Original Research Article

Role of epidermal growth factor receptor expression in recurrent cases of oral
squamous cell carcinomas

Meenakshi Chowdhary*, Anurag Mehta?, Brijendra Singh®, Kiran Kumar?, Ajit Singh Rathore®, Devi
Charan Shetty®

IScientist A, Centre for Molecular Diagnostics & Cell Biology, Director, Dept. of Laboratory Services, Rajiv Gandhi Cancer
Institute & Research Centre, Delhi, 3Additional Professor, Dept. of Anatomy, AlIMS, Rajasthan, +°Associate Professor,
SProfessor & HOD, Dept. of Oral & Maxillofacial Pathology & Microbiology, ITS Centre for Dental Studies & Research,
Muradnagar, Ghaziabad

*Corresponding Author:
Email: drmeenakshi2209@gmail.com

Abstract

Background: Oral squamous cell carcinoma (OSCC) is the most common head and neck cancers and locoregional recurrence in
OSCC is related to lowest survival rate. The present study was undertaken to compare the clinicopathological findings and
epidermal growth factor receptor (EGFR) expression in recurrent and non-recurrent cases of OSCC.

Methodology: A total of 64 cases of OSCC were studied and immunohistochemistry was done, of which, 33 cases recurred at
end of follow up. Categorical variables for each case included age, gender, site of primary lesion, neck metastasis, AJCC stage,
locoregional recurrence, histological grade and pattern of invasion.

Results: In quantitative analysis, 7 cases (21.2%) of recurrent OSCC and one case (3.2%) of non recurrent OSCC with EGFR
extent score 4 was observed. In qualitative analysis, 5 cases (3.22%) of recurrent group and one case (0.64%) of non recurrent
group with strong intensity was observed. Recurrent cases of OSCC showed higher score of EGFR expression [extent {p-value
0.001} and intensity {p-value 0.03}]. However, on clinicopathological correlation of EGFR expression, no significant correlation
was observed. In TNM stage 1V, out of 22 cases only 7 cases (4.48%) showed recurrence. Among 26 cases, 17 Cases (10.88%) of
recurrent OSCC with H/P grade | showed recurrence. Recurrence was frequently observed in 15 cases (9.6%) with pattern of
invasion (POI) type II.

Conclusion: The EGFR expression in between recurrent and non-recurrent OSCC can be exploited as prognostic /or predictive

parameter despite its role as therapeutic marker.
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Introduction

Oral cancer is one of the ten most common cancers
in the world; the incidence rate of oral cancer (per
100,000 cases) is 13.5 in India.! Approximately 94% of
all oral malignancies are squamous cell carcinoma.?
These tumors are usually present in advanced clinical
stages and are associated with high rates of loco-
regional recurrences.®>*® The rates of loco-regional
recurrences range from 25 to 48%, and distant
metastasis rarely occur in an isolated manner.®
Recurrent and/or metastatic patients have a poor
prognosis, which has not changed significantly in 30
years.®

The cellular and biochemical factors that underlie
oral squamous cell carcinoma (OSCC) dissemination
are poorly understood. There is clearly an unmet
therapeutic need for new active agents for the treatment

of patients with recurrence and/or metastasis and to
start with valid biomarker for prediction of disease
course is required. Oral squamous carcinogenesis is a
multistep process in which multiple genetic events
occur that alter the normal function of oncogenes and
tumor suppressor genes.”® One of these oncogenes is
epidermal growth factor receptor (EGFR) considered as
a driver of oncogenesis.® EGFR activation induces
activation of several downstream intracellular
substrates, leading to mitogenic signaling and other
tumor-promoting cellular activities. Increased rates of
EGFR positivity and expression have generally been
concluded to indicate a poor prognosis in laryngeal,
gastric, cervical, esophageal and breast cancer.%0.11

The aim of the present study was to compare the
clinicopathological findings and EGFR expression in
recurrent and non-recurrent cases of OSCC.

Methodology

The study comprised a total of 64 patients with
OSCC in the study time period from November 2008 to
January 2011; corresponding medical records were
obtained through hospital electronic data base. The
patients with incomplete recording, loss of at least 2
years follow up, concomitant primary malignant head
and neck lesion, secondary neoplasm or cases with
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distant metastasis were not included in the study.
Categorical variables for each cases included age,
gender, site of primary lesion, neck metastasis, AJCC
stage'?, locoregional recurrence, histological grade,
pattern of invasion. The locoregional recurrence arising
in both primary site and neck was considered as
recurrence. Histopathological grading of cases was
done according to Broder’s grading system® (Fig. 1)
and pattern of invasion was graded according to
modified Bryne’s classification** (Fig. 2) (Table 1).

