschirurgie 
in het VU Medisch Centrum. Mijn project betrof een grote, retrospectieve 
studie van 1000 patiënten die voor een keeltumor waren behandeld in het 
VUMC en het Erasmus MC. Bij al die patiënten zou ik onderzoek gaan doen 
naar de relatie tussen keeltumoren en het HPV virus (het virus waarvan ook 
bekend is dat het baarmoederhals tumoren veroorzaakt). Ik wist toen alleen 
nog niet dat het de bedoeling was dat ik van al die patiënten weefselblokjes 
zou gaan verzamelen (die verspreid lagen over heel Nederland) en dat ik van 
elk weefselblokje ook nog eens 10 coupes moest snijden (en kleuren…). Daar 
ben ik het eerste jaar van mijn promotie dus redelijk zoet mee geweest. De 
dagen bestonden uit coupes snijden en kleuren op het lab, even lunchen en 
dan ’s middags snel door met het gegevens verzamelen van die 1000 patiënten. 
Maar al snel begonnen uit deze database hele mooie gegevens te komen en 
kon er worden gestart met schrijven. 

Dankzij de hulp van velen heeft dat schrijven uiteindelijk geresulteerd in dit boekje 
en daarom wil ik een aantal mensen daar heel erg voor bedanken;

Prof. dr. R.H. Brakenhoff, Beste Ruud, ook al bestaan wij denk ik uit elkaars 
tegenpolen, toch blijken we bijzonder goed met elkaar door één deur te kunnen. 
Wat ik altijd enorm in jou heb gewaardeerd, is dat je me erg vrij liet. Jij had goed 
door dat dat nu eenmaal het beste werkt bij mij. Mijn gedrevenheid speelde ons 
soms parten. Ik heb nu eenmaal liever alles gisteren geregeld dan vandaag en 
soms kon jij daar wat kriebelig van worden. Maar dan nam ik wat gas terug (vond 
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ik dan…) en deed jij toch nog even een stapje erbij door mijn stukken nog ’s 
avonds laat of in het vliegtuig na te kijken. Ik wil je erg bedanken voor al je hulp 
bij mijn promotie en het vertrouwen wat je in me hebt gehad. Ik hoop dat we de 
komende jaren nog vaak samen mogen werken.

Prof. dr. C.R. Leemans, na een eerste kennismakingsgesprek die erg prettig 
verliep, realiseerde ik me dat ik ervoor wilde gaan en bij u onderzoek wilde komen 
doen en de opleiding tot KNO-arts volgen. Ik ben u erg dankbaar dat u me deze 
mogelijkheid heeft geboden en het vertrouwen in me had.

Prof. dr. P.J.F. Snijders, beste Peter, ten eerste heel erg veel dank voor alle faciliteiten 
op het lab die je me geboden hebt. Zonder jouw hulp hadden we dit grote project 
nooit kunnen afmaken. Maar ook net zoveel dank voor al het positivisme wat je 
uitstraalde en het vertrouwen dat je had in dit onderzoek. Jouw kritische noot en 
heldere blik hebben me erg op weg geholpen. 

Prof. Dr. E. Bloemena, beste Elisabeth, eindeloos hebben wij samen naar de 
coupes zitten kijken. De snelheid waarmee jij tot drie keer toe 1000 (!) coupes 
hebt bekeken, is ongelofelijk. Daarbij heb jij voor de kwaliteit in dit proefschrift 
gezorgd (en mij heel wat werk bespaard…) door voor te stellen de coupes allemaal 
machinaal te kleuren in plaats van met de hand. Ook al ben je zo druk, er was 
altijd tijd om even een half uurtje coupes te kijken en dan ook nog te vragen hoe 
mijn vakantie was geweest. Heel veel dank daarvoor.

Leden van de leescommissie, prof. dr. J.B. Vermorken, prof. dr. E.J.M. Speel, 
prof. dr. R.J. Baatenburg de Jong, prof. dr. C.J.L.M. Meijer, prof. dr. E.J.M. Speel, 
dr. D.A.M. Heideman en prof. dr. J.A. Langendijk. Dank voor het kritisch doornemen 
van het manuscript en het plaats willen nemen in de leescommissie.

De Rotterdamse enclave van het Erasmus MC: prof. dr. R.J. Baatenburg de Jong, 
wat fantastisch dat u dit project samen met ons heeft willen starten. Bedankt 
voor de gastvrije ontvangst in het Erasmus MC en het meedenken en nakijken 
van de manuscripten. 
Senada Koljenovic, bedankt dat ik gebruik mocht maken van de faciliteiten bij de 
pathologie. Annelies Klerk, geweldig hoe jij me hebt geholpen al die paraffine 
blokjes te verzamelen, veel dank daarvoor. 

Dr. B.I. Witte, beste Birgit, wij hebben heel wat uurtjes samen achter jouw computer 
zitten te statistieken. Jij hebt zeer veel werk voor me gedaan, waarvan toch wel 
het belangrijkste het prognostische model wat je hielp ontwerpen. Niets was jou 
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teveel; ook ’s avonds laat nog even plaatjes voor me maken als ik nog snel iets 
moest submitten. Ik hoop je binnenkort weer op de schaatsbaan te zien!

