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Abstract 
Background: Colorectal cancer (CRC) is a heterogeneous disease with varying clinical outcomes. Tumor budding, defined as the 
presence of individual or small clusters of tumor cells at the invasive front of the tumor, has emerged as a significant 
histopathological marker. This study aimed to assess the associations between tumor budding and various clinicopathological 
parameters in CRC, emphasizing its potential as a prognostic indicator. Methods: This study followed a retrospective and 
prospective design over a period of 5 years and 6 months. It was conducted at the Department of Pathology, GMC Jammu on 

CRC patients to evaluate tumor budding and its correlation with histopathological factors such as tumor size, histological grade, 
lymphovascular invasion, nodal involvement, and extent of invasion (pT stage). Results: The study revealed a significant 
association between tumor budding and histological grade (p=0.005), with higher tumor budding observed in poorly 
differentiated (Grade 3) tumors. Lymphovascular invasion (LVI) was present in 39.1% of cases and was strongly correlated with 
high tumor budding (p=0.001). Additionally, nodal involvement (N status) showed a significant association with tumor budding 
(p<0.001), with all patients exhibiting N2 status demonstrating high tumor budding. While no statistically significant association 
was found between tumor budding and tumor size (p=0.156) or pT stage (p=0.321), there was a trend toward increased budding 
in larger and more advanced tumors. Conclusion: Tumor budding is a valuable histopathological marker in CRC, significantly 

associated with higher histological grade, lymphovascular invasion, and nodal involvement. These findings suggest that tumor 
budding reflects tumor aggressiveness and may serve as a prognostic factor, aiding in clinical decision-making and guiding the 
use of adjuvant therapies.  
Keywords: Colorectal cancer (CRC), tumor budding, histological grade, lymphovascular invasion, nodal involvement, 
prognostic marker, clinicopathological parameters. 
This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution‑Non 
Commercial‑Share Alike 4.0 License, which allows others to remix, tweak, and build upon the work non‑commercially, as long 
as appropriate credit is given and the new creations are licensed under the identical terms. 

 

Introduction 

Colorectal carcinoma (CRC) is one of the most 

common malignancies worldwide, representing a 

significant cause of morbidity and mortality.1Despite 

advances in early detection and treatment, prognosis 

remains poor in many patients, particularly in advanced 

stages of the disease. As a result, identifying reliable 

prognostic markers that can guide therapeutic decisions 

is essential for improving clinical outcomes. One such 

marker that has gained increasing attention in recent 
years is tumor budding. Tumor budding refers to the 

presence of small clusters of cancer cells, often less 

than or equal to five, that detach from the main tumor 

mass and invade the surrounding stroma at the invasive 

front of the tumor.2 This histopathological feature is 

thought to represent an early step in the metastatic 

cascade, reflecting the tumor's potential for invasion, 

dissemination, and ultimately, poor prognosis.From a 

mechanistic perspective, tumor budding is thought to 

represent an epithelial-mesenchymal transition (EMT) 

process, in which cancer cells lose their epithelial 

characteristics and gain mesenchymal properties, 

enabling them to migrate and invade surrounding 
tissues.3,4 This process is driven by complex molecular 

signaling pathways, including the Wnt/β-catenin 

pathway, which plays a central role in colorectal 
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carcinogenesis.5 The loss of cellular adhesion molecules 

such as E-cadherin and the upregulation of 

mesenchymal markers such as vimentin are hallmarks 

of EMT, which contribute to the formation of tumor 

buds and the enhanced invasive capacity of cancer cells. 
Tumor budding has been extensively investigated in 

colorectal cancers, and recent research has expanded its 

significance to other malignancies, including 

carcinomas of the head-and-neck, upper gastrointestinal 

tract, breast, and lung. Initially, tumor budding was not 

routinely included in diagnostic pathology reports due 

to the absence of standardized assessment guidelines, 

the existence of multiple reporting systems with limited 

consensus, and challenges related to poor 

reproducibility.6-8 However, in 2016, the International 

Tumor Budding Consensus Conference (ITBCC) 

established a standardized classification system, 
categorizing tumor budding into three tiers: low 

budding (Bd 1) with 0–4 buds, intermediate budding 

(Bd 2) with 5–9 buds, and high budding (Bd 3) with 10 

or more buds.2 The ITBCC strongly recommends the 

assessment of tumor budding in specific scenarios, 

particularly in pT1 and Stage II colorectal cancers. 