EGFR expression was checked using polyclonal EGFR
antibody (6 ml of Ready-to-Use Antibody, Biogenix pvt
Itd). This antibody helped to detect both EGFR
phosphorylated on Tyrosine 1068 of the mature human
isoform 1 (corresponding to Y1092 from the precursor
form P00533-1/p170), and also unphosphorylated
EGFR.

Immunohistochemistry staining procedure

All tests were carried out on 3 pm formalin fixed
paraffin embedded sections. Slides were baked in hot
air oven at 65°C overnight. Sections were sequentially
dewaxed through a series of xylene, graded alcohol and
water immersion steps. Antigen retrieving was done as
recommended by the manufacturers using 1000 ml of
Tris EDTA buffer: (retrieval solution) at pH 9 using E7
antigen retrieval machine (Biogenix) in 2 cycles
(unmasking of antigen was done using by heat mediated
antigen retrieval technique). Endogenous peroxidase
activity was blocked followed by blocking the non
specific staining. Primary antibody (100 ml) was
applied for each section and samples were incubated in
humid chamber. After washing with PBS secondary
antibodies were applied to the sections, incubated and
rinsed with a stream of PBS. Primary antibody was
visualized with DAB chromogen. Sections were
counterstained with Mayer's hematoxyline for 30
seconds, dehydrated and mounted. Both membranous
and cytoplasmic (accentuated membranous) staining of
EGFR in OSCC was considered positive.
Histopathologically confirmed cases of EGFR positive
breast carcinoma tissues were used as positive control

(Fig. 3).

Assessment of IHC results

Evaluation of staining results was performed in
accordance  with  modified  Putti’s  method.®®
Immunoscoring for intensity & extent of EGFR
expression in recurrent and non-recurrent cases of

OSCC was done. Quantitative analysis of EGFR
expression (percentage of cell positivity): 5 randomly
representative fields were selected for EGFR positive
tumour cells with each field containing minimum of
200 tumour cells per field at 40x objective (light
microscopy) and scoring of extent as well as intensity
was done (Table 1).

Statistical analysis

The data was statistically analyzed by using SPSS
software version 22. The quantitative & qualitative data
was compared by standard statistical tests as applicable
(p-value <0.05 was considered as significant).

Results

Among 64 cases of OSCC, 33 cases recurred
during follow up. The mean age of patients was 50
years (25-71 yrs). Recurrence was seen in 24 males and
9 females. Buccal mucosa (4.95%) was the most
frequently affected site in locoregional recurrence while
tongue (10.24%) was the most involved site in non
recurrent group. Maximum cases in recurrent group
were in TNM stage Il and in non recurrent group in
TNM stage IV [18 (54.5%) and 15 (9.6%) cases,
respectively]. Mean time to recurrence was 5 months.
Most frequently, histopathological grade | cases
recurred [17 cases (51.5%)] while in non recurrent
group, 23 cases (14.72%) were graded as
histopathological grade Il. No case of recurrent OSCC
with TNM stage IV in histopathological grade 111 was
present. Most frequently, pattern of invasion (POI) was
of type 2 accounting for 15 (9.6%) cases each in the
recurrent and non recurrent groups. It was observed that
tumor with undifferentiated cells showed high score of
POl in the recurrent group of OSCC.

Majority of recurrent cases were scored for EGFR
extent as score 2 accounting for 11 (33.3%) cases while
16 (51.6%) cases presented as score 1 in the non-
recurrent group. Among 64 cases of OSCC, there were
4 cases with no EGFR stain, 5 cases with weak
intensity, 19 cases with moderate intensity and 5 cases
with strong intensity that showed recurrence. Recurrent
cases of OSCC showed higher score of EGFR
expression [extent {p-value 0.001} and intensity {p-
value 0.03}]. (Table 2) No significant statistical
correlation of EGFR expression (extent & intensity)
with TNM stage, histopathological grade and POl was
observed.
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Table 1: Histological grading, pattern of invasion, characteristics of immunoreactivity of staining extent and

