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Abstract Desmoplastic small round cell tumor (DSRCT) is a
rare, biologically aggressive soft tissue neoplasm of uncertain
differentiation, most often arising in the abdominal and pelvic
cavities of adolescents and young adults with a striking male
predominance. Histologically, it is characterized by islands of
uniform small round cells in prominent desmoplastic stroma,
and it has a polyimmunophenotypic profile, typically express-
ing WT1 and cytokeratin, desmin, and neural/neuroendocrine
differentiation markers to varying degrees. Tumors at other
sites and with variant morphology are more rarely described.
DSRCT is associated with a recurrent t(11;22)(p13;q12) trans-
location, leading to the characteristic EWSRI-WT! gene fu-
sion. Fluorescence in situ hybridization (FISH), to detect
EWSRI rearrangement, and reverse transcription-polymerase
chain reaction (RT-PCR) to assess for EWSRI-WTI fusion
transcripts are routine diagnostic ancillary tools. We present
a large institutional comparative series of FISH and RT-PCR
for DSRCT diagnosis. Twenty-six specimens (from 25 pa-
tients) histologically diagnosed as DSRCT were assessed for
EWSRI rearrangement and EWSRI-WT! fusion transcripts.
Of these 26 specimens, 24 yielded positive results with either
FISH or RT-PCR or both. FISH was performed in 23 samples,
with EWSRI rearrangement seen in 21 (91.3%). RT-PCR was
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performed in 18 samples, of which 13 (72.2%) harbored
EWSRI-WT1] fusion transcripts. The sensitivity of FISH in
detecting DSRCT was 91.3%, and that of RT-PCR was
92.8% following omission of four technical failures.
Therefore, both methods are comparable in terms of sensitiv-
ity. FISH is more sensitive if technical failures for RT-PCR are
taken into account, and RT-PCR is more specific in
confirming DSRCT. Both methods complement each other
by confirming cases that the other method may not. In isola-
tion, FISH is a relatively non-specific diagnostic adjunct due
to the number of different neoplasms that can harbor EWSRI
rearrangement, such as Ewing sarcoma. However, in cases
with appropriate morphology and a typical pattern of immu-
nostaining, FISH is confirmatory of the diagnosis.

Keywords Desmoplastic small round cell tumor - Reverse
transcription-polymerase chain reaction - Fluorescence in situ
hybridization - Sarcoma

Introduction

Desmoplastic small round cell tumor (DSRCT) is a rare and
highly aggressive neoplasm that was first described by Gerald
and Rosai in 1989 [1] and subsequently characterized in 1991 in
a series of 19 cases [2]. It is most common in adolescents and
young adults with a strong male predominance [3, 4]. DSRCT
typically arises in the abdominal and pelvic cavities, but has also
been described in other organs including lung, pleura, ovary,
kidney and parotid gland, as well as paratesticular and intracra-
nial sites [5—12]. Complete excision is often impossible as these
tumors tend to spread along mesothelial-lined surfaces.
Consequently, clinical presentation is often at an advanced stage
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with a bulky primary mass, distant metastases, and extensive
serosal seeding [13].

Morphologically, DSRCT is characterized by variably
sized, well-defined islands of uniform cells separated by
desmoplastic stroma [14]. The cells have scant cytoplasm
and small to medium-sized, round to oval hyperchromatic
nuclei with inconspicuous nucleoli. DSRCT typically shows
a polyphenotypic immunohistochemical profile, with co-
expression of epithelial (cytokeratins, epithelial membrane
antigen), mesenchymal (desmin; typically with perinuclear
dot-like positivity), and neural markers. Tumor cells also usu-
ally exhibit nuclear expression of the C-terminal part of WT1
[15-21], while expression of the N-terminal part is typically
absent. Both morphologically and immunohistochemically,
several variants of DSRCT have been documented, including
tumors with tubules and glands [3, 14, 22], marked nuclear
atypia [23], thabdoid features [2], spindle cell or signet ring
cell morphology [22], lack of significant stromal desmoplasia
[22, 24, 25], and absence of cytokeratin or desmin immuno-
reactivity [14, 23]. Variation in morphology,
immunophenotype, and site of origin can lead to considerable
diagnostic difficulty [3], so molecular and molecular cytoge-
netic investigations are critical ancillary diagnostic tools.

