ACTA OTO-LARYNGOLOGICA
2021, VOL. 141, NO. 1, 89-94
https://doi.org/10.1080/00016489.2020.1813906

Taylor & Francis
Taylor &Francis Group

ARTICLE

8 OPEN ACCESS ‘ N Checkforupdates‘

The value of p16 and HPV DNA in non-tonsillar, non-base of tongue

oropharyngeal cancer

Lalle Hammarstedt?®, Stefan Holzhauser®, Mark Zupancic®, Fani Kapoulitsa®, Ramona G. Ursu®*,
Torbjorn Ramqvistb, Linnea Haeggblomb, Anders Nasman®<, Tina Dalianis®* and Linda Marklund®*

@Department of Clinical Sciences, Intervention and Technology, Karolinska Institutet, Karolinska University Hospital, Stockholm, Sweden;
bDepartment of Oncology-Pathology, Karolinska Institutet, Stockholm, Sweden; “Department of Microbiology, University of Medicine and
Pharmacy, Grigore T. Popa lasi, lasi, Romania; “Department of Clinical Pathology, Karolinska University Hospital, Stockholm, Sweden

ABSTRACT

Background: Oropharyngeal squamous cell carcinoma (OPSCC) is dominated by tonsillar and tongue
base carcinomas (TSCC/BOTSCC), but there are carcinomas at other sites, such as uvula/soft palate/
pharyngeal wall here defined as other OPSCC. Human papillomavirus (HPV) positive TSCC/BOTSCC
have favorable outcome, and the TNM-classification separates OPSCC into HPV mediated (p16™**
overexpressing, p16+) and HPV unrelated OPSCC (p16™*? non-overexpressing, p16-) cancer, but the
prognostic role of p16+ in other OPSCC is unclear.

Aims/Objectives: This study therefore aimed to further investigate the prognostic role of p16+, pres-
ence of HPV DNA, or both combined in other OPSCC.

Material and methods: 195 other OPSCC, from patients diagnosed 2000-2018 were tested for p16,
and/or presence of HPV DNA and the data correlated to outcome.

Results: Neither overall survival, nor disease free survival correlated to presence of p16+ or HPV DNA
in other OPSCC. p16+ and HPV DNA presence were correlated (p <.0001), but the sensitivity of p16
as a surrogate marker for presence of HPV DNA was low (49%).

Conclusions and significance: The data suggest that p16+ (and p16+/HPV DNA) positive other
OPSCC should be analyzed cautiously and possibly separately from the HPV mediated OPSCC stag-
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ing group.

Introduction

In many Western countries, a large proportion of oropha-
ryngeal squamous cell carcinoma (OPSCC), which is domi-
nated by tonsillar and base of tongue squamous cell
carcinoma (TSCC/BOTSCC), is human papillomavirus posi-
tive (HPV") [1-5]. In addition, patients with HPV* TSCC/
BOTSCC have a more favorable clinical outcome than those
with corresponding HPV negative (HPV") cancer [1,6,7].
This has also been proposed for all HPV" OPSCC as com-
pared to HPV™ OPSCC [8].

plé INKda overexpression (pl6+) is used as a surrogate
marker for presence of HPV in the latest American Joint
Committee on Cancer/Union for International Cancer
Control (AJCC-8/UICC-8) staging system for OPSCC,
which separates the TNM classification of HPV mediated
(p16+) and HPV unrelated (p16-) OPSCC [9]. However, an
estimated 10-20% of all OPSCCs are pl6-positive, but
HPV’, being most apparent in OPSCC arising outside the
tonsils and base of tongue, such as e.g. other sites include
the uvula/soft palate/pharyngeal wall, here defined as other

OPSCC [2,10-13]. We and others have previously reported
that presence of HPV DNA and p16+ was much less com-
mon in other OPSCC, and that presence of HPV DNA or
pl6+ in these tumors did not correlate well to each other,
or to better clinical outcome [2,10-12].

