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            Abstract

            
               
Background: Colorectal carcinoma (CRC) is the third leading cancer in India. Pathologists play a crucial role in assessing stage, analyzing
                  surgical margins and documenting the histopathologic prognostic parameters. Tumour budding is one such prognostic parameter,
                  defined as single cells or small groups of tumour cells (up to 4 cell clusters) at the invasive front of the tumour. 
               

               The aim of this study is to examine the association of tumour budding with other histopathological prognostic parameters in
                  patients with colorectal carcinoma.
               

               Materials and Methods: The Hematoxylin & Eosin (H &E) stained slides of 52 histopathologically diagnosed CRC resection specimens were reviewed and tumour
                  budding (BD) was assessed into four grades under 200x power. Other histopathological prognostic parameters like tumour size,
                  site, grade, laterality, lymphovascular invasion, perineural invasion, T and N stage were analyzed using descriptive statistics
                  and Chi-square test with Software SPSS version 23.
               

               Results: A higher BD score is seen to be more often associated with grade 3 tumour morphology, presence of perineural invasion, tumour
                  size of  5cm or more and tumours located in the sigmoid colon or rectum. No association of tumour budding is seen with TIL’s
                  or tumour of size < 5cm.
               

               Conclusion: Tumour budding is a practical and significant histological index for identification of high malignant potential and poor outcome
                  in CRC patients with rectal or sigmoid colon location, size more than 5cm, perineural invasion and higher histological grade.
                  Tumour budding may help identify patients who need a more intensive postoperative follow up and the possibility of adjuvant
                  therapy.
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               Introduction

            Colorectal cancer (CRC) is the third most deadly and fourth most commonly diagnosed cancer in the world as per 2018 data GLOBOCAN.
               CRC arises when certain cells of the epithelium acquire a series of genetic and/or epigenetic events.1 The risk of CRC is influenced by endogenous (constitutional) and exogenous (environmental) factors.2 Colorectal carcinoma is morphologically diverse with several histological types, Adenocarcinoma is the most common, amounting
               to 98% of all malignancies in colorectal region. Most of these adenocarcinomas occur sporadically in about 75-85% whereas
               25-30% are familial. When diagnosed in an early stage, the prognosis is good, with the 5- year relative survival rate of 91%
               for localized cancers and 70% for those with loco-regional invasion. A lack of a reliable method for the early detection of
               CRC is impacting patient prognosis, early diagnosis and cure.3 
            

            The most powerful tool for assessing prognosis following curative surgery is the pathologic analysis of the resected specimens.
               Although factors determining the pathologic stage are the strongest predictors of postoperative outcome, other clinical, molecular,
               and histologic features may influence prognosis independent of stage. 
            

            The histologic parameters include pathologic stage and stage-independent prognostic factors such as tumour site, histologic
               grade, laterality, lymphovascular invasion, perineural invasion, margin, size and tumour budding. The same holds good for
               molecular markers; few of them being, Beta-catenin, VEGF, E-cadherin, MSI, BRAF, PDL1, HER-2 etc. 4 
            

            Tumour budding (TB) is closely related to the epithelial-mesenchymal transition (EMT) and represents an important histomorphological
               indicator of tumour invasion and metastasis. 5  Tumour budding is observed at the invasive front of the tumour, where single or small clusters of tumour cells (up to four
               cells) are detached from the neoplastic epithelium and migrate into the surrounding stroma. 6  Tumour budding is considered as an adverse prognostic factor. 
            

            Tumour budding can be appreciated in conventional slides when it is prominent, but careful observation is still required.
               A more complete assessment of tumour budding is achieved more easily if the neoplastic epithelium is highlighted by pan-cytokeratin
               immunostains. 
            

            The aim of this study was to assess the intensity of tumour budding and investigate its associations with other histopathological
               parameters in CRC patients. 
            

         

         
               Materials and Methods

            This is a cross-sectional study consisting of 52 CRC, treated with surgical resection and with the available histopathological
               data of patients diagnosed in the Department of Oncopathology, Yenepoya Medical College, Mangalore, between January 2020 and
               June 2021. Ethical approval for this study was taken from the hospital Ethical committee board.
            

            4 micron thick sections were taken on non-coated slides and were stained with H&E, on an autostainer. All the tumour sections
               were examined and studied thoroughly by our panel of Oncopathologists, twice. 
            

