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ABSTRACT  

___________________________________________________________________________ 
 

Introduction: The presence of tumor budding, i.e., 

single cancer cells or a nest of poorly differentiated 

cells at the front of tumor invasion appears to be a 

new histopathological indicator of increased 

aggressiveness of colorectal carcinoma.  

Purpose:  The aim of this work was a retrospective 

evaluation of the invasion front (tumor budding, 

vascular invasion, and lymphocytic infiltration) in 

postoperative biopsies of patients with colorectal 

carcinoma and analysis of the 5-year survival.  

Materials and methods: The study was based on 

the material received after surgical treatment of 164 

patients with colon cancer. Tissue was obtained 

directly following tumor resection, fixed in 10% 

formaldehyde and embedded in paraffin blocks 

using a routine method by melting with paraffin at a 

temperature of 56º C. These samples were then 

routinely stained with haematoxylin and eosin and 

underwent a histopathological evaluation, with 

particular attention being paid to the  invasion front 

of the tumor. The immunohistochemical expression 

of cytokeratin 20 was also evaluated using anti-

human CK20 monoclonal antibody (clone Ks.20.8, 

Dako, Poland).  

Results: Tumor budding was found in 124 out of 

164 patients. Statistical analysis showed a 

correlation between the presence of tumor budding 

TB and depth of invasion (pT), lymph node 

metastasis, distant metastasis, lymphocytic 

infiltration, and vascular invasion. The cumulative 

five-year survival correlated with the lack of tumor 

budding and vascular invasion, as well as a 

decrease in lymphocytic infiltration.  

Conclusion: The results suggest that budding, 

angioinvasion and lymphocytic infiltration can be 

considered as independent prognostic and 

predictive factors in colon cancer. 
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INTRODUCTION 
 

             Recent clinico-pathological studies concerning 

prognostic factors in colorectal cancer are increasingly 

focused on the budding observed in tumor invasion 

front (tumor budding) as a potential prognostic factor 

in colorectal cancer [1] The authors suggest the 

pathologists to implement an assessment of budding in 

the tumor invasion front into their daily routine 

histopathological diagnosis [2]. The presented data 

show that the presence of buds in tumor invasion front 

is associated with poor prognosis, vascular invasion, 

lymph node metastasis and distant metastasis [3]. 

Budding in the invasion front, however, is not 

entirely a new finding. Already in 1920, it was 

described by Broders [4] as undifferentiated cells in the 

invasion area of the lip. Broders determined four 

degrees of budding, depending on the proportion of 

undifferentiated cancer cells. He also observed the 

relationship between grade and prognosis. In 1987, Jass 

et al.[3] suggested  categorisation depending on growth 

pattern, dividing rectal tumours into an expanding type 

and an infiltrating type [2,3]. They noted that glands at 

the advancing edge of adenocarcinoma were often 

disorganized and of a higher grade then the 

adenocrcinoma was predominantly. In 1989 Morodomi 

et al [5] first used the term "tumor budding", defined as 

the presence of single isolated undifferentiated cancer 

cell or as clusters of five or more cancer cells forming 

microtubular cancerous glands scattered in the stroma 

at the invasive margin of colorectal cancer. In 1993 

Hase et al [6] redefined tumor budding as isolated 

single cancer cells or clusters of around five or fewer 

cancer cells forming a trabecular or microtubular 

architecture.  

 

PURPOSE 
 

The aim of our study was to retrospectively 

analyze the relationship between survival time of 

patients with histological markers of colorectal cancer 

agressivness in the invasion front. The particular 

emphasis was put on budding tumor presence 

according to the criteria of Morodomi et al. [5], 

lymphocitic infiltration according to the criteria of Jass  

et al. [7], as well as vascular invasion (lymphatic and 

venous invasion).   

 

 

MATERIALS AND METHODS 
 

The research was undertaken on a group of 

164 patients with colorectal cancer treated surgically in 

the Second Department of Gastroenterological Surgery, 

Medical University of Bialystok, Department of 

Surgery, Provincial Hospital J. Sniadeckiego in 

Bialystok. Patients with familial polyposis following 

other malignant disease, or with inflammatory changes 

were not included in the study. The median age was 70 

years, with a range of 32 to 89 years. 93 patients were 

male and 71 female. 92 tumors were located in the 

colon and 71 in the rectum. As many as 133 cancers do 

not produce mucous while the other 27 had mucous 

component in their weaving. 146 tumors were 

histologically moderately differentiated and only 8 

poorly differentiated. Lymph node metastases were 

observed in 78 cases, while distant metastasis to the 

liver and lungs was noted in 35 cases. 

 

Clinical information 

The group of patients was clinically monitored 

over a 60-month period. The patient follow-up 

examination was conducted every six months, 

including abdominal ultrasound examination, CT and 

colonoscopy. Local recurrence around the post 

operative scar was confirmed histopathologically. 

