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Purpose of review

Intestinal-type adenocarcinoma (ITAC) is one of the most frequent sinonasal tumors, especially in European
countries. The purpose of this article is to review the most recent literature, with special emphasis on
biological and genetic profile and treatment guidelines.

Recent findings

Results on large series support transnasal endoscopic surgery as the technique of choice in the large
majority of patients with ITAC. Adjuvant radiotherapy is recommended in advanced-stage and high-grade
lesions. More robust data are required to confirm that early-stage, low-grade lesions can be treated with
exclusive surgery. The efficacy of new chemotherapy and biotherapy regimens and the added value of
heavy particle radiotherapy are currently under evaluation. With a 5-year overall survival ranging between
53 and 83%, which is mainly impacted by local recurrences, ITAC requires a more detailed understanding
of its biology. Genetic and biological studies have identified alterations in the molecular pathways of
EGFR, MET, and H-RAS which might be considered as potential targets for biotherapy.

Summary

Surgery still plays a key role in the treatment of ITAC, but multidisciplinary management is mandatory.
Although further validation is needed, the role of nonsurgical treatment strategies is rising, in agreement
with the progresses made in the biological profiling of the disease.
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INTRODUCTION

Intestinal-type adenocarcinoma (ITAC) is one of the
most frequent epithelial, nonsquamous cell tumor
of the sinonasal tract. The preferential site of origin
is commonly identified in the nasoethmoidal com-
plex, but according to the observations of Jankowski
et al. [1], the tumor specifically originates from the
olfactory cleft. Another typical feature of ITAC is
the quite constant association with occupational
exposure to wood dust.

In the last decades, a number of refinements in
the treatment of ITAC have emerged, including
transnasal endoscopic surgery (TES), heavy ion radi-
ation therapy, and chemotherapy as a valuable tool
especially in the neoadjuvant setting. Meanwhile,
progresses in biological and genetic profiling of
ITAC are paving the way toward new target thera-
pies, which need further investigations. The present
review is aimed to provide the reader with the main
background information on ITAC, together with
major advances in the last years.
rs Kluwer Health, Inc. All rights rese
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EPIDEMIOLOGY

ITAC is a rare tumor with heterogeneous worldwide
incidence and sex distribution. In Europe, the age-
standardized incidence per 100 000 person-years
accounts for 0.26 cases in men and 0.04 in women
[2

&

], whereas in the United States, these values are
0.058 in men and 0.034 in women [3]. Accordingly,
ITAC is one of the most frequent sinonasal cancers
in Europe, whereas it is much rarer in the United
States. Similarly, the prevalence in men is remark-
ably variable, with a men-to-women ratio ranging
rved. www.co-otolaryngology.com
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KEY POINTS

� Sinonasal ITAC is a rare tumor, associated with
occupational exposure to wood dust.

� Different histologic subtypes show variable biologic
behavior.

� Transnasal endoscopic surgery is the technique of
choice in the large majority of patients with ITAC;
adjuvant radiotherapy is recommended in advanced-
stage and high-grade lesions.

� Neoadjuvant chemotherapy with a platinum-based
regimen can provide a survival benefit in selected
ITACs with functional p53, whereas genetic and
biological studies have identified alterations in the
molecular pathways of EGFR, MET, and H-RAS, which
might be considered as potential targets for biotherapy.

� The efficacy of heavy particle radiotherapy is currently
under evaluation.
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from 1.07 to 1.39 in the United States up to 6.68 in
Italy (Europe) [2

&

,3,4]. Median age at diagnosis is
64–68 years, with a peak of incidence at 60–69 years
in the United States and 75–84 years in Italy
(Europe) [2

&

,3]. Worldwide, the prevalence of ITAC
overtime is stable; however, a rising incidence has
been observed in some countries (e.g., Denmark)
[2

&

,5]. The disease is associated with a moderately
increased risk of occurrence (odds-ratio: 1.47) and
worse prognosis in blacks compared with whites
[3,4].

