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Abstract

Background: In the United States and Europe, about
15-35% of head and neck squamous cell carcinoma are
caused by human papillomavirus (HPV). The expression of
p16 has been demonstrated to be a favorable biomarker
for patients with head and neck squamous cell carcinoma.
However, p16 expression and its prognostic value in
laryngeal squamous cell carcinoma in Chinese patients are
unknown. We aim to investigate p16 expression and its
prognostic value in a large group of Chinese patients with
laryngeal squamous cell carcinoma.

Design: A total of 236 patients with laryngeal squamous
cell carcinomas (laryngectomy, n=110; biopsy, n=126)
obtained from the Surgical Pathology file (2000-2005),
Cancer Center of SunYat-sen University, Guangzhou,
People’s Republic of China were examined by
immunohistochemistry for p16 expression. Overall
survival was measured from the date of laryngectomy or
biopsy to the date of death, and was censored from the
date of last follow-up. Median follow-up period was 5
years and 3 months (63 months, range 7-123 months).

Results: Clinical characteristics of the 236 patients with
laryngeal squamous cell carcinoma showed that age,
tumor stage and grade, and vital status (alive or dead)
were not associated with p16 expression. Only 43 of 236
(18%) laryngeal squamous cell carcinomas expressed p16.
Kaplan-Meier analysis showed that the 10-year overall
survival rate was similar in patients with p16 positive
tumors and patients with p16 negative tumors (31% vs.
34%; P=0.28; 95% confidence interval [CI], 0.34 to 1.37).

Conclusion: The expression of p16 was found in only 18%
Chinese patients with laryngeal squamous cell
carcinomas. Unlike Caucasian patients, this large cohort
study provides the first evidence that p16 positivity is not

a favorable biomarker for patients with laryngeal
squamous cell carcinomas in China.
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carcinoma; Biomarker; Prognostic value

Introduction
Head and neck squamous cell carcinoma (HNSCC) is a

heterogeneous group of neoplasms. An estimated 551,000
new cases and over 306,000 deaths occurred secondary to
HNSCC in 2008 worldwide [1]. Laryngeal squamous cell
carcinoma (LSCC) is one of the most common type of the head
and neck cancer. Although the principal risk factors for head
and neck cancers remain tobacco smoking and alcohol abuse,
human papilloma virus (HPV) infection has recently been
found to be etiologically associated with 15–35 % of cases of
HNSCCs [2].

HPV is a double-stranded DNA, epitheliotropic virus
belonging to the Papova viridae family. HPV infection is the
most common sexually transmitted disease worldwide, with a
prevalence rate ranging from 10 to 50% in sexually active
women [3]. More than 200 different HPV genotypes have been
described. In 1995, on the basis of mounting epidemiologic
and molecular evidence, the International Agency for Research
on Cancer recognized that HPV types 16 and 18 were
carcinogenic in humans [4]. Its causative role in invasive
cervical carcinomas has been well established [5]. HPV 16 is
the predominant (90% to 95%) genotype detected in head and
neck tumors, with different prevalence between anatomic
sites [6].

Oncogenic activity of HPV is mediated by viral oncoproteins
E6 and E7 that can lead to DNA instability. The E6 protein of
high-risk HPV binds and induces the degradation of the p53
tumor suppressor protein via an ubiquitin mediated process.
The E7 protein binds to pRb, which dissociates pRb/E2F
complexes and thereby facilitates the expression of DNA
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replication proteins. In addition, the E6 oncoprotein interferes
with DNA repair enzymes, and the E7 oncoprotein can induce
structural and numerical chromosome abnormalities by the
disruption of centrosome synthesis. This genetic instability can
cause the emergence of tumorigenic cells [7].

The p16INK4a protein (p16), a product of CDKN2A gene
localized on chromosome 9p21, was identified as an inhibitor
of cyclin-dependent kinase 4, the activity of which is critical in
the regulation of the normal cell cycle [8]. In normal tissue
cells, p16 is expressed at a very low level, which is under the
detection limit of immunohistochemistry. Interestingly, its
expression is found to be increased in response to inactivation
of the p53 and pRb, caused by deregulated expression of E6
and E7 HPV oncoproteins in infected cells. Thus tests detecting
p16 are used as a surrogate marker of HPV-induced
oncogenesis [8].

Reports suggest an increase in the prevalence of HPV-
associated oropharyngeal squamous cell carcinomas (OPSCC)
and that these cancers are distinct from other head and neck
cancers [9]. HPV-positive OPSCC tend to be poorly
differentiated with basaloid morphology, presenting with a
lower T stage and higher nodal status [2], but paradoxically
better prognosis [10,11,12]. A recent study shows that p16 is
the single most important prognostic variable in OPSCC,
surpassing traditional prognostic factors. It also highlights the
need for routine p16 assessment in OPSCC [13].

