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Abstract

Since sinonasal intestinal-type adenocarcinomas (ITAC) show resemblance to colorectal adenocarcinomas, we aimed to inves-
tigate novel prognostic factors of outcome, with particular focus on the role of tumor budding (TB). Retrospective clinico-
pathological single-institution study on consecutive ITAC patients between 1996 and 2020. Histopathological parameters
including conventional subtypes and TB features (low, intermediate, high) were evaluated with the aid of pancytokeratin
(AE1/AE3) immunohistochemical staining. Parameters were correlated to clinical data and outcome. A total of 31 ITAC
patients were included. Overall, 19/31 patients (61.3%) presented with stage III/IV disease. Presence of lymph node or distant
metastases was rare (1/31 patient, 3.2%). Treatment protocols consisted of tumor resection in 30/31 patients (96.8%) and
primary radiochemotherapy in 1/31 patient (3.2%). Adjuvant radiation therapy was conducted in 20/30 surgically treated
patients (66.7%). The 3- and 5-year overall survival (OS) was 83.9% and 78.3% and the 3- and 5-years disease-specific sur-
vival (DSS) 83.7% % and 78.5%, respectively. The presence of intermediate/high TB (defined as > 5 buds) was associated
with both, worse DSS (log rank p=0.03) and OS (log rank p=0.006). No patient with low TB revealed progressive disease
or died of the disease. No association between TB and tumor stage or conventional tumor subtype was found. Tumor budding
seems to be an independent prognostic factor of worse outcome in ITAC.

Keywords Paranasal sinus neoplasms - Adenocarcinoma - Colorectal neoplasms - Epithelial-mesenchymal transition -
Colorectal neoplasms - Skull base

Introduction

Intestinal-type sinonasal adenocarcinoma (ITAC) is a rare
epithelial sinonasal tract malignancy and accounts for
approximately 8-25% of all sinonasal cancers [1]. Thereby,
an incidence of approximately 0.7-1.4 cases/100,000/year
was reported, with a higher proportion in Europe, compared
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to the United States [2, 3]. Especially for ethmoidal ITACs,
previous studies revealed a strong predominance for men
(male: female ratio=21: 1), mainly due to an occupational
exposition to known carcinogens, such as wood dust (relative
risk 29.4) and leather dust [3—6]. In contrary, other carcino-
gens, such as asbestos, nickel/chrome or formaldehyde were
not confirmed to ultimately play a role in the pathogenesis
of ITAC [4, 5, 7, 8].

While ITACs most frequently involve the nasoethmoidal
complex including the posterior ethmoidal cells, the mid-
dle turbinate, the posterior-superior septum, the ethmoidal
roof and the cribriform plate, involvement of the maxillary
sinus is rare [9]. More precisely, Jankowski et al. claimed
that ITACs in woodworkers primarily originate from the
olfactory cleft, while the nasal septum and turbinate are
only secondarily affected [10]. From a prognostic point of
view, an advanced tumor stage, sphenoid sinus involvement,
orbital, dural or brain infiltration and high-grade histology
were established as prognostic factors of poor outcome [7,
11-14].
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Recently, tumor budding (TB), a known risk factor in
particular for colorectal carcinoma (CRC), but also cer-
tain head and neck cancer subtypes [13, 15-20], has been
discussed as negative prognostic factor in ITAC [21]. This
hypothesis is particularly interesting, since ITAC morpho-
logically, immuno-phenotypically and in part molecularly
show a substantial resemblance to CRC [22, 23]. Thus, the
aim of this study was to review our ITAC cohort and to
determine prognostic factors of outcome, with particular
focus on the role of TB.

