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Abstract

Oral cancer is one of the most common cancers seen in the Indian subcontinent. Its primary treatment is surgery with
or without adjuvant treatment. Despite advances in science, prognosis and overall survival has not yet chanced over the
past two decades. Pathologically proven regional lymph node metastasis adversely affects the prognosis. This study was
conducted to evaluate the predictive factors for lymph node metastasis in Stage I and II oral squamous cell carcinoma
(OSCC) with distinct emphasis on tumor budding and worst pattern of invasion. This is a prospective observational
study was done at a tertiary care center, Prince Aly Khan Hospital, Mumbai, over a period of 22 months (March, 2020 to
December, 2021). We analyzed 237 patients of early OSCC for clinicopathological parameters (age, trismus, differentia-
tion, depth of invasion, tumor budding, worst pattern of invasion). Chi Square test and logistic regression model were used
for data evaluation. Statistical Package for Social Sciences, version 21.0 IBM Corporation USA for Microsoft Windows,
was used for data analysis. This study reported statistically significant predictive factors for lymph node metastasis viz.
tumor budding (OR 30.8 95% CI 12.365-76.731 p<0.001), worst pattern of invasion (OR 4.5 95% CI 1.853-11.305
p=0.001) and age (OR 0.149 95% CI 0.043—0.0516 p <0.003) on logistic regression model. On Chi square test, along
with the above factors- tumor differentiation (p=0.008) and depth of invasion (p=0.001) were also found statistically
significant in prediction for lymph node metastasis in early OSCC. Strong predictive association exists between lymph
node metastasis and tumor budding, worst pattern of invasion and higher age group in early OSCC. These factors can be
adapted as a routinely assessed predictive marker and mentioned in histopathology reports with its prognostic implica-
tions, thus can be considered for further planning and management. These predictive factors can be used to formulate a
risk score to incorporate various clinicopathological factors including tumor budding, worst pattern of invasion, depth of
invasion, tumor differentiation and T stage which can be used in patients diagnosed with early stage [ & II OSCC where
neck dissection can be avoided.
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Introduction

Oral cancer is the most common malignancy of the head
and neck region, globally with an annual incidence 377,713
cases and mortality 177,757 cases (GLOBOCAN 2020).
India has one third of oral cancer cases in the world. It is the
2nd top frequent cancer of India [1]. The early-stage oral
cancer includes T1-T2, NO, MO show a favorable outcome,
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in OSCC patients decreases significantly survival rate up to
~50% than those with disease free nodes.

Neoteric histological parameters are the presence of
tumor budding (TB) and worst pattern of invasion (WPOI).
These parameters have shown to be associated with high
incidence of lymph node metastasis and relapse in colorec-
tal, esophagus, endometrial and lung cancers [3-5]. A few
previous studies have evaluated the role of TB and WPOI
in oral cavity cancers and found its association with higher
incidence of nodal metastasis, recurrence and poor overall
survival.

Histological predictive and prognostic factors have been
infrequently evaluated in Indian patients. This study is con-
ducted, in a tertiary cancer care hospital, to evaluate the role
of histological parameters with distinct emphasis on TB
and WPOI to predict the risk of nodal metastasis in cases of
OSCC in Indian subcontinent which translates to the role of
elective versus therapeutic neck dissection in early OSCC
and prognosis.

Methods
Study Design

All patients coming to Prince Aly Khan Hospital, Mumbai
with previously untreated OSCC with clinical stage I and
II were included in this study. The study duration of this
prospective observational study was 22 months between
March, 2020 to December, 2021. Sample size was calcu-
lated using proportions of relative precision and estimated
sample size is 237 patients. Following predictive factors
were considered under study- clinical factors viz. age, stage,
oral submucous fibrosis (OSMF), trismus; histopathologi-
cal factors viz. tumor size, pathological lymph node status,
depth of invasion (DOI), differentiation grade, perineural
invasion (PNI), lymphovascular invasion (LVI), WPOI
and TB. Informed consent was taken from all the patients
meeting inclusion criteria. All the early stage OSCC were
managed with wide local excision and neck dissection. The
defect was closed per primum or using local/ regional flaps.
The diagnostic tissue blocks were retrieved from pathology
department and used in this study. The tumor extent and the
histopathological assessment were classified according to
the eighth edition of the AJCC TNM Classification [6]. The
study was conducted after obtaining permission from ethics
committee of the hospital.

