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Abstract

Background: Tumor budding (Bd) has been demonstrated to be a promising prognostic factor in many carcinomas and in gastric
cancer. It may represent an optimal additional parameter that is helpful for risk stratification in gastric adenocarcinoma. Hence,
the present research was designed to predict the survival outcomes of gastric cancer in Vietnam, applying the tumor budding
criteria of the International Tumor Budding Consensus Conference (ITBCC) 2016.

Methods: The present study was conducted on 109 gastric cancer patients who underwent surgery but did not receive neo-
adjuvant chemotherapy from 2012 to 2015. The patients’ clinicopathological features were recorded. Bd was evaluated according
to the 2016 ITBCC criteria and classified as Bd1 (0–4 buds), Bd2 (5–9 buds), and Bd3 (�10 buds) grades, in addition to being
categorized into 2 main Bd groups: low (<10 buds) and high (�10 buds) Bd. Kaplan–Meier and log-rank models were applied to
analyze survival proportions.

Results: Of all the patients, 22.9% were classified as Bd1, 31.2% as Bd2, and 45.9% as Bd3 grades. Furthermore, 54.1% patients
were categorized into the low and 45.9% into the high Bd groups. Patients with Bd1 and Bd2 grades (the low Bd group) exhibited
the best prognosis, with 5-year overall survival (OS) rates of 85.7%, 90.8%, and90.3%, respectively. Patients with Bd3 grade (the
high Bd group exhibited the worst prognosis, and none of them lived for 5 years (p < 0.001). Similar to OS rates, disease-free
survival (DFS) rates markedly reduced from the Bd1 to Bd3 grade: Bd1, 95.0%; Bd2, 84.7%; and Bd3, 0% (p < 0.001).

Conclusion: Patients with different gastric cancer Bd grades exhibited significantly different OS and DFS rates. The present study
findings suggest that the ITBCC criteria can be used to stratify Bd for the treatment and prognosis of gastric cancer patients in
Vietnam.
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Introduction

Tumor budding (Bd) is a novel prognostic marker that has

garnered interest, especially in the treatment and prognosis of

colorectal cancer.1 Single cells or clusters of up to 4 cells at the

infiltrated margins of large intestinal carcinoma are termed

Bd.1,2 Peritumoral budding can only be assessed in endoscopic

or surgical resection specimens.3 Bd is associated with poorer

clinicopathological features and outcomes. It is important to

note that Bd can be quantified on histopathological slides to

provide a Bd score that correlates with tumor aggressiveness.

The prognostic value of Bd has been established in many

independent retrospective studies for many gastrointestinal

tract cancers, such as esophageal cancer, colorectal cancer, and

gastric cancer.4-6 Importantly, Bd is officially recognized as a

complementary prognostic hallmark by the Union for Interna-

tional Cancer Control (UICC) for colorectal carcinoma and is

listed by the European and Japanese guidelines for colorectal

cancer screening and diagnosis as well as the guidelines of the

European Society for Medical Oncology.7-9 Furthermore, Bd

has recently been listed as a coreless data item by the European

consensus conference colon and rectum (EURECCA), high-

lighting the increased use of this prognostic marker in clinical

practice.10

Although much progress has been made in the diagnosis and

treatment of cancers, gastric cancer remains the most common

cause of death in Vietnam. To improve the survival of patients,

making more suitable decisions on the adjuvant treatment after

operating for gastric cancer is very important, especially in the

early-stage cancer. Therefore, there is an essential need for the

validation of treatment protocols that are applied in Vietnam

for managing gastric cancer patients. Vietnam is a developing

country, so it is crucial to choose tools for risk stratification that

are eligible in terms of both expense and value in selecting the

exact adjuvant therapy. The evaluation of Bd may be a good

candidate, and this factor has not been used in Vietnam to

identify risk groups. Hence, this research was designed to pre-

dict the survival outcomes of gastric cancer in Vietnam, apply-

ing the tumor budding criteria of the International Tumor

Budding Consensus Conference (ITBCC) 2016.

Methods

This was a retrospective study including 109 patients with

gastric cancer aged 28–80 years who underwent surgery from

2012 to 2015 at the National Cancer Hospital (NCH), Vietnam.

NCH is the largest hospital specializing in oncological diag-

nosis, treatment, screening, prevention, and control in Vietnam.

Only patients with treatment-naı̈ve tumors were selected.