It has been demonstrated that viral infection is a plausible
cause for laryngeal carcinoma. The prevalence of HPV in LSCC
has been reported in various studies from 7.4% to 58.8 % [14].
However, the causal link between HPV and laryngeal
carcinoma remains controversial and is not as well studied as
in oropharyngeal carcinoma. Of all the studies that have been
done most are focused on the European and American
populations. The prevalence of HPV and prognostic value of
p16 expression specifically in reference to Chinese population
is unknown. The link between HPV infection and development
of laryngeal carcinoma is influenced by geographical factors as
it was confirmed in two large case–control studies [15]. Thus
this retrospective study was performed to investigate p16
expression and its prognostic value in LSCC.

Materials and Methods

Cases
An electronic data search was conducted to identify all cases

of LSCC diagnosed at Cancer Center of SunYat-sen University,
Guangzhou, People’s Republic of China, from the year 2000 to
2005. A total of 236 cases were retrieved, of these 151 were
laryngectomies and 85 were biopsies.

Immunohistochemical analysis
The Hematoxylin and Eosin stained slides from all the 236

cases were reviewed and the diagnosis of squamous cell
carcinoma was confirmed. One representative block from each
case was examined by immunohistochemistry for p16

expression. Immunohistochemical studies were performed on
5µm sections of formalin-fixed, paraffin-embedded tissue from
laryngeal biopsy and laryngectomy specimens. Slides were first
de-paraffinized, and rehydrated. Antigen retrieval was carried
out with 0.01 mol/L citrate buffer at pH 6.0. The slides were
then heated in an 800-W microwave oven for 15 minutes,
cooled to room temperature, and rinsed in distilled water
before staining. The slides were stained on the DAKO
Autostainer (DAKO Corporation, Carpinteria, CA) using the
EnVision (DAKO) staining reagents. The sections were first
blocked for endogenous protein binding and peroxidase
activity with an application of Dual Endogenous Block (DAKO)
for 10 minutes, followed by a buffer wash. The sections were
then incubated with a mouse monoclonal antibody specific for
p16 (DAKO) at a 2.0µg /ml concentration for 30 minutes.
Sections were then incubated with the EnVision+ Dual Link
reagent (a polymer conjugated with goat-anti-mouse-Ig, and
horseradish peroxidase) for 30 minutes, and treated with
diaminobenzidine (DAB) and hydrogen peroxide, to produce
the visible brown pigment. The sections were counterstained
with hematoxylin, dehydrated, and coverslipped with
permanent media. Sections of cervical dysplasia with known
positivity of p16 were used as positive controls for p16
staining. Negative controls were performed by replacing the
primary antibody with an isotype specific IgG control.

Morphological evaluation
Positive staining of p16 was defined as a dark brown

staining of the nuclei and/or cytoplasmic staining, in the tumor
cells. The immunostaining evaluation was done at low-power
magnification (<40X) and was scored according to the
following criteria: negative or 0 (0% cells staining), 1+
(<25%cells staining), 2+ (25-50% cells staining), and 3+ (>50%
cells staining). For statistical purposes tumors with any p16
expression were consider to be positive irrespective of
intensity of staining.

Statistical analysis
Age, sex, tumor stage and grade, vital status and p16 status

were collected as baseline variables. The distribution of each
baseline variable was compared for p16 -positive and p16-
negative subgroups with the Wilcoxon rank sum test for
continuous variables and the Fisher’s exact test for categorical
variables. A P value of less than 0.05 was considered to be
statistically significant in all statistical analyses. Overall survival
was measured from the date of laryngectomy or biopsy to the
date of death, and was censored from the date of last follow-
up. Median follow-up period was 5 years and 3 months (63
months, range 7-123 months). The overall survival was
analyzed using Kaplan-Meier estimate and evaluated using the
log-rank test for univariate analysis.
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Results

Patients
Table 1 showed that in 236 patients there were 228 men

and 8 women, with a mean age of 58.5 +/- 10.06 years. 72
patients (30.5%) presented with Stage I disease, 69 (29.3%)
with Stage II disease, 64 (27.1%) with Stage III disease and 31
(13.1%) patients had Stage IV disease. Among the 236 LSCC
cases 11 (4.6%) were in situ, 87 (36.9%) were well
differentiated, 100 (42.4%) were moderately differentiated
and 38 (16.1%) were poorly differentiated squamous cell
carcinomas.

