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Part I
Epidemiology and Molecular Biology of

HPV Positive HNSCC



HPV in Head and Neck Cancer—
30 Years of History

Stina Syrjänen, Jaana Rautava and Kari Syrjänen

Abstract
The interesting history of papillomavirus (PV) research has been reviewed
before. The history of human papillomavirus (HPV) in head and neck region
starts in 1901 when the contagious transmission of warty lesions into the mouth
via oral sex was described, although the confirmation of their viral etiology had
to wait until 1907. Ullman was the first to associate the human wart virus with
laryngeal warts. Parsons and Kidd described the natural history of oral PV
infections in rabbits already in 1942, but these findings were corroborated in
humans only recently. Koilocytotic atypia described by Koss and Durfee in 1956
was recognized as a sign of HPV infection in cervical precancer lesions only in
1976–1977 (Meisels and Fortin; Purola and Savia). This prompted systematic
surveys of head and neck lesions for the detection of koilocytosis since the late
1970s, and the authors of this communication were the first to propose the HPV
involvement in a subgroup of head and neck cancers. Brandsma and Abramson
demonstrated HPV16 DNA in tonsillar SCCs in 1989. Since the early 2000s,
HPV research of head and neck squamous cell carcinomas (HNSCC) has made
impressive progress, confirming that the specific anatomic site plays a key role in
determining the susceptibility to HPV infection. The most likely cancer sites
associated with HPV are the base of the tongue and palatine tonsils, followed by
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oral cavity, larynx, and sinonasal mucosa. There is substantial geographic
variation in HPV association with HNSCC. Patients with HPV-associated
HNSCC are younger, and survival is better than in the absence of HPV.

Keywords
History � Human papillomavirus (HPV) � Head and neck squamous cell
carcinomas (HNSSC)

1 Introduction

The present-day understanding of papillomavirus (PV) research is a result of a long
history of intense work consisting of important innovations and contributions of a
countless number of past and present scientists. The past history of PV research is
dual consisting of (1) basic virology research, and (2) an increasing awareness of
human papillomaviruses (HPV) as a significant cause of human diseases emerging
from the late 1970s. Several excellent reviews exist on the history of PV research
(Syverton et al. 1950; Bäfverstedt 1967; Grodzicker and Hopkins, Oriel in 1989;
Lancaster and Olson 1982; Gross 1983; Orth 1986; Oriel 1989; zur Hausen and de
Villiers 1994; Lowy and Schiller 2006; Syrjänen and Syrjänen 2008; zur Hausen
2009). Since the early 2000s, the studies on HPV and head and neck cancer have
increased overwhelmingly.

This chapter summarizes shortly the main milestones of the HPV research which
have made an impact in the stepwise understanding of HPV as an etiological agent
in a subgroup of head and neck squamous cell carcinomas (HNSCC). One has to
note that this type of listing represents the personal preferences of the authors, and
the missing of someone’s name in the list by no means signifies the lack of
importance of their work. The head and neck region discussed here comprises a
number of distinct anatomic sites including oral cavity, nasal cavity, paranasal
sinuses, nasopharynx, oropharynx, hypopharynx, and larynx. This historical review
on the role of HPV in head and neck cancers is specifically acknowledging the early
papers published during the next 10 years after the original observations and is
summarized in the Tables 1, 2, 3, and 4.

Table 1 Detection of HPV in oral carcinomas during the first 10 years after the original report

Reference Lesion No. of cases Method HPV-positivity Types detected

Syrjänen et al.
(1983a, b, c, d)

SCC 40 ICH 8/40 20 %

Syrjänen et al.
(1983a, b, c, d)

SCC 1 ICH 0/1 0 %

Syrjänen et al.
(1983a, b, c, d)

SCC 6 ICH 0/6 0 %

(continued)
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Table 1 (continued)

Reference Lesion No. of cases Method HPV-positivity Types detected

Jin and Toto (1984) Verrucous
Ca

7 ICH 0/7 0 %

Löning et al. (1985) SCC 6 SB 3/6 50 %

de Villiers et al. (1985) SCC 7 SB 3/7 43 % 2, 16

Adler-Storthz et al.
(1986)

Verrucous
Ca

9 ISH 1/9 11 % 2

Syrjänen et al. (1986) SCC 2 ISH 1/2 100 % 16

de Villiers et al. (1986) SCC 11 SB 4/11 36 % 2, 16

Löning et al. (1986) SCC 6 ISH 3/6 50 % 11, 16

Milde and Löning
(1986)

SCC 7 ISH 4/7 57 % 16

Maitland et al. (1987) SCC 15 SB 7/15 47 % 16, unknown

Lookingbill et al.
(1987)

SCC 1 DB 1/1 100 % 11, 16

Löning et al. (1987) SCC 13 DB 5/13 38 % 6/11, 16/18

Ostrow et al. (1987) SCC 3 SB 1/3 33 % 16

Dekmezian et al. (1987) SCC 4 ISH 4/4 100 %

Gassenmaier and
Hornstein (1988)

SCC 68 ISH 16/68 23 % 2, 6, 11, 16

Lee et al. (1988) SCC 2 SB 1/2 50 %

Syrjänen et al. (1988) SCC 51 ISH 6/51 12 % 16, 18

Brandsma and
Abramson (1989)

SCC 39 SB 2/39 5 %

Chang et al. (1989) SCC 17 SB 13/17 76 %

Maitland et al. (1989) SCC 50 PCR 25/50 50 % 16

Demetric et al. (1990) SCC 1 ISH, SB 1/1 100 % 16

Ishibashi et al. (1990) SCC 6 SB 0/6 0 %

Kashima et al. (1990) SCC 29 SB,ISH 6/29 21 %

Greer et al. (1990a, b) SCC 2 DB 2/2 100 % 6/11, 16/18

Greer et al. (1990a, b) Verrucous
Ca

20 ISH 4/20 20 % 6/11, 16/18

Chang et al. (1990) SCC 40 ISH,
PCR

11/40
28 %

16(69 %), 6,
18

Kulski et al. 1990 SCC 5 SB 1/5 20 % 6/11, 16/18

Niedobitek et al. (1990) SCC, tonsil 21 ISH 6/28 21 % 16

Arndt et al. (1991) SCC 11 SB 7/11 64 % 6/11, 16/18

SCC, tonsil 9 SB 5/9 56 % 6/11,
16/18

Tsuchiya et al. (1991) SCC 23 ISH, SB 3/23 13 % Unknown
(continued)
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Table 1 (continued)

Reference Lesion No. of cases Method HPV-positivity Types detected

Abdelsayed et al.
(1991)

SCC 36 ISH 2/36 6 % 6/11, 16/18

Palefsky et al. (1991) SCC 25 PCR 8/25 32 %

Yeudall and Campo
(1991)

SCC 39 SB 3/39
8 %

4, 16, 18

SCC 39 PCR 18/39 46 %

Watts et al. (1991) SCC 23 SB,
PCR, E6

16/23 70 % 6/11, 16/18

Verrucous Ca 49 SB, PCR 27/49 55 % 16/18

Shroyer et al. (1993) SCC 10 ISH,
PCR

1/10 10 % 16/18

Verrucous Ca 3 ISH, PCR 0/3 0 %

Zeuss et al. (1991) SCC 15 ISH 0/15 0 %

Young and Min (1991) SCC,
Verrucous
Ca

27 ISH 0/27 0 %

Adler-Storthz et al.
(1992)

Verrucous
Ca

9 ISH 3/9 33 % 2

Brachman et al. (1992) SCC 11 PCR 1/11 9 %

Howell and Gallant
(1992)

SCC 8 SB 1/8 13 % 16

SCC, metastasis 2 SB 1/2 50 % 16

Honig (1992) SCC 12 ISH 7/12 60 % 6, 11, 16, 18

Shindoh et al. (1992) SCC 24 SB 8/24 33 % 16, 18

Holladay and Gerald
(1993)

SCC 37 DB 7/37 19 % 16, 18

Verrucous Ca 2 DB 0/2 0 %

Noble-Topham et al.
(1993)

Verrucous
Ca

25 PCR 12/25 48 % 6/11, 16, 18

Woods et al. (1993) SCC 18 PCR, L1 14/18 78 % 6, 11, 16, 18

SCC metastasis 5 PCR 5/5
100 %

6, 11,
16, 18

Cox et al. (1993) SCC 8 SB 4/8 50 % 16

Guitart et al. (1993) Verrucous
Ca

1 ISH 1/1 100 % 6

6 S. Syrjänen et al.
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Table 3 Detection of HPV DNA in sinonasal carcinomas during the first 10 years after the
original report

Type of technique HPV genotypes detected Total (%)

Lesion No. 6 6/11 11 16 16/18 18 Other HPV+ Author and year

SCP IH 1 100 Syrjänen et al. (1983a)

IP ISH 14 1 5 5c 79 Syrjänen et al. (1987a)

SCC ISH 3 3 100

SCC ISH 40 4 1 1 2.5

SCC 2 1 50 Furuta et al. (1991)

SCC PCR 8 1 12 Judd et al. (1991)

SCC PCR 24 1 4 Kashima et al. (1992)

SCC PCR 49 6 1 14 Furuta et al. (1992)

SCC ISHb 35 1 1 3 Sarkar et al. (1992)

SCC PCR 3 1 33 Tyan et al. (1993)

SCC ISHb 22 57ba 86 Wu et al. (1993)

IP, inverted papilloma; SCC, squamous cell carcinoma; IH; immunohistochemistry; ISH, in situ
hybridization; PCR, polymerase chain reaction; a19 cases HPV 57b-positive; bDouble infection
with HPV6/11 and 16 in 13 cases; cDouble infection HPV 11&16 in 3 cases; ND, not clearly
defined
SCC and papillomas
ISH+PCR

Table 4 Studies reporting on HPV detection in laryngeal squamous cell carcinomas during the
first 10 years after the original report

Method/histological type HPV-positive Number/total % Authors and year

Detection
method

Histological
type

HPV types
detected

IHC SCC ND 13/36 36.1 Syrjänen et al. (1982)

SB VCA 16 5/5 100 Abramson et al. (1985)

DB, SB VCA 16 6/6 100 Brandsma et al. (1986)

SB SCC 30 0/41 0 Kahn et al. (1986)

SB SCC 16 1/36 3 Scheurlen et al. (1986)

SB SCC 16 1/1 100 Stremlau et al. (1987)

DB SCC ND 0/4 0 Löning et al. (1987)

ISH SCC 6, 11, 16 15/116 13 Syrjänen et al. (1987a, b)

SB, DB SCC 6 1/1 100 Zarod et al. (1988)

IHC, SB AOP, SCC 6 1/1 100 Kashima et al. (1988)

SB SCC 11, 16 6/60 10 Brandsma and Abramson
(1989)

PCR SCC 16, 18 4/10 40 Kiyabu et al. (1989)

SB JOP, SCC 6 4/4 100 Ward and Mounts (1989)

ISH JOP, AOP,
SCC

11 2/4 50 Lindeberg et al. (1989)

(continued)
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2 Milestones

Warts were known since the classical Greek era, but the infectious nature of
cutaneous warts was not understood until the studies by Payne (1891) and Jadasson
(1896). This contagious mode of transmission was confirmed also for genital
condylomas some 10 years later, when Heidingsfield described a prostitute, who
had acquired condyloma lesions in her tongue as a result of oral sex (Heidingsfield,
1901). Only a few years later, the viral etiology of these lesions was demonstrated
by Ciuffo (1907), who used a cell filtrate of a common wart to transfer the infection.
Human wart virus was later associated with laryngeal warts (Ullman 1923). In
1942, Parsons and Kidd published their milestone study where they showed that
oral papillomatosis of rabbits is a viral disease. They also described the most likely
sites in oral mucosa to be infected with PV. In addition, they showed that even
irritation/trauma could activate a latent PV infection and the virus could be

Table 4 (continued)

Method/histological type HPV-positive Number/total % Authors and year

Detection
method

Histological
type

HPV types
detected

SB SCC NA 0/3 0 Ishibashi et al. (1990)

PCR SCC 6, 16 7/34 20,5 Hoshikawa et al. (1990)

FISH SCC 6, 11, 16, 18 5/50 10 Kulski et al. (1990)

PCR SCC 16 26/48 54 Perez-Ayala et al. (1990)a

PCR VCA 16 3 /3 100 Perez-Ayala et al. (1990)a

DB SCC 6, 11, 16, 18 3/3 100 Vonka et al. (1990)

SB SCC 16 3/6 50 Hong et al. (1991)

SB SCC 16 1/1 100 McCullough and McNicol
(1991)

PCR SCC 6, 11, 16, 33 5/10 50 Morgan et al. (1991)

PCR SCC 16, 18 4/28 14.3 Ogura et al. (1991)

SB SCC 16 3/6 50 Wang et al. (1991)

PCR SCC 16 3/4 75 Watts et al. (1991)

ISH SCC 16, 18 12/27 44 Arndt et al. (1992)

PCR, SB SCC 16 11/16 68.8 Yao et al. (1992)

DB, PCR SCC 11, 16, 18 16/43 37.0 Anwar et al. (1993)

PCR SCC 16 3/40 8 Brandwein et al. (1993)

PCR VCA ND 17/20 85 Kasperbauer et al. (1993)

ISH SCC 16, 18 1/1 100 Makowska et al. (1993)

PCR, SB SCC 16, 18 2/16 13.2 Ogura et al. (1993)

PCR SCC 11, 16, 18 2/10 20 Tyan et al. (1993)

IHC, ISH SCC 7 1/10 10 Van Rensburg et al.
(1993)
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transmitted via saliva. The data of that pioneering study are still timely, while no
similar natural history studies on oral papillomas in the humans exist even today.

In 1949, Ayre and Ayre (1949) described the morphology of “halo cells” in Pap
smears and cervical biopsies, originally calling them as a precancer cell complex.
One of their patients subsequently developed a carcinoma in situ (CIS) lesion, and
the authors renamed this cytological abnormality as a “nearocarcinoma” in 1951.
While studying the cytological smears collected during a screening program from
cervical precancer lesions, Koss and Durfee could confirm Ayre’s discovery. They
published their classical paper in 1956 and renamed this cellular abnormality as
koilocytotic atypia (Koss and Durfee 1956). Later, Koss admitted, however, that the
viral etiology of the koilocytotic atypia was not suspected in 1956, although the
wart-like epithelial changes pointed to that direction (Koss 1987).

From a clinical point of view, a major breakthrough was made by two research
groups, unaware of each other, who both described koilocytotic cells in Pap smears
derived from flat epithelial lesions, frequently associated with cervical precancer
lesions (dysplasia) (Meisels and Fortin 1976; Purola and Savia 1977). These two
reports prompted the interest of many cytopathologists in these lesions from a
completely new perspective, while realizing that by observing the cytopathic effects
of a virus on light microscopy, one could probably “see” the etiological agent of
cervical cancer precursors. This leads also us to start a systematic survey of head
and neck lesions for the presence of koilocytosis as a sign of viral infection. From
the very beginning, the concept of HPV only as a sexually transmitted disease was
also questioned by us, because oral and laryngeal papillomas were frequently found
in young children.

HPV research today owes much to one of the pioneers in the field, to Dr. Harald
zur Hausen, who turned his interest on HPV in the early 1970s. The first of his
classical series of four works from 1974 to 1976 attempted to detect virus-specific
DNA in human tumors, he completed nucleic acid hybridization experiments with
complementary RNA of human wart virus (zur Hausen et al. 1975). In 1980,
Gissmann and zur Hausen isolated and characterized a new virus, which proved to
be the etiological agent of classical genital warts, and designated this new virus as
HPV6 (Gissmann and zur Hausen 1980). Characterization of the first of these
genital HPV types led to the isolation of its closest relative from a laryngeal
papilloma receiving the label HPV11 (Gissmann et al. 1982). At that time, all
attempts to detect homologous DNA in laryngeal squamous cell carcinomas failed,
however (Gissmann et al. 1982). One of the absolute highlights of the early 1980s
was the isolation and characterization of a new HPV type from cervical cancer,
which subsequently has proved to be the single most important HPV type of them
all, namely HPV16, by Dürst and his colleagues in 1983 (Dürst et al. 1983). In
1984, HPV18 was isolated and characterized from cervical carcinoma (Boshart
et al. 1984).

Currently, more than 200 PVs have been sequenced and numbered according to
the order of the characterization of the genome. PVs are classified as a taxonomic
family of their own since 2004 (de Villiers et al. 2004). Alpha papillomaviruses
contain most of the mucosal HPV genotypes. It became evident that different
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genotypes are responsible for cutaneous common warts and genital warts. During
the same period, zur Hausen formulated his hypothesis of HPV as an etiological
agent of cervical cancer (zur Hausen et al. 1975, 1976) which was later acknowl-
edged by nomination as the Nobel Laureate in Medicine and Physics in 2008.

In parallel with the impelled interest in HPV lesions of the genital tract and skin,
the suspected HPV origin of two additional lesions was confirmed: first the
juvenile-onset laryngeal papillomas and later the adult-onset papillomas. Quick and
coworkers described epithelial atypia in these lesions, with possible implications in
their known risk for malignant transformation (Quick et al. 1978, 1979, 1980).
Soon, conclusive clinical and virological evidence on the similarities between
genital condylomas and laryngeal papillomas was provided (Quick et al. 1980).
Within the next two years, HPV involvement in laryngeal squamous cell carcino-
mas was suggested by us, based on their morphological characteristics and detec-
tion of HPV antigens by immunohistochemistry (IHC) (Syrjänen and Syrjänen
1981; Syrjänen et al. 1982).

The HPV etiology of inverted papilloma of the nasal cavity/paranasal sinuses
was suggested by us in 1983 (Syrjänen et al. 1983a, b, c, d). Even if these lesions
are relatively rare, this concept is clinically important, due to the high tendency of
inverted papillomas to recurrence (known well before any evidence on HPV) and an
increased risk for malignant transformation.

The same period witnessed the extension of HPV research into yet another group
of squamous cell lesions, subsequently gained a substantial clinical importance, i.e.,
the first evidence on HPV involvement in benign (Jenson et al. 1982) and malignant
(Syrjänen et al. 1983a, b, c, d) squamous cell tumors of the oral mucosa. Evidence
was also provided, for the first time, that HPV may be the etiological agent of a
subgroup of oral squamous cell carcinomas as well.

Finally, the description of the technique how to make virus-like particles
(VLP) in vitro, by Kirnbauer et al. (1992), opened completely new visions into at
least two important areas of HPV research: (1) HPV serology and (2) HPV vac-
cination. The authors succeeded in expressing the L1 major capsid proteins of
BPV1 and HPV16 in insect cells using a Baculovirus vector and analyzed their
conformation and immunogenicity. The L1 proteins were expressed at high levels
and, surprisingly, assembled into structures that closely resembled native PV viri-
ons (Kirnbauer et al. 1992). These self-assembled BPV L1 VLPs mimicked intact
bovine PV (BPV) virions, and induced neutralizing antisera in rabbits, with similar
immunogenicity as the real viral particles. It became immediately evident that VLPs
were good candidates for testing the levels of antibodies and potentially also the
antigen to be used for preventing HPV infections (Kirnbauer et al. 1992). Subse-
quent studies resulted in the development of the first-generation prophylactic vac-
cines against HPV6, 11, 16, 18 (Gardasil®, Merck) or against HPV16 and HPV18
(Cervarix®, GSK).

12 S. Syrjänen et al.



3 HPV and Oral Cavity Cancer

As early as in 1983, we presented an original observation and hypothesis that HPV
is present in a subset of oral cancers and accordingly also an etiological factor of
these cancers (Syrjänen et al. 1983a, b, c, d). In that pioneering study including 40
lesions, 16/40 (40 %) showed HPV-suggestive changes on light microscopy, and of
those, 8/16 (50 %) expressed HPV structural proteins upon immunohistochemical
staining (IHC) (Syrjänen et al. 1983b). This non-commercial HPV common anti-
serum was made against HPVs present in pooled HPV lesions (Pyrhönen 1978).
A few years later, the same biopsy samples were re-examined for the presence of
HPV DNA using ISH and PCR, and 12/40 disclosed the presence of HPV11, 16, or
18 DNA (Chang et al. 1990). Prompted by our original reports, also other groups
became interested in the association of HPV and oral cancer. The studies published
during the subsequent 10 years since our original report are summarized in Table 1.
In 1985, HPV DNA was found in oral cancer samples by two research groups;
Löning et al. reported HPV11 and 16 DNA in 3/6 oral carcinomas, and de Villiers
et al. HPV2 in one and HPV16 in 2/7 tongue carcinomas. With in situ hybridization
(ISH), we were able to localize HPV DNA in the tumor cells. HPV6, 11, 16, and 18
DNA was found in 6/51 oral SCCs and in 6/21 oral precancer lesions (Syrjänen
et al. 1988).

Snijders et al. (1996) analyzed 221 SCCs of the aerodigestive tract. With the
HPV GP5+/6+ general primer-mediated PCR, 32 % of the samples scored positive.
The HPV prevalence ranged from 70 % in tonsillar SSC down to 10 % in
hypopharyngeal SCC (Snijders et al. 1996). Approximately 60 % of oral carcino-
mas proved to be HPV-positive, with HPV16 by far the most frequent type in all
sites. In addition, HPV6, 7, 33, 35, and 59 were detected, albeit infrequently. Later,
it has been shown that HPV prevalence is higher in oral cancer patients younger
than 60 years (Syrjänen et al. 1988; Balaram et al. 1995; Cruz et al. 1996).

Miller and Johnstone (2001) were the first to present a meta-analysis based on
pooled data from non-controlled studies between 1982 and 1997 to estimate HPV
prevalence in precancer lesions, oral cancer, and normal oral mucosa. They found
that the frequency of HPV detection in normal oral mucosa [10.0 %; 95 % confi-
dence interval (CI), 6.1–14.6 %] was significantly less than in leukoplakia (22.2 %;
95 % CI, 15.7–29.9 %), intra-epithelial neoplasia (26.2 %; 95 % CI, 19.6–33.6 %),
verrucous carcinoma (29.5 %; 95 % CI, 23–36.8 %), and OSCC (46.5 %; 95 % CI,
3 7.6–55.5 %). The pooled odds ratio (OR) for the subset of studies directly
comparing the prevalence of HPV in normal mucosa and OSCC was 5.4, con-
firming the trend observed in the overall sample (Miller and Johnstone 2001).
However, this analysis was not based on case–control studies. In the review of
Kreimer et al. (2005), HPV prevalence in OSCC was 23.5 % (Kreimer et al. 2005).
HPV16 was the most common type present, being detected in 16.0 % of OSCC and
accounting for almost 70 % of the HPV-positive cases. HPV18 was the next most
common oncogenic HPV type, detected in 8 % of OSCC (Kreimer et al. 2005;
Adelstein et al. 2009). The wide variations in HPV detection rates have been
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explained by differences in sampling (e.g., oral scrapings, cells acquired with
mouthwash, or biopsies), as well as by the different sensitivity and specificity of
HPV testing methods.

Because the earlier meta-analyses lacked the design of case–control studies, a
meta-analysis was performed including only case–control studies assessing HPV in
oral cancer, with healthy oral mucosa as controls (Syrjänen et al. 2011). Collec-
tively, 1885 cases and 2248 controls of OSCC and 956 cases and 675 controls of
oral potentially malignant disorders (OPMD) were available for analysis. Signifi-
cant association was found between pooled HPV DNA detection and OSCC
(OR = 3.98; 95 % CI: 2.6–6.02) and even for HPV16 only (OR = 3.86; 95 % CI:
2.16–6.86). HPV was also associated with OPMD (OR = 3.87; 95 % CI:
2.87–5.21). In a subgroup analysis of OPMD, HPV was also associated with oral
leukoplakia (OR = 4.03; 95 % CI: 2.34–6.92), oral lichen planus (OR = 5.12;
95 % CI: 2.40–10.93), and epithelial dysplasia (OR = 5.10; 95 % CI: 2.03–12.80).

To conclude, the evidence emerged through different lines of research during the
past 30 years supporting the view that a subgroup oral cancers are linked with HPV,
exactly as suggested by us already in 1983. The recognition of HPV in etiology has
raised two questions: (1) Is HPV testing needed in routine diagnostics? (2) the role
of HPV vaccination in prevention of oral HPV infection?

4 HPV and Palatine Tonsil Cancer

Brandsma and Abramson (1989) were the first to report on the presence of
HPV16 DNA in 2 of 7 tonsillar SCCs among the 100 HNSCC samples analyzed
with Southern blot hybridization. They also suggested that the anatomic site in the
head and neck region plays a role in determining the susceptibility to HPV infec-
tion, the most likely infection sites being the tongue (18 %), tonsils (29 %), and
pharynx (13 %). In their study, they also analyzed the matched control samples
(n = 116) from the same anatomic region and could confirm the presence of sub-
clinical HPV in subjects with no history of papilloma or oral malignancy. The
subsequent studies on the HPV detection in palate tonsil carcinoma are summarized
in Table 2.

A year after the original report, Ishibashi et al. (1990) described an additional
tonsillar SCC infected with episomal form of HPV16. The same HPV type was also
detected in two lymph node metastasis, suggesting the direct role of HPV infection
in the development of SCC. In 1992, Snijders et al. had described two
HPV16-positive tonsillar carcinomas, where HPV16 was episomal. They also
found two HPV33-positive carcinomas where HPV was either integrated or both in
episomal and integrated state (Snijders et al. 1992). Importantly, Snijders and
coworkers were the first to show that E6/E7 mRNAs were present exclusively in the
neoplastic cells, providing further evidence for viral etiology of tonsillar carcinomas
(Snijders et al. 1992).
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Niedobitek et al. in 1990 localized HPV16 DNA in the tumor cells in 6/28
carcinomas, of which 5 were poorly and 1 was moderately differentiated, while the
two highly differentiated carcinomas and one in situ carcinoma were HPV-negative.
Subsequently, several studies have later confirmed that the HPV association is
related to tumor histology, as originally suggested by Niedobitek et al. (1990).

Bercovitch et al. (1991) described the presence of integrated HPV6 in a tonsillar
carcinoma. Arndt et al. (1992) used in situ hybridization for HPV detection and
found that 65.5 % of the 61 HNSCC cases were HPV16/18-positive, with the
following anatomic subsites: 12 laryngeal carcinomas (44 %), five tonsillar tumors
(35.7 %), eight tumors of the hypopharynx (66.6 %), and three tongue carcinomas
(37.5 %). The largest series of tonsillar carcinomas analyzed until 2002 was
reported by Mellin and coworkers. Of the 84 tonsillar carcinomas, 46 % tested HPV
DNA-positive, which was in episomal state in most cases (Mellin et al. 2000,
2002). They also reported that patients with HPV-positive tonsillar cancer and
especially with episomal form had the best survival (Mellin et al. 2002). In 2000,
Gillison and coworkers analyzed 52 tonsillar cancers among the 253 newly diag-
nosed HNSCC. Totally 62 % of the tonsillar cancers were positive with ISH.
HPV-positive oropharyngeal cancers were less likely to occur among moderate to
heavy drinkers (OR = 0.17; 95 % CI = 0.05–0.61) and smokers (OR = 0.16; 95 %
CI = 0.02–1.4), had a characteristic basaloid morphology (OR = 18.7; 95 %
CI = 2.1–167), were less likely to have TP53 mutations (OR = 0.06; 95 % CI =
0.01–0. 36), and had improved disease-specific survival (hazard ratio [HR] = 0.26;
95 % CI = 0.07–0.98). Table 2 summarizes the studies reported during the first
10 years following the original report on the HPV presence in tonsillar carcinomas.

Since the early days, several meta-analyses have been completed and they
confirm HPV as a main etiological agent of oropharyngeal cancer, mainly palatine
tonsils and base of the tongue (Ndiaye et al. 2014). The highest HPV prevalence
rates have been reported from the USA and Sweden, reaching 70–90 %. As with
the other HNSCCs, a wide geographic variation in HPV prevalence is evident and
HPV16 is the main genotype involved in these cancers.

5 HPV and Sinonasal Cancer

The coexistence of two different epithelia (columnar cells and stratified squamous
epithelium) creates squamo-columnar junctions at multiple sites in the respiratory
tract, entities that are thought to be a prerequisite for the spread of HPV infections
in this region (Syrjänen 1997; Syrjänen and Syrjänen 2000).The increased interest
in sinonasal cancer parallels the research activity focused on their benign coun-
terparts, sinonasal papillomas since the 1980s, when the evidence on possible
causal role of HPV was first provided (Syrjänen et al. 1983a, b, c, d, 1987a, b;
Siivonen and Virolainen 1989).
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Papillomas of the sinonasal mucosa have been recognized since 1854, when first
described with the name inverted papilloma (Ward 1854). Based on a meta-analysis
of the reports covered until 1992, the overall recurrence rate is substantial (32 %),
varying from 0 to 100 % (Syrjänen 2003). Similarly, the reported prevalence of
metachronous and synchronous malignancy varies within a wide range, 3–16 %
and 0–100 %, respectively (Bielamowicz et al. 1993; Lawson et al. 1995). It was
not until 1983, however, that HPV was first suggested as a potential etiological
agent of sinonasal papillomas and their malignant counterparts by us (Syrjänen
1983). This hypothesis was based on the immunohistochemical detection of HPV
antigen expression in a single papilloma, soon confirmed by in situ hybridization
(ISH) demonstrating HPV DNA both in benign and malignant sinonasal lesions
(Syrjänen 1993; Syrjänen et al. 1987a, b; Siivonen and Virolainen 1989).

Following these primary reports, a slowly expanding research interest in HPV
and sinonasal cancer has been noted (MacKay et al. 2005; Hpoffman et al. 2006).
HPV as a possible etiological agent in sinonasal cancer has gathered from either
reports on malignant transformation of HPV-associated papillomas and/or
HPV DNA detection in sinonasal carcinomas. Table 3 summarizes the early
papers on HPV detection in sinonasal carcinomas. By 2002, a literature survey
found that 21 % of the 322 sinonasal carcinomas analyzed so far were
HPV-positive (Syränen 2003). In a more recent meta-analysis (Syrjänen and Syr-
jänen 2013), 35 studies were eligible, covering 492 sinonasal SCCs from different
geographic regions. Altogether, 133 (27.0 %) cases tested HPV-positive. The
results also showed that it seems to be too premature to conclude that sinonasal
carcinomas in different geographic regions have a different etiology, as hypothe-
sized in some studies

To conclude, it seems that approximately 20–30 % of the sinonasal carcinomas
are associated with HPV similarly as other head and neck cancers, except
oropharyngeal cancers.

6 HPV and Nasopharyngeal Cancer

Nasopharynx is the region of the respiratory tract connecting the nasal cavity to the
pharynx. At birth, the nasopharynx is lined by a typical respiratory epithelium.
However, this pseudostratified columnar ciliated epithelium is gradually replaced
by stratified, non-ciliated epithelium, and with advancing age, by mature squamous
epithelium. Nasopharyngeal cancer (NPC) is among the few human malignancies
where viral etiology has been firmly established. The evidence is compelling to
implicate the important causal role of Epstein–Barr virus (EBV) in the development
of NPC (Hyams 1971; Giannoudis et al. 1995). These data have recently stimulated
a few studies looking for the evidence on possible HPV involvement in NPCs, the
well-differentiated SCCs in particular (Dickens et al. 1992; Huang et al. 1993; Tyan
et al. 1993; Hörding et al. 1994; Giannoudis et al. 1995; Shen et al. 1996).
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Using PCR, Dickens et al. (1992) found evidence for HPV 16/18 DNA in NPC
samples. Huang et al. (1993) established two cell lines from well-differentiated
EBV-negative NPCs and could demonstrate HPV 16-related sequences in both of
these (Huang et al. 1993). In a series of 30 NPCs analyzed for EBV and HPV
sequences using PCR, EBV was present in all (100 %), and interestingly,
HPV DNA was found in 14/30 (46.7 %) of the cases. All 14 cases contained
HPV16 (Tyan et al. 1993). In another study, a series of 15 well-differentiated NPCs
of the squamous type were analyzed for HPV DNA using PCR (Hörding et al.
1994). HPV DNA was present in 4/15 (26.7 %) of the tumors. Giannoudis et al.
(1995) analyzed 63 NPCs from Greece for EBV and HPV sequences and found
HPV DNA in 12/63 (19 %) of the cases Giannoudis et al. 1995).

Taken together, there seems to be emerging evidence that HPV16 might be
involved in the development of a subset of NPC, the well-differentiated squamous
cell type, whereas the two other types of NPC are closely linked with EBV. So far,
little evidence has been provided suggesting the synergistic action of these two
tumor viruses in this anatomic region.

7 HPV and Laryngeal Cancer

Laryngeal carcinoma (LSCC) may arise as a late complication of preexisting
squamous cell papilloma (SCP), but the vast majority of these malignant lesions do
develop without any antedating papilloma, through cancer precursor lesions (dys-
plasia, intraepithelial neoplasia, carcinoma in situ). So far, too little attention has
been paid to these precancer lesions with regard to the evidence for HPV
involvement (Lindeberg and Krogdahl 1997; Poljak et al. 1997; Sugar et al. 1997).

The association of HPV with laryngeal carcinoma was first suggested by
detecting typical cytopathic effects of HPV in these lesions (Syrjänen and Syrjänen
1981). The presence of HPV was confirmed by IHC staining to demonstrate the
expression of HPV structural proteins (Syrjänen et al. 1982). The most convincing
evidence to implicate HPV in laryngeal cancer is derived from the studies
demonstrating HPV DNA in the cancer lesions by different hybridization tech-
niques and PCR (Syrjänen 1997; Syrjänen et al. 1987b; Syrjänen and Syrjänen
2000; Kashima et al. 1997; Herrero et al. 2003).

The published literature was subjected to systematic review and meta-analysis
just recently (Gama et al. 2016). One hundred seventy-nine studies were eligible,
comprising 7347 LSCCs from different geographic regions. Altogether, 1830
(25 %) cases tested HPV-positive considering all methods, with effect size of 0.269
(95 % CI: 0.242–0.297; random-effects model). In meta-analysis stratified by the
(1) HPV detection technique and (2) geographic study origin, the between-study
heterogeneity was significant only for geographic origin (P = 0.0001). In
meta-regression, the HPV detection method (P = 0.876) or geographic origin
(P = 0.234) was not significant study-level covariates.
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Taken together, benign laryngeal papilloma is among the first lesions that were
confirmed to be associated with HPV. The role of HPV in laryngeal cancer has been
long disputed, but now convincingly demonstrated by extensive meta-analysis
(Gama et al. 2016). Not unlike in the other head and neck malignancies, the
prevalence of HPV in laryngeal cancer also levels off at around 25 %, thus
reflecting the HPV-attributable fraction in these malignancies.
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Epidemiology of HPV-Positive Tumors
in Europe and in the World

Xavier Castellsagué, Marisa Mena and Laia Alemany

Abstract
Strong evidence has accumulated in the last 15 years showing that infection by
certain human papillomaviruses (HPVs) is etiologically involved in a subset of
head and neck cancers (HNCs). In this chapter, epidemiologic-related topics on
HNCs are reviewed: (i) HPV-attributable fractions and HPV-type distributions
by different anatomical HNC sites, using not only HPV DNA but other more
specific markers of causality; (ii) an update of the HPV-related HNCs burden
worldwide and by regions; and finally, (iii) the determinants for HPV positivity
in HNCs, focussing on gender, age, smoking habits, sexual behavior, and other
related factors such as tonsillectomy performance. This information is essential
in order to understand the burden of the disease and its dynamics and changing
patterns, as well as for planning and assessment of the potential impact of
HPV-based preventive strategies for HNCs.

Keywords
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1 The Contribution of HPV in the Etiology of HNCs

Strong evidence has accumulated in the last 15 years showing that infection by
certain human papillomaviruses (HPVs) is etiologically involved in a subset of head
and neck cancers (HNCs) (A Review of Human Carcinogens 2009). While virtually
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all cervical cancers are considered HPV-driven (Walboomers et al. 1999), the
quantitative assessment of the etiological involvement of HPVs in HNCs is chal-
lenged by their multifactorial etiology largely attributed to tobacco and alcohol use
(IARC 1988, 2004; Gillison et al. 2012). Consequently, the unequivocal fraction of
HPV-DNA-positive HNCs for which HPV infection is indeed the truly triggering
carcinogenic event is unknown and its estimation remains a challenge (Herrero
et al. 2003). Further, the mere presence of HPV DNA in HNCs is not sufficient to
prove viral causation as it might just reflect a transient infection unrelated to the
carcinogenic process (Holzinger et al. 2012; Ndiaye et al. 2014; Castellsagué et al.
2016).

Most previous studies and meta-analyses assessing the quantitative contribution
of HPV in HNCs have used the presence and detection of HPV-DNA in the tumor
as the sole criterion to classify the tumor as HPV-driven, probably resulting in an
overestimation of the true impact of HPV in head and neck carcinogenesis. To
accurately classify a tumor as HPV-driven, it is crucial to use in addition to
HPV-DNA detection other markers related to HPV-induced carcinogenesis and thus
assess the biological and oncogenic activity of the HPVs identified in HNCs.

1.1 The ICO Study on HPV in HNCs

The Catalan Institute of Oncology (ICO) conducted a large international study
explicitly designed to generate robust estimates of HPV-attributable fractions
(AFs) in HNCs by quantifying the expression of a selection of markers of
HPV-induced carcinogenesis and using a strict single protocol that standardized the
entire processing and testing of all tumor samples (Castellsagué et al. 2016).

The methods used in this study have been already published (de Sanjosé et al.
2010). In brief, formalin-fixed, paraffin-embedded cancer tissues of the oral cavity,
pharynx and larynx were collected from pathology archives in 29 countries
worldwide. All samples were subjected to central histopathological evaluation,
DNA quality control, and HPV-DNA detection. Samples containing HPV-DNA
were further tested for HPV E6*I mRNA detection and expression of p16INK4a,
pRb, p53, and Cyclin D1 by immunohistochemistry.

A total of 3,680 samples yielded valid results: 1,374 pharyngeal, 1,264 oral
cavity, and 1,042 laryngeal cancers.

Figure 1 presents by major HNC site, estimated range of HPV-AFs using dif-
ferent combinations of markers of HPV carcinogenesis: HPV-DNA detection, HPV
E6*I mRNA detection, and p16 over-expression. Ranges of AFs when considering
HPV DNA plus E6*I mRNA and/or p16INK4a were: 18.5–22.4 % for the orophar-
ynx, 3.0–4.4 % for the oral cavity, and 1.5–3.5 % for the larynx. Corresponding
estimates for pharynx unspecified subsite, nasopharynx, and hypopharynx were,
respectively, 7.5–16.1, 1.1–5.9 and 2.4 % (Castellsagué et al. 2016). We observed
that within both the oral cavity and the larynx, those subsites that were more
proximal to the oropharynx showed higher HPV-AFs than those that were more
distal to the oropharynx. Thus, HPV-AFs in combined oral cavity subsites that were
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proximal to the oropharynx ranged (when considering HPV DNA plus E6*I mRNA
and/or p16INK4a) from 4.9 to 6.7 %, as opposed to 1.4–2.3 % in subsites that were
distal to the oropharynx (p < 0.001 for both comparisons). Corresponding values in
the larynx were 4.2 % versus 1.4–3.4 % in combined subsites that were proximal
versus distal to the oropharynx, but these differences in the larynx were not statis-
tically significant (Castellsagué et al. 2016).

Figure 2 shows oropharyngeal HPV-AFs by geography, gender, age group, and
year of diagnosis. Estimates of HPV-AF in the oropharynx were highest in South
America, Central and Eastern Europe and Northern Europe, and lowest in Southern
Europe. Women showed higher HPV-AFs than men for cancers of the oropharynx.
Globally, younger patients showed higher HPV-AFs than older patients and AFs
tended to be higher in more recent decades with a statistically significant increasing
trend in AFs with increasing recency.

1.2 HPV-Type Distribution in HNCs

Among HPV-DNA-positive cancer cases, the distribution of individual HPV types
is different in HNCs when compared with cervical cancers, as HPV16 is system-
atically found in a much higher percentage of HNCs than of cervical cancer.

Fig. 1 HPV-attributable fractions for head and neck cancers according to positivity and/or
over-expression of selected biomarkers of HPV-induced carcinogenesis
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Confirming results from several other studies, the ICO study found that HPV16 is
the most frequently detected genotype among HPV-DNA-positive cases (75.2 %),
but again with a wide range according to cancer site: 83 % in the oropharynx,
68.8 % in the oral cavity, and 50.8 % in the larynx (Castellsagué et al. 2016). The
corresponding percentages for combined HPV types included in the nonavalent
HPV vaccine (types 6, 11, 16, 18, 31, 33, 45, 52, and 58) were 89.7, 76.3, and
81.4 %, indicating that most HPV-positive HNCs could eventually be prevented
through HPV immunization programs.

2 Burden of HPV-Related HNCs

HNC is the seventh cause of incident cancer cases worldwide, with an estimated
686,328 new cases and 375,622 deaths every year (Ferlay et al. 2013). These
estimations include the oral cavity, larynx, and pharynx (nasopharynx, oropharynx,
and hypopharynx). Among HNCs, oral cavity (including lips) is the most common,

Fig. 2 HPV-attributable fractions for oropharyngeal cancer according to world region, gender,
age, and period of diagnosis
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representing more than 40 % of the cases. HNC shows a wide worldwide geo-
graphical heterogeneity in terms of incidence rates (Ferlay et al. 2013), likely
reflecting a wide variability in the prevalence of established risk behaviors.
Moreover, 75 % of the HNC burden occurs in men. As mentioned in the previous
section, the association of HPV with HNC is also very heterogeneous with dramatic
variations across anatomical sub-sites and geographical regions. The oropharynx is
the sub-site with strongest associations with HPV. In some regions of the world
such as USA or Northern Europe, more than 70 % of oropharyngeal cancer cases
are estimated to be HPV-related (Chaturvedi et al. 2011), as compared with only
17 % in Southern Europe (De Martel et al. 2012).

However, as explained before, the mere use of HPV-DNA detection is not
appropriate to classify a HNC as HPV-driven. Thus, the precise estimation of the
burden of HPV-related HNCs requires the use of accurate HPV-AFs that include
not only HPV-DNA detection but also at least one additional marker of
HPV-induced carcinogenesis such as mRNA and/or p16 over-expression. The ICO
survey is currently the largest and most robust study that used these markers in the
definition of HPV-AFs in 3,680 HNC cases from Europe, Central and South
America, Africa and Asia (Castellsagué et al. 2016). Based on sex- and region-
specific HPV-AFs (as defined by HPV-DNA positivity and at least positivity by one
additional marker, either mRNA or p16), we were able to estimate more accurately
the burden of HPV-driven HNC in most world regions (Table 1). For regions not
appropriately covered by the ICO study, global HPV-AFs from the ICO study or
from other studies that tested for at least two HPV-related markers were used as
indicated in the table footnotes. As shown in the table, we estimate that every year
about 45,000 new HNC cases can be attributed to HPV infection worldwide. That
table details the estimated burden by world region and sex for each major HNC site.
It is important to mention that the HPV-AFs used in the ICO study might slightly
underestimate the real number of HPV-driven HNCs because most
HPV-DNA-negative samples were not tested for the additional markers and also
because the assignment of HPV-driven cancers required positivity for at least two
HPV-related markers.

In terms of trends, during the last years it has been evidenced that the annual
number of new oropharyngeal cancer cases is increasing in some parts of the world
(Chaturvedi et al. 2013), as well as the fraction of oropharyngeal cancer associated
with HPV infection (Mehanna et al. 2013). The increased incidences have been
observed particularly among young men (<60 years old) in several economically
developed countries despite concomitant declines in incidence for oral cavity and
lung squamous cell carcinomas. These contrasts suggest a role of HPV infection in
increasing oropharyngeal cancer incidence rates among men. However, among
women, incidence increased for all three HNCs, supporting a dominant effect of
smoking on increasing incidence rates (Gillison et al. 2015).
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3 Determinants for HPV-Positive Head and Neck Cancers

As mentioned before, HPV-AFs in HNCs are highly heterogeneous across geo-
graphical regions, particularly in oropharyngeal cancers (Castellsagué et al. 2016).
Distinct trends in tobacco and alcohol consumption, sexual behavior, and
sociodemographic variables may lead among others to these observed heteroge-
neous patterns.

Besides HPV infection, tobacco and alcohol are the classic and well-established
risk factors for HNCs. Tobacco prevalence estimates exhibit substantial variation
across age groups, sex, and countries (Ng et al. 2014). Prevalence estimates by
country can vary from below 5 % for women in some African countries to more
than 55 % for men in Timor-Leste and Indonesia. Gender differences are also
important, with an estimated age-standardized prevalence of 31 % for men and 6 %
for women, in 2012 (Ng et al. 2014). Differences in smoking prevalence trends are
also observed with highest declining rates observed in Canada, USA, and European
Nordic countries, and increased prevalence rates in other countries (Ng et al. 2014).
Moreover, and beyond prevalence variations, it is still unclear whether tobacco
and/or alcohol use can act as co-factors and/or effect modifiers in risk of developing
HPV-positive HNCs. A review of case-control studies addressing this issue showed
inconsistent results, with two studies reporting positive interactions between HPV
infection and tobacco, two showing no interaction, and finally three reporting a
negative joint effect (Gillison et al. 2012).

Some studies indicate that the most likely explanation for the origin of
HPV-related HNCs is a sexually acquired oral HPV infection that is not cleared,
persists, and evolves into a neoplastic lesion. Sexual behavior is a clear risk factor
for oral HPV acquisition and HPV-related HNCs (Gillison et al. 2008). Like for
tobacco and alcohol consumption, sexual behavior greatly varies across regions
with proportions of ever having oral sex in USA higher than 65 % compared to
lower than 20 % in countries from Southern Europe such as Spain (Heck et al.
2010).

Gender and age are also factors that can affect HNCs HPV positivity.
HPV-positive HNCs patients show younger ages at diagnosis than HPV-negative
ones (Castellsagué et al. 2016), probably linked to differential sexual behavior of
younger versus older cohorts. Regarding gender, a recent systematic review on
differences in the proportion of HPV-AF in oropharyngeal cancers between men
and women revealed heterogeneous HPV-related HNCs patterns with the highest
men-to-women ratio found in USA (1.5) and lowest found in Asia and some
European countries (0.7) (Combes et al. 2014). This last observation is in agree-
ment with our recently published results of higher oropharyngeal cancer HPV-AFs
in women from some European countries (Castellsagué et al. 2016). Combes and
colleagues also evaluated the sex-specific lung cancer rates in order to assess
whether the observed gender differences in HNC could be explained by differences
in tobacco consumption and found that HPV prevalence in oropharyngeal cancers
differs by gender and country mainly as a consequence of the vast international
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variation in male smoking habits (Combes et al. 2014). However, there are still
unclear reasons for these gender findings besides gender differences in tobacco
consumption. A recent work by D’Souza and colleagues showed differences in the
natural history of oral HPV infections between men and women, such as a higher
risk of acquiring an oral HPV infection with recent number of oral sexual partners
among men and less HPV infection clearance in men (D’Souza et al. 2016)

Other factors may be contributing to this observed geographical heterogeneity in
HPV-AFs in HNCs, for example trends in tonsillectomy rates. Tonsillectomy
consists on the removal of the tonsils, the most susceptible head and neck site for
HPV infection. Some countries have reported a decrease in tonsillectomies rates
over time (Koshy et al. 2014; Fakhry et al. 2015), and a recent study reported both a
decrease of this surgical procedure with a simultaneous increase in the risk of
oropharyngeal cancer (Fakhry et al. 2015). Tonsillectomy likely reduces the pala-
tine lymphoid tissue susceptible to carcinogenic factors and subsequent potential
malignization.
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Molecular Patterns and Biology
of HPV-Associated HNSCC

Ruud H. Brakenhoff, Steffen Wagner and Jens P. Klussmann

Abstract
Head and neck cancer is the sixth most common cancer worldwide. The large
majority are squamous cell carcinomas (HNSCC) that develop in the mucosal
linings of the upper aerodigestive tract. These tumors develop either by
exogenous carcinogen exposure (smoking, alcohol drinking) or by human
papillomavirus (HPV) infection, particularly those in the oropharynx (OPSCC).
HPV-positive (HPV+ve) and HPV-negative (HPV-ve) OPSCC are considered
different disease entities. HPV+ve tumors are different at the molecular level and
likely as a consequence have a much more favorable prognosis than HPV-ve
tumors, despite their generally advanced stage at presentation. In general,
HNSCCs develop in precancerous mucosal changes, and the apparent lack of
precancerous HPV+ve mucosal changes is therefore remarkable. In this Chapter,
head and neck carcinogenesis is discussed and the molecular differences between
HPV+ve and HPV-ve tumors are outlined.
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1 Introduction

1.1 Genetic Progression Model of Head and Neck Cancer

1.1.1 Precursor Lesions in the Mucosal Linings
By far most knowledge on the pathogenesis of squamous cell carcinomas in the
upper aerodigestive tract has been obtained from oral cancers, the likely reason
being that oral precancerous changes are most frequently diagnosed and the
specimens are available for research. Leukoplakia, a white lesion in the mucosa of
the oral cavity, is the most common precursor lesion of oral squamous carcinomas
and its prevalence varies between 0.1 and 0.5 % (Napier and Speight 2008; van der
Waal 2009). The common policy is to treat the lesion when possible and analyze
the specimen or a biopsy by microscopic examination for dysplasia, graded as mild,
moderate, or severe. Although criteria have been defined by the WHO, it is difficult
to make an objective categorization of dysplasia due to a high inter- and
intra-observer variation in assessment. After diagnosis and treatment when possible,
patients are subsequently monitored by watchful waiting.