Methods
Study Design

This study received ethical approval from the Ethical Com-
mittee of the Canton of Zurich, Switzerland (Approval Num-
ber: BASEC 2020-01663). We retrospectively reviewed a
consecutive cohort of treatment-naive ITAC patients, treated
at the department of otorhinolaryngology/head and neck
surgery at the University Hospital of Zurich (Switzerland),
between January 1996 and July 2020. Patients with docu-
mented denial to contribute personal health-related data
were not included. Included patients from 01/2016 signed a
written consent for the use of their material and data. Tumors
were staged according to the eight edition of American Joint
Committee on Cancer staging system. As described earlier,
all patients underwent endoscopic biopsy and exploration
of the tumor under general anesthesia [24]. Treatment plans
were discussed at our multidisciplinary tumor board.

Patient Characteristics, Treatment Protocols,
Outcome Measures, Follow-Up:

The following patient data and tumor data were collected:
age, gender, exposition to occupational carcinogens (wood
dust, leather dust), initial clinical classification (cT, cN,
cM), tumor stage (stage I-IV) based on clinical and radio-
logical assessment. Treatment protocols consisted of either
(1) surgical tumor resection + postoperative radiation
therapy (RT) in intensity-modulated technique (IMRT)
or (2) primary radiochemotherapy. Surgical procedures
were classified as (1) transnasal endoscopic (including a
transnasal-transcribriform approach) resection, (2) crani-
oendoscopic resection (combination of endoscopic and
open approach) or (3) open craniofacial resection [25].
Surgical margins (RO, microscopic tumor (R1), macro-
scopic tumor (R2) were determined based on the histo-
pathological workup, incorporating specimen margins.
Postoperatively, all patients were followed with system-
atic nasal endoscopy every two months and standardized
cross-sectional imaging [26]. Complete remission (CR),
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recurrence, type of recurrence (local, regional, distant,
combination), follow-up (months), state at last follow-
up, 3-year and S5-year overall survival (OS, months), and
3-year and 5-year disease-specific survival (DSS, months)
as well as 3-year and 5-year disease-free survival (DFS,
months) were assessed.

Histopathological Workup

Histopathological analysis was performed on formalin-
fixed, paraffin-embedded ITAC specimens retrieved from
the archive of the Department of Molecular Pathology at
the University Hospital of Zurich (Switzerland). All cases
were reviewed by two blinded, experienced head and neck
pathologists (M. D. B.; N. J. R.). According to the Barnes
classification, the tumor tissue of all patients was catego-
rized into five morphological subtypes: (1) papillary, (2)
colonic, (3) solid, (4) mucinous or (5) mixed and analyzed
on hematoxylin and eosin (H&E) staining [27]. Addition-
ally, the presence of stromal and bone infiltration (yes vs.
no) were determined. In analogy to CRC, the extent of TB
was categorized in one high power field at the hotspot of
the invasive front (~0.785 mm?) using a three-tiered-system
as low (0—4 buds), intermediate (5-9 buds) and high (> 10
buds) [28]. Of note: patients with either mucinous subtype or
patients with no determinable tumor front were not eligible
for determination of TB. In selected, especially morphologi-
cally poorly differentiated and thus more challenging cases,
additional immunohistochemical analyses were performed to
undermine ITAC diagnosis. The profile was consistent with
previous reports in literature [29, 30]. A subset of cases was
additionally tested for expression of DNA mismatch repair
(MMR) proteins.

Immunohistochemical Workup

Commercially available antibodies and institutional internal
controls were used on either Leica Bond or Ventana Bench-
mark automated staining system: Pancytokeratin AE1/AE3,
1:50 [monoclonal], DAKO A/S; Cytokeratin 7, 1:100 [mon-
oclonal] OV-TL 12/30, DAKO A/S; Cytokeratin 20, Predi-
luted [monoclonal] SP33, Ventana-Roche; CDX2 Protein,
prediluted [monoclonal] EPR2764Y, Ventana-Roche; Mouse
monoclonal anti-SATB homeobox 2, 1:100 [monoclonal]
EP281, BIO-SCIENCE Products AG (Biochemica + Diag-
nostica); MutL homolog 1, 1:40 [mono-clonal] Es05, Novo-
castra Laboratories Ltd; Mouse anti-human PMS2, 1:100
[monoclonal], A16-4 PharMingen (Becton Dickinson),
MSH2 1:100 [monoclonal] G219-1129, Cell Marque Life-
screen Ltd; MSH6 (SP93), 1:30 [monoclonal] SP93, Cell
Marque Lifescreen Ltd.
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Statistical Analysis

