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Abstract
Intestinal-type adenocarcinoma (ITAC) of sinonasal tract is a rare malignant tumor with strong morphological,
immunophenotypical, and molecular similarities to colorectal adenocarcinoma (CRC). Tumor budding (TB) is a well-
established adverse prognostic marker in CRC and some head and neck tumors, with features of epithelial-mesenchymal
transition (EMT). The aim of this study was to assess TB in ITAC and to evaluate its possible association with EMT markers
in this setting. We selected 32 surgically resected specimens of non-mucinous/non-signet ring ITAC and evaluated them for TB
according to the international recommendations developed for CRC. The expression of the EMT markers E-cadherin, ZEB1,
ZEB2, SLUG, and SNAIL was evaluated by immunohistochemistry (IHC). Results were stratified using clinical and follow-up
data (2/32 patients hadmetastatic disease and 4/32 died of disease).We observed TB in 13/32 (40.6%) ITAC cases including the 7
patients with relapse (p = 0.0005) and the 4 patients dead of disease (p = 0.02). Lymphovascular invasion was associated with TB
(p = 0.008). Absence of TB was associated with low ZEB2 expression (p = 0.003). No other association with EMT markers
emerged. Occupational exposure to wood and leather dust was not related to the presence of TB. TB interobserver concordance
was substantial (proportion of agreement = 87%; Cohen’s kappa = 0.73). This work suggests that TB is associated with a worse
prognosis in ITAC, but our findings do not seem to support the involvement of EMT in this specific setting. Further larger studies
are needed to address this point.
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Introduction

Intestinal-type adenocarcinoma (ITAC) of the sinonasal tract
is an uncommon neoplasm with an incidence of less than 1

case/100,000/year, variation depending on the examined pop-
ulation [1, 2]. Men are more affected than women, due to the
occupational exposure to well-known etiological factors such
as wood and leather dust, and other chemical agents, which
increase the risk of hundreds of times than in non-exposed
population [2, 3]. ITAC resembles colorectal adenocarcinoma
(CRC) morphologically, immunophenotypically, and in part
molecularly [1, 4, 5].

Tumor budding (TB) is a morphological feature, associated
to adverse prognosis in many tumor types [6–8] and most of
the experience with TB is derived from studies in gastrointes-
tinal tract [7, 9–13]. In CRC, TB is usually associated with
high tumor grade; advanced stage, lymphovascular invasion
(LVI); nodal and distant metastasis; locoregional and distant
recurrence; and worse overall, disease-free and recurrence-
free survival [9–12]. The prognostic value of TB is conserved
independently from the method applied for its assessment [10,
11, 13]. In CRC, the International Tumor Budding Consensus
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Conference (ITBCC) proposed a definition of TB, along with
an assessment and scoring method [14], which has been re-
cently validated [15]. This agreement is essential to compare
study results and implement TB assessment in routine diag-
nostics [15]. In head and neck region, TB is an adverse prog-
nostic marker in oral [16], tongue [17], nasopharyngeal [18],
hypopharyngeal [19], laryngeal [20], and cutaneous [21]
squamous cell carcinoma (SCC), but several definitions of
TB have been applied [8].

Epithelial-mesenchymal transition (EMT) is the reversible
biologic process that allows epithelial polarized cells to under-
go multiple changes, which result in mesenchymal cell phe-
notype. During this process, epithelial cells lose their polarity
and cell-cell adhesion, and gain migratory and invasive prop-
erties, resistance to anoikis/apoptosis [22, 23], and increase
production of extracellular matrix component [24]. EMT is
involved in development, wound healing (inflammation and
fibrosis), and cancer progression and metastases [24]. Given
the above mentioned properties, it is reasonable that TBmight
present complete or partial EMT [9, 25], as reported in CRC
[13, 26], oral SCC [16], and many others [7, 27].

The aim of this retrospective study was to assess TB and to
explore its role as a clinicopathologic prognosticator in a se-
ries of ITAC and evaluate its possible association with EMT
markers.