The percentage of oral leukoplakia that develops into cancer depends on various
factors such as the study population, the used definition of leukoplakia, and the
length of the observation time, but an annual transformation rate of 1–2 % per year
is a reasonable assumption (van der Waal 2009; Napier and Speight 2008). Risk
factors for progression are female gender, size, and the presence and grade of
dysplasia. Most recent studies have identified genetic changes as the best predictors
of malignant transformation (Zhang et al. 2012). HPV presence has been analyzed
in leukoplakia lesions, but results are discordant, most likely due to false-positive
results by the applied sensitive HPV-DNA assays. Most reliable studies suggest a
very low prevalence of less than 1 % (reviewed in Ha and Califano 2004).

1.1.2 Field Cancerization
Oral leukoplakias are visible manifestations of precursor lesions that are macro-
scopically recognized. However, there are several histological and clinical indica-
tions that many precursor changes in the oral mucosa are not visible to the naked
eye. Already in 1953, the term “field cancerization” was proposed to explain the
high propensity to develop local recurrences after treatment of HNSCC and the high
likelihood that multiple independent tumors develop in the head and neck mucosa.
Slaughter et al. carefully studied oral cancer specimens and linked the frequent
observation of dysplastic changes surrounding these tumors with the occurrence of
local recurrences and multiple primary tumors (Slaughter et al. 1953). Thanks to the
developments in molecular research during the last two decades, the process of field
cancerization can now be defined in molecular terms. In 1996, the first genetic
multistep progression model for HNSCC was postulated, based on the genetic
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characterization of morphological changes in the squamous epithelium (Califano
et al. 1996). Loss of heterozygosity at chromosomes 3p, 9p, and 17p appeared to
occur in dysplasia, apparently reflecting early carcinogenesis, while other alter-
ations at 11q, 4q, and 8 were typically present in carcinomas, likely corresponding
to a relatively late phase in carcinogenesis.

Using these genetic markers combined with TP53 mutations, it was shown that
in at least 35 % of the oral and oropharyngeal tumors, the carcinomas are sur-
rounded by mucosal epithelium with such genetic changes (Tabor et al. 2001). This
epithelium has a macroscopically normal appearance, but may be histologically
dysplastic. This tumor-adjacent mucosal epithelium characterized by genetic
changes has also been coined “field,” in line with the earlier studies. Importantly,
these fields often extend into the surgical margins and are an important source of
local recurrences and second primary tumors that are so often seen in treated
HNSCC patients.

There is some information on what seems to precede the development of fields.
Van Houten et al. reported small p53-positive focal patches in tumor-adjacent
mucosal epithelium (van Houten et al. 2002). These mutated p53-positive patches
were considered equivalent to the “clones” or “clonal units” defined as a family of
daughter cells from a common progenitor cell or adult stem cell which makes up the
squamous epithelium and that has now become detectable by the mutation in p53.
These p53-mutated clonal units were considered to represent the first oncogenic
changes in the mucosa and formed together with the genetically defined fields on
the basis of the hypothetical patch-field-tumor-metastasis progression model for
HNSCC development (Leemans et al. 2011). Recent data support this model. By
Axin2 lineage tracing experiments, the stem cells and the patches they form have
been shown recently, at least in mouse skin (Lim et al. 2013).

The studies described above relate to HNSCC in general and were carried out
before the distinction between HPV+ve and HPV-ve tumors had become apparent.
Recently, it was studied whether HPV+ve tumors in the oropharynx are also sur-
rounded by these large fields of altered cells. It was reasoned that HPV infection is
likely the first carcinogenic event in HPV+ve tumors as is seen in the cervix and
that HPV or better viral E6 transcripts could be used to study field cancerization
surrounding HPV+ve tumors. Remarkably, in none of the tested surgical margins,
E6 transcripts could be detected, strongly suggesting that HPV-induced field
cancerization seems not to occur in the upper aerodigestive tract or, alternatively,
that HPV infection is not the first carcinogenic event (Rietbergen et al. 2014).
Hence, in contrast to HPV-mediated carcinogenesis in the cervix that can be fol-
lowed by inspection and biopsies of acetowhite lesions, there are no indications for
HPV-related precancerous changes in the upper aerodigestive tract. The molecular
pathogenesis of HPV-induced squamous cancers in the upper aerodigestive tract
remains an enigma and relies on the extrapolation of data collected in the invasive
carcinomas.

Molecular Patterns and Biology of HPV-Associated HNSCC 39



1.2 Cancer-Associated Changes in Head and Neck
Carcinogenesis

It has been well established that cancer arises by the accumulation of genetic and
epigenetic changes in genes acting in cancer-associated signaling pathways, causing
the acquired cancer-related phenotypes that have so elegantly been summarized by
Hanahan and Weinberg (2000, 2011) and include limitless replicative potential,
self-sufficiency in growth signals, insensitivity to antigrowth signals, evading
apoptosis, invasion and metastasis, and angiogenesis. HPV+ve and HPV-ve tumors
have been studied very well for their respective molecular changes, and the findings
are summarized below.

1.2.1 Different Genetics in HPV+ve and HPV-ve Tumors
HPV cannot be cultured and most assays to test for HPV in tumor specimen are
therefore based on particularly the detection of viral DNA. As these DNA-based
assays are borrowed from the cervical cancer screening research field, they are very
sensitive and easily overestimate the HPV-attributable fraction. In 2001, Van Houten
et al. convincingly indicated that only a subgroup of the HPV+ve tumors assessed by
DNA PCR actually shows expression of the viral oncogenes E6 and E7 (van Houten
et al. 2001), and since then, presence of these transcripts is considered as the gold
standard that HPV is actively involved in a tumor. In 2004, Braakhuis et al. showed
for the first time that tumors stratified for the presence or absence of oncogenic
HPV16 E6 transcripts show a different genetic pattern when analyzed by loss of
heterozygosity analysis (Braakhuis et al. 2004) and later by microarray comparative
genomic hybridization (Smeets et al. 2006). Most prominent in HPV+ve tumors is
the absence of TP53 mutations as well as the absence of loss of chromosome arms
3p, 9p and the amplification of 11q13, while these changes are very common in
HPV-ve tumors. The gene on 3p is still unknown, but on the other chromosome
arms, the relevant cancer genes have been identified, CDKN2A (p16Ink4A) on 9p,
CCND1 (CyclinD1) on 11q13 and TP53 on 17p. TP53 is an established cancer gene
in HNSCC. Somatic mutations are found in 60–80 % of the tumors (van Houten
et al. 2002; Balz et al. 2003; Poeta et al. 2007; Cancer Genome Atlas 2015), and
overexpression of a dominant-negative mutant of p53, in conjunction with ectopic
expression of TERT (the catalytic subunit of telomerase) as well as overexpression
of cyclinD1 or a p16Ink4A-insensitive CDK4 mutant, causes cellular immortalization
of in vitro cultured mucosal keratinocytes (Opitz et al. 2001; Rheinwald et al. 2002).
In HPV+ve tumors, the p53 protein is not mutated, but bound and targeted for
degradation by the HPV viral oncoprotein E6.

The identified tumor suppressor gene on chromosome arm 9p is CDKN2A
encoding the p16Ink4A protein, while the oncogene on the amplified region 11q13
is CCND1 encoding cyclinD1. Both proteins act in the Rb signaling pathway
controlling the G1–S transition of the cell cycle. The cyclinD1/CDK4-6 complex
phosphorylates the pRb proteins, inhibitors of the G1–S restriction point.
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The CDKN2A gene encodes the cell cycle-inhibiting protein p16Ink4A, which binds
and disrupts the cyclinD/CDK4-6 complex. The p16Ink4A cell cycle-inhibiting
protein is frequently inactivated in HNSCC by mutation or methylation in com-
bination with chromosomal loss or, in the majority of cases, by homozygous
deletion (Reed et al. 1996; Cancer Genome Atlas 2015). CCND1, the gene
encoding cyclinD1, is located at 11q13 and amplified or gained in >80 % of
HPV-ve HNSCC (Smeets et al. 2006). Together with abrogation of p53, these
changes cause cellular immortalization (Smeets et al. 2011). Hence, TP53, CCND1,
and CDKN2A are established cancer genes in HPV-ve HNSCC. In HPV+ve tumors,
the viral oncoprotein E7 abrogates this same pathway by binding and targeting the
pRb proteins for degradation.

In functional studies using a conditionally immortalized in vitro model of
oropharyngeal keratinocytes (Smeets et al. 2011), the consequences of p53 and pRb
abrogation by the various viral and host cancer genes were investigated. Both,
inactivation of p53 in oropharyngeal keratinocytes by knockdown with short
hairpin RNA and expression of dominant-negative mutant p53R172H or expres-
sion of the HPV16 oncoprotein E6: all caused an extended lifespan. When com-
bined with p16Ink4A knockdown, ectopic cyclinD1 expression, or HPV16 E7
expression, the cells became immortal albeit in the context of ectopic TERT
expression. Summarized, p53 is frequently inactivated in HNSCC: either by
somatic mutation in HPV-ve tumors or by HPV E6 in HPV+ve tumors. The Rb
genes (encoding pRb and the other pocket proteins p107 and p130) are targeted in
HPV+ve HNSCC by HPV E7 protein, while in HPV-ve HNSCC, the genes
encoding p16Ink4A and cyclinD1 acting in the same pathway are inactivated or
overexpressed, respectively. This is reflected in the differential losses and gains of
the chromosomal regions that contain these genes and explains at least in part the
genetic differences between HPV+ve and HPV-ve tumors.

The cancer-associated phenotype caused by inactivation of the p53 and pRb
pathways in oropharyngeal keratinocytes is at least cellular immortalization. This
phenotype also fits with the timing of the genetic events early in the progression of
HPV-ve HNSCC in patients. Loss of 9p21 and the location of CDKN2A as well as
TP53 mutations are frequently found in precursor fields (Califano et al. 1996; Tabor
et al. 2001; Leemans et al. 2011) and are considered as the earliest genetic changes.
In HPV+ve HNSCC, these same pathways are likely also the first to be inactivated
by the viral E6 and E7 oncoproteins, assuming that HPV infection is the initial
carcinogenic event.

Although it has been postulated that abrogation of p53 is one of the first cau-
sative genetic hits by either somatic mutation or expression of HPV-E6, not all
HPV-ve tumors do contain mutant p53. Approximately 60 % of HNSCC harbour a
mutation in TP53 and 20 % contain transcriptionally active HPV (Braakhuis et al.
2004). In the remaining 20 % of cases, p53 seems not to be inactivated (Smeets
et al. 2009). There is the unlikely possibility that mutations have been missed, but it
is more plausible that other genes in the p53 pathway are targeted (Berns et al.
2004) or that these tumors follow p53-independent routes of malignant progression.
In most recent molecular profiling studies, it was shown that this subgroup of
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HPV-ve and TP53 wild-type tumors typically show HRAS and CASP8 mutations
(Cancer Genome Atlas 2015) and form a separate subgroup.

Besides abrogation of cell cycle regulation by the inactivation of the p53 and
pRb pathways, likely also telomere shortening needs to be overcome in order to
achieve limitless replicative potential. The activity of telomerase or TERT, the
enzyme that is able to increase telomere length, is detectable in 80 % of the
HNSCC (Califano et al. 1996). Moreover, in most in vitro models, TERT seemed a
factor of importance (Rheinwald et al. 2002; Dickson et al. 2000) although the data
are not consistent. It has been proposed that keratinocytes may follow alternative
lengthening of telomeres (ALT), which is TERT independent (Opitz et al. 2001).
The chromosomal location of TERT (5p15.33) is not known as frequently gained or
amplified in HNSCC. In HPV+ve tumors, the role of increased TERT expression
seems more important, at least in the cervix (Snijders et al. 1998).

The molecular catalog of head and neck cancer was recently published by The
Cancer Genome Atlas consortium and is the largest overview of genetic and epi-
genetic changes in head and neck cancer at present (Cancer Genome Atlas 2015). In
this study, 279 tumors were characterized by next-generation sequencing and array
analysis for their molecular changes. In total, 36 cases were HPV+ve by the
mapping of at least 1000 sequence reads to the HPV genome. The data confirmed
the differential genetic patterns described above, but further noted frequent struc-
tural changes in HPV+ve tumors in TRAF3, a gene at chromosomal region 14q32,
and frequently involved in anti-viral immune responses. With respect to the somatic
mutations, more frequent TpC mutations were found in HPV+ve tumors, but the
number of somatic mutations was not different between HPV+ve and HPV-ve
tumors. Besides frequent deletions of TRAF3, frequent missense mutations in
PIK3CA were identified in HPV+ve tumors and amplifications of E2F1. PIK3CA
protein is the catalytical subunit of PI3-kinase, a lipid kinase that phosphorylates the
phospholipid PIP2 to PIP3 and thereby activates the AKT proteins. Most recently,
Sewell et al. reported 8 PIK3CA mutations in 33 HPV+ve tumors, but also showed
that the HPV proteins interfered with AKT signaling (Sewell et al. 2014).

1.2.2 Different Expression Profiles HPV+ve and HPV-ve
Expression profiles based on the detection of mRNA can be generated by different
methods such as Northern blotting, DNA microarrays, or qRT-PCR. Nowadays
next-generation sequencing allows analysis of the transcriptome with high sample
throughput and this method will likely replace DNA microarrays in future, which
are still widely used in genome wide mRNA expression analysis.

Gene expression profiling has been used for more than one decade for the
classification of HNSCC (Table 1). For instance in 2001, Hanna et al. utilized a
cDNA array to analyze the expression profile of 1,187 tumor-related genes to
predict the radiation response in tissue resistant and sensitive to radiation. Sixty
tumor-related, differentially expressed genes were identified and used to generate a
predicting model with cluster analysis (Hanna et al. 2001). In 2004, Chung
and coworkers performed cDNA microarrays for 60 HNSCC samples covering
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12,814 human genes. Four distinct subtypes could be identified with an EGFR
pathway signature, a mesenchymal-enriched subtype, a normal epithelium-like
subtype, and a subtype with high levels of antioxidant enzymes (Chung et al. 2004).

However, similar to genetic alterations, a therapeutically relevant molecular
classification cannot be drawn from the results of these and other earlier gene
expression studies due to lack of information about HPV status and/or absence of
significant numbers of HPV+ve cases, small sample size and/or inhomogeneity of
samples regarding tumor characteristics (e.g., primary localization) and treatment
modalities.

Among the first studies with differentiation of HPV+ve and HPV-ve HNSCC,
thirty-six HNSCC tumors were analyzed using Affymetrix Human 133U Plus 2.0
GeneChip (Slebos et al. 2006). This cohort contains 8 (22 %) HPV16-DNA+ve
samples, all except one (larynx) derived from the oropharynx, while the majority of
HPV-ve tumors (15 of 28) were derived from the oral cavity. HPV-DNA detection
was confirmed by RT-PCR of HPV16-E6 RNA expression. The microarray
revealed 91 genes that were differentially expressed between HPV+ve and HPV-ve
HNSCC with statistical significance, which was confirmed (for a subset of genes)
by RT-PCR. Among the highly expressed genes for HPV+ve samples, cell cycle
regulators (p16INK4A, p18, and CDC7) and transcription factors (TAF7L, RFC4,
RPA2, and TFDP2) were found, while only two genes were significantly down-
regulated in HPV+ve tumors (NAP1L2, a member of the nucleosome assembly
protein (but not confirmed by RT-PCR) and KIRREL (NEPH1) a member of the
immunoglobulin superfamily involved in cell–cell interactions). In addition to the
microarray data, mapping of genes by chromosomal location revealed high levels of
expression in HPV+ve tumors on chromosome 3q24-qter.

In 2007, Schlecht and coworkers reported a subset of 123 differentially expressed
genes in HPV16+ve HNSCC by using a 27,323 gene containing cDNA microarray
chip. Their cohort comprises 42HNSCC patients from an inner city area of NewYork
with 29 % of samples being positive for HPV16 (determined by MY09/11-PCR and
RT-PCR of the HPV16-E6 oncogene). Differentially expressed genes were found in
cell cycle control, DNA replication, carcinogen metabolism, immune response, and
inflammation by gene ontology analyses. The retinoblastoma-binding protein (p18),
replication factor-C gene, and an E2F-dimerization partner transcription factor
(TFDP2) were among the most significantly overexpressed genes in HPV+ve
HNSCC tumors which are consistent with cervical cancer. Specifically, downregu-
lation of genes related to viral defense and immune response was found in HPV+ve
tumors (including interleukins and interferon-induced proteins), indicating an
immune modulating influence of HPV (Schlecht et al. 2007).

In the same year of the study above, 68 patients with primary HNSCC were
analyzed using Affymetrix U133plus2 GeneChips covering over 47,000 transcripts
(Winter et al. 2007). By clustering of genes whose in vivo expression correlated
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with the expression of 10 well-known hypoxia-regulated genes (e.g., CA9, GLUT1,
and VEGF), a signature comprising 99 genes was obtained, of which 27 %
were known previously to be hypoxia related. Median RNA expression of the
genes of this signature was an independent prognostic factor for recurrence-free
survival in a publicly available head and neck cancer data set and a significant
prognostic factor for overall survival in a published breast cancer series. However,
HPV status was not considered in this study.

In HPV-related and HPV-ve HNSCC, differentially expressed genes have been
found in several cellular processes such as cell cycle regulation and apoptosis,
transcription regulation, DNA replication and repair, keratinocytes differentiation,
and immune response.

By immunohistochemical studies, p16INK4a was among the first proteins
identified to be differentially expressed between HPV+ve and HPV-ve HNSCC
(Klussmann et al. 2003). p16INK4a positivity has turned out to be a reliable surrogate
marker for HPV-associated cancers in the clinical setting (Mooren et al. 2014;
Prigge et al. 2015). As p16INK4a, p21 is another tumor suppressor protein involved
in cell cycle regulation and its expression has been shown to be strongly associated
with favorable prognosis in HPV+ve tonsillar cancers (Hafkamp et al. 2009). In
contrast, the expression of proteins associated with tumor cell survival (e.g., sur-
vivin) was less in HPV+ve OPSCC (Preuss et al. 2008a, b). Furthermore, expres-
sion of growth factor receptors (e.g., EGFR) is negatively correlated with positive
HPV status (Reimers et al. 2007).

Using an integrated genomic analysis and validation technique, a limited number
of HPV+ve tumor samples have been analyzed (Walter et al. 2013). Four gene
expression subtypes, basal, mesenchymal, atypical, and classical, were identified
for HNSCC. Interestingly, 10 of the 14 HPV+ve samples were classified as atypical
(n = 8) or classical type (n = 2) and SOX2 and ALDH1 were highly expressed in
both of these types. SOX2 and ALDH1 are thought to be involved in the acquisition
of stem cell properties of tumor cells.

ALDH1 (aldehyde dehydrogenase 1) expression was significantly increased in
metastasis of OSCC and with reduced survival, but ALDH1 expression did
not correlate with positive HPV status (Qian et al. 2013b; 2014). SOX2
(sex-determining region Y-box 2) is known to be a lineage-survival oncogene in
squamous cell carcinoma (Brcic et al. 2012). It was shown that SOX2 is involved in
EMT (epithelial-to-mesenchymal transition) which is one of the first steps in
metastasizing. Reduced SOX2 expression was associated with enhanced tumor cell
motility and upregulation of genes related to cell motility like VIM (vimentin),
which is a mesenchymal marker protein. Low SOX2 expression was also shown to
be prognostic relevant to HNSCC patients at high risk of treatment failure (Bayo
et al. 2015).

In gene expression profiles of 15 HPV-ve and 15 transcriptionally active HPV
+ve tumors from the oropharynx only, 224 differentially expressed genes have
been found by using a 135,000 probe containing Whole-Genome Tiling Array
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(Roche NimbleGen 12x135K CGH array) (Mirghani et al. 2014). These genes were
used to generate a predictive transcriptomic signature which may be used for
case-by-case identification of OPSCC etiology as suggested by the authors. Inter-
estingly, CDKN2A, PI3K, and PDCD1 were overexpressed in HPV16+ve OPSCC,
consistently with other studies. But they were not included in the final signature
because of their highly variable expressions level from one tumor to another.

Recently, Keck et al. identified five subtypes in HNSCCs based on gene
expression consensus clustering (using an Agilent 4x44K v2 Microarray targeting
27,958 gene RNAs), copy number profiling, and HPV status (Keck et al. 2015).
Among them, two biologically distinct subtypes were identified for HPV+ve
tumors. One of them showed an immune and mesenchymal phenotype and was also
represented by HPV-ve tumors. This subtype is characterized by expression of
immune response genes (CD8, ICOS, LAG3, and HLA-DRA) and mesenchymal
genes (vimentin, matrix metalloproteinases). Corresponding to a potential
epithelial-to-mesenchymal transition, epithelial markers (P-cadherin and cytoker-
atins) are downregulated, also. Compared to HPV-ve tumors of this subtype, HPV
+ve tumors of the immune/mesenchymal subtype display elevated activities in cell
cycle pathway genes related to HPV, show a higher proliferation rate comparable to
an already published signature (Whitfield et al. 2006) and are morphologically
nonkeratinizing and poorly differentiated. Another subtype termed classical subtype
was identified for HPV+ve as well as HPV-ve tumors. This subtype is characterized
by a higher proliferation rate compared to the other groups and significant
enrichment of altered gene expression for putrescine (polyamine) degradation
pathway. Polyamines are required for eukaryotic cell growth, differentiation, and
survival. The metabolic pathway of polyamines is frequently dysregulated in can-
cer, and elevated polyamine levels have been shown to correlate with increased cell
proliferation (Gerner and Meyskens 2004). In particular, catabolic pathways seem
to be important in epithelial cancers by producing reactive aldehydes and H2O2 that
are capable of damaging critical cellular molecules including DNA. HPV+ve
tumors of the classical subtype showed overexpression of cell cycle and cell
division or related genes like CDKN2A and E2F2, whereas in HPV-ve tumors of
the classical subtype altered expression of AKR1C1, AKR1C3, and ALDH3A1
were found. Those genes belong to xenobiotic metabolism pathway and are known
to be associated with smoking, which also was different between HPV+ve and
HPV-ve tumors of the classical subtype (74 % vs. 42 % heavy smokers in HPV-ve
compared to HPV+ve tumors). Interestingly, loss of AKR1C3 expression was
found in the transition of a laryngeal papillomatosis to a cancer of the larynx
(Huebbers et al. 2013).

For HPV-ve tumors only, a basal subtype with significant enrichment for
hypoxia signaling genes expression (e.g., HIF1A, CA9, and VEGF) was defined.
Also, neuregulin signaling (including EGFR and NRG1 (neuregulin1/heregulin))
and overexpression of epithelial markers are characteristic features of this basal
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subtype. Opposed to the HPV+ve tumors of the immune/mesenchymal subtype,
a highly keratinizing and well-differentiated morphology is common for the
basal subtype.

In this study Keck et al. identified five HNSCC subtypes in an unsupervised way
(Keck et al. 2015), strongly correlating with previously identified HNSCC subtypes
(Chung et al. 2004) and resembling those found in squamous cell carcinoma of the
lung (Wilkerson et al. 2010). Importantly, two distinct HPV+ve tumor subtypes
were identified, providing a biologic basis for clinical heterogeneity also observed
in HPV+ve HNSCC. This strongly suggests that beyond HPV, further biomarkers
are required for HNSCC and also, that differential treatment approaches might be
required for subgroups within the HPV+ve HNSCC (Table 1).

1.2.3 Regulation of Gene Expression by Epigenetics
and MicroRNAs

Gene expression can be regulated at different levels. Here, we focus on differential
epigenetic mechanisms in HPV+ve and HPV-ve HNSCC relevant to corresponding
gene expression profiles. Epigenetic mechanisms are divided into three main
groups: DNA methylation, histone modifications, and noncoding RNAs (ncRNAs).

As indicated by their name, ncRNAs are not translated into proteins. Highly
abundant and functionally important RNAs belong to ncRNAs like tRNAs and
ribosomal RNAs. Recently, many ncRNAs have been identified, but functional
validations are often missing and some ncRNAs are considered to be non-functional
(also referred to as Junk RNA). However, many ncRNAs are implicated in bio-
logical functions related to gene expression. Here, we focus on microRNAs, a
group of trans-acting ncRNAs involved in regulation of gene expression.

MicroRNAs have been discovered in 1993 (Lee et al. 1993) and play a key role
in posttranscriptional gene regulation in many cellular processes including cell
division, development, cell death, and cell migration. They are transcribed by RNA
polymerase II in the nucleus as primary microRNA (pri-miRNA) of 500–3,000
bases which are processed in a complex called Microprocessor by RNAse III
(DROSHA) to generate 60–70 nucleotide precursor miRNAs (pre-miRNAs). This
hairpin-like pre-miRNA contains the mature miRNA sequence in the
double-stranded part of the stem loop. The pre-miRNAs are exported to the cyto-
plasm and further processed by DICER1 to produce the mature miRNAs, which are
incorporated together with DICER1 and Argonaute (AGO) proteins in the
miRNA-induced silencing complex (miRISC) (Fig. 1). Here, the miRNA directs the
miRISC by sequence complementary to its target mRNAs and mediates gene
suppression by targeted mRNA degradation and translational repression in so-called
P bodies (processing bodies).

Recently, it was shown that HPV genomes encode their own miRNAs (Gu et al.
2011; Qian et al. 2013a). The role of these miRNAs is still rather unclear, but target
predictions mapped potential miRNA-binding sites to the HPV genome (within
HPV genes E5, E1, L1 and in the LCR region) as well as to host target sequences
and suggest multiple functions in cell cycle regulation, immune functions, cell
adhesion/migration, and carcinogenesis (Qian et al. 2013a).
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Altered miRNA expression has been implicated in various diseases including
cancer, and overexpression of “oncogenic” miRNAs and downregulation of tumor
suppressor miRNAs are related to carcinogenic processes like tumor formation,
invasion, and metastasis. The biogenesis of miRNAs can be influenced at different
steps during miRNA maturation. Pri-miRNA transcription can be positively or
negatively influenced by genetic alterations, epigenetic modifications or tumor
suppressors, and oncogenes. Further on, pri-miRNA processing, nucleolar export
and final maturation steps can also be affected. Finally, miRNA function can be
biased by competing endogenous RNA (ceRNA) or by mutations of
miRNA-binding sites.

A PubMed literature search for “mirna & expression & cancer” results in more
than 16.000 hits. However, this number drops to 26 by adding “head&neck&HPV”
to the search term, and only few studies have analyzed differential miRNA sig-
natures in HPV+ve compared to HPV-ve cancers. As in “classical molecular
biology,” one cannot stick to the simplification that one miRNA has one target and
therefore one function. Based on their rather small size, miRNAs may bind to
several, often more than hundreds of more or less conserved target sequences. In
addition, target genes can have numerous binding sites for different miRNA spe-
cies, which makes gene regulation via miRNAs to a rather complex network of
molecular interactions. Emerging techniques enlarge the knowledge on differential
expressed miRNAs in HPV+ve compared to HPV-ve head and neck cancers;
however, until now, data are rather inconsistent. Table 2 specifies miRNAs that
were differentially expressed in HPV+ve compared to HPV-ve HNSCC in at least
two publications. Given that one-third of the miRNAs are either upregulated in one
study but downregulated in another study, shows that interpretation of miRNA data
should be handled with care and experimental results highly depend on several
factors like sample type, storage/processing, and analyzing techniques. Until now,
no distinct picture of the role of miRNAs in HPV-associated HNSCC can be drawn,
but their importance is obvious by considering the diverse and important functions
of miRNA target genes in HNSCC (Table 2).

Besides ncRNAs, DNA methylation and histone modifications are two other
important epigenetic processes affecting gene expression. In eukaryotes, methyla-
tion of cytosine typically occurs in a CpG dinucleotide and is associated with a

pri-miRNA transcription

host-or viral genome encoded miRNA pri-miRNA

pre-miRNAs

miRISK

(RNA induced 
silencing complex) siRNA duplex

assembly

Fig. 1 Transcription and processing steps required for miRNA-induced silencing complex
(miRISC) formation
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Table 2 Differential expressed miRNAs in HPV+ve compared to HPV-ve HNSCC

Reference miRNA Regulated
in HPV+
compared
to HPV-

Top-scoring targets
(selected) based on
number of validation
methods
(mirtarbase)

Target function

Lajer et al.
(2011, 2012),
Wald et al.
(2011)

hsa-miR-363 Up BCL2L11,
CDKN1A, HI
VEP1, CASP3,
CD274

Apoptosis, cell cycle,
transcriptional regulation,
immunology

Lajer et al.
(2011), Wald
et al. (2011)

hsa-miR-26b Up and
down

PTGS2, EPHA2,
CCNE1, TAB1,
RB1

Prostaglandin biosynthesis,
development, cell cycle,
TGF-beta-interleukin 1-
and WNT-1-signaling

Wald et al.
(2011), Lajer
et al. (2012)

hsa_miR_29a Up and
down

MCL1, DNMT3A,
DNMT3B, BCL2,
PIK3R1

Apoptosis, DNA
methylation,
PI3K-signaling

Wald et al.
(2011), Lajer
et al. (2012),
Gao et al.
(2013)

hsa_miR_155 Up and
down

CEBPB, TAB2,
TP53INP1, SMAD1,
KRAS

Immune and inflammatory
response,
TGF-beta-TP53-signaling,
cell growth, apoptosis,
morphogenesis,
development and immune
responses, transformation

Miller et al.
(2015), Wald
et al. (2011)

hsa-miR-222 Up and
down

CDKN1B, MMP1,
KIT, PTEN,
CDKN1C

Cell cycle, breakdown of
extracellular matrix,
proto-oncogene c-kit,
tumor suppression

Lajer et al.
(2011),
(2012)

hsa-miR-125a Down ERBB3, CDKN1A,
CD34, TP53,
ERBB2

Cell cycle, EGF signaling,
cell attachment, tumor
suppression

Lajer et al.
(2011),
Miller et al.
(2015)

hsa-miR-143 Down KRAS, MAPK7,
MYO6, DNMT3A,
FNDC3B

Transformation,
proliferation,
differentiation,
transcription regulation
and development,
intracellular vesicle and
organelle transport, DNA
methylation

Lajer et al.
(2011),
Miller et al.
(2015)

hsa-miR-145 Down BNIP3, STAT1,
FSCN1, KLF5,
SOX2

Apoptosis, cell viability,
cell migration, motility,
adhesion and cellular
interactions, cell
proliferation, embryonic
development, cell fate,
stem cell maintenance,
epithelial-mesenchymal
transition

(continued)
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Table 2 (continued)

Reference miRNA Regulated
in HPV+
compared
to HPV-

Top-scoring targets
(selected) based on
number of validation
methods
(mirtarbase)

Target function

Lajer et al.
(2011),
Miller et al.
(2015)

hsa-miR-199a Down MET, MTOR,
GSK3B, WNT2,
HIF1A

Proto-oncogene, responses
to DNA damage and
nutrient deprivation, cell
cycle arrest and
immunosuppressive
effects, transformation,
energy metabolism,
neuronal cell development,
and body pattern
formation, oncogenesis
and development, cell fate,
embryogenesis, hypoxia
pathway

Lajer et al.
(2011),
Miller et al.
(2015)

hsa-miR-126 Down VEGFA, SOX2,
KRAS, PIK3R2,
TERT

Proliferation and migration
of vascular endothelial
cells, embryonic
development, cell fate,
stem cell maintenance,
epithelial-mesenchymal
transition, transformation,
PI3 K-signaling, telomere
elongation

Wald et al.
(2011), Lajer
et al. (2012)

hsa_miR_181b Down TCL1A, TIMP3,
PLAG1, BCL2,
RNF2

Development of mature T
cell leukemia, inhibition of
the matrix
metalloproteinases,
apoptosis, development
and cell proliferation

Lajer et al.
(2012), Gao
et al. (2013)

hsa_miR_31 Down RHOA, SATB2,
FOXP3, MMP16,
HIF1AN

Tumor cell proliferation
and metastasis,
transcription regulation
and chromatin remodeling,
immunology, breakdown
of extracellular matrix,
oxygen sensing, HIF1A
repression

Selected miRNA targets based on the most divers experimental methods used for validation
according to mirtarbase.org (Chou et al. 2016) and their importance for HNSCC are given.
Expression status of miRNA (up or down) refers to previous studies: Layer 2011 (Lajer et al.
2011), Wald 2011 (Wald et al. 2011), Layer 2012 (Lajer et al. 2011), Gao 2013 (Gao et al. 2013),
Miller 2015 (Miller et al. 2015)
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number of key processes including genomic imprinting and X-chromosome inac-
tivation, whereas methylation of adenine is restricted to prokaryotes. In normal
development, gene expression is stably guided by DNA methylation during cell
division and differentiation, which prevents differentiated cells to revert differen-
tiation or to convert to another cell type. Gene expression can be affected by DNA
methylation in two ways: Transcriptional proteins may be impeded in binding to a
gene resulting in reduced gene expression. Second, methylated DNA may attract
MBD (methyl-CpG-binding domain) proteins, thereby recruiting additional chro-
matin remodeling proteins like histone deacetylases. As a consequence, a compact,
inactive chromatin structure is formed called heterochromatin, which links DNA
methylation to histone modification, the third epigenetic processes affecting gene
expression.

Histone proteins (2 copies each of the core histones H2A, H2B, H3, and H4)
form a histone octamer, which is wrapped around by about 147 base pairs of DNA
and forms a nucleosome core particle. Approximately 80 bases of DNA connect
each nucleosome and linker histone proteins (e.g., H1) are involved in compaction
of this chromatin structure. Histone proteins can be modified posttranslationally by
acetylation, methylation, ubiquitination and phosphorylation of certain amino acids.
These modifications affect molecular interactions between histones and between
histones and DNA within the nucleosome core, which alters chromatin structure
and thereby may affect gene expression in either an activating or inactivation
manner.

DNA methylation and histone modifications in HNSCC and specific aspects for
HPV-associated cancers are reviewed in other Chapters entitled “Risk factors for
oral infection with Human Papilloma Virus” and “Predictive factors for outcome
and quality of life in HPV-positive and HPV-negative HNSCC.”

2 Conclusion

Viral proteins interacting with key cellular regulators are important and necessary to
drive HPV-associated carcinogenesis, contrasting with HPV-ve tumors where (sim-
plified) each step in carcinogenesis has to be facilitated by genetic or epigenetic al-
terations. Consequently, mutations are less frequently found in HPV-associated
cancers, but it is still not completely resolved, whether these are only passenger
mutations or important at certain steps in carcinogenic progression.

HPV-driven cancers and HPV+ve OPSCC were shown to have recurrent focal
3q26.3-qter amplifications (Klussmann et al. 2009), which includes important
cancer-associated genes such as TP63, SOX2, as well as the oncogene PIK3CA. In
contrast, TP53 mutations, loss of chromosome arms 3p and 9p, and the amplifi-
cation of 11q13 are prominently missing in HPV+ve tumors, while these changes
are very common in HPV-ve tumors (Braakhuis et al. 2004). Importantly, the
absence of chromosome 9p loss and the presence of HPV oncoproteins in HPV+ve
tumors are requirements for overexpression of the p16INK4a gene, which serves as

Molecular Patterns and Biology of HPV-Associated HNSCC 51

http://dx.doi.org/10.1007/978-3-319-43580-0_5
http://dx.doi.org/10.1007/978-3-319-43580-0_5
http://dx.doi.org/10.1007/978-3-319-43580-0_18
http://dx.doi.org/10.1007/978-3-319-43580-0_18


surrogate marker for HPV-associated cancers in the clinical setting. These molec-
ular differences indicate different genetic progression models for both entities, but
challenge the concept of field cancerization for HPV-related cancers.

Taken together, current molecular and clinical data clearly display HPV-related
and HPV-unrelated HNSCC to be differential cancer subtypes. In addition, future
research may provide evidence for additional subgroups, also within the HPV+ve
HNSCC, which justify adapted therapy concepts for particular patient groups based
on molecular (“omic-”) diagnostics in addition to tests performed by classical
pathology.
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HPV Integration in Head and Neck
Squamous Cell Carcinomas: Cause
and Consequence

Ernst Jan M. Speel

Abstract
Human papillomaviruses (HPVs) are a necessary cause of anogenital squamous
cell carcinomas (SCC) and a subgroup of head and neck SCC, i.e., those
originating in the oropharynx. The key events in high-risk HPV (HRHPV)-
associated neoplastic progression include persistent infection, deregulated
expression of virus early genes in basal epithelial cells, local immune
suppression and the accumulation of chromosomal alterations. Evidence for
these events particularly comes from studies of uterine cervical carcinogenesis;
primary premalignant HRHPV-positive lesions of the head and neck mucosa are
seldomly detected. Integration of virus DNA into host chromosomes is
considered an important driver of carcinogenesis and observed in 40 up to
90 % of uterine cervical SCC (UCSCC) and oropharyngeal SCC (OPSCC),
dependent on the integration detection method used and HRHPV type.
In OPSCC, > 90 % HPV-positive tumors are infected with HPV16. Ten up to
60 % of HPV-positive tumors thus contain extrachromosomal (episomal) virus.
In this chapter, causes and consequences of HPV integration are summarized
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from the literature, with special focus on the site of HPV integration in the
cellular genome, and its effect on expression of viral oncogenes (particularly E6
and E7), on human (tumor) gene expression and on deregulation of cell
proliferation, apoptosis and cell signaling pathways. Also data on DNA
methylation, viral load and clinical outcome in relation to HPV integration are
provided.

Keywords
Human papillomavirus � HPV � Head and neck squamous cell carcinoma
(HNSCC) � Oropharyngeal carcinoma � Tonsillar carcinoma � Viral integration �
E2 � E6 � E7 � FISH � PCR � NGS � Tumor genes

1 Human Papillomaviruses and Their Life Cycle

Human papillomaviruses (HPVs) are non-enveloped viruses, containing circular
double-stranded DNA of approximately 8 kb. They are highly epitheliotropic and
can infect both mucosal and cutaneous epithelia. The HPV family is classified into
5 genera and subdivided into 31 species and 120 types (zur Hausen 2002; Bernard
et al. 2010). Each type is defined as a complete papillomavirus genome, whose L
(ate) 1 gene nucleotide sequence is at least 10 % different from that of any other
known type. I will focus here on the mucosal HPV types. Fifteen HPV types
belonging to the α genus are linked to the development of malignant epithelial
lesions, i.e., the so-called high-risk (HR) HPVs, including HPV16 and HPV18
which are found in *50 % and *20 % of uterine cervical malignancies, respec-
tively (WHO IARC Monographs 2007). HPV16 is also the predominant type in
oropharyngeal carcinomas (OPSCC) (Olthof et al. 2012). Differences in the
capacity to deregulate cellular protein function by viral oncogenes E6 and E7
account for the carcinogenic properties of HRHPV in comparison with low-risk
(LR) HPVs. LRHPV types, such as HPV6 and HPV11, are often found in benign
mucosal lesions (e.g., anogenital and laryngeal papillomas) and are only sporadi-
cally associated with carcinomas (Olthof et al. 2012; Huebbers et al. 2013; Mooren
et al. 2014).

To date, most information on the initiation of HPV-associated mucosal disease
comes from studies on uterine cervical carcinogenesis, because patients with head
and neck lesions containing HRHPV usually present with advanced disease and
only seldomly with primary premalignant lesions (Mooren et al. 2014). The fol-
lowing events are more or less generally accepted to occur during the HPV life
cycle (for reviews, see zur Hausen 2002; Woodman et al. 2007; Olthof et al. 2012,
Groves and Coleman 2015 and references therein) (Fig. 1a):
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(1) HPV tends to target the multilayered keratinocyte layers of the epidermis for
infection and reproduction. In particular, the virus prefers to target functional
epithelial appendages, such as hair follicles, several glands including salivary
glands in the oral cavity and tonsillar crypts, as well as sites where stratified
epithelium abuts columnar epithelium, such as in the uterine cervical trans-
formation zone. These vulnerable sites lack the highly structured barrier
function of the epithelium and have the heighted presence of epithelial reserve
cells/stem cells (Egawa et al. 2015).

(2) HPV infects the basal cell layer of stratified epithelia via epithelial
wounding/microlesions.

(3) Viral entry of cells requires active cell division and studies with HPV16
suggest that the L1 capsid protein binds to heparan sulfate proteoglycans
(HSPGs) on segments of the basement membrane, which are exposed at sites
of (micro)injury. Furthermore, the virion binds to α6 integrins, which initiate
further intracellular signaling events. Binding to HSPGs induces conforma-
tional changes, L2 cleavage and binding of the exposed L2 N terminus to a
newly identified L2-specific receptor, the annexin A2 heterotetramer. Subse-
quently, clathrin-, caveolin-, lipid raft-, flotillin-, cholesterol- and
dynamin-independent endocytosis of HPV16 occurs (Schiller et al. 2010; Raff
et al. 2013).

(4) Infection is associated with HPV early gene E1 and E2 expression and
low-level amplification of the HPV episome (circular, extrachromosomal
DNA). E2 furthermore binds to mitotic spindles enabling viral DNA parti-
tioning during cell division (Van Tine et al. 2004a).

(5) Infected cells replicate and move into parabasal epithelial layers. E6 and E7
expression suppress differentiation and promote re-entering the cell cycle.

(6) Infected cells move to the upper epithelial layers, replicate their viral genome
to high copy number and express E4 and the late genes L1 and L2 allowing
encapsulation of episomes into infectious virus particles and shedding from
the cornified surface. Recognizable lesions that are going through these usu-
ally non-neoplastic productive HPV infections are classified as low-grade
intraepithelial lesion (LSIL) or cervical intraepithelial neoplasia 1 (CIN1).
These lesions often regress due to the action of the immune system.

(7) In *5 % of cases, infections may become persistent (lesions classified as
high-grade SIL, or CIN 2/3) leading to local immune suppression, accumu-
lation of chromosome alterations in the infected host cells (Southern et al.
2001; Hopman et al. 2004, 2006), deregulated expression of HPV early genes
and consequently reduced virus production. 0.3–1.2 % of initial infections will
eventually progress to invasive cancer (WHO 2014).
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2 Mechanisms Involved in and Approaches to Detect HPV
Integration

Persistent infection may also result in integration of the HRHPV genome or parts
thereof into the host genome. Although in premalignant CIN lesions the time and
frequency of integration has been heavily debated, it is now believed that it occurs
relatively late in the progression of high-grade dysplasia to (micro)invasive
anogenital carcinomas (Klaes et al. 1999; Hopman et al. 2004; Vinokurova et al.
2008; Rusan et al. 2015). HPV16 integration could also be detected in OPSCC and
in tumor adjacent dysplasia in some of these cases (Hafkamp et al. 2003; Mooren
et al. 2014). So far, in situ localization of a persistent HRHPV infection in the
oropharynx/palatine tonsils has been extremely difficult to find and detect in the
normal population (Klingenberg et al. 2010), and analysis of tissue biopsies of a
population with a high chance of HPV infection (e.g., people having many sex
partners, oral sex or who are immunosuppressed) is probably required to success-
fully identify such infections. In contrast, LRHPV infections are easy to detect, for
example in laryngeal papillomas, but in these cases viral integration is a seldom
finding (Huebbers et al. 2013; Mooren et al. 2014).

Because viral integration requires the breakage of both the viral and the host
DNA, the integration rate is believed to be linked to the levels of DNA damage
(Chen et al. 2014). DNA damage can be caused by both endogenous and exogenous
factors, including inflammation induced either by the virus itself (E6 and E7
expression) or by co-infections with other agents (both resulting in production of
excessive amounts of reactive oxygen and nitrate species), environmental agents
and other factors (Wei et al. 2009; Lace et al. 2015; Visalli et al. 2016). In this
respect, the activation of DNA damage repair mechanisms as well as the accu-
mulation of chromosomal alterations may also contribute to the viral integration
process (Southern et al. 2001; Hopman et al. 2004, 2006).

In uterine cervical squamous cell carcinomas (UCSCC), which are HPV positive
in 95–100 % of cases, different HRHPV types tend to integrate at different
frequencies, such as HPV16 at 50–80 %, HPV18 at >90 %, HPV31 and −33 at

b Fig. 1 a Schematic overview of HPV infection and integration during the development of
HPV-positive tumors (modified from Woodman et al. 2007; Cornet et al. 2015). HPV is thought to
access the basal cells through micro lesions in the squamous cell epithelium. Following infection,
the early HPV genes E1, E2, E4, E5, E6 and E7 are expressed and the viral DNA replicates from
episomal DNA. In the upper layers of the epithelium, the viral genome is replicated further, and
the late genes L1 and L2, and E4 are expressed. L1 and L2 allow encapsulation of the viral
genomes to form progeny virions in the nucleus. The shed virus can then initiate a new infection.
In the transition to (micro)invasive cancer, viral DNA often integrates in 1 or more copies into the
host genomic DNA, with often associated loss or disruption of E2, and subsequent upregulation of
E6 and E7 oncogene expression. LCR, long control region. b The subsequent upregulation of E6
and E7 oncoproteins results in deregulation of cell signaling pathways, which, among others, leads
to increased cellular proliferation and inhibition of apoptosis (modified from Olthof et al. 2012;
Groves and Coleman 2015). c Multiple mechanisms by which HPV integration into the host
genome may directly lead to deregulation of the key cellular tumor suppressor genes and
proto-oncogenes (modified from Rusan et al. 2015)
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15–40 % and HPV45 at > 80 % (Wentsenzen et al. 2004; Vinokurova et al. 2008;
Olthof et al. 2012; Groves and Coleman 2015). In OPSCC HPV, positivity range
from 20 to 90 % in different studies and depend among others on the geographical
location, sample preparation and detection methods used (Olthof et al. 2012).
90–95 % of virus-positive OPSCC are infected with HPV16, and integration per-
centages range between 40 and 80 % dependent on the methods used to identify
integrated HPV.

Along with the many HPV detection methods available to date (Snijders et al.
2010), a number of approaches have been developed to specifically detect inte-
grated HPV. On the one hand, approaches have been designed to only identify
integration events that are transcriptionally active detecting virus–host fusion
transcripts, such as RNA in situ hybridization (ISH) (Van Tine et al. 2004b), 3′
RACE–PCR [also known as “Amplification of Papillomavirus Oncogene Tran-
scripts” (APOT) PCR] (Klaes et al. 1999; Lace et al. 2011; Olthof et al. 2014, 2015;
Vojtechova et al. 2016) and RNASeq (Akagi et al. 2014; Ojesina et al. 2014;
Parfenov et al. 2014; Hu et al. 2015). On the other hand, procedures have been used
to detect integrated HPV genomes (regardless of their transcriptional activity),
including DNA (F)ISH (Cooper et al. 1991; Hopman et al. 2004; Hafkamp et al.
2008), Southern blotting (Cullen et al. 1991; Cooper et al. 1991; Vojtechova et al.
2016), detection of integrated papillomavirus sequences (DIPS) PCR (Luft et al.
2001; Peter et al. 2010; Huebbers et al. 2013; Li et al. 2013; Olthof et al. 2014,
2015), restriction-site PCR (Thorland et al. 2000), quantitative PCR (Peitsaro et al.
2002; Nagao et al. 2002; Ziegert et al. 2003) and DNASeq (Xu et al. 2013; Akagi
et al. 2014; Parfenov et al. 2014, Chandrani et al. 2015; Hu et al. 2015). These
analyses have contributed significantly to our current knowledge on the frequency
of HPV integration in UCSCC and OPSCC and its impact on cancer development
and progression as well as on viral (onco)gene and human gene expression.
However, all these assays also have their (dis)advantages and differ in their
detection sensitivities, which have to be taken into account when comparing
reported data and generating general conclusions on these issues (below).

