
Abstract. Background/Aim: Prognostic impact of p16
expression in patients with oropharyngeal squamous cell
carcinoma (OSCC) undergoing surgery is not fully
examined. The aim of this study was to clarify these issues.
Patients and Methods: Sixty-four OSCC subjects were
analyzed. Immuno-histochemical staining of p16, a
surrogate marker for human papillomavirus (HPV), was
performed histopathologically. Data were retrospectively
analyzed according to p16 positivity and factors linked to
prognosis were also analyzed. Results: No significant
difference was observed in the prognosis between the p16-
positive group (n=28) and the p16-negative group (n=36).
In patients undergoing post-operative radiation, the p16-
positive group (n=18) had a significantly better prognosis
than the p16-negative group (n=6). On multivariate
analysis, transoral surgery was a significant predictor of
overall survival (p=0.0173). Conclusion: Prognostic impact
of p16 can be emphasized in a subgroup of OSCC patients
undergoing surgery. Surgery with sufficient surgical margin
may be chosen as the first treatment for HPV-negative
OSCC in some cases.

Among head and neck squamous cell carcinomas (HNSCCs),
the incidence of oropharyngeal SCC (OSCC) is increasing
compared with carcinomas of other origins, thereby
attracting public attention (1, 2). Like other malignancies in

the upper gastrointestinal tract, OSCC is attributed to the
carcinogenic effects of tobacco and alcohol (3). Pre-
diagnosis cigarette smoking can be a prognostic factor for
overall survival (OS) in OSCC patients (4). Therapeutic
options for early stage OSCC include both surgery and
radiotherapy as single treatment modality, while those for
advanced stage include surgery, chemoradiation and
chemotherapy (5, 6).

On the other hand, in recent years, human papillomavirus
(HPV) is known to be involved, in addition to drinking and
smoking, in oropharyngeal carcinogenesis (1, 7-10). HPV
is the most common sexually transmitted disease. However,
the overwhelming majority of patients with HPV clear the
infection. A small percentage of patients with HPV develop
oncogenic HPV types, especially HPV-16, and
consequently, SCCs can develop in such patients. HPV
causes more than 5% of malignancies worldwide (1, 7-10).
Over 70% of OSCCs are currently thought to be linked to
oncogenic HPV infection. Immunohistochemistry for p16
protein is often used as a surrogate marker for oncogenic
HPV in the oropharyngeal tissues (11, 12). The clinical
profile of patients with HPV-related OSCC differs quite
notably from that of non-HPV-related OSCC, and the
clinical outcome for HPV-related OSCC is reported to be
significantly better due to high sensitivity for radiation
therapy (2, 7, 8).

Numerous clinical studies have examined the role of
transoral surgical resection (SR) for the treatment of
oropharyngeal malignancies and have shown similar clinical
outcomes and improved functional outcomes compared with
chemoradiation therapies (5, 13). However, the relationship
between p16 expression and prognosis in OSCC patients
undergoing surgery has not been fully examined. Thus, there
is urgent need for elucidating these issues. The aims of this
study are therefore to clarify the relationship between p16
expression and prognosis in patients with OSCC undergoing
surgery.
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Patients and Methods
Between January 2000 and December 2009, 94 consecutive patients
diagnosed as OSCC were admitted to the Department of Head and
Neck Surgery, Osaka International Cancer Institute, Osaka, Japan
(Former Osaka Medical Center for Cancer and Cardiovascular
Diseases). All patients were treatment naive for OSCC. Of these, 64
patients for which immuno-histochemical staining for p16 in
surgical specimens was available, were analyzed in this study. There
were 51 male and 13 female patients with a median age of 62 years
(range=41-80 years). For all cases, indication for surgery was
carefully reviewed through discussion with surgeons, oncologist and
radiologists. 

Clinical stage for OSCC was determined based on Union for
International Cancer Control (UICC) classification system (ver. 7)
(14). In terms of T classification, T1 was found in 16 cases, T2 in 22,
T3 in 10 and T4a in 16. In terms of N classification, N0 was found
in 32 cases, N1 in 6, N2a in 1, N2b in 11, N2c in 11 and N3 in 3. 

In terms of patients with p16 positivity, a positive cell rate of
25% or more in tumor cells in the immuno-histochemical stain of
p16 was defined as positive using surgical specimen, according to
previous report (15). Positivity for p16 was determined by
experienced pathologists.

Indications for post-operative radiation therapy were: (1)
insufficient surgical margin of primary lesion; or (2) 2 or more
lymph node metastases; or (3) the presence of lymph node
metastases with extra-nodal invasion. 

