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Abstract

The tumor, nodes, metastasis (TNM) staging system has long been the gold
standard for the classification and prognosis of solid tumors. However, the TNM
staging system is not without limitations. Prognostic heterogeneity exists within
patients at the same stage. Therefore, the pursuit of other biomarkers with the
potential to classify patients with cancer has never stopped. One of them, tumor
budding (TB), has gained much success in colorectal cancer. In recent years, TB in
gastric cancer has attracted much attention from researchers, beginning to reveal
the molecular and biological aspects of this phenomenon in gastric cancer, and
has emerged as a promising prognostic biomarker in gastric cancer, predicting
disease progression and unfavorable survival. Therefore, it is time and essential to
provide a holistic overview of TB in gastric cancer, which has not been achieved
and is the aim of this review.

Key Words: Tumor budding; Gastric cancer; Poorly differentiated cluster; Prognosis;
Lymph node metastasis
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Core Tip: Tumor budding has gained much success in colorectal cancer and has begun to
attract much attention from researchers proficient in gastric cancer. Tumor budding
showed promising prognostic potential in gastric cancer with the ability to predict
disease progression and unfavorable survival. Therefore, it is time and essential to
provide a holistic overview of tumor budding in gastric cancer, which has not been
achieved and is the aim of this review, in which we summarize the current data on

tumor budding in gastric cancer and discuss its clinical application prospects and
challenges.
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INTRODUCTION

Gastric cancer (GC) is one of the most common malignancies worldwide and is most commonly
diagnosed in Eastern Asia, Central and Eastern Europe and South America[l]. Along with the
eradication of Helicobacter pylori, the most associated risk factor for intestinal-type GC, the incidence of
GC has dramatically decreased in countries and areas with high prevalence over the past 50 years[2].
However, despite tremendous triumphs, GC remains the fifth most common cancer and ranks fourth in
the list of cancer-related deaths. According to GLOBCAN 2020, there have been more than 1 million
new cases of GC, which caused 768793 deaths worldwide in 2020[1]. In recent years, the management of
GC has advanced greatly, and multimodal treatment, including radical gastrectomy, perioperative
chemotherapy, targeted therapy and immunotherapy, has been successfully applied to GC patients;
however, the long-term survival is still dismal[3]. This is mainly attributed to delayed diagnosis,
advanced disease, poor response to therapy and, an often overlooked reason, the lack of standardized
and reproducible biomarkers for personalized health care.

In the clinical management of GC, several clinicopathological characteristics have long been used to
classify patients with GC based on their prognostic and/or predictive significance[4]. The gold standard
for classification of GC remains to be the tumor, nodes, metastasis (TNM) staging system, comple-
mented by World Health Organization histologic categorization, cancer grade, Lauren subtypes, tumor
size, neural and lymphovascular invasion. Some emerging new but less clinically translated prognostic
biomarkers have also been explored, including the positive lymph node ratio (LNR), circulating tumor
cells (CTCs) and neutrophil-lymphocyte ratio (NLR)[5-7]. However, the survival outcomes of GC
patients remain heterogeneous, and some early-stage patients will experience recurrence or metastasis.
Therefore, searching for new precise and reproducible biomarkers for personalized health care in GC
has never been stopped. One of the promising factors is tumor budding (TB), also referred to as
sprouting, which was first described by Imai more than 60 years ago to characterize isolated single or no
more than four cancer cells at the invasive front[8]. Although first described in GC, TB is now most
successfully applied in colorectal cancer and has become part of routine histopathological diagnostics to
direct many clinical decisions[9]. The associations of TB with disease progression and survival have also
been investigated in GC by various research groups in recent years. However, due to the lack of
methodological standardization, findings reported across studies varied substantially, leaving the exact
role of TB in GC unclear. Therefore, in this review, we aimed to summarize the evidence from the
literature regarding TB assessment in GC to provide an overview of the clinical and prognostic role of
TB in GC. We also discuss the methodological shortcomings, inconsistent scoring systems and future
directions.

FINDINGS REGARDING TB IN GC

In GC, isolated single or small clusters of cancer cells have long been identified at the expansive border
of the main tumor mass, but their significance has not been recognized[10]. Therefore, twenty years
following the first attempt to explore the prognostic value of tumor cell dissociation (TCD), used
synonymously to describe TB in GC patients, no studies on the same topic have been published[10].
Such a strange ignorance may be due to a lower prevalence of GC in Western countries compared to
colorectal cancer, in which the assessing and reporting standardizations have been established[11]. In
addition, the complex histological composition of GC, for example, almost all diffuse-type GC belongs
to high-grade TB, may lead to conceptual difficulty. In addition, the lack of a consistent assessment and
reporting criteria also limits the application of this biomarker in GC. However, during the International
Tumor Budding Consensus Conference (ITBCC), a consensus was achieved for colorectal cancer on the
definition of TB (single cancer cells or cell clusters of up to 4 cancer cells), assessment method (buds
scored in the hotspot on a hematoxylin and eosin-stained slide using a 20% objective lens, followed by
normalization to a field area of 0.785 mm?) and clinically relevant cutoff values (5 and 10 buds are used
to categorize TB as low grade (Bd1), intermediate grade (Bd2) and high grade (Bd3), respectively)[11].
Therefore, the publication of ITBCC guidelines promotes research on TB in GC, and the corresponding
publications have increased rapidly in recent years.

