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Abstract

BACKGROUND

Tumor budding, is a promising prognostic hallmark in many cancers, and can
help us better assess the degree of malignancy in gastric cancer (GC) and in
colorectal cancer. In the past few years, several articles on the relationship
between tumor budding and GC have been published, but different results have
been observed. As the relationship between tumor budding and GC remains
controversial, we integrated the data from 7 eligible studies to conduct a
systematic review and meta-analysis.

AIM
To systematically evaluate the prognostic and pathological impact of tumor
budding in GC.

METHODS

Literature searches were conducted in the PubMed, Cochrane Library, EMBASE
and Web of Science databases, and 7 cohort studies involving 2178 patients met
our criteria and included in the analysis. The patients were divided into those
with high-grade tumor budding and those with low-grade tumor budding, and
the cut-off values for tumor budding varied across the included studies. The
hazard ratios (HRs) with 95% confidence intervals (Cls) were calculated to
estimate the impact of tumor budding on overall survival (OS) in GC patients.
The odds ratios (ORs) with 95%Cls were used to determine the correlation
between tumor budding and pathological parameters (tumor stage, tumor
differentiation, lymphovascular invasion, lymph node metastasis) of GC.

RESULTS

Seven studies involving 2178 patients were included in the meta-analysis. The
combined ORs suggested that high-grade tumor budding was significantly
associated with tumor stage (OR = 6.63, 95%ClI: 4.01-10.98, P < 0.01), tumor
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differentiation (OR = 3.74, 95%CI: 2.68-5.22, P < 0.01), lymphovascular invasion
(OR =7.85,95%CI: 5.04-12.21, P < 0.01), and lymph node metastasis (OR = 5.75,
95%ClI: 3.20-10.32, P < 0.01). Moreover, high-grade tumor budding predicted a
poor 5-year OS (HR =1.79, 95%ClI: 1.53-2.05, P < 0.01) in patients with GC and an
adverse 5-year OS (HR =1.93, 95%CI: 1.45-2.42, P < 0.01) in patients with
intestinal-type GC.

CONCLUSION
High-grade tumor budding suggested a poor prognosis in patients with GC or
intestinal-type GC.

Key words: Tumor budding; Gastric cancer; Intestinal-type gastric cancer; Epithelial-
mesenchymal transition

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Tumor budding is known to be a specific pathological marker in the diagnosis
of colorectal cancer and squamous cell carcinoma. However, the prognostic value of
tumor budding in patients with gastric cancer (GC) has not been extensively studied and
remains controversial. This is the first meta-analysis to evaluate the prognostic value of
tumor budding in GC. The findings suggest that tumor budding is closely related to
tumor stage, tumor differentiation, lymphovascular invasion and lymph node metastasis
in GC.

Citation: Guo YX, Zhang ZZ, Zhao G, Zhao EH. Prognostic and pathological impact of tumor
budding in gastric cancer: A systematic review and meta-analysis. World J Gastrointest
Oncol 2019; 11(10): 898-908

URL: https://www.wjgnet.com/1948-5204/full/v11/i10/898.htm

DOI: https://dx.doi.org/10.4251/wjgo.v11.110.898

INTRODUCTION

Gastric cancer (GC), including cardia and noncardia GC, is a highly malignant cancer
worldwide with over 1000000 new cases in 2018 and an estimated 783000 deaths
(equating to 1 in every 12 deaths globally), making it the fifth most frequently
diagnosed cancer and the third leading cause of cancer death!l. Despite the use of
multidisciplinary treatments, the 5-year survival rate for GC patients is reported to be
20%-40%"1.

Currently, the TNM staging system is considered the most robust system to predict
the prognosis of patients with GC. According to the American Joint Committee on
Cancer criteria, pathological staging of GC includes: depth of tumor stage (T), number
of lymph nodes involved (N), and presence of distant metastasis (M)™l.

However, due to the pursuit of individualized diagnosis and medical treatment, the
outcome parameters for patients with GC remain inadequate and inaccurate. In the
future, the stratification of GC will depend on biochemical, morphological, molecular
biological and treatment-related parameters to improve accuracy.

