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ABSTRACT
Objectives: Verrucous carcinoma (VC) is a well-differentiated variant of the squamous cell carcinoma (SCC), characterised by both endophytic and exo-
phytic growth, and a minimal tendency for metastasis. Hybrid verrucous carcinoma (HVC) is a distinct variant of VC that exhibits areas of conventional 
SCC within the otherwise well-differentiated, exophytic, and slow-growing architecture typical of VC. Despite its distinct clinical and histological fea-
tures, VC is often under-recognised and under-researched, particularly in comparison to conventional SCC. One of the critical gaps in current literature 
is the lack of systematic studies evaluating histopathological parameters such as depth of invasion (DOI), pattern of invasion (POI), tumour budding 
(TB), and tumour thickness (TT), and their correlation with clinical outcomes. To date, no comprehensive studies have addressed these parameters in 
VC, leaving a significant void in oncologic pathology. Therefore, the present study aims to analyse the pathologic parameters, such as assessment of TT, 
DOI, POI, and TB, in OVC and HVC, and interpret whether these factors can serve as better prognostic tools in analysing progression.

Material and Methods: A retrospective study was carried out on tissue sections obtained from archival biopsy specimens of 30 clinically diagnosed and 
histopathologically confirmed cases of OVC and HVC (that exhibit histopathological features of both conventional SCC and VC cases from the year 
2010-2022 in the Institution’s department of Oral and Maxillofacial Pathology and Oral Microbiology. The pathologic features like TT, DOI, POI, and 
TB were analysed. The patient’s clinical details, including demographic data, habits, and treatment history with survival/expiry data, were also recorded 
for statistical analysis. For categorical and continuous data, a descriptive analysis was conducted using Kaplan-Meier survival curves. The validity of 
invasion depth, TT, TB, and invasion pattern as predictive markers was visualised.

Results: All four histopathological parameters were found to be significant indicators of disease progression in OVC. Among them, TB and POI were 
statistically significant predictors of prognosis (p < 0.05). A Kaplan-Meier survival analysis was performed, with a follow-up period of 5 years to assess 
overall and disease-free survival."

Conclusion: The pathological parameters studied, such as TB, POI, DOI, and TT, were found to be valuable indicators for predicting the progression 
of OVC. However, the study is limited by its retrospective nature. The relatively small sample size also limited the statistical power and reliability of 
Kaplan-Meier survival analysis. Future prospective studies with larger cohorts and extended follow-up are necessary to validate these findings and to 
explore the prognostic impact of these parameters using survival analysis methods such as Kaplan-Meier curves.
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INTRODUCTION
Oral verrucous carcinoma (OVC) is a slow-growing, exophytic 
tumour that typically presents as pebbly and warty lesions 
resembling a cauliflower.[1] With a local invasive pattern and 
infrequent regional and distant metastases, it exhibits a typical 
"pushing border" histopathologically.[2] Hybrid verrucous 
carcinoma (HVC) is a rare neoplasm where both histologic 
patterns of VC with foci of squamous cell carcinoma (SCC) 

are seen in the same maternal field; it has a bad prognosis.[3] 
These two entities, which in spite of their slow-growing nature 
can anytime transform into conventional SCC, lead to the 
selection of aggressive treatment options and a bad prognosis. 
The various pathologic parameters like depth of invasion 
(DOI), pattern of invasion (POI), tumour budding (TB), and 
tumour thickness (TT) have already been studied in various 
conventional SCC cases; however, no attempt was made to 
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study these factors in OVC to our knowledge, which might help 
to determine the prognosis. Historically, DOI and TT were 
often considered synonymous in clinical practice; however, 
they are different pathological measurements. DOI refers to 
how deeply a tumour infiltrates underlying tissues from the 
epithelial surface, while TT measures the vertical height of 
the tumour from its highest to lowest point. This distinction 
has become especially important with the inclusion of DOI 
in the T category of oral cancer staging in the American Joint 
Committee on Cancer (AJCC) 8th edition.[4-6] While TT is 
measured in millimetres from the highest point of the tumour 
surface to the deepest point of the tumour, DOI is measured 
in millimetres from the surrounding normal basement 
membrane to the deepest point of the tumour invasion.[7-11] 
In the cases of verrucous and papillary carcinoma, the TT 
varied up to 22 mm, while the DOI varied between 0 and 2 
mm. Staging mostly focuses on the size of the tumour rather 
than its depth, and these tumours typically grow superficially 
and laterally rather than deeply. Because tumour invasiveness 
might more accurately predict aggressiveness, only DOI 
was considered in the 8th edition of the AJCC.[12] OVC and 
HVC have the potential to transform into conventional SCC, 
and this transformation may be predicted or assessed using 
histopathological parameters such as DOI, TT, POI, and TB. 
The primary aim of this study is to evaluate DOI, TT, POI, 
and TB in cases of OVC to identify their potential role in 
predicting malignant transformation into conventional SCC.

