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A B S T R A C T

Purpose
To determine the prognostic importance of p16 and human papillomavirus (HPV) in patients with
oropharyngeal cancer treated on a phase III concurrent chemoradiotherapy trial.

Patients and Methods
Patients with stage III or IV head and neck squamous cell cancer were randomly assigned to
concurrent radiotherapy and cisplatin with or without tirapazamine. In this substudy, analyses
were restricted to patients with oropharyngeal cancer. p16 was detected by immunohistochem-
istry, and HPV was detected by in situ hybridization and polymerase chain reaction.

Results
Slides were available for p16 assay in 206 of 465 patients, of which 185 were eligible, and p16 and
HPV were evaluable in 172 patients. One hundred six (57%) of 185 were p16-positive, and in
patients evaluable for both p16 and HPV, 88 (86%) of 102 p16-positive patients were also
HPV-positive. Patients who were p16-positive had lower T and higher N categories and better
Eastern Cooperative Oncology Group (ECOG) performance status. p16-positive tumors compared
with p16-negative tumors were associated with better 2-year overall survival (91% v 74%; hazard
ratio [HR], 0.36; 95% CI, 0.17 to 0.74; P � .004) and failure-free survival (87% v 72%; HR, 0.39;
95% CI, 0.20 to 0.74; P � .003). p16 was a significant prognostic factor on multivariable
analysis (HR, 0.45; 95% CI, 0.21 to 0.96; P � .04). p16-positive patients had lower rates of
locoregional failure and deaths due to other causes. There was a trend favoring the
tirapazamine arm for improved locoregional control in p16-negative patients (HR, 0.33; 95% CI,
0.09 to 1.24; P � .13).

Conclusion
HPV-associated oropharyngeal cancer is a distinct entity with a favorable prognosis compared with
HPV-negative oropharyngeal cancer when treated with cisplatin-based chemoradiotherapy.

J Clin Oncol 28:4142-4148. © 2010 by American Society of Clinical Oncology

INTRODUCTION

An increasing proportion of oropharyngeal can-
cer is associated with the human papillomavirus
(HPV).1 In some countries, the majority of oro-
pharyngeal cancer cases are now associated with
HPV.2,3 The HPV 16 subtype is present in 90% to
95% of HPV-associated oropharyngeal cancers
compared with only 50% in cervical cancers.4

HPV-positive oropharyngeal cancer is associated
with several types of sexual behavior, but not to-
bacco or alcohol use.5 HPV-positive oropharyn-
geal cancer is associated with wild-type p536 and
downregulation of cyclin D and the retinoblas-

toma protein pRb. The E7 viral oncoprotein of
HPV functionally inactivates pRb leading to up-
regulation of CDKN2A and increased expression
of p16INK4A referred to hereafter as p16. p16 over-
expression has been reported to strongly correlate
with HPV expression in several studies.7-10

In retrospective and small prospective studies,
HPV-associatedoropharyngealcancerhasbeenassoci-
ated with an improved prognosis.1,7,8,10-13 We sought
to determine the prognostic significance of p16 and
HPV in oropharyngeal cancer in patients treated with
cisplatin-based concurrent chemoradiotherapy on a
large international phase III trial (Trans Tasman Radi-
ation Oncology Group [TROG� 02.02).
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PATIENTS AND METHODS

Study Design and Eligibility

The original trial was an open-label, randomized study of radiation and
cisplatin with or without the hypoxic cytotoxin tirapazamine that was con-
ducted in 82 centers in 16 countries in Australia, New Zealand, North America,
Europe, and South America between April 2002 and September 2005. We have
previously reported that there were no statistically significant differences in
overall survival, failure-free survival, or time to locoregional failure between
the two treatment arms.14

Eligibility criteria for the phase III trial were as previously described14 and
included previously untreated squamous cell carcinoma of the oral cavity,
oropharynx, hypopharynx or larynx; stage III or IV disease (excluding T1-2N1
and distant metastases); Eastern Cooperative Oncology Group (ECOG) per-
formance status 0 to 2; adequate hematologic and liver function; calculated
creatinine clearance (Cockcroft-Gault) � 55 mL/min; and no prior radiother-
apy for head and neck cancer. Written informed consent was obtained from all
patients, and the institutional ethics committees approved the protocol.

