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Protein expression analysis for predicting recurrent
laryngeal squamous cell carcinoma
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Abstract. The expression of a number of proteins plays a major
role in predicting recurrent laryngeal squamous cell carcinoma
(LSCCQ). Thus, the aim of the present study was to investigate
the expression of 16 selected proteins as prognostic indicators
for recurrent and non-recurrent LSCC. Samples from a total
of 41 patients with LSCC were investigated by immunohisto-
chemistry. Digital image analysis was performed, and various
associated factors were calculated. Histoscore (H-score) and
receiver operating characteristic curves were used to divide
protein expression in high and low for predicting disease
recurrence. Disease-free survival (DFS) curves, crude hazard
ratios (HRs) and adjusted HRs were analyzed and compared.
Significantly different H-scores were found between the
recurrent and non-recurrent groups in terms of pRb and c-Met
expression. pRb was expressed at high levels in recurrent
LSCC, while c-Met was expressed at low levels. Patients with
low pRb expression had a longer DFS than those with high pRb
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expression (log-rank %2, 5.161; P=0.023). Patients with high
c-Met expression had a longer DFS than those with low c-Met
expression (log-rank 2, 6.441; P=0.011). Moreover, patients
with high pRb expression and low c-Met expression had the
shortest DFS (log-rank y?, 11.827; P=0.008). Differentiated
histological factors had an impact on the risk of recurrence
(Cox regression test; crude HR, 9.53; 95% confidence interval,
1.214-74.819; P=0.032). The present study demonstrated that
the grading of differentiated squamous cell carcinoma, pRb
and c-Met expression are the most useful prognostic factors
for the prediction of recurrent LSCC. These might be further
applied as potential markers for clinical use.

Introduction

Laryngeal cancer is one of the most common head and
neck cancers. Based on the Global Burden of Disease study
between 1990 and 2017, the incidence of laryngeal cancer
increased by 58.67%, from 132,740 to 210,610 cases. The
death- and disability-adjusted life-years were also increased
by 33.84 and 25%, respectively (1). The most common
diagnostic pathology is laryngeal squamous cell carcinoma
(LSCC) (2). Treatment modality depends on various factors,
including Tumor-Node-Metastasis (TNM) classification, and
health and financial status (3). In early stage LSCC, three
main options can be selected in single modality: Radiotherapy,
transoral laser microsurgery and open partial laryngectomy.
In advanced stage LSCC, combined modalities are applied;
surgery and postoperative radiotherapy have long been the
most common options (4). At present, numerous options
have become available. Conservation laryngeal surgery and
chemoradiotherapy are useful options as part of individualized
treatment. The treatment modalities were considered based on
host factor, tumor factor, surgeon factor, institutional factor,
academic research center and financial factor. The outcome of
every treatment approach can impact functional impairments,
long-term morbidity and quality of life. Recurrent disease also
reduces overall survival (OS) and disease-specific survival
(DSS) 9).

Tumorigenesis is universally investigated. Tumor formation
includes 10 major characteristics: Unlimited multiplication,
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evasion from growth suppressors, promoting invasion and
metastasis, resisting apoptosis, stimulating angiogenesis, main-
taining proliferative signaling, elimination of cell energy
limitation, evading immune destruction, genome instability and
mutation, and tumor-enhanced inflammation (6,7). However,
some clinical characteristics of tumor recurrence remain
unknown. In clinical practice, the TNM classification does
not indicate the responsiveness of treatment and tumor recur-
rence. The expression of a number of proteins can be used for
prognosis. However, a standardized prognostic protein expres-
sion is not yet established to assist in decision-making (4,8,9)
For example, epidermal growth factor (EGFR) is a member
of the ErbB family of tyrosine kinase receptors. It is thought
to play a major role in enhancing tumor growth, invasion and
metastasis. Studies in LSCC show an association between high
EGFR expression and poor prognosis, including OS (10,11). By
contrast, other studies revealed that EGFR overexpression is
associated with longer OS (12,13). Ki-67 is a nuclear protein
which can be detected in all cell cycle phases except GO. It
is associated with proliferation of normal and neoplastic cells.
In immunohistochemistry, it is considered an important prog-
nostic marker in various cancers including lung, brain, breast,
prostate, esophagus and kidney cancer (14,15). Ki-67 in LSCC
shows association between higher expression and advanced
clinical stage, pathological characteristics, nodal metastasis and
also shorter survival (16-19). By contrast, patients with LSCC
and higher Ki-67 expression have notably improved response
to radiotherapy compared with those patients with lower Ki-67
expression (20). The current study aimed to identify prognostic
factors based on protein expression to predict recurrent LSCC.

