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ABSTRACT

Background: The study was done with the objective to study the expression of epidermal growth factor receptor
(EGFR), cyclin D1 and Ki-67 in laryngeal squamous cell carcinoma and to assess the correlation of all three
proliferation markers with various clinic-pathological parameters, the treatment outcomes as well as survival.
Methods: We prospectively evaluated the surgical specimens of 72 laryngeal squamous cell carcinoma (LSCC)
patients, treated with primary surgery and post-operative adjuvant therapy. Tumor tissue samples were analysed for
the expression of EGFR, cyclin D1 and Ki-67 markers and analysis were done by immune-histochemistry and
western blot test.

Results: EGFR showed significant expression in 67.6% and was insignificant in 31.9% patients in our analysis of 72
tumor samples. Cyclin D1 showed intense expression in 43%, and was insignificant in 57% patients. Ki-67 was
intensely expressed in 43% patients. There was no correlation between expression of these markers with age, T-stage
and N-stage. However, all the three markers showed significantly intense expression in tumours with extra capsular
disease as well as perineural invasion (PNI) both of which are features of invasiveness of the tumor.

Conclusions: Estimation of biomarkers such as EGFR, cyclin DI, and Ki-67 could be beneficial in predicting tumor
aggressiveness, prognosis and survival in LSCC patients. Thus, all the three proliferation markers can be categorized
as markers of invasiveness. Combination of proliferation markers-EGFR, cyclin D1 and Ki-67 is useful pre-
operatively in planning surgical strategies so as to decide a more radical approach for the resection of the primary as
well as neck dissection.

Keywords: Cyclin D1, Epidermal growth factor receptor, Ki-67, Laryngeal squamous cell carcinoma, Proliferative
markers

INTRODUCTION male to female ratio of 3.6:0.5.) More than 90% of

laryngeal malignancies are squamous cell cancers and
Laryngeal squamous cell carcinoma (LSCC) is the most among these, more than 60 % tumours originate from
common malignant neoplasm of the upper aero-digestive glottis and supra-glottis V¥h||e in less than 5% of cases
tract in adults. LSCC accounts for about 1.9% of all originate from sub-glottis.

cancers in males and 0.3% of all cancers in females, with
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The increasing use of chemo and radiotherapy and
conservative surgery to preserve organs and their
functions has probably led to a better quality of life in
patients with laryngeal cancer, but has definitely failed to
improve survival, which consistently remain as the
primary objective. These might be due to lack of
prognostic stratification of LSCC patients as the
combination of clinical and histological parameters has
not been sufficiently reliable. Molecular characterization,
by the study of molecular prognostic and predictive
factors, is a more recent method of defining
homogeneous sub-groups for clinical aggressiveness. In
this context, tumor markers play a promising role.?3

Tumorogenesis in LSCC is multi-factorial and a multi-
step process which involve number of tumor markers. A
huge number of tumor markers have been studied
individually and in combination for their role in both
tumorogenesis and prognosis of LSCC.%7 This includes
various apoptotic markers, proliferative markers,
inflammatory markers, viral markers, etc. Systematic
study of biological markers can be integrated into clinical
practice in the phases of prevention, diagnosis, prognostic
assessment, treatment selection and synthesis of new
drugs.

Here, in the current study the expression of three different
proliferation markers {epidermal growth factor receptor
(EGFR), Cyclin DI and Ki-67} were studied in LSCC
patients. These markers were selected based on
commercial availability and encouraging literature.
Numerous studies in the literature have stated the role of
all these markers in tumorigenesis, diagnosis, prognosis
as well as therapeutic management of the LSCC and
other types of cancer.®?

The present study was postulated to study the expression
of three proliferation markers in LSCC. The study also
aimed to establish the correlation of all three proliferation
markers with various clinical and histo-pathological
parameters, treatment outcomes as well as survival in
patients with LSCC. It also aimed to identify the role of
these markers with some of the known adverse prognostic
factors in LSCC patients and also in prediction of poor
prognostic groups that need additional treatment
approaches.

METHODS
Patient selection

This was a prospective cohort study. Patients with
laryngeal squamous cell carcinoma who were treated
with surgery and postoperative adjuvant treatment in the
period 2001 to 2011 in the department of surgical
oncology were selected for the study. The surgical
specimens of 72 patients with LSCC who were treated
with primary surgery and post-operative adjuvant therapy
were evaluated. The primary site of disease was
identified at three different sub-sites (glottis, supra-glottis

and sub-glottis) in the larynx. Clinical staging was done
prior to surgery based on AJCC classification.’* All
patients with either T3 or T4 disease with/without
cervical lymphadenopathy based on clinical, radiological
and endoscopic evaluation were considered suitable to
undergo primary surgery. Pathological staging of the
disease based on the histo-pathological features of the
resected specimen was done based on the above staging
system and grouped accordingly for the study. All
patients received radical post-operative radiation or
concurrent chemo-radiation. All 72 patients completed
the intended treatment and were followed up till
December 2016.