Tumor budding has been shown to be an independent 

predictor of lymph node metastasis in pT1 tumors and a 

reliable prognostic marker for survival in Stage II 

tumors, further underscoring its clinical importance.2 

Studies have consistently demonstrated that the 
presence of high tumor budding correlates with more 

aggressive tumor behavior, including enhanced 

invasion, resistance to treatment, and recurrence.2,8,9 As 

such, tumor budding is recognized as a key marker of 

aggressive behavior in colorectal carcinoma (CRC), yet 

its routine inclusion in pathology reports has been 

hindered by variability in assessment techniques. 

Although the ITBCC has standardized its classification, 

there is still a need for more studies to validate its 

prognostic value across diverse populations and clinical 

settings. Understanding the relationship between tumor 

budding and patient outcomes, especially in early-stage 
CRC, is crucial for identifying high-risk individuals 

who may benefit from more aggressive treatment. This 

study is necessary to further solidify tumor budding as a 

reliable prognostic marker and to guide treatment 

decisions more effectively. 

 

Methodology 

This study followed a retrospective and prospective 

design over a period of 5 years and 6 months. The 

retrospective phase covered cases from August 2017 to 

September 2022, while the prospective phase included 

cases from September 2022 to February 2023. It was 

conducted at the Department of Pathology, GMC 

Jammu. For the retrospective cases, histopathological 
requisition and reporting forms, along with tissue 

blocks and slides from all colorectal carcinoma (CRC) 

cases diagnosed during the specified period, were 

retrieved from the archives. Where necessary, slides 

were freshly cut and restained. For the prospective 

cases, all CRC cases received in the department during 

the study period were included. Data from both 

retrospective and prospective cases were compiled and 

analyzed to explore correlations between 

histopathological parameters, such as tumor budding, 

tumor grade, lymph node involvement, and 

lymphovascular invasion. The inclusion criteria 
encompassed all colorectal carcinoma cases diagnosed 

during the study period, while the exclusion criteria 

included poorly preserved specimens and inadequate 

tissue samples.  

Histopathological analysis was conducted using 

hematoxylin and eosin (H&E) stained slides. Tumor 

type, grade, tumor budding, lymph node metastasis, 

lymphovascular invasion, and other relevant findings 

were recorded. Special stains and 

immunohistochemistry (IHC) markers such as 

Cytokeratin 20 were used when required, particularly to 
assess tumor budding and lymphovascular invasion.The 

recorded data was compiled and entered in a 

spreadsheet (Microsoft Excel) and then exported to data 

editor of SPSS Version 20.0 (SPSS Inc., Chicago, 

Illinois, USA). Continuous variables were expressed as 

Mean±SD and categorical variables were summarized 

as frequencies and percentages. Graphically the data 

was presented by bar and line diagrams. Chi-square test 

or Fisher’s exact test, whichever appropriate, was 

employed for assessing correlation of tumor budding 

with various parameters. A P-value of less than 0.05 

was considered statistically significant.  
Since the study involved no active intervention, no 

ethical issues or risks were encountered. No costs were 

incurred by the participants, and no compensation was 

required. The findings provided valuable insights into 

the prognostic role of tumor budding in colorectal 

carcinoma. 