Dr. BJM Braakhuis, Beste Boudewijn, jij kwam altijd even koffie halen op onze 
kamer, en meestal had je dan wel weer een mooi wetenschappelijk weetje. Want 
niet alleen weet jij veel van tumorbiologie, maar in eerste instantie ben je natuurlijk 
bioloog dus flora en fauna was jouw favoriet. Bedankt voor het nakijken van mijn 
stukken en het beantwoorden van alle moeilijke vragen.

De mensen van het CCA, in het bijzonder Marijke Buijze, Arjen Brink, Sanne 
Martens-de Kemp en Bart Hesselink. Bedankt voor jullie hulp op het lab. Marijke, 
dank voor je hulp met alle blokjes zoeken en Arjen, dank voor de hulp bij de LOH 
analyses. Sanne, we hebben samen een heel mooi artikel binnengesleept. Bart, 
wat fijn dat jij die E6 RT PCR voor mij kon doen!

Het MPA team op de VU, in het bijzonder: Debby Boon, Martijn Bogaarts, Divera 
Pronk, René Pol, Fatih Topal, Marije Doeleman en Maryam Wahedi. Wat hebben 
jullie mij goed en consequent geholpen met de HPV DNA test. Dank voor al jullie 
inspanningen. 
Dr. D.A.M. Heideman, beste Danielle, bedankt voor je hulp bij het corrigeren van de 
manuscripten. Ook zorgde jij voor de driedubbele controle van alle testuitslagen, 
zodat we nu écht met zekerheid kunnen zeggen dat alles klopt!

Ton Houffelaar, Jaqueline Geskus, Sandra Biemans, Hanneke Tielens en Maarten 
Regtuit dank voor jullie ondersteuning tijdens mijn promotie-traject.

Derrek Rietveld, dank voor je hulp bij de radiotherapie data en de studie met 
Maastricht.

Lieve (oud) onderzoekscollega’s, Maria Vosjan, Géke Flach, Peggy Graveland, 
Annemarie Krebber, Derrek Heuveling en Annette van Nieuwenhuizen: dank voor 
jullie gezelligheid, en het luisteren naar mijn onderzoeksverhalen.
Heuv, fijn dat je voor mij altijd een klassiek muziekje opdeed, dank voor je hulp bij het 
maken van plaatjes en posters. Annet: voor de vele kopjes koffie en mooie verhalen.

Mijn paranimfen Charlotte Schouten en Sara Hakim: Super dat jullie mijn paranimfen 
willen zijn. Als je zo iedere dag met elkaar op de kamer zit, ga je lief en leed met 
elkaar delen en dat doen we nog steeds. Heerlijk dat jullie precies in hetzelfde 
schuitje zitten en zo goed kunnen luisteren…En vooral ook altijd vrolijk bleven 
als bij mij het stoom weer eens uit m’n oren kwam.
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Alle stafleden, secretaresses, verpleegkundigen 1C en poli-dames, dank voor 
de fijne samenwerking en jullie interesse in dit onderzoek. Alle (collega-) AIOS: 
dank voor jullie steun gedurende dit eerste opleidingsjaar. Wat vormen we een 
gezellige groep en wat voelde ik me welkom in jullie midden. Ik hoop dat we nog 
vele mooie jaren mogen beleven met z’n allen.

Graag bedank ik ook mijn sponsoren, die de lay-out, het digitaliseren en het 
drukwerk van dit boekje mede mogelijk hebben gemaakt: GlaxoSmithKline, 
Sanofi Pasteur MSD, Chipsoft, Olympus Nederland BV, Mediq Tefa, ALK-Abelló 
BV, Polyganics Groningen, Atos Medical BV, Daleco Pharma BV, Dos Medical, 
MediTop BV en Beter Horen BV.

Het tweede deel van mijn dankwoord wil ik graag inleiden met een kort verhaaltje; 
Er was eens een professor in de filosofie, die zou beginnen met een college. Eerst 
zette hij een aantal dingen op tafel neer. Toen pakte hij zonder iets te zeggen een 
groet, legen glazen pot en vulde die met golfballen.
“Is de pot vol?” vroeg hij aan zijn studenten.
“Ja”, was hun reactie.
Toen pakte hij een handjevol kiezelstenen en gooide ze ook in de fles. Hij schudde 
even. Alle stenen vielen in de openingen tussen de golfballen. 
“Is de pot nu vol?”, vroeg hij opnieuw. 
“Ja”, zeiden ze weer. 
Daarna pakte de professor een zakje met zand en gooide dat leeg ik de pot. 
Natuurlijk lukte dat. Het zand zakte weg in alle openingen, tussen de stenen en 
de ballen. 
“Is de pot nu vol?” vroeg hij weer. 
En weer luidde het antwoord duidelijk: “Ja”. 
Toen haalde de professor van onder de tafel twee biertjes tevoorschijn. Die gooide 
hij ook leeg in de pot. De koffie verdween in het zand. De studenten begonnen 
te lachen. 

