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ﬂBSTRACT \

Background: Depth of Invasion (DOI) in Oral Squamous Cell Carcinoma (OSCC) is an important
factor of nodal metastasis and also aids with diagnosis, treatment planning, and prognostic
assessments. The study’s objective was to find the association between DOI and Tumor Stages in
OSCC patients.

Methods: This is a cross-sectional study. 150 histologically verified biopsies of OSCC patients were
retrieved from Ziauddin Hospital's Department of Histopathology from March 2023 to 2024. The
sampling technique was consecutive. Specimens were preserved in formalin, embedded in
paraffin, and stained with Hematoxylin and Eosin. Oral cancer was graded according to WHO
requirements and the American Joint Committee on Cancer (AJCC) classification (TNM
classification) for staging. Digital microscopic imaging determined the (DOI), as defined by the
AJCC eighth edition. Statistical analysis was conducted using IBM SPSS version 24. DOI, PNI, and LVI
were compared with Tumor Grade, Tumor Size, Nodal Stage, and Tumor Stage by using
Chi-square/Fisher’s exact test. P-value < 0.05 is considered statistically significant.

Results: Buccal mucosa (59.3%) and tongue (18.0%) were the most common sites. The majority of
tumors were moderately differentiated (96.7%). with over half having a DOI >10mm (50.7%) and T4
tumor size being most prevalent (39.3%). DOI is statistically significantly associated with tumor grade
(p-value = 0.011) while not significantly associated with fumor size, nodal stage, and tumor stage
(p=value > 0.05).

Conclusion: Our study highlights the insignificant associafion between DOI and fumor size, nodal
stage, or overall tumor stage, but emphasizes its importance in assessing and staging OSCCC,
distinguishing superficial and deeply invasive fumors, and improving patient outcomes.
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INTRODUCTION

Globally the prevalence of Oral Cavity Cancers is
350,000 cases, with a ratio of 2.1:1 in males and
females respectively'. About 500,000 new instances of
"nead and neck squamous cell carcinoma (HNSCC)"
are detected each year, with arise in "oral squamous
cell carcinoma (OSCC)"™. The annual global mortality
rate among OSCC patients is 145,000 where alcohol
and tobacco usage stand out as the primary risk
factors. This is heightened in Southern Asian countries
due to the widespread use of chewing tobacco,
which is frequently coupled with betel quid use? In
Pakistan, OSCC is reported to be the most prevalent
cancer in males®. Despite advancements in diagnosis
and treatment of OSCC prognosis continues to be
unfavorable, with a low five-year survival rate.

Oral cancers are highly aggressive due to their ability
fo spread to nearby lymph nodes, leading to a poorer
prognosis®. Metastasis of Lymph nodes is an important
predictor in the outcome of “(OSCC)"” and is linked to
tumor relapse and lower survival rates. The most signifi-
cant factor in predicting occult metastases is the
depth of fumor invasion?.

Literature reports “DOI (Depth of Invasion)”, as an
elective neck surgery guide in patients of OSCC
began in the 1980s. Following research, it was recom-
mended for DOI to be integrated into staging for oral
cancers’. The major benefits of a cancer staging
system is to help predict prognosis and plan appropri-
ate treatment. Any change in staging therefore must
be based on solid evidence as it has a direct impact
on patient care. The "AJCC TNM's 8th edition" made
an important change to the T category of oral cavity
tumors, incorporating “(DOI)" info the staging®.

DOI was chosen over tumor thickness (TT), based on
DOl's ability to forecast tumor aggressiveness accu-
rately’. It has demonstrated independent prognostic
significance for concealed cervical metastases,
cancer recurrence, and disease-specific  survival
(DSS). It has also become a common criterion for
identifying the necessity for “elective neck dissection
(END)" in early stage OSCC patients (T1/T2)°.

DOl in *OSCC" has emerged as an important prog-
nostic indicator, determining outcomes such as local
recurrence, lymph node metastases, and overall
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survival. However, reliable implementation and
interpretation of DOI in clinical practice remains
difficult. Our study aims fo explore the relationship
between tumor depth and clinicopathological
parameters in OSCC patients aiming to improve prog-
nostic models and inform personalized freatment
strategies.

METHODOLOGY

This is a Cross Sectional study. 150 histologically verified
biopsies of OSCC patients of all stages were retfrieved
from Histopathology Department, Ziauddin Hospital
from March 2023 to March 2024, along with their
records. The sampling fechnique used was consecu-
tive. Patients of OSCC including both genders were
included in the study while those who had undergone
any type of cancer freatment and malignancies other
than OSCC were excluded. Demographics included;
patient's age, gender, tumor site and dimensions, such
as size of tumor and DOI. Specimens were kept in
formalin (10%), embedded in paraffin and stained by
Hematoxylin and Eosin (H&E). Using Broader's method,
grading of the oral cancer was done which adhered
to the World Health Organization's (WHO) require-
ments. The AJCC classification (TNM classification) was
used for staging.