It has been suggested that it should be possible to de-
escalate today’s more intensified treatment, i.e. chemo-radio-
therapy, targeted therapy, and surgery either alone or in
combination for patients with HPV"™ OPSCC, in order to
reduce therapy-related side effects and complications [1].
Patients with other OPSCC are often included into the same
studies and treatment protocols as patients with TSCC/
BOTSCC, even though earlier studies by us and others have
indicated that prevalence, clinical significance and the cor-
relation between HPV and p16+ is markedly lower in other
OPSCC [2,11,13]. Since TSCC/BOTSCC dominates OPSCC
with roughly 90% of all cases, there is an obvious risk that
the results from patients with other OPSCC are concealed
and misinterpreted [2]. Thus, if the basis of selection i.e.
plé+ as a surrogate marker for HPV, does not apply to
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better clinical outcome for patients with other OPSCC as
indicated before by us and others, this definitely presents a
problem [1,11,12,14].

Based on the above, we wanted to examine if p16 overex-
pression, indeed was an adequate surrogate marker for
HPV, as well as prognostic favorable factor in OPSCC other
than TSCC and BOTSCC. For this purpose, we extended
our previous study of patients diagnosed 2000-2008 with
OPSCC at sites outside the tonsil and base of tongue (other
OPSCC) [11], and included patients diagnosed from 2000
until 2018 to examine if pl6 overexpression is an accurate
marker for HPV as well as a prognostic favorable factor in
OSCC other than TSCC and BOTSCC.

Material and methods
Patients and tumor samples

195 patients diagnosed 2000-2018 with other OPSCC, i.e.
including cancer of the uvula, the soft palate and the pha-
ryngeal walls (ICD-10: C10.0-C10.9 and C50.1-C50.8) at
Karolinska University Hospital were included in the ana-
lysis. The diagnosis and TNM stage was established at a
multidisciplinary conference. The diagnosis was based on
physical examination, ultrasound, with fine needle aspiration
in case of N+, computer tomography, and/or magnetic res-
onance imaging scans followed by physical examinations
(panscopy) in anesthesia and biopsy material and exscised
tumor material were subjected to pathological diagnostics.
Patient case reports were analyzed, and age, gender, TNM-
stage, treatment and survival were recorded (LM, LH).

Treatment was categorized as surgery, radiotherapy or che-
moradiotherapy, with the vast majority of patients receiving
radiotherapy, or chemoradiotherapy. Patients were evaluated
for tumor progression every 3 months the first 2 years, and
then every 6 months for a total of 5years. From these, 75
patients, diagnosed 2000-2008, had 69 tumor biopsies avail-
able, previously analyzed for p16 expression and presence of
HPV DNA, and 61 of these, treated with curative intent,
had earlier been included in a survival analysis [11]. Here,
for an additional 120 tumor patients, tumor biopsies were
analyzed as depicted below, for pl6 overexpression and/or
presence of HPV DNA. This, allowed for in total 124
patients (with tumors with data on pl6 overexpression)
treated curatively to be included in the survival analysis
(Table 1). The study was performed according to permis-
sions  (2009/1278-31/4 and 2018/870-32) from the
Stockholm Regional Ethical Review Board.

Analysis of HPV DNA, p16 overexpression, other
OPSCC samples

The previously non-analyzed samples were tested for DNA
of 27 HPV types, including all high-risk types, by a PCR-
based bead-based multiplex-assay on a MagPix instrument
(Luminex Corp., Austin, TX, USA) as described before [15].
pl6 overexpression (pl6+), ie. >70% of the tumor cells
being strong cytoplasmic and nuclear pl6 positive, was
tested by immunohistochemistry using the monoclonal anti-
body (mAb) clone JC8 (Santa Cruz Biotech, Santa Cruz,
California, USA), or the E6H4™ mouse mAb clone
(CINtec®, Ventana, Tucson, Arizona, USA) [15].

