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Abstract

discussed.

Tumor budding, defined as the presence of single cancer cells or small clusters of fewer than five cells at the
tumor invasive front, has been reported to be an independent prognostic factor for several cancers together with
margin status, depth of invasion, lymph vascular invasion, and lymph node metastasis. Distant metastasis and poor
prognosis were significantly more common in the higher budding group. In this short review, we focused on the
studies related to tumor budding in several cancers including oral squamous cell carcinoma(OSCC) and showed
the association among the intensity of tumor budding, risk of lymph node metastasis, and poor prognosis in OSCC
is strongly supported by many studies. Moreover, arguments for the assessment of tumor budding, scoring system,
stains to mark budding, specimens, and the association with epithelial mesenchymal transition (EMT) are also

Keywords: Tumor budding; Oral cavity; Squamous cell carcinoma;
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Introduction

The oral and pharyngeal region is the sixth leading site of cancer in
the world, and oral cancer is widely accepted to have a higher incidence
in people older than 50 years, primarily because of the relationship with
chronic exposure to tobacco, alcohol, and other carcinogenic products.
In particular, oral cancer is most common in India, Bangladesh,
Pakistan, and Sri Lanka, and accounts for about one-third of all cancers
[1]. The incidence of this cancer in young adults (age: <40 years) appears
to be increasing in many Western countries [2].

In general, small and superficial carcinoma of the oral cavity are
usually amenable to surgical resection or radiotherapy. Therefore, use of
a single modality, most commonly surgery, is selected as the definitive
treatment in early stage cancer of the oral cavity. However, some patients
with early oral squamous cell carcinoma (OSCC) who were considered
curable eventually suffer from locoregional failure after definitive
surgery. These oral cavity cancers represent a heterogeneous group of
patients who may be at high risk of locoregional recurrence. In order to
prevent relapse, several novel interventions are starting to be performed
based on new basic research and clinical data. Several histopathological
prognostic indicators of oral cancer have been reported recently, such
as tumor grade, mode of invasion, pattern of invasion, lymphovascular
invasion, perineural invasion, depth of invasion, extracapsular lymph
node invasion, and resection margin status [3,4]. Although these are
important to select the initial treatment, adjuvant therapy, and to follow
up, some are controversial and have limited evidence.

Recently, the utility and significance of tumor budding in
histopathological examinations were shown for several early stage
cancers such as colon, oesophageal, and gastric cancer. Tumor budding,
defined as the presence of single cancer cells or small clusters of fewer
than five cells at the invasive front (IF), has been reported to be an
independent prognostic factor for lung and T1 stage oesophageal
squamous cell carcinomas together with lymphatic and venous invasion.
In addition, lymph node metastasis is significantly more common
in the higher budding group [5,6]. In colorectal cancers, Prall et al.
investigated budding in a series of stage I and II colorectal cancer
patients and found that tumors with high budding had a higher risk of
relapse and distant metastasis [7].

In this short review, we focus on the studies related to tumor
budding in several carcinomas including OSCC and identify whether
tumor budding really has an impact on the locoregional recurrence and
prognosis of early OSCC, then, present the prognostic value of tumor
budding in early OSCC.

Literature Review

Tumor budding was initially designated as tumor sprouting to the
stroma and was first reported in 1954 by Imai, who described it as a
morphological feature along the invasive margin reflecting more active
tumor growth in several human cancers [8]. In 1961, Mc Gavran, in
a study of squamous cell carcinoma of the larynx, showed that there
was a significant correlation between the frequency of metastasis
and the types of invasive growth patterns. Two distinct types were
identified - one with a “pushing” and the other an “infiltrating” margin
[9]. Afterwards, many authors have reported a close correlation the
histologic malignancy scores for the pattern of invasion (POI) in head
and neck squamous cell carcinoma and the outcome of the disease
[10,11], but other investigators have found no significant relationship
[12] and limited value for prognosis. Attramadal [13] reported that POI
correlated significantly with tumor budding, but budding was a stronger
prognosticator in OSCC. There are some reasons behind this variability,
such as a lack of objectivity and difficulty in judgement. An important
refinement of POIL, known as tumor budding, was defined with general
agreement as the presence of individual cancer cells or small clusters
(fewer than five cancer cells) at the invasive front (IF) of the tumor,
and is considered the first step in the metastases of a solid tumor [6]
(Figure 1). Currently, this definition is generally used worldwide by
most pathologists.
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Assessment of tumor budding and its prognostic value in
several cancers

