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An Indian perspective

Prerna Chadha, Richa Ranjan, Nikhilesh Kumar, Rig Vardhan, Prashant Sengupta, Rakhi Negi
Department of Laboratory Medicine, Command Hospital (Central Command), Lucknow, Uttar Pradesh, India

Original Article

Context: Head and neck squamous cell carcinoma  (HNSCC) poses a major health problem and despite 
the advancements in its diagnosis and management the overall survival has not improved significantly. 
A search for newer diagnostic and prognostic markers along with fresh molecular targets is required for 
its prevention and cure.
Aims: The study aims to study the expression of cyclooxygenase‑2 (COX‑2) in HNSCCs and investigate its 
correlation with the clinicopathological profile of these cases. This study was performed to determine the 
significance of COX‑2 expression in the Indian context.
Settings and Design: This study incorporated 90 cases of HNSCCs; both prospectively and retrospectively 
in a tertiary care center.
Materials and Methods: Expression of COX-2 on immunohistochemistry (IHC) was evaluated in correlation 
with the histological grade, maximum tumor size, tumor depth, nodal status and lymphovascular/perineural 
invasion (lvi/pni). The study received a waiver from the institutional ethics committee.
Statistical Analysis Used: Statistical analysis of the data was done using SPSS software.
Results: COX‑2 expression was found in 97.8% of the cases. A statistically significant correlation of COX‑2 
immunopositivity was found with the histological grade, clinical staging (tumor size and nodal status), 
maximum tumor depth and lvi/pni in our study (P < 0.05).
Conclusions: COX‑2 is expressed by most of the cases in this study. Its expression is related to tumor growth, 
differentiation and aggressiveness and therefore can be used as a good independent prognostic marker in 
HNSCCs. There is also possible scope of using it for targeted therapy in HNSCCs.
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INTRODUCTION

Head and neck squamous cell carcinoma  (HNSCC) is 
the sixth most common neoplasm worldwide and poses 
a major health problem. India contributes its fair share to 
the worldwide disease burden and accounts for about 30% 
of  all new cases annually.[1]

Despite the advancements in the diagnosis and management 
of  patients with HNSCCs, the overall survival has not 
improved significantly.[2] Moreover, second primary cancers 
are very common in these patients.[3] In view of  these 
observations, a search for newer diagnostic and prognostic 
markers along with fresh molecular targets is required for 
the prevention and cure of  HNSCCs and related tumors.

Cyclooxygenases  (COXs) are enzymes which catalyze 
the synthesis of  prostaglandins  (PGs) from arachidonic 
acid. PGs are well known to be associated with cell 
proliferation and angiogenesis, thus playing a pivotal role 
in carcinogenesis.[4,5] Overexpression of  COX‑2 has been 
documented in various cancers, such as those of  the colon, 
stomach, lung, esophagus and oral cancers. However, there 
is ambiguity regarding the COX‑2 expression in HNSCCs 
and its correlation with tumor size, grade, tumor depth, 
nodal status, distant metastasis and lymphovascular/
perineural invasion (lvi/pni).[6‑10]

This study aims to assess the immunohistochemical expression 
of  COX‑2 in HNSCCs and investigate its correlation and 
significance with the clinicopathological profile of  these cases 
in an Indian context. The importance of  studying COX‑2 
expression status lies in the fact that targeted therapy against 
this protein is available and has great potential.

MATERIALS AND METHODS

This study incorporated 90  cases of  HNSCCs, both 
prospectively and retrospectively presenting to the 
oncology department of  this institute between December 
2012 and May 2015. The cases were retrieved from the 
departmental archives. Hematoxylin and eosin (H and E) 
staining and  immunohistochemistry (IHC)  was performed 
for COX‑2 on relevant sections as per the standard 
protocol. Negative and positive control slides were included 
in each IHC run (as recommended by the manufacturers). 
Relevant clinical data in the form of  case sheets, laboratory 
and radiological investigations were collected and noted.

Small biopsy specimens, cases with recurrent HNSCC 
postchemo/radiotherapy, cases other than squamous cell 
carcinoma and cancers of  the thyroid and salivary glands 
were excluded from the study.

Immunohistochemistry staining procedure
IHC was perfor med on 4 μm for mal in‑f ixed 
paraffin‑embedded sections. The COX‑2  (clone SP21) 
rabbit monoclonal antibody; ready to use kit  (thermo 
scientific) was used on sections fixed on poly L lysine coated 
slides. Heat‑induced antigen retrieval was performed for 1 h 
followed by endogenous peroxidase blocking. After which 
primary antibody (COX‑2 clone SP21) and visualization 
reagent  (labeled horse radish peroxidase secondary 
antibody) were added. In the end, substrate chromogen 
solution diaminobenzidine (DAB) was used. Sections were 
then counterstained and mounted.