Inclusion criteria

Patients with advanced laryngeal squamous cell
carcinoma who underwent primary laryngectomy with
post-operative adjuvant treatment were included.

Exclusion criteria

Patients with recurrent laryngeal squamous cell
carcinoma and patients with early laryngeal carcinoma
were excluded.

Sample collection

Tumor tissue samples were analyzed for the expression of
proliferation markers (EGFR, cyclin D1 and Ki-67).
The informed consent was obtained from all patients
prior to study conduct. After surgery, tumor tissue from
the surgical specimen was collected and tissue was snap
frozen in liquid nitrogen until analysis.

Experimental methodology

Analysis of cellular markers such as EGFR, cyclin DI and
Ki-67 was done by immuno-histochemistry and western-
blot test. Immuno-histochemistry of the tissue was carried
out using the standard streptavidin-biotin method. In
brief, tissue sections were treated with hydrogen peroxide
to block endogenous peroxidase activity followed by
treatment with bovine serum albumin to reduce non-
specific binding. Antigen retrieval was done using
microwave method. This was followed by incubation of
the sections with specific primary antibodies in
appropriate dilutions. The sections were then incubated
with biotinylated secondary antibody followed by
streptavidin-peroxidase conjugate. The final reaction
product was visualized using diamino benzidine. The
sections were counterstained with hematoxylin and
mounted in DPX mountant.

The intensity of staining of the markers was scored as 0
(<10%), 1+(10-25%), 2+(25-75%) and 3+(>75%) for no
staining, mild, moderate and intense staining,
respectively. To make the data more compact and
homogenous, nil and mildly stained tumors were
analyzed as one single category (mild/insignificant) and;
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moderately and severely stained tumors were analyzed as
another category (intense/significant).

Statistical analysis

Statistical analysis was done using SPSS statistical
software. Frequency tables were tested for association
using chi- square test. Differences between observed
values and clinical parameters were done using analysis
of variance (ANOVA). Linear and multiple regression
analysis was followed by a discriminative and
multivariate analysis. Actuarial survival curves along
with Mantle—cox statistics was used to evaluate
significance of clinical and survival difference.

Data were analyzed using STATA IC/11.2 software
package. Chi squared test or exact test were used to test
the association between the various clinicopathological
variables and molecular marker expression. Logistic
regression analysis was used to estimate the odds ratios
and 95 % confidence intervals. Log rank test was used to

test the equality of survivor functions. The survival (%)
was derived by using life table method. Log rank test is
used to compare the survival experience between groups.

RESULTS

We evaluated specimens of total 72 patients with LSCC
who underwent primary surgery and received post-
operative adjuvant therapy. The expression of EGFR,
cyclin D1 and Ki-67 was established in each patient. The
correlation of all three proliferation markers was
recognized with different clinico-pathological variables
and also with survival rate. The expression of all three
proliferation markers (EGFR, cyclin DI and Ki-67) was
significant in older patients with age >60 years compared
to <60 years patients (p=0.04). Table 1, delineates the
expression (mild or intense) of EGFR, cyclin D1 and Ki-
67 and; their correlation with various clinic-pathological
variables. Median follow-up duration for the whole
included cohort was 2.54 years (follow-up ranges from 5
months to 72 months).

Table 1: Expression of EGFR, cyclin D1 and Ki-67 and their correlation with clinico-pathological variables.

