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ABSTRACT

Objectives: To assess the relationship between CD44 expression in malignant cells, clinicopathological
findings, and prognostic outcomes in oral squamous cell carcinoma.

Materials and Methods: This was a retrospective comparative study utilized excisional and incisional biopsy
specimens from oral and oropharynx, collected at Akbar Niazi Teaching Hospital, Islamabad, between Sep-
tember 2022 and September 2024. Among 40 specimens, 13 were well-differentiated, 19 were moderate, and
8 were poor squamous cell carcinomas, with or without nodes metastasis. These specimens were randomly
selected for CD44 immunohistochemical staining.

Results: The majority of patients were between 50 and 75 years old (mean was 62.5+7.2 years), and males
were 77.5%. The mean tumor depth was 0.7+0.4 mm. T1 tumors were the most common (55%), with the
majority exhibiting NO nodal status (62.5%). Grade 2 tumors were the most frequent (47.5%), while stage 1
tumors had the highest prevalence (40%,). Strong CD44 expression was detected in 72.5% cases, with basal
cell invasion present in 55%. Lesions were most frequently located on the tongue (30%) and vocal cords
(25%). Insignificant difference was observed in age, gender, tumor size, nodal status, or basal cell invasion
across expression levels (p > 0.05). A notable variation in tumor grades was identified across different
expression levels (p = 0.022).

Conclusion: Reduced CD44 expression in aggressive OSCC, characterized by poor differentiation and lymph
node involvement, indicates a potential association with disease progression. CD44 may help preserve tissue
structure, and its loss could serve as a potential marker of poor prognosis.
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while without salivary gland tumors'. In Pakistan,
age-standardized incidence of oral cancer is 14 /
100,000 individuals®. Oral cancer has a high preva-
lence among men, listed among three most frequent
cancers. The incidence is rising due to population
aging and growing prevalence of cancer risk factors.
The rising prevalence is attributed to factors such
as tobacco consumption, poor nutrition, sedentary
lifestyles, and infections?.

The International Agency for Research on
Cancer recently confirmed that increased use of
smokeless tobacco contributes to oral cancer®. Oral
squamous cell carcinoma (OSCC) accounts over
90% of oral malignancies. Although advances in
therapeutics, the rate of 5 years survival for OSCC
remains around 55% and is significantly lower for
tumors located more posteriorly’. The WHO has
recently adopted resolutions on diet, health, and
physical activity to aid in the prevention and control
of oral malignancies®.

Numerous studies have explored prognostic
indicators for OSCC at molecular level, identifying
several tumor suppressor genes involved in etiol-
ogy of oral and oropharyngeal SCC’®, CD44 is a
key human cell surface receptor for hyaluronate,
playing a role in various physiological processes.
CD44 contributes to tumor aggressiveness in vivo
by interacting with hyaluronate rich stroma’.

This study objectives to assess the relationship
between CD44 expression in tumor cells, clinico-
pathological findings, and prognostic outcomes in
OSCC.

MATERIALS AND METHODS

This was a retrospective comparative study
utilized excisional and incisional biopsy specimens
from oral cavity, collected from Pathology Depart-
ment at Akbar Niazi Teaching Hospital, Islamabad,
between September 2022 and September 2024. Prior
to initiation, the study received approval from eth-
ics committee of the institute (Ref No. IMDC/DS/
IRB/219), and consent was exempted. All oral and
oropharyngeal SCC diagnosed through incisional or
excisional biopsy were received from the Department
of Oral Pathology, and all histopathological variants
of OSCC reported in the Department of Pathology
were included. Excluded from the study were benign
neoplasms of oral and oropharynx mucosa, primary
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tumors other than SCC of oral and oropharynx, as
well as recurrent and metastatic tumors in these
regions.

All cases were selected through simple ran-
domization. A computer-generated random number
list was used to avoid selection bias. A total of 40
specimens were randomly chosen, including 13
well-differentiated, 19 moderately, and 8 poorly
differentiated SCC, with or without nodal metas-
tasis, for CD44 immunohistochemical staining. By
histopathological examination, group 1, 2 and 3 were
diagnosed as malignant (Grade I, II and III).