Materials and methods

Ethical process. All protocols in the current study were
approved by the Institutional Review Board (IRB) of the
Faculty of Medicine, Chulalongkorn University (approval
no. IRB 889/63; certificate of approval, Faculty of Medicine,
Chulalongkorn University no. 0158/2022; Bangkok, Thailand)
which also covered any research conducted at King
Chulalongkorn Memorial Hospital with the 1964 Declaration
of Helsinki. Written informed consent was obtained from all
individual participants included in the present study. Patients
diagnosed with LSCC through histological confirmation by
pathologists (K.R., N.K. and S.K.) were selected for inclu-
sion in the present study. The clinical data of the patients
were obtained from the Department of Otolaryngology, Head
and Neck Surgery, King Chulalongkorn Memorial Hospital
between January 2009 and December 2018. The medical
records of a total of 268 patients with LSCC were assessed for
inclusion in the present study. The exclusion criteria included:
1) Supraglottic in origin (122 cases); ii) referral without paraffin
block (37 cases); and iii) incomplete follow-up (68 cases).
Follow-up was done every 2 months during year 1 after treat-
ment, every 3 months in year 2 and every 6 months from year 3
to 5. The recurrence times were calculated from the last day
of treatment completion to the date of recurrence. Finally,
41 patients were included in the present study. There were
15 cases of recurrent LSCC and 26 of non-recurrent LSCC
(Fig. 1). The demographic data of the patients, including age,
sex, staging, histological grading, median recurrence time and

rate were retrieved from the clinical chart records. TNM stage
was categorized according to the 8th edition American Joint
Committee on Cancer TNM Staging System (3).

An immunohistochemical technique was used to
investigate the prognostic proteins between recurrent and
non-recurrent LSCC. Antibodies were selected based on
literature reviews and adapted from tumorigenesis (6). Cell
cycle, proliferation signal maintenance, cell replication and
survival, and cell-resistant apoptosis were considered in the
experiments of the present study. Furthermore, the mechanism
of recurrence was considered to be through angiogenesis
stimulation, tumor invasion and metastasis, and evasion from
growth suppressors. Finally, antibodies of Ki-67, pRb, cyclin
D1, pl6, c-Met, PI3K, HIF-1a, VEGF, B-catenin, pS3, RPA32,
CD44,BAX, BAK, Bcl-xl and Bcl-2 were examined (Fig. S1).

Immunohistochemistry. Laryngeal tissue was fixed in 4%
paraformaldehyde for 8 h at room temperature, then embedded
in paraffin and sliced into 3-um thick sections. The sections
were stained first with Mayer's hematoxylin (cat. no. C0303;
Diapath S.p.A) for 5 min and then stained with eosin
(cat. no. C0353; Diapath S.p.A) for 5 min at room temperature.
For pRb, the sections were heated in a water bath at 95°C with
Dako Target Retrieval Solution (Dako; Agilent Technologies,
Inc.) for 20 min. After washing with Tris Buffered Saline,
sections were incubated with mouse monoclonal pRb anti-
bodies (1:500, cat. no. 9307S; Santa Cruz Biotechnology,
Inc.) for 20 h at room temperature. Then, samples were
incubated for 20 min at room temperature with EnVision
reagent (Dako; Agilent Technologies, Inc.) and horseradish
peroxide. The visualization of the reaction was completed
with 3,3'-Diaminobenzidine solution. After that the sections
were stained with Hematoxylin II (cat. no. 790-2208; Roche
Diagnostics, Ltd.) for 12 min at room temperature and Bluing
Reagent for 4 min (cat. no. 760-2037; Roche Diagnostics, Ltd.)
at room temperature. Antibody information can be found in
Table SI. Positive controls were performed in each experi-
ment. Negative controls were performed in the same condition
without primary antibodies. Full slide images were reviewed
and evaluated by three pathologists under a light microscope
(BX45; Olympus Corporation; magnification, x40).

