
Abstract. Background: There have been many attempts to
predict the prognosis of lung cancer based on the expression
patterns of P16 protein, but with limited success. The Eighth
American Joint Committee on Cancer (AJCC) for head and
neck cancer recently developed new criteria for evaluating
P16 expression. Here, we applied these new criteria to
evaluate the prognosis of non-small cell lung cancer
(NSCLC). Materials and Methods: A total of 148 patients
who had undergone surgery for NSCLC were enrolled in the
study. P16 protein expression patterns from NSCLC tissue
microarray samples were examined by immunohistochemical
analysis. The Eighth AJCC head and neck cancer staging
criteria were used to evaluate positive P16 expression
(moderate/strong nuclear expression intensity and
distribution >75% cells) in NSCLC. The relationship
between P16 expression and clinicopathological factors were
evaluated and survival analysis was included. Results:
Negative P16 expression was significantly associated with
NSCLC with lymph node metastasis (p=0.025). In addition,
patients with NSCLC with negative P16 expression
demonstrated poor disease-free and disease-specific survival
in multivariate analysis. The Kaplan–Meier survival curve
confirmed that negative P16 expression was significantly
correlated with a poor disease-free survival (p=0.017) and
disease-specific survival (p=0.016). Conclusion: P16
expression defined with the new AJCC criteria is useful for
detecting lymph node metastasis in NSCLC.

Lung cancer is one of the most frequently detected
malignancies in both men and women and its incidence
continues to increase annually. According to the eighth
edition of the guidelines by the American Joint Committee
on Cancer (AJCC) of the lung, tumor size, penetration into
nodes, and metastasis (TNM) are used for tumor staging (1).
Late-stage tumors are associated with worse clinical
outcomes. Tumor size and location determine the T-stage,
which ranges from 1a, 1b, 1c, to stage 4. Depending on the
nodal infiltration, lung tumors are staged from N 0 to 3.
Metastasis into other lobes or into the extrathoracic cavity
are denoted stages M1a to c. Between each combination or
TNM staging system, N2 disease is defined as T-stage 1a,
1b, 1c, 2a, 2b with N-stage 2; T-stage 3, 4 with N-stage 1;
T-stage 4 with N-stage 0. As there is constantly increasing
attention among surgeons regarding the management of N2
disease (2), including whether surgical treatment should be
involved or not, early detection of lymph node metastasis in
lung cancer needs to be accomplished urgently. 

P16 is a tumor-suppressor gene that controls cell-cycle
progression by inhibiting cyclin-dependent kinase (CDK)4/6
and phosphorylation of the retinoblastoma (RB) protein.
Loss of P16 allows unregulated cell-cycle progression from
G1- to S-phase. P16 has been studied since it is associated
with human-papilloma virus (HPV) infection in causing
many types of cancer, including cervical and oropharyngeal.
In addition to HPV-related cancer, P16 expression has been
usually observed in non-small cell lung cancer (NSCLC),
and positive expression was shown to be related to good
prognosis in many previous studies (3-6). Recently, the
AJCC adopted new criteria for oropharyngeal cancer, which
include evaluating P16 status for TNM staging. The
expression of P16 was defined as positive when nuclear
expression has an intensity of +2/+3 and distribution ≥75%
of cancer cells. Although there are clinically utilized methods
for detection of HPV in head and neck cancer (7),
immunohistochemical staining of P16 is the most cost-
effective detection approach. In this study, therefore, we
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applied this new cut-off value for P16 expression in NSCLC
samples, compared it with old criteria, and evaluated the
effect of P16 on TNM staging and N2 disease of patients
with NSCLC. 

Materials and Methods 

Case selection. Representative hematoxylin and eosin slides from 148
consecutive patients with NSCLC were reviewed by two experienced
pathologists. The patients underwent surgery for NSCLC at the
Gyeongsang National University Hospital, Jinju, Republic of Korea,
between January 2002 and December 2009. Electronic medical
records were reviewed and the clinical and pathological data,
including age, sex, smoking history, histological type, TNM T-stage,
N-stage, M-stage, mean survival, and 5-year survival rate were
collected (Table I). The stages of cancer were determined according
to the eighth edition of the AJCC guidelines (1). 

