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Abstract 

Background  The molecular makeup of a head and neck squamous cell carcinoma (HNSCC) could vary as per the 
geography and corresponding variability in prevalent etiopathological factors. The objective of this study was to ana-
lyze the expression pattern of E-cadherin (E-cad), a transmembrane glycoprotein with tumour suppressor function, 
in a cohort of HNSCC treated at a tertiary care medical centre in the southern part of India.

Material and methods  After obtaining the institutional ethics committee’s permission, the expression of E-cad 
in HNSCC was assessed by using immunohistochemistry on retrospectively collected tumour specimens, obtained 
by a surgical cohort of cases operated between September 2018 and July 2019. The E-cad expression was then corre-
lated with various clinical and pathological characteristics of HNSCC, retrieved via the medical records of correspond-
ing patients.

Results  A total of 60 patients of HNSCC were included, most of whom had lesion in the oral cavity, in an advanced 
stage. The majority had a strong or moderate expression of E-cad on the surface. On analyzing further, oral cav-
ity tumours had significantly less expression of E-cad compared to laryngeal and hypopharyngeal tumours taken 
together, and primary tumours had less E-cad expression than recurrent cases. Multivariate analysis with proportional 
odds regression showed the significant associations of low expression of E-cad expression with the moderate/poor 
differentiation of tumours and with the extranodal extension.

Conclusions   Among the HNSCC, the loss of E-cad expression was mostly associated with primary tumours 
of the oral cavity, moderate/poorly differentiated tumours, and in those HNSCCs that had an extranodal extension.
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Background
Head and neck squamous cell carcinoma (HNSCC) is 
a group of heterogeneous tumours, belonging to vari-
ous sites of the upper aerodigestive tract, and exhibiting 

distinct molecular and biological behaviour [1, 2]. It con-
tinues to be one of the major cancers in the developing 
world and adds significantly to the economic burden in 
the affected region [3, 4]. While the majority of HNSCC 
in the developed world are Human papilloma virus 
(HPV) related oropharyngeal cancers, most HNSCC 
in the developing region involve the oral cavity, larynx, 
and laryngopharynx, and are mostly related to tobacco 
intake [3–5]. There exists a vast variability between 
these tumours with respect to their aggressiveness and 
their therapeutic response [5]. Actually, the therapeutic 
response of a tumour is dependent on its pathological 
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characteristics, and one of the crucial pathological deter-
minants is the molecular makeup of the tumour [6–9]. 
Although the molecular signature of HNSCC has been 
landscaped recently, only a few of the molecular deter-
minants have found a plausible practical utility [2, 8, 10]. 
One such molecular marker with potential clinical appli-
cation in early diagnosis and predicting the prognosis of 
HNSCC is E-cadherin (E-cad) [11, 12].

E-cad is a transmembrane glycoprotein belonging 
to a large family of calcium-dependent cell adhesion 
molecules called cadherin. It plays a crucial role in the 
formation and maintenance of cell-to-cell adhesion junc-
tions among the epithelial cells [13]. E-cad, acting as 
tumour suppressor protein, is expressed abundantly on 
the normal cell membrane, but its expression progres-
sively reduces through the phases of epithelial dyspla-
sia, carcinoma-in-situ and invasive cancer [14]. The loss 
of membrane expression of E-cad is said to enhance the 
invasiveness of tumour by inhibiting cellular adhesion, 
differentiation, and apoptotic ability [13]. Interestingly, 
the loss of membranous E-cad has also been linked to 
increased expression of cytoplasmic E-cad, but the prac-
tical implication of the latter needs further exploration 
[15]. Nevertheless, the loss of membrane E-cad expres-
sion reflects the aggressive nature of the tumour and 
has shown to have a significant association with reduced 
survival in HNSCC [13–17]. However, the molecular 
makeup of a tumour could vary as per the geography and 
corresponding variability in the prevalence of etiopatho-
logical factors. With the intention of understanding the 
molecular heterogeneity of E-cad in HNSCC in this part 
of the world, we evaluated the expression of E-cad in a 
cohort of surgically treated HNSCC.

Methods
Study design
This single-centre exploratory study was conducted by 
the Department of Otolaryngology-Head and Neck Sur-
gery in collaboration with the Department of Pathology, 
of a tertiary care hospital and cancer centre located in 
the southern part of India. The primary objective of the 
study was to evaluate the tumour expression of E-cad in 
patients with HNSCC and correlate the expression pat-
tern with various clinicopathological factors.

