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M LETTER TO THE EDITOR W

TdT+ T-Lymphoblastic Proliferation in Castleman Disease

Chang Gok Woo - Jooryung Huh

Department of Pathology, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

The concept of indolent T-lymphoblastic proliferation (iT-
LBP) was introduced by Velankar er /! as the proliferation of
immature terminal deoxynucleotidyl transferase (TdT)+ T cells
in extrathymic tissue without the involvement of bone marrow
or peripheral blood.? Although the histopathologic features and
the immunophenotype are similar to T-lymphoblastic lympho-
ma (T-LBL), {T-LBP is a benign proliferation of thymocytes that
requires no treatment.?

Here, we report a case of iT-LBP in association with hyaline
vascular-type Castleman disease in the retroperitoneum of a Ko-
rean female. A 37-year-old woman presented with right lower
quadrant pain. Abdominal computed tomography scan demon-
strated a well-defined homogeneous enhancing mass in the ret-
roperitoneum (Fig. 1A). Laparotomy was performed and the mass
was resected. Grossly, the resected mass (6.3 x4.8x 3.1 cm) was
well-demarcated, round, and rubbery-firm. The cut surface was
pinkish-yellow and fleshy, exhibiting central fibrosis (Fig. 1B).
Microscopically, there was a small amount of proliferation of
follicles of various shapes and sizes, and expansion of the inter-
follicular regions with sinus obliteration (Fig. 1C). Follicles de-
monstrated expanded mantle zones with onion skinning, regre-
ssed germinal centers with hyperplastic follicular dendritic cells
reactive for CD21, radially penetrating blood vessels, and few
follicle center cells (Fig. 1D—F). Many follicles contained more
than one germinal center. The interfollicular region was filled
with hyperplastic high endothelial venules, hyalinizing fibrosis,
and an admixture of plasma cells, eosinophils, immunoblasts,
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plasmacytoid dendritic cells, and lymphocytes. In addition, there
were multiple nodular and diffuse areas of lymphoid cell infil-
tration in the interfollicular and perifollicular regions, which
were composed of small- to medium-sized cells with a high nu-
clear/cytoplasmic ratio and slightly irregular nuclei with open
chromatin and inconspicuous nucleoli (Fig. 2A, B). These cells
were immunoreactive for TdT, CD3, CD4, and CD8, but nega-
tive for CD20 (Fig. 2C, D). The Ki-67 labeling index was also
high (Fig. 2F). Some of the large cells in the interfollicular and
perifollicular area appeared similar to dysplastic follicular den-
dritic cells; consequently, follicular dendritic cell sarcoma was
considered. However, these cells were negative for CD21, CD23,
or CD35. Systemic work-up revealed no evidence of lymphoma
involvement. Polymerase chain reaction study of the T-cell re-
ceptor gamma genes using BIOMED-2 primers (Invivoscribe,
San Diego, CA, USA) failed to produce evidence of monoclonal
rearrangement (Fig. 2G). A provisional diagnosis of iT-LBP as-
sociated with hyaline vascular-type Castleman disease was es-
tablished and the patient was observed without any further treat-
ment. On three-month follow-up, the patient was free from
disease.

A total of ten cases of iT-LBP associated with Castleman dis-
ease have been reported in the literature, with or without follic-
ular dendritic cell tumor (FDCT) and various caricinomas. iT-
LBP most commonly involves the lymph nodes, where it in-
vades interfollicular/parafollicular areas without effacement of
the architecture.”” The cells are small to medium sized with
blastic chromatin, and exhibit frequent mitotic figures without
significant atypia or prominent nucleoli. The typical immuno-
phenotype involves immature cortical thymocytes, expression
of CD3 and TdT, coexpression of CD4 and CD8, and variable
expression of other T-cell antigens (CD2, CDS, and CD7). iT-
LBP may also exhibit CD10, CD99, and CD1a expression, but
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Fig. 1. Hyaline vascular-type Castleman disease. (A) Abdominal computed tomography demonstrates a well-defined homogeneous enhanc-
ing mass (arrow) in the retroperitoneum. (B) The mass exhibits a fleshy cut surface with central fibrosis. (C) Variably-sized follicles with multi-
ple germinal centers are present. The interfollicular compartment is expanded with vascular proliferation. (D) Follicular structures appear small-
er due to the regression of germinal centers. (E) Mantle zone lymphocytes have a laminated appearance, similar to onion skin. The vessel
penetrating the atrophic follicle has a lollipop-like appearance. (F) Hyperplastic follicular dendritic cells are stained with CD21.

lacks CD34 or B-cell markers. The Ki-67 labeling index is high.
The possibility of ectopic thymic tissue can be ruled out by the
absence of cytokeratin-staining epithelial cells. Ohgami e a/.’
reported that the presence of TdT-positive T cells is not rare in

http://jpatholtm.org/

lymph nodes with Castleman disease, FDCT, and angioimmu-
noblastic T-cell lymphoma, and that these cells are rarely no-
ticeable on hematoxylin and eosin sections, although they are
usually present at low density in a scattered distribution. Occa-

http://dx.doi.org/10.4132/jptm.2014.11.17
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Fig. 2. Indolent T-lymphoblastic proliferation (iTLBP). (A) Nodular and diffuse areas of monotonous lymphoid cell infiltration in the interfollicu-
lar and perifollicular regions. (B) The cells show blastic nuclei with open chromatin and inconspicuous nuclei. (C-F) Cells are immunopositive
for CD3 (C), terminal deoxynucleotidyl transferase (D), and CD33 (E), and have an increased Ki-67 labeling index (F). (G) Polymerase chain re-

action study of the T-cell receptor gamma genes using BIOMED-2 primers shows no evidence of monoclonality.

sionally, they will form dense patches or tumors, and may mim-
ic T-LBL with TdT positivity and a high Ki-67 labeling index.
In contrast to T-LBL, which is a malignant monoclonal process
that may involve peripheral blood, bone marrow, and the thy-
mus, with tissue effacement, iT-LBP does not involve peripheral
blood, bone marrow, or the thymus. In lymph nodes, iT-LBP
does not lead to the tissue effacement typical of lymphomatous
growth. A recent study indicated that iT-LBP could involve
multiple lymph nodes and show partial CD33 expression.’ In
this case, immunopositivity for CD33 was also observed (Fig.
2E); however, node effacement as absent and the structure was
preserved.

How immature lymphocytes localize and proliferate outside
the context of thymic epithelial support remains unclear.* We
suppose that immature T cells released from the thymus travel
via the peripheral blood and eventually reach the lymph nodes.
In a state of immune system dysfunction, these immature cells

http://dx.doi.org/10.4132/jptm.2014.11.17

may proliferate like mature lymphocytes.

It is essential that clinicians are aware of this entity in order
to avoid a misdiagnosis of T-LBL and consequent unnecessary
treatment. Careful examination of morphologic features, im-
munochemical staining, molecular study, extent of involvement,
and clinical course can contribute to the differentiation of iT-
LBP from T-LBL.
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Clinical imaging creates visual representations of the body interior for disease assessment. The
role of clinical imaging significantly overlaps with that of pathology, and diagnostic workflows
largely depend on both fields. The field of clinical imaging is presently undergoing a radical change
through the emergence of a new field called molecular imaging. This new technology, which lies
at the intersection between imaging and molecular biology, enables noninvasive visualization of
biochemical processes at the molecular level within living bodies. Molecular imaging differs from
traditional anatomical imaging in that biomarkers known as imaging probes are used to visualize
target molecules-of-interest. This ability opens up exciting new possibilities for applications in on-
cologic, neurological and cardiovascular diseases. Molecular imaging is expected to make major
contributions to personalized medicine by allowing earlier diagnosis and predicting treatment re-
sponse. The technique is also making a huge impact on pharmaceutical development by optimiz-
ing preclinical and clinical tests for new drug candidates. This review will describe the basic prin-
ciples of molecular imaging and will briefly touch on three examples (from an immense list of new
techniques) that may contribute to personalized medicine: receptor imaging, angiogenesis imag-
ing, and apoptosis imaging.

Fax: +82-2-3410-2639
E-mail: khnm.lee@samsung.com

CLINICAL IMAGING AND PATHOLOGY

Clinical imaging is the art (and technique) of creating visual
representations of the interior of a body for clinical assessment
of disease. Although distinctly separate disciplines, clinical im-
aging and pathology actually overlap substantially in their roles
in medical practice, i.e., both are used to detect and diagnose
diseases, identify therapeutic targets, and predict treatment re-
sponses and patient outcomes. As such, the routine diagnostic
workflows for patients with various diseases are deeply depen-
dent on both imaging and pathology. The hallmark of the pa-
thologist’s trade is to reveal abnormalities in tissues removed
from the body using a microscope. Similarly, medical imaging
specialists visualize and assess abnormal lesions in living bodies
using specialized instruments. Depending on the type of signal
picked up from the body interior, these instruments include com-
puted tomography (CT), magnetic resonance imaging (MRI),
ultrasonography, gamma scintigraphy, and positron emission
tomography (PET).

Imaging and pathology contribute substantially to clinical
practice by providing diagnoses and monitoring disease pro-
gression. Today, we are witnessing a radical shift in the way dis-
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eases are managed: from the present one-fits-all approach to one
that delivers medical care tailored to the needs of individual pa-
tients." This includes the detection of disease predisposition,
early diagnosis, prognosis assessment, measurement of drug ef-
ficacy and disease monitoring. A crucial key for the success of
this new healthcare paradigm is powerful molecular diagnos-
tics.” Thus, the introduction of personalized medicine is creat-
ing an unprecedented opportunity for new technology develop-
ment in fields of diagnostic medicine including pathology and
imaging. The essence of diagnostic medicine in the context of
personalized medicine lies in the use of biomarkers, objective
indicators of pathogenic processes or pharmacologic effects that
can be incorporated to predict or monitor treatment responses.
Whereas markers have come mostly from patient tissues or se-
rum, the location and activity of important markers can also be
tracked with new imaging technologies. Such imaging tests may
characterize diseases and assess treatment efficacy, with the add-
ed advantage of noninvasive longitudinal monitoring at multi-
ple time points. The recent explosion of molecular biology and
imaging technologies is now allowing quantitative character-
ization of biological processes inside the body at the molecular
and genetic level. This exciting new field is envisioned to trans-
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form the future of medicine on a massive scale and have an enor-
mous impact on the advancement of targeted therapies for indi-
vidualized medicine. This innovative new technique is referred

to as “molecular imaging.”
EMERGENCE OF MOLECULAR IMAGING

Molecular imaging emerged amidst the overflowing innova-
tions from new discoveries made in the field of molecular bio-
technology. Unlike conventional imaging that relies on visual-
izing late consequences of pathologic alterations, molecular im-
aging interrogates the very molecular events that drive disease
processes.” It can thus be defined as “noninvasive imaging and
quantification of molecular and biochemical events that occur
at the cellular and molecular level in tissues in their normal sur-
roundings inside living bodies.” Noninvasive examination of
cells inside living subjects by molecular imaging is critically
dependent on biomarker probes that target key proteins linked
to disease processes. This is analogous to the dependence of im-
munohistochemical staining of extracted tissue on special anti-
bodies that bind to proteins-of-interest. In both situations, bio-
marker probes are used to identify key molecules that provide a
more complete diagnostic picture for the referring physician
(Fig. 1).

The clinical benefits of molecular imaging are immense. At
the top of the list is the promise of early disease detection and
prediction of treatment response, which will lead to optimal

Molecular pathology

T @EN Ty

Molecular probes

Personalized medicine

jith

therapies for individual patients. Molecular imaging is already
having a substantial impact on therapeutic decisions made by
clinicians, and this will be even more apparent as individualized
treatment becomes the norm of clinical practice. Another im-
portant contribution will be in drug development, which typi-
cally requires expensive and prolonged preclinical and clinical
trials to bring new drugs to market. Molecular imaging has the
ability to noninvasively monitor the pharmacokinetic propet-
ties and pharmacodynamic changes of candidate drugs in the
living body.” This can substantially shorten the development
phase of drug production for the pharmaceutical industry by as-
sessing drug response substantially earlier than by using ana-

tomic criteria.
MOLECULAR IMAGING PROBES

Deriving noninvasive information regarding molecular events
within the body can be done by tracking the temporal and spa-
tial distribution of a marker probe that has high target specific-
ity and behaves favorably 7z vivo. Therefore, the first and most
pivotal step in molecular imaging research is the design and
synthesis of superior probes that can interrogate important mo-
lecular targets.® Such probes are fundamentally different from
contrast agents that are used in conventional imaging, which
are nonspecific agents that increase the contrast of the blood
pool. Molecular imaging probes are beacons that depict and en-
hance epitopes of key proteins that would otherwise be impos-

Molecular imaging

Fig. 1. Similarity of molecular imaging and pathology in utilizing probes to contribute to personalized medicine.
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sible to distinguish from surrounding tissue. Molecular imag-
ing probes thus consist of a targeting component and a signal-
ing component. Targeting moieties have traditionally been based
on small molecules. More recently, however, advancements have
introduced new classes of molecular imaging probes, including
peptides, proteins, antibodies, aptamers, affibodies, and nano-
particles. Direction of the moieties to target molecules is pro-
vided by specific ligands that are included as part of the agents
or are surface-decorated. A signaling component is conjugated
or labeled to the moieties so that they can be detected from out-
side of the body. Signals emitted can be radioactive, magnetic,
echogenic, luminescent or fluorescent (Fig. 2A). Ideal molecular
imaging probes should have low nonspecific binding, high se-
lectivity for the process-of-interest, high 7z vivo stability, and fa-
vorable iz vivo pharmacokinetics. They should also have a good
safety profile so that clinical translation is possible.

MOLECULAR IMAGING INSTRUMENTS

The second requirement for molecular imaging is specialized
instruments that detect signals from probes in sensitive and ac-
curate manners. Depending on the type of signal, modalities
used in the clinic include CT, MRI, ultrasonography, optical
imaging devices, gamma scintigraphy, and PET (Fig. 2B). Among
these, clinical molecular imaging has traditionally been the do-
main of nuclear medicine. Indeed, molecular imaging has been
in clinics for some time in the form of radionuclide imaging.
Radioactive probes can track specific molecules in living bodies
in a safe and hyper-sensitive manner. PET is already an indis-
pensable clinical imaging tool and is the most mature molecu-
lar imaging technique in routine clinical use.”

Molecular imaging probe

Imaging device

{} Signaling component
" Targeting component |

f%

%“ “ u u Molecules-of-interest

Diseased cell o

Molecular Imaging ® 7

PET has superior sensitivity and spatial resolution over gam-
ma scintigraphy. It also has quantitative capabilities and high
tissue penetration depth, making it the preferred molecular im-
aging modality in the clinic. The signaling component of PET
probes is composed of positron-emitting radioisotopes includ-
ing "E "C, and O, which are the major constituents of the
building blocks of life. The positrons decay with a relatively
short physical half-life of minutes to hours, and immediately
collide with an electron to annihilate into two photons. These
two photons proceed in exactly opposite trajectories but with
identical energies, which makes it possible to pinpoint their lo-
cation with high accuracy. Unlike PET, gamma scintigraphy
detects probes that emit gamma-ray photons. Although more
affordable than PET, it is less sensitive and has lower spatial res-
olution. Because PET can provide truly quantitative molecular
information and is readily applicable to humans, it is a major
driver of personalized medicine.”

Other imaging modalities are also speedily entering into mo-
lecular imaging research. Magnetic resonance (MR) is a versa-
tile modality that uses powerful magnets and radiofrequency
signals to provide images with high temporal and spatial reso-
lution. MR images have excellent tissue contrast with an un-
limited depth of tissue penetration and can simultaneously ac-
quire anatomical structure and physiological function informa-
tion. Limitations include weak magnetic signals and relatively
low sensitivity, which requires administration of contrast agents
and signal amplification strategies. Ferromagnetic agents such
as super-paramagnetic iron oxide reduce signals in T2-weighted
images (negative contrast), whereas paramagnetic agents such
as gadolinium—diethylenetriamine pentaacetic acid increase sig-
nals in T'1-weighted images (positive contrast). MR probes have

t Optical

imaging

Fig. 2. Basic principles of molecular imaging. (A) Molecular imaging probes containing targeting components that interact with molecules-of-
interest and signaling components that allow detection from outside of the body. (B) Representative small animal-dedicated molecular imag-
ing devices that visualize signals emitted from probes within the living bodies of animal models. PET-CT, positron emission tomography—-com-
puted tomography; MRI, magnetic resonance imaging.
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been developed that can interrogate molecular processes in a
small number of cells.®> A major problem for clinical translation
of most of these techniques, however, is the issue of potential
toxicity that arises from the relatively large doses of probe ad-
ministration required.

CT provides 3-dimensional X-ray images of structural anato-
my. Although iodinated contrast agents improve soft tissue con-
trast, they require large quantities and are not target-specific. In
this sense, CT does not fit in the list of bonafide molecular im-
aging methods. However, recent small animal dedicated micro-
CT instruments have provided ultra-high resolution, and have
transformed preclinical CT from visualization of the organ level
to the molecular level.” CT is usually combined with PET for
molecular imaging. Recent developments in CT contrast agents
offer increasing potential, but further studies will be required
to explore its molecular imaging capability.

Optical imaging is based on light signals emitted from fluo-
rescent or bioluminescent probes. It is safe, has high sensitivity,
and is widely available. The main disadvantage is that low pho-
ton energies limit the penetration depth to a few centimeters,
which makes it unsuitable for clinical use except for surface tar-
gets. However, this is not a problem for small experimental ani-
mals, where it is widely used for preclinical research and drug
development."” Bioluminescence imaging exploits photons pro-
duced by enzymatic reaction of luciferase with its substrate. Se-
veral types of enzymes, including Firefly, Renilla and Gaussia
luciferase, each require different conditions for reaction. Since
mammalian tissues do not have endogenous bioluminescence,
luminescent imaging has excellent signal to background ratios.
Fluorescence imaging takes advantage of fluorescent signals that
are typically emitted from genetically encoded reporter proteins.
A celebrated example is the Nobel-prize winning green fluores-
cence protein reporter. Fluorescence imaging can also be employ-
ed by administering fluorophore-tagged probes to visualize mo-
lecular events in living cells. The strengths of fluorescence im-
aging include low cost, potential for multiplexed imaging, and,
in the case of reporter protein, no need for probe administration.

EXAMPLES OF MOLECULAR IMAGING
TECHNIQUES

While a vast number of molecular imaging techniques are in
preclinical development or in the process of clinical translation,
several have already entered the clinical arena. These techniques
tend to use radiolabeled probes, which is due to their superior
sensitivity and high safety profile. PET using radiolabeled fluo-

http://jpatholtm.org/
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Molecular imaging
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Fig. 3. The overall process of molecular imaging research, which is
similar to that of new drug development.

rodeoxyglucose (FDG), a glucose analogue avidly taken up by
cancer cells, is by far the most widely employed clinical molec-
ular imaging test. FDG PET has virtually revolutionized cancer
management, including tumor diagnosis, staging, and moni-
toring of treatment response.” Other examples include PET us-
ing radiolabeled ""F-fluorothymidine, a thymine analogue bio-
marker of cell proliferation, and PET using radiolabeled Pitts-
burgh compound B, a biomarker of amyloid plaques in Alzhei-
mer’s disease.

In addition, a vast list of newer molecular imaging techniques
are in the process of clinical translation for evaluation of malig-
nant, neurologic, cardiovascular, and inflammatory diseases. In
keeping with the overall molecular imaging development pro-
cess illustrated in Fig. 3, various novel imaging targets have
been identified for which arrays of imaging biomarkers are be-
ing designed and synthesized. Following verification of target-
specific binding and favorable 7 vivo pharmacokinetics, the pro-
bes are then tested for efficacy in preclinical animal models and
finally in human subjects. As it is impossible to touch on all of
these new techniques, which number in the hundreds, we will
briefly look at just three examples among the many new molec-
ular imaging techniques that are anticipated to contribute to
personalized medicine. For other areas of molecular imaging,
readers are asked to refer to the many excellent reviews on spe-
cific subjects.

Tumor receptor imaging

The next decade will see an individual’s tumor biology char-

http://dx.doi.org/10.4132/jptm.2014.10.24



acterized at the molecular level by noninvasive imaging appli-
cations. An example is imaging of tumor receptor expression to
identify promising therapeutic targets and delineate pharmaco-
logic effects. The ability to measure receptor expression by im-
aging rather than by histologic inspection has the advantages of
noninvasiveness, ability to assess sites difficult to sample, and
potential for serial monitoring over time or after drug treatment.
Importantly, it also allows assessment of the entire disease bur-
den and avoids sampling errors from biopsies when receptor ex-
pression is heterogeneous. Overexpression of growth factor re-
ceptors in cancers leads to aberrant stimulation of growth sig-
naling pathways, and their evaluation may thus help predict
the efficacy of targeted drugs.

Growth receptors have high binding affinities and can become
saturated by even small molar quantities of binding ligands.
Therefore, imaging probes need to have especially high signal
density. The most success has been achieved with probes based
on receptort-specific ligands or antibodies."" In comparison, probes
based on tyrosine kinase inhibitors are challenging due to the
ubiquity of tyrosine kinase expression and the requirement for
intracellular transport. Radiolabeled fragments of trastuzumab
have shown feasibility for imaging regional HER2 expression
in animal models."? Our group demonstrated high-contrast epi-
dermal growth factor (EGF) receptor imaging using a quantum
dot probe multiplexed with EGF as a ligand for high affinity
binding and radiolabels for scintigraphic imaging.”> The tech-
nique was able to discriminate high from low receptor expres-
sion and monitor tumor response to targeted treatment (Fig. 4).
Other studies include imaging of estrogen receptors and soma-
tostatin receptors.'! Similar technologies may be transferable to
human subjects in the near future to monitor the adequacy of
targeted anti-cancer therapies.

Angiogenesis imaging

Many pathologic processes involve inflammatory and isch-
emic responses that stimulate signaling for angiogenesis and
apoptosis. Progtession of tumor growth is highly dependent on
remodeling of the vascular network through angiogenesis, as is
the healing process following ischemic injury. As such, angio-
genesis is receiving a large amount of attention as a potential
target for treating tumors as well as ischemic diseases. Because
the response to such targeted therapies cannot be readily assess-
ed by conventional methods, there is a need for an imaging bio-
marker that can visualize and monitor changes in angiogenesis
over time.

Potential biologic targets for angiogenesis imaging include
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Fig. 4. Example of tumor receptor imaging. (A) Quantum dot (QDot)
probe surface-conjugated with epidermal growth factor (EGF) for
targeting and radioisotopes for signaling. (B) A human breast can-
cer xenograft shows high probe uptake at baseline that is blocked
by cetuximab therapy (Tx). (C) Tumor tissue sections show co-lo-
calization of fluorescent signals from the QDot with that from fluo-
rescent-conjugated antibodies against EGF receptors (EGFR), indi-
cating receptor-specific probe targeting.

markers of activated endothelial cells and extracellular matrix.'*"

Among various targets, including vascular endothelial growth
factor receptors and matrix metalloproteinases, the most success-
ful to date is the avp3 integrin receptor, a member of a family
of heterodimeric cell-surface receptors highly up-regulated at
sites of neovascularization. These receptors recognize the tri-
peptide Arg-Gly-Asp (RGD) sequence as their binding motif.
Hence, a large series of cyclic RGD-containing peptide com-
pounds have been synthesized, labeled with different radioiso-
topes or fluorophores, and characterized as probes for angiogen-
esis imaging.'*" Our lab developed a radiolabeled RGD probe
with high affinity binding to avf3 integrin, and imaging in
mice showed high contrast tumor uptake that was reduced by
anti-angiogenic treatment in a manner correlating to reduced
integrin expression and tumor growth retardation.'® In addition,
we were among the first to show that RGD imaging can also
monitor angiogenic responses of ischemic limbs'” and myocar-
dial tissue (Figs. 5, 6). More recently, RGD PET has been mov-
ing toward clinical translation,” with clinical studies taking
place in Europe that are showing the feasibility and safety of ra-
diolabeled galacto-RGD and AH111585 for delineating integ-
rin-positive tumors. Furthermore, clinical studies with radiola-
beled FPPRGD?2 have demonstrated good lesion contrast in
cancer patients.

http://jpatholtm.org/
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Fig. 5. Example of angiogenesis imaging. (A) Cyclic Arg-Gly-Asp (RGD) peptide probes can interrogate av3 integrin receptors overexpress-
ed on activated endothelial cells. (B-D) Examples of a xenografted tumor-bearing mouse model (B), a hindlimb ischemia mouse model (C),
and a myocardial infarction rat model (D) showing increased uptake of radiolabeled RGD probes in lesions with angiogenesis.
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Fig. 6. Example of apoptosis imaging. (A) Annexin-V (AnxV) based probes target phosphatidyl serine exposed to the surface of cells that are
undergoing apoptotic death. Here, AnxV is bound to streptavidin conjugated with PECy5.5 for fluorescent signaling. (B, C) In vivo fluorescent
images of hindlimbs of living mice (supine with torso covered to block background signals; B) and ex vivo images of extracted tissue (C).

Probe uptake is significantly increased in the ischemic hindlimb of the diabetic mouse due to apoptosis.

Apoptosis imaging

Apoptosis is a fine-tuned biological process of programmed
cell death that can be triggered by anticancer drugs and ioniz-
ing radiation as well as by various disease processes including
ischemic injury. It is therefore being increasingly evaluated as a
prognostic biomarker of treatment outcomes. Among several
probes being investigated, the most extensively investigated is
annexin-V, a peptide with high-affinity binding to phosphati-
dylserine.' This target normally resides in the inner leaflet of
the plasma membrane, but scramblase activation by apoptotic

http://jpatholtm.org/

stimuli flips it to the outer leaflet, exposing it to binding by an-
nexin-V.

Radiolabeled annexin-V compounds have been shown to en-
able imaging of apoptotic cells in animal models of anti-cancer
therapy, allograft rejection, myocardial infarction, and infectious
disease. Our group showed that fluorescent-conjugated annex-
in-V probes can image ischemia-induced apoptosis in a mouse
model of diabetic limb ischemia.'” Annexin-V imaging has also
been applied in clinical trials of cancer patients receiving che-
motherapy, where its predictive potential was indicated by the

http://dx.doi.org/10.4132/jptm.2014.10.24



increased probe accumulation in cases that later showed remis-
sion.” A limitation for annexin-V imaging is the possible diffi-
culty in discriminating necrotic cell death, because phosphati-
dylserine of disrupted plasma membranes may also become ac-
cessible for binding.

Other early changes in the apoptotic membrane, including
loss of membrane potential, membrane acidification and activa-
tion of scramblase, may also serve as imaging targets. ML-10
shows promise as a PET probe for apoptotic imaging of tumors
following therapy, where uptake correlated with breakdown of
mitochondrial membrane potential and caspase activation. ML-
10 PET was recently evaluated in human patients with brain
metastases, and a significant correlation was found between ear-
ly tumor uptake and late anatomical response.?* Several groups
have also developed PET probes that target caspase-3 activa-
tion, but found limited sensitivity despite specific caspase bind-
ing. Further studies are needed to evaluate the applicability of
these apoptotic markers in clinical practice.

FUTURE PERSPECTIVES AND CONCLUSION

Molecular imaging enables dynamic and quantitative visual-
ization of specific biochemical and molecular events in living
bodies. In recent years, this new technology has seen progress in
early diagnosis, curative effect monitoring, and drug develop-
ment. Many of these roles are similar to those pursued by mo-
lecular pathology, indicating significant overlap in mission and
research agenda. Therefore, reinforcement of this trend may offer
substantial synergic collaboration between pathologists and mo-
lecular imaging specialists, and pooling resources and strategic
goals will have a powerful multiplier effect on future medicine.

In conclusion, molecular imaging has emerged as a young but
powerful new discipline. This paradigm shift in clinical imag-
ing requires the rapid implementation of new validated imag-
ing biomarkers. Although many aspects of molecular imaging
are still in the early stages of development, the long-range idea
is that medical professionals will be able to utilize the techniques
to improve diagnoses, make better treatment choices, and pre-
dict patient outcomes. We foresee that the next decade will see
even greater technological advances in molecular imaging meth-
ods, which in turn, will have a large impact on personalized
medicine.
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Decades of cancer research have shown that cancer is a genetic
disease caused by the accumulation of somatic, and in some cases
inherited, mutations in oncogenes and tumor suppressor genes.
Pancreatic neoplasms are some of the best characterized at the
genomic level. Some of the key genetic drivers in pancreatic
neoplasia have been known for years, but the introduction of
high throughput sequencing has led to a more complete under-
standing of pancreatic cancer genomes. The exomes of all of the
major tumor types in the pancreas have been analyzed by whole
exome sequencing. This systematic genomic characterization
has identified unique genetic signatures in each morphological-
ly defined pancreatic tumor type, demonstrating that each type
of neoplasm is driven by a distinct set of genetic alterations. A
huge opportunity now exists to translate this new knowledge to
improve patient care.

