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Tumor budding – A promising prognostic histopathological 
parameter in oral squamous cell carcinoma – A comparative 
immunohistochemical study
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Introduction: The majority of the head and neck squamous cell carcinomas (HNSCC) occur in the oral 
cavity. Even with advances in cancer therapy only minor improvements in the survival of HNSCC patients 
have taken place and approximately 350,000 patients die annually of HNSCC worldwide. Tumor budding 
(TB) is a novel and promising histo-morphological parameter that has been studied in many cancers. The 
presence of TB is associated with lymph node and distant metastasis as well as poor survival, independently 
of the applied scoring system. The depth of tumor invasion (D) measured from the surface of the tumor to 
the deepest point of invasion is also an important prognostic parameter for oral squamous cell carcinoma 
(OSCC) with a cutoff point of 4 mm. Both taken together constitute BD model and it has also been found 
to be an independent prognostic factor for patients with OSCC. Therefore, it would be highly beneficial to 
evaluate TB and BD model in routine histopathological reporting.
Aims and Objectives: This study aims to compare the detection of TB in hematoxylin-eosin and 
pan-cytokeratin stained immune-histochemical sections of OSCC and also to evaluate whether BD score 
can serve as a reliable prognostic indicator for OSCC.
Methodology: A total of 30 formalin-fixed, paraffin-embedded tissue blocks of clinically and histopathologically 
diagnosed cases of OSCC were retrieved. One section was stained with hematoxylin and eosin and the 
other was processed for pancytokeratin immunohistochemistry to evaluate tumor buds. Depth of invasion 
(D) was also evaluated to achieve the BD score.
Results: Statistical significance (P < 0.001) was noted between TB score evaluated in hematoxylin and eosin 
(H&E) and pancytokeratin stained sections. There was no statistical significance between age, gender, site 
of lesion, clinical staging, survival and BD score.
Conclusion: Immunohistochemical analysis of TB is superior to H&E staining in detection of tumor buds 
at the tumor invasive front.
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INTRODUCTION

Head and neck squamous cell carcinoma is the eighth-most 
common cancer worldwide and occurs in sinonasal 
tract, nasopharynx, oral cavity, oropharynx, larynx and 
hypopharynx. Even with advances in cancer therapy only 
minor improvements in the survival of  head and neck 
squamous cell carcinomas (HNSCC), patients have taken 
place and approximately 3,50,000 patients die annually 
of  HNSCC worldwide. This indicates that more reliable 
prognostic markers as well as more effective treatments are 
required.[1] Clinical staging of  the disease based on TNM 
classification and location of  the tumor are routinely the 
main criteria for prognostication and treatment of  oral 
squamous cell carcinoma (OSCC). However, variations in 
the treatment response and prognosis are high for OSCCs; 
with some patients presenting tumors at the same site 
and same clinical stage having prolonged survival, while 
others may die of  metastasis rapidly.[2] Many studies have 
also reported their inability to predict the outcome of  
patients with early stage OSCC using only TNM staging 
as base model for treatment planning. The main role of  
histopathologic prognosticators such as tumors grading, 
status of  surgical margins, depth of  invasion and perineural 
invasion is to complement the shortcomings of  the TNM 
staging system for OSCC. Thus, a need arises to develop a 
comprehensive predictive model to make the appropriate 
choices in multimodality treatment of  early OSCC.[3]

Tumor budding (TB) is a novel and promising histo-
morphological parameter that has been studied in many 
cancers. The phenomenon of  TB was first described in 
the Japanese medical literature by Imai in 1949, in relation 
to stomach cancer, followed by other Japanese authors, in 
the 1950–1960, who found correlations with prognosis 
in cancers of  the tongue, larynx, breast, stomach, colon, 
rectum and cervix.[4] There is a general agreement on 
defining TB as the presence of  single cancer cell or small 
clusters of  fewer than 5 cancer cells at the invasive front.[1] 
Budding is a feature of  invasive tumor margin, superficial 
and deep portion of  tumor with aggressive behavior along 
with destruction of  basement membrane and loss of  inter-
cellular adhesion. The presence of  TB is associated with 
lymph node and distant metastasis as well as worse survival, 
independently of  the applied scoring system. TB has been 
recognized as an adverse prognostic factor in carcinomas 
of  colon, rectum, lung, gastrointestinal tract, anus, larynx 
and more recently in tongue[5,6] and esophagus[7]; and also 
in breast cancer[8] and pancreatic adenocarcinomas.[9]

