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Abstract

Tumor budding is a long-established independent adverse prognostic marker in colorectal cancer, yet methods for its assessment
have varied widely. In an effort to standardize its reporting, a group of experts met in Bern, Switzerland, in 2016 to reach
consensus on a single, international, evidence-based method for tumor budding assessment and reporting (International Tumor
Budding Consensus Conference [ITBCC]). Tumor budding assessment using the ITBCC criteria has been validated in large
cohorts of cancer patients and incorporated into several international colorectal cancer pathology and clinical guidelines. With the
wider reporting of tumor budding, new issues have emerged that require further clarification. To better inform researchers and
health-care professionals on these issues, an international group of experts in gastrointestinal pathology participated in a modified
Delphi process to generate consensus and highlight areas requiring further research. This effort serves to re-affirm the importance
of tumor budding in colorectal cancer and support its continued use in routine clinical practice.
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Introduction invasive front, has captured the interest of pathologists, clini-

cians, and researchers since it was first described in the 1950s
The phenomenon of tumor budding (TB), defined as single  [1]. A large body of evidence has since firmly established TB
cells and isolated cells clusters up to 4 cells at the tumor  as a strong and independent predictor of lymph node
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metastasis (LNM), disease recurrence, and cancer-related
death in patients with colorectal cancer (CRC) [2]. Despite
wide variation in the criteria, methods, and reporting systems
for the assessment of TB across different studies, TB has
proved a remarkably consistent predictor of adverse outcome
in CRC. However, until recently, the absence of a standard-
ized scoring system made it difficult to implement TB in rou-
tine pathology practice. This prompted a group of internation-
al experts to meet in Bern, Switzerland, in 2016 to host the
International Tumor Budding Consensus Conference
(ITBCC) to reach consensus on a single, evidence-based
method for TB assessment and reporting in CRC [3]. Since
the publication of the ITBCC consensus recommendations in
2017, TB has been incorporated as an additional prognostic
factor in the World Health Organization Classification of
Tumors (2019), the Tumor, Nodes, Metastasis (TNM)
staging system, and included in the reporting guidelines
and protocols of the College of American Pathologists
(CAP) [4], the National Comprehensive Cancer Network
(NCCN) [5], and the International Collaboration on
Cancer Reporting [6]. The ITBCC recommendations
have since been validated in several large cohorts of
colorectal cancer and a prospective multi-center clinical
trial [7—12]. With the wider application of TB in both
the research setting and clinical practice, several issues
have emerged which require further clarification. Some
relate to aspects of TB assessment, risk stratification
based on TB in different clinical scenarios, and the re-
lationship of TB to other biomarkers at the invasive
front. Since the ITBCC recommendations were not
intended to be an end point, but rather a foundation
for further research, refinement, and periodic review,
its members organized a modified Delphi consensus
process. The aim of this effort was to reach consensus
on a number of emerging issues, ongoing challenges,
and areas in need of further research.

Material and methods

A group of 27 international pathologists with expertise
in colorectal cancer pathology were invited to partici-
pate in the Delphi consensus survey. A total of 14 ex-
perts agreed to participate. The format of the consensus
process is outlined in Fig. 1. The survey implemented
an adapted version of the original Delphi method [13],
which is designed to achieve consensus among a group
of experts using a series of surveys. Based on a review
of the TB literature (Supplementary Data Figure 1), two
independent non-voting moderators (LN and A.L) gen-
erated the Round 1 questionnaire consisting of a series
of general questions and consensus statements. Rather
than using open-ended questions in the first round, as
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analysis

23 statements with a consensus
4 statements without a consensus

Fig. 1 Modified Delphi consensus format. The survey consisted of 3
rounds and an in-person meeting. A total of 23 statements achieved a
consensus and 4 statements did not

has been done in other studies, general questions and
agree/disagree statements were used. The general ques-
tions related to the implementation of TB by patholo-
gists, the awareness of TB among clinicians, and the
application of TB in clinical decision-making at the ex-
perts’ institutions.