ASSESSMENT OF IHC RESULTS

The assessment of  IHC results was done on the basis 
of  percentage of  tumor cells showing membrane/
cytoplasmic staining and intensity of  staining as described 
in Table 1.

For the purpose of  our study, cytoplasmic staining with a 
score 2+, 3+ and 4+ were taken as overexpression while 
1+ was taken as underexpression. A score of  0 was taken 
as negative expression. This was done as per guidelines 
described by Abrahao et al.[11]

Statistical analysis
The statistical analysis was done using Company name 
SPSS Inc., Chicago, Illinois, U.S.A   statistical analysis 
software. The values were represented in number (%) and 
mean ± standard deviation. Student’s t‑test was used to 
test the significance of  two means. Analysis of  variance 
test was used to compare the within group and between 
group variances amongst the study groups. The level of  
significance “P” value was considered statistically significant 
if  <0.05.

Ethical approval
The study received a waiver from the institutional ethics 
committee.

Table 1: Interpretation and scoring of cyclooxygenase-2 
immunohistochemical staining
Score Surgical specimen -  Staining 

pattern
COX2 expression 
assessment

0 Weak staining in 0%- 10% of tumor cells Negative
1+ Weak to moderate staining in 10%- 25% 

of tumor cells
Equivocal

2+ Moderate to strong staining in 25%- 50% 
of tumor cells

Positive

3+ Strong staining in 50%- 75% of tumor 
cells

Positive

4+ Strong staining in 75%- 100% of tumor 
cells

Positive

COX-2: Cyclooxygenase-2
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RESULTS

Clinicopathological data
The study sample comprised of  90  cases of  HNSCCs 
which included 72  males  (80%) and 18  females  (20%). 
Most  o f  the  cases  were  we l l  d i f f e ren t i a t ed 
histopathologically  (n  =  52; 57.8%) [Figure  1a] while 
37 cases (41.1%) were moderately differentiated [Figure 1b]. 
Only one case (1.1%) was poorly differentiated [Figure 1c]. 
Maximum number of  cases in this study presented with a 
clinical stage of  T2 (n = 45; 50.0%) and most of  the patients 
did not show nodal involvement at presentation (n = 67; 
74.4%). In our study, the depth of  tumor ranged from 0.1 
cm to 3.5 cm. 48.9% of  the patients (n = 44) had a tumor 
depth between 0.5 and 1 cm.

EVALUATION OF IHC RESULTS

COX‑2 expression score was 1+ in 19 (21.1%) [Figure 2b] 
of  the cases, 2+  in 57  (63.3%)  [Figure  3a], 3+  in 
5  (5.6%)  [Figure  3b] and 4+  in 7  (7.8%)  [Figure  3c] 
cases respectively. No expression was observed in 
2  (2.2%)  [Figure  2a] of  the cases. For the purpose of  
our present study, score of  2+, 3+ and 4+ were taken as 
indicators of  overexpression. Hence, 76.7% (n = 69) of  
the cases showed COX‑2 overexpression.

Association between cyclooxygenase‑2 expression and 
clinicopathological parameters
COX‑2 expression showed a significant association with 
the histopathological grade of  the tumor, clinical staging, 
maximum tumor depth, nodal status and lvi/pni (P < 0.05). 
No significant association was found with distant metastasis 
at presentation (P = 0.939) [Table 2].

DISCUSSION

COX, officially known as PG‑endoperoxide synthase, is an 
enzyme that is responsible for the formation of  PGs from 
arachidonic acid. The PGs are autocoid mediators that 

affect virtually all known physiological and pathological 
processes via their reversible interaction with G‑protein 
coupled membrane receptors. There are two isoforms 
of  COX, namely, COX‑1 and COX‑2 which are almost 
identical in their structure, but for the substitution 
of  isoleucine at position 523 in COX‑1 with valine in 
COX‑2.[12]

Earlier studies showed that while both enzymes carry out 
essentially the same catalytic reaction and have similar 
primary protein structures[5] many of  the inflammatory or 
inducible effects of  COX appear to be mediated by COX‑2, 
while many of  the “housekeeping” effects of  COX appear 
to be mediated by COX‑1. Later studies revealed that the 
COX‑1 and COX‑2 proteins are derived from distinct 
genes. COX‑2 gene can be induced by hormones, growth 
factors, phorbol esters, cyclic adenosine monophosphate, 
inflammatory factors and cytokines.[13]