intensity of EGFR
Histological grading
Grade Degree of differentiation
1 well differentiated (<25% of undifferentiated cells)
1 moderately differentiated (<50% of undifferentiated cells)
I poorly differentiated (<75% of undifferentiated cells)
Pattern of invasion
Type Pattern of invasion
1. Broad pushing manner
2. Fingers or separate large tumour islands with stellate like appearance.
3. Invading tumour islands greater than 15 cells per island
4. Invading tumour islands less than 15 cells per island or single cell invasion
5. Widely dispersed pattern of tumour infiltrate or tumour satellite of any size with 1 mm or greater distance
(intervening at tumour host interface i.e. not fibrosis)
Characteristics of immunoreactivity of staining extent and intensity of EGFR
Score EGFR extent
0 negative staining of considered cells
1 10% of positive staining of considered cells
2 11-50% of positive staining of considered cells
3 51 -80% of positive staining of considered cells
4 >81% of positive staining of considered cells
Score  EGFR intensity
0 No stain (-)
1 Weak stain (+)
2 Moderate stain (++)
3 Strong stain (+++)
Table 2: Characteristics of EGFR expression in patients with oral squamous cell carcinoma
Total Recurrent OSCC Non recurrent OSCC p-value
N=64 N=33 N=31
Gender
Male 52(33.92%) | 24(15.36%) 28(17.92%)
Female 12 (7.68%) | 9(5.76%) 3(1.92%)
Site
Tongue 31(19.84%) | 15(4.95%) 16(10.24%)
Buccal mucosa 25(16%) 15(4.95%) 10(6.4%)
Hard palate 3(1.92%) 1(1.56%) 2(1.28%)
Alveolus 3(1.92%) 0 3(1.92%)
Lower lip 1(1.56%) 1(1.56%) 0
Floor of mouth 1(1.56%) 1(1.56%) 0
TNM stage
I 6(3.84%) 2(1.28%) 4(2.56%) 0.005
I 23(14.72%) | 18(11.52%) 4(2.56%)
i 14(8.96%) | 6(3.84%) 8(5.12%)
v 22(14.8%) | 7(4.48%) 15(9.6%)
Histopathological
grade
I 26(16.64%) | 17(10.88%) 8(5.12%) 0.001
I 33(21.12%) | 10(6.4%) 23(14.72%)
i 6(3.84%) 6(3.84%) 0
POI Type
1 7(4.48%) 3(1.92%) 4(2.56%) 0.27
2 30(19.2%) | 15(9.6%) 15(9.6%)
3 15(9.6%) 6(3.84%) 9(5.76%)
4 4(2.56%) 2(1.28%) 2(1.28%)
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Fig. 1: Photo-micrograph of a) w

OSCC, b) moderately differentiated OSCC, c)
poorly differentiated OSCC (H&E, 40X)
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Fig. 2: Photo-micrograph of a) Pattern of invasion
1[Broad pushing manner] (H&E 10 X), b) Pattern of
invasion 2 [Fingers or separate large tumor islands
with stellate like appearance] (H&E 40 X), c)
Pattern of invasion 3 [Invading tumour islands
greater than 15 cells per island] (H&E 40 X), d)
Pattern of invasion 4 [Invading tumour islands less
than 15 cells per island or single cell invasion] (H&E
10 X), e) Photomicrograph of Pattern of invasion 5
[Widely dispersed pattern of tumor infiltrate or
tumor satellite of any size with 1 mm or greater
distance (intervening at tumor host interface i.e. not
fibrosis)] (H&E 10X)
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Fig. 3: Photo-micrograph of membranous staining
of EGFR in a) well differentiated OSCC, b) poorly
differentiated OSCC (40X), ¢) EGFR staining in
poorly differentiated breast carcinoma [positive
control] (40X)

Discussion

In the Indian subcontinent, OSCC is the second
most common malignancy that accounts for more than
30-40% of all  malignancies.! Rates  of
regional/locoregional recurrences range from 25-48%
and distant metastases rarely occur in an isolated
manner.? Early detection of second primary cancers or
locoregional recurrence affords the best chance for
disease control; suggesting that there is a need for valid
tumor biomarker for predicting prognosis. Several
biomarkers responsible for cell cycle progression and
proliferation have been identified; a family of
epidermal growth factor receptors (EGFRs), Cyclin D1,
Ki-67.1 EGFR activation, as its name indicates, can
augment the malignant potential of epithelial cells.'’
There are many studies determining EGFR expression
in SCC of other body parts like breast, colorectal, skin,
lung etc; also the quantitative assessment of EGFR is
reported to serve as a valid biomarker for predicting
prognostic course of the disease.® However, to the best
of our knowledge there is no earlier reported study
depicting the role of EGFR in prediction of recurrence
in OSCC. This study aimed to assess EGFR as a
prognostic and predictive biomarker for recurrence in
OSCC.
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For many years, the TNM staging system has been
used to estimate both recurrence and survival outcome.
Earlier studies have reported that some patients with
OSCC died with locoregional recurrence despite having
TNM stage | or 1l and were treated accordingly.®?° In
such  patients, a combined assessment  of
clinicopathological staging is suggested as a precise
measure of predicting prognosis. In our study, most
frequently, cases in stage | and Il had recurred. This
observation highlights the fact that TNM stage may not
be an important prognostic parameter and probably
other parameters need to be defined.