MATERIAL AND METHODS
Clinicopathological data were selected retrospectively from 
cases that were clinically diagnosed and histopathologically 
confirmed as OVC. Ethical clearance was obtained from 
the Institutional Ethics and Research Committee (IEC/
EP-213/2022). In the institution's department of Oral and 
Maxillofacial Pathology and Oral Microbiology, tissue sections 
from archival biopsy specimens of 30 cases of OVC, including 
20 cases of VC, and 10 cases of HVC, from the years 2010 to 
2022, were used for the study. The hotspot areas, which refer 
to a region that is the most active and aggressive part of the 
lesion within a tissue section, that shows the highest density 
or intensity of a particular pathological feature, which is used 
for quantitative assessments, were chosen using the 10x and 
40x objectives. Parameters like DOI and TT were measured 
using the Motic software. First, the DOI was measured by 
drawing a plumb line perpendicular to the horizontal line 
from the adjacent normal mucosa's basement membrane 
to the site of deepest invasion.[7,8] For VC, after drawing a 
horizon line from the adjacent normal mucosa, a plumb line 
was drawn perpendicular to it to the deepest point of pushing 
margins. In cases of HVC, a perpendicular plumb line was 
drawn to the deepest point of invasion of tumour islands 

from the adjacent horizon line. TT was measured from the 
top of the mucosal layer to the deepest point of invasion.[7,8] 
Tumour buds were recorded by identifying the buds at the 
invasive tumour front, VC and HVC showing endophytic 
proliferation with hyperplasia can show tumour islands in the 
connective tissue, which could be due to section defects. TB 
(Bd) scoring guidelines from the International TB Consensus 
Conference (ITBCC) for colorectal cancer propose three 
groups: Bd1 (0-4 buds/0.785 mm2), Bd2 (5-9 buds/0.785 
mm2), and Bd3 (10 or more buds/0.785 mm2).[13] The POI, 
based on the tumour’s invasive front, is categorised into five 
types: Pattern 1 is characterised by a broad, pushing growth; 
Pattern 2 shows a pushing, finger-like appearance; Pattern 
3 involves large, separate cell islands containing more than 
15 cells each; Pattern 4 consists of smaller islands with fewer 
than 15 cells per cluster; and Pattern 5 is defined by tumour 
satellites located 1 mm or more away from the main tumour 
mass or from other satellite clusters.[14] The POI, which ranges 
from Pattern 1 to Pattern 5, was also analysed for the cases. 
The values were recorded, charted, and subjected to statistical 
analysis.

RESULTS
The study comprised a total of 30 cases, out of which (n=20) 
were VC and (n=10) were HVC. The clinicopathologic data 
of these 30 patients have been summarised in Table 1. With 
a range of 26 to 73 years, the average age was 57 years. In 
that 73.3% of the patients (n=22) were male, and 26.7% (n=8) 
were female.

The DOI among the cases ranged from 0.6 mm to 4.5 mm, 
with five cases exhibiting a DOI greater than 2 mm, of which 
four cases were HVC and one case was VC. TT ranged from 7 
mm to 20.8 mm, and 21 cases showed a thickness exceeding 
10 mm, of which nine cases were HVC and 12 cases were 
VC. Pattern 1 invasion (broad, pushing type) was shown 
by 28 cases out of 30 cases, and two cases showed Pattern 5 
invasion. Tumour satellites were located at least 1 mm away 
from the main tumour or other satellite clusters. TB was 
observed in five cases, with three cases showing Bd1 type 
(0-4 buds/0.785 mm²) and two cases showing Bd2 type (5–9 
buds/0.785 mm²).

The prognostic value of DOI, POI, TB, and TT was assessed 
using Kaplan-Meier survival curves. All cases included in 
the study were monitored over a 5-year follow-up period to 
evaluate disease progression, recurrence, and overall patient 
outcomes.

DISCUSSION
The diagnostic accuracy in distinguishing VC and HVC plays 
a pivotal role in determining optimal treatment strategies and 
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Table 1: Clinical, pathological details, treatment, and survival 
outcomes of the cases
Variables Categories n(%)
Age 57(26-73)
Sex Male

Female
22(73.3%)
8(26.7%)

Oral subsites Buccal Mucosa
Vestibule
Tongue 
Palate

24(80%)
3(10%)
2(6.7%)
1(3.3%)

Pattern of 
Invasion

Pattern 1
Pattern 5

28(93.4%)
2(6.6%)

Depth of 
Invasion

0.6 mm - 4.5 
mm

Tumour 
thickness

7 mm - 20.8 
mm

Tumour 
budding

Bd1
5
Bd2

3(10%)
2(6.7%)