Enhanced synthesis of  PGs, due to the upregulation of  
COX‑2, increases the proliferative activity of  neoplastic 
cells, cancer invasiveness and metastasis.[14] Despite 
extensive studies, there is limited data available on COX‑2 
expression in HNSCC and its relation with different 
clinicopathological parameters in the Indian context. 
The COX‑2 initiated signaling pathways can control cell 
proliferation and accumulating evidence shows that COX‑2 
is widely overexpressed in HNSCC.[3,4,15]

Demographic profile
In our study, performed on 90 cases of  HNSCCs, 51.1% 
of  the patients were aged above 60 years. The mean age 
of  the patients was 61.33 ± 10.38 years. The majority of  
the patients were males (n = 72/90; 80%) and there were 
18 (20%) females. The ratio of  males to females was 4:1. 
A bias may be present in the study as it was conducted in an 
armed forces hospital where there is a male preponderance. 
The majority of  the patients hailed from a rural background 
in this study (71.1%).

Figure 1: H and E stain (×200). (a) Well differentiated squamous cell carcinoma. (b) Moderately differentiated squamous cell carcinoma. (c) Poorly 
differentiated squamous cell carcinoma

cba
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As opined by various authors, head and neck cancer is 
known to occur primarily in older adults, with most patients 
being more than the age of  45 years.[16] Although recent 
studies have demonstrated a steady rise in the incidence of  
HNSCCs in younger adults (18–45 years) due to human 
papillomavirus (HPV) related etiology,[17] such a trend was 
not seen in our study. This possibly indicates that HNSCC 
in India has predominantly a non HPV related, tobacco 
and alcohol‑associated etiology.

The disease shows a male preponderance in almost all 
countries, with rates two to four times higher among males 
than females.[8] This was in concordance with our findings 
and may be suggestive of  a lower incidence of  tobacco 
and alcohol consumption by females in India.

As opposed to our results, most of  the studies available in 
literature show a higher prevalence of  HNSCCs in urban 
as compared to rural areas.[18] The possible reason for this 
variation in our results might be because, in an Indian 
scenario, the practices of  betel quid chewing, consumption 
of  “khaini” or supari, smoking or alcohol consumption, 
which are well recognized risk factors for HNSCCs, are 
more common in the rural population.

In this study, most of  the HNSCCs  (57.8%) were 
well‑differentiated histopathologically (n = 52), while 41.1% 
were moderately differentiated (n = 37). Only 1.1% (n = 1) 
of  the cases was poorly differentiated. This is in keeping 

Table 2: Association of cyclooxygenase-2 expression with clinicopathological and tumor, node, metastasis staging parameters
Characteristic Number of cases Mean expression SD Statistical significance, P

Grade
Well differentiated 52 1.73 0.77 0.002
Moderately differentiated 37 2.30 0.78
Poorly differentiated 1 1.00 0.00

Tumor size/clinical stage (T)
T1 21 1.71 0.46 0.001
T2 46 1.91 0.79
T3 11 1.64 0.81
T4 13 2.77 0.93

Nodal status (N)
N0 67 1.84 0.665 0.024
N1 15 2.47 0.83
N2 8 2.00 1.51

Distant metastasis (M)
M0 88 1.95 0.83 0.939
M1 2 2.00 0.00

Tumor depth (maximum) (cm)
≤0.5 7 1.57 0.54 0.019
0.5-1 44 2.05 0.81
1- 1.5 17 1.65 0.86
1.5- 2 12 1.75 0.62
>2 10 2.60 0.84

Lvi/Pni
None 71 1.85 0.71 0.005
Lymphovascular 17 2.24 1.03
Lympho + perineural 2 3.50 0.71

Lvi: Lymphovascular invasion, Pni: Perineural invasion, SD: Standard deviation

Figure  2: Cyclooxygenase-2 expression on immunohistochemistry 
(×200). a: 0, b: 1+ 

ba

Figure 3:  Cyclooxygenase-2 expression on immunohistochemistry (×200) a: 2+, b: 3+, c: 4+

cba
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with other studies mentioned in literature, wherein the most 
commonly found histological grade was well differentiated 
although extensive search in indexed journals did not yield 
any comment on the prevalence of  carcinoma based on 
differentiation.[7,8,11]

Pattern of immunostaining
The staining intensity and extent was mainly localized or 
was seen to be stronger in the peripheries of  tumor islands. 
This observation is in accordance with other studies. The 
justification for such a pattern lies in the fact that the 
staining reaction varies with cellular differentiation and 
therefore reiterates the presence of  these receptors in 
undifferentiated cells.[6,19]

Immunoreactivity for COX‑2 was patchy and also seen in 
stromal cells including macrophages and neutrophils. These 
findings might be suggestive of  an interaction between the 
stromal cells and tumor cells thus affecting COX‑2 expression.