In many studies, the scoring of  TB has been carried out 
on hematoxylin and eosin (H&E) stained sections.[1,10-12] 

TB at the invasive front can often be marked by reactive 
lymphocytes, cancer associated fibroblasts and other 
stromal cells[1] which makes it sometimes difficult to detect 
TB on conventional hematoxylin-eosin stained slides 
especially when TBs are very small and they present as a 
small cluster of  cells or sometimes even a single cell that has 
separated from a tumor mass. Therefore, it is necessary to 
examine TB using pan cytokeratin immune-histochemistry, 
which makes these buds much easier to detect.[13]

The depth of  tumor invasion measured from the surface of  
the tumor to the deepest point of  invasion is an important 
prognostic parameter for OSCCs and the cutoff  point of  
4 mm showed an association with lymph node metastasis, 
the most important marker for therapy and prognosis of  
OSCC.[14] A simple prognostic model was proposed by 
Almangush et al. in 2015,[3] wherein they utilized parameters 
of  TB and depth of  invasion together as the BD model 
and found that the model was strongly associated with 
patient survival and locoregional recurrence for patients 
with oral tongue squamous cell carcinoma (OTSCC). BD 
model was also found to be an independent prognostic 
factor for patients with OSCC[2] and early stage OTSCC.

Therefore, the present study was undertaken to compare the 
detection of  TB in hematoxylin-eosin and pan-cytokeratin 
stained IHC slides of  OSCC. Further, the BD score was 
evaluated to determine whether it serves as a reliable 
prognostic indicator for OSCC.

Study design
The present retrospective cross-sectional study was 
carried out in the Department of  Oral Pathology and 
Microbiology of  the institution. Institutional Ethics 
Committee approval was taken prior to undertaking the 
study (vpdc/659/2018-2019 dated October 12, 2018). A 
total of  30 formalin-fixed, paraffin-embedded tissue blocks 
of  clinically and histopathologically diagnosed cases of  
OSCC were retrieved from registry of  the department. 
Two tissue sections from each paraffin embedded 
block were cut. One was stained with hematoxylin and 
eosin and the other was processed for pan cytokeratin 
immunohistochemistry. Diagnosed cases of  conventional 
primary OSCC were included and histopathological 
variants of  OSCC, malignancies other than SCC, recurrent 
or secondary OSCC and metastatic lesions of  oral cavity 
were excluded from the study.

METHODOLOGY

Demographic and clinical history details of  selected cases 
were retrieved from the archival records of  department 
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registry (January 2018–August 2019). Demographic 
details such as age, gender, socio-economic status and 
history of  habits such as tobacco chewing and/or 
alcoholism were included. Clinical history details like site 
of  lesion and TNM staging were also recorded. H&E 
stained sections of  OSCC were evaluated for degree of  
differentiation according to the criteria given by the WHO 
histological grading system.[15] Pattern of  invasion (POI) 
and lymphocytic host response were assessed at tumor 
invasive front according to criteria of  Brandwein-Gensler 
et al. in 2005.[16]

Tumor buds were evaluated according to scoring criteria 
of  Almangush et al.[3] To eliminate bias, each section was 
evaluated by two observers and then jointly by consensus. 
Scoring criteria for the evaluation of  tumor buds in H&E 
stained and pancytokeratin stained sections were the same. 
TB was evaluated at the invasive front of  the tumor. TB 
is defined as the presence of  a single cancer cell or small 
cluster of  <5 cancer cells at the invasive front. During the 
scoring of  TB ‘B’, the whole tumor area was scanned at 
low magnification (×4) then the highest number of  TB 
was counted at a higher magnification (×20) and was used 
as the score for budding. The cut off  point for TB was set 
at 5 buds (low <5; high ≥5). Depth of  invasion ‘D’ was 
measured from the tumor surface to the deepest point of  
invasion. The cut off  point for depth of  invasion was set 
at 4 mm (low <4 mm; high ≥4 mm). TB ‘B’ and depth of  
invasion ‘D’ were combined in one model, the BD model. 
The scoring criteria for TB and DI are taken together as 
BD score according to Almangush et al.[3]