PANCREATIC DUCTAL ADENOCARCINOMA
AND ITS VARIANTS

Pancreatic ductal adenocarcinoma (PDAC) is the most com-
mon pancreatic malignancy, and with a S-year survival of only
6%, it is one of the deadliest of all human cancers. The KRAS
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Pancreatic cancer is a deadly disease with a dismal prognosis. However, recent advances in se-
quencing and bioinformatic technology have led to the systematic characterization of the ge-
nomes of all major tumor types in the pancreas. This characterization has revealed the unique
genomic landscape of each tumor type. This knowledge will pave the way for improved diagnos-
tic and therapeutic approaches to pancreatic tumors that take advantage of the genetic altera-
tions in these neoplasms.

Key Words: Pancreatic neoplasms; Cancer genomics; Cancer mutation

gene, which encodes a small GTPase that mediates downstream
signaling from growth factor receptors, is the most commonly
mutated oncogene in PDAC.'? Missense mutations in KRAS
cluster in specific hotspots (most commonly codon 12), consis-
tent with its role as an oncogene—KRAS mutations occur in
>90% of PDACs. In addition to hotspot mutations in the KRAS
oncogene, three tumor suppressor genes are frequently mutated
in PDAC. The tumor suppressor gene P16/CDKN2A, which
encodes a critical cell cycle regulator, is inactivated in >90% of
PDAC:s by several mechanisms, including intragenic mutation
coupled with loss of heterozygosity, homozygous deletion, and
promoter methylation.” Mutations in TP53, a key component
of the cellular stress response, are also common in PDAC, re-
ported in approximately 75% of PDACs, most commonly by
small intragenic mutation coupled with loss of heterozygosity.”®
Mutations in TP53 often result in strong diffuse nuclear expres-
sion of p53 protein which can be detected by immunohisto-
chemistry (Fig. 1A). Somatic inactivation of SMAD4, a tumor
suppressor gene that codes for a component of the transforming
growth factor beta signaling pathway, occurs in approximately
55% of PDACs, usually by homozygous deletion or intragenic
mutation coupled with loss of heterozygosity.”® These mutations
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Fig. 1. Immunohistochemical correlates of somatic mutations in pancreatic neoplasms. (A) Mutation in TP53 causes strong diffuse nuclear
expression of the protein. (B) SMAD4 mutation causes loss of protein expression in malignant glands, while expression is retained in non-
neoplastic stromal and endothelial cells. (C) Undifferentiated carcinomas often lose E-cadherin expression. (D) Solid-pseudopapillary neo-
plasms show aberrant nuclear accumulation of 3-catenin. The adjacent non-neoplastic pancreas shows normal membranous staining.

can also be detected by immunohistochemistry, as they cause
loss of Smad4 protein expression (Fig. 1B). Mutations in SMAD4
have potential clinical implications, as these mutations are asso-
ciated with worse prognosis and widespread metastases (rather
than local disease).”"® Although these four genes (often referred
to as the four “mountains”) are the most commonly mutated
genes in pancreatic cancer (Table 1), only a minority of patients
(37% in one study) have mutations in all four genes, highlight-
ing the genetic heterogeneity of the disease."

Mutations in these four driver genes were well described be-
fore the introduction of high throughput sequencing. However,
multiple studies have now examined the whole exomes and
whole genomes of large numbers of PDACs, and these studies
have deepened our understanding of the pancreatic cancer in
many ways.*'? First, these studies confirmed the importance of
the four key driver genes (KRAS, P16/CDKN2A, TP53, and

http://jpatholtm.org/

SMAD4) as the most frequently altered genes in PDAC. These
studies also identified numerous other genes that are less com-
monly somatically mutated in PDACs—the average number of
nonsynonymous genetic alterations ranged from 26 to 63 in the
two key studies.*!” Several of these genes have known roles in
tumorigenesis, including MLL3, TGFBR2, ATM, and ARI-
DIA, and thus are likely to be drivers in pancreatic cancer in
spite of their low mutation rate. However, many of the other
infrequently mutated genes have no known role in cancer, and
thus it is not possible to separate out driver mutations (which
have a functional effect on tumorigenesis) from passenger muta-
tions (which have no functional effect but instead accumulate
randomly through repeated rounds of cell division within a tu-
mor). Overall, these data highlight the heterogeneity at the gene
level among different PDACs from different patients. However,
although the individual genes altered are markedly heteroge-
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Table 1. Frequently altered genes in pancreatic neoplasms

Neoplasm Gene(s) Alteration prevalence (%)
PDAC KRAS 95
P16/CDKN2A 95
TP53 75
SMAD4/DPC4 55
IPMN KRAS 80
RNF43 60
GNAS 60
PIKSCA 10
P16/CDKN2A Only in HGD/carcinoma
TP53 Only in HGD/carcinoma
SMAD4/DPC4 Only in HGD/carcinoma
MCN KRAS 80
RNF43 40
TP53 Only in HGD/carcinoma
P16/CDKN2A Only in HGD/carcinoma
SMAD4/DPC4 Only in HGD/carcinoma
SCA VHL 50
SPN CTNNB1 95
PanNET ~ MENT 45
DAXX/ATRX 45
mTOR pathway 15
ACC Numerous genes with nonsyn- 0-30
onymous point mutations
RAF rearrangements 25
PB CTNNB1 55
APC 10
11p loss (gene unknown) 85

PDAC, pancreatic ductal adenocarcinoma; IPMN, intraductal papillary mu-
cinous neoplasm; HGD, high-grade dysplasia; MCN, mucinous cystic neo-
plasm; carcinoma, invasive carcinoma; SCA, serous cystadenoma; SPN,
solid-pseudopapillary neoplasm; PanNET, well-differentiated pancreatic neu-
roendocrine tumor; mTOR, mammalian target of rapamycin; ACC, acinar
cell carcinoma; PB, pancreatoblastoma.

neous, PDACs share many similarities when mutated genes are
not considered at the individual gene level, but instead are con-
sidered as components of their larger biological pathways: there
are several core processes and pathways that are genetically al-
tered in the majority of carcinomas sequenced. These common-
ly altered pathways, which include KRAS signaling, DNA da-
mage control, and cell adhesion, represent shared features of
pancreatic tumorigenesis. In addition to these pathways with
clear links to processes critical to tumor formation, one study
also identified frequent mutations in genes in the axon guidance
pathway as promising potential drivers in PDAC."

Somatic mutations have also been used to understand metas-
tasis and model the time course of pancreatic tumorigenesis. Stu-
dies of somatic mutations in matched primary tumors and me-
tastases did not identify any genetic alterations that were spe-
cific to metastasis."” Instead, the vast majority of the mutations
identified in metastases were present in a subclonal population
of the primary tumor. Modeling based on these data suggests a
time period of approximately 15 years between the occurrence
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of the initiating mutation in PDAC and the acquisition of met-
astatic ability."” These data are encouraging, as they suggest a
broad time window for early detection of PDAC while it is still
curable by surgery.4

Although the contribution of protein-altering somatic muta-
tions is well documented in PDAC, it is likely that other ge-
netic and epigenetic alterations also play a role in pancreatic tu-
morigenesis. This idea is supported by the observation that copy
number alterations and promoter methylation affect known
drivers of PDAC.” Many studies have identified copy number
gains and losses as well as complex karyotypes in PDAC, and
several studies have examined differential expression of micro-
RNAs.'"?! However, because of difficulties in determining the
target genes and functional effects of these types of alterations,
it is much more challenging to separate out driver and passen-
ger alterations when analyzing large chromosomal alterations as
well as differences in gene and microRNA expression.

There are several uncommon variants of PDAC—most of
these are genetically similar to PDAC with respect to muta-
tions in key driver genes (KRAS, P16/CDKN2A, TP53, and
SMAD4). However, some variants also have unique genetic al-
terations. For example, in addition to mutations in previously
known drivers, adenosquamous carcinoma has frequent somatic
mutations in UPF1, which encodes a crucial component of the
RNA degradation pathway of nonsense mediated decay.”*** The
mutations in UPF1 cause aberrant splicing of the mRNA, elim-
inating essential protein domains and potentially conferring
dominant negative activity.”” Colloid carcinomas, which are
characterized by large pools of stromal mucin and are associated
with intestinal-type intraductal papillary mucinous neoplasms
(IPMNs, see below), have somatic mutations in GNAS (which
are not typically seen in PDAC), as well as KRAS and TP53.*!
Medullary carcinomas exhibit a high prevalence of microsatel-

526 and undifferentiated carcinomas show fre-

lite instability,
quent loss of E-cadherin protein expression”’ (Fig. 1C). Although
no somatic mutations in CDH1 have been reported in undiffer-
entiated carcinomas, promoter methylation has been reported

and may explain the loss of E-cadherin protein expression.”’
FAMILIAL PANCREATIC CANCER GENES

A number of genes have been identified that increase the risk
of developing PDAC when altered in the germline (Table 2).
These genes are important to recognize for three reasons. First,
the risk of developing pancreatic cancer can be quantified when
the gene is known; this knowledge can help guide patient care

http://jpatholtm.org/
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Table 2. Genes with germline alterations causing increased risk of pancreatic neoplasia

Gene Syndrome Neoplasm
BRCA2 and BRCA1 Familial breast cancer PDAC
PALB2 (FANCN) Familial breast cancer PDAC
P16/CDKN2A Familial atypical multiple mole melanoma syndrome (FAMMM) PDAC
STK11/LKB1 Peutz-Jeghers syndrome (PJS) PDAC, IPMN
PRSS1, SPINK1 Hereditary pancreatitis PDAC
hMSH2, hMLH1, hPMS1, hPMS2, hMSH6/GTB  Lynch syndrome/hereditary non-polyposis colorectal cancer (HNPCC) PDAC (medullary variant)
ATM Ataxia-Telangiectasia PDAC
VHL von Hippel-Lindau syndrome (VHL) SCA, PanNET
MEN1 Multiple endocrine neoplasia type 1 (MENT) PanNET
TSC1, TSC2 Tuberous sclerosis complex (TSC) PanNET
NF1 Neurofibromatosis type 1 (NF1) PanNET
Unknown Beckwith-Wiedemann syndrome (BWS) PB

PDAC, pancreatic ductal adenocarcinoma; IPMN, intraductal papillary mucinous neoplasm; SCA, serous cystadenoma; PanNET, well-differentiated pancreatic

neuroendocrine tumor; PB, pancreatoblastoma.

and research screening. For example, germline mutations in
PRSS1 cause chronic pancreatitis and greatly increase the risk of
pancreatic cancer.”® Some of these individuals, particularly those
with a nonfunctioning pancteas from years of chronic pancreati-
tis, choose prophylactic pancreatectomy to reduce their risk of
developing PDAC.” Second, the risk of developing extra-pan-
creatic malignancies can be quantified when the gene is known.
For example, germline P16/CDN2KA mutations increase the
risk of both PDAC and melanoma and lives can be saved by
screening carriers of a germline P16/CDN2KA mutation and
their biological relatives for melanoma.’*®*' Third, some of the
germline mutations result in changes in the PDACs that are
potentially therapeutically targetable. For example, germline
BRCA2 mutations increase the risk of ovarian, breast and pan-
creatic cancer, and the pancreatic cancers that arise in patients
with a germline BRCA2 mutation may be particularly sensitive
to poly (ADP-ribose) polymerase (PARP) inhibitors and to DNA

cross-linking agents such as cisplatinum.’>*?

PRECURSORS TO PANCREATIC DUCTAL
ADENOCARCINOMA: PANCREATIC
INTRAEPITHELIAL NEOPLASIAS

PDAG:s arise from histologically well-defined precursor le-
sions. The majority of PDACs arise from pancreatic intraepithe-
lial neoplasia (PanIN), which are microscopic intraductal lesions
and too small to be detected using currently available imaging
technologies. However, a significant minority of PDACs arise
from cystic precursors that can be identified with currently avail-
able imaging technologies—these cystic precursor lesions in-
clude IPMNs and mucinous cystic neoplasms (MCNG). Althou-
gh some alterations are shared among these precursor lesions,

http://jpatholtm.org/

there are genetic features that distinguish PanINs, IPMNs, and
MCNE.

PanINs, which are categorized based on the morphological
grade of dysplasia as low-grade (PanIN-1 and PanIN-2) and high-
grade (PanIN-3), sequentially acquire the driver gene mutations
that characterize PDAC. KRAS mutations are an early event in
PanIN formation, occurring in >90% of even the lowest grade
PanINs.* P16/CDKN2A mutations also occur in PanIN-1, though
far less frequently than KRAS mutations, and the prevelance of
P16/CDKN2A mutations increase with PanIN grade.”* How-
ever, loss of Smad4 expression and TP53 alterations are late
events. Smad4 loss has been reported only in high-grade PanIN
(PanIN-3) and invasive carcinoma—the same pattern has been
reported for TP53 alterations.”® In addition to mutations in
these driver genes, telomere shortening is a very early event in
PanINs, occurring in approximately 90% of PanIN-1s.”” More
extensive genetic characterization of PanINs is complicated by
several factors. First, these lesions are small and thus only yield
enough DNA for specific targeted genetic analyses. Second, as
these lesions are only visible microscopically, it is very difficult
to prospectively identify them and harvest fresh tissue; thus, the
vast majority of PanIN lesions are only available from formalin-
fixed paraffin-embedded tissue. The study of high-grade PanIN
(PanIN-3) is particularly difficult. Because PDAC can invade
into and then spread along the duct system, it can be impossi-
ble to distinguish true PanIN-3 from the intraductal spread of
invasive carcinoma. In spite of these difficulties, one study has
reported whole exome sequencing of PDAC and associated Pa-
nINs.*® This study found that approximately two-thirds of the
somatic mutations were shared between PanINs and associated
invasive carcinoma, while 10% were unique to the invasive car-
cinoma and 25% were unique to the PanINs. This study con-
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firms the genetic relationship between PanINs and invasive car-
cinoma but also suggests additional genetic evolution with clin-
ical progression of the disease.

PRECURSORS TO PANCREATIC DUCTAL
ADENOCARCINOMA: IPMNS AND MCNS

Cystic pancreatic cancer precursors, IPMNs and MCNs, can
also give rise to PDAC. Both are cystic lesions but have distinct
clinical and morphological differences. IPMNs are more com-
mon in the head of the pancreas and involve the pancreatic duct
system. MCNs are more common in the tail of the pancreas,
occur almost exclusively in women, do not involve the duct sys-
tem, and have a characteristic ovarian-type stroma. Like Pan-
INs, IPMNs and MCNss are also classified by their grade of dys-
plasia (low, intermediate, or high). In addition, IPMNs are also
classified by the direction of differentiation of the neoplastic ep-
ithelium into gastric, intestinal, pancreatobiliary, and oncocytic
subtypes.

IPMNs share mutations in the four key drivers of invasive
PDAC (Table 1). KRAS mutations are prevalent in IPMNs and
are present in up to 80% of tumors, occurring even in [PMNs
with low-grade dysplasia.’*** Loss of pl6 expression occurs in
both noninvasive IPMNs and in IPMN associated invasive car-
cinomas, but it is much more common in invasive carcinomas
(100% of invasive carcinomas vs 10% of noninvasive IPMNs in
one study).” Similarly, Smad4 loss is rare in noninvasive IPMNs
but occurs in about one-third of IPMN-associated invasive car-
cinomas, identifying this as a late alteration in IPMN associated
tumorigenesis."*" TP53 mutations and protein overexpression
are also limited to areas of high-grade dysplasia or invasive car-
cinoma in IPMNs.**

In addition to these drivers shared with conventional PDAC,
IPMNs also have alterations in genes not typically targeted in
PDAC (Table 1). Approximately 60% of IPMNs have somatic
mutations in the oncogenic hotspot of GNAS, which encodes a
protein that couples transmembrane receptors to their down-
stream signaling proteins.”! These mutations occur in all grades
of dysplasia and are most prevalent in intestinal-type IPMNs.*%
Other genetic alterations that underlie the morphological dif-
ferences between the IPMN subtypes remain unknown. In ad-
dition, inactivating mutations in RNF43, a gene coding for an
ubiquitin ligase, occur in approximately 60% of IPMNs."” The
mutations in GNAS and RNF43 are striking in their prevalence
as well as mutation types. The mutations in GNAS cluster at a
single oncogenic hotspot codon, unequivocally establishing this
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gene as an oncogene. In contrast, the mutations in RNF43 are
striking enriched for nonsense and other inactivating mutations,
indicating that this is a tumor suppressor gene. Other potential
driver genes that are mutated in IPMN but not PDAC include
PIK3CA (10% of IPMNs) and STK11/LKBI (5% of IPMNs). "%
Whole exome sequencing of IPMNGs revealed an average of 26
nonsynonymous somatic mutations per tumor, far fewer than in
PDAC.Y

Like IPMNs, MCNs share mutations in the four key drivers
of PDAC—KRAS mutation is an early event, while tumor sup-
pressor gene mutations (TP53, SMAD4, P16/CDKN2A) occur
in MCNs with high-grade dysplasia or associated invasive car-
cinomas (Table 1). However, unlike IPMNs, GNAS mutations
have not been identified in MCNs. Inactivating RNF43 muta-
tions do occur in MCNs, but at a lower prevalence than in [IPMNs.”
Whole exome sequencing revealed an average of 16 nonsynony-
mous somatic mutations per [IPMN.¥

OTHER CYSTIC NEOPLASMS

In addition to the cystic precursors to pancreatic cancer (IPMNs
and MCN:G), serous cystadenomas (SCAs) are clinically, patho-
logically, and genetically distinct from IPMNs and MCNs. SCAs
are important to recognize because they are benign neoplasms
with negligible risk of malignant behavior—these neoplasms
are only resected if they cause symptoms due to mass effect or if
there is clinical/radiologic concern for an IPMN. They are not
precursors to invasive cancer. Whole exome sequencing of SCAs
revealed an average of only 10 nonsynonymous somatic muta-
tions per tumor, far fewer than in PDAC or its cystic precursors.”’
Only VHL was identified as a definite tumor suppressor gene in
this tumor type, with somatic mutation in 50% and loss of het-
erozygosity in 90% of tumors (Table 1)."” SCAs occur as part of
the clinical syndrome in von Hippel-Lindau syndrome, which
results in clear cell neoplasms in various organs and is caused by
germline mutations in VHL on chromosome 3—as such, the
occurrence of somatic VHL mutations in sporadic SCAs is not
surprising. Taken together, these data support the assertion that
VHL is the major tumor supptessor responsible for the forma-
tion of both familial and sporadic SCAs. In addition, recent data
show that vascular endothelial growth factor, a downstream tar-
get of VHL, is a marker of SCAs in pancreatic cyst fluid.”” No
mutations have been identified in PDAC or IPMN/MCN driv-
er genes in SCAs. In addition to frequent loss of heterozygosity
on chromosome 3p (the VHL locus), allelic loss of chromosome
10q has also been reported in 50% of cases and losses in several
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other chromosomes have been reported in multiple SCAs; how-
ever, no target genes for these losses has been identified.”*

SOLID-PSEUDOPAPILLARY NEOPLASMS

Solid-pseudopapillary neoplasms (SPNs) are uncommon pan-
creatic neoplasms with low malignant potential—although sur-
gical resection is curative for most patients, metastases can rare-
ly occur.’>” Activating somatic mutations in CTNNBI occur
in almost all cases, leading to abnormal nuclear accumulation of
B-catenin which can be detected with immunohistochemistry
(Fig. 1D).>*> Importantly, this nuclear accumulation of B-catenin
on immunohistochemical stains can be used to support the his-
tological diagnosis of SPN. Whole exome sequencing of SPNs
revealed shockingly few somatic mutations, an average of only
three nonsynonymous somatic mutations per tumor.”’ Some tu-
mors in this sequencing study had only one somatic mutation,
but all SPNs had a somatic mutation in CTNNBI. This dem-
onstrates a unique feature of SPNs: a remarkably low number of
somatic mutations, lower than any tumor type described to date,
including pediatric tumors. Additional studies are required to
determine whether tumorigenesis in this tumor type is driven
by other types of alterations, such as large chromosomal translo-
cations or epigenetic events.

PANCREATIC NEUROENDOCRINE TUMORS

Pancreatic neuroendocrine tumors (PanNETs), also known as
islet cell tumors, are a distinct pancreatic neoplasm with neuro-
endocrine differentiation, as demonstrated by morphology or
immunohistochemistry. They are classified as “syndromic” if
they express hormones that result in a clinical syndrome, and as
“familial” if they arise in a patient with a genetic predisposition.
PanNETs are graded based on their proliferation rate, as assess-

56 Tumors with > 20

ed by mitotic count or Ki67 labeling index.
mitoses per high power field or Ki67 index >20% are consid-
ered neuroendocrine carcinomas, and neuroendocrine carcino-
mas can be further subdivided into large cell and small cell car-
cinomas.

Whole exome sequencing of sporadic low-grade PanNETs
identified an average of only 16 nonsynonymous somatic muta-
tions per tumor.”’ Several driver genes unique to this tumor type
were identified (Table 1). Somatic mutations in the MEN1 gene
were identified in 45% of sporadic PanNETs.”"”® Considering
PanNETS are a major clinical manifestation of multiple endo-
crine neoplasia type 1 syndrome caused by germline mutation
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in MENI, the presence of somatic mutations in this gene in
sporadic PanNETs is not surprising. In addition, mutually ex-
clusive somatic mutations in the chromatin remodeling genes
ATRX and DAXX were identified in 45% of sporadic Pan-
NETs.”” These genes, which were enriched for inactivating mu-
tations in PanNETs, function as part of a complex that is im-
portant for telomere maintenance—inactivation of ATRX and
DAXX is associated with the telomerase independent telomere
maintenance mechanism known as alternative lengthening of
telomeres.” Studies in patients with MEN1 syndrome identi-
fied loss of ATRX and DAXX expression only in large PanNETs,
suggesting that alterations in these genes are late events in pan-
creatic neuroendocrine tumorigenesis.” Somatic mutations in
genes in the mammalian target of rapamycin cell signaling path-
way (including PIK3CA, PTEN, and TSC2) occur in approxi-
mately 15% of sporadic PanNETs.”” These alterations carry
clinical significance, as drugs targeting this pathway have been
developed for clinical use, and one such drug (Everolimus) has
shown promise in PanNETs.® PanNETs lack frequent genetic
alterations in major driver genes of PDAC—rare TP53 muta-
tions have been reported, but no mutations in KRAS or P16/
CDKN2A have been reported.”*> However, P16/CDKN2A
promoter hypermethylation has been reported to be frequent in
gastrinomas.®” Although SMAD4 mutations were reported in
one small study of nonfunctional PanNETS, this finding was
not replicated in the whole exome sequencing study of Pan-
NETs.”"63

Intriguingly, high-grade neuroendocrine carcinomas are ge-
netically distinct from low-grade PanNETs. Neuroendocrine
carcinomas retain expression of ATRX and DAXX and instead
have alterations of P53 and RB1.%

NEOPLASMS WITH ACINAR DIFFERENTIATION

Two rare neoplasms of the pancreas exhibit acinar differentia-
tion: acinar cell carincoma and pancreatoblastoma. While acinar
cell carcinoma typically occurs in adults, pancreatoblastoma is
more common in children and can occur in patients with Beck-
with-Wiedemann syndrome, a disorder associated with imprint-
ing dysregulation of chromosome 11p leading to overgrowth of
various organs and predisposition to embryonal tumors.®”

Acinar cell carcinomas are characterized by striking genomic
instability at both the base pair and chromosomal level. In a re-
cent whole exome sequencing study, each carcinoma had an av-
erage of 119 nonsynonymous somatic mutations, a larger num-
ber than any other pancreatic neoplasm.*® Approximately 10%

http://dx.doi.org/10.4132/jptm.2014.12.26



of acinar cell carincomas had microsatellite instability and a very
large number of somatic mutations. Chromosomal instability
was demonstrated by high fractional allelic losses in acinar cell
carcinomas—sites of frequent loss included chromosome 11p
(which was previously reported to be lost in a large proportion
of acinar cell carcinomas) as well as tumor suppressor loci on
chromosome 17p (TP53) and 18q (SMAD4).°” There was also a
striking diversity in the genes altered by small somatic muta-
tions in the whole exome sequencing—no single gene was al-
tered in more than 30% of the acinar cell carcinomas sequenc-
ed. Mutations were identified in genes known to be drivers of
PDAC (SMAD4 and TP53), cystic neoplasms (GNAS and RNF
43), and PanNET (MENT1), as well as genes known to be driv-
ers in other extrapancreatic tumor types. The mutations identi-
fied in APC and CTNNBI confirmed previously reported find-
ings of the importance of the Wnt signaling pathway in acinar
cell carcinomas.”” Other intriguing driver gene mutations iden-
tified in small subsets of acinar cell carcinomas included JAK1I,
BRAF, RBI, PTEN, ARIDIA, MLL3, and BAPI. Importantly,
these data suggest that therapies targeting mutations in JAK1
and BRAF could show promise in patients with acinar cell car-
cinoma. Many other genes were also mutated in 10%—20% of
acinar cell carcinomas in the whole exome sequencing study, but
further functional studies are required to determine the role of
these mutations (if any) in tumorigenesis. Recent genetic stud-
ies have also identified frequent genomic rearrangements involv-
ing RAF genes (BRAF and RAF1) in almost one-fourth of aci-
nar cell carcinomas.®® Functional studies of the most frequently
formed fusion gene SNDI-BRAF show that it activates the mi-
togen-activated protein kinase pathway and confers sensitivity
to MEK inhibition, pointing to a promising targeted therapy
for a subset of patients with acinar cell carcinoma.”® This study
also confirmed the observation in the whole exome sequencing
data of frequent mutations in DNA repair genes, suggesting
potential utility for platinum-based chemotherapy or PARP in-
hibitors.

Loss of chromosome 11p is the most frequent genetic altera-
tion in pancreatoblastomas, occurring in >80% of tumors.”
Like acinar cell carcinomas, pancreatoblastomas also have muta-
tions in Wnt pathway genes: activating CINNBI mutations
are more common than inactivating APC mutations in pancte-
atoblastoma, although both can occur.”” Pancreatoblastomas lack
frequent mutations in the key PDAC driver genes. Although at
least a subset of pancreatoblastomas contain large chromosomal
alterations, these alterations are difficult to interpret since no
target genes in these alterations have been identified.””> Recent

http://dx.doi.org/10.4132/jptm.2014.12.26

Genomic Landscapes of Pancreatic Neoplasia © 19

whole exome sequencing studies included two pancreatoblasto-
mas, and although the number of tumors sequenced is small, a
few observations can be made.® First, these tumors contained
far fewer mutations than the acinar cell carcinomas—17 and 18
nonsynonymous somatic mutations per pancreatoblastoma. Sec-
ond, both pancreatoblastomas had somatic mutations in CTN-
NB1, supporting previous studies demonstrating the impor-
tance of Wnt pathway alterations in this tumor type.

CONCLUSION

Although the genetic alterations underlying pancreatic neo-
plasms have been studied for decades, the recent development
of high throughput sequencing has enabled systematic charac-
terization of the genomes of all the major tumor types in the
pancreas. These studies have confirmed previously identified
drivers of pancreatic neoplasia as well as identified previously
unknown genes that likely play a crucial role in tumorigenesis.
Each type of pancreatic neoplasm has a unique genetic profile,
and many potential therapeutic targets have been identified. As
we enter into the era of genomic medicine, knowledge of the
molecular alterations in pancreatic neoplasms will become a
critical component of clinical care, as these alterations will like-
ly form the basis for early detection strategies and targeted ther-
apeutic approaches. This has the potential to lead to great im-
provements in the lives of patients with pancreatic neoplasms,
as diagnostic and therapeutic approaches will be targeted to an

individual patient’s tumor.
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Background: Counting mitoses is subjective and time-consuming. The adjunctive diagnostic util-
ity of a recently reported mitotic marker, phosphohistone H3 (PHH3), was investigated in gastro-
intestinal stromal tumors (GISTs). Methods: We reviewed 77 GISTs for several proliferative indices.
These included the mitotic count per 50 high power fields (HPFs), the immunohistochemical Ki-
67 labeling index and the immunohistochemical PHH3 mitotic index (MI). For comparison, Spear-
man’s rank correlation and interclass correlation coefficient were used. Results: Mitotic counts
ranged from 0-138 (mean, 7.57 +2.34) and the PHH3 MI ranged from 0-126 per 50 HPFs (mean,
9.61+2.27). We found a positive correlation between mitotic counts and PHH3 MI (r=0.810, p<.001).
The inter-observer correlation coefficient for three participants was 0.975 for mitotic counts and
0.940 for the PHH3 MI. When using the PHH3 Ml instead of mitotic counts in the Armed Forces
Institute of Pathology (AFIP) stratification criteria, 10 cases were reclassified. In one patient with a
mitotic count of 2 and a PHH3 Ml of 6 per 50 HPFs, distant metastasis occurred. Gonclusions: In
GISTs, the PHH3 MI correlated adequately with mitotic counts and can be used as a useful ad-
junctive to count mitotic figures efficiently.
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Gastrointestinal stromal tumors (GISTs) are the most com-
mon mesenchymal tumors of the gastrointestinal (GI) tract.
GISTs can occur anywhere along the GI tract from the esopha-
gus to the rectum, but most are located in the stomach (60%),
jejunum and ileum (30%), and duodenum (5%)." The tumors
have a wide spectrum of biological and clinical behaviors. Some
GISTs rarely metastasize or recur, whereas others progress rap-
idly.? Great effort has been invested in establishing a histopath-
ological classification that can predict aggressive behavior in
GISTs. Franquemont® first described differentiation and risk as-
sessment of GISTs in 1995. In 2002, the National Institutes of
Health (NIH) consensus criteria used tumor size and mitotic
counts as key prognostic factors.* Recently, data from the Armed
Forces Institute of Pathology (AFIP) revealed that small intesti-
nal GISTs have higher malignant potential than gastric GISTs*®
and the AFIP risk stratification is used widely to predict prog-
nosis of patients with GIST.