The EWSRI-WTI fusion is the result of a characteristic
reciprocal translocation, t(11;22)(p13;q12), that fuses exon 7
of the Ewing sarcoma gene breakpoint region 1 (EWSRI) on
chromosome 22q13 to exon 8 of the Wilms tumor suppressor
gene (WTI) on 11pl3 [26], with several alternative
breakpoints for t(11;22)(p13;q12) described [27-35]. The
EWSRI gene encodes the multifunctional EWS protein asso-
ciated with gene expression, RNA processing, and transport
and cell signaling, while W7/ is a tumor suppressor gene
encoding a zinc finger protein which regulates several growth
factors [36]. The resulting chimeric transcript encodes a pro-
tein comprising the N-terminal (transactivation domain) of
EWSRI and the C-terminal (DNA binding domain) of W7
[37] which acts as an oncogenic transcription factor that alters
gene expression and permits tumor growth [26, 38—40].
Differentiation of DSRCT from other small round cell neo-
plasms is crucial to accurately guide the most appropriate
management protocol and for prognostication; the outcome
for DSRCT is almost universally fatal with an average surviv-
al of less than 2 years [2, 22, 41]. As there can be marked
clinical, morphologic, and immunohistochemical overlap of
DSRCT with other small round cell neoplasms (such as
Ewing sarcoma and solid pattern alveolar rhabdomyosarco-
ma, both of which can occur intra-abdominally), cytogenetic
and molecular analyses for EWSR/ rearrangement with fluo-
rescence in situ hybridization (FISH), or EWSRI-WTI fusion
transcripts by reverse transcription-polymerase chain reaction
(RT-PCR), are useful routine ancillary diagnostic modalities,
which can assist in the diagnosis of DSRCT with appropriate
clinical and pathologic correlation. In this study, we compared

@ Springer

the utility of FISH for the detection of EWSRI rearrangement
and RT-PCR for EWSRI-WT1I fusion transcripts as ancillary
tools in the diagnosis of DSRCT.

Methods

Tissue from all cases was formalin-fixed and paraffin-
embedded (FFPE), and comprised consecutive specimens re-
trieved from the Histopathology Indexing System database
which were coded as “desmoplastic small round cell tumor”
over a 19-year period from 1996 to 2015. Cases comprised
both core biopsy and excision specimens of material biopsied
or resected at our center, and external cases, which had been
sent for histologic review or second opinion. Only specimens
that had FISH or RT-PCR performed for EWSR/ rearrange-
ment and/or EWSRI-WTI fusion transcripts were included.
Clinical information was retrieved for each patient from the
electronic patient record (EPR). All diagnoses had been pre-
viously made from morphology and immunohistochemistry
by one or both of two specialist soft tissue pathologists (KT
and CF). FISH and RT-PCR were performed according to
standard or previously described methods [42, 46].

Results

The group consisted of 16 males and 9 females, with an age
range of 12 to 49 years (median, 22 years) (Table 1). There
were 26 specimens in total, from 25 patients (1 patient had a
biopsy of an intra-abdominal mass sent as a second opinion
case that was shown to have EWSR/ breakpoint on FISH; the
EWSRI1-WT1 fusion transcript was detected by RT-PCR in the
subsequent excision specimen, which together with morpho-
logical and immunohistochemical findings confirmed the di-
agnosis of DSRCT).

The commonest site was the abdomen (12 cases), followed
by the peritoneum (4), omentum (3), pelvis (2), liver (2),
retroperitoneum (1), thigh (1), and lymph node and chest wall
(1 case; same specimen). Of the 26 specimens, 20 were core
biopsies and 3 were excisions, and the nature of the material
was not stated in 3 reports. Histologically, 25 tumors were
composed of nests and islands of small round cells surrounded
by fibrous stroma (Fig. 1a—) with 1 of these tumors exhibiting
focal rhabdoid cytomorphology. One showed predominantly
solid morphology (Fig. 1d).