Table 1. Patient and tumor characteristics separated by tumor p16 expression.

p16 Expression

Overexpressing Non-overexpressing Data missing
Mean Count Mean Count Mean Count
Age (diagnosis) 67 67 68
Sex Female 14 44 14
Male 21 69 33
T T0 0 0 2
T 8 1 6
T2 0 0 1
T2 8 37 10
T3 10 44 5
T4 9 21 23
N NO 18 49 23
N1 5 19 5
N2 10 42 16
N3 1 0 2
NX 1 3 1
M Mo 32 106 40
M1 1 3 2
MX 2 4 5
Treatment Intention to cure 31 93 29
Palliative 4 20 18
WHO performance status 0 15 41 17
1 14 24 7
2 3 31 10
3 1 7 4
Data missing 1 8 6
HPV DNA status Positive 17 1 3
Negative 18 82 22
Data missing 0 19 23




Statistical analysis

Differences in categorical data were examined by Chi® test,
and continuous data were assessed by two-sided student t-
test. Outcome was analyzed as disease free survival (DFS) or
overall survival (OS). DFS was defined as day of diagnosis
until day of any relapse. Patients never tumor-free were cen-
sored day 0, and patients dying without recurrence were
censored at the time-point, when assessing DFS. OS was
defined as day of diagnosis until day of death irrespective of
cause of death. Survival curves with DFS, and OS were cal-
culated using the Kaplan-Meier method. Differences in sur-
vival were calculated using the log-rank test. In addition,
because of treatment differences in these patient groups, we
performed a subgroup analysis in patients with WHO per-
formance status 0-1. Only patients treated curative intent,
and that completed their treatment, were included in the
survival analysis. All statistical tests were performed using
SPSS (SPSS Statistics for Mac, Version 25. Armonk, NY:
IBM Corp. USA).

Results
Analysis of p16 and HPV in other OPSCC

Data on either pl6 expression, and/or presence of HPV
were obtained for totally 195 patients with other OPSCC,
when summing up data obtained earlier for 69 patients [11].
The data and patient characteristics are shown in Table 1
according to the pl6 status of the tumors. pl6 expression
was obtained for 147 cases; data on presence/absence of
HPV was available for 153 tumors; and data for both was
obtained for 128 tumors. pl6+ was found in 35/148 (24%)
of the cases; HPV DNA (all from high-risk HPV types) was
present in 31/154 (20%) cases; and both pl6+ and HPV
DNA were present in in 17/128 (13%) of the cases, while
82/128 (64%) were both pl6- and HPV DNA negative
(Table 2). HPV DNA positive tumors were pl6+ signifi-
cantly more often than HPV DNA negative tumors

Table 2. Correlation between p16 expression and HPV DNA status.

HPV DNA positive  HPV DNA negative ~ TOTAL
p16 Overexpression 17 18 35
Non-p16 overexpression 1 82 93
TOTAL 28 100 128
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(p <.0001) (Table 2). However, the sensitivity for pl6+ as a
surrogate marker for presence of HPV DNA was low 17/35
(49%), while specificity was 88%.

p16, HPV DNA and combined p16 and HPV DNA status
in relation to outcome in other OPSCC

Of all the 195 patients, 148/195 (76%) were treated with
curative intent and of those 75 (51%) had a 3-year OS.
Treatment and TNM-7 stage were both in uni- and multi-
variable analysis correlated with 3-year OS, but not to 3-
year DES (Table 3). Age (below/above mean age) was not
correlated to neither 3-year OS nor 3-year DFS (data
not shown).

Among patients with other OPSCC and data on pl6,
comparing those with p16+ to those with p16-, 18/31 (58%)
vs. 40/93 (43%) had a 3-year OS (log-rank test: p=.2)
(Figure 1(A)). Similarly, no difference in 3-year DFS was
observed between patients with pl6+ as compared to those
with pl6- tumors, 77% vs. 78%; log rank test: p=.8
(Figure 1(B)).

Analyzing patients with other OPSCC with data on HPV
DNA, and comparing the ones with HPV DNA positive
tumors to those with HPV DNA negative tumors, 16/27
(59%) vs. 44/95 (46%) had a 3-year OS (p=.3) (Figure
1(C)). No differences were observed in 3-year DFS between
patients with HPV DNA positive and negative tumors (82%
vs. 79%, log rank test: p=.6) (Figure 1(D)).

For patients with data on both HPV DNA and plé6
expression, comparing those with pl6+ and HPV DNA
positive tumors to the remaining patients, 10/16 (63%) vs.
42/93 (45%) had a 3-year OS (log rank test: p=.3) (Figure
1(E)). Also, for this category, no differences were observed
in 3-year DFS between patients with HPV DNA positive
and pl6+ tumors and the remaining patients (94% vs. 77%,
log rank test: p=.1) (Figure 1(F)).