Variables Mild Intense

N(@) N(%) N (%)
Age group (in years) 72 (100) 23 (31.9) 49 (68.05)
<60 43 (59.7) 17 (39.5) 26 (60.5)
>60 29 (40.3) 6 (20.7) 23(79.3)
Sub-site
Supra-glottis 19 (51.4) 9 (47.4) 10(52.6)
Glottis 47 (65.3) 14 (29.3) 33(70.2)
Sub-glottis 6 (15.3) 00 6 (100)
T-stage
T3-stage 29 (40.3) 8(27.6) 15(34.9)
T4-stage 43 (59.7) 21 (72.4) 28 (65.1)
Nodal stage
Node negative 35 (48.6) 9 (25.7) 26 (74.3)
Node positive 37 (51.4) 14 (37.8) 23 (62.2)
Grade
Well differentiated 18 (25) 6(33.3) 12 (66.7)
Moderatel
dimremia’é d 51 (70.8) 16 (31.4) 35 (68.6)
Poorly differentiated 3 (4.2) 1(33.3) 2(66.7)
Extra capsular spread
Absent 59 (81.9) 23(39) 36 (61)
Present 13(18) 00 13 (100)
Perineral invasion
Absent 53 (73.6) 23 (43.4) 30 (56.6)
Present 19 (26.4) 00 19 (100)
Treatment failure
Absent 51 (70.8) 18 (35.3) 33 (64.7)
Present 21 (29.2) 5(23.8) 16 (76.2)
Mortality
Alive 57 (79.2) 19 (33.4) 38 (66.7)
Dead 15 (20.8) 4 (26.7) 11(73.4)

P

value

0.09

0.09
0.59
0.05

0.515

0.27

0.006

0.001

0.342

0.622

Mild
N (%)

41 (56.9)
25 (58.1)
16 (55.2)

Mild
N (%)

41 (56.9)
27 (62.8)
16 (37.2)

P
value

Intense P
N (%) value
31(43) --

14 (48.3)

15 (51.7) 0.222

Intense
N (%)

31 (43)
18 (41.9)
13 (44.8)

0.803

7 (36.2)
21 (44.7)
4 (66.7)

12 (63.8) 0.52
26 (55.3) 0.74
2(33.3) 0.392

8 (42.9)
21 (44.7)
3 (50)

11 (57.1) 0.92
26 (55.3) 0.703
3(50) 1

16 (55.2)
25 (58.1)

13 (44.8)
18 (41.9)

18 (62)
23 (53.5)

11 (37.9)

0.803 20 (46.5)

0.471

18 (51.4)
23 (62.2)

17 (48.6)
14 (37.8)

18 (51.4)
23 (62.2)

17 (48.6)

0.358 14 (37.8)

0.368

8 (44.4)
31 (60.8)
2 (66.7)

10 (55.6)
20 (39.2) 0.457
1(33.3)

9 (50)
30 (58.8)
2 (66.7)

9 (50)
21 (41.2) 0.824
1(33.3)

41 (69.5)
00

18 (30.5) 0.000
13 (100) 1

41 (69.5)
00

18 (30.5) <0.00
13 (100) 1

41 (77.4)
00

12 (56.6) 0.000
19 (100) 1

41 (77.4)
00

12 (22.6) <0.00
19 (100) 1

31 (60.8)
10 (47.6)

20 (39.2)
11 (52.4)

32 (62.8)
9 (42.9)

19 (37.2)

2D 12 (57.1)

0.121

32 (56.1)
9 (60)

25 (43.8)
6 (40)

32 (56.1)
9 (60)

25 (43.8)

0.788 6 (40)

0.788

ECS: extra capsular spread, EGFR: epidermal growth factor receptor, PNI: perineral invasion.
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Table 2: Correlation of EGFR, cyclin D1 and Ki-67 expression with clinic-pathological variables and treatment outcome.

Variables ;I'Ijeatment = Death Treatment Death Treatment

_ _ ailure value value  failure value value  failure value value
I U U el —t
e WS 1 B350 2w 81w 20w BT
r T s s L sl a0 0 g 04 g 01 g, 09
o WS BT op B3 oo B0 om BIoom S5 os 4
N- N -ve :\:':(Ie?]se é}lé 0.23 % 0.64 El— 0.02 ;g+ 0.44 % 0.027 ;gz— 0.44
TN e sa 1 a1 i 0% i 0B ge—— 1 Gy o
o No E%z]se ggg 0.53 (;)é+0.34 (;:2;:;—1 EE’)':)%O.B gé:g—o.O? §§+0.4S

Yes Intense 80.7 0.631 SGTO.% TO.OQ WO.OS TO.lGS WO.SOZ
e e e G S e G

Yes Intense 538 0.093 gz 0.224 T 049 —og 030 ggg 0087 —oou—— 0081

ECS: extra capsular spread, EGFR: epidermal growth factor receptor, PNI: perineral invasion.
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Table 3: Correlation of EGFR, cyclin D1 and Ki-67 expression and various clinic-pathological variables with over-all and disease-free survival at 2 and 5 years.