 

Results 

 

Table 1: Demographic and clinicopathological characteristics of study patients [n=64] 

Parameter Number Percentage 

Age (Years) 

≤ 40 Years 3 4.7 

41-50 Years 7 10.9 

51-60 Years 11 17.2 

61-70 Years 33 51.6 
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71-80 Years 10 15.6 

Gender 
Male 30 46.9 

Female 34 53.1 

Tumor site 

Right colon 29 45.3 

Left colon 28 43.8 

Transverse colon 7 10.9 

Tumor size 

< 5 cm 31 48.4 

5-10 cm 25 39.1 

> 10 cm 8 12.5 

Histological Grade 

Grade 1 33 51.6 

Grade 2 29 45.3 

Grade 3 2 3.1 

Lymphovascular 

invasion 

Present 25 39.1 

Absent 39 60.9 

Extent of tumor 

invasion (pT) 

pT1 4 6.3 

pT2 9 14.1 

pT3 31 48.4 

pT4 20 31.3 

Nodal status 

N0 37 57.8 

N1 15 23.4 

N2 12 18.8 

 

The demographic and clinicopathological characteristics of the 64 study patients are summarized as follows: The 

majority of patients (51.6%) were between 61-70 years of age, while 17.2% were aged 51-60 years, 15.6% were 71-

80 years, 10.9% were 41-50 years, and only 4.7% were 40 years or younger. In terms of gender distribution, 53.1% 
were female, and 46.9% were male. Regarding tumor site, 45.3% of tumors were located in the right colon, 43.8% in 

the left colon, and 10.9% in the transverse colon. Tumor size was less than 5 cm in 48.4% of cases, between 5-10 cm 

in 39.1%, and larger than 10 cm in 12.5%. Histological grading revealed that most patients (51.6%) had Grade 1 

tumors, 45.3% had Grade 2, and 3.1% had Grade 3 tumors. Lymphovascular invasion was present in 39.1% of cases, 

while 60.9% had no invasion. In terms of tumor invasion, 48.4% of tumors were classified as pT3, 31.3% as pT4, 

14.1% as pT2, and 6.3% as pT1. Regarding nodal status, 57.8% of patients had no lymph node involvement (N0), 

while 23.4% had N1 involvement, and 18.8% had N2 involvement. 

 

Table 2: Status of tumor budding among study patients 

Tumor Budding Number Percentage 

Low tumor bud (0-4) 45 70.3 

Intermediate tumor bud (5-9) 11 17.2 

High tumor bud (≥ 10) 8 12.5 

Total 64 100 

 

The majority of patients (70.3%) had low tumor budding, defined as 0-4 buds. Intermediate tumor budding, with 5-9 

buds, was observed in 17.2% of cases. High tumor budding, characterized by 10 or more buds, was present in 12.5% 

of patients. Overall, all 64 patients were classified into these categories. 



International Journal of Life Sciences, Biotechnology and Pharma Research Vol. 14, No. 3, March 2025              Online ISSN: 2250-3137 

                                                                                                                                                                                        Print ISSN: 2977-0122 

DOI: 10.69605/ijlbpr_14.3.2025.185 

1071 
©2025Int. J. LifeSci.Biotechnol.Pharma.Res.  

 
 

 

Table 3: Correlation of tumor budding with demographic and clinopathological parameters 

Parameter 
Low tumor bud 

Intermediate 

tumor bud 
High tumor bud 

P-value 

No. %age No. %age No. %age 

Age (Years) 
≤ 60 Years 19 42.2 2 18.2 0 0.0 

0.034* 
> 60 Years 26 57.8 9 81.8 8 100 

Gender 
Male 21 46.7 5 45.5 4 50.0 

0.979 
Female 24 53.3 6 54.5 4 50.0 

Tumor site 

Right colon 22 48.9 4 36.4 3 37.5 

0.869 
Left colon 19 42.2 5 45.5 4 50.0 

Transverse 
colon 

4 8.9 2 18.2 1 12.5 

Tumor size 

< 5 cm 26 57.8 4 36.4 1 12.5 

0.156 5-10 cm 15 33.3 5 45.5 5 62.5 

> 10 cm 4 8.9 2 18.2 2 25.0 

Histological 
Grade 

Grade 1 25 55.6 5 45.5 3 37.5 

0.005* Grade 2 20 44.4 6 54.5 3 37.5 

Grade 3 0 0.0 0 0.0 2 25.0 

Lymphovascul

ar invasion 

Present 11 24.4 7 63.6 7 87.5 
0.001* 

Absent 34 75.6 4 36.4 1 12.5 

Extent of 
tumor invasion 

(pT) 