Table 1 Clinicopathological characteristics of patients with
laryngeal carcinoma.

p16-Negative p16-Postitive P Value

n=193 n=43

Sex

Female 4 (50%) 4 (50%) 0.04

Male 189 (83%) 39 (17%)

Age

Mean (SD) 58 (9.9) 59 (10.8) 0.57

Stage

I 58 (79%) 14 (21%) 0.77

II 59 (86%) 10 (14%)

III 52 (83%) 12 (17%)

IV 24 (81%) 7 (19%)

Grade

In situ 10 (92%) 1 (8%) 0.39

W 75 (86%) 12 (14%)

M 79 (84%) 21 (16%)

P 29 (76%) 9 (24%)

Vital
Status

Alive 129 (82%) 30 (18%) 0.71

Dead 64 (83%) 13 (17%)

p16
Fourty three of 236 (18%) LSCC showed immunoreactivity

for p16; with 21(48.8%)cases showing 3+ staining, 5(11.6%)
cases showing 2+ staining and 17(39.6%)cases showing 1+
staining. Though for analysis, cases were divided into positive
(any p16 positivity, score 1+ to 3+) and negative groups (Figure
1). The clinicopathological features of the patients with
laryngeal squamous cell carcinoma and p16 expression are
summarized in Table 1. Age, tumor stage and grade, and vital
status (alive or dead) were not associated with p16 expression.

Figure 1 Immunohistochemical stains for p16 showing that
laryngeal squamous cell carcinoma was negative for p16
(left) and was positive for p16 (right).

Overall survival
Overall survival was measured from the date of

laryngectomy or biopsy to the date of death, and was censored
from the date of last follow-up. Median follow-up period was 5
years and 3 months (63 months, range 7-123 months). Kaplan-
Meier analysis showed that the 10-year rate of overall survival
was similar in patients with p16 positive tumors and p16
negative tumors (31% vs. 34%; P=0.28; 95% confidence
interval [CI], 0.34 to 1.37) (Figure 2).

Figure 2 Kaplan-Meier analysis of overall survivals according
to p16 status (positive verses negative) assessed by
immunehistochemical analysis in total 236 Chinese patients
with laryngeal squamous cell carcinomas. P values were
calculated by using the log-rank test.

Discussion
Carcinoma of the larynx accounts for 1.9% of all cancers in

men and 0.3% in women. There were an estimated 156,877
new cases of LSCC around the world in 2012, with 83,376
deaths secondary to it [16]. Two major risk factors for the
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development of LSCC are tobacco smoking and alcohol abuse
[17]. However, in approximately 5% of cases both of these risk
factors are absent suggesting involvement of other etiological
factors in tumorgenesis [18]. HPV has been linked with
laryngeal carcinomas for the last 20 years [19] but its causal
association has been controversial and inadequately
evaluated.

P16 inactivation is a well-known mechanism involved in
neoplastic transformation and progression of HNSCC.
p16INK4a is inactivated in LSCC by mutation or homozygous
deletion in 22% of cases each, and by hypermethylation in an
additional 7%. Nadal et al. showed that a number of mutated
cases (with concomitant loss of heterozygosity, therefore fully
inactivated p16INK4a) had normal or higher-than normal
expression levels [20].

Numerous studies measured p16 expression by
immunohistochemistry. The study done by Laco et al included
24 laryngeal carcinomas, and p16 was detected in 58% [21].
Similarly, Tamas et al. [22], Fu et al. [23] and Mendelsohn et al.
[24] reported p16 positivity in 39.5% (15/38), 40% (16/40), and
5.6% (1/18) glottic LSCC, respectively. A recent study in 2014
by Kalfert et al. [25] showed p16 expression in glottis LSCC of
15 out of 58 patients (25.9%). We currently observed in
Chinese population that 43 of 236 (18%) LSCC cases showed
immunoreacticity for p16. Our data showed that the p16
positive rate in LSCC of Chinese patients was lower than the
p16 positive rate in previous studies that were predominantly
focused on Caucasian population (Laco et al. and Kalfert et al.,
Tamas et al. and Mendelsohn et al. reported on cases from
Czech Republic, Hungary and United States of America,
respectively).

P16 expression has been well known as the single most
important prognostic variable in OPSCC, with p16 positive
OPSCC patients having better survival outcomes [13]. P16
overexpression was also proven to be associated with better
prognosis of LSCC, while p16 negativity determined tumor
progression and poor outcome in previous studies [26,27].
Nevertheless, the other studies on the prognostic role of p16
in laryngeal cancer present contradictory results. Duray et al.
[28] despite of reporting the lowest rate of local recurrence of
LSCC with p16 overexpression (20% recurrence 5 years after
diagnosis) did not find any statistically significant differences in
p16 expression between the recurrent and disease-free
survival cases in their study. Kalfert et al. [25] showed that the
recurrence was revealed in 8 (13.8%) patients with LSCC
approximately 3 years after diagnosis and all cases were p16-
negative, however no statistically significant correlation was
found (p=0.097) between p16 expression of LSCC and cancer
recurrence.

Our study is the first to describe p16 expression in a large
cohort of Chinese patients with LSCC. The study demonstrated
p16 expression with no prognostic value for Chinese patients
with LSCC. Thus, p16 immunostaining cannot be used as a
prognostic biomarker for Chinese patients with LSCC. The low
expression rate of p16 in Chinese patients with LSCC and lack
of prognostic value of p16 expression suggest that other

pathogeneses rather than HPV infection may be more
important for Chinese patients with LSCC.
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