The normality of distribution was checked using the Kol-
mogorov—Smirnov test. Data are either presented as median
and interquartile range (IQR) or as mean =+ standard devia-
tion (SD), depending on the distribution of data. Differences
among the low TB and intermediate/high TB group regard-
ing the distribution of achievement of CR, tumor stage and
Barnes subtype were calculated using contingency tables
and Fisher’s exact test. For time-to-event-analysis only
patients treated in curative intention were included. Regard-
ing the presence of TB, patients were stratified in low-TB
(0—4 buds) vs. intermediate/high TB (>5 buds). Disease
free survival (DFS) was defined as time from completed
primary treatment until relapse any site or death from all
causes and included only patients, who achieved CR after
initial treatment. Overall survival (OS) was defined from
initial diagnosis until death from any cause or last follow-
up, while disease specific survival (DSS) was defined from
initial diagnosis until death of disease or last follow-up
(patients with death of other causes were excluded). Kaplan-
Meyer estimates with calculation of log rank statistics were
performed to present OS, DSS and DFS and to compare
between sub-groups. The end of follow-up was March 2021.
A p-value less than 0.05 indicated significance. Statistics
used SPSS version 22 (IBM, Armonk, NY).

Results
Tumor Characteristics

In total, 31 ITAC patients were included [29 males (93.5%),
2 females (6.5%)]. Mean age at initial diagnosis was 66 years
(= 13). In 20/31 patients (64.5%), the past medical history
revealed an exposition to wood dust, while in 1/31 patient
(3.2%) an exposition to leather dust was observed. Table 1
provides more detailed information on patient and treat-
ment characteristics. Initial tumor stage was stage I in 2/31
patients (6.4%), stage II in 10/31 patients (32.3%), stage
IIT in 8/31 patients (25.8%) and stage IV in 11/31 patients
(35.5%).

Treatment Characteristics, Surgical Margins

Primary treatment protocols consisted of either surgical
tumor resection in 30/31 patients (96.8%) or primary radio-
chemotherapy in 1/31 patient (3.2%). The surgical approach
was transnasal endoscopic in 24/30 patients (80%; includ-
ing a transnasal-transcribriform approach in 18/30 patients),
cranioendoscopic in 2/30 patients (6.7%) and craniofacial
in 4/30 patients (13.3%). Surgical margins, based on the
histopathological workup and intraoperative assessment of

Table 1 Patient and treatment characteristics

Number of
Patients (n,
%)
Initial clinical T category according to clinical and
radiological staging (n, %)
cT1 2 6.4%)
cT2 10 (32.3%)
cT3 8 (25.8%)
cT4a 4 (12.9%
cT4b 7 (22.6%)
Initial N category (n, %)
cNO 30 (96.8%)
cN+ 1 (3.2%)
Initial M category (n, %)
cMO 30 (96.8%)
cM1 1(32%

the surgeon, were documented as follows: RO 18/30 patients
(60%), R1 3/30 patients (10%), R2 4/30 patients (13.3%), not
determinable according to surgeon in 5/30 patients (16.7%).
Of all 30 surgically treated patients, 20/30 patients (66.7%)
underwent adjuvant radiation therapy.

Outcome Measures: Complete Remission
and Recurrences

Overall, CR after primary treatment protocols was achieved
in 26/31 patients (83.9%), while 5/31 patients (16.1%)
showed progressive/persistent disease. Among all 26
patients with CR, a total of 7 recurrences were observed
during the follow-up period. This translates into a recurrence
rate of 26.9%, with isolated local recurrence in 6/7 patients
and combined loco-regional recurrence with synchronous
distant metastases (DM) in 1/7 patient.

