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Abstract
Introduction: Tumor Budding has emerged as a promising indicator of prognosis in various carcinomas of the body. Since it is a H&E feature,
its evaluation can and should be included in pathology reports wherever feasible.

Aims: The aim of this study is to analyze the correlation of tumor budding with various prognostic factors of esophageal squamous cell
carcinomas.

Method and Results: Sixty-one cases of esophageal resections reported as squamous cell carcinoma at Shaukat Khanum Memorial Cancer
Hospital and Research Centre between 2018 and 2019 were reviewed for tumor budding. Budding was classified into high (10 or more buds),
intermediate (5 to 9 buds) and low (4 and less) bud groups. Each group was then correlated with lympho-vascular invasion, pN, pT stages, grade
of the tumor and 1-year survival. P values were obtained from chi square tests (significant if less than 0.05) and showed statistical significance
of tumor budding with tumor grade (p= 0.02), lympho-vascular invasion (p= 0.0004) and pN stage (p= 0.03). Survival graphs were plotted using
Kaplan Meier plot in SPSS software.
Conclusion: A higher bud group is a promising predictor of poor prognosis in esophageal squamous cell carcinomas and can assist in the
planning of treatment in the patients.
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Introduction
Squamous cell carcinoma constitutes 90% of all the tumors
in esophagus. It is the sixth most common cancer diagnosed and
treated at Shaukat Khanum Hospital, Lahore, Pakistan. The current
practice of estimating prognosis in these patients utilizes the
grade and stage of tumor as determined by the AJCC TNM system,
however, the search for better and more reliable prognostic
markers continue. Tumor budding is one of the emerging and
promising prognostic markers which is currently being studied
in several carcinomas. A higher bud group has been reported to
confer an adverse prognosis. In this study, we aim to correlate
tumor budding with pT, pN, lympho-vascular invasion, grade
of tumor and prognosis in patients diagnosed with esophageal
squamous cell carcinoma at Shaukat Khanum Hospital, Lahore.
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Materials and Methods
Ethical issues
The Institutional Review Board Approval was taken (IRB# EX28-05-20-02).

Case selection

Sixty-one esophageal resections grossed at Shaukat Khanum
Memorial Cancer Hospital and Research Centre, Lahore, Pakistan
from January 2018 to December 2019 were included in the study.
These excluded cases of review originally grossed outside the
hospital, and cases with suboptimal fixation. The blocks were
fixed in 10% buffered formalin and embedded in paraffin. The
tissues were then sectioned at 0.5um thickness and stained with
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hematoxylin and eosin. The slides were retrieved from hospital
archives and reviewed by two pathologists.

Case review

The definition of tumor budding as per the UICC (Union for
International Cancer Control) was employed. As per the UICC
protocol, tumor buds are defined as groups of 4 cells or less
dissociating at the tumor-host junction (Figure 1). Tumor Budding
was counted and grouped according to the ITBCC guidelines. One
hotspot field with the highest number of buds was selected after

scanning all sections of tumor and they were counted on H&E
sections. Eyepiece with a diameter of 20mm and 20X objective
lens were used. Buds were then grouped as follows: (0-4) low
bud group, (5-9) intermediate bud group and (10 and more) high
bud group. Factors tabulated and correlated with budding group
included age, gender, size of tumor, grade of tumor, pT and pN
stages, lympho-vascular invasion and prognosis. P values were
obtained using chi-square contingency tables and statistical
significance was considered if p value was less than 0.05. Survival
graph was plotted using Kaplan-Meier plot in SPSS software.

Figure 1: Tumor Buds are groups of dissociating cells at tumor-host interface.

Results
A total of 19 out of 61 cases (31.15%) showed high budding, 17
of 61 (27.8%) showed intermediate budding and 25 of 61(40.9%)
showed low budding.