Baseline characteristics, details of uncontrollable lesions and
clinical outcomes were retrospectively compared. Factors linked to
OS and disease specific survival were analyzed using univariate and
multivariate analyses. 

The ethical committee in our hospital acknowledged our current
study protocol (approval number, 1503315272) and this study
strictly followed all regulations of the Declaration of Helsinki.

Statistical analysis. The categorical parameters in the p16-positive
and p16-negative groups were analyzed by the Fisher’s exact test,
while the numerical parameters were analyzed either with unpaired

Student t-test or with Mann-Whitney U-test, as appropriate. OS and
disease-specific survival curves were created by using the Kaplan-
Meier method and compared by using the log-rank test. Variables
with p-values<0.05 in univariate analysis were entered into the
multivariate analysis with the Cox proportional hazards model. For
the purpose of analyzing the significance of predictors in
multivariate analyses, analyzed variables were divided by the
median values for all cases and treated as nominal covariates. OS
was defined as the time interval from SR until death (due to any
cause) or the last follow-up visit. Disease specific survival was
defined as the time interval from SR until death due to the disease
(i.e., OSCC) or the last follow-up visit and all deaths with other
causes were treated as censored population. Data were expressed as
median values (range) unless otherwise stated. The significance
threshold in the current analysis was set at p<0.05. All statistical
analyses were performed using the JMP 13 software (SAS Institute
Inc., Cary, NC).

Results
Baseline characteristics. Baseline characteristics in the
p16-positive and p16-negative groups are demonstrated in
Table I. There were 28 patients (43.75%) in the p16-
positive group and 36 patients (56.25%) in the p16-negative
group. As for gender and age, no significant difference was
found in the two groups (p=0.1227 for gender and
p=0.5539 for age). As for N factor in TNM classification,
the proportion of patients with positivity for N factor in the
p16-positive group was significantly higher than that in the
p16-negative group (21/28 vs. 11/36, p=0.0009). As for
tumor location, both groups had the largest number of
tumors located on the lateral side walls (14/28 (50.0%) in
the p16-postive group and 16/36 (44.4%) in the p16-
negative group). Post-operative radiation therapy was
performed in 18 patients in the p16-positive group (total
radiation dose: 50 gray (Gy) in one patient, 60 Gy in 15,
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Table I. Baseline characteristics in the p16-positive group and the p-16 negative group.

                                                                                                                   p16-positive (n=28)                   p16-negative (n=36)                    p-Value

Gender, male/female                                                                                              25/3                                            26/10                                 0.1227
Age (years)                                                                                                        61 (41-80)                                   64 (41-78)                             0.5539
TNM classification                                                                                                                                                                                                    
T1 or 2/T 3 or 4                                                                                                    14/14                                           24/12                                 0.2073
N(+)/N(–)                                                                                                                21/7                                            11/25                                 0.0009
Clinical stage                                                                                                                                                                                                             
Stage 1 or 2 / stage 3 or 4                                                                                  6 vs. 22                                       19 vs. 17                              0.0193
Post-operative radiation, yes/no                                                                           18/10                                            6/30                                  0.0002
Maximum tumor size (cm)                                                                             3.2 (0.3-9.5)                                3.0 (0.4-8.0)                            0.6427
Primary tumor location                                                                                                                                                                                             
Anterior wall/lateral wall/posterior wall/superior wall                                     9/14/1/4                                      13/16/2/5                              0.9582
Surgical procedure                                                                                                                                                                                                     
Transoral surgery/Open surgery with external incision                                       5/23                                            12/24                                 0.2541
(Reconstruction, yes/no)                                                                                        22/1                                             20/4                                        

Data are presented as number or median value (range). 



66 Gy in 2 and 70 Gy in none) and 6 patients in the p16-
negative group (total radiation dose: 50 Gy in one patient,
60 Gy in 4, 66 Gy in none and 70 Gy in one). 

Cumulative OS rates for all cases and comparison of OS and
disease specific survival rates between the p16-positive
group and the p16-negative group. The median follow-up
period following SR for all cases was 55 months (range=1-
165 months). For all cases, the 1-, 3- and 5-year cumulative
OS rates were 90.5, 61.9 and 55.3%, respectively, while the
1-, 3- and 5-year cumulative disease specific survival rates
were 90.5, 68.7 and 63.0%, respectively (Figure 1A and B).
The median follow-up period following SR was 55 months
(range=1-165 months) in the p16-positive group and 50.5
months (range=5-137 months) in the p16-negative group.
The 1-, 3- and 5-year cumulative OS rates were 96.3, 63.0

and 55.6%, respectively, in the p16-positive group, and 86.1,
61.1 and 55.1%, respectively, in the p16-negative group
(p=0.633; Figure 2A). The 1-, 3- and 5-year cumulative
disease specific survival rates were 96.3, 66.7 and 58.8%,
respectively, in the p16-positive group, and 86.1, 70.9 and
67.2%, respectively, in the p16-negative group (p=0.7305;
Figure 2B).