In accordance with the BD model, each case was assigned a 
score between 0 and 2. Cases with score 0 were classified as 
low risk, those with score 1 as inter-mediate risk and those 
with score 2 as high risk. Pancytokeratin was used as IHC 
marker for tumor buds. The anti-CK antibody cocktail was 
chosen to target a full spectrum of  keratin polypeptides 
both acidic and basic to enhance the detection level 
provided by Biogenex AE1+ AE3, Fremont, CA 94538, 
USA. Adjacent non-cancerous epithelium served as internal 
positive control in the slides stained with pancytokeratin.

Statistical analysis
Statistical analysis was performed using IBM SPSS 
software, version 20, Armonk, New York, USA. Descriptive 
analysis was employed to summarize patient’s clinical 
data such as age, gender, site of  lesion, TNM staging 
and histopathological grading. Categorical data were 
measured using frequency counts and percentages. Pearson 
Chi-Square test was used to test possible relationship 
between various clinicopathological variables and BD score. 

Cox Regression model was performed for the assessment 
of  survival to evaluate independent prognostic strength. 
The endpoints for survival analyses were the time to last 
follow-up (23 months) or the time to death. Significance 
level was set at P < 0.05.

RESULTS

The clinicopathological characteristics of  patient’s are 
summarized in Table 1. The study consisted of  30 
diagnosed cases of  OSCC, who were treated with primary 
resection and/or RT or CT. Patient’s age ranged from 21 to 
72 years. There were 24 males and 6 female patients among 
30 cases. The most common site of  lesion was buccal 
mucosa (n = 10), followed by tongue and alveolus (n = 7), 
retromolar trigone (n = 4), gingivobuccal sulcus and floor 
of  mouth (n = 1). As far as TNM staging is considered, 
there were 14 cases in clinical stage IV, 8 cases in stage III 
and 4 cases each in stage I and II. There was no statistical 
significance between age, gender, site of  lesion, clinical 
staging and BD score [Tables 2 and 3].

Histopathological parameters
In H&E stained sections, out of  30 cases, 18 cases (60%) 
had score 2 [Figure 1a], eight cases (26.6%) failed to 
detect tumor buds and 4 cases (13.3%) had score 1. In 
pancytokeratin stained sections, 25 cases (83.3%) showed 
score 2 tumor buds [Figure 1b]; followed by 3 cases 
(10%) with score 1, and 2 cases (6.6%) did not show any 
buds. Statistical significance was noted on comparison of  
TB scores in H&E and pancytokeratin stained sections 
(P = 0.001, kappa value 0.431) [Table 4]. Moderate 
agreement was seen between the TB assessed in H&E 
and Pancytokeratin. Pancytokeratin score for TB was 2 in 
5 cases where H&E scores was 0 [Figure 2a] and in 1 case 
the score was 1 [Figure 2b].

Twenty nine cases (96.7%) showed score 2 depth of  
invasion and only one case (3.3%) had score 1. As far 
as BD model is concerned, there were 24 cases (80%) 
with high risk score (score 2) [Figure 3a] and 6 cases 

Figure 1: (a) Hematoxylin and eosin stained section showing score 
2 tumour buds (×10) Inset (×40). (b) Pan cytokeratin stained section 
showing score 2 tumour buds ((×10) (Inset ×40)

ba
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(20%) with intermediate risk score (score 1) [Figure 3b]. 
Statistical significance was noted between BD score 
and TB score of  H&E and pan cytokeratin staining. 
However, it was highly significant in association with 
pan cytokeratin IHC staining [Table 5]. Most of  the 
tumors were well differentiated OSCC, (N = 28, 93.3%), 
followed by 1 case (3.3%) each of  moderate and poorly 

differentiated OSCC. Lymphocytic host response was 
strong in 18 cases (60%) followed by interim in 5 cases 
(16.6%) and weak in 7 cases (23.3%). There was no 
statistical significance between BD score and variables 
such as degree of  differentiation and lymphocytic host 
response [Table 6].