3 Identification of HPV Integration Sites in the Human
Genome

Identification of sites in the human cellular genome where HPV integration events
occur is a longstanding field of interest in HPV research. Molecular studies have
provided evidence that often 1 and sometimes >1 integration site(s) can be detected
in UCSCC and OPSCC (Hopman et al. 2004; Hafkamp et al. 2008; Peter et al.
2010; Mooren et al. 2013; Akagi et al. 2014; Ojesina et al. 2014; Parfenov et al.
2014; Hu et al. 2015). HPV integration sites appear to be distributed all over the
human genome in both UCSCC and OPSCC, and lie often within, or close to,
fragile sites (Wentsenzen et al. 2004; Akagi et al. 2014; Ojesina et al. 2014; Olthof
et al. 2014, 2015; Parfenov et al. 2014; Hu et al. 2015). Furthermore, a number of

62 E.J.M. Speel



cytogenetic bands have been identified as integration hotspots, including 3q28,
4q13.3, 8q24.21, 13q22.1 and 17q21.2 accounting for integration sites of >20 % of
UCSCC analyzed (Schmitz et al. 2012; Olthof et al. 2014; Chandrani et al. 2015).
In addition, Parfenov et al. (2014) and Hu et al. (2015) reported that integration in
both UCSCC and OPSCC is often in regions of microhomology (1–10 bp) among
the viral and host genome, indicating that fusion between viral and human DNA
may have occurred by microhomology-mediated DNA repair pathways. Most fre-
quently integration is detected into genic regions and to a lesser extent in miRNA
regions. Parfenov et al. (2014) reported that in 54 % of OPSCC HPV integrated
into a known gene (e.g., RAD51B), and in 17 % within 20 kb of a gene. Similarly,
Olthof et al. identified in 29 OPSCC 37 HPV16 integration sites, 27 of which were
in known or predicted genes, including 17 with a known role in tumorigenesis, such
as BCL2, FANCC, HDAC2 and TP63. Hu et al. (2015) reported integration hot
spots (range 4.9–9.7 %) in POU5F1B, FHIT, KLF12, KLF5, LRP1B, LEPREL1,
HMGA2, DLG2 and SEMA3D, whereas Ojesina et al. (2014) found virus break-
points in MYC, ERBB2, TP63, FANCC, RAD51B and CEACAM5, both in
UCSCC. Also in 7 often used HPV16-positive HNSCC cell lines 2–7 integration
sites per nucleus were identified, with integration in genes (DIAPH2, TP63,
C9orf156) and intergenic regions (Olthof et al. 2014). Akagi et al. (2014) were able
to confirm these observations in cell lines as well as primary tumor specimens and,
moreover, found that sites of integration cluster near sites of structural alterations
(amplifications, deletions) in the genome. These findings have also been described
previously for UCSCC (Lockwood et al. 2007; Peter et al. 2010; Ojesina et al.
2014). As a result, Akagi et al. (2014) proposed a viral genome looping model to
explain HPV-driven amplifications and rearrangements that occur at sites of inte-
gration, which may be further propagated throughout the genome. It consists of the
following steps: (1) host genome and viral episome are nicked, (2) linear HPV
genome integrates in cellular genome, (3) circular DNA containing both host and
viral sequences is formed, (4) this template is amplified by rolling circle amplifi-
cation and (5) integrated concatemers of viral–host sequences are generated that
might spread further in the genome. Indeed, in the HPV16-positive HNSCC cell
lines described by Olthof et al. (2015), FISH experiments provided evidence for
multiplication and translocation events of chromosomes harboring integrated viral
DNA sequences as well as genomic instability. It should be noted, however, that the
looping model is particularly based on analysis of tumor cell lines, which might
also have accumulate additional chromosomal alterations induced by long-term
cultivation. It would be interesting to compare the used cell lines with early pas-
sages and the primary tumor tissue to examine this in more detail.

Taken together, these data suggest that HPV integration is not simply a random
event, but rather has a preference for less protected and more accessible chromo-
somal regions such as transcribed tumor genes and fragile sites. It will be interesting
to further explore (1) whether integration takes place in genes, which are highly
expressed during carcinogenesis or (2) whether integration itself is rather random
but may affect the expression of interrupted genes or (3) whether both may occur
simultaneously. In this respect, Kraus Christiansen et al. (2015) recently reported
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that integration sites seem to coincide with DNA that is transcriptionally active in
mucosal epithelium, as judged after relating data of integration sites to DNase
hypersensitivity and H3K4me3 methylation. These results might point to integra-
tion being rather an early event in carcinogenesis than a late product of chromo-
somal instability, which is in agreement with data of Hopman et al. (2006) showing
that integration already can occur in diploid CIN lesions.

4 Consequences of Viral Integration: Viral Gene
Expression

In vitro studies have suggested that HPV integration events occur in cells that also
contain non-integrated episomes resulting in repression of integrant-derived tran-
scription of E6 and E7 by expression of the E2 transcriptional regulator from the
episome (Bechtold et al. 2003; Pett et al. 2006; Groves and Coleman 2015). Only
after episome clearance, for example by a host anti-virus response (Herdman et al.
2006), an upregulated expression of E6 and E7 oncoproteins from the integrated
viral DNA might be detected, which leads to a selective growth advantage over
cells harboring episomal DNA (Jeon and Lambert 1995). There is, however, dis-
cussion on the height of the E6 and E7 expression levels and how they are exactly
regulated in HPV-positive lesions. The general view is that viral DNA often inte-
grates in 1 or more copies into the host genomic DNA (see above). During this
process, the viral episome is most often opened within the E2 open reading frame
(preferential site of integration), frequently leading to deletion of E4 and E5 and
part of E2 and L2 (zur Hausen 2002; Wentsenzen et al. 2004; Olthof et al. 2012,
2013). Olthof et al. and Parfenov et al. (2014) also detected disruption of the viral
episome in the E1 gene, which also leads to E2 loss. The subsequent upregulation
of E6 and E7 oncoproteins results in deregulation of cell signaling pathways,
which, among others, leads to increased cellular proliferation and inhibition of
apoptosis and finally to a transformed cell state (zur Hausen 2002; Ganguly and
Parihar 2009; Moody and Laimins 2010; Pim and Banks 2010; Olthof et al. 2012)
(Fig. 1b). Transformation is continuously dependent upon E6/E7 expression and
can be reversed by the reintroduction of E2 (Adams et al. 2014) or by downreg-
ulation of E6/E7 using short-hairpin RNAs (Rampias et al. 2009). HPV breakpoints
have also been mapped outside the E2 and E1 open reading frame (Akagi et al.
2014; Hu et al. 2015), most frequently in the L1 and L2 genes. In these cases,
however, methylation of the E2-binding sites in the LCR promotor, preventing E2
to bind to the LCR promotor, might be responsible for de-repression of E6 and E7
expression (Reuschenbach et al. 2015). This might also be the case in tumors that
harbor multiple copies of the HPV genome in stretches or concatenates in the
human genome (Olthof et al. 2014; Groves and Coleman 2015). Another possibility
might be that viral gene expression is influenced by nearby cellular regulatory
sequences (Rusan et al. 2015).
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In contrast to this view, a study in primary keratinocytes immortalized with
HPV16 genomes has shown that disruption of the E2 gene sequence upon viral
integration does not result in increased expression of the viral E6 and E7 oncogenes
(Lace et al. 2011). In addition, a publication by Häfner et al. (2008) using
APOT-PCR has shown no correlation between the integration state of the viral
genome and the expression of the viral gene E6 in a collection of 55 HPV16-positive
UCSCC samples. Recently, Olthof et al. (2014, 2015) have provided evidence that
also in 7 HPV-positive HNSCC cell lines as well as in 75 primary OPSCC HPV
physical status (extrachromosomal episomes or host DNA integrated) does not affect
the levels of viral E2, E6 and E7 gene transcripts. Therefore, constitutive rather than
a high-level expression of viral oncogene transcripts appears to be required in
HPV-related OPSCC, enough to ensure the viral oncogenes to consistently dereg-
ulate cellular proteins and cell signaling pathways, including cell proliferation (pRb
pathway), apoptosis and DNA damage response (p53 pathway) (Wiest et al. 2002;
zur Hausen 2002; Hafkamp et al. 2009; Leemans et al. 2011; Pim and Banks 2010;
Rieckmann et al. 2013; Arenz et al. 2014) (Fig. 1b).

5 Consequences of Viral Integration: Human Gene
Expression

Besides its promotion of stable viral gene expression and subsequent deregulation of
cell signaling pathways, HPV integration may also confer a selective growth
advantage to the host cells through a direct effect on the host genome (i.e., by
affecting the key cellular genes). Olthof et al. (2014) had mRNA expression profiling
data of 6 OPSCC with proven HPV16 integration in gene sequences, including the
known tumor-related genes FANCC, HDAC2, SYNPO2 and TRAF3. Viral inte-
gration, however, did not lead to significantly different expression of the interrupted
gene in comparison with OPSCC having integration in another DNA sequence or
showing solely viral episomes. This is in contrast to a study of Huebbers et al. (2013)
showing that integration of low-risk HPV6 in the AKR1C3 gene resulted in loss of
gene expression in a laryngeal carcinoma. In this case, however, the other gene copy
was lost in the tumor as shown by array CGH analyses. In the 6 OPSCC studied by
Olthof et al. (2014), no loss or amplification of the chromosomal regions containing
the virally interrupted genes has been detected by array CGH, indicating that one or
more expressed gene copies are still present in these tumors, which can mask a
possible effect of the integration on gene expression. On the other hand, this might
also point to the fact that viral integration is not per se meant to deregulate the
interrupted gene in the cell, as also can be concluded by the finding of HPV16
integrated in intergenic sequences of 10 OPSCC in this study.

In UCSCC, however, Ojesina et al. (2014) found significantly elevated host gene
expression levels at sites of integration compared with expression levels of the same
genes in tumors without integration. This was associated in a number of cases with
copy number gains, but not at all sites, indicating that expression may also be

HPV Integration in Head and Neck Squamous Cell … 65



driven by alternative mechanisms, such as the viral promotor of the integrant, other
regulatory sequences and proteins, or decreased E6/E7 expression (Rusan et al.
2015).

Figure 1c shows several mechanisms by which HPV integration may directly
affect gene expression, previously presented by Rusan et al. (2015), i.e., (1) inte-
gration in a tumor suppressor gene resulting in loss of gene function, (2) integration
adjacent to an oncogene leading to gene amplification and expression or enhanced
expression from the viral promotor and (3) intra- or interchromosomal rearrange-
ments followed by altered expression of genes in involved regions. Examples of
(1) are described above and may involve additional loss of the chromosome without
the HPV integrant (Huebbers et al. 2013) or amplification or loss of gene com-
ponents leading to truncated proteins, as has been found for the double-strand break
DNA repair pathway gene RAD51B (Khoury et al. 2013; Ojesina et al. 2014;
Parfenov et al. 2014). HPV integration upstream near or within the NR4A2 or MYC
oncogenes in UCSCC and OPSCC are examples of (2) (Ferber et al. 2003;
Wentsenzen et al. 2004; Ojesina et al. 2014; Parfenov et al. 2014), and examples of
HPV insertion associated with chromosomal rearrangements, gene amplification
and increased expression have been described by Akagi et al. (2014), Parfenov et al.
(2014) and Olthof et al. (2015) involving the TP63 gene, a transcription factor with
a role in epithelial development and highly expressed in squamous cell carcinomas
(SCC).

In summary, recent as well as older literature has provided evidence that at least
in a part of UCSCC and OPSCC HPV integration has a direct effect on the host
genome and human gene expression, further underscored by recurrent integration
events in specific genes. However, more studies are needed to fully explore the
molecular mechanisms underlying human as well as viral gene expression as a
result of HPV integration in anogenital and head and neck cancers.

6 HPV Integration in Relation to Viral Load, Methylated
Genes and Outcome

A number of studies have examined other parameters in relation to HPV integra-
tion, although different methods have been used to determine the viral physical
status. Olthof et al. (2014) examined whether tumors with episomal virus have a
higher viral load than those with integration as determined by APOT and/or
DIPS-PCR. For this purpose qPCR was performed on 73 OPSCC samples. Viral
load ranged from 3.4 × 10−6 up to 97 HPV DNA copies per cell. When comparing
the average viral load in cases with or without integration, no significant differences
were seen (7 vs. 8.5 HPV DNA copies/cell). Furthermore, no correlation was found
between the mean log2 expression levels of the viral genes E2, E6 or E7 and the
viral load. This was also the case in 7 HPV16-positive HNSCC cell lines containing
2–7 integration sites, in which the viral load ranged from 1-739 HPV DNA
copies/referencee gene (Beta-globin) copy (Olthof et al. 2015).

66 E.J.M. Speel



In two studies, methylation of human genes as well as E2-binding sites in the
HPV LCR DNA, respectively, were examined and compared with the HPV inte-
gration status of head and neck cancers. In the first study, Parfenov et al. (2014)
showed that DNA methylation profiles are distinct for HPV-positive tumors with
integration than for those without integration. Differentially methylated genes
included the tumor suppressors BARX2 and IRX4, and the oncogenes SIM2 and
CTSE. The mechanism by which integration alters the methylation profile, how-
ever, remains to be elucidated (Rusan et al. 2015). In the second study,
Reuschenbach et al. (2015) detected differential methylation levels in the HPV16
(LCR) E2-binding sites E2BS3 and E2BS4 depending on the viral DNA physical
status, i.e., (1) complete methylation (>80 %) associated with the presence of
integrated HPV genomes with an intact E2 gene; (2) intermediate methylation
levels (20–80 %) with predominantly episomal HPV genomes with intact E2; and
(3) no methylation (<20 %) with a disrupted E2 gene. Patients with high methy-
lation levels tended to have a worse 5-year overall survival compared with patients
with intermediate methylation (hazard ratio: 3.23). The authors therefore concluded
that further studies are warranted to determine whether the E2BS methylation status
may represent a prognostic marker.

A number of studies analyzed if tumors with HPV integration show a worse
outcome as compared to tumors with episomal virus present. Parfenov et al. (2014)
explored in primary head and neck cancers whether HPV integration was associated
with clinical outcome or other clinical features (anatomic site, tumor stage, age,
smoking status), but did not find significant associations. An explanation could be
the relatively small sample size of the study. Vojtechova et al. (2016) recently
analyzed a series of 186 tonsillar carcinomas showing integration in 43 % of cases
as assessed by E2 mRNA mapping, which in a subset of tumors corresponded to
APOT and Southern blotting data. These authors also did not find a statistically
significant difference in disease-specific survival between patients with
HPV-positive integrated vs. extrachromosomal/mixed forms of the virus. Finally, in
cervical cancer patients treated with radiotherapy, Shin et al. (2014) found a trend
toward decreased disease-free survival in patients with only HPV integrated forms
versus patients with both integrated and episomal HPV. In conclusion, further
studies are required to elucidate the relationship between HPV physical status
(integrated vs. episomal vs. mixed integrated/episomal) and survival in both
OPSCC and UCSCC.

Taken together, HPV integration affects both the viral and host genome, which
may lead to deregulation of viral oncoproteins, critical cellular (cancer) genes
as well as changes in DNA methylation, transcription and accumulation of chro-
mosomal alterations (see also chapter “Molecular patterns and biology of HPV
associated HNSCC” by Brakenhoff RH, Wagner S, Klussmann JP). More genome-
wide studies with larger tumor series are necessary to further explore viral inte-
gration events, their impact on genomic alterations and the clinical implications of
these findings.
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Risk Factors for Oral Infection
with Human Papillomavirus

Pawel Golusinski

Abstract
Human papillomavirus has been identified as a causative factor for a subset of
head and neck carcinomas (HNSCC). The majority of the HPV-positive tumors
arises in the oropharyngeal region, and at present, the infection of the human
papilloma type 16 is the major cause of the oropharyngeal cancer development.
Patients with HPV DNA-positive tumors have been shown to be younger in age
and are less likely to have a history of tobacco smoking or alcohol use. The
tumors referred to the HPV positivity have been proven to more likely confer
better prognosis. Seven percent of the population between ages of 14 and 69 are
infected by HPV at any given time within the oral mucosa. However, only about
1 % of those infections is associated with the high-risk cancerogenous types of
the virus. Up to date few risk factors of HPV infection have been identified
including age, gender and the sexual behavior. Tobacco smoking and
immunosuppression have also been reported to play a role in HPV infection.
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1 Introduction

Human papillomavirus has been identified as a causative factor for a subset of head
and neck carcinomas (HNSCC). The majority of the HPV-positive tumors arises in
the oropharyngeal region, most commonly in the palatine tonsil. HPV has also been
detected within the oral cavity, hypopharynx, larynx, paranasal sinuses and
nasopharynx, however, to a far lesser extent (Gillison et al. 2015). Whereas the
incidence of oral cavity cancers has slightly decreased in a previous decade,
oropharyngeal cancer (OPC) incidence is constantly increasing in particular in some
subpopulations (Gillison et al. 2015; Chaturvedi et al. 2011; Schantz and Yu 2002).
The declining incidence of oral cavity cancers may be attributed to reductions in
tobacco use in the western world. Reasons underlying the increasing incidence of
oropharyngeal cancers suggest a dominant role for HPV infection. In Sweden, the
proportion of HPV DNA-positive tonsil tumors increased from 28 % in the 1970s
to 68 % in the 2000s (Hammarstedt et al. 2006), and in the same time in the USA
the similar trend has been reported (Schantz and Yu 2002). In fact, at present, the
infection of the human papilloma type 16 is considered to be the major cause of the
oropharyngeal cancer development (Chaturvedi et al. 2011; Lewis et al. 2015).
Patients with HPV DNA-positive tumors have been shown to be younger in age by
3–5 years and are less likely to have a history of tobacco smoking or alcohol use
than patients who developed the tumor with no HPV DNA involvement (Gillison
2007). Furthermore, the tumors referred to the HPV positivity have been proven to
more likely confer better prognosis (Gillison et al. 2000; D’Souza et al. 2007;
Schwartz et al. 2001).

Other factors apart from the age describing the HPV-positive OPC patients are
better socioeconomical status, the risky sexual behavior (Gillison et al. 2008).

Mucosal HPVs are known to be transmitted by sexual contacts, and in fact, HPV
infection is the most common sexually transmitted disease in the world (Jay and
Moscicki 2000). To picture the scale of that phenomenon one can imagine that
more than a half of all the sexually active individuals in the world will have a
genital HPV infection at least once in their lifetime. Seven percent of the population
between ages of 14 and 69 are infected by HPV at any given time within the oral
mucosa. However, only about 1 % of those infections is associated with the
high-risk cancerogenous types of the virus (Gillison et al. 2008).

2 Age and Gender

Age at diagnosis for HPV-related OPC significantly declined over time. This fact is
coherent with the younger age of HPV-related OPC contrasted to individuals with
the HPV-negative OPC. The incidence trends by birth cohort and results from
age-period-cohort models for both HPV-related and HPV-unrelated OPCs, clearly
support a dominant role for birth cohort effects on the observed incidence patterns.
It is crucial to mention that in fact in last years the diagnosis and screening for
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OPCs has not significantly changed, so observation that HPV-related OPCs were
diagnosed at younger ages may have also be a result of the increasing incidence
among recent birth cohorts (Fig. 1).

Gillisson et al. (2012) conducted a cross-sectional study, on the statistically
representative sample of the civilian non-institutionalized US population (National
Health and Nutrition Examination Survey (NHANES) 2009–2010). Men and
women aged 14–69 years (N = 5579) examined at mobile examination centers
were involved in the study. Participants provided a 30 second oral rinse and
gargle with mouthwash. The prevalence of oral HPV infection followed a bimodal
pattern with age (Fig. 2), with a first peak in prevalence observed among those aged
30–34 years and a second, higher peak among those aged 60–64 years. Whether
these peaks are caused by increased duration of infection over an individual’s
lifespan or whether they are caused by an increase in acquisition at older ages is an
important epidemiological question. One of the hypotheses is the trend of changing
sexual practices with oral sex being performed more by men and women that are
currently aged 30–49 years compared to older generations. The second peak,
however, cannot be entirely explained by sexual behaviors and could have also

Fig. 1 Age-adjusted incidence by calendar year of diagnosis for human papillomavirus (HPV)-
related sites (including base of tongue, lingual tonsil, tonsil, oropharynx, and Waldeyer ring) and
HPV-unrelated sites (including other and unspecified parts of tongue). Chaturvedi et al. J Clin
Oncol 2008
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arisen from a combination of increased incidence, reactivation of latent infections
due to age-related loss of immunity, differences in sexual behaviors across birth
cohorts, or increased persistence among older individuals.

Men had a significantly higher prevalence than women for overall oral HPV
infection. The age and gender have also been confirmed as independent risk factors
for HPV infection in a multivariable analysis, when the other significant risk factors
including the number of the life time sexual partners and current smoking intensity
have been considered.

The prevalence of oral HPV infection was significantly higher among men than
among women, even after accounting for higher-risk behaviors reported by men.
Significant interactions were observed between sex and age. Therefore, multivari-
able analyses were performed stratified by sex. A significant bimodal distribution
across age was observed for men, but not for women (Fig. 2).

Chaturvedi et al. (2015) analyzed data for NHANES 2010–2012 represented by
219,608,892 individuals. Overall oral HPV infection was 6.8 %, but significantly
higher among men than among women. (10.5 vs. 3.1 %, P < 0.001). The groups of
oncogenic HPV and HPV 16 only were also more numerous among men than
among women (Fig. 3). The prevalence of the oral HPV infection was similar in
groups of NHANES 2010–2012 and 2009–2010.

In unadjusted analyses, demographic factors significantly associated with oral
oncogenic HPV prevalence among men included older age (with a bimodal pat-
tern), race/ethnicity, high school or equivalent education, marital status, current
smoking (including serum cotinine levels) and marijuana use. Among women, age,
race/ethnicity and serum cotinine levels were associated with oral oncogenic HPV
prevalence. However, despite these factors, the gender remains the independent risk
factor for oncogenic HPV infection. The analysis of US population of men and
women separately across the subgroups defined by other key risk factors including
age, tobacco smoking and number of the lifetime sexual partners has revealed

Fig. 2 Modeled HPV prevalence across age in the US population aged 14–69. Gillisson et al.
JAMA 2012
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further contrasts. The prevalence of oncogenic infection was significantly higher
among men than among women across all subgroups (Figs. 4 and 5).

The difference in a prevalence of the burden of oncogenic infections among men
and women correlating with the incidence on the HPV-related OPC in these groups
is evident. The explanation of that fact seems to be attributable to both behavioral

Fig. 3 Prevalence of any HPV infection, oncogenic HPV infection, non-oncogenic HPV infection
and HPV type 16 infection among men (black bars) and women (gray bars). Chaturvedi Clin
Cancer Res 2015

Fig. 4 Burden of oral oncogenic HPV infection among men in the USA
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and biological differences between men and women. The majority of oral oncogenic
HPV infections among are attributable to sexual behavior. Yet, men had substan-
tially higher prevalence than women. This higher prevalence among men is partly
explained by the significantly higher number of lifetime sexual partners reported by
men. However, only 18 % of the male–female difference in prevalence can be
clearly explained by differences in risk behaviors (i.e., smoking and number of
sexual partners) between men and women.

The biological differences between genders may also contribute to the increased
susceptibility of men to oral HPV infection. The immune responses to parasitic,
bacterial and viral infections, but also vaccination, have been determined to vary
between men and women. Men are characterized by generally weaker immune
response (Klein 2000). Most of the available data come from the studies of
anogenital HPV infections equally prevalent among men and women in younger
ages. The data support the hypothesis that the seroconversion rates following
genital HPV infection among men are lower and there are lower antibody titers
upon seroconversion (Markowitz et al. 2009). Moreover, some studies clearly
confirmed the absence of acquired immunity against reinfection among men (Lu
et al. 2012) and the absence of age-related declines in genital HPV prevalence
among men (Giuliano et al. 2011). Genital and oral HPV viral loads among men are
also significantly higher than among women (Chaturvedi et al. 2014).

Fig. 5 Burden of oral oncogenic HPV infection among women in the USA. Chaturvedi Clin
Cancer Res 2015
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3 Sexual Behavior

Oral HPV infection, associated with the development of OPC, is predominantly
sexually transmittable. The analysis of the multiple heterogenous populations in
different parts of the world clearly indicated that more than 90 % of all oncogenic
HPV infections are transmitted by the given form of the sexual contact and revealed
that infection is an uncommon phenomenon in sexually inexperienced individuals.
The infection prevalence is eightfold higher among sexually experienced individ-
uals and increased significantly with number of sexual partners. Lifetime number of
oral sexual partners has been previously considered to be the behavioral measure
most strongly, consistently and specifically associated with oropharyngeal cancer
(Marur et al. 2010). The risk of infection by sexual contact is, however, multi-
factorial. It depends on both the number of sexual partners during lifetime and the
form of sexual contacts. Gillison et al. (2012) has performed a comprehensive
analysis of the NHANES 2009–2010 study group in terms of sexual behavior.
She analyzed the type of the sexual contact (any form of sexual contact, vaginal,
oral or anal), the lifetime number of sexual partners, number of sexual partners
within last 12 months but also the frequency of particular contacts and sexual
orientation.

The analysis revealed that oral HPV prevalence was more than eightfold higher
among individuals who reported ever having had sex versus not. Prevalence of
HPV increased with lifetime or recent number of partners for any kind of sex,
vaginal sex or oral sex. One in five individuals with more than 20 lifetime sexual
partners was infected. Prevalence was higher among individuals who first per-
formed oral sex at 18 years or younger.

A recent analysis of the NHANES data (2009–2012) (Chaturvedi et al. 2015)
demonstrated the per sexual partner increase in high-risk oral HPV prevalence to be
threefold greater for men than for women, consistent with reported higher trans-
mission rates for HPV from female to male than vice versa. Also noted was a
plateau in prevalence among men at approximately 15 oral sexual partners in
contrast to approximately five partners among women (Fig. 7).

Thus, the prevalence of oral HPV infection continues to increase among men
with more than five partners, but not among women. This sex difference may reflect
reduced seroconversion rates among men versus women after genital HPV

Fig. 6 Association of number of lifetime sexual partners with prevalent oral HPV infection.
Gillisson et al. JAMA 2012
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Fig. 7 Gender, sexual behavior and oral HPV. Chaturvedi Clin Cancer Res 2015
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infection Giuliano et al. 2015, resulting in greater protection against subsequent oral
infections among women. Natural seroconversion to genital HPV16 infection
reduces risk of subsequent infection among women by approximately 50 % Ho
et al. 2002. Thus, increased oral sexual behaviors among recent birth cohorts of
men and women would result in greater prevalence increases for oral HPV infection
and consequent accelerated rates for HPV-positive OPC in men versus women over
the last several decades in the USA.

Kreimer et al. (2013) analyzed the 1626 men aged 18–73 years coming from
Brazil, Mexico and the USA who were HIV-negative and reported no history of
anogenital cancer and were recruited into the HPV Infection in Men (HIM) cohort
study. According to their analysis, marital status was strongly associated with risk
of acquiring any and oncogenic oral HPV infections, with married or cohabiting
men at a significantly reduced risk in both categories. Marital status seems to be
more predictive of oral HPV acquisition than lifetime number of sexual partners
does. Also in multivariable models, the effect estimates for marital status remained
unchanged after adjustment for lifetime number of sexual partners. The sexual
orientation was also associated with risk of oral HPV infection in our study, with
bisexual men at the highest risk. These findings suggest that marital status and
sexual orientation could reflect a participant’s likelihood of engaging in risky sexual
behaviors and partnerships, or differences in a participant’s sexual network, and that
these characteristics might be more predictive of risk than lifetime number of sexual
partners.

4 Smoking

Smoking and use of other forms of tobacco are the strongest causative risk factors
for the development of the squamous cell carcinoma of the head and neck. Because
of significant decrease in smoking in the western world in the past decade, the
incidence of the tobacco-related HNSCC is slightly lower. However, use of tobacco
products may also have an impact on the development of HPV-related head and
neck tumors by facilitating the oral HPV infection. For the cervical cancer where
the HPV infection is the necessary cause, the tobacco smoking is an established
co-existing risk factor (Bosch and de Sanjose 2007).

There is an evidence that current tobacco smoking may be an important risk
factor for the HPV infection. Fakhry et al. (2014), in large cross-sectional
populations-based study, showed the significant dose-dependent relationship
between tobacco smoking and HPV infection.

Current tobacco users were more likely than nonusers to be male, younger less
educated and have higher number of lifetime oral partners. Oral HPV16 prevalence
was greater in current tobacco users compared with newer/former tobacco users.
In HIM cohort study (Kreimer et al. 2013), cigarette smoking was significantly
associated with acquisition of oral HPV in healthy men; the risk of acquiring an
oncogenic oral HPV infection was nearly three times higher in current smokers

Risk Factors for Oral Infection with Human Papillomavirus 81



(HR = 2�80) and more than two times higher in former smokers (HR = 2�31) than
in those who had never smoked. However, the effect of the tobacco smoke as a
factor facilitating oral HPV infection remains unclear, and it has been proven to
have the local and systemic immunosuppressive and proinflammatory effect. The
direct contact of the carcinogens in the tobacco smoke with the oral mucosa is likely
to increase the likelihood of HPV infection.

5 HIV and Immunosuppression

The life expectancy of HIV-infected individuals has significantly increased in last
years, mainly due to effective antiretroviral therapy (ART) significantly reducing
viral-related malignancies such as Kaposi Sarcoma and Non-Hodgkin’s lymphoma.
The longer lifespan is, however, associated with higher probability of development
of HPV-associated malignancies. Several cross-sectional studies have observed that
HIV-infected individuals have a 2–3 fold higher odds of prevalent oral HPV
infection compared to HIV-uninfected individuals, even after adjustment for sexual
behavior and other relevant factors (Beachler et al. 2012; Kreimer et al. 2004).
Beachler in his study (Beachler and D’Souza 2013) analyzed HIV-infected indi-
viduals from previous studies and found an overall oral HPV DNA prevalence to be
between 20 and 45 %. Oncogenic oral HPV DNA with the predominance of HPV
16 was reported in between 12 and 26 %.

The mechanism of the increased HPV prevalence in HIV-positive individuals is
most likely to be associated with HIV-related immunosuppression. Advanced stage
of HIV disease, characterized by low CD4 T cell count and high HIV viral load, has
also been associated with increased oral HPV prevalence which may reflect a loss
of viral control in those with compromised immune systems. The direct effect of
immunosuppression on oral HPV persistence is currently less understood, but
research on other HPV-associated cancers suggests immunosuppression may act
more on the earlier stages of the HPV carcinogenesis process (Palefsky 2006). The
hypothesis of the immunosuppression as a factor facilitating the infection and
persistence of the virus has been also supported by the increased prevalence among
solid organ transplant recipients, another immunosuppressed population (Grulich
et al. 2007). Reduced CD4 T cell count was nonsignificantly related to the higher
risk of development of oropharyngeal cancer in several independent studies
(Clifford et al. 2005; Silverberg et al. 2011; Engels et al. 2008). Engels et al. found a
higher risk of oral cavity/pharynx cancer in individuals with AIDS relative to
HIV-infected individuals who have not developed AIDS (Engels et al. 2008).

However, effective antiretroviral therapy has greatly improved the life expec-
tancy of HIV-infected individuals while reducing viral-related malignancies such as
Kaposi Sarcoma and Non-Hodgkin’s lymphoma, and the incidence rates of
HPV-associated malignancies have remained stable. A preliminary study suggested
ART use was associated with increased six-month oral HPV persistence (D’Souza
et al. 2007), and other studies have suggested ART use is associated with an
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increase in oral lesions/warts (Anaya-Saavedra et al. 2013; Greenspan et al. 2001).
However, these studies may be prone to confounding by indication, as ART is more
likely to be indicated for sicker individuals.

The data from cervical HPV analysis have indicated that ART reduces the
incidence of cervical HPV, decreases the incidence of squamous epithelial lesions
and increases the regression of these lesions (Adler et al. 2012). However, if ART
use does not fully recover oral HPV-specific immunity, it may not be able to
substantially modify the elevated oral HPV incidence or persistence seen in
HIV-infected individuals. Therefore, HPV-associated OPC could pose a further
increasing threat for immune-competent HIV-infected individuals, if ART improves
survival but did not improve control of oral HPV infections.

6 Conclusions

• Oral HPV infection has dramatically altered the landscape of HNC in numerous
populations worldwide. The prevalence, despite significant variation in
numerous geographical locations, is constantly increasing.

• The sexual behavior is the most important risk factor for oral oncogenic HPV
infection

• The higher risk for HPV-positive cancer among men is attributable to both
behavioral and biological differences between men and women.

• Oral HPV16 prevalence is greater in current tobacco users compared with
newer/former tobacco users.

• The prevalence among HIV-positive individuals is significantly higher most
likely due to HIV-related immunosuppression.
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HPV-Related Head and Neck
Squamous Cell Carcinomas

Andrzej Marszałek and Łukasz Szylberg

Abstract
Since more than 5 years, it becomes evident that there is a new group of patients
with squamous cell carcinomas of the head and neck area, namely human
papillomavirus (HPV)-related (caused) tumors. As clinical statistics indicate,
those patients have better prognosis, even despite more advanced stage compared
to those with HPV-negative tumors. In fact, as a surrogate of HPV infection for
clinical studies, an immunohistochemical expression of p16 protein is used. In the
following chapter, the spectrum of squamous cell carcinomas variants with
indication of the percentage cases with proved HPV infection will be presented.

Keywords
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1 Introduction

As presented in the key paper by Marur et al. (2010), it becomes evident a new
entity of head and neck squamous cell carcinomas. This new group related to
infection by human papillomavirus (HPV) has a growing epidemiologic tendency.
Those tumors were attributed to the oropharynx (including base of tongue and
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tonsils). According to their histology, they tend to be non-keratinized squamous cell
carcinomas. The clinical data indicate that gender predilection, e.g., male-to-female
ratio, remains the same as in classical type as 3:1. Those tumors tend to be diag-
nosed in younger generation, even by 20–30 years. Additionally, HPV-related
cancers although with more dynamic biology were diagnosed at earlier stage and
treated with better outcome, regardless of the way of treatment (e.g., surgery,
chemotherapy, radiotherapy, and multimodal therapeutic approach) (Pai et al. 2009;
Gray et al. 2015; Betiol et al. 2013; Fakhry et al. 2014). The incidence of this
aforementioned tumor type is growing. The most common type of primary head and
neck region cancer is squamous cell carcinoma (Pannone et al. 2011). But
according to its morphology changing between cases, there were introduced some
subtypes (Table 1). In the following part, there were presented most important
morphological and clinical data to subtypes of squamous cell carcinomas (El-Mofty
2012). A special attention will be paid to the occurrence of cases (Fig. 1) with
proved HPV correlation (Figs. 2 and 3).

Table 1 Squamous cell
carcinoma in head and neck
region

“Classical-type” variants

Verrucous carcinoma

Basaloid squamous cell carcinoma

Spindle cell (sarcomatoid) squamous cell carcinoma

Papillary squamous cell carcinoma

Adenosquamous carcinoma

Lymphoepitheliomatous carcinoma

Sinonasal non-keratinizing carcinoma

Adenoid squamous (acantholytic) carcinoma

HPV-associated oropharyngeal squamous cell carcinoma

Fig. 1 Epidemiological
distribution of HPV-positive
cancers in head and neck
region in Europe (according
to Abogunrin et al. BMC
Cancer, 2014; 14, 1)
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HPV

Fig. 2 Immunohistochemical visualization of HPV antigen expressed in squamous cell carcinoma

Fig. 3 Immunohistochemical visualization of overexpression of p16 in squamous cell carcinoma
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2 Squamous Cell Carcinoma: “Classic” Type
(“Classic” SCC)

The so-called classical type of SCC (with some histologically visible evidence of
keratinization) of head and neck region consists of about 1 % of all malignancies in
humans. However, it comprises more then 90 % of all malignancies in larynx. This
type of tumor occurs usually in adults with peak from 6th to 7th decade. It is much
more common in males, reaching incidence of 1/10,000 population, while among
females, it is diagnosed as common as 1/100,000. But the most common
male-to-female ratio is presented as 6:1. This classical type of tumor is attributed to
the typical (in common sense) risk factors such as tobacco smoking (or exposure to
tobacco smoke in environment) and alcohol abuse (Pai et al. 2009). In this “clas-
sical” variant, a very common alteration of p53 is found—especially in those
associated with exposure to alcohol and tobacco. There are also correlations with
long-standing gastroesophageal reflux, as well as radiation exposure. In some
reports, there were indicated genetic risk factors, including Lynch syndrome, Bloom
syndrome, and Li–Fraumeni syndrome. In classic SCC, an epidermal growth factor
receptor (EGFR) overexpression is commonly found. It is related to more aggressive
outcome. However, immunohistochemically estimated p16-positive cases along
with low EGFR have better prognosis (Alexandrov et al. 2013). Morphologic
examination reveals its occurrence in almost all anatomical areas. It could be

Fig. 4 Histological picture of classical squamous cell carcinoma
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supraglottic (this localization predominates in Europe), glottic (predominate in US
patients), subglottic, and transglottic. Macroscopically, those tumors either could be
ulcerative or might grow endophytically or as flat or even polypoid masses; verru-
cous and exophytic lesions are also described (Cardesa et al. 2011).

On microscopic examination, it could be keratinizing or non-keratinized SCC
(Fig. 4).

3 Squamous Cell Carcinoma: “Verrucous” Type
(“Verrucous” SCC)

Verrucous type of SCC consists of about 3% of all SCC in head and neck region.
This type of SCC is clearly correlated with HPV infection (Orvidas et al. 1998). It is
most commonly found in oral cavity and then in larynx. In oral localization, it is
found more common in females than in males, while in all other places male
patients predominate (Orvidas et al. 1999). This tumor type has a distinct mor-
phology. Macroscopically, it is described as broad-based warty mass that could be
very large (even up to 10 cm of diameter). Microscopically, it also has distinct
features such as clearly visible large club-shaped rete pegs (Fig. 5). In all tumors,
there is abundant keratin. But usually, there is no pleomorphism of tumor cells.

Fig. 5 Verrucous variant of squamous cell carcinoma
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Additionally, usually there is no mitotic activity found. Those lately mentioned
features are related to very good prognosis with a 5-year survival rate of about 75 %
cases (Santoro et al. 2011; Teymoortash et al. 2014).

4 Squamous Cell Carcinoma: “Spindle Cell”
(“Sarcomatoid”) Type (“Spindle Cell” SCC)

Sarcomatoid SCC according to its microscopic morphology resembling spindle
cells of mesenchymal origin should be first differentially diagnosed with pleo-
morphic high-grade sarcoma. But primary sarcomas of this morphology in such
localization are extremely rare. On the other hand, as in those tumors a coincidence
of immunohistochemical markers for mesenchymal origin (positivity for vimentin)
and ectodermal/epithelial origin (positive reactions with different types of cytok-
eratins) is found, and they could be called “collision” squamous cell carcinoma—
highlighting their peculiar histology (Bishop et al. 2014). Sarcomatoid SCC con-
sists of about 3 % of SCC in head and neck area. Some reports indicate radiation as
their possible risk factor. Such tumors could be found in larynx. Next, in order of
incidence is oral cavity, then nasal cavity (Stransky et al. 2011). According to
gender differences, male cases are far more common than female. Macroscopically,
they usually form polypoid mass of about 2 cm diameter. Microscopic pictures

Fig. 6 Spindle cell variant of squamous cell carcinoma
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have some tips enabling its diagnosis include a biphasic morphology. There are
areas of squamous cell carcinoma differentiation along with area of atypical spindle
cells (resembling mesenchymal tumors, for instance fibrosarcoma or any other
sarcoma). These tumors are usually hypercellular with prominent pleomorphism
and high mitotic activity (Fig. 6). According to clinical data, the 5-year survival
could reach 80 %.

5 Basaloid Squamous Cell Carcinoma (BSCC)

BSCC is uncommon variant of “classic” SCC. It occurs in less than 1 % of
squamous cell carcinoma in the head and neck region. BSCC is associated with
conventional risk factors such as smoking and alcohol abuse (Marur et al. 2010).
These lesions are typically aggressive variant of squamous cancer with early lymph
node metastasis (68 % of patients have regional metastases at presentation) and
poor prognosis with 2-year survival rates of less than 40 %. It has predilection for
hypopharynx and larynx and less frequently oropharynx, but also occurs in other
sites such as lung. Microscopically, BSCC has biphasic pattern which includes
basaloid component and often areas with typical squamous differentiation (Fakhry
et al. 2014). The basaloid cells are pleomorphic with minimal cytoplasm and
hyperchromatic nuclei. They form demarcated nests of small basaloid cells with

Fig. 7 Basaloid variant of squamous cell carcinoma with clearly visible comedonecrosis
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peripheral palisading and show numerous mitotic figures. Comedonecrosis is
common (Fig. 7). Stromal hyalinization may be present. Pseudoglandular spaces
resembling adenoid cystic carcinoma may occur. HPV-16 is detectable in majority
(more than 75 % of cases) of oropharyngeal BSCC (El-Mofty 2012). The absence
of HPV-16 in these tumors is associated with a decreased overall survival.
HPV-positive tumors affected younger patients.

6 Papillary Squamous Cell Carcinoma (PSCC)

True papillary carcinomas are rare. PSCC is usually confused with other exophytic
mucosal malignancies, such as verrucous carcinoma and squamous cell carcinoma
with verrucous features. PSCC occurs in less than 1 % of squamous cell carcinoma in
the head and neck region and has a favorable prognosis with 5-year survival rates
more than 70 % (Marur et al. 2010). These lesions have predilection for larynx and
less frequently oral and nasal mucosa. Microscopically, PSCC is composed of exo-
phytic papillary squamous proliferation overlying a thin fibrovascular core. Neo-
plastic cells may resemble immature basaloid cells or dysplastic cells with variable
keratosis. There is significant cytologic atypia, but stromal invasion may not be
prominent (Mehrad et al. 2013). A very limited number of studies have investigated
the significance of HPV in PSCC of the head and neck. Studies revealed transcrip-
tionally active HPV in more than 50 % of tumors (El-Mofty 2012). The majority of
HPV-positive tumors arise in the oropharynx and demonstrate non-keratinizing
morphology. HPV-related tumors showed a trend toward better survival.

7 Adenosquamous Carcinoma (AdSC)

Adenosquamous carcinoma (AdSC) is a rare variant of SCC, characterized by
mixed differentiation, with both SCC and adenocarcinoma. It occurs in less than
1 % of squamous cell carcinoma in the head and neck region. It has predilection for
larynx and, in descending frequency, the oral cavity, sinonasal tract, oropharynx,
and hypopharynx (Masand et al. 2011). These lesions are typically aggressive with
early lymph node metastasis and poor prognosis with 2-year survival rates of less
than 55%. AdSC is more common among men (male-to-female ratio of 6:1).
Microscopically, AdSC has two distinct histological components. In the majority of
cases, SCC predominates and can be in situ or invasive. The adenocarcinomatous
component can form tubules, ducts, or glandular structures and typically produce
mucin. The adenocarcinoma usually occurs in the deeper parts of the tumor.
Mixture of adenocarcinoma and squamous cell carcinoma may resemble
mucoepidermoid carcinoma (El-Mofty 2012). The relationship with HPV has not
been well studied (Chen et al. 2012). Based on the very limited number of
HPV-positive AdSC tumors, particularly in the oropharynx, they may have a more
favorable prognosis.
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8 Nasopharyngeal Carcinoma/Lymphoepithelioma (NPC)

NPC is a rare entity in the so-called Western world. But it is diagnosed more
commonly in China. Such an incidence is attributed to the main risk factors such as
infection with Epstein–Barr Virus (EBV). Additional risk factors consist of
nitrosamines and smoking (Gray et al. 2015). NPC could develop in rather young
patients, with peak between 4th and 6th decade. Almost all SCC is more common in
males than in females. NPC might have a variable macroscopic presentation.
Histologically, it could be keratinized or non-keratinized SCC. However, they could
be described as undifferentiated carcinomas as well (Molinolo et al. 2009; Galbiatti
et al. 2014). The microscopic tips useful in diagnosis include the following: diffuse
cells areas with local syncytial arrangement. In classical cases, there is no kera-
tinization and no necrosis. Lack of necrosis is used as one of the key diagnostic
features. However, under microscopic examination the presence of brisk mitoses
and apoptosis is easily found (Fig. 8). The prognosis in those patients is accom-
panied with 65 % 5-year survival.

Fig. 8 Nasopharyngeal carcinoma (lymphoepithelioma)
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9 Sinonasal Undifferentiated Carcinoma
(Anaplastic) (SNUC)

SNUC is a rare entity accompanied with highly aggressive biology. Risk factors are
probably smoking (as 85 % of patients are smokers) and possibly radiation. SNUC
is mainly diagnosed in nasal cavity (Masand et al. 2011; Galbiatti et al. 2014). But it
could occur in sinuses as well. Peak incidence occurs in 6th decade with far more
common predilection for male patients. The tumor has macroscopically fungating
and infiltrative pattern of growth. At diagnosis, tumor mass is usual over 4 cm in
diameter. On microscopic examination, it is a hypercellular tumor with very high
mitotic activity. Cells present high pleomorphisms (Fig. 9). There is prominent
necrosis (Machado et al. 2010; Mandapathil et al. 2014). As a common finding, one
can see lymphatic and perineural invasion. No squamous nor glandular differenti-
ation is found. The prognosis is very poor. Some authors indicate the presence of
p16 overexpression, but probably not related to HPV infection.

Fig. 9 Sinonasal undifferentiated carcinoma (SNUC)
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10 Conclusions

Primary squamous cell carcinoma is the most common diagnosis in head and neck
region. According to clinical observation and morphology along with tumor biol-
ogy, recently there were described new entities. The classical risk factors include
tobacco and alcohol exposure; however, there are evidences that some tumors have
also other inducing factors such as viral infections. The spectrum of SCC based on
morphology presented above could help understand different outcomes of SCC
variants.
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HPV Testing of Head and Neck Cancer
in Clinical Practice

Max Robinson

Abstract
The pathology laboratory has a central role in providing human papillomavirus
(HPV) tests for patients with head and neck cancer. There is an extensive
literature around HPV testing and a large number of proprietary HPV tests,
which makes the field difficult to navigate. This review provides a concise
contemporary overview of the evidence around HPV testing in head and neck
cancer and signposts key publications, guideline documents and the most
commonly used methods in clinical practice.

Keywords
HPV � Molecular diagnostics � Head and neck � p16 � Immunohistochemistry �
In situ hybridisation

1 Introduction

The diagnosis of human papillomavirus (HPV)-related squamous cell carcinoma
(SCC) mandates the use of laboratory tests. Ideally, the laboratory tests should
provide evidence that HPV is driving the malignant process. Specifically, the
malignant cells should contain an oncogenic HPV genotype and show evidence of
viral transcription, with production of E6/E7 oncoproteins causing detrimental effects
on cell behaviour, namely uncontrolled cell proliferation, loss of DeoxyriboNucleic
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Acid (DNA) damage checkpoints and the acquisition of cell immortality (Leemans
et al. 2011). Consequently there are numerous biomarkers that can be used to indicate
HPV infection, from detection of HPV DNA, RiboNucleic Acid (RNA) and protein
to demonstrating changes in endogenous gene and protein expression that can be
used as indirect, surrogate markers of HPV infection. The adoption of HPV tests in
clinical practice has mainly been driven by the availability of tests that can easily be
incorporated into the diagnostic laboratory work flow, that is, formulated for the
detection of the target molecule in formalin-fixed paraffin-embedded (FFPE) tissue or
alcohol-preserved cytology samples (Schache et al. 2014). Nevertheless, the clinical
acceptability of a particular test also depends on how accurately it classifies patient
samples. The accuracy of the HPV test could be assessed against an accepted ‘ref-
erence’ or ‘gold-standard’ analytical test, or perhaps more clinically relevant, the
ability of the test to identify patients with clinically significant HPV-related disease,
such that the result informs patient prognosis or allows them access to clinical trials
recruiting patients with HPV-related SCC (Bhatia and Burtness 2015). The literature
around HPV testing is extensive and there are numerous proprietary tests that are
licensed in vitro diagnostic devices (IVDs) that have regulatory approval (CE
marking and/or US Food and Drug Administration (FDA) approval). The market for
HPV testing has grown around applications in cervical cancer (screening, diagnosis,
test of cure) and has latterly been evaluated in head and neck cancers.

2 Indications for HPV Testing in the Head and Neck
Cancer

HPV testing is recommended for oropharyngeal SCC (palatine tonsils, tongue base,
soft palate, posterior pharyngeal wall) where the information is used in prognos-
tication and for enrolment into clinical trials (The Royal College of Pathologists,
UK; College of American Pathologists; National Comprehensive Cancer Network,
USA). In the clinical scenario of a lump in the neck that turns out to be SCC, viral
tests directed at HPV and Epstein Barr virus (EBV) are useful for locating the
putative primary site. A similar strategy can be used to link distant metastases to an
index primary tumour (Weichert et al. 2009; Huang et al. 2012). HPV-positive
SCCs are usually located in the oropharynx, whereas EBV-positive SCCs are
typically discovered in the nasopharynx. There are exceptions to the rule, there have
been several reports of HPV-positive nasopharyngeal carcinoma (Maxwell et al.
2010; Robinson et al. 2013; Stenmark et al. 2014), however, the prognostic
implications are unclear as most studies have included too few cases to demonstrate
any significant difference when compared to EBV-positive nasopharygeal carci-
noma (Robinson et al. 2013; Stenmark et al. 2014). Whilst cancers at other site in
the head and neck region rarely harbour HPV (Mehanna et al. 2016), there is
evidence emerging that these HPV-positive carcinomas have similar outcomes to
HPV-related oropharyngeal SCC (Salazar et al. 2014; Chung et al. 2014). Larger,
appropriately powered studies are required to confirm these findings; however, in
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the future it is possible that HPV testing may be recommended for other sites in the
head and neck region, perhaps all sites. Furthermore, there have been reports of
HPV-associated oral intraepithelial neoplasia (Woo et al. 2013; McCord et al.
2013). The biological significance of the HPV infection in this setting is uncertain
due to the small number of cases and lack of extended follow-up data. Conse-
quently, HPV testing in the pathology laboratory is likely to increase in the future as
new data emerge and new clinical applications are proposed.