The consensus statements solicited the experts’ opin-
ions regarding the assessment and reporting of TB, its
clinical application (particularly in malignant colorectal
polyps (pT1) and stage II CRC), and its relationship to
other biomarkers at the invasive front. The moderators
disseminated the questionnaire to the participants using
SurveyMonkey on August 7, 2019. Participants were
able to provide commentary on questions to support
their responses or express a particular opinion.
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Participants were also able to state “no opinion” on
consensus statements. Individual votes were
anonymized, and a consensus was considered achieved
when >70% of participants either agreed/strongly agreed
or disagreed/strongly disagreed with the statement. After
the results of Round 1 were gathered, the moderators
reviewed the results. Statements which did not achieve
consensus (Supplementary Data Table 1) were later re-
formulated and used by the moderators to generate new
consensus statements for the next round of questioning.

An in-person meeting with the participants of the
survey took place in Nice, France, on September 10,
2019. Prior to the meeting, an e-book containing all
relevant TB studies published since ITBCC 2016
(Supplementary Data Figure 1) was circulated to the
participants to ensure that all were familiar with new
evidence related to TB in CRC. Participants were asked
to review the e-book prior to the meeting. At the meet-
ing, the results of the first round of the survey were
presented by the moderators, and all questions and
statements were then opened to discussion and debate
among participants. Opinions expressed during this dis-
cussion as well as the statements not achieving consen-
sus (Supplementary Data Table 1) were later used by
the moderators to formulate new consensus statements
for the next round of questioning. The moderators gen-
erated the statements for Round 2 and disseminated
them on December 19, 2019. The statements which
did not achieve consensus (Supplementary Data
Table 2) and corresponding commentary for Round 2
were used to generate new consensus statements for
the next round. This yielded a final series of 10 con-
sensus statements for Round 3 which were sent out on
February 3, 2020. A final consensus analysis was con-
ducted and incorporated all consensus statements
achieving consensus as well as statements which could
not achieve consensus by Round 3 (11 from Round 1, 6
from Round 2, and 10 from Round 3).

Malignant Polyps (pT1)

I. 1 use tumor budding scoring in daily clinical practice.

II. Tumor budding scoring is included in the national guidelines.
IIl. My clinicians are aware of the relevance of budding.

IV. My clinicians are making decisions based on tumor budding.

Results

All 14 experts who agreed to participate in the study
completed all three rounds of the Delphi consensus pro-
cess. The results are depicted in a flowchart outlining
the survey process (Fig. 1). A total of 23 statements
reached a consensus, while 4 did not.

General

In the first round, participants received a series of 8
general questions regarding the implementation, clini-
cian awareness, and clinical use of TB in their clinical
practice (Fig. 2). Eighty-five percent of participants in-
dicated that they routinely report TB in both pT1 and
stage II CRC, while 64% and 43% indicated that scor-
ing of TB was included in their national guidelines for
pT1 and stage II CRC, respectively (I, V, II, VI).
Seventy-nine and 64 percent indicated that their clini-
cians are aware of the relevance of TB in pT1 and stage
II CRCs, respectively (III, VII), while 50% and 15%
indicated that TB is taken into account in clinical
decision-making for pT1 and stage II CRCs, respective-
ly Vv, VIII).

Consensus statements

The final consensus statements are listed graphically to depict
consensus and levels of agreement among experts with corre-
sponding no opinion votes per statement (Fig. 3).

Definition and assessment

There was consensus that the definition of TB and its
method of assessment and scoring as recommended by
the ITBCC remains useful and should be retained and
that there was no new evidence to support modifying
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Stage Il Colorectal Carcinoma -100%
V. | use tumor budding scoring in daily clinical practice.

VI. Tumor budding scoring is included in the national guidelines.
VII. My clinicians are aware of the relevance of budding.

VIII. My clinicians are making decisions based on tumor budding.
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Fig. 2 General questions. Responses to questions regarding the usage and awareness of tumor budding in the experts’ clinical setting
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this definition (#1, #8, Box 1, Fig. 4). There is also an
agreement that using digital pathology algorithms may
help with the implementation of tumor budding within
the clinical workflow (#6).

Box 1 | TB scoring guidelines based on ITBCC 2016

- A hematoxylin and eosin (H&E) slide with the
greatest degree of budding is selected.

- Ten individual fields at 10x are scanned to
determine the TB hotspot.

- Once a hotspot is selected, the number of buds is
counted in a single 20x field of view.

- The number of buds is divided by a normalization
factor based on the eyepiece field number to
achieve a tumor bud count per 0.785mm?.