Thus, it is imperative to find available markers to precisely estimate the
pathological diagnosis and prognosis of GC. One such marker is tumor budding,
defined as the presence of single cancer cells or small clusters of fewer than five cells
at the invasive frontP”], and has been officially recognized by the Union for
International Cancer Control as an additional prognostic factor in colorectal cancers.
Moreover, tumor budding has recently been included in the guidelines for colorectal
cancer screening and diagnosis in Europel® and Japan!, highlighting the increased
use of this parameter in clinical practice.

Importantly, tumor budding has been reported to be a promising prognostic
hallmark in many other cancers!""*, including GC!"*"*l. However, the prognostic value
of tumor budding in GC has not been fully clarified. Therefore, the purpose of this
study was to explore the relationship between tumor budding and 5-year overall
survival (OS) in patients with GC as well as the clinicopathological parameters.

October 15,2019 | Volume1l | Issue10 |
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MATERIALS AND METHODS

Search protocol

We systematically retrieved all studies that evaluated the relationship between tumor
budding and the outcome of patients with GC using the PubMed, EMBASE, Cochrane
Library and Web of Science databases. The search terms were as follows: “tumor

vou ”oou VAt

budding”, “tumour budding”, “tumor-cell dissociation”, “gastric cancer”, “gastric
7 " 7 “" 7 “"

carcinoma”, “gastric neoplasm”, “stomach cancer” and “prognosis”, “prognostic” and
“survival”. The reference lists of all eligible studies were also assessed manually.

Inclusion and exclusion criteria
Studies were included if they met the following inclusion criteria: (1) The study
demonstrated a relationship between tumor budding and OS or pathological features
of GG; (2) Sufficient information was provided to estimate the hazard ratios (HRs) and
odds ratios (ORs); and (3) Only English language literature was included.

The following articles were excluded: (1) Reviews, conference proceedings,
abstracts, expert opinions, and case reports; (2) Studies with no available data on
tumor budding in GC; (3) Overlapping studies; and (4) Nonhuman studies.

Data extraction

Two authors (Guo YX and Zhang ZZ) independently extracted information using a
standardized form. The following characteristics were retrieved: First author’s name,
year of publication, country of patients” origin, the number of patients, staining
methods, cut-off points for tumor budding, survival data and pathological data. If the
survival data were not presented in the article, we obtained the data using
Kaplan-Mhigeier curves according to Parmar et all'’l. The quality of each study was
tested using the Newcastle-Ottawa quality assessment scale.

Statistical analysis

All statistical analysis was carried out using STATA 15.0 software. The impact of
tumor budding on OS was quantitatively evaluated by HRs and their 95% confidence
intervals (ClIs). The most common method was used to obtain the HR and 95%CI
directly from the paper or calculate them using the parameters provided in the
manuscript. Otherwise, we extracted results from the Kaplan-Meier curves with
Engauge Digitizer according to the methods reported by Parmar et all"’l.

We extracted and combined data on tumor budding and several pathological
characteristics, including tumor stage (I-II/III-IV), tumor differentiation
(well/moderate and poor), lymphatic metastasis (absent/present), and
lymphovascular invasion (absent/present), related to GC in each study. For these
data, the Mantel-Haenszel ORs with their 95%Cls were calculated and combined to
provide the effective value.

X? and I* tests were used to measure heterogeneity between each article. P < 0.05
was considered statistically significant, and I < 50% indicated no heterogeneity
between studies. If there was no heterogeneity (I* < 50%), a fixed-effects model was
used. Otherwise, a random-effects model was applied (I > 50%). Subgroup analysis
was used to determine the source of heterogeneity.

Statistical significance is expressed as P < 0.05 or < 0.01 (P > 0.05 are denoted).