Furthermore, no differences were observed in 3-year OS
or 3-year DFS between patients younger or older than the
mean age of the study population, or with regard to gender
(data not shown). Moreover, pl6 expression did not dis-
criminate OS or DEFS even if patients with smaller tumors
and larger tumors were analyzed separately (T1-T2: pl6+
vs. pl6-: log rank test: p=.3 and p=.1 respectively, T3-T4:
pl6+ vs. pl6-: log rank test, p=.3 and p=.3 respectively)
(data not shown). Finally, when adjusting for (WHO)

Table 3. Uni- and multivariable analysis with overall and disease-free survival in patients with other OPSCC.

Overall survival DFS
Univariable Multivariable Univariable Multivariable
HR (95% Cl) p-Value HR (95% Cl) p-Value HR (95% Cl) p-Value HR (95% Cl) p-Value

Treatment CRT 1 (reference) 1 (reference) 1 (reference) 1 (reference)

RT 24 (1.2-34) .008 1.9 (1.03-3.4) 041 0.89 (0.44-1.8) 73 0.77 (0.32-1.8) .53

Surgery 1.1 ( 0.40-2.9) .89 3.9 (0.99-15) .052 0(-) 1 0(-) 1
TNM-7 stage I 1 (reference) 1 (reference) 1 (reference) 1 (reference)

/v 2.13 (1.7-3.9) .014 3.0 (1.4-6.7) .007 2.4 (0.94-6.3) .068 1.7 (0.48-5.8) 42
p16 Status Negative 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Positive 0.68 (0.37-1.3) 22 0.71 (3.6-1.4) 32 0.88 (0.37-2.1) 77 0.76 (0.29-2.0) .59
WHO status 0-1 1 (reference) 1 (reference) 1 (reference) 1 (reference)

2-3 1.9 (1.2-3.2) .012 1.4 (0.79-2.6) 23 1.1 (0.49-2.6) 78 1.1 (0.41-3.0) .83
CRT: Chemo-radiotherapy; RT: Radiotherapy.
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Figure 1. Overall survival (OS) and disease free survival (DFS) in correlation to presence or absence of p16 overexpression and HPV DNA in non-tonsillar and non-
base of tongue oropharyngeal squamous cell carcinoma. (A) OS in correlation to p16 overexpression or not; (B) DFS in correlation to p16 overexpression or not; (C)
0S in correlation to presence or absence of HPV DNA; (D) DFS in correlation to presence or absence of HPV DNA; (E) OS in correlation to both presence of p16 over-
expression and presence of HPV DNA or remaining cases; and (F) DFS in correlation to both presence of p16 and presence of HPV DNA or remaining cases.

performing status according to pl6 status, no changes in
statistical significance were observed within any of the
groups (data not shown).

Discussion

In this study, we show that most other OPSCC, was pl6-,
lacked presence of HPV DNA and was not pl6+ and HPV
DNA positive, and despite there was a correlation between
pl6+ and presence of HPV DNA, the sensitivity of pl6+ as
a predictor for presence of HPV DNA was poor. More
importantly, there were no statistically significant differences
in survival between patients with HPV DNA positive/

negative, pl6+/pl6-, or plé and HPV DNA positive/
remaining other OPSCC treated with curative intent.

Our results thereby confirm previous data by others and
us, where we showed that pl6 overexpression and presence
of HPV DNA was markedly less frequent in other OPSCC
compared to TSCC/BOTSCC [2,11,13]. Moreover, although
pl6 and HPV status were significantly correlated to each
other, the sensitivity of pl6 as a surrogate marker of HPV
infection was lower here in other OPSCC, as compared to
the sensitivity reported in TSCC/BOTSCC [16]. More specif-
ically, only 61% (17/28) of the HPV DNA positive tumors
also overexpressed pl6, and only 49% (17/35) of pl6+
tumors were also HPV DNA positive. This observation may
be of great importance since pl6 is regarded as a surrogate
marker for active HPV infection in OPSCC, and that the



AJCC (8™ Ed) TNM-staging system now separates HPV
mediated (pl6+) OPSCC from HPV unrelated (pl6-)
OPSCC. While the latter may hold true for most, but not all
cases of TSCC and BOTSCC, this is likely not the case for
other OPSCC [11,12].