Among the high bud group, 9 of 19(47.3%) were poorly
differentiated tumors, 9 of 19 (47.3%) were moderately
differentiated and 1of 19 (5.3%) showed well differentiation.
18 of 19 (94.7%) high bud group cases showed lymph-lymphovascular invasion; 1 of 19 (5.3%) did not show lympho-vascular
invasion; 16 out of 19 (84.2%) had nodal metastases while 3 of
19 (15.8%) did not. Of these 15 cases, 9 (56.3%) were staged pN1,
2 (12.5%) were pN2 and 5 (31.3%) were pN3. 7 of the 19 (50%)
cases showed distant metastases. In the intermediate bud group, 4
of 17 (23.5%) cases showed poor differentiation, 11 of 17 (64.7%)
were moderately differentiated and 2 out of 17 (11.8%) were
well differentiated. 9 of 17 cases had lympho-vascular invasion
while 8 of 17 did not show any lympho-vascular invasion. Of the
17 cases, 10 (58.8%) were pN0, 4 (23.5%) were pN1, 2 (11.8%)
were pN2, and 1(5.9%) was staged as pN3. 3 of 17 cases showed
distant metastases (21.4%). Out of 17 cases, one case showed
pT4a stage, and one was not graded due to a size of 1mm. Out of
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the remaining 15 cases, 1 (6.7%) was pT1, 6/15 (33.3%) were pT2
and 7/15(46.7%) were pT3.

In the low budding group, 1 of 25 (4%) case had poor
differentiation, 21 of 25 (84%) cases were moderately
differentiated and 3 of 25 (12%) were well differentiated. 9 out
of 25 cases had lympho-vascular invasion while 16 out of 25 did
not. 18 of 25 (72%) cases were staged pN0, 4 out of 25 (16%)
were pN1, 2 out of 25 (8%) were pN2 and 1 (4%) was staged
pN3. 4 of 25 (28.6%) cases showed distant metastases. One
case in the low bud group was not graded due to a size of less
than 1 mm of the tumor. The remaining 24 cases were staged as
follows: 3/24 (12.5%) were pT1, 7/24 (29.2%) were pT2 and
14/24 (58.3%) were pT3. P values were obtained from chi square
5 × 5 contingency tables and a cut-off of .05 was considered
significant. Statistical significance of tumor budding with tumor
grade (p= 0.02), lympho-vascular invasion (p= 0.0004) and pN
stage (p= 0.01) was observed. The presence of nodal metastases
also showed a statistical significance (0.0008). The statistical
correlation with pT stage was not significant (p=0.4). Survival
graph was plotted using the Kaplan Meier plot (Figure 1 & 2). The
results are summarized in the Table 1.
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Figure 2: Correlation of tumor budding with 1 year survival rate.
Table 1: Correlation of tumor budding with prognostic indicators.
Parameters
Age (median age 42.5):
Above median age

Below median age

Size of tumor (median
48.5mm):
Above median

High Bud Group

Intermediate Bud Group

Low Bud Group

14

13

18

3

3

3

5

Below median

16

1 (Well Differentiated)

1

3 (Poorly Differentiated)

9

WHO Grade:

2 (Moderately Differentiated)

14
2

7

22
3

9

11

18

9
8

16

0

3

10

18

2

2

2

2

Lympho-vascular Invasion
Present
Absent

pN Stage
1
3

pT Stage

1
9

5

4

4
1

21
1
9

4

1

1

3

3

15

7

14

Distant Metastases

3
7

6

3

0.95 (not significant)
0.87 (not significant)

0.02 (significant)

0.0004(significant)

0.01 (significant)

1

1
2
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4

P Value (<.05 as significant)

7
4

0.57 (not significant)
0.22 (not significant)
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Discussion
Tumor budding was first described in 1954, coined as the
term “sprouting”. Imai T. recognized the phenomenon to be
related to a clinically aggressive tumor behavior. Gabbert H, et al,
in 1985, proposed that the peritumoral buds were distinct from
the tumor bulk. Thus, tumor budding came to be broadly divided
into peritumoral and intratumoral budding, of which the former is
predominantly studied.
The formation of tumor buds is currently explained by
Epithelial-Mesenchymal transition, defining a shift of cells
towards embryological cell migration method. A downregulation
of e-cadherin and activation of WNT pathway has been noted.
There is also an increased expression of anti-apoptotic proteins.
This can explain the resistance of cancers with higher buds to
chemotherapy.