Patients who presented with secondary or recurrent malignant

tumors were excluded. The clinical information of the patients

was extracted from their medical charts and records and was

recorded; it included age, sex, tumor location, and date at initial

diagnosis. All the patients were operated upon for tumor

removal via total or partial gastrectomy, combined with

regional lymph node dissection. The maximum diameter of

resected tumors was calculated. pTNM staging of gastric can-

cer was applied using the criteria of the American Joint Com-

mittee on Cancer (AJCC, 7th edition).11 Tumor and lymph

node specimens were obtained for histopathological

examination.

After surgery, 58 of the patients were treated via adjuvant

chemotherapy with XELOX and/or capecitabine regimens. The

remaining 51 patients exhibited no indication for postoperative

chemotherapy owing to early-stage cancer or refusal to receive

the adjuvant treatment. All individual information was deleted

or disguised in order to ensure patient anonymity.

Histopathology

All specimens were obtained in the operating room and then

transferred to the pathology department. Samples were fixed in

10% neutral formalin for 24 h. Lymph node and tumor samples

were then prepared using routine pathological techniques, such

as hematoxylin and eosin (HE) staining. Experienced patholo-

gists evaluated all histopathological features such as tumor

size, histopathological type, and grade; nodal status; and deep,

perineural infiltration, or peritumoral lymphovascular invasion

(LVI). Histopathological types were classified according to the

Lauren and 2010 WHO classifications.12 Additionally, histolo-

gical grading was performed according to the 2010 WHO

classification.12

Tumor Budding Categories

All patients were classified into Bd categories based on histo-

pathological criteria. Bd was evaluated only on HE-stained

slides. Many HE-stained slides of each patient were viewed

by pathologists under a light microscope, and a representative

HE-stained section with the deepest invasion was used for

further analysis. Bd was analyzed independently by 2 experi-

enced pathologists, and any disagreement was resolved by rein-

vestigation to reach a consensus. The assessment procedure

proposed by the ITBCC 2016 was used.1 It was performed in

5 steps: the first step is defining the field (specimen) area for

the 20� objective lens of the microscope based on the eyepiece

field number diameter; the second step is selecting the HE-

stained slide with the highest Bd grade at the invasive front;

the third step is counting tumor buds in the selected “hotspot”

(20� objective); and finally, dividing the Bd count by the

normalization factor to determine the Bd count per

0.785mm2, selecting the Bd category based on Bd count, and

indicating the absolute count per 0.785mm2.1
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Bd was categorized according to the 3-grade system of the

Japanese Society for Cancer of the Colon and Rectum13 as

follows: low budding (Bd1), 0–4 tumor buds; intermediate

budding (Bd2), 5–9 tumor buds; and high budding (Bd3),

�10 tumor buds. Thereafter, patients with the 2 lowest Bd

grades (Bd1 and Bd2) were combined to form the low Bd

group, and those with Bd3 grade formed the high Bd group.

In the present study, revaluation was needed to reach a consen-

sus for 14.8% of all the patients because different pathologists

assigned various Bd groups to the same slides in case of these

patients. The difficulties in recognizing the area with most Bds

and in distinguishing Bd, especially to small signet-ring cancer

cells, from stromal or immune cells in certain cases were the

major reasons for reassessment.

Follow-Up and Outcomes

Overall survival (OS) was defined as the period from the date

of initial diagnosis to the day of death due to gastric cancer, or

the last available time before losing follow-up.14 Patients

would be censored if they did not die of gastric cancer. The

dates of death were displayed on the death documents such as

certificates were issued by the commune government in Viet-

nam. The relapse and the recurrent dates were shown by image

analytical and/or morphological data. Patients would be cen-

sored until the date of death if they did not present with any

relapse.14 Disease-free survival (DFS) was defined as the

period from the date of gastric cancer surgery until the date

of diagnosis of the recurrent gastric cancer, or GC-specific

death, including locoregional and distant relapses.14

Statistical Analysis

All the patients were categorized into the different Bd groups

using the criteria from the ITBCC 2016, list of Bd categories:

Bd1, Bd2, and Bd3. The Bd1 and Bd2 grades were combined

into the low Bd group and the Bd3 grade into the high Bd

group. Pearson chi-square test, likelihood ratio, and Fisher’s

exact tests were used to determine the clinicopathological dif-

ferences between the Bd groups. The Kaplan–Meier model was

used to investigate the 5-year OS and DFS according to the

Bd1, Bd2, and Bd3 grades or the low and high Bd groups.

Survival curves were compared by performing log-rank test.

Differences were considered to be significant if p-value was

<0.05. In multivariate analysis, Cox proportional hazards

regression model was applied to determine hallmarks that were

independently associated with OS and DFS. All analyses were

conducted using the statistical software SPSS version 19.0.