RESULTS

Selected literature and study characteristics

The preliminarily selected literature included 234 articles from the PubMed, EMBASE,
Cochrane Library and Web of Science databases. After checking the titles and
abstracts, irrelevant studies were excluded, and 19 potential studies were evaluated
by intensive reading. As a result, 12 of these studies were excluded for the following
reasons: the data could not be extracted from the study, non-English literature, and
non-clinical trials. The search method for the studies included in this meta-analysis is
presented in Figure 1. Finally, seven studies were selected for this analysis. The
studies were conducted in seven countries (China, Japan, Turkey, Germany, Finland,
the United States and the United Kingdom) and were published between 1992 and
2019. Six studies were on GC, and one study was related to gastroesophageal junction
cancer. The main characteristics of the eligible studies are shown in Table 1. The HRs
data from 3 studies were extracted from the original univariate analysis directly,
while the data from the other 2 studies were estimated from survival curves.
Evaluation by the Newcastle-Ottawa quality assessment scale showed that 6 (85.7%)
of the studies had quality scores > 5, indicating that the included studies were of good
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quality.

Correlation between tumor budding and clinicopathological features

We evaluated the correlation between tumor budding and depth of tumor stage,
tumor differentiation status, lymph vascular invasion and lymph node metastasis of
GC.

For tumor stage, 5 studies (1423 patients) were qualified for the meta-analysis and
there was statistically significant association between high-grade tumor budding and
tumor stage (OR = 6.63, 95%CI: 4.01-10.98, P < 0.01) (Figure 2). The test for
heterogeneity was significant using the random-effects model (12 = 60.5%, P = 0.038)
(Figure 2). Furthermore, when the subgroups were stratified by the type of GC, the
heterogeneity of studies with intestinal-type GC (I* = 0.0%, P = 0.531) (Figure 2) was
effectively eliminated, and heterogeneity of the studies with all-type GC (I* = 54.5%, P
=0.111) (Figure 2) was decreased.

For tumor differentiation, 4 studies (980 patients) were qualified for the meta-
analysis and there was statistically significant association between high-grade tumor
budding and undifferentiated tumor status (OR = 3.74, 95%CI: 2.68-5.22, P < 0.01)
(Figure 3). The test for heterogeneity was not significant using the fixed-effects model
(I2=39.8%, P =0.173) (Figure 3).

For lymph vascular invasion, 3 studies (545 patients) were qualified for the meta-
analysis and there was statistically significant association between high-grade tumor
budding and lymph vascular invasion (OR = 7.85, 95%CI: 5.04-12.21, P < 0.01) (Figure
4). The test for heterogeneity was not significant using the fixed-effects model (I =
0%, P = 0.483) (Figure 4).

For lymph node metastasis, 5 studies (966 patients) were qualified for the meta-
analysis and there was statistically significant association between high-grade tumor
budding and lymph node metastasis (OR = 5.75, 95%ClI: 3.20-10.32, P < 0.01) (Figure
5). The test for heterogeneity was significant using random-effects model (I = 66.1%,
P =0.019) (Figure 5). Furthermore, when the subgroups were stratified by patient
number, the heterogeneity of the studies with > 200 patients (I* = 0.0%, P = 0.573)
(Figure 5) and the studies with < 200 patients (I* = 0.0%, P = 0.346) (Figure 5) was
totally eliminated.

Correlation between tumor budding and 5-year OS

The 5-year OS was extracted from 5 studies (1833 patients) and analysis of the
synthesized data with the fixed-effects model (I* = 0.0%, P =0.549) (Figure 6) revealed
that high-grade tumor budding was associated with a poor 5-year OS (HR = 1.79,
95%CI: 1.53-2.05, P < 0.01) (Figure 6). Subsequently, 2 studies (572 patients) on
intestinal-type GC also revealed that high-grade tumor budding was associated with
an adverse 5-year OS (HR = 1.93, 95%CI: 1.45-2.42, P < 0.01) (Figure 7) and no
significant heterogeneity was detected (I>=0.0%, P = 0.929) (Figure 7).

DISCUSSION

Tumor invasion - metastasis is a complex process that allows cancer cells to escape the
major mass of the primary tumor and settle in distant organs or tissues”. Loss of cell
cohesion is a crucial step in the process of cancer invasion, and metastasis is regarded
as the most fatal event during cancer progression”’!. From a pathological point of
view, tumor budding is a phenomenon encountered in various cancers in which a
primary tumor sends a number of finger-like projections to adjacent stroma, some of
which eventually detach from the main tumor mass as small cell clusters. It is
generally accepted that tumor budding is the histological basis for invasion and
metastasis*'l.

