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FIELD OF VISION
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Abstract

Colorectal cancer (CRC), the third most commonly di-
agnosed type of cancer in men and women worldwide
is recognized as a complex multi-pathway disease, an
observation sustained by the fact that histologically
identical tumors may have different outcome, including
various response to therapy. Therefore, particularly in
early and intermediate stage (stages II and III, respec-
tively) CRC, there is a compelling need for biomarkers
helpful of selecting patients with aggressive disease
that might benefit from adjuvant and targeted therapy.
Histopathological examination shows that likely other
solid tumors the development and progression of hu-
man CRC is not only determined by genetically abnor-
mal cells, but also by intricate interactions between
malignant cells and the surrounding microenvironment.
This has led to reconsider the features of tumor mi-
croenvironment as potential predictive and prognostic
biomarkers. Among the histopathological biomarkers,
tumor budding (i.e., the presence of individual cells and
small clusters of tumor cells at the tumor invasive front)
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has received much recent attention, particularly in the
setting of CRC. Although its acceptance as a reportable
factor has been held back by a lack of uniformity with
respect to qualitative and quantitative aspects, tumor
budding is now considered as an independent adverse
prognostic factor in CRC that may allow for stratifica-
tion of patients into risk categories more meaningful
than those defined by tumor-node-metastasis staging
alone, and also potentially guide treatment decisions,
especially in T2-T3 NO (stage I1) CRCs.
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INVITED COMMENTARY ON HOT
ARTICLES

We read with great interest the recent article by Lugli
et al'! describing the morphology of “tumor budding”
as a promising histopathological prognostic feature in
colorectal cancer (CRC) and strongly recommend it to
the readers.

Although in certain countries a decline in CRC inci-
dence rate has been registered, attributed to increases in
screening adhesion rates and linked detection and removal
of precancerous polypslz], CRC remains one of the most
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Figure 1 Colorectal cancer at the invasive front shows different growth patterns. Tumor budding denotes the presence of isolated single neoplastic cells or
small clusters of cells scattered in the stromal compartment at the invasive tumor margin (A), although intra-tumoral budding is also reported. Tumor margin organized
in larger tumor cell clusters (B) and a smooth infiltration tumor margin (C). Hematoxylin and eosin stain, objective magnification 20x.

common cancers'. By its frequency, CRC ranks third in
men and women worldwide. Explained as a multi-step
dynamical disease in the last two decades, CRC develops
slowly over several years and progresses through cyto-
logically distinct benign and malignant states, from single
crypt lesions through adenoma, to malignant carcinoma
with the potential for local invasion and distant metasta-
sist™, According to the model of multi-step carcinogene-
sis, adenomatous cells accumulate 2 number of molecular
abnormalities to eventually become fully rna]igqant[(”7]. In
spite of unifying theories, genetic and epigenetic events
during the carcinogenesis process differ considerably
from tumor to tumor. Thus, CRC is not a unique disease;
rather it encompasses different molecular and pathologi-
cal entities with a wide range of clinical behaviors™. At
the molecular level, CRC encloses a complex array of
gene alterations. Essentially, like individual fingerprints,
each tumor atises and behaves in a distinctive fashion that
is unlikely to be fully recapitulated by any other tumor.
Nevertheless, molecular changes allow for a basic catego-
rization of CRC, which is largely acknowledged, although
likely over-simplistic. It has been demonstrated that genet-
ic and epigenetic features, such as microsatellite instability
(MSI), chromosomal instability, CpG island methylator
phenotype or even global DNA hypomethylation, lead to
alterations of gene function on a genome-wide scale. It
is known that activation of oncogenes, including KRAS,
BRAF, TGFBR, PIK3CA and TP53, affects complex in-
tracellular signaling pathways™'". The suppressor pathway
is disrupted in CRC with chromosomal instability occur-
ring in the majority of CRCs (nearly, 85%), which have a
molecular profile characterized by specific chromosomal
amplifications and transformations, aneuploidy, and loss
of heterozygosity®™ ", Differently, CRCs of the mutator
pathway (roughly, 15%) have a defective DNA mismatch
repair (MMR) system, which leads to accumulation of
unrepaired mutations”, and harbor frameshift mutations
in coding mononucleotide repeats of cancer-related genes
(targets) ", Tt is now accepted that MSI CRCs have a het-
erogencous histological appearance, better prognosis due
to a reduced metastatic potential, and a different response
to 5—ﬁuoro—uracyl“2‘l4].
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Histopathology of CRC