The biological activity of OSCC is categorized on
the basis of differentiation of tumor cells. Lack of
correlation between histopathological grades and the
prognosis of OSCC has been explained by the fact that
SCC's usually exhibit a heterogeneous cell population
with probable differences in invasiveness and
metastasis behavior.?! Dilana et al observed in their
study that out of 7 cases with low scores of malignancy,
4 had recurrence.?? In our study also, maximum cases
of recurrence were well differentiated. This reverse
prognostic significance may be due to the lesser
response of better differentiated tumors to adjuvant
therapy(s).*

Earlier  studies reveal that higher the
clinicopathological grading, higher the risk of cervical
metastasis in OCC and indicates that neck dissection
therapy is a significant prognostic factor for recurrence
and survival.Z2* In our study, statistical analysis did
not show correlation between TNM classification and
histological scores of malignancy demonstrating
variation in disease biology and behavior that in turn
cannot reflect definitive treatment regime. Dilana?? et al
in a clinicopathological study of 16 cases of OSCC

reported significant correlation between TNM
classification and prognosis but there was no
correlation between the histological scores of

malignancy and prognosis.

Besides clinical staging of tumor cells, the reaction
of the host to the tumor and pattern of invasion needs to
be graded to predict prognosis. It is intuitive that
neoplasia infiltrating in a widely dispersed manner is
more aggressive than those growing in a bulky pushing
fashion. Over the past two decades, POI alone, and as
part of weighted scoring systems, has been
demonstrated to predict locoregional recurrence and
decreased overall survival (0S).* However, various
studies have reported that POI is not related to local
recurrence in OSCC. In our study also, maximum cases
with early POI showed recurrence. These observations
reflect that the manner in which cancer infiltrates tissue
at the tumor-host interface will not be enough to define
the mode of invasion and probably other molecular
factors need to be explored.?® Because of the complex
behavior of cancer, studies concerning different aspects
of tumor dynamics through the immunohistochemical
evaluation at molecular level are required in OSCC.

Although EGFR expression is considered
universal, abnormally expressed EGFR expression
representing heterogeneousity of tumor indicates
altered proliferative potential of tumor cells. In the
present study, recurrent cases of OSCC showed higher
score of EGFR expression (extent & intensity) in
comparison to the non-recurrent cases. Our study
results were in concordance with Miyaguchi et al where
they reported that EGFR intensity in 18 recurrent cases
of glottic carcinomas increased in comparison to 15
non-recurrent  carcinomas.’*  Although  EGFR
expression is proven as a predictive biomarker of local
recurrence, it does not correlate with TNM staging,*®
H/P grade?®?” and POI.'®> The increased expression of
EGFR in tumors may influence the rate of recurrence.
Numerous works attribute a negative independent
prognostic value to EGFR and propose a lower survival
rate if EGFR is present.’

Overall, this is the first study depicting the role of
EGFR in prediction of recurrence in OSCC. The
present study can orient the current classification
system to use EGFR expression as a valid biomarker
for prediction of locoregional recurrence in OSCC.

References
1. Sapp J.P. Maxillofacial Pathology, 2nd Edition. India:
Mosby; 2004.

2. Neville, Damm, Allen, Bouqupt. Oral and Maxillofacial
Pathol 2nd ed. India: Elsevier;2005.

3. Kowalski LP, Bagietto R, Lara JR Santos RL, Silva JF,
Magrin J. Prognostic significance of the distribution of
neck node metastasis from oral carcinoma. Head Neck
2000;22:207-14.

4. Amar A, Franzi SA, Rapoport A. Evolution of patients
with squamous cell carcinoma of upper aerodigestive
tract. Sao Paulo Med J 2003;121:155-58.

5. Carvalho AL, Magrin J, Kowalski LP. Sites of recurrence
in oral and oropharyngeal cancers according to the
treatment approach.Oral dis 2003;9:112-18.

6. Khuri FR, Shin DM, Glisson BS, Lippman SM, Hong
WK. Treatment of patients with recurrent or metastatic
squamous cell carcinoma of the head and neck: Current
status and future directions. Semin Oncol 27:25-33,2000.

7. Kumar V, Cotran RS, Robbins SL, Kumar V, Cotran RS,
Robbins SL. Robbins Basic Pathology. Seventh edition.
Saunders, Philadelphia; 2003.

