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Abstract: The prognostic value of the HPV status in ESCC is much controversial, this study aimed to determine the
prognostic importance of high-risk HPV and p16 in patients with ESCC. A total of 105 consecutive patients who underwent esophagectomy in 2008 were included in this study. All specimens with ESCC were tested by in situ hybridization for HPV16/18 and immunohistochemistry for p16 expression. Kappa values were calculated using Cohen’s
kappa test. The 5-year overall survival (OS) and progression-free survival (PFS) were calculated in relation to the two
markers and the Cox proportional hazards model was used to determine the hazard ratio (HR) of variables. Thirtynine (37.1%) of 105 were p16-positive, and HPV was detected in 29 of the 105 patients (27.6%) with ESCC. P16
was detected in 25 of the 29 patients (86.2%) who were HPV-positive, and only 14 of 76 patients (18.4%) who were
HPV-negative (P < 0.001). Cohen’s kappa coefficient revealed an agreement in two researchers (kappa = 0.61). The
5-year OS rate and PFS rate in the p16-positive group were 64.1% and 58.7%, respectively, and the rates in the p16negative group were 45.5%, 37.9%, respectively. The difference of survival rate between the two groups remained
statistically significant. P16-positive patients had better 5-year rates of OS and PFS than p16-negative group (P =
0.02 and P = 0.007 by the Log-rank test, respectively). Using HPV status as a stratification factor, we found differences in OS and PFS that were consistent with those based on p16 expression. P16 is a very good marker of HPV
infection for ESCC. HPV-positive or p16-positive ESCC is a distinct entity with a favorable prognosis compared with
HPV-negative or p16-negative ESCC.
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Introduction
Esophageal cancer (EC) is one of the most common gastrointestinal malignancies with a strong aggression in the developing countries [1].
China is located in the famous “Asian esophageal cancer belt”, the regions around the Taihang Mountain in northern China is well known
as one of the highest incidence areas for EC [2].
EC is the fifth most common cancer and the
fourth most common cause of death from cancer in China [3], and more than 90% of cases
are esophageal squamous cell carcinoma
(ESCC) [4]. Despite increasing rates of esophageal adenocarcinoma in many western countries, ESCC remains the dominant histological
type of EC worldwide [5]. Due to the absence of
early symptoms, invasiveness of the disease,