pT1 4 8.9 0 0.0 0 0.0 

0.321 
pT2 8 17.8 1 9.1 0 0.0 

pT3 22 48.9 6 54.5 3 37.5 

pT4 11 24.4 4 36.4 5 62.5 

Nodal status 

N0 34 75.6 3 27.3 0 0.0 

<0.001* 
N1 11 24.4 4 36.4 0 0.0 

N2 0 0.0 4 36.4 8 100 

 

The correlation of tumor budding with demographic 
and clinicopathological parameters among the 64 study 

patients showed significant associations in several 

categories. Patients over 60 years had a significantly 

higher proportion of high tumor budding (100%) 

compared to those under 60 years (p=0.034). There was 

no significant gender difference in tumor budding 

(p=0.979). Tumor site and tumor size did not show 
statistically significant associations with budding 

(p=0.869 and p=0.156, respectively). However, tumor 

budding was significantly associated with histological 

grade, with higher tumor budding observed more 

frequently in Grade 3 tumors (p=0.005). 

Lymphovascular invasion also correlated strongly with 



International Journal of Life Sciences, Biotechnology and Pharma Research Vol. 14, No. 3, March 2025              Online ISSN: 2250-3137 

                                                                                                                                                                                        Print ISSN: 2977-0122 

DOI: 10.69605/ijlbpr_14.3.2025.185 

1072 
©2025Int. J. LifeSci.Biotechnol.Pharma.Res.  

tumor budding, with 87.5% of patients with high tumor 

budding showing lymphovascular invasion (p=0.001). 

Tumor invasion depth (pT) showed no significant 

correlation with tumor budding (p=0.321), but nodal 

status was significantly associated, with high tumor 
budding observed in 100% of patients with N2 nodal 

involvement (p<0.001). 

 

Discussion 

Colorectal cancer (CRC) is a heterogeneous disease 

with a complex etiology, necessitating the investigation 

of new prognostic factors. In this study, we focused on 

the histopathological significance and prognostic 

impact of tumor budding in CRC.The demographic and 

clinicopathological characteristics of the study 

population revealed several key findings in relation to 

tumor budding and its prognostic significance in 
colorectal carcinoma.The age distribution showed that 

the majority of patients (51.6%) were between 61-70 

years, and this age group had a higher prevalence of 

high tumor budding. Tumor budding was significantly 

associated with age, with patients older than 60 years 

more likely to exhibit higher tumor budding (p=0.034). 

This aligns with previous studies indicating that 

advanced age is often linked with more aggressive 

tumor behavior and poorer prognosis, possibly due to 

age-related immune changes and delayed detection of 

advanced tumors.10-12 Gender distribution in this study 
showed slight female predominance over males and 

females (53.1% vs. 46.9%), however, no significant 

correlation between gender and tumor budding 

(p=0.979) was observed. This suggests that tumor 

budding may not differ significantly between sexes, a 

finding consistent with other studies where no gender 

predilection was observed in colorectal carcinoma 

progression.11-14 

In this study, 45.3% of tumors were located in the right 

colon, 43.8% in the left colon, and 10.9% in the 

transverse colon, with no significant association 

between tumor location and tumor budding (p=0.869). 
Although some literature suggests that right-sided 

tumors exhibit more aggressive behavior, this trend was 

not observed in relation to tumor budding. A similar 

lack of association was reported by Naik et al., who 

found equal prevalence of tumors in both the right and 

left colon, suggesting that tumor location alone may not 

strongly influence budding behavior.11 One possible 

explanation for this finding is that tumor budding may 

be more influenced by the molecular characteristics of 

the tumor, such as microsatellite instability (MSI) or 

specific mutations like BRAF, rather than anatomical 
location. Right-sided colorectal cancers are more 