The definite implementation of tumor budding assessment depends
on a selected, internationally accepted, scoring system. However,
scoring systems of tumor budding are different in reports on several
cancers. In colorectal cancer, Hase [14] first divided tumor budding into
two groups according to degree: none or mild (BD-1) and moderate or
severe (BD-2). Classification of lesions as BD-1 or BD-2 was based on
the predominant pattern of tumor budding in the resected specimen
and patients with BD-2 lesions had significantly higher recurrence
rates and lower 5-year and 10-year survival rates than those in the
BD-1 group. Ueno [15] used a more quantitative method to assess the
degree of budding. At the invasive front region after selecting a field
in which “budding” intensity was considered maximal, the number of
“budding” foci were counted in a field measuring 0.385 mm? using a
25x objective lens. More than 10 budding cells was set as the cut-off
score for high-grade “budding” and was associated with lower 5-year
survival rates than that of low-grade “budding”. Multivariate analysis
showed that tumor budding was selected as the significant independent
variable, together with the number of nodes involved, extramural
spread, lymphocytic infiltration, apical nodal involvement, and tumor
differentiation. In 2016, the International Tumor Budding Consensus
Conference (ITBCC) [16] showed that tumor budding is a well-
established independent prognostic factor and reached agreement on
an evidence-based, standardized scoring system in colorectal cancer.
ITBCC guidelines defined tumor budding as a single tumor cell or a
cell cluster consisting of four tumor cells or less; tumor budding is an
independent predictor of lymph node metastases in pT1 and survival in
stage II colorectal cancer; tumor budding is counted on hematoxylin and
eosin; tumor budding is assessed in one hot spot (in a field measuring
0.785 mm?) at the invasive front; and a three-tier system should be used
along with budding count (0-4 buds: low, 5-9 buds: intermediate, 10 or
more buds: high) to facilitate risk stratification. Some studies have used
the average score of multiple fields (5 or 10 high-power fields) to score
tumor budding, and this increased scoring reproducibility because
selection of a single field with the highest density of tumor budding
may be subject to interobserver variation [17,18]. On the other hand,
counting multiple fields may “dilute” the final (mean) tumor bud count
in cases with many focal tumor buds. The “hot spot” method, therefore,
better reflects the maximal extent of tumor budding at the invasive
front. The ITBCC group recommends the use of the “hot spot” method
and to ensure that the field with the highest tumor budding is selected,
it was recommended that 10 separate fields (20x objective) along the
invasive front are scanned before counting tumor buds in the single
field selected as the “hot spot” [16].

In esophageal cancer, tumor budding is defined similarly to
colorectal cancer — tumor buds are isolated single cancer cells or
microscopic clusters of undifferentiated cancer cells composed of fewer
than five cancer cells found outside the invasive margin of the tumor
[19]. On the scoring system, budding intensity was considered maximal
in the slide containing the deepest tumor penetration, and the number
of budding foci was counted using a 20x objective lens (“hotspot”
method) [6,19]. In some studies, the cut-off point for risk grade was
five buds (low grade: <5 buds, high grade > 5 buds), and in others, the
cut-off point was three buds (rare: <3 buds, frequent: > 3 buds). A single
study classified tumors into two grades as only bud-positive or bud-
negative (positive: distinct budding at the invasive front, negative: no
budding at the invasive front) [20]. In all studies, tumor budding in
esophageal cancer was also a significant predictive factor for OSCC, and
cases with high-grade budding had a poorer outcome than cases with