DOI was determined using digital microscopic imag-
ing. It was defined as the mass present underneath the
basement membrane of cancers, or the theoretfical
reconstruction of basement membrane in presence of
exophytic lesions, according to *American Joint Com-
mittee on Cancer (AJCC)" eighth edition, TNM classifi-
cation. Statistical analysis was performed by using SPSS
version 24. Descriptive stafistics, including frequencies
and percentages, were utilized to summarize demo-
graphic and clinicopathological characteristics.
Chi-square / Fisher's exact test was applied to assess
the associatfion of DOI, perineural invasion (PNI), and
lymph vascular invasion (LVI) with fumor grade, fumor
size, nodal stage and tumor stage with a significance
level set at 0.05.

RESULTS

The study included 150 participants diagnosed with
OSCC with predominance of male participants found
in the age group 30-50 years and above 50 years (Fig

1).
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Figure 1: Patient's Demographics

Regarding the clinical and pathological characteristics of OSCC (Table 1), the buccal mucosa
was the most common anatomical location (59.3%). followed by the tongue (18.0%). Majority of
fumors were moderately differentiated (96.7%), with a considerable proportion exhibiting a depth
of invasion (DOI) >10mm (50.7%). Advanced-stage tumors (T4) were predominant, comprising
39.3% of cases. Muscle involvement was observed in 76% of samples while perineural invasion (PNI)
was present in 60.0% of cases, and lymph vascular invasion (LVI) in 16%, indicating aggressive
disease features. Additionally, bone involvement was observed in 38% of the cases.

Table 1: Clinical and Pathological Characteristics of Tumor

Characteristics N (%)
Anatomical Location:
Buccal mucosa 89 (59.3)
Gingiva 15 (10.0)
Hard palate 13 (8.7)
Lip 6 (4.0)
Tongue 27 (18.0)
Grades Of Tumor:
Well Differentiated 2(1.3)
Moderately Differentiated 145 (96.7)
Poorly Differentiated 3(2.0)
DOI:
<5mm 18 (12.0)
5-10mm 56 (37.3)
>10mm 76 (50.7)
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Tumor Size:

T 7 (4.7)

T2 46 (30.7)

T3 38 (25.3)

T4 59 (39.3)
Nodal Stage:

No 68 (45.3)

N1 47 (31.3)

N2a 15 (10)

N2b 7 (4.7)

N3 13 (8.7)
Perineural Invasion:

Absent 60 (40.0)

Present 90 (60.0)
Lymphovascular Invasion:

Absent 126 (84)

Present 24 (16)
Muscle Involvement:

No 36 (24.0)

Yes 114 (76.0)
Bone Involvement

No 93 (62.0)

Yes 57 (38.0)

Figure 2 represents the highest number of cases in stage 4 (48.7%) followed by 50 (33.3%), 20
(13.3%), and 7 (4.7%) in stage-3, stage-2, and stage-1 respectively.
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Figure 2: Frequency Distiribution of Tumor Stages

PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2024, VOL. 13 (04) DOI: https://doi.org/10.36283/PJMD13-4/013  RlIK]




Association Between Depth of Invasion and Tumor Stages in Oral Squamous Cell Carcinoma

H and E staining of OSCC samples across different grades is shown in Figure 3.
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Figure 3: Histopathological images of different grades of OSCC; Well differentiated, (a: H&E),
moderately differentiated (b: H&E) and poorly differentiated (c: H&E)

Table 1: Association of DOI, PNI, and LVI across Tumor Grade, Tumor Size, Nodal Stage and
Tumor Stage

DOI (mm) P- PNI P- LVI P-
<5 5-10 >10 value Absent Present value @ Absent Present value
N (%) N (%) N (%) N (%) N (%) N (%) N (%)
Tumor Grade
G1 2 (100) 0 (0) 0 (0) 0.011£ | 2 (100) 0 (0) 0.142% | 2 (100) 0 (0) 0.587%
G2 15 (10.3) 55 (37.9) 75 (51.7) 56 (38.6) 89 (61.4) 122 (84.1) 23 (15.9)
G3 1 (33.3) 1 (33.3) 1 (33.3) 2 (66.7) 1 (33.3) 2 (66.7) 1 (33.3)
Tumor Size
T1 1(14.3) 1(14.3) 5(71.4) 0.242% | 6 (85.7) 1(14.3) 0.056% | 7 (100) 0 (0) 0.018*
T2 7 (15.2) 18 (39.1) | 21 (45.7) 19 (41.3) 27 (58.7) 44 (95.7) 2 (4.3)
T3 1(2.6) 18 (47.4) 19 (50) 16 (42.1) 22 (57.9) 31 (81.6) 7 (18.4)
T4 9 (15.3) 19 (32.2) | 31 (52.5) 19 (32.2) 40 (67.8) 44 (74.6) 15 (25.4)
Nodal Stage
NO 7 (10.3) 23 (33.8) | 38 (55.9) 0.242% | 37 (54.4) 31 (45.6) | 0.013* 63 (92.6) 5 (7.4) 0.001%
N1 6(12.8) 21(44.7) 20 (42.6) 15 (31.9) 32 (68.1) 40 (85.1) 7 (14.9)
N2a 0 (0) 4 (26.7) 11 (73.3) 5 (33.3) 10 (66.7) 13 (86.7) 2 (13.3)
N2b 2 (28.4) 3 (42.9) 2 (28.6) 1(14.3) 6 (85.7) 3 (42.9) 4 (57.1)
N3 3 (23.1) 5 (38.5) 5 (38.5) 2 (15.4) 11 (84.6) 7 (53.8) 6 (46.2)
Tumor Stage
Stage 1 1 (14.3) 1(14.3) 5(71.4) 0.199% 6 (85.7) 1(14.3) 0.023% | 7 (100) 0 (0) 0.055¢
Stage 2 | 4 (20) 7 (35) 9 (45) 11 (55) 9 (45) 19 (95) 1(5)
Stage 3 3 (4) 25 (50) 22 (44) 19 (38) 31 (62) 45 (90) 5(10)
Stage4 10 (13.7) 23 (31.5) | 40 (54.8) 24 (32.9) 49 (67.1) 55 (75.3) 18 (24.7)