Scoring. The slides were evaluated by three pathologists (K.R.,
N.K. and S.K.) who were blinded from all clinical informa-
tion. All pathologists were trained and evaluated by a Cohen's
k coefficient 0.97. All immunostaining slides were scanned
using Aperio ScanScope XT (Leica Microsystems, Inc.). Image
analysis was automatically scored using Aperio ImageScope
(version 12.1.0.5029),and immunological expression was calcu-
lated by Nuclear (https://tmalab.jhmi.edu/aperiou/userguides/
ITHC_Nuclear.pdf; version 9) and Membranous algorithms
(https://tmalab.jhmi.edu/aperiou/userguides/IHC_Membrane.
pdf; version 9). For H-score assessment, the staining intensity
of malignant cells was categorized as O (negative), 1* (weak),
2* (moderate) and 3* (strong). Thereafter, the total number
of cells in each field and the number of cells stained at each
intensity were counted. The percentage of positive cells was
calculated following the formula of the H-score and reported
in range 0-300: H-score=(% of cells stained at 1* x 1) + (% of
cells stained at 2" x 2) + (% of cells stained at 3* x 3).



BIOMEDICAL REPORTS 20: 15, 2024 3

268 Patients with LSCC between
January 2009 to December 2018

Excluded 122 Patients of supraglottic and

subglottic cancer were excluded

146 Patients with LSCC

Excluded 37 Patients of case refer without

paraffin block and 68 patients of case
follow up incompletely were excluded

block

41 Patients with LSCC with paraffin

15 Patients with recurrent LSCC

26 Patients with non-recurrent LSCC

Figure 1. Flow chart of study selection. LSCC, laryngeal squamous cell carcinoma.

Statistical analysis. All pathologists were trained and evalu-
ated by a Cohen's «k coefficient (x index) 0.97. Data analysis
was performed using SPSS (version 23.0; IBM Corp.) and
GraphPad Prism (version 9.0; Dotmatics). The age, sex,
stage grouping, treatment modalities, histological grading
and lymphatic involvement of the patients were reported.
Significant factors to the number of recurrent LSCC were
analyzed using Pearson's y-test. Differences in H-score
between the recurrent and non-recurrent groups were tested
using the Mann-Whitney U test. Then, a receiver operating
characteristic (ROC) curve was analyzed to extract the
optimum cut-off point to distinguish high and low immuno-
logical expression. OS was analyzed and disease-free survival
(DFS) curves were plotted using the Kaplan-Meier method and
compared using the log-rank test. Crude HR and adjusted HR
were calculated using the Cox regression test. The significance
of tests was evaluated at 95% confidence interval (CI). P<0.05
was considered to indicate a statistically significant difference.

Results
Patients were divided into two groups based on clinical

information: The recurrent LSCC and the non-recurrent
LSCC group. Overall, the median OS of the patients in the

current study was 7.55 years. The median DFS was 5.95 years.
Patients with recurrent LSCC had a shorter OS than those with
non-recurrent LSCC (median, 4.73 vs. 9.14 years; P=0.003).
The 5-year DFS after treatment was 57.6%. Table I shows the
frequency of recurrent and non-recurrent LSCC in relation
to various parameters. A significant association was found
between histological grading (21) and number of patients with
recurrent LSCC (Pearson's % test, 4.374; P=0.036).

