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Abstract: Background/Objectives: Recently, some new morphological features of colorectal cancer
have been discovered as important prognostic factors; in this paper, we study the relationship between
tumor budding (TB) and tumor deposits (TDs). Methods: The retrospective cohort study included
90 patients with pathohistologically confirmed stage III CRC who were treated with radical surgical
resection. All hematoxylin and eosin (H and E)-stained slides from each patient were reviewed, and
histological parameters were recorded. The samples were divided into two groups with similar sizes:
a group without TDs (N = 51) and a control group with TDs (N = 39). The presence and TB grade were
further analyzed in these groups and compared with other clinical and histological features. Results:
The prevalence of TB in the investigated cohort was unexpectedly high (94.4%). Overall, there were
23 (25.6%) Bd1, 20 (22.2%) Bd2, and 47 (52.2%) Bd3 cases. The presence of TDs was significantly
associated with a higher number of TB (p < 0.001, OR 16.3) and, consequently, with a higher TB grade
(p =0.004, OR 11.04). A higher TB grade (p = 0.001, HR 2.28; 95% CI 1.93-4.76) and a growing number
of TDs (p = 0.014, HR 1.52; 95% CI 1.09-2.1) were statistically significantly associated with shorter
survival. Conclusions: TDs appear more often in patients with higher TB grades in stage IIl CRC. A
higher TB grade and a growing number of TDs were statistically significantly associated with shorter
overall survival. These results could give additional emphasis to the importance of TB as an adverse
prognostic factor since a strong relationship with TDs has been demonstrated.

Keywords: colorectal carcinoma; tumor budding; tumor deposits; epithelial-mesenchymal transition

1. Introduction

Colorectal carcinoma (CRC) ranks third in incidence in men and second in women,
with about 1.9 million newly diagnosed cases and more than 900,000 deaths worldwide
annually [1]. Determining the exact stage of the disease enables clinicians to adopt more
reliable treatment algorithms. The assessment of CRC spread is performed with the
TNM system, a globally recognized standard and the most widely used cancer staging
system [2-5]. Despite this, it was proved insufficiently precise and unreliable in some
clinical scenarios due to significant variation in final outcomes in patients with the same
disease stage [6-9].

Some new morphological features of CRC have been detected lately as significant prog-
nostic factors that describe the interaction of tumor tissue with the neighboring stroma and
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how it affects the potential for invasive tumor growth and metastasizing [8-13]. Some of these
features studied in our research were tumor budding (IB) and tumor deposits (ITDs).

TB, described in 20-40% of CRC cases [7,14], represents the local migration of a small
group of dedifferentiated tumor cells (<5 cells) from the edge of the invasive cancer growth
into the surrounding peritumoral stroma [15-17]. Precise data on TB prevalence in stage III
CRC are lacking. A high TB grade is an independent prognostic marker and correlates with
a poor prognosis [16,18,19]. TB is considered a morphological manifestation of epithelial—
mesenchymal transition (EMT), where cancer cells lose elements of epithelial cells and
take on mesenchymal cells” characteristics, leading to increased invasiveness, propensity
for migration, and resistance to apoptosis. These changes allow cells to separate from the
primary tumor mass and form cell buds in the peritumor connective tissue [20-24].

TDs refer to the extramural focal accumulation of tumor cells in the peritumoral
tissue, which has no continuity with the primary tumor mass and is not connected to the
surrounding lymph nodes [25-27]. The incidence of TDs in CRC varies widely from 4%
to 45% [27-30]. The definition of TDs has changed throughout history. In the TNM-8
classification, additional rules were introduced that exclude the presence of lymph node
architecture and the identification of vascular or neural structures around the TDs, making
a clear distinction between TDs and separate entities, i.e., lymphovascular invasion (LVI),
extramural venous invasion (EMVI), and perineural invasion (PNI) [5]. It was shown
that the presence of TDs correlates with an increased risk of local disease recurrence and,
generally, a worse prognosis [8,10,25,27,31-35].

The origin of TDs was the subject of numerous studies, and the process of how TDs
are formed is still unclear [30,32,34].