Treatment Surgical excision+chemotherapy
Surgical excision alone

24(80%)
6(20%)

Recurrences 5(16.7%)
Expiry 1(3.3%)

Figure 1: Measurement of tumour thickness (TT), using Motic 
image plus 2.0ML software. Tumour thickness: 13.3 mm (40x, blue 
line-tumour thickness measured from the mucosal surface of the 
tumour to the deepest point of invasion). Haematoxylin and eosin 
stain. ML: Machine learning.

predicting patient outcomes. This underscores the importance 
of detailed histopathological evaluation, including the use of 
deeper tissue sections and clinicopathological correlation. To 
our knowledge, only one study has analysed the parameters in 
VC. Given the limited research on VC, it is crucial to conduct 
further studies to explore these parameters in depth, as a 
better understanding will enhance diagnostic precision and 
aid in the development of tailored treatment strategies for 
improved patient outcomes.

One could describe HVC as "a wolf in sheep's clothing."3 This 
suggests that the possibility of aggressive behaviour can be 
identified microscopically as a ruptured basement membrane, 
which can be aided by analysing various pathologic parameters 
like DOI, POI, TT, and TB. DOI, which is defined as the 
measurement from the horizon of the basement membrane 
of the adjacent uninvolved mucosa perpendicularly to the 
deepest point of invasion, and TT, which is from the surface 
to the deepest point of invasion, were measured in a total 
of thirty cases of VC and HVC.[15] In our study, the DOI 
ranged from 0.6 mm to 4.5 mm, with five cases showing a 
DOI greater than 2 mm. Of these, four were HVC and one 
was VC, suggesting a tendency for deeper invasion in hybrid 
variants. TT varied from 7 mm to 20.8 mm, with 21 cases 
exceeding 10 mm. Among these, nine were HVC and 12 
were VC. These findings indicate that while both subtypes 

can exhibit significant TT, HVC may be associated with 
greater invasive potential. TT in the examined cases ranged 
from 7 mm to 20.8 mm, as summarised in Table 1. In one 
representative histopathological section of VC, the measured 
TT from the surface epithelium was 13.39 mm [Figure 1]. As 
shown in Table 1, the DOI ranged from 0.6 mm to 4.5 mm 
across the examined cases. In one histopathological section of 
VC, the DOI measured using the horizontal and plumb line 
method was 3.5 mm [Figure 2]. According to a study by Patel 
et al., the DOI of the HVC case was more than 2 mm from 
the VC component.[16] On comparison with a similar study by 
Kukreja et al.,[12] which reported DOI ranging from 0 to 2 mm 
and TT up to 22 mm in verrucous and papillary carcinoma, 
our findings showed a slightly higher DOI in some cases, 
particularly among hybrid variants. This suggests that HVC 
may exhibit more aggressive invasive characteristics compared 
to conventional VC. However, in many studies on SCC, these 
parameters have also been evaluated. For instance, according 
to a study by Salama et al. [15], in cases of early verrucous SCC 
where invasion into the lamina propria is clearly evident, TT 
was found to be a more reliable indicator of invasive potential 
than DOI. This highlights the potential importance of TT as 
a prognostic marker, particularly in borderline or early-stage 
lesions where DOI may be minimal or difficult to assess.

As seen in Table 1, there was variation in the values of DOI 
and TT because the HVC cases had infiltration of tumour 
islands into the connective tissue, whereas the VC cases had 
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broad pushing margins. The POI, based on the tumour’s 
invasive front, is categorised into five types: Pattern 1 is 
characterised by a broad, pushing growth; Pattern 2 shows 
a pushing, finger-like appearance; Pattern 3 involves large, 
separate cell islands containing more than 15 cells each; 
Pattern 4 consists of smaller islands with fewer than 15 cells 
per cluster; and Pattern 5 is defined by tumour satellites 
located 1 mm or more away from the main tumour mass 
or from other satellite clusters.[13] As shown in Table 1, the 
POI was classified as Pattern 1 in 28 cases, which exhibited 
broad, pushing margins, while Pattern 5 was observed in two 
cases of HVC, which had the tumour satellites ≥ 1 mm away 
from the main tumour or other satellites. A representative 
histopathological section of HVC demonstrating Pattern 5 
invasion at 40x magnification is presented [Figure 3]. Many 
authors have studied these parameters in conventional 
SCC and proved them to be better prognostic indicators in 
determining the metastasis and prognosis.[18-20]