Subjects
All the biopsy-proven cases of HNSCC, either primary 
or recurrent, who had undergone a curative intent sur-
gical treatment at our centre between Sept 2018 and 
July 2019 were evaluated for possible inclusion into 
the study. Exclusion criteria consisted of patients with 
previous non-head and neck malignancy, incomplete 
medical records, and those cases in whom further 

pathological processing to study the E-cad expression 
was not possible.

Collection of data
The required clinical details of the included patients were 
retrieved from the medical record department. Demo-
graphical characteristics such as age and gender, and the 
tumour-related clinicopathological findings such as the 
site, size, stage, and status (whether primary or recur-
rent) were tabulated in an Excel sheet. The postopera-
tive pathological report of each case was reviewed for 
information like pathological tumour staging, WHO 
grading of tumour differentiation, lymphovascular inva-
sion (LVI), metastatic disease in excised lymph nodes, 
and extranodal extension (ENE). Using these details, the 
tumour stage and nodal stage as per the 8th edition of 
the American Joint Committee on Cancer staging man-
ual were assigned (verified) to all the included subjects. 
The included patients’ primary tumour specimens were 
further processed for assessing the expression pattern of 
E-cad on the surface of the tumour.

Processing of pathological specimen
In the Department of Pathology, 10% neutral buffered 
formalin was used for the fixation of tissue specimens. 
All tissues were submitted and processed overnight 
in an automated tissue processor according to stand-
ard protocols. The paraplast blocks were prepared with 
standard embedding protocols of the department and 
the slides were then stained with Eosin and Hematoxylin 
counterstain. E-cad immunohistochemistry (IHC) was 
performed as per standard protocol and assessed with a 
semi-quantitative scoring system ranging from 0 to 3 + . 
A score of 0 represents the absence of staining, 1 + rep-
resents weak membranous staining, 2 + represents inter-
mediate intensity of membrane staining, and 3 + reflects 
strong intensity of membrane staining. Staining in nor-
mal squamous epithelium was considered as positive 
control. Tissue stained without secondary antibody con-
stituted a negative control.

Outcome analysis
The expression pattern of E-cad in the overall study 
cohort of HNSCC was analysed as per the staining char-
acteristics on IHC. We also analysed the association of 
E-cad expression with the predictive variables such as 
age, gender, pathological T stage, LVI, pathological nodal 
status, and ENE. A subgroup analysis was carried out for 
the sub-set with oral cavity tumours.

Statistical analysis
SPSS version 20.0 was used for all the statistical analysis. 
The association between the E-cad expression and the 
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various clinicopathological factors were evaluated by uni-
variate and multivariate analyses. For univariate analysis, 
we used Kruskal–Wallis test, and for multivariate analy-
sis, we performed proportional odds regression to see 
if any of these factors could independently predict the 
E-cad expression pattern. A p value of < 0.05 was consid-
ered statistically significant in all these analyses.

Ethical approval
This study was performed in line with the principles of 
the Declaration of Helsinki. The approval was granted by 
the Ethics Committee of Kasturba Medical College (Date: 
Aug. 14, 2019, IEC number: 581/2019).

Results
Demographics and clinicopathological characteristics
After screening the patients operated during the study 
period, a total of 67 patients were deemed eligible for 
inclusion into the study. However, as few patients were 
excluded due to incomplete medical records (n = 2) and 
lack of pathological details (including those in whom 
E-cad expression couldn`t be assessed) (n = 5), the total 
sample size included for analysis was 60. The mean age 
of the included patients was 55 years, with a range of 22 
to 78  years. Interestingly, the majority of the included 
patients were men (n = 46) with M:F ratio of 3.3:1. 
Among our operated cohort of HNSCC, the epicentre 
of the tumour was alveolus in 8, retromolar trigone in 2, 
buccal mucosa in 13, oral tongue in 25, larynx in 8, and 
hypopharynx in 4. 51 of 60 patients had undergone sur-
gery for primary tumours, and remaining nine were oper-
ated for recurrent or residual diseases. While most of 
the primary tumours belonged to the oral cavity (44/51; 
86.3%), the recurrent tumour group contained mostly the 
locally advanced laryngeal and hypopharyngeal tumours 
(5/9; 55.5%) undergoing salvage total laryngectomy with 
or without total pharyngoesophagectomy. Those patients 
undergoing salvage laryngectomy had either recurred 
(n = 3) or progressed (n = 1) with cisplatin-based con-
current chemoradiation or recurred following laser 
excision (n = 1), and those with recurrent oral cancer 
had received previous surgical treatment with (n = 1) or 
without adjuvant treatment (n = 3). With respect to the 
pathological stage of the excised tumour, we noted T1 
tumours in 6, T2 and T3 in 16 each, and T4 in 22 cases. 
Concerning tumour differentiation, 35 were G1 tumours 
(well-differentiated), 24 were G2 tumours (moderately 
differentiated), and one tumour was G3 in nature (poorly 
differentiated). Similarly, the excised tumour showed LVI 
in 31 cases, and the excised lymph nodes showed positive 
tumour deposits in 24, with ENE in 17 of those.