            Scoring of TB and peritumoral inflammation: TB was assessed on H & E stained sections in the invasive front of the tumour,
               scanned at low power (100x) to identify the region with the highest density of TB. Tumour Buds were then counted in one 200x
               power field. The degree of tumour budding was classified into four grades: termed BD0, BD1, BD2, and BD3, which consist of
               0, 1–4, 5–9, and 10 or more buds in a hotspot of 200x, respectively. 7  Tumour budding was further categorized into low bud (BD0 and BD1) and high bud. (BD2 and BD3) 
            

            Peritumoral inflammation is defined as a reaction with lymphocytic infiltration. It was estimated employing a semiquantitative
               three tiered system: no or mild inflammation with no or only scattered inflammatory cells, moderate with a marked inflammatory
               reaction, and severe inflammation with a dense accumulation of lymphocytes. 8 

            Correlation of tumour budding, specifically low and high bud, with other prognostic histopathological parameters like tumour
               site, grade, size, laterality, lymphovascular invasion, perineural invasion, tumour stage and lymphnode stage were studied.
            

            
                  Statistical analysis

               • Sample size of 52 was calculated using the formula;2, with level of significance α = 5%, Power = 1 - P = 80% with 95% confidence interval. 
               

               SPSS Version 23.0 was used for data analysis. Basic descriptive statistics were used to find the association of prognostic
                  factors. Descriptive statistics were reported in frequencies and percentage. Chi-square test was used to find the association
                  of tumour budding with other histopathological parameters.
               

               • Sampling technique: Simple random sampling technique 

            

         

         
               Results

            A total of 52 cases of colorectal carcinoma diagnosed on excised specimens were included in the study. The age distribution
               of cases was 32 to 84 years with a peak incidence in the age range of 41-50 years (25%). The patient and tumour characteristics
               are shown in Table  1. 
            

            The most frequent site of involvement was the rectum and sigmoid colon (59.6%) followed by caecum, ascending colon (26.9%),
               descending colon (7.6%) and transverse colon (5.7%) as shown in Table  1. The majority of the cases (61.5%) were of grade 2 (Figure  4) and in 63.5% of cases, the tumour size was more than 5cm in maximum diameter. 42.3% of cases showed the presence of lymphovascular
               invasion, whereas perineural invasion was noted in 15.3% of cases. 
            

            
                  
                  Table 1

                  Patient and tumour characteristics
                  

               

               
                     
                        
                           	
                              
                           
                            Characteristics

                           
                        
                        	
                              
                           
                            Number (n) = 52

                           
                        
                     

                     
                           	
                              
                           
                            Tumour size

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                            Less than 5cm

                           
                        
                        	
                              
                           
                            19 (37.5%)

                           
                        
                     

                     
                           	
                              
                           
                            More than 5cm

                           
                        
                        	
                              
                           
                            33 (63.5%)

                           
                        
                     

                     
                           	
                              
                           
                            Tumour location

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                            Caecum & Ascending colon

                           
                        
                        	
                              
                           
                            14 (26.9%)

                           
                        
                     

                     
                           	
                              
                           
                            Descending colon

                           
                        
                        	
                              
                           
                            4 (7.6%)

                           
                        
                     

                     
                           	
                              
                           
                            Transverse colon

                           
                        
                        	
                              
                           
                            3 (5.7%)

                           
                        
                     

                     
                           	
                              
                           
                            Sigmoid colon & rectum

                           
                        
                        	
                              
                           
                            31 (59.6%)

                           
                        
                     

                     
                           	
                              
                           
                            Lymphovascular invasion

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                            Absent

                           
                        
                        	
                              
                           
                            30 (57.7%)

                           
                        
                     

                     
                           	
                              
                           
                            Present

                           
                        
                        	
                              
                           
                            22 (42.3%)

                           
                        
                     

                     
                           	
                              
                           
                            Perineural invasion

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                            Identified

                           
                        
                        	
                              
                           
                            8 (15.3%)

                           
                        
                     

                     
                           	
                              
                           
                            Not identified

                           
                        
                        	
                              
                           
                            44 (84.7%)

                           
                        
                     

                     
                           	
                              
                           
                            Tumour infiltrating lymphocytes

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                            Absent