For immunohistochemistry, immunological expression was
detected in the nucleus of tumors: Ki67, pRb, RPA32, cyclin
D1, p53 and HIF-1a. Stained cytoplasm was detected in BAX,
BAK, Bcl-xl, c-Met, PI3K, B-catenin, pl6 and CD44. Weakly
stained cytoplasm was also identified in VEGF and Bcl-2.
Table SII shows the comparison of the median H-scores of 16
proteins between the recurrent and non-recurrent groups using
the Mann-Whitney U test. A significantly different H-score
was found between the recurrent group and the non-recurrent
group in terms of pRb (P=0.0014) and c-Met expression
(P=0.0012). The median H-scores of pRb were 194.90 and
98.80 for recurrent and non-recurrent LSCC, respectively
(Mann-Whiteney U test, P=0.014; Fig. 2A-C), and there was
a high expression in recurrent LSCC. The median H-scores of
c-Met were 103.60 and 178.20 for recurrent and non-recurrent
LSCC, respectively (Mann-Whitney U test; P=0.0012). The
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Table I. Clinical and pathological parameters of total LSCC (n=41), recurrent LSCC (n=15) and non-recurrent LSSC (n=26).

Characteristics Total LSSC, n Recurrent LSSC, n (%) Non-recurrent LSSC, n (%) P-value

Age, years 0.322
<60 12 3 (20.00) 9 (34.60)
>60 29 12 (80.00) 17 (65.40)

Sex N/A
Male 41 15 (100.00) 26 (100)

Female 0 0 (0.00) 0 (0.00)

Smoking 0.827
Never 7 2 (18.20) 5(21.70)

Current 17 5 (45.50) 12 (52.20)
Former 10 4 (36.40) 6 (26.10)
No data available 7

Alcohol 0.953
Never 7 2 (18.20) 5(22.70)

Current 20 7 (63.60) 13 (59.10)
Former 6 2 (18.20) 4 (18.20)
No data available 8

Stage 0.215
Early 7 4 (26.70) 3 (11.50)

Advance 34 11 (73.30) 23 (88.50)

Treatment 0.983

Definite radiation 7 3 (20.00) 4 (15.40)
Concurrent chemo radiotherapy 6 2 (13.30) 4 (15.40)
Radical resection 3 1 (6.70) 2 (7.70)

Post operation radiation 25 9 (60.00) 16 (61.50)

Histological grade 0.036*
Well-differentiated 25 6 (40.00) 19 (73.10)
Moderately-differentiated 16 9 (60.00) 7 (26.90)
Poorly-differentiated 0 0 (0.00) 0 (0.00)

Lymph node status 0.548
Negative 27 9 (60.00) 18 (69.20)

Positive 14 6 (40.00) 8 (30.80)

Anterior commissure invasion 0.446
Negative 16 7 (46.70) 9 (34.60)

Positive 25 8 (53.30) 17 (65.40)

"P<0.05. P-value calculated using the y>-test. LSCC, laryngeal squamous cell carcinoma; N/A, not applicable.

expression levels of c-Met were lower in recurrent LSCC than
in non-recurrent LSCC (Fig. 3A-C). A ROC curve was plotted
from the sensitivity and specificity of pRb and c-Met. The
optimum cut-off point of pRb to distinguish recurrent LSCC
was 125.8, which demonstrated a sensitivity and specificity
of 80.00 and 61.54%, respectively (Fig. 4A). For c-Met, the
optimum cut-off point was 166.9, which demonstrated sensi-
tivity and specificity of 85.71 and 61%, respectively (Fig. 4B).

All patients were followed up until recurrence or until
December 2018. Kaplan-Meier survival analysis for DFS
was completed, and results showed that patients with
well-differentiated LSCC had a longer DFS time compared
with that of patients with moderate-differentiation, with DFS