In our study, we hypothesized that TDs are more common in patients with stage III
CRC with a more expressed TB grade. Thus, the general objective of this study was to
analyze the presence of TDs and their association with the presence of TB in pathohisto-
logical samples obtained from patients with stage III CRC after radical surgical resection.
As additional specific objectives, we aimed to determine the presence and TB grade in the
pathohistological samples, to estimate the presence and the diameter of the largest TDs, to
determine the possible association between the TB grade and the size of TDs, and finally to
analyze the potential relationship between TB and TDs with clinicopathological parameters
in patients with stage III CRC.

We believe that in stage IIl CRC, TDs could appear more frequently in patients with
higher TB grades. While there has been some research looking at TB and TDs together [11],
a further literature review found no studies specifically regarding the possible relationship
between TB and TDs so far. Therefore, we consider this study desirable and necessary to
fill the literature gap.

If the relationship between TB and TDs is confirmed, and considering that TDs have
been particularly emphasized as an adverse prognostic factor in the two most recent
TNM classifications under category ‘N1c’, it could also provide added weight to the
importance of TB as an additional adverse prognostic factor. Additionally, it could be
beneficial for stratifying patients into more precisely defined prognostic groups. Therefore,
further research on this topic could lead to even more pronounced recommendations from
professional societies regarding the management of cases with pronounced TB.

2. Materials and Methods
2.1. Study Design and Participants

The retrospective cohort study included 90 patients, treated with radical surgical
resection at the Department of Surgery, University Hospital Center Sestre milosrdnice,
Zagreb, Croatia, between 1 January 2009, and 31 December 2013, with pathohistologically
confirmed stage III CRC. The study excluded rare histological subtypes, i.e., medullary,
micropapillary, adenosquamous, undifferentiated, or mixed subtypes, and patients who
underwent neoadjuvant chemoradiotherapy, patients with known metastatic disease at the
time of surgery, or those who underwent an emergency surgery procedure.
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Patients’ clinical data (age, gender, tumor location, overall survival) were retrieved
from the patients” data archive and the Croatian National Cancer Registry. The retrieval
of archival tissue and patients” clinical data was conducted while respecting all ethical
permissions for this study. Ethical approvals were obtained from the Ethics committee
of the Medical Faculty University of Zagreb (641-01/23-02/01), as well as the University
Hospital Center Sestre milosrdnice (EP-2823/19-1).

2.2. Pathohistologically Assessment

All hematoxylin and eosin (H and E)-stained slides from each patient were reviewed,
and histological parameters, including histological grade, pT, pN, TD presence, the diam-
eter of the largest TD in mm, lymphovascular invasion (LVI), perineural invasion (PNI),
extramural vascular invasion (EMVI), and TB grade, were recorded for each case. All
patients acquired RO resection with histological proof of negative resection margin. Histo-
logical parameters were assessed by two independent pathologists (DT and AD) blinded to
the clinical data, and differences in interpretation were resolved by joint review.

Depending on the presence of TDs, pathohistological samples were divided into two
similar sized groups: a group without TDs (N = 51) and a control group with TDs (N = 39).
The presence of TDs was revised according to the TNM-8 classification [2] (Figure 1a). The
overall number of TDs and the diameter of the largest TD were determined. The diameter
of the largest TD was measured with a computerized digital system with an Olympus
BX51 microscope (Olympus Corporation, Tokyo, Japan), QuickPHOTO CAMERA, version
3.0 (PROMICRA, Prague, Czech Republic), and an Olympus Camedia Camera C 5050
(Olympus Corporation, Tokyo, Japan). The presence and TB grade were further analyzed
in these groups and compared with other clinical and histological features.
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Figure 1. (a) Microscopic appearance of TDs, H and E x20; (b) immunohistochemical reaction for
CK-PAN: low-grade budding-Bd1 x200; (c¢) immunohistochemical reaction for CK-PAN: intermediate-
grade budding-Bd2 x200; and (d) immunohistochemical reaction for CK-PAN: High-grade budding-
Bd3 x200.
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TB was assessed on the H and E sections in a single 20x objective with a 22 mm field
diameter and divided by the normalization factor 1.210, based on a 22 mm eyepiece field
diameter, to obtain the standardized bud count. An additional analysis was performed
with immunohistochemical staining with PAN-CK (DAKO, clone MNF116) on the selected
blocks where the highest number of buds was assessed on H and E sections. The TB grade
was determined according to the recommendations of the International Tumor Budding
Consensus Conference (ITBCC) [28]. Bud count was divided into three-tier grades: low-
grade Bd1 (0—4 buds), intermediate-grade Bd2 (5-9 buds), and high-grade Bd3 (>10 buds)
(Figure 1b—d).