Definitions

Tumor budding (TB) was defined as the presence of isolated
single tumor cells or a small group of fewer than five cells
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ahead of the deep invasive tumor front. Immunostained
slides were initially studied with a 4x objective lens to select
the areas with the highest density of budding, called hotspot.
TB at the hotspot was then counted using a 20x objective
lens, and the highest count per slide was used as the num-
ber of buds. The intensity of TB was categorized into low
intensity (0—4 buds/field) intermediate (5-9 buds/field) and
high intensity (>=10buds/field) according to the ITBCC
2016 recommendations [7]. In this study TB was catego-
rized into two groups: - Group 1-low (less than 5 buds/ field)
(Fig. la) and Group 2- high (equal or more than 5 buds/
field). (Fig. 1b)

The invasive tumor front was evaluated for pattern of
invasion (POI). The POI was determined as described in the
literature previously and classified as 5 patterns [8, 9] Type
1 have pushing borders, Type 2 have finger-like growth,
Type 3 have large separate islands with more than 15 cells
per island, Type 4 have small tumor islands with 15 cells or
fewer per island and Type 5 have tumor satellites equal or
more than 1 mm from main tumor or next closest satellites
(Fig. 1lc-f). In this study WPOI was categorized into two
groups: Group 1 WPOI 1-3 and Group 2 WPOI 4-5.

Tumor Sample Preparation

The slides were made from the formalin fixed paraffin
embedded and stained with H&E. Anti-cytokeratin Cocktail
(AE1 & AE3) was used as the primary antibody for IHC
staining. The advantage of using cytokeratin include shorter
working time, lower difficulty, greater replicability and it
has produced significant better reproducibility as well as
inter and intra-observer agreement as compared to H&E.

In evaluating each microscopic feature, special attention
was paid to peripheral areas of the most invasive carcinoma
stack. If different grades of each criterion were observed
in the same specimen, the higher grade was taken as rep-
resentative. These invasive tumor patterns were assessed
on Olympus Magnus MX21i microscope by two authors
simultaneously and confirmed with senior Head and neck
oncopathologist.

Statistical Analysis

The data on categorical variables is shown as n (% of cases)
and data on continuous variables is shown as mean + stan-
dard deviation (SD). The inter-group statistical signifi-
cance of difference of categorical variables is tested using
Chi- Square test and logistic regression analysis was used
to predict the association between the major independent
variables and lymph node metastasis. In the entire study,
the p-values less than 0.05 are considered to be statistically
significant. Statistical Package for Social Sciences (SPSS
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Fig. 1 (a) Tumour Budding < 5: Low Buds (b) Tumour Budding > 5: High Buds (¢) Worst Pattern of invasion- Type 2 (d) Worst Pattern of inva-
sion- Type 3 (e) Worst Pattern of invasion- Type 4 (f )Worst Pattern of invasion- Type 5
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Table 1 Association between tumor budding with various clinicopath-
ological factors

Table 2 Association between WPOI with various clinicopathological
factors

Variables No. of  Tumour Budding p-value
Patients [ ow High

Sex 0.699

Female 25 17 (10.1%) 8 (11.8%)

Male 212 152 (89.9%) 60 (88.2%)

Age 0.022

25-40 years 62 10 (14.7%) 52 (30.8%)

41-60 years 132 41 (60.3%) 91 (53.8%)

61 +years 43 17 (25%) 26 (15.4%)

Clinical T stage 0.07

cT1 69 55 (32.5%) 14 (20.6%)

cT2 168 114 (67.5%) 54 (79.4%)

Depth of invasion 0.003

</=6 mm 140 110 (65.1%) 30 (44.1%)

>6 mm 97 59 (34%) 38 (55.9%)

Perineural invasion 0.13

Absence 48 134 (79.3%) 48 (70.6%)

Presence 20 35(20.7%) 20 (29.4%)

Histologic grade 0.006

Well differentiated 29 28 (16.6%) 1 (1.5%)

Moderately 164 111 (65.7%) 53 (77.9%)

differentiated

Poorly 44 30 (17.8%) 14 (20.6%)

differentiated

Worst pattern of invasion (WPOI) <0.001

WPOI-1,2,3 111 92 (54.4%) 19 (27.9%)

WPOI-4 & 5 126 77 (45.6%) 49 (72.1%)

Tobacco Consumption 0.273

No 55 36 (21.3%) 19 (27.9%)

Yes 182 133 (78.7%) 49 (72.1%)

version 21.0 IBM Corporation, USA) for Microsoft Win-
dows was used for data analysis.