The most important prognostic indicator in GISTS is the mi-
totic count. However, counting mitoses is time-consuming and
subjective which leads to high inter-observer variabilicy.”* More-
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over, mitotic figures are indistinguishable from apoptotic fig-
ures. Phosphohistone 3 (PHH3) is a mitotic specific marker re-
cently evaluated in a wide array of different tumor types’ and
shown to be a useful tool for counting mitoses and predicting
prognosis.”'® Several studies showed PHH3 enhanced rapid re-
cognition of mitotic figures in meningiomas, which are classi-
fied based on the mitotic index (MI).*"* PHH3 was also very
helpful in mitotic counting in breast carcinomas,'” melanocytic
lesions," uterine smooth muscle tumors'* and pulmonary neu-
roendocrine carcinomas.” Furthermore, PHH3 expression was
reported to be an independent prognostic factor in gastric ade-
nocarcinoma'® and esophageal squamous cell carcinoma.'” Re-
cently, Kim e a/.* reported PHH3 staining primarily support-
ed grading by facilitating mitotic counting and might have
prognostic value in GISTs. However, inter-observer agreement
in quantifying mitoses and the PHH3 MI has not been estab-
lished. Moreover, the difference in the risk of tumor progression
observed between mitotic counts and the PHH3 MI has not
been thoroughly explored. The aim of this study was to deter-
mine the difference, if any, in the risk of tumor progression when
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using the PHH3 MI instead of mitotic counts in the establish-
ed AFIP risk stratification criteria. Additionally, inter-observer
agreement between mitotic counts and the PHH3 MI was as-
sessed.

MATERIALS AND METHODS

Seventy-seven patients with KIT (CD117)-positive primary
GISTs who underwent surgical resection at Samsung Medical
Center between 2012 and 2013 were selected for this study.
Patients who received neoadjuvant Gleevec therapy were ex-
cluded. The medical records of patients were reviewed for tu-
mor size and tumor location. Mitotic figures were counted at
the highest proliferative region and the mitotic counts were re-
corded as the number of mitoses per 50 high power fields (HPFs).

The formalin-fixed, paraffin-embedded tumor tissue from re-
sected specimens was cut into 3-pm sections and mounted on
slides. The tissue section slides were then deparaffinized and
immunostained using the Leica Bond-Max automatic stainer
(Leica Microsystems, Bannockburn, IL, USA). All hematoxylin
and eosin (H&E)-stained slides were reviewed and a representa-

tive slide was chosen containing the most mitotically-active

Table 1. Clinicopathological characteristics of the 77 patients with
GIST

Variable n (%)
Median age (range, yr) 57 (28-86)
Gender

Female 28 (36.4)

Male 49 (63.6)
Tumor size (cm)

<2 8(10.4)

>2and <5 52 (67.5)

>5and <10 12 (15.6)

>10 5(6.5)
Tumor location

Stomach 54 (70.1)

Duodenum 12 (15.6)

Jejunum/ileum 10 (13.0)

Rectum 1(1.9)
Mitosis

<5/50HPFs 62 (80.5)

6-10/50HPFs 4(5.2)

>10/50HPFs 11(14.3)
Ki-67 LI (%)

<5 59 (76.6)

6-10 10(13.0)

>10 8(10.4)
PHH3 MI

<5/50HPFs 51 (66.2)

6-10/50HPFs 11 (14.3)

>10/50HPFs 15 (19.5)

GIST, gastrointestinal stromal tumor; HPFs, high power fields; Ki-67 LI, Ki-
67 labeling index; PHH3 MI, phosphohistone H3 mitotic index.

http://jpatholtm.org/

area. Immunohistochemical staining was then performed using
monoclonal antibodies against Ki-67 (1:300, Dako, Glostrup,
Denmark) and polyclonal antibodies against PHH3 (1:4,000,
Ser10, Millipore, Billerica, MA, USA). The Ki-67 labeling in-
dex (LI) was assessed manually as the percentage of positively
stained cells out of at least 1,000 tumor cells within the highest
proliferative area. The number of PHH3-positive nuclei was
calculated per 50 HPFs to attain the PHH3 MI. Three differ-
ent pathologists independently reviewed the H&E-stained slides
to assess the mitotic count, the Ki-67 and the PHH3-immuno-
stained slides for the Ki-67 LT and the PHH3 M], respectively.

Statistical analysis was performed using IBM SPSS Statistics
ver. 20 (IBM Co., Armonk, NY, USA). The Spearman rank cor-
relation test was used to compare relationships between the mi-
totic count, the Ki-67 LI and the PHH3 MI. The inter-observer
agreement for mitotic counts and PHH3 MI was calculated us-
ing the interclass correlation coefficient. A p<.05 was consid-
ered to indicate statistical significance.

RESULTS

Table 1 summarizes the clinicopathological characteristics of
the 77 patients. The median age of the patients was 57 years
(range, 28 to 86 years) and 49 (63.6%) were males. The tumor
locations included the stomach (n=54), duodenum (n=12), je-
junum/ileum (n=10), and rectum (n=1). Mean tumor size was
4.39 cm (range, 1 to 36 cm). Mitotic counts ranged from 0-138
per 50 HPFs (mean, 7.57 + 2.34; median, 2). The Ki-67 LI rang-
ed from 1%—-25% (mean, 4.83+0.61; median, 3). The PHH3
MI ranged from 0-126 per 50 HPFs (mean, 9.61 £2.27; medi-
an, 4). The risk of aggressive behavior stratified according to
the NIH criteria’ and the AFIP criteria of the 77 tumors is de-
scribed in Table 2.

A limited positive correlation was found between mitotic
counts and the Ki-67 LI (r=0.605, p<.001) and a significant
positive correlation was found between mitotic counts and the

Table 2. Risk of aggressive behavior in GISTs stratified according
to the NIH and AFIP criteria

Risk subgroup NIH criteria AFIP criteria
Very low 4(5.2) 36 (46.9)
Low 48 (62.3) 22 (28.6)
Intermediate/moderate 9(11.7) 12 (15.6)
High 16 (20.8) 7(9.1)

Values are presented as number (%).
GISTs, gastrointestinal stromal tumors; NIH, National Institutes of Health;
AFIP, Armed Forces Institute of Pathology.
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Table 3. Clinicopathological characteristics of the 10 cases stratified before and after the PHH3 Ml replaced mitotic counts in the AFIP criteria

Patient No. Sex/Age (yr) Location Size Mitosis

Risk of tumor progression (%)

Ki-67 LI PHH3 MI

AFIP criteria PHH3 Ml applied

1 M/51 Duodenum 4.5 2 10 14 Low (8.3) High (50)

2 M/48 Jejunum 3.0 2 4 6 Low (4.3) High (73)

3 M/47 lleum 3.9 2 8 10 Low (4.3) High (73)

4 M/56 Rectum 2.1 4 & 7 Low (8.5) High (52)

5 M/67 Stomach 3.0 1 4 8 Very low (1.9) Moderate (16)

6 M/57 Stomach 25 2 3 7 Very low (1.9) Moderate (16)

7 M/57 Stomach 4.5 3 6 6 Very low (1.9) Moderate (16)

8 F/67 Stomach 2.9 4 5 10 Very low (1.9) Moderate (16)

9 M/64 Stomach 2.7 5 5 14 Very low (1.9) Moderate (16)
10 M/64 Stomach 2.2 5 3 6 Very low (1.9) Moderate (16)

PHH3 MI, phosphohistone H3 mitotic index; AFIP, Armed Forces Institute of Pathology; Ki-67 LI, Ki-67 labeling index.

PHH3 MI (r=0.810, p<.001). Mitotic counts correlated with
both the Ki-67 LI and PHH3 MI, but the correlation with PHH3
MI was slightly higher. The PHH3 MI also correlated with Ki-
67 LI (r=0.703, p<.001). The inter-observer agreement among
the three participating pathologists was high for both the mi-
totic count (interclass correlation coefficient, 0.974; 95% confi-
dence interval [CI], 0.962 to 0.983) and the PHH3 MI (inter-
class correlation coefficient, 0.940; 95% CI, 0.912 to 0.961).
When the PHH3 MI replaced mitotic counts in the AFIP risk
restratification analysis, the PHH3 MI imposed a higher risk
among the 10 cases compared to using mitotic counts in the
risk stratification (Table 3); 4 of these 10 cases were from extra-
gastric sites (duodenum, jejunum, ileum, and rectum). This
change in risk tended to be greater in extragastric GISTs when
compared to gastric GISTs.

In all 10 discrepant cases, the H&E- and PHH3-immunos-
tained slides were thoroughly reviewed. In case No. 1, the high-
est proliferative area on the H&E- and the PHH3-immunos-
tained slides were not well matched. In cases Nos. 3, 5, 6, and
8, many inflammatory cells were admixed with tumor cells which
may have artifactually inflated the PHH3 MI. In cases Nos. 7,
9, and 10, diffuse degeneration of tumor cells was observed on
the H&E-stained slides rendering mitoses difficult to identify.
In contrast, on the PHH3-immunostained slides, the darkly
stained PHH3-positive cells were easy to identify even at low
magnification (Fig. 1). Degenerated mitotic tumor cells, which
are difficult to identify on H&E-immunostained slides, were
also highlighted as dark brown figures on the PHH3-immu-
nostained slides (Fig. 2). The last case (case No. 2) was stratified
in the low risk of aggtessive behavior group by both the NIH
and the AFIP criteria when diagnosed in 2012. In 2014, the
patient was found to have a metastasis in the liver. The primary

tumor was located in the jejunum with a size of 3 cm and a mi-

http://dx.doi.org/10.4132/jptm.2014.10.08

totic count of 2 per 50 HPFs. The PHH3 MI for this case was
6 per 50 HPFs and the mean PHH3 MI among the three ob-
servers was 7 per 50 HPFs (Fig. 3) placing this tumor into the
high risk group in the restratification of the AFIP criteria using
the PHH3 MI. This correlates with an approximately 73% chance
of malignant behavior.

DISCUSSION

To explore the diagnostic utility of the PHH3 immunohisto-
chemical stain as an ancillary mitotic marker in GIST, a com-
parison was made between mitotic counts, Ki-67 LI and PHH3
MI in 77 primary GISTs. The PHH3 MI correlated very well
with mitotic counts and the inter-observer correlation coefficient
among the 3 pathologists was also high. However, in cases with
poor fixation, abundant lymphocytes, or degeneration of tumor
cells, a discrepancy between risk categorization based on mitot-
ic counts and the PHH3 MI was observed. This study supports
the use of PHH3 as a helpful adjunct strategy for the efficient
analysis of mitotic figures in GISTs.

Ki-67 has been widely used as a proliferative marker in many
different tumors, including GISTs."#* However, Ki-67 is ex-
pressed throughout the cell cycle except in the GO phase. There-
fore, there is no assurance that Ki-67—positive cells are actually
undergoing mitosis.” In contrast, PHH3, a recently introduced
mitosis-specific marker, only highlights cells in the late G2 and
M phases.”*** Discrepancies have been found in the correlation
between PHH3 and Ki-67 expression in various tumors for the
above reason.'®!” The robust positive correlation between PHH3
and mitotic counts has been well established in many different
tumors and benign tissues.” 1114171825

In the present study, the PHH3 MI showed a higher correla-
tion with mitotic counts than Ki-67 LI. The PHH3 MI also

http://jpatholtm.org/
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Fig. 1. A comparison of hematoxylin and eosin (A, C) and phophohistone H3 (PHH3) immunohistochemistry (B, D) in mitotic detection (ar-
rows). Mitotic figures (arrows) are easily and quickly recognized with PHH3 immunohistochemistry.

correlated with Ki-67 LI in the current study. Interclass correla- able staining intensity making accurate quantification of PHH3
tion coefficients among 3 observers for counting mitoses with MI difficult. Higher inter-observer agreement for PHH3 MI
either staining method were high. The interclass correlation co- may be achieved with a standardized high quality immunos-
efficient was slightly higher for counting mitoses than for PHH3 taining method and by consensus.

MI in this study. In a series of 92 thin melanoma cases, inter- To assess the substitutability of PHH3 analysis for mitotic
observer agreement was higher using the PHH3 MI than with counts, the cases were restratified according to the PHH3 MI in
mitotic counts.”® In the present study, in some cases with poor accordance with the established AFIP criteria. Considering re-
fixation the immunoreactivity of the PHH3 antibody had vari- cent data suggesting tumor location can affect the malignant

http://jpatholtm.org/ http://dx.doi.org/10.4132/jptm.2014.10.08
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Fig. 2. Hematoxylin and eosin (H&E) (A) and phophohistone H (PHH3) immunohistochemistry (B) in a case with delayed fixation. H&E shows
no mitotic figures whereas PHH3 shows three mitotic figures in the same field (arrows).

potential of GISTs, the AFIP criteria were used to analyze all
cases. The 10 cases showing a change in risk stratification after
applying the PHH3 MI were reviewed. The use of the PHH3
MI led to a higher risk categorization when compared to the
use of mitotic counts in all 10 cases. These cases showed poor
specimen fixation, abundant lymphocytes, or degeneration of
tumor cells. Poor fixation of tumor cells causes difficulty in count-
ing mitotic figures precisely. Abundant lymphocytes around
tumor cells may also confuse pathologists. PHH3 is positive in
mitotic tumor cells and in interphase nuclei and mitotic lym-
phocytes. Therefore, careful counting is needed and patholo-
gists may overestimate the PHH3 MI in cases with abundant
lymphocytic infiltration. In fact, several published reports indi-
cate the PHH3 MI is higher than mitotic counts in various tu-
mor types likely due to this reason.”*!141>2¢ The PHH3 im-
munostain highlights mitotic cells as distinct dark brown fig-
ures rendering their identification much simpler and easier than
searching for mitotic figures and allows rapid detection of the
most proliferative area of a lesion.

In the current study, a direct relationship between the PHH3
MI and disease-free survival was not proven. Kim ef «/."> dem-
onstrated a significant correlation between recurrence-free sur-
vival and PHH3 MI, but failed to prove the independent prog-
nostic significance of the PHH3 MI in GISTs. Interestingly, we
found a case of a jejunum GIST stratified as low risk of malig-
nant potential according to both the NIH and AFIP criteria.

http://dx.doi.org/10.4132/jptm.2014.10.08

However, this lesion metastasized to the liver 2 years after the
initial diagnosis. The mitotic count of the primary GIST was 2
per 50 HPFs and the PHH3 MI and mean PHH3 MI among
the 3 observers was 6 per 50 HPFs and 7 per 50 HPFs, respec-
tively. When the PHH3 MI was applied to risk stratification in
place of mitotic counts, the case was reclassified into the high
risk group (73% chance of malignant behavior). Therefore, more
attention should be given to cases with a higher PHH3 MI.
These cases may warrant risk recategorization. To obtain reli-
able results regarding the PHH3 MI as an independent prog-
nostic factor in GISTS, a large-scale study is needed with a pro-
longed follow-up period.

In summary, the PHH3 MI correlated satisfactorily with mi-
totic counts even when compared to the Ki-67 LI in GISTs.
Opverall, inter-observer agreement for mitotic counts and the
PHH3 MI was both high. The PHH3 immunostain enables
pathologists to identify mitotic figures easily and quickly. Fur-
thermore, in cases with inadequate fixation, quantification of
the PHH3 MI was superior to counting mitotic figures. We
believe the PHH3 MI is a viable adjunct strategy to use when
assessing the mitotic rates in GISTs.
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Fig. 3. Mitosis and PHH3 positive cells in a patient with distant metastasis. Hematoxylin and eosin (H&E) staining shows a single mitotic fig-
ure. (B) H&E at higher magnification. (C) Phophohistone H3 (PHH3) immunohistochemistry highlights two mitotic figures in the same field (ar-
rows). (D, E) PHH3 at higher magnification.
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Background: Pancreatic neuroendocrine tumors (PanNETs) are malignant endocrine neoplasms
that present diverse clinical behaviors. Therefore, identification of biomarkers of PanNETs is im-
portant for stratification of the prognosis of PanNET patients. Recently, cytokeratin 19 (CK19) and
KIT expression were reported to have prognostic significance in PanNET patients. Methods: To
identify their prognostic significance, CK19 and KIT protein expression were assessed in 182 sur-
gically resected PanNETs and compared with clinicopathologic factors. Results: Of 182 PanNETs
cases, CK19 and KIT expression was noted in 97 (53.3%) and 16 (8.8%) cases, respectively.
PanNET patients with CK19 expression had larger tumors (p=.006), higher World Health Organi-
zation (WHO) grade (p=.002) and pT classification (p<.001), increased distant metastasis
(p=.004), and lymphovascular (p=.012) and perineural (p=.019) invasion. Similarly, those with
KIT expression had larger tumors (p=.030), higher WHO grade (p=.001), advanced pT classifica-
tion (p<.001), distant metastasis (p=.001), and lymphovascular invasion (p=.014). The 5-year
survival rate for PanNET patients with KIT expression was significantly lower (62%) than that of
patients without KIT expression (77%, p=.011), as determined by univariate but not by multivari-
ate analyses. Conclusions: CK19 and KIT expression correlate with higher metastatic potential
and advanced disease stage, and KIT expression is associated with worse survival in PanNET
patients.

Key Words: Pancreas; Neuroendocrine tumors; Keratin-19; KIT; Immunohistochemistry

Pancreatic neuroendocrine tumors (PanNETs) are malignant
tumors of endocrine origin from the pancreas and comprise 1.3%
to 2.8% of all pancreatic neoplasms.' The incidence and preva-
lence of PanNETs have increased over the past decades accord-
ing to data from the Surveillance, Epidemiology, and End Re-
sults (SEER) study.” Compared with ductal adenocarcinoma of
the pancreas, PanNETS are generally considered to have indo-
lent behaviors with diverse clinical features ranging from be-
nign to highly malignant.”* Therefore, predicting the clinical
behavior of PanNETs is very difficult.

A recent whole-exome sequencing study demonstrated unique
driver mutations in PanNETS, such as MEN1, ATRX, and DA-
XX In addition, although the frequencies are low, several genes
in the mammalian target of rapamycin pathway, including PTEN,
TSC2, and PIK3CA, were also reported to be involved in the
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tumorigenesis of PanNETs.” The expression status of some of
these proteins was shown to be related to the survival of Pan-
NET patients. For example, the losses of ATRX and DAXX
were associated with worse survival. On the other hand, loss of
PTEN expression was associated with better survival in Pan-
NET patients.®’

The new World Health Organization (WHO) grading scheme
and the TNM staging system from the American Joint Com-
mittee on Cancer (AJCC) and the International Union for Can-
cer Control (UICC) provide reliable guidelines for the prognosis
and treatment of PanNET patients.*® However, except for patho-
logic grade and TNM stage, few prognostic biomarkers for Pan-
NETS have been reported. Hence, the identification of prognos-
tic biomarkers for PanNETs will provide more precise informa-

tion regarding PanNET patient survival after surgical resection.””"
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Several previous studies have reported the prognostic signifi-
cance of cytokeratin 19 (CK19), KIT, cyclooxygenase 2, and
CD99 in PanNET patients.””'? However, there have not been
any validation studies for these markers, except for CK19 ex-
pression.””!"2 The aims of this study were to determine the
clinical and prognostic significance of CK19 and KIT expres-
sion in surgically resected PanNET patients using tissue micro-
array immunohistochemical staining.

MATERIALS AND METHODS

After approval (2014-0580) from the Institutional Review
Board, 182 patients with primary PanNETs who underwent
surgical resection at our institution from 1995 to 2013 were se-
lected from the files of the Department of Pathology. Medical
records were reviewed to evaluate clinical data, such as age, sex,
symptoms, and follow-up data. Pathologic information, includ-
ing tumor size, extension, metastases to regional lymph nodes,
distant metastases, and lymphovascular and perineural invasions
were carefully reviewed. Hematoxylin and eosin—stained slides
were independently reviewed by three pathologists (S.-M.H.,
J.YK., and E.-M.S.). All PanNET cases were confirmed by im-
munohistochemical staining using neuroendocrine markers, syn-
aptophysin, chromogranin, and/or CD56. Immunohistochemi-
cal staining for synaptophysin and chromogranin was performed
in 144 and 138 cases, respectively. All 144 cases (100%) were
positive for synaptophysin, and 113 of 138 (81.9%) cases were
positive for chromogranin. All PanNET cases were re-classified
into grades 1, 2, or 3 based on mitotic counts (per 10 high-pow-
er fields) and the Ki-67 labeling index according to the scheme
of the 2010 WHO classification.® Tumor extension was assessed
based on the T classification of the 2010 AJCC/UICC cancer
staging system.

Tissue microarrarys (TMAs) were constructed using three 2-
mm-diameter tumor cores from donor blocks using a manual
tissue microarryer (Uni TMA Co., Led., Seoul, Korea). The sec-
tions of TMAs were stained using an automatic immunohisto-
chemistry staining device (Benchmark XT, Ventana Medical
System, Tucson, AZ, USA). Briefly, 5-pm-thick formaldehyde-
fixed paraffin-embedded tissue sections were transferred onto
adhesive slides and dried at 62°C for 30 minutes. Standard heat
epitope retrieval was performed for 30 minutes in ethylene di-
amine tetraacetic acid, pH 8.0, in the autostainer. The samples
were then incubated with antibodies against KIT (1:400, Dako-
Cytomation, Glostrup, Denmark) and CK19 (1:100, Cell Marque,
Rocklin, CA, USA). The sections were subsequently incubated
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with biotinylated anti-mouse immunoglobulins, peroxidase-la-
beled streptavidin (LSAB kit, DakoCytomation), and 3,30-di-
aminobenzidine. Negative control samples were processed with-
out the primary antibody. Slides were counterstained with Har-
ris hematoxylin. Nuclear labeling of intra-tumoral mast cells
was used as an internal positive control for KIT immunohisto-
chemical staining. Normal pancreatic acinar cells, ductal epi-
thelial cells, and islet cells were negative for KIT staining, while
mast cells in the pancreatic parenchyma were positive (Fig. 1A).
Membranous immunolabeling in normal pancreatic ductal epi-
thelial cells and centroacinar cells was used as an internal posi-
tive control for CK19 staining. Normal pancreatic islet cells
and acinar cells were negative for CK19 staining (Fig. 1B). Sec-
tions demonstrating > 5% positivity for KIT- and CK19-labeled
tumor cells were considered to be positive, as previously descri-
bed.>"

SPSS ver. 18.0 (SPSS, Chicago, IL, USA) was used for the sta-
tistical analysis. The overall survival time was calculated from
the date of diagnosis of PanNET to that of death from any cause.
The overall survival rate was calculated with the Kaplan-Meier
method, and the associations between overall survival rate and
clinicopathologic factors were compared using the log-rank test.
Correlations between KIT and CK19 expression and other prog-
nostic factors were analyzed using chi-square and Fisher exact
tests. Possible prognostic factors associated with survival proba-
bility were calculated by the Cox’s proportional hazard regres-
sion model. A p<.05 was considered statistically significant.

RESULTS

Of a total of 182 PanNET patients, 44.5% (81 cases) were
men, 55.5% (101 cases) were women, and the mean age was
51.4£13.10 years. The mean tumor size was 3.06+2.31 cm.
Tumors were classified as functional tumors if they were associ-
ated with the distinct clinical manifestations of hormonal alter-
ations, including hypoglycemia, sweating, or syncope; 45 cases
(24.7%) were consequently classified as functional PanNETS.
There were 71 head (39.0%), 7 uncinate (3.8%), 29 body (15.9%),
67 tail (36.8%), 2 head to body (1.1%), and 6 body to tail (3.3%)
tumors. Using the TNM staging system, PanNETs were classi-
fied as pT1 in 74 (40.7%), pT2 in 47 (25.8%), and pT?3 in 61
(33.5%) cases. Because only surgically resected PanNETs were
included in the study, pT4 tumors were not included. Lympho-
vascular and perineural invasion was noted in 48 (26.4%) and
27 (14.8%) cases, respectively. Evaluation of the lymph nodes
was possible in 99 cases (54.4%), and lymph node metastasis
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Fig. 1. Representative images of KIT and cytokeratin 19 (CK19) staining. (A) Normal acinar cell, ductal epithelial cells, and islet cells (arrows)
of the pancreas are negative for KIT staining, while mast cells in the pancreatic parenchyma are positive for KIT staining. (B) Membranous
CK19 immunolabeling is noted in the normal centroacinar cell and the ductal epithelial cells, while islet cells are not stained. Negative (C) and
positive (D) KIT expression in a pancreatic neuroendocrine tumor. (E) Negative CK19 expression is observed in a pancreatic neuroendocrine
tumor, while entrapped normal pancreatic ductal cells are positive for CK19. (F) Positive CK19 expression in a pancreatic neuroendocrine tumor.

was present in 29 cases (15.9%). Distant metastasis was observ- dian follow-up period of 30 months (range, 1 to 142 months),
ed in 36 cases (19.8%), and liver was the most common site of and 153 patients (84.1%) were alive and 28 patients (15.3%)
these distant metastases (32 cases, 88.9%). Adequate follow-up had died; 9 of these patients died of an unrelated cause.

of survival information was available in 181 patients, with a me- KIT expression was observed in 16 of 182 PanNETs (8.8%)
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Table 1. Correlations between KIT or CK19 expression and clinicopathological factors

KIT expression CK19 expression
Parameter Total = : p-value = : p-value
Positive Negative Positive Negative

Sex Male 81 11 (13.6) 70 (86.4) .063 49 (60.5) 32 (39.5) .081
Female 101 5(5.0) 96 (95.0) 48 (47.5) 53 (52.5)

Age (yr) <60 127 11(8.7) 116 (91.3) 1.000 68 (563.5) 59 (46.5) 919
>60 59 5(9.1) 50 (90.9) 29 (52.7) 26 (47.3)

Function status Functioning 45 122 44 (97.8) 125 12 (26.7) 33(73.3) <.001
Non-functioning 137 15(10.9) 122 (89.1) 85 (62.0) 52 (38.0)

Tumor size (cm) <2 81 3@3.7) 78 (96.3) .030 34 (42.0) 47 (58.0) .006
>2 101 13 (12.9) 88 (87.1) 63 (62.4) 38 (37.6)

Extrapancreatic extension Absent 120 4(3.3) 116 (96.7) <.001 52 (43.3) 68 (56.7) <.001
Present 62 12 (19.4) 50 (80.6) 45 (72.6) 17 (27.4)

pT classification pT1 74 1(1.4) 73 (98.6) <.001 30 (40.5) 44 (59.5)  <.001
pT2 47 3(6.3) 44 (93.6) 23 (48.9) 24 (51.1)
pT3 61 12 (19.7) 49 (80.3) 45 (71.4) 18 (28.6)

Lymph node metastasis Absent 89 24.(27.0) 65 (73.0) 152 39 (63.9) 31(81.6) .061
Present 10 5(50.0) 5 (50.0) 31(81.6) 7(18.4)

Distant metastasis Absent 146 7(4.8) 139 (95.2) .001 70(47.9) 76 (52.1) .004
Present 36 9(25.0) 27 (75.0) 27 (75.0) 9(25.0)

WHO grade Grade 1 125 6(4.9) 119(95.2) .001 59 (47.2) 66 (52.8) .002
Grade 2 48 7(14.6) 41 (85.4) 29 (60.4) 19 (39.6)
Grade 3 9 3(33.3) 6 (66.7) 9(90.9) 0

Lymphovascular invasion Absent 134 7(5.2) 127 (94.8) .014 64 (47.8) 70 (52.2) .012
Present 48 9(18.8) 39 (81.3) 33 (68.8) 15 (31.3)

Perineural invasion Absent 155 11(7.1) 144 (92.9) 067 77 (49.7) 78 (50.3) .019
Present 27 5(18.5) 22 (81.5) 20 (74.1) 7(25.9)

Values are presented as number (%).
CKO9, cytokeratin 9; WHO, World Health Organization.