Lymph node metastasis was confirmed in the post-

operative material and distal (hepatic, pulmonum) 

metastases was confirmed by ultrasound-guided fine-

needle aspiration cytology.  

 

Evaluation of the parameters in the tumor invasion 

front 

Tissue specimens were collected immediately 

after tumor removal, fixed in 10% buffered 

formaldehyde solution and embedded in paraffin. 

Hematoxylin-eosin-stained sections were examined 

according to the TNM classification, WHO histological 

classification. 

The special attention was paid to the tumor 

budding, lymphocytic infiltration at the invasion front 

and vascular invasion. 

 

Method of determining tumor budding 

(microtubular cancer clusters and undifferentiated 

cancer cells) 

                Budding was evaluated according to the 

criteria of Morodomi et al [5]. For each case study all 

H&E tumor slides were independently assessed by two 

pathologists (A.K. and K.G.-U.), who were blinded to 

outcomes. Tumor budding was evaluated on Olympus 

CX41 microscope. Median number of slides per case 

available for analysis  was 5. All the slides were 

examined in 5 different areas at 400 x magnification 

and the mean budding count was computed. 

-TB (-) the mean count <= 1 considered negative, and 

-TB (+) the mean count> 1 or more was positive 

 

Method of Determining Inflammatory lymphocytic 

infiltration 

Inflammatory lymphocytic infiltration was 

evaluated according to the Jass classification [7]. 

Lymphocytic infiltration was graded as: 0 - 

lack, 1 - weak, 2 - moderate, 3 – strong. 

 

Immunohistochemical analysis 

Reassessment of the budding was made in the 

preparations stained with cytokeratin 20 (clone Ks20.8, 

Dako, Poland).  

For the purpose of coloring the preparations 

previously embedded in paraffin, tissue material was 

cut on the microtome into 4μm-thick sections. 

Immunohistochemical reactions were carried out in the 

camera Autostainer Link (Dako, Poland), with the use 
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of monoclonal mouse anti-human CK20 antibody 

(clone Ks20.8, Dako, Poland) and detection system 

Dako EnVision TM FLEX, High pH (Dako, Poland).  

Similarly to the H&E staining, the same 

criteria was chosen for evaluating the budding. 

For statistical analysis average values of both the 

budding in H&E staining and the one with the use of 

cytokeratin 20 were used. 

Ultimately two groups were determined, 

which were used for statistical analysis. 

-TB (-) the mean count <= 1 considered poor, and 

-TB (+) the mean count> 1 or more was strongly 

positive  

 

Method of vascular invasion evaluation 

Lymphatic and venous invasions were 

examined, and assessed together with vascular invasion 

as in Guzińska-Ustymowicz [8]. 

 

Statistical analysis. 

The Chi-square test was used for statistical 

analysis. Survival curve was estimated with the use of 

the Kaplan-Meier method and compared in the long-

rank test. A p-value smaller then 0.05 was considered 

statistically significant. Gaps in data were removed in 

pairs.  

 

RESULTS 

 
In the studied group of 164 patients with 

colorectal cancer 124 cases (75.6%) were observed 

with tumor invasion front budding. No relationship was 

found between the presence of tumor budding in front 

of the invasion and the age and sex of patients, as well 

as the location, histological type and degree of 

malignancy of colon cancer.  

It was observed that the presence of budding is 

associated with pT (p=0.001) characteristic. The 

greater degree of local tumor advancement, the greater 

the budding in the tumor invasion front. Moreover, the 

presence of budding was more often identified in 

patients with metastases to the current regional lymph 

nodes (p = 0.000) and metastasis to distant organs (p = 

0.005) than patients without metastasis (Table 1).  

 

 

Table 1. Clinicopathological parameters and tumor budding at the front of colorectal cancer 

Variables 

 Tumor budding 

p value  Absent 

(n=40) 
Present (n=124) 

Age 
<60 8 (20%) 32 (80%) 

0.490 
≥60 31 (25.4%) 91 (74.6%) 

Gender 
Male 24 (25.8%) 69 (74.2%) 

0.631 
Female  16 (22.5%) 55 (77.5%) 

Localization 
Colon 20 (21.7%) 72 (78.3%) 

0.459 
Rectum 19 (26.8%) 52 (73.2%) 

Adenocarcinoma 

type 

Non mucinosum 29 (21.8%) 104 (78.2%) 
0.093 

Mucinosum 10 (37%) 17 (63%) 

Grade of histological 

malignancy 

Moderately differentiated 35 (23.9%) 111 (76.1%) 
0.458 

Poorly differientiated 1 (12.5%) 7 (87.5%) 

Depth of invasion 

pT1 2 (50%) 2 (50%) 