Despite the methodical variety, increased TB density has consistently been found to correlate with
adverse features in GC, including tumor size, poor differentiation, Lauren class, advanced T stage,
lymph node metastasis, distant metastasis, TNM stage, lymphovascular invasion (LVI), perineural
invasion (PNI), and nonradical resection (Table 1). One meta-analysis pooled data from 7 of these
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Table 1 Previous studies on tumor budding in gastric cancer

Ref. Country Period Cases Lauren Specimen  Staging Assessment (%) TB higher in Outcomes (Multivariate analysis)
Gulluogluet  Turkey 1993- 126 I+D Surgical pTla-1b PTB, 400 x; Positive/ HPF (31) LNM LNM; pT1a: OR = 38.6 (1.91-781.70); pT1b: OR = 8.87 (2.79-
al[33], 2015 2013 resected 22.16)
Che et al[68], China 2007- 296 1+D Surgical -1V PTB, 400 x; > 5 buds, on average 10 HFP (49) T stage, N stage, metastasis, TNM OS: 1.568 (1.044-2.354)
2017 2010 resected stage, differentiation
Olsen et al United 1999- 52 1 Surgical NA Total-TB, 200 x; > 1 bud, median of 10 HFP Poor differentiation, LVI, PNI, T stage, Recurrence: P = 0.08; LNM: P = 0.51
[16], 2017 States 2013 resected (63) N stage
Kemi et al Finland 1983- 583 I+D Surgical -1V PTB, ITBCC; Bd1/2 (44.9), Bd3 (55.1) Year of surgery, age, sex, T stage, OS; Total: HR =1.40 (1.12-1.76); I: HR = 1.39 (1.03-0.87); D:
[61], 2019 2016 resected Lauren class, grade; R HR =1.54 (1.01-1.2.34)
Duetal[34],  China 2010- 621 I+D Surgical pT1b PTB, 200 %; 21 bud/HPF (67) NA LNM; Total: OR = 3.3 (1.9-5.9); Well/ moderately differen-
2019 2016 resected tiated: OR = 3.3 (1.9-5.9)
Heckl et al Germany  1997- 426 1+D Surgical -1V PTB, ITBCC; BdO (24.9), Bd1/2 (22.8), Bd3 NA NS
[69], 2019 2009 resected (52.3)
Daoetal[18], Vietnam  2012- 109 I+D Surgical I-11T PTB, ITBCC; Bd1/2 (54.1), Bd3 (45.9) Histopathological type, Differentiated ~ OS, HR = 20.899, P < 0.001; DFS, HR =12.7, P < 0.001
2020 2015 resected grade, Lauren class, LVI, PNI, N stage
Ulase et al Germany  1997- 456 I+D Surgical I-Iv PTB, ITBCC; BdO (25.2), Bd1/2 (22.8), Bd3 Sex, Lauren class, differentiated grade, OS, Total, I, D: NS. TSS, Total, I: NS; D: NA
[13], 2020 2009 resected (52.0) T stage, N stage, metastasis, TNM
stage, LNR, LVI, PNI, R, HER-2, MS]I,
MET

Zhang et al China 2001- 147 I+D Surgical I-11T PTB, 200 x; > 6 buds, median of 5 HFP (46.3) Tumor size, N stage, TNM stage, 10-yr OS, HR =7.16 (3.35-15.29)
[25], 2020 2003 resected Lauren class, TILs
Qiet al[57], China 2000- 153 1 Surgical I-1IT PTB and ITB, 400 x; PTB: > 8 buds, median of = PTB: Age, sex, location, N stage; ITB: OS, PTB: HR = 1.92 (2.24-10.63); ITB: HR = 2.79 (2.24-10.63)
2020 2008 resected 5 HFP (48.4); 2 13 buds, median of 5 HFP Tumor size, N stage, TNM stage,

(43.8) grade
Caoetal[17], China 2009- 137 I+D ESD and pT1 PTB, NA; Positive (58.4) Age, HP infection, N stage, recurrence, Recurrence, HR =4.95, P = 0.01; Death, HR = 2.33, P = 0.043
2021 2015 Surgical death

resected

Sunetal[21], China 2004- 122 I+D Surgical I-Iv PTB, 200 x; > 5 buds, median of 10 HFP (57) Lauren class, differentiation, LNM, NA
2021 2007 resected metastasis, TNM stage
Yim et al[32], Korea 2010- 289 I+D Surgical pT1 TB-YN: Present (57.1); TB-ITBCC: Bd2/3 LNM LNM, TB-YN: HR = 24.36 (3.15-188.17); TB-ITBCC: HR =
2021 2021 resected (40.1); total-TB, = 5 buds (419); SRCC 15.91 (5.41-46.80); Total-TB: HR = 25.50 (6.97-93.25); mTB-

excluded: mTB-YN: Present (48.8); mTB- YN: HR = 21.07 (4.75-93.37); mTB-ITBCC: HR = 35.10 (12.11-

