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ABSTRACT

Introduction: Colorectal Carcinoma (CRC) is the third most
common cancer worldwide. Percentage of gland formation
is the only valid parameter for histologic grading of CRC.
Tumour budding and Tumour-infiltrating Lymphocytes (TILs) are
emerging prognostic factors in CRC. In recent years high grade
CRC has become subject to more precise molecular grading
strategies. However low grade cases show in homogenous
outcome due to still insufficient categorisation. The focus of
this study is to determine whether the combination of amount
of gland formation, budding, and TILs will allow us to further
characterise large in homogenous group of WHO low-grade
cases into prognostically significant subgroups.

Aim: To estimate the significance of tumour budding and
TILs in low-grade CRC and to categorise low-grade CRC into
prognostic subgroups taking into account three histologic
parameters-gland formation, tumour budding and TIL.

Materials and Methods: This was a descriptive cross-sectional
study done in the Department of Pathology, MES Medical
College, Malappuram, Kerala, India. It was an ambispective
study (retrospective from January 2015 to December 2021
and prospective from December 2021 to March 2022) which
analysed 105 World Health Organisation (WHO) low-grade CRC
cases. The demographic data of the patients was collected

INTRODUCTION

Colorectal Carcinoma (CRC) is the third most common cancer
worldwide, and second leading cause of cancer related death [1].
Tumour heterogeneity is a hot topic in cancer research now. Tumour
heterogeneity in colorectal cancer is very well-established [2]. The
Tumour Node Metastasis (TNM) staging and histological tumour
grading are the gold standard for classification of CRC patients into
prognostic subgroups for the current treatment regimes. Despite
advancements in the treatment of CRC, survival rates remain highly
variable for different patients even within the same TNM staging
[2]. CRC-grading according to the World Health Organisation
(WHO) classification is still only based on the percentage of gland
formation which is subjected to high inter observer variability [3,4].
So, additional histomorphological parameters like tumour budding
(TB) and tumour infiltrating lymphocytes (TIL) are recommended in
the diagnostic work up protocols of CRC in addition to routine TNM
staging and grading for better disease stratification and for more
personalised treatment [5-8].

Tumour budding was first recognised in the 1950s as “sprouting”
at the invasive edge of carcinomas that may reflect a more rapid
tumour growth rate [9]. Biologically tumour budding is closely related
to epithelial mesenchymal transition. Tumour budding denotes
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and histopathological assessment of tumour grade, pT, pN,
Lymphovascular Invasion (LVI), Tumour-infiltrating Lymphocytes
(TIL) and Tumour Budding (TB) was done on Haematoxylin
and Eosin (H&E) stained sections. A morphology-based risk
score was developed taking into account three parameters-
percentage of gland formation, budding, and TIL. For each
parameter, 1 to 2 points were given, resulting in a sum score,
dividing the CRC cases into a low-, an intermediate-, and a
high-risk group. Statistical analysis was performed using SPSS
25.0. The results were expressed as numbers and percentage.
Pearson Chi-square test was used to test the relationship.

Results: In the present study degree of budding significantly
associated with pT stage (p=0.02), pN stage (p=0.042) and LVI
(p=0.038). TIL also differed significantly with pT (p=0.001) pN
(p=0.042) and LVI (p=0.004). Applying the prognostic scoring
to 105 cases, 33 (31.4%) cases showed high score, 30 (28.6%)
cases were of intermediate score and 42 (40%) cases showed
low score. The three groups differs significantly with pT
(p=0.027), pN (p=0.035) and LVI (p=0.015).

Conclusion: The present study showed combining different
morphological parameters of tumour and tumour environment
can help to further subdivide CRC into prognostically significant
subgroups.
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single or small aggregates detached from the neoplastic gland at
the invasive front. Recently, criteria for evaluating and reporting
tumour budding in CRC have been well defined by the International
Concensus Conference on Tumour Budding (ITBCC) [10]. Many
studies showed, that high budding is associated with lymph node
positivity, vascular and lymphatic infiltration, local tumour recurrence,
distant metastases and higher tumour aggressiveness [11-16].

In all these years, for treatment stratification the main focus was on
tumour cell component. Now, there is a shift of focus to Tumour
Microenvironment (TME) [17]. From the recent advancements
in the understanding of TME now it’s evident that the crosstalk
between the tumour and TME plays an important role in the tumour
progression. TIL is an important immunological biomarker of TME.
Besides its prognostic value it also helps for personalised treatment
with checkpoint blockage therapy which has been well-established
in cancers like melanoma [2,18,19]. Salgado et al had standardised
the methodology for visual assessment of TIL in breast cancer on
Haematoxylin and Eosin (H&E) sections [20].