                           
                        
                        	
                              
                           
                            37 (71%)

                           
                        
                     

                     
                           	
                              
                           
                            Present

                           
                        
                        	
                              
                           
                            15 (29%)

                           
                        
                     

                  
               

            

            
                  
                  Figure 1

                  Tumour grade

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/5b268e1a-6398-491a-be1d-6b1481570d05image1.png]

            The tumour budding was identified in 40 (78.8%) of the cases, which was further classified into 4 grades i.e., BD1 – BD3 as
               mentioned. Most of the cases were of grade 3 tumour bud (BD3) which constituted for 46% of the total cases with tumour budding.
               (Figure  3, Figure  4, Figure  5, Figure  6) Tumour budding as seen is depicted in Figure  3, Figure  4, Figure  5, Figure  6.
            

            
                  
                  Figure 2

                  Tumour budding

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/5b268e1a-6398-491a-be1d-6b1481570d05image2.png]

            
                  
                  Table 2

                  Correlation between tumour budding andclinico-pathological prognostic parameters
                  

               

               
                     
                        
                           	
                              
                           
                            Parameter

                           
                        
                        	
                              
                           
                             Tumour size

                           
                        
                        	
                              
                           
                             Location of tumour

                           
                        
                     

                     
                           	
                              
                           
                            Tumour bud

                           
                        
                        	
                              
                           
                            < 5cm (n= 15)

                           
                        
                        	
                              
                           
                            >5cm (n=37)

                           
                        
                        	
                              
                           
                            Caecum & A. colon (n=14)

                           
                        
                        	
                              
                           
                            D. colon (n=4)

                           
                        
                        	
                              
                           
                            T. colon (n=3)

                           
                        
                        	
                              
                           
                            Sigmoid & rectum (n=31)

                           
                        
                     

                     
                           	
                              
                           
                            BD 0 (12)

                           
                        
                        	
                              
                           
                            02

                           
                        
                        	
                              
                           
                            10

                           
                        
                        	
                              
                           
                            02

                           
                        
                        	
                              
                           
                            02

                           
                        
                        	
                              
                           
                            00

                           
                        
                        	
                              
                           
                            07

                           
                        
                     

                     
                           	
                              
                           
                            BD 1 (13)

                           
                        
                        	
                              
                           
                            04

                           
                        
                        	
                              
                           
                            09

                           
                        
                        	
                              
                           
                            04

                           
                        
                        	
                              
                           
                            02

                           
                        
                        	
                              
                           
                            01

                           
                        
                        	
                              
                           
                            05

                           
                        
                     

                     
                           	
                              
                           
                            BD 2 (08)

                           
                        
                        	
                              
                           
                            03

                           
                        
                        	
                              
                           
                            05

                           
                        
                        	
                              
                           
                            01

                           
                        
                        	
                              
                           
                            00

                           
                        
                        	
                              
                           
                            00

                           
                        
                        	
                              
                           
                            07

                           
                        
                     

                     
                           	
                              
                           
                            BD 3 (19)

                           
                        
                        	
                              
                           
                            06

                           
                        
                        	
                              
                           
                            13

                           
                        
                        	
                              
                           
                            07

                           
                        
                        	
                              
                           
                            00

                           
                        
                        	
                              
                           
                            02

                           
                        
                        	
                              
                           
                            12

                           
                        
                     

                     
                           	
                              
                           
                            P value

                           
                        
                        	
                              
                           
                            0.122

                           
                        
                        	
                              
                           
                            0.067

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                  
               

            

            When compared low tumour budding (< 5 bud per 200x) to high tumour budding (>5 bud per 200x) it is observed that tumour size
               of >5cm is associated more with the highest number of tumour buds. Tumour location has an association with high tumour budding
               (BD2 and BD3) in the sigmoid colon and rectum, which means that the left-sided tumours have an association with high tumour
               budding.
            