Information regarding the immunohistochemical pattern of
staining was available for 23 specimens. Of the three speci-
mens with no immunohistochemistry, one was a debulking
case where no immunohistochemistry was requested at our
center and the EWSRI-WTI fusion transcript was detected
by RT-PCR at another institution. The second specimen was
a post-chemotherapy debulking case which was diagnosed at
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another center, with pathologic features in the debulking spec-

E imen consistent with DSRCT. Although RT-PCR failed, FISH
T‘_’ was equivocal (described below). The third case was a core
§ § biopsy reviewed as a second opinion case; the letter to the

referring pathologist stated that immunohistochemistry was
5 T “appropriate” for DSRCT although the immunoprofile was
5LE not provided. Immunohistochemically, desmin was at least
= focally positive in 23/23 cases. At least focal cytokeratin ex-
=2 pression was present in 16 cases; 6 were negative, and it was
5 r(:),« not requested in 1 case. WT1 was requested in 17 cases, and at
E % least focal nuclear expression was reported in 10; of these,

only 4 reports specified that immunoreactivity was for the
C-terminus of WT1. Neuron-specific enolase (NSE) was per-
formed in nine cases, and eight of the nine showed at least
focal expression.

RT-PCR was performed in 18 cases, and EWSRI-WT1 fu-
sion transcripts were detected in 13 (72.2%) (Figs. 2 and 3)
with one negative result and four technical failures. Of the 13
cases harboring EWSRI-WTI fusion transcripts, 10 had FISH
performed, all of which showed EWSRI rearrangement. The
case with the negative RT-PCR result did not show EWSRI
rearrangement. FISH was performed in all four cases that were
technical failures, with three positive results (75%) and one
equivocal result (see below). There was insufficient material
in the eight cases that did not undergo RT-PCR analysis, all of
which were shown to have EWSR/ rearrangement by FISH.

FISH was performed in 23 cases, and EWSR/ rearrange-
ment was seen in 21 (91.3%) with 1 negative and 1 equivocal
result. Of the 21 cases that showed EWSR/ rearrangement, 13
had RT-PCR performed with 10 positive results (77%) and 3
cases of technical failure. The case with the negative FISH
result was also found by RT-PCR not to harbor EWSRI-WTI
fusion transcripts. The case with the equivocal FISH result
included numerous cells with three to five paired signals con-
sistent with derivation from an abnormal clone, but only five
nuclei with an identifiable split signal, which was deemed too
low to conclude that a translocation involving EWSR/ gene
was a primary genetic abnormality in this neoplasm. This
sample, which was an excision specimen, was unsuitable for
RT-PCR as there was no amplification of the control gene
(beta-2 microglobulin (B2M)), indicating poor quality RNA.

FISH was not performed in three cases; RT-PCR was per-
formed first in two of these cases (one internal and one exter-
nal), both of which yielded positive results, and therefore,
subsequent FISH analysis was not required. In the third case,

EWSRI
(FISH)

chromogranin (—), GFAP (—), PLAP (—), CD45 (-), ER (-), PgR (-), TTF1 (=), CD117 (-), CA125 (-), inhibin

O

CD56 (+). S100 (weak), CD99 (weak), CK7 (), CK20 (), CEA (-), 34BE12 (=), EMA (), synaptophysin (),

Other immunohistochemistry

7 FISH had already been performed on a different sample from

“ the same patient. In all three of these samples, RT-PCR
=) showed the presence of EWSRI-WT1I fusion transcripts.
é Of the 26 specimens that had FISH and/or RT-PCR per-
§ é formed, 24 had detectable EWSRI rearrangement and/or
- é EWSRI-WTI fusion transcripts. The sensitivity of FISH was
2| 9 91.3%, and that of RT-PCR was 92.8% following omission of
13 the four technical failures. Of the 2/26 cases that were not

@ Springer
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Fig. 1 a—d Desmoplastic small
round cell tumor (DSRCT). These
tumors have characteristic
morphology, of sharply
demarcated nests of varying sizes,
comprising uniform small cells
with oval or round nuclei with
hyperchromatic or vesicular
chromatin, inconspicuous
nucleoli, and scant cytoplasm (a—
¢), dispersed in prominent
fibroblastic stroma (a—b).
Sometimes, DSRCT can display
more uniformly solid features
without marked associated
stroma, closely resembling other
tumors with small round cell
morphology such as Ewing
sarcoma (d)