Causes of mortality. During the observation period, 30
patients (46.9%) succumbed to disease. In the p16-positive
group, 13 (46.4%) patients succumbed during the observation
period. Causes for death were tumor progression in 11 and
miscellaneous causes in 2. In the p16-negative group, 17
(47.2%) patients succumbed during the observation period.
Causes for death were tumor progression in 11 and
miscellaneous causes in 6.
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Figure 1. Cumulative overall survival (A) and disease-specific survival (B) for all cases (n=64).

Figure 2. Cumulative overall survival (A) and disease-specific survival (B) for all cases stratified by p16 positivity.



Details of uncontrollable lesions as assessed by T, N and M
factors in the p16-positive group and the p16-negative group
during the follow-up period. Details of uncontrollable lesions
in the p16-positive group and the p16-negative group were:
T in 3 cases, N in 2, M in 5, T and M in 1 and N and M in
1 in the p16-positive group and T in 3 cases, N in 3, M in 4
and N and M in 1 in the p16-negative group (p=0.8664). 

Comparison of OS and disease specific survival rates
between the p16-positive group and the p16-negative group
according to the tumor stage. In patients with stage I or II
(n=25), the 1-, 3- and 5-year cumulative OS rates were 100,
100 and 100%, respectively, in the p16-positive group (n=6),
and 100, 73.7 and 68.0%, respectively, in the p16-negative
group (n=19) (p=0.1348; Figure 3A). The 1-, 3- and 5-year

cumulative disease specific survival rates were 100, 100 and
100%, respectively, in the p16-positive group, and 100, 87.5
and 87.5%, respectively, in the p16-negative group
(p=0.3787; Figure 3B).

In patients with stage III or IV, the 1-, 3- and 5-year
cumulative OS rates were 95.2, 52.4 and 42.9%, respectively,
in the p16-positive group (n=22), and 70.6, 47.1 and 40.3%,
respectively, in the p16-negative group (n=17) (p=0.4265;
Figure 4A). The 1-, 3- and 5-year cumulative disease specific
survival rates were 95.2, 57.1 and 46.8%, respectively, in the
p16-positive group, and 70.6, 58.8 and 44.8%, respectively,
in the p16-negative group (p=0.5331; Figure 4B).

Comparison of OS and disease specific survival rates
between the p16-positive group and the p16-negative group
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Figure 3. Cumulative overall survival (A) and disease-specific survival (B) in stage I or II patients (n=25) stratified by p16 positivity.

Figure 4. Cumulative overall survival (A) and disease-specific survival (B) in stage III or IV patients (n=39) stratified by p16 positivity.



stratified by the post-operative radiation therapy. In patients
that underwent post-operative radiation therapy (n=24), the
1-, 3- and 5-year cumulative OS rates were 100, 66.7 and
61.1%, respectively, in the p16-positive group (n=18), and
50, 33.3 and 33.3%, respectively, in the p16-negative group
(n=6) (p=0.0490; Figure 5A). The 1-, 3- and 5-year
cumulative disease specific survival rates were 100, 72.2 and
66.2%, respectively, in the p16-positive group, and 50.0,
33.3 and 33.3%, respectively, in the p16-negative group
(p=0.0315; Figure 5B).

Patients that did not have post-operative radiation therapy
(n=40), the 1-, 3- and 5-year cumulative OS rates were 88.9,
55.6 and 44.4%, respectively, in the p16-positive group
(n=10), and 93.3, 66.7 and 59.4%, respectively, in the p16-

negative group (n=30) (p=0.5898; Figure 6A). The 1-, 3- and
5-year cumulative disease-specific survival rates were 88.9,
55.6 and 44.4%, respectively, in the p16-positive group, and
93.3, 78.3 and 73.3%, respectively, in the p16-negative group
(p=0.1357; Figure 6B).