The phenomenon of tumor budding is currently being studied
in various carcinomas of the body, including squamous cell
carcinomas of the oral cavity, carcinomas of the gynecological
tract, and adenocarcinomas of the lung. However, the reporting of
tumor bud group in pathological reports is still not a standardized
practice, even though an adverse prognosis is consistently
reciprocated in these studies in conjunction with a higher bud
group.

In a study of 135 patients by Jesinghaus et al. [1] a higher bud
group in esophageal squamous cell carcinomas showed a strong
association with a decreased disease-specific and disease-free
survival. The same study proposed a unique quantification and
grading system by introducing the assessment of cell nest size
(TBNS: tumor-budding-cell-nest-grading system). A similar result
is seen in our study, with a higher bud group showing a decreased
overall survival. Furthermore, Jesinghaus et al. [1] also stated that
the current WHO grading system of tumors did not correlate with
prognosis (p=0.053). However, our study showed that a higher
bud group correlated with a higher grade of tumor (p=0.02), and
by inference, a higher grade correlated with poor prognosis.
In our study, bud group correlated positively with the pN
stage (p=0.01) and lympho-vascular invasion (p=0.0004). This is
consistent with the findings of Seki M et al. who studied tumor
budding in oral squamous cell carcinomas in 209 patients. The
study claimed that tumor budding had a statistically significant
correlation with lymphatic vessel invasion, and in the event of
intermediate or high bud group in cases of cN0, a prophylactic
neck dissection is warranted. This confirms that tumor budding
is a universal prognostic marker with reproducible results in
various tumors. pT stage remained statistically insignificant
in our study (p=0.57). This is also reciprocated in a few earlier
research. Koelzer H et al. [2] however, found in a separate study
that a higher bud group correlated with a higher pT stage in
esophageal squamous cell carcinomas, after a thorough review of
previously conducted studies. Moreover, our study did not show
any statistically significant correlation between tumor budding
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and distant metastases (p=0.22). This is in stark difference to the
EMT logic explained in detail by Koelzer V et al. [3].

In our opinion, the above-mentioned differences can be
attributed to the regional differences in which the studies were
conducted. The genetics and different carcinogens in Pakistani
population may contribute to these differences. The assessment of
tumor budding as a part of prognostic markers is highly facilitated
by the fact that this is an H&E feature, and therefore, readily visible
to a trained pathologist’s eye. The UICC proposed a quantitative
method to analyze tumor buds, one which was employed in the
data collection of this paper. Several variations exist. The most
used method in the esophagus was devised by Ueno et al. [4] in
which buds were categorized into high (more than 10 buds) and
low (less than 10) groups. The attempt to quantify the tumor buds
helps in reducing inter-observer variability and form a uniform
model [5-10].
During our study, a major limitation that was felt was the
almost compulsive use of resection specimens rather than the
small, pre-operative biopsies. In our setting, the endoscopic
mucosal biopsies received for pre-therapeutic histopathology
usually yield only epithelium, with little lamina propria or
muscularis mucosae [11-15]. This scanty tissue, often sent without
any orientation, is a hurdle to the identification of tumor buds. The
general recommendations are to send 3 biopsies, taken from the
edge of the cancer with 5mm vertical and 8mm horizontal size 15.
Tangential cuts fragmented and autolyzed biopsies continue to
pose a further challenge to the pathologist’s eye [16-20].

Conclusion

Tumor budding is a reliable prognostic marker in cases of
esophageal squamous cell carcinomas and should be reported
alongside the grade of tumor. It is imperative to devise a way
to assess tumor buds in small biopsy specimens to assist in
management of the patients.
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