R :
%&z;:}“\s\ X
NIRRT

confirmed by FISH or RT-PCR, 1 had morphologic appear-
ances and an immunoprofile typical of DSRCT including
AEI1/AE3 positivity, focal nuclear positivity for WT1 (C-ter-
minus), and focal dot-like positivity for desmin. There was
focal immunoreactivity to NB84, which was thought to be
of uncertain significance. CK20, TLE1, TTF1, and CD99
were negative. EWSRI-ERG and EWSRI-FLII fusion

e

>

K7

transcripts were not detectable by RT-PCR. Overall, this case
was considered to be a rare genetic variant of DSRCT not
detectable by RT-PCR primers or FISH probes. The other
sample was a post-chemotherapy case of DSRCT. It was not
possible to calculate specificity and positive and negative pre-
dictive values for either technique, as all the samples were
cases of DSRCT initially diagnosed on morphology and

0.001
e : » 2 “

Fig. 2 Real-time quantitative polymerase chain reaction (RT-PCR) am-
plification plots (leff) and melt curve profile (right), showing positive
EWSRI-WTI fusion transcripts of DSRCT. Example of an amplification
plot of the SYBR green real-time quantitative polymerase chain reaction

@ Springer

o
Temperature (*C)

assay for EWSRI-WT1 (left). Fluorescence emission delta Rn (DRn) per
cycle is shown for the positive control (yellow), a patient sample positive
for the EWSRI-WTTI fusion (green), and a cell line known not to harbor
the translocation (red). Corresponding melt curve profile (right)
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Fig. 3 Sanger sequencing traces showing the fusion of EWSRI exon 7 and WT1I exon 8 in a patient with DSRCT. Forward read is shown. Ref.

sequences: EWSRI NM_005243.3 and W71 NM_024426.4

immunophenotype by specialist soft tissue pathologists, with
no negative controls. In some cases, other FISH probes and
RT-PCR primers were used to exclude gene rearrangement
and fusion transcripts. FOXO! rearrangement was undetect-
able in eight cases, while the SS/8 breakpoint was not seen in
one case. ASPSCRI-TFE3, SS18-SSX1/2, PAX3/7-FOXOI,
EWSRI-ERG, and EWSRI-FLII fusion transcripts were unde-
tectable in one, one, three, six, and six cases, respectively.

Discussion

This study represents a large comparative series of FISH and
RT-PCR in the diagnosis of DSRCT and shows that EWSR/
rearrangement and/or EWSRI-WT! fusion transcripts were
detectable in 24 of 26 specimens (92.3%). In our hands, RT-
PCR is of comparable sensitivity to FISH (92.8% compared
with 91.3%). RT-PCR was performed in 18 samples, of which
13 (72.2%) were shown to harbor EWSRI-WTI fusion tran-
scripts, with the sensitivity of RT-PCR rising to 92.8% when
the four cases of technical failure were omitted. This is in
keeping with RT-PCR detection rates documented in previous
studies. Lae et al. [14] demonstrated that 28/30 cases (93%)
showed EWSRI-WTI fusion by RT-PCR with primers for
EWSRI exon 7 and WTI exon 10, while de Alava et al. [27]
detected the chimeric transcript in 11/12 cases (91.6%) using
the same primers. In both studies, FISH was not used in the
evaluation of these neoplasms.

Of the two cases that lacked EWSRI rearrangement or
EWSRI fusion transcripts, one had morphological appear-
ances and an immunophenotype typical of DSRCT and was
considered to be a genetic variant not detected by commercial
RT-PCR primers or FISH probes. The other case was post-
chemotherapy, which may have impacted molecular testing.
The high percentage of FISH and/or RT-PCR confirmation at
our institution likely reflects a degree of tertiary center bias; it
is possible that histopathologic diagnosis is more rigorous
than those at other centers such that the possibility of

DSRCT is not entertained unless the morphologic appear-
ances, immunoprofile, and clinical context truly fit the diag-
nosis. Therefore, the lack of specificity of FISH may be less of
an issue at our center, but may be more so at other institutions,
in which case RT-PCR is even more critical for confirming the
diagnosis.