Variables oo Bl
2yr 5yr P 2yr 5yr P 2yr 5yr P 2yr 5yr P 2yr 5yr P 2yr  5yr P
_ (%) (%) value (%) (%) value (%) (%) value (%) (%) value (%) (%) value (%) (%) value
60 tense 764 224 1 956 238 - 755 g2 040 835 334 %% 789 158 859 429 020
r T e 100 15 L o3 a1 ! 15 e % wme es 92 15 &1 %% a7 aer OM
T e wrs 374 %% m6 eor °2 a5 36 O we 15 OB s o0 ! me rac O
L e e 575 s %% o5 s OB op as %4 1 s %% g5 ame 0% g5 g0y OO
S0 e 507 413 B 505 245 B 25 47 OO 525 25 10O o5 sca MO 2o o20 B
e ﬂt: §31? 5212 1 §2—§ g?:ﬁ 1 W 015 §‘212 §1‘:2 1 §§:£ gi:ﬁ 015 % 07
Yes Intense 839 16.7 02 “g39 359 09 “g39 168 OB 839 359 09 “g3g 167 0% 599 359 008
o oM EIBT BIEI o Wrmlos S0Hle 281w u o
Y Cintense 943 567 U 923 807 09 74 se6 O3 023 807 0% o1 566 00 9p3 g 016

DFS: disease free survival, ECS: extra capsular spread, EGFR: epidermal growth factor receptor, OS: over-all survival, PNI: perineral invasion.
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EGFR showed intense expression in 49/72 (68.05%), and
mild/insignificant expression in 23/72 (31.9%). This
showed intense expression in all cases with perineural
invasion (PNI) 19/19 (p=0.0001) and also in tumours
with extracapsular extension (13/13). There were twenty-
one cases of treatment failure and 16/21 (76.2 %) showed
intense expression of EGFR compared to 33/51 (64.7 %)
successfully treated patients (p=0.342).

Cyclin D1 showed intense expression in 31/72 (43%)
patients and mild in 41/72 (57%) patients. Cyclin D1 as
per our analysis showed no significant difference in the
intensity as the T-stage, N stage or grade of tumor
advances, it showed statistically significant intense
expression in tumors with ECS (92.3%) as well as PNI
(94.7%) (p<0.0001).

This marker showed intense expression in 8/13 (51.5%)
tumors with pyriform fossa (PFS) extension compared to
23/59 (38.9%) without PFS extension (p=0.057). When
we studied the Cyclin D1 expression in node negative
patients, those with intensely expressed cyclin D1
showed worse disease-free survival compared to Cyclin
D1 insignificant expression (at 5 years - DFS 83.8% and
43.6%, respectively; p=0.02). Out of 15 patients who
died, 6 (20.5%) patients showed intense expression of
cyclin D1 and 9 (11.5%) patients showed only minimal
expression (p=0.788).

Ki-67 was intensely expressed in 31/72 (43.1%) and
mildly expressed in 41/72 (56.9%) patients and absent in
6 (8.3%) patients. It was expressed in 6/13 (46.1%) and
25/59 (42.1%) patients with and without PFS extension,
respectively (p=0.039). Our study displayed a positive
correlation of Ki-67 expression with ECS (p=0.0001) and
PNI (p=0.0001). The treatment was unsuccessful in 21
patients and of these, 12 (57.1%) showed intense
expression of Ki-67 as compared to 19/51 (37.3%) who
were successfully treated (p=0.121).

The percentages of treatment failure and death in patients
with mildly or intensely expressed EGFR, cyclin D1 and
Ki-67 in different clinic-pathological variables are
individually mentioned in Table 2. Furthermore, Table 3
demonstrate the survival analysis (overall and disease-
free survival) based on EGFR, cyclin D1 and Ki-67
expression and its correlation with different clinico-
pathological variables.

DISCUSSION

This study evaluated the expression of three proliferative
markers such as EGFR, cyclin D1 and Ki-67 in the
specimens of total 72 patients of LSCC who underwent
primary surgery. The correlation of expression all three
proliferative markers with various clinic-pathological
parameters was also established in addition to the
survival analysis. The expression of all three proliferation
markers (EGFR, cyclin DI and Ki-67) was significant in
older patients with age >60 years compared to <60 years

patients (p=0.04). This stressed the importance of
evaluating these markers in the older age group which
may help in their prognostication.