Tissue microarray and immunohistochemistry. Representative
hematoxylin and eosin-stained glass slides containing intratumoral
lesions from the 148 NSCLC specimens were selected for analysis.
To obtain the tissue sample for staining, a core was obtained from
the front of the invasive tumor on each representative paraffin block
and transplanted into the recipient tissue microarray (TMA) block.
Immunohistochemical staining was performed on 4-μm sections of
the TMA block samples. Once attached to glass slides, the sections
were deparaffinized, rehydrated, and incubated in 3% hydrogen
peroxide for 10 min to block endogenous peroxidase activity, which
can result in nonspecific background staining. Sections were then
heated for 20 min in 10 mM citrate buffer (pH 6.0) in a microwave
oven (700 W). After incubation with Ultra V block (Lab Vision
Corporation, Fremont, CA, USA) for 7 min at room temperature to
block background staining, slides were incubated with a primary
antibody specific to P16 (1:600 dilution, 705-4793; Ventana,
Tucson, AZ, USA) and an ultraview Universal DAB detection kit
was used (760-500, Ventana, Tucson, AZ, USA) according to the
manufacturer’s recommendations for visualization. 3, 3’-
Diaminobenzidine was used to detect the protein. The sections were
then counterstained using hematoxylin. 

Evaluation of P16 expression. The immunohistochemical staining
pattern of P16 was evaluated for each of 145 cores (three cases
could not be evaluated due to the loss of tissue specimen) from the
TMA blocks. Distinct membranous or cytoplasmic staining for P16
was considered to represent positivity. P16 expression was evaluated
by comparison with type II pneumocytes, normal bronchial
epithelial cells, and endothelial cells as positive internal controls. In
addition, some lymphocytes without nuclear expression of P16 were
assessed as the negative internal control. For the new P16 criteria,
the intensity of the stained tumor cells was scored as follows:
Unstained: 0, weak: 1+, moderate: 2+, and strong: 3+. The
proportion of the stained tumor cells was scored as follows:
Unstained: 0, 1-25%: 1+, 25-50%: 2+, 50-75%: 3+, and more than
75%: 4+. The expression of P16 was defined as positive when
nuclear expression was +2/+3 intensity and distribution 4+. We also
evaluated P16 expression by two old criteria, suggested by Myong
et al. (P16 expression considered negative when fewer than 10% of
cancer cells have distinct nuclear staining) (5) and Yoo et al.
(samples considered P16-positive when more than 80% of tumor

cells have either nuclear or cytoplasmic staining patterns) for
comparison with the new criteria (6).

Statistical analysis. The relationship between P16 expression and
clinicopathological characteristics, including age, sex, smoking
history, histological type, T-stage, N-stage, and M-stage, and N2
disease were evaluated using chi-square test. Disease-free (DFS)
and disease-specific (DSS) survival were evaluated by multivariate
Cox proportional hazard regression model. In addition, DFS and
DSS were analyzed by the Kaplan– Meier method with a log-rank
test. p-Values of less than 0.05 were considered statistically
significant. SPSS ver. 24.0 (IBM, Armonk, NY, USA) was used for
all statistical analyses.
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Table I. Clinicopathological characteristics of patients (n=148).

Characteristic                                                                      Value

Age, years
  Mean (range)                                                             64.85 (31-77)
Gender, n (%)
  Male                                                                              125 (84.5)
Smoking history, n (%)
  Yes                                                                                 97 (65.5)
Histological type, n (%)
  Squamous cell carcinoma                                             96 (64.9)
  Well-differentiated                                                              15
  Moderately differentiated                                                   59
  Poorly differentiated                                                           22
  Adenocarcinoma                                                             37 (25)
  Acinar                                                                                  15
  Solid                                                                                     6
  Papillary                                                                               8
  Micropapillary                                                                     3
  Lepidic                                                                                 3
  Mucinous                                                                             2
  Large-cell neuroendocrine carcinoma                           8 (5.4)
  Other                                                                                 7 (4.7
T-Stage, n (%)
  1a                                                                                   35 (23.6)
  1b                                                                                   48 (32.4)
  2a                                                                                    11 (7.4)
  2b                                                                                   40 (27.0)
  3a                                                                                     4 (2.7)
  3b                                                                                     8 (5.4)
  4                                                                                       2 (1.4)
N-Stage, n (%)
  0                                                                                    103 (69.6)
  1a                                                                                   42 (28.4)
  1b                                                                                     3 (2.0)
  1c                                                                                       0 (0)
M-Stage, n (%)
  0                                                                                    145 (98.0)
  1a                                                                                     3 (2.0)
  1b                                                                                       0 (0)
  1c                                                                                       0 (0)
Survival
  Mean (range), months                                                 37 (0-113)
  5-Year, n (%)                                                                 33 (22.3)