times of 6.95 and 4.32 years, respectively (log-rank %*=5.268;
P=0.022). For the expression of all proteins, data showed that
patients with low pRb expression had a significantly longer
DFS time (7.83 years) compared with those with high pRb
expression (4.34 years; log-rank %*=5.161; P=0.023; Fig. 5A).
By contrast, patients with high c-Met expression had a
longer DFS (7.98 years) compared with those with low c-Met
expression (4.54 years; log-rank ¥’=6.441; P=0.011; Fig. 5B).
Moreover, patients with high pRb and low c-Met expression
had a short DFS compared with high pRb and high c-Met, low
pRb and high c-Met and low pRb and low c-Met with DFS
2.40 years compared with patients with low pRb and high
c-Met expression (log-rank %*=11.827; P=0.008; Fig. 5C).
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Figure 2. (A) Median of H-score of pRb expression between recurrent and non-recurrent LSCC. Immunohistochemical staining of pRb in LSCC, (B) High pRb
expression (magnification, x40) and (C) low pRb expression (magnification, x40). “P=0.014, Mann-Whitney U test, VS non-recurrent LSCC. LSCC, laryngeal
squamous cell carcinoma; H-score, histoscore.
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Figure 3. (A) Median of H-score of c-Met expression between recurrent and non-recurrent LSCC. Immunohistochemical staining of c-Met in LSCC; (B) Low
PRbD expression (magnification, x40) and (C) high pRb expression (magnification, x40). “P=0.0012, Mann-Whitney U test, VS non-recurrent LSCC.
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Table II. Association between pathological factors and median recurrence time of total LSCC (n=41), recurrent LSCC (n=15)
and non-recurrent LSSC (n=26).

Patients with Incident
Total patients recurrent Person-years rate/100
Variables with LSCC, n LSCC,n DFS (95% CI) of Observation person years P-value
Histological grade 0.022¢
Well-differentiated 25 6 6.95 (5.375-8.520) 86.64 6.92
Moderately- differented 16 9 4.32(2.319-6.325) 354 2542
Poorly-differentiated 0 0 0.00 0.00 0.00
pRb expression 0.023*
Low 19 3 7.83 (6.345-9.312) 63.26 4.74
High 22 12 4.34 (2.655-6.017) 58.79 2041
c-Met expression 0.011*
Low 23 13 4.54 (2.806-6.273) 62.86 19.09
High 18 2 7.98 (6.729-9.234) 58.78 3.40
Combined markers 0.008*
Low pRb and high c-Met 11 1 6.26 (5.095-7.427) 29.67 3.37
Low pRb and low c-Met 8 2 7.08 (4.474-9.694) 33.59 5.95
High pRb and high c-Met 7 1 7.75 (5.591-99.909) 29.10 343
High pRb and low c-Met 15 11 240 (1.291-3.519) 29.27 34.16

“P<0.05. P-value calculated using the Kaplan-Meier test. LSCC, laryngeal squamous cell carcinoma.

A ROC curve pRb B ROC curve of c-Met
100 =
80 =
S R?
2 2> 60
= =
= £
o 3
3 § 40—
Cut-off point > 125.8 Cut-off point > 166.9
20 AUC=0.79 20 = AUC=0.80
Sensitivity=80% Sensitivity=85.71%
Specificity=61.54% Specificity=61%
0 T T T T 1 0 T T T T 1
0 20 40 60 80 100 0 20 40 60 80 100

100%-Specificity % 100%-Specificity %

Figure 4. ROC curve of (A) pRb and (B) c-Met expression. ROC, receiver operating curve; AUC, area under curve.

The incidence rate of recurrent LSCC in well-differentiated  with those with well-differentiated LSCC (Cox regression

LSCC was 6.92 cases per 100 person-years, while that in
moderately-differentiated LSCC was 25.42 cases per 100
person-years. For the combined high pRb expression and
low c-Met expression, the incidence rate of recurrent LSCC
was 34.16 cases per 100 person-years, more than that of other
combined settings (Table II).

Several factors were significantly associated with the risk
of recurrence and differentiation, including the expression
of both pRb and c-Met. There was a significant increase in
patients with moderately-differentiated LSCC compared

test; crude HR, 3.16; 95% CI, 1.12-8.92; P=0.030). In terms
of protein expression, the risk of recurrence increased in high
pRb and low c-Met expression compared with that in low pRb
and high c-Met expression (Cox regression test; crude HR,
9.53; 95% CI, 1.214-74.819; P=0.032).