Tumour E‑cad expression and its association 
with clinicopathological predictors
The E-cad expression on the tumour tissue identified by 
the IHC showed intermediate intensity of membrane 
staining (diffuse 2 +) in 24 and strong intensity of mem-
brane staining (diffuse 3 +) in 29 tumour blocks. The 
membrane staining was weakly intense (diffuse 1 +) in 2 
of the tumour blocks and was not appreciable (0 or nega-
tive) in the remaining 5. Figure 1 demonstrates the vari-
ous staining intensities of E-cad expression in our study 
cohort. On analysing the relationship between the E-cad 
expression pattern and various clinicopathological vari-
ables, as depicted in Table 1, it was noticed that the oral 
cavity tumours had significantly less expression of E-cad 
compared to laryngeal and hypopharyngeal tumours 
taken together. Similarly, the primary tumours were asso-
ciated with lower E-cad expression compared to recur-
rent/residual tumours. Interestingly, there was a clear 
trend of increased expression of E-cad with increased 
pT stage; however, the difference was not statistically 
significant. The E-cad expression did not differ signifi-
cantly with the tumour differentiation, LVI, lymph node 
status, and ENE during the univariate analysis. However, 
multivariate analysis with proportional odds regres-
sion showed significant associations of low expression of 
E-cad expression with the moderate/poor differentiation 
of tumours and with the presence of ENE. On subgroup 
analysis of the oral cavity tumours, as shown in Table 2, 
low E-cad expression was associated significantly with 
the tumours involving the tongue on univariate analysis, 
and with the moderately/poorly differentiated tumours 
on both univariate and multivariate analyses.

Discussion
This study analysed the E-cad expression on the surface 
of resected HNSCC specimens collected over a year. 
Our surgical cohort mostly contained men and pre-
dominantly consisted of primary tumours of the oral 
cavity with some recurrent/residual tumours of the lar-
ynx and hypopharynx. However, the pattern of E-cad 
expression was not affected by the gender or age in 
our study. With respect to the whole surgical cohort of 
HNSCC, more than 50% of the studied tumour speci-
mens exhibited less than the moderate expression of 
E-cad. The most apparent association of E-cad expres-
sion pattern in our study was noted with the grade of 
tumour differentiation. The immunoexpression of 
E-cad on tumour surface clearly reduced with the loss 
of cellular differentiation, indirectly supporting the 
prevalent hypothesis about the loss of E-cad expression 
in aggressively behaving poorly differentiated tumours 
[18–21]. In fact, in our study, the increased grading of 
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cellular differentiation was an independent predictor of 
lower  or  loss of E-cad expression in all HNSCC com-
bined, as well as in sub-cohort of oral cavity tumours.

Among the various other clinicopathological factors 
studied, the site of the tumour had a significant cor-
relation with E-cad expression on univariate analysis. 
Compared to tumours of laryngeal and hypopharyngeal 
origin, tumours arising from the oral cavity had signifi-
cantly less expression of E-cad suggesting their relative 
aggressiveness. Many previous studies have reported 
reduced immunoexpression of E-cad in up to 40–50% 
of oral cavity cancers [14, 20, 22]. Although we did not 
do a survival analysis in our study, loss of E-cad expres-
sion has been directly linked to reduced survival in oral 
cavity tumours in other studies [23]. Interestingly, the 
association of E-cad expression with aggressive laryn-
geal tumours and their survival outcomes has not 
been compelling in the literature, as the studies have 
reported contradicting results [24–27]. While some of 
the previous studies have shown the reduced immu-
noexpression of E-cad even in laryngeal lesions, our 
results did not concord with the literature, which prob-
ably has to do with the number and nature of laryngeal 
cancers included in the present study [25, 26].