The most predominant POI (PPOI) noted was Type 3, 
(n = 10, 33.3%) [Figure 4a]. Out of  these 10 cases, 9 cases 
had BD score 2 and only 1 case had BD score 1. There 
were 4 cases each (13.3%) in Type 4 [Figure 4b], Type 5 
(worst POI [WPOI]) [Figure 4c] and all the cases had BD 
score 2. However, this result was not statistically significant 
with P = 0.129 [Table 7].

The follow-up period was 23 months. Ten patients 
(33.33%) died, out of  which 2 (20%) died due to 
loco-regional recurrence; 5 (50%) died of  distant 
metastasis; and 2 (20%) died of  immediate postoperative 
complications and one (10%) due to myocardial 
infarction. Twenty patients (66.66%) were alive at 
end of  follow-up, out of  which only one was alive 
with recurrence and nineteen cases were alive without 
recurrence. Out of  24 cases with BD score 2, 16 were 
alive at end of  follow-up period and no statistically 
significance was noted between BD score and survival 
[Table 8 and Graph 1].

DISCUSSION

Invasion is one of  the hallmarks of  cancer which is 
instrumental in progression and metastasis facets of  
malignant tumors. Brandwein and Gensler et al 16 have put 
forth the concept of  worst patten of  invasion (WPOI) type 
5 in carcinomas which contain dispersed tumor satellites. 
By definition, there is at least 1mm of  intervening normal 
tissue between at least 2 tumor masses. An important 
refinement of  POI known as TB, defined as the presence 
of  single cancer cells or small clusters of  cells (<5 cells) 
at the IF, was first introduced in HNSCC prognostication 
during 2010.[11]

Figure 2: (a) Hematoxylin and eosinstained section showing Score 
0 tumour buds (×4) Inset (×10). (b) Pan cytokeratin stained section 
showing Score 2 tumour buds (×4) (Inset 10)

ba

Table 1: Clinicopathological characteristics of 30 oral 
squamous cell carcinoma cases
Characteristics (clinical 
and histopathological)

Number of 
patients, n (%)

Age
21‑40 8 (26.6)
41‑60 17 (56.6)
61 and above 5 (16.6)

Gender
Male 24 (80)
Female 6 (20)

Site of lesion
Buccal mucosa 10 (33.3)
Tongue 7 (23.3)
Alveolus 7 (23.3)
Retromolar trigone 4 (13.3)
Gingivobuccal sulcus 1 (3.3)
Floor of mouth 1 (3.3)

Clinical stage
Stage I 4 (13.3)
Stage II 4 (13.3)
Stage III 8 (26.7)
Stage IV 14 (46.7)

Degree of differentiation
Well differentiated 28 (93.3)
Moderately differentiated 1 (3.3)
Poorly differentiated 1 (3.3)

Pattern of invasion
Type 1 7 (23.3)
Type 2 5 (16.7)
Type 3 10 (33.3)
Type 4 4 (13.3)
Type 5 4 (13.3)

Lymphocytic host response
Strong 18 (60)
Interim 5 (16.6)
Weak 7 (23.3)

Tumour budding
Score 0 2 (6.6)
Score 1 3 (10)
Score 2 25 (83.3)

Depth of invasion
Score 1 1 (3.3)
Score 2 29 (96.7)

BD score
Score 0‑low risk 0 (0)
Score 1‑ intermediate risk 6 (20)
Score 2‑ high risk 24 (80)

Treatment modalities
Surgery only 13 (43.3)
Surgery + RT 10 (33.3)
Surgery + RT + CT 5 (16.7)
Surgery + CT 2 (6.7)

Follow‑up
Alive 17 (56.7)
Dead 7 (23.3)
Lost to follow up 6 (20)

CT: Chemotherapy, RT: Radiotherapy, BD: Budding and Depth of Invasion
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Tumor buds are defined as the presence of  single tumor 
cells or small clusters of  up to five tumor cells at the 
peritumoral invasive front (peritumoral buds) or within 
the main tumor body (intratumoral buds). TB has been 
strongly linked to adverse clinicopathological features 
and poor overall survival and disease free patient survival. 
They are thought to represent the morphological correlate 

of  cancer cells having undergone epithelial-mesenchymal 
transition (EMT), an important mechanism for progression 
of  epithelial cancers.[17]