- A TB score given as: Bd1 (low, 0-4 buds)
Bd2 (intermediate, 5-9 buds)
Bd3 (high, 2 10 buds)

Several questions addressed challenges related to TB assess-
ment in areas with substantial inflammation which can result
in tumor fragmentation mimicking TB or can obscure true TB.
Ninety three percent of participants agreed that TB counting
should be avoided in areas of tumor/glandular fragmentation
caused by heavy inflammation (#2). Seventy-nine percent
supported the term “pseudobudding” (defined as individual
cells or small groups of cells resulting from fragmentation of
glands secondary to inflammation) to describe this phenome-
non, which likely differs biologically from TB (#5) (Fig. 5).
Seventy-nine percent indicated that inflammation often hin-
ders their assessment of TB on H&E (#7), while 71% indicat-
ed that they use pan-cytokeratin immunohistochemistry (IHC)
in this setting to better visualize TB (#9), with final bud
counting performed on H&E.

Clinical scenarios
(1) Malignant colorectal polyps (pT1)
With regard to TB in pT1 CRC, there was unanimous

(100%) agreement that clinicians should be aware of its
relevance and that TB should be included in national
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Fig. 3 Consensus statements. Results of Delphi study after final P>
consensus analysis. Each statement has a corresponding bar graph
where the level of agreement/disagreement (%) is depicted. Statements
are ranked within each subcategory from greatest to least degree of con-
sensus. No opinion (N/A) votes are votes considered neither agree nor
disagree for all corresponding consensus statements. All experts were
able to vote “no opinion” on each statement. *Statements which did not
achieve consensus

guidelines (#12, #13). Ninety-three percent felt that TB
should be routinely scored and that clinicians should take
TB into account in clinical decision-making after local
resection of pT1 CRC (#14, #15). If TB (Bd2/Bd3) was
the only risk factor present, the need for additional surgi-
cal resection should be discussed in a multidisciplinary
meeting in which additional clinical factors should also
be considered (#16). Experts agreed that when low TB
(Bd1) is observed in pT1 CRC cases with no other risk
factors present, surgical resection is not advised as the
risk of LNM is considered very low (#17).

(2) Stage II colorectal carcinoma

With regard to TB in stage II CRC, there was strong con-
sensus that TB should be routinely scored and that clinicians
should be aware of its relevance (93% agreement) (#21, #20),
while 79% agreed that TB should be included in nation-
al guidelines (#22). Seventy-nine percent of participants
also agreed that if TB were the only risk factor in stage
IT CRC, then this should be considered a high-risk stage
I CRC (#23). Participants did not reach consensus on
whether clinicians should make decisions based solely
on TB in stage II CRC (#24).

Poorly differentiated clusters (PDCs)

PDC:s are clusters of cancer cells in the stroma composed of
five or more cells and which lack a glandular structure [14].
There was consensus that TB and PDC are different and
should not be combined within one definition (in keep-
ing with ITBCC recommendations) (#25). There was
also consensus that TB may arise from the main tumor
mass and/or PDCs (#26).

Discussion

This survey, using a modified Delphi process and a panel of
14 experts in gastrointestinal pathology, was undertaken to
evaluate new evidence related to TB, establish consensus on
best practice, and identify areas in need of future research. The
survey effectively generated consensus on several aspects of
TB, the most important of which are discussed below.
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Definition and Assessment
1. The tumor budding definition is useful. (N/A = 0) : |:

2. Due to the lack of evidence about the importance of psuedobudding
(fragmented glands), budding counting in this area should be avoided. (N/A = 0)

.l only use tumor budding to confirm my gut feeling. (N/A=2) —

4. To determine the budding score, the criteria should be different
for H&E and immunohistochemistry. (N/A=1) .

w

,u

(%

. Pseudobudding is defined as small groups of cells (max 4) that occur
due to gland disruption (mechanical cause) in contrast to budding
that occurs due to the intrinsic capacity of tumor cells. (N/A = 3)

:

6. Digital pathology with algorithms to detect tumor budding will
help implementation of tumor budding. (N/A=2)

7. Inflammation often hampers my judgement of tumor budding. (N/A = 1) ! |

8. The tumor budding definition should be modified or adapted. (N/A = 2) [ |

H . Strongly
. . . . . : Agree
9. In case of inflammation, | use cytokeratin stains to determine the ' .
presence of tumor budding. (N/A=1) : - [ Agree
10. We need more evidence to eventually incorporate o : [ pisagree
immunohistochemistry to score tumor budding.* (N/A=1) : : Strongly
N . . Disagree
11. BD2 can be considered either part of low grade budding . 0 =
(stage Il CRC) or high grade budding (pT1 CRC).* (N/A=4) :
-100 -90 -80 -70 -60 -50 -40 -30 -20 -10 10 20 30 40 50 60 70 80 90 100
pT1 h