Results

Baseline Clinicopathological Features and Tumor Budding
Grades

The present study comprised 109 gastric cancer patients who

underwent surgery for tumor removal. Table 1 shows their

basic clinicopathological features. The patient’s age range was

28–80 years. Most patients were aged 50–59 years and >60

years (36.7% and 41.3%, respectively). The cancer was more

common in male than in female patients (62.4% vs 37.6%). The

antrum was the most common tumor location (79.8%). Regard-

ing pathological features, most of the histopathological types

were adenocarcinoma, NOS, and intestinal type (Lauren clas-

sification) (78.9% and 86.2%, respectively). Gastric adenocar-

cinoma was mostly moderately and poorly differentiated

(41.9% and 50.0%, respectively). Less than half of the cases

presented with negative regional lymph nodes (36.7%) and

exhibited LVI and perineural infiltration (38.5% and 37.6%,

respectively). Among the positive nodal group, 38.5% of the

patients presented with up to 3 metastasized adjacent lymph

nodes, counted in the highest proportion. Tumors invaded the

lamina propria, muscularis mucosa, or submucosa at a low rate

(0.9%). Such cases were similar to pathological stage I, and

these tumors accounted for only 2.8% of all cases.

A gradual increase in the Bd grade was observed, with 25

patients (22.9%) classified as low Bd, 34 (31.2%) as intermedi-

ate Bd, and 50 (45.9%) as high Bd. After a maximum follow-up

period of 83 months, 28.4% patients were found to have recur-

rent tumor. Among the patients with cancer relapse, 67.7%
presented with distant metastasis to organs such as the liver

and lung.

Clinicopathological Features of Different Bd Grades

To assess the relationship between clinicopathological features

and the Bd groups, all the patients were classified according to

the 3 Bd grades: low, moderate, and high Bd (according to the

ITBCC 2016 criteria). Table 2 displays the relationship

between clinicopathological features and the Bd grades for

GC. Patients aged >50 years were more common compared

with other age groups in both the high and low Bd groups,

nevertheless high Bd was observed at a lower rate than low

Bd and was 34.0 and 36.0%, respectively, in patients aged 50–

59 years and 60–69 years; meanwhile, low Bd was observed at

rates of 36.7% and 41.3% in patients aged 50–59 and 60–69

years, respectively. However, the Bd grades were dependent on

age, sex, and tumor location (p > 0.05). Significant differences

were observed between the histopathological types according

to the WHO classification, Lauren classification, and histolo-

gical grading and Bd groups (p < 0.001). The high Bd grade

showed a trend of being more common in patients with histo-

pathological types that indicated poor prognosis. Regarding

invasive features, patients with the high Bd grade showed the

highest rates of LVI and perineural infiltration (54.0% and

68.0%, respectively). Similarly, recurrent cases were the most

common in the high Bd group (56.0%), but they accounted for

the smallest proportion of the low Bd tumors (5.1%). Charac-

teristics of infiltration and relapse were found to significantly

correlate with the Bd grades (p < 0.001). Conversely, no trends

were observed in the Bd grades according to the pTNM stages

(p > 0.05).
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Associations of Outcomes and Clinicopathological
Characteristics

Table 3 shows the relationship between clinicopathological

features and outcomes of GC. Regarding histopathological fea-

tures, the death rate was highest in patients with poor histo-

pathological categories according to the WHO classification,

i.e. signet-ring cell carcinoma (11/16 cases: 68.8%) and muci-

nous adenocarcinoma (4/7 cases: 57.1%), and according to the

Lauren classification, i.e. diffuse type (11/16 cases: 68.8%).

Histopathological classifications were significantly associated

with survival (p < 0.05). This difference was also illustrated in

the relationship between clinicopathological characteristics

and survival. The death rate was the highest in patients with

stage IIIC gastric cancer (7/11 cases: 63.6%).

Regarding Bd grades, it was clear that survival was different

across the grades. A gradual decrease in the death rate was

observed from the high to low Bd grade. The death rate was

the highest in the patients with Bd3 grade (89.7%), whereas

patients with Bd1 grade exhibited the lowest death rate (2.6%).

There was a significant difference among the patients with the

3 Bd grades and survival (p < 0.001). Patients in whom gastric

cancer did not show LVI and perineural infiltration exhibited

the highest survival (77.1% and 78.6%, respectively) (p <

0.001).