EGFR

EGFR is a cell surface membrane receptor protein which
gets activated when specific ligands such as epidermal
growth factor and tumour growth factor binds with it. It
initiates a cascade of reactions which ultimately lead to
DNA synthesis. EGFR mutation was known to be
associated with LSCC. EGFR showed significant
expression in 49 (67.6%) patients in the present analysis
of 72 tumor samples. Various previous studies have also
demonstrated over-expression of EGFR in more than 50
% of cases which depicted its association with carcinoma
of larynx.8%15 EGFR over-expression/amplification may
be considered as a valuable predictor of tumor
aggressiveness/invasiveness and metastatic potential for a
cost-effective treatment.

In the present study, EGFR showed significantly intense
expression in all the tumours with extra capsular spread
(ECS) (13/13) as well as with PNI (19/19) (p<0.0001)
and both of these have been deliberated as features of
invasiveness of tumor. Wei et al.® also showed that EGFR
over-expression did not correlate with the tumor
behaviour, even though its expression was significantly
higher in malignant tissues than in non-malignant tissues.

In previous studies, EGFR expression has been linked
with a higher probability of relapse, poor prognosis and
relative resistance to chemotherapy and radiotherapy.>%°
In the present study, 16/21 (76.2%) treatment failure
patients and 33/51 (64.7%) successfully treated patients
showed intense EGFR expression which was not
statistically significant (p=0.34). Major published studies
presented contradictory verdicts regarding the role of
EGFR in the survival of carcinoma patients. In a study by
Almadori et al.® EGFR status appeared as an
independent prognostic factor for disease free survival in
laryngeal cancer patients. At 5 years follow-up in this
study, recurrence free survival was 66% for patients with
EGFR-negative tumors compared with 15% for patients
with EGFR-positive tumors. Number of previous studies
proved that over-expression of EGFR has been associated
with an increased risk of death from disease 31618
However, our study didn’t reveal any association between
EGFR and survival.

Cyclin D1

Cyclin D1 is a member of the cyclin protein family that
regulate cell cycle progression. The synthesis of cyclin
D1 has been initiated during G1-phase of cell cycle and
drives the GI/S phase transition. Defects in cyclin D1
regulation proposed to be responsible for absence of
growth control in cancer cells. Cyclin D1 has been
implicated in the development and progression of several
cancers including breast, oesophagus, bladder and lungs.
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Cyclin D1 intense expression is seen in 40-70 % of
LSCC.101120 In  present study, cyclin D1 showed
intense/significant expression in 31/72 (43%) patients.
Simsek et al showed cyclin D1 expression in 70 % of
LSCC.% Similarly, a study by Kapral et al also showed
significantly higher expression of cyclin D1 in laryngeal
tumor tissue compared to surrounding non-neoplastic
tissues. !

The over-expression of cyclin DI and its association with
clinico-pathological features in LSCC has been analysed
in various studies.?>? Although cyclin D1 as per our
analysis showed no significant difference in the intensity
as the T-stage, N-stage or grade of tumor advances, it
showed statistically significant intense expression in
tumors with ECS (92.3%) as well as PNI (94.7%)
(p<0.0001).

Cyclin D1 over-expression has yielded contradictory
results, i.e. most authors reported the correlation of
overexpression with a poor outcome and it also enhanced
radio-sensitivity in some studies. Pignatatro et al, found a
significant association between cyclin D1 over-
expression and tumour recurrence, however loachim et
al, didn’t find any correlation between cyclin D1
expression and treatment failure.?4#?> Our present study
displayed no association between cyclin D1 and survival.
In support to the present finding various studies in
literature also represented no correlation with survival
and expression of cyclin D1.222627 Literature stated that
intense cyclin D1 expression has been associated with
increased risk of death and its over-expression has been
correlated very well with bad prognosis among laryngeal
tumors.31028-30 Cyclin D1 plays an important role in cell
cycle and that might be the reason for worse prognosis of
its over-expression.

In LSCC, patients with node positive disease have higher
chances of disease recurrence. However, when we studied
the cyclin D1 expression in node negative patients, those
with intensely expressed cyclin D1 showed worse
disease-free survival compared to cyclin D1 insignificant
expression (at 5 years- DFS 83.8% and 43.6%,
respectively; p=0.02). This indicated that intense
expression of cyclin D1 affects the disease-free survival
even in relatively good prognostic group. This study
suggested that, the patients with clinically node negative
and intensely expressed cyclin D1 would do better with
neck dissection or irradiation even though this might not
be the standard treatment. However, this needs to be
confirmed in randomised trials.