Prevalence of cyclooxygenase‑2 expression
Our observed prevalence of  COX‑2 protein positivity 
by immunohistochemistry was 97.8% (n = 88). Negative 
expression was seen in 2.2% (n = 2) cases. These results 
are in close proximation to those obtained by Goto et al.,[9] 
who demonstrated 97.3% immunostaining in HNSCCs and 
Søland et al.[20] who showed 98% COX‑2 staining in oral 
squamous cell carcinomas (OSCCs). Overexpression was 
observed in 76.7% of  the cases. These results are similar 
to those observed by other researchers.[21]

Correlation of histological grade/degree of 
differentiation with cyclooxygenase‑2 expression
In this study, positive expression was found to be higher in 
moderately differentiated tumors while negative expression 
was more commonly seen in well‑differentiated tumors. 
This is in agreement with the results reported by other 
investigators.[6,9] This finding suggests that, with decreasing 
differentiation of  tumor, COX‑2 immunostaining intensity 
increases (P = 0.001; highly significant).

Assuming that moderately and poorly differentiated tumors 
behave more aggressively, intensity of  COX‑2 expression 
may correlate well with the aggressiveness of  disease. 
However, not all studies agree on this, and there lies some 
ambiguity in the matter. Shigeto Itoh et al. could not find 
any correlation of  COX‑2 status with the histological grade 
of  tumors in HNSCCs.[7]

Correlation of tumor size and maximum tumor depth 
with cyclooxygenase‑2 expression
Significant correlation was found between COX‑2 
overexpression and tumor size in our study. T3 and T4 

tumors were associated with a higher percentage of  COX‑2 
overexpressed cases as compared to T1 and T2 tumors. 
These results are in concordance with earlier studies.[22]

The mean expression of  COX‑2 was seen to increase 
significantly with increasing tumor depth (P = 0.019). These 
results are in concurrence with those obtained by Woś et al.[23]

This finding is another indication of  the high prognostic 
value of  COX‑2 in HNSCCs, as tumor depth is a 
well‑identified prognostic indicator in HNSCCs.

In our study, nodal metastasis was present in only 23 cases. 
Out of  these, COX‑2 positivity was present in 22 cases, 
while negative expression was noted only in a single case. 
COX‑2 overexpression was found in 18 cases. Significant 
association was found between nodal metastasis and 
COX‑2 overexpression (P = 0.024). Other Indian studies 
have also given similar results.[6]

Correlation of lymphovascular/perineural invasion with 
cyclooxygenase‑2 expression
In our study, 78.9% of  the patients (n = 71) did not show 
either lvi/pni. A total of  17 patients (18.9%) showed only 
lvi, while 2  (2.2%) showed both lvi and pni. Perineural 
invasion alone was not seen in any of  the cases in our 
study. We found a significant association between lvi/pni 
and COX‑2 overexpression (P = 0.005). Though studies 
pertaining to the prognostic implication of  lvi/pni in 
HNSCCs are present,[24,25] there’s a paucity of  literature 
studying the correlation between COX‑2 and lvi/pni. Our 
study attempts to shed some light upon this unexplored 
area. These results might indicate that, the role of  COX‑2 in 
tumor metastasis is through lvi spread. Another possibility 
that exists is that tumors having overexpression of  COX‑2, 
which were also found to be of  a higher grade, had an 
earlier involvement of  vessels or nerves.

Only 2 (2.2%) patients in this study had distant metastasis 
at the time of  presentation. No significant association was 
found between COX‑2 positivity and distant metastasis. This 
is in opposition to the scant research available in indexed 
literature, which attaches a significant association of  COX‑2 
with metastasis.[10] The probable reason for such a discord 
in our study might be the lack of  surgical intervention in 
cases of  HNSCCs presenting with distant metastasis to our 
institution. As our study includes only resected specimens 
of  HNSCCs, these results can thus be explained.

CONCLUSIONS

This study supports the view that COX‑2 expression is 
related to tumor growth, differentiation and aggressiveness 
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and there is a possible scope of  using this for targeted 
therapy in HNSCCs. It also identifies COX‑2 as a good 
independent prognostic marker in HNSCCs in the Indian 
context.
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