Additionally, a significant difference was observed between

the Bd groups regarding recurrence (p < 0.001). Disease-free

patients exhibited the highest survival rate (88.5%). Conver-

sely, patients with recurrence exhibited the highest death rate

(96.8%). Although the death rate of patients with distant metas-

tasis was little lower than that of those with locoregional metas-

tasis (95.2%and 100.0%, respectively), a significant difference

was not found (p > 0.05).

Regarding age group, sex, tumor location, and histological

grade, the relationship among these features and outcomes did

not show a significant difference (p > 0.05).

In multivariate analysis, as shown in Table 4, Bd was found

to be an independent prognostic marker with a hazard ratio of

20.899 and p < 0.001.

Survival

The 5-year OS of the patients who underwent surgery for gas-

tric cancer was 43.02 + 1.77 months. It was 73.71 + 3.04 and

Table 1. Baseline Clinicopathological Features in 109 Gastric Cancer Patients.

Characteristics No. of patients (%) Characteristics No. of patients (%)

Age group Lymph node status
<30 1 (0.9) Negative 40 (36.7)
30-39 11 (10.1) 1-2 positive node(s) 42 (38.5)
40-49 12 (11.0) 3-6 positive nodes 17 (15.6)
50-59 40 (36.7) 7-15 positive nodes 9 (8.3)
�60 45 (41.3) > 15 positive nodes 1 (0.9)

Sex LVI
Male 68 (62.4) Present 42 (38.5)
Female 41 (37.6) Perineural invasion

Present 41 (37.6)
Tumor location Invasive depth

Antrum 87 (79.8) T1 1 (0.9)
Antrum—Lesser curvature 7 (6.4) T2 18 (16.5)
Fundus/Corpus 5 (4.6) T3 16 (14.7)
Corpus—Lesser curvature 3 (2.8) T4a 50 (45.9)
Cardia 3 (2.8) T4b 24 (22.0)

Pyloric Antrum 3 (2.8)
Unknown 1 (0.9)
Histopathological type pTNM Stage
Adenocarcinoma, NOS 86 (78.9) I 3 (2.8)
Signet ring cell 16 (14.7) IIA 24 (22.0)
Mucinous 7 (6.4) IIB 24 (22.0)

IIIA 21 (19.3)
IIIB 26 (23.9)
IIIC 11 (10.1)

Differentiated grade Tumor budding
Well-differentiated 7 (8.1) Grade I 25 (22.9)
Moderately-differentiated 36 (41.9) Grade II 34 (31.2)
Poorly-differentiated 43 (50.0) Grade III 50 (45.9)
Lauren classification Relapse
Intestinal type 93 (85.3) Present 31 (28.4)
Diffuse type 16 (14.7) Recurrent pattern 21 (75.0)

Distant metastasis
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Table 2. Associations of Tumor Budding and Clinicopathological Features in 109 Gastric Cancer Patients.

Characteristics No. of patients (%)

Tumor budding

p (w2)Low 59 (54.1) High 50 (45.9)

Age group 0.382(a)

<30 1 (0.9) 0 1 (2.0)
30-39 11 (10.1) 4(6.8) 7 (14.0)
40-49 12 (11.0) 5 (8.5) 7 (14.0)
50-59 40 (36.7) 23 (39.0) 17 (34.0)
�60 45 (41.3) 27 (45.8) 18 (36.0)

Sex 0.384
Male 68 (62.4) 39 (66.1) 29 (58.0)
Female 41 (37.6) 20 (33.9) 21 (42.0)

Lateral 0.443(a)

Antrum 87 (79.8) 46 (78.0) 41 (82.0)
Antrum—Lesser curvature 7 (6.4) 3 (5.1) 4 (8.0)

Fundus/Corpus 5 (4.6) 4 (6.8) 1 (2.0)
Corpus—Lesser curvature 3 (2.8) 1 (1.7) 2 (4.0)
Cardia 3 (2.8) 1 (1.7) 2 (4.0)
Pyloric Antrum 3 (2.8) 1 (1.7) 2 (4.0)

Unknown 1 (0.9) 1 (1.7) 0
Histopathological type <0.001(a)

Adenocarcinoma, NOS 86 (78.9) 56 (94.9) 30 (60.0)
Signet ring cell 16 (14.7) 0 16 (32.0)
Mucinous 7 (6.4) 3 (5.1) 4 (8.0)

Differentiated grade 0.009(a)

Well-differentiated 7 (8.1) 7 (12.5) 0
Moderately-differentiated 36 (41.9) 27 (48.2) 9 (30.0)
Poorly-differentiated 43 (50.0) 22 (39.3) 21 (70.0)

Lauren classification <0.001
Intestinal type 93 (85.3) 59 (100.0) 34 (68.0)
Diffuse type 16 (14.7) 0 16 (32.0)