Outcome Measures: Overall Survival, Disease
Specific Survival, Disease Free Survival

Among all patients who achieved CR, median DFS was
39 months (IQR 61-71, range 5-183). The 3- and 5-year OS
was 83.9% and 78.3% and the 3- and 5-years DSS 83.7% %
and 78.5%, respectively. The 3- and 5-year DFS was 77.9%
and 69.9%.

Follow-Up

The median follow-up duration was 39 months (IQR 24-85,
range 5-209). At last follow-up, 18/31 patients (58.1%) were
alive without disease, 2/31 patients (6.5%) were alive with
disease, 6/31 patients (19.4%) died of the disease and 5/31
patients (16.1%) died of other causes.
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Histopathological Workup: Subtypes

Barnes subtypes of our cohort was rated as solid in 3/31
patients (9.7%), colonic in 11/31 patients (35.5%), mucinous
in 7/31 patients (22.6%), papillary in 6/31 patients (19.4%)
and mixed in 4/31 patients (12.8%) (Fig. 1). Histopathologi-
cal features are summarized in Table 2.

Histopathological Workup: Presence of Infiltration,
Presence of Bone Invasion, Signet Ring Cells

Stromal infiltration was present in 26/31 patients (83.9%).
Unequivocal bone invasion was seen in 16/31 patients
(51.6%). Signet ring cells were present in 9/31 patients
(29%). Based on Kaplan Meyer estimates, no significant dif-
ference with regard to OS or DSS for presence of (1) signet
ring cells, (2) presence of stromal infiltration (yes vs. no)
or (3) presence of bone invasion (yes vs. no) was observed.

Histopathological Workup: Tumor Budding (TB),
Stratification of Outcome According to Tumor
Budding

Determination of TB was applicable in 22/31 patients
(71.0%). Thereof, 12/22 patients (54.5%) revealed a low
TB (0-4 buds), 6/22 patients (27.2%) intermediate TB
(5-9 buds) and 4/22 (18.2%) patients high TB (> 10 buds)
(Fig. 2). Patients with low TB showed a significant better
DSS (log-rank test, p=0.03) and OS (log-test, p=0.006),
when compared to intermediate/high TB (Fig. 3). No patient
with low TB revealed progressive disease or died of the dis-
ease. The distribution of CR achievement among low TB vs.
intermediate/high TB was significantly different (Fisher’s
exact test; p=0.03) (Table 3). However, no difference for
distribution among tumor stage (Fisher’s exact test; p=0.09)
and Barnes subtype/grading (Fisher’s exact test; p=0.76)
was observed. Disease-free survival was not different
between low TB and intermediate/high TB (log-rank test,
p=0.45). Of note: since only one patient with CR developed

Table2 Summary on histopathological features

Histopathological features Number of patients (n, %)

Barnes subtype (n=31)

Solid 3/31 9.7%)
Colonic 11/31 (35.5%)
Mucinous 7/31 (22.6%)
Papillary 6/31 (19.4%)
Mixed 4/31 (12.8%)

Infiltration (n=31)
Stromal infiltration 26/31 (83.9%)
16/31 (51.6%)

Unequivocal bone infiltration

Signet ring cells (n=31)

Present 9/31 (29%)
Absent 22/31 (711%)
Tumor budding (n=22)

Low 12/22 (54.5%)
Intermediate 6/22 (27.2%)
High 4/22 (18.2%)

synchronous regional and DM, no reliable statistics on the
distribution of low vs. intermediate/high TB among patients
with and without development of metastases could be made.

