@'PLOS ‘ ONE

OPEN 8 ACCESS Freely available online

Human Papillomavirus in Head and Neck Squamous Cell
Carcinoma of Unknown Primary Is a Common Event and
a Strong Predictor of Survival

David Hebbelstrup Jensen'*, Nora Hedback’', Lena Specht?, Estrid Hagdall®, Elo Andersen®,
Marianne Hamilton Therkildsen®, Lennart Friis-Hansen®, Bodil Norrild’, Christian von Buchwald’

1 Department of Otorhinolaryngology, Head and Neck Surgery and Audiology, Rigshospitalet, University of Copenhagen, Copenhagen, Denmark, 2 Department of
Oncology, Rigshospitalet, University of Copenhagen, Copenhagen, Denmark, 3 Department of Pathology, Herlev Hospital, University of Copenhagen, Herlev, Denmark,
4 Department of Oncology, Herlev Hospital, University of Copenhagen, Herlev, Denmark, 5Department of Pathology, Rigshospitalet, University of Copenhagen,
Copenhagen, Denmark, 6 Centre for Genomic Medicine, Rigshospitalet, University of Copenhagen, Copenhagen, Denmark, 7 Department of Cellular and Molecular
Medicine, The Panum Institute, University of Copenhagen, Copenhagen, Denmark

Abstract

Background: The purpose of this study was to examine the prevalence of human papillomavirus (HPV) in patients with head
and neck squamous cell carcinoma of unknown primary (CUP).

Methods: All patients diagnosed with and treated for CUP between January 1, 2000, and June 1, 2011, at two Danish
medical centers were included. All patients received a thorough diagnostic work-up, including FDG-PET, before being
diagnosed as CUP. We determined the HPV status in all patients using a combination of HPV DNA PCR and p16 stain. In
addition, clinical information on the study patients was retrieved from clinical records.

Results: Of the identified 60 patients with CUP, 13 were shown to be positive for HPV DNA, amounting to 22% of the study
population. In addition, we were able to show a clear disease-free and overall-survival benefit in the HPV-positive group,
with a hazard ratio of 0.16 (95% Cl: 0.038-0.67) for over-all survival. This survival benefit was also apparent when adjusted
for advanced age in a multivariate Cox regression analysis.

Conclusion: A fairly large percentage of CUP cases are HPV-related, and because this is related to both the location and
prognosis, we recommend HPV testing as part of the diagnostic work-up.
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or MR and PET followed by tonsillectomy and base of tongue
biopsies, to find the primary tumor site. In the majority of cases,
the work-up can identify the primary tumor; however, in a subset
of patients, the primary tumor cannot be located. This study
examines patients in which the primary tumor was never found.

Introduction

Not uncommonly, head and neck squamous cell carcinoma
(HNSCC) presents as a non-tender mass in the neck, i.e., a lymph
node metastasis to the neck. In a small percentage of the total

cases, it is impossible to ascertain the location of the primary tumor
after extensive work-up, and the case is then defined as a cancer of
unknown primary (CUP). The incidence of CUP of the head and
neck is estimated to be approximately 2% of all HNSCC cases [1],
and primarily affects men in the 55-60 year age group with a
significant smoking and/or drinking history. When squamous
CUP is suspected, it is recommended to perform a fine needle
aspiration of the lymph node c.f. Danish Head and Neck Cancer
Association (DAHANCA) guidelines [2]. When the fine needle
aspiration shows carcinoma cells, an extensive work-up is
performed, including physical examination, endoscopy, CT and/
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The pathological diagnosis will often reveal a squamous cell
carcinoma (75%) [3].

In several retrospective analyses [4], human papillomavirus
(HPV) has been found to be the most important biomarker for
disease-free survival and overall survival (OS) in patients with
oropharyngeal cancer. HPV-associated oropharyngeal cancer has
been present for many years but an increasing incidence in the last
20 years have been observed [4]. As such, an increased incidence
of HPV-related CUP would therefore be expected. This is
particularly relevant to consider because it has been observed
that HPV-positive cancers are prone to early metastasis, i.c., are
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diagnosed at an advanced N-stage with a small T-site [5]. Due to
the favorable prognosis of HPV-related oropharyngeal cancers,
treatment deintensification of HPV-associated oropharyngeal
cancer is now being explored in clinical trials (NCT01084083
Eastern Cooperative Oncology Group 1308 and NCT01302834
Radiation Therapy Oncology Group 1016).