low grade budding using different scoring systems. In oral and head and
neck squamous cell carcinomas, tumor budding is defined similarly to
colorectal, esophageal, and other epithelial cancers. Therefore, there is
general agreement in defining tumor budding as the presence of either
isolated single cells or small cell clusters comprising fewer than five cells
at the invasive tumor front. By contrast, there is no consensus cut-off
point for risk grade for the number of tumor buds even in oral and head
and neck squamous cell carcinoma. In spite of this, a cut-off points
of five in one high-power field (40x) (low grade: low grade: <5 buds,
high grade > 5 buds) is widely accepted by many investigators [21-23].
Different scoring methods have been employed in several studies, but
they can be summarized by two major approaches: one is the “hot spot”
method that analyzes only one high-power field (40x) and the other is
the “10 high-power fields” method that averages the 10 most dense high-
power fields (20x or 40x), in which budding cells from high-power fields
were detected after scanning the whole length of the invasive front at
low magnification. The “10 high-power fields” method was proposed in
colorectal cancer [17,24] which reported high inter- and intra-observer
agreement using this method. However, the ITBCC group recommends
the use of the “hot spot” method in colorectal cancer, and further studies
are needed to understand the prognostic ability and reproducibility of
these methods in oral and head and neck squamous cell carcinomas.
Moreover, there is a loss of unity in “high-power fields” for scoring,
where objective magnifications of 20x or 40x are usually used. There are
still some variations in scoring, and consensus is needed for appropriate
comparison of results, even for oral and head and neck squamous cell
carcinomas. Many studies have reported that a high tumor budding
score at the invasive front is strongly associated with cell proliferation,
lymph node metastasis including occult metastasis and disease-specific
mortality in OSCC, especially in T1/2 stage OSCC [21-26]. The number
of included cases, tumor stages, specimens, risk stratification cut-off
point and prognostic value of tumor budding in previous studies are
summarized in Table 1. Moreover, it is reported that the progression
level of extracapsular spread and tumor budding for cervical lymph node
metastasis of OSCC correlated with locoregional recurrence and distant
metastasis, and the tumor budding was identified as an independent
prognostic factor in a multivariate analysis [27]. These findings suggest
that despite the lack of a standardized scoring system, tumor budding is
a reliable marker of tumor progression and bad outcomes independent
of the evaluation system used.

Recently, Weichert [28] introduced a novel grading scheme that
was highly prognostic for patient survival (OS, DFS, and DSS): cell
nest size (CNS) and tumor budding activity (BA) in lung squamous
cell carcinoma. Boxberg [29] conducted an analysis of this grading
scheme in a cohort of 157 patients with OSCC and showed that,
analogous to SQCC-L, a simple grading scheme incorporating the two
most prognostic histomorphological characteristics, BA and CNS, can
be used successfully in OSCC. In their report, budding was assessed in
areas with maximal BA and was scored separately in one high-power
field (HPF; 40x) displaying the highest BA and 10 HPFs. In one HPF,
low BA was defined as 1-4 budding nests and high BA as > 5 budding
nests. In 10 HPFs, no budding was scored as 1, low BA and 1-14 buds
was scored as 2, and high BA and > 15 budding nests was scored as 3.
Cell nests were defined as clustered tumor cells surrounded by stroma
and were classified based on the size of the smallest invasive cell nest.
Clusters of >15 tumor cells were classified as large cell nests (score
1), 5-15 tumor cells as intermediate cell nests (score 2), 2-4 tumor
cells as small cell nests (score 3), and single cell invasion was stated
for individual tumor cells (score 4). CNS was assessed at the invasive
margin and within the tumor core region. The grading score was
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Number

Authors Year  Location of Stage Specimen| Cut-off
cases

Sarioglu et al. buds at

[49] 2010 Larynx 64 -1V - 23 of IF
Wang et al. [22] | 2011 Tongue 230 I-IV | Resection | 5 buds
Luo etal. [50] | 2012 Nasopharynx 105 I-IV | Resection | 5 buds
Almangushet | 541, | Tohque 233 | Il | Resection| 5 buds
al. [23]
Ma’a”[g‘;’]‘ etal- 2014 Oral 57 - Resection 5 buds

Almangush et .