Materials and methods

Patients and specimen characteristics

This study was carried out on the formalin-fixed and paraffin-
embedded (FFPE) specimens of ITAC (diagnosed between
January 2007 and October 2018), retrieved from the archives
of the Surgical Pathology and Cytopathology Unit of the
University of Padova with the following inclusion criteria:
surgically resected samples, CDX2 and CK20 positive
ITAC, availability of exposure settings, and follow-up data.
Exclusion criteria: bioptic material, and pure mucinous or sig-
net ring cell morphology. From our previously published co-
hort of ITAC [28], 32 patients resulted eligible. All the cases
have been reviewed and diagnosis confirmed by two pathol-
ogists (VM and RC), following the 4th World Health

Organization Classification of Head and Neck Tumors [1].
Moreover, both Barnes and Kleinsasser and Schroeder mor-
phological classifications were applied [29, 30]. The study
was performed according to the 1964 Helsinki declaration
and its later amendments; it also adheres to the REporting
recommendations for tumor MARKer prognostic studies
(REMARK) guidelines [31].

Tumor budding evaluation

We applied the ITBCC recommendations developed for CRC,
which define tumor budding (TB) as single cells or cell clus-
ters of up to four tumor cells at the invasive front of the tumor
(peritumoral TB) or within the tumor mass (intratumoral TB),
counted on hematoxylin and eosin–stained (H&E) slides [14,
15]. For this purpose, all H&E slides of each case were
reviewed independently by three pathologists (VM, RC, and
FG), blinded to stage and outcome. The hotspot method was
applied: all the fields along the invasive front were scanned at
× 100 magnification before counting buds in the microscopic
field with the greatest number of tumor buds (hotspot) at a ×
200magnification. The number of tumor buds was assessed in
a field measuring 0.785 mm2 (the objective magnification of
our Leica microscopes was normalized as previously de-
scribed [14]). The absolute count of buds has been registered
for each case, with patients then classified with low (0–4
buds), intermediate (5–9 buds), or high-grade budding (≥ 10
buds). In a minority of cases, we assessed intratumoral TB
instead of peritumoral TB, due to the material’s fragmentation
or the impossibility of invasive margin evaluation for sure. As
recently reported, ITB and PTB are correlated when ITB is
present [13]. To strengthen our analysis, we excluded from the
TB evaluation the tiny fragments, as well as the margins of the
larger fragments.

Immunohistochemical analysis

Four-micrometer-thick FFPE sections from each selected
sample were cut to perform immunohistochemistry (IHC).
Staining was done automatically (BondmaX, Leica
Biosystems, Newcastle Upon Tyne, UK), as described else-
where [32], using the Bond Polymer Refine Detection kit
(Leica), with the antibodies listed in Table 1. Sections were

Table 1 Antibodies used for
immunohistochemical analysis Antigen Clone Source Company Dilution

E-cadherin NCH38 Mouse Dako, Glostrup, Denmark 1:200

ZEB1 Polyclonal Rabbit Santa Cruz Biotechnology, Santa Cruz, CA, USA 1:100

ZEB2 Polyclonal Rabbit Santa Cruz Biotechnology 1:100

SLUG A-7 Mouse Santa Cruz Biotechnology 1:50

SNAIL Polyclonal Rabbit Novus Biologicals, Littleton, CO, USA 1:100
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then counterstainedwith hematoxylin. E-cadherin was consid-
ered positive when membranous immunoreaction was ob-
served in neoplastic cells, whereas positive ZEB1, ZEB2,
SNAIL, and SLUG reactions were defined by the presence
of nuclear immunostaining. Appropriate positive and negative
controls were used. Immunostaining for each marker was di-
chotomized as positive or negative. The slides were blindly

assessed by two pathologists (VM and RC). Discrepancies
were resolved via consensus (VM, RC, and AF).