3 The Detection of HPV in Formalin-Fixed
Paraffin-Embedded Biopsies Using Test Algorithms

Laboratory tests have characteristic features which determine their accuracy in the
clinical setting. To date there is no single test that is considered the ‘gold standard’
for classifying HPV status in FFPE tissue. Combinations of tests, in algorithms,
have been proposed to mitigate for the known limitations of individual tests and
produce optimal sample classification.

3.1 VU University Medical Centre HPV Test Algorithm

This algorithm (Fig. 1) was first proposed in the seminal article by Smeets et al.
(2007) and was built around the ability of a battery of tests to approximate to an
analytical reference test, defined as reverse transcriptase polymerase chain reaction
(RT-PCR) for HPV-16 E6/E7 on fresh-frozen tissue. Whilst an RT-PCR specifi-
cally developed for FFPE material showed perfect correlation with the reference
test, it was considered to be too technically demanding to be used in the diagnostic
laboratory. Nevertheless, the combination of p16 immunohistochemistry
(IHC) followed by consensus PCR, using the GP5+/GP6+ primer pairs, for the p16
positive cases, showed almost perfect correlation with the reference test and was
subsequently validated in a larger cohort (n = 86) with an accuracy of 98 %
(Rietbergen et al. 2013a). The testing strategy also correlated with patient outcome,
patients with p16-positive/HPV DNA-positive tumours had the best chance of
survival following treatment (73.5 % vs. 40.7 % 5-year survival; Rietbergen et al.
2013b), and this has been validated in an independent cohort (Rietbergen et al.
2015). The testing strategy has been incorporated into a multi-parameter classifier
that is publically available at www.predictcancer.org. The validated test algorithm
uses p16 IHC (CINtec Histology, Roche mtm laboratories) and a ‘non-proprietary’
GP5+/GP6+ PCR enzyme immunoassay with genotyping using Luminex bead
array.
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3.2 The Johns Hopkins Medical Institutions HPV Test
Algorithm

This algorithm (Fig. 2) was developed by The Johns Hopkins Medical Institutions,
USA (Singhi and Westra 2010; Westra 2014) and was used in the landmark paper
by Ang et al. (2010) demonstrating that patients with HPV-related oropharyngeal
SCC had better prognosis than patients with HPV-negative disease (82.4 % vs.
57.1 % 3 years survival). The testing strategy incorporates upfront screening with
p16 immunohistochemistry (CINtec Histology, Roche mtm laboratories) followed
by two tiers of HPV DNA in situ hybridisation. The first tier employs an
HPV-16-specific probe, which theoretically would identify the majority of
HPV-positive cases (around 95 % of HPV-related oropharyngeal SCCs are HPV-16
positive) and a second tier containing a ‘cocktail’ of HPV probes to detect
uncommon oncogenic HPV genotypes (HPV-16, -18, -31, -33, -35, -39, -45, -51,
-52, -56, -58, -59, -68 DAKO Genpoint). Similar reagents are available from other
suppliers: INFORM HPVIII Family 16 probes (Roche Ventana Medical Systems
Ltd) are supplied as a cocktail and detect HPV-16, -18, -31, -33, -35, -39, -45, -51,
-52, -56, -58, -66. Leica Biosystems supply a high-risk HPV probe set (cocktail)
that detects HPV-16, -18, -31, -33, -51. Due to licensing restrictions, single
genotype-specific probes available in the USA are not for sale in Europe. There is
evidence that the testing strategy closely matches the analytical reference test
(Schache et al. 2011); furthermore, the clinical importance as a prognostic classifier
has been demonstrated in numerous independent cohort studies (Bhatia and Burt-
ness 2015). As a result, the College of American Pathologists and the US National
Comprehensive Cancer Network (NCCN) recommend ‘either immunohistochem-
istry for analysis of p16 expression or HPV in situ hybridisation for detection of
HPV DNA in tumour cell nuclei’ for cancer of the oropharynx and the ‘occult
primary’ in the head and neck region (College of American Pathologists; National
Comprehensive Cancer Network, USA). In the UK the Royal College of Pathol-
ogists includes p16 IHC and HPV DNA in situ hybridisation in the datasets for
reporting mucosal malignancies of the pharynx (The Royal College of Pathologists,

Fig. 1 VU University Medical Centre HPV test algorithm
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UK). The tests are also being used in clinical trials to identify patients with
HPV-positive and HPV-negative SCC (Bhatia and Burtness 2015).

One of the inherent problems of using algorithms is that a few cases are
inevitably classified in the two indeterminate categories: p16 positive/HPV DNA
negative and p16 negative/HPV DNA positive (Table 1). Very few cases are
classified in the latter group, which are likely to represent transient HPV infection,
without activation of oncogenic effects, or simple interpretative errors. By contrast,
the p16-positive/HPV DNA-negative cases represent a dilemma because there is
evidence that patients with tumours in this category have similar favourable sur-
vival to patients with p16-positive/HPV DNA-positive tumours (Lewis et al. 2010),
whereas in other studies this group of patients had unfavourable survival profiles
that tracked with the p16-negative/HPV DNA-negative cases (Perrone et al. 2011;
Rietbergen et al. 2013b). Interpretation of these data is limited by the small number
of patients in the subgroup analysis and further studies are required.

4 p16 Immunohistochemistry

CINtec Histology and CINtec Cytology (p16 clone E6H4, Roche mtm laboratories)
are the only p16 products that are register as in IVDs, effectively making them the
only reagents that can be used for clinical diagnosis. Other antibody clones are
available, but are ‘research-use-only’ (RUO) products. CINtec kits are supplied as
‘ready-to-use’ (RTU) products for the Ventana Benchmark autostainer (Roche
Ventana Medical Systems Ltd) or as dispensable kits for use on other proprietary
automated staining platforms or in manual assays. The assay should be optimised
and validated in an appropriately accredited pathology laboratory. Ideally analyte
controls should be included on the slides to be tested, and proprietary cell lines
controls are available for this purpose (HistoCyte Laboratories Ltd, www.histocyte.
com). Alternatively, known positive (e.g. oropharyngeal SCC or cervical

Fig. 2 The Johns Hopkins Medical Institutions HPV test algorithm
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intraepithelial neoplasia grade 3) and negative tissue samples can be identified from
tissue surplus to diagnostic requirements. Internal positive controls (tissue elements
in the sample of interest that show expression of the target molecule) include
reticulated tonsil epithelium, which shows patchy moderate staining, and follicular
dendritic cells in secondary lymphoid follicles are weakly positive and occasionally
fibroblasts showing weak-to-moderate staining. Multinucleated giant cells, if pre-
sent, are also p16 positive (Schache et al. 2014). Carcinomas that contain oncogenic
HPV typically show intense nuclear and cytoplasmic staining in the majority of the
malignant cells (Fig. 3a). Westra’s description in the Ang et al. (2010) paper is
‘strong and diffuse nuclear and cytoplasmic staining in 70 % or more of the tumor
cells’. Jordan et al. (2012) refined the ‘cut-off’ by comparison with an analytical
reference test (RT-PCR for HPV-16, -18, -33 E6/E7 on FFPE tissue) and indicated
that the optimum intensity was ≥2 (Scale 0-3), the optimum percentage of tumour
cells staining was ≥35 % and the optimum H score (product of intensity and
percentage; 0–300) was >60. Accepting a minimum intensity score of 2, at least
30 % of the tumour needed to be positive to show the best correlation with the
reference test, and an intensity score of 3 suggests only 20 % of the tumour needs to
be p16 positive. In clinical practice, the majority of cases are easily classified in a
binary fashion (positive vs. negative), which accounts for the excellent
inter-observer agreement for the assay (Thavaraj et al. 2011; Jordan et al. 2012).
Clinical trials registering HPV-related oropharyngeal cancers have tended to adopt
the >70 % cut-off described above (Bhatia and Burtness 2015). Infrequently, cases
with weak staining confined to the cytoplasm of the majority of cells or nuclear
staining alone are encountered and are considered to be p16 negative according to
the criteria described above. While p16 IHC has features that make interpretation
easy, it is recognised to be only an approximation of the HPV status. p16 IHC is
considered to be highly sensitive, but lacks specificity, meaning there are occasions
when p16 is overexpressed in the absence of HPV infection, using even the most

Table 1 Classification of oropharyngeal squamous cell carcinomas using p16 IHC and HPV
DNA-specific tests

No. of
cases

p16+
HPV
DNA+ (%)

p16−
HPV
DNA− (%)

p16+
HPV
DNA− (%)

p16−
HPV
DNA+ (%)

Singhi and Westra
(2010)

256 71 24 5 ND

Ang et al. (2010) 315 61 30 7 2

Lewis et al. (2010) 239 58 20 20 2

Thavaraj et al. (2011) 142 53 35 11 1

Jordan et al. (2012) 232 60 27 12 2

Rietbergen et al.
(2013b)

841 19 77 4 ND
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sensitive HPV-specific tests. p16 is an endogenous gene, and increased expression
is documented in other tumour types that have no association with HPV infection.
With this in mind, there is a case to be made that p16 IHC testing should always be
supported by HPV-specific tests (Perrone et al. 2011; Robinson et al. 2012; Riet-
bergen et al. 2013b), and there is a counter-argument that p16 IHC alone is satis-
factory for prognostication and clinical trial recruitment (Ang et al. 2010; Lewis
et al. 2010; Bhatia and Burtness 2015).

5 Detection of HPV DNA

Detection of HPV DNA can be achieved by either target amplification (polymerase
chain reaction) or signal amplification (in situ hybridisation), but each method has
inherent flaws. Non-quantitative PCR techniques tend to be too sensitive (pro-
ducing false positive results), which can be ameliorated by employing quantitative
PCR techniques (Schache et al. 2011). Assessment of PCR products on gels can be

Fig. 3 Photomicrographs showing a typical p16 IHC-positive result (a CINtec histology, Roche
mtm laboratories). High-risk HPV DNA ISH (INFORM HPV III Family 16, Roche Ventana
Medical Systems Ltd) showing a punctate (b) and a diffuse (c) pattern of staining. High-risk
HPV RNA ISH (RNAscope, Advanced Cell Diagnostics) showing brown reaction product in the
malignant cells (d)
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subjective, and adjusting detection thresholds in quantitative PCR determines the
sensitivity and specificity of the assay. DNA in situ hybridisation is characterised by
high specificity, but limited sensitivity, the limiting factor being the abundance of
HPV copies and the availability of the target for hybridisation (Robinson et al.
2010). Interpretation of DNA in situ hybridisation shows good inter-observer
agreement (Thavaraj et al. 2011; Jordan et al. 2012), and discordance is charac-
terised by weak signals that are often patchy across the tissue section. For negative
cases, it is essential that slide-based analyte controls are employed as there are no
internal controls to quality assure the adequacy of the staining. Proprietary cell line
controls (HistoCyte Laboratories Ltd www.histocyte.com) and tumour xenografts
are available (HPV 3 in 1 control, Roche Ventana Medical Systems Ltd). Alter-
natively, known positive and negative tissue samples can be used as described
above. Positive results vary from single punctate signals in the nucleus (Fig 3b),
thought to represent single copies of the HPV integrated into the host genome, to
cases that have a diffuse pattern of staining located in the nucleus and cytoplasm
(Fig. 3c).

6 Detection of HPV RNA

There is evidence that HPV RNA in situ hybridisation (RNAscope, Advanced Cell
Diagnostics) shows excellent agreement with the analytical reference test (RT-PCR
for HPV-16, -18, -33 E6/E7 on fresh-frozen tissue; Schache et al. 2013; Mirghani
et al. 2015) and encodes similar prognostic information for patients with oropha-
ryngeal SCC as demonstrated by the other tests described above (Ukpo et al. 2011;
Schache et al. 2013). The technique has several features that make it particularly
useful for the detection of oncogenic HPV: Firstly, the patented hybridisation and
amplification events produce highly sensitive and specific colorimetric signals
(Fig. 3d). Second, the small size of the oligonucleotide probes facilitates the
detection of partially degraded RNA in FFPE tissue. Third, HPV E6/E7 RNA is an
abundant target in infected malignant cells. Fourth, the technique is based on the
detection of HPV RNA, which is the target molecule for the analytical reference test
(RT-PCR for HPV E6/E7 on fresh-frozen material). Nevertheless, the product is
currently a ‘research-use-only’ (RUO) product; however, the manufacturers are
seeking accreditation for clinical use.

In summary, providing the oncology team with the apposite molecular infor-
mation to render a specific diagnosis is a contemporary theme in modern pathology
and underpins the concept of stratified or personalised medicine. For HPV-related
head and neck cancer, there are commercially available reagents with appropriate
accreditation (IVD status, CE marking/FDA approved). Many pathology labora-
tories are able to deliver the tests to internationally recognised standards
(ISO15189:2012). The tests produce consistent results on automated staining
platforms with appropriate analyte controls. External quality assurance is available
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through College of American Pathologists Proficiency Testing/External Quality
Assurance (CAP PT/EQA), UK National External Quality Assurance
Scheme (UKNEQAS) and Nordic Immunohistochemical Quality Control (Nor-
diQC). Tests are interpreted by informed pathologists cognisant of the features of
the tests and the ‘cut-offs’. The tests can be easily incorporated into the laboratory
work flow with relatively short turnaround times. In the context of the patient
pathway, these ancillary tests represent a minimal additional cost. Notwithstanding
the above, it is important that the international community work together to define a
compendium of recommended tests, provide guidance on the selection and inter-
pretation of the tests and the clinical implications of the diagnosis. In the future, as
clinical trials recruiting patients with known HPV status report their findings, it is
feasible that the HPV testing landscape will make the transition from simple
diagnostic tools for use in prognostication to predictive biomarkers, perhaps
mandating less toxic treatment for patients with HPV-related head and neck cancer
and directing targeted intensified therapy for patients with HPV-negative tumours.
The ultimate hope is that this method of molecular classification will drive better
outcomes for patients with head and neck cancer.
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Variation of HPV Subtypes with Focus
on HPV-Infection and Cancer
in the Head and Neck Region

Gunnar Wichmann

Abstract
The human papillomavirus (HPV) comprises a heterogeneous group of
double-strand DNA viruses with variable potential to infect human epithelial
cells and trigger neoplastic transformation. Its 8 kb genome encodes proteins
required for virus replication and self-organized formation of infectious particles
but also for early proteins E6 and E7 able to trigger neoplastic transformation.
E6 and E7 of high-risk (HR) HPV subtypes can bind to p53 or release E2F and
abrogate replication control. Due to variable amino acid sequence (AAS) in the
binding sites of E6 and E7 particular HR-HPV variants within subtypes are
essentially heterogeneous in efficacy triggering neoplastic transformation and
cancer development. This could explain differences in the clinical course of
HPV-driven head and neck cancer.

Keywords
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1 Introduction

Molecular evidence provides support for a role for the human papillomavirus
(HPV), particularly HPV16, to be deeply involved in the pathogenesis not only of
squamous cell carcinomas (SCC) and adenocarcinoma (ADC) of the uterine cervix
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and other anogenital carcinoma but also of a subgroup of head and neck squamous
cell carcinoma (HNSCC), especially those arising in oropharynx (Gillison et al.
2000) and, to be more precisely, in epithelia adjacent to lymphoid tissue of Wal-
deyer’s throat ring, in particular the palatine and lingual tonsils. HPV comprises a
heterogeneous group of double-strand DNA viruses with a variable potential to
infect the epithelia of various parts of the body and cause a variety of diseases and
clinical pictures. The HPV genome consists of a non-coding region Long Control
Region (LCR) and 8 protein-coding genes (L1, L2, E1, E2, E4, E5, E6 and E7)
summing up to a total length of about 7900 base pairs (Smith et al. 2011). HPV is
classified into five groups (A to E), and A (the group of mucosal and genital HPV)
includes the subtypes found to be present in benign and malignant tumors of the
mucosa. The phylogenetic tree of group A includes three sub-entities of HPV
detected in cancer of the uterine cervix, vulva, penis, but also HNSCC. According
to the Papillomavirus Nomenclature Committee, a new HPV type is defined by a
nucleotide sequence (NS) variation of more than 10 % compared to an already
known HPV type in the L1 open reading frame. Those types differing in 2–10 %
are considered subtypes, whereas intratype variants vary by 2 % in the L1 region
(Bernard et al. 1994; Pande et al. 2008). The subgroups of significance for head and
neck cancer are A7 (e.g, HPV18, HPV39, HPV45), A10 (e.g, HPV6, HPV11) and,
of most relevance for HNSCC, A9 with the subtypes HPV16, HPV31, HPV33,
HPV35, HPV52 and HPV58. The HPV subtypes of the three groups essentially
differ in their potential to infect epithelial cells of the stratified epithelium of the
mucosa of the head and neck region and to trigger their neoplastic transformation.
HPV16 is the most relevant for HNSCC and comprises about 90 % of HPV in
HNSCC (Kreimer et al. 2005).

2 Function of Oncogenic HPV Proteins

The HPV genome of about 7.9 kb codes not only for those genes required for the
replication of the virus and self-organized formation of infectious particles but also
encodes for proteins either causing diminished immune responses (E5) or able to
trigger neoplastic transformation of the infected cell. Neoplastic transformation of
epithelial cells is specifically caused by the two HPV proteins E6 and E7 of
high-risk (HR-) HPV subtypes (Muñoz et al. 2003; Klussmann et al. 2009). The E6
and E7 proteins of HR-HPV subtypes have direct stimulatory effects on prolifer-
ation by interaction with regulators of the cell cycle. E6 binds p53 with high affinity
and causes p53 ubiquitinylation and the degradation of this essential regulator
of DNA replication. This abrogates the proliferation control of mutated cells.
E6 of HR-HPV causes degradation of the p63 isoform TAp63b through a
UBE3A-independent mechanism. Since TAp63b activates cell adhesion and focal
adhesion pathways, HP-HPV E6-mediated TAp63b degradation together with p53
degradation contributes to establishment of anchorage independent growth (Khalifa
et al. 2011; McLaughlin-Drubin et al. 2012) and hence might be responsible for
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early metastasis of HPV-driven HNSCC and especially the higher frequency of
local lymph node metastases observed even in small (T1 or T2) primary tumors. E7
by inactivating pRB causes release of E2F, a transcription factor required for
cell-cycle progression and DNA synthesis. E7 additionally induces expression of
the histone demethylases KDM6A and KDM6B. The latter demethylates the
(trimethylated) lysine 27 of histon 3 (H3K27me3) triggering epigenetic changes
at the p16INK4a-ARF locus followed by increased expression of p16INK4a

(McLaughlin-Drubin et al. 2011). However, p16INKa is unable to achieve cell-cycle
arrest in HPV-driven HNSCC due to the E7-mediated pRB inactivation. Other
effects of E6 and E7 from HPV16 are described, e.g, activation of Wnt signaling
(Rampias et al. 2010), and reprogramming of the cellular metabolism including
induction of the Warburg effect (Zwerschke et al. 1999).

3 HPV Subtypes Differ in Their Capability to Infect
Epithelial Cells and Trigger Neoplastic Transformation

In HPV-driven cancer, the replication control of HPV-infected cells is disrupted by
E6 and E7. Due to the different NSs of the HPV genome of various subtypes, they
show also variability in the amino acid sequence (AAS) of their proteins. Espe-
cially, the different AAS of particular HR-HPV subtypes (HPV16, 18, 31, 33, 35,
39, 45, 51, 52, 56, 58, 59, 66) and low-risk (LR-) HPV subtypes (HPV6, 11) in
regions of E6 and E7 involved in binding of p53 and RB, respectively, cause
essential heterogeneity in the capabilities of E6 and E7 of HPV subtypes to trigger
neoplastic transformation of epithelial cells and driving development of cancer.
This means that differences in the AAS of the E6 and E7 proteins of various HPV
subtypes could be responsible for a different oncogenic impact on infected epithelia
and may explain differences in their involvement in either development of HNSCC
or carcinoma of the uterine cervix. For instance, members of the A7 group have a
special tropism for glandular tissue and HPV18 is the most frequently detected type
in ADC of the cervix (Clifford et al. 2003). This means not that HPV18 exclusively
triggers ADC, and a recent publication suggested that HPV18 has the same capa-
bility to trigger both of the histological types of cervical carcinoma, ADC as well as
SCC, and earlier epidemiological findings may be attributable to small case num-
bers in prior investigations and different geographical distribution of HPV18
variants with differences in this regard (Chen et al. 2015). However, ADCs are rare
in the head and neck (9 %; Canto and Devesa 2002) and even more so in the
oropharynx. Therefore, it is no surprise that HPV18 only accounts for 1 % of HPV
detected in the oropharynx, while larynx (3.9 %) and oral cancer (16.0 %) where
more often infected by this subtype (Kreimer et al. 2005). HNSCC positive for
HPV DNA is mostly infected by HPV16 or other members of the A9 subgroup (e.g,
HPV31, HPV33, HPV35; Kreimer et al. 2005). The most often detected HPV
subtype detected in HNSCC is HPV16 (Kreimer et al. 2005) arguing for higher
potential of this subtype to infect squamous cell epithelia not only of the uterine
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cervix (where HPV16 is also the predominant subtype in SCC; Yamada et al. 1997;
Lavezzo et al. 2016) but also of the tonsils where HPV16 accounts for about 90 %
of HPV-DNA positive cases. Target cells for HPV16 in mucosa of the head and
neck region are especially epithelial cells of the tonsillar crypts (Klussmann et al.
2009). Since E6 and E7 of the various HR-HPV subtypes share some but not all
amino acids in their p53 and RB binding sites, they also differ in kind and strength
of their biological effects.

4 Variance Within HPV Subtypes

Variance in the NS and AAS exists not only between but also within HPV subtypes.
Since subtypes are defined by differing in L1 in about of 2–10 % of the NS they
each summarize intratype variants varying up to 2 % of nucleobases in the L1
region (Bernard et al. 1994; Pande et al. 2008), and within the same subtype the
variability in other genes can be even higher. Of particular interest appears to be the
heterogeneity within the HPV16 subtype. Within HPV16, at least 4 variants are
known: African (Af-1, Af-2), Asian-American (AA), and European (E) and
sometimes even more classes are distinguished (Yamada et al. 1995, 1997).
However, the existence of sub-lineages within these variants, e.g. of either the AA
variant (AA1, AA2; Smith et al. 2011) and the E variant (Yamada et al. 1997) has
been proposed.

The existence of variants (or so-called lineages) within the HPV16 subtype is
known right from the early beginning of research on HPV. For instance, HPV16
variant lineages in United States populations were characterized by nucleotide
sequence analysis of the E6, L2 and L1 coding segments and revealed huge
heterogeneity (Yamada et al. 1995). The strongest contrast (highest distance) was
observed in comparison of the variants E (most related to the German HPV16
isolate serving as reference) and the AA variant (Fig. 1; Yamada et al. 1995). There
are lots of variants detected in the genes of regulatory relevance and in L1 and E6
(Fig. 2; Yamada et al. 1995). However, also E7 variants are common (Eschle et al.
1992). Altogether, variants of the HPV16 and potentially also of other HPV sub-
types appear to be a product of co-evolution of HPV and human races further
influenced by several factors including founder effects, varying transmissibility of
the virus, human migration patterns and recombination (Yamada et al. 1997; Jiang
et al. 2009). Thus, it is no surprise that sequence variation in the HPV16 genes L1,
L2, E6, and E7 shows geographical dependence (Yamada et al. 1997). Nowadays,
however, migration causes widespread distribution of the various HPV16 variants,
and in particular in the United States, the infection with more than one variant was
reported in about 20 % of cases with HPV16 detection in women with cervical
intraepithelial neoplasia (CIN) grade 2 or higher (Emeny et al. 1999). Of special
interest may be reports on recombination processes between different HPV subtypes
(Jiang et al. 2009). After simultaneous infection of a woman with HPV6, HPV16 (E
variant), HPV45, and HPV56 the follow-up sample was only found positive for
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HPV16 but due to recombination processes between HPV subtypes new HPV16
variants including HPV16 variants maintaining the E variant sequences in E6 but
carrying Af2 in other genome regions emerged and led to simultaneous presence of
8 HPV16 variants (Jiang et al. 2009).

5 HPV16 Variants Have Variable Carcinogenic Potential

Most findings about variable carcinogenic potential of HPV16 variants come from
research on cervix carcinoma. Women with non-E (including Af2 but predominantly
AA) HPV16 variants have a 4.5 (95 % CI 1.2–16.8) times higher risk to develop
CIN 2/3 lesions than women infected with HPV16 E variants (Xi et al. 1997).

HPV16 classes

European

African 1 

African 2

Asian-American

Fig. 1 Phylogenetic tree of the HPV16 variants identified by Yamada et al. (1995) in the United
States within a sample of 30 HPV16 isolates based on parsimony analysis. Combined sequences
from E6, L2, L1, and the LCR for 30 isolates (including the HPV16 reference [REF.] genome)
yielded in their analyses an alignment of 129 variable positions. The single most parsimonious tree
(157 steps) is shown. Small numbers above branches indicate numbers of steps (reconstructed
point mutations) along the corresponding branch; the horizontal length of each branch is
proportional to the number of steps, while vertical branch length is for layout only. Large numbers
below branches indicate bootstrap values � 90 %. On the right site, the HPV16 classes are
indicated
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In a case-control study, the HPV16 AA variant has also been associated with a
higher risk of cervical cancer than E variants; the risk of cervical cancer was eight
times higher for patients with AA compared to E variants, when compared to a
non-cancer control group (Berumen et al. 2001). Moreover, cancer patients with
HPV16 AA were 7.7 years (P = 0.004) younger than patients with the E variant
(Berumen et al. 2001). The AA variant was found being the most prevalent HPV16
variant (81.8 %) in Taiwan, and despite the probably expected co-evolution that
might have led to adaptation processes, HPV16 AA was also associated with
increased prevalence of histologically confirmed CIN grade 3 or worse in women
from Taiwan (Chang et al. 2013). Compared to detection of HPV16 E the detection
of HPV16 AA was accompanied by an age-adjusted increased odds ratio of 10.7
(1.62–451.05, P = 0.0049; Chang et al. 2013). The same increased risk associated
with the AA HPV16 variant was detected in other investigations including
prospective trials (Schiffman et al. 2010). However, different oncogenic potential of
intra-subtype variants is not limited to HPV16 variants and significant also for other
HR-HPV subtypes, e.g. HPV31, HPV35 and HPV51 (Schiffman et al. 2010).

aa

nt

aa

nt

aa

nt

nt

Fig. 2 Distribution of nucleotide (nt) and amino acid (aa) changes among HPV16 within E6, L2,
and L1 coding sequences and a segment of the LCR. For the coding regions, the beginning and
ending nucleotide positions are indicated below the lines to the left and right, respectively; the
beginning and ending residues of the predicted amino acid sequences are indicated above the lines.
Vertical bars below the lines represent the positions of nucleotide substitutions, while vertical bars
above the lines represent predicted amino acid changes. For the LCR, the beginning and ending
nucleotide positions are indicated to the left and the right of the line, while bars through the line
represent the positions of nucleotide substitutions (from Yamada et al. 1995, modified)
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Non-prototype HPV16 variants are associated with higher incidence of cervical
neoplasia (Xi et al. 1997). Experimental findings revealed that HPV16 E6 amino
acid 83 variants enhance E6-mediated MAPK and differentially regulate tumori-
genesis by Notch signaling and oncogenic Ras (Chakrabarti et al. 2004). Related to
extensive mutations in the E2 gene the copy number of AA variants per cell is
higher than that of E variants (Casas et al. 1999), suggesting that AA variants
replicate better than E variants. Since E2 is known to be a regulator of E6 and E7
transcription, this higher mutational level can also contribute to the more aggressive
phenotype of AA variants. The European variant T350G, resulting in an amino acid
change from leucine to valine at position 83 (L83V) in the E6 protein, is frequently
found in cervical intraepithelial neoplasias and cancers and has been associated with
progression to cervical cancer particularly in North European women (Zehbe et al.
1998). A recent study from Argentina about HPV16 variants in cervix carcinoma
highlighted the most common mutation in the E6 sequences was T350G (L83V),
detected in 67 % of the samples, to be associated with increased risk of persistent
HPV16 infection (Mosmann et al. 2015). However, the strongest impact on
oncogenic activity is caused of the HPV16 AA variant and triggered by their E6
that has some amino acid exchanges promoting cellular immortalization, under-
going transformation to resilient phenotypes, and promoting migration and inva-
siveness (Niccoli et al. 2012). The E6 protein of HPV16 AA alone is, as shown by
in-vitro experiments utilizing keratinocytes solely transfected with the E6 protein of
HPV16 AA (Jackson et al. 2014), able to deplete p53 and trigger p16INK4A

expression, which is in sharp contrast to E6 from HPV16 E variant.

6 HPV16 Variants in HNSCC

There are only a few reports about HPV16 variants in HNSCC. In a study analyzing
21 HPV16 positive HNSCC from German patients (Hoffmann et al. 2004), only 6
of 21 (29 %) contained the HPV16 prototype sequence, while 8 of 21 (38 %)
patients carried a T to G transversion at position 350 (T350G) in the E6 gene, and
another 7 of 21 patients (33 %) carried the A131G (R10G in E6) variant together
with the C712A mutation (H51N in E7). Since both E6 variants, R10G and L83V,
have higher oncogenic potential than the prototype and were found enriched in this
small cohort of HPV16-DNA positive HNSCC patients, HPV16 variants might also
play an important role in head and neck carcinogenesis. Unfortunately, investiga-
tions on HPV16 variants in HNSCC, with the exception of the cited study from
Markus Hoffmann and colleagues (Hoffmann et al. 2004), are missing. Nothing is
known about their impact on development of HNSCC, treatment response and
impact on outcome after treatment. Future investigations on HPV in HNSCC
should no longer ignore the potentially very different oncogenic behavior of HPV16
variants that could be one cause for heterogeneity of HPV16 positive HNSCC in
their clinical course. Due to geographically distinct patterns of HPV16 variants in
cervical lesions (Yamada et al. 1997) and their well-known varying strength in
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biological effects they are causing, at least some of the differences observed also in
the epidemiology of HPV16-driven HNSCC in various regions of the world could
be explained. HPV16 positive HNSCC in Asia, Africa, South America and Europe
might not be exactly the same as HPV16 positive HNSCC in the United States; they
might not be caused by the same HPV16 variants. In the context of the different
genetic background of the affected populations also the varying HPV16 variant
patterns are expected to be strong modifiers of the respective immune responses to
HPV16 infection. Vulnerability for infection with particular HPV16 variants
depends on the genetic environment, and persistence of HPV-infection can increase
the oncogenic effect of HPV16 and strongly influence the natural course of
HPV-driven disease. This might at least partly explain some outcome differences
observed in HPV-driven HNSCC. Therefore, investigations on the relevance of
HPV16 variants in HNSCC are encouraged.
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Tumor Staging and HPV-Related
Oropharyngeal Cancer

Claus Wittekindt and Jens Peter Klussmann

Abstract
The current TNM staging for oropharyngeal cancer (OSCC) was designed
empirically for non-HPV-related disease. Emerging evidence suggests it is
unsuited for Human papillomavirus (HPV)-related OSCC. Patients with
HPV-positive tumors have improved prognosis, despite presenting at advanced
stages. These shortcomings of the current staging system have been identified in
single- and multi-institutional trials. Patients with HPV related OSCC typically
present with advanced N-stages leading to higher stage groupings. A rarity of
stages I and II therefore represents the nature of HPV-related OSCC. Concerning
prognosis of the patients, N-category and extracapsular spread seem to be of
minor importance, whereas advanced T-stages result in unfavourable outcome.
Anatomical staging therefore has been implied into different proposals to
prognostic risk classifications in HPV-related disease as an additive compound.
Prognostic risk groupings are further enhanced by incorporating non-anatomical
factors. To summarize, it can be suggested that the current TNM system alone
has little prognostic value in HPV-related OSCC.
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1 Introduction

Staging is essential for successful management of head and neck cancer patients. It
is the quintessence of diagnosis, treatment planning, application of therapeutics
from a multidisciplinary approach, follow-up, and scientific investigation. The 7th
edition of the TNM classification of the International Union Against Cancer (UICC)
and the American Joint Committee on Cancer (AJCC) has been published in 2010
(Edge and Compton 2010). The system follows the tumor–node–metastasis
(TNM) format (Table 1), and provides an overall disease stage from I to IV
(Table 2), which helps treatment guidance and is able to predict prognosis. His-
torically, the most important staging component in terms of survival is the presence
of nodal metastases at time of diagnosis, which is reported to reduce 5-year survival
rates up to 50 % (Argiris et al. 2008). The incidence of carcinomas of the
oropharynx (OSCC) has dramatically risen over the past decades, and is predicted
to continue to rise. Risk factors include mainly tobacco and alcohol consumption, in
the Western World both are reported to decline. OSCC driven by oncogenic human
papilloma virus (HPV)-infections have been identified and are thought to be
responsible for the dramatic increase of OSCC incidence rates in these last three

Table 1 TNM staging in OSCC

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor = 2 cm in greatest dimension

T2 Tumor > 2 cm but not more than 4 cm in greatest dimension

T3 Tumor > 4 cm in greatest dimension or extension to lingual surface of the epiglottis

T4a Tumor invades the larynx, deep/extrinsic muscle of the tongue, medial pterygoid, hard
palate, or mandible

T4b Tumor invades lateral pterygoid muscle, pterygoid plates, lateral nasopharynx, or skull
base or encases the carotid artery

Regional lymph nodes (N)

NX Regional nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis in a single ipsilateral lymph node = 3 cm in greatest dimension

N2a Metastasis in a single ipsilateral lymph node > 3 cm but not more than 6 cm in greatest
dimension

N2b Metastasis in multiple ipsilateral lymph nodes, none > 6 cm in greatest dimension

N2c Metastasis in bilateral or contralateral lymph nodes, none > 6 cm in greatest dimension

N3 Metastasis in a lymph node > 6 cm in greatest dimension

Distant metastasis (M)

M0 No distant metastasis

M1 Distant metastasis
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decades. The TNM staging system was established before HPV-driven OSCC has
been identified as a distinct disease entity. HPV-positive OSCC typically presents at
advanced TNM stages, because of early presence of nodal metastasis and therefore
might be expected to result in unfavorable outcome. However, numerous studies
reported survival rates for advanced stage OSCC cases that far exceed a 50 %
survival rate, independent of treatment modality (Ang et al. 2010; Hong et al.
2010). Accordingly, only few published studies adress whether classical TNM
staging accurately predicts survival in HPV-positive OSCC patients. This chapter
describes the literature on the prognostic value of the current TNM staging system
in the era of HPV-driven OSCC.

2 Clinical Differences in HPV-Related OSCC

In addition to molecular-genetic differences, different epidemiology and etiology,
HPV relation in OSCC affects the clinical presentation of the patients. For example,
secondary primary tumours are reported to be rare in patients with HPV-positive
OSCC (Jain et al. 2013), possibly influencing the outcome and recommendations
for screening and follow-up in this group of patients. In a retrospective work-up of
232 patients 64 % of toxicity and failure events occurred within the first 6 months
of follow-up and the event incidence at each subsequent follow-up has been
reported to be below 2 (Frakes et al. 2016). However, some differences reported
between HPV- and non-HPV related cohorts are inconsistent. In some published
series, patients with HPV-positive cancers were younger (Smith et al. 2004;

Table 2 Cancer stage
grouping in OSCC

Stage T N M

0 Tis N0 M0

I T1 N0 M0

II T2 N0 M0

III T3 N0 M0

T1 N1 M0

T2 N1 M0

T3 N1 M0

IVA T4a N0 M0

T4a N1 M0

T1 N2 M0

T2 N2 M0

T3 N2 M0

T4a N2 M0

IVB T Any N3 M0

T4b N Any M0

IVC T Any N Any M1
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Klussmann et al. 2003), however, in other reports, the patients were older (Lindel
et al. 2001). Summarized, patients with HPV positive OSCC probably are younger
by approximately 5 years when compared with HPV negative patients. According
to gender, men are reported to be at equal risk to women, however, slightly higher
proportions of males or females in HPV-positive OSCC patients have both been
reported. The majority of HPV-positive tumors usually arise from the lateral and
anterior wall of oropharynx, compared with other anatomic subsites. Histopatho-
logically, HPV-positive tumors tend to reveal a poorly differentiated, frequently
basaloid and nonkeratinizing histology. The patients have commonly a shorter
history of tobacco and alcohol consumption and usually have a better performance
status compared to the HPV-negative patients.

3 TNM Staging: Clinical Presentation in HPV-Related
OSCC

A common presentation of HPV-related OSCC is represented by a small primary
tumor along with advanced nodal disease (Fig. 1). Nodal disease in HPV-related
OSCC is often predominantly cystic on imaging (Goldenberg et al. 2008). How-
ever, HPV-positive OSCC have also been reported to have lower T-category
(Porceddu et al. 2011) or to show no difference in size of the primary tumor
(Hafkamp et al. 2009). Concerning regional metastases, most studies have noted
higher nodal involvement in HPV-positive tumors but some authors have found no
difference in N classification. In the majority of published papers HPV-related

(a) (b)

Fig. 1 Clinical presentaion of HPV-related OSCC typically includes a small primary tumor (a) in
combination with advanced regional disease (b)
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OSCC presents with a more advanced clinical stage, particularly with higher nodal
involvement, when compared to non-HPV driven counterparts. According to this,
HPV-related primary tumors may remain clinically occult, and often present with
lymph node metastases only. For instance, tonsil SCCs are long known to present
with early lymph node metastases (Thompson and Heffner 1998).

In our series of consecutive patients between 2000 and 2009, HPV-positive
tumors had more often limited T-stages and advanced N- and M-stages (Table 3).
In a further analysis of 266 patients, the differences of TNM staging according to
HPV status has also been described. Patients with HPV-positive tumors were more
likely to present with stage III/IV tumors (HPV-positive 93 % vs. HPV-negative
65 %; p < 0.001). A difference in T-classification was respectively not described,
however, advanced stage HPV-positive OSCC were more likely to be either T1 or
T2 than those that were HPV-negative (Ward et al. 2015). In agreement with both
reports, the advanced stage in HPV-related OSCC is predominantly a result of
nodal involvement. The study population of a large cohort treated with radiotherapy
with or without chemotherapy consisted of 573 HPV-related OSCC yielding AJCC
stages: I/n = 8; II/n = 25; III/n = 79; IV/n = 461). This fact later has been criti-
cised, because only eight (1 %) patients had stage I disease and 25 (4 %) patients
had stage II disease, which raised the question of whether the sample sizes for
stages I and II were adequate. However, this rarity of stage I and II may particularly
represent the nature of HPV-related OSCC. In a different analysis of almost 2000
OSCC patients, only 2 and 4 % were stage I and II, and stage I and II were also
uncommon among >13,000 OSCCs in the SEER database (Setton et al. 2015;
Keane et al. 2015).

Table 3 Tumor characteristics according to HPV-association (n = 396)

All
(N = 396)

HPV-unrelated
(N = 305)

HPV-related
(N = 75)

p-value*

N % N %

T-stage

T1-2 187 (47.2 %) 132 72.1 51 27.9 0.009

T3 88 (22.2 %) 76 87.4 11 12.6

T4a/b 115 (29.0 %) 93 88.6 12 11.4

Unknown 6 (1.5 %)

N-stage

N0 103 (26.0 %) 88 88.9 11 11.1 0.010

N+ 283 (71.5 %) 209 76.8 63 23.2

Unknown 10 (2.5 %)

M-stage

M0 341 (86.1 %) 268 81.5 61 18.5 0.203

M1 26 (6.6 %) 17 70.8 7 29.2

Unknown 29 (7.3 %)
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4 TNM Staging as Prognosticator in HPV-Related OSCC

When describing classical prognostic factors in cohorts of OSCC patients, TNM
classification, the number of involved nodes, and extracapsular spread, smoking,
and performance show the most important influence on survival of the patients.

In a published series of 170 patients, Klozar et al. described that after adjustment
for HPV, age, gender, smoking, alcohol consumption, and location of the tumor,
only HPV and pT maintained statistical significance. After all, the authors con-
cluded that none of the studied prognostic factors was significant in the group of
patients with HPV-positive OSCC. According to this study, the characteristics of
the extent of the disease in general and of regional lymph node metastasis in
particular are probably not important for the outcome of HPV OSCC patients
(Klozar et al. 2013). Particularly, for tonsil cancer patients, the N-stage has also
been shown to be insignificant for the outcome in a series of 84 patients (Rahmati
et al. 2015). In a cohort of 573 OSCC patients treated without surgery, Huang et al.
reported lower 5-yOS in patients with higher TNM stages only in HPV-unrelated
OSCC (stage I-70 % vs. Stage IV-30 %; P 0.004) but not for patients with
HPV-related OSCC (stage I-88 % vs. Stage IV-74 %; P 0.56). Regarding only
T-stages in HPV OSCC, the 5y OS rates only showed significant difference
between T3 and T4 (74 % vs. 52 %). Survival rates also did not differ between N0
and N1, and N2a and N2b. The authors concluded that a recursive partitioning
analysis may lead to new TNM stage groupings for HPV-related OSCC (Huang
et al. 2015). In a published cohort of 211 patients with p16 positive OSCC that
were all treated by surgery, pT4-stage was the strongest predictors of poor disease
free-survival. Smoking, and multilevel node involvement were less important
influencing factors for the outcome, in line with this, extracapsular spread, N stage,
and involved margins did not reveal any prognostic significance (Haughey and
Sinha 2012). In a further retrospective cohort of 266 patients treated with and
without ablative surgery, TNM staging accordingly was only prognostic in
HPV-negative OSCC. In HPV positive OSCC only T classification was prognostic.
The Hazard ratio for death in this sample was 3.31 for T4 stage when compared to
T3. Notably, there was no difference in survival of surgically treated patients
according to whether they received adjuvant therapy and patients with
HPV-positive OSCC had significantly better survival, regardless of treatment
modality (Ward et al. 2015). According to this, the authors concluded that the
current TNM system has little prognostic value in HPV-related OSCC.

When calculating the outcome in our own series of 379 patients acccording to
AJCC stages, it turned out that also, regardless of HPV status, not all possible
comparisons between stages turned out to deliver significant differences in survival.
The groups were also clearly imbalanced and stage II turned out better than stage I.
In HPV-related OSCC the AJCC stages showed no differences concerning survival
even after merging close groups (Table 4). When calculating the outcome
according to T- and N-categories we were able to show significant differences
beween Kaplan Meier-curves. Dichotomizing the patients according to their
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T-stages into non-advanced (T1-2) and advanced (T3-4) local disease led to sig-
nificant difference in survival (Fig. 2). Merging all possible groups of patients
according to N-stage never led to significant differences. Best discriminative power
was reached when comparing N0-2a with N2b-3, however, the log rank-test did not
produce a significant difference. Extracapsular spread (ECS) is commonly used to
justify adjuvant chemotherapy in patients with head and neck cancer. The role of
ECS as a prognosticator and adjuvant therapy determinant in surgically resected,
HPV-related OSCC has been determined in 152 patients that were treated with
transoral laser microsurgery. After matched analyses, the presence of ECS or even
soft tissue metastasis demonstrated no significant reduction in survival for the
presence of ECS nor for the administration of adjuvant radiotherapy alone versus
concurrent adjuvant chemoradiation in ECS-positive patients (Sinha et al. 2012).

Finally, the changing prognositc significance of tumor stage and nodal
involvement has been shown in >13,000 patients who were diagnosed with OSCC
from 1997 to 2008 in a population-based cohort with an increasing effect of the T
stage and a declining effect of the N stage over time. The authors concluded that
these changes reflect the increasing prevalence of HPV-related OSCC (Keane et al.
2015). In conclusion, it can be supposed that the current TNM system per se has
reduced prognostic value in HPV-positive OSCC patients when compared to

Table 4 Risk factors and survival in patients with HPV-related OSCC

Patients with HPV-related OSCC (n = 75)

n 5-YOS (95 %) Log-Rank HR (95 %CI)

Age

Old (� 60) 37 61.1 0.006 1

Young (< 60) 38 94.6 0.295

Comorbidity

(ECOG 2-4) 22 50.6 0.008 1

(ECOG 0-1) 52 88.3 0.334

UICC-stages

Stage I-III 27 92.6 0.222

Stage IVa 35 76.4

Stage IVb-IVc 12 58.3

Stage I 4 100.0 0.159

Stage II 5 80.0

Stage III 18 94.4

Stage IVa 35 76.4

Stage IVb 5 80.0

Stage IVc 7 42.9
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non-HPV-related OSCC cases. There is mutual consent on (A) a lesser significance
of N-stages and (B) a sustained significance of advanced T-stages for the outcome
of the patients. Nevertheless, it is still important to perform reliable and accurate
pretreatment clinical staging in patients with OSCC of both etiologies. The dis-
criminatory power between the distinct TNM and UICC stages is yet reduced in
HPV-OSCC.

5 TNM Staging in Risk Models

An increasing body of evidence suggests that specific information about HPV status
and other patient characteristics including TNM stages have to be taken into account
into tailored OSCC cancer therapies. Bevore the age of HPV defining the dominant
risk factor in OSCC, different prognostic groups with regard to locoregional control
were derived from recursive partitioning analysis (RPA) in 801 patients from the
Netherlands. The authors final model resulted in three different risk groups: Class I
(intermediate risk: <N3, free surgical margins, no ECS), Class II (high risk: N1 ECS
+, T1, T2, or T4 tumors with close or positive surgical margins), or Class III (very
high risk: N3 neck, >N2b ECS+, T3 with positive surgical margins). The 5-year
local control rates were reported to be 88, 73 and 58 % (Langendijk et al. 2005).
Later, in 2010, The publication of the RTOG 0129 study proposed a stratification
algorithm, combining HPV, T-stage, N-stage and smoking history, to assign patients
into different prognostic groups (Ang et al. 2010). This single-cohort based algo-
rithm, based on patients treated within a randomized trial, including mainly patients

(a) (b)

T1-2 vs. T3-4 N0-2a vs. N2b-3

Fig. 2 Survival functions in HPV-related OSCC according to T-stage (a) and N-stage (b).
Merging T1-2 and T3-4 led to significant diffferences. Best differences for N-categories was
received after comparison of N0-2a versus N2b-3, however, the differences turned out to be not
significant
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with locally advanced tumors and with limited comorbidity was able to discriminate
patients according to their risk of failure.

The phase III trial of the Radiation Therapy Oncology Group (RTOG 0129)
revealed no differences in the OS between accelerated fractionation and standard
fractionation when combined with concurrent high-dose cisplatin. In addition, the
investigators were able to divide patients into categories of low, intermediate or
high risk of death from RPA analysis. The RPA model consisted of HPV status,
smoking history and TNM stages. Precisely, in patients with HPV-related OSCC,
the number of pack-years of tobacco smoking (� 10 versus >10) and nodal stage
(N0 to N2a versus N2b to N3) were additional determinants of OS rates (Ang et al.
2010). This model has later been validated by an Italian group. In 120 patients that
were treated without surgery the 2y-OS estimates were 100, 86, and 70 %.
A concordance index of 0.70 has been reported for both patient samples (Granata
et al. 2012). However, the risk model according to Ang was primarily based on a
clinical trial population, and patients with severe comorbidity were excluded.
Moreover, cigarette smoking habits differ worldwide. We adopted the risk model
according to Ang to our series of unselected patients and found heavily imbalanced
group sizes and no discriminative power between the intermediate- and high-risk
groups (unpublished data).

Unselected patients that were treated with radiotherapy or radiochemotherapy
were evaluated to refine stages and prognostic groups in Canada and have been
published in 2015 (Huang et al. 2015). For HPV related OSCC cases RPA analysis
was performed with stages and nonanatomic factors. TNM stages led to RPA
groups I (T1-3N0-2b), II (T1-3N2c), and III (T4 or N3) with 5y-OS rates of: 82, 76,
and 54 %, respectively. A further RPA model including TNM stages, age, smoking
derived the following four prognostic groups for survival: group I (T1-3N0-N2c_
20 PY), group II (T1-3N0-N2c_ 20 PY), group III (T4 or N3_age 70), and group
IVA (T4 or N3_age 70) with distinct survival rates. The authors conclude that new
RPA-based TNM stage grouping can be proposed for HPV-related OSCC.

Series of unselected patients treated with different treatment modalities and with
large heterogeneity in terms of stages, demographics and comorbidities were also
published. An externally validated graphic normogramm has been published in
2014 with predictors for unfavorable outcomes being HPV-negativity, comorbidity,
T3–T4 stage, N2b–N3 stage, male gender, lower hemoglobin levels and smoking
history of more than 30 pack years. Hazard ratios for death were
HPV > T3 > N2b-N3 > male gender > comorbidity > T4 in this series. Notably,
Hazard ratios for smoking and alcohol consumption were nearly 1.0 The authors
concluded that combining tumor HPV status with other important prognostic fac-
tors, including TNM were significantly better than those obtained with TNM alone
or HPV status alone (Rios Velazquez E et al. 2014). Later, the validation of this
model using a single-institutional cohort of 235 patients has been published with
model variables including HPV, comorbidity and nodal stage. The 5-year OS
estimates were approximately 85, 55 and 30 % in the low-, intermediate- and
high-risk group (Rietbergen et al. 2015). The decision tree has been published in
2014, notably, in HPV-related OSCC only comorbidity stratifies patients into low
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or intermediate risk groups on not TNM stages (Rietbergen et al. 2013). In our own
series of patients, the dominant risk factors for favorable outcome in OSCC were
HPV and performance (ECOG 0-1). RPA modeling led to three risk groups in
OSCC when adding information on T- and N-stages with high discriminative power
in unselected patients treated with surgery or non-surgical therapy after shared
decision making.