LVI 0.003
Absent 67 (61.5) 44 (74.6) 23 (46.0)
Present 42 (38.5) 15 (25.4) 27 (54.0)

Perineural invasion <0.001
Absent 68 (62.4) 52 (88.1) 16 (32.0)
Present 41 (37.6) 7 (11.9) 34 (68.0)

Relapse <0.001
Absent 78 (71.6) 56 (94.9) 22 (44.0)
Present 31 (28.4) 3 (5.1) 28 (56.0)

pT 0.426(a)

T1 1 (0.9) 1 (1.7) 0
T2 18 (16.5) 13 (22.0) 5 (10.0)
T3 16 (14.7) 8 (13.6) 8 (16.0)
T4a 50 (45.9) 25 (42.4) 25 (50.0)
T4b 24 (22.0) 12 (20.3) 12 (24.0)

Lymph node status <0.001
Negative 40 (36.7) 28 (47.5) 12 (24.0)
1-2 positive node(s) 42 (38.5) 20 (33.9) 22 (44.0)
3-6 positive nodes 17 (15.6) 8 (13.6) 9 (18.0)
7-15 positive nodes 9 (8.3) 3 (5.1) 6 (12.0)
> 15 positive nodes 1 (0.9) 0 1 (2.0)

pTNM stage 0.124
I 3 (2.8) 2 (3.4) 1 (2.0)
IIA 24 (22.0) 19 (32.2) 5 (10.0)
IIB 24 (22.0) 12 (20.3) 12 (24.0)
IIIA 21 (19.3) 10 (16.9) 11 (22.0)
IIIB 26 (23.9) 11 (18.6) 15 (30.0)
IIIC 11 (10.1) 5 (8.5) 6 (12.0)

(a): Fisher exact test.
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Table 3. Associations of Outcomes and Clinicopathological Features in 109 Gastric Cancer Patients.

Characteristics No. of patients (%)

Outcome

p (w2)Survival Death

Age group 0.501(a)

<30 1 (0.9) 0 1 (2.6)
30-39 11 (10.1) 7 (10.0) 4 (10.3)
40-49 12 (11.0) 6 (8.6) 6 (15.4)
50-59 40 (36.7) 28 (40.0) 12 (30.8)
�60 45 (41.3) 29 (41.4) 16 (41.0)

Sex 0.410
Male 68 (62.4) 46 (65.7) 22 (56.4)
Female 41 (37.6) 24 (34.3) 17 (43.6)

Location 0.775(a)

Antrum 87 (79.8) 56 (80.0) 31 (79.5)
Antrum—Lesser curvature 7 (6.4) 5 (7.1) 2 (5.1)
Fundus/Corpus 5 (4.6) 4 (5.7) 1 (2.6)
Corpus—Lesser curvature 3 (2.8) 1 (1.4) 2 (5.1)
Cardia 3 (2.8) 1 (1.4) 2 (5.1)
Pyloric antrum 3 (1.8) 1 (1.4) 1 (5.1)
Unknown 1 (0.9) 1 (1.4) 0

Histopathological type 0.003(a)

Adenocarcinoma, NOS 86 (78.9) 62 (88.6) 24 (61.5)
Signet ring cell 16 (14.7) 5 (7.1) 11 (28.2)
Mucinous 7 (6.4) 3 (4.3) 4 (10.3)

Histological grade 0.533
Well-differentiated 7 (8.1) 6 (9.7) 1 (4.2)
Moderately-differentiated 36 (41.9) 27 (43.5) 9 (37.5)
Poorly-differentiated 43 (50.0) 29 (46.8) 14 (58.3)

Lauren classification 0.004
Intestinal type 93 (85.3) 65 (92.9) 28 (71.8)
Diffuse type 16 (14.7) 5 (7.1) 11 (28.2)

Tumor Budding <0.001
Low 59 (54.1) 55 (78.6) 4 (10.3)
High 50 (45.9) 15 (21.4) 35 (89.7)

LVI <0.001
Absent 67 (61.5) 54 (77.1) 13 (33.3)
Present 42 (38.5) 16 (22.9) 26 (66.7)

Perineural invasion <0.001
Absent 68 (62.4) 55 (78.6) 13 (33.3)
Present 41 (37.6) 15 (21.4) 26 (66.7)

Lymph node status 0.027(a)