Histopathological Workup: Imnmunophenotypical
Description

Among 16/31 patients (51.6%) evaluated for Cytokeratin
7, 7/16 patients (43.8%) showed either negative or positive
staining, while 2/16 patients (12.5%) revealed only focal
positivity. However, all the tested 16 patients were consist-
ently positive for Cytokeratin 20. Overall, 20/31 patients
(64.5%) were stained for CDX2, all with a positive result.
Furthermore, SATB2 was performed on 9/31 patients
(29.05), of which 7/9 patients (77.8%) showed a diffuse
positive result, while one patient was negative (11.1%) and
another presented with focal positivity (11.1%). In total, 9/31
patients (29.0%) were tested for DNA MMR proteins and

Fig. 1 Hematoxylin and eosin (H&E) staining of colonic (A), papillary (B), solid (C) and mucinous (D) ITAC. Scale bar 250 um. ITAC; intesti-

nal-type adenocarcinoma
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2

Fig.2 Immunohistochemical pancytokeratin (AE1/AE3) staining arrowheads). Scale bar 100 um. HE, Hematoxylin and eosin staining;
indicating low (A), intermediate (B) and high (C) TB. Corresponding TB, tumor budding
HE slide to C, displaying single cells and cell clusters (indicated by
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Table 3 Distribution of outcome (complete remission achieved vs.
persistent/progressive disease) among low vs. intermediate/high TB.
TB, tumor budding

Low TB Intermediate /high TB
Complete 12 (54.5%) 6 (27.2%) 18 (81.8%)
remission
achieved
Persistent/ 0 (0%) 4 (18.2%) 4 (18.2%)
progres-
sive
disease
12 (54.5%) 10 (45.45%) 22 (100%)
Fisher’s
exact test
p=0.03

showed no sign of loss of any of the markers MLH1, PMS2,
MSH?2 or MSHS6, indicating no evidence of microsatellite
instability.

Discussion
Main Findings

In this retrospective clinico-pathological study on ITAC
patients at a tertiary referral center, we found the presence
of intermediate/high TB to be a strong prognostic factor of
poor outcome in terms of both, DSS and OS. In contrast to
intermediate/high TB, all patients with low TB reached CR
after primary treatment protocols and no patient died of dis-
ease. However, DFS was not different between low TB and
intermediate/high TB patients, indicating that also low TB
does not prevent from recurrence. Similar to previous find-
ings and in accordance with CRC, no association between
TB and tumor stage or tumor subtype (indicative of grading)
was observed.

In our study we confirmed ITAC to mainly originate from
the nasoethmoidal complex with a strong predominance for
the male gender and incidence peaking in the seventh decade
[3, 5, 31]. Overall survival (78.3%), DSS (78.5%) and DFS
(69.9%) at 5 years were similar to previous studies, which
reported survival rates between 53 and 83%, 82 and 83 and
62 and 74%, respectively [7, 11, 12, 31-34]. With regard to
the pattern of recurrence, local recurrence was confirmed
to be by far the most common site of treatment failure [12,
32, 35, 36]. From a therapeutic point of view, transnasal
endoscopic techniques have evolved as standard-of-reference
for most sinonasal malignancies, providing excellent out-
comes and decreased morbidity, when compared to external
approaches [11, 12, 37]. The role of external approaches
remains as an option for selected patients with gross invasion
of brain, orbital content or bone [25]. For ITAC in particular,
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a transnasal endoscopic tumor resection is the preferred
approach in most patients, since it can be expanded to a
transnasal-craniectomy (transnasal-transcribriform tech-
nique), as it was performed in the majority of all surgically
treated patients in our cohort (60%) [25]. In case of close
proximity or infiltration of the bony or dural anterior skull
base, resection of the “ethmoidal box” is pivotal in order
to achieve adequate surgical margins [7]. In these patients,
dural reconstruction with pedicled flaps or other grafts is
mandatory. In terms of adjuvant radiation therapy, there
is broad consensus on its necessity in high-grade and/or
advanced tumors, while in locally-defined, low-grade tumors
with clear surgical margins surgery-only may be justified [7,
12, 14, 38]. Especially for advanced high-grade ITACs as
well as patients with exposure to known carcinogens, life-
time clinical and radiological follow up (beyond the often
reported 5 years) should be scheduled [7, 39].