To conclude, a separate staging system is needed for HPV-related OSCC,
because the cohorts are fundamentally different in the survival performance. New
stage grouping schemes are proposed with help of RPA analyses. All published
schemes that included nonanatomical information outperformed TNM stages.

6 Conclusions

Patients with HPV-related OSCC are fundamentally different concerning survival.
The Literature data supports that the current anatomic staging system for OSCC
patients has it’s shortcommings for HPV-related OSCC as a prognostic tool.
However, for HPV-related OSCC, advanced T stage still seems to be a useful
prognostic marker. New stage grouping schemes that include anatomical TNM
stages and non-anatomical markers are currently under investigation.
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Human Papillomavirus (HPV):
A Criterion for Therapeutic Decision
in Squamous Cell Carcinoma
of the Head and Neck?

Jan B. Vermorken

Abstract
When deciding how to treat patients with squamous cell carcinoma of the head
and neck (SCCHN), several factors have to be taken into account: disease
factors, patient factors, treatment factors, and the wish of the patient. This
symposium article is summarizing the information on HPV (p16) in the context
of decision making in SCCHN patients with locoregionally advanced disease
and those with recurrent/metastatic disease. The literature data suggest that HPV
(p16) has prognostic significance, both in locoregionally advanced disease
(in particular, in oropharynx cancer) and in recurrent/metastatic disease, while
there are only limited data on its predictive significance. Results of HPV (p16)
testing should not change management outside clinical trials.

Keywords
Decision making � Human papillomavirus � P16 � Prognostic factor � Predictive
factor � Cetuximab � Panitumumab � Radiotherapy � Chemotherapy

1 Introduction

The traditional risk factors for squamous cell carcinoma of the head and neck
(SCCHN) include, among others, tobacco use, alcohol use, and poor oral health.
Recently, human papillomavirus (HPV) infection, in particular with HPV-16, has
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emerged as a novel risk factor, and its prevalence in oropharyngeal carcinomas
(OPCs) is growing in various countries, but with substantial geographic variation.
Although HPV is found in SCCHN in many anatomical sites, HPV-16-induced
carcinogenesis usually occurs in the oropharynx (Kreimer et al. 2005; D’Souza
et al. 2007), which contains multiple structures that promote HPV-induced
malignant transformation. HPV-associated OPCs have a different molecular profile
(p16 overexpression, wild-type p53) compared to HPV-negative tumors (high
burden of mutations, specifically p53 mutations, normal or suppressed p16)
(Rampias et al. 2013). Patients with HPV+ (p16+) OPC have a different risk factor
profile compared to their HPV-negative counterparts, and they tend to be younger,
often have a different clinical presentation (early T stage with more extensive nodal
involvement), but despite this they show a better prognosis, particularly in the
locoregionally advanced disease setting (Ang et al. 2010; Rischin et al. 2010).

2 Decision Making

Diagnosis and treatment of SCCHN is a multidisciplinary challenge. It seems
therefore self-evident that when a variety of professionals involved in the treatment
of head and neck cancer patients sit together in multidisciplinary tumor boards, they
will improve decision making and as results of that ultimately will improve patient
management and outcome (Ruhstaller et al. 2006; Friedland et al. 2011). In that
decision-making process, factors that need to be taken into account are as follows:
(1) disease factors, such as disease site, stage of the disease, the biology of the
disease (both HPV and the epidermal growth factor receptor [EGFR] are playing a
role), and specific risk factors for locoregional relapse (such as deep invasion, soft
tissue involvement, positive margins) or distant relapse (multiple lymph nodes
involved and extracapsular extension [ECE]); (2) patients factors, such as age, sex,
performance status, nutritional status, comorbid chronic disease, oral health, life-
style habits, and socioeconomic status; (3) treatment factors (surgery, radiotherapy,
chemotherapy, targeted therapy, and immunotherapy), each with their typical side
effects; and (4) what the patient wants (it has become clear that survival is of
paramount importance to the patient, overshadowing associated toxicities and
potential dysfunction) (Gregoire et al. 2010; List et al. 2004). Also, the attitude of
the patient in this decision making, being negative or positive, is extremely
important. It has become increasingly apparent that patients need emotional sup-
port, not only to navigate through their cancer journey, but also to successfully
integrate back into society and daily life (Reich et al. 2014). Acute toxicity, but
even more late toxicity assessment, is becoming more and more of an issue, as well
as quality of life of the survivors (Bentzen and Trotti 2007; Haddad and Shin 2008).
This symposium article is summarizing the information on HPV (p16) in the
context of decision making in SCCHN patients with locoregionally advanced
disease and those with recurrent/metastatic disease.
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3 Locoregionally Advanced SCCHN

Current data suggest that the HPV status is the strongest prognostic variable in
locoregionally advanced (LA)-OPC. The prognostic significance of HPV is illus-
trated in Table 1, showing hazard ratios of survival in the range of 0.20–0.40 (a
reduction in the risk of death of 60–80 %) when comparing HPV/p16 positive
cohorts vs HPV/p16 negative cohorts in studies using different forms of treatment
in OPC patients, and in some studies that also include other disease sites at the same
time (Ang et al. 2010; Rischin et al. 2010; Gillison et al. 2000; Licitra et al. 2006;
Fakhry et al. 2008; Lassen et al. 2010; Posner et al. 2011; Rosenthal 2014). The
data from the Radiation Therapy Oncology Group (RTOG) 0129 trial have been
instrumental and are most frequently quoted. Ang et al. reported that HPV (p16)-
negative status, >10 pack-year tobacco exposure, T4, and N2b-N3 were adverse
predictors for overall survival and progression-free survival for OPC in that study
(Ang et al 2010). Further analysis revealed three groups of different outcome: a low
risk group with a 3-year overall survival (OS) rate of 93.0 % (95 % confidence
interval [CI], 88.3 to 97.7 %), an intermediate risk group with a 3-year OS rate of
70.8 % (95 % CI, 60.7 to 80.0 %), and a high-risk group with a 3-year OS rate of
46.2 % (95 % CI, 34.7 to 57.7 %). HPV (p16) positivity appeared to be associated
with improved locoregional control (LRC), but not necessarily with improved
distant control, suggesting that improved LRC is a major determinant of survival in
HPV-positive LA-OPC (4). Also, as expected, there were significantly less second
primary tumors in the HPV (p16)-positive patient cohort in that study, 5.9 % at
3 years versus 14.5 % in the HPV (p16)-negative cohort (p = 0.02).

The colleagues at the Princess Margaret Cancer Center in Toronto came to
similar conclusions when performing a retrospective analysis of 624 stage III/IV
OPC patients treated with radiotherapy alone or concurrent chemoradiotherapy
(CCRT) in their institute for whom they had p16 data (Huang et al. 2013). Local
control, regional control, and overall survival were all significantly improved in the
p16-positive cases versus the p16-negative cases at 3 years (p < 0.001). In addition,

Table 1 Prognostic significance of HPV in locoregionally advanced SCCHN

Authors Year No.pts Subsite % HPV Treatment HR

Gillison et al. 2000 252 H&N 25 Surg a/o RT 0.40

Licitra et al. 2006 90 OPC 19 Surg ± RT 0.26

Fakhry et al. 2008 96 Lar/OPC 40 ICT → CCRT 0.36

Lassen et al. 2010 331 Lar/Phar* 25 RT ± Nimorazole 0.34

Rischin et al. 2010 185 H&N 57 CCRT ± TPZ 0.36

Ang et al. 2010 316 OPC 68 CCRT 0.33

Posner et al. 2011 111 OPC 50 ICT → CCRT 0.20

Rosenthal 2014 182 OPC 41 RT ± cetuximab 0.27

H&N all subsites included; OPC oropharyngeal cancer; Lar laryngeal cancer
Phar pharyngeal cancer; Surg surgery; RT radiotherapy; ICT induction chemotherapy; CCRT
concurrent chemoradiotherapy; *74 patients with OPC (p16-positive in 32 %); TPZ tirapazamine
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they focused their interest on the risk of developing distant metastases rather than
survival outcome alone. Not only was the natural course of the distant metastases
different, i.e., distant metastases in p16-positive OPC can occur later than what is
usually seen in the p16-negative cases, but they also noticed that the occurrence of
distant metastases was significantly associated with T4 category disease, the degree
of nodal involvement, and, moreover, showing the same relationship with smoking
history as observed in RTOG trial 0129, reported by Ang et al. (vide supra). The
risk of distant metastases in T1-T3, N0-N2a disease seemed rather low both in
heavy and light smokers, but a smoking history of >10 pack-years was important in
N2b disease, while patients with N2c and N3 disease were at risk of distant
metastases irrespective of smoking history (O’Sullivan et al. 2013). The colleagues
from Princess Margaret Hospital also reported on differences in the type of distant
metastases and the consequences thereof. In the p16-negative cases, distant failure
is mostly seen in the lung, followed in frequency by metastases to bone and liver,
and in general, these metastases are considered incurable. In the p16-positive cases,
two types of distant metastases can be distinguished, i.e., the so-called dissemi-
nating type, occurring in multiple organs and in unusual sites, and the so-called
indolent phenotype, which still might be cured with salvage procedures (surgery,
chemotherapy, or radiation) (Huang et al. 2013).

Although the prognostic importance of HPV for OPC is irrefutable, the impact of
the HPV status on treatment response is less established. Retrospective subanalyses
in randomized trials are not conclusive on a specific benefit of one particular
treatment over the other in HPV-positive OPC patients (Rischin et al. 2010; Lassen
et al. 2010). In the DAHANCA 5 study, the benefit of nimorazole only seemed to
be present in the p16-negative cohort, and in the TROG 02.02 phase III trial, there
was only a trend favoring the tirapazamine arm for improved locoregional control
in p16-negative patients. Because of these rather limited and unconfirmed data, the
predictive significance of HPV status in patients with LA-OPC needs further study.

Therefore, it should be concluded that the HPV status does not currently alter the
management of patients with LA-OPC. In fact, there are no guidelines for the
treatment of HPV-positive OPC, neither in the USA nor in Europe. However, there
are some proposed strategies, one of which is the use of induction chemotherapy
(which had showed to be more efficacious in HPV-positive OPC than in
HPV-negative OPC in a prospective trial (Fakhry et al. 2008) to select those patients
who might need less intensive locoregional treatment afterward. This concept was
studied in Eastern Cooperative Oncology Group (ECOG) trial 1308, originally
presented at ASCO 2014, and more recently updated at ASCO 2015 (Cmelak 2015).
ECOG 1308 allowed dose reduction of the intensity-modulated radiation therapy
(IMRT: (54 Gy/27fx + cetuximab weekly) in HPV-positive resectable stage III or
IV OPC patients if a complete clinical response were obtained to 3 cycles of
induction chemotherapy, which consisted of cisplatin 75 mg/m2 day 1, paclitaxel
90 mg/m2 day 1, 8, and 15, and cetuximab 250 mg/m2 day 1, 8, and 15, given at
3-week intervals. Those patients who achieved only a partial response or remained
stable received full dose of bioradiotherapy (IMRT 69.3 Gy/33fx + cetuximab). The
update reported on the symptom reduction observed in those patients, using the
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Vanderbilt Head and Neck Symptom Survey version 2 [VHNSS V2] at 6 months
and 12 months compared to baseline. Difference in difficulty swallowing solids
(35 % vs 100 %) reached statistical significance (p = 0.01). A composite analysis
evaluating moderate-to-severe symptoms at 12 months for any of the 3 clusters
(difficulty swallowing solids, dry mouth, and taste/smell changes) was 70 % vs
100 %. The conclusion of the investigators was that a 15 Gy dose reduction seemed
to be able to meaningfully reduce some late toxicities without compromising efficacy
(Cmelak 2015). It should be mentioned that the observation time to make a final
conclusion on efficacy is rather short to allow for a definitive conclusion. Another
deintensification study that makes use of induction chemotherapy (ICT) is the
Quarterback Trial. In this trial, stage III and IV HPVOPC patients receive 3 cycles of
ICT with docetaxel, cisplatin, and 5-FU [TPF]; when CR/PR is achieved, then
patients are randomized to receive 56 or 70 Gy, and when no response is obtained,
patients receive standard CCRT. Another approach is using radiotherapy alone
rather than CCRT, as done in the ADEPT trial. In this trial, patients with T1-4a, N
+ (ECE+) HPVOPC, and negative margins after transoral robotic surgery are ran-
domized to receive RT alone vs CCRT with cisplatin. Finally, the use of bioradiation
[BRT] instead of CCRT is investigated in order to study whether BRT leads to less
acute and late toxicity. This latter approach is being studied in three studies around
the world: RTOG 1016 in the USA, the DeESCALaTE study in UK, and the TROG
12.01 study in Australia. Most likely, the last three studies will be combined for
specific analyses. However, again the efficacy outcome data will take many years.
Future clinical trials in LA-OPC should at the very least stratify by HPV status.
Ideally, HPV+ and HPV− groups should be evaluated in separate trials.

4 Recurrent/Metastatic SCCHN

Factors that should be considered when choosing a treatment option in patients with
recurrent/metastatic (R/M)-SCCHN are as follows: the type of relapse (only local,
only regional, local and regional, only distant metastases, or distant metastases with
locoregionally recurrent disease), the time interval between the treatment of the
primary disease and the relapse is detected, the type of treatment that the patient
received in the curative setting, the performance status at the time of relapse, the
presence of relevant comorbid disease, the patients preference, and the institute
where the patient is going to be treated (Vermorken 2005). More recently, it became
clear that also the HPV (p16) status might be of influence in the recurrent/metastatic
disease setting.

Fakhry and colleagues reported on a retrospective analysis of the association
between tumor p16 status and overall survival (OS) in stage III/IV OPC patients
who progressed locally, regionally, and/or at distant sites after having been enrolled
onto RTOG trials 0129 and 0522 and failing platinum-based CCRT. Tumor p16
expression was evaluated by immunohistochemistry (IHC), and p16 expression was
scored as positive if strong and diffuse nuclear and cytoplasmic staining was present
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in at least 70 % of the tumor cells. After a median follow-up of 4.0 years after
progression, patients with p16-positive OPC had significantly improved survival
rates compared with p16-negative patients (2-year OS, 54.6 % vs. 27.6 %; median
OS 2.6 vs. 0.8 years, p < 0.001). In multivariate analysis, factors independently
associated with OS after disease progression included p16 status, tumor stage,
cigarette pack-years at enrollment, distant versus locoregional progression, and
salvage surgery (Fakhry et al. 2014). These data made the investigators conclude
that HPV status should be used as a stratification factor for clinical trials for patients
with recurrent or metastatic OPC.

Similar conclusions were expressed by Argiris and coworkers based on a pooled
analysis of a relatively small set of patients with R/M-SCCHN derived from two
ECOG trials, i.e., ECOG 1395, a phase III trial comparing cisplatin/5-FU (PF) versus
cisplatin plus paclitaxel (PT), and ECOG 3301, a phase II study of irinotecan plus
docetaxel (Argiris et al. 2014). Tumors were analyzed for HPV in 65 samples,
whereby HPV DNA was detected by in situ hybridization [ISH] with a
wide-spectrum probe, and slides were scored as positive for HPV ISH+ if a punctate
signal specific to tumor cell nuclei was present. p16 was evaluated by IHC in 66
samples, and staining was considered positive if a strong and diffuse staining of more
than 80 % of tumor cells was present and negative if absent or focal. According to
these criteria, 11 (17 %) were HPV-positive and 12 (18 %) p16-positive, whereas 52
(80 %) were both HPV-negative and p16-negative. The objective response rate was
55 % for HPV-positive versus 19 % for HPV-negative patients (p = 0.022), and
50 % for p16-positive versus 19 % for p16-negative patients (p = 0.057). The
median survival was 12.9 versus 6.7 months for HPV-positive versus HPV-negative
patients (p = 0.014) and 11.9 versus 6.7 months for p16-positive versus
p16-negative patients (p = 0.027) (see Table 2). Although the analysis had several
limitations (retrospective, selection of a subset of the tumors from the original trials,

Table 2 Prognostic significance of HPV (p16) in patients with recurrent/metastatic SCCHN
treated with cytotoxic chemotherapy (ECOG 1395 and 3301, control arms of the EXTREME and
SPECTRUM trials)

Drugs Median Survival (months)/ [evaluable number
of pts]

p16-pos posp16-neg HPV-pos HPV-neg

PF vs PT; CPT-11 +docetaxel1 11.9 [12] 6.7*[53] 12.9 [11] 6.7§ [53]

Platinum/5-fluorouracil2 9.6 [23] 7.3 [162] 7.1 [13] 6.7 [152]

– Hazard ratio (95 % CI) 0.83 (0.50–1.36) 0.92 (0.48–1.77)

Platinum/5-fluorouracil3 12.6 [42] 8.6 [165] – –

– Hazard ratio (95 % CI) 0.70 (0.47–1.04)
1Argiris et al. (reference 24; p16 by immunohistochemistry [IHC], HPV by in situ hybridization);
2Vermorken et al. 2014 ( p16 by IHC, HPV by Cervista 16/18, and Cervista HR assays)
3Vermorken et al. 2013 ( p16 by IHC)
*logrank test p = 0.027; §p = 0.014
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small sample size), the magnitude of the effect illustrated that even a small number of
HPV-positive R/M-SCCHN patients can impact the results of prospective therapeutic
studies (Argiris et al. 2014).

Only recently the relationship between HPV (p16) and treatment outcomes has
been evaluated in subanalyses of large randomized phase III trials in RM-SCCHN
[not restricted to OPC], in which the role of anti-EGFR medication was tested. The
incidence of HPV (p16) positivity has been remarkably low, in particular in the
European trials. As an example, in the intention-to-treat population of the
EXTREME trial, a phase III study comparing combination of chemotherapy with
platinum/5-FU alone versus the same chemotherapy plus cetuximab, a chimeric
monoclonal antibody against EGFR, 10 % of the patients were found p16-positive
and 5 % HPV-positive. In the OPC subset of patients in this trial, these figures were
16 and 12 %, respectively. p16 expression was assessed by IHC. For this the
CINtec®, p16INK4A assay was used and p16 expression was considered
p16-positive if >70 % of tumor cells showed moderate or strong and diffuse nuclear
staining (regardless of cytoplasmic staining intensity); low-intensity staining was
classified as p16-negative; and heterogeneous moderate- to high-intensity staining
(both cytoplasmic and nuclear) was considered inconclusive. HPV DNA was
detected using oligonucleotide hybridization assays (the FDA approved Cervista®

HPV 16/18 and Cervista® HPV HR assays). Overall, p16 positivity and HPV pos-
itivity were associated with a better survival compared to p16 negativity and HPV
negativity in both the cetuximab and the control arms (Vermorken et al. 2014). The
observations in the control arm are depicted in Table 2. The addition of cetuximab to
chemotherapy improved the chances of achieving a response irrespective of the p16
and HPV status, and the same was true for the OS data, although the results were
limited by the low number of patient, and significance was only reached in the
HPV-negative subgroup (Table 3). The investigators concluded that the survival

Table 3 Predictive significance of HPV (p16) in R/M-SCCHN patients treated with
platinum/5-fluorouracil with or without an anti-EGFR monoclonal antibody

Study Ref. Median survival (months) w/wo cetuximab or panitumumab

p16-positive p16-negative HPV-positive HPV-negative

EXTREME1 25 12.6 vs 9.6 9.7 vs 7.3 13.2 vs 7.1 9.7 vs 6.7

– Number of pts 18 vs 23 178 vs 16 11 vs 13 145 vs 152

– Hazard ratio 0.63 0.82 0.72 0.73

–95 % CI 0.30–1.34 0.65–1.04 0.28–1.83 0.56–0.94*

SPECTRUM2 27 11.0 vs 12.6 11.7 vs 8.6 – –

–Number of pts 57 vs 42 179 vs 165

–Hazard ratio 1.00 0.73

–95 % CI 0.62–1.61 0.58–0.93**
1Vermorken et al. 2014 ( EXTREME = platinum/5-FU w/wo cetuximab; p16 by IHC, HPV by Cervista
16/18 and Cervista HR assays)
2Vermorken et al. 2013. ( SPECTRUM = cisplatin/5-FU w/wo panitumumab; p16 by IHC); EGFR
epidermal growth factor receptor; MoAb monoclonal antibody; CI confidence interval
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benefits of chemotherapy plus cetuximab over chemotherapy alone were indepen-
dent of tumor p16 and HPV status (Vermorken et al. 2014). These observations are
in line with the observations made in the retrospective analysis on the role of p16 in
the “Bonner study” and reported by Rosenthal at ASCO 2014 (Rosenthal 2014,
Table 1). The conclusion of that subgroup analysis in OPC patients suggested a
more pronounced treatment effect of RT+ cetuximab vs RT alone in patients with
p16-positive OPC across all endpoints (LRC, progression-free survival [PFS] and
OS). Moreover, although the numbers of patients were small in the subgroups, the
results suggested improved clinical outcome by RT+ cetuximab compared with RT
alone regardless of p16 status (Rosenthal 2014).

The SPECTRUM trial is a phase III study randomizing R/M-SCCHN patients to
receive first-line PF w/wo panitumumab, an anti-EGFR IgG2 fully human mono-
clonal antibody. The addition of panitumumab to PF significantly improved
response rate and PFS, but did not reach significance in OS, which was the primary
endpoint. The results of this trial with respect to the prognostic effect and the
predictive effect of p16 status on the addition of panitumumab are summarized in
Tables 2 and 3. For p16 assessment, a validated IHC method was used, whereby
samples were judged to be p16 positive when they had strong and diffuse nuclear
and cytoplasmic staining in at least 10 % of tumor cells (Vermorken et al. 2013).
Although these criteria differed from those used in the EXTREME trial, analysis
using alternative cutoffs (between 10 and 70 %) demonstrated consistent outcomes
(Vermorken et al. 2013). Of the patients in the control arm of the study, those who
were p16-positive had numerically, but not statistically significantly longer survival
than those who were p16-negative (Table 2). However, contrary to what was
observed in the EXTREME trial, the p16 status was predictive for the effect of
panitumumab, showing only benefit when panitumumab was added to PF in
patients with p16-negative tumors (Table 3). It is unclear why the addition of
panitumumab in p16-positive tumors is any different from the addition of cetux-
imab in p16-positive patients. It has been suggested that this might relate to the
cetuximab-induced antibody-dependent cell-mediated cytotoxicity, which might
enhance the antitumor effect against HPV-positive OPC, but this is merely spec-
ulative (Psyrri et al. 2014). Complicating issues in the comparisons in R/M-disease
studies are the inclusion of disease sites other than OPC, the relatively small
number of HPV (p16)-positive patients, and the variability in HPV assessment and
differing criteria of what is called positivity.

Despite that, all three studies suggested that HPV (p16) is prognostic in
R/M-SCCHN patients treated with chemotherapy. However, when anti-EGFR
monoclonal antibodies are combined with chemotherapy, the predictive value of
HPV (p16) is uncertain given the differing results in EXTREME and SPECTRUM.
It is also unclear whether the role of HPV (p16) in its predictive capacity is any
different in situations where anti-EGFR-targeted therapies are combined with DNA
damaging agents (chemotherapy or RT) or not. Reasons for that are recent findings
that suggest that single-agent anti-EGFR therapies are particularly active in HPV
(p16)-negative patients (Fayette et al. 2014; Machiels et al. 2015). Therefore, it is
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important that further studies in that direction are being pursued. In conclusion, the
present data in R/M-SCCHN suggest that HPV (p16) has prognostic but not pre-
dictive significance in R/M-SCCHN.

5 Summary

The following statements can be made with respect to HPV (p16) as a criterion for
decision making in SCCHN:

Locoregionally advanced SCCHN
HPV (p16) has an established impact on prognosis, particularly for OPC patients.

There are only limited data on the predictive significance of HPV (p16).
Results of HPV (p16) testing should not change management outside clinical

trials.

Recurrent/metastatic SCCHN
HPV (p16)-positive disease seems to have a more favorable outcome than HPV
(p16)-negative disease, and stratification for HPV (p16) should be considered.

The predictive significance of HPV(p16) in R/M-SCCHN needs further study,
and this is in particular the case for targeted therapies, whether given alone or in
combination with DNA damaging agents.
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Systemic Treatment in HPV-Induced
Recurrent or Metastatic HNSCC

Damian T. Rieke and Ulrich Keilholz

Abstract
Recurrent or metastatic head and neck cancer describes tumor deposits that arise
locally, regionally, or at distant sites after treatment or distant metastases at the
time of primary diagnosis. Prognosis for R/M squamous cell carcinomas of the
head and neck (HNSCC) is poor and treatment options are limited in this
situation. Human papillomavirus (HPV) is an important risk factor for HNSCC.
About 40 % of all HNSCC have been attributed to HPV in Europe. HPV
positivity at initial diagnosis is the single best prognostic factor for survival.
However, data for the prognostic and predictive value of HPV in the R/M
situation are still scarce. Due to the rising incidence of HPV-associated cancers,
the number of R/M HPV+ carcinomas is also expected to rise. This chapter
therefore aims to give an overview of the current knowledge concerning the role
of HPV as a prognostic and predictive marker in recurrent or metastatic HNSCC.
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1 Prevalence and Prognostic Implications of HPV-Induced
HNSCC in Recurrent or Metastatic Population

The incidence of HPV-associated HNSCC has risen dramatically over the last years
in Northern America and Western Europe (Chaturvedi et al., J Clin Oncol. 2011;
Mehanna et al., Head Neck 2013; Abogunrin et al., BMC Cancer 2014; Tinhofer
et al., Eur J Cancer 2015). In a subset of these patients, locoregional or distant
recurrence will eventually develop.

When looking at the rate and pattern of treatment failure in HPV+ HNSCC, data
are largely missing because of several limitations: The diagnosis of HPV has not
been standardized in clinical routine, and sensitivity and specificity vary between
p16 immunohistochemistry (IHC), HPV IHC, or PCR. Additionally, prevalence and
test performance vary between different anatomic sites. Because of better prognosis,
fewer HPV+ patients will eventually reach the R/M situation. Additional risk
factors (e.g., pack years, tumor stage) as well as the mutational profile contribute to
the prognosis of HPV-positive carcinomas (Ang et al., N Engl J Med. 2010; Tin-
hofer et al. Eur J Cancer 2016). Furthermore, the rise in incidence results in dif-
ferent prevalences of HPV depending on the timing of recruitment into different
cohorts and since HPV has only relatively recently been described as causal, older
cohorts oftentimes lack information on HPV status.

We have identified several key questions regarding prevalence and prognostic
implications.

1.1 What Is the Prevalence of HPV+ Carcinomas
in the R/M Situation?

Several studies in R/M HNSCC patients have assessed either p16 (by immuno-
histochemistry, IHC) as a surrogate marker of HPV positivity or HPV directly (e.g.,
by in situ hybridization, ISH). In oropharyngeal cancers, both methods overlap
well. Other cancer sites do show relevant differences because of a lower prevalence
of HPV-associated non-oropharyngeal cancer and a lower sensitivity of the HPV
and lower specificity of the p16 test. Therefore, results should be taken with cau-
tion. A false-positive rate for p16 IHC has been reported as high as 7 %, a
false-negative rate for HPV ISH as high as 11 % (Jordan et al., Am J Surg Pathol.
2012). More accurate testing methods (e.g., HPV-DNA PCR) are rarely used in
clinic and a standard for HPV testing is required. With these limitations, the rate of
HPV+ recurrent or metastatic tumors, as estimated from studies in R/M squamous
cell carcinomas of the head and neck, should be estimated somewhere between 10
and 20 % (Table 1). The observed differences between studies and testing methods
can be explained not only by the different sensitivities and specificities of the testing
methods but also by the anatomical site, the geographical location, and the time of
study inclusion. When looking at clinical studies, a risk of selection bias has also to
be taken into account. HPV-positive patients are slightly younger, have a better
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prognosis, and might therefore be overrepresented. Accordingly, a small study has
observed a trend towards a higher number of treatment interventions in HPV+
patients (Deeken et al., Head Neck 2015).

Another way of estimating the percentage of HPV-positive patients in the R/M
population would be to look at the amount of failures in prospectively followed
HPV-positive cohorts.

In a study by Posner et al. (Ann Oncol. 2011), 111 patients with oropharyngeal
cancer (56 HPV+, 55 HPV− as assessed by E6/7 PCR) treated in the TAX324 study
were followed for 5 years. In the HPV+ group, 27 % had disease progression in
comparison with 71 % in the HPV- group.

Table 1 Prevalence of HPV or p16 positivity in patients in R/M cohorts

Study Method Tested Positive
(%)

Citation

SPECTRUM P16 443 99
(22 %)

Vermorken et al., Lancet Oncol (2013)

EXTREME P16 381 41
(12 %)

Vermorken et al., Ann Oncol (2014)

EXTREME HPV 321 24
(8 %)

Vermorken et al., Ann Oncol (2014)

ADVANTAGE P16 177 25
(14 %)

Vermorken et al., Ann Oncol (2014)

E1395 &
E3301

HPV 64 11
(17 %)

Argiris et al., Ann Oncol (2014)

E1395 &
E3301

P16 65 12
(18 %)

Argiris et al., Ann Oncol (2014)

LUX-H&N1 P16 257 49
(19 %)

Machiels et al., Lancet Oncol (2015)

PRISM P16 30 6
(20 %)

Rischin et al., Head Neck (2016)

Seiwert et al. P16 65 17
(26 %)

Seiwert et al., Ann Oncol (2014)

PARTNER P16 66 19
(29 %)

Wirth et al., J Clin Oncol. 31, (2013)
(suppl; abstr 6029)

Gilbert et al. P16 44 9
(20 %)

Gilbert et al., Oral Oncol (2015)

Machiels et al. HPV 21 1 (5 %) Machiels et al., Canc Chemother
Pharmacol (2015)

TEMHEAD HPV 24 4
(17 %)

Grünwald et al., Ann Oncol (2015)

GORTEC P16 12 3
(25 %)

Guigay et al., Ann Oncol (2015)

1540 patients total were tested for p16, 280 (18 %) are positive. 430 patients were tested for HPV,
40 (9 %) are positive.
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In a study by Ang et al. (N Engl J Med. 2010), 323 patients were tested for HPV
(HPV ISH, p16). After 3 years, 26.3 % of 206 HPV+ positive patients had pro-
gressive disease in comparison with 56.6 % of 117 HPV− patients.

Extrapolating these numbers to a general HNSCC population with 40 % HPV
prevalence, 20–30 % of R/M patients would be expected to be HPV+. However,
these numbers come from studies in advanced oropharyngeal carcinoma and are
therefore not representative for a general HNSCC population.

1.2 What Is the Rate of Locoregional and/or Distant
Recurrence?

The previous data show that treatment failures occur regularly in HPV+ HNSCC.
Treatment failure can occur locoregionally or at distant sites. For clinical practice, it
is important to look at differences in the clinical characteristics of these recurrences.
This section therefore aims at identifying patterns of disease recurrence in the HPV
+ population and its differences compared to HPV− cancers.

In oropharyngeal carcinomas, the study by Ang et al. (N Engl J Med. 2010) is a
retrospective analysis of stage III/IV oropharyngeal carcinoma (no significant dif-
ference in survival after treatment with accelerated fractionation RTx+ cisplatin or
standard fractionation radiotherapy + cisplatin). 206 (63.8 %) of 323 patients with
oropharyngeal carcinoma were HPV positive (HPV ISH & p16). After 3 years, the
tumor had relapsed locoregionally significantly more often in HPV-negative than in
HPV-positive patients (35.1 %, 95 %CI 26.4–43.8 vs. 13.6 %, 95 %CI 8.9–18.3).
The frequency of distant metastases did not differ significantly between both
groups.

A retrospective analysis by Rischin et al. (J Clin Oncol. 2010) identified 106
(57 %) of 185 stage III or IV oropharyngeal carcinomas (treated with radiotherapy
and cisplatin ± tiranzapine) that were p16 positive. After 2 years, locoregional
failures were observed more often in the HPV-negative group (14 % vs. 7 %,
p = 0.091) with similar rates of distant failure in both groups.

The study by Posner et al. (Ann Oncol. 2011) identified 56 (50 %) HPV-positive
(HPV PCR) carcinomas among 111 patients with locally advanced oropharyngeal
carcinomas. After 5 years, local-regional failure was significantly less common in
HPV positive than in negative carcinomas but no significant difference was seen in
the rate of distant metastases.

The study by Huang et al. (Oral Oncol. 2013) identified 457 p16+ patients
among 624 patients with oropharyngeal cancer treated with definite radiotherapy or
chemoradiation. The median follow-up was longer in p16+ patients (4.2 vs.
3.3 years). 27 (6 %) p16+ patients had locoregional failure as compared to 35
(21 %) p16− patients. Distant metastases (with or without concurrent locoregional
recurrence) were identified in 54 (12 %) p16+ and 25 (15 %) p16− patients.

Taken together, these results suggest that locoregional recurrences were less
common in HPV+ carcinomas, whereas the rate of distant metastases was similar.
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1.3 Do the Characteristics of Metastatic Spread Differ
in HPV-Associated Tumors?

Since the rate of distant metastases seems to be similar between
HPV-positive and HPV-negative patients, it is of interest to investigate potential
differences in clinical presentation between these groups.

The study by Fakhry et al. (J Clin Oncol. 2014) did not report significant
differences in the anatomic site of metastasis between p16+ and p16– oropharyn-
geal carcinoma. Lung (p16+ vs. p16−; 72.9 % vs. 69.7 %), bone (14.6 % vs.
15.2 %), and liver (16.7 % vs. 12.1 %) were the most common sites in 81 patients
with distant metastases.

Huang et al. (Int J Radiat Oncol Biol Phys. 2012) observed 36 distant metastases
after a median 3.3 years of follow-up. The overall incidence did not differ signif-
icantly between p16+ and negative patients (10 % vs. 16 %). In both groups, lung,
liver, and bone metastases were common sites of recurrence but in HPV+ patients
metastatic spread to the skin (7 patients), intra-abdominal lymph nodes (n = 5),
brain (n = 4), duodenum (n = 1), paraspinal muscle (n = 1), and axillary lymph
nodes (n = 1) were observed. Multiple distant metastases were seen in 11 patients
with p16+ tumors compared to 0 in p16− patients. The median time to distant
metastases was also significantly longer in p16+ cancer patients (1.6 years vs.
0.5 years).

A similar pattern of metastasis has also been described by other authors. In a
cohort of 11 HNSCC patients with brain metastases, 5 patients were p16+ (Bulut
et al., Eur Arch Otorhinolaryngol. 2014). A later presentation of brain metastases in
the p16+ subgroup was also described in this study (45.6 vs. 26.4 months). A study
by Ruzevick et al. (J Neurooncol. 2013) identified 7 brain metastases from head and
neck primaries. 4 of these were HPV+ and the mean time between treatment and
brain metastases was 45 months.

A disseminating metastatic phenotype has been described in another study by
Huang et al. (Oral Oncol. 2013). In this study, 457 p16+ and 167 p16− oropha-
ryngeal cancer patients were followed for a median of 3.9 years. 54 and 25 distant
metastases were observed in p16+ and p16- groups, respectively. Metastases to
more than two organs were observed in 18 p16+ (0 p16− patients) with 11 of these
exhibiting what the authors call an “explosive” character with rapid deterioration
and large metastases. Oligometastatic spread to the lung was associated with a
relatively indolent course in HPV+ cancers.

Taken together, these information suggest that the most common pattern of
metastatic spread is similar between HPV+ and HPV− patients with lung, bone,
and liver metastases. A subgroup of HPV+ patients that might be as large as 30 %
presents with relevant differences. Atypical sites (brain, skin, intra-abdominal
lymph nodes) and rapid clinical deterioration are of concern in these patients.
A longer interval to metastasis is also of clinical relevance, because of its impact on
follow-up schedules. An increased exposition to X-ray-based imaging in follow-up
is of concern in these patients, since they are younger on average (Misiukiewicz
et al., Clin Adv Hem Onc 2014). Taken together, the reported differences reflect a
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poor-prognosis subgroup in the HPV+ population. Therefore, prognostic factors
identifying patients at risk for these patterns are warranted. Additional cigarette
smoking might be a risk factor but the unusual timing, site, and dissemination of
HPV-associated distant metastases do not differ significantly between patients with
> 10 pack years or patients with 10 pack years or less (Huang et al. Int J Rad Oncol
Biol Physics 2012). A stratification into high-, medium-, or low-risk groups
according to p16 status, pack years and T and N stage has been proposed but did
not find a significant difference in regard to distant metastases (Fakhry et al., J Clin
Oncol. 2014). Circulating tumor cells and additional molecular aberrations
including Bcl2 or TP53 might help in the future to identify patients at risk for poor
prognosis. (Tinhofer et al., Ann Oncol. 2014; Tinhofer et al., Eur J Cancer 2016;
Nichols et al. Clin Canc Res. 2010; Morris et al., JAMA Oncol. 2016).

1.4 What Is the Specific Prognosis?

It has been shown that HPV is the strongest prognostic factor on initial presentation.
Since metastatic spread is common in HPV+ patients and some of them show a
rapid deterioration as described above, the overall prognosis of R/M HPV+ patients
will be reviewed here.

With respect to distant metastases, the study by Huang et al. (Oral Oncol. 2013)
shows a significantly longer survival after distant metastases in p16 positive
oropharyngeal carcinomas. The poor-prognosis subgroup therefore appears not to
be relevant for the overall better prognosis of HPV+ patients in the metastatic
situation.

Only recently have studies explicitly addressed this question. Fakhry et al.
(J Clin Oncol. 2014) could show that p16+ oropharyngeal tumors still had a
reduced risk of death after disease progression. A pooled analysis from E1395 and
E3301 also showed longer OS for HPV+ patients that was statistically significant
(Argiris et al., Ann Oncol. 2014). Vermorken et al. (Ann Oncol. 2014) could
reproduce this result in HPV+ HNSCC. Therefore, HPV positivity still remains an
important prognostic factor in R/M HNSCC, but the magnitude of the impact in
recurrent/metastatic disease is far smaller than in the primary disease setting.

2 Sensitivity of HPV-Induced HNSCC to Cytotoxic Drugs

Since many of the cited studies show a better OS and PFS for HPV+ tumors, data
from these studies can also be queried for the predictive value of HPV status when
comparing the treatment and control arms.

In the combined analysis of the E1395 and E3301 studies, 65 patients (12 p16
positive) were treated with cisplatin/5FU vs. cisplatin/paclitaxel or docetaxel/
irinotecan, respectively. The objective response rate (ORR) was 50 % for p16+
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compared to 19 % for p16- patients (p = 0.057), and significance was reached
when the HPV status (ISH) was assessed (HPV+ vs. HPV−, 55–19 %, p = 0.022)
(Argiris et. al., Ann Oncol. 2014).

In the EXTREME trial, patients were treated with platinum/5-FU with or
without the addition of cetuximab (Vermorken et al., Ann Oncol. 2014; Vermorken
et al., N Engl J Med 2008). In the chemotherapy alone arm, OS and ORR did not
show significant differences between p16+ and – as well as HPV+ and – patients
(ORR 22 vs. 17 %, p = 0.6 and 8 vs. 20 %, p = 0.27, respectively).

In the SPECTRUM trial, patients were randomized to receive cisplatin/5-FU
with or without the addition of panitumumab (Vermorken et al., Lancet Oncol.
2013). In the chemotherapy alone arm, overall survival was nonsignificantly better
in p16+ patients. PFS did not differ between both groups. (p16+ vs. p16−; PFS 5.5
months, 95 %CI 3.4-6.7 vs. 5.1 months, 95 %CI 4.1-5.5).

In the PARTNER trial, patients received docetaxel/cisplatin with or without
panitumumab. In the chemotherapy alone arm, ORR were nonsignificantly higher
in p16+ patients (54 %, 95 %CI 27-81 vs. 27 % 95 %CI 9-46) (Wirth et al., J Clin
Oncol. Abstr 6029, 2013).

Taken together, these studies do not provide sufficient evidence to use HPV
status as a predictive biomarker for cytotoxic chemotherapy. The slight benefits in
overall survival, as reported in some studies might reflect the better prognosis of
HPV+ patients. Some studies also suggest better response rates of HPV+ patients.
This effect seems not to be limited to a specific type of chemotherapy used and is
not consistent among studies.

3 Sensitivity of HPV-Induced HNSCC to EGFR Blockade

EGFR inhibition in addition to cytotoxic chemotherapy is standard of treatment in
recurrent or metastatic squamous cell carcinoma of the head and neck. Efficacy of
various inhibitors of EGFR had been shown, including cetuximab (Bonner et al., N
Engl J Med. 2006; Vermorken et al., N Engl J Med. 2008), afatinib (Machiels
et al., Lancet Oncol. 2015; Seiwert et al., Ann Oncol. 2014), or panitumumab
(Vermorken et al., Lancet Oncol. 2013). An unplanned subgroup analysis of the
SPECTRUM trial (Vermorken et al., Lancet 2013) suggested that a benefit from
panitumumab addition to chemotherapy was limited to the p16 negative patients.
A subgroup analysis of the PRISM trial also identified higher disease control rates
with panitumumab in p16-negative patients but interpretation was limited because
of the small sample size (30 patients with available p16 status) (Rischin et al., Head
Neck 2016). In a biomarker analysis of the LUX-H&N1 study (Machiels et al.,
Lancet Oncol. 2015), a benefit of afatinib vs. methotrexate in R/M HNSCC was
more pronounced in p16 negative tumors.

Taken together, most studies suggest that HPV-positive tumors have a smaller
effect of the addition of EGFR inhibitors, but because of the retrospective nature of
almost all analyses, this interpretation has to be viewed with caution. Further results
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are of interest in this context: The rate of EGFR aberrations in HPV-negative tumors
as observed in genomic analyses was lower than in HPV positives (TCGA, Nature
2015; Seiwert et al., Clin Canc Res. 2015). Neither EGFR expression nor amplifi-
cation has been reported as predictive for clinical outcome after EGFR blockade
(Licitra et al., Eur J Cancer 2013; Licitra et al., Ann Oncol. 2011). In vivo and in vitro
data could not show an effect of E6/E7 expression or HPV status on cetuximab
efficacy (Pogorzelski et al., Cell Death Dis. 2014). Clinical data further contradict the
hypothesis of HPV positivity as a biomarker for EGFR-inhibitor resistance:

In a retrospective analysis of the EXTREME trial in recurrent/metastatic disease,
benefit of cetuximab therapy was independent of p16 status (Vermorken et al., Ann
Oncol. 2014). Another small cohort of R/M patients treated with afatinib or
cetuximab did also not find relevant differences according to p16 status (Seiwert
et al., Ann Oncol. 2014). Preliminary results from the PARTNER study did also not
identify differences in response to panitumumab treatment in R/M HNSCC
according to p16-status (Wirth et al., J Clin Oncol 31, 2013 (suppl; abstr 6029)).
The same was found for radiotherapy-based primary treatment with cetuximab of
oropharyngeal carcinoma (Rosenthal et. al., JCO, 2016). Pogorzelski et al. did also
not identify differences in a small cohort of HNSCC patients treated with cetuximab
(Pogorzelski et al., Cell Death Dis. 2014).

How can these diverse results be reconciled? One possible explanation might be
pharmacological differences of the used inhibitors. Afatinib is an irreversible tyr-
osine kinase inhibitor and might therefore be more active against somatic alterations
as observed more frequently in HPV-negative tumors. Antibodies like cetuximab on
the other hand have been proposed as more active against ligand-activated receptors
(Arteaga et al., Cancer Cell 2014). Furthermore, the mechanism of EGFR inhibition
in cancer is not limited to disruption of the relevant pathways. Antibody dependent
cellular cytotoxicity describe the T-cell-mediated cytotoxicity mediated by antibody
binding. Panitumumab, in contrast to cetuximab, has been proposed to not have this
effect. This might also contribute to the observed differences in the predictive value
of HPV status for EGFR-antibody-based treatment, as observed in the previously
cited studies.

Another possible explanation for heterogeneity of results is the small sample
sizes and limited data that are available. From the current data, HPV status should
not be used as a biomarker for EGFR inhibition. Further trials with different types
of EGFR inhibitors and stratification according to HPV status (as assessed by
reliable methods, e.g., combined p16 IHC and HPV ISH) are warranted.

4 Sensitivity of HPV-Induced HNSCC to Immunotherapy

Immunotherapy and especially checkpoint blockade by PD-L1 inhibition has
recently shown promising results in R/M HNSCC. Does HPV status provide pre-
dictive information regarding this treatment option? In the Keynote012 study, HPV+
and HPV- patients with PD-L1+ (>1 % PD-L1 expression of tumor cells or stroma
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by IHC) R/M HNSCC were recruited to receive the PD-1 inhibitor pembrolizumab
(Seiwert et al., Lancet Oncol., 2016). 60 patients were enrolled and treated, of which
23 (38 %) were p16 positive. The overall response rate was nonsignificantly higher
in the p16 positive group (p16+ ORR 25 %, 95 %CI 7-52 vs. p16- 14 %, 95 % CI
4-32). Another study did not find differences in the expression of PD-L1 between
HPV-positive and HPV-negative patients (Kim et al., Canc Res Treat. 2016). As
another potential marker of inflammation and response to checkpoint inhibition,
infiltration by CD8 and CD3 positive cells is significantly more common in HPV+
patients (Balermpas et al., Int J Cancer 2016). Russell et al. (Head Neck Oncol.
2013) describe higher intratumoural CD8/Foxp3 T-cell ratios and CD20 expression
in HPV+ compared to HPV− tumors. The expression of an inflamed signature has
been proposed as predictive biomarker but does not necessarily encompass the
above reported genes. A comparative analysis of gene expression in HNSCC
identified a subset of HPV-positive tumors with an “inflamed” expression phenotype
(Keck et. al., Clin Canc Res. 2015). However, the inflamed subgroup in HNSCC was
not limited to HPV-positive tumors.

In conclusion, some studies suggest a higher degree of T-cell infiltration in
HPV + HNSCC. The premature clinical data do not support a stratification of
treatment with checkpoint inhibitors according to HPV status.

HPV testing is of utmost importance for all prospective clinical trials, and
currently accruing specific trials will answer the key questions in the coming three
to five years.

5 Conclusion

What are the consequences for clinical practice from these results? HPV-positive
patients make up approximately 10–20 % of the R/M population. The difference to
the prevalence at first presentation is explained by a lower rate of locoregional
recurrence. Distant metastasis is similar between HPV-positive and HPV-negative
patients, and HPV-positive patients might present with atypical metastatic patterns
as defined by unusual anatomic site and later occurrences. Despite these differences,
the better prognosis of patients with HPV + HNSCC is still applicable in the R/M
situation, despite a subgroup with poor prognosis. The differences might be
mediated by additional risk factors (mutational signature, pack years), and
follow-up practices might be guided by these stratifiers in future.

The predictive value of HPV positivity in the R/M situation still remains to be
defined. Current studies do not support a different treatment strategy of HPV+ R/M
HNSCC.
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Optimizing Radiotherapy
in HPV-Associated Oropharyngeal
Cancer Patients
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Abstract
Concurrent chemoradiation is considered the golden standard in the treatment of
locally advanced OPC. However, given the very high survival rates in favorable
HPV-positive OPC and the high rates of acute and late treatment-related side
effects, de-escalation strategies have to be considered. In this chapter, the
potential benefit of a number of de-escalation strategies is described, including of
replacement of concurrent chemotherapy by cetuximab, radiation dose
de-escalation based on response to induction chemotherapy, radiotherapy alone
without systemic treatment, and limiting elective nodal target volumes for
radiation. In addition to de-escalation, modern radiation technologies like
protons will offer increasing opportunities to decrease the dose to normal tissues
in order to prevent radiation-induced toxicities. Initial analysis showed that
radiation dose de-escalation based on response to induction chemotherapy in
combination with intensity-modulated proton therapy (IMPT) has the highest
potential to decrease acute and late toxicities.
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1 Introduction

At present, concurrent chemoradiation (CRT) is considered the golden standard in
the treatment of locally advanced (stages III–IV) oropharyngeal carcinoma (OPC).
However, there are several reasons to consider de-escalation strategies in
HPV-positive OPC.

First, excellent results have been obtained with CRT with overall survival rates
of over 90 % in the most favorable patient groups (Ang et al. 2010; O’Sullivan
et al. 2013). These excellent results have led to the assumption that favorable
HPV-positive patients might be overtreated. This overtreatment might lead to
unnecessary acute and late treatment-related side effects. Thus, for these patients,
less intensive treatment regimens might give similar results with regard to locore-
gional tumor control and overall survival with fewer side effects.