Most of the tumours larynx/hypopharynx in our study 
had received prior chemotherapy along with the radical 
radiation as the primary therapeutic modality, and the 
E-cad expression in these patients was studied on their 
surgical specimen after the salvage laryngectomy/phar-
yngectomy. In other words, compared to most of the 
tumours of the oral cavity, which were primary in nature, 
a significant proportion of laryngeal tumours included 
in our study were recurrent. Also, the laryngeal tumours 
were disproportionately less in number as opposed to 
the oral cavity tumours. Considering these disparities, 
and the fact that the recurrent laryngeal tumours in our 
series had strong expression of E-cad on their surface, 
one could presume a plausible role of chemoradiation 
in restoring the expression of E-cad on the membranous 
of these tumours. There are reports of increased E-cad 
expression in HPV-16-positive cell lines of HNSCC 
treated with certain chemotherapeutics like tyrosine 
kinase inhibitors in vitro [28].

On multivariate analysis, the only other independent 
predictor of low E-cad expression in the overall cohort 
of surgically treated HNSCC was the presence of ENE. 
However, the presence of the metastatic lymph node itself 
did not have any bearing on E-cad expression pattern in 

Fig. 1  Photomicrographs showing immunohistochemistry results of membrane expression of E-cad, in specimens of head and neck squamous 
cell carcinoma. A Haematoxylin-rich nuclei with non-visualisation of the cell membrane due to absence of E-cad expression on the surface, 
representing a score of 0; B Weakly stained (brown in colour) cell membrane with counter-stained nuclei, representing a score of 1 + ; C 
Intermediate intensity of cell membrane staining (brown hue in-between weak and strong), taken as a score of 2 + ; and D Strongly stained cell 
membrane (intense dark brown) reflecting a score of 3 + . All 4 photomicrographs are magnified 400 times (× 400)
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Table 1  Correlation of E-cad expression in tumour with the various clinicopathological predictors

^As there was only one case of G3, it has been merged with G2 for simplification of statistical analysis
a For multivariate analysis, tumour stages T1 and T2 were combined to 1 group, and T3 and T4 into another

Variables Groups (n) Membrane expression of 
E-cad

Mean rank Chi-square 
statistic

Kruskal–Wallis 
test (p value)

Proportional 
odds 
regression

0 1 +  2 +  3 + 

Age (in years) Below 55 (30) 3 0 10 17 32.87 1.339 0.247 0.557

55 and above (30) 2 2 14 12 28.13

Sex Male (46) 4 2 16 24 31.33 0.536 0.464 0.817

Female (14) 1 0 8 5 27.79

Site Oral cavity (48) 4 2 23 19 28.07 5.634 0.018 0.076

Larynx/hypopharynx (12) 1 0 1 10 40.21

Nature of tumour Primary (51) 5 2 22 22 28.80 3.898 0.048 0.320

Recurrent (9) 0 0 2 7 40.11

Differentiation G1 (35) 1 1 14 19 33.04 2.165 0.141 0.012
G2 + G3 (25)^ 4 1 10 10 26.94

T stage T1 (6) 2 0 2 2 22.83 6.638 0.084 0.129a

T2 (16) 2 2 7 5 24.09

T3 (16) 0 0 8 8 32.75

T4 (22) 1 0 7 14 35.61

Lymph node Positive (24) 1 1 11 11 30.42 0.001 0.973 0.083

Negative (36) 4 1 13 18 30.56

ENE Present (17) 1 1 10 5 25.56 2.308 0.129 0.035
Absent (43) 4 1 14 24 32.45

LVI Present (31) 1 1 13 16 33.08 1.702 0.192 0.398

Absent (29) 4 1 11 13 27.74

Table 2  Subgroup analysis of E-cad expression pattern in oral squamous cell carcinoma with respect to clinicopathological predictors

a As more than 2 independent sub-groups were involved, the multivariate analysis could not be done
b Tumour stages T1 and T2 were combined to 1 group, and T3 and T4 into another

Variable Groups (n) Membrane expression of E-cad Mean rank Chi-square 
statistic

Kruskal–Wallis 
(p value)