Negative 40 (36.7) 32 (45.7) 8 (20.5)
1-2 positive node(s) 42 (38.5) 26 (37.1) 16 (41.0)
3-6 positive nodes 17 (15.6) 8 (11.4) 9 (23.1)
7-15 positive nodes 9 (8.3) 4 (5.7) 5 (12.8)
> 15 positive nodes 1 (0.9) 0 1 (2.6)

pTNM stage 0.045(a)

I 3 (2.8) 3 (4.3) 0
IIA 24 (22.0) 20 (28.6) 4 (10.3)
IIB 24 (22.0) 17 (24.3) 7 (17.9)
IIIA 21 (19.3) 12 (17.1) 9 (23.1)
IIIB 26 (23.9) 14 (20.0) 12 (30.8)
IIIC 11 (10.1) 4 (5.7) 7 (17.9)

Relapse <0.001
Absent 78 (71.6) 69 (88.5) 9 (11.5)
Present 31 (28.4) 1 (3.2) 30 (96.8)

Metastatic pattern 0.75(a)

Locoregional metastasis 7 (25.0) 0 7 (100.0)
Distant metastasis 21 (75.0) 1 (4.8) 20 (95.2)

(a): Fisher exact test.
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78.09 + 2.76 months for the Bd1 and Bd2 groups, respectively,

and 78.91 + 2.00 months for the low Bd group (Bd1 and Bd2

combined); the 5-year OS of the Bd3/high Bd group was appar-

ently less (36.69 + 3.45 months). The patients with Bd1 and

Bd2grades exhibited a better prognosis, with a 5-year OS rate

of 85.7% and 90.8%, respectively; this rate was 90.3% in the

low Bd group. Conversely, none of the patients in the Bd3/high

Bd group exhibited 5-year OS. A significant difference was

observed between the Bd groups according to their survival

curves (p < 0.001) in both univariate and multivariate analyses

(Figure 1A–D).

A significant difference was observed in the 5-year DFS rate

between the Bd groups (p < 0.001) in both univariate and multi-

variate analyses (Figure 2A–D). The mean 5-year DFS was

41.88 + 1.88 months; the mean survivals of the patients with

Bd1 and Bd2 grades were 75.35 + 1.61 and 76.29 + 3.20

months, respectively, and the mean survival of the low Bd

group was 78.07 + 2.15 months. This result was similar to the

Table 4. Mulitivariate Cox Regression Analysis of Clinicopathological Characteristics According to OS and DFS.

OS DFS

Hazard ratio p value (Wald) Hazard ratio p value (Wald)

Tumor budding (High vs Low) 20.899 <0.001 12.7 <0.001
Histological grade (G1 vs G2 or G3) 0.234 0.239 0.352 0.371
LVI (present vs absent) 0.332 0.022 0.275 0.006
Perineural invasion (Yes vs No) 1.398 0.496 1.173 0.750
pTNM (III vs I or II) 0.456 0.112 0.381 0.049

Figure 1. Five-year relative overall survival of tumor budding categories for gastric cancer. In univariate and multivariate analysis, the log-rank
test showed that there was a significant difference between the 3 curves (p < 0.001, A and B). In both analyses, the log-rank test also illustrated a
difference was significant between the 2 Bd groups and OS (p < 0.001, C and D).
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5-year OS rate of the Bd3/high Bd group, and the 5-year DFS of

this group quickly decreased (33.87 + 3.48 months). Five-year

DFS rates of the patients with the Bd1 and Bd2 grades were

95.0% and 84.7%, respectively; this rate was 88.2% in the low

Bd group. Conversely, all the patients in the Bd3/high Bd group

died before the 5-year DFS, a finding similar to that for OS.