Ki-67

Ki-67 is a non-histone nuclear protein expressed in
proliferating cells and used as cell proliferative marker.
Its exact role in cell division has not been elucidated yet,
however recently its role in various carcinomas including
carcinoma of larynx has been established.'?%! This study
revealed the intense expression of Ki-67 in 31 (43%)

patients. Similarly, in a study by Mondal et al, the mean
Ki-67 labelling index in hyperplasia, dysplasia and
carcinoma were 12.15%, 22.03% and 35.53%,
respectively.’? This signifies the role of Ki-67 in
carcinogenesis of LSCC. In contrary to the present study,
literature stated positive correlation of Ki-67 expression
and tumor grades.'?32% However, the present study
displayed a positive correlation of Ki-67 expression with
ECS (p=0.0001) and PNI (p=0.0001) which has not been
established previously.

No significant correlation was observed of Ki-67
expression with treatment failure and survival in the
current analysis. Nichols et al, in a retrospective study on
75 patients with T1-T2 glottic squamous cell carcinoma
treated with radiation therapy revealed a strong
correlation between Ki-67 expression and recurrence
following radiation. However, the relationship has not
been proved yet as some authors demonstrated higher Ki-
67 index to be a positive predictor, whereas other studies
found the reverse.3*371% Thus, more studies in future are
needed to establish its correlation with recurrence and
survival after treatment.

An important finding was that the patients with node
negative and intense expression of Ki-67 showed poor
disease-free survival compared to those with insignificant
expression (at 5 years - 43.6% and 84.8%, respectively;
p=0.02). This finding has been considered crucial as Ki-
67 expression could be useful as a prognostic factor in
node negative cases. Overall survival has not affected
which suggested that Ki-67 predicted for recurrence and
salvage treatment was effective as a prognostic factor in
node negative cases. This would reduce the need for
unnecessary treatment in patients who are not likely to
relapse.

The present finding bridges the gap in knowledge as till
date no study in the literature stated the association of
EGFR, cyclin D1 and Ki-67 expression with the risk of
ECS and PNI in LSCC. The results suggested that
estimation of all these proliferation markers may be used
in planning pre-operative surgical strategies and also
guide towards more radical approach for the resection of
the primary as well as neck dissection. High intensity
EGFR was predictive of involvement of contralateral
lymph nodes which may indicate a need for contralateral
neck dissection. All the three proliferation markers
EGFR, cyclin D1 and Ki-67 can be categorized as
markers of invasiveness. No other studies till date has
studied this combination using commercially available
kits.

Study limitation

Despite of these positive results, the study carries some
limitations such as limited number of enrolled patients
thus analysed limited cases. There were limited number
of tumour tissue for the marker analysis. Thus, in future
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large-scale study should be performed which add on the
significance to this study.

CONCLUSION

Overall, from the results of this study, it can be concluded
that biomarkers can be considered as beneficial in
predicting aggressiveness of tumor and poor prognosis of
the treatment. It can be proposed that in advanced cases
of LSCC, estimation of EGFR, cyclin DI, and Ki-67 may
be advantageous in planning therapeutic strategy and can
form the integral part in work-up of these cases.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee

REFERENCES

1.

Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre
LA, Jemal A. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA:
Cancer J Clinicians. 2018;68(6):394-424.

Friedrich BS, Friedrich R, Lautenschlager C,
Holzhausen H, Roser K. Expression and distribution
of basement membrane proteins in rat larynx and
trachea following irradiation. Anticancer Res.
2003;23(2A):877-84.

Bradford CR, Kumar B, Bellile E, Lee J, Taylor J,
D'Silva N, et al. Biomarkers in advanced larynx
cancer. Laryngoscope. 2014;124(1):179-87.

Alao JP, Stavropoulou AV, Lam EW, Coombes RC,
Vigushin DM. Histone deacetylase inhibitor,
trichostatin A induces ubiquitin-dependent cyclin
D1 degradation in MCF-7 breast cancer cells.
Molecular Cancer. 2006;5(1):8.

Ang KK, Andratschke NH, Milas L. Epidermal
growth factor receptor and response of head-and-
neck carcinoma to therapy. Int J Radiation Oncol
Biol Physics. 2004;58(3):959-65.

Bourdon JC, Renzing J, Robertson P, Fernandes K,
Lane D. Scotin, a novel p53-inducible proapoptotic
protein located in the ER and the nuclear membrane.
J Cell Biol. 2002;158(2):235-46.

Cordes C, Muenzel AK, Rudolph P, Hoffmann M,
Leuschner I, Gottschlich S. Immunohistochemical
staining of Ki-67 using the monoclonal antibody Ki-
s11 is a prognostic indicator for laryngeal squamous
cell carcinoma. Anticancer Res. 2009;29(4):1459-
65.