The low prevalence of pl6 overexpression and presence
of HPV DNA in other OPSCC, in this study (24% and 20%
respectively) were very similar to those obtained in our pre-
vious study, i.e. 25% and 17% respectively, as well as to the
data in the systematic analysis study [2,11]. Furthermore,
combining HPV DNA and pl6 overexpression in other
OPSCC, similar to the suggested golden standard (HPV E6
and E7 mRNA positivity) regarded as indicating active HPV
positive status[12], the proportion was even lower (13%).
Also, here the trend was similar to the data obtained in our
previous study (12%) as well as to the data in the metanaly-
sis study [2,11]. Nevertheless, the low pl6 overexpression
and HPV prevalence in other OPSCC, irrespective of how it
was assayed for, was not unexpected, since the epithelial tis-
sue of these tumors differs from that of TSCC and
BOTSCC, that are mainly lymphoepithelial origin [2].

Similar to our previous study, neither pl6 overexpression,
nor presence of HPV DNA alone, in other OPSCC, were
correlated to better clinical outcome, since no significant
differences were disclosed for either OS or DFS [11].
Moreover, when smaller and larger other OPSCC were ana-
lyzed separately, still no difference in survival between p16+
other OPSCC and pl6- other OPSCC was observed.
Combined presence of pl6 overexpression and HPV DNA
present in 13% of the samples, was not correlated to better
OS or DES either, whether this was due to the very low
numbers of patients or not, needs likely to be confirmed in
an even larger cohort. Nonetheless, the data suggest that
this patient group, should be regarded with some caution
and not be the first group, to introduce treatment
de-escalation.

It has been suggested that it should be possible to de-
escalate today’s more intensified treatment, i.e. chemo-radio-
therapy, targeted therapy, and surgery either alone or in
combination for patients with HPV" OPSCC, in order to
reduce therapy-related side effects and complications [1].
Attempts have also been made to find more predictive
markers to use in combination with HPV-status, e.g. age,
stage, high CD8' tumor infiltrating lymphocyte (TIL)
counts, HPV16 E2 mRNA expression, absent/weak CD44,
or high LRIGI or CD98 expression to better select patients
for de-escalated therapy [1]. Today there are several ongoing
clinical trials including patients with OPSCC based on pl6-
status [17,18]. If the basis of selection, i.e. HPV status, or
pl6 status as a surrogate marker for HPV, does not apply to
better clinical outcome for other OPSCC, this definitely
presents a problem [1,11]. Hence, it may be suboptimal to
stratify patients with other OPSCC to de-escalation studies
based on evaluation of a single biomarker (ie. pl6 alone)
due to the risk of misclassification of tumors and thereby
misallocation of patients with an undesired prognosis [19].

This study has limitations. First of all, it is a retrospective
clinical analysis study with prospectively collected patient
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data. However, given the small number of cases, it would
require a large multicenter approach to run this study pro-
spectively. Secondly, the different treatment approaches are
not adjusted for. Finally, we could not report smoking data,
since these are not given in detail in our patients case
reports. Given the fact that there is a great variation and
fairly few cases with few ‘events’, we decided to use low per-
formance status (WHO performance score 0-1) as a proxy
for curative treatment in its true sense. This did not how-
ever, change the deduction.

To summarize, in this expanded study of other OPSCC,
the sensitivity for pl6+ as a surrogate marker for presence
of HPV DNA was low, and although presence of pl6 over-
expression and HPV DNA correlated, neither pl6+ status
nor HPV DNA positive status correlated to OS or DFS.

The obtained data, i.e. that the sensitivity of pl6+ as a
surrogate marker for presence of HPV DNA was low, and
that neither pl6+ nor HPV DNA positive status correlated
to OS or DFS in other OPSCC suggest that other OPSCC
differs from TSCC/BOTSCC and should be analyzed separ-
ately and cautiously. However, it is important that add-
itional studies with larger cohorts of other OPSCC are
conducted. Should additional studies also confirm our data,
then it would be safer to exclude other OPSCC from the
pl6 overexpressing OPSCC group in the recent AJCC g
Edition. In the meanwhile, we suggest that greater caution
for this group of patients is warranted.
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