12. My clinicians should be aware of the relevance of budding. (N/A=0)

B R

13. Tumor budding scoring should be included in the national guidelines. (N/A = 0)
14. Tumor budding scoring should be used in daily practice. (N/A=1)

15. My clinicians should make decisions based on tumor budding. (N/A=1)

i

16. When tumor budding is the only risk factor in pT1 CRC after local
excision (BD2/BD3) the need for additional surgical resection needs '
to be discussed in a multidisciplinary meeting and additional clinical :
factors should be considered for further decision making. (N/A=0) '

17. In case of a BD1 CRC and no other risk factors, | advice against
surgical resection, since the risk of lymph node metastasis is low. (N/A=1)

|

18. In pT1 CRC the interobserver variability is lower than in resection :
specimens since there are fewer fields to select the hotspot for :
the budding count. (N/A=0)

19. | feel confident in making the distinction between BD2 and BD3. (N/A = 0) ' [

|

-100 -90 -80 -70 -60 -50 -40 -30 -20 -10 10 20 30 40 50 60 70 80 90 100

Stage Il '

20. My clinicians should be aware of the relevance of budding. (N/A =0) :
21. Tumor budding scoring should be used in daily practice. (N/A=0)

22. Tumor budding scoring should be included in the national guidelines. (N/A=2)

I

23. In case that tumor budding is the only risk factor in stage Il CRC
(BD3), I would consider this CRC case as high risk. (N/A =2) '

24. My clinicians should make decisions based on tumor budding.* (N/A = 3) ]

-100 -90 -80 -70 -60 -50 -40 -30 -20 -10 10 20 30 40 50 60 70 80 90 100

PDCs :

25. Given the biological differences between tumor budding and PDC,
these factors should not be combined within one definition. (N/A=2)

O
[

{

26. Tumor buds may arise from the main tumor mass and/or PDC. (N/A = 1)

27. Based on the definition, tumor budding (1-4 cells) and PDCs (5-20 cells)

may be biologically different, for according to the literature the
protein expression of a cluster of two cells may highly differ from :
that of a cluster of 18 cells (i.e. E-Cadherin, MMP, Ki67 etc).* (N/A=5) :

-100 -90 -80 -70 -60 -50 -40 -30 -20 -10 10 20 30 40 50 60 70 80 90 100

Threshold Threshold
for consensus Level Of Agreement (%) for consensus
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Fig. 4 Tumor budding scores.
Examples of different tumor
budding scores (hotspot, 0.785
mm?) at the invasive front of
colorectal cancer based on the
ITBCC 2016. a Bd1 (low), b Bd2
(intermediate), ¢ Bd3 (high). Each
case was re-stained with pan-
cytokeratin (AE1/AE3), and the
same region is depicted on the
right. Arrows indicate tumor
budding. Scale bar = 125 um

There was strong consensus that TB scoring based on the
ITBCC recommendations remains effective and should be
used in daily practice for malignant colorectal polyps (pT1)
and stage II CRC. This was underpinned by several large
published studies validating the ITBCC recommendations
[7-12] and the absence of any new evidence suggesting the
need for their modification.

There was consensus that heavy inflammation at the inva-
sive front often poses challenges in TB assessment. These
challenges may be a consequence of tumor fragmentation by
inflammatory cells resulting in detached tumor cells that may
be mistaken for TB (“pseudobudding”) or due to inflammato-
ry cells obscuring or mimicking TB. There was agreement that
the term “pseudobudding” should apply to small groups of

@ Springer

cells (maximum 4) that occur due to external influences such
as inflammation and mechanical causes such as cutting arti-
facts. From a practical perspective, true tumor buds infiltrate
the peritumoral stroma, while pseudobuds are typically
surrounded by a mix of inflammatory cells, lack overt stromal
infiltration, and tend to be limited to the immediate vicinity of
fragmented glands/tumor nests (often following their original
contours). Their biology likely differs from that of true TB
since they are assumed to result from a reactive rather than
active process; moreover, the heavy inflammation that pro-
duces pseudobudding is a feature generally associated with
favorable outcomes. For these reasons, there was broad con-
sensus that TB counting should be avoided in areas showing
pseudobudding. Further studies need to be conducted to
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w0 CR ¢

Fig. 5 Pseudobudding. Example of a region (0.785 mm?) at the invasive
margin with gland rupture and suspected pseudobudding. The slide was
re-stained with pan-cytokeratin (AE1/AE3), and the same region is
depicted on the right. Arrows indicate pseudobudding. Scale bar = 125
pm

provide molecular evidence for the distinction between tumor
budding and psuedobudding.