frequently associated with MSI and may follow 

different biological pathways compared to left-sided 

tumors. However, tumor budding, which reflects local 

invasion and metastatic potential, might operate 

independently of these location-based molecular 

distinctions. In contrast, studies by Baran B et al. and 

Munireddy et al. reported a higher prevalence of right-

sided colorectal cancer and noted that these tumors tend 

to be larger, more advanced, and poorly 
differentiated.10,15 This could be due to delayed 

presentation or differences in symptomatology for right-

sided tumors, which often manifest later and are more 

difficult to detect. However, despite these aggressive 

features, tumor budding did not show a significant 

correlation with tumor site in this study, indicating that 

other histopathological or genetic factors might be 

playing a more critical role in budding behavior than 

tumor location alone. 

Tumor size demonstrated a potential, though not 

statistically significant, association with tumor budding 

(p=0.156). Larger tumors, particularly those exceeding 
10 cm, exhibited a tendency toward higher tumor 

budding, though this trend did not reach statistical 

significance. These findings align with the study by 

Naik et al., who reported similar results, indicating a 

trend without statistical confirmation.11In contrast, other 

studies, such as those by Rathod G et al. and Salhia B et 

al., have reported a strong correlation between tumor 

budding and poor prognostic factors, including tumor 

size.16,17 These studies suggest that larger tumors may 

inherently possess more aggressive biological features, 

including elevated tumor budding, which is often 
associated with increased invasiveness and metastatic 

potential.  The absence of statistical significance in this 

study may be attributed to the variability in tumor 

characteristics. Nevertheless, the observed trend that 

larger tumors tend to exhibit higher budding levels 

warrants further investigation, as it underscores the 

possibility that tumor size may influence the degree of 

tumor budding, thereby contributing to tumor 

progression and poor clinical outcomes. 

Histological grading revealed that the majority of 

patients (51.6%) had Grade 1 tumors, followed by 

45.3% with Grade 2 tumors, and 3.1% with Grade 3 
tumors. The correlation between tumor budding and 

histological grade demonstrated a statistically 

significant association (p=0.005). Notably, low tumor 

budding was predominantly observed in Grade 1 tumors 

(55.6%), indicating that well-differentiated tumors were 

less likely to exhibit high levels of tumor budding. As 

the histological grade increased, there was a notable 

shift toward more aggressive behavior, evidenced by 

the absence of low or intermediate budding in Grade 3 

tumors, with 25% of these tumors exhibiting high 

budding. This suggests that poorly differentiated tumors 
(Grade 3) are more prone to present with elevated levels 

of tumor budding, reflecting their aggressive 

characteristics. These findings support the established 

understanding that higher histological grades are often 

associated with worse prognostic outcomes, including 
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increased rates of metastasis and recurrence. Research 

by Naik et al., Munireddy et al., and Sevda et al. 

corroborated these results, noting that a significant 

proportion of tumors were classified as Grade 1 and 

highlighting a positive correlation between histological 
grade and tumor budding intensity.10.11,18 Similarly, 

studies by Ueno et al. and Lugli et al. reported that 

poorly differentiated tumors (Grade 3) frequently 

exhibited higher rates of tumor budding, correlating 

with adverse clinical outcomes.2,19Conversely, Mondal 

et al. reported no significant correlation between tumor 

budding and histological grade, suggesting variability in 

findings across different studies.20 This discrepancy 

may arise from differences in sample sizes, 

methodologies, or definitions of tumor budding, 

underscoring the need for further investigation to clarify 

these associations. 
Lymphovascular invasion (LVI) was a key parameter in 

colorectal cancer (CRC) in this study, present in 39.1% 

of cases, while 60.9% showed no invasion. A 

statistically significant association between LVI and 

tumor budding was observed (p=0.001), with 87.5% of 

high tumor budding cases demonstrating 

lymphovascular invasion. This suggests that higher 

tumor budding in CRC is linked to an increased 

likelihood of lymphovascular invasion, highlighting its 

role as an early indicator of metastatic potential and 

aggressive tumor behavior. These findings align with 
studies by Mehta et al., Roy et al., and Naik et al., who 