ITBCC: Bd2/3 (29.1); total-mTB, 2 5 buds 101.76); Total-mTB: HR = 52.69 (15.69-179.97)

(29.8)
Kucuk[70], Turkey 2015- 43 1+D Surgical pT2-4 PTB, ITBCC; Bd1 (30.2), Bd2 (25.6), Bd3 (44.2)  Grade; T stage; N stage, differentiation NA
2021 2020 resected
Punetal[15], Canada 2000- 76 1 Surgical IA-IV PTB, ITBCC; Bd1 (21), Bd2 (21), Bd3 (58) T stage, LNM, TNM stage, LVI, PNI, OS: HR = 3.93 (0.34-45.44)
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OS: Bd2: HR = 2.60 (1.14-5.95); Bd3: HR = 4.74 (2.25-10.03)

OS, Total: HR =1.65 (1.11-2.45); I: HR = 1.99 (1.23-3.22). DFS,

resected death, recurrence

Surgical ypl-IV  PTB, ITBCC; Bd1 (29), Bd2 (25), Bd3 (46) T stage, N stage, metastasis, TNM

resected stage, R

Surgical TA-IV PTB, ITBCC; BdO (1), Bd1 (6.6), Bd2 (13.8), Bd3 Lauren class, R; PNI; LVI; T stage,

resected (78.6) TNM stage, differentiation, LNM Total, I: NS

D: Diffuse; DFS: Disease-free survival; ESD: Endoscopic submucosal dissection; HPF: High power field; HR: Hazard ratio; I: Intestinal; ITB: Intratumoral budding; ITBCC: International Tumor Budding Consensus Conference; LNM:
Lymph node metastasis; LNR: Lymph node ratio; LVI: Lymphovascular invasion; MSI: Microsatellite instability; NA: Not available; NS: No significance; OR: Odds ratio; OS: Overall survival; PNI: Perineural invasion; PTB: Peritumoral

budding; R: Resection status; SRCC: Signet ring cancer cell; TB: Tumor budding; TILs: Tumor infiltrate lymphocytes; TSS: Tumor-specific survival.
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studies and showed that TB, regardless of the methods used to determine it, was associated with overall
cancer stage, lymph node metastasis, LVI and tumor differentiation in GC[12]. Among these
clinicopathological characteristics, Lauren class and lymph node metastasis may have practical
significance. In studies that included all Lauren subtypes, more than 90% of diffuse-type GC will be
classified as high-grade TB, whose effects will be discussed in the sections below. Regarding lymph
node metastasis, an important determinant of survival in GC patients, nearly all studies have explored
its association with TB and demonstrated that high TB activity promotes the spreading of cancer cells to
regional lymph nodes (Table 1). In reports by Ulase et al[13] and Szalai et al[14], not only lymph node
metastasis itself but also the lymph node ratio (LNR) was significantly increased in patients with high-
grade TB. In the context of early GC, this predictive value can be applied to identify patients who need
additional curative gastrectomy, which will be discussed in the sections below.

As early as 1992, Gabbert et al[10] performed the first attempt to explore the prognostic value of TB in
GC patients, although “TCD” was used to describe detached cancer cells in their report. Patients with
GC were classified into four grades using a semiquantitative approach, and it was proven that patients
with a higher density of detached cancer cells have poor survival independent of other prognostic
factors[10]. Since then, the prognostic value of TB in GC has been overlooked. However, in the last
decade, more evidence has emerged, except for a few studies, in which the majority of studies proved a
poor prognosis in GC patients with high-grade TB (Table 1). One meta-analysis on the association
between TB and GC has been published, in which 7 studies were included, and the prognostic value
remained significant in the pooled results[12]. Nine of these studies reported the effects of TB on overall
survival (OS), and only Pun et al[15] and Ulase et al[14] found that the prognostic significance of TB was
lost in multivariable analyses for total cases or intestinal-type GC. Both studies assessed TB according to
ITBCC guidelines; therefore, the conflicting findings may result from other confounding factors[13,15].
Two studies also set recurrence and death as the primary outcomes, and both reported a higher
recurrence or death rate in patients with high-grade TB[16,17]. In addition to OS, only three studies
reported the effects of TB on disease-free survival (DFS) or tumor-specific survival (TSS), and only one
study was able to demonstrate the independent prognostic value for DFS in GC, while the other two
studies reported that the association between TB and DFS or TSS was statistically significant only in
univariate analysis[13,14,18]. Such findings are very intriguing, as high TB activity is intimately
associated with adverse features in GC that may promote recurrence and metastasis, which will theoret-
ically lead to poor cancer-specific survival. The conflicting findings may be due to the limited studies
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reporting the results of DFS and the retrospective design in all published studies. In retrospective
studies, information on the exact disease recurrence status of some patients is difficult to collect.
Regarding the value of TB in predicting DFS, a definite conclusion cannot be drawn at present, and
more prospective studies with sufficient samples from various centers are needed.