(Fig. 1D) and CK19 expression was noted in 97 cases (53.3%)
(Fig. 1F). All 16 PanNET cases that showed KIT expression
were also positive for CK19. The associations between KIT or
CK19 expression and clinicopathological factors are summa-
rized in Table 1. KIT expression was more frequently observed
in larger PanNETSs (p=.030), those with extrapancreatic exten-
sion (p<.001), advanced pT classification (p<.001), distant
metastasis (p=.001), higher WHO grade (p=.001), and lym-
phovascular invasion (p=.014). There was no statistically sig-
nificant correlation between KIT expression and sex, age, func-
tional status, lymph node metastasis, expression of synaptophy-
sin and chromogranin, or perineural invasion.

CK19 expression was more commonly observed in function-
ing PanNETs (p<.001), larger tumors (p=.000), extrapancte-
atic extension (p<.001), advanced pT classification (p<.001),
lymph node metastasis (p=.009), distant metastasis (p=.004),
higher WHO grade (p=.002), and lymphovascular (p=.012)
and perineural (p=.019) invasion. There was no statistically
significant correlation between CK19 expression and sex, age,
or expression of synaptophysin and chromogranin. The overall
survival rate of PanNET patients with KIT expression was sig-
nificantly lower (5-year survival rate, 62%) than that of patients

http://dx.doi.org/10.4132/jptm.2014.10.23

without KIT expression (77%, p=.011) (Fig. 2A). However,
the overall survival rate of PanNET patients with CK19 expres-
sion (5-year survival rate, 74%) was not significantly different
from that of patients lacking CK19 exptession (79%, p=.242)
(Fig. 2B).

The relationships between the survival of PanNET patients
and other clinicopathologic factors are summarized in Table 2.
Of these clinicopathologic factors, increased age (p<.001), ex-
trapancreatic extension (p=.003), increased pT classification
(p=.009), lymph node metastasis (p=.026), distant metastasis
(p=.003), and higher WHO grade (p<.001) were correlated
with worse survival. In contrast, overall survival was not corre-
lated with sex, functional status, or lymphovascular and peri-
neural invasion.

Multivariate analysis was performed to assess which factors
remained independent predictors of survival after adjusting for
factors that were found to be significant by univariate analysis.
Only WHO grade remained as an independent prognostic fac-
tor (p=.001) (Table 3). Conversely, KIT expression, pT classifi-
cation, and lymph node and distant metastases were not found
to be independent prognostic factors in the present model.

http://jpatholtm.org/
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Fig. 2. Kaplan-Meier survival analysis of pancreatic neuroendocrine tumor patients according to KIT (A) and cytokeratin 19 (CK19) (B) ex-
pression status. (A) The overall 5-year survival rate for pancreatic neuroendocrine tumor (PanNET) patients with KIT expression is significantly
lower (62%) than that of patients without KIT expression (77%, p=.011). (B) The overall 5-year survival rate for PanNET patients with CK19
expression (74%) is not significantly different from that of those without CK19 expression (79%, p=.243).

Table 2. Univariate analysis of overall survival by clinicopathologic
features with PanNETs

Table 3. Multivariate analysis of overall survival by clinicopathologic
features with pancreatic neuroendocrine tumors

5-Year survival

Parameter rate (%) p-value

Sex Male 82 673
Female 72

Age (y) <60 87 <.001
>60 50

Function status Functioning tumors 91 .349
Non-functioning 72

Tumor size (cm) <2 85 71
>2 72

Extrapancreatic extension ~ Absent 82 .003
Present 66

pT classification pTi 88 .009
pT2 78
pT3 65

Lymph node metastasis ~ Absent 78 .026
Present 56

Distant metastasis Absent 80 .003
Present 63

WHO grade Grade 1 86 <.001
Grade 2 62
Grade 3 0

KIT expression Negative 7 011
Positive 62

CK19 expression Negative 79 243
Positive 74

Lymphovascular invasion  Absent 80 071
Present 68

Perineural invasion Absent 79 162
Present 63

PanNET, pancreatic neuroendocrine tumor; WHO, World Health Organiza-
tion; CK19, cytokertain 19.
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95% Confidence
Parameter FEETR interval p-value
ratio
Low Upper
KIT expression 2.09 0.69 6.33 195
pT classification T 1 = = .786
T2 1.73 0.31 9.51 529
8 1.84 0.31 11.01 503
Lymph node metastasis 1.53 0.51 4.60 446
Distant metastasis 0.5 017 1.46 204
WHO Grade 1 1 - - .001
2 2.41 0.84 6.89 102

3 18.27 412 80.99 <.001

WHO, World Health Organization.

DISCUSSION

KIT is a cytoplasmic membrane-bound receptor tyrosine ki-
nase and a stem cell marker. Activation of KIT signaling has
been found to mediate cell survival, migration, and prolifera-
tion." Signaling from KIT is crucial for normal hematopoiesis,
pigmentation, fertility, and gut movement. Deregulated KIT
kinase activity has been observed in a number of pathological
conditions, including small cell lung cancer, breast cancer, co-
lon cancer, melanoma, gastrointestinal stromal tumors, and al-
lergy."* KIT is involved in B-cell development and survival and
in regulation of glucose metabolism of the endocrine pancreas
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via receptor phosphorylation.”"” Normally, KIT expression in
the endocrine pancreas is present during the embryonic and
early fetal periods; however, it is not expressed in the adult pan-
creas.”" Thus, KIT expression in the endocrine pancreas is con-
sidered to be a stem cell feature. Several pancreatic neoplasms
with KIT expression have been reported, including ductal ade-
nocarcinomas, intraductal papillary mucinous neoplasms, mu-
cinous cystic neoplasms, serous cyst adenomas, and neuroendo-
crine tumors, although the proportion of pancreatic neoplasms
expressing KIT was small. !

Several previous studies have reported KIT expression in Pan-
NETs, with 22% to 46% of PanNETs expressing KIT.>"** In
the present study, we observed KIT expression in 8.8% (16/182)
of PanNET cases. This is a significantly lower percentage than
reported in previous studies and might be related to ethnicity,
as all previous studies were performed with Caucasians while all
the cases included in the present study were Koreans. KIT ex-
pression is generally associated with worse prognosis in cancers
of other organs, including colorectal, stomach, bile duct, and
endometrial cancers, and malignant melanomas of the vulva.?-?’
In contrast, KIT expression in patients with neuroblastomas
and hepatocellular carcinomas is an indicator of good surviv-
al. %% There have been controversies with respect to the prog-
nostic significance of KIT expression in PanNETs.>" Zhang e
al.” reported that KIT expression was an independent worse
prognostic factor for PanNETs, while Han ¢z a/.> observed no
significant survival differences based on KIT expression. Pan-
NETs with KIT expression resulted in significantly worse sur-
vival than those without KIT expression in the present study; a
finding that concurs with those of the previous study of Zhang
et al.” A plausible explanation for the worse prognosis in Pan-
NET cases with KIT expression is that these PanNETs may pos-
sess stem cell features. The mechanisms of KIT expression in
PanNETs are unknown. One previous study demonstrated no
KIT mutations in exons 9 and 11 in any of the 21 examined
PanNET expressing KIT."” Plausible explanations for KIT over-
expression without mutations in exons 9 and 11 include KIT
mutations that occur in other exons.

CK19 is one of a 20-member cytokeratin family that encom-
passes the intermediate filaments of epithelial cells. In the early
embryonic stage, endocrine cells in the pancreas strongly express
CK19. This expression is gradually lost such that most islet cells
no longer express CK19 by 41 gestational weeks, whereas all
ductal and acinar cells maintain CK19 labeling.***

Previous studies have demonstrated CK19 expression in 49%
to 70% of PanNETs.**'*" In the present study, CK19 expres-
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sion was found in 53.3% (97/182 cases) of PanNETs, which is
concordant with the results of previous studies. In previous stud-
ies, CK19-expressing PanNETs were associated with aggressive
pathologic features, including increased tumor size, mitoses,
lymphovascular invasion, and necrosis.”*? In accordance with
the results of these previous studies, we also observed that Pan-
NETs expressing CK19 were associated with larger tumor size,
higher WHO grade, higher TNM stage, and lymphovascular
and perineural invasions. Several previous studies have demon-
strated that PanNET patients with CK19 expression had de-
creased survival rates.”'? However, in contrast to the results of
previous studies, we did not observe any prognostic significance
of CK19 expression in PanNET patients, although CK19 ex-
pression was related with aggressive clinical behavior in Pan-
NET patients.

In summary, we observed that 1) subsets of PanNETs express
KIT or CK19, 2) KIT and CK19 expression was associated with
aggressive behavior of PanNETS, and 3) KIT expression was cot-
related with decreased survival of PanNET patients but was not
an independent prognostic factor.
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Cell Renal Cell Carcinoma

Background: A few recent studies have demonstrated a possible role of transglutaminase 2 (TG2)
in tumorigenesis or progression of renal cell carcinoma (RCC). The aim of this study was to ex-
amine TG2 expression and its clinicopathologic significance in a large number of human clear cell
RCCs (CCRCCs). Methods: We analyzed 638 CCRCC patients who underwent partial or radical
nephrectomy between 1995 and 2005. The expression of TG2 was determined by immunohisto-
chemistry and categorized into four groups, according to staining intensity: negative (0), mild (1+),
moderate (2+), and strong (3+). Results: TG2 staining intensity was negative in 8.5% of CCRCC
(n=54), 1+ in 32.6% (n=208), 2+ in 50.5% (n=322), and 3+ in 8.5% (n=54). Strong TG2 expres-
sion was correlated with high Fuhrman nuclear grade (p=.011), high T category (p=.049), metas-
tasis (p=.043) and male sex (p<.001) but not with N category.The survival analysis showed a
significant association between strong TG2 expression and worse overall and cancer-specific
survival (p=.027 and p=.010, respectively). On multivariate analysis, strong TG2 expression was
a marginally significant prognostic indicator for Fuhrman nuclear grade and TNM staging (p=.054).
Conclusions: Our study is the first to demonstrate the clinicopathologic significance of TG2 ex-
pression in a large number of human CCRCC samples. Strong TG2 expression was associated
with high nuclear grade and poor prognosis.

Key Words: Transglutaminases; Carcinoma, renal cell; Prognosis

Renal cell carcinoma (RCC) is the most common renal malig-
nant tumor in adults, accounting for approximately 90% of re-
nal malignancies.! RCC is classified into several subtypes such as
clear cell, chromophobe, papillary, collecting duct, and other
rare subtypes. These subtypes show distinct clinical, pathologi-
cal and molecular characteristics. Clear cell RCC (CCRCC) is the
most common RCC and has a worse prognosis compared with
other common histologic subtypes, such as chromophobe and
papillary RCC. Approximately 25%-30% of patients are diag-
nosed with metastatic RCC at initial presentation,” and the dis-
ease will progress during the follow-up period in up to 50% of
patients treated for localized RCC.? Prognostic indicators in
CCRCC include clinical parameters and pathological factors,
and many molecular prognostic markers have been suggested.*

Transglutaminases are a family of enzymes, that exist as cross-
linked protein polymers and are resistant to proteolytic degrada-
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tion.”® Transglutaminase 2 (TG2) is ubiquitously expressed, and
is a multifunctional molecule, that catalyzes calcium-dependent
acyl-transfer activities, resulting in the formation of stable mul-
tiprotein complexes that are resistant to proteolysis. In addition,
TG2 can also act as a calcium-independent GTPase, a protein
disulfide isomerase, and a kinase.” In addition, cell surface TG2
is involved in cell adhesion via its tight interaction with fibro-
nectin.*’

TG2 is up-regulated and activated in some pathological con-
ditions, including cancer, tissue fibrosis, and celiac disease.'"!"
Many previous studies have demonstrated the relationship be-
tween TG2 expression and some cancers, including breast can-

1213 ovarian cancer," pancreatic cancer,'® lung cancer,'” and

cef,
melanoma.'® TG2 may be involved in cancer progression or me-
tastasis via regulation of tumor cell growth, tumor survival, tu-

mor cell-extracellular matrix (ECM) interaction, or epithelial-
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mesenchymal transition.'”*

A few recent studies showed that TG2 expression was increased
in RCC,* and up-regulation of TG2 was associated with a de-
crease in tumor necrosis in RCC samples.” Furthermore a few
studies have shown a relationship between TG2 and von Hip-
pel-Lindau (VHL) gene expression in RCC cell lines.”*' How-
ever, the prognostic significance of TG2 expression in CCRCC
has not been reported.

In this study, we investigated the TG2 exptession in 638
CCRCC samples using immunohistochemistry and evaluated
the clinicopathologic prognostic significance of TG2 expression.

MATERIALS AND METHODS

Patients and tumor specimens

We analyzed samples from 638 CCRCC patients who had
undergone partial or radical nephrectomy at Seoul National
University Hospital in Seoul, Korea between 1995 and 2005.
The Seoul National University Hospital Institutional Review
Board approved this study. All the clinicopathologic data were
obtained from medical records, pathology reports and the review
of hematoxylin and eosin (H&E)-stained slides. H&E slides
were reviewed for tumor staging and nuclear grade. The tumor
stage was determined according to the pPTNM staging guidline
published by the 2010 American Joint Committee on Cancer
(AJCC),” and nuclear grading was performed based on the
Fuhrman nuclear grading scale.”® The recurrence or metastasis of
CCRCC was determined by the clinical, radiological and patho-
logical parameters. Confirmation of patients’ deaths was ob-
tained from medical records or death certificates.

Tissue microarray and immunohistochemistry

Following a review of the tumor slides, a representative area
from each tumor block was selected and utilized to construct tis-
sue microarrays (TMA) using a trephine apparatus (Superbio-
chips Laboratories, Seoul, Korea).

Immunohistochemical staining was performed on 4-pm-thick
sections taken from the TMA slides using the Bond-Max Auto-
stainer (Leica Microsystems, Bannockburn, IL, USA). Polyclonal
rabbit anti-TG2 antibody (Neomarkers, Fremont, CA, USA)
was diluted 1:100. After heat-induced antigen retrieval, primary
antibodies were incubated with the samples for 15 minutes. The
binding of the primary antibody was detected using the Bond
Polymer Refine Detection kit (Leica Microsystems) according to
the manufacturer’s instructions. TG2 immunoreactivity was clas-
sified into four categories according to staining intensity: nega-
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tive (0), weak (1+), moderate (2+), and strong (3+) expression.
Constant TG2 staining on endothelial cells was regarded as an

internal positive control.

Statistical analysis

SPSS ver. 21 (IBM Co., Armonk, NY, USA) was used for sta-
tistical analysis. The association between clinicopathologic find-
ings and TG expression was analyzed using the linear by linear
association. Overall survival and cancer-specific survival were an-
alyzed using the Kaplan-Meier method supported by the log-
rank test. The overall survival was defined as the time interval
from primary radical or partial nephrectomy to last follow-up or
patients’ death. The cancer-specific survival was defined as the
time interval from primary radical or partial nephrectomy to last
follow-up or cancer-related death and was recorded at final fol-
low-up visit as alive or dead from an unrelated cause. The Cox
regression model was used for multivariate analysis. All statisti-
cal analyses were 2-tailed, and a p<.05 was regarded as statisti-
cally significant.

RESULTS

Clinicopathologic characteristics

The study population included 473 men and 165 women. The
ages of the patient population ranged from 24 to 84 years with a
mean age of 56.0 years (mean+SD, 56.02+11.53 years). The
measured tumors ranged in size from 0.8 to 22 ¢cm with a mean
size of 5.6 cm (mean+SD, 5.63+3.40 cm). Patient follow-up
times ranged from 2 to 223 months with an average follow-up
period of 85.7 months (mean+SD, 85.71 +48.46 months). At
the time of surgery, lymph node metastases were found in 18
cases (2.8%), and distant metastases were found in 53 cases
(8.3%). Four hundred and eight cases were classified as pTNM
stage 1 (63.6%), 82 as stage 11 (12.8%), 91 as stage 111 (14.2%),
and 57 as stage IV (8.9%). According to Fuhrman nuclear grade,
49 cases were classified as grade 1 (7.7%), 291 as grade 2 (45.6%),
235 as grade 3 (36.8%), and 63 as grade 4 (9.9%).

TG2 expression in CCRCC

In the non-neoplastic renal parenchyme, TG2 was faintly ex-
pressed, only focally. In CCRCC, TG2 was diffusely expressed in
the cytoplasm of tumor cells in most cases (positive in 584
CCRCGs, 91.5%), but the staining intensity was variable. TG2
expression showed a cytoplasmic or membranous pattern. The

evaluation of the staining intensity revealed that 54 (8.5%) were
negative, 208 showed weak TG2 expression (32.6%), 322

http://dx.doi.org/10.4132/jptm.2014.10.25
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Fig. 1. Immunohistochemical analysis of the intensity of transglutaminase 2 expression in clear cell renal cell carcinoma showing 0 (A), 1+ (B),
2+ (C), and 3+ (D).

showed moderate TG2 expression (50.5%), and 54 (8.5%)
showed strong TG2 expression (Fig. 1).

The relationship between TG2 expression and pathologic pa-
rameters is shown in Table 1. Strong TG2 expression was corre-
lated with high Fuhrman nuclear grade (p=.011), high T cate-
gory (p=.049), metastasis (p=.043) and male sex (p<.001) but
not with N category.

TG2 expression and survival analysis

Overall and cancer-specific survival times were not signifi-
cantly different between groups showing TG2 staining intensi-
ties of 0, 1+, and 2+ (p=.872 and p=.816, respectively). In con-
trast, the strong (3+) TG2 expression grouphad significantly
shorter overall and cancer specific survival periods compared
with groups showing staining intensities 0, 1+, or 2+ (p=.027
and p=.010, respectively) (Table 2, Fig. 2). Upon multivariate
analysis, strong TG2 expression was shown to be a marginal in-
dependent prognostic indicator of cancer-specific survival for

http://dx.doi.org/10.4132/jptm.2014.10.25

Fuhrman nuclear grade and TNM staging (p=.054). However,
these analyses were not statistically significant for overall survival

(p=.154) (Table 3).

DISCUSSION

In this study, we investigated the expression level and clini-
copathologic significance of TG2 in CCRCC. TG2 was diffuse-
ly expressed in most CCRCCs (584/638, 91.5%). Strong TG2
expression in CCRCC was associated with high Fuhrman nu-
clear grade, but was not associated with TNM stage. In addi-
tion, strong expression of TG2 was associated with significantly
worse cancer-specific survival in univariate analysis. A multivari-
ate analysis also showed a marginally significant decrease in
cancer-specific survival. To our knowledge, this is the first study
to elucidate the prognostic significance of TG2 expression in
CCRCC.

Previous studies using cancer cell lines or nude mice have

http://jpatholtm.org/
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Table 1. Clinicopathological characteristics of patients with CCRCC and the associations with TG2 expression

TG2 expression

Characteristic Cases (n=638) p-value
0(n=54,8.5%) 1+ (n=208, 32.6%) 2+ (=322, 50.5%) 3+ (n=54, 8.5%)
Sex
Male 473 33 137 258 45 <.001
Female 165 21 71 64 9
Age (yr)
<55 238 17 76 134 11 779
>55 276 28 92 128 28
Furman grade
1,2 340 32 118 172 18 011
3,4 298 22 90 150 36
T category
1,2 511 47 172 251 4 .049
3,4 127 7 36 71 13
N category
0orx 620 53 201 316 50 453
1 18 1 7 6 4
M category
0 585 58 194 289 49 .043
1 53 1 14 88 5
Stage
I 148 45 163 242 40 147
11, v 9 45 80 14
Lung metastasis
Absent 518 47 172 262 37 .031
Present 120 7 36 60 17
Bone metastasis
Absent 588 51 190 298 49 767
present 50 3 18 24 5
CCRCG, clear cell renal cell carcinoma; TG2, transglutaminase 2.
Table 2. A univariate analysis of overall survival and cancer-specific survival in CCRCC patients (log-rank test)
) Overall survival Cancer-specific survival
Prognostic factor
Survival time (mean + SE, mo) p-value Survival time (mean + SE, mo) p-value
TG2 expression
0,1,2 171.4+4.2 .027 184.7+4.0 .010
3 143.1+12.5 163.3+12.1
Nuclear grade
1,2 193.7+4.1 <.001 209.0£3.2 <.001
3,4 139.2+5.2 149.2+5.0
TNM stage
I, 1l 186.5+3.8 <.001 201.2+£3.3 <.001
I, IV 105.1+£8.7 111.6+8.9

CCRCG, clear cell renal cell carcinoma; SE: standard error, TG2, transglutaminase 2.

shown the role of TG2 in cancer cell growth, survival and me-

131618 Tn addition, there have been a few studies showing

tastasis.
the clinicopathologic significance of TG2 expression in human
cancer tissues. Overexpression of TG2 was associated with poor
prognosis in ovarian cancer,'* and high TG2 expression was as-
sociated with nodal metastasis and lymphovascular invasion in
pancreatic ductal adenocarcinoma.” It has also been suggested
that TG2 contributes to cancer progression and metastasis by
regulating cancer cell migration into the ECM, adhesion to en-

dothelium, invasion, and angiogenesis.”

http://jpatholtm.org/

A few previous studies have described the relationship be-
tween TG2 and the VHL gene, a well-known gene altered in
most CCRCCs.” Wykoff ez #/.” showed that TG2 is a novel tar-
get gene of VHL in RCC cell lines. Another study demonstrated
that TG2 is a critical regulator of VHL.> These studies suggest
a close relationship between TG2 and CCRCC. In addition to
VHL, p53 was also depleted by TG2 in many RCC cell lines.”®
A recent study examining mictoRNA expression in RCC dem-
onstrated that miR-1285, one of the microRNAs that are re-
duced in RCC specimens and cell lines, inhibited cancer cell

http://dx.doi.org/10.4132/jptm.2014.10.25
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Fig. 2. Kaplan-Meier curves of overall survival (A) and cancer-specific survival (B) in 638 patients with clear cell renal cell carcinoma depend-

ing on the level of transglutaminase 2 (TG2) expression.

Table 3. A multivariate analysis of overall survival and cancer-specific survival in CCRCC patients (Cox proportional hazard model)

Overall survival

Cancer specific survival

Prognostic factor
HR (95% Cl) p-value HR (95% Cl) p-value
TG2 expression 3vs0,1,2 0.665 (0.409-1.081) .100 0.598 (0.350-1.020) .059
Histologic grade 3,4vs 12 0.472 (0.327-0.680) <.001 0.295 (0.177-0.490) <.001
TNM stage i, IV vs I, i 0.190 (0.136-0.265) <.001 0.107 (0.069-1.165) <.001

CCRCC, clear cell renal cell carcinoma; HR, hazard ratio; Cl, confidence interval; TG2, transglutaminase 2.

proliferation, invasion and migration, as well as directly regulat-
ing TG2 expression.”’ Thus, previous studies indicate that TG2
may play a role in pathogenesis or progression of RCC. However,
only few studies examined TG2 expression in human RCC sam-
ples. Erdem ¢ al.?* investigated TG2 mRNA expression in 95
primary RCC samples and found that TG2 expression alone was
not associated with RCC subtype, nuclear grade, T classification
or tumor size. Another study examined TG2 expression by im-
munohistochemistry in 70 RCC samples, finding an increased
TG2 expression in RCC tissue compared to normal kidney tis-
sue and a significant correlation between increased TG2 expres-
sion and high T classification.” Although these two previous
studies showed the significance of TG2 expression in human
RCC, in part, they also had some limitations such as relatively
small sample sizes and no evaluation of the prognostic signifi-
cance of TG2 expression.

We showed the clinicopathologic significance and prognostic
implications of TG2 expression in a large number of CCRCCs.
The majority of CCRCCs showed diffuse TG2 staining, but the
staining intensity was variable. Only a small subset of CCRCCs
showed strong TG2 expression (54/638, 6.5%) that correlated

http://dx.doi.org/10.4132/jptm.2014.10.25

with significantly worse prognosis. The remaining cases show-
ing negative to moderate TG2 expression revealed no significant
association of TG2 staining intensity with prognosis.

Although the precise role of TG2 in the progression of CCRCC
is not clear, previous studies have suggested some possible mech-
anisms. First, TG2 can regulate cell adhesion. Overexpression of
TG?2 in breast cancer cell lines has been reported to contribute to
cancer cell invasion and metastasis through the interaction of TG2
with ECM components such as B integrins and fibronectin."”>*

In primary RCC samples, increased expression of TG2, along
with B1 integrin and syndecan-4, was teported to be associated
with metastasis.”> Second, TG2 has been suggested to regulate
apoptosis. Inhibition of TG2 was found to stabilize p53 expres-
sion, increasing apoptosis in RCC cell lines.” These results sug-
gest that TG2 might enhance metastasis and tumor cell survival.

Our study also demonstrated that high TG2 expression is asso-
ciated with tumor aggressiveness such as T category and metasta-
sis. Our results are similar to those of previous studies showing
an association between TG2 expression and metastasis or tumor
stage of RCC.*"** However, there were some differences between
these previous studies and our study. First, the study sample was

http://jpatholtm.org/
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smaller than that of our study (70 and 95 in previous studies ver-
sus 638 in our study). Second, they did not separate the RCC
subtypes, but we included CCRCC only.

In addition our study showed that strong TG2 expression was
related to high nuclear grade of CCRCC. This result suggests
that TG2 expression might be related to the differentiation of
CCRCC.

In conclusion, our study is the first to demonstrate the clinico-
pathologic significance of TG2 expression in a large number of
human CCRCC samples. Strong TG2 expression was related to
tumor aggressiveness, high nuclear grade and poor prognosis.
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Background: Meningiomas show high recurrence rates even after curative tumor removal. The
invasiveness of meningiomas may contribute to their high recurrence rates. Recently, c-MET and
hepatocyte growth factor (HGF) have been reported to be involved in cancer invasion. Methods:
We examined the immunohistochemical expression of c-MET and HGF in 100 cases of patients
with meningiomas who have undergone complete tumor removal. Results: c-MET"" and HGF
Hon were found in 17% and 13% of meningiomas, respectively. Brain invasion was observed in
17.6% of c-MET"9" meningiomas, but in only 2.4% of c-MET*" meningiomas (p=.033). Bone/
soft tissue invasion was observed in 23.5% of c-MET*9" meningiomas and in 9.6% of c-MET""
meningiomas (p=.119). HGF9" did not show statistical association with brain invasion or bone/
soft tissue invasion. c-MET*9" demonstrated shorter recurrence-free survival (RFS, 93.5+8.2
months vs 96.1+1.9 months); however, this difference was not statistically significant (p=.139).
There was no association of HGF" with RFS. Conclusions: This study demonstrates that c-
MET"e" is associated with brain invasion of meningiomas, and that c-MET expression may be a
useful predictive marker for meningioma recurrence. Patients with invasive meningiomas with
high expressions of c-MET may be good candidates for targeted therapy using c-MET inhibitors.

Key Words: Meningioma; Proto-oncogene proteins c-MET, Hepatocyte growth factor; Neoplasm
invasiveness; Immunohistochemistry

Meningioma is a common intracranial tumor arising from the
meningothelial (arachnoid) cells. Meningiomas are divided into
15 histologic subtypes and three grades, including benign (grade
D), atypical (grade II), and anaplastic (grade III)." Most meningi-
omas are benign, corresponding to World Health Organization
(WHO) grade 1, and they have a favorable outcome. Alterna-
tively, grade II atypical meningiomas and grade III anaplastic
meningiomas have less favorable outcomes.”” Even in benign
cases, meningiomas have high recurrence rates after curative sur-
gical treatment. They have been estimated to recur in 7%-25%,
29%-52%, and 50%-94% of cases in grades I, II, and III, re-
spectively.*

Several markers, such as the proliferation index, the vascular
density marker, and the expression of sex hormone receptors, are
suggested for predicting the recurrence rates of tumors. Howev-
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er, it is generally accepted that both histopathological features,
including histologic subtypes and clinical data, have limitations
in their use as reliable markers for predicting tumor recurrence
due to low accuracy.”® Previous studies report an association
among meningiomas, brain or bone invasion, and higher tumor
recurrence rates. However, the mechanism of invasion has not
been well established.”?