            

            
                  
                  Figure 3

                  Photomicrograph: H & E; 200x: No tumourbudding (BD 0)

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/a0cc29ac-7163-4451-8ed3-954b58dbb3dd/image/b2ba57ba-ed4f-43e9-8b02-a09f8c173240-uimage.png]

            

            
                  
                  Figure 4

                  Photomicrograph:H & E; 200x: Grade 1 tumour budding (BD 1)

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/a0cc29ac-7163-4451-8ed3-954b58dbb3dd/image/062bc371-186c-483a-b653-50ab3882ba32-uimage.png]

            

            
                  
                  Figure 5

                  Photomicrograph: H & E; 200x: Grade 2 tumourbudding (BD 2)

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/a0cc29ac-7163-4451-8ed3-954b58dbb3dd/image/f625b6bc-97b3-4d96-b420-2e839abdab87-uimage.png]

            

            
                  
                  Figure 6

                  Photomicrograph: H & E; 200x: Grade 3 tumourbudding (BD 3)

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/a0cc29ac-7163-4451-8ed3-954b58dbb3dd/image/b1ab76d1-80d9-4eea-9238-83c6b161e6cc-uimage.png]

            

            

            

            
                  
                  Table 3

                  Correlation between tumour bud & other histological parameters:
                  

               

               
                     
                        
                           	
                              
                           
                            Parameters

                           
                        
                        	
                              
                           
                            Tumour grade  ( n=52)

                           
                        
                        	
                              
                           
                            LVI (n=22)

                           
                        
                        	
                              
                           
                            PNI (n=8)

                           
                        
                        	
                              
                           
                            TIL 

                           
                        
                     

                     
                           	
                              
                           
                            Tumour Bud

                           
                        
                        	
                              
                           
                            G1

                           
                        
                        	
                              
                           
                            G2

                           
                        
                        	
                              
                           
                            G3

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            MILD

                           
                        
                        	
                              
                           
                            MOD

                           
                        
                        	
                              
                           
                            DENSE

                           
                        
                     

                     
                           	
                              
                           
                            BD 0 (12)

                           
                        
                        	
                              
                           
                            02

                           
                        
                        	
                              
                           
                            09

                           
                        
                        	
                              
                           
                            01

                           
                        
                        	
                              
                           
                            04

                           
                        
                        	
                              
                           
                            01

                           
                        
                        	
                              
                           
                            02

                           
                        
                        	
                              
                           
                            08

                           
                        
                        	
                              
                           
                            02

                           
                        
                     

                     
                           	
                              
                           
                            BD 1 (13)

                           
                        
                        	
                              
                           
                            02

                           
                        
                        	
                              
                           
                            10

                           
                        
                        	
                              
                           
                            01

                           
                        
                        	
                              
                           
                            05

                           
                        
                        	
                              
                           
                            00

                           
                        
                        	
                              
                           
                            04

                           
                        
                        	
                              
                           
                            07

                           
                        
                        	
                              
                           
                            02

                           
                        
                     

                     
                           	
                              
                           
                            BD 2 (08)

                           
                        
                        	
                              
                           
                            00

                           
                        
                        	
                              
                           
                            08

                           
                        
                        	
                              
                           
                            00

                           
                        
                        	
                              
                           
                            04

                           
                        
                        	
                              
                           
                            01

                           
                        
                        	
                              
                           
                            02

                           
                        
                        	
                              
                           
                            06

                           
                        
                        	
                              
                           
                            00

                           
                        
                     

                     
                           	
                              
                           
                            BD 3 (19)

                           
                        
                        	
                              
                           
                            04

                           
                        
                        	
                              
                           
                            09

                           
                        
                        	
                              
                           
                            06

                           
                        
                        	
                              
                           
                            09

                           
                        
                        	
                              
                           
                            06

                           
                        
                        	
                              
                           
                            07

                           
                        
                        	
                              
                           
                            07

                           
                        
                        	
                              
                           
                            05

                           
                        
                     

                     
                           	
                              
                           
                            P value

                           
                        
                        	
                              
                           
                            0.115

                           
                        
                        	
                              
                           
                            0.031

                           
                        
                        	
                              
                           
                            0.031

                           
                        
                        	
                              
                           
                            0.658

                           
                        
                        	
                              
                           
                            0.045

                           
                        
                        	
                              
                           
                             0.359

                           
                        
                     

                  
               

            

            When compared low tumour budding (< 5 bud per 200x) to high tumour budding (>5 bud per 200x) it is observed that high tumour
               budding is noted in the presence of lymphovascular invasion (LVI), perineural invasion (PNI) and is seen to be associated
               with high tumour grade (G2 & G3). Tumour infiltrating lymphocytes lacked correlation with tumour budding.
            