Grading of CRC is based on the percentage of gland formation.
Traditionally, it was 3-tiered: well-differentiated (grade 1) showing
glandular differentiation in more than 95% of the tumour, moderately
differentiated (grade 2) with 50% to 95% glandular differentiation and
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high-grade (grade 3) with less than 50% glandular differentiation [21].
In the current 5™ edition of World Health Organisation classification
of Gastrointestinal tumour, well- and moderately differentiated
CRCs are summarised as one low-grade group because of similar
behaviour and better interobserver agreement [22].

So, it is important to pay special attention to tumour morphology
and TME for additional information on tumour behaviour and prognosis.

The author focussed on whether current CRC grading system
focusing only on gland formation or a grading system analogue to
Elston and Ellis grading breast cancer or Federation Nationale des
Centres de Lutte Contre le Cancer (FNCLCC) grading in sarcoma
combining different histomorphological parameters is better for
getting better information regarding tumour behaviour of each CRC-
case. In this study, the authors aimed to determine if the combination
of the percentage of gland formation, tumour budding, and TILs
allows us to further characterise the large, inhomogeneous group of
low-grade CRC into prognostically significant subgroups.

MATERIALS AND METHODS

This descriptive cross-sectional single institutional study was
conducted in the Department of Pathology, MES Medical College,
Malappuram, Kerala, India. The study was ambispective in nature
(January 2015 to November 2021: retrospective, and December
2021 to March 2022: prospective), which analysed 105 WHO low-
grade CRC cases. The study was approved by the Institutional
Ethics Committee (Ref. No.IEC/MES/47/2021).

Inclusion criteria: All H&E stained slides of low-grade CRC
diagnosed in resection specimens during the time period of January
2015 to November 2021 were retrieved from department archives
and were studied.

Exclusion criteria: Cases with neoadjuvant treatment , WHO high
grade CRC, special subtypes, such as mucinous, serrated, medullary
carcinoma, inflammatory bowel disease-related carcinoma were
excluded.

Study Procedure

After applying inclusion and exclusion criteria, H&E slides of all
histopathologically confirmed cases of low-grade CRC were retrieved
and evaluated independently by two consultant pathologists in
terms of gland formation, percentage of TIL, tumour budding
and lymphovascular invasion (LVI). To receive higher interobserver
concordance, a subset of the cases were viewed together by both
observers on a multihead microscope.

The authors assessed tumour budding based on International
Tumour Budding Consensus Conference (ITBCC) criteria. It defines
tumour budding as a single tumour cell or a cluster of no more than
four tumour cells and should be evaluated on H&E stained slides in
one hotspot (in a field measuring 0.785 mm?) at the invasive front
[10]. In each case the authors selected slides with deepest invasion
and then scanned 10 separate fields (20X objective) along the
invasive front and a hotspot was identified. We counted the tumour
bud in the hotspot (lens magnification 20X, ocular magnification
10X, eyepiece field number diameter 22) and adjusted it by
dividing with normalisation factor (1.210) to get a field measuring
0.785 mm?. ITBCC recommended three-tiered system is used
for further risk stratification- low budding, 0-4 buds; intermediate
budding 5-9 buds; and high budding >10 buds [10].

The percentage of TILs was estimated according to the criteria
defined by Salgado R et al., in breast cancer [20]. The slide with
the deepest invasion were scanned in a 200 fold magnification
(ocular x10, objective x20) and the average percentage amount of
stromal TILs within the border of invasion was assessed as high if
>5% or low if <5% [23].

The gland formation based on grading according to three-tiered
WHO grading system was done in each of these case. These
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parameters were then given score points of 1-2 to calculate a sum
score and categorise them into three risk groups in a similar way
Lang-Schwarz C, et al., did by using Bayreuth scoring system in
their study [23] [Table/Fig-1].

Gland formation [22] Budding [10] TILs [20]
Percentage of gland Score | Amount of Score | Percentage | Score-
formation points | budding points of TlLs points
>95% (WHO grade 1) 1 Low 1 >5% 1
Intermediate 2 <5% 2
- [0)
95-50% (WHO grade 2) 2 to high

[Table/Fig-1]: Prognostic score based on 3 morphological parameters- Grading,
budding, and TILs: 1 to 2 score points are given for each parameter resulting in a
sum score that defines the risk group [10,20,22].