MECHANISMS LINKING TB AND POOR PROGNOSIS

From the viewpoint of pathology, TB is a phenotype identified in various malignancies, in which the
main cancer mass invades the adjacent stroma through finger-like projections, and a number of them
eventually detach from the main cancer, leading to the formation of single cell or small cell clusters
(Figure 1)[19]. Therefore, TB constitutes a distinctive part of the tumor microenvironment (TME), repres-
enting the first step of the cancer invasion-metastasis cascade. Currently, epithelial-mesenchymal
transition (EMT), except for some debates, is widely accepted as an important biological program
activated in the cancer invasion-metastasis cascade[20]. Therefore, TB has long been hypothesized as a
specific histological manifestation of EMT, providing the significant prognostic potential of TB in
various cancer types[8].

The association between TB and EMT has been extensively investigated in various solid tumors and
has been reviewed in detail previously[8]. For example, E-cadherin, a critical protein responsible for
cell-cell adhesion, is decreased when cancer cells lose their epithelial phenotype, especially within TBs at
the invasive front of cancers[8]. In contrast, master regulators of EMT, including EMT-associated
transcription factors (ZEB1, ZEB2, TWIST1, TWIST2, SNAI1 and SNAI2) and signaling pathways
(WNT/B-catenin, TGF-B), are significantly overexpressed or activated in cancer cells obtained from TB
[8]. TB also shares many invasive abilities endowed by EMT, such as cytoskeletal rearrangements, cell
motility and increased proteolytic activity[8]. Furthermore, cancer stem cell markers, including CD44,
LGR5 and ALDH]I, often test positive on TB cells, indicating the anoikis resistance, self-renewal and
metastasis-establishing capacity of these dissociated cells[8]. This evidence suggests that TB cells
represent the morphological phenotype of EMT and are often identified adjacent to or within the
endothelium of either lymphatic or blood vessels microscopically, indicating their possible intravasation
and dissemination process. Studies on the association of TB and EMT or cancer stem cells (CSCs) are
very limited in GC. In the invasive front of intestinal-type GC tissues, TB scores were positively
correlated with the expression of ZBTB7A, which was shown to increase the expression of EGFR,
leading to the activation of the PI3K-AKT-mTOR pathway and MAPK-ERK pathway, therefore greatly
altering the expression of EMT markers[21]. In addition, although not examined specifically in TB cells,
several studies have found elevated expression of EMT and CSC biomarkers at the invasive front of GC,
supporting the activation of EMT and CSC programs in TB cells in GC tissues[22-24].

An attacker-defender model has been proposed to describe the interactions between TB cells and
anticancer immunosurveillance. In this model, TB cells represent the attacker owing to their aggressive
attributes, while innate and adaptive immune cells mediate the counterattack[8]. Therefore, the
predictive and prognostic potential were improved significantly by the integration of TB and the
immune microenvironment. In the invasive front of GC, TB counts were inversely associated with a
high microsatellite instability (MSI) phenotype, owing to the local immune response capable of
eradicating TB cells with increased generation of neoantigens[13]. The immune microenvironment
analysis around TB in GC revealed that TB density is negatively correlated with the number of tumor-
infiltrating lymphocytes (TILs), and the density of TILs changed from CD8+ > FOXP3+ > OX40+ > GrB+
T cells in the nonbudding area to FOXP3+ > CD8+ > OX40+ > GrB+ T cells in the budding area,
indicating a privileged immune environment created by TB cells[25]. The recruitment of immunosup-
pressive cells enables evasion of the antitumor immune response by cancer cells and is proposed to be a
critical step toward progression. Thus, the prognosis was significantly poor in patients who had a lower
density of TILs and a higher density of TB[25].

Elucidating the acquisition of the EMT state and the immune escape mechanisms of TB as well as the
interactions between TB cells and the surrounding stroma has the potential to reveal novel therapeutic
targets. Thus, except for standardizing the assessment of TB as a promising predictive and prognostic
biomarker in GC, the mechanisms underlying these clinical associations need to be further explored.

THE APPLICATION PROSPECT OF TB IN GC

Currently, several GC subtyping systems based on molecular markers have been proposed by various
research organizations, such as The Cancer Genome Atlas and Asian Cancer Research Group[26,27].
However, these molecular tests are still costly, which hinders their wide application in clinical practice.
A major advantage of GC patient stratification based on TB is that it can be counted along with conven-
tional histopathological examination in H&E-stained tissue sections simultaneously without extra costs.
Therefore, if more high-quality evidence is accumulated and consensus on definition and assessment
methods is achieved in GC, TB could potentially be considered relevant in the following different
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Figure 1 The mechanism of tumor budding in gastric cancer. Various signaling pathways are activated in budding cells, leading to increased expression
of epithelial-mesenchymal transition (EMT)-related transcription factors and the loss of cell-cell adhesion. Tumor budding (TB) also shares many invasive abilities
endowed by EMT, such as cytoskeletal rearrangements, cell motility and increased proteolytic activity. Furthermore, TB cells often display attributes of cancer stem
cells (CSCs). The density of tumor-infiltrating lymphocytes changed from CD8+ > FOXP3+ T cells in the nonbudding area to FOXP3+ > CD8+ T cells in the budding
area. This figure was created with BioRender.com. GC: Gastric cancer; TB: Tumor budding; EMT: Epithelial-mesenchymal transition; CSC: Cancer stem cells.
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clinical scenarios (Figure 2).

