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Abstract
IDH2 R172 mutations occur in >80% sinonasal undifferentiated carcinomas (“SNUC”) and ~80% of these are R172S and
R172T variants. We examined the utility of the monoclonal antibody 11C8B1 to IDH2 R172S in IDH2 R172-mutated
tumors to establish an immunohistochemistry protocol as a surrogate method for IDH2 R172S mutation detection. Eightyeight formalin-ﬁxed parafﬁn-embedded tumors including 42 sinonasal tumors and a variety of IDH1/2-mutated malignancies
were tested by immunohistochemistry. The IDH1/2 mutation status was determined in 86 cases by a targeted massively
parallel sequencing MSK-IMPACTTM assay. Interestingly, monoclonal antibody 11C8B1 was reactive with all IDH2 R172S
(N = 15) mutated tumors including 12 sinonasal carcinomas, 2 high-grade sarcomas and one intrahepatic cholangiocarcinoma, and with all R172T (N = 3) mutated sinonasal carcinomas displaying a distinct granular cytoplasmic labeling in all
R172S/T mutated malignancies. 11C8B1 immunohistochemistry was also positive in 2 of 6 IDH1 R132S-mutated tumors,
including one intrahepatic cholangiocarcinoma and one chondrosarcoma showing a smooth homogeneous cytoplasmic
staining pattern. All IDH2 R172G/K/M/W (N = 22) and IDH1 132H/C/G/L (N = 15) mutated tumors, and all IDH1/2-wildtype tumors (N = 25), including a histologic variety of 23 sinonasal tumors, were immunonegative. Importantly,
11 sinonasal undifferentiated carcinomas (N = 14, 79%) and 3 (100%) high-grade neuroendocrine carcinomas, large cell
type were 11C8B1 immunopositive. Literature search revealed a virtual absence of IDH2 R172 and IDH1 R132S mutations
in >1000 cases of 8 different malignancies included in the differential diagnosis of sinonasal undifferentiated carcinoma. Our
study suggests that positive IDH2 11C8B1 immunohistochemistry in sinonasal carcinomas would be highly predictive of the
presence of IDH2 R172S/T mutations and could serve as a reliable adjunct diagnostic marker of sinonasal undifferentiated
carcinomas in >70% cases.

Introduction
IDH2 (isocitrate dehydrogenase 2) is a homodimeric
mitochondrial enzyme that catalyzes the conversion of
isocitrate to α-ketoglutarate producing NADPH in the
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process. The IDH2 R172 mutant protein gains a neomorphic ability to produce the “oncometabolite” 2hydroxyglutarate, which results in histone and DNA
hypermethylation, and ultimately leads to block in cellular
differentiation [1]. Over the past decade, activating
somatic hotspot IDH1/2 mutations have been identiﬁed at
variable proportions in various cancer types, including
gliomas [2], chondrosarcomas [3], intrahepatic cholangiocarcinoma [4], acute myeloid leukemia [1, 5],
angioimmunoblastic T-cell lymphoma [6], and solid
papillary carcinoma with reverse polarity, a rare breast
carcinoma subtype [7]. Given the relatively higher frequency, and the diagnostic and prognostic signiﬁcance of
IDH1 mutations in gliomas for example, the immunohistochemical detection of IDH1 R132H has been wellestablished and widely used in surgical pathology [8]. In

S. Dogan et al.
Table 1 IDH2 11C8B1
immunohistochemistry in
malignant tumors relative to
their histologic type and IDH1/2
mutation status (A), and in
respect to the amino acid
substitution (B)

A
Tumor
category

Tumor type

Sinonasal
tumors
(N = 42)

Sinonasal undifferentiated carcinoma (N = 14)

IHCC
(N = 9)

Sarcoma
(N = 6)

Glioma
(N = 23)

IDH2 R172 or IDH1
R132 mutation status
(N)

11C8B1
(positive/
total)

R172S (9)

9/9

R172T (1)

1/1

R172M (1)

0/1

R172G (1)

0/1

Wild-type (1)

0/1

Unknown (1)