2.3. Statistical Analysis

Descriptive and analytical statistical methods were used in the processing of the results.
The tested variables were presented with standard descriptive indicators. The analysis of
the normality of the data distribution was checked with the Smirnov-Kolmogorov test. Ac-
cording to the results, parametric and non-parametric tests were further used. A statistical
analysis of the relationship between TDs and TB was performed using the Mann-Whitney
U test and binary logistic regression analysis. A multivariate Cox regression analysis and
Kaplan—-Meier survival curves were used in the survival analysis. Associations between
other pathohistological variables were compared further using the x? test, and Pearson’s
and Spearman’s correlation coefficients. All statistical tests were two-tailed. p values < 0.05
were determined to be statistically significant. Statistical data processing was performed
with the help of the MedCalc program (Version 11.2.1 © 1993-2010. MedCalc Software
bvba Software, Mariakerke, Belgium), and the SPSS program (Version 22.0. Released in
2013. IBM SPSS Statistics for Windows, IBM Corp., Armonk, NY, USA).

3. Results

The distribution of demographic and histopathological variables and their associations
with different TB grades were recorded (Table 1). There were 55 male and 35 female patients
(male-female ratio of 1.6). The average age was 65.8 years, ranging from 35 to 85 years. The
average age of men was 66 & 10.4 years, with a median of 69 years, and the average age
of women 66 £ 10.9 years, with a median of 66.2 years. The average duration of patient
follow-up (median) was 57.5 months, ranging from 2 to 163 months.

Table 1. Clinicopathological data of patients with stage III colorectal carcinoma.

TB Grade
Variable Total % Bd1 Bd2 Bd3 p*
(N =90) % % %
(N =23) (N =20) (N =47)
Age
<65 36 40.0% 9 39.1% 10 50.0% 17 36.2% 0.689
>65 54 60.0% 14 60.9% 10 50.0% 30 63.8%
Mean (£SD) (ff('f@
Gender 90 100.0%
Male 55 61.1% 15 65.2% 14 70.0% 26 55.3% 0.314
Female 35 38.9% 8 37.8% 6 30.0% 21 44.7%
Tumor location
Right side 21 23.3% 6 26.1% 2 10.0% 13 27.7% 0.67
Left side 35 38.9% 10 43.5% 9 45.0% 16 34.0%
Rectum 34 37.8% 7 30.4% 9 45.0% 18 38.3%
Histological grade
Low grade 73 81.0% 17 73.9% 17 85.0% 39 83.0% 0.465
High grade 17 19.0% 6 26.1% 3 15.0% 8 17.0%
TD
Presence (TD+) 39 43.3% 7 30.4% 4 20.0% 28 59.6% 0.002
Absence (TD—) 51 56.7% 16 69.6% 16 80.0% 19 40.4%
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TB Grade
Variable (;o::;lo) % Bd1 o Bd2 o Bd3 o p*
(N =23) ° (N =20) ’ (N =47) °

TB
Presence 85 94.4% - - - - - - 1
Mean No. (+£SD) 225 - - - - - -

(£24.2)

Range 0-138
Bd1 23 25.6% - - - - - -
Bd2 20 22.2% - - - - - -
Bd3 47 52.2% - - - - - -

pT
T1 1 1.1% 1 4.3% 0 0% 0 0% 0.214
T2 7 7.8% 1 4.3% 1 5.0% 5 10.6%
T3 78 86.7% 18 78.3% 19 95.0% 41 87.2%
T4 4 4.4% 3 13.1% 0 0% 1 2.2%

pN
N1 58 64.4% 14 60.9% 11 55.0% 33 70.2% 0.318
N2 32 45.6% 9 39.1% 9 45.0% 14 29.8%

TNM Stage
IITA 9 10.0% 2 8.7% 1 5.0% 5 10.6% 0.219
II1B 69 76.7% 16 69.6% 17 85.0% 36 76.6%
i@ 12 13.3% 5 21.7% 2 10.0% 6 12.8%

* The Spearman rank correlation coefficient.