Second, the cumulative incidence of severe late treatment-related side effects in
head and neck cancer patients treated with CRT is 43 % after 5 years, mainly
consisting of pharyngeal dysfunction, tube feeding dependence, and laryngeal
dysfunction (Machtay et al. 2008). In addition, there are a number of studies indi-
cating that even after 5 years, new severe late side effects may occur (Ward et al.
2016; Forastiere et al. 2013; Cooper et al. 2012). The long-term results of RTOG
study 91-11 in which patients with laryngeal cancer were randomly assigned to
receive either radiotherapy alone, sequential chemotherapy, and radiotherapy of
concurrent CRT showed increased rates of non-cancer-related deaths in the CRT arm
occurring after 7–8 years of follow up (Forastiere et al. 2013). Recently, Ward et al.
(Ward et al. 2016) reported on a retrospective analysis in 84 laryngeal cancer patients
treated with CRT for laryngeal cancer that would have met the eligibility criteria for
the RTOG 91-11 and showed indeed that 60 % of aspiration admissions and 63 % of
tube feeding insertions occurred beyond 5 years of follow up. In the postoperative
setting, similar results were found in RTOG study 95-01 in which postoperative
radiotherapy alone was compared to postoperative chemoradiation (Cooper et al.
2012). In that study, the cumulative 10-year incidence of grade 4 toxicity was nearly
twice as high after CRT (7.3 % vs. 3.9 %). This is clinically relevant, as a number of
studies showed that radiation-induced side effects have a major impact on the general
dimensions of QoL (Langendijk et al. 2008; Jellema et al. 2007). Moreover,
unpublished results from the department of Radiation Oncology of the University
Medical Centre Groningen showed significantly higher rates of non-cancer-related
death when higher rates of radiation induced dysphagia. Given the favorable out-
come of HPV-positive patients, it is expected that the prevalence of long-term
survivors who are at risk of late and very late radiation-induced side effects will
dramatically increase in the next decades. Therefore, there is a strong need to con-
sider how definitive organ-sparing treatment strategies can be further optimized in
particular with regard to the prevention of late and very late side effects.

Third, recent studies showed that locoregional control after definitive radio-
therapy or CRT in HPV-positive HNSCC is excellent ranging from 80 % in the
intermediate-risk patients to over 90 % in the low-risk patients. Moreover, it
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appears that distant failure has become the predominant site of failure, while in the
HPV-negative cases, locoregional failure is the most frequent site of failure
(O’Sullivan et al. 2013). So far, concurrent CRT does not have shown any effect on
the occurrence of distant metastases (Pignon et al. 2009).

There are numerous ways to de-escalate CRT in head and neck cancer. One of
the strategies that are currently under investigation is the replacement of concurrent
CRT by concurrent cetuximab (Bonner et al. 2010; Bonner et al. 2006), which is
discussed by others in this chapter. In this sub-chapter, de-escalation and detoxi-
fication strategies of radiotherapy itself will be discussed.

2 Radiotherapy Alone

Besides replacing one concurrent systemic treatment modality by another (e.g.,
cetuximab instead of chemotherapy), de-escalation can also be achieved by
applying radiotherapy as single modality. A number of authors reported on the
results of radiotherapy alone in HPV-positive tumors.

Lassen et al. reported on the results of HPV-positive patients who were included
in the DAHANCA 5 trial, a phase III trial in which patients were randomly assigned
to receive radiotherapy alone or radiotherapy plus nimorazole, a hypoxia cell
sensitizer (Lassen et al. 2010). The 5-year locoregional control rate in the 84
patients with p16-positive tumors was 61 %, which was significantly better as
compared to that observed among p16-negative cases (35 %). In addition, these
authors also reported on the results of p16-positive HNSCC treated with conven-
tional or accelerated radiotherapy either or not in combination with hypoxic
modification that included in the DAHANCA 5 and 7 trials, showing a 5-year local
and locoregional control rate of 84 and 72 %, respectively (Lassen et al. 2013). In
the multivariate analysis, p16 positivity was an independent and the strongest
prognostic factor for all relevant endpoints.

A series of the Princess Margaret Hospital in Toronto showed good results in a
retrospective analysis of HPV-positive patients treated with radiotherapy alone or
CRT. Radiotherapy alone was standard for those with stage I–II disease and some
stage III cases, while in stage III and IV, RT alone was reserved for patients deemed
unfit for CRT, such as in case of high age, frailty, medical reasons, or patient refusal
(O’Sullivan et al. 2012). In this series, better outcome in terms of overall survival,
local control, and regional control was observed in all HPV-positive cases as
compared to all HPV-negative cases, while no difference was noted with regard to
the occurrence of distant metastases. Stage IV HPV-positive patients treated with
CRT had significantly better overall survival than those treated with radiotherapy
alone (89 % vs. 70 %), but no difference was noted with regard to local, regional,
and distant disease control. In particular, in HPV-positive patients with stage IV and
� 10 pack-years, outcome was excellent with a 3-year overall survival, local and
regional control rates of 85, 95 and 97 %, respectively.
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Chen et al. reported on a retrospective series of 23 HPV-positive HNC
patients treated with radiotherapy alone (median dose: 70 Gy). The decision not
to use CRT was highly individualized and on discretion of the treating physician
(Chen et al. 2013). Excellent 3-year overall survival and locoregional control
rates were observed for stage I–II disease (100 and 100 %, respectively). For
patients with more advanced stages, the corresponding rates were 81 and 88 %,
respectively. Moreover, 3-year overall and locoregional control rates were also
100 and 100 %, respectively, in 18 the HPV-positive patients who were never
smokers.

Recently, Rosenthal et al. reported on a retrospective analysis of the IMCL-9815
trial in which HNSCC patients were randomly assigned to receive radiotherapy
alone or radiotherapy plus cetuximab (Rosenthal et al. 2016). This analysis only
included the subset of patients with OPC of which 41 % were p16-positive. The
3-year overall survival rate among p16-positive cases treated with radiotherapy
alone was significantly lower as compared to those treated with radiotherapy plus
cetuximab (72 % vs. 88 %). Similar results were shown for locoregional control
which was 65 % after radiotherapy alone versus 87 % after radiotherapy plus
cetuximab.

Taking into account the results of these studies, it is clear that p16/HPV status is
a consistent and strong prognostic factor for patients treated with radiotherapy alone
with locoregional control rates varying from 65 to 100 % in the HPV-positive
cases, indicating that not all HPV-positive HNSCCs have excellent results after
radiotherapy alone. The subset analysis of the IMCL trial suggests that also in
HPV-positive cases, results can be significantly improved by adding cetuximab to
radiation. However, the key question remains which HPV-positive HNSCC patients
have such high locoregional control rates (e.g., beyond 90 %) that systemic treat-
ment can be safely omitted.

O’Sullivan et al. made an attempt to identify a subset of patients suitable for
de-escalation according to the risk of distant metastases using recursive partitioning
analysis (O’Sullivan et al. 2013). They showed a 3-year locoregional control rate of
95 % among HPV-positive OPC patients with T1–T3 and N0-N2c disease. The
distant control rates for HPV-positive, low-risk N0-2a or less than 10 pack-year
N2b patients were similar for RT alone and CRT, but significantly more distant
metastases were observed in the N2c subset managed by RT alone. Based on these
results, the authors concluded that HPV-positive T1-3N0-2c patients have a low
risk of distant metastases and excellent locoregional control rates, but that N2c
patients have a higher risk of distant metastases when treated with RT alone and
thus seem less suited for de-escalation strategies that omit chemotherapy
(O’Sullivan et al. 2013).

In summary, radiotherapy alone may give high locoregional control rates in
well-selected patients, but cannot be considered the standard of care yet in locally
advanced cases.
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3 De-escalation and Detoxification of Radiotherapy

There are several ways to decrease acute and late side effects induced by radio-
therapy. Two general strategies can be distinguished, including de-escalation and
detoxification.

De-escalation refers to a conceptual change in treatment strategy, e.g., by
decreasing the total dose of radiation to the therapeutic (area with macroscopic
tumor) or prophylactic (elective nodal areas) target volume or by excluding parts of
the prophylactic target volume (e.g., unilateral instead of bilateral elective nodal
irradiation). In this way, radiation exposure to healthy surrounding tissues can be
significantly reduced, but may lead to higher rates of local and/or regional failures
in the high-risk regions due to lower target dose levels or in the elective nodal areas
as a result of omitting (part of) the prophylactic target volume.

Detoxification refers to radiotherapy technology improvement that allows for a
better dose conformation around the target volume in order to reduce dose exposure
to the healthy tissues while target volumes and dose to the targets remain
unchanged. Technologies that may result in a further detoxification of radiotherapy
include swallowing-sparing intensity-modulated radiotherapy (IMRT) (Christianen
et al. 2016), multicriteria optimization (MCO) (Kierkels et al. 2014, 2015), and
intensity-modulated proton therapy (IMPT) (van Dijk et al. 2016; van der Laan
et al. 2013; van de Water et al. 2011). Theoretically, this approach is safer as target
volumes and target dose levels remain similar, but the possibilities to spare healthy
tissues are generally considered less.

At present, a number of randomized controlled trials (RCTs) are running,
investigating different de-escalation strategies in HPV-positive HNSCC. In general,
two general approaches can be distinguished, including (1) replacement of con-
current CRT by radiotherapy plus cetuximab, and (2) induction chemotherapy
followed by lower total dose of radiation to the target in case of a partial or
complete response to induction chemotherapy.

3.1 Chemoradiation Versus Bioradiation Trials

There are three randomized studies investigating whether concurrent cisplatin-based
CRT can be replaced by radiotherapy plus cetuximab. This approach is mainly
based on the findings of the RCT comparing radiotherapy versus radiotherapy plus
cetuximab (Bonner et al. 2006, 2010). This study showed significantly improved
locoregional control and overall survival in the radiotherapy with cetuximab arm,
without enhancing radiation-induced side effects.

In the RTOG 1016 phase III trial, patients with HPV-associated OPC
(p16-positive) were randomly assigned to receive accelerated IMRT with concur-
rent high-dose cisplatin (2 � 100 mg/m2) versus accelerated IMRT with cetuximab
(loading dose 400 mg/m2 + 6 � 250 mg/m2) (NCT01302834). The trial was
designed as a non-inferiority study with 5-year overall survival as primary endpoint
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(threshold difference: 9 %). The most important secondary endpoints are acute and
late side effects. In total, 987 patients have been included, and the study has been
closed to accrual (www.clinicaltrial.gov).

In the De-ESCALaTE HPV trial (NCT018741710), 304 patients with
p16-positive OPC patients will be randomized between conventional CRT (70 Gy
in 7 weeks + 3 � cisplatin 100 mg/m2) and conventional radiotherapy with
cetuximab (loading dose of 400 mg/m2 + 7 � 250 mg/m2). The primary endpoint
in this study is severe acute and late grade 3–5 toxicity caused by cetuximab plus
radiotherapy or cisplatin plus radiotherapy (www.clinicaltrial.gov). This study is
still recruiting patients.

TROG 12.01 (NCT01855451) aims at finding the optimal treatment for
HPV-associated OPC and actually has a similar design as the De-ESCALaTE HPV
trial with similar primary endpoint (www.clinicaltrial.gov). Target patients’ accrual
is 200, and the study is still recruiting patients.

3.2 Induction Chemotherapy Followed by Dose
De-escalation Trials

There are three clinical studies including HPV-associated OPC patients investi-
gating whether the total dose of radiation can be reduced in case of good response
after induction chemotherapy.

In the ECOG 1308 trial (NCT01084083), a phase II trial, HPV-associated stage
III–IV resectable OPCs were first treated with induction chemotherapy (3 � pa-
clitaxel 90 mg/m2, 1 � cisplatin 75 mg/m2, and cetuximab loading dose of
400 mg/m2 and weekly cetuximab 250 mg/m2). Patients with a clinical complete
response received a total dose of 54 Gy with concurrent weekly cetuximab, while
patients with less than complete response were treated with a total dose of 70 Gy
plus cetuximab. The aim of this study was to estimate the 2-year progression-free
survival in the low-dose arm (www.clinicaltrial.gov). Patient accrual has been
completed (90 patients). Preliminary results revealed a complete response rate after
induction chemotherapy of 71 %, and 61 patients were assigned to low-dose
radiotherapy (Cmelak et al. 2014). The 2-year progression-free survival was 84 %
in all these patients and was excellent (96 %) in the 27 patients with � 10
pack-years, T1–T3 and N0-N2b disease. Secondary endpoints were acute and late
side effects. In addition, less radiation-induced head and neck cancer symptoms
were suggested among patients treated with the low-dose arm (Cmelak et al. 2015).

The University of Chicago is currently running a randomized phase II study
including stage III–IV HPV-related OPC (NCT01133678). Patients are randomly
assigned to receive induction chemotherapy with everolimus or placebo in com-
bination with cisplatin, paclitaxel, and cetuximab. Patients with good clinical
response are then randomly assigned to receive 70 Gy or 55 Gy at the therapeutic
target volume. The primary endpoint in this study is the 2-year progression-free
survival, while secondary endpoints include response rate, overall survival, and
acute and late toxicities (www.clinicaltrial.gov).
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Finally, in the Quarterback Trial, patients with locally advanced HPV-associated
OPC are first treated with 3 cycles of TPF induction chemotherapy
(NCT01706939). Patients with a partial or complete response after induction
chemotherapy are then randomly assigned to receive standard dose radiation
(70 Gy) with carboplatin or reduced-dose radiotherapy (56 Gy) and carboplatin.
The primary endpoint in this study is 3-year progression-free survival. Secondary
endpoints also include acute and late side effects. The aim is to include 365 patients,
and patient recruitment is still ongoing.

3.3 Detoxification Studies

The MD Anderson Cancer Centre in Houston is currently running a randomized
phase II–III study including HPV-positive OPC treated with concurrent CRT
(NCT01893307) (www.clinicaltrial.gov). Patients are randomly allocated for either
concurrent CRT using IMRT or concurrent CRT using IMPT. Conventional frac-
tionation is used to a total dose of 70 Gy in combination with cisplatin (3 cycles of
100 mg/m2). The primary endpoint here is late grade 3–5 toxicity from 90 days to
2 years after completion of treatment. The target number of patients to be included
in this study is 360, and the study is still recruiting patients.

In conclusion, a number of clinical phase II and phase III trials are currently
recruiting patients, using different strategies to reduce the dose to healthy tissues.
No final results can be presented yet. Thus, the question is which approach is most
promising to reduce side effects.

4 Expected Benefits of De-escalation and Detoxification
Strategies

To investigate the potential benefit of the aforementioned strategies, we recently
performed an in silico planning comparative (ISPCS), including 50 locally
advanced (stage III–IV) oropharyngeal cancer patients who were treated at the
Department of Radiation Oncology of the UMCG with concurrent chemoradiation
or radiotherapy with cetuximab (unpublished data).

All patients underwent a planning CT scan with contrast enhancement in
treatment position. In summary, the therapeutic clinical target volume (CTV1)
consisted of the primary tumor and pathological lymph nodes plus a 1.0-cm margin.
The prophylactic nodal areas on both sides of the neck were selected according to
the guidelines reported by Gregoire et al. [Gregoire]. The CTV for the boost irra-
diation (CTV2) consisted of the primary tumor and pathological lymph nodes with
a 0.5-cm margin. A 0.5-cm margin was the used for the planning target volumes
(PTV1 and PTV2).
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Four different strategies were mimicked including:

1. Current standard CRT with standard dose swallowing-sparing IMRT
(SW-IMRT) using a simultaneous integrated boost (SIB) technique (Cmelak
et al. 2015). The prophylactic PTV was treated with 35 fractions of 1.55 Gy up
to a total dose of 54.25 Gy while the therapeutic PTV was treated with 35
fractions of 2 Gy up to a total dose of 70 Gy (CRT-70).

2. Same approach as 1 but with replacement of concurrent CRT by radiotherapy
plus cetuximab (BioRT-70).

3. CRT with reduced-dose SW-IMRT using a total dose of 56 Gy to therapeutic
PTV in 1.6 Gy per fraction while the prophylactic PTV was planned with 35
fractions of 1.55 Gy up to a total dose of 54.25 Gy (CRT-56), mimicking a
reduced dose to the target after a complete response after induction
chemotherapy.

4. Same approach as in 1 but then with IMPT (CPT-70) (van der Laan et al. 2013).
5. Same approach as in 2 but then with IMPT (BioPT-70).
6. Same approach as in 3 but then with IMPT (CPT-56).

To estimate the potential clinical benefit in terms of reduction in
radiation-induced side effects, recently published normal tissue complication
probability (NTCP) models (Beetz et al. 2012a, b; Christianen et al. 2012) were
used to translate the dose distributions in the different organs at risk (OARs) into
estimations of the risk of side effects (NTCP values).

For moderate-to-severe patient-rated xerostomia, the multivariable NTCP model
of Beetz et al. (2012a) was used. The risk of this side effect depends on the mean
dose to the contralateral parotid gland and the baseline score of xerostomia.

For grade II–IV dysphagia, the multivariable NTCP model of Christianen et al.
(2012) was used. The risk of this side effect depends on the mean dose to the
superior pharyngeal constrictor muscle and the mean dose to the supraglottic area.

For tube feeding dependence, the multivariable model of Wopken et al. (2014)
was used. The risk of this side effect depends on T-stage, baseline weight loss,
treatment modality, and four dosimetric factors, including the mean dose to the
superior and inferior pharyngeal constrictor muscles, the cricopharyngeal muscle,
and the mean dose to the contralateral parotid gland. In this analysis, patients
treated with cetuximab and concurrent CRT had relative risks of 1.74 and 6.73 to
remain tube feeding dependent at 6 months.

The results are summarized in Fig. 1. The results show that based on these
models, limited effect on late radiation-induced toxicity is expected from replacing
CRT by radiotherapy plus cetuximab, besides a lower risk of tube feeding
dependence. Low-dose radiotherapy is expected to result in a reduction in the risk
of all side effects. The use of proton therapy is expected to further reduce the risk of
late radiation-induced side effects, in particular with regard to xerostomia and tube
feeding dependence.
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5 Conclusion

Radiotherapy alone for HPV-associated OPC provides high locoregional control
rates in well-selected cases with favorable prognostic factors and can be applied in
particular when CRT is considered too toxic. Radiation-induced toxicity in
HPV-associated OPC can be reduced with different de-escalation and detoxification
strategies. When patients are treated with IMRT, the most promising de-escalation
approach is reduced-dose IMRT after good response to induction chemotherapy,
but this may come at the cost of some loss in locoregional control. With IMPT, the
risk of radiation-induced side effects can be further reduced and might be consid-
ered in the future for intermediate-risk patients in which de-escalation is less
preferable.
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Should We De-escalate the Treatment
for HPV-Positive Tumors?

Andreas Dietz, Gunnar Wichmann and Susanne Wiegand

Abstract
De-escalation or de-intensification of therapy is discussed since many
retrospective analyses of former trials demonstrated significantly better outcome
for patients suffering from p16/HPV16-positive oropharyngeal squamous cell
carcinoma of head and neck (OHNSCC). These observations are comprehen-
sively addressed, but the reader has to keep in mind that none of the currently
discussed data result from prospective controlled trials addressing the
HPV-discrimination in the primary endpoint design. Identification of the true
HPV16-related tumors is still challenging and in addition with different clinical
reports and lack of data of prospective trials not mature for routine clinical
decision making in 2016. Independent of the currently lacking evidence for
HPV-dependent treatment de-escalation, there are some relevant arguments to
address this question in ongoing and future trials.
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suffering from p16/HPV16-positive oropharyngeal squamous cell carcinoma of head
and neck (OHNSCC). These observations are comprehensively addressed in this
book, but the reader has to keep in mind that none of the currently discussed data
result from prospective controlled trials addressing the HPV-discrimination in the
primary endpoint design. Currently, a comprehensive body of trials is on the way in
many countries and within the next years many new (perhaps praxis changing) data
are awaited (Masterson et al. 2014; Mirghani et al. 2015). These favorable outcomes
in retrospective analysis are independent of treatment choice so far, mentioning the
remarkable differences in outcome depending on p16-positive staining in the RTOG
0129 (Ang et al. 2010) primary radiotherapy trial or the observation of Haughey
et al. (2011) regarding significantly better outcome after transoral laser microsurgery
(TLM) in p16-positive OHNSCC. Interestingly, the current debate is misbalanced
suggesting that p16-positive OHNSCC is more benefiting from primary radiation as
from primary surgery due to the lack of surgical trials. This misbalance of treatment
trials in head and neck cancer is demonstrated in meta-analysis showing clear out-
come benefits in favor of HPV16/p16 positivity based on majority of radiotherapy
trials (O’Rorke et al. 2012). Nevertheless, results of prospective trials are lacking and
therefore recommendations for change of routine treatment in OHNSCC are difficult
to be fixed in guidelines today.

Independent of currently lacking evidence for HPV-dependent treatment
de-escalation, there are some relevant arguments to address this question in ongoing
and future trials. Given that these patients are generally young and have a high
likelihood of surviving their disease, post-treatment quality of life becomes of
paramount importance. Indeed, a significant number of patients will experience
severe toxicities including xerostomia, swallowing disorders, pain and stiffness of the
neck and ototoxicity. Since Machtay et al. (2008) focused on severe late toxicity
outcome problems after primary chemoradiation a brought international growing
awareness of late toxicity and late functional outcome disorders in head and neck
cancer treatment could be observed. This awareness influenced thinking toward better
functional outcome in radiation oncology [constrictor-sparing delineation in IMRT,
reducing the dose in adjuvant treatment after R0-resection (Quon et al. 2011a, b)] and
primary surgery (minimally invasive transoral laser and robotic surgery, TORS, TLM
to reduce morbidity by avoiding external approaches). The goal of treatment
de-intensification should be to maintain good cure rates while minimizing long-term
morbidity. Currently, different approaches to achieve this reduction of treatment-
related morbidity are being pursued: limiting radiation dose; cisplatin alternatives
given concurrently with radiation; modulation of radiation dose according to
induction chemotherapy response; integrating minimally invasive surgery.

These strategies are interesting but raise many questions as de-escalation needs
to be achieved without jeopardizing the good survival results of HPV+ patients. The
risk of metastatic relapse in this patient subgroup has to be taken into account. How
to define precisely a HPV-induced cancer? What is new with “minimally invasive
surgery” in the context of HPV? Treatment of the neck seems to meet different risk
situations. What is the patient’s preference? Is there a place for de-escalation in
routine treatment outside of trials?
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1 What Is the Patient’s Preference?

In head and neck cancer and other cancer sites, studies suggest that patients highly
value survival and are willing to accept added toxicities to maximize their chances
to survive. Understanding the patient´s perspective in the context of a
de-intensification study is critical in planning a multi-institutional trial, because
patients with HPV-positive oropharyngeal SCC must potentially risk reduction of
their higher survival probability with standard CRT in favor of reduced toxicity
potentially achieved with the experimental arm. Brotherston et al. (2013) conducted
an investigation to answer this specific question for patient´s preference regarding
acceptable expense for de-escalating cancer treatment. Fifty-one patients with
oropharyngeal SCC (post-CRT) underwent semi-structured interviews contrasting
toxicities of radiotherapy (RT) alone and CRT. Patients were asked what potential
difference in cancer survival was acceptable to prefer RT over CRT. Initially,
survival rate was the same for both treatments, then the RT rate was reduced until
the preference switched. Ninety percent of patients initially selected RT, but 69 %
switched to CRT after 0 to 5 % reduction in survival. Patients that rated their
treatment experience as mild would accept lower survival versus severe treatment
(p. 0.02). Eighty-one percent of patients (33 of 40) indicated they preferred reduced
chemotherapy in CRT. The study shows that the primary concern of patients is
survival, with 35 % of patients surveyed unwilling to risk any drop in survival
probability to switch to RT over CRT, and a further 34 % willing to accept a 5 % or
less reduction in probability of survival. In conclusion, with the limited data
available currently, the majority of patients with oropharyngeal SCC are willing
to take little or no risk of a survival decrease to receive RT alone as a
de-intensification strategy.

2 How to Define Precisely a HPV-Induced Cancer?

Nevertheless, head and neck cancers are categorized by HPV16 status, because the
presence of the virus tends to correlate with better survival. But the presence of
HPV16 DNA in the tumor may not influence the disease characteristics if that DNA
is not expressed. The detection of E6/E7 mRNA is considered as the definitive
proof of viral involvement; but, it is often not feasible on a routine daily praxis.
Therefore, p16-staining was established as easy to detect surrogate parameter in
many centers worldwide. Indeed, several authors have reported that approximately
15–20 % of p16-positive OPSCCs are HPV16-negative by polymerase chain
reaction and in situ hybridization (Robinson et al. 2012; Smeets et al. 2007; Lewis
2012; Rischin et al. 2010; Wasylyk et al. 2013; Adelstein et al. 2009). Stratification
of head and neck squamous cell carcinomas (HNSCC) based on HPV16 DNA and
RNA status, gene expression patterns, and mutated candidate genes may facilitate
patient treatment decision. Recently our group could in concordance with other
consortial research groups show that DNA-positive and RNA-positive OHNSCC
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have to be distinguished precisely regarding real HPV16 involvement and corre-
lating typical biological tumor behavior (Wichmann et al. 2015). We characterized
OHNSCC with different HPV16 DNA and RNA (E6*I) status from 290 consec-
utively recruited patients by gene expression profiling and targeted sequencing of
50 genes. We showed that tumors with transcriptionally inactive HPV16 (DNA+
RNA-) are similar to HPV-negative (DNA-) tumors regarding gene expression and
frequency of TP53 mutations (47 %, 8/17 and 43 %, 72/167, respectively). We also
found that an immune response-related gene expression cluster is associated with
lymph node metastasis, independent of HPV16 status.

In line with our observations, Holzinger et al. (2013) pointed out that at present,
detection of HPV16-specific viral RNA patterns in snap-frozen biopsies is best
suited to identify OHNSCC patients with biologically active HPV in their tumors
and improved prognosis. Tumor samples of 188 OHNSCC patients with known
HPV16 DNA and RNA status were included. High p16INK4a, but also low pRb, low
Cyclin D1 and normal p53 protein levels were strongly associated with OHNSCCs
harboring biologically active HPV. However, p16INK4a alone had only limited
prognostic value and unsatisfactory power to predict RNA+ tumors in this patient
cohort. It conferred significantly longer survival in univariate Kaplan–Meier anal-
ysis, but lost significant survival advantage after adjusting for gender, age, clinical
stage, therapy status and alcohol and tobacco consumption. Kostareli et al. (2013)
additional could describe a HPV16-specific methylation signatures which correlated
in three independent well-characterized patient cohorts (Chicago, Heidelberg,
Leipzig) with significant better overall survival, but interestingly also correlated with
better survival if HPV16 was negative. In this study, the CpG island methylome of
15 OHNSCC tumors (5 HPV DNA-, 5 DNA+ RNA-, 5 DNA+ RNA+) revealed
specific methylation signatures (5-gene [ALDH1A2, OSR2, GATA4, GRIA4,
IRX4] promoter-methylation signature score) screened in 220 OHNSCC. It could be
demonstrated that, in addition to genetic aberrations, epigenetic alterations critically
contribute to histopathological and clinical differences between HPV-driven and
non-HPV-driven tumors.

In summary, isolated p16 screening is not sufficient to detect the real
HPV16-driven OHNSCC. To determine an accepted clear-cut diagnostic procedure
which can be recommended for clinical routine praxis is still under progress.

3 What Is New with “Minimally Invasive Surgery?”

Today’s main guidelines for treatment of HNSCC are still based on phase-III trials
and comprehensive meta-analyses (Pignon et al. 2009), with excess of radiation or
chemoradiation studies at the expense of surgical trials. As stated by Higgins and
Wang (2008), clinical recommendations for HNSCC treatment based on evidences
are difficult due to a disproportion of surgical and non-surgical trials. This conflict is
augmented by the fact that instruments for evaluating best surgical practice are
different from methodological standards in non-surgical phase-II or phase-III trials.
But, going back to clinical routine, well-established and proven standards in surgery
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of HNSCC are defined as state-of-the-art tumor resection procedures and recon-
struction, following consented resection criteria like clear margins (R0 resection)
(Shah and Patel 2003). In general, as recently proposed by Wittekind et al. (2009),
the inclusion of the minimal distance between tumor tissue and resection margins
into the current R-classification would be useful. In HNSCC, a distance of 5 mm in
minimum (except tumors of the glottis fold) is highly recommended. Also stan-
dardized neck dissection (Robbins et al. 2008) should be included into the tumor
stage-related surgical concept. Altogether, primary surgery and additional adjuvant
treatment of HNSCC is ever recommended if R0 resection is possible (also con-
sequently ignoring molecular biological tumor configurations in today’s clinical
routine). Therefore, the choice of either surgery or multimodality treatment is
mainly based on clinical experience and medical culture since there is still a high
degree of haziness in view of the best biology-based treatment.

Triggered by some key note publications regarding transoral micro-laser (TLM:
Canis et al. 2013a, b, 2015; Sinha et al. 2014) and robotic surgery (TORS:
Hockstein et al. 2005; Gross et al. 2016; Kaczmar et al. 2016) in strong coincidence
with recognition of the prognostic impact of HPV for OHNSCC, de-escalation in
surgery also was raised as a strong topic in treatment of oropharyngeal cancer. As
already mentioned, also TLM in OHNSCC provided significant better outcome in
p16+ tumors (Haughey et al. 2011). TLM and TORS produce minimal comor-
bidities depending on the surgical approach since external comprehensive
destructive opening of the oral cavity and pharyngeal structures can be avoided by
transoral surgery. Both techniques are well described and can be performed in
trained hands without compromising quality of oncologic surgery providing
R0-resection. Using the term de-escalation of surgery, transoral approaches are
definitely less aggressive regarding damage by external conventional classic
approaches (i.e., mandibular split). Moreover, treatment de-escalation trials
including non-surgical and surgical treatment are on the way implicating minimally
invasive surgical techniques (TLM, TORS) as acceptable choices to minimize
functional deficits in HPV16-positive disease.

Comparing outcomes of both transoral and open approaches in head and neck
surgery demonstrates equality with definitive better functional late outcome for
transoral approaches in limited disease. This observation is HPV independent as
standards in correct oncological resection are not changing by using transoral
approaches. But remarkably, HPV pushed the field of developments in transoral
surgery in the US and established there those techniques which were common
standard by using TLM in Europe many years before the HPV-debate started.
Recently, TORS has been approved for small (T1, T2) oropharyngeal lesions and is
used in routine treatment for lesions of the tonsillar region and base of tongue in
many North American centers with good results. In Europe, TORS is in strong
competition to TLM that has limitations especially in base of tongue lesions but is
highly sufficient in well trained hands in most regions of the upper aero-digestive
tract. Since TORS is still new and neither evidence for superiority toward TLM
does exist nor reimbursements in Europe cover the terrific costs, this technique is
not recommended for first choice routine treatment.
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Another view is raised by comparing larger extent of surgery with need for
reconstruction by flaps and primary radiochemotherapy in OHNSCC. Tschiesner
et al. (2012) performed a highlighted cross-sectional, multi-institutional study, to
compare functional outcome in patients with advanced head and neck cancer (oral
cavity + oropharynx) treated by surgical resection and reconstruction with
microvascular free flaps followed by adjuvant radiochemotherapy versus primary
radiochemotherapy (RCT) on the basis of the International Classification of
Functioning, Disability and Health (ICF) from WHO. Global quality of life scores
suggested a slightly superior functional outcome for the surgical approach. The
majority of ICF categories (81/93, 87 %) did not show a difference in functional
outcome between the two treatment approaches. In the remaining 12 ICF cate-
gories, n = 3 body structures were more affected in the surgical group, while n = 3
body functions, and n = 6 activities/participations were more problematic in the
RCT group. This included oral swallowing and weight maintenance functions as
well as social relationships, acquiring a job, and economic self-sufficiency. This
functional analysis shows clearly that avoiding surgery per se does not mean that a
suggestively less harming therapy like RCT in advanced OHNSCC could be called
de-escalation. Comparing late functional outcome, platinum-based RCT is recog-
nized as highly toxic and definitely not less destructive than newer techniques of
free-flap reconstruction in advanced OHNSCC. Keeping this in mind, Quon et al.
(2010) raised some highly relevant questions regarding late functional outcome and
better treatment planning in radiation oncology. As these minimally invasive sur-
gical techniques gain popularity, there exist many unanswered questions such as
how postoperative radiation (PORT) and chemotherapy should be integrated into
the management for patients undergoing primary surgery for oropharyngeal carci-
nomas. Questions regarding the risks and benefits of a potential trimodality therapy
are also important questions to address as these surgical techniques become inte-
grated into traditional therapeutic paradigms. Constrictor-sparing radiation tech-
niques using IMRT and customized reduction in cisplatin have to be discussed.
Further thinking should be focused on radiation dose reduction after R0-resection in
the primary tumor field in cases requiring adjuvant treatment. All these questions
have to be addressed in prospective clinical trials to work out specific HPV-related
effects by treating OHNSCC patients more precisely. It may be that we learn to
move on into direction of precise surgical concepts achieving improved outcome
with reduced late toxicity independent of any prognostic factors like HPV.

4 Conclusion

De-escalation in HPV-related OHNSCC is a highly relevant topic in clinical
research to improve quality of therapy and outcome for our patients. Identification
of the true HPV16-related tumors is still challenging and in addition with different
clinical reports and lack of data of prospective trials, de-escalation strategies are not
mature for integration into routine clinical decision making in 2016. Nevertheless,
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the HPV-driven developments of less destructive transoral approaches like TLM
and TORS in OHNSCC pushed a wonderful clinical scientific debate and returned
some neglected advantages of precise surgery in head and neck cancer to higher
recognition.
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Part IV
Surgical Treatment of HPV Positive

Tumours



The Role of Conventional Surgery
in Oropharyngeal Cancer

Wojciech Golusinski

Abstract
Anatomically, the oropharynx can be divided into four subsites: the soft palate,
pharyngeal wall, base of tongue, and the tonsillar complex. Surgical access to
these tumours is often challenging due to the anatomic localization. For this
reason, such tumours were traditionally managed with open surgical techniques,
usually involving a mandibulotomy, to provide better visualization and access to
the oropharynx, followed by free-flap reconstruction of the oropharyngeal
defect. However, the invasiveness of this approach could lead to significant
morbidity, including speech, swallowing, and airway dysfunction, in addition to
poor cosmetic outcomes. In response, less invasive approaches (Mercante et al.
2013) have been developed including minimally invasive surgical approaches
(chiefly transoral surgery) as well as non-surgical methods, primarily radiother-
apy, and chemotherapy (Mercante et al. 2013).
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1 Introduction

Oropharyngeal cancer (OPC) is a relatively rare cancer of the head and neck region.
Histologically, most OPCs (�90 %) are squamous cell carcinomas (SCC). Anatomi-
cally, the oropharynx can be divided into four subsites: the soft palate, pharyngeal wall,
base of tongue, and the tonsillar complex. Surgical access to these tumours is often
challenging due to the anatomic localization. For this reason, such tumours were tra-
ditionallymanagedwith open surgical techniques, usually involving amandibulotomy,
to provide better visualization and access to the oropharynx, followed by free-flap
reconstruction of the oropharyngeal defect. However, the invasiveness of this approach
could lead to significant morbidity, including speech, swallowing, and airway dys-
function, in addition to poor cosmetic outcomes. In response, less invasive approaches
(Mercante et al. 2013) have been developed including minimally invasive surgical
approaches (chiefly transoral surgery) as well as non-surgical methods, primarily
radiotherapy and chemotherapy (Mercante et al. 2013).

Trials carried out in the late 1980s/early 1990s showed that concurrent chemora-
diotherapycould achieve survival rates thatwere equivalent toopen surgical approaches
with significantly less morbidity (Dowthwaite et al. 2012). As a result, this approach
began to replace surgery in many centres, particularly for early-stage disease (Yeh et al.
2015). Despite the popularity of these non-surgical approaches, no randomized trials
have been conducted to compare chemoradiotherapy to surgery plus post-operative
radiotherapy (PORT). Moreover, high-dose regimens can induce significant
treatment-related toxicity, particularly acute mucositis and severe dysphagia, which
often requires insertion of a gastrostomy tube (Blanchard et al. 2011; Machtay et al.
2008; Caudell et al. 2009). For this reason, a significant number of centres with strong
surgical traditions continue to manage these cancers surgically followed by PORT or
post-operative chemoradiotherapy in cases with adverse histopathological features.

Due to the continuous improvements in both surgical and non-surgical tech-
niques, decision-making with regard to treatment has become ever more complex,
and both techniques can often be used. At present, conventional surgery, defined as
open surgery, transoral surgery with traditional instrumentation, or transoral laser
microsurgery (TLM), is primarily—but not solely—used for advanced cancers
(stage III or IV) or for salvage surgery following recurrence. However, conven-
tional surgery is also used in many early-stage tumours (stage I or II).

In this subchapter, we briefly describe the surgical approaches currently used in
OPC and their role in managing this disease.

2 General Principles: Management of Oropharyngeal
Cancers

The standard treatment for OPCs at present is mainly dependent on the disease
stage, anatomical location, and patient and clinician preferences. Because survival
outcomes are often comparable between surgical and non-surgical approaches,
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clinician preferences play an important role in the treatment decision. Figure 1
depicts the treatment options for OPCs. The first decision is to select the appropriate
treatment modality, generally either surgery or radiotherapy, both of which yield
similar rates of local control and survival in retrospective studies. Importantly,
randomized trials comparing the two approaches are not available. In addition,
treatment-related morbidity can be an important factor in selecting the treatment. As
Fig. 1 makes clear, there are numerous surgical options.

An important concept in selecting a surgical approach is to develop a clear “concept
of operation”. This means that the surgeon selects the most appropriate operation type
according to the results of diagnostic procedures and staging. By selecting the
appropriate operation concept, it is possible to achieve the initial aims of the surgery
without unnecessary complications. Based on the overall treatment concept, the
surgeon chooses the optimal access route, the extent of resection, and the type of
reconstruction. Communication between surgeons and other specialists is crucial for
the success of the intervention. Numerous factors affect the choice of treatment,
including patient characteristics such as age, occupation, general health and
co-morbid conditions, lifestyle issues (e.g. refusal to stop smoking), distance from the
hospital, and family status. The patient’s opinion and preference for a particular
treatment should also be considered. In addition, the expertise of both the centre and
the surgeon can also play a role in decision-making. Finally, tumour-related factors
(Fig. 2) are an important component of the decision-making process.

Fig. 1 Treatment options of
oropharyngeal cancer

Fig. 2 Tumour-related
factors in selecting treatment
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3 Transoral Surgery

The transoral approach was developed in an attempt to minimize the morbidity
associated with open surgery while maintaining oncologic outcomes. Transoral
surgery is a minimally invasive treatment that offers many advantages over open
techniques, including less damage to the musculature, the major neurovascular
structures, and normal tissues (Tateya et al. 2016). Similarly, due to its less invasive
nature, transoral surgery allows for quicker recovery and reduced hospital stay, both
of which are important advantages for the patient and the hospital (Arens 2012).

Classic transoral approaches are limited to tumours that can be observed directly
and manipulated with standard instrumentation and lighting (Dowthwaite et al.
2012). Consequently, in certain oropharyngeal tumour localizations, such as the
back of tongue or the tonsillar complex, the classic transoral approach is not fea-
sible due to lack of visualization and access. Magnification and finer instrumen-
tation are needed to access deeper structures in the oropharynx, which is what led to
the emergence of TLM in the mid-1990s. TLM, in which an endoscope provides
visualization of the pharynx through the mouth while a laser is used to excise the
tumour, overcame many of the barriers associated with classic transoral surgery,
thus providing an organ preservation strategy that offers excellent local control rates
with preservation of vocal and swallowing function (Dowthwaite et al. 2012).
Compared to conventional open surgery, TLM minimizes the risk of fistula, flap
failure, abscess, and osteoradionecrosis and is associated with a shorter hospital
stay. However, TLM is not without drawbacks, the most important being the rigid
equipment and the narrow-field view of the laryngoscopes, which make it chal-
lenging to manoeuver within the complex anatomy of the oropharynx.

Due in part to technical difficulties with TLM, a newer technique—transoral
robotic surgery (TORS)—has been gaining ground in recent years, particularly in
tonsillar cancer (Weinstein et al. 2007). TORS overcomes the restricted surgical
access and limited view of the oropharynx associated with non-robotic transoral
approaches. However, despite the apparent advantages of TORS (smaller incisions,
decreased hospital stays, better optics, and improved range of motion of the surgical
arms), longer term outcomes are not yet available and the body of evidence, though
growing, is still small. Crucially, TORS requires expensive robotic equipment and
extensive training, thus making it cost-prohibitive for many centres. For these
reasons, among others, conventional approaches are still widely used in OPC.

Overall, the evidence for routine use of transoral endoscopic surgery is based on
retrospective findings. However, studies are underway. The available results show
that in selected patients as well as in the hands of experienced surgeons, transoral
approaches, both endoscopic and classic, are a good alternative to both open
organ-preserving surgery with reconstruction by microvascular anastomosed flaps
and chemoradiotherapy (Arens 2012).
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4 Early-Stage Oropharyngeal Cancer

At many centres, radiotherapy plus concurrent chemotherapy has largely replaced
surgery in the treatment of early-stage (T1-2 N0-1) OPC (Lacocourreye 2011).
However, it is important to consider the long-term consequences of chemoradio-
therapy, which are not insignificant due to the possibility of treatment-related
toxicities and the negative impact of failed radiotherapy on subsequent salvage
surgery (Machtay et al. 2008). In this sense, an important advantage of surgery is
that the excised tissue provides valuable staging information that may obviate the
need for additional chemoradiotherapy, thus avoiding unnecessary toxicity.
Moreover, survival rates are virtually identical, regardless of whether the primary
treatment is surgery or radiotherapy: two-year survival rates for stage T1 patients
range from 93 to 95 % for radiotherapy versus 92–100 % for surgery. For T2
tumours, the corresponding rates are 91–93 % for radiotherapy versus 91–94 % for
surgery (Daly et al. 2010).

Transoral surgery with elective neck dissection (ipsilateral or bilateral, as
appropriate) is generally the surgical treatment of choice in early-stage oropha-
ryngeal tumours, except for the base of tongue tumours, in which definitive radi-
ation therapy ± brachytherapy is preferred. A variety of transoral modalities can be
utilized, including TLM, TORS, or even the classic transoral approach depending
on the centre’s preferences, experience, equipment availability, and tumour loca-
tion. Although TLM and now TORS have largely displaced conventional transoral
surgery, several studies have demonstrated excellent results with this approach,
indicating that, for experienced centres with limited resources, laser and/or robotic
systems are not essential to achieving good outcomes (Lacocourreye 2011; Shah
et al. 2014).

In cases of recurrence, salvage surgery is the treatment of choice. Indeed, another
argument in favour of primary surgery versus primary radiotherapy is that salvage
treatment for local recurrence is not always possible after primary radiotherapy; in
addition, even when salvage surgery is feasible, it is always associated with a
significantly higher rate of post-operative complications. Finally, curative and
function-sparing treatment options for metachronous second primary tumours in the
upper aerodigestive tract are severely limited if the primary tumour was treated with
radiotherapy.

4.1 Nodal Disease and Neck Metastases

The risk of occult neck metastasis is high, even when the neck is clinically negative
for nodal involvement. For this reason, elective neck dissection, which may be
ipsilateral (in lateralized tonsil primaries) or bilateral (midline tumours), is usually
performed.

The Role of Conventional Surgery … 189



4.2 Soft Palate

Although most patients with early-stage OPC of the soft palate are treated with
radiotherapy, both surgery and radiotherapy achieve comparable rates of survival
and locoregional control. For T2NO tumours, a transoral approach with TLM can
be used, with wound healing by secondary intention or reconstruction with split
thickness skin graft.

4.3 Base of Tongue

Tumours in this location are usually more aggressive than other localizations. In
most cases, radiotherapy plus brachytherapy is used for this localization (NCCN
guidelines file, n.d). Since occult nodal metastasis is common, lymph node dissec-
tion is recommended in patients who undergo surgery. In carefully selected patients,
TLM may improve local control and functional results (Steiner et al. 2003).

4.4 Tonsillar Complex

Outcomes with primary surgery or radiotherapy are essentially equivalent. For
small tumours (T1N0) confined to the tonsil, simple tonsillectomy using the tran-
soral approach with electrocautery is sufficient. However, more extensive resection
may be needed if the tumour extends beyond the tonsil and may require an anterior
approach with mandibulotomy and a transhyoid approach, or, alternatively, TLM,
or TORS.

5 Advanced Oropharyngeal Cancers

In advanced cancers (T3-4a, N0-N1), both chemoradiotherapy and conventional
surgery can be used, depending on the localization and expertise of the hospital.
The surgical approach typically consists of conventional surgery followed by PORT
or CRT. In patients with advanced disease, surgery offers a notable survival
advantage over radiotherapy (Díaz-Molina et al. 2012): at five years, rates of overall
survival and disease-specific survival (DSS) are 24–58 % and 33–63 % for
radiotherapy plus chemotherapy compared to 38–56 % and 52–73 % for surgery
plus PORT. Surgery requires an extensive resection of the visible or palpable
tumour. A 2-cm margin should be applied, if feasible, with frozen section analysis
performed to assess the surgical margins. The specific surgical approach depends in
large measure on the tumour localization, and adequate visualization is essential.
For this reason, an open approach with lip-splitting mandibulotomy is often
required. For tumours of the tonsillar complex or base of tongue tumours,
mandibulotomy is the treatment of choice, although lateral pharyngotomy may also
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be considered for the tonsillar complex. In some cases, partial mandibular resection
may be used. Reconstruction options include primary closure, pedicle or free flaps,
and skin grafts.

In most cases, radical neck dissection is mandatory due to local spread. Neck
dissection depends on the nodal status. Patient with N0 status usually undergoes
prophylactic selective neck dissection, either unilateral or bilateral (midline
lesions). In clinical N1 disease, selective neck dissection (including levels I–IV) is
recommended. Finally, in patients with more advanced nodal disease (clinical
N2/N3), a modified radical neck dissection is necessary.

As with early-stage tumours, the only viable treatment option in case of recur-
rence is salvage surgery.

5.1 Soft Palate Tumour

Stage T3N2b soft palate tumours are managed by transoral resection with radical
neck dissection reconstruction and radial forearm free flap (RFFF).

5.2 Base of Tongue

Advanced stage (T3-N2B) base of tongue tumours is usually reseacted with anterior
mandibulotomy and radical neck dissection. Stage T4aN2B tumours are treated
with hemiglossectomy with radical neck dissection and reconstruction with an
anterolateral thigh flap.

5.3 Tonsillar Complex

Stage T3N2b tonsillar tumours are managed similar to that described above for soft
palate tumours (i.e. transoral resection with radical neck dissection reconstruction
and radial forearm free flap). Stage T2N2B tumours are also managed with the
transoral approach and radical neck dissection. For more extensive tonsillar com-
plex tumours with invasion of the buccal mucosa (T4A N2B), an anterior
mandibulotomy with radical neck dissection and reconstruction with RFFF are
required.

6 Human PapillomaVirus (Hpv)-Associated OPC

The incidence of HPV-positive SCC has doubled in the last decade, and by the year
2030, half of all head and neck tumours will be HPV+ (Pytynia et al. 2014). The
rise of HPV+ tumours has changed the patient profile in OPC. HPV+ patients tend
to be younger, more highly educated, white males with smaller primary tumours but
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with more advanced nodal stage (cystic in nature). Studies have shown that patients
with HPV+ OPC have better outcomes than patients with HPV-negative tumours,
regardless of whether they are treated surgically or by concurrent chemoradio-
therapy. The increasing incidence of HPV positivity has important implications for
the treatment because HPV-associated tumours are more susceptible to radiotherapy
and survival rates in these patients are better than non-HPV tumours (Ang et al.
2010). In the radiation therapy oncology group (RTOG) trial 0129, HPV status was
shown to be an independent prognostic factor for survival (Ang et al. 2010; Lim
et al. 2015): in that study, 3-year locoregional failure was 21 % lower in patients
with HPV-positive tumours. However, despite the benefits of radiotherapy in this
subset of patients, the relatively young age of disease onset means that the patients
may be at risk for the long-term side effects of radiotherapy, including osteonecrosis
and radiation-induced secondary malignancies. This presents an important dilemma
for physicians. However, one solution is to use minimally invasive surgical tech-
niques to achieve local tumour control while reserving radiotherapy for future use if
the patient develops either a local recurrence or a second primary tumour. Inter-
estingly, HPV positivity confers a similar survival advantage, regardless of whether
patients are treated surgically or with chemoradiation (Licitra et al. 2006; Fakhry
et al. 2008). Indeed, one study compared survival outcomes in HPV+ patients
treated with either surgery or chemoradiation, finding that the cohort that underwent
primary surgery had the best outcomes (Fischer et al. 2010).

From a treatment selection perspective, the longer survival of HPV+ patient
increases the risk of late-onset treatment-related effects, including osteora-
dionecrosis, fibrosis, trismus, dental issues, xerostomia, and dysphagia. At present,
there are no level 1 data comparing primary surgery to radiation or chemoradio-
therapy in HPV+ OPC (Mydlarz et al. 2015). However, this question may be
resolved once the results of the ongoing ECOG 3311 trial are reported.