Our meta-analysis integrated the data from 7 eligible studies involving 2178
patients with GC, and evaluated the role of tumor budding in GC, for the first time.
Clinicopathological parameter analysis showed that high-grade tumor budding was
correlated with an adverse grade of tumor differentiation, tumor invasion, lymph
vascular invasion and lymph node metastasis. In addition, high-grade tumor budding
was a statistically significant predictor of poor OS in patients with GC. We also
observed the same results in intestinal-type GC, demonstrating that tumor budding
may also have a prognostic role in intestinal-type GC. These factors are traditionally
unfavorable predictors in patients with GC.

The combination of different types of GC was a disadvantage in the studies that
evaluated tumor budding in GC. Niko Kemi indicated that there was no statistically
significant relationship between tumor budding and OS in diffuse-type gastric
adenocarcinomal”l. Therefore, assessment of tumor budding in diffuse-type gastric
adenocarcinoma is not recommended. Our study demonstrated that tumor budding
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Table 1 Main characteristics of the included studies

Author Year Country Cases Cancer Stage Staining Cut off Micro.s?opic Surviv?I Newcastle-Ottawa
magnification analysis score

Gabbert et al'! 1992 Germany 445  GC IV HE 5buds NA 0s 7

Brownetal”l 2010 UK 356 EGJA IV HE 5buds NA 0os 7

Tanakaetall'®! 2014 Japan 320 GC IV HE Median x 400 0s 8

Gulluoglu et 2015 Turkey 126 GC I HE 5buds x 400 NA 4

21

Che et al”"] 2017 China 296  GC IV HE 5buds x 400 0S 8

Olsenetal™ 2017 USA 52 GC LIV HE Median x 200 PFS 6

Kemietall” 2019 Finland 585  GC IV HE 10 buds x 400 0s 8

UK: United Kingdom; USA: United States; HE: Hematoxylin eosin stain; NA: Not applied; OS: Overall survival; PFS: Progression free survival

was closely related to OS and tumor stage in patients with intestinal-type GC.
Compared to other cancers, intestinal-type GC has a histopathological morphology
similar to colorectal cancer!™. In colorectal cancer, tumor budding has been proved to
be an independent prognostic factor and has been included in European and Japanese
guidelines®’. A detailed investigation of the relationship between tumor budding and
intestinal-type GC is required. The relationship between different types (Lauren
classification) of GC and tumor budding may be different. The current study did not
include a clear classification of GC, and this may have contributed to inaccurate
results. In the future, separate analyses should be conducted on the relationship
between tumor budding and different types of (Lauren classification) GC in order to
better evaluate the impact of tumor budding on the prognosis of GC.

Tumor budding is considered to be the first step in cancer metastasis, as budding
cells are thought to migrate through the extracellular matrix, invade lymph vascular
structures and form metastatic tumor colonies in lymph nodes and at distant sites!*,
and our results proved this point of view. The initiation of tumor budding is based on
the epithelial-mesenchymal transition (EMT) process®*!. The relationship between
tumor budding and EMT has been studied in many cancers, including colorectal
cancer!”], esophageal cancer!”, pancreatic cancer”*], tongue squamous cell
carcinomal”], head and neck cancer™, lung cancer®) and breast cancer!’”l. However,
most EMT processes in tumor budding are incomplete, which suggests that tumor
budding undergoes partial EMT. Thus, tumor budding has been proposed to be
“EMT-like”™. In 2014, Tanaka et al'*) showed that higher TrkB expression in tumor
budding was observed at the tumor invasive front. TrkB is closely related to EMT and
was demonstrated in colon cancer and head and neck squamous cell carcinomal™*,
which promoted the EMT process and induced chemotherapy resistance. In the
future, in-depth research should be conducted on this aspect, in order to determine
the relationship between tumor budding and EMT, and the molecular mechanism
underlying this relationship.