         

         
               Discussion

            Tumour budding is also known as “sprouting” and was originally described by Imai in 1950 9 as “sprouting” leading to invasiveness of the tumour. The first detailed description of tumour buds was put forth by Gabbert
               et al 10 who described this as ‘tumour dedifferentiation’ at the invasive edge of colorectal carcinomas. This is the concept behind
               a substantial number of tumours behaving poorly despite being categorized as low risk based on their TNM stage.
            

            The biology of tumour budding is not well understood but there are some theories to explain the same. Researchers have attributed
               this to Epithelial-Mesenchymal transition (EMT), characterized by loss of cell adhesion molecules, cytoskeletal alterations,
               increased production of extracellular matrix components, resistance to apoptosis, and ability to degrade basement membrane,
               resulting in a phenotype with increased migratory capacity and invasiveness. 11

            When seen in a single section, tumour buds appear as clusters of cells that have broken off from the main tumour mass. On
               examining serial sections of high budding tumours stained with anti-cytokeratin antibodies, Prall et al 10  demonstrated that most buds that appear to represent discrete clusters of cells are in fact connected to adjacent larger
               glands. Indeed, Morodomi et al coined the term ‘budding’ because the undifferentiated single cells and tubular tumour nests
               that they counted as buds both appeared to be budding from larger neoplastic glands. 
            

            Tumour budding can allow risk stratification of patients into categories and also potentially guide treatment decisions. A
               high tumour budding is associated with local tumour recurrence and distant metastases hence indicating worse disease- free
               survival. 12  Tumour budding predicts a worse prognosis, that is higher tumour grade, infiltrating tumour border, presence of lymphovascular
               invasion, perineural invasion and lymph node metastases.
            

            There is a strong association between budding and the presence of lymph node metastases and lymphovascular invasion. 13  Kazama et al 14 found no relationship between budding and vascular invasion.  In our study, all the 18 cases with lymphovascular invasion
               are showing budding of all grades and most of them are showing the highest budding (>5 per 200x). However, no stastistical
               significance is seen.
            

            Lugli et al 15  have demonstrated that a peritumoral lymphocytic reaction is associated with improved prognosis in the setting of tumour
               budding, suggesting that the immune response might target the tumour buds, but further studies are needed to confirm the reproducibility
               and prognostic importance of these findings. However, our study showed no correlation between tumour budding, peritumoral
               lymphocytic reaction and nodal status.
            

            The literature says a higher tumour grade is associated with a higher BD score. Our study showed a maximum high BD score in
               grade 3 tumours, which was similar in a study by Inti Zlobec et al study. 16  Inti Zlobec et al. 16 study shows,  higher tumour grade was associated with mucinous histology, right-sided tumour location, higher pT & pN stage
               and more frequent distant metastases. Similarly, in our study, out of 8 mucinous carcinomas, 5 cases showed BD3 tumour budding.
               Similarly, 75% of the cases (6 out of 8 cases) exhibiting perineural invasion were of BD3 tumour budding. Tumour budding in
               our study is seen to be associated with higher tumour grade (grade 3), perineural invasion, size > 5cm and were located in
               sigmoid colon & rectum.
            

            Out of 52 cases, 5 cases were post-treatment cases and all of them showed high budding (>5 bud per 200x). 

            
                  Survival data

               All the patients were followed up to date. 3 patients succumbed to the disease, 15 patients were lost to follow up and the
                  rest are doing well with no recurrence.  Out of 03 dead patients, two were exhibiting BD 3 tumour budding and one showing
                  BD 1 tumour budding. When comparing tumour budding with survival data, the P-value was not significant. (0.515)
               

            

            
                  Limitation of the study

               Our study is of one and half year duration with comparatively smaller sample size. With a larger sample size, a better correlation
                  would have been achieved. 
               

            

         

         
               Conclusion

            Tumour budding is a practical and significant histological index and is associated with worse disease-free survival and poor
               outcome in CRC cases. Our study revealed an association of tumour budding with CRC of rectal/sigmoid colon location, size
               >5cm, perineural invasion and a higher histological grade. Tumour budding helps to identify the patients who need more intensive
               postoperative follow up and a possibility of adjuvant therapy.
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