The standard pathological work-up of carcinomatous lymph
node metastases in the neck from an unknown primary tumor does
not in all centers include a strict work-up to ascertain HPV status,
although some guidelines recommend this [6]. Nevertheless, the
HPV status of the lymph nodes could potentially contribute to
both stratifying the patients with regard to treatment and also to
localizing the primary tumor because the vast majority of HPV-
positive HNSCCis arise from the oropharynx [7,8]. The recom-
mendations of treating these patients with “true” primary
unknown cancer generally include radiation therapy involving
large volumes to ensure the inclusion of the suspected primary
tumor. This leads to increased morbidity because it is not possible
to narrow down the irradiated volume to include only the relevant
primary tumor area. If the cancer was shown to be HPV-positive,
this could potentially enable the radiation oncologist to narrow the
field to only include the oropharynx and any additional regional
metastases present. Another possibility is to perform transoral
robotic-assisted surgery in a selected number of patients to help
locate the primary tumor [9-11].

We therefore sought to determine the prevalence of HPV in the
metastases of patients with neck node squamous cell carcinoma
from an unknown primary referred to and treated as CUP, after
having been through an extensive diagnostic work-up, at two
Danish medical centers between the 1* of January 2000 and the 1%
of June 2011. Patients referred with the diagnosis “metastatic
cervical lymph nodes with unknown primary” were examined to
obtain the HPV prevalence and to examine whether their HPV
status had any influence on their chances of long-term survival. To
our knowledge, no other studies have been able to show that
patients with HPV-related CUP have a survival benefit compared
to non-HPV-related CUP, which could be due to a lack of power
[8,12-20]. We chose to use a modified version of the algorithm
proposed by Smeets et al. to define HPV-positive samples [21].
Here we report that HPV is a strong prognostic factor for both
over-all and progression-free survival in patients diagnosed and
treated as CUP.

Material and Methods

Patients

Formalin-fixed, paraffin-embedded (FFPE) biopsies from pa-
tients referred to Herlev University Hospital and Rigshospitalet,
Copenhagen University Hospital, between the 1** of January 2000
and the 1* June 2011 with the diagnosis carcinoma lymph node
metastasis from an unknown primary tumor were included,
totaling 105 patients from Rigshospitalet and 130 patients from
Herlev University Hospital. Before being given the diagnosis
cancer of unknown primary all patients had to have undergone a
complete diagnostic work-up, including FDG-PET, random
biopsies and endoscopic examinations in general anesthesia. In
addition only patients in whom FFPE biopsy material on
squamous cell carcinoma was present and who were treated with
irradiation with an intention to cure were included in the study,
leaving a total of 60 patients for the analyses. Histological
diagnosis of the original metastasis was based on the examination
of hematoxylin-cosin (H&E) stained tissue by an expert pathologist
according to the modified WHO classification of tumors [22]. This
study was approved by the Scientific Ethics Committee of the
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Capital Region of Denmark (registration number H-C-2008-080).
Since a large group of patients had died or were severely ill, it was
judged by the ethical committee that it would cause more distress
than good to be informed about the project; it was therefore
judged not to be necessary to obtain informed consent. Patient
records were anonymized and de-identified prior to analysis.

DNA extraction

All original tumor slides were evaluated by an expert pathologist
for the presence of squamous cell carcinoma in the specific tumor
block. From the selected tumor blocks, 10 pm-thick sections were
cut under clean conditions on a microtome. Fixative removal was
performed in xylene and absolute ethanol washes (two times).
Pellets were dried and resuspended in 180 pl ATL buffer (QIAmp
DNA Mini Tissue Kit, Qiagen Denmark, Copenhagen) and 5 ul
proteinase K and digested overnight at 56°C. After digestion, the
samples were set up in the automated sample preparation system
Qiagen QIAcube (Qiagen Denmark, Copenhagen) using the
Qiagen QIAamp DNA mini kit (Qiagen Denmark, Copenhagen)
according to the manufacturer’s specifications, with a final elution
volume of 200 ul. The purified DNA was subsequently quantified
using a NanoDrop (ND-1000) spectrophotometer (NanoDrop
Technologies, Wilmington, DE, USA).