Results

A total of 237 patients were enrolled in this study between
March, 2020 to December, 2021 and the results are as
follows:

Descriptive Statistics

The mean age of the patients was 48.03 +11.32 years with
arange of 28 to 81 years and 212 (89.5%) were male, while
25 (10.5%) were female. Oral submucous fibrosis (OSMF)
is a potentially malignant condition caused by the use of
areca nut and 144(60.8%) patients had OSMF. In this study
53(22.4%) had trismus while 184(77.6%) had normal mouth
opening. None of the patients had lymphovascular invasion.
Perineural invasion was present in 55(23.2%) patients with
a stage distribution pattern as 69(29.1%) were in stage I and
168(70.9%) were in stage II. Pathological lymph node status
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Variables No.of  WPOI p-value

Patients  Group A Group B

(1,2,3) (4,5)

Sex 0.90
Female 25 12 (10.8%) 13 (10.3%)
Male 212 99 (89.2%) 113 (89.7%)
Age 0.813
25-40 years 62 27 (24.3%) 35 (27.8%)
41-60 years 132 64 (57.7%) 68 (54%)
61 +years 43 20 (18%) 23 (18.3%)
Clinical T stage 0.001
cT1 69 44 (39.6%) 25 (19.8%)
cT2 168 67 (60.4%) 101 (80.2%)
Depth of invasion 0.001
</=6 mm 140 77 (69.4%) 63 (50%)
>6 mm 197 34 (30.6%) 63 (50%)
Perineural invasion 0.003
Absence 48 96 (86.5%) 86 (68.3%)
Presence 20 15 (13.5%) 40 (31.8%)
Histologic grade 0.001
Well differentiated 29 26 (23.4%) 3 (2.4%)
Moderately 164 72 (64.9%) 92 (73%)
differentiated
Poorly 44 13 (11.7%) 31 (24.6%)
differentiated
Tobacco Consumption 0.941
No 55 26 (23.4%) 29 (23%)
Yes 182 85 (76.6%) 97 (77%)

on final histopathology report 171(72.1%) were node nega-
tive while 66(27.9%) patients had pathological lymph node
involvement. Tumor differentiation pattern was 164(69.2%)
were moderately differentiated, 44(18.6%) were poorly dif-
ferentiated and 29(12.2%) were well differentiated.

Tumor Budding

Low intensity TB was seen in 169 cases (71.3%) followed
by high intensity TB in 68 cases (28.7%). TB was signifi-
cantly associated with age (p=0.022), DOI (p=0.003),
histological grade (p=0.006) and worst pattern of invasion
(»<0.001), while no significant association was noted with
sex, clinical stage, perineural invasion, lymphovascular
invasion and tobacco addiction. (Table 1)

Worst Pattern of Invasion

WPOI was graded as type 1 to 5. There was significant asso-
ciation between WPOI and clinical tumor stage (p =0.001),
DOI (p=0.001), perineural invasion(p=0.003), histologi-
cal grade(p=0.001) and tumor budding (» <0.001) while
no association between age, gender and tobacco consump-
tion was noted. (Table 2)
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WPOI, Tumor Budding and Regional Lymph Node
Metastasis Inter-Relation

In patients with lymph node metastasis, 75.8% had high
WPOI compared to 24.2% who had low WPOI. 55.6% of
those with low WPOI did not have metastasis compared to
44.4% who had high WPOI, this difference was found to be
statistically significant. In patients with lymph node metas-
tasis, 74.2% had high TB compared to 25.8% who had.

low TB, 88.9% of those with low TB did not have metas-
tasis compared to 11.1% who had high TB and this differ-
ence was found to be statistically significant. Poorly.

differentiated tumor was seen in 28.8% of those with
metastasis and 14.6% of those without metastasis. Moder-
ately differentiated tumor was seen in 66.7% of those with
metastasis and 70.2% of those without metastasis. Well dif-
ferentiated tumor was seen in 4.5% of those with metastasis
and 15.2% of those without metastasis. This difference was
found to be statistically significant. Almost 57.6% of those
with lymph node metastasis had a depth of more 0.6 cm
compared to 42.4% who had a depth of less than and equal
to 0.6 cm —65.5% of those without lymph node metastasis
had a depth of less than equal to 0.6 cm and 34.5% had a
depth of more than 0.6 cm. This difference was found to be
statistically significant. (Table 3)

Logistic regression analysis was done to predict the
association between the major independent variables- age,
gender, tobacco consumption, clinical staging, depth of
invasion, histopathology, WPOI, TB and the dependent
variable- lymph node status. Nageelkerke R square was
obtained at 0.511, Hosmer and Lemeshow goodness-of-fit
test computed a Chi-square of 6.429, value of 0.599 with 8
degree of freedom was.