Selecting patients for neoadjuvant therapy

Due to unspecific symptoms and delayed presentation, GC is often diagnosed in an advanced stage,
which requires preoperative chemotherapy to improve the curative resection rate and long-term
survival. Currently, the preoperative treatment decision is determined mainly by TNM staging and
patient performance status, and indications and modalities are recommended variously across different
countries due to the lack of reliable prognostic and predictive biomarkers[28]. In addition to radically
resected specimens, TB was also assessed in endoscopic biopsies with far less available cancer tissue and
has been found to provide prognostic information[29]. In this regard, TB is a promising biomarker
candidate that serves to select patients for neoadjuvant therapy. A study including both esophageal and
gastroesophageal adenocarcinoma found that TB in preoperative endoscopic biopsies is strongly
associated with poor survival[30]. Intriguingly, such prognostic significance was found only in stage I
but not stage III cancers[30]. One possible explanation for such divergence may be that other strong
negative prognostic factors in stage III cancers dilute the patient stratification capability of TB, which
can very well exhibit its influence on long-term outcomes in stage II cancers[30]. However, in most
countries, patients with stage II GC are often recommended to receive radical gastrectomy directly[28].
As the recurrence and metastasis of cancer following radical surgery is mainly due to distant dissem-
inated cancer cells before surgery, whether neoadjuvant therapy is feasible and can improve long-term
survival in patients with stage II GC warrants further prospective randomized controlled trials.

Applications in early GC

An increasing number of patients with early GC have been treated by endoscopic mucosectomy and
endoscopic submucosal dissection because of their similar survival outcomes but lower incidence of
complications[31]. Initially, endoscopic resection was only applied to patients with an absolute
indication that the risk of lymph node metastasis is less than 1%; then, indications were expanded and
relative indications were established to identify additional patients suitable for endoscopic treatment,
which raises the requirement for improving the accuracy of histopathological examination on endoscop-
ically resected specimens to predict lymph node metastasis, in which case additional radical
gastrectomy is needed[31]. TB is a well-known predictor for lymph node metastasis in early-stage
colorectal cancer and has already been considered a standard to determine the curability following
endoscopic resection[9]. Recently, it has also emerged as a potential risk factor for lymph node
metastasis in GC. However, the majority of these studies included patients with all stages, and only a
few studies specifically focused on early GC. In a study reported by Yim et al[32], the risk for lymph
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Figure 2 Application prospects and challenges of tumor budding in gastric cancer. Tumor budding (TB) could potentially be considered relevant in
the selection of patients for neoadjuvant therapy, management of early gastric cancer (GC) following endoscopic resection, therapy response prediction, and
decision-making after radical gastrectomy. However, before its routine clinical application, several challenges need to be overcome: Standardization of the definition
and assessment of peritumoral and intratumoral TB in GC according to subtypes. This figure was created with BioRender.com. GC: Gastric cancer; TB: Tumor
budding.

node metastasis in early GC with high-grade TB (Bd2 and Bd3) increased by nearly 16 times, and the
predictive efficacy was obviously improved when TB was added to conventional clinicopathological
factors[32]. In this study, the risks of TB for lymph node metastasis in patients with pTla and pT1b were
not determined separately[32]. As only 4.3% of patients with pTla disease developed lymph node
metastasis, the predictive value may mainly work in pT1b patients[32]. In another study, although TB
was reported to be the only variable that remained significant as an independent predictor of lymph
node positivity in both pTla and pT1b diseases, there were only 5 patients with pT1la found to be lymph
node positive, and only 2 of them had high-grade TB[33]. Therefore, as the number of pTla patients
with TB is small, the application potential of TB in this subgroup of patients is still unknown at present.
Therefore, a multicenter clinicopathologic study only included patients with pT1b disease and
concluded that TB is a significant high-risk factor for lymph node metastasis in submucosal early GC
[34]. Supporting these findings indirectly, additional gastrectomy with lymph node dissection needs to
be considered when high-grade TB is observed in endoscopically resected specimens, especially in
cancers invading the submucosa. Except for these studies assessing TB activity in surgically resected
specimens, one study also assessed TB activity in endoscopically resected specimens and found that
patients with high-grade TB activity who only underwent endoscopic therapy had a lower DFS and OS
rate than patients who received an additional radical gastrectomy[21]. Collectively, TB is a powerful
independent predictor of lymph node metastasis and poor survival in early GC; thus, it is recommended
that radical gastrectomy should be applied to patients with high-grade TB scores in their endoscopic
resected specimens.

On the other hand, currently, the majority of guidelines on GC recommend that D1 lymph node
dissection is sufficient in patients with early GC who are treated with curative surgery[35-37]. However,
the evidence supporting such a recommendation was based on studies including patients without
further stratification. Because high TB scores indicate a higher probability of lymph node involvement,
whether more extensive lymph node dissection is required in early GC with high TB activity warrants
validation in comparative trials.