Ethics statement. Informed consent was submitted by all participants
when they were enrolled. This study was approved by the
Institutional Review Board of the Gyeongsang National University
Hospital (GNUH-2019-02-017). All procedures performed in studies
involving human participants were in accordance with the ethical
standards of the institutional and/or national research committee and
with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. 

Results

Patient characteristics. A total of 148 NSCLC cases were
enrolled in the study. The clinical and pathological
information of NSCLC patients is summarized in Table I.
The mean age of the patients was 64.85 years. Amongst
them, 125 (84.5%) were male patients and 86 (65.2%) had a
history of smoking. The histopathological type of the
majority of tumors (n=96, 64.9%) was squamous cell
carcinoma. Most tumors were T-stage 1a or 1b (n=83, 56%)
and had not spread to lymph nodes (n=103, 69.6%) nor other
sites (n=145, 98.0). The mean survival was 37 months and
the 5-year survival rate was 22.3%. 

Identification of P16 expression. Ninety-six out of 145 cores
were positive for P16 expression. P16 was expressed in the
cytoplasm, nucleus, and membrane of NSCLC cells. In both
adenocarcinoma and squamous cell carcinoma, there was a
wide variety of manifestations, from positive to aberrant to
negative expression. In squamous cell carcinoma, P16
positivity was diffusely nuclear and cytoplasmic (Figure 1A:

3+, Figure 1B: 2+). In contrast, P16-negative samples
showed non-specific cytoplasmic expression (Figure 1C) or
a complete lack of expression (Figure 1D). In
adenocarcinoma, P16 positivity was also diffusely nuclear
and cytoplasmic (Figure 2A: 3+, Figure 2B: 2+), whereas
P16-negative samples showed aberrant, patchy expression
(Figure 2C) or a complete lack of expression (Figure 2D).

Correlation between P16 expression and clinicopathological
characteristics. Among the clinical and pathological factors
listed previously (age, sex, smoking, histological type,

An et al: P16 Expression in NSCLC

1887

Figure 2. P16 expression in adenocarcinoma. P16 positivity showing
diffuse nuclear and cytoplasmic expression (A: 3+, B: 2+). P16
negativity showing aberrant patchy expression (C) or complete lack of
expression (D).

Figure 1. P16 expression in squamous cell carcinoma. P16 positivity
showing diffuse nuclear and cytoplasmic expression. (A: 3+, B: 2+).
P16 negativity showing non-specific cytoplasmic expression (C) or
complete lack of expression (D).

Table II. The correlation between N-stage and P16 expression by old
and 8th American Joint Committee on Cancer (AJCC) criteria (N=145). 

                                                                       N-Stage, n (%)

Criteria                   P16                               N0          N1, 2, 3        Total

8th AJCC (1)          Negative (0, 1+)    61 (63.5)    35 (36.5)          96
                                Positive (2+, 3+)    40 (81.6)     9 (18.4)           49
                                Total                            101              44          p=0.025
Myong et al. (5)     Negative                53 (52.5)    48 (47.5)          87
                                Positive                   34 (77.3)    10 (22.7)          49
                                Total                             87               58          p=0.005
Yoo et al. (6)         Negative                63 (63.6)    36 (36.4)          99
                                Positive                  38 (82.6)     8 (17.4)           46
                                Total                            101              44          p=0.021



pathological T-stage, N-stage, and M-stage), N0 stage was
statistically significantly associated with P16 positivity when
determined with both the new and old P16 criteria. (8th
AJCC criteria: p=0.025; Myong et al.: p=0.005; Yoo et al.:
p=0.021, Table II). In addition, squamous cell carcinoma
was statistically significantly associated with P16 negativity
by both old and new evaluation motheds (8th AJCC criteria:
p<0.001; Myong et al: p<0.001; Yoo et al.: p=0.008, Table
III). Of the 148 patients with NSCLC, there were two with
N2 disease (stage IIIA). Both of them had a recurrence and
one died. Samples from both patients had were negative for
P16 expression.