Discussion

Gastric cancer is the third common cause of cancer-related

death in the world, and has high rate of recurrence after a

potentially curative surgery; even early-stage gastric cancer

patients die in many cases.15,16 Thus, finding novel markers

to precisely estimate the pathological diagnosis and prognosis

of gastric cancer is imperative. One such marker is Bd, the

finding that underpins metastasis; it is defined as single cells

or clusters of up to 4 cancer cells at the infiltrated margin. This

phenomenon was not only observed in the region of the infil-

trated front, where it has been previously described, but also in

the tumor itself.2,4 Bd was demonstrated to be a promising

prognostic hallmark in many carcinomas, such as large intest-

inal carcinoma; pancreatic ductal adenocarcinoma; squamous

cell carcinoma of the tongue, pulmonary tissue, and laryngeal

and esophageal tissue; breast cancer; gingival buccal complex

squamous cell carcinoma; and gastric cancer.4,6,17-33 In 1949,

Imai initially described this phenomenon in the Japanese med-

ical literature in relation to gastric cancer.34 From to the patho-

logical aspect, Bd is a phenotype encountered in various

cancers, in which a number of finger-like projections of a pri-

mary cancer tissue invade into adjacent stroma, some of them

eventually detach from the main tumor as small cell clusters.35

Bd is considered to be the first step in the distant metastasis as

budding cells are thought to migrate through the extracellular

matrix, infiltrating into lymphovascular architectures and

forming settlements of metastatic cancer cells in lymph nodes

and at distant locations.8 Regarding the biological significance

of Bd, researchers have demonstrated that this phenomenon

may be involved in epithelial–mesenchymal transition (EMT),

thereby increasing malignant cell migration and invasion.36,37

EMT is a polystep dynamic cellular phenomenon in which an

Figure 2. Five-year relative disease free survival of the tumor budding degrees for gastric cancer. The log-rank test demonstrated that there is a
significant difference between these 3 survival curves, in univariate and multivariate analysis (p < 0.001, A and B). Log-rank test exhibited a
significant different association of DFS to 2 Bd categories in both analyses, as well (p < 0.001, C and D).
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epithelial cell converts to a mesenchymal phenotype and

acquires migratory and invasive features that are typical of

mesenchymal cells.38,39 Aberrant activation of EMT is consid-

ered to be the hallmark of metastastic cancer.39-41 The relation-

ship between Bd and EMT has been investigated in various

cancers. However, most EMT processes in Bd are incomplete,

suggesting that tumor buds undergo partial EMT.35,42 The

malignant cells that undergo EMT have been shown to exhibit

increased invasive and metastatic capabilities, which might

explain why patients with high Bd exhibit worse outcomes than

those with low Bd.36

Bd may represent an optimal complementary hallmark that

is helpful for risk stratification in gastric adenocarcinoma. The

UICC has officially recognized Bd as an additional indepen-

dent prognostic parameter in colorectal carcinoma.43 It is

speculated that Bd is an important indicator of outcomes, pro-

viding a diagnostic guideline to facilitate personalized treat-

ment in the future.

In the present study, the analysis of Bd in gastric cancer was

based on the 2016 ITBCC criteria. The results demonstrated a

relationship of pathological characteristics such as histological

type, Lauren classification, differentiated grade, lymph node

metastasis, LVI, and perineural infiltration with recurrence and

survival. A high Bd grade was significantly associated with

relapse and short survival. Nevertheless, the findings did not

retain its significant prognosis for association between the Bd

grade and pTNM stage, in this mode. At present, only few

studies have been performed on Bd in stomach cancer, with

each study applying different scoring systems.4,6,20,29 Despite

the methodical variation, early cohorts displayed that high Bd

is related to various adverse clinicopathological characteristics,

including an advanced T stage, positive lymph node, distant

metastasis, advanced UICC stage, poor differentiated grade,

LVI, perineural infiltration, and poor prognosis.4,5,17,20,26,44

Additionally, 2 cohorts demonstrated that Bd was an indepen-

dent hallmark of prognosis in stomach cancer.4,20 The findings

of the present study are consistent with some of the findings in

the above studies.

Regarding the relationship between Bd and early-stage GC,

although patients with early-stage disease may show favorable

outcomes after radical gastrectomy, many of them still die due

to cancer and exhibit high recurrent rates, even after potentially

curative operation.45,46 Bd provides valuable information

regarding the decision of adjuvant therapy, especially in

patients with Bd3 grade having early-stage cancer, to help

oncologists identify high-risk patients who may benefit from

systemic therapy. Bd assessment might help identify patients at

risk for worse outcome in the following ways: (1) identifying

patients with pT1 stage or cancer-associated polyps endosco-

pically resected with increased risk for the metastatic lymph

node and (2) identifying patients with stage II cancer who may

benefit from adjuvant treatment.30 In the present study, 2%
patients with early-stage gastric cancers exhibited high Bd

grade. The findings of this study may support the previously

described role of Bd in early stomach cancer.17,29 The above

mentioned result illustrates that assessing Bd in early-stage

gastric cancer is essential to help make suitable decisions on

adjuvant therapy after surgery for these cancers.

Regarding the Lauren classification, Kemi et al. indicated

that a significant relationship was not found between Bd and

OS in the diffuse-type gastric cancer.20 The relationship

between different types (Lauren classification) of gastric can-

cer and Bd grades may vary. The diffuse-type gastric cancer is

usually considered to be an aggressive tumor with poor prog-

nosis. The present study included the intestinal -and diffuse-

type gastric cancers. Bd assessment in both intestinal- and

diffuse-type gastric cancers showed its prognostic significance

for OS and DFS in both univariate and multivariate analyses in

the present study. In the future, the relationship between Bd and

different types of gastric cancer according to the Lauren clas-

sification should be evaluated in separate studies to investigate

better the impact of Bd on the prognosis of stomach cancer.