The large majority of ITAC (88%) can be attrib-
uted to occupational exposure [2

&

]. The most impor-
tant risk factor is exposure to wood dust [relative risk
(RR): 29.4], followed by products in the textile
industry (RR: 3.5). Cumulative time of exposure
and latency are widely variable, as reported by our
group: 2–66 and 11–72 years, respectively [6].

Conversely, exposure to formaldehyde, nickel/
chromium compounds, or asbestos, which has been
identified as risk factor for sinonasal cancer, was not
confirmed to play a role in the development of
adenocarcinoma [7,8].
HISTOPATHOLOGY

Two main pathological classifications of ITAC are
currently used [9]. According to Barnes [10], five
categories can be identified: papillary (18%), colic
(40%), solid (20%), mucinous (14%), and mixed
(8%). Kleinsasser and Schroeder [11] subdivided
ITAC into four variants: papillary-tubular cylinder
cell, which was further graded from I to III, alveolar
goblet, signet-ring cell, and transitional. Histologic
2 www.co-otolaryngology.com
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diagnosis is relatively simple, and the differential
diagnosis includes a secondary localization of colo-
rectal adenocarcinoma and low-grade nonintestinal
sinonasal adenocarcinoma [12

&&

].
ITAC and adenocarcinomas of the intestines

show a similar immunophenotypical spectrum: at
immunohistochemistry, both stain positive for
CK20, CDX-2, villin, and MUC2 [12

&&

]. However,
chromogranin A and synaptophysin expression,
which can be found in neuroendocrine cells within
the tumor, is typical of primary ITAC [12

&&

,13].
Positive staining for CK7 supports the diagnosis of
sinonasal ITAC over that of intestinal cancer metas-
tasis, although with low sensitivity [14]. Recently,
the intestinal transcription and epigenetic factor
SATB-2 was identified as an additional marker for
ITAC [15]. However, only the integration of patho-
logical and clinical information can differentiate
ITAC from metastatic colorectal adenocarcinoma,
which accounts for 6.1% of secondary sinonasal
tumors [12

&&

,16].
Differential diagnosis of ITAC from sinonasal

nonintestinal adenocarcinomas is guided by immu-
nohistochemistry, as CK20, CDX-2, and villin only
stain positive in ITACs [12

&&

].
CARCINOGENESIS AND GENETICS

Although the carcinogenesis of ITAC is still far from
being fully elucidated, some advances have been
made in the last years.

CLU and LGALS4, which are markers of serous
cells of the sinonasal lamina propria glands, are
upregulated in ITAC, especially in well differenti-
ated forms [17]. Foci of intestinal metaplasia have
been described in close vicinity to ITAC (27.5%),
with a high rate of dysplasia (75%) [18]. TP53 over-
expression and mutation are related to wood expo-
sure in both normal mucosa and ITAC [19,20]. This
evidence suggests that carcinogen(s) contained in
wood dust serves as initiation factor(s) for cells of
the sinonasal mucosal glands, with tumorigenesis
occurring in a multistep fashion similar to other
cancer models. Chronic inflammation, which can
also be triggered by wood dust, might act as promot-
ing factor; however, no information about the pat-
tern of cytokines involved is available and further
research is consequently needed [20]. Moreover,
patients affected by ITAC show a higher rate of
the CYP1A1 codon 461 polymorphism and SDTM1
null genotype compared with the general popula-
tion, suggesting that genetic susceptibility is neces-
sary for tumor development, thus explaining why
most woodworkers are not affected by ITAC [21].