In this meta-analysis, no heterogeneity was observed, except in the studies on
tumor budding associated with lymph node metastasis and tumor stage. To identify
the source of heterogeneity of the association between tumor budding and tumor
stage, we found that the included patients were all diagnosed with intestinal-type GC,
whereas other authors chose to include patients with all types of GC. There was no
significant heterogeneity in the correlation between tumor budding and tumor stage
when the patients were divided into two groups (group 1: intestinal-type GC, group
2: all-types of GC). The study by Tanaka et all'¥l was excluded from group 2, and no
significant heterogeneity was observed in group 2. The study by Tanaka et all"*! did
not include undifferentiated tumor samples, which may have contributed to the
significant heterogeneity observed. Small sample size may also have contributed to
the heterogeneity observed in the correlation between tumor budding and lymph
node metastasis, as no significant heterogeneity was found when the number of
patients was extended to 200.

Our meta-analysis has a few limitations. First, although the patients were divided
into those with high-grade tumor budding and those with low-grade tumor budding,
the stratification may change depending on the cut-off values, as the cut-off values for
tumor budding varied across the included studies due to differences in the study
populations and experimental methods. Second, some HRs and their corresponding
95%Cls were extracted from the survival curves. However, these data might be less
reliable than those directly obtained from survival data. Third, a potential language
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bias exists in this meta-analysis, as non-English publications were excluded. Finally,
publication bias was not tested due to the small number of included studies in the
evaluation of tumor budding and prognosis of GC, which may have induced potential

bias.

In conclusion, studies included in this meta-analysis came from seven countries
and had large sample sizes. The results of this study showed that high-grade tumor
budding was related to a poor 5-year OS and aggressive clinicopathological features
in patients with GC. Tumor budding may be a unique predictive marker and the
method used to detect tumor budding is simple, reproducible and inexpensive.
Furthermore, we strongly advocate further studies on larger preoperative GC biopsies
and different types of GC to confirm these results.
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Study ID OR (95%CT) % Weight
Intestinal-type E

Olsen S (2017) —L————> 19.55(3.78, 101.04) 7.48
Gabbert HE (1992) —_ 10.84 (4.56, 25.73)  17.60
Subtotal (I-squared = 0.0%, £ = 0.531) <> 12.32 (5.73, 26.47)  25.09
All-type i

Che K (2017) — 4.23 (2.40, 7.43) 25.07
Tanaka K (2014) —— 10.39 (4.72, 22.88)  19.27
Kemi N (2019) - 4.18 (2.89, 6.05) 30.57
Subtotal (I-squared = 54.5%, P = 0.111) <> 5.16 (3.22, 8.27) 74.91
Overall (I-squared = 54.5%, 2 = 0.111) Q 6.63 (4.01, 10.98) 100.00
NOTE: Weight are from random effects analysis |

T T
0.0099 1 101

Figure 2 Pooled analysis of the association between tumor budding and tumor stage in patients with gastric cancer.

Study ID OR (95%CI) % Weight
Olsen S (2017) 3.53(0.96,12.91)

Che K (2017) _._.._ 5.52 (3.17,9.61)

Gabbert HE (1992) 4.53 (1.87,10.94)

Kemin N (2019) _._._ 2.38 (1.42,4.00)

Overall (I-squared = 0.0%, P = 0.173) <> 3.74 (2.68,5.22)

T : T
0.0774 1 129

Figure 3 Pooled analysis of the association between tumor budding and undifferentiated tumor status in patients with gastric cancer.

Study ID OR (95%CTI) % Weight
Olsen S (2017) : 16.67 (3.84,72.33) 5.98
Gabbert HE (1992) —0— 6.66 (3.81,11.66) 69.48
Tanaka K (2014) —0— 9.05 (3.96,20.68) 24.55
Overall (I-squared = 0.0%, P = 0.483) <> 7.85 (5.04,12.21) 100.00
T : T
0.0138 1 72.3

Figure 4 Pooled analysis of the association between tumor budding and lymph vascular invasion in patients with gastric cancer.
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OR (95%CI)

% Weight

Simple size < 200 patients

Olsen S (2017)

Tanaka K (2014)

Gulluoglu M (2015)

Subtotal (I-squared = 0.0%, p = 0.573)

Simple size > 200 patients

Che K (2017)

Gabbert HE (1992)