obtained implying that the model’s estimates fit the data at
an acceptable level. The overall percent correctly predicted
was 84%. Higher age group, WPOI and TB were associated
with positive prediction of lymph node metastasis which
was also found to be significant. Lymph node metastasis
in those above 60 years was found to be 0.11 times more
compared to those between 25 and 40 years and 0.149 times
more in 41-60 years. Also, lymph node metastasis was 4.5
times more likely to occur in those with high WPOI as com-
pared to those with low WPOI and 30.8 times more likely in
those in high TB compared to low TB. (Table 4)

Discussion

TNM staging and lymph node involvement remains the
gold standard for influencing for predicting, prognostication
and stratification of oral squamous cell carcinoma. Hetero-
geneity in survival within the same tumor stage points to

Table 3 Association between regional lymph node metastasis with
various clinicopathological factors

Variables No.of  Regional lymph node p-value

Patients  metastasis

Yes No

Sex 0.152
Female 25 10 (15.2%) (15 (8.8%)
Male 212 56 (84.8%) 156 (91.2%)
Age 0.288
25-40 years 62 15 (22.7%) 47 (27.5%)
41-60 years 132 42 (63.6%) 90 (52.6%)
61+ years 43 9(13.6%) 34 (19.9%)
Clinical T stage 0.097
cT1 69 14 (21.2%) 55(32.2%)
cT2 168 52 (78.8%) 116 (67.8%)
Depth of invasion 0.001
</=6 mm 140 28(42.4%) 112 (65.5%)
>6 mm 97  38(57.6%) 59 (34.5%)
Perineural invasion 0.13
Absence 48 47 (71.2%) 135 (78.9%)
Presence 20 19(28.8%) 36(21.2%)
Histologic grade 0.008
Well differentiated 29 3(4.5%) 26 (15.2%)
Moderately 164 44 (66.7%) 120 (70.2%)
differentiated
Poorly differentiated 44 19 (28.8%) 25 (14.6%)
Worst pattern of invasion (WPOI) <0.001
WPOI-1,2,3 111 16 (24.2%) 95 (55.6%)
WPOI-4 & 5 126 50 (75.8%) 76(44.4%)
Tumour budding <0.001
Low intensity (<5 169 17 (25.8%) 152 (88.9%)
buds)
High intensity (=5 68 49 (74.2%) 19 (11.1%)
buds)
Tobacco Consumption 0.563
No 55 17(25.8%) 38(22.2%)
Yes 182 49 (74.2%) 131 (77.8%)
Table 4 Predictive factors for lymph node metastasis
Variables Adjusted OR  95% CI P Value
Age Groups 0.006
25-40 years 0.11 0.027-0.448 0.002
41-60 years 0.149 0.043-0.516 0.003
61 years and above *
WPOI 0.001
High 4.5 1.853-11.305
Low *
Tumor Budding <0.001
High 30.8 12.365-76.731
Low *

the need for additional predictive and prognostic markers.
If it is possible to illuminate conceivable clinicopathologi-
cal parameter and predictors of nodal metastasis, they could
be used to identify patients for the management of the neck
nodes.
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The purpose of the study was to identify predictive fac-
tors for cervical lymph node metastasis in early OSCC. The
current prospective observational study showed.

interesting results. First, higher intensities of TB and
WPOI type 4 and 5 were correlated with regional metastasis
in patients with ¢T1-T2 NO M0 OSCC. IHC staining.

for cytokeratin can be used to correctly assess the inva-
sive tumor pattern, and WPOI resulting in therapeutic ben-
efits for patients with early OSCC.

Demographic Consideration

In our study we found most of the patients in age group
between 41 and 60 years which concur with the national
registries and other studies conducted in India [10, 11]. The
preponderance of male cases is likely due to the prevalence
of tobacco addiction in male population (70.5%).

Tumor Budding

TB is countenance of malignancy viz. mislaying of cellular
cohesion and active invasion movement. Tumor buds are
markers of epithelial-mesenchymal transition which is a
molecular process implicated as a hallmark for invasion and
metastasis [12].

In the present study TB was significantly associated
with age, DOI, histological grade, and WPOI (p <0.05).
The importance of TB in cancer prognosis has been stud-
ied widely particularly in colorectal cancer [7, 13], where
it is recognized as an additional prognostic marker [14].
In esophageal cancer [3], pancreatic cancer [5], and lung
cancer [4], TB has been reported as a promising prognostic
marker. A significant correlation between high TB count and
the presence of lymph node metastasis is one of the most
important findings observed in OSCC and in many other
cancers [15]. Such a finding stipulate that TB is an early
step enroute to metastasis. Another advantage of the studies
of TB in OSCC is that their results are consistent with those
from the first study that evaluated budding in OSCC [16].