similarly found a positive correlation between LVI and 

tumor budding in CRC.2,21,22Naik et al. reported that 

38.7% of CRC patients exhibited LVI, with 61.3% 

having no invasion, and they also noted that higher 

tumor budding intensity correlated with increased 

lymphovascular invasion.2 This underscores the 

importance of tumor budding as a predictor of poor 

prognosis in CRC, emphasizing its potential to signal 

early metastatic activity.In terms of the extent of tumor 

invasion, 48.4% of tumors were classified as pT3, 

31.3% as pT4, 14.1% as pT2, and 6.3% as pT1. The 
correlation between tumor budding and the extent of 

invasion (pT stage) did not reach statistical significance 

(p=0.321), although patients with more advanced stages 

(pT3 and pT4) tended to exhibit higher levels of tumor 

budding. This trend suggests that while tumor budding 

can emerge early in tumor invasion, its clinical 

relevance may become more prominent in advanced 

stages of tumor growth. These findings are consistent 

with the literature, including studies by Koelzer et al., 

Ozer et al., and Naik et al., who similarly observed no 

statistically significant relationship between tumor 
budding and pT stage.6,23 However, likewise to our 

study, they also reported a trend toward higher tumor 

budding in pT3 tumors, indicating that while budding 

may be more frequent in advanced stages, this 

relationship requires further exploration to establish its 

prognostic value. The lack of statistical significance in 

this context suggests the complex nature of tumor 

progression and the need for further investigation into 

how tumor budding evolves across different stages of 

invasion. 
In our study, 57.8% of patients had no lymph node 

involvement (N0), while 23.4% had N1 involvement, 

and 18.8% had N2 involvement, with N0 being the 

most frequent nodal status. This distribution aligns with 

findings from studies by Naik et al. and Jagadale et al., 

who similarly reported N0 as the predominant nodal 

status among colorectal cancer patients.11,24 The 

significant association between tumor budding and 

nodal involvement (p<0.001) observed in this study is 

particularly notable, as all patients with N2 nodal status 

exhibited high tumor budding. This finding is consistent 

with other studies, including those by Koelzer et al., 
Naik et al., Sevda et al., Jagadale et al., Deb et al., and 

Rogers et al., which have similarly highlighted the 

association between increased tumor budding and 

higher rates of nodal involvement.6, 11, 18, 24-26The 

presence of high tumor budding in patients with 

advanced nodal involvement suggests that tumor 

budding reflects the invasive potential of the tumor and 

its likelihood to spread beyond the primary site. This 

observed relationship between tumor budding and nodal 

metastasis further supports its value as a key prognostic 

marker. Given its association with worse clinical 
outcomes, tumor budding can serve as a useful indicator 

for guiding clinical management, particularly in 

determining the need for adjuvant therapies. These 

findings emphasize the importance of assessing tumor 

budding in routine pathological evaluations, as it can 

aid in stratifying patients by risk and tailoring treatment 

strategies accordingly.  

 

Conclusion 

Tumor budding has demonstrated significant 

associations with several key clinicopathological 

parameters in colorectal cancer. Specifically, high 
tumor budding was strongly linked with age, higher 

histological grade, lymphovascular invasion, and nodal 

involvement, reinforcing its role as an indicator of more 

aggressive tumor behavior. While no significant 

correlation was found with tumor size or extent of 

invasion (pT stage), there was a noticeable trend toward 

higher tumor budding in more advanced stages. These 

associations highlight the prognostic value of tumor 

budding, suggesting its utility in predicting outcomes 

such as metastasis and guiding clinical decisions, 

particularly regarding the need for adjuvant therapies. 
Given its consistent correlation with critical factors of 

tumor aggressiveness, tumor budding should be 

integrated into routine pathological evaluations to 

improve risk stratification and treatment planning in 

colorectal cancer. 
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