Correlation between P16 expression and survival data. To
confirm P16 expression as an independent prognostic
marker, univariate and multivariate Cox proportional
analyses were performed. NSCLC with negative P16
expression demonstrated poor DFS (hazard ratio=1.937, 95%
confidence interval=1.069-3.183, p=0.028) and poor DSS
(hazard ratio=1.886, 95% confidence interval=1.018-3.493,
p=0.044) in multivariate analysis (Table IV). The Kaplan–
Meier survival curve confirmed that advanced TNM stage
and negative P16 expression were significantly associated
with poor DFS (p=0.017) and poor DSS (p=0.016, Figure
3). In contrast, the DSS and DFS data demonstrated no
significant results when the old P16 criteria were applied
(Myong et al: p=0.109 for DFS, p=0.067 for DSS; Yoo et
al.: p=0.133 for DFS, and p=0.119 for DSS).

Comparison between the old and new P16 criteria. There
were 18 cases which demonstrated different P16 status when
the old and new P16 criteria were applied. All were P16-
positive using Myong et al.’s criteria, whereas the new
criteria and those of Yoo et al. tended to show the opposite
results (Table V). Representative microscopic findings of

P16 expression which showed contradictory results when
different criteria were applied are shown in Figure 4.

Discussion

Following HPV infection, E7 and E6 suppress the RB1 and
TP53 tumor-suppressor genes, respectively, allowing
unrestricted replication of cancer cells. When HPV-related
carcinogenesis is induced, along with E7 and E6, P16 is also
overexpressed. HPV16 E7 simultaneously neutralizes the
P16-induced senescence response and phosphorylation of
pRB, allowing HPV16 E7-expressing cells to continuously
proliferate, maintaining high levels of P16 (8-10). In head
and neck cancer, mainly of the oropharynx and sinonasal
cavity, P16 positivity correlates well with high risk-HPV
infection (11).

In contrast, some studies argued that the relationship
between high-risk HPV infection and P16 is not relevant in
lung cancer (12, 13). Rebert et al. identified that out of 211
primary lung carcinomas, all were negative for high-risk
HPV. The remaining high-risk HPV-positive equivocal lung
carcinomas had a history of high risk-HPV-associated
diseases, as with tonsillar and cervical carcinomas (12).
Chang et al. demonstrated that P16 was positive in 28 out of
196 patients with lung cancer, however, HPV DNA and RNA
in situ hybridization did not detect HPV infection in any case
of primary lung cancer (13). Lung cancer is thus known to
be an HPV-negative cancer, and P16 expression in the lung
increases regardless of HPV E7. Oncogenic stresses other
than high-risk HPV infection lead to KDM6B histone
methylation, resulting in repression of the P16 tumor-
suppressor gene to inhibit CDK4/6 activity. CDK4/6
inhibition subsequently leads to accumulation of the hypo-
phosphorylated RB1 tumor suppressor, leading to G1 cell-
cycle arrest (7). The higher the P16 expression, the greater
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Table III. The correlation between pathological type and P16 expression by old and 8th American Joint Committee on Cancer (AJCC) criteria
(N=145).

                                                                                                                              Pathological type, n (%)  

Criteria                            P16                                  Squamous cell          Adenocarcinoma                 Large-cell                      Other                      Total
                                                                                    carcinoma                                                      neuroendocrine 
                                                                                                                                                               carcinoma

8th AJCC criteria (1)      Negative (0, 1+)                 73 (76.0)                      17 (17.7)                          1 (1.0)                         5 (5.3)                       96
                                        Positive (2+, 3+)                21 (42.9)                      20 (40.8)                         6 (12.2)                        2 (4.1)                       49
Myong et al. (5)              Negative                              68 (78.2)                      13 (14.9)                          1 (1.1)                         5 (5.7)                       87
                                        Positive                               26 (44.8)                      24 (41.4)                         6 (10.3)                        2 (1.4)                       58
Yoo et al. (6)                   Negative                              71 (71.7)                      20 (20.2)                          2 (2.0)                         6 (6.1)                       99
                                        Positive                                23 (50.0)                      17 (37.0)                         5 (10.9)                       1 (14.3)                      46

Total                                                                                  94                                 37                                    7                                  7                       p=0.008
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Table IV. Cox proportional hazards regression model of disease-free and disease-specific survival for patients with non-small cell lung cancer
(n=145).

