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Introduction

Stomach cancer ranks fifth globally in terms of 
both incidence and mortality in 2022 [1]. The TNM 
classification, based on the depth of tumor invasion, 
the number of involved lymph nodes, and the presence 
or absence of distant metastasis, is the most common 
method for determining tumor prognosis in cancer 
patients [2]. However, a significant number of patients 
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still succumb to gastric cancer in the early stages of the 
disease [3]. Determining the histological pattern may be 
useful in improving the accuracy of the TNM staging and 
identifying high-risk patients who would benefit from 
aggressive treatment [4, 5].

Tumor budding and stromal maturity are two 
characteristics that can aid in determining the level of 
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cancer invasion. Tumor budding refers to the presence 
of single cells or clusters of 2 to 4 cells at the invasive 
front of the tumor [3]. High tumor budding is recognized 
as a poor prognostic marker in colorectal cancer [6] and 
has also been associated with poor prognosis in other 
types of cancer, such as breast cancer [7], squamous 
cell carcinoma of the head and neck [8], and pancreatic 
adenocarcinoma [9].

Furthermore, stromal tissue and fibroblasts play 
a significant role in tumor growth [10, 11]. In gastric 
cancer, tumors with desmoplastic stroma types have 
prognostic value [12, 13]. Immature stroma characterized 
by myxoid stroma or the presence of thick collagen 
fibers and eosinophilic hyalinization, is associated with 
poor prognosis. On the other hand, mature desmoplastic 
stroma, characterized by thin collagen fibers in the stroma, 
indicates a good prognosis [14, 15].

Tumor budding associated with poor prognosis in 
gastric cancer [3] [16] but there was limited focus on 
stromal maturity and due to importance of gastric cancer 
as a global health concern [17], the aim of this study was 
to investigate the prognostic effect of tumor budding and 
stromal maturity in patients referred to teaching hospitals 
in Babol city between 2016 and 2021.

Materials and Methods

Study design
The present study is a retrospective cohort study in 

which 90 patients with gastric adenocarcinoma, who 
underwent total gastrectomy in educational hospitals in 
Babol city during the years 2016-2021, were included, 
and their H&E slides were entered into the study from 
the pathology department archives of the hospitals. 
Patients with a previous history of gastric cancer or other 
malignancies, patients who received radiotherapy and 
chemotherapy prior to surgery, patients with incomplete 
recorded information in their medical records, patients 
with an unknown date of death, and patients who died 
due to causes other than gastric adenocarcinoma were 
excluded from the study. In addition, after reviewing the 
H&E slides, cases with histological subgroups of signet 
ring cell carcinoma and poorly differentiated tumors were 
excluded from the study. 

Data collection
Patient survival data were collected through telephone 

follow-up since the time of surgery. After reviewing 
all stained sections with the H&E method related to 
the gastrectomy specimens, the histological subgroups 
of gastric adenocarcinoma were determined based on 
the criteria of WHO, Goski classification, and Lauren 
classification. Samples of intestinal-type adenocarcinoma 
with good and moderate differentiation were separated, 
and slides corresponding to the deepest invasive tumor 
area in terms of tumor budding and stromal maturity 
were examined by two experienced pathologists. The 
pathologists were blinded to the output and clinical data. 
Stromal maturity was determined by examining the 
deepest invasive edge of the tumor and the desmoplastic 

reaction at the invasive edge of the tumor. In tumors 
where the desmoplastic reaction was not assessable at the 
invasive edge, especially tumors invading the subserosal 
tissue, the entire tumor stroma was studied for more 
accuracy. The “hot spot” technique was used to study 
tumor budding, which is one of the most practical methods 
for evaluating tumor budding in colorectal cancers [6]. 
H&E slides related to the deepest invasive edge were 
initially examined with low magnification to find the 
area with the highest number of tumor buds. If it was not 
clear which area had the highest number of tumor buds 
or if the first area under examination had less than 15 
tumor buds, several areas were examined, and the area 
with the highest number of tumor buds was analyzed at 
a magnification of *400. An average of 5 tumor buds per 
ten high-power fields (HPF) was considered as the cut-off 
[7]. High tumor budding was defined as 5 or more tumor 
buds per ten HPF, and low tumor budding was defined 
as fewer than 5 tumor buds per ten HPF. The observed 
results were compared with the immunohistochemistry-
stained slides with the AE1/AE3 marker. Immature stroma 
is defined as the presence of thick bundles and scanty 
collagen with eosinophilic hyalinization; the Mochizuki 
grouping of stroma was performed based on the most 
immature portion of the tumor stroma. If there was no 
hyalinized collagen or if it was present in less than 5% 
of the tumor stroma and and there was desmoplastic area 
in front of the tumor, the stroma was considered mature, 
and tumors containing colloid-like collagens in 5% or 
more of the tumor stroma or having myxoid stroma were 
considered immature stroma. 