TB is a promising and potent indicator of nodal metastasis 
and a more advanced tumour stage in conventional SCC. 
As shown in Table 1, TB was observed in five cases, with 
three cases exhibiting BD1-type budding and two cases 
demonstrating Bd2-type budding. In one histopathological 
section of HVC, tumour buds were identified at the 
infiltrating margin, corresponding to Bd2 (5-9 buds per 0.785 
mm²) [Figure 4]. Kaplan-Meier survival curves were used to 
evaluate the prognostic significance of DOI, POI, TB, and TT. 
The study included 30 patients who were monitored over a 
5-year period to track disease progression, recurrence, and 
overall survival. Out of the 30 patients, 29 remained alive and 

under observation at the end of the 5-year period. However, 
one patient unfortunately died during the follow-up period, 
which was documented as part of the survival analysis. The 
present study demonstrates that both the POI and TB have 
significant prognostic implications for overall survival. 
As shown in Figure 5, patients with Pattern 5 invasion 

Figure 3: Evaluation of the pattern of invasion (POI). Image captured 
using a Zeiss microscope, and the pattern of invasion was evaluated. 
(40x, Pattern 5 invasion, tumour islands <1 mm from each other-
black circle). Haematoxylin and eosin stain.

Figure 2: Measurement of depth of invasion (DOI), using Motic 
image plus 2.0ML software. DOI: 4.38 mm (40x, black line-
horizontal line; red line-depth of invasion) Haematoxylin and eosin 
stain. ML: Machine Learning.

Figure 4: Evaluation of tumour buds (TB). Image captured using a 
Zeiss microscope; Tumour buds (black circle) were evaluated at the 
infiltrating margins. 40x; Haematoxylin and eosin stain.
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exhibited markedly poorer survival outcomes compared 
to those with Pattern 4, highlighting the more aggressive 
biological behaviour associated with this invasive pattern. 
In addition, Figure 6 illustrates that increased TB correlated 
with reduced overall survival, further supporting its role as 
a reliable marker of tumour aggressiveness. These survival 
differences were statistically significant, as confirmed by log-
rank test results (p < 0.05), reinforcing the robustness of the 
observed associations. Invasion pattern analysis showed that 
Pattern 5 invasion was present in only two cases, while the 
remaining tumours predominantly displayed less aggressive 
invasion patterns. Importantly, one patient with both Bd2 TB 
and Pattern 5 invasion succumbed to the disease during the 
follow-up period. In this particular case, both the high-grade 
TB and the aggressive invasion pattern were associated with 
significantly poorer survival outcomes. Taken together, these 
findings suggest that both parameters can be valuable in risk 
stratification and may guide treatment planning in clinical 
practice.

 In contrast to TB and POI, neither DOI nor TT demonstrated 
a statistically significant association with overall survival in 
this cohort. As shown in Figure 7, the survival distributions 
for tumours with depth < 3 mm and > 3 mm did not differ 
significantly, with a chi-square value of 1.36 (p > 0.05). 
Similarly, Figure 8 illustrates that TT (< 10 mm vs. > 10 mm) 
was also not significantly associated with survival outcomes, 
with a chi-square value of 0.56 (p > 0.05). The absence of 

Figure 5: A Kaplan-Meier survival analysis was done using the 
log-rank test to assess differences in survival distributions between 
Patterns 4 and 5 of Invasion. The test revealed a statistically 
significant difference in survival between the two Patterns, with a 
chi-square value of 5.25 and a p-value less than 0.05 (p < 0.05).

Figure 6: A Kaplan-Meier survival analysis was done using the log-
rank test to assess survival distributions based on tumor budding. 
Survival distributions differed significantly, with a chi-square value 
of 4.00 and a p-value less than 0.05 (p < 0.05).

Figure 7: A Kaplan-Meier survival analysis was done using the log-
rank test to assess the  survival distribution for the depth of invasion 
(DOI) <3mm and >3mm. The survival distributions for the DOI 
were not statistically significant, chi-square value of 1.36, p > 0.05.

statistical significance in these parameters may be attributed 
to the relatively indolent behaviour of VC, the limited sample 
size, and the likelihood that other histopathological features, 
particularly TB and POI, play a more dominant role in 
influencing prognosis in this patient population.
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CONCLUSION
The results of the study clearly indicate the importance 
of analysing parameters such as DOI, TT, POI, and TB 
in oral verrucous lesions. In our study TB and POI served 
as a potential prognostic factors in OVC cases which was 
validated by Kaplan-Meier curves(p>0.05) These parameters 
can be added in the routine histopathological diagnosis 
of oral verrucous lesions especially for the HVC cases in 
predicting its minacious progression to a conventional SCC 
and for preventing the recurrence rates and proper treatment 
planning thereby better prognosis of the patients.

These parameters are routinely studied in oral SCC for 
predicting the prognosis. This study is a novel attempt to 
analyse these parameters in OVC and HVC, which has the 
outright chance to venture into a conventional SCC. This study 
is limited by its relatively small sample size and retrospective 
design. Additionally, since the research was carried out at a 
single institution, validation through multicentre studies is 
necessary for confirmation.
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