Subtotal (I-squared = 0.0%, P = 0.346)

Overall (I-squared = 66.1%, P = 0.019)

NOTE: Weight are from random effects analysis

21.60 (2.57, 181.23)
7.75 (3.56, 16.88)
12.32 (4.90, 30.98)
9.98 (5.63, 17.71)

2.86 (1.71, 4.76)
7.75 (2.45, 6.61)
3.41 (2.39, 4.86)

5.75 (3.20, 10.32)

6.19

21.20
18.41
45.80

26.94
27.26
54.20

100.00

0.00552

181

Figure 5 Pooled analysis of the association between tumor budding and lymph node metastasis in patients with gastric cancer.

Study ID HR (95%(CI) % Weight
Che K (2017) _.— 2.26 (1.62, 3.16) 11.01
Gabbert HE (1992) ———————  1.86(1.19, 2.91) 8.85
Brown M (2010) ——=——> 2.18(1.50, 3.17) 9.39
Tanaka K (2014) — 1.61 (1.12, 2.41) 15.74
Kemi N (2019) —— 1.67 (1.36, 2.05) 55.01
Overall (I-squared = 0.0%, P = 0.549) <> 1.79 (1.53, 2.05) 100.00
T : T
-3.17 0 3.17
Figure 6 Pooled analysis of the association between tumor budding and overall survival in patients with gastric cancer.
Study ID HR (95%CI) % Weight
Che K (2017) ——-————— 226(1.62,3.16) 11.01
Gabbert HE (1992) B o — 1.86 (1.19, 2.91) 8.85
Brown M (2010) ——=——> 2.18(1.50, 3.17) 9.39
Tanaka K (2014) e — 1.61 (1.12, 2.41) 15.74
Kemi N (2019) — 1.67 (1.36, 2.05) 55.01
Overall (I-squared = 0.0%, 2 = 0.549) <> 1.79 (1.53, 2.05) 100.00

-3.17

3.17

Figure 7 Pooled analysis of the association between tumor budding and overall survival in patients with intestinal-type gastric cancer.
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ARTICLE HIGHLIGHTS

Research motivation

Our results demonstrated that high-grade tumor budding was related to poor 5-year overall
survival (OS) in patients with gastric cancer (GC). Tumor budding may be a new prognostic
indicator in GC.

Research objectives
This meta-analysis was carried out to clarify the prognostic and pathological impact of tumor
budding in patients with GC.

Research methods

The PubMed, EMBASE, Web of Science, and the Cochrane Library databases were searched. The
data were extracted, and statistical analysis was conducted using STATA 15.0 software to assess
the clinicopathological features and OS related to tumor budding in patients with GC. The odds
ratios (ORs) were presented for dichotomous variables with 95% confidence intervals (Cls), and
the HR was presented for time-to-event variables with 95%Cls.

Research results

Our meta-analysis suggested that high-grade tumor budding was significantly associated with
tumor stage (OR = 6.63, 95%Cl: 4.01-10.98, P < 0.01), undifferentiated tumor status (OR = 3.74,
95%Cl: 2.68-5.22, P < 0.01), lymphovascular invasion (OR = 7.85, 95%ClI: 5.04-12.21, P < 0.01), and
lymph node metastasis (OR = 5.75, 95%CI: 3.20-10.32, P < 0.01). Moreover, high-grade budding
predicted poor 5-year OS (HR =1.79, 95%CI: 1.53-2.05, P < 0.01) in patients with GC and poor 5-
year OS (HR =1.93, 95%ClI: 1.45-2.42, P < 0.01) in patients with intestinal-type GC.

Research conclusions
This research is the first to demonstrate that high-grade tumor budding is related to poor 5-year
OS and aggressive clinicopathological features in patients with GC.

Research perspectives

In this meta-analysis, the close relationship between poor prognosis in GC and tumor budding
was demonstrated, and it was found that intestinal-type GC is more closely related to tumor
budding, and related research on diffuse GC is lacking. In the future, we will study the
relationship between diffuse GC and tumor budding using our own sample library, and
determine the underlying mechanism of the relationship between tumor budding and poor
prognosis.
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