and its late diagnosis, it is generally associated
with a poor prognosis and the 5-year survival is
only about 10% [6].
Worldwide, more than 550,000 new cases of
human cancer are linked with HPV infection
annually [7]. According to previous studies,
HPV-16 is the most prevalent type in squamous
cell carcinoma, followed by HPV-18 [8], while
other high-risk HPV types are rare [9]. HPV is
causally linked with majority of cervical cancer
[10], and is strongly associated with the head
and neck cancers, particularly the oropharyngeal squamous cell carcinoma [11]. The histologic similarities between the oropharyngeal
squamous epithelium and upper esophagus
would suggest that HPV can infect esophagus
along the route. On the basis of the discovery of
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HPV-associated koilocytes in EC, HPV infection
in EC was suggested as early as 1981 [12].
Since then, HPV has been suggested as a risk
factor for ESCC. The role of HPV in the development of ESCC is still controversial.
Once HPV infection has taken place, viral DNA
synthesis occurs. Additional accumulating
changes can lead to transformation [13]. These
changes are a multistage complex interaction
of the host immune system in combination with
the expression of two viral oncogenes: E6 and
E7, followed by a series of epigenetic changes
occurring in dysplastic lesions. HPV-positive
cancer is associated with wild-type p53 and
downregulation of cyclin D and the retinoblastoma tumor suppressor protein named pRb
[14]. Inactivation of pRb lead to upregulation of
CDKN2A and overexpression of of p16INK4A protein hereafter denoted as p16. Thus HPVpositive squamous cell carcinoma are strongly
correlate with high expression of p16 [15].
In some previous clinical studies, patients with
HPV-associated squamous cell carcinoma have
an improved prognosis than those with HPVnegative tumors [16-20]. With the present
study, we sought to determine the infection of
HPV and p16 expression in ESCC, we also
sought to evaluate the prognostic signiﬁcance
of p16 and HPV in patients with ESCC treated
with surgery in northern China. Our hope is to
find a more rational treatment modalities and
our biggest goal is to make use of the existing
and developing HPV-vaccines to prevent and
treat these HPV-associated malignancies through mass vaccination.
Patients and methods
Patients and tissues samples
We searched the EC database in the Oncology
Center, Qilu Hospital of Shandong University to
find 273 consecutive patients from January
2007 to December 2007 who had undergone
surgery with or without adjunctive radiotherapy
and/or chemotherapy. Patients treated with
neoadjuvant therapy, which could potentially
interfere with the prevalence of HPV were
excluded, as were patients who died within 30
days after surgery. The additional exclusion criteria comprised the non-squamous cell subtype and uncooperative patients unable to
answer questions or who could not be contact-
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ed. All eligible patients were aged ≥ 18 years.
The Ethics Committee of Qilu Hospital of
Shandong University approved this analysis
(documentation No. 2013085) and all patients
provided their written informed consent. 105
patients met the protocol study criteria and had
sufficient ESCC tumor tissue to detect
HPV16/18 and p16. Serial 5-μm sections were
cut from each patient’s tumor tissue. All slides
were reviewed by a pathologist specializing in
gastrointestinal pathology. Staging was determined based on the AJCC (American Joint
Committee on Cancer) TNM staging system
[21]. Alcohol intake cut-off point was 0.025 kg/
day. The cut-off value was based on the 2011
Chinese Inhabitant Dietary Guideline. The
demarcation point of anemia was 12 g/L for
men and 11 g/L for women.
Surgery
Types of esophagectomy included Ivor-Lewis
and the three-stage (right thoracotomy, midline
laparotomy and left cervical incisions) esophagectomy. The majority of patients underwent an
Ivor-Lewis esophagectomy (N = 92).
Follow up
Patients were followed until death or for at least
5 years. Follow-up time was calculated from the
date of surgery to death or the date of the last
contact. All patients had a regular follow-up
schedule; physical examinations and imaging
studies were performed every 3 months during
the first 2 years after surgery and every 6
months during years 3 through 5. Routine
radiological examinations and esophagoscopy
were performed when necessary. Additional
parameters were obtained from the database
for inpatients or tumor registry for outpatients
of Qilu Hospital of Shandong University.
Laboratory studies
Formalin-fixed, paraffin-embedded tumor specimens were evaluated for high-risk HPV subtypes 16 and 18 using the in situ hybridizationcatalyzed signal-amplification method for
biotinylated probes (GenPoint, Dako). A HPVpositive tumor was defined as a tumor for which
there was specific staining of tumor-cell nuclei
for HPV in cervical squamous cell carcinoma
analysis, whereas the negative control was
obtained by omitting the HPV probe. All slides
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Table 1. Baseline characteristics of the study patients and their
tumors, according to p16-expression
Total
p16-positive p16-negative
(N = 105)
(N = 39)
(N = 66)
No. (%)
No. (%)
No. (%)
P Value

Characteristics
Gender
Male
81 (80.0)
Female
24 (20.0)
Age
Median (range)
60 (42-78)
Tumor location
Cervical/Upper
11 (10.5)
Middle
49 (46.7)
Low
45 (42.9)
pT status
pT1
20 (19.0)
pT2
22 (21.0)
pT3
58 (55.2)
pT4
5 (4.8)
pN status
pN0
68 (64.8)
pN1
25 (23.8)
pN2
10 (9.5)
pN3
2 (1.9)
TNM stage (AJCC)
I
23 (21.9)
II
49 (46.7)
III
33 (31.4)
Differentiation grade
Well
27 (25.7)
Moderate
44 (41.9)
Poor
34 (32.4)
Hemoglobin
High
71 (67.6)
Low
34 (32.4)
Alcohol intake (kg/day)
< 20
53 (50.5)
≥ 20
52 (49.5)
Current smoker
Yes
42 (40.0)
No
63 (60.0)
Adjuvant therapy
Yes
44 (41.9)
No
61 (58.1)
ECOG performance status
0
53 (50.5)
1~2
52 (49.5)