1/1

HG neuroendocrine carcinoma, large cell type
(N = 3)

R172S (2)

2/2

R172T (1)

1/1

PD non-intestinal type adenocarcinoma/carcinoma
with glandular/acinar differentiation (N = 7)

R172S (1)

1/1

R172T (1)

1/1

Wild-type (5)

0/5

MD intestinal type adenocarcinoma (N = 2)

Wild-type (2)

0/2

Small cell neuroendocrine carcinoma (N = 2)

Wild-type (2)

0/2

SMARCB1-deﬁcient carcinoma (N = 2)

Wild-type (1)

0/1

Unknown (1)

0/1

PD carcinoma with neuroendocrine and glandular
differentiation (N = 1)

Wild-type (1)

0/1

HG neuroendocrine carcinoma with neuronal
differentiation (N = 1)

Wild-type (1)

0/1

Squamous cell carcinoma (N = 1)

Wild-type (1)

0/1

Combined small cell neuroendocrine carcinoma and Wild-type (1)
squamous cell carcinoma (N = 1)

0/1

Olfactory neuroblastoma (N = 3)

Wild-type (3)

0/3

Sinonasal melanoma (N = 5)

Wild-type (5)

0/5

Intrahepatic cholangiocarcinoma (N = 9)

R172S (1)

1/1

R172W (2)

0/2

R172G (1)

0/1

R172M (1)

0/1

R132S (1)

1/1

R132G (1)

0/1

Wild-type (2)

0/2

HG multiphenotypic sarcoma (N = 1)

R172S (1)

1/1

HG chondrosarcoma (N = 5)

R172S (1)

1/1

All types (N = 23)

R172G (1)

0/1

R132S (1)

1/1

R132C (1)

0/1

R132L (1)

0/1

R172K (8)

0/8

R172W (2)

0/2

R172M (1)

0/1

R172G (1)

0/1

R132S (4)

0/4

R132G (4)

0/4

R132H (2)

0/2

R132L (1)

0/1
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Table 1 (continued)
A
Tumor
category

Tumor type

IDH2 R172 or IDH1
R132 mutation status
(N)

Lymphoma
(N = 3)

Angioimmunoblastic T-cell lymphoma (N = 2)

R172M (1)

0/1

R172G (1)

0/1

R172G (1)

0/1

Peripheral T-cell lymphoma(N = 1)
Other tumors
(N = 5)

11C8B1
(positive/
total)

Medullary thyroid carcinoma (N = 1)

R132L (1)

0/1

Prostate adenocarcinoma (N = 1)

R132H (1)

0/1

Colorectal adenocarcinoma (N = 1)

R132C (1)

0/1

Endometrioid adenocarcinoma (N = 2)

R132C (2)

0/2

R172S (15)

15/15

R172T (3)

3/3

R172K (8)

0/8

R172G (6)

0/6

R172W (4)

0/4

B
All tumors with established mutation status (N = 86)

R172M (4)

0/4

R132S (6)

2/6

R132G (5)

0/5

R132C (4)

0/4

R132H (3)

0/3

R132L (3)

0/3

Wild-type (25)

0/25

HG high-grade, PD poorly differentiated, MD moderately differentiated, IHCC intrahepatic
cholangiocarcinoma

contrast, IDH2 mutations are less common, which may
explain the lack of an established IDH2 immunohistochemistry protocols. Recently, we showed that the vast
majority of sinonasal undifferentiated carcinomas
(“SNUC”, 82%), and a variable proportion of other highgrade sinonasal epithelial malignancies, such as highgrade neuroendocrine carcinomas, large cell type, and
poorly differentiated carcinomas with glandular/acinar
differentiation, harbor somatic IDH2 R172 mutations with
about 80% being either R172S or R172T variants [9].
Similar ﬁndings were also reported by Jo et al.; although,
the frequency of IDH2 mutant sinonasal undifferentiated
carcinomas in their cohort of 11 cases was lower [10].
IDH2 single nucleotide variants are typically detected by
DNA-based sequencing assays, which may be costly,
time-consuming or simply unavailable in a pathology
practice. An implementation of immunohistochemical
assays targeting speciﬁcally IDH2 mutant proteins may
provide a rapid, inexpensive alternate and/or corroborating method for mutant protein detection and help select
cases amenable for further IDH2 mutation conﬁrmation.
Except for a single study exploring the utility of a multi-