                                                                                Disease-free survival                                                            Disease-specific survival

                                                            Univariate                               Multivariate                              Univariate                                Multivariate

Variable                                   HR         95% CI      p-Value    HR        95% CI     p-Value    HR         95% CI       p-Value     HR        95% CI     p-Value

Age
   <65 vs. ≥65 Years              1.308    0.811-2.110     0.265                                                    1.230    0.738-2.051     0.427                                            
Gender
   Female vs. male                 0.519    0.238-1.132     0.099                                                    0.316    0.115-0.871     0.026     0.354   0.128-0.982    0.046
Smoking
   Non-smoker vs. smoker    0.844    0.521-1.368     0.492                                                    0.983    0.581-1.664     0.950                          
Surgery
   W, Sg, L vs. B, P               1.594    0.854-2.973     0.143                                                    1.494    0.759-2.944     0.246                                            
Pathology
   A, L, O vs. Sq                   1.854    0.987-3.480     0.055                                                    2.340    1.101-4.971     0.027                                            
T-Stage*
   1 vs. 2,3,4                          1.866    1.136-3.066     0.014    1.778   1.081-2.922   0.023    1.591    0.940-2.693     0.084                                            
N-Stage*
   0 vs. 1,2,3                          1.249    0.765-2.040     0.374                                                    1.370    0.814-2.396     0.236                                            
P16: AJCC*
   Positive vs. negative          1.913    1.109-3.297     0.020    1.937   1.069-3.183   0.028    2.083    1.128-3.846     0.019     1.886   1.018-3.493    0.044
Myong et al. (5)
   Positive vs. negative          1.501    0.914-2.466     0.109                                                    1.673   0.965- 2.902    0.067                                            
Yoo et al. (6)
   Positive vs. negative          1.488    0.872-2.538     0.145                                                    1.609    0.885-2.924     0.119                                            

HR: Hazard ratio, CI: confidence interval; W: wedge resection, Sg: segmentectomy; L: lobectomy; B: bi-lobectomy; P: pneumonectomy; Sq: squamous
cell carcinoma; A: adenocarcinoma; LC: large-cell neuroendocrine carcinoma; O: other. *8th American Joint Committee on Cancer (AJCC) (1). 

Table V. The correlation of P16 status and survival data regarding old and 8th American Joint Committee on Cancer (AJCC) criteria for P16
expression (n=18).

                                                                                                              P16 status
Gender/age, 
years                      T-Stage      N-Stage      Death          AJCC        Myong et al. (5)     Yoo et al. (6)      DFS (months)      DSS (months)     Recurrence

M/67                          3b                0             Yes          Negative             Positive                 Positive                       8                           13                   Yes
M/72                          3b                1             Yes          Negative             Positive                 Positive                       4                             7                   Yes
M/71                           4                 1             Yes          Positive              Positive                Negative                      9                             9                   Yes
M/72                          3b                0              No           Positive              Positive                Negative                    93                           93                    No
M/64                           4                 0             Yes          Positive              Positive                Negative                      1                             1                   Yes
M/71                          2b                0             Yes          Positive              Positive                Negative                    24                           24                   Yes
M/52                          3b                0              No           Positive              Positive                Negative                    72                           72                    No
M/68                          2a                0              No          Negative             Positive                Negative                      0                           78                   Yes
M/64                          2a                0              No          Negative             Positive                Negative                    57                           57                    No
M/65                          3b                1             Yes          Negative             Positive                 Positive                     14                           28                   Yes
M/57                          2a                0              No           Positive              Positive                Negative                    54                           54                    No
M/58                          3b                1              No           Positive              Positive                Negative                    52                           52                    No
F/74                           3b                1              No           Positive              Positive                Negative                    40                           40                    No
F/77                           3b                0              No           Positive              Positive                Negative                    33                           33                    No
M/59                          3a                0             Yes          Negative             Positive                 Positive                     29                           29                   Yes
M/71                          3b                0              No          Negative             Positive                 Positive                     30                           30                    No
M/66                          1b                0              No          Negative             Positive                 Positive                     30                           30                    No
M/62                           4                 0             Yes          Negative             Positive                 Positive                       2                           11                   Yes

DFS: Disease-free survival, DSS: disease-specific survival.



the effect on cell-cycle arrest; therefore, lung cancer
progresses when it is P16-negative.