The investigated cohort consisted of 90 patients (N = 90). There were 51 patients in the
group without TDs (N = 51) and 39 patients in the control group with present TDs (N = 39).
In the latter, the average number of TDs was 2.3 & 1.7, and the average diameter of the
largest measured TD was 5.6 £ 3.4 mm. The prevalence of TB in the investigated cohort
was unexpectedly high (94.4%). Overall, there were 23 (25.6%) Bd1, 20 (22.2%) Bd2, and 47
(52.2%) Bd3 cases.

A statistical analysis of the association between TDs and TB was performed using the
Mann-Whitney U test, which showed that TD presence was significantly associated with
a higher number of TB (p = 0.001). This finding was also confirmed in a binary logistic
regression model with TDs as the dependent variable (p < 0.001, OR 16.3). Similar results
were also obtained using the x? test, which also showed that the presence of TDs was
significantly associated with a higher TB grade (x? = 11.0414, df = 2, p = 0.004) (Figure 2).
No statistically significant difference was found in the distribution of TB grades between
different subgroups of stage III (IIA, IIIB, ITIC) (x? = 2.048, df = 4, p = 0.727).

The patient survival function regarding the TB grade (p = 0.01) and the presence of
TDs (p = 0.001) is expressed by the Kaplan-Meier curve (Figure 3a,b).

A receiver operating curve (ROC) was performed to analyze the impact of the number
of TB and TDs on survival, identifying a cut-off point associated with overall survival. The
ROC analysis of the number of TDs and the relationship with overall survival showed that
the cut-off value, expressed with the help of the Youden index (0.5586), where the specificity
and sensitivity are the highest, equals 1. Sensitivity was 80% (95% CI, 44.4-97.5%), and
specificity was 75.86% (95% CI, 56.5-89.7%).

Further, the ROC analysis of the number of TB and the relationship with overall
survival showed that the cut-off value, expressed with the help of the Youden index
(0.1886), at which the specificity and sensitivity are the highest, equals 30. Sensitivity was
84.37% (95% CI, 67.2-94.7%), and specificity was 34.48% (95% CI, 22.5-48.1%). Regarding
the established cut-off value of 30 TB, which was determined by the above statistical
analysis, the association between the number of TB and patient survival was shown using
the Kaplan-Meier survival curve (p = 0.002) (Figure 4).
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Figure 2. Distribution of TB grades regarding the presence of TDs in pathohistological samples.
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Figure 3. The Kaplan-Meier survival curves regarding (a) the presence of TDs and (b) TB grade.

The multivariate Cox regression analysis showed that a higher TB grade (p = 0.001,
HR 2.28; 95% CI11.93-4.76) and a growing number of TDs (p = 0.014, HR 1.52; 95% CI 1.09-2.1)
were statistically significantly associated with shorter overall survival. It was also shown that
the patient’s age, T, N category, and a higher TNM stage, EMVI, and LVI were statistically
significantly associated with shorter survival (Table 2). The Pearson’s correlation coefficient
for continuous variables showed that the TD diameter correlates with the number of TB
(r=0.366, p = 0.022).
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Figure 4. The Kaplan-Meier survival curves regarding the number of tumor buds (cut-off value = 30)

and patient’s survival.

Table 2. Multivariate Cox regression analysis of clinical and pathohistological variables on patients’

overall survival.