Erisher Exact Test
*Chi-square Test

Table 2 represents the association of DOI, PNI and LVI with tumor grade, tumor size, nodal stage,
and tumor stage. DOl was found statistically significant with tumor grade (p-value = 0.011) while
insignificantly associated with tumor size, nodal stage and tumor stage (p-value > 0.05). PNI is
statistically significantly associated with nodal stage (p-value = 0.013) and tumor stage (p-value =
0.023). LVl is significantly associated with tumor size (p-value = 0.018) and nodal stage (p-value =
0.001).

DISCUSSION sions and prognostic assessments. DOI, which was
OSCC has high global prevalence predominantly incorporated in the sixth edition of cancer staging
affects males, notably in Pakistan, where it ranks as manual enhances data precision. DOI's inclusion
the most prevalent cancer according to Globocan influences the T category, underscoring the impor-
2024324, Staging plays a pivotal role in the manage- tance of distinguishing between superficial and
ment of cancer patients, guiding freatment deci- deeply invasive tumors''.
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Higher DOI has been associated to an increased risk
of lymph node metastasis, poor survival and reoc-
currence in early-stage OSCC'-3, |t is a strong
predictor of fongue cancer and a crucial compo-
nent of preoperative staging.Our findings offer
insight on the relationship between tumor stage,
DOI, and other clinicopathological features in
patients with OSCC.

Our results demonstrated no correlation between
DOI and Tumor Size, Nodal Stage or Overall Tumor
Stage, which confrasts with other research indicat-
ing that DOI improves patient risk categorization
and prognostic accuracy'™ 6. Wunchel et. al in 2020
emphasized the use of DOI evaluation in early-stage
OSCCv.

We found no significant variance in the DOI
between tumor stages contrasting with other
studies'" 2. However a positive correlation was seen
between DOl and variables such as fumor site,
perineural invasion, and lymphovascular invasion.
Conversely, a weakly negative correlation was
identified with patient age consistent with the
findings reported by Abidi. et al. in 2020, where no
association was seen with patient’'s age. These
findings highlight the significance of tumor stage in
predicting DOI and justify the inclusion of DOl in TNM
staging for OSCC. Furthermore, moderate to
positive link between DOI and tumor stage was
observed, which is consistent with other researches
indicating that DOI assessment improves patient risk
categorization and prognosis accuracy' 6. A
positive correlation was seen between DOI and
variables such as tumor site, perineural invasion, and
lymph vascular invasion Conversely, a weakly nego-
five correlation was identified with patient age,
consistent with the findings reported by Abidi et al. in
2020 where no association was seen with age20.0Our
results also align with findings reported by Maheer et
al. in 2020, where DOI was significantly associated
with Lymph vascular invasion cross different DOI
categories'®. Sheikh et al., however, reported that
younger patients with “OSCC"” tend to have
increased DOI?',

Perineural invasion in OSCC is found to be more
common with deeper tumor depth similar to our
study'®. DOI was also reported to be distinct from TT
as it represents the invasive behavior of the tumor'-
22.and 23 Understanding the impact of clinicopatho-
logical variables on DOI can assist clinicians in tailor-
ing freatment approaches and predicting
outcomes'” 2,

Our study has certain limitations, such as small
sample size and variability in DOl measurement;
also, alack of longitudinal data and a narrow scope
of factors may restrict the depth of analysis and
applicability of the results. Despite these limitations,
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this study offers a detailed analysis of Depth of
Invasion with several clinicopathological parame-
ters, providing useful insights info OSCC progression
and treatment planning. To corroborate these
findings, more studies with bigger, more diverse
populations are required.

CONCLUSION

The study highlights the importance of Depth of
Invasion (DOI) in OSCC diagnosis, but found no
correlation with tumor size, nodal stage, or overall
tumor stage. DOl is useful for assessing tumor aggres-
siveness and differentiation but does not predict
tumor size, lymphatic spread, or overall staging.
Further research is needed to understand DOI's
effect on OSCC management.
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