Total score 3 or 4 --- Low risk
Total score 5 --- Intermediate risk
Total score 6 --- high risk

STATISTICAL ANALYSIS

All the data collected were entered in Microsoft excel and analysis
was done with the help of Statistical Package for the Social Sciences
software version 25.0 (SPSS Inc., Chicago, USA). The results were
expressed as numbers and percentage and statistical analysis
was done using Pearson Chi-square test. A p-value of <0.05 was
considered statistically significant.

RESULTS

Summary of cases and tumour characteristics [Table/Fig-2].

Features | Frequency (%)
Age (years)

Mean and Range | 60.47 (32-87)
Gender

Male 52 (49.5)
Female 53 (60.5)
Tumour location

Left side 77 (73.3)
Right side 28 (26.7)
Differentiation

Well 57 (564.3)
Moderate 48 (45.7)
T stage

T 15 (14.3)
T2 29 (27.6)
T3 43 (41.0)
T4 18 (17.1)
N stage

NO 40 (38.1)
N1 48 (45.7)
N2 17 (16.2)
TIL

<5% (low) 35 (33.3)
>5% (high) 70 (66.7)
LVI

Absent 32 (30.5)
Present 73 (69.5)
Tumour budding

Low 43 (41.0)
Intermediate 31 (29.5)
High 31 (29.5)

[Table/Fig-2]: Summary of cases and tumour characteristics.

Tumour budding: In this study, the authors found low budding in
43 (41%),intermediate budding in 31 (29.5%) [Table/Fig-3] and high
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budding in 31 (29.5%) cases [Table/Fig-4]. In the present study
degree of budding significantly associated with pT stage (p=0.02),
pN stage (p=0.042) and LVI (p=0.03). High budding was associated
with higher pT stage, pN stage and more chance for lymphovascular

Tumour budding
T stage High (%) Intermediate (%) Low (%) p-value
T 7 (46.7) 2(13.3) 6 (40.0)
T2 8 (27.6) 5(17.2) 16 (55.2)
T3 10 (23.3) 14 (32.6) 19 (44.2) 0.022
T4 6 (33.9) 10 (55.6) 2(11.1)
Total 31 31 43

Tumour budding
N stage High (%) Intermediate (%) Low (%) p-value
NO 11(27.5) 6 (15.0) 23 (57.5)
N1 15 (31.3) 17 (35.4) 16 (33.3)

0.042

N2 5 (29.4) 8 (47.1) 4 (23.5)
Total 31 31 43

Tumour budding
LI High (%) Intermediate (%) Low (%) p-value
Absent 6(18.8) 7(21.9) 19 (59.4)
Present 25 (34.2) 24 (32.9) 24 (32.9) 0.038
Total 31 31 43

[Table/Fig-5]: Association of tumour budding with pT, pN and LVI.

Tumour infiltrating lymphocytes: Out of 105 cases 70 cases
(66.7%) showed high TIL (>5%) and 35 cases (33.3%) showed low
TIL (£5%). TIL differed significantly with pT (p=0.001) pN (p=0.042)
and LVI (p=0.004) High TIL was associated with higher pTstage,
pN stage and more chance for lymphovascular invasion when
compared to low TIL with a significant p-value [Table/Fig-6,7].

Gland formation: Based on the percentage of gland formation, out
of 105 low grade cases showed the following results: 57 (54.5%)
of cases were well-differentiated and 48 (45.7%) of cases were of
moderately differentiated.

www.jcdr.net

TIL
T stage High (%) Low (%) p-value
T 3(20.0) 12 (80.0)
T2 21 (72.4) 8 (27.6)
T3 32 (74.4) 11 (25.6) 0.001
T4 14 (77.8) 4(22.2)
Total 70 35

TIL
N stage High (%) Low (%) p-value
NO 21 (52.5) 19 (47.5)
N1 35 (72.9) 13(27.1)
N2 3(82.4) 14 (17.6) 0042
Total 59 46

TIL
LVI High (%) Low (%) p-value
Absent 15 (46.9) 17 (638.1)
Present 55 (75.3) 18(24.7) 0.004
Total 70 35
[Table/Fig-6]: Association of TIL with pT, pN and LVI.

Scoring: gland formation, budding and TIL: Applying the prognostic
score described in [Table/Fig-1] to the 105 cases showed the
following results: 33 (31.4%) cases showed high score, 30 (28.6%)
cases showed intermediate score and 42 (40%) showed low score.
High and intermediate scores associated significantly with high pT
(0.027), high pN (0.035) and had more chance for lymphovascular
invasion (0.015) [Table/Fig-8].