Human papilloma virus polymerase chain reaction and
p16 IHC

Polymerase chain reaction for HPV was performed using
consensus primers GP5+/GP6+ [23]. Validation of the DNA
quality and the efficacy of the PCR reaction were carried out using
the housekeeping gene GAPDH. Immunohistochemistry for p16
was carried out using the Ventana Benchmark Ultra autostainer
with the optiView detection kit and the p16 monoclonal antibody
E6H4 (Roche). The slides were evaluated as positive if there was a
strong and diffuse nuclear and cytoplasmic reaction in more than
70% of the tumor cells [24]. In addition, a confirmatory slide was
stained with H&E to evaluate the presence or absence of tumor
tissue in the pl6-stained sections.

Statistical analysis

The clinical and pathological data were analyzed by Fisher’s
exact test for categorical variables and Student’s t-test for
continuous variables. A p-value of less than 0.05 was considered
statistically significant. Kaplan-Meier estimates and Cox regres-
sion were used to estimate the factors influencing overall survival.
To test for correlation, we used Pearson’s correlation coefficient.
All tests were carried out using SPSS version 19. We divided the
patients into the following categories according to their status at
the last known follow-up: 1) no sign of recurrence at any time
during follow-up, 2) treated for recurrence with no signs of current
recurrence, 3) recurrence in spite of curatively intended treatment,
4) never recurrence-free. Progression-free survival was defined as
the time to recurrence, and patients were censored when they
experienced a recurrence or if they were never recurrence-free. To
study overall survival, we divided the patients into the following
categories at the last known follow-up: 1) alive, 2) died of another
cancer type, 3) died due to CUP, 4) died of other causes. Age was a
continuous variable in our survival analysis. To comply with the
open access policy all data have been made available as Table S1.

Results

Of all the patients referred in the 10-year period, 60 patients
met the inclusion criteria. The study population was included from
the 1** of January 2000 to the 1** of June 2011, with a median
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follow-up time of 3.0 years (95% CI: 1.8-5.3). Only patients in
whom 1) the primary diagnosis was of a squamous cell carcinoma
exclusively in the neck lymph nodes and 2) the primary tumor
could not be found in the diagnostic work-up were included. The
clinical characteristics of the patients are shown in Table 1. Of the
60 patients, a complete medical history for smoking and alcohol
could be obtained for 52, whereas overall survival and progres-
sions-free survival could be obtained for every patient. All patients
were treated with curatively intended radiotherapy, without
chemotherapy or hypoxic radiosensitizer, according to national
guidelines [2].

Prevalence of human papilloma virus DNA and p16
overexpression in metastatic lymph nodes

Of the 60 patients in our study group, 13 (22%) were positive by
HPV PCR, and 13 were p16 positive (22%). When combining p16
and HPV PCR, 11 were positive by both markers (18%). Overall,
there was a significant correlation between a positive HPV status
and a lower alcohol consumption and shorter smoking history
when using either p16, HPV or both as a marker of HPV infection
(Table 2). Additionally, there was a significant correlation between
gender and HPV, with the HPV-positive cancer patients more
likely to be male. In fact, only one female patient tested positive for
HPV by PCR, but was negative for pl6. We did not find a
correlation between age and the presence of HPV by any method
(Table 2). In addition, we did not observe a rising incidence in
HPV- or pl6-positive cancers when comparing the incidence in
20002005 to 2005-2011 (Table 2). Also we did not observe a
significantly rising incidence in CUP in the same period, from 28
to 32 (Table 2). Moreover, we observed a significant correlation
between patients having a lower risk of recurrence and HPV status
(Table 2). In fact, none of the patients with an HPV-positive
cancer were in the group of patients who did not respond to
treatment, 1.e., no recurrence-free survival (data not shown).

Pathological characteristics

An expert in head and neck pathology scored the following
parameters on the lymph node metastases: differentiation grade,
presence of cysts and non-keratinizing morphology. The differen-
tiation grade was divided into well, moderate and poorly. In
addition, we observed some patients with a hybrid morphology,
and along with the non-keratinizing, they are grouped into the
category “other” in Table 2. Of the 60 patients, 18 had a non-
keratinizing morphology, with a strong correlation to both HPV
and pl6 status (P<<0.001, Table 2). We also observed a strong
correlation between cystic metastases and HPV and pl6 status
(P<<0.001, Table 2).