30 (79.5)
9 (20.5)

51 (80.3)
15 (19.7)

0.97

61 (45-76)

62 (41-78)

0.25Δ

6 (15.4)
19 (48.7)
14 (35.9)

5 (7.8)
30 (45.5)
31 (46.7)

0.34

9 (23.1)
9 (23.1)
20 (51.3)
1 (2.6)

11 (16.7)
13 (19.7)
38 (57.6)
4 (6.1)

0.59*

27 (69.2)
8 (20.5)
3 (7.7)
1 (2.6)

41 (62.1)
17 (25.8)
7 (10.6)
1 (2.6)

0.76*

9 (27.3)
21 (53.8)
9 (23.1)

14 (21.2)
28 (42.4)
24 (36.4)

0.35

14 (35.9)
18 (46.2)
7 (17.9)

13 (19.7)
26 (39.4)
27 (40.9)

0.034

22 (56.4)
17 (43.6)

49 (74.2)
17 (25.8)

0.06

19 (48.7)
20 (51.3)

34 (51.5)
32 (48.5)

0.78

9 (23.1)
30 (76.9)

33 (50.0)
33 (50.0)

0.007

19 (48.7)
20 (51.3)

25 (37.9)
41 (62.1)

26 (66.7)
13 (33.3)

27 (40.9)
39 (59.1)

Processions of p16 immunohistochemical detection were
carried out by the Dako Envision-System method (Code:
GK500705) using a primary
antibody against p16 (monoclonal mouse anti-human p16INK4A protein, Clone G175405, Dako). A p16-positive tumor was used as a positive control, negative controls
were obtained by omitting the
primary antibody. P16-positive was defined as ≥ 70% of
cells showing strong nuclear
or/and cytoplasm immunolabeling. All scorings were conducted with no knowledge of
clinical characteristics or outcome.
Study end points

0.28

0.01

AJCC: American Joint Commission on Cancer Staging; Pt: pathological tumor stage;
pN: pathological node stage; ECOG: Eastern Cooperative Oncology Group. *P values
were calculated with the use of the Kruskal-Wallis test. ΔP values were calculated
with the use of the Mann-Whitney test.
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were scored as positive or
negative. Carcinomas were
classiﬁed as HPV positive when brown signal was seen
localized to the nuclei of tumor
cells [22]. All scorings were
conducted with no knowledge
of p16 immunohistochemistry
status.

The primary end point was
overall survival (OS), defined
as the time from date of surgery to death or the last date
of follow-up. Secondary end
points included progressionfree survival (PFS), defined as
the time from date of surgery
to local or distant recurrence.
Local recurrence refers to
regional lymph node metastasis or tumor recurrence at the
primary site. Death from the
primary cancer without a documented site of recurrence or
death from an unknown cause
was considered death from
local-regional disease.
Statistical analysis
According to p16 status or
HPV status patients included
in our study were divided into
two groups. The differences
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Figure 1. A. Immunohistochemical staining of p16INK4A in esophageal squamous cell carcinomas. 70% or more than
70% of tumor cells showing strong nuclear and cytoplasm immunolabeling. B. In situ hybridization signal of HPVpositive esophageal squamous cell carcinomas. Numerous tumor cells show positive nuclear signals. C. P16INK4A
expression by immunohistochemistry. Less than 70% of tumor cells showing immunolabeling, such staining was
defined negativity. D. Hematoxylin and eosin staining in esophageal squamous cell carcinomas. (Original magnification × 200).