Histopathological examination shows that likely other
solid tumors, CRCs are infiltrated by various innate and
adaptive immune cells"" and that in the cancer context,
epithelial cells coexist with different extracellular matrix
components and non-neoplastic cell types, including fi-
broblasts, myofibroblasts, adipocytes, endothelial cells,
pericytes, which collectively form the tumor microenvi-
ronment"”,

It is well known that histopathology reports usu-
ally include various features and including tumor grade,
histological sub-type, state of resection margins and
information on vascular and perineural invasion, but the
tumor-border configuration (i.e., growth pattern) and
especially tumor budding remain rarely described'”. The
term “tumor budding” denotes the presence of isolated
single neoplastic cells or small clusters of cells (conven-
tionally, up to 5 cells) scattered in the stromal compart-
ment at the tumor invasive margin (Figure 12,

Tumor stage as stated by the American Joint Commit-
tee on Cancer/International Union Against Cancer (AJCC
/UICC) tumor-node-metastasis (INM) system is currently
considered as the most robust prognostic criterion for
CRC patients. The inability of the AJCC/UICC staging
system to accurately predict the outcome of individual pa-
tients with stage Il and stage [l CRC might be overcome
by adding morphological, molecular or treatment-related
features, that could stratify patients more accurately into
different risk categories™. Depth local tumor infiltration
(pT), loco-regional lymph-node involvement (N status),
venous and lymphatic invasion, and tumor grade, are cut-
rently recognized as the main histopathological character-
istics associated with worse patient outcome.

Tumor budding and CRC

Tumor budding first introduced by Jass ez al*, as a reliable
histopathological hallmark to estimate the aggressiveness
of rectal cancer, was initially shown to have a superior
prognostic value when compared to other histopathologi-
cal characteristics, including tumor differentiation and
venous invasion. Tumor grading based on the nature of
the advancing tumor margins, which in the scoring sys-
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tem proposed by Giger e al’ divided rectal tumors into
expanding type and infiltrating type, obtained wide accep-
tance among surgical pathologists worldwide. Although
subsequent studies revealed a scatrce reproducibility of
Jass scoring system, several authors highlighted the po-
tential role of tumor budding as a valid prognosticator
also in tumors other than CRC, including lung cancer™"
P71 and oesophageal
and gastro-oesophageal junction cancers™. In CRC, tu-

invasive ampullary adenocarcinomas

mor budding is considered as a stage II B prognostic fac-
tor, and strictly associated with lymph-node metastasis'".
It has been shown that the presence of “buds” at the
tumor invasive front represents an independent predictor
of lymph node metastasis in patients with sub-mucosal
invasive or early pT1 CRCs™. It has also been suggested
that the frequency of tumor budding increases with more
advanced TNM stagem.

Tumor budding is virtually absent in MMR-deficient
cancers”™". MST CRCs have significantly more pro-
nounced tumor infiltrating lymphocytes (i.e., CD3" or
CDS8" cells), peritumoral lymphocytes inflammation, and
bundling edge (i.c., the ability of cells to adhere and to
migrate) compared with microsatellite-stable CRCs, all
factors contributing to the absence of tumor budding in

MSI CRCs.

Tumor budding and the epithelial-mesenchymal transition
A parallel between tumor budding and the epithelial to
mesenchymal transition (EMT) has also been recently
proposed. This (potentially reversible) process thought
to occur physiologically during embryological develop-
ment (EMT subtype I ), has been also associated with
wound healing, tissue regeneration, organ fibrosis (EMT
subtype II), and tumor invasion (EMT subtype II).
Cells in EMT loss their epithelial phenotype (i.e., lack of
E-Cadherin and cell polarity, expression of transcription
factors including the zinc finger proteins SNAIL and
SLUG, TWIST, ZEB 1/2 and SMAD) and dynamically
acquire a mesenchymal phenotype (i.e., taking on a spin-
dle-like, fusiform morphology, become motile, and start
expressing mesenchymal markers including N-cadherin,
fibronectin and vimentin)*?. While the mechanisms
promoting distant metastasis are extremely wide and still
under intense investigation, the presence of EMT fea-
tures in cells of the tumor microenvironment has been
associated with an increased metastatic potential[3z’33].