In recent years, the mutational landscape of
ITAC has been better characterized. The spectrum
Volume 26 � Number 00 � Month 2018
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Table 1. The mutational landscape of intestinal-type

adenocarcinoma

Genes involved in
ITAC oncogenesis

Genes and genetic
alterations associated

with aggressive
biological behaviora

ANXA1 (frequent)
ANXA2 (rare)
BRAF (rare)
DCC (rare)
EGFR gain of function (frequent)
EGFR mutation (rare)
HRAS (rare)
KRAS (rare)
MET (frequent)
MYC (rare)
PFOU5F1B (rare)
TP53 (frequent)
4q32-ter
APC
BCL2
CCND1
CDH1
ESR1
GPR124
ORAOV1
PTP4A3
PTPN1
STK11/LKB1
TIMP2
TIMP3
TRAIL

Aneuploidy
4q32-ter
ANXA2
DCC
H-RAS
MET
MYC
PFOU5F1B
PTP4A3
PTPN1
TIMP2
TIMP3
TP53

The hallmarks of aggressive biological behavior are summarized in the right
column. ITAC, intestinal-type adenocarcinoma.
aAdvanced stage at diagnosis, high-grade subtypes (solid, mucinous),
intracranial invasion, survival outcomes.
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of copy number alterations is variable (gains at 1q,
3q, 5p, 7, 8q, 11q, 12p, 13q, 20q, and 22 and loss at
3p, 4, 5q, 6q, 8p, 9p, 10q, 16q, 17p, 18q, 19p, and 21)
[20], including chromosomal regions usually
involved in most of the epithelial malignancies
(gains at 7p, 8q, and 20q and losses at 8p and
17p) and others that are typical of ITAC (gains at
3q, 5p, 12p, and 18p and losses at 4q, 19p, and 22q)
[22].

EGFR copy number gain is frequent (45%; with
protein overexpression in 13–21% of cases), espe-
cially in the colonic subtype [23], which has been
attributed to two mechanisms: chromosome seven
polysomy and gene amplification [24,25]. Polys-
omy, which results in aneuploidy, is a clue of chro-
mosomal instability and is associated with poor
prognosis [24,26]. EGFR protein overexpression is
more common in woodworkers (42.8%) than in
leatherworkers (9.5%) and patients without profes-
sional exposure (0%) [25]. Mutations in EGFR (0–
5.5%), K-RAS (5.5–12%), and BRAF (0–5.9%) are
rarely found, are mutually exclusive, and are not
associated with EGFR overexpression [24,27,28].
This feature differentiates ITAC from colorectal
and lung adenocarcinomas, which are commonly
associated with EGFR (only lung), K-RAS, and BRAF
mutations [22]. The mutation in codon 12 or 13 of
K-RAS is thought to be specifically related to wood
dust cause [20]. H-RAS is mutated in 16% of cases
and associated with worse prognosis [20,29].

TP53 mutations, promoter methylation, loss of
heterozygosity at 17p13, and p53 protein over-
expression is found in 18–57% of cases and is related
to the subtype of ITAC [20,30]. Nonfunctional p53
protein is frequent and associated with reduced
chemosensitivity and worse prognosis compared
with patients with a functional protein [31,32].

MET is overproduced in 64% of ITACs; the
underlying mechanism of this gain of function is
not associated with gene amplification and remains
to be determined [33].

Furthermore, a number of other genetic and
epigenetic alterations have been described [20,22,
30,34–40]. The genes involved and those which
are hallmarks of aggressive biological behavior are
summarized in Table 1.

Recently, five clusters of gene copy number
alterations of ITAC were identified, with a remark-
able variability in terms of prognosis; no correlation
either with exposure to well known etiological fac-
tors or with histological subtypes of ITAC (papillary,
colonic, solid, and mucinous) has been found [22].
Rather, the transition from the most differentiated
subtype (papillary) to the least differentiated ITAC
(mucinous) seems to be related to the total amount
of mutations [26].
1068-9508 Copyright � 2018 Wolters Kluwer Health, Inc. All rights rese
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DIAGNOSIS AND STAGING

When a malignant lesion of the sinonasal tract is
suspected based on history and endoscopic findings,
diagnostic work-up should include morphological
imaging followed by biopsy. Contrast-enhanced
MRI is the gold standard. It affords precise soft tissue
characterization with high-contrast resolution,
which discriminates neoplastic tissue from nasal
secretions and inflammatory changes, and defines
any possible critical extension (dural/transdural
involvement, perineural spread, intraorbital exten-
sion, etc.). Computed tomography (CT) provides
additional information on tissue density (i.e., calci-
fications or bony structures), but is frequently
unnecessary in the hands of an expert radiologist.