2015 Tongue 31 -1l | Resection | 5 buds
al. [36]

Xie etal. [25] | 2015 Tongue 195 -1l | Resection | 5 buds
Angadi et al. [51] | 2015 Oral 75 — | Resection | 10 buds
Sawazaki-Calone .

etal. [52] 2015 Oral 113 — | Resection | 5 buds
Jensen et al. [53] | 2015 Oral 199 — | Resection -
Attramadalet 5515 gy 392 Il Resection 5 buds
al. [13]

Seki et al. [39] | 2016 | Tongue/FOM 91 -1V Biopsy 3 buds

B°bez’g] etal 5017 Oral 157 | IV  Resection — —

. . 3and 5

Seki etal. [40] | 2017 Oral 209 -1V Biopsy buds

920
Pedersen, etal. | 5517 | Qo 222 | I-IV Resection um2/6
(54] buds

Oblj:g;'ve Immunohistochemistry Main findings
- - TB is a prognostic marker for DM
20x - TB correlates with poor prognosis and EMT
400x* Cytokeratin TB was associated with poor prognosis
20x _ TB and TD are associated with poor
prognosis
. Laminin-5 [ 2 expression is associated with
20x Cytokeratin high-intensity of TB
20x Cytokeratin TB was associated with poor prognosis
. TB correlates with occult cervical LNM and
20x Cytokeratin poor prognosis
20x x 5 . .
fields - TB is a predictor for LNM
20x - BD was associated with poor prognosis
- Cytokeratin TB correlates with LNM and poor prognosis
20x Cytokeratin TB correlates with poor prognosis
TB is an independent predictor unaffected by
20x Cytokeratin the status of infiltrative patterns and tumour
depth for LNM
40x** x 10 _ TB and CNS are associated with poor
fields prognosis
TB using a cut-off value = 3 is a predictor for
20x Cytokeratin LNM and poor prognosis, especially in T1/2
stages and cNO patients
_ Cytokeratin High DTBC was independent predictor of

both OS and PFS

TB: Tumour Budding; EMT: Epithelial-Mesenchymal Transition; FOM: Floor of Mouth; TD: Tumour Depth; LN: Lymph Node Metastasis; DM: Distant Metastasis; BD:
Tumor Budding and Depth of Invasion; CNS: Cell Nest Size; DTBC: Digital Tumor Bud Count; OS: Overall Survival; PFS: Progression Free Survival. * A microscopic

field of 400x magpnification, ** High-power field

Table 1: Summary of previous published studies of tumor budding in oral and head and neck squamous cell carcinoma.

summed for these two variables and ranged from 2 to 7. Tumors with
score 2-3 were defined as Gradel, score 4-6 as Grade 2, and score 7 as
Grade3. Multivariate survival analysis confirmed that the prognostic
impact of this grading scheme was independent of clinicopathological
parameters (e.g., differentiation, age, sex, and stage). This novel grading
system is interesting and attractive because a combination of these two
factors represents the malignant potential of a given carcinoma more
reliability than each individual parameter alone, not only for lung
squamous cell carcinoma, but also for OSCC [28]. However, further
prospective and retrospective studies are needed to confirm these results.