Also called a hepatocyte growth factor (HGF), c-MET is a re-
ceptor tyrosine kinase that, upon binding of its ligand, is phos-
phorylated. Subsequently, c-MET activates the signaling path-
way of cell proliferation and migration. The c-MET/HGF sig-
naling pathway was first described as an oncogene in the 1980s.
Accordingly, it has been known to induce tumor cell prolifera-
tion, motility, and invasion, as well as to promote angiogenesis
in several human cancers, such as breast, lung and hepatocellular
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carcinomas."'® In meningiomas, the expression of c-MET/HGF
has been reported to have a diverse relationship with tumor re-
currence, angiogenesis, histologic subtypes, and the invasiveness
of the meningioma. Existing reports are based on a limited
number of samples and different methods, such as enzyme-
linked immunosorbent assay, immunohistochemistry or reverse
transcription polymerase chain reaction (RT-PCR)."”" To date,
little is known about their expression in invasive meningiomas.
The aim of this study, therefore, is to elucidate whether the pro-
tein expressions of c-MET and HGF are associated with clinico-
pathologic variables, as well as brain and bone/soft tissue inva-
sion of meningiomas, in large scale studies of meningioma.

MATERIALS AND METHODS

Meningioma cases

Formalin-fixed, paraffin-embedded archival tissue samples
from 100 patients who underwent complete surgical resection
(Simpson grade 1) of meningiomas between August 2003 and
December 2012 were collected from the databases of the Depart-
ment of Pathology, Seoul National University Bundang Hospi-
tal in Korea. Clinical and pathological data were obtained by re-
viewing medical records and pathology reports. Two patholo-
gists (G.C. and S.Y.) independently reviewed the hematoxylin
and eosin—stained slides, confirmed the diagnosis according to
the 2007 WHO classification system, and classified the histo-
logical subtypes and grading of the meningiomas. All the pa-
tients received regular follow-up after surgery, without postoper-
ative chemoradiation therapy. The recurrence-free survival (RFS)
was calculated from the time of surgery to the first suspected re-
currence of meningioma. Evidence of tumor recurrence was pro-
vided by a computed tomography scan or a magnetic resonance
image showing a meningioma in a location contiguous with the
previous operation site.

Demographic data

The clinicopathologic features of patients are summarized in
Table 1. The 100 patients consisted of 23 males (23%) and 77
females (77%), with median age of 60 years (range, 36 to 85
years). Of these, bone/soft tissue invasion was observed in 12 cas-
es, brain invasion was observed in five cases, and both bone/soft
tissue invasion and brain invasion were observed in one case. We
defined “soft tissue invasion” as invasion of the meningioma to
the scalp or paranasal sinus. According to the 2007 WHO clas-
sification, all were cases of benign meningiomas (grade I). Histo-
logically, the 100 cases consisted of meningothelial types
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Table 1. Clinicopathologic characteristics of meningioma cases

Characteristic No.
Meadian age (range, yr) 60 (36-85)
Sex
Male 23
Female 77
Histologic subtype
Meningothelial 32
Transitional 32
Fibrous 16
Angiomatous 13
Psammomatous 2
Microcystic 4
Metaplastic 1

(n=32), transitional types (n=32), fibrous types (n=16), angio-
matous types (n=13), psammomatous types (n = 2), microcystic
types (n=4), and one metaplastic type (n=1) (Table 1).

Construction of tissue microarray

We chose one representative tumor block in each case, and
harvested cores with diameters of 3 mm from the most represen-
tative tumor areas of the donor blocks. The cores were precisely
arranged into new recipient tissue microarray (TMA) blocks us-
ing a trephine apparatus according to previously described pro-

tocols.?

Immunohistochemistry staining and interpretation
Immunohistochemical staining was carried out using TMA
according to a previously described method.” Briefly, sections of
4 pm were transferred to poly-L-lysine coated adhesive slides
and dried, deparaffinized, and rehydrated. The slides were subse-
quently subjected to heat-induced antigen retrieval. The follow-
ing antibodies were used according to manufacturer instruction:
¢-MET (pre-dilution, rabbit monoclonal antibody, Ventana
Medical Systems, Inc., Tucson, AZ, USA) and HGFa (1:100,
rabbit polyclonal antibody, Santa Cruz Biotechnology, Santa
Cruz, CA, USA). The sections were incubated with appropriate
reagents from the Dako REAL EnVision Detection System
(DAKO, Glostrup, Denmark), and were counterstained with
Mayer’s hematoxylin. Evaluation of c-MET and HGF expression
was assessed according to previous reports.” As a positive con-
trol for -MET and HGE, tubular cells of a normal kidney and
normal colonic mucosa were used, respectively. Immunostaining
without the primary antibody was used as the negative control.
Each case was categorized as positive when it showed moderate-
to-strong cytoplasmic and/or membranous positivity in tumor
cells. Accordingly, we scored expression as c-MET*" and HGF
High (5 25% positive cells) and c-MET™ and HGF™ (0%-25%
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Fig. 1. Immunohistochemical staining in meningiomas. (A) c-MET staining in tubular cells in normal kidney. (B) c-MET weak staining in me-
ningioma. (C) c-MET moderate staining in meningioma. (D) c-MET strong staining in meningioma. (E) Hepatocyte growth factor (HGF) stain-
ing in colonic mucosa. (F) HGF weak staining in meningioma. (Continued to the next page)

tumor cells) (Fig. 1).2 Statistical analysis
All statistical analyses were conducted using the SPSS ver.
Ethics statements 21.0 IBM Co., Armonk, N, USA). Associations between the
The study was conducted according to the ethics standards of protein expressions of each antibody and the categorical variables

the World Medical Association’s Declaration of Helsinki. were assessed using chi-square tests or Fisher exact tests, if ap-
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Fig. 1. (Continued) (G) HGF moderate staining in meningioma. (H) HGF strong staining in meningioma.

Table 2. Summary of brain and bone/soft tissue invasion in meningiomas

o Brain invasion
Characteristic

Bone/soft tissue invasion

Yes (n=5) No (n=95) p-value Yes (n=12) No (n=88) p-value
Age (yn) 73 (47-77) 60 (36-85) 58 (42-75) 60 (36-85)
Sex
Male 3(13.0) 20 (87.0) 2(8.7) 21(91.3) 728
Female 2(2.6) 75 (97.4) 10 (13.0) 67 (87.0)

Values are presented as median (range) or number (%).

propriate. Kaplan-Meier survival curves for RES were plotted for
each antibody, and the survival comparison was determined us-
ing log rank tests. All tests were two-tailed, and statistical sig-
nificance was set as p<.05.

RESULTS

Clinical characteristics according to brain invasion and
bone/soft tissue invasion

Among the 100 cases of meningiomas, brain invasion was ob-
served in five cases (5%). The median age of cases with brain in-
vasion was 73 years (range, 47 to 77 years). Additionally, 13%
(3/23) of male patients presented with brain invasion, and 2.6%
(2/77) of female patients presented with brain invasion. There-
fore, brain invasion was found to be more common in male pa-
tients. Even in male patients, however, statistical significance
was not reached (p=.078). Bone and/or soft tissue invasion was
observed in 12 cases of meningiomas, consisting of two males
(8.7%, 2/23) and 10 females (13%, 10/77). Therefore, there was
no significant association between bone/soft tissue invasion and
sex (p=.728). The median age of patients with bone/soft tissue
invasion was 58 years (range, 42 to 75 years) (Table 2).

http://dx.doi.org/10.4132/jptm.2014.10.13

Expression of c-MET and HGF in meningiomas according
to histologic subtypes

Of the cases, c-MET*" and HGF#" were found in 17%
(17/100) and 13% (13/100) of meningiomas, respectively, and
c-METHigh/HGFHish co-expressions were observed in 1%
(1/100) of meningiomas. c-MET*&" and HGF*" showed no
significant correlation with the histologic subtypes of meningi-
omas (Table 3).

Association of the expression of c-MET and HGF with brain
invasion

Brain invasion was observed in 3/17 (17.6%) of c-METHish
meningiomas and in 2/83 (2.4%) of c-MET™" meningiomas.
Therefore, there was a statistically significant correlation between
c-MET*#" and brain invasion (p=.033). Neither HGF*"" nor
c-MET 8"/ HGF" co-expression showed statistical associations
with brain invasion (p=.375 and p=.562, respectively) (Table 4).

Association of the expression of c-MET and HGF with
bone/soft tissue invasion

Of the cases, bone/soft tissue invasion was observed in 4/17
(23.5%) of c-MET*#" meningiomas and in 8/83 (9.6%) of c-
MET"" meningiomas. There was a tendency for c-MET*&"
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Table 3. Expression of c-MET and HGF in meningiomas according to histologic subtypes

Histologic subtype c-METHen HGFHion c-METH9/HGFHen
Meningothelial (n=32) 10 (31.3) 6(18.8) 4(12.5)
Transitional (n=32) 13.1) 3(9.4) 0
Fibrous (n=16) 3(18.8) 2(12.5) 1(6.3
Angiomatous (n=13) 2(15.4) 1(7.7) 0
Psammomatous (n=1) 0 0 0
Microcystic (n=4) 1(25.0) 1(25.0) 1(25.0)
Metaplastic (n=1) 0 0 0
Values are presented as number (%).
HGF, hepatocyte growth factor.
Table 4. Association of the expression of c-MET and HGF with brain invasion and bone/soft tissue invasion
Brain invasion Bone/soft tissue invasion
p-value p-value
Negative Positive Negative Positive
¢-MET (n=100)
c-MET*w 81 2 .033 75 8 119
c-METHa 14 3 13 4
HGF (n=100)
HGFtov 82 ® 1315 7 10 .653
HGFHion 13 0 11 2
c-METHeh/HGF ™ (n=100)
Negative 89 5 562 84 10 151
Positive 6 0 4 2

HGF, hepatocyte growth factor.

meningiomas to show bone/soft tissue invasion more frequently
than c-MET™" meningiomas; however, statistical significance
was not reached (p=.119). Additionally, bone/soft tissue inva-
sion was found in 15.4% (2/13) of HGF*&" meningioma and
33.3% (2/6) of c-MET"/HGF!¢" meningioma. As a result,
HGFHieh and -METHe/HGF ¢! co-expressions did not show
a significant association with bone/soft tissue invasion (p=.653
and p=.151, respectively).

Tumor RFS according to c-MET and HGF expressions

To identify whether the complete removal of meningiomas
from patients differently impacts RFS periods depending on
the status of c-MET and HGF expressions, we petformed a uni-
variate analysis of 100 cases of Simpson grade I meningiomas.
In the current study, the median follow-up period was 26.7
months (range, 1.1 to 106.2 months). Four cases (4%) suffered
tumor recurrence.

Among the 17 cases with c-MET"" two cases (11.8%) ex-
perienced recurrence, whereas two of 83 cases (2.4%) with c-
MET™" suffered recurrence. Cases with c-MET"" showed
shorter RES periods (mean + standard deviation [SD], 93.5+8.2
months) than those of c-MET™" (mean+SD, 96.1+1.9
months); however, statistical significance was not reached
(p=.139). HGF"*#" and c-MET"¢"/HGF ™" were not correlat-
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ed with RES according to our results (Fig. 2).
DISCUSSION

We set out to determinate whether the expression of c-MET
and HGF is associated with the invasiveness of meningiomas
and their clinical implications. In the present study, c-MET*"
correlated with brain invasion and bone/soft tissue invasion. To
the best of our knowledge, this is the first large scale report on
meningiomas in East Asian patients.

The protein known as ¢-MET is a receptor tyrosine kinase
(RTK), and is a well-known proto-oncogene that is expressed in
many organs, including the liver, pancreas, and prostate. In de-
velopment and wound tissue, c-MET regulates many cellular
processes, including cell proliferation, motility and cell survival.
HGEF is the known ligand of the c-MET RTK.""" Previous
studies demonstrate that the c-MET/HGF signaling pathway,
as well as c-MET overexpression, has a strong relationship with
tumor cell proliferation, motility, invasion, tumor angiogenesis,
and poor prognosis. A therapeutic agent targeting c-MET and
HGEF is currently receiving attention.”"” Meningiomas, as pre-
viously described, show high recurrence rates, even after cura-
tive resection of the tumors. The recurrence rate depends on
several prognostic factors, including the invasiveness of the tu-
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mor. Because invasive meningiomas show poor prognosis, the
identification of their mechanism may be useful in the manage-
ment of meningiomas.**** Several studies identify an association
of c-MET/HGF expression and clinical significance, and most
of these studies imply an association between c-MET/HGF ex-
pression and tumor recurrence in meningioma. In Martinez-
Rumayor ef #/.’s study,'” immunohistochemical co-expression of
c-MET/HGF is related to cell proliferation and the recurrence
of meningiomas. Kim ¢7 2/."” also shows that the expression of
HGF and the co-expression of c-MET/HGF are associated with
the histologic grade of and recurrence of meningiomas by RT-
PCR. In contrast, studies by Karja er 2/’ and Lamszus e a/."®
use enzyme-linked immunosorbent assay and immunohisto-
chemistry to argue that HGF is not related to tumor recurrence
in meningioma.’”' Few studies demonstrate an association of c-
MET/HGF with brain and bone invasion of meningiomas. The
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Fig. 2. Kaplan-Meier curves for recurrence-free survival according
to the expression of c-MET and hepatocyte growth factor (HGF).
(A) Analysis by c-MET expression status. (B) Analysis by HGF ex-
pression status. (C) Analysis by c-MET/HGF co-expression status.

present study provides data on the expression of c-MET and
HGEF in a large scale studies of meningiomas, as well as on the
relationships of the meningiomas with brain and bone/soft tis-
sue invasion in patients. In addition, the study shows that c-
MET* s significantly associated with meningioma brain in-
vasion, and that there is a tendency for increased -MET"#" in
meningiomas with bone/soft tissue invasion. However, HGF
High does not show any significant association with the invasive-
ness of meningiomas. Recent studies reveal that the c-MET
signaling cascade facilitates the invasion of cancer. The down-
stream cascade signaling of activated c-MET, by either auto-
crine or paracrine interaction, leads to the dissociation of tumor
cells from the surrounding stromal tissue, resulting in tumor
cell invasion.">'*» Qur study supports these findings that c-
MET is closely related to tumor invasion. One limitation of this
study is that only a few cases of rare specific histologic subtypes
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are included in the data. Nevertheless, the results suggest that
¢-MET may participate in tumor invasion.

We also evaluate a possible association between the ¢-MET
and HGF expression and disease recurrence. In this study, the
recurrence rate of meningiomas with complete tumor resection
is 5%, a finding which is slightly lower than findings in previ-
ous reports.® Also, we demonstrate that c-MET"" only shows a
tendency for association with shorter RES periods. In general,
the recurrence of meningiomas occurred within two years of sur-
gical treatment, and up to 94% of patients with meningiomas
experienced recurrence within five years.” However, the vast
majority of meningiomas are slow-growing tumors, and benign
meningiomas that have been completely removed from patients
recur at a rate of 19% after 20 years of follow-up.”® Thus our
findings about recurrence rates are limited due to an insufficient
follow-up period (median follow-up time in this study, 26.7
months). Several studies report an intratumoral heterogeneity of
¢-MET and HGF expression, revealing an increase in these fac-
tors at cancer-invading fronts in breast carcinoma and cholangio-

2.2 Accordingly, further studies are needed to eluci-

carcinom
date intratumoral heterogeneity in meningiomas, and the asso-
ciation between c-MET overexpression and RFS.

In summary, our results demonstrate that c-MET is associated
with the brain invasion of meningiomas, and that ¢-MET ex-
pression may be useful predictive markers for meningioma re-
currence.

Many previous studies reveal that c-MET signaling is in-
volved in the progression and spread of several cancers.'®!***
The collective understanding of -MET’s role in cancers has
evoked considerable interest in ¢-MET and HGF as major tar-
gets in the development of cancer drugs. This has led to the de-
velopment of a variety of c-MET pathway antagonists with po-
tential clinical applications. Several c-MET antagonists are now
under clinical investigation.'*'** We conclude that c-MET ex-
pression may be a useful predictive marker for meningioma re-
currence, and that invasive meningiomas with high expression
of ¢-MET may be good candidates for targeted therapy using
selective -MET inhibitors.
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Background: Endoscopic ultrasound-guided fine needle aspiration cytology (EUS-FNAC) is cur-
rently the most commonly used procedure for obtaining cytologic specimens of the pancreas. It
is accurate, minimally invasive, safe and cost-effective. However, there is discrepancy between
cytological and surgical diagnoses. This study was aimed at evaluating the diagnostic accuracy
of EUS-FNAC of the pancreas. Methods: We performed a retrospective review of 191 cases of
pancreatic lesions initially diagnosed by EUS-FNAC with subsequent histological diagnosis be-
tween 2010 and 2012 in the Department of Pathology, Seoul National University Hospital. Cyto-
logic and surgical diagnoses were categorized into five groups: negative, benign, atypical, malig-
nant, and insufficient for diagnosis. Subsequently, 167 cases with satisfactory yield in both surgi-
cal and cytology specimens were statistically analyzed to determine correlations with diagnosis.
Results: In comparison to surgical diagnoses, cytologic diagnoses were true-positive in 103 cas-
es (61.7%), true-negative in 28 cases (16.8%), false-positive in 9 cases (5.4%), and false-negative
in 27 cases (16.1%). The diagnostic accuracy was 78.4%, sensitivity was 79.2%, and specificity
was 75.7%. The positive predictive value was 92.0%, and negative predictive value was 50.9%.
Conclusions: EUS-FNAC has high accuracy, sensitivity, specificity and positive predictive value.
Overcoming the limitations of EUS-FNAC will make it a useful and reliable diagnostic tool for ac-
curate evaluation of pancreatic lesions.

Key Words: Pancreas; Endoscopic ultrasound-guided fine needle aspiration cytology; Accuracy;
Diagnosis

Pancreatic cancer is notorious for its poor prognosis, with a
low overall S-year survival rate of merely 8.7%. It is the fifth
leading cause of cancer-related mortality in South Korea' because
of the delayed detection of tumors, typical presentation at an ad-
vanced stage, and its aggressive disease behavior. Only 20% of
tumors are surgically resectable when detected. Remaining 80%
of patients cannot help undergoing palliative therapy, the only
treatment practical for those with unresectable tumor. In addi-
tion, pancreatic cancer has a poor response to chemotherapy and
radiation therapy, increasing the complexity of patient manage-
ment. Therefore, early detection is key in order to increase the
survival rate of pancreatic cancer patients and to improve overall
patient care.

Early detection, though it is crucial, is challenging since pan-
creatic cancer is usually asymptomatic in the initial stage and an-
atomically less accessible due to surrounding organs in the retro-
peritoneum. To overcome these limitations, imaging modalities
such as abdominal ultrasound, computed tomography, magnetic
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resonance imaging, endoscopic retrograde cholangiopancreatog-
raphy, endoscopic ultrasonography (EUS), and positron emission
tomography have been used to localize the lesions.

For the detection of pancreato-biliary diseases, EUS is current-
ly widely accepted. This technique enables precise visualization
of the lesion and the ability to proficiently determine the depth
of gastrointestinal malignancies.” By combining the advantages
of EUS with fine-needle aspiration cytology (FNAC) for the re-
trieval of specimens for pathologic diagnosis, EUS-FNAC has
improved diagnostic capabilities. With EUS-FNAC, distin-
guishing pancreatic cancer from chronic pancreatitis, detection
of tumor smaller than 2 cm and staging of the cancer are superi-
or to those with the other modalities. EUS-FNAC has become
the most popular technique with which to obtain cytology spec-
imens and diagnose patients suspected to have pancreatic malig-
nancy.

EUS-FNAC has been shown to be diagnostically useful, obvi-
ating unwarranted procedures and reducing costs.” It is also
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minimally invasive and comparatively safe. The conclusion from
a recently published meta-analysis stated that EUS-FNAC
should be included in algorithms for the management of pa-
tients with solid pancreatic tumor due to its high accuracy as a
diagnostic test.!

Although EUS-FNAC for diagnosis of solid pancreatic masses
is recognized as ‘a nearly perfect procedure,” there are still sever-
al flaws that need to be ameliorated. Problematic issues may
arise due to limited skills of the endoscopy operator in terms of
insufficient yield and targeting-error, misinterpretation and mis-
diagnosis by pathologists and absence of on-site cytopathologists
for adequacy assessment.

This study was aimed to evaluate the diagnostic accuracy of
EUS-FNAC of the pancreas and to further investigate the reason
for incorrect diagnosis by comparison with confirmed histologi-
cal diagnosis. The reason which we focused on the discrepancy
between cytological and surgical specimen diagnosis was to iden-
tify the pitfalls that pathologists may face during diagnosis. In
some patients, the initial diagnostic cytology specimen may be
the only material that has viable tumor cells for diagnosis if the
tumor is unresectable or they receive neoadjuvant therapy prior
to resection. This situation emphasizes the importance of the ac-
curacy of cytopathologic diagnosis. Furthermore, on-site cytopa-
thologic assessment for adequacy is usually not performed in South
Korea for financial reasons,” making it even more challenging for
pathologists in Korea to diagnose cytological specimens.

Retrospective examination was performed in this study, corre-
lating cytology-histology diagnosis of pancreatic lesions ob-
tained by EUS-FNAC with several clinicopathologic variables.
In doing so, we hope to optimize the accuracy of cytological di-
agnosis in an effort to improve the care of pancreatic cancer pa-
tients.

MATERIALS AND METHODS

A retrospective study was carried out to review 191 cases of
EUS-FNAC of pancreatic lesions between January 2010 and
December 2012 in Seoul National University Hospital. This
study was approved by the Seoul National University Hospital
Institutional Review Board (IRB Study No. H-1408-022-601).

Case selection

The data from 579 patients who underwent pancreatic
FNAC over a 36-month period (January 2010 to December
2012) were obtained by computerized search of PathPACS
(Humintec, Suwon, Korea), a database used at the Department
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of Pathology of Seoul National University Hospital. Cases with
no follow-up biopsy or surgical resection were excluded from
this study, leaving 207 cases. Among those cases, 191 patients
underwent EUS-FNAC. Specimens from 8 patients were re-
trieved by intraoperative brush cytology, 4 from ultrasound-
guided gun biopsy, and 4 were unclear with no specific record of
the procedure. In this study, only patients who underwent EUS-
FNAC were included. For statistical analysis, patients surgically
diagnosed as ‘atypical” or ‘insufficient for diagnosis (IFD)’ were
further excluded since those diagnoses were not as satisfactory
as confirmation of cytologic diagnosis. The remaining 167 cases
were analyzed to assess the diagnostic accuracy of EUS-FNAC.

Procedure: EUS-guided fine-needle aspiration and
specimen preparation

Radial and linear endoscopic ultrasonographies were used for
EUS-FNAC. Fine-needle aspiration was performed by gastro-
enterologists of Seoul National University Hospital. For cyto-
pathologic analysis, the aspirated specimen was smeared onto
glass slides and fixed in 95% ethanol, followed by Papanicolaou
staining and Diff-Quick staining. A cell block was prepared in
2 cases using a standard protocol.

Cytologic diagnosis

Diagnoses were made by several pathologists at Seoul Na-
tional University Hospital. The specimen was initially rated ei-
ther as adequate or inadequate. Suboptimal specimens with less
than minimal pancreatic tissue needed for diagnosis were rated
inadequate. Adequate samples were then categorized into four
groups: negative for malignancy, benign lesion, atypical, and
malignant neoplasm. Altogether there were five groups, includ-
ing inadequate samples grouped as ‘IFD.” Diagnosis of EUS-
FNAC was then compared with subsequent corresponding his-
tologic diagnosis.

Retrospective review of cases with discrepancy

Of the 167 included cases, 36 showed major discrepancy be-
tween cytological diagnosis and surgical diagnosis. Retrospec-
tive review of those slides was conducted by three pathologists:
the corresponding author (I.A.P.) and K.B.L, who are experi-
enced pathologists, and the first author (H.W.B.). For non-bi-
ased review results, final histological diagnosis was blinded.

Statistical analysis
The data on patient sex, age, type of procedure, diagnosis for
cytology and surgical specimen, and site of aspiration were ana-
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lyzed using Microsoft Excel 2007 calculation sheets. For pa-
tients with several cytological specimens obtained from the
same site on the same day, that with the most corresponding
result with final surgical diagnosis was included in the data
analysis. The diagnostic accuracy, sensitivity, specificity, positive
and negative predictive values, false-positive rate, false-negative
rate, and false-discovery rate of EUS-FNAC results were calcu-
lated. For the statistical analysis, cytology and surgical diagno-
sis of ‘benign lesion’ were categorized as a negative result,
meaning ‘negative for tumor,” while ‘atypical’ and ‘suspicious
for malignancy’ (the gray-zone) were considered and categorized

as ‘positive for tumor.” Although surgical diagnoses of ‘atypical’
and ‘IFD’ were excluded from statistical analysis, we included
‘atypical’ and ‘TFD’ diagnoses of cytology specimens for broader

evaluation.

RESULTS

Patient characteristics

Among 191 patients who underwent EUS-FNAC, the male
to female ratio was 0.95, with 93 males and 98 females. The
median age of the patients was 60.25 years, ranging from 20 to

Table 1. Correlation of EUS-FNAC diagnosis and corresponding final histological diagnosis

Cytology diagnosis

Surgical diagnosis

No. of cases Category

Negative
(35 cases, 18.3%)

Benign lesion
(5 cases, 2.6%)

Atypical (undetermined)
(37 cases, 19.4%)

Malignant neoplasm
(94 cases, 49.2%)

Insufficient for diagnosis
(20 cases, 10.5%)

Total

Non-neoplastic lesion

Benign lesion

Atypical (undetermined)

Malignant neoplasm (n=15) Ductal adenocarcinoma
Neuroendocrine tumor
IPMN

TIFD

Non-neoplastic lesion

Benign lesion

Atypical (undetermined)

Malignant neoplasm

TIFD

Non-neoplastic lesion

Benign lesion

Atypical (undetermined)

Malignant neoplasm (n=24) Ductal adenocarcinoma

Neuroendocrine tumor
IPMN
Malignant tumor, unspecified
TIFD
Non-neoplastic lesion
Benign lesion

Atypical (undetermined)
Malignant neoplasm (n=79) Ductal adenocarcinoma
Neuroendocrine tumor
Carcinoma
IPMN
Solid-pseudopapillary neoplasm
Mucinous neoplasm
Malignant mesenchymal tumor
Metastatic leiomyosarcoma
TIFD
Non-neoplastic lesion
Benign lesion
Atypical (undetermined)
Malignant neoplasm (n=12) Ductal adenocarcinoma
IPMN
Malignant tumor, unspecified
TIFD

1 True-negative
True-negative
Excluded

False-negative

—

O O P~ WMNMNNOOWOI - D OOO OO =+ = =4 WNhNO,

Excluded
True-negative
True-negative
Excluded
False-negative
Excluded
False-positive
False-positive
Excluded

True positive

Excluded
False-positive
False-positive
Excluded

57 True-positive
10
4
3
2
1
1
1
2 Excluded
5 True-negative
1 True-negative
1 Excluded
10 False-negative
1
1
1 Excluded
191

TIFD, tissue insufficient for diagnosis; IPMN, intraductal papillary mucinous neoplasm.
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82 years.

Cytologic results consisted of 35 cases (18.3%) of ‘negative
for tumor,” 5 cases (2.6%) of ‘benign lesion,” 37 cases (19.4%)
of ‘atypical, 94 cases (49.2%) of ‘malignant neoplasm, and 20
cases (10.5%) of ‘IFD’ (Table 1). Specific diagnoses of cytologi-
cally ‘malignant neoplasm’ included 53 cases of ductal adeno-
carcinoma, 28 cases of ‘malignant tumor, unspecified, 10 cases
of neuroendocrine neoplasm, 2 cases of mucinous neoplasm,
and 1 case of squamous cell carcinoma (Table 2).

Histological results consisted of 28 cases (14.7%) of ‘negative
for tumor,’ 9 cases (4.7%) of ‘benign lesion,” 17 cases (8.9%) of
‘atypical,’ 130 cases (68.1%) of ‘malignant neoplasm, and 7 cas-
es (3.6%) of ‘tissue insufficient for diagnosis (TIFD) (Table 1).

Comparison between cytological and surgical diagnoses

In a comparison of cytology-surgical diagnoses (Table 1), 35
cases of negative cytology diagnosis were surgically diagnosed
as ‘non-neoplastic lesion’ in 15 cases and ‘benign lesion’ in 2
cases. Those cases were classified as true-negative results. On
the contrary, there were 15 false-negative cases showing major
discrepancy, which were initially diagnosed negative on cytolo-
gy but malignant on surgical specimen. Two cases with surgical
diagnosis of ‘atypical (undetermined)’ and 1 case of “TIFD’ were
excluded from the statistical analysis due to unsatistactory re-
sults of confirmation. Five cases were cytologically diagnosed as
‘benign lesion” and were also diagnosed as ‘benign lesion” on sut-
gical diagnosis. These cases were classified as true-negative.