There were very few studies on the correlation of TB
with WPOI. We noted a strong correlation between TB and
WPOI (<0.001); in contrast, no correlation was noted in
a study by Shimizu et al. [12]. TB was found to be a good
predictor of clinically node-negative OSCC cases in some
studies, further adding its utility as an important histopath-
ological parameter [17]. Angadi et al. [18] reported high-
intensity TB to be a strong independent prognostic factor for
the prediction of lymph node metastasis.

Most studies evaluated TB using H&E staining. Interest-
ingly, a recent study on OSCC concluded that evaluation of
TB by immunohistochemistry with pan cytokeratin antibod-
ies showed a better reproducibility of results than those with
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H&E staining [12]. In the present study both H& E and IHC
staining were used to identify the TB and WPOL. It becomes
easy, reproducible, and uniform way to represent the find-
ings which is an important characteristic when considering
a new marker for clinical application.

Worst Pattern of Invasion

Brandwein-Gensler et al. [19] validated that their histo-
logic risk assessment model was strongly predictive for
OS and DFS (HR 9.16, 95% CI 2.65, 31.66, P=0.0050).
They showed that aggressive pattern of invasion (WPOI-
Type 4 and 5) were significantly associated with poorer OS
and positive lymph nodes, in comparison to non-aggressive
ones (WPOI Type 1-3) in their cohort. Similar to the study
by Rodrigues et al. [20], in present study type 4 WPOI was
the most common pattern and WPOI- 4 and 5 taken together
showed clinical significance when compared with type 1-3.
The POI at the advancing front of the tumor and level of dif-
ferentiation are some of the individual histological param-
eters that help to predict regional lymph node metastasis
[21]. Differentiated neoplastic cells have the tendency to
invade the underlying.

connective tissue with pushing, well-delineated borders,
the poorly differentiated cells of the tumor possess signifi-
cantly infiltrative margins [22]. A significant correlation was
found between the frequency of metastases and the type of
invasive growth pattern [23].

In the present study, WPOI showed significant correlation
with clinical T stage, DOI, PNI, histological grade and TB
(»<0.05). Similarly, a significant association was reported
by Khwaja et al. [22] Seki et al. [24] and Siriwardena et al.
[21] Shimuzu et al. [12] also reported a significant relation
between WPOI and lymph node metastasis similar to the
present study.

Interrelationship between Tumor Budding and
WPOI

There was a strong correlation (P <0.001) between TB and
WPOI indicating the higher intensity of TB in higher grades
of WPOI and vice versa, similar to results in Shimuzu et al.
[12] study.

Other Histopathological Parameters

In this study there was no correlation between LVI, PNI and
neck node metastasis but other studies have found them to
be independent predictors [25, 26]. C. Y. Tsai et al. found
PNI to be independent predictor for lymph node metastasis
[27].
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DOI is an independent predictor of neck node metastasis
and in the present study DOI of more than 6 mm is predic-
tive of neck metastasis and statistically significant. When
the depth is less or equal to 6 mm then the p value does
not come significant reason being relatively smaller number
of cases. Tumor DOI is an independent predictor for nodal
status in pT1 T2 OSCC. DOI>4 mm is an indication for
an elective neck dissection in pT1 NO oral squamous cell
carcinoma in the study by L J Melchers et al. [28]. Mehmet
Haksever et al. [29], showed that the prevalence of neck
lymph node metastasis in patients OSCC increases as the
tumor depth increases and as the degree of tumor differen-
tiation decreases from well to poor, as has been shown in
previous studies [29] .

On analysis there was no significant association between
nodal status and sex, clinical T stage, and habits. C. Y. Tsai
et al. [27] and d’Alessandro et al. [26] also found no sig-
nificant association between- sex, age and morphology with
final nodal status in their respective study. Krishnamurthy
[30] noticed increasing trend of tongue cancers among non-
tobacco users in his study.

Patients with higher grade had a higher chances of cervi-
cal lymph node metastasis in the current study. Poorly dif-
ferentiated tumor was seen in 28.8% of those with metastasis
and 14.6% of those without metastasis. Moderately differ-
entiated tumor was seen in 66.7% of those with metastasis
and 70.2% of those without metastasis. Well differentiated
tumor was seen in 4.5% of those with metastasis and 15.2%
of those without metastasis. The difference was found to be
statistically significant. This was comparable to the study
done by Vishak et al. [31]. Various studies have shown
grade to be predictor of lymph node metastasis. Byers et al.
found that an increasing tumor grade predicted lymph node
metastasis (odd ratio2.40) [32]. Sparano et al. and Lim et al.
also showed positive correlation between grade of the tumor
and lymph node metastasis [25].