For the HPV substudy, additional eligibility criteria were oropharyngeal
cancer, slides available for p16 testing, receipt of � 60 Gy, and being assessed as
having no major radiation deviations predicted to have an impact on tu-
mor control.15

Pretreatment and Follow-Up Evaluations

All patients underwent a full history, physical examination, blood tests,
fiberoptic endoscopy, computed tomography (CT) scan or magnetic reso-
nance imaging of the head and neck, and CT scan of the chest. Tumor
assessment by clinical examination and CT scanning took place at 2, 6, 10, and

14 months after completion of treatment and then every 6 months. Current
smoking status was ascertained from the baseline Functional Assessment of
Cancer Therapy-Head and Neck (FACT-H&N) quality-of-life questionnaire,
which includes a question about whether they had smoked in the last 7 days.
Information about previous smoking history was not available.

Treatment

Arm 1: Cisplatin (100 mg/m2) was administered over 1 hour on day 1
of weeks 1, 4, and 7, followed by radiotherapy. Arm 2: Tirapazamine (290
mg/m2) was administered over 2 hours on day 1 of weeks 1, 4, and 7, followed
1 hour later by cisplatin (75 mg/m2) over 1 hour, followed immediately by
radiotherapy. In addition, tirapazamine (160 mg/m2) was given before radia-
tion three times per week in weeks 2 and 3.

Radiation Therapy

Radiation therapy was the same in both arms. A dose of 70 Gy in 35
fractions over 7 weeks was delivered to gross disease using a shrinking field
technique. Sites potentially harboring subclinical disease (including a mini-
mum of two nodal echelons beyond gross disease) were treated to 50 Gy in 25
fractions over 5 weeks, and areas adjacent to gross disease were treated to
60 Gy.

Randomization and Stratification

Treatment assignment was done centrally by stratifying for disease stage
(III v IV), primary site (oropharynx/larynx v hypopharynx/oral cavity), and
hemoglobin (� 13.5 g/dL for men and � 12.5 g/dL for women).

End Points

For this study, times to events were measured from the end of radiother-
apy. Overall survival was measured to the date of death. Failure-free survival
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was measured to the date of first treatment failure or death. Failure was defined
as persistent disease in the primary site (other than a stable radiologic abnor-
mality without clinical evidence of disease), progression of disease in the neck
in patients not undergoing neck dissection, residual disease left behind follow-
ing neck dissection, locoregional relapse following complete response, or dis-
tant metastasis. Time to locoregional failure was measured to the date of
locoregional failure and censored by distant metastasis and death without
preceding failure.

Statistical Methods

The Kaplan-Meier method was used to estimate time-to-event curves.
Patterns of first failure were analyzed using a competing risks analysis for the
events: locoregional failure only, distant failure only, simultaneous (within 1
month) locoregional and distant failure, and death without a preceding failure.

The groups were compared with respect to overall survival, failure-free
survival, and time to locoregional failure using the log-rank test, and the Cox
proportional hazards model was used to assess p16 status in the presence of the
prognostic factors of ECOG performance status (0 v 1, 2), T category (1, 2 v 3,
4), N category (0, 1 v 2, 3), and hemoglobin (� 13.5 v � 13.5 g/dL for men and
� 12.5 v � 12.5 g/dL for women) and to test for interaction between p16 status
and treatment arm.

p16 Immunohistochemistry

p16 immunohistochemistry (IHC) was performed on formalin-fixed
paraffin embedded (FFPE) tissue sections using a Dako autostainer (Dako,
Copenhagen, Denmark). After antigen retrieval, sections were incubated with
mouse monoclonal anti-p16 (Lab Vision/NeoMarkers, Fremont, CA), and
then EnVision� System HRP anti-mouse (Dako), followed by diaminoben-
zidine chromogen (Dako) and counterstaining with hematoxylin. Cervical
cancer sections known to be HPV-positive were used as a positive control, and
omission of primary antibody was used as a negative control. All p16 IHC
slides were semiquantitatively scored by a pathologist (S.B.F.) for intensity of
staining in the cell nucleus and cytoplasm. Intensity was scored as 0 (none), 1
(weak), 2 (moderate), or 3 (strong), with 0 or 1 scores defined as negative and
2 or 3 defined as positive. p16 scoring was performed without knowledge of
HPV status.