There were 37 cytologically ‘atypical (undetermined)’ cases.
Surgical diagnosis of these cases was true-positive (‘malignant
neoplasm’) in 24 cases and false-positive in 5 cases (4 ‘benign
lesion” and one ‘non-neoplastic lesion’). Eight cases that were
surgically diagnosed “TIFD’ (3 cases) and ‘atypical’ (5 cases) were
likewise excluded. As for cytological specimens diagnosed ‘ma-
lignant neoplasm’, 79 of 94 cases were true-positive with surgi-
cal diagnosis of ‘malignant neoplasm.’ There were 4 false-posi-
tive results for specimens surgically diagnosed as ‘non-neoplas-
tic lesion.” In the same manner as the other categories, 9 cases of
surgically ‘atypical’ and 2 cases of surgically “TIFD’ were excluded.

Table 2. Specific diagnoses of cytologically ‘malignant neoplasm’

Cytology diagnosis Total
Ductal adenocarcinoma 53
Malignant tumor, unspecified 28
Neuroendocrine neoplasm 10
Mucinous neoplasm 2
Squamous cell carcinoma 1
Total 94
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Among 20 cases of cytologically TFD’ cases, 6 were true-
negative (five surgically ‘non-neoplastic lesion” and one ‘benign
lesion’), while 12 cases were false-negative with a surgical diag-
nosis of ‘malignant neoplasm.” Cases with surgical diagnosis of
TFD’ (1 case) and ‘atypical’ (1 case) were excluded. Last of all,
there was a case that was cytologically diagnosed as ‘suspicious
for neuroendocrine tumor’ but surgically diagnosed as solid
pseudopapillary neoplasm, which are distinctive in diagnosis.
Despite the discrepancy, this case was classified as true-positive
in order to acknowledge the cytological diagnosis for recogniz-
ing a malignancy.

Statistical results

According to the data, the 167 cases remaining after applying
exclusion criteria were true-positive in 103 cases (61.7%), true-
negative in 28 cases (16.8%), false-positive in 9 cases (5.4%), and
false-negative in 27 cases (16.1%). The diagnostic accuracy was
78.4%, sensitivity was 79.2%, and specificity was 75.7%. The
positive predictive value was 92.0%, and negative predictive val-
ue was 50.9%. The false-positive rate was 24.3%, false-negative
rate was 11.6%, and false discovery rate was 8.0% (Table 3).

Analysis of discrepant cases: false-positives and false-
negatives

Thirty-five cases showed discrepancy in cytological-surgical
correlation, and 9 cases among them were false-positive (Table
4). Cytologically diagnosed ‘atypical’ specimens were surgically
diagnosed negative in 2 cases and lymphoplasmacytic scleros-
ing pancreatitis in 2 cases. Two cytologic diagnoses of ‘suspected
carcinoma, one ‘carcinoma,’ and one ‘adenocarcinoma’ were also
false-positive, later surgically diagnosed as ‘negative for tumor.’

Table 3. Statistical analysis of 167 cases?

Category Percentage Equation
TP (103 cases) 61.7 N/A

TN (28 cases) 16.8 N/A

FP (9 cases) 5.4 N/A

FN (27 cases) 16.1 N/A

Diagnostic accuracy 78.4 (TP+TN)/(TP+TN+FP+FN) x 100
Sensitivity 79.2 TP/(TP+FN)x 100
Specificity 75.7 TN/(TN+FP) x 100
Positive predictive value 92.0 TP/(TP+FP)
Negative predictive value 50.9 TN/(TN+FN)

FP rate 24.3 FP/(FP+TN)

FN rate 11.6 FN/(TP+FN)

TP, true positive; TN, true negative; FP, false positive; FN, false negative; N/
A, not applicable.

aSurgically ‘atypical’ (17 cases) and ‘tissue insufficient for diagnosis’ (7 cas-
es) cases are excluded.
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Table 4. Discrepant cases with a false-positive or false-negative cytology diagnosis

Category? Case No.  Sex Age (yr) Location Cytology diagnosis Surgical diagnosis
1 False-negative 1 F 70 Neck IFD Ductal adenocarcinoma
2 F 53 Uncinate IFD Ductal adenocarcinoma
3 M 69 Tail IFD Ductal adenocarcinoma
4 F 65 Body IFD Ductal adenocarcinoma
5 M 76 Body IFD Ductal adenocarcinoma
6 M 58 Head IFD Ductal adenocarcinoma
7 M 77 Body IFD Ductal adenocarcinoma
8 M 76 Body IFD Ductal adenocarcinoma
9 F 69 Neck IFD Ductal adenocarcinoma
10 M 71 Body IFD IPMN
11 F 70 Main p-duct IFD Malignancy, unspecified
12 F 50 Body IFD Neuroendocrine tumor
2 False-positive 13 M 75 Body Suspected carcinoma Negative for tumor
14 M 75 Body Suspected carcinoma Negative for tumor
15 M 60 Neck Carcinoma Negative for tumor
16 F 58 Body Adenocarcinoma Negative for tumor
17 F 82 Head Atypical Negative for tumor
18 F 38 Body Atypical Negative for tumor
False-negative 19 M 57 Tall Negative for tumor Ductal adenocarcinoma
20 F 61 Uncinate Negative for tumor Ductal adenocarcinoma
21 F 51 Tail Negative for tumor Ductal adenocarcinoma
22 F 4 Head Negative for tumor Ductal adenocarcinoma
23 M 7 Body Negative for tumor Ductal adenocarcinoma
24 F 67 Head Negative for tumor Ductal adenocarcinoma
25 F 72 Head Negative for tumor Ductal adenocarcinoma
26 M 57 Tail Negative for tumor Ductal adenocarcinoma
27 F 73 Uncinate Negative for tumor Ductal adenocarcinoma
28 M 64 Body Negative for tumor Ductal adenocarcinoma
3 False-positive 29 M 50 Body Atypical Lymphoplasmocytic sclerosing pancreatitis
30 F 60 Distal part Atypical Lymphoplasmocytic sclerosing pancreatitis
False-negative 31 M 76 Body Negative for tumor Ductal adenocarcinoma
32 M 56 Head Negative for tumor Ductal adenocarcinoma
33 M 61 Tail Negative for tumor Ductal adenocarcinoma
34 F 58 Tail Negative for tumor Ductal adenocarcinoma
35 F 70 Uncinate Negative for tumor IPMN

F, female; IFD, insufficient for diagnosis; M, male; IPMN, intraductal papillary mucinous neoplasm.

Discrepancy category: 1) Insufficient for diagnosis (cytology specimen of too few cells), 2) Technical targeting error (normal parenchyma or other non-lesion

area aspirated), and 3) Misdiagnosis by pathologists.

There were 27 cases that resulted in false-negative results (Ta-
ble 4). Cytologically diagnosed ‘negative for tumor’ or ‘TFD’ were
surgically diagnosed ductal adenocarcinoma in 23 cases, intra-
ductal papillary mucinous neoplasm in 2 cases, neuroendocrine
tumor in 1 case, and ‘malignancy, unspecified’ in 1 case.

We reviewed the cytology slides for discrepant cases in order
to analyze reasons for such results and assigned cases to the fol-
lowing three main categories: 1) IFD (cytologic specimen with
too few cells), 2) technical targeting error (aspiration of normal
parenchyma or other non-lesion area), and 3) misdiagnosis by
pathologists. The number of cases that fall into these categories
is 12(7.2%), 16 (9.6%), and 7 (4.2%), respectively (Table 4).

Through a group review by 3 pathologists, the reasons for
the discrepancy in each case in category 3 were analyzed. In 3
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cases that were histologically adenocarcinoma but cytologically
diagnosed negative, obvious malignant cell clusters that resem-
bled adenocarcinoma were observed (cases Nos. 31-34) (Table 4,
Fig. 1A). These cases were analyzed as misdiagnosis due to omis-
sion of tumor cells by inattentive screening. Another case diag-
nosed ‘histologically adenocarcinoma but cytologically negative’
(case No. 32) (Table 4, Fig. 1B, C) showed some malignant cell
clusters that were intermixed with and camouflaged by a mas-
sive amount of benign parenchymal cells. This case was analyz-
ed as a misdiagnosis due to misinterpretation of the pathologist.

Intraductal papillary mucinous neoplasm was diagnosed as
negative in one case (case No. 35) (Table 4, Fig. 1D). Some mu-
cin-producing epithelial cells with suspicious atypism were ob-
served from the slide review, leading us to also analyze this case
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Fig. 1. Cytologic specimens with false-negative discrepant results (Table 4). (A) Case No. 31 with histological diagnosis of ductal adenocari-
noma. Obvious malignant cell clusters that resemble adenocarcinoma. (B, C) Case No. 32 with histological diagnosis of ductal adenocarino-
ma. Malignant cell clusters are intermixed with and camouflaged by a massive amount of benign parenchymal cells. (D) Case No. 35 with
histological diagnosis of intraductal papillary mucinous neoplasm. Some mucin-producing epithelial cells with suspicious atypism are ob-
served.

as a misinterpretation by the pathologist.

Three cases were surgically diagnosed as ‘consistent with lym-
phoplasmacytic sclerosing pancreatitis.” Among them, 2 cases
were cytologically misdiagnosed as ‘atypical,” resulting in dis-
crepancy (cases Nos. 29 and 30) (Table 4). The remaining case
was cytologically diagnosed ‘negative for tumor,” which was
categorized as a true-negative result in this study. In cytology
specimens, inflammatory infiltrate consisted mainly of lympho-
cytes and plasma cells were observed.

A cytology specimen that was diagnosed as ‘a few atypical
cells’ and histologically diagnosed schwannoma (Fig. 2) was
also reviewed. This case was not included in category 3 since it
is not a serious misdiagnosis. Cytopathologic features presented
mostly in tissue fragments or in fascicles, with cells fusiform
and an elongated shape with poorly defined cell borders. Cytol-
ogy showed low nuclear-cytoplasmic ratio with long and wavy
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nuclei. Nucleoli were inconspicuous, and cytoplasm was pale.

The anatomical site of aspiration in category 1 was the body
in 6 cases, neck in 2 cases, uncinate process in 1 case, head in 1
case, tail in 1 case, and ‘main p-duct’ in 1 case. For category 2,
aspirations were conducted in the body in 5 cases, neck in 4
cases, tail in 3 cases, uncinate process in 2 cases, and neck in 1
case. Category 3 cases were collected from the body in 3 cases,
tail in 2 cases, neck in 1 case, uncinate process in 1 case, and
distal part in 1 case (Table 4).

DISCUSSION

EUS-FNAC for pancreatic solid tumor is widely performed
and has been shown to be useful.”*’* As EUS-FNAC has gain-
ed acknowledgement as the gold standard for obtaining patient
specimens, the importance and demand for optimization of EUS-
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Fig. 2. Cytologic specimen with corresponding histological diagno-
sis of schwannoma. Cytopathologic features present mostly in tis-
sue fragments or in fascicles, with cells fusiform and elongated
with poorly defined cell borders, a low nuclear-cytoplasmic ratio
with long and wavy nuclei, inconspicuous nucleoli and pale cyto-
plasm.

FNAC increase. We, given the relatively large number of cases
of pancreatic FNAC in South Korea, have recognized that fol-
low up and review are needed of past EUS-FNAC results in or-
der to determine the validity of the examination process. The
aim of the current study was to contribute to the advancement
of management for pancreatic cancer patients by improving the
detection and diagnosis results.

To analyze the accuracy, we investigated the diagnosis of
EUS-FNAC by comparing with final diagnoses confirmed by
histological examination of biopsy or surgically resected speci-
mens. During evaluation of the diagnoses made by EUS-
FNAC, we emphasized the agreement with the final diagnoses.

In our data, 61.7% of cases were true-positive and 16.8% of
cases were true-negative, with false-negative and false-positive
cases comprising only 21.6%, which is acceptably low consid-
ering that most were due to adequacy problems with the EUS-
FNAC specimen. As a result, diagnostic accuracy, sensitivity,
and specificity were 78.4%, 79.2%, and 75.7% respectively.
The positive predictive value was 92.0%, and negative predic-
tive value was 50.9%. The false-positive rate was 24.3%, false-
negative rate was 11.6%, and false discovery rate was 8.0%.
According to Yoshinaga ¢ /., a medical literature review to
evaluate the role of EUS-FNAC for diagnosis of solid pancreatic
masses showed 78%-95% sensitivity, 75%—100% specificity,
98%—100% positive predictive value, 46%-80% negative pre-
dictive value, and 78%-95% accuracy. In comparison of this
data with data from several other studies,”'* our study showed
lower but within the range values of diagnostic accuracy, sensi-
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tivity and specificity. The positive predictive value was 12%
higher than the upper margin, but the negative predictive value
was lower than the mean. Our overall results were affirmative
and supportive of the continued use of EUS-FNAC for pancre-
atic lesion, but it is apparently lower than other institutes. This
encourages us to look for an explanation and identify mecha-
nisms for improvement. Such relatively poor result may be due
to the way of manipulating raw data during patient selection
and categorization of diagnoses. By adjusting our methods to
be more identical to those of other studies, we may have gained
more satisfying results, similar to those of other institutes.

After confirming that the overall results were comparatively
favorable in our study, we focused on the cases that showed dis-
crepancy in order to identify the pitfalls of diagnosis and further
improve the cytologic diagnosis. We reviewed the slides and
analyzed the diagnoses of 35 cases in which the cytologic diag-
nosis did not concur with the surgical diagnosis. Among those
cases, 12 were due to insufficient aspiration of cells for diagnosis
(category 1), and 16 were due to targeting error (category 2),
containing only benign parenchyma instead of tumor. The re-
maining 7 discrepant cases (category 3) were due to misinter-
pretation and misdiagnosis by pathologists.

Categories 1 and 2 results indicate aspiration failures caused
by technical variables, such as operator skills/experiences, tumor
type and location. With regard to location, cases were aspirated
most often from the body (11 cases), followed by head (5 cases)
and tail (4 cases). The interpretation is that the aspirations from
these regions have a tendency to be insufficient due to poor ac-
cessibility and technical difficulty. However, it could just be a
matter of fraction, representing the most common location of
the suspected tumor in this study population. The most com-
mon cytologic diagnosis for categories 1 and 2 was ‘adenocarci-
noma’ (19 cases), followed by ‘negative for tumor’ (5 cases),
neuroendocrine tumor (1 case), intraductal papillary neoplasm
(1 case), and 1 case of ‘malignancy, unspecified.” Considering
that adenocarcinoma was the most common diagnosis overall
(adequate/inadequate, discrepant/non-discrepant), tumor type
may have less impact on aspiration failure. In addition, we took
into consideration that cases of intraductal papillary mucinous
neoplasm may have been underdiagnosed as ‘benign lesion’ in
this study. Therefore, we concluded that the relativity of tumor
type and diagnostic accuracy is still ambiguous. Also, we as-
sumed that there are significant influences from variability in
operator skills and tumor size on EUS-FNAC results. However,
we could not analyze such data because the electric medical re-
cords did not document the specific operator’s name and tumor
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size in all cases.

For category 3, the misdiagnosed cases, we reviewed the
slides to identify the factor that led to such discrepancy. Of 7
cases, four were histologically adenocarcinoma but cytologically
diagnosed negative. Meticulous observation led to identification
of some obviously malignant cells that resemble adenocarcino-
ma in 3 cases (cases Nos. 31-34) (Table 4, Fig. 1A). In these
cases, we think the misdiagnosis was due to screening failure
and simple exclusion of the applicable areas on the slide. On the
other hand, one histologically adenocarcinoma but cytologically
diagnosed ‘negative’ case was actually challenging (case No. 32)
(Table 4, Fig. 1B, C). As reviewers retrospectively observing the
collection of ‘discrepant’ cases only, it was not difficult to inter-
pret this case as malignant since we knew that something must
be wrong. However, tumor cells in this case were intermixed
with and camouflaged by a massive amount of benign paren-
chymal cells, making the malignancy ambiguous. In a situation
like this, a pathologist may be discouraged and hesitant to con-
clude a diagnosis of definite cancer.

Intraductal papillary mucinous neoplasm was misdiagnosed
as negative in 1 case (case No. 35) (Table 4, Fig. 1D). From re-
view of the slide, we recognized some mucin-producing epithe-
lial cells with suspicious atypism. We assumed that the discrep-
ancy in this case was due to diagnosis by a relatively inexperi-
enced pathologist, leading to misinterpretation.

There were 3 cases surgically diagnosed as ‘consistent with
lymphoplasmacytic sclerosing pancreatitis.” Among them, 2
cases wete cytologically misdiagnosed as ‘atypical,” resulting in
discrepancy (cases Nos. 29 and 30) (Table 4). The remaining
case was cytologically diagnosed ‘negative for tumor’ and was
categorized as a true negative result. Lymphoplasmacytic scle-
rosing pancreatitis, a form of chronic pancreatitis with mixed
inflammatory infiltrate, clinically mimics pancreatic cancer.
Preoperative detection is important because lymphoplasmacytic
sclerosing pancreatitis patients usually respond to steroid thera-
py with reversible improvement in pancreatic morphology and
function.” In our cases, inflammatory infiltrate consisting main-
ly of lymphocytes and plasma cells was observed. According to
Abraham et al.,"" this infiltrate may also contain some macro-
phages and occasionally neutrophilic and eosinophilic granulo-
cytes. Although the role of FNAC is mainly to distinguish ma-
lignant from benign cells, it is worth considering the possibility
of lymphoplasmacytic sclerosing pancreatitis when investiga-
tors recognize such microscopic features because patients will
benefit from eatlier initiation of therapy.

We also reviewed a case of schwannoma that was cytological-
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ly diagnosed as ‘a few atypical cells’ (Fig. 2). Cytopathologic
features presented mostly in tissue fragments or in fascicles,
with cells fusiform and elongated with poorly defined cell bot-
ders. The cells showed a low nuclear-cytoplasmic ratio with
long and wavy nuclei. Nucleoli were inconspicuous, and cyto-
plasm was pale. Pancreatic schwannoma is an extremely rare
neoplasm, with only 47 cases reported in the English literature
in the last three decades.” Therefore, it is not routine for pathol-
ogists to suspect such schwannoma when screening. However,
the possibility that cells are mesenchymal should be considered,
which may suggest the diagnosis.

Navina ez a/."° and Kim et al.° reported that absence of an im-
mediate on-site cytopathologist is not critical, and they found
no association with on-site evaluation and specimen cellularity.
However, many groups, for example, Fisher ¢ a/.%, have report-
ed that on-site evaluation was relatively accurate (77.5%) and
highly specific for malignancy (100%), significantly contribut-
ing to the efficiency and accuracy of the procedures. With re-
spect to our lower diagnostic accuracy in comparison to those of
other institutes, absence of on-site evaluation may be the cause
because 28 of 35 discrepant cases in our study wete due to un-
satisfactory specimens. We presume that we could have benefit-
ed from on-site evaluation to improve diagnostic results and re-
duce the number of discrepant cases. In our opinion, having
immediate on-site evaluation would be beneficial and valuable,
if circumstances allowed.

The design of this study was limited by the fact that it was a
single-center retrospective review of a relatively small number of
consecutive cases over a 36-month period. Thorough adequacy
assessment of pancreatic EUS-FNAC was impossible since only
one representative specimen of patients with multiple aspira-
tions was analyzed. Had we not excluded numerous ‘TFD’ cases,
there would have been a greater amount of useful data, which
would have reduced the impact of incorrect results caused by
technical difficulty. Also, data identifying the operator and pa-
thologist should have been retrieved to analyze artificial error
that depends on skill and experience. Further study on cases
with discrepancy aimed to identify the pitfalls of diagnosis
should involve more cases of misdiagnosis, increasing the power
of the analysis. Awareness of such pitfalls is important because it
increases diagnostic confidence, resulting in improved accuracy.

In summary, the diagnostic accuracy of EUS-FNAC for ob-
taining pancreatic specimens suspicious of malignancy was con-
firmed to be high in this study. Diagnostic accuracy, sensitivity,
and specificity were 78.4%, 79.2%, and 75.7% respectively.
Although 35 of 191 cases showed discrepancy in cytology-his-
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tology diagnosis, most were due to insufficient aspiration or
mistargeted aspiration of cells, both of which preclude proper
examination. Therefore, we conclude that EUS-FNAC is reli-
able and accurate. Based on these results, pathologists can be
assured of their diagnosis, as EUS-FNAC provides a desirable
representation of the specimen. However, particular attention
to adequacy assessment and meticulous observation of samples
are critical in order to reduce the discrepancy between cytology-
histological diagnoses. Though the percentage of correct diag-
noses in EUS-FNAC results s relatively inferior compared to
that from histological diagnosis, statistical results, such as diag-
nostic accuracy, were satisfactory in several studies including
ours. Therefore, EUS-FNAC can be encouraged as a first-line
pathologic examination for pancreatic lesion with high clinical
suspicion of malignancy when patient safety and financial bene-
fits are the priority.
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M BRIEF CASE REPORT W

Mixed Carcinoid-Mucinous Adenocarcinoma Arising in Mature Teratoma
of Mesentery

Su-Jin Shin - Eun-Mi Son - Chang Ohk Sung - Kyu-Rae Kim

Department of Pathology, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

Malignant transformation of mature cystic teratoma is un-
common, and occurs in approximately 2%—4% of cases.' The
most common tumor is squamous cell carcinoma, followed by
mucinous carcinoma, carcinoid tumor, thyroid carcinoma, etc.;
however, any of the tissues in mature teratoma may undergo
malignant transformation.’

Goblet cell carcinoid (mucinous carcinoid) is a distinctive
neoplasm with features of both carcinoid tumor and adenocarci-
noma. Most cases described in the literature have occurred in
the appendix and rarely, in the ovary. Although mature cystic
teratomas occur in many extragonadal areas including the mes-
entery? and greater omentum, occurrence of goblet cell carci-
noid arising in extragonadal teratoma has been rarely described,
with only a single case in mediastinum being reported in the
English literature.” Moreover, a combination of mucinous ade-
nocarcinoma, goblet cell carcinoid, carcinoid tumor, and mature
teratoma in an extragenital organ has not been reported.

Herein, we present a rare case of combined mucinous adeno-
carcinoma and goblet cell and typical carcinoid tumor arising
in mature cystic teratoma of the mesentery in a 48-year-old wo-

man.
CASE REPORT

A 48-year-old woman presented with a palpable abdominal
mass in the periumbilical area with a vague abdominal pain of
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one month duration. Past medical history was unremarkable.
She had no symptoms of carcinoid syndrome. On physical ex-
amination, the abdomen was markedly distended due to a solid
movable mass. Abdominal and pelvic computed tomography
scans revealed a huge heterogeneously enhanced mass in the ab-
dominal cavity, which was associated with multiple smaller
nodules throughout the entire abdominal and pelvic cavities
and the right lobe of the liver. Bilateral ovaries were diffusely
enlarged to form a semisolid mass. Laboratory findings demon-
strated increased serum levels of carcinoembryonic antigen (264
ng/mL; normal < 6 ng/mL) and carbohydrate antigen 125 (294
U/mL, normal <35 U/ml). Alpha-fetoprotein, beta-subunit of
human chorionic gonadotropin and carcinohydrate antigen-19-9
were within normal range.

Exploratory laparotomy revealed a huge mass in the mesen-
tery of the small intestine (Fig. 1A), measuring 20x 18X 11 cm,
with coexisting multiple outbulging hepatic masses, bilateral
ovarian masses, and diffusely seeding nodules on the peritoneal
surface and omentum. On cut section, the mesenteric mass had
solid and cystic portions. The cystic portion, occupying approx-
imately 60% of the tumor, was filled with yellow-tan sebum-
like materials, hair, mucoid and gelatinous substances, while
the solid portion (40%) was composed of loose myxoid tissue
(Fig. 1B). Bilateral ovaries were enlarged, measuring 12.5x8x
6 cm in the right ovary and 10x6x 3 cm in the left ovary, and
multiple gelatinous tumor nodules were observed on both ovar-
ian surfaces and parenchyma (Fig. 1C). The cut surface of the
ovarian masses was greyish white and gelatinous. The seeding
nodules of the peritoneal surface and omentum had myxoid and
gelatinous appearances. Excision of the mesenteric mass, bilat-
eral salpingo-oophorectomy, total omentectomy and appendec-
tomy were undertaken. Intraoperative frozen sections were pet-
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formed for the ovarian mass, and the diagnosis was mucinous
adenocarcinoma.

On microscopic examinations, the mesenteric tumor was en-
capsulated by thick fibrous tissue. The cystic portion of the mes-
enteric mass showed characteristic histologic features of mature
teratoma containing various mature tissues derived from all three
germ layers, including skin and its appendages, salivary glands,
cartilage, adipose tissue, and smooth muscle bundles (Fig. 2A).
The adjacent solid portion showed various histologic features of
carcinoid tumors; a 1.5-cm sized well-circumscribed nodule
showing insular, small glandular, rosettoid, and solid tubular
patterns similar to those of midgut (insular) carcinoid tumors,
thin cord-like or anastomosing trabecular patterns resembling
hindgut (trabecular) carcinoid tumors, and dissecting mucin
pools containing floating tumor cells (Fig. 2A, B), suggesting
goblet cell carcinoid tumor. The insular and trabecular carci-
noid tumor cells were composed of uniformly small and round
nuclei with finely stippled chromatin, and abundant cytoplasm
with eosinophilic granules. Mitotic figures were rare in insular
and trabecular carcinoid areas (Ki-67 labeling index was less

http://jpatholtm.org/

Fig. 1. External appearance (A) and cut surface (B) of the mesen-
teric teratoma showing solid and cystic portions with yellow se-
bum-like materials in the cystic space of the mass. Arrow indicates
mesenteric mass. Partially disrupted ovarian mass (C) showing
multiple gelatinous tumor nodules on the surface and parenchy-
ma (I, tumor implant; S, ovarian surface).

than 29%). The tumor cells within mucin pools were individu-
ally scattered or formed small nests having signet ring cell-like
or goblet cell appearances, abundant foamy cytoplasm, low nu-
clear cytoplasmic ratio, and flattened nuclei pushed to the pe-
riphery (Fig. 2B). There was mild variation in nuclear sizes, mi-
totic figures were rarely identified, and Ki-67 labeling index
was low (less than 2%) (Fig. 2B). On immunohistochemical
stains, the trabecular and insular carcinoid tumor components
showed strong and diffuse immunoreactivity for synaptophysin
(Fig. 2C) and focal immunoreactivity for chromogranin. The tu-
mor cells within mucin pools showed multifocal immunoposi-
tivity for synaptophysin (Fig. 2B inset).

In the vicinity of the carcinoid tumors, there were mucin pools
containing signet ring cell-like or goblet cells showing signifi-
cantly enlarged nuclei with high nuclear cytoplasmic ratio, mark-
ed nuclear pleomorphism, prominent nucleoli, and frequent mi-
totic figures (Fig. 2D). Immunohistochemical stain for synapto-
physin was completely lost in the malignant signet ring cell-
like tumor cells, and proliferating cells defined by Ki-67 immu-
nohistochemical stains were significantly increased, up to 20%,

http://dx.doi.org/10.4132/jptm.2014.09.17
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Fig. 2. Histopathologic findings of mesenteric mass showing mature cystic teratoma containing a mature teratomatous component (A, closed
arrow), an area of trabecular carcinoid (A, open arrow), goblet cell carcinoid (B) showing immunopositivities for synaptophysin (B inset and C),
and mucinous adenocarcinoma with signet ring cells within dissecting mucin pools (D). Note a high nuclear cytoplasmic ratio and significant
nuclear pleomorphism in the mucinous adenocarcinoma component (D) in contrast to low nuclear cytoplasmic ratio and flattened nuclei in

goblet cell carcinoid (B).

in those malignant cells. The two areas containing the signet ring
cell-like appearance with and without nuclear pleomorphism
were intermingled with each other and the border could not be
clearly delineated.

Both ovaries were mostly replaced by tumor tissue with a mul-
tinodular appearance. Each nodule was well-circumscribed and
was composed of a mucin pool containing signet ring cells iden-
tical to those in the mesenteric mass (Fig. 3A). Extraovarian
mucin pools were also noted in the omentum and serosal sur-
faces of the pelvic organs, forming pseudomyxoma peritonei
(Fig. 3B). There were no insular or trabecular carcinoid areas in
either ovarian tumor.