Literature search reveals few studies which have evaluated 
TB in HNSCC and OSCC particularly.[1,11,18,19] Studies have 
shown that tumor buds as a whole show a loss of  epithelial 
markers and a gain of  mesenchymal markers as compared 
to the main tumor mass. These features are compatible 
with EMT, which is why budding is considered to be the 
histological expression of  the same.[4] It is noteworthy 
that routine pathological reporting does not include 
histopathological parameters for the evaluation of  EMT 
even though scientific evidence shows strong connection 
of  EMT with poor prognosis.

TB is not a static, histological feature rather it represents 
a snap-shot of  a dynamic process undertaken by an 

Graph 1: Cox regression analysis for survival of patients with BD score 
1 and 2. (B-Tumour Budding and D- Depth of invasion)

Figure 3: (a) Hematoxylin and eosinstained section showing BD score 2 
(×4). (b) Hematoxylin and eosinstained section showing BD score 1 (×4)

ba

Figure 4: (a) Hematoxylin and eosinstained section showing 
Type 3 predominant pattern of invasion  (×4). (b) Hematoxylin and 
eosinstained section showing Type 4 predominant pattern of invasion  
(×4). (c) Hematoxylin and eosinstained section showing Type 5 worst 
pattern of invasion (×4)

c

ba

Table 2: Age and gender wise correlation with BD score
Crosstab

Age Counts and 
percentages (%) within 
BD score

BD score Total
Score 1 Score 2

<40 Count 1 7 8
Percentage within BD 
score

16.7 29.2 26.7

41‑50 Count 2 7 9
Percentage within BD 
score

33.3 29.2 30.0

51‑60 Count 2 6 8
Percentage within BD 
score

33.3 25.0 26.7

>60 Count 1 4 5
Percentage within BD 
score

16.7 16.7 16.7

Total Count 6 24 30
Percentage within BD 
score

100.0 100.0 100.0

Chi‑square tests
Value df Asymptotic 

significant 
(two‑sided)

Pearson χ2 0.434 3 0.933
Crosstab

Gender Counts and percentages (%) 
within BD score

BD score Total
Score 1 Score 2

Gender
Female Count 1 5 6

Percentage within BD score 16.7 20.8 20.0
Male Count 5 19 24

Percentage within BD score 83.3 79.2 80.0
Total Count 6 24 30

Percentage within BD score 100.0 100.0 100.0
Chi‑square tests

Value df P<0.05 is 
significant

Pearson χ2 0.052 1 0.819

DF: Degrees of freedom, BD: Tumour budding (B) and Depth of invasion (D)
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aggressive tumor with the potential to disseminate and 
metastasize. Strong, consistent evidence shows that TB is 
a predictor of  lymph node metastasis, distant metastatic 
disease, local recurrence, worse overall and disease-free 
survival time and an independent prognostic factor. 
Extensive studies on TB in colorectal cancers can be 
dated back to 1989 where strong association between 
budding and the presence of  lymphovascular invasion 
and lymph node metastases had been noted by Morodomi 
et al.[20] Moreover, the International Union against Cancer 
(UICC) recognized TB as a highly relevant, additional 
prognostic parameter in cancer. Immunohistochemical 
studies have been crucial for improving our understanding 
of  TB.[21] Shinto et al.[22] used immunohistochemistry with 
anti-cytokeratin antibodies to highlight another feature 
of  buds, termed cytoplasmic pseudo fragmentation in 
colorectal cancers. These cytoplasmic fragments, visible 

only by immunohistochemistry, are seen in the immediate 
vicinity of  tumor buds. When examined on serial sections, 
some of  the fragments were shown to be connected to the 
buds so called pseudo fragments. The presence of  pseudo 
fragments was associated with high-grade budding, but 
was shown to be an independent prognostic factor on 
multivariate analysis, suggesting that its presence signifies 
an aggressive budding phenotype.