Comprehensive patient data, including age, gen-
der, tumor site, and personal history, were obtained
from pathology. Hematoxylin and eosin-stained tis-
sue samples were examined to verify the histopatho-
logical diagnosis of SCC. The specimens underwent
incisional or excisional biopsy.

For histopathological evaluation, 4-microm-
eter-thick sections were prepared from Paraffin
blocks sectioned with a semi-automated microtome
equipped with disposable blades and subsequently
stained with Hematoxylin and Eosin. Histological
features of OSCC were categorized in well, moder-
ate, and poor differentiated grades (G1-G3), with or
without nodes metastasis, based on WHO criteria.

Since 2018, American Joint Committee on
Cancer staging is utilized to classify for oral and
oropharyngeal tumors. It utilizes the TNM staging,
assessing tumor extent (T), regional lymph node
involvement (N), and distant metastasis (M). Tis-
sue sections were analyzed and placed on chrome
alum-coated slides, antigen retrieval in a pressure
cooker with TRIS buffer (pH 9.2), and processed
with horseradish peroxidase (HRP).

Tumor size, stage, depth, and nodal status were
analyzed as outcomes data, while expression levels
served as the explanatory data. All quantitative data,
including age and tumor depth, were assessed for
normal data distribution. Shapiro-Wilk test was em-
ployed for normal data distribution. For quantitative
data with a normal distribution (age), independent
t test was applied to compare mean values across
different expression levels. For quantitative data
without normal distribution (depth), Mann-Whitney
U test was applied to compare median and interquar-
tile range (IQR) across different expression levels.
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Categorical variables, including gender, tumor stage,
size and nodal status, Fisher’s exact test was applied
to compare across expression levels. A p value <0.05
was set as significant. Data analysis was conducted
using SPSS v 23.

RESULT

The patient’s mean age was 62.5+7.2 years.
Among 40 patients, 14 were 35-55 years, while 26
were 5675 years old. Among 40 cases, 31 (77.5%)
were males, while 9 (22.5%) were females. The me-
dian tumor depth was 0.7 mm (IQR: 0.5-1.1 mm).

Among the patients, 55% (n=22) had T1 tumors,
37.5% (n=15) had T2 tumors, and 7.5% (n=3) had

x 100)

Fig 2: Moderate differentiated SCC CD44 expression (H
stain x 100)

Fig 3: Poorly differentiated SCC CD44 expression (H stain
% 100)
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T3 tumors. The majority of patients had NO nodes
(62.5%, n=25), while 17.5% (n=7) had N1 nodes
and 10% (n=4) had N2b nodes. Among the patients,
32.5% (n=13) were in Grade 1, 47.5% (n=19) in
Grade 2, and 20% (n=8) in Grade 3. Among patients,
40% (n=16) were in Stage [, 20% (n=8) in Stage I,
30% (n=12) in Stage 111, and 10% (n=4) in Stage ['V.
Table 1 presents additional parameters, including
expression levels, basal cell invasion, and lesion site
among patients.

No difference was found in age, gender, nodal
status, tumor size, or basal cell invasion across ex-
pression levels (p > 0.05). In the weak expression,
9.1% (n=1) was Grade 1, while 45.5% (n=5) were
Grade 2, and 45.4% (n=5) were Grade 3. In the strong
expression, 41.4% (n=12) were Grade 1, 48.3%
(n=14) were Grade 2, and 10.3% (n=3) were Grade
3. A significant difference in tumor grades was ob-
served between expression levels (p =0.022), (Table
2). The post-hoc analysis (Bonferroni) revealed that
the significant difference was observed in Gade 3.

Table 3 presents the association between CD44
expression levels (strong vs. weak) and key clinico-
pathological features. OR < 1 indicates a negative
association with strong CD44 expression; OR > 1
indicates a positive association. No results were

Fig 5: Weak SCC CD44 expression (H stain x 100)
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significant at p <0.05, though a trend was observed
for histologic grade (p = 0.080).