Assessing the tumor budding in colorectal cancer tissues
Rapidly growing insights into the cell biology of CRC
and the recent developments of high-throughput tech-
nologies, gene sequencing and molecular diagnostics have
led to practicable expectations for the identification of
molecular biomarkers to be used in optimized and tai-
lored treatment regiments. However, histopathological in-
terpretation of CRC tissues remains the gold standard for
cancer diagnosis. Tissue specimens, consisting of differ-
ent cell types related to each other in complex spatial pat-
terns, are important resources for both primary research
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efforts and validation of biological findings that are made
in laboratory”™. Working with human tissues poses sev-
eral challenges to investigators, including: (1) tissue sam-
pling (i.e., appropriate processing, histological variability,
tissue heterogeneity with different areas of cancer, ne-
crosis, inflammation and natural tissue); (2) selection of
the proper preservation technique (i.e., maintenance of
tissue morphology and molecular profile); (3) tissue com-
plexity (i.e., requirement of an accurate histopathological
interpretation); and (4) not least ethical and legal rules.
However, an approach that integrates histopathology and
molecular biology within a unique translational system
is a mandatory strategy to pursue a better understanding
of cancer. Such an effort can be achieved only through
a more cffective incorporation of pathology into clinical
research, and conversely by integrating biological research
into the pathological assessment, likely through efficient
networks of translational researchers joining their data.

The morphology of the tumor invasive front has
come into the focus of scientific studies because it ap-
pears to be intimately linked to cancer aggressiveness.
Despite the established prognostic relevance of tumor
budding in CRC, the reproducibility of actual methods
proposed for its assessment, however, remains unstan-
dardized, limiting its application in routine pathology
practice™. Diagnostic reproducibility is a prerequisite
for the validation of a diagnostic test and is crucial for
patient care. Tumor budding promises to be a histo-
pathological prognostic factor in CRC, and although the
level of agreement needs to be improved and further
investigations are compulsory to confirm any associa-
tion between the rates of tumor budding detection and
clinical outcome, its evaluation can be improved first by
an appropriate physician training. In addition, the use of
immunohistochemistry (IHC) highlights budding cells
by pan-cytokeratin antibodies leading to a significant
increase of tumor budding-positive cases. Single tumor
cells can be more accurately detected by immunological
techniques than standard hematoxylin and eosin staining,
even when they appear at the tumor boundary showing
glandular disruption. Under these circumstances, dissoci-
ated tumor cells should not be interpreted as budding to
avoid biasing tumor budding evaluation™,

As tumor budding has been shown as an independent
prognostic factor in CRC, particularly in node-negative
disease, its assessment has the potential to increase prog-
nostic accuracy and influence treatment algorithms. When
examined carefully, the majority of CRCs display some
degree of budding; hence, attempts have been made at
developing scoring systems to identify a prognostically
significant degree of budding, commonly termed “high-
grade” budding. Definitions of high-grade budding, how-
ever, vary substantially among different observers and
even among different studies by the same observers® .

Final remarks
Consensus criteria for its evaluation must be better estab-
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lished, to guide further research in this area and to pro-
vide the practicing pathologist with reporting guidelines.
With respect to setting these criteria, studies focusing on
budding should be designed to define objective cut-off
for meaningful tumor budding, In mathematical terms,
also tumor budding is a continuous variable; thus, a cut-
off threshold should be less arbitrary as possible, and an
attempt should be made to identify the budding threshold
that results into relevant predictive information. Along
this line, pathologist reporting on tumor budding should
provide detailed information regarding the qualitative and
quantitative criteria used to evaluate budding in order to
allow for meaningful comparisons among different stud-
ies. Finally, the role of IHC in the evaluation of budding
needs to be clarified. Although it might be impractical to
perform IHC on all CRCs, there may be certain cases (i.e.,
in the context of a remarkable inflammatory reaction at
the tumor invasive front), where it may reveal buds that
are dubious when observed in standard hematoxylin and
eosin stained histological sections.

It is indubitable that the substantial impediment to
the adoption of tumor budding as a routinely reportable
feature is the lack of a well defined, standardized and
quantitative assessment. At any event, due to the forceful
evidence that tumor budding is one of the most promis-
ing prognostic factors actually available, it is incumbent on
the scientific community participating to the identification
of CRC prognostic factors to move promptly to address-
ing it and removing the obstacles to its routine reporting
and comparison with other predictive factors.
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