We found statistical significance (P < 0.001) in TB score 
evaluated on H&E stained sections. Similar results are also 
noted in various studies.[23-28] High TB score was noted as 
an independent prognostic factor in oral tongue SCC[10] 
and OSCC,[18] laryngeal carcinoma[11] and nasopharyngeal 
carcinoma[19] to predict invasiveness, disease-specific 
survival (DSS), distant metastasis. In squamous cell 
carcinomas of  the tongue which are the most common 

Table 3: Site wise and tumor, nodes, metastases clinical staging correlation with BD score
Crosstab

Site Counts and percentages 
(%) within BD score

BD score Total
Score 1 Score 2

Site
Buccal mucosa Count 4 6 10

Percentage within BD score 66.7 25.0 33.3
Tongue Count 1 6 7

Percentage within BD score 16.7 25.0 23.3
Alveolus Count 1 6 7

Percentage within BD score 16.7 25.0 23.3
Retromolar trigone Count 0 4 4

Percentage within BD score 0.0 16.7 13.3
Gingivo‑buccal 
sulcus

Count 0 1 1
Percentage within BD score 0.0 4.2 3.3

Floor of mouth Count 0 1 1
Percentage within BD score 0.0 4.2 3.3

Total Count 6 24 30
Percentage within BD score 100.0 100.0 100.0

Chi‑square tests
Value df P<0.05 is significant

Pearson χ2 4.286 5 0.509
Crosstab

TNM Clinical 
Staging

Counts and percentages 
(%) within BD score

BD score Total
Score 1 Score 2

TNM clinical staging
I Count 1 3 4

Percentage within BD score 16.7 12.5 13.3
II Count 2 2 4

Percentage within BD score 33.3 8.3 13.3
III Count 2 6 8

Percentage within BD score 33.3 25.0 26.7
IV A Count 0 2 2

Percentage within BD score 0.0 8.3 6.7
IV C Count 1 11 12

Percentage within BD score 16.7 45.8 40.0
Total Count 6 24 30

Percentage within BD score 100.0 100.0 100.0
Chi‑square tests

Value df P<0.05 is significant
Pearson χ2 3.958 4 0.412

TNM: Tumor, nodes, metastases DF: Degrees of freedom, BD: Tumour budding (B) and depth of invasion (D)
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and aggressive OSCC, Wang et al.[23] have reported TB as 
an independent prognostic marker. In addition, it had a 
strong correlation with tumor differentiation, tumor size, 
clinical stage and lymph node metastasis. TB may represent 
cells undergoing EMT, and such an interpretation has also 

been suggested by Wang et al.[23] based on low expression of  
the cell adhesion molecule E-cadherin at the budding site.

We noted a statistical significance on comparison of  
TB scores in H&E and pancytokeratin stained sections 

Table 4: Kappa statistics: Tumour budding‑H and E and pancytokeratin (score)
Tumour Budding H&E (Score) Counts and percentages (%) 

within BD score
Tumour budding pancytokeratin (score) Total

Score 0 Score 1 Score 2

Tumour budding H and E (score)
Score 0 Count 2 1 5 8

Percentage within tumour budding 
pancytokeratin (score)

100.0 33.3 20.0 26.7

Score 1 Count 0 2 2 4
Percentage within tumour budding 
pancytokeratin (score)

0.0 66.7 8.0 13.3

Score 2 Count 0 0 18 18
Percentage within tumour budding 
pancytokeratin (score)

0.0 0.0 72.0 60.0

Total Tumour budding score in H and E 
stained sections

2 3 25 30

Percentage within tumour budding 
pancytokeratin (score)

100.0 100.0 100.0 100.0

Symmetric measures
Value Asymptotic SEa Approximatetb Approximate significant P

Measure of agreement
κ 0.431 0.142 3.745 <0.001 0.001
Number of valid cases 30
aNot assuming the null hypothesis, bUsing the asymptotic standard error assuming the null hypothesis. SE: Standard error

Table 5: Tumour budding score in H and E and pancytokeratin correlation with BD score
Crosstab