On MRI, the signal intensity of adenocarcino-
mas varies according to their mucin content, cellu-
larity, and presence of hemorrhagic-necrotic areas.
Mucin-producing adenocarcinomas usually show
spontaneous hyperintensity on T2-weighted images
and gradual enhancement on contrast-enhanced
rved. www.co-otolaryngology.com 3
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T1-weighted sequences, whereas adenocarcinomas
without mucin production show isointensity to
hypointensity on T2-weighted images. However,
the imaging features of adenocarcinomas are often
indistinguishable from those of other sinonasal
cancers [41].

In view of the key role of histology in guiding
treatment, it is important that biopsy is accurately
obtained and histologic slides are analyzed by a
pathologist with specific expertise. In fact, the rarity
of sinonasal tumors and the wide range of histolo-
gies explain the high rate of diagnostic discrepancies
detected after pathologic revision by expert pathol-
ogists [42,43]. Recently, our group reported a 16.9%
rate of discrepancies when comparing pretreatment
biopsy and definitive histologic examination in a
cohort of 77 patients affected by nasoethmoidal
malignancies entirely managed in a tertiary referral
center. Biopsy reliability rate was primarily influ-
enced by histology, with adenocarcinoma being less
frequently associated with diagnostic error com-
pared with other rarer entities. However, the site,
pattern of growth, radiological features of the lesion,
and clinical–anatomical patient-related variables
(comorbidities, pain-threshold) should be consid-
ered when choosing the surgical procedure for
biopsy. In unfavorable conditions, biopsy under
sedation and local anesthesia or diagnostic debulk-
ing under general anesthesia should be preferred
over outpatient sampling of the tumor [44].

Sinonasal ITAC has a low tendency to lymphatic
dissemination: nodal metastases are rare, account-
ing for 2.4–8.0% at presentation and 1.8–2.4% dur-
ing follow-up, being distinctive of an aggressive
behavior of the tumor [6,45,46]. Cervical metastases
mostly occur at level II and must be confirmed with
ultrasound with or without fine-needle aspiration
cytology. Retrolateropharyngeal nodal metastases
are likely underestimated, but can be easily detected
with MRI or CT. Distant metastases are identified in
1.7% of cases at presentation and 12.8% of cases
during follow-up [47]. At PET, ITAC shows a high-
standard uptake value, which is second only to
sinonasal undifferentiated carcinoma [48]. Conse-
quently, primary regional and distant staging as well
as follow-up may benefit from PET, especially in
advanced-stage and high-grade ITACs [6]. Total
body CT associated with bone scintigraphy can be
a reasonable alternative.
TREATMENT

Surgery represents the mainstay of treatment for
ITAC, usually followed by adjuvant intensity-mod-
ulated radiotherapy (IMRT). However, in the era of
histology-driven multimodal treatment strategies
4 www.co-otolaryngology.com
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for sinonasal cancer [49], the role of chemotherapy
and adrotherapy is gaining prominence.
Surgery

Surgical planning is guided by both preoperative
imaging and intraoperative findings. Whatever
the approach, the aim is to perform radical resection
using frozen sections to map the surgical margins.

In the last 15 years, TES has emerged as the
surgical approach of choice for most sinonasal
cancer located in the nasoethmoidal complex
[6,50

&

,51]. External or combined approaches
(craniofacial and cranioendoscopic resection,
respectively) still have a role in selected cases
(i.e., massive brain infiltration, supraorbital dural
extension, nasal bones/facial invasion, massive
involvement of the lacrimal system, and/or orbital
content) [49].