Predicting response to therapy

Although GC is one of the most common malignancies worldwide, a relatively small number of options
for effective therapy are available to clinicians compared with other solid cancers. Currently,
chemotherapy based on fluoropyrimidine, platinums, taxanes, and irinotecan is still the foundation of
treatment for advanced GC[3]. However, no robust biomarkers for predicting the response to these
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drugs have been developed. Therefore, the administration of these drugs is only based on the clinical
stage and the performance of patients. As a cost-effective histopathological biomarker, TB has been
explored to predict the response to chemotherapy in some cancers, and a poor response was reported in
patients with high TB activity[38]. However, data in GC are limited, possibly owing to the difficulty of
obtaining tissues for TB assessment in advanced GC, in which setting it is feasible to assess therapy
response.

Nevertheless, TB assessment in surgically resected specimens may provide indirect information for
therapy response for other strategies, such as targeted therapy and immunotherapy, which were
introduced into the multidisciplinary treatment of GC in recent years. For example, TB activity is
inversely correlated with the expression of HER-2 but positively correlated with the expression of MET
[13]. Both HER-2 and MET are well-defined therapeutic targets in cancer, and several agents targeting
them have already advanced to clinical practice[39]. However, as robust predictive biomarkers for these
targeted therapies have been developed, the clinical application significance of TB in these scenarios is
limited.

In contrast, there is an unmet need to identify better predictive biomarkers of response to immuno-
therapy at present. TB is regarded as a special morphology of EMT, which has been shown to correlate
with the activation of various immune checkpoint molecules, including programmed cell death protein
1 ligand[40]. Thus, whether high TB activity may be a potential predictor of immune checkpoint
inhibitor therapy deserves further research. However, in GC, increasing peritumoral inflammation leads
to decreased TB activity due to inflammation-related destruction of cancer cells at the invasive front,
although the survival influence was not evaluated[13]. In addition, MSI-high tumors are often charac-
terized by a pushing border type invasion front, no or low TB and a strong peritumoral inflammatory
infiltrate[13]. The immune microenvironment analysis around TB in GC has revealed that TB density is
negatively correlated with the number of TILs, indicating a privileged immune environment created by
TB cells[25]. Therefore, these findings indicate that high-grade TB in GC may represent a promising
negative biomarker for immunotherapy.

Collectively, the predictive value of TB in response to therapy is only speculated from indirect
evidence, while direct supporting data are lacking in the present literature. In consideration of its
assessment convenience and lack of additional cost, the predictive values can be easily verified when
the efficacy of various therapy strategies is explored in clinical trials.

Applications in the management following radical gastrectomy
Currently, early-stage GC is believed to have a very high 5-year survival rate after endoscopic resection
or curative gastrectomy; therefore, adjuvant therapy is not recommended in such patients. However,
recurrence and metastasis are still inevitable in a small number of these patients[41]. Therefore, in
addition to helping identify patients with high lymph node metastasis probability following endoscopic
resection for whom an additional gastrectomy should be considered, TB also provides critical
information regarding the decision of adjuvant chemotherapy after curative surgery. On the other hand,
all guidelines on the management of GC recommended that all patients with locally advanced GC
should receive adjuvant chemotherapy after curative resection. However, more than half of the patients
with stage II who receive only curative gastrectomy will not experience recurrence; therefore, whether
assessment of TB will help decision-making in these scenarios needs to be investigated in future studies.

In the postneoadjuvant therapy setting, although ypTNM and tumor regression grade (TRG) have
been routinely examined in resected specimens, other prominent prognostic histopathological
parameters are usually omitted, and clinical guidelines directing further management of these patients
are still lacking[42]. Therefore, additional biomarkers with potential prognostic or predictive value in
this specific condition are urgently needed to stratify patients into groups with different prognoses that
may require different management. In contrast to TB assessment in primary gastrectomy specimens,
there has only been one study investigating the prognostic relevance of TB in resected GC specimens
following preoperative therapy[43]. In 167 intestinal-type GC patients in the post neoadjuvant setting,
TB was reported according to the ITBCC recommendation and was identified as an independent
prognostic factor, even after adjusting for post neoadjuvant stage and TRG[43]. The authors concluded
that post neoadjuvant assessment of TB categories according to the ITBCC criteria is feasible and that
the prognostic power of TB is not disrupted by chemotherapy effects[43]. Although data are limited and
more evidence is needed in GC, parallel with the consistent findings in other cancer types, such as
esophageal, colorectal, and breast cancer, the routine implementation of TB assessment in the post
neoadjuvant setting may be feasible and essential in patients with GC[44-46].

Therefore, assessment of TB would aid clinicians in decision-making. By this, they would make
adjuvant therapy in patients more likely to experience recurrence or, on the other hand, avoid
unnecessary side effects in those least likely.

CHALLENGES LIMITING THE APPLICATION OF TB IN GC

Despite the abovementioned promising clinical application potential in GC, TB is still not routinely
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assessed in daily practice, largely owing to the lack of GC-specific standardized assessment methods,
including definition, cutoff determination, and location to count. In addition, the complex histopatho-
logical heterogeneity of GC further impedes the consistent validation of this biomarker in various
studies (Figure 2).