Tumour Budding H&E (Score) Counts and percentages (%) 
within BD score

BD score Total
Score 1 Score 2

Tumour budding H and E (score)
Score 0 Count 4 4 8

Percentage within BD score 66.7 16.7 26.7
Score 1 Count 2 2 4

Percentage within BD score 33.3 8.3 13.3
Score 2 Count 0 18 18

Percentage within BD score 0.0 75.0 60.0
Total Count 6 24 30

Percentage within BD score 100.0 100.0 100.0
Chi‑square tests

Value df P<0.05 is significant
Pearson χ2 11.250 2 0.004

Crosstab
Tumour Budding Pancytokeratin 
(Score)

Counts and percentages (%) 
within BD score

BD score Total
Score 1 Score 2

Tumour budding pancytokeratin (score)
Score 0 Count 2 0 2

Percentage within BD score 33.3 0.0 6.7
Score 1 Count 3 0 3

Percentage within BD score 50.0 0.0 10.0
Score 2 Count 1 24 25

Percentage within BD score 16.7 100.0 83.3
Total Count 6 24 30

Percentage within BD score 100.0 100.0 100.0
Chi‑square tests

Value df P<0.05 is significant
Pearson χ2 24.000 2 <0.001

DF: Degrees of freedom, BD: Tumour budding (B) and depth of invasion (D)



Joshi, et al.: Tumor budding in oral squamous cell carcinoma

Journal of Oral and Maxillofacial Pathology | Volume 24 | Issue 3 | September-December 2020

(P = 0.001). A high TB score has been noted in studies 
wherein TB was evaluated using only pancytokeratin instead 
of  H&E.[5,13,29-32] We noted a moderate agreement between 
the TB assessed in H&E and pancytokeratin. H&E score 
was 0 when pancytokeratin score was 2 in 5 cases and in 

1 case the score was 1. Attramadal et al.[5] have also found 
pancytokeratin to be more sensitive and easy to score than 
H&E. Similarly, several studies which were considered in 
the meta-analysis conducted  by Almangush et al[33] on 
tumour budding in OSCC also showed a high tumour 
budding score.  Zlobec et al.[34], Lugli et al.[35] , Ohtsuki 
K et al.[36] and Koelzer V H et al.[37] have also identified 
significantly higher counts  with immunohistochemistry 
than those obtained on H&E staining in their studies on 
colorectal cancers. Few studies that have attempted to 
define an optimal budding threshold on anti-cytokeratin-
stained slides, have reported higher cutoffs than those 
found to be prognostically significant on H&E. H&E 
staining tends to underestimate TB while pan-cytokeratin 
immunostaining frequently helps to visualize numerous 
buds intermingled with stromal fibroblasts, improves 
the reproducibility and helps in easy categorization of  
cases.[29,36,38] However, Van Wyk et al.[39] have reported that 
pan-keratin is neither more reproducible nor gives a higher 
prognostic value than HE scoring in colorectal cancer.

There are some qualitative considerations contributing 
to subjectivity in assessment of  TB like stromal cells or 
histiocytes masquerading as buds, marked inflammation 
obscuring buds and difficulties in determining whether 

Table 6: Degree of differentiation and LHR × BD score
Crosstab

Degree Of 
Differentiation

Counts and percentages 
(%) within BD score

BD score Total
Score 1 Score 2

Degree of differentiation
WDSCC Count 5 23 28

Percentage within BD score 83.3 95.8 93.3
MDSCC Count 0 1 1

Percentage within BD score 0.0 4.2 3.3
PDSCC Count 1 0 1

Percentage within BD score 16.7 0.0 3.3
Total Count 6 24 30

Percentage within BD score 100.0 100.0 100.0
Chi‑square tests

Value df P <0.05 is significant
Pearson χ2 4.330 2 0.115
LHR Counts and percentages 

(%) within BD score
BD score Total

Score 1 Score 2

LHR 3 15 18
Strong Count 50.0 62.5 60.0

Percentage within BD score 2 3 5
Interim Count 33.3 12.5 16.7

Percentage within BD score 1 6 7
Weak Count 16.7 25.0 23.3

Percentage within BD score 6 24 30
Total Count 100.0 100.0 100.0

Percentage within BD score
Chi‑square tests

Value df P<0.05 is significant
Pearson χ2 1.518 2 0.468

DF: Degrees of freedom, BD: Tumour budding (B) and depth of invasion (D), LHR: Lymphocytic host response

Table 7: Predominant pattern of invasion × BD score
PPOI × BD score crosstabulation