Endoscopic resection with transnasal craniec-
tomy is indicated when the tumor is in contact or
crosses the anterior skull base, to provide an ade-
quate margin of resection. After anterior skull base
resection is performed, a watertight reconstruction
of the dura is required to avoid cerebrospinal fluid
leak. Although the use of pedicled flaps has dramat-
ically decreased this occurrence [52], they are rarely
available due to either direct tumor infiltration or
the need to sacrifice the vascular pedicle. On the
other hand, three-layer reconstruction with ilioti-
bial tract grafts has been validated as a reliable and
safe technique for anterior skull base defects [53,54].
Morbidity of endoscopic surgery for sinonasal
malignancies is limited, with excellent outcomes
in terms of quality of life, hospitalization time,
morbidity, and mortality compared with traditional
external approaches [53,55].

The concept of ‘field of cancerization’ as the
result of wood dust (or other factors) inhalation
led to consider bilateral resection of the ethmoidal
box a paradigm in surgery of ITAC, regardless of the
extent of primary tumor [21]. Against this philoso-
phy, some authors reported good oncological out-
comes even with unilateral resection applied to
strictly lateralized lesions [56]. As shown in a recent
report on olfactory neuroblastoma, a unilateral
resection technique can have the advantage of spar-
ing some olfactory function in approximately half of
patients, although undergoing radiotherapy [57].
However, as data in the literature are not robust
enough to draw definitive conclusions, more strin-
gent posttreatment surveillance is mandatory when
a limited resection is performed.

In view of the low rate of cervical lymph node
metastases at presentation and during follow-up,
elective neck treatment is not indicated [47,58].
Volume 26 � Number 00 � Month 2018
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Radiotherapy

Photon radiation therapy is usually administrated as
adjuvant treatment after surgery in high-grade and/
or advanced-stage tumors [6]. Recent reports seem to
confirm that early-stage (T1–2), low-grade (papil-
lary/colonic) ITACs can be adequately treated with
radical surgery alone [59,60].

Given the proximity to highly radiosensitive
anatomical structures (i.e., orbital content, optic
nerves, brain), the use of IMRT is strongly recom-
mended over conventional radiation techniques,
with the intent to minimize treatment toxicity [61].

Recently, the role of heavy ion therapy, such as
proton beam radiation therapy, is also emerging:
adjuvant proton beam radiation for sinonasal can-
cers was reported to provide a local control superior
to conventional radiotherapy or IMRT [62,63]. This
is likely due to the possibility to better sharp the
dose gradient in view of the physical features of
heavy particles, thus optimizing the balance
between the need for high dose on the tumor bed
and low dose on neighboring noble structures. Like-
wise, carbon-ion radiation therapy is a promising
strategy for sinonasal adenocarcinoma [64]. In case
of nonresectable tumors, radiotherapy with photons
and/or neutrons, possibly associated with chemo-
therapy, provides a valuable 5-year overall survival
(OS); however, specific data on ITAC are lacking
[65].

Finally, perioperative image-adapted brachy-
therapy has also been proposed for sinonasal cancer
(including ITAC), with 3-year OS of 72% [66].
Chemotherapy

The only data available on chemotherapy for sino-
nasal ITAC are based on the Italian experience at the
‘Istituto Nazionale dei Tumori’ in Milan [31,32].
Neoadjuvant chemotherapy with cisplatin, 5-fluo-
rouracil, and leucovorin (PFL) resulted in a patho-
logical complete response (CR) in up to 40% of cases.
The probability to obtain a CR to chemotherapy was
significantly higher in ITACs with functional p53
(58% of cases), including both the wild-type and the
mutated protein with function preservation or gain.
Based on these data, neoadjuvant chemotherapy
with PFL scheme is indicated only for ITACs bearing
functional p53 protein [67]. Apart from this isolated
experience, the role of chemotherapy in the neo-
adjuvant or adjuvant setting in the management of
ITAC has not been systematically investigated.

