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Abstract Intestinal-type adenocarcinoma (ITAC) is a
rare form of sinonasal cancer characterized by an associ-
ation with exposure to industrial dusts, aggressive clinical
behavior, and histologic/immunophenotypic similarity to
tumors of the gastrointestinal tract. ITAC is sometimes
very poorly differentiated and difficult to distinguish from
other sinonasal neoplasms, particularly in a limited biopsy.
CDX-2 and cytokeratin 20 are consistently immunoreac-
tive in ITAC and as a result, these immunostains are often
used to support the diagnosis. However, CDX-2 and
cytokeratin 20 have not been tested on a broad range of
sinonasal tumors, so their specificities remain unknown.
Immunohistochemistry for CDX-2 and cytokeratin 20 was
performed on 6 sinonasal ITACs as well as 176 non-
intestinal-type sinonasal neoplasms. CDX-2 and cytokera-
tin 20 were positive in all 6 cases of ITAC. CDX-2 im-
munoexpression was also observed in 17 of 176 (10 %)
non-intestinal-type tumors including 6 of 16 (38 %) sino-
nasal undifferentiated carcinomas, 8 of 81 (10 %) squa-
mous cell carcinomas (including 5 of 39 non-keratinizing

M. P. Tilson - J. A. Bishop
Department of Pathology, Johns Hopkins Medical Institutions,
Baltimore, MD, USA

G. L. Gallia
Department of Neurosurgery, Johns Hopkins Medical
Institutions, Baltimore, MD, USA

G. L. Gallia
Department of Oncology, Johns Hopkins Medical Institutions,
Baltimore, MD, USA

J. A. Bishop (X))

Johns Hopkins University School of Medicine, 401 N.
Broadway, Weinberg 2249, Baltimore, MD 21231, USA
e-mail: jbishol6@jhmi.edu; jbishop@jhmi.edu

variants), 2 of 20 (10 %) salivary-type adenocarcinomas,
and 1 of 2 (50 %) small cell carcinomas. In contrast,
among non-intestinal types of sinonasal tumors, cytokera-
tin 20 was only focally observed in 1 of 176 non-intestinal
tumors (a non-Keratinizing squamous cell carcinoma). All
cases of non-intestinal surface-derived adenocarcinoma
and esthesioneuroblastoma were negative for both markers.
Both CDX-2 and cytokeratin 20 are highly sensitive for the
diagnosis of sinonasal ITAC, but cytokeratin 20 is more
specific. CDX-2 staining may be observed in other high
grade tumor types, especially sinonasal undifferentiated
carcinoma and non-keratinizing squamous cell carcinoma.
As a result, in the setting of a poorly differentiated sino-
nasal carcinoma the diagnosis of ITAC should not be based
on CDX-2 immunoexpression alone. Clear-cut glandular
differentiation and cytokeratin 20 immunoexpression are
more reliable features.

Keywords CDX-2 - Cytokeratin 20 - Sinonasal
adenocarcinoma - Sinonasal undifferentiated carcinoma

Introduction

Sinonasal intestinal-type adenocarcinoma (ITAC) is an
uncommon form of head and neck cancer. Derived from
the surface epithelium of the sinonasal passages, ITAC is
characterized by its close histologic resemblance to carci-
nomas or adenomas of the gastrointestinal tract [1]. The
diagnosis of ITAC is usually straightforward, with many
ITACs forming glands and/or papillae with nuclear strati-
fication and mucin production. However, approximately
20 % of ITACs are poorly differentiated, exhibiting a solid
or trabecular architecture with only rare gland formation
and scarce mucin [1-4]. By hematoxylin and eosin-stained
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sections alone, these high grade tumors may be difficult to
distinguish from other poorly differentiated sinonasal
neoplasms. Moreover, other sinonasal tumors may enter the
differential diagnosis due to true (e.g., salivary-type ade-
nocarcinoma) or false gland formation (e.g., Flexner—
Wintersteiner rosettes in high grade esthesioneuroblastoma
or acantholytic areas in squamous cell carcinoma). The
difficulty is compounded by the fact that sinonasal biopsies
are often very small with abundant crush artifact [5].