0.001 
pT2 7 (63.6%) 4 (36.4%) 

pT3 29 (23%) 97 (77%) 

pT4 1 (9.1%) 10 (90.1%) 

Lymph node metastasis 
Absent 36 (42,3%) 49 (57.7%) 

0.000 
Present 3 (3.8%) 75 (96.2%) 

Distant metastasis 
Absent 33 (28%) 85 (72%) 

0.005 
Present 2 (5.7%) 33 (94.3%) 

Lymphocytic infiltration 

0 4 (8.7%) 42 (91.3%) 

0.000 
1 

2 

3 

9 (13.2%) 

11 (35.5%) 

15 (83.3%) 

59 (86.8%) 

20 (64.5%) 

3 (16.7%) 

Vascular invasion 
Absent 38 (53.5%) 33 (46.5%) 

0.000 
Present 2 (2.1%) 91 (97.8%) 

 

 

The overall cumulative 5-year survival for 103 

patients with colorectal cancer was 32%. The 

percentage of patients differed significantly depending 

on the presence of buds (P <0.000). In patients with 

positive tumor budding (TB +) in front of tumor 

invasion overall survival was significantly shorter than 

in patients with negative budding (TB -). 

The presence of budding in tumor invasion 

front strongly correlated with decreasing inflammatory 

infiltrate in this area. 

  By weak inflammatory infiltration or lack of 

it, the budding was observed in total of 101 cases. Only 
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in 23 cases buds were present where the intensity of the 

inflammatory infiltrate was moderate and strong (Table 

1, Fig.1). At the same time it was observed that the 

overall survival time was longer in patients with the 

presence of inflammatory infiltrate in the  invasion 

front.  

93 cases were observed with tumor cell 

emboli in the blood vascular invasion, 91 of which 

correlated with budding in the front of tumor invasion. 

Analysis of the cumulative 5-year survival of patients 

with colorectal cancer showed the relation between the 

presence of the tumor cell emboli in the vessels and a 

shorter survival time of the patients. 

 

 
Figure 1. Tumor budding at the front invasion of colorectal cancer  

 

 

DISCUSSION 
 

                Colorectal cancer is one of the most common 

types of cancer in Western countries Fair for Poland. 

The mortality of colorectal cancer is ranked as the 

second in Western countries, and the third in Poland, 

amongst all cancers.  

It seems that discovering the biological 

behavior of cancers, including colorectal cancer, is a 

major task for scientists. It has long been attempted to 

find markers visible in the histological picture which 

would allow the assessment of the behavior 

(progression) of tumors [2,3,4,9-12].  

Recent studies indicate the usefulness of the 

assessment of budding in the invasion front of 

colorectal cancer as a predictive factor in these patients 

[8]. Our research is the first analysis of the relationship 

of histopathologic parameters in invasion front of 

colorectal cancer budding, lymphocytic infiltration and 

venous invasion in with the 5 year survival of Polish 

patients with colon cancer.  

In the group of analyzed patients 124 out of 

164 were observed with budding in the front of tumor 

invasion. Similarly to other authors we did not find any 

relationship between age, gender and location of the 

tumor, histological type or malignancy grade. The 

percentage of cases with budding increased with the 

growing tumor infiltration depth. The highest 

percentage of cases with budding were observed in pT4 

tumors. It was also noted that the budding was also 

present in pT1 tumors in 50% and pT2 in 36.4% of 

cases. Other authors have similar observations. 

[6,7,8,11,12]. 

Out of 78 cases with diagnosed metastases to 

the lymph nodes in as many as 75 (96.2%) we found 

the presence of budding. In addition, we have shown 

the correlation between the presence of distant 

metastasis and extensive budding. In as many as 94.3% 

of cases with distant metastases the budding was 

present. Similarly, Hase et al. [6] examined 663 

patients with CRC (colorectal cancer) for tumor 

budding, and suggested that tumor budding is an 

important prognostic factor in patients with CRC [6].  

Tumor budding at the front of invasion is a 

recent widely studied parameter, possibly indicating an 

increased aggressiveness of a given tumor, along with a 

decreased 5 year survival in patients with colorectal 

carcinoma. In the studies which have been published, 

tumor budding at the front of invasion has been-

associated with a strong tendency for metastases in 

colorectal carcinoma. It is consistent with the results 

obtained in our study. Morodomi et al. [5] were the first 

to present results based on the analysis of pre-operative 

biopsies, where the intensity of tumor budding at the 

front of invasion was assessed. The results of our 

studies suggest that the intensity of tumor budding 

strongly correlates with the presence of lymph node 

metastases, distant metastases, venous invasion, and 
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loss of lymphatic infiltration.  