PPOI Counts and percentages 
(%) within BD score

BD score Total
Score 1 Score 2

PPOI
Type 1 Count 0 1 1

Percentage within BD score 0.0 4.2 3.3
Type 1 Count 2 4 6

Percentage within BD score 33.3 16.7 20.0
Type 2 Count 3 2 5

Percentage within BD score 50.0 8.3 16.7
Type 3 Count 1 9 10

Percentage within BD score 16.7 37.5 33.3
Type 4 Count 0 4 4

Percentage within BD Score 0.0 16.7 13.3
Type 5 Count 0 4 4

Percentage within BD score 0.0 16.7 13.3
Total Count 6 24 30

Percentage within BD score 100.0 100.0 100.0
Chi‑square tests

Value df P<0.05 is 
significant

Pearson χ2 8.542 5 0.129

PPOI: Predominant pattern of invasion, BD: Tumour budding (B) and 
depth of invasion (D)
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a small cluster of  cells represents a true bud or the 
mechanical fragmentation of  a larger gland. These 
considerations lead to difficulties that unexperienced 
pathologists have in discriminating small buds from 
surrounding stromal or inflammatory cells on H&E stained 
slides.[40,41] Immunohistochemistry for anticytokeratin 
helps to highlight tumor buds in this setting and may also 
improve interobserver agreement.[37,40] Therefore, it is highly 
recommended that TB assessment by using pan-cytokeratin 
immunohistochemistry is mandatory in cases where 
identification of  buds becomes difficult in H&E stained 
slides especially for young and aspiring pathologists.

Our other objective was to co-relate the BD score and risk 
stratification with various clinical and histopathological 
prognosticators. The two elected features of  BD model (TB 
and Depth of  invasion) have been individually described as 
predictors of  prognosis for OSCC patients.[5,42-44] Sawazaki 
et al.[2] have noted the BD model to be significantly 
associated with disease outcome as an independent 
prognostic marker. In contrary, we did not find any 
statistical significance between various clinical variables 
such as age, gender, site of  lesion, clinical staging and BD 
score. Neither did we notice any statistical significance 
between BD score and histo-pathological variables like 
degree of  differentiation and lymphocytic host response. 
Our results are comparable to the results of  study 
conducted by Almangush et al.[3] in 2015, on early stage 
oral tongue cancer where they did not find statistically 
significant association between BD score and age, gender 
or histological differentiation (tumor grade). However, 
on multivariate analysis, they noted that high risk score 
(BD score 2) correlated significantly with loco-regional 
recurrence and death due to SCC. They also noted that 
among all the histopathological parameters evaluated, 
only the worst POI and TB were associated with both 
disease-free survival (DFS) and DSS in the unadjusted 
univariate analysis. Depth of  invasion was related to DSS, 
but not to DFS. We had an interesting finding that 4 cases 
each of  Type 4 (PPOI) and Type 5 (WPOI) had BD score 
2, i.e., high risk grade. Although there was no statistical 
significance between BD score and PPOI, this result is 
clinically and pathologically very relevant. No statistically 
significance was noted between BD score and survival. 
This result seems contradictory and may be due to lower 

number of  cases in score 1. The only limitation noted in 
our study is less number of  cases and shorter follow-up 
period. Hence, we recommend further studies with more 
number of  cases and longer follow-up to assess 5-year 
survival.

Currently, the role for immunohistochemistry in the 
evaluation of  TB is unclear, and further studies are needed 
to assess the relationship between bud counts obtained 
on H&E versus those obtained with anti-cytokeratin 
antibodies, and to determine the most prognostically 
useful cutoff  for bud counting with both H&E and 
anti-cytokeratin antibodies. Even with all the limitations 
in mind, based on our findings, we recommend that TB 
evaluation should be included in routine histopathology 
reporting of  OSCC. This might serve as a useful 
prognostic tool in multimodality treatment decisions for 
OSCC.

CONCLUSION

We can state that immunohistochemical analysis of  TB is 
superior to H&E staining in detection of  tumor buds at 
the tumor invasive front and evaluation of  TB and BD 
score with risk stratification definitely serves as a promising 
histopathologic prognostic parameter in OSCC.
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