Local application of fluorouracil after debulking
surgery has also been proposed as primary treatment
for ITAC [68], but the Dutch experience has not been
reproduced on a large scale.
1068-9508 Copyright � 2018 Wolters Kluwer Health, Inc. All rights rese
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Biotherapy

Although no clinical data are available on biother-
apy for ITAC, the biological profile resulting from
several preclinical studies and the availability of
an immortalized tumor cell line encourages the
employment of target therapies in the management
of this tumor [20,69]. By virtue of a low incidence of
EGFR, K-RAS, and BRAF mutations and high rate of
EGFR copy number gain, the mutational profile of
ITAC seems particularly fitting to anti-EGFR drugs
[27,28]. Likewise, the high rate of MET mutation
(64%) makes MET inhibitors another interesting
option [20,33]. The subgroup of patients with H-
RAS mutation (16%) may benefit from the adminis-
tration of MAPK/ERK pathway inhibitors, alone or
combined with inhibitors of the cyclin-dependent
kinase-4/6 [20,70]. Specific studies are warranted to
explore the real benefit of these drugs in a clinical
setting.
PROGNOSTIC FACTORS AND ONCOLOGIC
OUTCOMES

Oncologic outcomes are influenced by several fac-
tors, such as patient characteristics or biological
features of the tumor. Age higher than 75 years,
male sex, and black race have been identified as
adverse prognostic factors [71]. From a histopatho-
logic perspective, mucinous and solid subtypes are
associated with poor prognosis [47,50

&

,71]. At pre-
sentation, locally advanced tumors, nodal or distant
metastases, and sphenoidal, orbital, dural, or brain
invasion were demonstrated as negative prognosti-
cators [6,33,50

&

,60,71–74]. High proliferation index
and several other biological markers (Table 1) are
significantly associated with worse prognosis [75].

Surgery with free margins and overall adequacy
of primary management are of utmost importance,
as positive margins, local failure, and inadequate
previous treatments are independently associated
with poor prognosis [6,33,50

&

,73,76]. Adjuvant radi-
ation therapy has an independent positive effect on
survival [59,71].

In the largest published series, 5-year overall,
disease-specific, and disease-free survivals are 53–83,
82–83, and 62–74%, respectively [6,46,50

&

,77,78].
Open surgery (i.e., craniofacial resection) is associ-
ated with higher morbidity and a nonnegligible
mortality rate [45,51,55]. The recurrence rate after
definitive treatment ranges from 17.6 to 49.6%, with
local, regional, and distant relapse accounting for
16.0–38.2, 1.8–2.4, and 6.5–12.8%, respectively
[6,46,47,50

&

,78]. Accordingly, postoperative surveil-
lance should mainly focus on the primary site,
by including endoscopic examination and MRI (or
rved. www.co-otolaryngology.com 5
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contrast-enhanced CT) at 3-month and 6-month
intervals for the first 24 months, respectively; beyond
this period, both outpatient and imaging evaluations
can be performed every 6 months until year 5 and
subsequently once a year [79–81], in view of the
possibility for ITAC to develop late local recurrences.
Similarly to primary staging, PET/CT imaging can be
considered for high-grade/high-stage ITACs also dur-
ing follow-up. It is worth mentioning that recurrent
ITAC has a remarkably aggressive behavior, which
is similar to that of high-grade histologies (e.g.,
mucosal melanomas, sinonasal undifferentiated
carcinomas, sinonasal neuroendocrine carcinomas,
sarcomas) [82].
CONCLUSION

Sinonasal ITAC is a rare tumor with variable biologic
behavior in relation to the histologic subtype. TES
has emerged as an appropriate primary treatment for
most ITACs. Adjuvant IMRT is recommended in
advanced lesions and high-grade tumors. The pos-
sibility to avoid any adjuvant treatment in early-
stage, radically excised, low-grade lesions should be
further explored. Neoadjuvant chemotherapy with
a platinum-based regimen can provide a survival
benefit in selected ITACs with functional p53.

Although the biology of ITAC is far from being
fully elucidated, recent advances in understanding
the carcinogenetic mechanisms and genetic
alterations involved in the tumor may contribute
to defining a role for biotherapy in the therapeutic
armamentarium.
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