Conclusion

Our study has shown a strong predictive association between
regional lymph node metastasis and tumor budding along
with WPOI and higher age group. It could be adapted as a
routinely assessed predictive marker and mentioned in his-
topathology reports with its prognostic implications.

Tumor budding and WPOI evaluation can be done in wide
local excision specimen for the determination of aggressive-
ness of the tumor and adequate treatment planning. These
neoteric predictors in early-stage OSCC can give a clue for
adverse prognosis and thus can be used for risk adjusted
follow-up or to plan adjuvant therapy.

A larger study may be required to detect other predictors
of lymph node metastasis and to devise a risk score incor-
porating tumor budding, worst pattern of invasion, depth of
invasion, tumor differentiation and T stage to predict a score
which can be used to predict to avoid neck dissection in
early stage OSCC.

Declarations

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Sung H, Ferlay J, Siegel RL et al (2021) Global Cancer statistics
2020: GLOBOCAN estimates of incidence and Mortality World-
wide for 36 cancers in 185 countries. Cancer J Clin 71(3):209—
249. https://doi.org/10.3322/caac.21660

2. Garzino-demo P, Dell’acqua A, Dalmasso P et al (2006) Clini-
copathological parameters and outcome of 245 patients operated
for oral squamous cell carcinoma. J Cranio-Maxillofacial Surg
34(6):344-350. https://doi.org/10.1016/j.jcms.2006.04.004

3. Almangush A, Karhunen M, Hautaniemi S, Salo T, Leivo I
(2016) Prognostic value of tumour budding in oesophageal can-
cer: a meta-analysis. Histopathology 68(2):173—182. https://doi.
org/10.1111/his. 12781

4. Kadota K, Yeh YC, Villena-Vargas J et al (2015) Tumor budding
correlates with the Protumor Immune Microenvironment and is
an independent prognostic factor for recurrence of Stage I Lung
Adenocarcinoma. Chest 148(3):711-721. https://doi.org/10.1378/
chest.14-3005

5. Karamitopoulou E, Zlobec I, Born D et al (2013) Tumour bud-
ding is a strong and independent prognostic factor in pancreatic
cancer. Eur J Cancer 49(5):1032—-1039. https://doi.org/10.1016/j.
ejca.2012.10.022

6.  Amin MB, Greene FL, Edge SB et al (2017) The Eighth Edition
AJCC Cancer staging Manual: continuing to build a bridge from
a population-based to a more personalized approach to cancer
staging. CA Cancer J Clin 67(2):93-99. https://doi.org/10.3322/
caac.21388

7. Lugli A, Kirsch R, Ajioka Y et al (2017) Recommendations
for reporting tumor budding in colorectal cancer based on the
International Tumor budding Consensus Conference (ITBCC)
2016. Mod Pathol 30(9):1299-1311. https://doi.org/10.1038/
modpathol.2017.46

8. Heerema MGJ, Melchers LJ, Roodenburg JLN, Schuuring E, de
Bock GH, van der Vegt B (2016) Reproducibility and prognos-
tic value of pattern of invasion scoring in low-stage oral squa-
mous cell carcinoma. Histopathology 68(3):388—397. https://doi.
org/10.1111/his. 12754

9. LiY, Bai S, Carroll W et al (2013) Validation of the risk model:
high-risk classification and tumor pattern of invasion predict out-
come for patients with low-stage oral cavity squamous cell carci-
noma. Head Neck Pathol 7(3):211-223. https://doi.org/10.1007/
s12105-012-0412-1

10. Coelho KR (2012) Challenges of the oral Cancer Bur-
den in India. J Cancer Epidemiol 2012:701932. https://doi.
org/10.1155/2012/701932

11. Sharma S, Satyanarayana L, Asthana S, Shivalingesh KK, Gout-
ham BS, Ramachandra S (2018) Oral cancer statistics in India on
the basis of first report of 29 population-based cancer registries.