Four cancer cells to define the upper limit of TB

Throughout the literature, a single tumor cell or a cluster of no more than four cohesive tumor cells
separated from the main cancer mass is consistently used to define TB, and an agreement has been
achieved in colorectal cancer at the ITBCC[11]. However, although clinical applications have already
gained great success in colorectal cancer, this cutoff is an arbitrary determination, and whether it is the
best definition feasible for GC has not been extensively validated. Although the prognostic power of TB
is not affected by the number of cells that define a cluster in other cancer types and studies have
recurrently demonstrated its prognostic and predictive values in GC, no prospective large cohort
studies have compared the differences among TBs defined by various upper limits, except for another
tumor cluster presentation with more than four cancer cells, poorly differentiated clusters (PDCs),
which have been proposed.

PDCs have been investigated in several cancer types and have shown prognostic potential[47].
Compared with TB, whose accurate determination may be challenged when TBs are mixed with
degenerating normal glands or inflammatory stoma without cytokeratin immunohistochemical staining,
PDCs are more easily and accurately recognized[48]. Therefore, in colorectal cancer, PDCs were found
to have stronger prognostic potential than TBs[49-51]. Theoretically, TB and PDCs indeed represent the
same biological phenomenon, EMT, which underlies their prognostic roles. Therefore, some authors
have integrated them into a single scoring system and proved the value of the combined effects in
prognosis for squamous cell carcinomas[52,53]. Only a limited number of studies have been conducted
to explore the prognostic value of PDCs in GC, and findings from these studies are somewhat different
from those in other cancer types. In a study with a small sample size (1 = 50), a positive association
between PDC categories and poor prognosis was observed[54]. In contrast, in another study with a
relatively large sample size (n = 290), the presence of PDCs was marginally associated with the features
of local tumor spread, such as PNI, LVI and advanced T stage, but not with lymph node metastasis and
poorer survival[14]. Therefore, the application of PDCs in GC prognosis is inconclusive at present.

In addition, PDCs represent another group of cancer cell clusters with more than 4 cells but are not a
new definition of TB. Therefore, whether the upper limit of four cancer cells is truly the optimal choice
in GC warrants further validation. Nevertheless, both TB and PDCs are defined by the number of tumor
cells residing in the invasive front or the center of the cancer mass, and they are just quantitative but not
qualitative characteristics. In other words, are TB and PDCs observed on tissue slides truly TB and
PDCs? In fact, some cancer cells, which were determined to be detached cells/cell clusters from the
main cancer mass in the two-dimensional plane of histological sections, are actually found to be part of
the main tumor in 3D reconstruction[55]. In addition, is EMT or CSC programs activated in all TBs and
PDCs counted by pathologists according to the present recommended criteria? In fact, the invasive and
metastatic potential of TB cells varies substantially, suggesting overt differences in the prognosis of
patients with colorectal cancer depending on the profile of CSC markers in TB cells[56]. Therefore, more
studies are needed to investigate whether assessment of TB with activation of EMT or CSC programs
will provide stronger prognostic and predictive values.

Various criteria to assess TB and to define high-grade TB

Before and even after the publication of the ITBCC guidelines, the methods used to assess TB in GC
varied across studies. For example, Gabbert et al[10] examined the TCD, used synonymously to describe
TB, at the invasive front of GC by using semiquantitative scoring (TCDO0-3). Then, some studies reported
the mean or median TB counts of several hotspots at the cancer invasive front, and cutoffs ranging from
1 (presence or absence) to 10 have been used to categorize GC into low- and high-grade TB (Table 1).
After the publication of the ITBCC guidelines, most studies reported and classified TB in GC according
to the ITBCC guidelines, and in some studies, small modifications have been made. For example, some
authors classified bud 0 as Bd0, and some authors defined high-grade TB activity as Bd3 or the
integration of Bd2 and Bd3 (Table 1). However, few cutoffs have been de novo established based on a GC
cohort and validated in a separate validation cohort. Therefore, similar to the upper limit of TB
definition, the optimal cutoffs to define different TB activities are also not clear, especially in diffuse-
type GC, the majority of which may fall within high-grade TB according to ITBCC criteria. To date, only
one study has determined the cutoff value of the TB score by receiver operating characteristic curves,
and the optimal cutoff value of the TB score was set to 5, which had the best predictive significance for
lymph node metastasis[21]. However, only 122 total and 71 intestinal-type patients were included,
which may prevent generalization. In another study, the authors compared the differences in prognostic
values among different categorizations of TB[32]. This study showed that TB activity classified by
ITBCC criteria predicts lymph node metastasis better than TB presence, at least in early GC[32].
Therefore, although the ITBCC criteria are now adopted as the standard method to assess TB for
reproducibility, the optimal definition of high-grade TB in GC is still unclear.
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Peritumoral and intratumoral TB