speciﬁc antibody against IDH1/IDH2 mutant proteins in
sinonasal tumors [11], monoclonal antibodies for speciﬁc
detection of IDH2 R172S mutant protein have not been
evaluated in formalin-ﬁxed surgical specimens. In the
present study, we examined the utility of a commercially
available monoclonal antibody to IDH2 R172S in IDH2
R172-mutated tumors in order to establish an immunohistochemical protocol as a surrogate method for IDH2
R172S mutation detection. In view of the very high
recurrence rate of these mutations in sinonasal undifferentiated carcinomas in particular, we sought to explore
potential advantages of IDH2 R172S immunohistochemistry as an adjunct diagnostic marker in this tumor type.

Methods and materials
Cases
A total of 88 formalin-ﬁxed parafﬁn-embedded tumors were
selected from the pathology archives (Memorial Sloan
Kettering Cancer Center) for immunohistochemistry
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analysis. Upon approval by the Institutional Review Board,
a combined research and clinical cohort of 42 sinonasal
tumors, and a clinical cohort of selected IDH1/2-mutated

non-sinonasal tumors with available material for testing
(N = 46) were studied. The sinonasal cohort included
14 sinonasal undifferentiated carcinomas diagnosed using
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Fig. 1 IDH2 11C8B1 immunohistochemistry in sinonasal carcinomas.
Sinonasal undifferentiated carcinoma harboring IDH2 R172S variant
comprised of sheets of large undifferentiated tumor cells with prominent nucleoli (a) shows granular cytoplasmic immunostaining pattern
consistent with mitochondrial localization of IDH2 mutant protein as
detected by 11C8B1 monoclonal antibody (b). High-grade neuroendocrine carcinoma, large cell type, IDH2 R172S mutant
(c) demonstrates a diffuse positive immunolabeling for chromogranin
(c, inset), and positive IDH2 immunohistochemistry (d). In the IDH2
R172T mutated poorly differentiated non-intestinal type adenocarcinoma (e) the immunostaining pattern was similar to that in R172S
mutants (f). In one IDH2 R172T mutated high-grade neuroendocrine
carcinoma, large cell type metastatic to liver (g), which labeled
immunopositive for INSM1 (g, inset), the IDH2 immunohistochemistry was focal and granular (h); (×200 magniﬁcation, insets b and
h, ×400 magniﬁcation)

the criteria as previously described [9, 12]. The clinical nonsinonasal cohort included gliomas (N = 23), intrahepatic
cholangiocarcinoma (N = 9), chondrosarcoma (N = 5),
angioimmunoblastic T-cell lymphoma (N = 2), endometrioid carcinoma (N = 2), and one of each: medullary thyroid carcinoma, colorectal adenocarcinoma, prostate
adenocarcinoma, high-grade multiphenotypic sarcoma, and
peripheral T-cell lymphoma (Table 1). The IDH1/2 mutation status was previously reported in 22 sinonasal carcinomas and 2 olfactory neuroblastomas [9]. Two sinonasal
carcinomas had insufﬁcient material for DNA extraction
and the remaining 16 sinonasal tumors were proﬁled by our
clinically validated FDA-approved Memorial Sloan
Kettering-Integrated Mutation Proﬁling of Actionable
Cancer Targets (MSK-IMPACTTM) massive parallel
sequencing assay targeting 341–468 cancer-related genes as
previously described [13]. The IDH1/2 mutation status in all
non-sinonasal tumors was determined by MSK-IMPACTTM
as a part of routine clinical work-up. In addition to the IDH2
immunohistochemistry performed on all cases as detailed
below, other immunohistochemical studies depicted in the
selected examples (Fig. 1c, g) were performed as a part of
diagnostic work-up at the time of diagnosis.