DISCUSSION

This study conducted immunohistochemical and
clinicopathological evaluations on 40 cases of oral
and oropharyngeal SCC. This study evaluated CD44
expression, its prognostic significance, association
with basal invasion, grading, and its potential role
in targeted therapy for better patient outcomes. The
highest incidence was observed in 56 to 75 years
ages. The average age at presentation was 62.5 years,
with males accounting 77.5% of cases. Selvamani
et al reported average age at presentation of 55.8
years, with a higher incidence in males'®. Singh et al
reported average age at presentation of 52.8 years'!.

In this study, the tongue was frequent site
(30%), then prevalent in vocal cords, buccal mucosa,
pharynx, and lips. Selvamani et al reported a 32%
incidence of cases occurring on the tongue'. Rai
et al reported the buccal mucosa predominant site
(53%), then prevalent in tongue (18%) and lip tumors
(14%)'2. In Smitha et al study tongue, buccal mucosa,
and lip tumors accounted for 12%, 31%, and 4% of
cases, respectively’.

In this study, out of 40 cases, 35% (n=14) had
nodal metastasis, while 65% (n=26) showed no nodal
involvement. This finding aligns with Xia et al who
reported that most cases lacked nodal involvement,
with 10 cases showing nodal metastasis and 34 with-
out. This suggests that patients are aware of OSCC,
leading to early-stage clinical presentation'®.

In this study, most cases were classified as T1
stage. This finding contrasts from other studies,
which identified T2 was most commonly reported
stage at diagnosis. The association was found in-
significant across tumor stages and CD44 immu-
no-expression. While, in stage T2, nearly all cases
exhibited strong CD44 immuno-expression. The
association was observed insignificant across nodes
status and CD44 immuno-expression. Strong CD44
expression was noted in NO and N1 cases. This is
consistent with Hema et al who found insignificant
variation in tumor stages or nodes status concerning
CD44 immuno-expression'.

In this study, all 13 cases of well-differentiated
SCC exhibited CD44 expression, with 12 showing
strong expression and 1 displaying weak expres-
sion. Among the 19 cases of moderately differen-
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tiated SCC, 14 exhibited strong expression, while
5 had weak expression. Among 8 cases of poorly
differentiated SCC, 5 exhibited weak expression,
while 3 demonstrated strong expression. Therefore,
well-differentiated carcinomas exhibit higher CD44
expression compared to poorly differentiated carci-

Table 1: Demographic characteristics, n=40

Variables n %
Ages 35-55 14 35.0
(years) 56 75 26 75.0
Male 31 77.5

Gender
Female 9 22.5
T1 22 55.0
Tumor size T2 15 37.5
T3 3 7.5
NO 25 62.5
N1 7 17.5
Nodes Nla 2 5.0
(PN)* N1b 1 2.5
N2 1 2.5
N2b 4 10.0
1 13 32.5
Grade 2 19 47.5
8 20.0
I 16 40.0
I 8 20.0

Stage

111 12 30.0
IVA 4 10.0
Expression Weak 11 27.5
level Strong 29 72.5
Basal cell Absent 18 45.0
invasion Present 22 55.0
Tongue 12 30.0
Lesion site Buccal Tnucosa 7 17.5
Lip 5 12.5
Pharynx* 16 40.0

*Pharynx cases were as oropharyngeal based on clinical
records (base of tongue, tonsillar region, soft palate). pN*:
pathological nodal staging

Table 3: CD44 expression and clinicopathological param-

eters
Variable OR 95% CI p-value
Histologic grade 1 0.14 | 0.02-1.26 0.080
Nodal involvement (N1/
N2 vs NO) 1.58 | 0.39-6.50 | 0.524
Tumor size (T1 vs T2/T3) | 2.86 | 0.63-12.98 | 0.174
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Table 2: Compare the expression levels with clinical and pathological findings, n=40