The adjusted HR model analysis revealed the same results.
Histological grading was an independent prognostic factor for
recurrent LSCC (Cox regression test; adjusted HR, 4.19; 95%
CI, 1.321-13.268; P=0.015). High pRb and low c-Met expres-
sion were independent prognostic factors for recurrent LSCC
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Table III. Crude HR and adjusted HR analysis of factors associated with recurrent LSCC.
Variables Crude HR (95% CI) P-value Adjusted HR P-value
Histological grade

Well-differentiated | 1

Moderately-differentiated 3.16 (1.213-3.980) 0.030° 4.19 (1.321-13.268) 0.015*

Poorly-differentiated N/A N/A N/A N/A
Combined markers

Low pRb and high c-Met 1 1

Low pRb and low c-Met 2.54 (0.230-28.112) 0.447 1.41 (0.123-16.260) 0.781

High pRb and high c-Met 1.38 (0.086-22.109) 0.82 0.80 (0.048-13.153) 0.875

High pRb and low c-Met 9.53(1.214-74.819) 0.032¢ 8.73 (1.094-69.638) 0.041*

*P<0.05. P-value calculated using the Cox regression test. LSCC, laryngeal squamous cell carcinoma; N/A, not applicable; HR, hazard ratio.

A Disease free survival B Disease free survival
104 pRb Expression 1.04 c-Met Expression
: - Low expression ’ - High expression
-~ High expression - Low expression
-+ Low expression-censored -+ High expression-censored
0.8 -+ High expression-censored 0.8 4 -+ Low expression-censored
I - . 5
Z 067 Log rank test P=0.023 z 067 Log rank test P=0.011**
5 5
n n
g g
3 044 3 041
0.2+ 0.24
0.0 0.0
T T T T T T T T T T T T
0.00 2.00 4.00 6.00 8.00 10.00 0.00 2.00 4.00 6.00 8.00 10.00
Recurrent time (years) Recurrent time (years)
C Disease free survival
1.0 Combine marker
ﬂl - Low pRb and High c-Met
- Low pRb and Low c-Met
0.84 High pRb and High c-Met
- High pRb and Low c-Met
_ =+ Low pRb and High c-Met-censored
g 0.6 -+ Low pRb and Low c-Met-censored
3 High pRb and High c-Met-censored
@ Log rank test P=0.008*** onp 9
g 0.4 -+ High pRb and Low c-Met-censored
30
0.29
0.01
0.00 2.00 4.00 6.00 8.00 10.00

Recurrent time (years)

Figure 5. Kaplan-Meier survival analysis for disease-free survival and expression of (A) pRb, (B) c-Met and (C) combined marker. (**"P<0.05, log-rank ).
Censored refers to the time of observation.

(Cox regression test; adjusted HR, 8.73; 95% CI, 1.094-69.638;
P=0.041; Table III).

Discussion

In clinical practice, it is challenging to identify a prognostic
factor that can predict the treatment outcome of LSCC. TNM
staging is not a precise and accurate marker for prognostic
outcomes (15,22). Patients with identical TNM staging may

have a variable clinical course, response to treatment and
prognosis.

In the current study, a significant association between histo-
logical grading and recurrent LSCC and DFS was found. The
present study is consistent with previous studies; Wang et al (23)
found an association between well-differentiated LSCC and
OS. A previous study on 998 patients with LSCC showed that
patients with well- to moderately-differentiated LSCC had
notably improved survival outcomes, including DSS, DFS and
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OS, than patients with poorly-differentiated LSCC; that study
included all supraglottic, glottic and subglottic LSCC (24).
Meanwhile, the present study focused only on glottic cancer.
It was considered that supraglottic and subglottic LSCC might
affect the prognosis. Chen et al (25) studied 110 patients with
LSCC, and there were 55 patients with well-differentiated and
poorly-differentiated LSCC, including all subsites. Patients
with well-differentiated LSCC were found to have significantly
different OS (HR,0.18; 95% CI,0.07-0.46; P=0.001), DSS (HR,
0.16; 95% CI, 0.05-0.45; P<0.001) and DFS (HR, 0.17; 95% CI,
0.07-0.41; P=0.003) than patients with poorly-differentiated
LSCC. Another study on all subsites of 250 patients with early
glottic LSCC found that the risk of mortality of patients with
poor-differentiation was 1.45-fold more than that of patients
with a well-differentiated tumor (HR, 2.45; 95% CI, 1.19-5.40;
P=0.01) (26). By contrast, Piccirillo ef al (27) studied 196
LSCC cases and found no statistical significance between
histological grading and symptom duration, and survival rate.