Immunohistochemistry protocol using IDH2 11C8B1
monoclonal antibody
The monoclonal antibody, clone 11C8B1 (catalogue #:
26408; NewEast Biosciences, Malvern, PA) generated to
the target the IDH2 R172S mutant protein was obtained
commercially. The clone designation (11C8B1) was not
indicated on the accompanying speciﬁcation sheet or website (http://www.neweastbio.com/) and was provided by the
manufacturer upon request. For the original assessment of
the immunohistochemical properties, we employed chondrosarcoma cell line SW1353, known to harbor IDH2
R172S mutation [14]. The authenticity of SW1353 was
conﬁrmed by short tandem repeats (STR) analysis (data not

shown) and the presence of the mutation was conﬁrmed by
Sanger sequencing (data not shown). Cell pellets of
SW1353 displayed consistent strong immunopositivity and
sections thereof proved to be valuable positive controls and
were also used for monoclonal antibody optimization. A
panel of normal tissues was employed as negative controls
and no immunostaining was observed in any of the concomitantly tested normal tissues. A variety of optimization
tests were performed employing heat-based antigen retrieval
as well as different retrieval buffers (citrate based low pH
epitope retrieval buffer, ER1, Leica; EDTA-based high pH
epitope retrieval buffer, ER2, Leica) and heating times
between 15 and 30 min at the equipment set temperature of
99 °C. All immunohistochemical assays were performed on
a Leica-Bond-3 automated stainer platform (Leica, Buffalo
Grove, IL). The standard platform-associated polymeric
detection kit (Reﬁne, Leica) was used as secondary reagent.

Results
11C8B1 immunohistochemistry protocol
11C8B1 worked best using a heat-based antigen retrieval
method employing a high pH retrieval buffer (ER2, Leica)
for 30 min. A primary concentration of 0.5 µg/ml (1:2000)
and 30 min incubation time resulted in a strong and consistent granular cytoplasmic staining. Once the conditions
were optimized we used this protocol to test a pregenotyped cohort of IDH1/2 mutated and IDH1/2 wildtype tumors as outlined above for immunoreactivity with
11C8B1. Sections of SW1353 cell pellets were also used as
positive controls in the consecutive steps of this study.

Frequency of IDH2 11C8B1 immunopositivity in
different tumor types
Immunohistochemistry results are summarized in Table 1.
Among the tumors with known IDH1/2 mutations status all
IDH2 R172S mutant tumors (15/15, 100%), including
12 sinonasal carcinomas (Fig. 1), one chondrosarcoma, one
intrahepatic cholangiocarcinoma (Fig. 2), and one highgrade multiphenotypic sarcoma were immunohistochemistry positive. In addition, all three IDH2 R172T-mutated
sinonasal carcinomas (3/3, 100%) were immunopositive for
11C8B1. Interestingly, two out of six IDH1 R132S cases,
including one intrahepatic cholangiocarcinoma, and one
chondrosarcoma were also immunopositive although displayed a staining pattern distinct from that observed in
IDH2 R172S/T mutant tumors (Fig. 3). All tumors harboring either IDH2 R172K/G/W/M (N = 22) or IDH1 132
H/G/C/L (N = 15) mutations, and all IDH1/2 wild-type
tumors (N = 25), including a histologic variety of
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Fig. 2 IDH2 11C8B1 immunohistochemistry in IDH2 R172S mutated
chondrosarcoma and intrahepatic cholangiocarcinoma. IDH2 R172Smutated chondrosarcoma (a, H&E) displays cytoplasmic granular
labeling for 11C8B1 monoclonal antibody (b), and intrahepatic

cholangiocarcinoma with the same mutation (c, H&E) shows a similar
yet very strong and diffuse immunostaining pattern (d, 11C8B1
immunohistochemistry);
(×200
magniﬁcation,
inset
×400
magniﬁcation)