Statistical analysis
The data were analyzed using SPSS V.22 software. 

T-test, Anova, Chi-square and Fisher’s exact test were 
used to compare between groups, and Kaplan-Meier and 
Cox regression methods were used for survival analysis.. 
A P-value less than 0.05 was considered significant.

Results

Patient Characteristics
In this study, 90 patients with gastric cancer who 

underwent gastrectomy and had not received neoadjuvant 

Figure 1. Low Tumor Budding in Gastric Adenocarcinoma 
with H and E Staining (A) and Immunohistochemistry 
for AE1/AE3 (B), and High Tumor Budding in 
Gastric Adenocarcinoma with H and E Staining (C) and 
Immunohistochemistry (D).
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(p = 0.19), tumor differentiation showed a significant 
association with tumor budding, where patients with 
moderate differentiation had a higher percentage of 
high tumor budding compared to patients with good 
differentiation (p = 0.048). 

Survival Analysis
The overall survival of the study patients was 39.52 

months with a 95% confidence interval (31.8- 47.23). 
Individuals without tumor budding had a mean survival of 
64.64 months, individuals with low tumor budding had 
a mean survival of 38.58 months, and individuals with 
high tumor budding had a mean survival of 28.52 
months (Figure 3), showing a statistically significant 
difference (p = 0.002). However, there was no significant 
difference in survival among different stromal maturity 
levels (Table 2) (Figure 4). Table 3 and Cox regression 

chemotherapy were evaluated. The mean age of the 
individuals was 67.31 years (SD=11.59). The minimum 
age reported was 33, and the maximum age was 86. 
Of this number, 67 individuals (73.6%) were male, and 24 
individuals (26.4%) were female. Thirty-two individuals 
(35.2%) had tumors with moderate differentiation, and 59 
individuals (64.8%) had tumors with good differentiation. 
The highest proportion of T stage was T3, with 22 
individuals (24.2%), and the lowest proportion was T4, 
with 1 case (1.1%). Seventeen individuals (18.7%) had 
no tumor budding, 22 individuals (24.2%) had low tumor 
budding, and 52 individuals (57.1%) had high tumor 
budding (Figure 1).

Fifty-four individuals (59.3%) had stromal maturity 
(Figure 2). The mean (standard deviation) age in mature 
patients was 65.96 (11.06) years, and in immature patients, 
it was 69.27 (12.21) years (p = 0.183). Patients without 
tumor budding had a mean (standard deviation) age of 
65.12 (13.6) years, those with low tumor budding had 
a mean age of 65.55 (12.83) years, and those with high 
tumor budding had a mean age of 68.77 (10.53) years, 
(p = 0.283). 

Associations Patient Characteristics with Tumor Budding 
and Stromal Maturity

As shown in Table 1, gender and stage variables did 
not show a significant association with tumor budding 
and stromal maturity. While stromal maturity did not 
have a significant association with tumor differentiation 

Table 1. Tumor Budding and Stromal Maturity Based on Sex, Stage and Tumor Differentiation  

Sex Differentiation  Stage
Female Male Well Moderate I/II III/IV

Tumor budding Negative 3 (12.5) 14 (20.9) 2 (6.2) 1 (25.4) 13 (24.5)
Low 5 (20.8) 17 (25.4) 7 (21.9) 15 (25.4) 14 (26.4) 8 (21.1)
High 16 (66.7) 36 (53.7) 23 (71.7) 29 (49.2) 26 (49.1) 26 (68.4)
Total 24 (100) 67 (100) 32 (100) 59 (100) 53 (100) 38 (100)

p-value 0.513 0.048 0.133
Stroma Mature 14 (58.3) 40 (59.7) 16 (50) 38 (64.4) 32 (60.4) 22 (57.9)

Immature 10 (41.7) 27 (40.3) 16 (50) 21 (35.6) 21 (39.6) 16 (42.1)
Total 24 (100) 67 (100) 32 (100) 59 (100) 53 (100) 38 (100)

p-value 1 0.19 0.832

Table 2. Patient Survival Based on Tumor Budding and Stromal Maturity Levels

Mean Survival CI 95% p-value
Lower Upper

Tumor budding
     Negative 64.641 49.699 80.184 0.002
     Low 38.587 22.334 55.38
     High 28.523 20.025 37.022
     Total 39.52 31.808 47.231
Stroma
     Mature 41.439 31.368 51.511 0.501
     Immature 36.615 24.701 48.529
     Total 39.52 31.808 47.231

Figure 2. Mature (A) and Immature (B) Stroma in 
Gastric Adenocarcinoma



524 Asian Pacific Journal of Cancer Biology• Vol 9• Issue 4

apjcb.waocp.com             Ghodsieh Kamrani, et al: The Relationship between Tumor Budding and Stromal Maturity with Tumor Characteristic

analysis also demonstrated a significant association 
between tumor budding status and patient survival, with 
a hazard ratio of 2.681 (p = 0.002).