In summary, HPV positivity does not imply that radiotherapy should be pre-
ferred to surgery as the primary treatment modality given that the survival benefit
applies to both groups. Moreover, considering the importance of patient age and
health status, transoral approaches such as TLM or TORS followed by PORT may
offer the optimal approach to selected HPV+ patients because this may allow the
use of lower doses of radiation therapy, better functional outcomes, and improved
survival.

7 Salvage Treatment

As described above, the role of surgery has undergone significant changes in the
last 20–30 years, and in many centres, combined chemoradiotherapy has replaced
surgery, even in advanced tumours. In recurrent OPC, surgery is the only feasible
option in the vast majority of cases. However, in patients who suffer a recurrence
after primary treatment with combined chemoradiotherapy, there are many issues
that complicate the salvage surgery. For instance, the presence of tissue oedema,
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necrosis, and chondritis often make it difficult to locate the recurrence. Moreover,
recurrence is often multifocal, widely dispersed, and located in many instances
below an intact mucosa. In addition, complication rates are significantly increased
in this patient population and wound healing is complicated by poor tissue quality
in the surgical site. Finally, tumours that managed to survive chemoradiation
therapy are usually more aggressive and more resistant to other treatment
modalities.

8 Conclusions

Despite the shift from surgery to chemoradiotherapy in the treatment of OPC, there
is no conclusive evidence to demonstrate the superiority of either approach. In most
cases, as shown by the RTOG 73-03 trial (Kramer et al. 1987), survival is equiv-
alent. Improvements in minimally invasive surgical techniques, together with the
rising incidence of HPV-associated cancers, have given new momentum towards
the use of surgery as the primary therapy in OPC, with radiotherapy and/or
chemoradiotherapy given as adjuvant treatments (Chan et al. 2015).

The treatment options for an individual patient rely on multiple factors,
including the tumour location and size, features of the tumour, and patient
comorbidities. The continued study of these techniques is important to match the
patient with the most appropriate treatment (Helman et al. 2015). Based on current
data, transoral resection competes with primary chemoradiotherapy in terms of cure
rates and functional outcomes, and for this reason, the main controversy in the
treatment of patients with resectable OPC is whether to use definitive chemora-
diotherapy or primary transoral surgery with appropriate adjuvant therapy (Samuels
et al. 2015). It is hoped that ongoing and future studies will help to resolve these
dilemmas and help us to better understand the optimal treatment approach, whether
surgical or non-surgical, based on patient and tumour characteristics.
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The Role of Surgery
in the Management of Recurrent
Oropharyngeal Cancer

Neil D. Gross and Ehab Y. Hanna

Abstract
The incidence of oropharyngeal squamous cell carcinoma (OPSCC) continues to
rise worldwide at a dramatic pace, buoyed by the predominance of human
papilloma virus (HPV) driven disease (Panwar et al. 2014). While the outcomes
of patients with HPV-positive OPSCC are dramatically improved compared to
HPV-negative OPSCC, treatment failures do occur. The result is an inevitable
rise in the incidence of recurrent OPSCC. Since the majority of incident OPSCC
cases are treated with some form of radiation therapy (primary or adjuvant),
surgery remains the backbone of treatment for recurrent OPSCC. This section
will focus on options for surgical management of recurrent OPSCC.

Keywords
TORS � Transoral robotic surgery � Oropharynx � HPV negative � Squamous
cell carcinoma of the oropharynx

1 Introduction

The incidence of oropharyngeal squamous cell carcinoma (OPSCC) continues to
rise worldwide at a dramatic pace, buoyed by the predominance of human papil-
loma virus (HPV) driven disease (Panwar et al. 2014). While the outcomes of
patients with HPV-positive OPSCC are dramatically improved compared to
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HPV-negative OPSCC, treatment failures do occur. The result is an inevitable rise
in the incidence of recurrent OPSCC. Since the majority of incident OPSCC cases
are treated with some form of radiation therapy (primary or adjuvant), surgery
remains the backbone of treatment for recurrent OPSCC. This section will focus on
options for surgical management of recurrent OPSCC.

It is important to recognize that while surgery is paramount for the treatment of
recurrent OPSCC, a multidisciplinary approach remains important for this complex
and lethal disease. Patient with recurrent OPSCC, often HPV-negative, face an
overall dismal prognosis (Agra et al. 2006). Innovative treatment strategies are
warranted utilizing all contemporary medical resources including: biologic thera-
pies, immunotherapies, induction approaches and or adjuvant re-irradiation. In this
manner, surgery for recurrent OPSCC rarely occurs in a vacuum and each case
requires a careful examination of the pathology and patient’s potential tolerance of
treatment.

2 Challenges with Surgery for Recurrent OPSCC

Treatment of OPSCC is challenging given the proximity of pathology to structures
critical for breathing, deglutition and speech. Surgery, in particular, for recurrent
OPSCC can be exceptionally challenging and should only be considered by
experienced head and neck oncologic surgeons. Recurrent OPSCC is often poorly
circumscribed with a propensity for insidious submucosal spread. Of course, access
to the oropharynx is more difficult than for many other subsites of the head and
neck. Decreased exposure and limited ability to palpate the extent of disease
contribute to the challenge of surgery for recurrent OPSCC. Perhaps most impor-
tantly, the sequelae of prior treatments can make surgery for recurrent OPSCC
particularly difficult via altered anatomy and or accessibility. For example, prior
radiation therapy often yields soft tissue fibrosis and induration that can hinder
identification and preservation of normal structures and obscure the clear delin-
eation of pathology. Prior radiation for OPSCC invariably causes some degree of
restriction in jaw opening. Even a moderate degree of trismus can negatively impact
the workup and treatment for recurrent OPSCC. Combined, these factors can make
all aspects of management of recurrent OPSCC more difficult including diagnosis,
workup and treatment.

The diagnosis of recurrence of head and neck cancer if often delayed. For
patients with recurrent OPSCC, in particular, signs or symptoms of disease typi-
cally manifest late. Therefore, routine surveillance imaging is recommended to help
facilitate earlier diagnosis of recurrence (National Comprehensive Cancer Network
(NCCN) 2015). A biopsy to confirm the diagnosis of recurrent OPSCC often
requires examination under anesthesia which can occasionally present a challenge
in management of the airway. Even pathologic confirmation of recurrence can be
difficult given prior therapies.
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The workup of recurrent OPSCC requires careful imaging. The goals of imaging
are to assess resectability, to evaluate regional lymphatics and to rule out distant
metastases. There is no single optimal imaging study for evaluating recurrent
OPSCC, and the decision regarding choice of imaging is specific to the patient,
pathology and surgeon preference. Contrast-enhanced computed tomography
(CT) imaging is usually sufficient for evaluation of the primary site and regional
lymph nodes. Magnetic resonance (MR) imaging may be useful for evaluation of
perineural spread and better delineation of soft tissue involvement. Positron
emission tomography (PET)/CT imaging can also be useful in assessing regional
adenopathy and ruling out distant metastases.

3 Surgical Approaches and Patient Selection

Given the complex anatomy and functional importance of the oropharynx, a variety
of surgical approaches have been explored. OPSCC was historically treated
via an open surgical approach, requiring mandibulotomy, mandibulectomy and/or
pharyngotomy. Each of these approaches has a significant potential for morbidity
including prolonged hospital stay, cosmetic deformity, gastrostomy tube and tra-
cheostomy dependence. Recent technological advances including transoral laser
microsurgery (TLM) and transoral robotic surgery (TORS) have afforded improved
access to pathology and the opportunity for decreased treatment-related morbidity.
However, it is artificial to consider surgery for recurrent OPSCC as limited to the
extreme options: open versus endoscopic. In fact, many patients with recurrent
OPSCC may benefit from a hybrid approach that incorporates both open and
endoscopic techniques. In this manner, surgical approaches for recurrent OPSCC
can be considered as a continuum (Fig. 1).

Patient selection is critical to the successful application of surgery for recurrent
OPSCC. Patient selection goes beyond simply identifying which patients may
benefit from surgery. Rather, in the context of recurrent OPSCC, it also involves
selecting which surgical approach is best suited for the disease. The broad surgical
options for recurrent OPSCC include transmandibular, transcervical and transoral
approaches.

- + 

Transoral 
(TLM, TORS) 

Transmandibular Transcervical 
+/- Transoral 

Level of Invasiveness 

Fig. 1 Range of surgical approaches to recurrent oropharyngeal squamous cell carcinoma
(OPSCC). TLM Transoral laser microsurgery. TORS Transoral robotic surgery
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3.1 Transmandibular Approaches

The mandible can represent a barrier to exposure for resection of recurrent OPSCC.
Mandibulotomy or mandibulectomy may need to be considered depending on the
extent of disease. A common scenario requiring mandibulectomy is direct tumor
involvement of the pterygoid musculature with resulting severe trismus. Resection
of the ascending ramus of the mandible may be necessary in such cases to afford
exposure and an adequate lateral margin. For deeply invasive lateral pharyngeal
cancers, the mandible may even be directly involved (Fig. 2). In other cases, a
mandibulotomy may be useful for facilitating resection and reconstruction. This
approach is most applicable to bulky recurrent OPSCC involving the base of ton-
gue. Utilizing either a visor flap or a lip-splitting approach, the mandible may be
divided and retracted laterally to allow broad access to the oropharynx (Fig. 3).
Internal fixation is utilized to restore the mandibular arch at completion of the
procedure. While these approaches greatly expand the scope of tumors that may be
resected and reconstructed, they also entail significant additional morbidity. Com-
plications from mandibulotomy or mandibulectomy include difficulty with speech,
swallowing, malocclusion, temporomandibular joint pain and cosmetic deformity
(Babin and Calcaterra 1976; Sessions 1983).

3.2 Transcervical Approaches

As an alternative to mandibulotomy or mandibulectomy, recurrent OPSCC of the
tongue base, inferior tonsillar fossae or pharyngeal wall may be approached via a
transcervical approach. Depending on the location of the cancer and the extent of
exposure needed, a lateral pharyngotomy, transhyoid pharyngotomy and or
suprahyoid pharyngotomy can be utilized. Acceptable oncologic outcomes have

Fig. 2 Computed
tomography (CT) neck with
contrast demonstrating direct
involvement of the mandible
from recurrent left base of
tongue oropharyngeal
squamous cell carcinoma
(OPSCC)
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been reported using each of these approaches (Nasri et al. 1996; Zeitels et al. 1991).
While transcervical approaches avoid many of the complications inherent in
transmandibular surgery, the access afforded is substantially more limited. In
addition, patients undergoing pharyngotomy are at increased risk of pharyngocu-
taneous fistula formation and long-term dysphagia.

Trancervical approaches to recurrent OPSCC also require considerable skill for
proper execution. This is because a transcervical approach requires an “inside-out”
understanding of the anatomy whereby at least some of the mucosal cuts are
completed last. A transcervical approach is made even more challenging in the
recurrent setting given fibrosis, induration and potential changes to the anatomy
from prior therapies. For these reasons, transcervical approaches to recurrent
OPSCC are infrequently reported.

3.3 Transoral Approaches

A transoral approach offers the quickest and most direct route to the oropharynx
with the least potential for morbidity. The primary disadvantage of a transoral
approach can be related to exposure. While the tonsil can often be adequately
visualized directly, OPSCC involving the inferior tonsil, glossotonsillar sulcus or
base of tongue may be difficult or impossible to reach through the mouth without
specialized techniques and or instrumentation. Patient factors (trismus, kyphosis
and dental obstruction) and tumor characteristics (tumor size and location) can limit
direct visualization of the oropharynx, thereby preventing a direct transoral
approach from being used.

Advancements in endoscopic surgery have led to the development of minimally
invasive techniques that enable transoral surgery as an alternative to transman-
dibular and or transcervical approaches. TLM was the first minimally invasive
technique to be applied to OPSCC (Moore and Hinni 2013). High-volume TLM

Fig. 3 Transmandibular
approach for resection of
recurrent right base of tongue
oropharyngeal squamous cell
carcinoma (OPSCC)
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surgeons have reported favorable oncologic outcomes using TLM for OPSCC.
However, the technical challenges of this method have limited widespread adoption
outside of select large academic centers. More recently, TORS has been applied to
the management of OPSCC (Weinstein et al. 2012). Unlike TLM, TORS allows for
en bloc resection of pathology and is not limited by line-of-site access. So the
learning curve for TORS appears shorter than for TLM (White et al. 2013a). TORS
using the da Vinci Surgical System (Intuitive Surgical, Inc. Sunnyvale, CA) was
cleared by the Food and Drug Administration (FDA) in the United States in 2009.
Since then, there has been a rapid rise in the use of TORS to treat OPSCC. In 2015,
another robotic platform, the Flex Robotic System (MedRobotics Corp., Raynham,
MA), was also approved for transoral surgery by the FDA. TORS has also been
investigated for recurrent OPSCC.

In previously untreated patients with OPSCC, transoral approaches are most
appropriate for addressing small-volume disease. In these cases, TLM or TORS is
often being used with the intent of treatment de-intensification. For example,
patients with early stage HPV-associated OPSCC (T1-2, N0-1) treated with TORS
have the potential of single-modality therapy and avoiding radiation therapy
(Brickman and Gross 2014). More advanced stage OPSCC can also be managed
with TORS and de-intensified adjuvant therapies with the goal of potentially
avoiding chemotherapy and limiting potential late toxicities (Weinstein et al. 2010).
However, the utility of a transoral approach diminishes in patients with large
volume or high tumor (T) classification primaries due to the challenges of obtaining
negative surgical margins and the expected increased functional morbidity, without
obviating the need for intensive adjuvant therapies.

The goal of a transoral approach is different in patients with recurrent OPSCC. In
these cases, surgery may be the only available means of treatment or a method for
treatment intensification. Small-volume recurrent OPSCC can be amenable to a
transoral approach without reconstruction (Fig. 4). However, given the impact
of prior radiation on wound healing and the risk of life threatening complications
(e.g., bleeding) after transoral surgery, large-volume recurrent OPSCC may require
simultaneous microvascular reconstruction. This is particularly important if
re-irradiation is contemplated.

3.4 Hybrid Approaches

It is a fallacy to consider surgical approaches to recurrent OPSCC as mutually
exclusive, and there are many instances when a hybrid approach is warranted. For
example, a transoral approach may augment a transcervical approach by facilitating
clearance of the pharyngeal mucosal margins and providing medial access to the
lateral parapharyngeal space in recurrent OPSCC involving the tonsil.
TORS-assisted resection of recurrent OPSCC is possible but should only be con-
sidered by experienced TORS surgeons. Many of these cases will require simul-
taneous microvascular reconstruction (Fig. 5). TORS-assisted microvascular
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reconstruction has been shown to be feasible and safe (de Almeida et al. 2014;
Selber et al. 2014).

4 Outcomes

The oncologic and functional results of surgery for recurrent OPSCC are difficult to
generalize. While the results of TORS are favorable for well-selected cases of
previously untreated OPSCC (Moore et al. 2012), for recurrent OPSCC the out-
come of surgery is less predictable. This is likely, in part, a reflection of the more
aggressive biology of disease in recurrent OPSCC. One retrospective study of
surgery for OPSCC noted improved survival at one, two and three years, respec-
tively, for TORS (94, 91 89 %) compared to open surgery (85, 75, 73 %) (Ford

Fig. 4 Computed tomography (CT) neck with contrast of small, superficial recurrent right base of
tongue oropharyngeal squamous cell carcinoma (OPSCC) before (a) and after (b) transoral robotic
surgery (TORS)

Fig. 5 Computed tomography (CT) neck with contrast of deeply infiltrative recurrent left base of
tongue oropharyngeal squamous cell carcinoma (OPSCC) before (a) and after (b) neoadjuvant
chemotherapy followed by a hybrid transoral robotic surgery (TORS)-assisted approach with
microvascular free flap reconstruction (c)
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et al. 2014). The oncologic outcome of TORS has also been investigated for
recurrent OPSCC. In a study comparing TORS to open surgery for recurrent
OPSCC, patients treated with TORS had improved two-year recurrence-free sur-
vival (74 % vs. 43 %, p = 0.01), decreased tracheostomy use (23 % vs. 82 %,
p < 0.001), decreased feeding tube use (38 % vs. 79 %, p < 0.001) and shorter
overall hospital stay (3.8 days vs. 8.0 days, p < 0.001) (White et al. 2013b). In this
study, patients selected for TORS were more likely to have undergone microvas-
cular reconstruction despite a similar distribution of primary tumor classification,
suggesting other significant baseline differences between groups. Ultimately,
comparing transoral approaches such as TORS to transmandibular and transcervical
approaches is problematic as patients selected for TORS tend to have more
favorable prognostic features. Regardless, a less invasive surgical approach would
be expected to yield superior functional outcomes assuming the oncologic out-
comes are similar. Unfortunately, functional data are lacking for patients treated
surgically for recurrent OPSCC.

Experience is paramount to achieving a successful outcome after surgery for
OPSCC (Chia et al. 2013). This is particularly true for recurrent OPSCC. Even in
skilled hands, patient expectations regarding outcomes after surgery for recurrent
OPSCC should be tempered. The prognosis for recurrent OPSCC remains relatively
poor. Patients who survive still face a substantial risk of second primary malignancy
and the long-term sequelae of treatment including variable degrees of permanent
speech changes, disfigurement and or dysphagia. Less invasive surgical approaches
to recurrent OPSCC, including TORS, offer the possibility for decreased
treatment-related morbidity but cannot compensate for the cumulative negative
impact of recurrent cancer and repeated treatments.

5 Summary

Recurrent OPSCC presents a therapeutic challenge given the likelihood of
HPV-negative disease and the limiting effects of prior therapies. Surgery is often the
most effective option for recurrent OPSCC but should be considered in the context
of additional treatment if feasible given the overall poor prognosis. A variety of
surgical approaches are possible for treating recurrent OPSCC including hybrid
approaches. Investigation of novel treatment strategies and correlative biomarker
studies should be promoted to improve the options for future patients with recurrent
OPSCC.
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Abstract
In this chapter, we discuss implications of tumor site and tumor microenviron-
ment properties of human papilloma virus (HPV)-associated cancer formation
with special emphasis on the therapeutic modality of transoral robotic surgery
(TORS). Over the past years, the development of robotic systems has improved,
and therefore, its use in the surgical treatment of HNSCC has become a relevant
treatment modality for many patients. Yet, there are limitations. Especially for
endolaryngeal TORS procedures, additional technical development is manda-
tory, particularly with respect to visualization and manipulation. The Flex
System has provided new additions that need to be further evaluated. TORS
systems are going to improve technical issues and therefore reduce patient
morbidity, surgical handling and treatment costs. The developed systems have to
be tested and evaluated in prospective trials in order to be able to identify
benefits and disadvantages in patient care. With respect to HPV-related OPSCC,
TORS has become a valuable surgical alternative for an increasing number of
patients.
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1 Introduction

During the past few decades, the incidence of oropharyngeal squamous cell car-
cinoma (OPSCC) has increased significantly (Tinhofer et al. 2015). This is mainly
due to the rise in the incidence of human papilloma virus (HPV)-associated cancer
formation in the oropharynx. Reasons for that have been widely discussed and
commonly allocated to a change in sexual behavior, increased sexual promiscuity,
and an earlier onset of sexual activities (Pytynia et al. 2014).

In the oropharynx, the reticulated squamous epithelium of the tonsillar tissue is
characterized by a disrupted basilar membrane in order to facilitate the movement
of lymphocytes and other cellular components of the immune system. These areas
of physiological discontinuity of the basilar membrane have been proposed to be
predilection sites for the entry of HPV (Best et al. 2012). Additionally, it has
recently been shown that immune checkpoint ligands such as programmed death
ligand-1 (PD-L1), which suppress overstimulation of immune responses, are
overexpressed in the tonsillar crypts (Lyford-Pike et al. 2013; Pai 2013). Therefore,
the crypts of the palatine and lingual tonsils in the oropharynx are considered to be
the primary sites of HPV infection.

These unique tumor microenvironment properties, together with the location of
the tumor site, i.e., oropharynx, have implications for both prognosis and therefore
therapy of patients with OPSCC. In this chapter, we would like to discuss these
implications with special emphasis on the therapeutic modality of transoral robotic
surgery (TORS).

2 Anatomy of the Oropharynx and Implications
for Surgical Approaches

The majority of HPV-associated head and neck squamous cell carcinoma (HNSCC)
is located in the oropharynx. Anatomically, the oropharynx extends superiorly from
the level of the hard and soft palate and inferiorly to the level of the hyoid bone,
including anteriorly the base of tongue, vallecula, lingual surface of the epiglottis
and posteriorly the pharyngeal wall comprising the superior and middle constrictor
muscles and the buccopharyngeal fascia. The anterior and posterior pillars of the
soft palate as well as the palatine tonsils represent the lateral limitations. The
accessibility of the above structures differs intra- and inter-individually.

Therefore, surgical approaches depend not only on the tumor size, but also on
the tumor location with important consequences for the following general aspects
that have to be taken into consideration:

1. Complete tumor resection
2. Preservation of function
3. Minimization of cosmetic deformity
4. Plainness of technique
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5. Cost-effectiveness

Usually, priorities decrease in the above-presented order, but have to be adjusted
individually with respect to the patient’s wishes and needs. These factors are
dependent from an important surgical aspect: adequate exposure. Exposure of the
oropharyngeal region can be achieved either by transoral (true transoral, pull-
through, mandibulotomy) or by transcervical (pharyngotomy, laryngotomy and
laryngectomy) approaches. Yet, for most oropharyngeal tumors (true) transoral
approaches are the gold standard of surgery due to above-mentioned aspects. In the
past decades, the transoral approaches have been augmented by the introduction of
robot-assisted techniques, providing new modalities of tumor exposure and removal.

3 History of TORS

The use of robotics for surgical procedures started in 1985. The modified robotic
device PUMA 200, originally from industrial background, was utilized to perform
cerebral biopsies (Kwoh et al. 1988). Consequentially, the first medical robotic
device for hip replacement surgery was developed, being able to drill the hip implant
recess (Paul et al. 1992). This development led to a broadened use of robotic systems
in surgery. Nowadays, there are two major systems that have been investigated and
approved for the use in head and neck surgery (Remacle et al. 2015; O’Malley et al.
2006): The da Vinci® system (Intuitive Surgical Inc., Sunny vale, CA, USA) and the
Flex® Robotic System (Medrobotics Corporation, Raynham, MA, USA). The da
Vinci system was developed with the support of a research program at the Stanford
University, California, in conjunction with the American Armed Forces. The goal
was to establish a device that was able to perform remote-controlled surgery.
A different company, Computer Motion Inc., initially developed two other robot
types: Aesop and Zeus. Subsequently, both companies merged under the lead of
Intuitive Surgical Inc. In 1997, a laparoscopic splenectomy was the first abdominal
surgery assisted by the da Vinci system. Very soon, different procedures followed,
such as gastrectomies, esophagectomies and prostatectomies. Altogether, the clinical
feasibility was supported with positive reports concerning three-dimensional vision
and surgical manipulation. Negative reports focused the missing tactile feedback and
poor cost-effectiveness. In 2000, the FDA approved the da Vinci robot for human
use (Himpens et al. 1998). The first study to describe the use of the da Vinci system
in the cervical region in an animal model was performed by Haus and colleagues in
2003 (Haus et al. 2003). Ensuingly, Hockstein and Weinstein established a proof of
feasibility in animal and human anatomical models at the University of Pennsylvania
(Hockstein et al. 2005). This working group also established the term of transoral
robotic surgery (TORS). The first-in-man study in the head and neck region was
reported in 2005 by McLeod and Melder (2005). In the following years, the scope of
application increased as the indications for TORS could be expanded. In the past
years, a new robotic system, i.e., the Flex® Robotic System, was developed in order
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to enhance the spectrum of TORS and to overcome existing limitations. This system
is specifically tailored to the needs of head and neck surgeons. In the head and neck
region, the first resection of a benign tumor was reported by Remacle et al. (2015)
and the first resection of a carcinoma by our team (Mattheis and Lang 2015; Mattheis
et al. 2015). Both groups stated a safe and better access in comparison with the da
Vinci device in more difficult to reach areas of the upper aerodigestive tract
(Hasskamp et al. 2015).

4 Different TORS Systems

The current and most frequently in HNSCC resections used da Vinci Si® system
allows the surgeon to operate robotic arms through a steering console. The system
is based on the console for the surgeon, separated from a unit with three robotic
arms and a unit with an interactive monitor (Fig. 1). One of the robotic arms is
equipped with a 3D HD endoscope camera (either 0° or 30°) in order to visualize
the surgical field while the other two arms carry the surgical instruments
(EndoWrist®, Intuitive Surgical Inc., Sunnyvale, CA, USA) (Fig. 2). These
instruments offer a three-dimensional movement capacity and can be manipulated
using a remote control connected to the surgeon’s hands in the surgeon console
(Fig. 3). Usually, one hand is steering the tissue retraction, while the other hand is
responsible for cutting or further manipulation. The new da Vinci Xi® system
presented in 2014 offers an enhanced mobility of the robotic arms and a more
sophisticated HD camera, although the instrument diameter increased from 5 to
8 mm, thus making the access in the head and neck region difficult. Due to the fact
that this system was originally developed for large cavity surgery, there has been no
FDA approval for HNSCC yet.

With the Flex® Robotic System—developed specifically for transoral head and
neck resections—the surgeon is able to insert a flexible endoscope into the pharynx.
The endoscope can be advanced and steered in a sequential manner, alternating
between a flexible and rigid state. Thus, the surgeon can define a path of approach
that is not limited by line-of-sight access. Ultimately, the surgeon creates a
self-supporting, stable platform from which he or she may visualize and operate
(Fig. 4). An HD camera can transmit the pictures on a touch screen and on an
external monitor. The surgeon controls the motion of the endoscope with a joystick
on the Flex® Console which allows the surgeon to reposition or stabilize the
endoscope anytime during the surgery (Fig. 5). There are two different,
non-crossing, flexible working channels aside the endoscope for direct manipula-
tion of flexible, fully articulating and rotating operating instruments. These
instruments include a Flex® Laser Holder, Flex® Monopolar Maryland Dissector
and Flex® Fenestrated Grasper for retraction and tissue manipulation, a Flex®

Needle Driver for suturing, and a Flex® Monopolar Needle Knife, Flex®

Monopolar Spatula, and Flex® Monopolar Scissor to cut tissue. When operating
this system, the instruments provide the surgeon with direct tactile feedback.
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Fig. 1 Da Vinci Si® system
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Fig. 2 3D HD endoscope
camera

Fig. 3 Three-dimensional movement capacity
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Fig. 4 Self-supporting, stable platform

Fig. 5 Flex® Console
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5 The Use of TORS in Head and Neck Surgery

The goal of the surgical treatment of HNSCC is complete resection of the cancer
with simultaneous preservation of the complex organ functions. Over the past few
decades, transoral laser microsurgery (TLM) has been established as an important
surgical concept and has become the gold standard for many HNSCC surgeons
(Steiner 1994). This was due to comparable oncological outcomes after TLM
treatment with reduced comorbidities and loss of function in comparison with
classic open surgery techniques. After the introduction of robotic surgery, the
systems were investigated with regard to surgical and patient benefits, including
length of hospital stay, operating time, quality of surgical resection and quality of
life for the patient compared to conventional surgery.

Over the past several years, the development of robotic systems has improved,
and therefore, its use in the surgical treatment of HNSCC has become a relevant
treatment modality for many patients.

After 2005, indications for TORS started to include the base of tongue
(O’Malley et al. 2006), larger tumors of the pharynx (Weinstein et al. 2007) and the
parapharyngeal space (O’Malley et al. 2010), tumors of the supraglottic area
(Solares and Strome 2007) and the glottis (Desai et al. 2008). Choby and colleagues
were able to demonstrate similar quality of life data in patients with OPSCC after
TORS in comparison with other transoral surgical approaches and improved results
in comparison with open surgery (Choby et al. 2015). Other data indicate an
improved swallowing functionality for stage III and IV OPSCC after TORS in
comparison with chemoradiotherapy (More et al. 2013). Additionally, different
groups suggest the introduction of the TORS-assisted removal of base of tongue
tonsil tissue for screening purposes in patients with cancer of unknown primary
(CUP) syndrome (Mehta et al. 2013). Since CUP originating from oropharyngeal
carcinomas is strongly correlated with HPV positivity, this becomes a particularly
interesting aspect in regard to HPV-positive patients (Zengel et al. 2012). For
resections of malignant lesions from the supraglottic and epiglottic regions using
TORS, a local recurrence rate below 20 % has been reported (Mendelsohn and
Remacle 2015).

Despite the enlarged spectrum of indications for TORS in HNSCC, there are
limitations: One important factor is the accessibility of the region of interest.
Although there have been reports about several glottic procedures (Smith 2014), the
exposition of the narrow as well as delicate endolaryngeal structures is limited.
Especially in comparison with conventional small endoscopes, the rigid, straight
robotic arms, the bulky instruments and the short and broad retractors impair the
accessibility (Mattheis et al. 2012). Additionally, in comparison with the crystal
clear microscope-based visualization offered by TLM, the current cameras provide
lower resolution and lower magnification resulting in reduced visualization of
endoluminal structures. With the introduction of the Flex® Robotic System, some of
these restrictions have been addressed. The combination with flexible instruments
allows for a better accessibility of the relevant structures. Regions of the
hypopharynx, especially the pyriform sinus, and regions of the larynx, e.g., the
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supraglottic region, can be simultaneously visualized, which helps in the assess-
ment of possible infiltration of anatomical structures. The visual resolution remains
inferior to the microscope of TLM. Surgeons positively report about the gained
tactile feedback. Nevertheless, the system needs prospective clinical trials in order
to validate its value and certify improvement in comparison with other established
modalities, i.e., TLM.

With the technical advancements over the past few years, many of the early
restrictions could be set aside leading to contraindications comparable to those for
TLM procedures. Weinstein et al. grouped the contraindications into vascular,
functional, oncologic and non-oncologic reasons (Weinstein et al. 2015): Vascular
contraindications of TORS for oropharyngeal cancer include close vicinity to
important arterial structures such as the carotid artery (e.g., by tumor encasement, or
retropharyngeal course of the carotid artery in case of tonsillar cancer) or both
lingual arteries (midline tongue base cancer). Functional contraindications include a
required resection of more than 50 % of functional relevant structures such as deep
tongue base musculature. Oncologic contraindications can result because of size
and/or infiltration (T4b, prevertebral fascia), unresectable neck disease or distant
metastases and neoplastic-related trismus. Finally, any non-oncologic conditions
that prevent either any surgical approach in general or the specific transoral
approach such as trismus or cervical spine disease limit the procedure. In our
department, we are performing two-thirds base of tongue resections—irrespective
of TORS—in selected cases.

Another important factor that potentially limits the use of TORS is the avail-
ability of these cost-intensive devices at the surgical centers. One of the main initial
critiques of TORS was the high cost. This important factor in modern health care
remains an issue. Dombrée and colleagues demonstrated that even in the case of
well-trained surgical teams with short surgical times, the costs of the da Vinci
system remain higher as compared to conventional surgical strategies in larynx
procedures (Dombree et al. 2014). Other sources, however, report shorter periods of
hospitalization and treatment-related costs, as well as patient morbidity, partially
depending on the tumor location (Richmon et al. 2014; Chung et al. 2015).
However, these results are from retrospective studies and their validity may be
threatened by biases in areas such as patient selection. In general, additive to the
costs of open surgery or TLM, which are mainly determined by personnel, surgical
time and hospitalization, the costs of TORS-assisted procedures are also determined
by high acquisition costs and the maintenance. This aspect potentially limits the
distribution in institutions that are involved in the primary care of HNSCC patients.

6 TORS in HPV-Positive Patients

TORS has demonstrated advantages for a better visualization of the pharynx,
especially at the base of tongue. In HPV-related carcinoma, the base of tongue as
part of the oropharynx is frequently involved. Surgeons (and therefore patients)
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potentially benefit from an increased mobility and a better overview in comparison
with conventional TLM. In comparison with chemoradiotherapy, TORS has been
associated with lower morbidity rates and better functional outcomes. Still, the
decision for or against the surgical treatment lies at the end of an interdisciplinary
team-based approach including the patient’s individual wishes and needs. There-
fore, after the decision for surgical treatment has been made, it must then be
determined if TORS is indicated. So far, HPV testing is not yet a prognostic
predictive marker for a certain established therapeutic alternative and therefore
should not change management decisions except in the context of a trial, yet a
majority of US physicians report an influence of HPV testing on their treatment
approach for OPSCC (Maniakas et al. 2014). As reasons were not given in this
survey, one can only speculate that HPV testing may lead to a de-intensification of
therapy in the case of HPV-positive test results. To what extent that the TORS
procedures will play a role in de-intensification for HPV-positive patients needs to
be further evaluated, as the technical development will continue and trials for
de-intensification strategies are ongoing.

7 Conclusion

TORS is a valid alternative for surgical transoral procedures in selected cases.
Especially for endolaryngeal TORS procedures, additional technical development is
mandatory, particularly with respect to visualization and manipulation. The Flex®

Robotic System has provided new capabilities that need to be further evaluated.
TORS systems are going to improve technical issues and therefore reduce patient
morbidity as well as improve surgical handling. The developed systems have to be
tested and evaluated in prospective trials in order to be able to identify benefits and
disadvantages in patient care. With respect to HPV-related OPSCC, TORS has
become a valuable surgical alternative for an increasing number of patients.
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Abstract
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.

Keywords
De-escalation � Comorbidity � Prognostic model � Biomarkers � Risk groups

1 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 oropha-
ryngeal region.

Epidemiologic evidence has revealed a rapid increase in the prevalence rates of
HPV-induced oropharyngeal squamous cell carcinomas (OPSCCs) in Europe and
the rest of the world (Chaturvedi et al. 2011; Nasman et al. 2009; Rietbergen et al.
2013; Shaw and Robinson 2011). HPV-positive oropharyngeal carcinomas are
considered to be a different tumor entity, based on biological, epidemiological and
clinical differences, compared to the HPV-negative OPSCCs.
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Patients with HPV-positive OPSCC are generally younger by approximately
10 years, male and are less likely to have a history of tobacco or alcohol use
compared to patients with HPV-negative OPSCC (Chaturvedi et al. 2011; Gillison
et al. 2000, 2008). HPV-positive tumors present mostly at an early primary tumor
(T) stage and advanced nodal (N) stage. In general, HPV-associated OPSCCs are
TNM stage III and IV disease at presentation. Lymph node metastases are usually
cystic and multilevel (Begum and Westra 2008; Hafkamp et al. 2008). Despite the
advanced stage, HPV-associated OPSCC has been shown to be more responsive to
therapy and has a better outcome than similar HPV-negative tumors (Butz et al.
1996; Lindel et al. 2001; Lindquist et al. 2007). Several retrospective and
prospective studies in the USA, Australia and Western Europe have consistently
demonstrated that HPV-positive OPSCC is associated with a more favorable
prognosis (Ang et al. 2010; Fakhry et al. 2008; Posner et al. 2011; Rischin et al.
2010). One of the first studies to prospectively evaluate in a multicenter clinical trial
the association of tumor HPV status with response to treatment and survival in
patients (n = 96) with OPSCC was that of Fakhry et al. (2008). Their data con-
firmed the improved survival outcomes for patients with HPV-positive OPSCC
observed in retrospective survival analyses and were consistent with an increased
sensitivity of these types of cancers to chemoradiation. Because of the relatively
small sample size, however, other favorable prognostic factors also associated with
tumor HPV status (e.g., early tumor stage or low comorbidity score) could not be
ruled out as an explanation for the observed difference in survival. In 2010, Ang
et al. published a study which was performed within a randomized clinical trial
conducted by the Radiation Therapy Oncology Group (RTOG; the RTOG 0129
study). This study provided strong evidence that tumor HPV status is an inde-
pendent prognostic factor for overall survival and progression-free survival among
patients (n = 266) with OPSCC. Ang et al. were the first to propose a prognostic
model for OPSCC patients, with HPV being the most important prognostic factor.
Since then, this model has been validated in other populations, and different
prognostic risk models have been developed for OPSCC patients that all include
HPV as main prognostic factor (Ang et al. 2010; Dahlstrom et al. 2012).

2 Different Prognostic Models

In the study by Ang et al. (2010), the first recursive partitioning model (RPA) for
patients with OPSCC was proposed based on the RTOG 0129 study. In total 266
patients with OPSCC were stratified into three risk groups: patients having a low,
intermediate or high risk of death. HPV was tested by p16-immunohistochemistry
and in situ hybridization for HPV16. A combination of HPV status, pack years of
tobacco smoking and TNM stage could be used to classify patients with OPSCC
into these three risk groups (Fig. 1). This is a unique prognostic model that has been
validated by others (Granata et al. 2012). However, this model is based on a clinical
trial in the USA in which only patients with stage III/IV disease and a good ECOG
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Fig. 1 Classification of risk groups for survival of OPSCC using RPA analysis of 2 RTOG trials
by Ang et al.(2010)
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performance score (i.e., 0–1) were included. The question therefore arises 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.
Moreover, the HPV-attributable fraction and the smoking behavior in many
European countries differ significantly from that in the USA.

In 2013, Rietbergen et al. conducted a study, based on an unselected, consec-
utive cohort of 723 patients with OPSCC. This study also included patients with
stage I/II disease and patients with moderate to severe comorbidity (using the
ACE-27 score) (Kallogjeri et al. 2012; Kaplan and Feinstein 1974). HPV status was
determined by p16-immunohistochemistry followed by an HPV DNA test on the
p16-positive cases. Using this patient group, the prognostic model of the RTOG
0129 study was confirmed (Rietbergen et al. 2013); the 3-year survival rates were
similar to those described previously (Ang et al. 2010). However, when analyzing
this cohort using the RTOG 0129 prognostic model, the Harrell’s C-index was
suboptimal. Therefore, an adapted recursive partitioning model was developed,
based on this consecutive patient cohort, also including patients with stage I/II
disease and patients with moderate to severe comorbidity. This new model con-
firmed that the major prognostic factor for patients with OPSCC is HPV status.
However, comorbidity (instead of smoking) was the most important prognostic
factor in HPV-positive patients and the second most important factor in
HPV-negative patients after nodal stage (Fig. 2). In HPV-negative patients, nodal
stage remained the most important prognostic factor. In HPV-positive patients,
nodal stage did not influence the prognosis. The observation that HPV-positive
patients have a good prognosis regardless of nodal stage has already been described
in several studies (Chaturvedi et al. 2011; Shaw and Robinson 2011; Ang et al.
2010). Interestingly enough, smoking was not a prognostic factor in the prognostic
model of Rietbergen et al. Smoking was one of the prognostic determinants of
overall survival in the univariate and multivariable analyses. However, in the
recursive partitioning analysis, comorbidity was a stronger prognostic factor than
smoking. A likely explanation for this observation was that most of the patients in
the cohort with a moderate to severe comorbidity were also heavy smokers
(83.3 %), and died of smoking-related causes such as cardiovascular disease and
lung, esophageal and head and neck cancers. In addition, most of the patients in the
cohort smoked more than 10 PY (87.1 %), which is a very high percentage in
comparison with other studies (Ang et al. 2010; O’Sullivan et al. 2013).

In 2015, the prognostic model proposed by Rietbergen et al. (2015) was vali-
dated with an independent series of patients. Whereas the RTOG 0129 prognostic
model focuses on the so-called ‘trial population’ (i.e., patients with stage III/IV
OPSCC having a good ECOG performance score), this new prognostic model
seems to be applicable to the entire population of patients presenting with OPSCC.
Moreover, this model might be more suitable for a patient population with a high
percentage of heavy smokers, as is the case in most European countries. Comor-
bidity, instead of tobacco smoking, might be a more informative prognostic factor
in those populations.
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Fig. 2 Classification of risk groups for survival of OPSCC using RPA anlysis of a Netherlands
cohort by Rietbergenet al. (2013b)
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One of the other remarkable findings in the study of Rietbergen et al. was the
fact that survival of patients with p16-positive but HPV DNA-negative OPSCC
(16.4 % of p16 positive patients) was 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 an HPV-negative OPSCC. In
2011, Perrone et al. reported similar results; patients in the p16-positive but HPV
DNA-negative subgroup showed the same overall survival curves as HPV-negative
patients (Perrone et al. 2011). This finding might be important for the inclusion of
patients in de-intensification trials. Currently, de-intensification trials are being
conducted for which eligibility for randomization only involves positivity on
p16-immunohistochemistry. However, this causes the risk to enroll patients with
HPV DNA-negative tumors.

Therefore, we encourage to incorporate HPV status into the next (8th) edition of
the TNM AJCC/UICC classification. Moreover, we stress the importance of per-
forming reliable HPV DNA testing besides p16-immunohistochemistry to detect a
true HPV-related OPSCC.

3 De-intensification of Treatment

As patients with HPV-positive OPSCC 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 younger and generally have a better health status com-
pared to patients with HPV-negative OPSCC. Thus, low treatment-related toxicities
and a high level of quality of life after treatment are important considerations in the
clinical management of these patients.

In 2010, Ang et al. already suggested, on the basis of their data, that future
clinical trials should be designed specifically for patients with HPV-positive
OPSCC. Their analysis did not show a significant difference in overall survival
between a concomitant-boost accelerated-fractionation regimen of radiotherapy and
a standard-fractionation regimen, combined with concurrent, high-dose cisplatin in
patients with HPV-positive OPSCC. Therefore, they suggested that either regimen
could serve as the comparison for a new therapy being investigated.

Currently, several de-escalation trials are running for patients with HPV-positive
OPSCC. The DeESCALATE-HPV trial is a phase III trial that compares radio-
therapy plus cetuximab versus chemoradiotherapy in patients with HPV-positive
OPSCC. The purpose of this study is to evaluate the application of cetuximab
instead of cisplatin, a less toxic alternative for concurrent chemoradiation. A second
trial that aims to assess a potential for cetuximab instead of cisplatin, is the (recently
closed) RTOG 1016 trial.
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Another de-escalation trial is the recently closed ECOG-E1308 phase II trial, for
patients with stage III/IV HPV-positive OPSCC. This trial tested whether induction
chemotherapy (combination of paclitaxel, cisplatin, and cetuximab followed by
concurrent cetuximab and radiotherapy) may allow for safe reduction in radio-
therapy dose to the primary site and involved neck nodes. Patients with complete
response to induction had modification of the prescribed radiation therapy dose
from 69.3 Gy (given for incomplete response) to 54 Gy. Eligibility for random-
ization in this trial also included HPV16 in situ hybridization besides
p16-immunohistochemistry.

The ability to estimate survival probability of OPSCC patients before any type of
treatment would be very valuable for decision making, especially for patients who
might be enrolled in treatment de-escalation trials. The two prognostic models
described above might be used to stratify patients for de-intensification therapy.
However, when considering treatment selection, it may also be useful to stratify
patients based on their risk of recurrence. Despite the known favorable locoregional
and survival outcome of HPV-positive compared with HPV-negative OPSCC, the
recent literature shows that distant metastases (DM) rates are the same for both
(Ang et al. 2010; O’Sullivan et al. 2012). In addition, DM in HPV-positive patients
may occur in unexpected sites and after longer intervals (Huang et al. 2012). DM
seems to be the leading cause of death in HPV-positive patients. O’Sullivan et al.
(2013) recently demonstrated that HPV-positive patients with nodal stage N2c have
a reduced distant control when treated with radiotherapy alone and seem less suited
for deintensification strategies that omit chemotherapy. They suggest that dein-
tensification that withholds or reduces chemotherapy intensity should be considered
cautiously and might be best deployed in subgroups least likely to develop DM
(i.e., T1-3 N0-2c patients).

4 Refinement of Prognostic Models by Other Biomarkers

Besides the main prognostic factors for survival in patients with HPV-positive
OPSCC (i.e., smoking, comorbidity, and a high nodal stage), other predictors of
survival have recently been suggested. Recent investigations undertaken to improve
the staging system for HPV-positive tumors suggest that new biomarkers to com-
plement known risk factors are needed to improve prognostic accuracy (Huang
et al. 2012; Rios et al. 2014).

Murphy et al. recently described the relationship between tumor-specific growth
rate (TSGR) and oropharyngeal cancer (OPC) outcomes in the HPV-positive
patient. TSGR was defined as the primary tumor volume differences between a
diagnostic and secondary scan separated >7 days without interval treatment
(in percent volume growth/day) (Murphy et al. 2015). This was derived from
primary tumor volume doubling time for 85 OPC patients with known p16 status
and smoking pack-years managed with (chemo)radiation. TSGR was incorporated
into RTOG 0129 risk grouping (0129RG) to assess whether TSGR could improve

Risk Groups for Survival in HPV-Positive and HPV-Negative OPSCC 227



prognostic accuracy. Incorporation of this radio biomarker into risk stratification
with 0129RG improved the predictive quality of the risk groups. It suggests the
potential ability of TSGR to improve patient selection for treatment intensification.

Another potential biomarker could be tumor infiltrating lymphocytes
(TIL) levels. In 2014, Ward et al. (2014) showed that TIL levels predict for survival
in OPSCC patients. In their study, survival in patients with HPV positive, TILlow

tumors, was not significantly different than in those with HPV-negative disease.
A prognostic model based on low TIL levels, heavy smoking, and late T stage
allowed the identification of a group of HPV-positive patients with poor survival.

The prognostic impact of EGFR overexpression remains uncertain. EGFR is
abnormally activated in approximately 80 % of head and neck cancers (Thomas
et al. 2005). EGFR expression has been associated with prognosis in head and neck
cancer, particularly in patients treated with radiotherapy, although some studies
have found no relationship between EGFR and treatment response or outcome
(Thomas et al. 2005; Putti et al. 2002; Chang et al. 2008; Kong et al. 2009; Fischer
et al. 2008).

Hong et al. (2010) examined the prognostic significance of EGFR expression in
relation to HPV status in 270 OPSCCs. Their data showed that EGFR and HPV are
independent prognostic markers in OPC, although the effect of EGFR was more
convincing for locoregional control than for survival. They suggested that use of
EGFR in combination with HPV status gives additional prognostic information
particularly in terms of locoregional control.

Vainshtein et al. (2014) investigated EGFR overexpression in 184 HPV-positive
and 14 HPV-negative patients. EGFR overexpression was related to HPV-negative
status and was univariately associated with locoregional (LR) recurrence in the
overall population, but was neither retained in the multivariate model after
adjustment for HPV status, nor associated with LR recurrence in HPV-positive
patients. In HPV-positive patients, only T4- and N3-stages were significant pre-
dictors of LR recurrence on multivariate analysis.

In 2015, another potential biomarker was investigated that might influence
survival in HPV-positive OPSCC patients; CD98. CD98 has been described as
being a novel enrichment marker for cancer stem cells (CSCs) (Martens-de Kemp
et al. 2013). CSCs represent a small subpopulation of tumor cells that maintain
tumor growth by fuelling the expansion of the malignant cell population infinitely
(Bao et al. 2006). CSCs can be distinguished from the bulk of the tumor based on
differential expression of protein markers on the cell membrane. Previous studies
suggest that treatment failure in head and neck cancer patients might be the con-
sequence of therapy resistance of CSCs (de Jong et al. 2010). Rietbergen et al.
(2014) showed that overall survival and progression-free survival was markedly
better for HPV-positive patients with a CD98low OPSCC compared to HPV-positive
patients with a CD98high OPSCC. Consequently, CD98-expression could be used as
an additional prognostic marker for selection of HPV-positive patients in clinical
trials. 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.
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5 Conclusion

Several prognostic models have been proposed in which tumor HPV-status is the
most important prognostic factor. These models might be used to stratify patients
for de-intensification therapy. Besides tumor HPV status, other prognostic factors
such as tobacco smoking, comorbidity, and nodal stage influence the prognosis in
OPSCC patients. However, especially when using these models in clinical trial
designs, one has to bear in mind that the population on which the prognostic model
has been developed should be more or less identical with the population that is
enrolled in the clinical (de-escalation) trial. Moreover, we underline the importance
of performing reliable HPV DNA testing besides p16-immunohistochemistry to
detect a true HPV-related OPSCC and to select patients for de-intensifying trials.
To improve prognostic accuracy, radiographic and biological biomarkers may also
play a role in the nearby future.
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Predictive Factors for Outcome
and Quality of Life in HPV-Positive
and HPV-Negative HNSCC

Jochen Hess

Abstract
Infection with high-risk types of the human papilloma virus (HPV) is an
etiological risk factor for oropharyngeal squamous cell carcinoma (OPSCC) and
associated with a better response to therapy and improved survival. A better
understanding of the molecular principles underlying the differences in clinical
behavior could pave the way to establish more effective and less toxic therapy
for HPV-positive OPSCC and their HPV-negative counterparts. Compelling
experimental evidence demonstrates that extensive global reprogramming of
epigenetic profiles is as important as genetic mutations during neoplastic
transformation and malignant progression, including HPV-positive OPSCC. In
this chapter, the current knowledge on HPV-related alterations in DNA
methylation, histone modification, and chromosome remodeling will be
summarized and assessment of cancer-related profiles will be discussed as a
valuable tool to gain important diagnostic or prognostic information for
therapeutic decision-making and clinical management of HNSCC patients.
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1 Background and Clinical Relevance

Infection with high-risk types of human papilloma virus (HPV), predominantly type
16, has been identified as important risk factor in an escalating number of patients
with head and neck squamous cell carcinoma (HNSCC) (Gillison et al. 2015).
HPV-positive tumors arise mainly in the (oropharynx oropharyngeal squamous cell
carcinoma (OPSCC)) and display distinct biological and clinical features as
opposed to HPV-negative HNSCC (Mehanna et al. 2013; Ndiaye et al. 2014; Hayes
et al. 2015; Network 2015). HPV-positive OPSCCs are associated with a better
response to therapy and improved survival, justifying the HPV status as one of the
most accurate prognostic biomarkers in primary and progressed tumors (Ang et al.
2010; Chaturvedi et al. 2011; Fakhry et al. 2014; Kang et al. 2015). It is foreseen
that a better understanding of the molecular principles underlying the differences in
clinical behavior could pave the way to establish more effective and less toxic
therapy for HPV-positive OPSCC but also their HPV-negative counterparts.