Statistical analysis

SPSS (version 20.0, IBM SPSS Statistics, Chicago, IL, USA)
and the free-software R (http://www.r-project.org/) programs
were used for statistical analyses. The level of significance
was set at p < 0.05. Percentages and means and standard
deviations were used to summarize categorical and
continuous variables, respectively. For categorical data
(histopathological features, tumor budding, and IHC
markers), the association between variables was tested using
the Pearson chi-square and the Fisher exact test, as appropri-
ate. Interobserver agreement between the three pathologists
was measured with Cohen’s kappa statistic. Disease-free sur-
vival (DFS) was calculated from the date of surgical treatment
to the first observed relapse, whereas overall survival (OS)
was defined as the time from the diagnosis to death of disease.
DFS and OS analyses were performed according to the
Kaplan–Meier method and survival curves were compared
using the log-rank test.

Results

Clinical and pathological features of the ITAC cases

Clinical and pathological characteristics of the patients are
detailed in Table 2. The mean age was 67.7 ± 12.8 years
(range 42–88) and the male to female ratio was 7:1. Most of
the patients (81%) had a positive history of occupational ex-
posures to wood and/or leather dust. The right (47%) and the
left side (44%) had a similar frequency, while bilateral tumors
(9%) were a minority; histologic subtypes were 2 papillary
type or papillary tubular cylinder cell I (PTCC-I) (6.2%), 19
colonic type (PTCC-II) (59.4%), 3 solid type (PTCC-III)
(9.4%), and 8 mixed (transitional) type (25%). LVI and peri-
neural invasion were assessed in 28 of 32 cases (4 were

Table 2 Clinical and pathological features of the cohort

N = 32 (100%)

Male 28 (87.5)

Female 4 (12.5)

Age, mean ± SD (years) 67.7 ± 12.8

Tumor location

Nasal cavity and/or ethmoid sinus 28 (87.5)

Maxillary sinus 4 (12.5)

Side

Right 15 (47)

Left 14 (44)

Bilateral 3 (9)

Disease stage

I 3 (9)

II 16 (50)

III 10 (32)

IV 3 (9)

ITAC subtype

Papillary 2 (6)

Colonic 19 (59)

Solid 3 (9)

Mixed 8 (25)

Tumor grading

G1 8 (25)

G2 9 (28)

G3 15 (47)

Risk (exposure)

Absent exposure 6 (19)

Wood, leather, or both 26 (81)

Follow-up, mean ± SD (months) 31 ± 17.5

Recurrence

Absent 25 (78)

Present 7 (22)

Mean ± SD (months) 20 ± 9.5

Status

No evidence of disease 28 (72)

Dead of disease 4 (12.5)

Surgical treatment

Transnasal endoscopic surgery (TES) 32 (100)

Adjuvant therapy (n = 28)

Radiotherapy only 24 (86)

Radio- plus chemotherapy 4 (12.5) Fig. 1 Tumor budding in a representative ITAC (original magnification
x40)
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excluded due to the material’s fragmentation). LVI was ob-
served in 3 of 28 cases (11%), while perineural invasion was
never observed. T-staging was T1 in 3 cases (9.4%), T2 in 16

cases (50.0%), T3 in 11 cases (34.4%), and T4 in 2 cases
(6.2%). Distant metastases were present in two patients, with
latero-cervical nodes localization (N2b) and multiple lung le-
sions (M1), respectively. All the patients received transnasal
endoscopic surgery (TES). Eight patients (25%) had positive
surgical margins. Data concerning post-operative therapy
were available for all except 4 patients: 28 patients (100%)
received adjuvant radiotherapy, 4 of which also adjuvant che-
motherapy. During the follow-up period (range 12–
94 months), we observed 7 local recurrences (22%) and 4
deaths of disease (12.5%).

