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Abstract
Objective: This study investigated long-term survival outcomes in surgically treated oropharyngeal cancer patients
with known human papilloma virus status.

Methods: A case note review was performed of all patients undergoing primary surgery for oropharyngeal cancer
in a single centre over a 10-year period. Human papilloma virus status was determined via dual modality testing.
Associations between clinicopathological variables and survival were identified using a log-rank test.

Results: Of the 107 cases in the study, 40 per cent (n = 41) were human papilloma virus positive. The positive
and negative predictive values of p16 immunohistochemistry for human papilloma virus status were 57 per cent and
100 per cent, respectively. At a mean follow up of 59.5 months, 5-year overall and disease-specific survival
estimates were 78 per cent and 69 per cent, respectively. Human papilloma virus status (p = 0.014), smoking
status (p = 0.021) and tumour stage (p = 0.03) were significant prognostic indicators.

Conclusion: The long-term survival rates in surgically treated oropharyngeal cancer patients were comparable to
other studies. Variables including human papilloma virus status and tumour stage were associated with survival in
patients treated with primary surgery; however, nodal stage and presence of extracapsular spread were non-

prognostic.
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Introduction
Head and neck squamous cell carcinoma (SCC) is the
sixth commonest cancer in terms of incidence, with
640 000 new diagnoses per year worldwide.! Over
the last 30 years, the overall incidence of head and
neck SCC has fallen; however, the incidence of
tumours arising in the oropharynx has increased sig-
nificantly.' > Infection with human papilloma virus
(HPV) was identified as a risk factor for the develop-
ment of oropharyngeal SCC in 1992, and since then
increasing evidence has emerged to indicate that
HPV-positive oropharyngeal SCC represents a bio-
logically distinct subgroup of head and neck SCC.*¢~®
These studies indicate that HPV-positive oropharyngeal
SCC is associated with increased chemo-radiosensitiv-
ity and improved overall survival when compared to
HPV-negative disease.

The main treatment modalities employed in the
management of oropharyngeal SCC are either surgery
(with or without adjuvant radiotherapy) or primary
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chemoradiotherapy, but there is clinical equipoise as
to which offers the best oncological and functional out-
comes. As a result, there is considerable national and
international variation in the management of oropha-
ryngeal SCC.%"°

Some large prospective multicentre trials currently
underway in the UK (e.g. the Determination of
Epidermal growth factor receptor inhibitor (cetuximab)
versus Standard Chemotherapy (cisplatin) early And
Late Toxicity Events in Human Papillomavirus positive
oropharyngeal squamous cell carcinoma (‘De-
ESCALaTE HPV’) trial and Post-operative Adjuvant
Treatment for HPV-positive Tumours (‘PATHOS’)
trial), will more accurately define the functional and
survival outcomes in oropharyngeal SCC; however,
these trials will not report long-term results for
several years. Survival figures in oropharyngeal
cancer are therefore based largely upon retrospective
studies. Despite the prognostic significance of HPV
status, few retrospective studies report these data
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alongside survival outcomes in surgically treated oro-
pharyngeal SCC patients.

This study therefore aimed to identify long-term sur-
vival outcomes in surgically treated patients with oro-
pharyngeal SCC and known HPV status, and
compare these data to the published literature.

Materials and methods

The Oxford Head and Neck Cancer database was scru-
tinised to identify all patients undergoing primary
surgery for biopsy-proven SCC of the oropharynx
(tonsil, tongue base, soft palate and posterior pharyn-
geal wall) at the John Radcliffe Hospital in Oxford,
between 1 January 2000 and 31 December 2010.
Patients undergoing primary chemoradiotherapy,
patients treated with palliative intent, and patients
with a previous diagnosis of head and neck cancer
were excluded from the study. A clinical record
review was conducted to identify demographic, onco-
logical, treatment and outcome data. Follow up was
undertaken in joint head and neck cancer clinics for
five years, after which time patients were discharged.
For patients who were no longer in routine follow up,
telephone interviews were conducted.

Three representative tumour cores from each primary
oropharyngeal SCC specimen were embedded in paraf-
fin blocks to create a tissue microarray. The HPV status
was determined using pl6 immunohistochemistry
(p16™%** monoclonal antibody MTM-E6H4; MTM
Laboratories, Heidelberg, Germany) and in situ hybrid-
isation for HPV DNA (Ventana Inform HPV probes;
Ventana Medical Systems, Tucson, Arizona, USA).
Tumours were considered to be positive for HPV if

168 Patients met inclusion criteria
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both pl6 and in situ hybridisation showed positive
staining.