Prognostic score
T stage H (%) 1 (%) L (%) p-value
T 6 (40.0) 3(20.0) 6 (40.0)
T2 9(31.0) 5(17.2) 15 (51.7) 0027
T3 11 (25.6) 12 (27.9) 20 (46.5)
T4 7 (38.9) 10 (55.6) 1(5.6)

Prognostic score
N stage H (%) 1 (%) L (%) p-value
NO 10 (25.0) 7 (17.5) 23 (57.5)
N1 15(31.3) 17 (35.4) 16 (33.3) 0.035
N2 8 (47.0) 6 (35.3) 3(17.6)

Prognostic score
LVI H (%) 1 (%) L (%) p-value
Absent 12 (37.5) 3(9.4) 17 (63.1) 0.015
Present 21 (28.8) 27 (37.0) 25 (34.2)

DISCUSSION

Cancer is not a single disease. It is a heterogenous disease which
involves complex interplay between the tumour and TME. Due to
intertumoural heterogeneity CRC differs on various levels resulting in
differences in prognosis and therapeutic response even for patients
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with the same stage and grade. So there is a need for a robust
classification system for CRC which includes both molecular and
histopathological parameters [2].

Tumour budding has been a hot topic in cancer research for
many years. In the recent (June 2022) CAP (College of American
Pathologist) protocol for reporting primary carcinomas of colon and
rectum recommends reporting of tumour budding in stage | and |I
cases and for cancers arising from polyp, but it's not considered
as a required element. In a study conducted by Hase K et al., in
1993 they found out that more severe budding in CRC is associated
with worst outcome and also suggested meticulous follow-up and
possibly neocadjuvant chemotherapy for such patients irrespective
of the stage [24]. Sadek SA et al., in 2020 assessed TB in H&E
and Cytokeratin (CK) stained sections and found it is significantly
associated with adverse prognostic variables including vascular
invasion, lymph node metastasis, advanced Dukes and TNM stages
and inversely associated with TIL which is known to be a good
prognostic indicator [25]. The present study also found that high
budding is associated with high pT, pN and more chance for LVI.

Cancer immunoediting is a dynamic process that consists of
immunosurveillance and tumour progression. TIL is an important
factor in cancer immunoediting and has not only prognostic
significance but also emerging as an important biomarker in
predicting the efficacy and treatment outcome [17]. In the study
conducted by Lang-Schwarz C et al., in 2019, TILs <56% versus
>5% showed significant advantages for the higher TILs group
concerning the parameters pT stage , pN stage, M stage, TNM
stage, lymphatic vessel invasion and also venous invasion [8]. In
2020 Fuchs TL et al., studied the prognostic significance of TIL in
1034 CRC patients and found out that TIL is a powerful predictor
of survival in CRC [26]. In the present study also TIL differed
significantly with pT, pN and LVI.

There are a very few studies which combines different aspects of
tumour and TME to create a prognostically significant grading system
in CRC. In 2009, Lugli A et al., proposed a CD8+ lymphocytes/
tumour budding index which they found to have prognostic
significance in CRC [27].

Lang-Schwarz C, et al., in 2018 studied 501CRC cases and
found Budding/TIL —score correlates with most clinicopathological
parameters [8]. In 2019 the same group of pathologist combined
budding, TIL, and gland formation in low grade CRCs and proposed
Bayreuth score that enables separating the large group of WHO
low-grade CRC cases into subgroups, which differ significantly
in outcome and survival [23]. This study was first of its kind that
integrates budding and TILs with traditional grading parameter-
gland formation.

Combining different histomorphological parameters along with
molecular markers for therapeutic stratification is nothing new in
tumour diagnostics. We have been using Ellston-Ellis grading system
which combines three different histomorphological parameters
along with molecular markers for patient stratification in breast
cancer [28].

Limitation(s)

Impact of prognostic scoring system in long term survival is not
analysed in this study. Molecular biomarkers were not used in
this study.

CONCLUSION(S)

In the present study the authors found out that budding and TIL
are independent prognostic factors in CRC and combining these
parameters along with the well-established prognostic factor tumour
grade could be a clue to better understanding of tumour behaviour.
Assessing budding and TIL is a simple, cost-effective, time saving
and reproducible method for routine practice. Even in the age of
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molecular pathology it is still worthy to pay attention to H&E based
tumour morphology. For better disease stratification, in addition to
TNM staging and grading, additional histomorphological factors like
budding and TIL along with Microsatellite Instability Analysis (MSI),
KRAS, BRAF and NRAS mutation analysis are recommended in
CRC. More studies are required to analyse whether a prognostic
scoring system combining different histopathological parameters
will be effective in CRC which will lead to more unified and simplified
reporting system in CRC.
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