Regarding the present study results on relapse and survival

in patients with gastric cancer, the high Bd group exhibited

higher recurrence and shorter survival, both OS and DFS, than

the low Bd group in univariate and multivariate analyses as

well. However, Ulase et al. did not find Bd to be an indepen-

dent prognostic parameter upon multivariate analysis.29 High

Bd was demonstrated to show a correlation with low 3- and

5-year OS. Nevertheless, patients with intestinal-type gastric

cancer still showed a significant correlation between Bd and

survival.44 Conversely, both Kemi et al. and Che et al. showed

that Bd is valuable as an independent prognostic indicator in

univariate and multivariate analyses.4,20 The present study also

demonstrated that Bd is an independent prognostic factor in

gastric cancer.

Bd was defined as an independent prognostic marker in

colorectal cancer by the ITBCC and recognized as an addi-

tional hallmark of prognosis by the UICC and numerous treat-

ment guidelines.1,8 However, Bd assessment and scoring

methods vary, and hitherto only Ulase et al. have conducted

a study on Bd evaluation in patients with gastric cancer using

the ITBCC 2016 standards.29 The present study also used this

guideline to evaluate Bd in gastric cancer. To improve the

survival of patients with gastric cancer, making more suitable

decisions on the adjuvant treatment after surgery for gastric

cancer is very important, especially in patients with early-

stage disease. This necessitates the validation of treatment

guidelines that are used in Vietnam for managing gastric cancer

patients. Vietnam is a developing country, and most of this

patient population cannot spend a lot of money on the expen-

sive molecular tests; hereby, choosing tools of risk stratifica-

tion that are suitable in terms of expenses and value in selecting

the exact adjuvant treatment is crucial. The Bd categories may

be a good candidate, and this classification has not yet been

applied in Vietnam to identify risk groups. To the best of our

knowledge, the present study is the first in Vietnam to use

the 2016 ITBCC criteria for Bd classification and to assess the

utility of Bd for predicting gastric cancer patient survival. The

patients with Bd1 and Bd2 grades were combined into the low

Van Dao et al 9



Bd group, and those with the Bd3 grade comprised the high Bd

group. Therefore, the cutoff value for budding is 10 buds per

standardized high-power field; low Bd grade was assigned to

cases with <10 buds and high Bd grade to those with� 10 buds.

The present studyfindings showed that the 3 Bd grades (Bd1,

Bd2, and Bd3) and 2 Bd groups (low and high Bd groups) have

a prognostic significance for OS and DFS in univariate and

multivariate analyses. Hence, making the exact decision on

adjuvant treatment is convenient when Bd is classified in 2

main Bd groups.

Bd was assessed only on HE-stained slides, and immuno-

histochemical staining was not necessary. According to the

recommendations of the ITBCC 2016, this method is informa-

tive, available, inexpensive, and readily applicable to routine

practice and does not seem to demonstrate a different prognos-

tic power from immunohistochemistry.1 Occasionally, tumors

with small signet-ring–like cancer cells at the infiltrated margin

were observed, leading to difficulties in Bd assessment.

Because signet-ring malignant cells invade deeply into the

gastric wall, they usually become smaller and release less

secretion and start mimicking plasmocytes. In that case, obser-

ving the slide more carefully is necessary, and it may even be

stained immunohistochemically for identifying Bd.

There are some limitations to the present study. Because of

the small sample size and the relative heterogeneity of the

subjects, evaluating the median survival of the Bd groups

exactly according to pTNM staging was impossible. In future

cohorts, the further investigation would increase the precision

of these evaluations. Especially, assessing Bd in early-stage

gastric cancer for calculating survival is crucial. Larger studies

regarding Bd in early-stage stomach carcinoma should be

designed to help stratify patients into the different Bd groups

and to make correct decisions on adjuvant treatment.

Conclusions

The Bd grades of patients with gastric cancer exhibited distinct

OS and DFS. These findings suggest that the 2016 ITBCC

criteria can be used to stratify risk categories of gastric cancer

in Vietnam, and Bd status should be mentioned in the histo-

pathological reports of patients with stomach cancer, as tumor

budding provides precious information for the treatment and

prognosis of Vietnamese patients with gastric cancer. Bd may

be a unique predictive hallmark, and the method of Bd assess-

ment used in the present study is simple, reproducible, and

inexpensive.
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