Survival estimates were obtained using Kaplan—Meier
analysis, and associations between clinical variables and
survival outcomes were determined by a log-rank test.
All statistics were performed using Prism software,
version 6 (GraphPad, La Jolla, California, USA), and
Stata statistics package, version 11.2 (StataCorp,
College Station, Texas, USA).

Results

Inspection of the Oxford Head and Neck Cancer data-
base identified 168 patients eligible for inclusion in the
study. Of these, 107 were suitable for compilation into
the tissue microarray (Figure 1). Patients’ demographic
and treatment details and pathological data are shown
in Tables I and II.

Following pl16 immunohistochemistry and in situ
hybridisation for HPV DNA, 40 per cent of tumours
were considered to be HPV-positive (Table III).
Although 71 per cent of cases (n = 72) had positive
pl6 immunostaining, only 40 per cent (n = 41) were
positive for HPV DNA following in situ hybridisation.
No cases showed positive HPV DNA in situ hybridisa-
tion and negative staining for p16. The positive and
negative predictive values of p16 immunohistochemistry
for the determination of in situ hybridisation status
were 0.57 and 1 respectively. Over the course of the
study period, the proportion of patients with HPV-
positive oropharyngeal SCC increased from 22 per
cent in 2001 to 57 per cent in 2009 (Figure 2).

The mean follow-up duration in this study was 59.5
months (range, 0—168 months). Kaplan—Meier sur-
vival analysis revealed that overall and disease-specific

26 Insufficient primary tumour tissue for TMA

19 Incompatible with TMA construction process

7 No primary oropharyngeal SCC tumour identified in histology slides
5 No SCC identified in resection specimens

4 Histology slides missing

Y
107 Patients compiled into TMA
for HPV & survival analyses

FIG. 1

Flowchart showing the selection of cases for inclusion in the study. TMA = tissue microarray; SCC = squamous cell carcinoma; HPV = human
papilloma virus
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TABLE I
PATIENTS’ DEMOGRAPHIC AND TREATMENT DETAILS*

O T DALE, S SOOD, K A SHAH et al.

TABLE II
PATHOLOGICAL DATA FROM PRIMARY

OROPHARYNGEAL CANCER RESECTION SPECIMENS*

Parameter Patients
(n (%)) Parameter Yes No No data

Total n 107 Extracapsular spread 54 36 17
Gender Perineural spread 23 69 15
— Male 77 (72) Lymphovascular invasion 25 67 15
— Female 30 (28)
Tumour (T) stage Data represent numbers of patients. Data were not available for all

i 15 (14) patients: information on extracapsular spread was only available
=Ty 50 (47) for patients undergoing neck dissection. *For patients treated in
=Ty 19 (18) Oxford between 2000 and 2010.
~T, 23 (21)
Nodal (N) stage

No 25 (23) TABLE IIT
_ E; %461 83; P16 IMMUNOSTAINING AND HPV DNA IN SITU
_N 4 43 (40) HYBRIDISATION RESULTS*

2

: 11:1120 g Eg; Parameter HPV DNA in situ Total
Al C3C s hybridisation
-1 1(1) Negative Positive
—1II 9 (8
— I 18 (17) il
-V 79 (74) — Negative 30 0 30
Tumour site — Positive 31 41 72
— Tonsil 69 (64) Total 61 41 102
— Base of tongue 28 (26)
— Posterior pharyngeal wall 1 (1) Data represent numbers of patients. *In 102 patients with oropha-
— Soft palate 30) ryngeal squamous cell carcinoma treated with primary surgery;
— Overlapping lesion of oropharynx 6 (6) human papilloma virus data were not available in 5 cases.
Resection type HPV = human papilloma virus
— Transoral resection (non-laser) 8(7)
— Transoral laser resection 11 (10)
Relgiﬁl:frﬂztﬁin@szlommy 88 (82) Significant associations were also identified between
— No reconstruction 23 (21) other clinical variables and survival outcomes. High
— Local flap 1) tumour (T) stage was associated with reduced overall
— Pectoralis major flap 2(2) . . . .
~ Free flap (overall) 81 (76) survival (p <0.001) and disease-specific survival
— Free flap — radial forearm 44 (41) (p = 0.03). Being a current or previous smoker was
— Free flap — anterolateral thigh 11 (10) associated with reduced overall survival and disease-
— Free flap — ulnar forearm 13 (12) . . .
— Free flap — vertical rectus abdominis myocutaneous 5 (45) specific survival (p < 0.001 and p = 0.021 respective-