@ Springer


https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.jcms.2006.04.004
https://doi.org/10.1111/his.12781
https://doi.org/10.1111/his.12781
https://doi.org/10.1378/chest.14-3005
https://doi.org/10.1378/chest.14-3005
https://doi.org/10.1016/j.ejca.2012.10.022
https://doi.org/10.1016/j.ejca.2012.10.022
https://doi.org/10.3322/caac.21388
https://doi.org/10.3322/caac.21388
https://doi.org/10.1038/modpathol.2017.46
https://doi.org/10.1038/modpathol.2017.46
https://doi.org/10.1111/his.12754
https://doi.org/10.1111/his.12754
https://doi.org/10.1007/s12105-012-0412-1
https://doi.org/10.1007/s12105-012-0412-1
https://doi.org/10.1155/2012/701932
https://doi.org/10.1155/2012/701932

Indian Journal of Otolaryngology and Head & Neck Surgery

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

J Oral Maxillofac Pathol 22(1):18-26. https://doi.org/10.4103/
jomfp. JOMFP 113 17

Shimizu S, Miyazaki A, Sonoda T et al (2018) Tumor budding
is an independent prognostic marker in early stage oral squa-
mous cell carcinoma: with special reference to the mode of inva-
sion and worst pattern of invasion. PLoS ONE 13(4):e0195451.
https://doi.org/10.1371/journal.pone.0195451

Rogers AC, Winter DC, Heeney A et al (2016) Systematic review
and meta-analysis of the impact of tumour budding in colorec-
tal cancer. Br J Cancer 115(7):831-840. https://doi.org/10.1038/
bjc.2016.274

Koelzer VH, Langer R, Zlobec I, Lugli A (2014) Tumor budding
in Upper Gastrointestinal Carcinomas. Front Oncol 4:216. https://
doi.org/10.3389/fonc.2014.00216

Cappellesso R, Luchini C, Veronese N et al (2017) Tumor bud-
ding as a risk factor for nodal metastasis in pT1 colorectal cancers:
a meta-analysis. Hum Pathol 65:62—70. https://doi.org/10.1016/].
humpath.2017.04.013

Wang C, Huang H, Huang Z et al (2011) Tumor budding corre-
lates with poor prognosis and epithelial-mesenchymal transition
in tongue squamous cell carcinoma. J Oral Pathol Med 40(7):545—
551. https://doi.org/10.1111/1.1600-0714.2011.01041.x
Majumdar B, Patil S, Sarode SC, Sarode GS, Rao RS (2017) Clin-
ico-pathological prognosticators in oral squamous cell carcinoma:
an update. Translational Res Oral Oncol 2:2057178X17738912.
https://doi.org/10.1177/2057178X17738912

Kale AD, Angadi PV (2019) Tumor budding is a potential his-
topathological marker in the prognosis of oral squamous cell
carcinoma: current status and future prospects. J Oral Maxil-
lofac Pathol 23(3):318-323. https://doi.org/10.4103/jomfp.
JOMFP_331_19

Brandwein-Gensler M, Teixeira MS, Lewis CM et al (2005)
Oral squamous cell carcinoma: histologic risk assessment, but
not margin status, is strongly predictive of local disease-free and
overall survival. Am J Surg Pathol 29(2):167-178. https://doi.
org/10.1097/01.pas.0000149687.90710.21

Rodrigues RM, Bernardo VG, Da Silva SD et al How pathologi-
cal criteria can impact prognosis of tongue and floor of the mouth
squamous cell carcinoma. J Appl Oral Sci. 28:¢20190198. https://
doi.org/10.1590/1678-7757-2019-0198

Siriwardena BSMS, Tilakaratne A, Amaratunga Ea (2007)
Analysis of histopathological and immunohistochemical differ-
ences of oral squamous cell carcinoma in young and old patients
in Sri Lanka. J Oral Pathol Med 36(6):357-362. https://doi.
org/10.1111/.1600-0714.2007.00548.x

Khwaja T, Tayaar AS, Acharya S, Bhushan J, Muddapur MV
(2018) Pattern of invasion as a factor in determining lymph node
metastasis in oral squamous cell carcinoma. J Cancer Res Ther
14(2):382-387. https://doi.org/10.4103/0973-1482.187281

Son YH, Kapp DS (1985) Oral cavity and oropharyngeal cancer
in a younger population. Review of literature and experience at
Yale. Cancer 55(2):441-444.

@ Springer

24.

25.

26.

27.

28.

29.

30.

31

32.