95% Confidence

Variables Hazard Ratio p-Value
Interval
Age, years, <65 vs. >65 1.31 1.1-1.08 0.001
Gender, female vs. male 0.281 0.27-1.56 0.092
Histological grade, LG vs. HG 0.9 0.45-1.82 0.107
T1, T2 vs. T3, T4 3.5 3.32-37.4 0.002
N1 vs. N2 8.55 2.65-8.64 0.009
TNM, IIIA vs. IIIB, ITIIC 32 1.13-4.09 0.016
EMVI- vs. EMVI+ 1.92 1.417-8.85 0.016
LVI— vs. LVI+ 1.34 1.148-1.76 0.049
PNI- vs. PNI+ 0.49 0.27-0.89 0.980
TD— vs. TD+ 2.1 1.9-2.92 0.010
Number of TB, <30 vs. >30 1.9 1.36-3.74 0.002
TB grade, Bd1 vs. Bd2, Bd3 2.28 1.93-4.76 0.001

Abbreviations: LG—low grade, HG—high grade, EMVI—Extramural vascular invasion, LVI—Lymphovascular
invasion, PNI—Perineural invasion, TD—Tumor deposits, TB—Tumor budding.

4. Discussion

TB, as a suspicious morphological manifestation of EMT, represents the local migration
of a small group of dedifferentiated tumor cells (<5 cells) from the edge of the invasive
cancer growth into the surrounding peritumoral stroma. TDs, as the relatively new “N1c”
category [4,5], represent extramural focal clusters of tumor cells located in peritumoral
tissue and could represent a discontinuous pattern of tumor growth [30,36]. Although the
processes by which TB and TDs are formed have not been fully clarified, the consequences
of their presence in tumor tissues, especially in CRC, are well known.

The research from Landau et al. proved that TDs and high-grade TB are the most
important independent predictors of tumor recurrence in stage III CRC [11]. Some other
research has shown that patients with present TDs (N1c) have a lower disease-free survival
rate than patients without TDs, even in the presence of lymph node metastases (N+). It
was also proved that the presence of TDs in patients in stage Il is associated with a higher
incidence of local disease recurrence compared to patients in stage III without proven
TDs [30,33,34].

Our study evaluated and compared the presence of TB and TDs in stage III CRC,
demonstrating the connection between TDs and TB presence, which has not been described
in the literature so far.

The origin of TDs was the subject of numerous studies, and the process by which TDs
are formed is still not fully understood [25-27,29,30,37]. Regarding the definition of TDs,
some additional rules were recently introduced through the TNM-8 classification [5]. Those
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rules exclude the presence of lymph node architecture and the identification of vascular or
neural structures around the TDs, making a clear distinction between TDs and separate
entities, i.e., lymph nodes, LVI, EMVI, and PNI [26,38]. It is considered that TDs do not
arise directly via lymphogenic, capillary, or perineural pathways.

Our research has shown that in stage III CRC, TDs appear more frequently in patients
with higher TB grades. The correlation observed between the presence of TDs, their total
count, and the TB grade may imply that during the initial stages of tumor progression,
the direct dissemination of dedifferentiated budding tumor cells into the surrounding
stroma through EMT mechanisms is more plausible. Conversely, the likelihood of indirect
spread via lymphogenic or perineural routes seems diminished. This suggests a potential
interconnectedness in the developmental trajectory of TB and TDs, indicating that they
could be part of a similar process. Even though statistical correlation does not necessarily
imply a direct pathophysiological connection, it can still provide a foundation for future
research aiming to uncover such associations.

These results could also give additional emphasis on the importance of TB as an
adverse prognostic factor in stage III CRC, since a strong relationship with TDs has been
proven; after many years of attempting to formulate a definition, TDs have now found
their place in the two latest TNM classifications in the “N1c” category.

The deficiencies in the standardization of TB counting have limited its reporting in
routine clinical practice. For this reason, data on the TB prevalence in CRC vary across
different literature sources describing TB prevalence in 20-40% of CRC cases, regardless of
the disease stage [7,11,14]. In our work, we showed that the prevalence of TB in stage III
CRC is as high as 94.4%, which could be partially explained by the advanced stage of the
disease. As we have not come across existing data regarding the prevalence of TB in stage
III CRC thus far, we believe that the prevalence information obtained in our study could
offer valuable insights.