As it was shown previously, ITAC and adenocarcinomas
of the intestinal tract show to a great extent morphological
similarities, as well as overlapping immunohistochemical
expression profile, including typically positive staining for
CK20, CDX2, villin, MUC2 and SATB2 [22, 23, 40, 41]. As
a consequence of this resemblance, TB, a widely accepted
concept in CRC, has recently been adapted for ITAC [42].
Tumor budding is to understand as a morphological feature
defined as single cells or small cell clusters, so called tumor
buds, constituting up to four cells at the invasive front of the
tumor or within the tumor mass [21, 43]. For CRC, TB is
known to be associated with high and advanced tumor stage,
lymphatic and vascular invasion, nodal and distant metasta-
sis and worsening of OS, DFS and recurrence free survival.
Furthermore, TB is thought to be part of the epithelial-mes-
enchymal transition (EMT) spectrum, which allows epithe-
lial cells to lose polarity and cell-cell-adhesions, resulting
in migratory and invasive properties, resistance to anoikis/
apoptosis and increase extracellular matrix production [21].
Thus, EMT is hypothesized to be one of the drivers of cancer
progression [44]. To the best of our knowledge, only Maffeis
et al. investigated TB in ITAC and demonstrated that TB
is frequent (40%) and associated with worse OS and DFS
[21]. Similar to their findings, we found patients with low
TB to reveal a favorable prognosis in terms of both, DSS
and OS. In comparison, we used the supplementary aid of
immunohistochemical pancytokeratin staining, which has
been shown to reliably help in identifying tumor buds in
CRC [45]. Further it is a highly standardized, cost-effective
and widely available special staining. Additionally, we con-
firmed the presence of TB to be independent from initial
tumor stage and Barnes subtype/grading. Interestingly, all
patients with low TB reached CR after primary treatment
protocols and no patients died of the disease. With regard
to DFS, we did not find a significant difference between low
and intermediate/high TB. Congruently, recurrences were
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observed in both groups, however, progressive disease was
only seen in the intermediate/high TB group. Based on these
findings we hypothesize that low TB does not ultimately
protect from development of recurrences. However, patients
with intermediate/high TB seem to be at risk for non-treata-
ble disease progression and dead of disease. Interestingly, in
our cohort the presence of signet ring cells was not associ-
ated with distinct outcomes (OS, DSS), leading us to a more
cautious interpretation of this typically negative parameter.
With regard to the immunophenotypical description of our
cohort and in line with previous findings, no evidence of
microsatellite instability was found [40, 46].

Strengths and Limitations

To the best of our knowledge this is only the second study on
the role of TB in ITAC patients [21]. Similar to the study by
Maffeis et al., we decided for a validated three-tier-system
for TB (low-intermediate-high), depending on the number
of buds, however they opted for an overall dichotomous
categorization (yes vs. no) [28]. Besides its retrospective
design, we acknowledge that our study has some notewor-
thy limitations. Firstly, although we included all available
ITAC patients at our institution, our sample size was rather
small, owing to the low incidence of these neoplasms. Con-
secutively, due to the low absolute numbers of samples and
events, no statement on the role of intermediate/high TB for
the development of metastases could be made. Secondly, due
to natural fragmented histological specimen, identification
of the invasive front can be challenging. Thus, the mucinous
subtype and patients with no determinable tumor front had
to be excluded from this analysis.

Conclusions

Tumor budding seems to be an independent prognostic fac-
tor of worse outcome independent of tumor stage and con-
ventional subtype/grading. In order to promote the imple-
mentation into daily clinical practice, additional studies need
to corroborate these encouraging data.
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