23 sinonasal tumors, were negative for 11C8B1 immunohistochemistry. One sinonasal undifferentiated carcinoma
with unknown IDH1/2 mutation status was also positive for
IDH2 immunohistochemistry and displayed granular cytoplasmic staining (Table 1B). Notably, among all sinonasal
undifferentiated carcinomas irrespective of their IDH1/2
mutation status, 11 (N = 14, 79%) cases were positive for
11C8B1 immunohistochemistry, as well as all three IDH2
R172S/T-mutated high-grade neuroendocrine carcinomas,
large cell type.

latter case displayed only focal staining, but it was consistently present in the two tested specimens, in the primary
tumor (not shown) and in the liver metastasis (Fig. 1h).
Importantly, all IDH2 R172S/T-mutated malignancies
showed strong granular cytoplasmic labeling, including
sinonasal carcinomas (Fig. 1b, inset), as well as chondrosarcoma and intrahepatic cholangiocarcinoma (Fig. 2).
In contrast, the two IDH1 R132S-mutated tumors showed a
homogeneous diffuse cytoplasmic staining lacking the distinct granularity observed in IDH2 R172S/T-mutated cases
(Fig. 3).

Immunohistochemical pattern of IDH2
11C8B1 staining
The immunohistochemical stain in all IDH2 R172S/T
mutated cases was diffuse and moderate to strong in all
cases except for one IDH2 R172T-mutated high-grade
neuroendocrine carcinomas, large cell type (Fig. 1). The

Frequency of IDH2 R172S and R172T mutations in
different tumor types
Our immunohistochemistry results suggested that ﬁnding a
positive immunostaining with monoclonal antibody
11C8B1 immunohistochemistry in a tumor without IDH2
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Fig. 3 IDH2 11C8B1 immunohistochemistry in IDH1 R132S-mutated
malignancies. The staining pattern in IDH1 R132S-mutated chondrosarcoma was diffuse, moderately strong (a) showing a smooth
homogeneous cytoplasmic distribution (a, inset). IDH1 R132S-

mutated intrahepatic cholangiocarcinoma was diffusely and weakly
positive (b), and a homogeneous cytoplasmic labeling is appreciated
even in the foci of stronger staining intensity (b, inset); (×200 magniﬁcation, insets ×400 magniﬁcation)

R172S/T or IDH1 R132S mutation would be very unlikely.
This prompted us to search the literature to determine the
frequency of these mutations in other tumors with emphasis
on entities arising in the head and neck. Next-generation
sequencing studies failed to reveal any IDH2 mutation in
>1000 cases among 8 relatively common entities that would
be considered in the differential diagnosis of sinonasal
undifferentiated carcinoma (Table 2), while an IDH1
R132C variant occurred in a single case of adenoid cystic
carcinoma. In addition, based on our own institutional
experience reported in a pan-cancer study on >10,000 various predominantly solid malignancies proﬁled by MSKIMPACTTM [15] IDH2 hotspot variants occurred in only
0.3% cases with R172S/T mutations being detected in total
4 (0.04%) cases including one of each; chondrosarcoma,
angioimmunoblastic T-cell lymphoma, intrahepatic cholangiocarcinoma, and sinonasal undifferentiated carcinoma.
IDH1 hotspot mutations occurred in 2.5% cases including
only 4 (0.04%) R132S variants detected in the tumors
outside of the sinonasal tract (Table 2).