Overall survival and progression-free survival

Of the 60 patients, 32 died within a median of 16 months (95%
CI: 10-24), and 15 developed a recurrence within a median of 12
months (95% CI: 8-16) in the head and neck region. A total of 14
patients never experienced progression-free survival. Of the 15
patients with a recurrence, 3 patients were treated for a recurrence
and were recurrence-free at the last follow-up. There was a
significantly longer progression-free survival in the HPV-positive
group compared to the HPV-negative group (Table 1, Fig. 1). In
addition, there was a significant association between HPV and
response to treatment. The HPV-positive group was more likely to
be responsive to radiotherapy, i.e., becoming disease free after

treatment, and 2 out of the 3 with a treatable recurrence were
HPV positive.
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Opverall survival in our cohort was clearly related to the presence
of HPV, as shown in Fig. 1 and Table 1. This was observed as a
hazard ratio of 0.16 (95% CI: 0.038-0.67) for those positive for
HPV compared to the HPV-negative patients (P<<0.05). This
survival benefit was also found when using pl6 alone or in
combination with HPV (Table 1). In addition, age was found to
mildly influence overall survival, with a hazard ratio of 1.04 (95%
CI 1.001-1.089). There was a significant negative correlation
between the development of a recurrence and HPV status
(Table 2). We also performed a multivariate cox regression
analysis (Table 3) with all the factors that were shown to
significantly influence over-all survival from the univariate analysis
(Table 1). Also, smoking and alcohol history was tested as
significant covariates due to their correlation to HPV status,
although not shown to significantly influence over-all survival.
Afterwards we eliminated factors from the model, one by one,
until only significant factors remained, i.e. backwards elimination.
Due to the fact that p16 and HPV were highly correlated and both
were correlated to recurrence, only pl6 were remained as an
independently prognostic factor, since pl6 status slightly outper-
formed HPV status in our multivariate analysis. HPV and
recurrence status were not independently related to overall
survival. After backwards elimination, only the pl6 status and
age remained as independently prognostic factors, with hazard
ratios of 0.071 (95% CI: 0.010-0.52) and 1.04 (95% CI: 1.00-
1.09), respectively (P<<0.05). Of note, neither overall nor
progression-free survival was related to a longer smoking or
drinking history.

Discussion

The treatment and diagnostic work-up of patients with CUP of
the head and neck represent a challenge for physicians. This is, to
the best of our knowledge, the first study to show a marked survival
benefit among patients with HPV-positive as opposed to HPV-
negative CUP of the head and neck. Several studies have
examined the usefulness of HPV as a marker to identify the
primary tumor [12,16,19,25], but in the strictest sense do not
describe “true” CUP because in all these studies, the primary
tumor was eventually found, thus excluding the possibility of true
CUP representing a distinct disease entity. In our cohort, patients
with HPV-positive tumors had a markedly better survival than did
HPV-negative patients. The favorable outcome was related to the
fact that the HPV-positive cancers responded better to treatment:
all the HPV-positive patients had a response to treatment, and
only one of the patients developed a recurrence that could not be
managed. In addition, this marked survival benefit was observed
not to be related to their shorter smoking and drinking history, or
advancing age, as could be seen from the multivariate analysis.

In our patient group, the percentage with an HPV-positive
cancer was 22%, which is in agreement with a study from the
USA, which found an HPV prevalence in CUP of 28% using
FISH [19]. However studies by Tribius and Sivars examined CUP
patients for HPV, and found a higher HPV-prevalence of 37 and
40%, respectively [26,27]. However, in the study by Sivars the
patient group involved patients with a primary but not a final
diagnosis of CUP, thus not representing the same patient category
as the one is this study, with only diagnosed CUP patients after a
FDG-PET examination, i.e. “true” CUP. In addition, we wanted
to examine whether there was a rising incidence in HPV-positive
CUP patients in our study period. We therefore divided our study
period into two, one before and one after 2005, because an
increasing incidence has been observed in oropharyngeal cancers
in Scandinavia since 2000 [28]. We were however not able to
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Figure 1. Survival based on HPV status in patients with unknown primary. Kaplan-Meier curves on overall survival (A and B) and
progression-free survival (C and D), as stratified based on HPV and p16 staining. The survival differences were all statistically significant, as based on

logrank tests (P<<0.05).
doi:10.1371/journal.pone.0110456.g001

show an increasing incidence in CUP or in HPV positive CUP.
This could be related to many factors, such as a change in the
diagnostic work-up during the period [29] or lack of power due to
the relatively few patients (n = 60). One limitation of our study is
that we were only able to examine metastases; these may have a
different biology from the primary tumor, though studies have
shown a high correlation between HPV DNA in primary tumors
and their metastases [30].