In this study, we explored the relevance of P16 expression
in predicting lymph node metastasis in NSCLC. This has
been previously reported to have a statistically significant
relationship (6). However, we applied the newly defined
criteria for P16 positivity of the eighth AJCC classification
for head and neck cancer (nuclear expression with +2/+3
intensity and 4+ distribution) on NSCLC. N-Stage was
statistically significantly correlated with P16 positivity even
when we applied the new criteria (p=0.025). In addition,
there was a strong association between the histological type
and P16 expression (p<0.001). In both squamous cell
carcinoma and adenocarcinoma, there was a wide variety of
manifestations of P16 expression, from positive to aberrant

to negative. Finally, the Kaplan–Meier survival analysis
confirmed that advanced TNM stage and P16 negativity were
both significantly correlated with poor DFS (p=0.017) and
poor DSS (p=0.016). 

Even though there have been many attempts to predict the
prognosis of lung cancer in Asian people with P16, there has
been little success. Previously, Taga et al. (Japanese) (14),
Cheng et al. (Chinese) (15), and Mohamedet et al. (Japanese)
(16) applied the P16-positive criteria of nuclear expression
with more than 10% distribution in NSCLC and obtained
results showing the prognostic significance of P16 in NSCLC
in univariate or multivariate analysis.  Since it has been
revealed that the characteristic genomic patterns of lung
cancer might differ according to ethnic group, for our study,
we concentrated on the data of Korean patients. We evaluated
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Figure 3. Kaplan–Meier curves showing statistically significant relationship of TMN stage and P16 expression disease-free (A and B, respectively)
and disease-specific (C and D, respectively) expression in non-small cell lung cancer.



three different criteria for P16 evaluation, which were applied
to the NSCLC tissue of Korean patients. To the best of our
knowledge, this is the first study to evaluate the new P16
criteria, developed by the AJCC for head and neck cancer in
the lower airway, in patients with NSCLC from South Korea.
Regarding patients with NSCLC from South Korea, Myung et
al. defined samples as P16-negative when fewer than 10% of
cancer cells had distinct nuclear staining (5), whereas Yoo et
al. suggested that samples should be considered P16-positive
when more than 80% of tumor cells were stained in either
nuclear or cytoplasmic patterns (6). Therefore, we compared
the new P16 criteria with the old criteria suggested by Myong
et al. (5) and Yoo et al. (6). Lymph node metastasis was
statistically significantly associated with lack of P16
expression using the older criteria (Myong et al.: p=0.005;
Yoo et al.: p=0.021). In contrast, the DSS and DFS data were
not significantly correlated with P16 expression by these
criteria (Myong et al: p=0.109 in DFS, p=0.067 in DSS; Yoo
et al.: p=0.133 in DFS, and p=0.119 in DSS).

Despite having no association with HPV infection, P16 is
a cost-effective marker for evaluating patients with NSCLC
with lymph node metastasis. We suggest that by taking
advantage of the P16 expression state ahead of operable N2
disease, clinicians will be able to explore more options for
treating aggressive NSCLC cases. In addition, our data
strongly suggest that the new criteria of P16 are useful for

managing the clinical course and predicting prognosis in
patients with NSCLC since P16 expression was statistically
significantly related to survival, both DFS and DSS. One
limitation of this study was that unlike previous reports of
the expression of P16 being related to smoking (18, 19), we
did not find a connection between smoking and P16.

In this investigation, we used immunohistochemical
staining of TMA blocks and statistical analysis to evaluate
the predictive role of P16 in NSCLC and demonstrated that
negative P16 expression was significantly associated with
NSCLC with lymph node metastasis, and poor DFS and
DSS. Targeted therapy for the oncogenic mechanism of P16
action for regulation of tumor growth and metastasis might
be useful. To conclude, applying the new criteria of P16
expression is useful for detecting lymph node metastasis and
monitoring the clinical course of patients with NSCLC.
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