Immunohistochemical staining or H&E
assessment of tumor budding

staining on

To assess the degree of tumor budding, Prall [30] were the first to use
pan-cytokeratin staining to mark budding cells at the invasive margin
in colorectal cancer in 2005. They showed that immunohistochemical
highlighting of budding cells by pan-cytokeratin antibodies may have
contributed to a significant increase in budding-positive cases. Since
then, immunohistochemistry has been used to facilitate the assessment
in many cancers. Nakanishi [31] have used immunohistochemistry for
cytokeratin (AE1/AE3) to distinguish cancer cells from inflammatory
cells and evaluated tumor budding in thoracic esophageal squamous cell
carcinoma. Ohtsuki [32] have shown that pan-cytokeratin stains help
identify buds and have improved prognostic value over hematoxylin
and eosin stains in colorectal carcinoma. Koelzer [18], in their
multicenter interobserver study on colorectal cancer, demonstrated
more than three times as many tumor buds with pancytokeratin
immunohistochemistry than with hematoxylin and eosin stains, and

their results led to marked improvement in interobserver agreement.
However, even with these advantages, some authors have argued
that immunohistochemical staining may be too costly and time-
consuming to enter routine practice [33]. Although some studies
have found immunohistochemistry to be superior to hematoxylin
and eosin with regard to reproducibility and interobserver agreement,
others have not [34]. van Wyk [35] demonstrated that pan-keratin is
neither more reproducible nor gives a higher prognostic value than
hematoxylin and eosin scoring in colorectal cancer. Moreover, the
ITBCC group recommends that tumor budding should be evaluated
on hematoxylin and eosin because the vast majority of outcome data
is based on hematoxylin and eosin assessment. In addition, the cost-
effectiveness of hematoxylin and eosin allows tumor budding to be
assessed worldwide [16].

In oral and head and neck squamous cell carcinomas, there
are some reports that the immunohistochemical staining of pan-
cytokeratin is helpful to identify epithelial cells when lymphoid
infiltration obscures observation, and pan-keratin was more sensitive
and easy to score than hematoxylin and eosin in OSCC [13,36] (Figure
1). However, tumor budding can be detected using a hematoxylin and
eosin stained slide and is less expensive as in colorectal cancer. In any
case, the evaluation method for determining a budding score should
be standardized because the results will be different depending on
whether immunochemical staining is used to count tumor budding.

Biopsy specimen or resected specimen for assessment of
tumor budding

For assessment of tumor budding from surgical resection

J Cancer Sci Ther, an open access journal
ISSN: 1948-5956

Volume 10(6) 162-167 (2018) - 164



Citation: Kirita T, Yamakawa N, Ueda N, Yagyuu T (2018) Tumor Budding as a Useful Prognostic Indicator in Early Oral Squamous Cell Carcinoma.

J Cancer Sci Ther 10: 162-167. doi: 10.4172/1948-5956.1000536

Tumor budding at the invasive front of oral squamous cell
carcinoma. H&E section (A) and immnuno-staining for multi cytokeratin (B)
at high magnification.

Figure 1:

specimens in colorectal carcinoma, budding activity in preoperative
biopsies has been considered. Morodomi [37] showed in 1989 that the
presence of budding in biopsies from rectal cancer patients is strong
associated with lymphatic invasion and lymph node metastasis. Zlobec
[38] reported that the presence of budding cells in an endoscopic biopsy
was found to be significantly associated with more advanced T-stage,
nodal involvement, and the presence of lymphovascular invasion in the
resected specimen. Furthermore, a high level of tumor budding in a
biopsy correlated with the presence of distant metastasis. These studies
highlight the diagnostic, prognostic, and predictive potential of tumor
budding even in biopsy specimens.

In oral and head and neck squamous cell carcinomas, Seki [39]
showed that tumor budding evaluated using biopsy specimens was
a good predictive factor for lymph node metastasis in squamous cell
carcinoma of the tongue and floor of the mouth and was essentially
unaffected by infiltrative patterns and tumor depth. In addition, there
was a good correlation between biopsies and resected specimens
for tumor budding. They also demonstrated that tumor budding
in preoperative biopsy specimens is a useful and good predictor of
prognosis for relapse-free survival in patients with T1/2 stage OSCC
with a tumor depth <5 mm and cNO cancer. Moreover, tumor budding
in biopsy specimens was found to be an independent and powerful
predictor of lymph node metastasis and prognosis [40]. These results
show that tumor budding score in biopsy specimens is a significant

predictive factor for prognosis in early OSCC. However, more and
accurate information can be obtained in resected specimens compared
to biopsies, and further studies are needed to validate these findings.