Comparison of OS and disease-specific survival rates
between stage III or IV patients with and without post-
operative radiation therapy stratified by p16 positivity. In
stage III or IV patients with p16 positivity (n=22), the 1-, 3-
and 5-year cumulative OS rates were 100, 62.5 and 56.3%,
respectively, in the postoperative radiation group (n=16), and
80.0, 40.0 and 20.0%, respectively, in the non-postoperative
radiation group (n=6) (p=0.0107; Figure 7A) and the 1-, 3-
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Figure 5. Cumulative overall survival (A) and disease-specific survival (B) in patients with postoperative radiation therapy (n=24) stratified by
p16 positivity.

Figure 6. Cumulative overall survival (A) and disease-specific survival (B) in patients without postoperative radiation therapy (n=40) stratified by
p16 positivity.



and 5-year disease-specific survival rates were 100, 68.8 and
61.9%, respectively, in the postoperative radiation group, and
80.0, 40.0 and 20.0%, respectively, in the non-postoperative
radiation group (p=0.0077; Figure 7B).  

In stage III or IV patients without p16 positivity (n=17),
the 1-, 3- and 5-year cumulative OS rates were 50.0, 33.3
and 33.3%, respectively, in the postoperative radiation
group (n=6), and 81.8, 54.6 and 43.6%, respectively, in the
non-postoperative radiation group (n=11) (p=0.5088;
Figure 8A) and the 1-, 3- and 5-year disease specific
survival rates were 50.0, 33.3 and 33.3%, respectively, in
the postoperative radiation group, and 81.8, 62.3 and
49.9%, respectively, in the non-postoperative radiation
group (p=0.2572; Figure 8B).  

Univariate and multivariate analyses of parameters
contributing to overall survival and disease specific survival.
The univariate analysis identified that the following factors
significantly contributed to OS for all cases (n=64): T1 or 2,
yes/no (p=0.0020); maximum tumor size ≥3 cm, yes/no
(p=0.0231); transoral surgery, yes/no (p=0.0089) (Table II).
The hazard ratios (HRs) and 95% confidence intervals (CIs)
determined by multivariate analysis for the three significant
variables (selected based on a p<0.05 in univariate analysis)
are detailed in Table II. On multivariate analysis, T factor 1
or 2 was identified as marginally significant predictor
associated with OS (p=0.0809). 

Likewise, the univariate analysis identified that the
following factors significantly contributed to disease-specific
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Figure 7. Cumulative overall survival (A) and disease-specific survival (B) in the p16-positive stage III or IV patients with and without post-operative
radiation therapy.

Figure 8. Cumulative overall survival (A) and disease-specific survival (B) in the non-p16-positive stage III or IV patients with and without post-
operative radiation therapy. 



survival for all cases: T1 or 2, yes/no (p=0.0003); N(+),
yes/no (p=0.0119); maximum tumor size ≥3 cm, yes/no
(p=0.0030); transoral surgery, yes/no (p=0.0012) (Table II).
The HRs and 95% CIs determined by multivariate analysis
for the four significant variables are detailed in Table II. On
multivariate analysis, transoral surgery was identified as a
significant predictor associated with OS (p=0.0173). 

Discussion

The frequency of HPV-related HNSCCs is reported to be 35-
80% in Western countries and 30-50% in Asian countries (9,
16-20). Since HPV-positive and negative HNSCCs present
quite different clinical characteristics, personalized therapy
according to HPV infection is currently being extensively
studied.

Protein p16 is an important protein controlling the cell
cycle, and its altered expression has been noticed in many
types of cancers (21). In UICC/AJCC ver.8 published in
2017, OSCCs were classified into the p16-positive group and
the p16-negative group (11, 12). Although p16 immuno-
histochemical staining cannot directly detect HPV, it was
adopted as a surrogate marker to detect HPV infection
indirectly because p16 overexpression is observed in many
of HPV-related OSCCs. In terms of criteria regarding
patients with p16-positivity, wide range of p16 immuno-
positive cut-off from 5-80% was reported in previous studies
(15-19). Difference of clinical prognoses could not be
recognized in these reports. Thus, in this study, experienced

pathologists in our hospital defined patients with the
immune-positive cell ratio of 25% or more in tumor cells as
having p16 positivity, according to previous report (15). In
this study, the p16-positive rate was 43.75%, which is in line
with previous data (9, 20, 22-25).

In Western countries, regarding tumor stage of OSCCs,
there are more reports in which the number of T1 or T2 is
larger in the HPV-positive group than in the negative group,
while regarding N factor, it is reported that the prevalence of
patients with advanced N factor is higher in the HPV positive
group than in the negative group, even in patients with less
advanced T factor (16, 26, 27). In our data, the proportion of
N factor-positive patients was significantly higher in the p16-
positive group than in the p16-negative group. The higher
proportion of N factor-positive patients in the p16-positive
group can explain the higher proportion of stage III or IV
patients in the p16-positive group in this study. 