Despite the diagnostic challenges, it is important to
diagnose ITAC correctly. From a prognostic standpoint,
ITAC are usually locally aggressive tumors with a 5 year
survival rate of only about 40 % [1-3, 6, 7]. In addition,
ITACs and colorectal carcinomas share similar genetic
profiles, so molecular testing (e.g., EGFR, KRAS, BRAF)
could be similarly utilized to tailor a targeted therapeutic
approach [8-10]. Finally, due to strong associations with
occupational exposures, especially wood and leather dust,
the diagnosis of ITAC may carry medicolegal ramifications
[7, 11-14].

Immunohistochemistry can be used to aid in the diag-
nosis of ITAC. While sinonasal ITAC shares the CDX-2
positive/cytokeratin 20 positive immunoprofile of its
colorectal counterpart, low grade non-intestinal surface-
type adenocarcinomas are consistently negative [15-20].
To our knowledge, however, these immunostains have not
been tested across a broad range of sinonasal neoplasms, so
their specificities for ITAC are not known. We sought to
determine the immunoexpression of CDX-2 and cytoker-
atin 20 in non-intestinal sinonasal tumors, particularly high
grade neoplasms that may enter the differential diagnosis
of poorly differentiated sinonasal ITAC.

Materials and Methods

Paraffin-embedded formalin-fixed tissue from 182 sino-
nasal neoplasms was retrieved from the surgical pathol-
ogy archives of The Johns Hopkins Hospital. The cases
included 6 cases of sinonasal ITAC on whole slides and
176 non-intestinal sinonasal tumors present on previously
constructed tissue microarrays [21]. Two to three cores
1 mm in diameter were taken from each donor block to
address tumor heterogeneity. The non-intestinal sinonasal
neoplasms included 81 squamous cell carcinomas and
variants, 48 esthesioneuroblastomas, 20 salivary-type
adenocarcinomas, 16 sinonasal undifferentiated carcino-
mas, 6 non-intestinal surface-type adenocarcinomas, 3
NUT midline carcinomas, and 2 small cell carcinomas.
The human papillomavirus status for each sinonasal car-
cinoma was previously determined as previously descri-
bed [21].
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CDX-2 (clone EPR2764Y; Dako, Carpinteria, CA;
prediluted by manufacturer) and cytokeratin 20 (clone
Ks20.8; Dako; prediluted by manufacturer) immunohisto-
chemistry was performed on each of the 4 micrometer thick
sections on a Benchmark XT autostainer (Ventana Medical
Systems, Inc. Tucson, AZ). The pattern of nuclear (for
CDX-2) or cytoplasmic (for cytokeratin 20) staining for
each tumor was recorded. Both intensity (weak, moderate,
and strong) and extent (% of tumor nuclei positive) of
staining was recorded. Positivity in >50 % of tumor cells
was considered diffuse, while staining in <50 % of tumor
cells was regarded as focal. Any tumor that was positive for
either marker was closely re-reviewed to confirm the
diagnosis. All neoplasms were classified by the histologic
and immunophenotypic criteria set forth in the WHO
Classification of Head and Neck Tumors [22].

Results

The results are summarized in Table 1. CDX-2 and cyto-
keratin 20 were both positive in all 6 cases of sinonasal
ITAC (Fig. 1). CDX-2 immunoexpression was strong in 4
of 6 and diffuse in 5 of 6 ITACs. Cytokeratin 20 staining
was strong in all ITACs, and diffuse in 4 of 6. Interestingly,
in the tumors where immunostaining was focal for one
antibody, diffuse positivity was seen for the other one (e.g.,
focal cytokeratin 20 but diffuse CDX-2 expression).