between the two groups were tested for significance using the Mann-Whitney test for continuous variables and the chi-square test or Fisher’s
exact test for categorical variables and the
Kruskal-Wallis test for ranked data. The Cohen’s
kappa test was used to analyze the consistency
between p16 expression by immunohistochemistry and HPV status by in situ hybridization.
The Kaplan-Meier method and Log-rank test
were used for analysis and comparison of survival curves. The Cox proportional hazards model was used to determine the hazard ratio (HR)
of variables on 5-year OS and PFS in univariate
and multivariate analysis. The results were
given as HRs with their 95% confidence interval
(CI). P values less than 0.05 were considered
statistically significant. All analyses were performed using SPSS 16 (SPSS Inc., Chicago, IL).
Results
Patient characteristics
A total of 105 patients (81 males and 24
females) met the protocol study criteria for
3433

analysis. The median age of the patients was
60 (range, 42 to 78) years at the date of surgery. Thirty-nine (37.1%) of 105 patients were
p16 positive. Baseline characteristics of p16positive and p16-negative patients are shown
in Table 1. Patients who were p16 positive had
higher differentiation grade, better performance status, and they were less likely to be
current smokers.
Analysis of HPV and p16
Thirty-nine (37.1%) of 105 patients were p16positive (Figure 1A). Twenty five (64.1%) of 39
p16-positive tumors were stained positive for
HPV by in situ hybridization (Figure 1B), only
four (6.1%) of 66 p16-negative tumors were
stained positive for HPV. The presence of HPV
and p16 expression in tumors had a good
agreement (kappa = 0.61; 95% CI = 0.45 to
0.77). P16 expression was strongly associated
with HPV positivity (86.2% in HPV-positive
tumors vs. 18.4% in HPV-negative tumors, P <
0.001) (Table 2).
Int J Clin Exp Med 2014;7(10):3430-3438
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associated with an improved
prognosis [11]. The histologic similarities between the
Total
p16-positive p16-negative
oropharyngeal
squamous
(N = 105)
(N = 39)
(N = 66)
epithelium and upper esophHPV Status No. (%)
No. (%)
No. (%)
P Value Kappa Value
agus would suggest that HPV
Positive
29 (27.6) 25 (64.1)
4 (6.1)
< 0.001
0.61
can infect esophagus along
Negative
76 (72.4) 14 (35.9)
62 (93.9)
the route. Based on the presP and Kappa values were calculated with the use of Pearson’s chi-square test and
ence of HPV in the orophaCohen Kappa test, respectively.
ryngeal squamous epithelium and the association with
Survival analysis
carcinoma of oropharynx, we inferred that HPV
is strongly associated with ESCC.
Based on Kaplan-Meier analysis, OS was superior in the p16-positive group compared with
The present study demonstrates that ESCC tisthat in the p16-negative group, with 5-year sursues had HPV infection with an incidence of
vival rates of 64.1% and 45.5%, respectively
27.6% in 105 patients, and all cases were HPV(HR = 0.49; 95% CI = 0.26 to 0.91; P = 0.02;
16 positive. The observation was consistent
Figure 2A). P16-positive patients also had stawith the previous studies in high-risk areas for
tistically significantly better PFS than P16ESCC in China [23, 24]. The study patients were
negative patients, the 5-year rates of PFS were
identified from Qilu Hospital of Shandong
58.7% and 37.9%, respectively (HR = 0.45;
University located in Shandong Province, which
95% CI = 0.24 to 0.83; P = 0.007; Figure 2B).
was a high-incidence area for ESCC in China
Using HPV status as a stratification factor, the
[25]. There are more than 130 HPV types idensurvival results were consistent with the results
tified and these have been classified into lowbased on p16 expression. OS was superior in
or high-risk groups according to their potential
the HPV-positive group compared with that in
for oncogenesis [26]. HPV has a specific trothe HPV-negative group, with 5-year survival
pism for squamous epithelium cells where it
rates of 65.9% and 43.4%, respectively (HR =
can cause hyperproliferative lesions, and then
0.31; 95% CI = 0.14 to 0.68; P = 0.004; Figure
cause carcinogenesis [26]. HPV with potential
2C). The 5-year rates of PFS were 61.8% and
for oncogenesis based on persistent infection
36.8%, respectively (HR = 0.33; 95% CI = 0.16
is known as the high risk HPV. HPV type 16 and
to 0.68; P = 0.002; Figure 2D).
18 are known to cause the majority of squamous cell carcinomas [8, 9].
Cox regression analysis of OS and PFS, includHPV-positive tumors are characterized by high
ing the prognostic factors of hemoglobin, T catexpression of p16 and p16 is widely considered
egory, N category, smoking, and ECOG perfora surrogate marker for HPV infection in the conmance status, demonstrated that p16 status
text of squamous cell carcinoma [15]. In our
and ECOG performance status were the signifistudy, Thirty-nine (37.1%) of 105 were p16-poscant factors in multivariable analysis (Table 3)
itive. Twenty five (86.2%) of the 29 HPV-positive
for OS and p16 status was the only significant
ESCC cases expressed p16, while fourteen
factor in multivariable analysis for PFS (Table
(18.4%) of 76 HPV-negative subgroup (P <
4). Patients with p16-positive tumors had a
0.001). P16 was minimally detectable in HPV58% lower risk of death than patients with
negative tumors [27] and was an established
p16-negative (adjusted HR = 0.42, 95% CI =
biomarker for the function of the HPV E7 onco0.26 to 0.91, P = 0.03). Patients with p16-posprotein which is a standard for defining a tumor
itive tumors had a risk of progression that was
as being effected with HPV [28]. The presence
61% lower than that of patients with p16-negaof HPV by in situ hybridization and p16 exprestive tumors (adjusted HR = 0.39, 95% CI = 0.27
sion by immunohistochemistry in tumors had a
to 0.77, P = 0.02) (Table 4).
good agreement (kappa = 0.61; 95% CI = 0.45
Discussion
to 0.77).
Table 2. Correlation between p16 immunohistochemistry and HPV in
situ hybridization esophageal squamous cell carcinoma