Previous reports have shown that HPV-positive OSCCs
have favorable sensitivity to chemotherapy and radiotherapy
and good prognosis (7, 8). However, in surgically treated
OSCC cases, there are only few large studies regarding the
prognostic impact of p16 expression. Quon, et al. reported
that p16 was not a prognostic factor in resectable OSCC
(n=48) when treated with an initial transoral robotic surgery
approach, which was similar to our current results (28).
While in our subgroup analyses of patients with post-
operative radiation therapy, patients in the p16-positive
group had significantly better prognosis. Additionally, in the
p16-postive stage III or IV patients, those that had
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Table II. Univariate and multivariate analyses of factors linked to overall survival and disease-specific survival.

Overall survival                                                              p-Value                                                HR (95%CI)                                             p-Value
                                                                                     Univariate                                              Multivariate                                          Multivariate

Gender, male/female                                                       0.6492                                                                                                                         
Age ≥63, yes/no                                                              0.6605                                                                                                                         
T1 or 2, yes/no                                                                0.0020                                          2.025 (0.918-4.747)                                        0.0809
N(+), yes/no                                                                    0.0569                                                                                                                         
Post-operative radiation, yes/no                                     0.9253                                                                                                                         
Max tumor ≥3 cm, yes/no                                              0.0231                                          0.785 (0.300-1.824)                                        0.5949
Transoral surgery, yes/no                                               0.0089                                         2.505 (0.662-12.050)                                       0.1990

Disease specific survival                                               p-Value                                                HR (95%CI)                                             p-Value
                                                                                     Univariate                                              Multivariate                                          Multivariate

Gender, male/female                                                       0.4126                                                                                                                         
Age ≥63, yes/no                                                              0.9000                                                                                                                         
T1 or 2, yes/no                                                                0.0003                                          2.176 (0.900-5.796)                                        0.0851
N(+), yes/no                                                                    0.0119                                          0.828 (0.293-2.045)                                        0.6942
Post-operative radiation, yes/no                                     0.4254                                                                                                                         
Max tumor ≥3 cm, yes/no                                              0.0030                                          0.645 (0.184-1.766)                                        0.4163
Transoral surgery, yes/no                                               0.0012                                   3.457e+9 (1.699-1.982e+16)                                 0.0173

HR: Hazard ratio; CI: confidence interval.



postoperative radiation therapy had better prognosis than
those without, however, in the non-p16-positive stage III or
IV patients, those that had postoperative radiation therapy
did not have better prognosis than those without. These
results indicated that in the p16-positive group, OS rate can
be expected to increase by postoperative radiation therapy,
but not in the p16-negative group. Both in stage I or II and
stage III or IV, p16-positive group had better prognosis in
our results. These results may be linked to the effect of
radiation therapy in the p16-positive group. 

In a subgroup analysis of patients without post-operative
radiation therapy, the p16-positive group did not survive
longer than the p16-negative group. Rather, the p16-negative
group had better prognosis than the p16-positive group. In a
sense, for patients with non-HPV-related OSCC, the surgical
strategy should be considered due to the poor response to
radiation therapy. However, it is important to ensure
sufficient surgical margin in such patients.

Previous studies reported that sensitivity to radiation
therapy can differ according to tumor location or macroscopic
tumor type (29, 30). In particular, OSCCs with invasion into
the anterior pillar, soft palate and tongue base, and intrusive
invasion type and ulcer formation type are reported to be
associated with poor sensitivity to radiation therapy. In p16-
negative OSCCs with such poor response to radiation,
surgical indication can be especially considered. However,
extensive SR requires for reconstructive surgery, which can
cause postoperative dysphagia and dysarthria. For surgical
indications, careful consideration will be thus needed.

In our multivariate analysis of factors linked to OS or
disease-specific survival, only transoral surgery was a
significant factor. Transoral surgery is a minimally-invasive
approach (31). Indication for transoral surgery is limited to
small volume OSCCs and this can be associated with our
current results. 

Conclusion

Although our study was retrospective in its nature, our
results demonstrated that the prognostic impact of p16 can
be emphasized in OSCC patients undergoing post-operative
radiation. In addition, in OSCC patients without HPV,
indication for surgery should be strongly considered.
Clinicians should be aware of these in daily clinical practice. 
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