Variables Expression levels
P-value
Weak (n=11) Strong (n=29)
35-55 4 (36.4%) 10 (34.5%)
Ages (years) 702
56 -175 7 (63.6%) 19 (65.5%)
Male 10 (90.9%) 21 (72.4%)
Gender 121
Female 1(9.1%) 8 (27.6%)
T1 8 (72.7%) 14 (48.3%)
Tumor size T2 2 (18.2%) 13 (44.8%) .100
T3 1(9.1%) 2 (6.9%)
NO 6 (54.5%) 19 (65.5%)
Nodes (pN)* N1 3(27.3%) 7 (24.1%) 532
N2 2 (18.2%) 3 (10.4%)
1(9.1%) 12 (41.4%)
Grade 2 5 (45.5%) 14 (48.3%) .022
5 (45.4%) 3 (10.4%)
I 6 (54.5%) 10 (34.5%)
II 0 8 (27.6%)
Stage 1.00
111 4 (36.4%) 8 (27.6%)
IVA 1(9.1%) 3 (10.4%)
) ) Absent 7 (63.6%) 11 (37.9%)
Basal cell invasion .060
Present 4 (36.4%) 18 (62.1%)

*: pathological nodal staging
nomas. This result is similar with studies conducted
by Hema et al and Kaza et al which demonstrated
significant results'>'S.

Due to its association with histological differ-
entiation and nodal status, CD44 could serve as a
supplementary immunohistochemical marker in inci-
sional biopsy specimens, aiding in risk stratification
of OSCC cases. Its inclusion in diagnostic panels
alongside markers such as p16, Ki-67, and p53 could
help refine early-stage characterization, particularly
in borderline lesions where tumor aggressiveness is
uncertain. In maxillofacial oncology, incorporating
CD44 into preoperative biopsy protocols may assist
in planning the extent of surgical margins and neck
dissection by identifying tumors with more aggres-
sive profiles at an earlier stage'’.

Given the significant inverse relationship be-
tween CD44 expression and histological grade (p
= .022), tumors with weak CD44 expression may
represent a more biologically aggressive subtype.
This suggests the potential value of incorporating
CD44 status into preoperative planning, particu-
larly regarding margin width and neck dissection
decisions. Further studies with larger cohorts and
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survival endpoints are required to validate CD44 as
a prognostic and surgical planning biomarker.

CONCLUSION

The study demonstrated a significant inverse
association between CD44 expression and histologic
grade in oral and oropharyngeal squamous cell car-
cinoma (OSCC), with stronger CD44 expression ob-
served in well-differentiated tumors. These findings
suggest that CD44 may play a role in maintaining
epithelial integrity through enhanced cell adhesion.
Conversely, reduced CD44 expression was more fre-
quent in poorly differentiated tumors and those with
advanced stage and nodal involvement. While these
patterns imply a possible link with tumor progres-
sion, the absence of follow-up data limits definitive
conclusions about its prognostic value.

REFERENCES

1.  Warnakulasuriya S, Kerr AR. Oral cancer screening:
past, present, and future. J Dent Res. 2021;100(12):1313-
1320. https://doi.org/10.1177/00220345211014795

2. Shamsi U, Khan MA, Qadir MS, Rehman SS, Azam I,
Idress R. Factors associated with the survival of oral cav-
ity cancer patients: a single institution experience from
Karachi, Pakistan. BMC Oral Health. 2024;24(1):1427.

44



Clinicopathological analysis and CD44 expression in oral and oro....

https://doi.org/10.1186/s12903-024-04920-4 allied Sci. 2015;7(Suppl 2):S491-S494. https://doi.
3. Yangy, Zhou M, Zeng X, Wang C. The burden of oral 0rg/10.4103/0975-7406.163511

cancer in China, 1990-2017: an analysis for the Global 11. Singh MP, Kumar V, Agarwal A, Kumar R, Bhatt ML,

Burden of Disease, Injuries, and Risk Factors Study Misra S. Clinico-epidemiological study of oral squa-

2017. BMC Oral Health. 2021;21:1-11. https://doi. mous cell carcinoma: A tertiary care centre study in

org/10.1186/s12903-020-01386-y North India. J Oral Biol Craniofac Res. 2016;6(1):32-35.