advantage of our pre-genotyped sinonasal tumors cohort
and a large clinical cohort subjected to MSK-IMPACTTM
mutational proﬁling to compile a histogenetically diverse
control set comprising a variety of IDH1/2-mutated and
wild-type tumors. Due to the high homology in the protein
structure between the IDH2 and IDH1 mutation hotspot
regions R172 and R132 respectively [16], testing of a
variety of IDH1 R132 mutants such as those having arginine (R) substituted by cysteine (C), histidine (H), leucine
(L), glycine (G), or serine (S) was essential to explore
potential cross-reactivity of the IDH2 11C8B1 antibody
with IDH1 R132-mutated proteins.
11C8B1 showed consistent and strong granular cytoplasmic immunoreactivity with IDH2 R172S and IDH2
R172T mutant proteins consistent with mitochondrial
localization of IDH2 protein [17]. It also showed weak to
moderately strong homogeneous cytoplasmic immunoreactivity in the minority of IDH1 R132S-mutated cases
despite the manufacturer’s designation this being a monoclonal antibody raised speciﬁcally against the IDH2 R172S
protein. The cross-reactivity of the monoclonal antibody
11C8B1 between the R172S antibody and R172T mutant
protein may be explained by a remarkable similarity in the
chemical structure and properties between serine and
threonine, which are both polar and neutral amino acids.
However, from a practical perspective this relative lack in
speciﬁcity has proven to be useful as we were able to detect
all R172S/T variants by a single IDH2 monoclonal antibody. Similarly, given the high homology in the protein
sequence between the IDH2 R172S and IDH1 R132S [16],
the immunoreactivity of monoclonal antibody 11C8B1
observed in some IDH1 R132S mutants would not be
unusual. The reasons for the lack of detection in other IDH1
R132S-mutated cases remain unclear. Importantly, along
with IDH2 R172K/G/W/M all remaining IDH1 variants
such as R132G/C/H/L were immunohistochemically
negative for 11C8B1. We also showed that the IDH2

Discussion
Prompted by previous ﬁndings of highly recurrent IDH2
hotspot alterations, namely R172S/T variants in sinonasal
undifferentiated carcinoma [9, 10], in the present study, we
explored the feasibility and utility of an immunohistochemical assay in detecting the mutated IDH2 protein in
standard archival surgical pathology specimens with a
particular emphasis on potential diagnostic application of
this immunostain in carcinomas of the sinonasal tract. We
characterized the immunoreactivity of the monoclonal
antibody 11C8B1 and demonstrated its usefulness as an
immunohistochemical reagent for surgical pathology.
In order to validate our immunohistochemistry ﬁndings
and to examine the speciﬁcity of 11C8B1, we took
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R172S-mutated SW1353 chondrosarcoma cell line pellets
may serve as an inexhaustible positive control for IDH2
R172S immunohistochemistry, thus representing a suitable
alternative to often limited clinical biopsy specimens.
Massively parallel sequencing studies have shown that,
except for a single IDH1 R132C-mutated adenoid cystic
carcinoma, other IDH1 and IDH2 hotspot mutations are
virtually absent in multiple tumor types that would typically
be included in the differential diagnosis of sinonasal
undifferentiated carcinoma. These include nasopharyngeal
carcinoma [18], adenoid cystic carcinoma (solid type)
[19–22], squamous cell carcinoma [23–26], Ewing sarcoma/PNET [27, 28], rhabdomyosarcoma (alveolar type)
[29], olfactory neuroblastoma [9, 30, 31], and mucosal
melanoma [32]. In addition, based on our limited experience, none of the 10 next-generation sequencing-proﬁled
SMARCB1-deﬁcient sinonasal carcinomas were found with
a co-existing IDH2 or IDH1 variant [[9], including
unpublished experience]. Similarly, in NUT carcinomas no
other oncogenic mutations except for NUTM1 rearrangements have been identiﬁed to date [12].
Aside from sinonasal undifferentiated carcinoma, IDH2
R172S/T mutations may be highly recurrent in high-grade
neuroendocrine carcinomas, large cell type as well. Taking
into account one IDH2-wild-type case we reported previously [9], in our experience, 3 of 4 (75%) high-grade
neuroendocrine carcinomas, large cell type harbored IDH2
R172S/T variants. In contrast, no IDH2 mutation was
detected in any of 3 sinonasal small cell neuroendocrine
carcinomas, including one case reported previously [9]. The
mutational proﬁles of the 2 sinonasal small cell neuroendocrine carcinomas demonstrated a remarkable genetic
similarity to their lung counterpart [9]. Although such a
small number of tested samples precludes any deﬁnitive
conclusions, we speculate that the IDH2 variants in sinonasal small cell neuroendocrine carcinoma might be as
uncommon as in pulmonary small cell carcinomas. IDH2
mutations were not detected in any of 282 lung small cell
carcinomas examined by a massive parallel sequencing
[15, 33–36].
Based on the current evidence, a differential diagnosis of
a high-grade carcinoma in the sinonasal tract that labels
positive for IDH2 11C8B1 immunohistochemistry would
include sinonasal undifferentiated carcinoma, high-grade
neuroendocrine carcinomas, large cell type, and poorly
differentiated non-intestinal type adenocarcinoma i.e.
poorly differentiated carcinoma with focal glandular/acinar
differentiation. An absence of bona ﬁde neuroendocrine
marker expression in a tumor without any evidence of any
line of differentiation would be diagnostic of sinonasal
undifferentiated carcinoma. Therefore, we suggest the IDH2
11C8B1 immunohistochemistry should be added as one of
the ﬁrst line of immunostains in the diagnostic work-up of a