Tsiambas E, Stavrakis |, Lazaris A, Karameris A,
Patsouris E. Evaluation of epidermal growth factor
receptor gene and chromosome 7 alterations in
squamous cell carcinoma of the larynx, using
chromogenic in situ hybridization on tissue
microarrays. J Laryngol Otol. 2007;121(6):563-70.
Wei Q, Sheng L, Shui Y, Hu Q, Nordgren H,
Carlsson J. EGFR, HER2, and HER3 expression in

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

laryngeal primary tumors and
metastases. Annals Surgical
2008;15(4):1193-201.

Simsek G, Han U, Onal B, Koybasioglu FF, Akin I,
Dagli M. Expression of cyclin D1, p27, p21, bcl-2,
and p53 in laryngeal squamous cell carcinoma and
an investigation of the correlation with conventional
prognostic ~ factors.  Turkish J Med Sci.
2013;43(1):27-32.

Kapral M, Mrozik SB, Kowalczyk M, Paluch J,
Gola J, Gierek T, et al. Transcriptional activities of
histone H3, cyclin D1 and claudin 7 encoding genes
in laryngeal cancer. European Archives Oto-Rhino-
Laryngol. 2011;268(5):709-14.

Mondal D, Saha K, Datta C, Chatterjee U, Sengupta
A. Ki67, p27 and p53 expression in squamous
epithelial lesions of larynx. Indian J Otolaryngol
Head Neck Surg. 2013;65(2):126-33.

Jayasurya R, Francis G, Kannan S,
Lekshminarayanan K, Nalinakumari K, Abraham T,
et al. p53, pl6 and cyclin D1: molecular
determinants of radiotherapy treatment response in
oral carcinoma. Int J Cancer. 2004;109(5):710-16.
AJCC Cancer Staging Manual. 7th ed. New York,
NY. Springer-Verlag; 2010.

Almadori G, Cadoni G, Galli J, Ferrandina G,
Scambia G, Exarchakos G, et al. Epidermal growth
factor receptor expression in primary laryngeal
cancer: an independent prognostic factor of neck
node relapse. Int J cancer. 1999;84(2):188-91.
Maurizi M, Scambia G, Panici PB, Ferrandina G,
Almadori G, Paludetti G, et al. EGF receptor
expression in primary laryngeal cancer: correlation
with clinico-pathological features and prognostic
significance. Int J Cancer. 1992;52(6):862-66.
Stanton P, Richards S, Reeves J, Nikolic M,
Edington K, Clark L, et al. Epidermal growth factor
receptor expression by human squamous cell
carcinomas of the head and neck, cell lines and
xenografts. Br J Cancer. 1994;70(3):427.

Almadori G, Bussu F, Cadoni G, Galli J, Paludetti
G, Maurizi M. Molecular markers in laryngeal
squamous cell carcinoma: towards an integrated
clinicobiological approach. European J Cancer.
2005;41(5):683-93.

Morrison LE, Jacobson KK, Friedman M, Schroeder
JW, Coon JS. Aberrant EGFR and chromosome 7
associate with outcome in laryngeal cancer.
Laryngoscope. 2005;115(7):1212-18.

Bellacosa A, Almadori G, Cavallo S, Cadoni G,
Galli J, Ferrandina G, et al. Cyclin D1 gene
amplification in human laryngeal squamous cell
carcinomas: prognostic significance and clinical
implications. Clin Cancer Res. 1996;2(1):175-80.
Rydzanicz M, Golusinski P, Kuchta MD, Golusinski
W, Szyfter K. Cyclin D1 gene (CCND1)
polymorphism and the risk of squamous cell
carcinoma of the larynx. European Arch Oto-Rhino-
Laryngol Head Neck. 2006;263(1):43-8.

corresponding
Oncol.

International Journal of Otorhinolaryngology and Head and Neck Surgery | May 2020 | Vol 6 | Issue 5 Page 865



22.

23.

24.

25.

26.

27.

28.

29.

30.

lype EM et al. Int J Otorhinolaryngol Head Neck Surg. 2020 May;6(5):858-866

Dupla D, Fraczek M, Krecicki T, Wozniak Z.
Prognostic significance of cyclin D1 and cyclin B
expression in laryngeal squamous cell carcinomas
treated with radiotherapy. Otolaryngologia polska=
Polish Otolaryngol. 2009;63(2):136-40.