HPV has recently been established as a risk
factor for oropharyngeal squamous cell carcinoma and HPV-associated cancers has been
3434

Retrospective studies have reported improved
outcomes in HPV-associated squamous cell
carcinoma, and many of these studies was
Int J Clin Exp Med 2014;7(10):3430-3438
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Figure 2. Kaplan-Meier estimates of survival among the study patients, according to tumor HPV status or p16expression. For 5-year overall survival rate (A) and 5-year progression-free survival rate (B), p16-expression was
significantly associated with improved outcomes (P = 0.021; P = 0.007; respectively). For 5-year OS rate (C) and
5-year progression-free survival rate (D), HPV was significantly associated with improved outcomes (P = 0.004; P =
0.002; respectively).

Table 3. Multivariate analysis of overall survival
Factors
Levels
T category
T1/T2 vs. T3/ T4
N category
N0 vs. N1/N2/N3
Current smoker
Yes vs. No
Hemoglobin
High vs. Low
ECOG performance status
0 vs. 1/2
p16 status
positive vs. negative

95% CI
0.58-2.12
0.85-3.78
0.46-1.51
0.54-6.29
1.08-9.04
1.75-8.54

HR P Value
1.04 0.69
1.79 0.13
0.81 0.43
1.71 0.39
3.08 0.04
4.23 0.03

HR: hazard ratio; CI: confidence interval; ECOG: eastern cooperative oncology group.

Table 4. Multivariate analysis of progression-free survival
Factors
Levels
T category
T1/T2 vs. T3/T4
N category
N0 vs. N1/N2/N3
Current smoker
Yes vs. No
Hemoglobin
High vs. Low
ECOG performance status
0 vs. 1/2
p16 status
positive vs. negative

95% CI
0.89-9.63
0.91-3.78
0.63-1.68
0.16-1.31
0.86-3.42
1.12-5.71

HR P Value
2.04
0.13
1.63
0.07
0.63 0.26
0.51
0.49
1.78 0.08
2.52 0.02

with p16-negative tumors
(adjusted HR = 0.39, 95% CI
= 0.27 to 0.77, P = 0.02).
P16 status was an independent prognostic factor for OS
and PFS among patients
with ESCC. Our study has
examined p16 in conjunction with HPV by in situ
hybridization, support p16
by immunohistochemistry
as an effective surrogate for
HPV. Immunohistochemical
technique is operated simply, reproducible and lower
cost than in situ hybridization, suitable for use in routine clinical care and clinical
trials [19].