Seki M, Sano T, Yokoo S, Oyama T (2017) Tumour budding
evaluated in biopsy specimens is a useful predictor of prognosis
in patients with cNO early stage oral squamous cell carcinoma.
Histopathology 70(6):869-879. https://doi.org/10.1111/his.13144
Sparano A, Weinstein G, Chalian A, Yodul M, Weber R (2004)
Multivariate predictors of occult neck metastasis in early oral
tongue cancer. Otolaryngol Head Neck Surg 131(4):472-476.
https://doi.org/10.1016/j.0tohns.2004.04.008

d’Alessandro AF, Pinto FR, Lin CS et al (2015) Oral cavity
squamous cell carcinoma: factors related to occult lymph node
metastasis. Braz J Otorhinolaryngol 81(3):248-254. https://doi.
org/10.1016/j.bjor.2015.03.004

Tai SK, Li WY, Yang MH et al (2012) Treatment for T1-2 oral squa-
mous cell carcinoma with or without perineural invasion: neck
dissection and postoperative adjuvant therapy. Ann Surg Oncol
19(6):1995-2002. https://doi.org/10.1245/s10434-011-2182-5
Melchers LJ, Schuuring E, van Dijk Ba (2012) Tumour infiltra-
tion depth >4 mm is an indication for an elective neck dissection
in pT1cNO oral squamous cell carcinoma. Oral Oncol 48(4):337—
342. https://doi.org/10.1016/j.oraloncology.2011.11.007
Haksever M, Inangli HM, Tuncel U et al (2012) The effects of
tumor size, degree of differentiation, and depth of invasion on
the risk of neck node metastasis in squamous cell carcinoma of
the oral cavity. Ear Nose Throat J 91(3):130-135. https://doi.
org/10.1177/014556131209100311

Krishnamurthy A, Ramshankar V (2013) Early stage oral tongue
cancer among non-tobacco users—an increasing trend observed
in a south Indian patient population presenting at a single cen-
tre. Asian Pac J Cancer Prev 14(9):5061-5065. https:/doi.
org/10.7314/apjcp.2013.14.9.5061

Rohan SV (2014) Cervical node metastasis in T1 squamous
cell carcinoma of oral tongue- pattern and the predictive fac-
tors. Indian J Surg Oncol 5(2):104—-108. https://doi.org/10.1007/
$13193-014-0301-z

Byers RM, El-Naggar AK, Lee YY et al (1998) Can we detect
or predict the presence of occult nodal metastases in patients
with squamous carcinoma of the oral tongue? Head Neck
20(2):138-144.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.1111/his.13144
https://doi.org/10.1016/j.otohns.2004.04.008
https://doi.org/10.1016/j.bjorl.2015.03.004
https://doi.org/10.1016/j.bjorl.2015.03.004
https://doi.org/10.1245/s10434-011-2182-5
https://doi.org/10.1016/j.oraloncology.2011.11.007
https://doi.org/10.1177/014556131209100311
https://doi.org/10.1177/014556131209100311
https://doi.org/10.7314/apjcp.2013.14.9.5061
https://doi.org/10.7314/apjcp.2013.14.9.5061
https://doi.org/10.1007/s13193-014-0301-z
https://doi.org/10.1007/s13193-014-0301-z
https://doi.org/10.4103/jomfp.JOMFP_113_17
https://doi.org/10.4103/jomfp.JOMFP_113_17
https://doi.org/10.1371/journal.pone.0195451
https://doi.org/10.1038/bjc.2016.274
https://doi.org/10.1038/bjc.2016.274
https://doi.org/10.3389/fonc.2014.00216
https://doi.org/10.3389/fonc.2014.00216
https://doi.org/10.1016/j.humpath.2017.04.013
https://doi.org/10.1016/j.humpath.2017.04.013
https://doi.org/10.1111/j.1600-0714.2011.01041.x
https://doi.org/10.1177/2057178X17738912
https://doi.org/10.4103/jomfp.JOMFP_331_19
https://doi.org/10.4103/jomfp.JOMFP_331_19
https://doi.org/10.1097/01.pas.0000149687.90710.21
https://doi.org/10.1097/01.pas.0000149687.90710.21
https://doi.org/10.1590/1678-7757-2019-0198
https://doi.org/10.1590/1678-7757-2019-0198
https://doi.org/10.1111/j.1600-0714.2007.00548.x
https://doi.org/10.1111/j.1600-0714.2007.00548.x
https://doi.org/10.4103/0973-1482.187281

	﻿Neoteric Predictors for Lymph Node Metastasis in Early Oral Squamous Cell Carcinoma: Tumor Budding and Worst Pattern of Invasion
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study Design
	﻿Definitions
	﻿Tumor Sample Preparation
	﻿Statistical Analysis

	﻿Results
	﻿Descriptive Statistics
	﻿Tumor Budding
	﻿Worst Pattern of Invasion


	﻿WPOI, Tumor Budding and Regional Lymph Node Metastasis Inter-Relation
	﻿Discussion
	﻿Demographic Consideration