It is worth noting that pan-cytokeratin IHC can be misleading
in the context of pseudobudding, since individual keratin positive
cells can be mistaken for TB when viewed without morphologic
context. Therefore, keratin stains are probably best avoided when
the H&E features suggest pseudobudding. A recent study sug-
gests that cancer gland rupture may be linked to LNM in pT1
CRC [15], but this remains to be confirmed by other groups.
Until the relationship between gland rupture, TB, and LNM is
better understood, pseudobudding should be excluded from the
TB assessment. Finally, heavy inflammatory infiltrates may
sometimes obscure TB, while reactive inflammatory and stromal
cells can be difficult to distinguish from TB. In this setting, pan-
cytokeratin THC can be very helpful to better visualize TB, al-
though the final bud count should be performed on H&E. Most
participants indicated that they use pan-cytokeratin IHC in this
scenario to aid visualization of TB.

The role of IHC alone in TB scoring remains controversial,
with most participants indicating that more evidence is re-
quired before this can be considered routine practice. There
was consensus that criteria for TB scoring based on IHC
would need to differ from those based on H&E [16] since
higher thresholds must be reached before TB assessed by
H&E assumes prognostic significance [17, 18]. In addition,
risk stratification does not appear to be improved with the use
of IHC [16]. Some studies have shown improved reproduc-
ibility in TB scoring with IHC compared to H&E [19, 20],
while others have not [21, 22]. While pan-cytokeratin IHC
increases the sensitivity of TB detection, it is also associated
with its own unique challenges. In particular, the nuclei of
tumor buds are not always clearly visualized on IHC. This
can be problematic if the presence of a nucleus is used as a
minimum criterion for a tumor bud, as proposed in some stud-
ies [16]. Moreover, pseudobudding produced by
inflammation-induced fragmentation, mechanical causes, or
treatment may be difficult to distinguish from true TB on
IHC stains alone since these may not capture the morphologic
context. These challenges might explain the only moderate
interobserver agreement reported among expert gastroin-
testinal pathologists at the individual tumor bud level,
which was no better for pan-cytokeratin than for H&E
[16]. Overall, most studies have shown TB scoring
assessed with either IHC or H&E to be in the moderate
or substantial range [21, 23-26], although this may be
lower among non-subspecialist GI pathologists [27].

With regard to locally resected pT1 cancers, there was
strong consensus that TB scoring should be routinely per-
formed in practice, incorporated in national guidelines, and
be factored into clinical decision-making. This is supported
by strong evidence establishing intermediate and high TB
(Bd2/Bd3) as independent predictors of LNM in pT1 CRC
[28-30]. There was also consensus that locally resected pT1
cancers, in which intermediate or high TB was the only high-
risk feature, should be discussed in a multidisciplinary meet-
ing. In such cases, the decision regarding the need for surgical
resection should take into account clinical factors, including
operative risk and comorbidities, in order to balance the
risks of over- and under-treatment. In pT1 cancers with-
out TB (Bdl) or any other adverse risk factors, the risk
of LNM is very low, and endoscopic resection is gen-
erally considered sufficient [31].

With regard to stage II CRC, there was consensus that TB
scoring should be performed in daily practice, that TB should
be included in national guidelines, and that clinicians be aware
of its presence. There was also consensus that CRC with high
TB (Bd3) should be considered at high risk for subsequent
recurrence. This reflects strong evidence that high TB (Bd3)
is an independent predictor of recurrence and mortality in
stage IT CRC [24, 32-36]. Consensus was not reached on
whether clinical decisions should be made on the basis of
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TB alone in this setting. Adjuvant chemotherapy is currently
not recommended for stage II CRC without high-risk features
since the absolute benefits have been shown to be very small
[37]. However, most oncology guidelines recommend that
adjuvant chemotherapy be considered with high-risk stage II
CRC [38]. Data from QUASAR [37] and SACURA [12] trials
confirm the adverse prognostic value of TB in large cohorts of
stage II CRC and suggest adjuvant chemotherapy may be
beneficial in such patients. However, further prospective clin-
ical trials are needed to confirm the benefit of adjuvant che-
motherapy in stage II CRC with high TB.