HPV Chromogenic In Situ Hybridization

High-risk HPV subtypes 16 and 18 in FFPE tissue sections were detected
by using the in situ hybridization (ISH) -catalyzed signal amplification method
for biotinylated probes (Dako). After target retrieval and digestion with pep-
sin, sections were dehydrated with graded ethanols and air dried, and HPV
16/18 biotinylated DNA probe (Dako) was applied. Sections were then dena-
tured for 5 minutes at 92°C, hybridized for 3 hours at 37°C on a StatSpin
Hybridizer (Dako), stringently washed, and examined by IHC on a Dako
autostainer. Sections were counterstained with hematoxylin. Cervical cancer
sections known to be HPV positive were used as a positive control. HPV ISH
slides were scored by a pathologist (S.B.F.) as detected (if brown punctate
signals were visualized specifically within the nucleus of tumor cells, typically
one to two per cell) or undetected (if no signals were present). HPV ISH
scoring was performed without knowledge of p16 IHC status.

HPV Polymerase Chain Reaction

Detection and subtyping of HPV by polymerase chain reaction (PCR)
was performed using a PapType human papillomavirus detection test (Genera
Biosystems, Scoresby, Victoria, Australia). This assay detects 14 high-risk (16,
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68) and two low-risk HPV
subtypes (6 and 11). FFPE tissue sections were assessed by a pathologist to
determine percent tumor; then DNA was extracted using a Qiagen QIAamp
DNA Blood mini kit (Qiagen, Valencia, CA). Extracted DNA was used in PCR
with general primers to detect all HPV subtypes; the PCR reaction mix was
then hybridized to genotype (HPV subtype) -specific hybridization beads,
which were analyzed on a BD FACSArray (BD Biosciences, San Jose, CA) to
determine the HPV status of each sample.

RESULTS

Patient Characteristics

In total, 861 patients were randomly assigned in this trial, of
which 465 (54%) had oropharyngeal cancer. Slides were available for
p16 analysis in 206 patients with oropharyngeal cancer; 21 were ex-
cluded because they received � 60 Gy or had radiotherapy deviations,
leaving 185 patients for p16 analysis (Fig 1). One hundred seventy-two
patients were able to be tested for both p16 and HPV status. The mean
potential follow-up time from end of treatment to the closeout date
was 29 months (range, 18 to 42 months). Slides were available only
from sites in Australia, New Zealand, North America, and Western
Europe (Table 1). The patients with slides available for p16 testing
differed from the patients without available slides, with better perfor-
mance status, lower T category, and higher hemoglobin, and they were
less likely to be current smokers.

One hundred six (57%) of 185 patients were p16 positive. Base-
line patient characteristics of p16-positive and p16-negative patients
are shown in Table 1. Patients who were p16 positive had less advanced
T category, more advanced nodal category, and better performance
status, and they were less likely to be current smokers.

Table 1. Patient Characteristics

Characteristic

p16-
Negative
(n � 79)

p16-
Positive

(n � 106)

PNo. % No. %

Sex .31
Male 64 81 92 87
Female 15 19 14 13

Age, years
Median 58 54
Range 39 to 74 32 to 80

ECOG performance status .002
0 45 57 83 78
1-2 34 43 23 22

Stage .12
III 10 13 6 6
IV 69 87 100 94

T category .001
1-2 12 15 39 37
3-4 67 85 67 63

N category .001
0-1 28 35 15 14
2-3 51 65 91 86

Hemoglobin .060
Low 20 25 15 14
High 59 75 91 86

Geographic region
Australia and New Zealand 43 54 53 50
Eastern Europe 0 0 0 0
North America 14 18 44 42
South America 0 0 0 0
Western Europe 22 28 9 8

Current smoker � .001
Yes 35 45 16 15
No 42 55 89 85

Abbreviation: ECOG, Eastern Cooperative Oncology Group.

Rischin et al

4144 © 2010 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY



Efficacy

Overall survival was superior in the p16-positive group com-
pared with that in the p16-negative group, with 2-year survival rates of
91% and 74%, respectively (HR, 0.36; 95% CI, 0.17 to 0.74; P � .004;
Fig 2). Failure-free survival was also superior, with 2-year survival rates
of 87% and 72%, respectively (HR, 0.39; 95% CI, 0.20 to 0.74;
P � .003; Fig 3). The 2-year time-to-locoregional-failure rates were
93% in p16-positive patients and 86% in p16-negative patients (HR,
0.43; 95% CI, 0.17 to 1.11; P � .091). Analysis within each treatment
arm demonstrated that, on the control arm, the 2-year overall survival
rates were 89% in p16-positive patients and 68% in p16-negative
patients (HR, 0.34; 95% CI, 0.14 to 0.86; P � .021). On the tira-
pazamine arm, the corresponding 2-year overall survival rates were
94% and 80%, respectively (HR, 0.36; 95% CI, 0.11 to 1.18; P � .094).
The test for interaction between p16 and study arm was not statisti-
cally significant (P � .95).