Toen het lachen afnam, zei de professor: “En nu wil ik dat jullie beseffen dat 
deze pot symbool staat voor jullie leven. De golfballen vertegenwoordigen de 
belangrijkste dingen: Je familie, je relatie, je gezondheid, je vrienden, vakantie…. 
De dingen die voor jou het belangrijkst zijn. Als je die alleen maar had en verder 
niets, dan zou je leven nog gevuld zijn. 
De stenen zijn de andere dingen die erop aankomen: je baan, je huis, je auto. Het 
zand staat voor alles wat er verder nog is. De kleine dingen.
“Als je eerst het zand in de pot doet, heb je geen ruimte meer voor de stenen 
of de golfballen”, zei hij. Dat geldt ook voor je leven. Als je al je tijd en energie 
steekt in kleine, minder belangrijke dingen, kom je aan de grote niet meer toe. 
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Geef je aandacht eerst aan alles wat er voor jouw geluk echt toe doet. Ga op 
vakantie, bezoek je familie, denk om je gezondheid. Stel prioriteiten. Er is altijd 
nog wel tijd over om je huis schoon te maken of de was in de machine te stoppen.
”Houd je eerst bezig met de golfballen, de rest is alleen maar zand.”

Nu komt mijn promotie bijna in de buurt van een golfbal op dit moment, maar bij 
dezen wil ik ook de echte “golfballen” om mij heen bedanken;

Lieve pap, mam en Li, wat ben ik blij met jullie. Wat hebben we het altijd 
geweldig met z’n vieren gehad, en nu ook met Daan en Daaf erbij. Jullie geven 
onvoorwaardelijke steun, liefde en vertrouwen. Ik hoop dat we nog heel lang 
van elkaar mogen genieten. Ik kan me geen fijnere familie om me heen wensen. 

Lieve vrienden en vriendinnen: de Butten, de ‘college club’ alias drakenparade, 
JC Diesel (smurfjes!), Groningen, Deventer en Curaçao maatjes: wat ben ik blij 
dat jullie er altijd voor me zijn in leuke en minder leuke tijden. Wat heb ik toch 
een stel lieve en goede mensen om me heen!

Lieve Daaf, jij bent een golfbal met gouden randje. Behalve een hele geschikte 
vent, een heerlijk mensch én bruggenbouwer, ben je namelijk ook nog persoonlijk 
adviseur, coach en psycholoog in één. Tot in den treuren hebben wij het gehad 
over het leed dat promoveren heet. Maar zie hier; het resultaat is er: jij een boek 
en ik een boek. Twee proefschriften op een kussen, daar slaapt een trouwring 
tussen. Billen en de Bave!

Eén van de studenten stak haar vinger op. “En waar staan de biertjes voor?” 
vroeg ze. 
“Ik ben blij dat je het vraagt”, zei de professor. “Die biertjes bewijzen alleen maar 
dat hoe vol je leven ook is, er altijd ruimte is om met een vriend een biertje te 
drinken.”

Graag nodig ik jullie allen uit voor een biertje op woensdag 7 mei.
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CuRRICuLum vITAE
Michelle Maria Rietbergen, auteur van dit 
proefschrift, werd op 17 juni 1983 geboren te Den 
Haag. Ze groeide op in Wassenaar en behaalde in 
2001 haar gymnasium diploma op het Rijnlands 
Lyceum in Wassenaar. Dat jaar verhuisde zij naar 
Spanje (Salamanca en vervolgens Sevilla) om een jaar 
Spaans te studeren. In 2002 startte zij in Groningen 
met de studie Geneeskunde. Haar co- schappen 
deed zij in het Deventer Ziekenhuis en sloot ze af 
in het St. Elisabeth Ziekenhuis te Curaçao. Haar 
wetenschappelijke stage deed zij aan het ‘Instituto 
Nacional de Salud Publica’ in Cuernavaca, Mexico 
onder leiding van Prof. C.H. Gips. Ze deed basaal 
onderzoek naar de tropische ziekte malaria. 

In april 2009 behaalde zij haar arts examen en in mei 2009 startte zij als arts 
assistent Interne Geneeskunde in het Medisch Centrum Haaglanden in Den Haag 
en vervolgens in het Onze Lieve Vrouwe Gasthuis te Amsterdam. Haar interesse 
voor de KNO en de wetenschap bleef knagen en daarom besloot ze in 2010 te 
starten met een promotie onderzoek bij de KNO in het VU Medisch Centrum.
Zij begon in augustus van dat jaar als promovendus op de afdeling KNO/ Hoofd 
Hals Chirurgie, waar ze onder begeleiding van prof. Brakenhoff, prof. Snijders, 
prof. Bloemena en prof. Leemans onderzoek deed naar de rol van het Humaan 
Papillomavirus en hoofd hals kanker. Dit promotie onderzoek heeft geresulteerd 
in deze dissertatie.

In augustus 2013 startte ze haar opleiding tot Keel-, Neus- en Oorarts in het VU 
Medisch Centrum te Amsterdam, waar ze tot op heden mee bezig is.