The location of tumors at the anterior commissure was
frequently discussed as a prognostic factor. In the present study,
tumor location was not significantly associated with recurrent
LSCC. By contrast, numerous previous studies showed signifi-
cance in terms of local control and recurrence (28-35). However,
due to the small sample size of the present study, the significance
of local control and recurrence rate was not determined.

In immunohistochemistry, the expression of 16 proteins
was investigated in accordance with tumorigenesis. The results
showed a statistically significant expression only in pRb and
c-Met. pRb is a protein product of the RB tumor suppressor
gene. It controls the cell cycle, preserving genetic integrity and
mediating cell differentiation (36). It plays a role in the negative
control of the cell cycle and tumor progression. It works at the
G1 checkpoint for block entrance of S-phase and inhibits cell
progression. The loss of pRb function may lead to cell cycle
dysregulation and malignant transformation. Similarly to a
previous study, a high pRb expression showed higher recurrent
LSCC and lower DFS (37). Moreover, Mizokami et al (38)
found that the loss of pRb expression was associated with
invasive tumor behavior, such as high T classification or histo-
logical grade, which could predict disease relapse. Similarly,
Lee et al (39) found that a low pRb expression could be notable
in predicting recurrence and 3-year DFS.

c-Met, a mesenchymal-epithelial transition factor, is
a transmembrane receptor of tyrosine kinase found on
the surface of various epithelial cells. Hepatocyte growth
factor/scatter factor (HGF/SF) is a common ligand to c-Met
receptors (40,41). A disruption of HGF/c-Met signaling
can cause uncontrolled proliferation, motility, invasion and
angiogenesis that could lead to head and neck squamous
cell carcinoma (HNSCC) (42). The present study obtained
results different from those of previous meta-analyses (43-45).
The present study was shown that a lower c-Met expression
had higher recurrence and shorter DFS. Crossing over with
previous studies, a higher c-Met expression had a predisposi-
tion for tumor recurrence, and was associated with shorter OS
and DFS (43-45). Immunohistochemistry results were also
considered. The small sample size and the different clones of
primary antibodies might affect the results.

Results showed that pRb and c-Met are co-expressed
in HNSCC. They play a major role in the cell cycle and

tumorigenesis. They could lead to uncontrolled cell cycle, cell
proliferation, invasion, angiogenesis, affecting tumor recurrence
and survival. However, their precise associated functions are not
revealed. The small sample size and different clones of primary
antibodies used in the present study might affect the differ-
ence. Moreover, the variant molecular and subsequent cellular
alterations might impact the results. Further large-scale studies
including multiple cohorts should be performed.

In clinical practice, it will be useful to define the risk of
recurrent LSCC based on pRb and c-Met expression from
routine pathological reports. Currently, there are small
molecule inhibitors and monoclonal antibodies of c-Met in
various trials. One of them is crizotinib which was examined
in a phase I cohort study of gastroesophageal cancer to check
the responses to Met-amplified metastatic disease (46). In the
part of pRb, it works with mechanism of the cyclin-dependent
kinase 4 and 6 (CDK4/6) inhibitors. The United States
Food and Drug Administration has approved three agents:
Palbociclib, ribociclib and abemaciclib for the treatment
of advanced breast cancer in combination with endocrine
therapy (47). In locally advanced HNSCC, there is currently
no clinical use of CDK4/6 inhibitors concurrently with radio-
therapy (48). Further research could provide the potential for
targeted therapeutic agents in the future.

In the current study, the degree of differentiation of SCCA
is an important clinicopathological factor in predicting recur-
rent LSCC. The immunohistochemistry of the biological
markers pRb, and c-Met is the most useful prognostic factor
for distinguishing recurrent from non-recurrent disease. The
present study showed that the combined upregulated pRb
expression and downregulated c-Met expression is useful in
predicting recurrent LSCC. The assessment of pRb and c-Met
expression should be considered in clinical practice.
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