Patients with TB have a worse prognosis

TB was present in 13 of 32 ITAC (40.6%) (an example of TB
is shown in Fig. 1). The mean number of buds was 3 (range 1–
11). Low-grade TB was present in the majority of cases (8 of
13; 61.5%), while intermediate (3 of 13; 23.1%) and high-
grade (2 of 13; 15.4%) TB were less frequent. Due to the
low case number, we analyzed together low-grade and high-
grade TB cases. LVI was positively associated with TB (p =
0.008). All patients with relapse (p = 0.0005) and all patients
dead of disease (p = 0.02) had TB. TB seemed independent
from age, sex, stage of disease, tumor subtype, tumor grading,
and occupational exposure to wood and/or leather dust.
Association between clinical-pathological variables and TB
is detailed in Table 3. Interobserver agreement between the
three pathologists was substantial (proportion of agreement =
87%; Cohen’s kappa = 0.73) [33].
Median DFS was 19 versus 31 months in positive and

negative cases for TB, respectively (p = 0.0002) (Fig. 2a).
Median OS was 30 versus 31 months in positive and negative
cases for TB, respectively (p = 0.013) (Fig. 2b).

Table 3 Associations between tumor budding and clinical and
pathological variables

N = 32 TB positive
(n = 13)

TB negative
(n = 19)

p value

Age
Mean, years 32 67.8 67.2 > 0.05

Sex
Male 28 11 17 > 0.05
Female 4 2 2

Disease stage
I 3 0 3 > 0.05
II 16 7 9
III 10 6 4
IV 3 0 3

ITAC subtype
Papillary 2 0 2 > 0.05
Colonic 19 9 10
Solid 3 1 2
Mixed 8 3 5

Grading
G1 8 2 6 > 0.05
G2 9 3 6
G3 15 8 7

LVI (n = 28)
Absent 25 0 25 0.008
Present 3 2 1
Exposure
Absent 6 3 3 > 0.05
Present 26 10 16

Recurrence
Absent 25 6 19 0.0005
Present 7 7 0

Status
No evidence of disease 28 9 19 0.02
Dead of disease 4 4 0
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Fig. 2 Kaplan–Meier curves showed a reduced DFS (a) and OS (b) in patients with tumors positive for tumor budding
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TB and EMT markers

The expression of the EMT markers (Fig. 3) in relation to
presence or absence of TB is presented in Table 4. Absence
of TB was associated with low ZEB2 expression (p = 0.003).
No other association emerged between TB and E-cadherin,
ZEB1, SLUG, and SNAIL.

Discussion

This is the first study that explored TB in a series of
ITAC. We documented that TB is frequent in these tu-
mors (40% of our cases). The finding is not surprising,

due to the wide description of the phenomenon mainly
in gastrointestinal tract (i.e., CRC, esophageal SCC, and
adenocarcinoma of the pancreas) and head and neck
(oral, nasopharyngeal, hypopharyngeal, laryngeal and
cutaneous SCC) [7, 10, 16–21, 23, 27]. Anyway, to
the best of our knowledge, this is the first study which
explored TB in the sinonasal tract.

The interobserver agreement was substantial, suggesting
that the result is reliable, even dealing with fragmented mate-
rial. From a clinical standpoint, TES is now the surgical ap-
proach of choice for most sinonasal tumors, so we expect to
continue to receive these specimens in the next future [34].
Such fragmentation could affect the quantity of analyzed tis-
sue but not the quality of the assessment. In any case, we

a b

c d

e f

g h

Fig. 3 EMT
immunohistochemical markers in
representative ITAC cases: E-
cadherin positive (a) and weakly
positive (b), ZEB2 positive (c)
and negative (d), SLUG positive
(e) and negative (f), and SNAIL
positive (g) and negative (h)
(original magnification × 100 or
× 200)
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ensured the quality of TB evaluation excluding the tiny frag-
ments and the margins of the larger ones.

We found that the presence of TB in ITAC was associated
with LVI (p = 0.008), recurrence (p = 0.0005), and death of
disease (p = 0.02), which is similar to the role of TB in CRC
[35, 36]. Survival analyses showed also a reduced DFS (p =
0.0002) and OS (p = 0.013) in those patients with tumors posi-
tive for TB. Our results showed also that TB seems to be inde-
pendent from stage of disease (similarly to CRC), tumor sub-
type, and tumor grading in ITAC. Overall, these findings are in
line with the original thought that TB corresponds to the initial
phase of tumor invasion and is related to adverse prognosis
[37–40] and also with the growing more recent evidences (as
reviewed in [9, 12]). In our cohort, the presence of TB was
independent from age and sex, which is in line with the majority
of the studies in other settings, such as CRC, oral, laryngeal, and
hypopharyngeal SCC [13, 16, 41]. In most of the cases, ITAC is
an occupational-related tumor, and no relationship between TB
and occupational exposure to wood and/or leather dust emerged.