flap ly). Both lymphovascular invasion (overall survival
— Free flap — not specified 8(7 p =0.003, disease-specific survival p < 0.001) and
Radiotherapy type . . .
_ None 7(7) perineural spread (overall survival p = 0.007, disease-
— Adjuvant 100 (93) specific survival p = 0.002) within the primary tumour
Chemotherapy type
— None 90 (84)
— Adjuvant 17 (16)
pl6 status 0.8=
— Positive 72 (67)
— Negative 30 (28)
— Unavailable 5(5)
HPYV in situ hybridisation
— Positive 41 (38)
— Negative 61 (57)
— Unavailable 5(5)

*For those with surgically treated oropharyngeal cancer. AJCC =
American Joint Committee on Cancer; HPV = human papilloma
virus

Proportion of HPV+ cases

five-year survival estimates were 78 per cent and 69 per
cent, respectively (Figure 3). For HPV-positive disease
cases, five-year overall survival was 85 per cent and
disease-specific survival was 91 per cent. For HPV-
negative disease cases, five-year overall survival was FIG. 2
57 per cent and disease-specific survival was 69 per
cent (Figure 4).

Proportion of human papilloma virus (HPV) positive cases per year
over the study period.
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FIG. 3

Kaplan—Meier analysis of overall survival (OS) and disease-specific
survival (DSS) in patients with surgically treated oropharyngeal
squamous cell carcinoma.

were associated with reduced overall survival and
disease-specific survival (Table IV).

In this series, nodal (N) stage and the presence of
extracapsular spread were not significantly associated
with survival outcomes. Patients treated with transoral
surgery (n =19, 17 per cent) had a significantly
lower mean T stage (mean T stage = 1.94 + (.2) than
those treated with open surgery (n = 88, 82 per cent)
(mean T stage =2.57 = 0.1, p =0.014). There was
no significant difference in overall survival or
disease-specific survival in patients treated with trans-
oral surgery compared to those treated with open
surgery (overall survival p = 0.62, disease-specific
survival p = 0.85).

Discussion

This study aimed to identify long-term survival out-
comes in a series of patients with oropharyngeal SCC
treated with primary surgery. Survival outcomes in
this group of patients have been reported previously;
however, few studies have included data on HPV
status, which is a major prognostic indicator in head
and neck SCC."'

The proportion of patients with HPV-positive
disease in this study was 40 per cent, which is similar
to other published data from a similar time period in
the UK.'? The proportion of patients with HPV-posi-
tive disease increased from 22 per cent in 2001 to 57
per cent in 2009, mirroring national data from the UK
and elsewhere in the world (Figure 2)."

In this study, HPV status was determined by dual
modality testing, as previously described."® The posi-
tive predictive value of pl6 immunohistochemistry
was low (57 per cent), although its negative predictive
value was 100 per cent. One explanation for the low
concordance between p16 staining and HPV DNA in
situ hybridisation seen in this study is that HPV DNA
integration may occur in a non-uniform manner.'*
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Kaplan—Meier analysis of disease-specific survival in patients with
oropharyngeal squamous cell carcinoma, stratified by (a) human
papilloma virus (HPV) DNA in situ hybridisation results and (b)
pl6 status. Patients with HPV in situ hybridisation positive
tumours had significantly higher survival at 10 years compared
to those with HPV in situ hybridisation negative tumours
(p =0.012). Patients with pl6-positive tumours had significantly
higher survival at 10 years compared to those with pl6-negative
tumours (p = 0.026). ISH = in situ hybridisation

TABLE IV

SIGNIFICANCE OF ASSOCIATIONS BETWEEN
CLINICAL AND PATHOLOGICAL VARIABLES AND

SURVIVAL OUTCOME*
Variable Overall Disease-specific
survival survival
HPV status 0.002 0.014
Tumour (T) stage <0.001 0.030
Nodal (N) stage 0.094 0.102
AJCC stage 0.045 0.926
Smoking <0.001 0.021
Extracapsular spread 0.870 0.803
Lymphovascular 0.003 0.001
invasion
Perineural spread 0.007 0.002

Data represent p values. *Identified using log-rank testing. HPV =
human papilloma virus; AJCC = American Joint Committee
on Cancer


https://doi.org/10.1017/S0022215116009099

1052

This heterogeneity of expression in 0.6—1 mm cores of
tissue may contribute to the discrepancy between the
two detection methods. In clinical practice, p16 immu-
nohistochemistry is more widely employed than in situ
hybridisation for HPV DNA because of its ease of use
and low cost. The results from this study indicate that
pl6 status is of prognostic significance in surgically
treated oropharyngeal SCC, and support its continued
use in this setting (Figure 4b).