Proportional 
odds 
regression0 1 +  2 +  3 + 

Sub-site Oral tongue (25) 3 2 14 6 20.18 8.267 0.041 NA a

Buccal mucosa (13) 0 0 9 4 32.54

Alveolus (8) 1 0 4 3 23.94

RMT (2) 0 0 1 1 28.50

Differentiation G1 (32) 1 1 14 16 27.63 5.779 0.016 0.007
G2 + G3 (16) 3 1 9 3 18.25

T Stage T1 (6) 2 0 2 2 19.83 2.113 0.549 0.212 b

T2 (15) 1 2 7 5 22.30

T3 (14) 0 0 8 6 27.00

T4 (13) 1 0 6 6 26.50

LN Positive (21) 1 1 10 9 25.67 0.313 0.576 0.152

Negative (27) 3 1 13 10 23.59

ENE Positive (16) 1 1 9 5 22.81 0.421 0.516 0.052

Negative (32) 3 1 14 14 25.34

LVI Present (22) 1 1 11 9 25.32 0.168 0.682 0.458

Negative (26) 3 1 12 10 23.81
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our study. Although many studies in the past have found 
a positive association between low E-cad expression and 
the presence of cervical lymph node metastasis, there are 
a few who have reported the absence of such an associa-
tion [18, 29]. Our results are in agreement with the latter. 
Interestingly, we could not find any previous study that 
has analysed/reported the association between the E-cad 
expression and ENE in HNSCC. To our knowledge, ours 
is the first to have found a positive association between 
the presence of ENE and low E-cad expression, support-
ing the notion of aggressiveness that surrounds the loss 
of E-cad expression.

Considering the uneven distribution of tumours as per 
the sites, a separate analysis was done for the surgical 
cohort of oral cavity tumours. In this sub-group analy-
sis, the tumours of the oral tongue had significant loss of 
E-cad expression on their surface compared to the other 
sites of the oral cavity, reflecting the relatively aggres-
sive behaviour of tongue lesions. As seen in overall study 
cohort, even during the separate analysis of the resected 
oral cavity tumour specimens, the moderate/poor dif-
ferentiation group showed significant association with 
the low E-cad expression compared to the group of well-
differentiated tumours. A similar study on E-cad expres-
sion in oral cavity tumours from the sub-continent has 
found a significant association between the E-cad expres-
sion and positive lymph node metastasis as well as with 
advanced stage of the disease; however, it did not find the 
variation in E-cad expression as per the differentiation 
of the tumour [30]. Nevertheless,  most of these  previ-
ous reports are in contrast to our results, highlighting the 
heterogeneity in the tumour biology and corresponding 
molecular alterations. Also, the tumour site, as well as the 
methodology (especially with respect to measurement 
and analysis of E-cad expression) were different between 
studies, although, that alone would not be sufficient 
to explain the gross disparities in the results. Similar 
inconsistencies between the studies have been identi-
fied by the reviews on E-cad expression, with respect to 
tumour size, nodal stage, tumour differentiation, and 
even with its impact on survival, which could be attrib-
uted to gross heterogeneity between the methodology of 
the studies and partly to the probable variability in E-cad 
expression itself [12, 15, 26]. Nevertheless, larger stud-
ies in future, preferably prospective in nature, may help 
in further characterising the E-cad expression pattern in 
this part of the world that has the highest prevalence of 
tobacco-related HNSCC. Apart from the disproportion-
ate representations between the laryngeal and oral cavity 
tumours, as well as between the primary and recurrent 
tumours, the other limitations of our study are its retro-
spective nature and the lack of follow-up data or survival 
analysis.

Conclusion
In our study, loss of E-cad expression was found to have 
a significant association with the loss of cellular dif-
ferentiation in HNSCC, in general, as well as in a sub-
group of primary oral cavity cancers. Also, the presence 
of ENE was associated with the loss of E-cad expression 
in our study, in line with the negative prognostic value 
of ENE, as well as that of loss of E-cad expression on 
the membrane. Comparatively, more of the resected 
oral cavity tumours had reduced expression of E-cad 
on their surfaces, reflecting their aggressive behaviour 
as against the laryngeal counterparts; however, most of 
the latter cases were salvage resections for failed chem-
oradiation. Based on our results, we hypothesise that 
the cisplatin-based chemotherapy could restore E-cad 
expression on the surface of laryngeal/hypopharyngeal 
tumours.
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