The patient received five cycles of adjuvant chemotherapy
with paclitaxel and cisplatin, but she died of multiorgan metas-
tasis eight months postoperatively.

http://dx.doi.org/10.4132/jptm.2014.09.17

DISCUSSION

Historically, a tumor describing mixed glandular and neuro-
endocrine neoplasm has had many synonyms, including goblet
cell carcinoid, mucinous carcinoid, adenocarcinoid, microglan-
dular carcinoma, intermediate cell carcinoid, amphicrine neo-
plasia, and composite tumor. There remains confusion and de-
bate regarding the terminologies amongst pathologists and cli-
nicians. In the appendix and ovaries, intimately admixed glan-
dular and neuroendocrine neoplasm composed of goblet cells,
neuroendocrine cells, or hybrid cells containing both mucin and
neuroendocrine granules floating in pools of mucin are desig-
nated as goblet cell carcinoid. Goblet cell carcinoid tumors in
the appendix present in four types: 1) pure and uniform tubules
composed entirely of goblet cells; 2) goblet cell carcinoid with

http://jpatholtm.org/
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Fig. 3. Histopathologic findings of ovarian mass. The tumor tissue shows a multinodular appearance with well-circumscribed margins. Each
nodule is composed of a mucin pool containing malignant tumor cells identical to those in the mesenteric mass (A). The tumor tissue in the
ovarian surface and superficial cortex formed pseudomyxoma peritonei composed of mucin pools with floating signet ring cells, which are

connected to the extraovarian mucin pools in the pelvic cavity (B).

adenocarcinomatous area (adenocarcinoma ex goblet cell carci-
noid); 3) goblet cell carcinoid with mucinous cystadenoma; and
4) the combined classical carcinoid with goblet cell carcinoid
tumor.” In our case, goblet cell carcinoid was combined with
mucinous adenocarcinoma and additional typical insular and
trabecular carcinoid tumor. Histologically, it is not easy to dis-
tinguish the pure goblet cell carcinoid from mucinous adeno-
carcinoma arising in goblet cell carcinoid tumors because of the
same goblet cell morphology in mucin pools in both tumors
and intimately admixed tumor components in most cases. Gob-
let cell carcinoid tumors have more aggressive clinical behav-
iors, showing metastasis in 20% of cases,” compared to the clas-
sic type of carcinoid tumor, but the tumors have relatively fa-
vorable prognosis compared to the mucinous adenocarcinoma
ex goblet cell carcinoid.® Pools of mucin are usually small in
goblet cell carcinoid and they usually lie within the glands or
in the periglandular stroma. The nuclear atypia is not signifi-
cant in goblet cell carcinoid; however, mucinous adenocarcino-
ma ex goblet cell carcinoid has greater nuclear pleomorphism,
higher mitotic rate, and Ki-67 proliferating activity, which can
lead to a diagnosis of mucinous adenocarcinoma ex goblet cell
carcinoid.

Histogenetically, two neoplasms in adjacent but separate ar-
eas are designated as a collision tumor of a biclonal derivation,
while composite tumors having intimate admixture of the two
components are believed to result from bidirectional differentia-
tion of a single neoplasm. A molecular study suggested that
goblet cell carcinoid has similar expression patterns of genes for
secretory and Paneth cell differentiation to those of mucinous

http://jpatholtm.org/

cystadenomas and colonic adenocarcinomas; thus, goblet cell
carcinoids are closer to colonic adenocarcinomas than to classi-
cal carcinoids,” implicating that the goblet cell carcinoid proba-
bly arises in progenitor cells of the epithelial crypt.

Rarely, mature cystic teratomas have been described in the
mesentery and greater omentum.” The pathogenetic origin is
explained as primitive germ cells entrapped during embryonic
development, a supernumerary (ectopic) ovary located in the
omentum,’® or secondary implantation of a teratomatous com-
ponent to the omentum following the torsion and rupture of
ovarian teratoma.’

The diagnosis of extra-appendiceal and extraovarian goblet cell
carcinoid should be determined after thorough examination of
the two organs and exclusion of appendiceal or ovarian origins.
The patient in our case received an appendectomy at the same
time, which was thoroughly examined, but only serosal tumor
implants were identified. Mucinous adenocarcinoma involved
bilateral ovaries in our case; however, the ovaries were thought
to be metastatic sites because of their bilateral multinodular ap-
pearance, and involvement of the ovarian surface and superficial
cortex of the ovary only. A significant amount of mucin pools
dissecting the ovarian stroma and signet ring cell-like morphol-
ogy are extremely rare in primary mucinous adenocarcinoma of
the ovary."” Moreover, the existence of mesenteric mature tera-
toma and significantly larger extraovarian mucin pools forming
pseudomyxoma peritonei are supporting features of extraovarian
origin.

This case had combined features of several rare findings: pri-
mary mesenteric mature teratoma associated with carcinoid tu-

http://dx.doi.org/10.4132/jptm.2014.09.17



mor, coexistence of all three types of carcinoid tumors including
insular, trabecular and goblet cell carcinoid, overgrown muci-
nous adenocarcinoma of goblet cell morphology in the back-
ground of goblet cell carcinoid, metastasis of extragonadal gob-
let cell carcinoid to the ovaries, and formation of pseudomyxo-
ma peritonei from extra-appendiceal neoplasm, but the clinical
course followed those of mucinous adenocarcinoma and high
grade pseudomyxoma peritonei. Recognition of mucinous ade-
nocarcinoma components seems to be closely correlated with
the patient’s prognosis. Thus, careful histological observation is
required to make a clinically relevant diagnosis.
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M BRIEF CASE REPORT W

Ewing’s Sarcoma/Primitive Neuroectodermal Tumor of the Uterine
Corpus

Eung-Seok Lee - Won Hwangbo' - Insun Kim'

Department of Pathology, Korea University Ansan Hospital, Ansan; 'Department of Pathology, Korea University Anam Hospital, Seoul, Korea

Ewing’s sarcoma (ES)/primitive neuroectodermal tumor (PN-
ET) is defined as a round cell sarcoma that shows varying de-
grees of neuroectodermal differentiation. The term PNET was
first introduced by Hart and Earle in 1973." Cases of ES/PNET
in the female genital tract are rare. Now we report a case of ES/
PNET arising in the uterine body which was confirmed by all
studies performed, including morphologic, immunohistochem-
ical, ultrastructural, and cytogenetic examinations.

CASE REPORT

A 23-year-old Korean woman presented with irregular vagi-
nal bleeding and low abdominal pain. Ultrasonography and mag-
netic resonance imaging of the pelvis revealed a huge intramu-
ral mass of the uterus, measuring 8.4 cm in diameter. Bilateral
adnexal abnormality or significant lymphadenopathy was not
identified. Total abdominal hysterectomy, bilateral salpingo-oo-
phorectomy, and lymph node dissections were done.

Grossly, the uterus was slightly enlarged, measuring 6x 13 x 8
cm. On opening the uterus, there was a mass arising from the
anterior wall of the uterus, bulging out into the endometrial
cavity with an area of ulceration on the endometrium. The cut
surface of the uterus showed an unencapsulated but relatively
well-circumscribed intramural tumor, measuring 9x7.5 ¢cm
(Fig. 1). The tumor showed a homogeneous gray-tan, solid, and
fish-fleshy appearing cut surface with no conspicuous necrosis
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or hemorrhage. The tumor abutted the endometrium and sero-
sal surface of the uterus. Both ovaries and salpinges were grossly
unremarkable without any enlargement or tumor identified.

Microscopically, the tumor was composed of relatively uni-
form small round-to-oval neoplastic cells arranged in a diffuse
sheet or solid nesting pattern of growth with intervening fibrous
septa throughout the myometrium. The tumor invaded the en-
dometrium focally but did not involve the serosal surface of the
uterus. There were numerous areas of lymphatic tumor invasion
and a metastatic tumor implant on the surface of the left ovary,
but there was no evidence of metastatic tumor in the pelvic lym-
ph nodes. The tumor cells had scanty cytoplasm with indistinct
cytoplasmic border, round-to-oval nuclei of stippled chromatin
pattern, and inconspicuous nucleoli (Fig. 2). Mitoses, apoptotic
bodies, and focal areas of necrosis were frequently found (22/10
high power fields of mean mitotic count). Pseudorosettes were
also frequently present but no malignant glandular areas were
identified within or adjacent to the tumor.

On immunohistochemical examination the tumor cells showed
diffuse strong positivity for cluster of differentiation 99 antigen
(CD99) and neuron-specific enolase (NSE) in a membranous
pattern and Friend leukemia virus integration 1 (FLI-1) in a
nuclear pattern. The tumor cells were focally positive for vi-
mentin but negative for c-kit, WT-1, CAMS.2, chromogranin,
synaptophysin, CD56, CD10, CD3, CD20, leukocyte common
antigen, desmin, and myogenin (Fig. 3). Electromicroscopic
study showed a variable number of glycogen particles in a dis-
persed pattern and there were primitive intercellular and synap-
tic-like junctions. We also performed dual-color fluorescence 7n
situ hybridization (FISH) analysis with a break-apart rearrange-
ment probe. In normal cells, a combined two-signal pattern is
seen, reflecting intact regions; we found separated single green
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Fig. 1. (A) The uterus is slightly enlarged, measuring 6 x 13x 8 cm. On opening the uterus, there is a mass arising from the anterior wall of
the uterus, bulging out into the endometrial cavity with an area of ulceration on the endometrium. (B) The cut surface of the uterus shows an
unencapsulated but relatively well-circumscribed intramural tumor, measuring 9x 7.5 cm. The tumor shows a homogeneous gray-tan, solid,
and fish-fleshy appearing cut surface with no conspicuous necrosis or hemorrhage. The tumor abuts the endometrium and serosal surface
of the uterus.

Fig. 2. (A) The tumor is composed of relatively uniform small round-to-oval neoplastic cells and arranged in a diffuse sheet or solid nesting
pattern of growth with intervening fibrous septa throughout the myometrium. The tumor invades the endometrium focally but does not in-
volve the serosal surface of the uterus. (B) The tumor cells have scant cytoplasm with an indistinct cytoplasmic border, round-to-oval nuclei
of stippled chromatin pattern, and inconspicuous nucleoli. Pseudorosettes are also frequently present but no malignant glandular areas are
identified within or adjacent to the tumor.
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Fig. 3. The tumor cells show diffuse strong positivity for CD99 (A) and neuron-specific enolase (D) in a membrane pattern and FLI-1 (B) in a
nuclear pattern. The tumor cells are focally positive for vimentin (C).

and single orange signal patterns and identified rearrangement
in the tumor. On the basis of the FISH results, we performed
reverse transcription polymerase chain reaction (RT-PCR) and
confirmed the products of EWS-FLII fusion transcript with
330 bp.

DISCUSSION

ES/PNET is defined as a round cell sarcoma that shows vary-
ing degrees of neuroectodermal differentiation. The term PNET
was first introduced by Hart and Earle in 1973 to describe a
group of small round cell tumors that appeared to be derived
from fetal neuroectodermal cells with variable degrees of neuro-
ectodermal differentiation.' ES and PNET are regarded as two
extremes of a morphologic spectrum of the same tumor entity.
Their classification depends on the degree of differentiation of
their neuroectodermal components. ES with no evidence of neu-
roectodermal differentiation lies at one end of the spectrum and

http://jpatholtm.org/

PNET with clear evidence of neuroectodermal differentiation at
the other. ES/PNET shows characteristic signature translocations
involving the ES gene (EWSRI, Ewing sarcoma breakpoint re-
gion 1) at 22q12.2 and various erythroblastic transformation
specific (ETS)-family transcription factor genes, the most com-
mon of which is FLIT at 11q24.1-q24.3.> EWSR1 is a ubiqui-
tously expressed gene encoding a multifunctional protein that
regulates multiple cellular processes, while FLI-1 is a transcrip-
tion factor that plays a role during vascular development and in
lymphoid function.’ The resulting fusion genes act as an onco-
genic transcription factor. Cases of ES/PNET in the female gen-
ital tract are rare. Such tumors are found in the ovary,’ vulva,’
vagina,’ cervix,’ and uterine corpus.®

On the basis of microscopic examination the differential di-
agnosis of ES/PNET of the uterine corpus includes poorly dif-
ferentiated endometrioid carcinoma, stromal sarcoma, small cell
neuroendocrine carcinoma, and lymphoma, which are composed
of sheets of cytologically malignant small cells with little or no

http://dx.doi.org/10.4132/jptm.2014.10.14



evidence of glandular or squamous differentiation. Small cell
neuroendocrine carcinomas and lymphomas make developing a
differential diagnosis difficult because they show immunohisto-
chemical overlap as well as morphologic similarities with ES/
PNET. Histologically, small cell neuroendocrine carcinomas
tend to grow in sheets of small cells having nuclei with stippled
“salt and pepper” chromatin, absence of nucleoli, and nuclear
molding of adjacent cells. Although rosettes and pseudorosettes,
positive staining for chromogranin, synaptophysin, and NSE,
and ultrastructural dense-core granules may be observed in both
small cell carcinomas and ES/PNET, the former is usually im-
munohistochemically negative for MIC-2 and FLI-1, which are
relatively specific markers for ES/PNET. The absence of lym-
phoid markers virtually excludes a diagnosis of lymphoma. Ul-
trastructural investigation may be helpful, since lymphoma shares
no features with ES/PNET, which usually demonstrates neural
differentiation, dense-core granules, and glycogen accumula-
tion. Endometrioid carcinomas virtually always contain focal
areas of glandular differentiation with positivity for epithelial
markers. Stromal sarcomas are composed of cells that closely re-
semble non-neoplastic endometrial stroma and have a promi-
nent vascular pattern of spiral arteriole-like spaces and mild nu-
clear atypia with low mitotic index. Stromal sarcoma can be ex-
cluded by areas of marked nuclear atypia with frequent mitotic
figures and the absence of the typical vascular pattern in ES/
PNET. The absence of CD10 and estrogen and progesterone te-
ceptors also helps to make a diagnosis of ES/PNET.

MIC-2 and FLI-1 are very useful markers for the diagnosis of
ES/PNET, as they are expressed in nearly all ES/PNET. In ad-
dition, ES/PNET tumor cells are positive for vimentin and may
focally express NSE, chromogranin, synaptophysin, and S-100.
In our case, the tumor cells were diffusely strongly positive for
MIC-2 and FLI-1, and focally positive for vimentin. Ultrastruc-
tural features are helpful in making the diagnosis of ES/PNET.
Ultrastructurally, neural differentiation, including neurosecre-
tory granules and neurite-like cytoplasmic processes, can be
recognized in ES/PNET.® Glycogen accumulation in the cyto-
plasm also can be seen in ES/PNET. All ultrastructural features
of the above were present in our case. ES/PNET is also charac-
terized by balanced chromosomal translocation of t(11;22)
(q24;q12), resulting in the production of the EWS-FLII fusion
gene in approximately 85% of cases. Other translocations lead-
ing to the fusion of the EWS gene with one of several members
of the ETS family of transcription factors have subsequently
been identified, including t(21,22)(q22;q21) in 10%-15% of
cases and t(7;22), t(17; 22) and t(2;22) in less than 1% of cases.

http://dx.doi.org/10.4132/jptm.2014.10.14
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Thus genetic analysis would be helpful when histologic and
immunohistochemical examinations are not conclusive.® Nu-
merous molecular techniques such as DNA- and RNA-based
polymerase chain reaction, Southern blotting, and FISH have
been used for detection of the EWS translocations associated
with ES/PNET. Ideally, cytogenetic investigation for the assess-
ment of such translocations on paraffin sections should include
FISH and RT-PCR.? RT-PCR is unique in its ability to identify
both genes involved in the most common translocations en-
countered in ES/PNET. A variety of RT-PCR assays have been
developed for the detection of EWS translocation products.’
Recently, EWSRI (22q12), a dual-color, break-apart rearrange-
ment probe using FISH analysis (Abbott Laboratories, Abbott
Park, IL, USA), has been commercially available, and its diag-
nostic value in ES/PNET is well-established.” However, due to
the presence of the t(11;22) translocation in other tumor types
such as desmoplastic small round cell tumor,'® FISH results
should be interpreted in light of the morphology and immuno-
histochemical profile.

At initial diagnosis, the tumor is often already at an advanced
stage in most patients. In addition, there is no uniformity in
the treatment of ES/PNET in the uterus. Total hysterectomy
with bilateral salpingo-oophorectomy, with or without chemo-
therapy and/or radiotherapy, is the usual course of treatment
provided. In this case, the patient underwent surgical resection
and six courses of chemotherapy. The patient is still alive with
no evidence of recurrence or metastasis after operation in De-
cember 2012, and chemotherapy with ifosfamide.
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M BRIEF CASE REPORT W

Placental Mesenchymal Dysplasia with Fetal Gastroschisis
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Placental mesenchymal dysplasia (PMD) s a rare, benign con-
dition characterized by placentomegaly and abnormal chorionic
villi with vesicle formation, fibroblastic hyperplasia, and vascu-
lar abnormalities. This condition can be misdiagnosed as molar
pregnancy due to similar ultrasonographic findings;' however,
unlike molar pregnancy, a fetus is usually present and there is
no risk of trophoblastic proliferative disease in PMD. The au-
thors report a case of placental mesenchymal dysplasia at 15
weeks of gestation associated with fetal gastroschisis and high
serum beta human chorionic gonadotropin (B-hCG) that mim-
icked molar pregnancy.

CASE REPORT

A 29-year-old female with abnormal ultrasonographic find-
ings was transferred to our institution. The patient had a nor-
mal sequential screening with the exception of an elevated se-
rum B-hCG of 165,870 mIU/mL. Serum a-fetoprotein was not
evaluated. Transabdominal ultrasound at 14°° weeks of gesta-
tion revealed a thick globular placenta measuring 6.5%4.5 cm
with multiple small, hypoechoic areas. Subsequent ultrasound
at 14" weeks of gestation demonstrated a large multicystic hon-
eycomb-like placenta measuring 8.8x5.7 ¢cm with no sign of
blood flow within the lesion (Fig. 1A). A fetus was identified
with a crown-rump length of 9.6 cm (Fig. 1B). Based on the
clinical setting, partial hydatidiform mole was suspected. Ther-
apeutic termination was performed at 15 weeks of gestation.
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Grossly, the placenta was markedly enlarged with a diameter
of 10 cm and the placental disc had multiple cystic vesicles; en-
larged chorionic vessels were not found (Fig. 1C). A nonviable
male fetus with a body weight of 73.57 g and with a crown-rump
length of 9.8 cm, which were appropriate for gestational age, was
delivered. However, he had a left lateral abdominal wall defect
from which the liver and bowels protruded (Fig. 1D).

Microscopic examination of the placenta revealed several en-
larged villi with cistern formation and abnormally thick vessels
scattered among normal-sized terminal villi without abnormal
trophoblast proliferation. Some chorionic villi showed prolifera-
tion of primitive stromal cells (Fig. 2A-C). Cytotrophoblasts
were diffusely positive for p57KIP2 on immunohistochemical
staining (Fig. 2D). Macroscopic and microscopic morphology
confirmed a diagnosis of PMD accompanied by gastroschisis of
the fetus.

DISCUSSION

PMD was first described as a rare, benign condition associated
with an enlarged placenta in 1991 by Moscoso ef «/.? The true
incidence of PMD remains unclear, but it was reported to ac-
count for about 0.02% (7/30,758) of placentas examined at a
Japanese hospital.” Most cases are asymptomatic and are diag-
nosed postpartum upon delivery of an abnormally large placen-
ta. The typical sonographic feature of PMD is a thickened pla-
centa with hypoechoic cystic spaces, which overlaps with that
of molar pregnancy. Thus, the differentiation of the two condi-
tions may be difficult without placental pathology. One of the
common laboratory abnormalities observed in PMD is increas-
ed maternal serum alpha fetoprotein, which is thought to origi-
nate from the fetus.” Serum B-hCG is typically normal to slight-
ly elevated; the serum B-hCG level in this case was higher than
that of normal pregnancy, which was unusual.

© 2015 The Korean Society of Pathologists/The Korean Society for Cytopathology
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Fig. 1. Radiologic and gross findings. (A) Transabdominal ultrasound at 14+ weeks of gestation shows a large multicystic honeycomb-like
placenta measuring 8.8 x 5.7 cm with no sign of blood flow within the lesion. (B) The fetus has a crown-rump length of 9.6 cm. (C) The pla-
centa is markedly enlarged with multiple vesicles. (D) The fetus exhibits gastroschisis.

Grossly, the placenta is markedly enlarged for gestational age
and the placental disc has multiple grape-like vesicles from 0.3
to 2.5 cm in size, which resemble those of molar pregnancy. En-
larged chorionic vessels are usually found in third-trimester PMD
placentas, not seen in hydatidiform mole. However, prominent
chorionic vessels may not be identified grossly during the early
stages, as in this case. Histologically, enlarged villi with cistern
formation and abnormally thick vessels are scattered among not-
mal-sized terminal villi. Some chorionic villi show mesenchy-
mal cell hyperplasia. Neither abnormal trophoblast proliferation
nor scalloping of the villous surface, common histologic find-
ings of hydatidiform mole, is present. p57KIP2 immunoposi-
tivity of the cytotrophoblasts in our case was helpful for exclud-
ing the possibility of complete hydatidiform mole.*

The precise etiology of PMD has not been established. One
theory is that it results from a congenital malformation of the
mesoderm. Hypoxia and hypoperfusion of unknown origin may

http://jpatholtm.org/

be responsible for the pathologic placental changes. More re-
cently, androgenetic/biparental mosaicism has been suggested
to be the underlying cause of PMD.

Unlike molar pregnancy, PMD is not associated with gesta-
tional trophoblastic diseases, but does increase the risk of intra-
uterine fetal growth restriction and intrauterine fetal death. Ap-
proximately 15% to 25% of PMD cases are associated with Beck-
with-Wiedemann syndrome.’” PMD and Beckwith-Wiedemann
syndrome represent a broad spectrum of phenotypes with com-
mon etiology.* In our case, PMD was associated with fetal gas-
troschisis, which has not been reported previously.® A recently-
favored hypothesis for the pathogenesis of gastroschisis is fold-
ing failure of the embryonic lateral body due to defective meso-
derm.” Mesodermal abnormality is suggested to be the cause of
the association between PMD and gastroschisis in this case.

In summary, PMD is a rare but clinically important placental
abnormality that can be confused with partial hydatidiform mole

http://dx.doi.org/10.4132/jptm.2014.12.14
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Fig. 2. Microscopic findings of the placenta. (A) Cystic vesicles are surrounded by stromal tissue and trophoblasts, indicating cysts in enlarg-
ed stem villi. No abnormal trophoblast proliferation is observed. (B) The majority of the enlarged stem villi have abnormal vessels with thickened
muscular walls. (C) Some of the villi show mesenchymal cell proliferation. (D) Cytotrophoblasts are diffusely immunopositive for p57KIP2.

and can be associated with abnormal fetal conditions. Therefore,
PMD should be considered in the differential diagnosis of mul-
ticystic placenta. Awareness of this entity based on its sonogra-
phic similarity to molar pregnancy, unique pathologic features,
and association with fetal complications needs to be emphasized
in prenatal monitoring for the avoidance of unnecessary termi-
nations.
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Micronodular thymoma with lymphoid stroma (MNTLYS) is
a rare subtype of thymoma and accounts for only 1%—5% of all
thymoma.' Histologically, MNTLS shows characteristic segre-
gating epithelial components in rich lymphoid stroma. Though
the histogenesis of MNTLS is not yet elucidated, it is postulat-
ed that type A thymoma and MNTLS are common in origin.
Here we report a case of mixed thymoma composed of type A
thymoma and MNTLS.

CASE REPORT

A 63-year-old man presented with a mediastinal mass inci-
dentally found on routine chest radiograph during a regular
health check-up. He had a history of hypertension and diabetes
treated with medication. There was no evidence of myasthenia
gravis. On further evaluation by chest computed tomography
(CT), a 7.3-cm mediastinal mass was identified in the right an-
terior mediastinum (Fig. 1A). The mass had a lobulated con-
tour, and intratumoral septation suggested a thymic epithelial
tumor. No enlargement of mediastinal lymph nodes or pleural
seeding was found on CT. He received extended thymectomy
via median sternotomy. During the operation, there was no pleu-
ral adhesion or invasion into surrounding structures.

On cut sections, the tumor measured 7x6 c¢cm and was en-
closed by a thin fibrous capsule. Vague, tan-colored nodules av-
eraging 1.5 cm in size were identified. These were partly sepa-
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rated by thin fibrous septa and areas of numerous tiny cobble-
stone-like micronodules (Fig. 1B). On histological examination,
two different types of thymoma were noted, showing partly in-
filerative growth into adjacent fat tissue (Fig. 1C). Large nod-
ules seen were composed of epithelial cells with sparse lympho-
cytes. Spindled tumor cells formed an organoid pattern, arrang-
ed in short fascicles and a solid sheet. The tumor cells had elon-
gated, bland nuclei with fine chromatin and inconspicuous small
nucleoli. These characteristics, together with positivity for cyto-
keratin (CK) and Bcl-2, were compatible with World Health
Organization (WHO) type A thymoma. The type A area was
ill-defined, showing gradual transition into the rest of the tu-
mor, which harbored a mixture of epithelial and lymphoid com-
ponents (Fig. 1D). Multiple small epithelial nodules were em-
bedded in the lymphoid stroma. The tumor cells from the small-
er nodules were spindled, bland-looking and formed pseudoro-
settes that had elongated nuclei with fine chromatin and incon-
spicuous nucleoli, similar to type A thymoma. Epithelial tumor
nodules were segregated by lymphoid stroma that occasionally
harbored germinal centers (Fig. 1E). Tumor cells were strongly
positive for CK and moderately positive for Bcl-2 (Fig. 1E G).
Lymphoid stroma was positive for CD5 (Fig. 1G). Bcl-2 was
diffusely positive throughout the lymphoid stroma (Fig. 1H)
but was negative in germinal centers. Additional CD20 and
CD3 immunohistochemical staining showed reactive B- and T-
cells in the lymphoid stroma. The patient was diagnosed ulti-
mately with mixed type A thymoma and MNTLS.

DISCUSSION

MNTLS, first coined by Suster and Moran,' is a rare subtype
of thymoma. A micronodular pattern of epithelial components

© 2015 The Korean Society of Pathologists/The Korean Society for Cytopathology
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Fig. 1. Mixed Type A Thymoma and Micronodular Thymoma with Lymphoid Stroma. (A) Chest computed tomography imaging demonstrates
a lobulated mass in the right anterior mediastinum. (B) Grossly, the tumor is encapsulated with a thin fibrous capsule, and is composed of
vague nodules with tiny internodular micronodules, which matched with both type A thymoma (capital A on figure) and micronodular thymo-
ma (arrowheads). (C) A microscopic area of infiltrative growth into fat tissue is noted. (D) A gradual transition is found between type A thymo-
ma and micronodular thymoma with lymphoid stroma (MNTLS). (E) The MNTLS tissue has epithelial micronodules arranged in pseudoro-
settes that are separated by lymphoid stroma. (F) The tumor cells are strongly positive for cytokeratin, whereas lymphoid stroma lacks any
epithelial component. (G) Lymphoid stroma is diffusely positive for CD5. (H) Together with type A thymoma, the epithelial component of MNTLS
is positive for Bcl-2. Lymphoid stroma, except for within germinal centers, also is positive for Bcl-2.

is found in approximately 10% of type A and type AB thymo-
ma.” Cases accompanied by thymic cyst,’ heart myxoma,* and
ectopic lesions arising in the salivary gland’ have been reported.
Characteristically, MNTLS demonstrates small nodules of epi-

http://jpatholtm.org/

thelial components resembling those of type A thymoma with-
in lymphoid stroma that is predominantly composed of B-cells
with occasional germinal centers. Being devoid of epithelial com-
ponents is helpful in excluding type AB thymoma, which also

http://dx.doi.org/10.4132/jptm.2014.10.27



contains epithelial components and lymphoid follicles. With its
rich B-cells, occasional germinal centers, and nodules of epithe-
lial cells, MNTLS could be misdiagnosed as metastatic carcino-
ma in a small biopsy specimen.” Although the histogenesis of
MNTLS is not yet clarified, its medullary epithelial cells sug-
gest MNTLS may be a variant of type A thymoma in the set-
ting of thymic B-cell hyperplasia.' Bcl-2, a B-cell marker, is ex-
pressed in type A thymoma and thymic carcinoma.® We ob-
served Bcl-2 expression in both type A thymoma and MNTLS.
These findings support the hypothesis that MNTLS originates
from type A thymoma. Stobel e7 #/.” found that 33% of MNTLS
had lymphoid stroma of a monoclonal B-cell population where-
as thymic lymphoid hyperplasia or other types of thymoma had
a polyclonal population of lymphocytes. Because of the mono-
clonal lymphoid stroma, they suggested that MNTLS might be
a precursor lesion of mediastinal lymphoma.” In the present case,
the lymphoid stroma was positive for both CD20 and CD3, re-
flecting a polyclonal lymphocyte nature. Although patient out-
comes of MNTLS have not been established because of its rarity,
MNTLS has reported cases that have shown excellent prognosis
so far."® Ishikawa ¢ a/.” explained that an immune response in-
duced by intratumoral MNTLS Langerhans cells would contrib-
ute to improved patient outcomes.