Analyses that included all patients with slides available (including
patients who were excluded because they received � 60 Gy or they had

radiotherapy deviations predicted to have an impact on tumor con-
trol) showed similar results. Overall survival in the p16-positive group
compared with that in the p16-negative group showed 2-year rates of
91% versus 77% (HR, 0.35; 95% CI, 0.18 to 0.69; P � .002). Fourteen
(67%) of 21 excluded patients were p16-positive compared with 106
(57%) of 185 who were included in the main analysis (P � .49).

The cumulative incidence at site of first failure is shown in Figure
4. Locoregional failure and death without failure were lower in the
p16-positive population, but the rates of distant failure were similar,
albeit low, in both arms.

Cox regression analysis of overall survival, including the prog-
nostic factors of hemoglobin, T category, N category, and ECOG
performance status, demonstrated that p16 status was the only signif-
icant factor in multivariable analysis (Table 2).

We also sought to determine whether there was any differential
impact in the two treatment arms between p16-positive and p16-
negative patients. There was a trend for improved locoregional control
with the tirapazamine regimen in the p16-negative patients (Fig 5).
The 2-year time-to-locoregional-failure rates were 92% on the cispla-
tin and tirapazamine arm and 81% on the cisplatin arm (HR, 0.33;
95% CI, 0.09 to 1.24; P � .13).

HPV Analysis

Assessment of HPV status by ISH demonstrated a large group of
HPV-negative, p16-positive patients representing 57% of the p16-
positive patients (Fig 1). This raised concerns about the sensitivity of
this assay, so we sought to measure HPV by PCR, focusing on the
patients in whom there was discordance between the p16 and HPV
ISH results; we assessed HPV by PCR only in a subset of the patients
where the ISH and p16 results were concordant (Fig 1). We were able
to assess HPV by PCR in 56 of the 58 HPV-negative, ISH-negative but
p16-positive patients. Forty-four (79%) of these 56 patients were
positive by PCR. The results of the HPV PCR were concordant with
the HPV ISH results in the ISH-positive, p16-positive patients and
also in the ISH-negative, p16-negative patients with one exception.
Interestingly, only one of three HPV-positive, ISH-positive, p16-
negative patients could be confirmed on PCR.

DISCUSSION

In this large, international, multicenter phase III trial, we have dem-
onstrated the prognostic significance of p16 and HPV status in pa-
tients treated with cisplatin-based concurrent chemoradiotherapy.
Retrospective studies have reported improved outcomes in HPV-
associated oropharyngeal cancer.1,8,10,11 However, these studies need
to be interpreted with caution because many of these studies are small,
patients may not have been treated in a uniform fashion, and there are
significant limitations to retrospectively collected clinical data. There
have been recent reports of clinical trial results based on HPV status,
but in many of these studies, the number of oropharyngeal cancer
patients included is relatively small, and the treatment given may have
been different compared with current standard practice. To the best of
our knowledge, the trial reported by Fakhry et al7 was the first clinical
trial to report an improved outcome in HPV-positive oropharyngeal
cancer. In that study, there were 62 oropharyngeal cancer patients with
38 (61%) being HPV-positive, and they were treated with induction
carboplatin and paclitaxel chemotherapy followed by radiation with
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concurrent paclitaxel. More recently, an analysis of the Danish Head
and Neck Cancer (DAHANCA) Study Group 5 trial12 reported im-
proved survival in p16-positive patients treated with radiotherapy
alone. In that study, conducted in the late 1980s, there were 74 oro-
pharyngeal cancer patients among whom only 24 (32%) were p16
positive. Settle et al16 reported that in the TAX 324 trial, in which
patients received induction chemotherapy (cisplatin and fluorouracil
with or without docetaxel) followed by radiation and weekly low-dose
carboplatin, there was improved survival in the HPV-positive pa-
tients. In that substudy, there were 119 oropharyngeal patients among
whom 59 (50%) were HPV positive. Apart from our own study, the
only trial results on the prognostic significance of HPV in patients
treated with cisplatin-based concurrent chemoradiotherapy have
been presented by the Radiation Therapy Oncology Group in a pre-
liminary report.17 The combined results from these five clinical trials
have unequivocally confirmed the importance of HPV status as a
prognostic variable in oropharyngeal cancer.