Discussion

In present study, average survival in patients with high 
tumor budding was significantly lower than patients with 
low and negative tumor budding.  As well as, the survival 
effect size for higher tumor budding compared to without 
tumor budding was high. These findings are consistent 
with the study conducted by Kemi et al. in 2019, where 
approximately 583 gastric cancer patients undergoing 
surgery at the University Hospital of Oulu were examined. 
The patients were divided into low and high-budding 
groups, and tumor budding was evaluated in relation to 
5-year survival and overall survival. In intestinal-type 
adenocarcinoma, the high-budding group had significantly 
lower 5-year survival compared to the low-budding group. 
There was no difference in 5-year survival between the 
budding groups in diffuse-type adenocarcinoma [3]. 
These results are also in line with the study by Che et 
al. in 2017, which focused on evaluating tumor budding 
and single-cell invasion in gastric adenocarcinoma. 
Patients with high-budding tumor had lower overall 
survival compared to patients with low-budding tumor. 
According to the Lauren classification, patients with 
intestinal-type adenocarcinoma had better outcomes 
than those with diffuse-type adenocarcinoma. Based on 
the results of this study, tumor budding and single-cell 
invasion in gastric adenocarcinoma are associated with 

unfavorable prognosis [18]. In another study by Yavuz, et 
al in Turkey in 130 patients with gastric adenocarcinoma 
show that Intratumoral budding was a significant risk 
factor associated with poor prognosis in gastric cancer. 
The multivariate Cox regression analysis confirms that 
Intratumoral budding is an independent prognostic 
variable. Additionally, univariate analysis highlights 
Intratumoral budding as a strong parameter for predicting 
survival , and it is also found to be an independent 
prognostic factor [19]. In comparison to the results of the 
present study and other studies regarding the prognostic 
role of tumor budding in gastric cancer, it is evident that 
tumor budding plays a crucial role in predicting survival 
outcomes in patients with gastric cancer.

In our study, survival was examined in relation to 
stromal maturity at the invasive tumor edge, and the 
results showed that individuals with mature stroma had 
high average survival compared to immature stroma. 
These results are consistent with the study conducted by 
Kemi et al. in 2019, which evaluated patients with gastric 
adenocarcinoma undergoing surgical treatment [3], but did 
not show a statistically significant difference. This lack 
of significance is likely due to the duration of the present 
study, as our patients were enrolled over a period of 5 
years, while the study by Kemi et al. included patients 
from 1983 to 2016, resulting in a larger sample size for 
them. Similar to these result, in another study, Cheng, et 
al. investigated predictive indicators role of tumor stroma 
maturity, in 695 esophagogastric junction adenocarcinoma 
patients. High stromal levels or immature stroma were 
associated with worse prognoses and high stromal levels 
in preoperative biopsies correlated with poor neoadjuvant 

Table 3. Hazard Ratio Estimation for Tumor Budding and Stromal Maturity Levels in Gastric Cancer

Hazard Ratio CI 95% P-value
Lower Lower

Stroma (Immature/ Mature) 1.078 0.666 1.743 0.761
Tumor budding Negative - - - -

Low 1.894 0.935 3.838 0.076
High 2.681 1.418 5.068 0.002

Figure 3. Patient Survival Using the Kaplan-Meier 
Method Based on Tumor Budding Levels 

Figure 4. Patient Survival Based on Stromal Maturity 
Levels
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therapy response [20]. 
In present study, relative frequency of high tumor 

budding and stromal immaturity in higher stage patients 
were higher than lower stage. But there was direct 
association between tumor budding and staging in gastric 
cancer patients in Kim, et al, study [18]. It’s possible that 
the study had a small sample size or lacked statistical 
power to detect significant associations between tumor 
budding and stage. Additionally poorly differentiated 
intestinal type had been excluded in present study.

One of the strengths of this study is the concordance 
of the findings from the examination of H and E-stained 
slides with those from AE1/AE3-immunohistochemistry-
stained slides, which increases the accuracy of the 
method [21]. Additionally, patients with neoadjuvant 
chemotherapy were excluded. Limitations of the study 
include the limited number of gastric resection samples 
and the limited follow-up period for assessing patient 
survival. 

Based on the findings from the present study, we 
recommend investigating the underlying molecular 
mechanisms that drive tumor budding in gastric cancer. 
Understanding the cellular processes involved could offer 
valuable insights into potential therapeutic targets and 
prognostic markers. 

In conclusion, the present study’s findings regarding 
the prognosis of the disease based on tumor budding and 
stromal maturity indicate that individuals without tumor 
budding had a significantly higher average survival. 
However, the evaluation of stromal maturity showed that 
patients with mature stroma had a higher average survival 
compared to those with immature stroma, although this 
difference was not statistically significant and may needs 
large sample size study. So, it appears that tumor budding 
plays a crucial role in predicting survival outcomes in 
patients with gastric cancer.
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