Several systematization methods of an objective presentation of the TB grade have
been published so far [28,39-45]. Our study determined the TB grade according to the
recommendations of the International Tumor Budding Consensus Conference (ITBCC) in
2016, where the bud count was divided into three-tier grades: low-grade Bd1 (0—4 buds),
intermediate-grade Bd2 (5-9 buds), and high-grade Bd3 (>10 buds) [28].

Since its introduction in 2016, TB reporting according to the recommendations from
ITBCC has been incorporated in many international clinical guidelines and protocols,
such as the College of American Pathologists (CAP), the National Comprehensive Cancer
Network (NCCN), and International Collaboration on Cancer Reporting (ICCR) [46—49].

According to the ITBCC statements with the unanimous agreement rate, TB is an
independent predictor of lymph node metastasis in pT1 CRC, an independent predictor of
survival in stage II CRC, and it should be taken into account along with other clinicopatho-
logical features within a multidisciplinary setting [28,50].

At least three different clinical scenarios have been identified where a TB assessment
can offer valuable prognostic information. The most prominent are using TB assessments
in pT1 CRC to influence clinical decisions regarding potential surgical resection versus a
conservative approach, in stage II CRC to serve as one of the high-risk guiding treatments
towards adjuvant chemotherapy, and to evaluate TB in biopsy samples, which may have
significant clinical implications, particularly in the preoperative management of patients
with rectal cancer, where neoadjuvant therapy could be considered [39,51].

As the reporting of TB became more widespread over time, new issues have emerged,
prompting additional clarifications that have been extensively discussed in various sources
in the literature. The importance of TB reporting has been subsequently confirmed through
validation in numerous clinical research studies. Some of the new topics addressed in
research papers following the ITBCC include the reproducibility of TB assessment, the
development of automated algorithms for TB detection using the latest technologies, and
the reevaluation of the ideal cut-off value, whether through a binary classification system or
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a three-tier classification system, for detecting points significantly affecting overall survival
in most of the clinical scenarios [52-58].

In our study, given the relatively small cohort of patients, we established the cut-off
through the receiver operating curve (ROC) analysis, identifying the value of 30 buds as the
cut-off point significantly affecting overall survival. If a more extensive patient selection,
encompassing all disease stages, was considered, the identified cut-off value would likely
be smaller. It might be closer to the number of 10 buds, which is often used in the literature
as an established cut-off value, especially in a two-tier classification system [45,59]

The positive and strong correlation between the diameter of the largest measured TD and
the TB grade is likely attributed to the simultaneous growth period of TDs. It could be possible
that the developmental timeframe during which TDs increase in dimension aligns with the
time when the number of TB, and consequently, the TB grade, undergoes a similar progression.

The lack of a connection between the TB grade and the various TNM stages and
subgroups (IIIA-C) in our study can likely be attributed to the homogeneity of the subjects,
all of whom are in stage III. Additionally, the relatively small sample size might contribute
to the challenge of identifying significant associations.

Considering the relatively small sample size and the fact that all subjects were in
stage III, we nevertheless proved unequivocally that the presence and growing number of
TDs and a higher TB grade were statistically significantly associated with shorter survival,
which has been proven by numerous studies on a larger sample size and including all
disease stages [13,26,29,30,37,40,45,60-63].

Discovering the possible link between TD development and the TB process in CRC
patients could be beneficial for stratifying patients into more precise prognostic groups.
Also, a better understanding of the TD formation could serve as a potential target in future
investigations of novel therapeutic options.

Our study faces several limitations, with the primary constraint being its retrospective
nature and reliance on a relatively small sample size obtained from a single institution. To
enhance the robustness and generalizability of findings, future investigations should prioritize
a multicenter approach for validation, incorporating a significantly larger sample size.

5. Conclusions

TDs appear more often in patients with higher TB grades in stage IIl CRC. The diameter
of the largest TD positively correlates with the total number of tumor buds. A higher TB
grade and a growing number of TDs were statistically significantly associated with shorter
overall survival. These results could give additional emphasis to the importance of TB as
an adverse prognostic factor, since a strong relationship with TDs has been demonstrated.
Further research is needed to focus on multicenter validation with a larger sample size,
comparing the obtained results with other results and also among different TNM stages.
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