The majority of positive tumors had a low-grade budding
(61.5%), with a mean number of buds of 3. The small sample
size impairs the possibility to achieve reliable conclusion about
risk stratification, as for CRC in which intermediate- and high-
grade TB categories are related to a high risk for nodal metas-
tasis in pT1, while in advanced stages, high-grade TB is a risk
factor for recurrence and shorter survival [14]. As a numerical
variable, TB is expected to be more informative in risk strati-
fication on a continuous scale than cut-offs, which instead are
more practical in routine diagnostics [14]. Moreover, relevant
cut-offs vary according to the clinical-pathological context and
the tumor type [8, 14]. For example, while in CRC, the vali-
dated range of buds are 0–4, 5–9, and ≥ 10 [14, 15], the ma-
jority of studies in head and neck SCC used a cut-off point of 5

buds to discriminate low-risk versus high-risk cases [8]. Larger
studies are required to address the role that the number of buds
could have in ITAC patients.

While TB can be considered the morphological expression
of EMT, the actual dominant opinion is that TB features can
be part of the EMT spectrum, which can be complete or only
partial [9]. We analyzed E-cadherin, as key cell-cell adhesion
molecule and caretaker of the epithelial phenotype, and the
main EMT-inducing transcription factors (ZEB1, ZEB2,
SNAIL, and SLUG), which expression usually promotes the
acquisition of mesenchymal properties. These are transcrip-
tion repressors of E-cadherin and trigger the switch to mesen-
chymal state. Our findings showed that in ITAC, TB is poorly
or not related to EMT, since almost all the cases maintained
full E-cadherin expression and did not gain the expression of
EMT-inducing transcription factors. Anyway, this is not the
first time that TB was found unrelated to EMT [42].

The main strengths of this study are the homogeneous fea-
tures (as previously detailed [28]) of the cases of this rare
tumor and the application of an internationally validated scor-
ing method to assess TB [15]. Evidences suggest that the
prognostic role of TB is independent from the assessment
method [9–13], but the use of a method which has internation-
al consensus allows comparison between studies.

The present study has other limitations. First, this is a
single-center cohort study. Although we have demonstrated
the prognostic role of TB in ITAC patients, further validation
across multiple centers is required to establish the consistency
of our result. Second, the relatively small sample size is a
limitation, although ITAC is a rare tumor. Third, we had only
one patient with lymph node metastases and one with distant
spread of disease. Therefore, we did not have the chance to
explore the role of TB as potential predictor of metastases,
which is well-established in several tumors, such as CRC and
esophageal SCC [10, 43–46] but also oral, nasopharyngeal,
hypopharyngeal, and laryngeal cancers (as reviewed in [8]).

Conclusions

Our study documents that TB is associated with lymphovascular
invasion, recurrence, death of disease, reduced DFS and OS in
patients with ITAC, suggesting that TB is an adverse prognostic
factor. No association between the presence of TB and the ex-
pression of EMT markers was found. These results encourage
further larger studies with themain aims to deepen these findings
and explore the potential benefit of TB assessment as a clinical
routine in ITAC cases, similarly to colorectal adenocarcinoma.
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Table 4 Correlation between tumor budding and immunohistochemical
expression of the EMT markers

TB positive (n = 13) TB negative (n = 19) p value

E-cadherin

Positive 12 18 1.00
Negative 1 1

ZEB1

Negative 13 19 n.a.

ZEB2

Positive 9 3 0.003
Negative 4 16

SLUG

Positive 7 16 0.11
Negative 6 3

SNAIL

Positive 0 2 0.50
Negative 13 17

n.a., not applicable
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