Traditionally, TB was assessed mainly at the invasive front of cancer, termed peritumoral budding
(PTB). However, as the pathologists who prepare and read tissue slides may not be the same, it is
difficult to ensure that the invasive front used to determine PTB truly represents the patients’ cancer
infiltration state, leading to inaccurate predictive and prognostic values[57]. In addition, in some
conditions, it is impossible to determine the invasive front of GC. For example, the majority of GC
patients were initially diagnosed by biopsies, which were often obtained from the cancer center rather
than from its invasive front, and the biopsy specimens are the only tissues available for TB assessment
because some patients may not undergo gastrectomy for unresectability or poor performance status. In
the conditions of some early GG, it is also difficult to specify an invasive front in the intrusive cancer.
Moreover, after neoadjuvant therapy, the architecture of cancer is often disrupted to some extent,
especially in cancers with a strong response. The invasive front is hard to determine, and assessing
peritumoral TB is very difficult or infeasible. Thus, intratumoral TB from the cancer center was
suggested in those cases and was demonstrated to have a very high correlation with peritumoral TB
activity[58,59]. A significant positive correlation between ITB and PTB was also found in GC, and on the
same slide, the number of ITB was higher than that of PTB[57]. Both ITB and PTB predicted a shorter
OS, while the simultaneous presence of ITB and PTB had a stronger prognostic value[57]. Some authors
have tried to assess both peritumoral TB and intratumoral TB, also referred to as total TB, which seems
to be superior to peritumoral TB in several cancer types. In GC, although statistical significance has not
been achieved, total TB showed a tendency to predict lymph node metastasis better[32]. Therefore,
assessment of ITB activity may not only provide similar predictive and prognostic value as PTB but can
also replace PTB when the assessment of the latter is infeasible.

Complex subtyping of GC

In contrast to other cancer types, such as colorectal cancer and breast cancer, many biomarkers have not
yet achieved full application in the routine clinical prognostic and predictive categorization of GC
patients due to the complex histopathological characteristics of GC and the lack of consistent
explicitness in all subtypes. The widely used simple histopathological classification system, proposed by
Lauren in 1965, divides GC into intestinal, diffuse and mixed types[60]. In studies on the association
between GC and TB, some studies included all subtypes, while others only included intestinal-type GC
(Table 1). As indicated by its definition, diffuse GC grows with a highly dissociative pattern that would
assign the majority of them into the high-grade TB category, which may confound the prognostic power
of TB in patients with intestinal-type GC. Therefore, whether a GC with a diffuse or mixed component
should be included to assess TB is still under debate. Some authors stated that TB and tumor grade are
not the same, as high TB was not consistently found in all poorly differentiated cancers; thus, excluding
this subgroup of patients is not necessary[13]. In contrast, Kemi et al[61] concluded that assessing TB in
diffuse-type GC provides no prognostic information based on findings from 583 patients; therefore,
routinely examining TB in diffuse-type GC is not recommended.

Signet ring cell (SRC) cancer, a distinctive subtype classified in the WHO classification system, is
another poorly cohesive GC, which may also increase the difficulty of TB counting. Theoretically, SRC
cancer belongs to diffuse-type GC and is more likely to display TB activity. However, compared with
other poorly cohesive cancers, SRC-type GC showed a favorable prognosis in patients with early disease
[62,63]. Therefore, Yim et al[32] developed a modified TB determining method, which excluded SRCs to
overcome this contradiction. In early GC, modified TB was more predictive of lymph node involvement
than conventional TB. In contrast, SRC-matched TB had no significant association with lymph node
metastasis; rather, it showed a greater tendency toward patients without lymph node metastasis[32].
This finding was also supported by targeted genomic sequencing data, which found that many EMT-
related molecules are not involved in the early onset of SRC cancer[63-65]. Therefore, as an EMT marker,
SRCs are inappropriate to be identified as TBs for GC. Currently, such a conclusion may only be applied
to early GC, as no such findings have been reported in advanced GC, in which a higher percentage of
SRC is also inversely related to tumor aggressiveness and predicts better survival[66,67].

CONCLUSION

Although TB is promising in the management of GC in several clinical scenarios, further research is
needed before its implementation in routine practice. There are many unknowns about the roles of TB in
the management of GC. Considering the assessment method, although consensus has already been
achieved in colorectal cancer and the ITBCC criteria are now widely accepted as the standardized
method in studies on other cancer types, inconsistent criteria are still used to assess TB in GC. Therefore,
multicenter studies are needed to yield a standardized methodology in GC similar to that in colorectal
cancer for clinical decision-making. As in many settings in GC, it is difficult to determine the invasive
front of cancer in available tissues, and studies on the use of ITB in these settings need further
exploration. As discussed above, the complex histopathological subtypes of GC cause inconsistent
conclusions, indicating the requirement for exploring the applications in each subgroup separately. In
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addition, TB is intimately associated with activation of EMT and CSC programs, leading to an increased
capability for cancer cell dissociation, migration and metastasis. The interactions between TB and the
immune microenvironment also facilitate the spread of GC. Therefore, as an easily available and cost-
effective biomarker, TB assessment holds important prognostic, predictive and potentially therapeutic
implications. A deeper understanding of the molecular and pathogenetic mechanisms underpinning TB
may lead to an area of “anti-TB therapies’ in GC.
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