8. Eissa S, Shoman S: Tumor Markers. Hodder Arnold
Publication; 1998.

9. Krecicki T, Jelen M, Zalesska K M, Rak J, Szkudlarek T,
Jelen K J. EGFR, PCNA & ki-67antigen in laryngeal
epithelial lesions. Oral Oncol 1999;35:180-6.

10. Sainsbury J, Frandon R, Needham K, Malcolm J.
Epidermal growth factor receptor status as predictor of
early recurrence of and death from breast cancer. Lancet
1987;1:1398-402.

11. Miyaguchi M, Olofsson J, Helliquist H. Expression of
Epidermal growth factor receptor in glottic carcinoma
and its relation to recurrence after radiotherapy. Clin
otolaryngol 1991;16:466-9.

12. Stephen B, Carolyn C. The AJCC, the 7th Edition of the
AJCC Cancer Staging Manual and the Future of TNM.
Ann Surg Oncol 2010;28:117-21.

13. Neena D, Siddharth S, Keyuri P, Munira J. Histological
grading of oral cancer: a comparison of different systems

Indian Journal of Pathology and Oncology, July-September 2016;3(3);496-502 501



Meenakshi Chowdhary et al.  Role of epidermal growth factor receptor expression in recurrent cases of oral....

and their relation to lymph node metastasis. National
journal of community medicine 2011;2(1):136-143.

14. Brandwein M, Teixeira S, Lewis M, Lee B, Rolnitzky L,
Hille J et al Oral squamous cell carcinoma: histologic risk
assessment, but not margin status, is strongly predictive
of local disease-free and overall survival. Am J Surg
Pathol 2005;29(2):167-78.

15. Hiraishi Y, Wada T, Nakatani K, Negoro K, Fujita S.
Immunohistochemical expression of EGFR and P-EGFR
in oral squamous cell carcinoma. Pathol Oncol Res
2006;12:2-8.

16. La C, Mahoney D, Cheung H, Plenchette S, Baird S,
Korneluk G. IAP targeted therapies for cancer. Oncogene
2008;27:6252-7.

17. Jorissen N, Walker, F, Pouliot, N, Garrett P, Ward W &
Burgess A. Epidermal growth factor receptor:
mechanisms of activation and signalling. Exp Cell Res
2004;284:31-53.

18. Grandis J, Melhnem M, Gooding W, Day R, Holst V,
Wagener M. Levels of TGF-a and EGFR protein in head
and neck squamous cell carcinoma and patient survival.
Nat Cancer Inst.1998;90:824-32.

19. Yanamoto S, Yamada S, Shinichi H; Takahashi I,
Hidenori G et al. Clinicopathological risk factors for local
recurrence in oral squamous cell carcinoma. Int J Oral
Maxillofac Surg 2012;19:1195-1200.

20. Chang S. S. American joint committee on cancer. 6th ed.
New York: Springer;2002.

21. Anneroth G, Hansen L, Silverman J. Malignancy grading
in oral squamous cell carcinoma. Squamous cell
carcinoma of the tongue and floor of mouth. Histologic
grading in the clinical evaluation. J Oral Pathol
1986;15:162-8.

22. Dilana D, Duarte L. Clinical-pathological parameters in
squamous cell carcinoma of the tongue. Braz Dent J
2003;1:22-25.

23. Capote A, Escorial V, Munoz G, Rodriguez J, Gamallo C,
Naval, L. Elective neck dissection in early-stage oral
squamous cell carcinoma does it influence recurrence and
survival? New York Head and Neck Society.
2007;29(1):3-11.

24. Kruse, A. L. & Gratz, K. W. (2009). Cervical metastases
of squamous cell carcinoma of the maxilla: a
retrospective study of 9 years. New York. Head and Neck
Society Oncol. 2009;1:28- 35.

25. Jerjes W, Upile T, Petrie A, Riskalla A, Hamdoon Z,
Vourvachis M.  Clinicopathological ~ parameters,
recurrence, locoregional and distant metastasis in 115 T1-
T2 oral squamous cell carcinoma patients. Head Neck
Oncol 2010;2:1758-3284.

26. Christensen E, Therkildsen H, Hansen B, Albeck H,
Hansen N, Bretlau P. Epidermal growth factor expression
on oral mucosadysplastic epithelia and squamous cell
carcinoma. Otorhinolaryngol 1992;249(5):243-7.

27. Yamada T, Takagi M. Evaluation of EGFR in SCC of
oral cavity. Oral surg Oral med Oral pathol 1992;7:67-70.

Indian Journal of Pathology and Oncology, July-September 2016;3(3);496-502 502