Morshed K, Skomra D, Korobowicz E, Szymanski
M, Dacewicz PM, Golabek W. An
immunohistochemical study of cyclin D1 protein
expression in laryngeal squamous cell carcinoma.
Acta Oto-Laryngologica. 2007;127(7):760-9.
Pignataro L, Sambataro G, Pagani D, Pruneri G.
Clinico-prognostic value of D-type cyclins and p27
in laryngeal cancer patients: a review. Acta
Otorhinolaryngologica Italica. 2005;25(2):75.
loachim E, Peschos D, Goussia A, Mittari E,
Charalabopoulos K, Michael M, et al. Expression
patterns of cyclins D1, E in laryngeal epithelial
lesions: correlation with other cell cycle regulators
(p53, pRb, Ki-67  and PCNA) and
clinicopathological features. J Experimental Clin
Cancer Res. 2004;23(2):277-83.

Chen B, Brekel MW, Buschers W, Balm AJ,
Velthuysen MLF. Validation of tissue array
technology in head and neck squamous cell
carcinoma. J Sci Specialties Head Neck.
2003;25(11):922-30.

Vielba R, Bilbao J, Ispizua A, Zabalza I, Alfaro J,
Rezola R, et al. p53 and cyclin D1 as prognostic
factors in squamous cell carcinoma of the larynx.
Laryngoscope. 2003;113(1):167-72.

Dong Y, Sui L, Sugimoto K, Tai Y, Tokuda M.
Cyclin D1-CDK4 complex, a possible critical factor
for cell proliferation and prognosis in laryngeal
squamous cell carcinomas. Int J Cancer.
2001;95(4):209-15.

Casanovas O, Miro F, Estanyol JM, Itarte E, Agell
N, Bachs O. Osmotic stress regulates the stability of
cyclin D1 in a p38SAPK2-dependent manner. J
Biological Chem. 2000;275(45):35091-97.
Chrysovergis A, Gorgoulis VG, Giotakis |,
Tsiambas E, Karameris A, Kittas C, et al.
Simultaneous over activation of EGFR, telomerase
(h TERT), and cyclin D1 correlates with advanced

31.

32.

33.

34.

35.

36.

37.

disease in larynx squamous cell carcinoma: a tissue
microarray analysis. Med Oncol. 2011;28(3):871-7.
Nichols AC, Whelan F, Basmaji J, Dhaliwal S,
Dowthwaite S, Chapeskie C, et al. Ki-67 expression
predicts radiotherapy failure in early glottic cancer.
J Otolaryngol Head Neck Surg. 2012;41(2).
Sarafoleanu D, Postelnicu V, losif C, Manea C,
Sarafoleanu C. The role of p53, PCNA and Ki-67 as
outcome predictors in the treatment of laryngeal
cancer. J Med Life. 2009;2(2):219.

Ashraf MJ, Maghbul M, Azarpira N, Khademi B.
Expression of Ki67 and P53 in primary squamous
cell carcinoma of the larynx. Indian J Pathol
Microbiol. 2010;53(4):661.

Liu M, Lawson G, Delos M, Jamart J, Chatelain B,
Remacle M, et al. Prognostic value of cell
proliferation markers, tumour suppressor proteins
and cell adhesion molecules in primary squamous
cell carcinoma of the larynx and hypopharynx.
European Arch Oto-Rhino-Laryngol.
2003;260(1):28-34.

Liu M, Lawson G, Delos M, Jamart J, Ide C, Coche
E, et al. Predictive value of the fraction of cancer
cells immunolabeled for proliferating cell nuclear
antigen or Ki67 in biopsies of head and neck
carcinomas to identify lymph node metastasis:
comparison ~ with  clinical and radiologic
examinations. Head and Neck: J Sciences
Specialties Head Neck. 2003;25(4):280-88.

Kuchta MD, Olofsson J, Golusinski W. p53, Ki67
and cyclin D1 as prognosticators of lymph node
metastases in laryngeal carcinoma. European Arch
Oto-Rhino-Laryngol. 2003;260(10):549-54.
Kropveld A, Slootweg PJ, Blankenstein MA,
Terhaard CH, Hordijk GJ. Ki-67 and p53 in T2
laryngeal cancer. Laryngoscope.
1998;108(10):1548-52.

Cite this article as: lype EM, Balakrishna R,
Subhadradevi L, Thulaseedharan JV, Kattoran J.
Expression of proliferation markers in laryngeal
squamous cell carcinoma: an association with clinico-
pathological factors and treatment outcomes. Int J
Otorhinolaryngol Head Neck Surg 2020;6:858-66.

International Journal of Otorhinolaryngology and Head and Neck Surgery | May 2020 | Vol 6 | Issue 5 Page 866