CDX-2 immunoexpression was also observed in 17 of
176 (10 %) non-intestinal type tumors, where CDX-2
staining was usually diffuse (10 of 17 cases) and weak (14
of 17 cases) (Fig. 2). The CDX-2 positive tumors included
6 of 16 (38 %) sinonasal undifferentiated carcinomas, 8 of
81 (10 %) squamous cell carcinomas, 2 of 20 (10 %) sal-
ivary-type adenocarcinomas, and 1 of 2 (50 %) small cell
carcinomas. The CDX-2 positive squamous cell carcino-
mas included 5 non-keratinizing, 2 keratinizing, and 1
papillary variants; 4 of them were human papillomavirus-
related carcinomas. The two CDX-2 positive salivary-type
carcinomas included one adenoid cystic carcinoma (where
the positivity was peripheral suggestive of a myoepithelial
distribution) and one myoepithelial carcinoma. In contrast,
cytokeratin 20 was only observed in 1 of 176 non-intesti-
nal-type tumors: a non-keratinizing squamous cell carci-
noma that was also diffusely and weakly CDX-2 positive
(Fig. 3). The cytokeratin 20 staining was focal but strong.
All cases of non-intestinal surface-type adenocarcinoma
and esthesioneuroblastoma were negative for both CDX-2
and cytokeratin 20. Overall, CDX-2 was 100 % sensitive
and 90 % specific for the diagnosis of sinonasal ITAC. In
comparison, cytokeratin 20 was also 100 % sensitive but
99 % specific for ITAC.
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Table 1 CDX-2 and cytokeratin 20 immunoexpression in sinonasal
neoplasms

CDX-2 Cytokeratin
20
Intestinal-type adenocarcinoma 6/6 (100) 6/6 (100)
Squamous cell carcinoma 8/81 (10) 1/81 (1)
Non- or partially-keratinizing 5/39 (13) 1/39 (3)
Keratinizing 2/21 (10) 0/21 (0)
Papillary 1/5 (20) 0/5 (0)
Other variants 0/16 (0) 0/16 (0)
Sinonasal undifferentiated carcinoma 6/16 (38) 0/16 (0)
Salivary-type adenocarcinoma 2/20 (10) 0/20 (0)
Adenoid cystic carcinoma 1/12 (8) 0/12 (0)
Myoepithelial carcinoma 1/3 (33) 0/3 (0)
Other types 0/5 (0) 0/5 (0)
Small cell carcinoma 1/2 (50) 0/2 (0)
Esthesioneuroblastoma 0/48 (0) 0/48 (0)
Non-intestinal surface-type 0/6 (0) 0/6 (0)
adenocarcinoma
NUT midline carcinoma 0/3 (0) 0/3 (0)
Total 23/182 (13)  7/182 (4)
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Fig. 1 This example of sinonasal intestinal-type adenocarcinoma is
very poorly differentiated, growing as nests and sheets of pleomor-
phic cells with necrosis (a) and exhibiting only focal gland formation

Discussion

Sinonasal ITAC is an uncommon form of head and neck
cancer that is characterized by an enteric phenotype,
aggressive behavior, and association with exposures to
industrial agents. ITAC is important to recognize for
prognostic and potentially therapeutic and medicolegal
reasons. ITAC has a variable histologic appearance. At
one end of the spectrum, it has well-formed glands and/or
papillae with abundant mucin. At the other extreme,
however, ITAC may be very poorly differentiated and
may therefore be in the differential diagnosis with other
high grade sinonasal malignancies like poorly differen-
tiated squamous cell carcinoma or sinonasal undifferen-
tiated carcinoma. Immunohistochemistry for CDX-2 and
cytokeratin 20 is often used to confirm the diagnosis of
sinonasal ITAC, but the usefulness of these immunostains
is not entirely clear because they have not been previ-
ously performed on a wide range of sinonasal malig-
nancies.

We confirmed that CDX-2 and cytokeratin 20 are highly
sensitive for sinonasal ITAC, as has been previously shown

(b) and mucin production demonstrated by a mucicarmine stain (inset
of b). CDX-2 (c) and cytokeratin 20 (d) immunostains were
consistently positive in the sinonasal intestinal-type adenocarcinomas
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Fig. 2 CDX-2 immunohistochemistry was not limited to sinonasal
intestinal-type adenocarcinoma. Varying degrees of staining were
also observed in some cases of squamous cell carcinoma (a, b) and