Tumor Budding and Epithelial Mesenchymal Transition

The epithelial mesenchymal transition (EMT) is a biological
process that allows a polarized epithelial cell, which normally interacts
with the basement membrane via its basal surface, to undergo multiple
biochemical changes that enable it to assume a mesenchymal cell
phenotype, which includes enhanced migratory capacity, invasiveness,
elevated resistance to apoptosis, and increased production of
extracellular matrix (ECM) components [41]. EMT is a process whereby
tumor cells gain migratory and invasive properties as mesenchymal
cells during the cancer pathological process. The activation of the
EMT program allows cancer cells to progress and metastasize through
induction of cytoskeletal changes, migration potential and the capacity
to remodel the extracellular matrix. During EMT, cancer cells loose
epithelial characteristics, such as cell polarity and cell-cell adhesion,
and gain mesenchymal characteristics and migratory capacity [42].

Discussion

Therefore, tumor budding may morphologically reflect the process
of EMT [43], and the process of tumor budding has been linked to
EMT. Budding is associated with loss of cellular adhesion as well as
the presence of invasion at the invasive front and has been postulated
to be closely associated with EMT [19]. Many reports indicate an
association between tumor budding and EMT in colorectal cancer,
pancreatic cancer, and esophageal squamous cell carcinoma. EMT is
mainly characterized at the molecular level as loss of E-cadherin, gain
of N-cadherin, and upregulation of vimentin. Differential expression of
several crucial EMT-related genes, including p-catenin [44], claudins
[45], laminin 5, and y2 chains [46], in cancer cells in the invasive tumor
front have further confirmed the existence of EMT cells in the invasive
tumor front.

In oral and head and neck squamous cell carcinomas, Wang [22]
demonstrated that the expression of E-cadherin is significantly reduced
in cells located in the invasive tumor front and in cells located in tumor
buds, when compared with those located in the central and superficial
portions of the tumor samplesand observed thatreduction in E-cadherin
in the invasive tumor front and budding cells was accompanied by an
increase in vimentin expression in tongue carcinoma. Attramadal [13]
showed that expression of the EMT marker E-cadherin was lost and
vimentin was upregulated at the invasive front in T1-2/NOMO0 OSCC,
which indicates that EMT occurred. However, they did not find loss of
keratin expression and general upregulation of N-cadherin, indicating
that only partial EMT was present in these early oral carcinomas. These
data show that tumor budding was associated with EMT-like changes,
and partial EMT, with at least a subset of tumors displaying a true
hybrid, single-cell epithelial/mesenchymal cells phenotype in the buds
was present in early carcinomas.

The relationship between cancer stem(CSC) cells and EMT, Chen,
et al. demonstrated that CSCs have been associated with EMT and
tumor buds and are expected to be present in the tumor invasive front
[47]. Brabletz suggested that so-called migrating CSCs are frequent in
buds in the tumor invasive front [48]. These finding are very important
and interesting, but, further investigations should be needed for
evaluation [49-54].

Conclusion

Recently, tumor budding was reported to increase the risk of
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lymph node metastasis and was an independent prognostic factor in
several cancers including OSCC. The definition of tumor budding as
the presence of individual cancer cells or small clusters (fewer than five
cancer cells) at the invasive front of the tumor is generally accepted
worldwide and these buds represent a more aggressive and malignant
phenotype. However, there is some controversy on the assessment of
tumor budding, such as the cut-off point, selecting field, field size, “hot
spot” or “10 high-power fields”, with or without immunohistochemical
staining, and biopsy or resected specimen. The association among the
intensity of tumor budding, risk of lymph node metastasis, and poor
prognosis in OSCC is strongly supported by studies in this review.
However, it remains challenging to standardize a scoring method for
budding, and further research is needed.
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