The five-year overall and disease-specific survival
estimates of 78 per cent and 69 per cent seen in this
study are in line with previous series of surgically
treated oropharyngeal SCC patients, which report
five-year overall survival rates of 47-88 per
cent.”'>"'7 The wide variation in survival outcomes
reported in other studies may relate to several factors,
including recent treatment advances, the increasing in-
cidence of HPV-positive disease and the heterogeneity
of the patient groups examined. Variations in these key
variables make it difficult to directly compare survival
outcomes from different retrospective studies. The sur-
vival outcomes observed in this study are, however,
similar to those from a similar UK-based study,
which had an equivalent proportion of HPV-positive
patients and comparable patient group.'?

There is widespread variation in the treatment of
oropharyngeal cancer. In a study of 43 983 patients
with oropharyngeal cancer from the USA, Chen
et al. demonstrated that the proportion of patients re-
ceiving primary chemoradiotherapy increased from
22 per cent in 1998 to 61 per cent in 2009.” UK
data from 2012 indicated that 53 per cent of patients
with oropharyngeal cancer received non-surgical treat-
ment as first-line therapy over the preceding year.'’
Despite this, the popularity of primary surgery for oro-
pharyngeal cancer is increasing with the advent of
novel transoral techniques including transoral robotic
surgery.'® Although transoral robotic surgery appears
to offer excellent local control and disease-specific
survival at two years, long-term outcome data are
not yet available."”

In this study, the majority of patients (82 per cent)
underwent open surgery. These patients had a higher
mean T stage than those treated with a transoral ap-
proach. As a significant prognostic indicator in oropha-
ryngeal SCC, T stage is a confounding variable when
comparing survival outcomes between transoral and
open surgery. Despite this, there was no significant dif-
ference in survival between the two groups, which may
reflect the small number of patients in the transoral
surgery group. An association between open surgery
and adverse survival was, however, identified by
Bastos de Souza et al.”® In a series of 256 patients
with oropharyngeal SCC, these authors showed that
patients undergoing mandibulectomy had a significant-
ly lower 5-year disease-free survival rate than those
having transoral surgery. Again, this is likely to relate
to the higher proportion of advanced tumours in the
mandibulectomy group.

https://doi.org/10.1017/50022215116009099 Published online by Cambridge University Press

O T DALE, S SOOD, K A SHAH et al.

o Five-year overall and disease-specific survival
for oropharyngeal cancer patients treated
with primary surgery were 78 and 69 per cent,
respectively

e Dual modality testing revealed that 40 per
cent of patients had human papilloma virus
(HPV) positive tumours

o Patients with HPV-positive tumours had
significantly higher disease-specific survival
than those with HPV-negative tumours
(p=0.012)

e High tumour stage, smoking, lymphovascular
invasion and perineural spread were
associated with adverse survival outcomes

The results from this study highlight known prognostic
factors in oropharyngeal SCC, including HPV,
smoking status and T stage.''*' Although known to
be of prognostic significance in head and neck SCC
in general, the presence of extracapsular spread and N
stage were non-prognostic in this study. This replicates
the findings of previous studies on oropharyngeal SCC,
and may relate to the high proportion of patients with
HPV-positive disease in this group. In HPV-positive
disease, nodal status, extracapsular spread and the pres-
ence of positive resection margins are not associated
with survival outcome; this underlines the importance
of publishing data on HPV status alongside survival
outcomes in oropharyngeal SCC.?"*?

Conclusion

This study reports long-term survival outcomes in
patients with surgically treated oropharyngeal SCC
and defined HPV status. The five-year overall and
disease-specific survival estimates in this study are
comparable to previously published data, suggesting
that surgery remains an acceptable treatment modality
in this group of patients. The significant associations
between survival and other clinicopathological vari-
ables including HPV status highlight the importance
of publishing these data alongside survival rates in
head and neck SCC.
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