[15-20]. It is worth noting that the immunostaining was not
always diffuse in ITACs: focal positivity for CDX-2 and
cytokeratin 20 was seen in 1 of 6 and 2 of 6 cases,
respectively. In addition, the two immunostains were
complementary; in the 3 cases where one was only focally
positive, the other was diffuse. Both markers were con-
sistently negative in non-intestinal surface-type adenocar-
cinomas, as others have previously demonstrated [15-20].
On the other hand, we found that neither marker is entirely
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sinonasal undifferentiated carcinoma (c, d) as well as one small cell
carcinoma (e, f)

specific. Cytokeratin 20 staining in non-intestinal tumors
was very rare (i.e., a single squamous cell carcinoma), but
CDX-2 immunoexpression was observed in examples of
keratinizing and non-keratinizing squamous cell carci-
noma, sinonasal undifferentiated carcinoma, small cell
carcinoma, adenoid cystic carcinoma, and myoepithelial
carcinoma. Practically speaking, most cases of adenoid
cystic carcinoma, myoepithelial carcinoma, and keratiniz-
ing or papillary squamous cell carcinoma would not be
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Fig. 3 This is a case of non-keratinizing squamous cell carcinoma

(a) as supported by diffuse and strong staining for the squamous
marker p40 (b), but it also expressed CDX-2 (¢) and cytokeratin 20 (d).

mistaken for ITAC, but poorly differentiated ITAC could
be confused with sinonasal undifferentiated carcinoma,
small cell carcinoma, or non-keratinizing squamous cell
carcinoma. CDX-2 immunoexpression in these high grade
tumors is a potential diagnostic pitfall, particularly when
histologic examination is limited by sample size or artifact,
and therefore immunohistochemistry is relied upon heav-
ily. Accordingly, in a poorly differentiated carcinoma of
the sinonasal tract, the diagnosis of ITAC should not be
made on the basis of CDX-2 staining alone. True glandular
differentiation at the histologic level is a reliable feature
which virtually excludes those other high grade tumors; a
positive mucicarmine stain may also be helpful in high-
lighting mucin production. In addition, an immunohisto-
chemical panel that includes the more specific intestinal
marker cytokeratin 20, the squamous markers p40 and
cytokeratin 5/6, and the neuroendocrine markers synapto-
physin and chromogranin should resolve the differential
diagnosis in most cases.

The CDX-2 immunoexpression in non-intestinal sino-
nasal tumors is curious. One potential possibility for this
unexpected finding is that these tumors actually represent
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This was the only sinonasal tumor aside from the intestinal-type
adenocarcinomas that was cytokeratin 20 positive

ITACSs that were misclassified. However, all of the CDX-2
positive tumors were closely re-reviewed, and none of
them exhibited gland formation or mucin production.
Moreover, all but one of these carcinomas were negative
for cytokeratin 20. It is possible that some or all of the
CDX-2 positive sinonasal undifferentiated carcinomas
actually represented de-differentiated ITACs, but without
any concurrent or prior evidence of adenocarcinoma it is
difficult to confirm that hypothesis. CDX-2 immunoex-
pression in non-intestinal types of tumors could represent
primitive intestinal differentiation that is the result of
pluripotency of the sinonasal mucosa stem cells. The fact
that one case of squamous cell carcinoma co-expressed
CDX-2 and cytokeratin 20 lends some support to this
possibility. Finally, perhaps the most likely explanation is
that CDX-2 is simply not as specific for intestinal differ-
entiation as it was once thought to be. Indeed, CDX-2
immunoexpression has recently been increasingly reported
in human tissues that lack other evidence of intestinal
differentiation, including leukemias [23, 24], endometrioid
carcinomas [25], thyroid carcinomas [26-29], and even
reactive urothelium [30].
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To summarize, both CDX-2 and cytokeratin 20 are
highly sensitive for sinonasal ITAC, but cytokeratin 20 is
more specific. Despite its lack of absolute specificity for
the intestinal phenotype, CDX-2 immunohistochemistry is
still useful for the diagnosis of sinonasal ITAC; after all,
we did find the marker to be 100 % sensitive and 90 %
specific. In the setting of a high grade sinonasal carcinoma,
though, CDX-2 should not be used indiscriminately as
evidence of a poorly differentiated ITAC. Instead, in the
absence of overt intestinal differentiation at the histologic
level, the diagnosis of ITAC should be reserved for tumors
that do exhibit at least focally clear-cut gland formation
along with CDX-2/cytokeratin 20 co-expression.
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