Some studies examined the relationship 

between the presence of vascular invasion and tumor 

budding in pT1 and pT2 colorectal cancers 

[13,14,15,16,17]. This author described a group of  

patients with well-differentiated colorectal cancers and 

concluded that the evaluation of the front of invasion 

(vascular invasion and tumor budding) in 

histopathological samples should be a routine part of 

the pathomorphological diagnosis, since these two 

parameters are indicators of lymph node metastasis 

[25]. The findings of the present study imply a strong 

association between the presence of tumor budding in 

pre-operative material and the appearance of proximal 

and distal metastases. Moreover, vascular invasion was 

strongly-associated with the presence of tumor 

budding. Similarly to our study.  

Ueno et al. [18,20] examined 638 patients 

with rectal cancer and concluded that tumor budding 

would be a good index to estimate the aggressiveness 

of rectal cancer. Other authors have noted the 

usefulness of evaluating tumor budding in association 

with the presence of metastases and life expectancy 

[6,15-20]. Tanaka et al [21] described that the 

appearance of tumor budding in Stage II, T3 colon 

cancer indicated a high risk of tumor recurrence after 

curative budding surgery. They found tumor budding to 

be present in all three cases where there was local 

recurrence.  

Our results suggest the relationship between 

the presence of a compound of budding in the tumor 

invasion front, and the presence of lymph node 

metastases, distant metastases, as well as survival of 

patients. It was also proven by other authors [5,6,22-

25].  

The work presented by Japanese researchers 

shows the usefulness of the assessment of budding in 

colon cancers in pT1 stage. 

Masaki et al. [10] suggest that actual number 

of tumor budding units may be useful in the decision 

making for patient-oriented treatment of T1 colorectal 

carcinomas. Also, Suzuki A, et al. [9] suggested that 

the presence of infiltrates in the lymph vessels and 

budding of the tumor are predictive factors for the 

emergence of metastases to the lymph nodes and 

distant metastases in patients with colorectal cancer in 

the degree of pT1. This is consistent with our results. 

Ogawa et al. [10] analyzed the presence of buds in 

early stages of colon cancers are classified them into 

polypoid and non-polypoid growth types. They noted 

that tumor budding makes contribution to a greater 

progression in non-polypoid growth than in polypoid 

carcinomas, with possible involvement of lymph node 

metastasis. Yamauchi et al. [11] suggested that tumor 

budding is a useful predictor for lymph node metastasis 

in T1 colorectal cancer. In our research we observed 

metastasis to the lymph nodes in 78 cases, of which 75 

(96.2%) have shown the presence of budding. While in 

35 cases with distant metastasis budding was present in 

33 cases. Both our observations and the ones of other 

authors suggest relationship between budding and 

metastasis. At the same time in patients with budding 

in 85 cases there were no distant metastases, and in 49 

no lymph node metastases. Like Wang et al. [14], who 

examined 128 patients with T3N0M0 with colorectal 

cancer finding 45% of patients with a high degree of 

budding (according to the adopted criteria) and 55% 

with a low degree. High budding was associated with 

an infiltrative growth patern and lymphovascular 

invasion. They observed that five-year cancer-specific 

survival was significantly poorer in the high compared 

with the low budding groups. Therefore, they 

suggested that the budding can be recognized as a 

prognostic marker to evaluate the risk of recurrence. In 

our study survival for patients with positive budding 

was significantly shorter than for the patients with 

negative budding. 

Our analysis also included an assessment of 

the presence of tumor cell emboli of the tumor cells in 

lymph and venous vessels. We observed a strong 

correlation of the presence of congestion (venous 

invasion) with budding. This is consistent with the 

findings of others [15]. 

Nakamura et al. [16] compare the total of 200 

Patients with Stage II disease with low-grade or high-

grade tumor budding with that of 226 patients who had 

colon cancer Stage III. Univariate analysis revealed 

that serosal surface involvement and tumor budding 

were significantly related to survival. And that liver 

and peritoneal metastases were more frequent in 

patients with high-grade tumor budding then in those 

with low-grade.  

Some scientists analyzed 244 patients with 

colorectal cancers found in stage III and fond that the 

presence of budding in front of tumor invasion was 

associated with a greater potential for malignancy. In 

another study Choi et al. [15] studied a group of 87 

patients with colorectal cancer pT1 evaluating budding 

and venous invasion, stating that the budding was an 

independent risk factor for lymph node metastases.  

In our study we analyzed the presence of 

lymphatic infiltration in the front of tumor invasion, 

watching the relationship between growth and decline 

in the degree of infiltration of budding in the tumor 

invasion front. Such results seem to be in accordance 

with the ones recently described by scientists as so-

called anti- and pro-tumoring phenomenon in the tumor 

invasion front [17]. 

In conclusion, can be considered as the 

exponent of the aggressiveness of colorectal cancer and 

a predictive factor related to survival time of patients 

with colon cancer. The results presented by other 

authors and us suggest that budding in front of tumor 

invasion may be classified as factors strongly 

associated with metastasis of colon cancer. 
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