In our study, the improved survival in p16-positive patients
seems to be due to lower rates of locoregional failure and deaths
without failure. A proportion of the deaths without failure in the

p16-negative group are likely to be related to a higher incidence of
comorbidities in this group. The rate for distant metastases as a site of
first failure was similar in p16-positive and p16-negative patients,
despite the more advanced nodal stage in the p16-positive patients.

Our study has clearly shown that HPV-associated oropharyngeal
cancer is associated with less advanced T category, more advanced N
category, and better performance status. The T and N category asso-
ciations, although reported in previous studies, have not been consis-
tently identified, probably because of the small sample size in many of
these studies.7,9,10,12 Not surprisingly, p16-positive patients were
much less likely to be current smokers. The differences in baseline
characteristics that we found between patients tested for p16 and
patients who could not be tested may reflect geographic variation in
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Table 2. Multivariate Analysis of Overall Survival

Factor Levels
Hazard
Ratio 95% CI P

p16 Positive v negative 0.43 0.20 to 0.93 .031
Performance

status 0 v 1, 2 0.65 0.32 to 1.34 .25
Hemoglobin High v Low 0.51 0.24 to 1.07 .075
T category 1, 2 v 3, 4 0.38 0.13 to 1.12 .079
N category 0, 1 v 2, 3 0.51 0.22 to 1.22 .13

NOTE. Cox regression analysis of p16, adjusting for four prognostic factors
(185 patients, 33 deaths).
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the proportion of oropharyngeal cancer that is associated with HPV
(Table 1).

A variety of assays have been used to assess the HPV status of head
and neck cancers. In general, p16 has correlated well with HPV and is
recognized as a robust, reproducible assay suitable for use in routine
clinical care and clinical trials.9,11,12 Our study, which has examined
p16 in conjunction with both HPV ISH and HPV PCR would support
p16 as an effective surrogate for HPV. While most studies report a
proportion of HPV-negative, p16-positive tumors,7 the high propor-
tion identified with the commercially available HPV ISH assay used
initially in our study probably reflects the low sensitivity of the assay.
We were able to demonstrate that 79% of these p16-positive, HPV ISH
–negative patients were actually HPV-positive by PCR, resulting in
86% of all p16-positive patients overall being confirmed to be HPV
positive. While there are false positives with both p16 and HPV PCR,
the combination of the two tests has been advocated by some.18 Our
findings of overexpression of p16 in 60% of oropharyngeal cancer
patients, with 52% being p16-positive and HPV-positive, are consis-
tent with recent reports.7,9

The phase III trial—an analysis limited to patients who had
received � 60 Gy and radiotherapy without major deviations pre-
dicted to have an adverse impact on tumor control—demonstrated a
trend for improved locoregional control in the tirapazamine arm
(79% v 75% at 2 years; P � .07).15 Thus, we were interested to see
whether there was any differential impact of the two treatment arms in
the p16-positive and p16-negative groups. While there was no differ-
ence in the p16-positive group, there was a trend for improved locore-
gional control with tirapazamine in the p16-negative patients. This
finding is consistent with the recent reanalysis of the DAHANCA trial
of the hypoxic cell sensitizer nimorazole, which found that improved
locoregional control when this drug was added to radiotherapy was
restricted to the p16-negative patients.19 These results suggest that
interventions targeting hypoxia may still be worth pursuing in HPV-
negative head and neck cancer. On the basis of our previous work with
hypoxic positron emission tomography imaging,20,21 the group most
likely to benefit may be HPV-negative patients with hypoxic pri-
mary tumors.

In conclusion, our study clearly demonstrates that HPV-
associated oropharyngeal cancer treated with a standard regimen of
concurrent cisplatin and radiation has a superior outcome compared
with HPV-negative oropharyngeal cancer. Furthermore, HPV (or
p16) is the most important prognostic variable in multivariable anal-
ysis. Interpretation of past trials in oropharyngeal cancer may be
confounded by the absence of information about HPV status; at the
very least, HPV status must be included as a stratification factor in
future trials. Separate trials in HPV-positive and HPV-negative oro-
pharyngeal cancers will be required to determine the optimal treat-
ment for each of these distinct entities. The focus in HPV-positive
oropharyngeal cancer will be on determining whether the inten-
sity of treatment and the consequential toxicity can be decreased
without compromising the excellent outcomes currently achieved
with chemoradiotherapy.
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