We report a case of mixed thymoma containing type A thy-
moma and MNTLS. In the present case, epithelial components
of type A thymoma and MNTLS showed similar histologic and
immunohistochemical profiles with areas of gradual transition,
suggesting type A thymoma and MINTLS share a common his-
togenesis. Although this tumor showed focal infiltrative growth
of MNTLS, it was postulated that this tumor would have a good

clinical course.
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Tumor-to-tumor metastasis (TTM) is a rare phenomenon first
reported several decades ago in Fried’s description of a broncho-
genic carcinoma that metastasized to a meningioma.' Accord-
ing to previous studies, renal cell carcinoma and meningioma
are common recipients, whereas lung and breast cancer are com-
mon donors.” Thus far, four cases of lung carcinoma harboring
papillary thyroid carcinoma (PTC) metastasis have been report-
ed in the English licerature.”® Here we present another case of
PTC that metastasized to pulmonary adenocarcinoma.

CASE REPORT

A 56-year-old non-smoking male presented with a 3-month
history of cough and sputum. On chest computed tomography,
a 53-mm-sized ground-glass opacity in the left upper lobe (LUL)
of the lung was identified (Fig. 1A left). On positron emission
tomography, F-18 fluorodeoxyglucose uptake was detected in the
left thyroid accompanied by lymphadenopathy (Fig. 1A right).
Histological confirmation was performed for each lesion. Fine
needle aspiration of thyroid and bronchoscopic biopsy of the
lung lesion revealed PTC with cervical lymph node metastasis
and pulmonary adenocarcinoma, respectively. Lobectomy of the
LUL was performed prior to thyroid cancer treatment.

A single, well-defined, 0.6 x 0.6-cm-sized, round, firm, white-
tan nodule was found in the peribronchial area within a 3.9x3.1-
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cm-sized, irregular, soft, grey mass in the anterior segment of
the LUL, on gross examination (Fig. 1B) and low-power mag-
nification (Fig. 1C). No other suspicious lesions were detected
in the given specimen. The main lung lesion was diagnosed as
conventional pulmonary adenocarcinoma and was composed of
moderately differentiated adenocarcinoma with an acinar and
papillary pattern accompanied by a focal micropapillary pattern
(Fig. 1D). The small nodule within the adenocarcinoma (Fig.
1D) was comprised of papillae lined by cuboidal cells with nu-
clear clearing and grooves suggestive of PTC (Fig. 1E). Additio-
nal thyroglobulin immunohistochemical staining (1:1,000, Dako,
Glostrup, Denmark) highlighted metastatic PTCs in a total of
three foci (Fig. 1F). A metastatic papillary carcinoma was also
identified in a separately submitted mediastinal lymph node.

Subsequent total thyroidectomy with central neck node dis-
section was performed one month after lobectomy. Bilateral PTCs
(3.3%3 cm and 0.3 0.3 ¢m) and metastasis to 17 of 36 region-
al lymph nodes were identified on histologic examination.

DISCUSSION

Synchronous primary cancers are occasionally observed, but
TTM is extremely rare; only about 100 cases have been reported
in the English literature. Campbell ¢z #/.” proposed the concept
of TTM, which can be distinguished from collision tumor based
on following criteria: 1) more than one primary tumor; 2) the
recipient tumor may be a true benign or malignant neoplasm;
3) the metastatic neoplasm is a true metastasis with established
growth within the host tumor, not the result of contiguous
growth (collision tumor) or tumor emboli; 4) primary tumors
spreading into the lymphatic system in the setting of general-

pISSN 2383-7837
elSSN 2383-7845



Metastasis of Thyroid Papillary Carcinoma within a Pulmonary Adenocarcinoma © 79

Rl S (e

Fig. 1. Metastasis of thyroid papillary carcinoma within a pulmonary adenocarcinoma. (A) Chest computed tomography shows ground-glass
opacity (white arrows) in the left upper lobe. Positron emission tomography reveals F-18 fluorodeoxyglucose uptake in the left lobe of the
thyroid, multiple cervical lymph nodes and the left upper lung (black arrow). (B) Grossly, metastatic papillary thyroid carcinoma (PTC) is a
small, round, firm, white-tan nodule (arrows) located within an irregular, soft, grey lung mass. (C) Under low-power magnification, metastatic
PTC (arrows) is distinguished from background pulmonary adenocarcinoma by its localized and compact arrangement of tumor cells. (D)
Metastatic PTC (arrows) exhibits a papillary growth pattern and less fibrosis compared to the predominant acinar pattern and large-scale fi-
brosis of pulmonary adenocarcinoma. (E) Together with well-formed papillae, tumor cells of metastatic PTC have typical nuclear features in-
cluding nuclear clearing and grooves. (F) Three metastatic PTCs are strongly positive for thyroglobulin on immunohistochemistry.

ized lymphoreticular malignancy are excluded.

According to the ‘seed and soil hypothesis™ of cancer metas-
tasis, interactions between cancer cells (seed) and specific organ
microenvironments (soil) determine the outcome of metastasis.
Renal cell carcinoma and meningioma are both highly vascular-
ized tumors, and have high lipid and glycogen content, which
can provide a fertile environment for growth. However, pulmo-
nary adenocarcinoma is a less likely candidate recipient tumor
because it is often accompanied by fibrosis, rather than the “nu-
tritious components” described above, and is less vascularized
than normal lung tissue.”

TTM is rare, but with the advent of new diagnostic tools and
treatment strategies, reports of such cases are becoming more
common. In the current study, despite the challenge of radiolog-
ic detection on account of its small size and location, metastatic

http://dx.doi.org/10.4132/jptm.2014.12.15

PTC within pulmonary adenocarcinoma was observed both mac-
roscopically and microscopically. The typical nuclear features
and immunohistochemistry along with the patient’s history of
PTC were helpful in establishing an accurate diagnosis. Regular
radiologic follow-up is scheduled for this patient based on the
potential for multiple metastases. Pathologists should consider
the possibility of TTM when they encounter a histologically
unusual component within a typical tumor of the primary or-
gan because appropriate treatment will vary in cases of TTM.
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M BRIEF CASE REPORT W

Alveolar Rhabdomyosarcoma of the Lip in an Adult
with Clear Cell Features

Jae Yeon Seok - Juhyeon Jeong - Young Woo Cheon' - Hyun Yee Cho - Seung Yeon Ha - Dong Hae Chung

Departments of Pathology and "Plastic Surgery, Gachon University Gil Medical Center, Incheon, Korea

Rhabdomyosarcoma, which occurs in the head and neck, gen-
itourinary tract and deep soft tissue of the extremities and typi-
cally presents in childhood or adolescence, is a malignant mesen-
chymal tumor showing differentiation of skeletal muscle.'” Less
than 3% of thabdomyosarcoma cases present in adults. Although
rhabdomyosarcoma frequently occurs in the head and neck re-
gion, involvement of the lips is very rare; only 8 cases have been
reported in the English literature.”'® Conventionally, rhabdo-
myosarcoma is categorized into embryonal, alveolar and pleo-
morphic subtypes." We report a case of alveolar rhabdomyosar-
coma with clear cell features presenting as a perioral subcutane-
ous nodule on the upper lip of a 58-year-old woman. A review of
the literature and possible differential diagnoses are described.

CASE REPORT

A 58-year-old woman presented with a subcutaneous hard
mass on her upper lip (Fig. 1A). A punch biopsy was performed
at a local clinic and revealed small round cells infilerating the
dermis. The possibility of a small round cell tumor such as
Merkel cell carcinoma or lymphoma was suggested. A wide ex-
cision was performed, and a skin-colored 0.7-cm nodule was
noted. The cut surface of the mass was white gray and firm. Mi-
croscopic findings showed an ill-defined subcutaneous tumor
that involved the entire dermis and subcutaneous adipose tissue
sparing the epidermis (Fig. 1B, C). Small tumor cells infiltrated
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dissecting dermal collagen bundles and showed densely packed
groups of cells. The cytoplasm was scanty with indistinct bor-
ders, and marked clear cell change was noted in most of the tu-
mor cells (Fig. 1D). Some tumor cells had amphophilic cyto-
plasm. The nuclei were round to oval with focal indentation and
finely granular chromatin. Frequent mitotic figures were noted
up to 7 per 10 high power fields.

Periodic acid-Schiff stain demonstrated a few intracytoplas-
mic glycogen particles (Fig. 2A). Immunohistochemical exami-
nation of the tumor cells showed strong positivity for desmin,
myogenin, and vimentin (Fig. 2B, C). The tumor cells were
negative for cytokeratin, smooth muscle actin, human melano-
ma black 45, S-100 protein, and neuron-specific enolase. Under
electron microscopy, the tumor cells showed thin and thick fila-
ments with focal electron density in the cytoplasm, and many
vacuoles which corresponds to clear cytoplasm visualized under
light microscopy (Fig. 2D). These findings confirmed the diag-
nosis of rhabdomyosarcoma, alveolar type.

After the diagnosis, head and neck computed tomography
and positron emission tomography were performed and re-
vealed no evidence of a primary tumor elsewhere or evidence of
a mass in deeper soft tissue. The patient underwent radiation
therapy and was free of recurrence or metastasis for four months
after surgery.

DISCUSSION

Rhabdomyosarcoma arising in the lip is very rare. Only eight
cases have been reported in the English literature (Table 1),
and the patients ranged in age from 1 to 58 years. Three of nine
patients including the current case were adults, and four of nine
patients were male. Six patients had a mass in the upper lip. Three

© 2015 The Korean Society of Pathologists/The Korean Society for Cytopathology
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Fig. 1. (A) A skin-colored nodule is noted in the upper lip (arrow). (B) An ill-defined mass involves the dermis and subcutaneous fat tissue. (C)
The tumor cells extend to the papillary dermis but do not invade the epidermis. (D) The tumor is composed of densely packed groups of
small round cells intersecting collagen bundles with marked clear cell change and frequent mitotic figures (arrow).

of nine patients presented with a congenital mass. The duration
of symptoms ranged up to seven months, and the tumor size
ranged from 0.7 cm to 10 cm. Five patients were diagnosed as
alveolar subtype, three patients as embryonal subtype, and one
patient as pleomorphic subtype. The follow-up period ranged
from 3 to 71 months. None of the nine patients experienced lo-
cal recurrence, but two had metastatic lesions. One patient had
metastatic lesions at the cervical lymph node and salivary gland.
The other patient had metastatic lesions at the lung and bone,
who died of the disease within three months.
Rhabdomyosarcoma of the lip as a primary lesion is rare. The
previously reported cases showed various clinical features such
as ulcerated hemorrhagic soft mass, smooth mobile nodule,
firm lobulated erythematous mass, lobulated small raised le-
sion, painful swelling and tender firm indurated mass. The
clinical differential diagnoses include hemangioma, odontogen-
ic tumor, dermoid, solitary fibromatosis, gingival granular cell

http://jpatholtm.org/

tumor, neurofibroma and rhabdomyosarcoma. Microscopically,
when the tumor shows skeletal muscle differentiation such as a
thabdoid feature, strap cells or cytoplasmic striation, it is easy
to reach a diagnosis of rhabdomyosarcoma. However, in the case
of a small biopsy or small tumor, the diagnosis may be more
obscure. Several tumors including lymphoma, Ewing sarcoma
and rhabdomyosarcoma can show the histologic features of a
small round cell tumor. Suspicion of this diagnosis and an ex-
tensive search for the signs of differentiation on light microsco-
py are needed in such cases. An immunohistochemical study
including desmin and myogenin is helpful if tumor cells do not
show characteristic differentiation on light microscopy. Electron
microscopy and genetic study are useful when the immunohis-
tochemical staining is not diagnostic. Ultrastructural rhabdo-
myosarcoma tumor cells show cytoplasmic thick and thin fila-
ments resembling rudimentary sarcomeric structure, cross stria-
tion, and glycogen particles.

http://dx.doi.org/10.4132/jptm.2014.06.03
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Fig. 2. (A) Periodic acid-Schiff stain shows a few glycogen particles in the cytoplasm (arrow). (B) The cytoplasm is intensively immunoreac-
tive for desmin, and a tumor cell shows striation-like features in the cytoplasm (asterisk). (C) The nuclei are positive for myogenin immunohis-
tochemical stain. (D) Ultrastructurally, the tumor cell shows intracytoplasmic filaments (arrow) (x 60,000).

Table 1. Clinicopathologic features of rhabdomyosarcoma of the lip

Author Year Age Sex Site Duration ~ Size (cm) Type  Treatment Recurrence/Metastasis/Follow-up (mo)
Smith® 1962 49 yr M L 8 wk NA E S —/-/NA

Piattelli* 1991 Adult NA U NA NA P NA NA/NA/NA

D’Amico et al.® 1996 8 mo M U 7 mo 0.8 A S,C —/+ (cervical LN, salivary gland)/alive (NA)
Brecher et al.® 2003 2 wk M U Congenital 4.2 A S,C —/-/alive (6)

Seth and Kempert” 2004 3yr F L Congenital 1.5 E S,C —/-/alive (60)

Marburger et al.® 2012 3yr M NA NA NA A C —/—/alive (71)

Dhull® 2012 5yr F U 3mo 10 A R,C —//alive (6)

Singh et al.™ 2013 11 day NA u Congenital 5 E C —/+ (bone, lung)/dead of disease (3)
Present case 2014 58 yr F U Few mo 0.7 A S,C —/-/alive (3)

L, lower lip; M, male; NA, not available; E, embryonal rhabdomyosarcoma; S, surgical treatment; U, upper lip; P, pleomorphic rhabdomyosarcoma; A, alveolar
rhabdomyosarcoma; C, chemotherapy; LN, lymph node; F, female; R, radiotherapy.

Rhabdomyosarcoma with clear cell features has been rarely immunoreactive to muscle-specific markers such as desmin and
described in the English literature.'*" The clear or vacuolated myogenin. Variable amounts of glycogen can be observed in
cytoplasm visible on light microscopy is due to lipid droplets rhabdomyosarcoma and can be demonstrated with periodic
or glycogen particles on electron microscopy. Lipid-rich rhab- acid-Schiff stain. The clear cell change itself obscures the defin-
domyosarcoma resembles liposarcoma but the tumor cells are itive diagnosis of rhabdomyosarcoma especially when the clear

http://dx.doi.org/10.4132/jptm.2014.06.03 http://jpatholtm.org/
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cell features are dominant within the tumor. Tumors presenting
as a dermal or subcutaneous nodule, which can show clear cyto-
plasm, are diverse and include balloon cell nevus, balloon cell
melanoma, clear-cell sarcoma, Paget’s disease, clear-cell basal
cell carcinoma, clear-cell syringoid tumors, clear-cell hidradeno-
ma/hidradenocarcinoma, trichilemmoma/trichilemmocarcino-
ma, sebaceous neoplasm, lipoma/liposarcoma, cutaneous metas-
tasis from renal cell carcinoma and clear-cell dermatofibroma.'*

Recently, a great advance in the ability to distinguish each of
the subtypes of thabdomyosarcoma has been demonstrated." In
alveolar rhabdomyosarcoma, reciprocal translocation of t(2;13)
(q35;q14) and t(1;13)p36;q14) and their associated fusions were
identified. In embryonal thabdomyosarcoma, chromosomal loss-
es (chromosome 9 and 10) and gains (chromosome 8, 2, 7, 11,
12, 13, and 20) occur, as do allelic losses and mutations. Chime-
ric proteins from the fusion of PAX3 or PAX7 with FOXO1 are
expressed in most alveolar rhabdomyosarcoma cases, resulting in
the worse prognosis with this subtype.

Due to the rarity of this tumor, the diagnosis of adult rhabdo-
myosarcoma with clear cell features in the lip may be challenging
in daily practice of surgical pathology. If the diagnosis of rhab-
domyosarcoma is made in a lip biopsy, clinical investigation
should be performed to eliminate the possibility of metastasis
from other primary sites. Complete surgical excision and close
follow-up are needed because of the possibility of metastasis.
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Squamous Cell Carcinoma of the Seminal Vesicle from Zinner Syndrome:
A Case Report and Review of Literature
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Until now, fewer than 60 cases of tumors originating from
the seminal vesicle have been reported. Most of them were ade-
nocarcinoma, cystadenoma, and benign mesenchymal tumor.!
Among them, only three cases in the English literature have
been reported as squamous cell carcinoma.** Although all three
cases had a prolonged history of stone formation or chronic in-
flammation, none of them were associated with congenital mal-
formation of the urogenital system such as Zinner syndrome.
Zinner syndrome is a rare Miillerian duct abnormality consist-
ing of unilateral renal agenesis, ipsilateral seminal vesicle cyst,
and ejaculatory duct obstruction. Herein, we report a 41-year-
old male with Zinner syndrome, who developed a poorly differ-
entiated squamous cell carcinoma of the seminal vesicle as a re-
sult of prolonged inflammation.

CASE REPORT

A 41-year-old male was admitted to our hospital due to gross
hematuria for two and a half months. Twelve years previous, the
patient underwent transurethral resection, suprapubic cystosto-
my, and urethral sounds to cure a right seminal vesicle cyst with
multiple stones and obstruction of the right ejaculatory duct.
At that time, a biopsy diagnosed the seminal vesicle cyst as an
epidermal cyst, a benign cyst lined with a thin layer of squa-
mous epithelium. A week after his current admission, perineal
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and scrotal pains newly developed. Digital rectal examination
detected tenderness with a hard and highly elevated postetior
prostate compressing the rectal wall. No prostate-specific anti-
gen elevation was detected and urine cytology was negative for
malignant cells. Computed tomography (CT) urography re-
vealed hypoplastic change in the right kidney, a 4.9-cm-sized
right seminal vesicle cyst with a thickened wall, and benign
prostate hyperplasia (Fig. 1A). The patient was diagnosed with
Zinner syndrome with a seminal vesicle cyst. Transrectal sonog-
raphy detected a 3.8-cm-sized hypoechoic lesion at the left tran-
sitional zone of the prostate showing a bulging contour and pro-
minent vascularity, which favored chronic prostatitis over ma-
lignancy. Treatment included not only palliative medication
but also aggressive procedures such as nerve blocking for pain
control. Six months after the initial onset of gross hematuria,
another transrectal biopsy was done and the specimen was patho-
logically diagnosed as poorly differentiated carcinoma. CT urog-
raphy and magnetic resonance imaging demonstrated a bulging
mass at the left prostate gland, which had increased in size com-
pared with images taken three months previous (Fig. 1B). The
mass showed signs of internal necrosis and anorectal adhesion,
but did not show anorectal invasion. A 4.7-cm-sized seminal
vesicle cyst at the right side and necrotic lymph nodes at the
left external iliac area were also observed. Through surgery, the
urinary bladder, prostate, and bilateral seminal vesicles were re-
moved e bloc. On gross examination, the specimen consisted of
an 11.0x6.0x 5.0-cm-sized multinodular mass with a tan-white
cut surface accompanied by hemorrhage and necrosis. Adjacent
to the tumor, the seminal vesicle cyst had a smooth mucosa mea-
suring 5.0x 3.0 cm. Under the microscope, squamous metapla-
sia was observed in the seminal vesicle cyst lining (Fig. 2A). Mi-
croscopically observed, the tumor was a poorly differentiated cat-
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Fig. 1. Computed tomography urography. (A) Images taken three months before the surgery demonstrate a 4.9-cm-sized right seminal vesi-
cle cyst (arrowhead) and an exophytic tumor measuring up to 3 cm (arrow). (B) Images taken three months later show a 4.7-cm-sized semi-
nal vesicle cyst (arrowhead) with an enlarged mass (arrow) bulging to the left prostate gland (6.1 cm).

Fig. 2. Histopathologic findings of the right seminal vesicle cyst. The specimen shows squamous metaplasia (insert), glandular tissues (A),
and a poorly differentiated carcinoma (B).

cinoma (Fig. 2B). Immunohistochemical analysis of the tumor
was positive for p63 (Fig. 3A) and negative for cytokeratin 7
(Fig. 3B), cytokeratin 20 (Fig. 3C), and carcinoembryonic anti-
gen (Fig. 3D). Although the specimen displayed some immu-
noactivity for vimentin (Fig. 3E), the staining was positive in
macrophages, as reported in murine seminal vesicle carcinoma.’
Histochemical studies (periodic acid—Schiff [PAS] and mucicar-
mine) were positive for mucin (Fig. 3F). The tumor was patho-
logically diagnosed as poorly differentiated squamous cell carci-
noma arising from the seminal vesicle cyst. The involvement of
carcinoma was detected in rectal and right ureter tissues, but no
lymph node metastasis was observed. The postoperative course
had no further events. The patient was discharged and sched-
uled for adjuvant concurrent chemoradiation therapy.

http://jpatholtm.org/

DISCUSSION

Our patient suffered from Zinner syndrome, a male counter-
part of Mayer-Rokitansky-Kiister-Hauser (MRKH) syndrome
which occurs in females. MRKH syndrome is reportedly associ-
ated with ovarian cancer and renal cell carcinoma in the genito-
urinary tract.%” Two cases of adenocarcinoma arising from a sem-
inal vesicle cyst in Zinner syndrome patients have been previ-
ously reported.*’ Table 1 summarizes those cases as well as the
present case.

In the current case, no diagnostic tool was able to detecting
the hidden malignancy until the inflammation subsided. More-
over, poorly differentiated and wide-spread features of the ma-
lignancy made it difficult to determine the exact origin of the

http://dx.doi.org/10.4132/jptm.2014.10.28
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Fig. 3. Immunohistochemistry and histochemical staining for phenotyping of the carcinoma. Tumor cells are positive for p63 (A), and nega-
tive for cytokeratin 7 (B), cytokeratin 20 (C), and carcinoembryonic antigen (D). Vimentin shows focal positivity in macrophages (E), and peri-

odic acid-Schiff staining is positive for mucin (F).

tumor before surgery. In this case, squamous metaplasia was
pathologically proven 12 years prior to the discovery of the ma-
lignancy, which clarifies the origin of the tumor. By contrast, in
all three previously reported cases of squamous carcinoma aris-
ing from the seminal vesicle, squamous metaplastic foci were

http://dx.doi.org/10.4132/jptm.2014.10.28

diagnosed simultaneously with the carcinoma.** Although tu-
mor cells in the present case were positive for mucin in PAS and
mucicarmine staining, it is not uncommon for a squamous cell
carcinoma to express mucin content.'’

To the best of our knowledge, this is the first report of a squa-

http://jpatholtm.org/
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Table 1. Summary of reported cases of carcinomas arising from a seminal vesicle cyst in Zinner syndrome patients

Okada et al. (1992)

Lee et al. (2007)°

Present case

Age (yr) 17 4
Chief complaint
Past medical history None

Seminal vesicle cyst detection  Latest admission

Location Right seminal vesicle cyst
Pathologic diagnosis Papillary adenocarcinoma
Prostate-specific antigen Normal Normal

Lower abdominal mass and dysuria  Hematuria
Prostatitis

Latest admission
Left seminal vesicle cyst
Mucinous adenocarcinoma  Poorly differentiated squamous cell carcinoma

M
Hematuria

Sqguamous metaplasia, stone formation and chronic
inflammation of the seminal vesicle

Twelve years ago
Right seminal vesicle cyst

Normal

mous cell carcinoma of the seminal vesicle developed in a Zinner
syndrome patient. Our case indicates that long-term observa-
tion and thorough evaluation are mandatory for patients with
Zinner syndrome expressing nonspecific but rapid and progres-
sive urogenital symptoms.
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Granular cell tumor (GCT) is a benign neoplasm showing
neuroectodermal differentiation and is most commonly found
in the head and neck region, including the tongue.' This tumor
is now believed to occur in virtually any site of the body, in-
cluding skin, breast, and gastrointestinal tract, with less than
1% developing in the biliary tract.” To our knowledge, only
one case of GCT of the biliary tract has been reported in Korea,
which occurred in the gallbladder.’” Herein, we present another
case of GCT of the biliary tract.

CASE REPORT

A 62-year-old female was referred to our hospital for manage-
ment of gastric adenocarcinoma that had been found during a
periodic health examination. She had been receiving treatment
for hypertension and diabetes mellitus for 20 years. Abdominal
computed tomography for a diagnostic workup revealed focal
dilatation of the right posterior hepatic duct, and subsequent
imaging with magnetic resonance imaging and magnetic reso-
nance cholangiopancreatography showed a stricture at the right
hepatic duct (Fig. 1A). Laboratory findings were unremarkable.

Under the presumptive diagnosis of synchronous cholangio-
carcinoma and gastric carcinoma, she underwent hepatic right
lobectomy with radical subtotal gastrectomy. On a resected spec-
imen, a 0.9%0.4 cm sized, ill-defined, nonencapsulated tumor
was noted in the extrahepatic portion of the right hepatic duct
(Fig. 1B). The bile duct mucosa was grossly intact, and the tu-
mor was located in the submucosal layer. The cut surface of the
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tumor was gray to whitish, solid, firm, and infiltrative (Fig. 1C).
The margins wete clear on frozen biopsy. On microscopic exami-
nation, the tumor was composed of large polygonal cells with
abundant eosinophilic granular cytoplasm, and the nuclei were
small, dark, uniform, and centrally located (Fig. 2A, B). The
overlying mucosa was atrophic and showed autolysis (Fig. 2A).
The tumor cells were diffusely positive for periodic acid-Schiff
(PAS), CD68, and S100 protein (Fig. 2C). A diagnosis of GCT
was made. The stomach tumor was papillary adenocarcinoma
(pTINOMx). The patient remains healthy at 20 months after
the resection, without any signs of complication.

DISCUSSION

The first case of GCT was reported by Abrikossoff in 1926 in
the skeletal muscle of the tongue.” Since then, there have been
some discrepancies regarding the origin of GCT based on histo-
logic and immunohistochemical findings, including myogenic,
histiogenic, neurogenic, and multicentric histogeneses.” The
exact histogenesis is still unclear, but a neural origin, more spe-
cifically Schwannian type neuroectodermal origin, is favored by
many authors'> because the tumor cells show positivity for
S100 protein, which is normally found in the central nervous
system and peripherally in Schwann cells.%”

GCT has a distinct histological appearance, being composed
of polygonal eosinophilic cells that contain cytoplasmic gran-
ules strongly reactive to PAS. The cells also contain small, cen-
tral, and vesicular nuclei, appear as clusters or sheets, and infil-
trate diffusely within the surrounding structures. They common-
ly show perineural infiltration that might lead to local recu-
rence after incomplete excision. Immunohistochemically, these
tumor cells show positivity for S100 protein, neuron-specific
enolase, vimentin, and various other Schwann-cell—related anti-
gens. Mitosis and necrosis are rarely noted. There have been some
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Fig. 1. (A) Magnetic resonance imaging shows focal dilation of the
intrahepatic bile duct in the right posterior segment (arrow) with at-
rophy. (B) The specimen shows a small tumor in the extrahepatic
portion of the right hepatic duct (arrow) and dilated intrahepatic
bile ducts. (C) A whitish infiltrative tumor is noted in the submuco-
sal layer of the bile duct.

reports of malignant GCT;, however, there is no report of malig-
nant biliary tract GCT to date.

GCT can develop at any age but is more prevalent in the fifth
and sixth decades and shows a slight male predominance. It is

http://jpatholtm.org/

Fig. 2. Histologic findings of the tumor. (A) Diffuse, infiltrative tumor
is noted in the submucosa of the bile duct. (B) The large tumor cells
show eosinophilic granular cytoplasm. (C) The tumor cells are strong-
ly positive for S100 protein.

typically solitary and smaller than 3 c¢m in diameter. GCT has
been found in almost every part of the body, with the head and
neck region being the most commonly affected site, accounting
for 45%—65% of cases.'

GCT of the biliary tract is very rare, with the first case re-
ported by Coggins in 1952 during autopsy.® Since then, 81 cas-
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es of biliary tract GCT have been reported in the English litera-
ture, with only one case reported in a Korean patient. Among
reported cases, including our case (n=82), about 52% (n=43)
of the biliary tract GCT has been observed in black women
with a median age of 34 years (range, 14 to 91 years). Interest-
ingly, GCT of the biliary tract is more prevalent in slightly youn-
ger age and females (female to male ratio, 5.3:1). The younger
age at presentation might reflect a spatial problem due to a nar-
row lumen of the biliary tract. In the literature review, most pa-
tients have complained of jaundice (44.4%), abdominal pain
(34.6%), or both (11.1%).7!° There have been two cases that
required liver transplantation due to secondary biliary cirrhosis.
In our case, the tumor was incidentally detected during the stage
workup for gastric cancer.

Many patients are clinically and radiologically suspected for
cholangiocarcinoma preoperatively; thus, they tend to undergo
extensive procedures such as Whipple’s operation. However,
GCT is almost always benign and can usually be cured by com-
plete excision alone, which is associated with a generally good
prognosis. Biliary tract GCT can also be treated with surgical
excision with tumor-free margins followed by hepaticojejunos-
tomy.

In summary, biliary GCT can cause symptoms related to bili-
ary obstruction and might present with a clinical impression of
cholangiocarcinoma. Thus, GCT should be included in the dif-
ferential diagnosis of biliary tract tumors, even though the inci-
dence is extremely low.
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