The significance of the Bd2 category in the 3-tiered ITBCC
scoring system is a potential source of confusion and may
require some clarification. The Bd2 category assumes differ-
ing prognostic significance depending on the clinical scenario
(i.e., pT1 or stage Il CRC). Given the strong evidence that 5 or
more tumor buds in a 0.785mm? field is an independent pre-
dictor of LNM in pT1 CRC, Bd2 is considered a “high risk” in
this setting. In contrast, in stage II CRC, the most significant
risk for recurrence and mortality is seen when TB counts reach
10 or more (i.e., Bd3). As such, the Bd2 category is not con-
sidered a “high-risk” category in stage II CRC. Most partici-
pants (64%) agreed with the statement that “Bd2 can be con-
sidered either part of low TB (Stage I CRC) or high TB (pT1
CRC),” while 29% expressed “no opinion” and 7% disagreed.
The lack of consensus on this statement may reflect the fact
that Bd2, while not “high risk™ in stage II, is not strictly “low
risk” either, since the risk is intermediate between Bd1 and
Bd3. However, for practical purposes, in pT1 CRC, Bd2
should be considered a risk factor for LNM, while in stage II
CRC, Bd2 is not considered a high-risk feature.

TB shares several features in common with poorly differ-
entiated clusters (PDC) from which they are distinguished by
an arbitrary numerical cut-off (PDCs are defined as clusters of
5 or more tumor cells lacking glandular structure). PDCs have
gained increasing recognition as an invasive front prognostic
marker in CRC [39]. It has been suggested that PDC and TB
may be part of a biologic continuum and reflect different
stages of cancer cell invasion (#26). Although some studies
have shown PDCs and TB to share biological similarities [40,
41], their relationship requires further investigation. There
was consensus that, until more evidence regarding their un-
derlying biology is available, TB and PDCs are best consid-
ered different and evaluated separately. It was acknowledged,
however, that TB may arise from PDCs in addition to the main
tumor mass.

Automated detection algorithms for TB, applied to either
H&E- or ITHC-stained sections, could prove effective in ad-
vancing our knowledge of TB and incorporating TB into rou-
tine clinical practice. Examples of these algorithms for TB in
IHC have begun to emerge [42], yet there is still a need for a
reliable algorithm that can automatically detect TB on H&E.
There are several ways in which the digital interpretation of
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TB could help pathologists, such as detecting TB across an
entire tissue slide, identifying hotspot areas, and potentially
providing a TB score automatically. This will not come with-
out its share of challenges but may serve to improve the effi-
ciency, accuracy, and reproducibility of TB scoring which are
all barriers to widespread implementation currently. In the
research setting, digital interpretation of TB can help provide
insight into how peritumoral budding, which is TB at the
invasive margin, compares with intratumoral budding, which
is TB within the tumor bulk [43]. How TB compares to PDCs
prognostically, how current scoring cut-offs are set, and more
dynamic scoring systems, such as continuous scaling method
or scoring within multiple hotspots, can also be explored.
Lastly, a number of unresolved issues related to TB have been
identified which require further research (Box 2). In conclusion,
the standardized assessment and scoring system for TB
established by the ITBCC 2016 have been incorporated into a
number of international CRC guidelines and validated in large
cohorts of CRC patients. We used a modified Delphi survey and
in-person meeting to evaluate new evidence, generate consensus
on a number of issues related to TB in CRC, and highlight areas
in need of further research. This process has re-affirmed the
importance of TB in CRC and supports its continued use in
routine clinical practice. New technologies such as automated
detection algorithms will be critical to improving the way TB
assessment is conducted and implemented in clinical practice.

Box 2 | Important topics requiring further research

- TB assessment in the post-neoadjuvant setting.

- Role of IHC in TB assessment (parallel IHC-based scoring
systems).

- Value of high TB (Bd3) in predicting response to adjuvant
chemotherapy in stage Il CRC.

- Biologic relationship between TB and PDCs.
- Impact of pseudobudding in the context of gland rupture.

- Educational initiatives on the accuracy and
reproducibility of TB assessment.

- Robust automated detection of TB in HE and IHC.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00428-021-03059-9.
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