The manifestation of HNSCC is a multifactorial process, which is characterized
by the accumulation of genomic events and somatic mutations affecting
tumor-relevant signaling and gene regulatory networks. Recent advances in
next-generation sequencing provided a valuable tool to unravel the mutational
landscape of HNSCC, including differences between HPV-positive and
HPV-negative tumors (Hayes et al. 2015; Network 2015). However, most ongoing
clinical trials still focus on therapeutic targets that were already known before
cancer genomes were mapped. This is mainly due to the fact that our ability to
interpret and translate these complex data sets from bench to bedside is hampered
by the vast amount of information generated by global sequencing studies (Edwards
et al. 2011).

Clinical and experimental studies of the last decades provide compelling evi-
dence that extensive global reprogramming of epigenetic profiles is as important as
genetic mutations during neoplastic transformation and malignant progression.
Originally, epigenetics was defined as heritable traits that are not linked to changes
in the DNA sequence. Nowadays, the term epigenetics is used to describe the
mechanisms by which DNA methylation as well as chromatin-associated proteins
and their posttranslational modifications regulate gene transcription.
Cell-type-specific epigenetic patterning is essential for the establishment and
maintenance of cellular integrity during development and tissue homeostasis, and
its deregulation has been reported for all human malignancies (Berdasco and
Esteller 2010; Baylin and Jones 2011). The most extensively studied epigenetic
marker is DNA methylation, and together with posttranslational histone modifica-
tions affecting chromatin remodeling and specific miRNA expression signatures, it
defines the epigenetic landscape of human cancers, including HNSCC (Kostareli
et al. 2012; Koffler et al. 2014; Le et al. 2014; van Kempen et al. 2014; Anayannis
et al. 2015). It is well documented that all of the major classes of cancer-causing
agents including viruses elicit alterations in epigenetic patterning (Minarovits et al.
2016). This is of particular clinical relevance as many epigenetic modifications
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persist or increase during disease progression, and assessment of cancer-related
profiles provides a valuable tool to gain important diagnostic or prognostic infor-
mation for therapeutic decision-making and clinical management of HNSCC
patients (Koffler et al. 2014; van Kempen et al. 2014). Moreover, the dynamic and
reversible nature of epigenetic reprogramming makes key nodes of its regulatory
circuits bona fide drug targets for precision medicine (Azad et al. 2013).

2 HPV-Related Alterations in DNA Methylation

DNA methylation is a physiologic epigenetic modification, which occurs primarily
on the addition of a methyl group to a CpG dinucleotide in the DNA sequence.
CpGs are asymmetrically distributed into poor and dense regions (CpG islands).
CpG islands are predominantly located in the promoter regions or first exon of
approximately half of all genes (Jones and Baylin 2002). DNA methylation is
catalyzed by the enzymatic activity of DNA methyltransferases (DNMTs) of which
three variants have been identified in humans: DNMT1, DNMT3A, and DNMT3B
(Subramaniam et al. 2014). Aberrant DNA methylation is a hallmark of all human
malignancies, including HNSCC, and distinct profiles have been attributed to
environmental factors, patient habits (e.g., tobacco and alcohol consumption), and
viral infection (Kostareli et al. 2012; van Kempen et al. 2014; Minarovits et al.
2016). The cancer methylome displays a characteristic loss of global DNA
methylation in repetitive regions and concomitant accumulation of gene promoter
methylation. Although the underlying molecular principles and effect of global
DNA hypo-methylation remain elusive, it is thought to contribute to chromosomal
instability and activation of proto-oncogene expression (Robertson 2005; Jones and
Baylin 2007). It is worth noting that several studies reported a HPV-related dif-
ference in hypo-methylation of repetitive LINE-1 elements, indicating a more
efficient maintenance of global DNA methylation accompanied by reduced genetic
instability in HPV-positive HNSCC (Richards et al. 2009; Poage et al. 2011; Sartor
et al. 2011). This assumption is supported by recent studies addressing the quality
and quantity of genomic aberrations in HPV-positive and HPV-negative HNSCCs
(Klussmann et al. 2009; Wilting et al. 2009; Agrawal et al. 2011; Stransky et al.
2011).

2.1 HPV and Gene Promoter Hyper-Methylation

Gene promoter hyper-methylation often causes reduced transcription of tumor
suppressor genes involved in cellular processes of DNA damage repair, detoxifi-
cation, cell cycle regulation, and apoptosis (Rodriguez-Paredes and Esteller 2011).
In cancer, transcriptional silencing by gene promoter methylation may occur even
more frequently than structural inactivation of genes by deletion or somatic
mutation (Rodriguez-Paredes and Esteller 2011; Azad et al. 2013). Numerous
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studies have explored HPV-related differences in the profile of gene promoter
methylation; however, many reports evaluated only a limited number of selected
genes and did not focus solely on OPSCC, which is the most common site for
HPV-related tumors in the upper aerodigestive tract (Kostareli et al. 2012; van
Kempen et al. 2014). More recent studies focused on global analysis of gene
promoter methylation in HPV-positive versus HPV-negative HNSCCs with the aim
of gaining a detailed view of clinically relevant alterations and unraveling affected
signaling and gene regulatory networks (Koffler et al. 2014). Collectively, these
studies reported a trend toward a higher level of gene promoter hyper-methylation
in HPV-positive tumors (Sartor et al. 2011; Colacino et al. 2013; Lechner et al.
2013; Lleras et al. 2013). The widespread gain of gene promoter methylation raises
the question whether HPV-positive HNSCC resembles a CpG island methylator
phenotype (CIMP), which was originally discovered in colorectal cancer (Hughes
et al. 2013; Suzuki et al. 2014). Combinatorial ectopic expression of the viral
oncogenes E6 and E7 in an HPV-negative cell line partially phenocopied the CIMP
signature seen in HPV-positive tumors and established E6 as the main viral effector
gene (Lechner et al. 2013). It is worth noting that HPV-related tumors with CIMP
had a poor clinical outcome with significantly shorter survival (Lechner et al. 2013).
An association of CIMP and poor prognosis was also reported for patients with oral
cancer, though CIMP was not an independent factor in predicting prognosis (Jithesh
et al. 2013).

2.2 Functional Interaction of Viral Proteins with DNMTs

One molecular mode of action by which HPV might alter profiles of gene promoter
methylation is due to direct targeting the expression and enzymatic activity of
DNMTs by viral oncoproteins (Minarovits et al. 2016). Increased expression of
DNMT1 and DNMT3A was evident in HPV-positive tumor cell lines and primary
OPSCCs (Sartor et al. 2011; Lechner et al. 2013; Schlecht et al. 2015). Addition-
ally, viral oncoproteins stimulate DNMT activity in vitro and tumor cell lines,
which is at least in part due to a direct physical interaction of E7 and DNMT1
(Burgers et al. 2007; Laurson et al. 2010; D’Costa et al. 2012). Chromatin
immunoprecipitation assays further confirmed E7-DNMT1 complex formation at
the CCNA1 promoter serving as a model for HPV-related gene promoter methy-
lation (Chalertpet et al. 2015).

2.3 HPV-Related Gene Promoter Methylation Patterns
and Signaling Pathways

Distinct HPV-related methylation patterns extrapolated from global gene promoter
methylation profiling provide a valuable molecular tool for diagnostic and prog-
nostic assessment of HNSCC patients (Colacino et al. 2013; Kostareli et al. 2013).
But, they also facilitate an integrative data analysis to infer clinically relevant
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differences in signaling and gene regulatory networks taking into account the HPV
status (Koffler et al. 2014). This knowledge could pave the way to identify
promising new drug targets for a more specific and individualized therapy of
HNSCC patients.

As an example, functional annotation of a gene panel with HPV-related pro-
moter methylation indicated differential activity of WNT/b-catenin signaling,
PPAR regulation, retinoic acid signaling, c-KIT signaling, and cell–cell or cell–
matrix adhesion (Worsham et al. 2013). Differences in retinoic acid metabolism and
signaling due to gene promoter methylation and based on the HPV status of OPSCC
were also suggested by Kostareli and colleagues (Kostareli et al. 2013). In another
study, gene-set enrichment analysis identified several targets of polycomb repres-
sive complex 2 (PRC2) that were affected by HPV-related gene promoter methy-
lation, including multiple members of the cadherin superfamily such as CDH8,
CDH15, PCDH8, PCDH9, PCDH10, and PCDHB3 (Lechner et al. 2013). Finally,
Fertig and colleagues applied integrative data analysis based on DNA methylation
and gene expression patterns to infer biologically significant molecular pathways
that may be exploited as therapeutic targets (Fertig et al. 2013). This approach
revealed specific gene promoter methylation patterns that regulate gene expression
in HPV-negative HNSCC and distinguish it from HPV-positive HNSCC. Analysis
of these differentially regulated genes indicated that activation of the Hedgehog
pathway was specific for HPV-negative HNSCC, which was confirmed by
increased levels of GLI1, the primary Hedgehog target, in HNSCC compared to
normal mucosa with the highest GLI1 expression in HPV-negative tumors.

3 HPV-Related Alterations in Chromatin Architecture

Epigenetic regulation of gene expression requires a complex interplay between
DNA methylation, histone modifications, and nucleosome remodeling. The most
commonly studied covalent modifications of histones are posttranslational acety-
lation, deacetylation, and methylation at the amino-terminal ends, and key enzymes
are histone acetyltransferases (HAT), histone deacetylases (HDAC), and histone
methyltransferases (HMT). Moreover, large complexes of nucleosome remodeling
factors regulate gene expression by modulation of the chromatin architecture.

Despite compelling evidence that cancer-associated chromatin states are of
clinical relevance, our knowledge on HPV-related alterations in histone modifica-
tion and nucleosome remodeling as well as their functional interaction with DNA
methylation profiles remains largely elusive. A recent study on global DNA
methylation profiles of HPV-positive and HPV-negative HNSCCs suggested that
HPV modulates the cancer epigenome through hyper-methylation of PRC2 target
genes, which are implicated in tumor progression and metastasis (Lechner et al.
2013). Sartor and colleagues also reported a distinct promoter hyper-methylation of
PRC2 target genes in HPV-positive as compared to HPV-negative HNSCC cell
lines (Sartor et al. 2011). PRC2 maintains the transcriptional repression of a large
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number of genes with key regulatory roles in development and differentiation, and
PRC2 proteins are required for normal embryonic development and exhibit a
well-established role in stem-cell maintenance (Conway et al. 2015). It is worth
noting that cancer-specific promoter hyper-methylation is more likely for PRC2
targets than non-targets (Ohm et al. 2007; Schlesinger et al. 2007).

The enzyme enhancer of zeste homolog 2 (EZH2) is the catalytic component of
PRC2 and acts as an HMT at H3K27, resulting in gene silencing via chromatin
condensation. Dysregulation of the repressive H3K27 trimethylation (H3K27me3)
mark in HNSCC contributes to aberrant squamous differentiation (Gannon et al.
2013), and p16INK4A-positive OPSCCs display global elevations of H3K27me3
patterns (Biron et al. 2012). Collectively, these data strongly suggest that viral
oncoproteins induce epigenetic regulation of PRC2 target genes during HNSCC
pathogenesis by altered expression or activity of HMTs and thereby modulate the
chromatin architecture at corresponding gene promoters. Indeed, EZH2 is activated
at the transcriptional level in HPV-positive cervical cancer cells by E7-mediated
release of E2F from pocket proteins (Holland et al. 2008). In a more recent study,
Sharma and colleagues also demonstrated a functional interplay between E7 and
HOTAIR, a long noncoding RNA that recruits PRC2 to target gene promoters
(Sharma et al. 2015).

4 Conclusion and Perspectives

An increasing body of experimental studies has provided compelling evidence that
viral oncoproteins of HPV16 interact with key components of the cellular epige-
netic machinery to reprogram the gene expression pattern and thereby alter cellular
traits of the infected host cell. Monitoring HPV-related disruption of the epigenetic
program represents a powerful tool for diagnosis, prognosis, and treatment
decision-making, and due to its reversible nature serves as a bona fide target for a
more effective and less toxic treatment of HNSCC patients with HPV-positive
tumors. Epigenetic-based therapies for cancer treatment have been approved, and
additional inhibitors for key regulators of DNA methylation, histone modification,
and chromosome remodeling have shown promise in preclinical trials. Although the
biology of epigenetic regulation is complex and our knowledge on the underlying
regulatory circuits is incomplete, this new generation of more specific and potent
inhibitors will hopefully be available for clinical use in the coming years (Cai et al.
2015). Another promising option for epigenetic-based therapy is its combination
with already established or novel treatment regimens. As an example, demethy-
lating drugs improve the efficacy of therapeutic viral DNA vaccines in a variety of
HPV-associated malignancies (Lu et al. 2009). However, the lack of reliable
molecular biomarkers to predict either clinical activity or resistance of
epigenetic-based therapy is a serious problem limiting the translation from bench to
bedside (Helin and Dhanak 2013).
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Barbara Wollenberg

Abstract
HNSCC is a heterogeneous group of tumors located in the oral cavity,
oropharynx, hypopharynx and larynx. Originally, tobacco and alcohol exposures
were the main risk factors for HNSCC. In the last two decades, HPV infections
have been identified as a risk factor for HNSCC, especially for oropharyngeal
tumors. Whereas the HPV-induced oropharyngeal carcinomas predominantly
express the HPV16 related E6 and E7 oncoproteins, the HPV-negative HNSCC
are associated with an overexpression of p53. However, if the therapy successes
for HPV-negative and HPV-positive HNSCCs are compared, there are
significantly higher total survival rates for HPV-positive oropharyngeal tumors
compared to HPV-negative tumors. It is important to understand this
phenomenon in order to improve and adapt therapy concepts.
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HNSCC is a heterogeneous group of tumors located in the oral cavity, oropharynx,
hypopharynx and larynx. Originally, tobacco and alcohol exposures were the main
risk factors for HNSCC. In the last two decades, HPV infections have been iden-
tified as a risk factor for HNSCC, especially for oropharyngeal tumors, with the
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tonsil area being the most commonly affected area with 45–70 % HPV-positive
cases (Mellin et al. 2002; Ritta et al. 2013).

More than 180 papilloma viruses have been identified to date, with approxi-
mately 120 genotypes isolated from humans. Whereas the HPV-induced oropha-
ryngeal carcinomas predominantly express the HPV16 related E6 and E7
oncoproteins, the HPV-negative HNSCC are associated with an overexpression of
p53 (Bernard et al. 2010).

However, if the therapy successes for HPV-negative and HPV-positive HNSCCs
are compared, there are significantly higher total survival rates for HPV-positive
oropharyngeal tumors compared to HPV-negative tumors (Gillison 2008; Ragin
and Taioli 2007). It is important to understand this phenomenon in order to improve
and adapt therapy concepts.

2 Immune Cell Infiltrations

Human solid tumor tissues are known to be infiltrated by various kinds of immune
cells which are modulated within the tumor microenvironment (Hartmann et al.
2003; Heimdal et al. 2000; Pries and Wollenberg 2006; Veltri et al. 1986).

Several HPV-related immunologic features have been described in HNSCC.
In general, HPV-positive tumors have been shown to possess characteristic

immune cell infiltrates compared to HPV-negative HNSCC. Recently, Partlova
et al. 2015 have shown that HPV-positive tumors were infiltrated by significantly
higher numbers of IFNgC CD8C T lymphocytes, IL-17C CD8C T lymphocytes,
myeloid dendritic cells and proinflammatory chemokines. Furthermore,
HPV-positive tumors had significantly lower expression of COX2 mRNA and
higher expression of PD1 mRNA (Partlova et al.).

Spanos et al. 2009 have shown, for human and murine HPV-transformed cell
lines, that neither radiation nor cisplatin therapy cured immune-incompetent mice,
whereas in vivo, HPV-positive tumors were more sensitive to radiation and cis-
platin treatment. Surprisingly, adoptive transfer of wild-type immune cells into
immune-incompetent mice restored HPV-positive tumor clearance with cisplatin
therapy. These data suggest that HPV-positive tumors are not more curable because
of an increased epithelial sensitivity to cisplatin or radiation therapy, but because of
an HPV-related immunity (Spanos et al. 2009).

These implications of a HPV-related immunity were corroborated by a study
with an unselected group of 50 patients with HNSCC, where T lymphocytes were
isolated from tumors and lymph nodes. Comprehensive investigations of the
HPV16-specific T cell responses revealed a broad repertoire of CD41 T helper type
1 and type 2 cells, CD41 regulatory T cells and CD81 T cells reactive to HPV16.
Heusinkveld et al. identified circulating HPV16-specific T cells in 63.6 % of the
HPV-positive HNSCC, but only in 24.1 % of the HPV-negative HNSCC
(Heusinkveld et al. 2012).
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Similarly, Albers et al. found increased levels of T cells toward HPV16 E7 in
HPV-positive HNSCC patients (Albers et al. 2005).

The local presence of HPV16-specific T cell immunity in HPV16-induced
HNSCC was underlined by an additional study, which demonstrated increased
infiltrations of CD3+ and FoxP3+ T cells in correlation with higher HPV16 copy
numbers in solid HNSCC (Ritta et al. 2013).

Correspondingly, it has been shown that targeting CD137, which is an inducible
receptor on activated T lymphocytes, synergizes with cisplatin and radiation ther-
apy in HPV-positive HNSCC (Lucido et al. 2014).

Furthermore, increased amounts of effector memory and effector T cells were
found in patients with human HPV-positive oropharyngeal squamous cell carci-
nomas, suggesting a virus-induced T cell activation (Turksma et al. 2013).

In addition, increased numbers of different types of antigen presenting cells such
as myeloid dendritic cells (mDC), plasmacytoid dendritic cells (pDC), macrophages
and monocytes have been found in HPV-associated HNSCC (Levovitz et al.).
Comprehensive immune profiling using qRT-PCR and immunohistochemistry
identified a significantly increased infiltration of HPV-positive HNSCC by CD20
+ B cells, as well as by invasive margin FoxP3+ Treg (Russell et al. 2013).

Similar findings have recently been demonstrated for HPV-related cervical
cancers, where the HPV infection was associated with macrophage differentiation, a
compromised cellular immune response, an abnormal imbalance between type 1
T–helper cells (Th1) and Th2 cells, regulatory T cell infiltration, and downregulated
DC activation and maturation (Song et al. 2015).

3 Microenvironment Modulation

All these different types of immune cells are known to release numerous cytokines
and inflammatory mediators with proangiogenic and prometastatic effects, and the
potential to drive tumor progression.

For example, IL-1 is produced by monocytes, macrophages, dendritic cells and
various other cells, and in HNSCC IL-1a and IL-1b have also been demonstrated to
modestly induce the production of gelatines, which are family members of the
matrix metalloproteinases (MMPs) and contribute to tumor invasion and metastasis
(Mann et al. 1995).

IL-1a was furthermore identified to promote the transcriptional activator NF-jB
which is known to participate in various aspects of cancer induction and mainte-
nance (Wolf et al. 2001).

TGFb is known to inhibit the proliferation and function of T and B lymphocytes
as well as the function of macrophages (Chen et al. 1999; Mann et al. 1992).

Levovitz et al. (2014) have shown an overexpression of TGFßR1 in HPV-related
oropharyngeal cancer and cervical cancer, which implicates TGFbR1/TGFb sig-
naling in the development of both cancer types (Levovitz et al. 2014).
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In addition, HNSCC cell lines have recently been demonstrated to express IL-18
which is a proinflammatory cytokine that plays an important role in NK cell acti-
vation and Th1 cell response (Martone et al. 2004).

For HPV-positive tumors, the critical parameter to escape from efficient immune
responses is the interference of HPV with the expression of interferons (IFNs),
which are produced by virus-infected cells and reveal immuno-stimulatory prop-
erties. Furthermore, HPV interacts with antigen presentation to reduce adaptive
immune responses and to downregulate HLA class I (Ferris 2015).

Thus, the cancer immunology has a huge impact on the tumor progression and
its therapy response, and has to be distinguished between HPV-positive and
HPV-negative HNSCCs.

In addition to the mentioned HPV-specific T cell profiles, the Warburg phe-
nomenon has been discussed concerning its effect on antitumoral immune
responses, since the accumulation of tumor-derived lactate inhibits cytotoxic
T cells. An immunohistochemical analysis of oropharyngeal carcinomas showed an
enhanced antitumoral immune response (CD8/CD4 ratio) together with increased
levels of proteins involved in transmembranous metabolite transportation (GLUT1
and CD147) and respiratory metabolism (COX5B) in HPV-positive HNSCC
(Krupar et al. 2014).

Concerning the incurrence of HPV-related HNSCC, several publications
discussed HPV-specific humoral immune responses. Indeed, the presence of anti-
bodies to HPV proteins E6 and/or E7 has been shown to be associated with a
significant increased risk for oropharyngeal cancer. Antibodies to HPV16 have been
detected in some patients more than 15 years before their cancer diagnosis (Gillison
et al. 2012).

4 Immunotherapeutic Approaches

Generally, immune therapy provides active and passive as well as specific and
unspecific forms of antitumoral activity. The currently closest approach to clinical
application is different HPV-related vaccination approaches. Several approaches are
under development in HNSCC, using specific peptide vaccines such as melanoma
antigen A3/HPV-16 peptide (NCT00257738), HPV-16 E7 Listeria vaccine (Sewell
et al. 2004) or vaccinia-based E6/E7 vaccine (Davidson et al. 2004).

Furthermore, adoptive T cell transfer is currently evaluated for HNSCC
immunotherapy, where T cells are first removed from the patient before they get
reintroduced after specific modifications in order to enhance their activity against
HPV-associated head and neck cancer (NCT01585428) (Ferris 2015).

In summary, the current state of knowledge suggests that the presence of HPV
may induce an increased immune response and may be responsible for a more
favorable prognosis of HPV-positive HNSCC.
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Update on De-intensification
and Intensification Studies in HPV

Hisham Mehanna

Abstract
In this chapter, we discuss de-esclation of treatment for patients with
HPV-positive disease. We discuss the rationale for de-escalation (why
de-escalate?), patient selection criteria (who to de-esclate?) and what the
treatment options for de-esclation are and the studies that are currently being run
in those areas (how to de-escalate?). We stress the importance of clinicians NOT
changing the management of oropharyngeal cancer patients outside clinical
trials, and encourage them to recruit to the ongoing studies.

Keywords
De-escalation of HPV � Epidemiology of HPV � Head and neck cancer �
Molecular biology of HPV � Testing of HPV � Treatment of HPV

As we have seen in previous chapters, the seminal paper by Ang et al. (2010)
demonstrated that there were several prognostic groups within oropharyngeal
cancer. This prognostic classifier has been validated in other cohorts. There are
other prognostic classifiers that have also been developed that show similar findings
with some variations. However, they consistently demonstrate that HPV-positive
disease has better outcomes than HPV-negative disease (Huang et al. 2015). In
addition, it would appear that HPV positivity maintains its prognostic effect
regardless of the type of treatment (Haughey and Sinha 2012). As a consequence of

H. Mehanna (&)
Chair of Head and Neck Surgery, School of Cancer Sciences,
University of Birmingham, Birmingham, England, UK
e-mail: h.mehanna@bham.ac.uk

H. Mehanna
Institute of Head and Neck Studies and Education,
University of Birmingham, Birmingham, England, UK

© Springer International Publishing Switzerland 2017
W. Golusiński et al. (eds.), HPV Infection in Head and Neck Cancer,
Recent Results in Cancer Research 206, DOI 10.1007/978-3-319-43580-0_20

251



the improved prognosis of HPV-positive patients, many clinicians and researchers
around the world have considered and are considering de-intensification of treat-
ment for HPV-positive disease. There are several studies that have been completed
or are being currently run for this indication. In this article, we will discuss the
following aspects:

• Why should we de-intensify treatment?
• Who should we de-intensify treatment for?
• How should we de-intensify treatment?

1 Why Should We De-intensify Treatment?

As can be seen from the prognostic classifiers, the low-risk HPV-positive patients
have excellent survival. These patients tend to be younger than the traditional head
and neck cancer patient. This means that as they have a higher chance of cure, they
will live longer with the substantial effects of treatment. Indeed, we know that
chemoradiotherapy results in considerable early and late toxicities (Trotti et al.
2007), and that late toxicity is cumulative (Machtay et al. 2008). Therefore, it would
seem reasonable to try to reduce the toxicity profile in these patients who have
excellent long-term survival to improve their overall quality of life and reduce the
long-term burden of treatment.

In addition, it would appear that patients are supportive of de-intensification of
chemoradiotherapy regimens for HPV-positive low-risk disease. However, the
majority of them are supportive only if there is little or no chance of detriment to
their overall survival. Furthermore, it should be noted that over a quarter do not
want de-intensification. In addition, the majority of those who are in favour of
de-intensification would reduce the chemotherapy part of the treatment, and only
20 % would wish to reduce radiotherapy (Brotherston et al. 2013).

2 Who Should We De-intensify Treatment for?

The overall principle guiding treatment is primum non nocere—first do no harm.
These patients have excellent survival, and are in the main, cured of their disease.
Many studies, including the one quoted above by Brotherstone, show that patients’
most important aim for treatment is cure followed by prolonged survival. Therefore,
in all our discussions on de-intensification the maintenance of the very high cure
rates for patients should be paramount.

When considering what the causes of treatment failure are in patients with
high-risk disease, one identifies that they most often fail locoregionally. This was
apparent in the RTOG 0129 study by Ang et al. (2010). In that study, distant meta-
static failure did not differ significantly between HPV-positive and HPV-negative
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disease. Other studies e.g. by O’Sullivan et al. (2013) have shown that HPV-positive
disease and HPV-negative disease have similar distant control rates. Work by the
same group in Toronto has shown that the risk of distant metastasis in HPV-positive
patients is highest in those who were treated with radiotherapy alone [with N2b
disease and who are heavy smokers, or who have N2c or N3 disease]. Distant
metastasis is also high in patients who have HPV-positive T4 disease. Therefore, we
should be aware of de-intensifying treatment, especially by removing chemotherapy,
in these patients who in the main constitute the intermediate HPV-positive risk
category.

3 What Are the Options for De-intensification?

There are several options for de-intensification: using less toxic chemotherapy
regimens, removing chemotherapy, reducing the radiotherapy dose, and incorpo-
rating surgery and reducing post-operative chemoradiotherapy regimens. Fortu-
nately, there has been a strong emphasis on ensuring that these de-intensification
options are tested within clinical trials, and that clinicians do NOT change the
management of HPV-positive patients outside of clinical trials. In this next section,
we will discuss the different options for de-intensification and the ongoing trials
within that area.

3.1 Primary Non-Surgical Therapies

3.1.1 Less Toxic Chemoradiotherapy Regimens
Several trials have explored the use of biological therapies instead of chemotherapy
to reduce the burden of toxicity. In particular, cetuximab has been found to be
effective in head and neck cancer (Bonner et al. 2006) and more recently found to
be particularly effective in HPV-positive patients (Rosenthal—look at most recent
JCO publication). In addition, cetuximab is thought to have less toxicity than
platinum-based regimens (Bonner et al. 2006). Three large trials are therefore
exploring the use of cetuximab and radiotherapy compared to cisplatin and
radiotherapy.

The RTOG 1016 study includes all HPV-positive patients (low risk and inter-
mediate risk). The primary outcome is overall survival. It has recruited *1000
patients and is currently in follow-up and is due to report in 2019.

The De-ESCALaTE study, run by our group at InHANSE, has also very recently
completed recruitment of 304 patients. The primary outcome is overall (acute and
late) toxicity and cost-effectiveness. It is also due to report in 2019.

The TROG group also have a similar study aiming to recruit 200 patients. Its
primary outcome is swallowing and is also looking at the weekly toxicity profile of
both treatments. Both De-ESCALaTE and TROG studies limit eligibility to
low-risk HPV-positive patients only.
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3.1.2 Removal of Chemotherapy—(Radiotherapy Alone)
Based on data from Toronto, it was identified that the lowest risk HPV-positive
patients were those who were non-smokers and did not have N3 or T4 disease. In
those lowest risk patients, the addition of chemotherapy to radiotherapy did not
seem to significantly increase overall survival benefit. This suggested that
chemotherapy may be omitted completely in this very low-risk group of patients.

The NRG 002 study looks to recruit HPV-positive, non-smokers, but excludes
T4 and N3 disease. It is randomising patients to chemoradiotherapy of 60 Gy in six
weeks with weekly cisplatin of 40 mg/m2 versus slightly accelerated radiotherapy
of 60 Gy in five weeks with 6 fractions per week. This phase 2 trial is currently
ongoing.

3.1.3 Reduction of Radiotherapy Dose
Incremental radiotherapy doses result in considerably higher overall toxicity.
Therefore, by reducing the overall radiotherapy dose, a reduction in overall
long-term toxicity may occur. Groups have hypothesised that by increasing
chemotherapy, especially in an induction format, there may be a possibility of
reducing the overall radiotherapy dose.

The ECOG 1308 (Cmelak et al. 2014), a phase II trial, recruited patients to three
cycles of induction cisplatin, cetuximab and paclitaxel. Those patients who showed
complete response were then given cetuximab and a reduced radiotherapy dose
(54 Gy in 27 fractions). Those that did not show complete response were given
cetuximab plus the standard radiotherapy dose of 69 Gy in 33 fractions. This study
did not meet its own minimum threshold for overall two-year disease-free survival.
However, patients who were deemed to have the best prognosis (T1 to T3 N1, to
N1 N2b with less than 10 pack years of smoking) did very well, showing an overall
two-year survival of 97 % despite having the low dose of radiotherapy. However,
for the higher-risk patients who received full-dose intensity-modulated radiother-
apy, the overall survival was 87 % and the 2-year progression-free survival was
65 %. The results suggest that the low-risk patients could be given less radiotherapy
and still achieve excellent survival. Therefore, a phase III study, the Quarterback
study, has been initiated. In this trial, patients are given induction TPF. Those who
then achieve complete or partial response are randomised to either carboplatin plus
standard radiotherapy of 70 Gy or to carboplatin plus reduced radiotherapy of
56 Gy. Patients who do not achieve partial or complete response receive 70 Gy of
radiotherapy. This study is currently ongoing.

3.1.4 Post-operative Surgical Patients
In the surgically treated, post-operative patients, there is good evidence to suggest
that adjuvant treatment post-operatively is highly protective (Haughey and Sinha
2012; Sinha et al. 2012). Additionally, some studies have shown that there may be
no difference in overall survival between patients who receive post-operative
radiotherapy alone and those who receive post-operative chemoradiotherapy.
However, the numbers included in these subgroup analyses were very small and
therefore highly prone to type 2 errors. Some studies have shown that extracapsular
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spread may not have as much significance in HPV-positive patients who are treated
with post-operative adjuvant therapy as in HPV-negative patients. This is especially
true for minimal extracapsular spread of <1 mm (Haughey and Sinha 2012; Sinha
et al. 2012). However, these studies have yet to be validated prospectively in large
studies. These data have been used to generate hypotheses regarding the reduction
of radiotherapy or chemoradiotherapy doses post-operatively after transoral and
transrobotic surgery.

The ECOG 1311 recruits HPV-positive patients who have had transoral robotic
or transoral laser robotic surgery and who require post-operative radiotherapy or
chemoradiotherapy. This study limits recruitment to HPV-positive patients with T1
—T3, N1—N2b disease. Patients who are at low risk and require no adjuvant
treatment are observed. Those patients who are high risk and have positive margins
or extracapsular spread of >1 mm or 4 or more lymph nodes receive standard
chemoradiotherapy. Those patients who have intermediate disease with clear
margins, <1-mm extracapsular spread or 2–3 metastatic lymph nodes, perineural
invasion or lymphovascular invasion are randomised to standard IMRT radiother-
apy of 60 Gy in 30 fractions or reduced IMRT radiotherapy of 50 Gy in 25 frac-
tions. The primary endpoint is 2-year progression-free survival. This study has now
completed recruitment and is in follow-up.

The PATHOS trial run by the Cardiff Clinical Trials Unit in the UK has taken
this a step further. They also randomise the high-risk patients to cisplatin plus
radiotherapy (60 Gy in 30 fractions) or radiotherapy alone (60 Gy in 30 fractions)
with no cisplatin. The endpoint of this phase II study is swallowing function. If an
improvement in swallowing function is demonstrated compared to control, then a
larger phase III study will be undertaken.

The ADEPT study run by the University of Washington is randomising 496
patients of T1–T4a HPV-positive disease undergoing transoral resection who have
extracapsular extension of nodes and negative margins to standard chemoradio-
therapy with IMRT 60 Gy and weekly cisplatin versus the experimental arm of
radiotherapy alone (IMRT 60 Gy). The endpoints are disease-free survival and
progression-free survival.

3.1.5 Escalation Trials
It should also be noted that whilst there is a lot of interest in de-escalation, many
groups are now turning their thoughts to the intermediate-risk HPV-positive
group and HPV-positive patients with T4 or N3 disease. In this group, the overall
survival is approximately 70 % at three years. Many have noted that this outcome is
not comparable to that of low-risk patients, especially when considering that these
are younger patients. Therefore, some groups have considered escalating treatment
for this particular higher-risk group of patients.

In the UK, the COMPARE trial, run by our group at InHANSE, is randomising
patients to standard chemoradiotherapy (70 Gy in 35 fractions), compared to three
experimental arms: TPF plus chemoradiotherapy; cisplatin plus dose-escalated
radiotherapy; and surgery plus chemoradiotherapy. The outcome is overall survival.
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Recruitment has just started to this 650 patient trial, which uses the efficient multiarm,
multimodal trial design. Other groups are also considering other forms of escalation
including the use of immunotherapy in combination with chemoradiotherapy.

4 Conclusion

It is clear that there are several possible ways to achieve de-escalation and indeed
escalation of treatment in HPV-positive patients. The coming few years will reveal
the results of many interesting trials which will help direct our management of these
groups of patients. We again would encourage clinicians to not change the man-
agement of HPV-positive patients, but to continue to treat them as they would treat
other oropharyngeal cancer patients, and that they strongly consider recruiting these
patients into the relevant clinical trials to ensure that we find out quickly the best
way to treat these patients.
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Vaccination Expectations in HNSCC

Stina Syrjänen and Jaana Rautava

Abstract
HPV-associated head and neck squamous cell carcinoma (HNSCC), more
specifically the incidence of oropharyngeal cancer, is dramatically increasing in
industrialized countries. According to what has been learned from anogenital
vaccination programs, there are reasons to believe that current human
papillomavirus (HPV) vaccinations may be potentially effective also against
HNSCC. However, before specific results on HNSCC are available, one must
keep in mind that carcinogenesis in the head and neck region may differ from
that of the anogenital tract. Furthermore, the current evidence supports the view
that HPV infection is much more complex than simply a sexually transmitted
disease. HPV is present in the semen, placenta and in the newborns, and these
infections of the newborns create cell-mediated immunity (CMI) against HPV,
including the T memory cells. Acquisition of HPV infection in early life will rise
new series of questions in the field of HPV vaccination.
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1 HPV Vaccines

In 1992, Kirnbauer and his associates descried a novel technique how to make
human papillomavirus-like particles (VLP) in vitro (1992) by expressing the
L1 major capsid proteins of HPV16 in insect cells using a baculovirus vector. In
this system, the L1 proteins were expressed at high levels and, surprisingly,
assembled into structures that closely resembled PV virions (Kirnbauer et al. 1992)
with immunogenicity similar to that of infectious virions. This novel L1 VLP
preparation was immediately recognized as a potential candidate for serological
tests to measure antibodies to conformational virion epitopes, as well as for a
vaccine to prevent HPV infections (Kirnbauer et al. 1992). Subsequent studies on
these lines have resulted in the development of the first-generation prophylactic
vaccines against HPV6, 11, 16, 18 (Gardasil®, Merck Sharp & Dohme Corp.,
Whitehouse Station, NJ, USA) or against HPV16 and HPV18 (Cervarix®,
GlaxoSmithKline Biologicals, Rixensart, Belgium). In 2015, The U.S. Food and
Drug Administration approved a new nonavalent HPV vaccine Gardasil 9® (HPV6,
11, 16, 18, 31, 33, 45, 52 and 58) with promising preliminary results (for review
Fruscalzo et al. 2016). Table 1 summarizes the characteristics of the current
HPV VLP vaccines and their indications for use.

Table 1 Characteristics of Cervarix®, Gardasil® and Gardasil 9® vaccines

Cervarix Gardasil Gardasil 9

HPV coverage 16, 18 6, 11, 16, 18 6, 11, 16, 18, 31,
33, 45, 52, 58

Manufacturer GlaxoSmithKline Merck Merck

Producing cells Trichoplusia ni (Hi 5)
insect cell line infected
with L1 recombinant
baculovirus

Saccharomyces cerevisiae
(baker’s yeast) expressing
L1

Saccharomyces
cerevisiae (baker’s
yeast) expressing
L1

Adjuvant Aluminum
hydroxyl-phosphate
sulfate

Aluminum hydroxide,
3-O-deacylated-4’-
monophosphoryl lipid A

Aluminum
hydroxide,
3-O-deacylated-4’-
monophosphoryl
lipid A

Administration Intramuscular Intramuscular Intramuscular

Injection
schedule

0, 1, 6 months 0, 2, 6 months 0, 1–2, 6 months

Indications for
use
(HPV-associated
diseases)

Cervical cancer and
precancer and
adenocarcinoma in situ

Women 9–26 years:
cervical, vulvar, vaginal,
anal cancer and precancer;
genital warts.
Men 9–26 years:
anal cancer and precancer;
genital warts

Women 9–26 years:
cervical, vulvar,
vaginal, anal cancer
and precancer;
genital warts.
Men 9–26 years:
anal cancer and
precancer; genital
warts
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Both of the first-generation prophylactic vaccines have exhibited excellent safety
and effectiveness. However, neither of the vaccines has shown efficacy against a
prevalent infection (Schiller et al. 2012). There has been no standard assay for
assessing immunogenicity in HPV VLP vaccine trials, making direct comparisons
difficult. However, regardless of the assays used, studies have demonstrated anti-
body responses that are strong and durable up to 6–8 years (Brotherton et al. 2016;
Einstein et al. 2014; Roteli-Martins et al. 2012; Olsson et al. 2007).

One of the key issues in HPV vaccination is the most optimal timing for the
HPV vaccines to provide maximal protection of HPV-naïve individuals (Malagon
et al. 2012). Recent studies have confirmed that HPV is present in the semen,
placenta and in the newborns (Rintala et al. 2004, 2005; Sarkola et al. 2008; Laprise
et al. 2014; Skoczynski et al. 2015; Chisanga et al. 2015). Data from our Finnish
Family HPV cohort indicate that persistent oral HPV infections among newborn are
predicted by mother’s placental HPV positivity (Koskimaa et al. 2012). This
implicates that the timing of HPV vaccination needs to be re-evaluated. In already
infected women, HPV vaccination will not alter the course of their genital tract
infection although it induces higher HPV IgG antibody titers. During pregnancy,
there might be more efficient transplacental transfer of maternal HPV antibodies to
prevent the newborn to contract HPV infection during delivery. The natural history
of the first HPV exposure is not elucidated yet, but there is a possibility that the first
site of HPV entry is the oral mucosa (Syrjänen et al. submitted; Rintala et al. 2005).

2 Natural History of HPV in Head and Neck Region

The prevalence and natural history of HPV infection in the head and neck region
has not been well established yet. Our prospective Finnish Family HPV cohort on
HPV dynamics among family members has shown that HPV infection can be
acquired vertically by the newborn before, during and after delivery, and HPV can
be found both in the oral and genital mucosa (Sarkola et al. 2008; Rintala et al.
2004, 2005; Syrjänen et al. submitted). The site of the first HPV infection may be
through oral mucosa more likely than the genital mucosa. These infections of
the newborns create cell-mediated immunity (CMI) against HPV, including the
T memory cells (Koskimaa et al. 2014, 2015). In adult life, HPV prevalence seems
to be lower in oral mucosa than in the genital region (Chung et al. 2013). Studies
using mouth rinses/gargles have found HPV prevalence ranging between 0.9 and
7.5 % (Edelstein et al. 2012; Gillison et al. 2012; Pickard et al. 2012; Smith et al.
2007; Summersgill et al. 2001). With mucosal swab samples and using more
sensitive HPV detection methods, HPV prevalence is considerably higher (Kero
et al. 2012, 2014; Rautava et al. 2012a, b).

Understanding the natural history of HPV infection in its whole, and the events
leading to head and neck infection and cancer in particular, is the critical questions
to be solved before conclusions can be drawn whether the current HPV vaccine
strategies of adolescents also protect against HNSCC.
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3 HPV Antibodies in Saliva

Oral cavity has its own specific environment including saliva. Saliva has secretory
immunoglobulin A (sIgA) which is important in the control of infectious agents on
oral mucosal surfaces. A study showed that low levels of sIgA could make the
individual more susceptible to oral HPV infection (Gonçalves et al. 2006). Saliva
could be a noninvasive testing alternative to serum testing for HPV antibodies
(Cameron et al. 2003). Women with cervical neoplasia showed significantly more
sIgA for HPV16 than women with no cervical neoplasia (Marais et al. 2006).
However, opposite results were reported from Costa Rican women by Kemp and
co-workers (2012). Immunoglobulin levels could be more site specific than com-
partmental between mucosal sites (Passmore et al. 2007). Women with a persistent
oral HPV infection showed higher levels of salivary IgG and lysozyme than women
with no oral HPV infection (Haukioja et al. 2014). In this study, smoking was a risk
of persistent oral HPV infection. Prophylactic HPV vaccination has also been
shown to induce neutralizing antibodies in saliva (Handisurya et al. 2016). An
approach of mucosal HPV immunization has also been explored, because mucosal
surfaces are the site of HPV infection (Kichaev et al. 2013). In Sweden, it was
shown that after gradual introduction of public HPV vaccination during 2007–2012,
between 2013 and 2014, when 73 % of the women were HPV vaccinated, but not
necessarily before their sexual debut, oral HPV prevalence had dropped to 1.4 % as
compared with 9.3 % in 2009–2011 (p < 0.00001) (Grun et al. 2015).

4 Prevention of HPV-Associated Head and Neck Cancer
with Vaccination

HPV-associated HNSCC, more specifically the incidence of oropharyngeal cancer,
is dramatically increasing in industrialized countries (Gooi et al. 2016; Marur and
Forastiere 2016), but there are no data on vaccine efficacy against oropharyngeal
HPV infections (Chaturvedi et al. 2011). Table 2 summarizes the prevalence of
HPV in HNSCCs derived from systematic reviews including meta-analyses.
Because the most common oncogenic HPV genotypes (HPV16 and HPV18) found
in the head and neck malignancies are the same as in cervical cancer, the question
is: do prophylactic HPV vaccines effectively prevent HPV-related head and neck
pathologies (Beachler et al. 2015; Herrero et al. 2013). However, HNSCCs may
also harbor HPV genotypes that are not so common in genital malignancies
(Rautava et al. 2012a, b). Moreover, Gardasil has demonstrated protection against
genital warts and penile/vulvar/vaginal/anal neoplasia in addition to cervical cancer
(Schiller et al. 2012; Garland and Smith 2010; Goldstone et al. 2013). Vaccination
efficacy is lower when the subjects have already an ongoing HPV infection
(Lu et al. 2011). These data suggest that vaccinating the males protects them also
against most vaccine HPV-type-related anogenital diseases, which has led to reg-
istration and use of these vaccines for males in some countries (Palefsky et al. 2011;
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Giuliano et al. 2011). For men, immunization through the oral mucosa might be
even more important than for women, because the largest mucosal area of men is in
the oral cavity (Marais et al. 2006). Quadrivalent vaccination also induces neu-
tralizing antibodies in oral mucosal fluids (Handisurya et al. 2016).
Cost-effectiveness analysis has shown that HPV vaccination for boys aged 12 years
could be a cost-effective strategy for the prevention of oropharyngeal carcinoma
(Graham et al. 2015).

Today, there is no knowledge of the preceding lesions in the continuum of
oropharyngeal carcinogenesis. However, it has been shown that HPV16 E6 anti-
bodies are detectable 10 years prior to the detection of oropharyngeal cancer
(Lang Kuhs et al. 2016; Anderson et al. 2015; Kreimer et al. 2013).

5 Therapeutic HPV Vaccines and HNSCC

Therapeutic HPV vaccines could eliminate preexisting lesions and infected cells.
Before using HPV vaccine in the treatment of a certain patient, there should be
established HPV status and histological results. However, today there is no agreed
standard method for HPV testing. Most therapeutic vaccines have been developed
with HPV16, against its oncoproteins. Targets for therapeutic intervention are HPV

Table 2 Systematic reviews including meta-analysis of head and neck cancers

Reference Sample size Cancer HPV positivity Population

Gama et al.
(2016)

7347 Laryngeal SCC 1830 (25 %) Global

Shaikh et al.
(2015)

7280 Head and neck carcinoma 36 % Asian
Pacific
region

Zhang et al.
(2014)

3429 Esophageal cancer HPV16
prevalence
0.381 (95 %
CI: 0.283,
0.479)

China

Aboqunrin et al.
(2014)

3649 Head and neck cancers 40 % European

Hardefeldt et al.
(2014)

132 studies Esophageal SCC 24.8 % Global

Syrjänen and
Syrjänen (2013)

492 Sinonasal SCC 133 (27.0 %) Global

Syrjänen (2013) 10,234 Esophageal SCC 3135 (30.6 %) Global

Mehanna et al.
(2013)

19,368 (5396
oroph, 13,972
non-oroph)

Oropharyngeal/non-oropharyngeal
SCC

Oroph 47.7 %
Non-oroph
21.8 %

Global

Termine et al.
(2008)

4852 Head and neck SCC/oral SCC 34.5 %/38.1 % Global
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E6 and E7 oncoproteins since they are expressed at all levels of the HPV-infected
epithelium and play a role in the induction and maintenance of HPV-related cancer.

There are trials ongoing with several different molecular targets. A phase I dose
escalation trial of MAGE-A3- and HPV16-specific peptide immunomodulatory
vaccines GL-0810 and GL-0817 showed T cell and antibody responses in a majority
of HNSCC patients (n = 16) (Zandberg et al. 2015). One consequence of E6/E7
over-expression in HPV-associated oropharyngeal cancer is a strong expression of
the cellular protein p16INK4a (Reuschenbach et al. 2016). A recent report of phase
1/2a first-in-human trial on HPV DNA vaccine against cyclin-dependent kinase
inhibitor p16INK4a showed induction of cellular and humoral immune responses in
advanced tumors without severe toxicities (Reuschenbach et al. 2016). This study
with 26 patients included seven HNSCCs. With a mouse model, local irradiation and
Shiga Toxin B-based HPV vaccination for treatment of HNSCC have shown
promising results and are approaching early-phase clinical trials (Mondini et al.
2015). In another study with mice, intradermal DNA vaccines forming E7 recom-
binant retroviral virus-like particles (pVLP-E7) cured mice with already established
tumors when combined with toll-like receptor (TLR) 7 and TLR 9 agonists (Les-
caille et al. 2013). Also the PD-1:PD-L1 pathway has shown a possibility of ther-
apeutic blockade analyzing tissue samples from tonsillar carcinoma patients
(Lyford-Pike et al. 2013). For comparison, quadrivalent vaccination effectiveness in
low-risk HPV-induced respiratory papillomatosis has either shown no effect in
children (Hermann andWeckx 2016) or prolonged the intervals between the surgical
interventions (Hocevar-Boltezar et al. 2014).

6 Conclusions

How to prevent the transmission and expression of oncogenic HPV of the head and
neck region is an open question. Or is the early HPV infection part of the normal
natural history and more focus should be on understanding what makes an HPV
infection prone to malignant transformation? The answer may be found from the
individual’s immunological status. According to what has been learned from
anogenital vaccination programs, there are reasons to believe that vaccinations
might be potentially effective also against head and neck neoplasia (Takes et al.
2015). However, before specific results on HNSCC are available, one must keep in
mind that carcinogenesis in the head and neck region may differ from that of the
anogenital tract. Furthermore, the current evidence supports the view that HPV
infection is much more complex than simply a sexually transmitted disease.
Acquisition of HPV infection in early life will rise new series of questions in the
field of HPV vaccination.
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