4. Acharya S, Singh S, Bhatia SK. Association between https://doi.org/10.1016/j.jober.2015.11.002
Smokeless Tobacco and risk of malignant and premalig- 12. Rai HC, AhmedJ. Clinicopathological correlation study

nant conditions of oral cavity: A systematic review of In- of oral squamous cell carcinoma in a local Indian popu-
dian literature. J Oral Maxillofac Pathol. 2021;25(2):371. lation. Asian Pac J Cancer Prev. 2016;17(3):1251-1254.
https://doi.org/10.4103/0973-029X.325258 https://doi.org/10.7314/APJCP.2016.17.3.1251

5. Cao LM, Zhong NN, Li ZZ, Huo FY, Xiao Y, Liu B, 13. Smitha T, Mohan CV, Hemavathy S. Clinicopatho-
et al. Lymph node metastasis in oral squamous cell logical features of oral squamous cell carcinoma: A
carcinoma: Where we are and where we are going. hospital-based retrospective study. J Dr NTR Uni-
Clin Transl Discovery. 2023;3(4):e227. https://doi. versity of Health Sci. 2017;6(1):29-34. https://doi.
org/10.1002/ctd2.227 org/10.4103/2277-8632.202587

6. World Health Organization. Global oral health status 14. Xia F, Wu L, Lau WY, Li G, Huan H, Qian C, et al.
report: towards universal health coverage for oral health Positive lymph node metastasis has a marked impact
by 2030. World Health Organization; 2022. on the long-term survival of patients with hepatocellu-

7. Ravindran S, Ranganathan S, Karthikeyan R, Nandini lar carcinoma with extrahepatic metastasis. PLoS One.

J, Shanmugarathinam A, Kannan SK, et al. The role of 2014;9(4):€95889. https://doi.org/10.1371/journal.

molecular biomarkers in the diagnosis, prognosis, and pone.0095889

treatment stratification of oral squamous cell carcinoma: 15. Hema KN, Rao K, Devi HU, Priya NS, Smitha T,

A comprehensive review. J Liquid Biopsy. 2025:100285. Sheethal HS. Immunohistochemical study of CD44s ex-

https://doi.org/10.1016/j.j1b.2025.100285 pression in oral squamous cell carcinoma-its correlation
8. LiS,MaiZ, GuW,Ogbuehi AC, Acharya A, Pelekos G, with prognostic parameters. J Oral Maxillofac Pathol.

et al. Molecular subtypes of oral squamous cell carci- 2014:18(2):162-168. https://doi.org/10.4103/0973-

noma based on immunosuppression genes using a deep 029X.140722
learning approach. Front Cell Dev Biol. 2021;9:687245. 16. Kaza S, Kantheti LP, Poosarla C, Gontu SR, Kattap-

https://doi.org/10.3389/fcell.2021.687245 pagari KK, Baddam VR. A study on the expression of

9. Kesharwani P, Chadar R, Sheikh A, Rizg WY, Safhi AY. CD44 adhesion mc.)lecul.e in oral squamous cell car.cino-
CD44-targeted nanocarrier for cancer therapy. Front ma and its F:orrelatlon with tumor hlstologlcal grading. J
Pharmacol. 2022;12:800481. https://doi.org/10.3389/ Orofac Sci. 2018;10(1):42-49. https://doi.org/10.4103/
fphar.2021.800481 Jofs.jofs_19_18

10. Selvamani M, Yamunadevi A, Basandi PS, Madhushan- 17. Vinod S’ Rg]an S, Prathap R. EvaluaFlon of CD‘.M
kari GS. Prevalence of oral squamous cell carcinoma expression i orgl squamous cell carcinoma and 1'ts
of tongue in and around Davangere, Karnataka, India: correlation with histopathologic gradlng.'J Oral Maxil-
A retrospective study over 13 years. J Pharm Bio- }ofacPathol. 2021;25(1):69-73. https://doi.org/10.4103/

jomfp.JOMFP 244 19

AUTHORS’ CONTRIBUTION

The following authors have made substantial contributions to the manuscript as under:

Conception or Design: RR, MI, FF, ZN, AM RA
Acquisition, Analysis or Interpretation of Data: RR, MI, FF, ZN, AM RA
Manuscript Writing & Approval: RR, M1, FF, ZN, AM RA

All the authors agree to be accountable for all aspects of the work in ensuring that questions related to
the accuracy or integrity of any part of the work are appropriately investigated and resolved.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCom-

@ @ @ \ mercial 4.0 International License, which permits unrestricted use, distribution & reproduction in any medium

provided that original work is cited properly.

J Khyber Coll Dent, Jun 2025, Vol. 15, No. 2 45