HPV-related oropharyngeal cancers have in many studies been
shown to be related to a different patient group than the well-
known head and neck cancer patients, in that the patients with
HPV-related oropharyngeal cancers are younger and generally do
not have a long smoking and/or drinking history. In our cohort,
we show a tendency in the patient characteristics, whereby HPV-
related CUP was more likely found in males with a lower intake of
alcohol and a shorter smoking history.

Table 3. Multivariate cox regression analysis of over-all survival (final model).

Hazard ratio 95% CI P
p16 0.71 0.010-0.52 0.009
Age 1.004 1.001-1.090 0.047

doi:10.1371/journal.pone.0110456.t003
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In addition to its role as a prognostic biomarker, the presence of
HPV in CUP could also be valuable for finding the primary
tumor, as has previously been suggested [8,12,25,31]. However, to
date, no prognostic study using HPV status to help locate the
primary tumor has been performed [32]. Nevertheless, in small
case-series [8,12-20], the prevalence of HPV in true CUP has
been studied (in some studies, only pl6 overexpression was
examined). All have a very small sample size, and the prevalence is
therefore subject to small sample size effects, as demonstrated by
the variation in HPV-positive CUP from 0 out of 1 (0%) [12] to 2
out of 2 (100%) [17].

We recommend that the presence or absence of HPV/pl6
should be determined early in the diagnostic work-up of CUP
patients because their status may influence treatment decisions.
Because HPV-related cancers have a better prognosis due to
radiotherapy and surgery, the presence or absence of HPV may
become an important factors in deciding the best treatment plan,
and clinical trials testing de-escalation therapy in HPV-positive
oropharyngeal cancers have been initiated.

Knowledge about the absence or presence of HPV may prove
useful while performing panendoscopy, as patients with a HPV-
positive tumor would be expected to benefit more from
tonsillectomy and/or transoral robotic resection of the upper-
most layer of the tongue tonsil, to find the primary tumor [9-11].
Additionally, the HPV-negative tumors would be expected to
benefit less from tonsillectomy and multiple base of tongue
biopsies because a lower success rate in finding the primary tumor
would be expected; thus, the risks and benefits should be taken into
account in each case. We also acknowledge that the use of random
biopsies for the identification of the primary tumor is somewhat
controversial [33]. Regardless, patients with a HPV-negative
tumor should be considered for a more aggressive treatment plan
than the HPV-positive patients, because this patient group had a
markedly lower overall survival. Chemotherapy should be also
considered for patients with other clinical characteristics generally
known to be associated with a poorer outcome, including
extracapsular spread and multiple involved lymph nodes.

For unknown primary in the head and neck, historically,
radiotherapy plans included bilateral fields in the neck, which
included the nasopharynx, oropharynx, larynx and hypopharynx.
These fields are highly likely to lead to unnecessary toxicity
because the most likely origin of a HPV-positive unknown primary
is situated in the oropharynx [31]. Therefore some recommend
removing the larynx and hypoharynx from the field. In addition, it
has been shown that patients with CUP treated with ipsilateral
radiotherapy compared to a more comprehensive radiotherapy
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did not demonstrate a worse locoregional control or overall
survival [34]. The best radiotherapy plan for patients with CUP is
however not universally agreed upon [35]. Whether treatment can
be modified according to HPV-status will need to be tested in
prospective trials.

Another support in the diagnosis of an HPV-positive cancer is
the use of tumor morphology [36]. In our dataset, when the tumor
was non-keratinizing, the chance of being positive by HPV PCR
was 67%, which however is not sufficient for the diagnosis of an
HPV-positive cancer. A non-keratinizing morphology should give
rise to a strong suspicion as to a tonsillar or base of tongue location
[37]. We also advocate that a dedicated head and neck pathologist
reviews the tumor because what is routinely perceived as a poorly
differentiated tumor may actually be merely a non-keratinizing
HPV-positive carcinoma [38]. We also confirmed a strong
relationship between cystic metastases and HPV, as has previously
been observed [17].

In approximately 2% of patients with a squamous cell
carcinoma of the neck, the primary tumor will not be located,
even after completing a comprehensive work-up. It could be
speculated that improved tumor imaging could advance our ability
to find the primary tumor. However for the time being, a small
subset of primary tumors cannot be found, and in these patients
HPV testing may be valuable; both in determining the location,
but also in prognostication and in the future possibly also
treatment planning.
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