poorly differentiated/undifferentiated sinonasal tumor. A
more extensive diagnostic work-up, including costly ancillary studies such as in situ hybridization studies and/or
molecular assays, may be considered only in IDH2 11C8B1
negative cases to rule out other entities, and/or to identify
cases harboring less common variants such as IDH2 R172G
or R172M.
In carcinomas outside of the sinonasal tract, a high frequency of IDH2 R172 variants was found in 77% solid
papillary breast carcinomas with reverse polarity, a rare
subtype characterized by a distinct histologic appearance
resembling tall cell variant of papillary thyroid carcinoma
[7]. In intrahepatic cholangiocarcinoma, IDH1 and IDH2
hotspot mutations occur in about 10% and 5% cases,
respectively, and minority of those are R132S or R172S
variants [4]. Therefore, the differential diagnosis of an
IDH2 11C8B1 immunopositive metastatic/carcinoma of
unknown primary would include sinonasal tract, biliary
tract and breast in the top differential diagnosis. Distinct
morphological features and relatively indolent biology of
solid papillary breast carcinomas with reverse polarity, for
example, may further help rule out this possibility [7].
Although IDH1 R132S and IDH2 R172S/T-mutated tumors
cannot be distinguished based on the presence of 11C8B1
immunopositivity alone, a homogeneous cytoplasmic distribution i.e., a lack-of-distinct granularity in labeling may
suggest IDH1 R132S over IDH2 R172S/T mutant.
Further on, IDH2 11C8B1 immunohistochemistry may
have therapeutic implications in clinical practice since
mutant IDH2 proteins represent an attractive therapeutic
target. Clinical trials using selective IDH2-inhibitors for
IDH2-mutated acute myeloid leukemia, for instance, have
been in progress and promising results were recently published [37]. These ﬁndings suggest that a similar treatment
approach may eventually be explored in other tumors harboring IDH2 mutations, including sinonasal carcinomas. In
such cases, an addition of IDH2 immunohistochemistry in a
diagnostic work-up could easily identify the cases amenable
for further molecular IDH2 mutation conﬁrmation and help
select patients for clinical IDH2-inhibitors trials.
In conclusion, here we provide a ﬁrst established
immunohistochemical protocol for detection of mutant
IDH2 using monoclonal antibody 11C8B1 in formalin-ﬁxed
parafﬁn-embedded surgical specimens. This monoclonal
antibody detects IDH2 R172S/T proteins with optimal
sensitivity irrespective of the tumor type. In view of the
molecular epidemiology of the IDH2 R172 variants across
human malignancies and their notable predominance among
high-grade sinonasal carcinomas, especially sinonasal
undifferentiated carcinoma, we suggest that IDH2 11C8B1
immunohistochemistry could be used as a reliable surrogate
marker for the presence of IDH2 R172S/T mutations in
carcinomas in this location. Our study also provides an
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illustrative example of a molecular signature being translated into a powerful adjunct diagnostic marker with a
potential to greatly enhance the diagnostic accuracy in
pathologically challenging cases. In the diagnosis of sinonasal undifferentiated carcinoma, an entity that has been the
subject of controversies and considered a diagnosis of
exclusion for several decades since its ﬁrst description in
1986 [38], this is signiﬁcant progress.
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