Our study has clearly shown
that p16-positive cancer
was associated with higher
differentiation grade and better performance
status, and they were less likely to be current
smokers. Significant differences between the
three aspects may be the potential causes
leading to the superior prognosis in patients
with p16-positive. Another hypothesis could
also explain the results. Integration of HPV
result in higher expression of the oncoproteins
E6/E7, thereby abrogating the p53 and Rb protein functions, promoting genomic rearrangements [29], rearranged DNA is theoretically
more sensitive to radiation and chemotherapy
[30], providing an explanation for the indication
of higher survival rates for patients with HPVpositive tumors. Our sample was too small to
exclude confounding by infection of HPV and
adjuvant therapy, analysis of a larger study
could more thoroughly evaluate the possibility
of confounding by HPV and adjuvant therapy via
analysis of Different adjuvant treatment
patterns.

HR: hazard ratio; CI: confidence interval; ECOG: eastern cooperative oncology group.

head and neck cancer, especially oropharyngeal cancer [16-20]. In this study, we have demonstrated the prognostic significance of p16
and HPV status in patients with primary esophageal carcinoma treated surgery. The improved
survival in p16-positive patients was observed.
OS was superior in the p16-positive group with
5-year survival rates of 64.1%, however 45.5%
in the p16-negative group (HR = 0.49; 95% CI =
0.26 to 0.91; P = 0.021). The 5-year rates of
PFS were 58.7% and 37.9%, respectively (HR =
0.45; 95% CI = 0.24 to 0.83; P = 0.007). Using
HPV status as a stratification factor, the survival results were consistent with the results
based on p16 expression. Based on KaplanMeier analysis, OS and PFS were superior in the
HPV-positive group compared with that in the
HPV-negative group, 5-year survival rates were
65.9% and 43.4%, respectively (HR = 0.31;
95% CI = 0.14 to 0.68; P = 0.004), and 5-year
rates of PFS were 61.8% and 36.8%, respectively (HR = 0.33; 95% CI = 0.16 to 0.67; P =
0.002).
Cox regression analysis of OS and PFS, patients
with p16-positive tumors had a risk of progression that was 61% lower than that of patients
3436

The link between HPV positivity in ESCC and
smoking was still under investigation, Some
studies have suggested synergistic effect [31],
genetic alterations induced by tobacco-associInt J Clin Exp Med 2014;7(10):3430-3438
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ated carcinogens may be strengthened by HPV
and lead to increased DNA mutation, unstable
genome causes the disorder of cell cycle, not
surprisingly, p16-positive patients were much
less likely to be current smokers.

Shandong University, 107#, Wenhua Xi Road, Jinan
250012, P.R. China. Tel: +86-0531-82169520; Fax:
+86-0531-82169520; E-mail: qilucyf@126.com

In the present study, fourteen (51.9%) of 27
well differentiation grade tumors were stained
positive for p16 with immunohistochemistry,
40.9% (18) of 44 moderate differentiation
grade tumors were positive. The lowest incidence was found in poor differentiation grade
tumors, only 20.1% (7 of 34) were stained positive for p16. These results suggested that p16
protein expression in esophageal carcinoma
was related to differentiation grade, can be
used as a reference index of the degree of
tumor differentiation. In our study, patients
with better performance status had higher incidence of p16-positive than patients with not so
good ECOG performance status. The link
between p16 positivity in ESCC and ECOG performance status was still under investigation.
The ECOG performance status, although reported in previous studies, have not been consistently identified, probably because of the small
sample size in many of these studies [32].

[1]

In conclusion, our study clearly demonstrates
that HPV-associated ESCC treated with surgery
has a superior outcome compared with HPVnegative ESCC. Furthermore, HPV (or p16) is
the most important prognostic variable in multivariable analysis. Although statistically significant differences in survival were observed
between HPV-positive and -negative, definitive
conclusions cannot be drawn from this study
due to its small sample size and retrospective
nature, larger confirmatory studies are needed
to provide definitive evidence.
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