There was no correlation between a negative or equivocal
FISH/RT-PCR result and the amount of tumor tissue available
(i.e., whether the sample was a core biopsy or excision spec-
imen). One potential drawback of RT-PCR is that it may fail to
detect the EWSR-WTI fusion transcript if variant breakpoints
for the t(11;22)(p13;q12) are present, which are not detectable
with commercially available primers. Some authors have used
specific primer sets in order to detect these variant breakpoints
[33, 43-45]. Ideally, this would be helpful in confirming RT-
PCR negative cases. However, specific RT-PCR primer sets
may not be available in standard molecular diagnostic labora-
tories. Similarly, karyotyping could potentially detect cases
missed by RT-PCR. However, on receipt of the samples at
the time, we did not have fresh tissue to karyotype, with nu-
merous cases sent to us as referral or second opinion cases
from other centers. If variant breakpoints are present, FISH
may detect EWSR/ rearrangement in such cases.

Furthermore, FISH has been associated with a higher sen-
sitivity for detecting gene rearrangement and a better success
rate than RT-PCR [46], which was less robust a few years ago,
due to suboptimal tissue fixation and processing techniques.
However, in recent years, there has been a steady improve-
ment in the technical success rates of cases undergoing RT-
PCR. This is reflected in our series where two of the four
technical fails occurred in 2008 (one second opinion case
and one internal case), one in 2010 (second opinion case),
and one in 2014 (internal case). No technical fails occurred
in 2015. This trend can perhaps be attributed to the increasing
experience of laboratory staff at our center and at other insti-
tutions, which are now accustomed to optimal tissue handling
and processing procedures for FFPE material undergoing mo-
lecular analysis. All histopathology departments now

@ Springer
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recognize the crucial role that molecular pathology plays in
assessing genetic aberrations in solid tumors with potential
targeted therapies, and consequently, tissue handling and pro-
cessing techniques have improved accordingly [47].

Of the four technical fails identified, one case was an exci-
sion specimen (from 2008) and three were core biopsies. The
low cellularity present within the cores presumably did not
yield sufficient amounts of extracted RNA [48]. It has been
suggested that tumors with prominent fibrous stroma, such as
DSRCT, may be more susceptible to technical fails by RT-
PCR as the stromal component reduces the overall total den-
sity of cells and thus the total amount of RNA to be extracted.
Therefore, additional sections are recommended in such cases
to ensure sufficient RNA extraction for RT-PCR analysis [48].

The sensitivity of RT-PCR is high when technical fails are
omitted from the analysis. While the failure rate is relatively
higher in older cases in our series, its success rate now mirrors
that of FISH as fixing and processing techniques have im-
proved. Although numerous neoplasms are associated with
EWSRI gene rearrangement [49-51], FISH still plays an im-
portant role in confirming the diagnosis. DSRCT is one of the
rare sarcomas that can be confidently diagnosed on phenotype
in the appropriate clinical and histopathological setting.
Desmin, cytokeratin, and WT1 (C-terminus) positivity and
the absence of expression of the N-terminal part of WT1 are
almost restricted to this entity. Therefore, detection of EWSR/
gene rearrangement by FISH would be confirmatory in this
specific setting. Indeed, none of the DSRCT mimics with
EWSRI gene rearrangement, Ewing sarcoma in particular,
have this immunophenotype, and none of those entities with
similar morphology and an overlapping immunoprofile, such
as solid pattern alveolar rhabdomyosarcoma, have EWSR1
gene rearrangement. A probe for WT1, which is now com-
mercially available, could potentially increase the specificity
of FISH to that of RT-PCR. However, this probe is expensive
with a limited shelf life (up to 2 years) and would need to be
purchased in batches. Given the ready availability of RT-PCR,
with improved rates of technical success in recent years, the
need for a WT1 probe is low, and therefore, the majority of
laboratories do not stock it. Hence, RT-PCR has an important
role to play in confirming the diagnosis of DSRCT, particu-
larly in cases with limited material, those with atypical mor-
phological features or immunophenotypic findings (e.g., des-
min or cytokeratin negative), or those that are clinically
unusual.

It should be noted that EWSR-WT1] is characteristic but no
longer specific for DSRCT, as it has been recently described in
a behaviorally indolent low-grade small round cell tumor of
the cauda equina [52] which comprises nests and cords of
small round cells with some rosette-like structures, rare mitot-
ic figures, and a low Ki-67 proliferation index with immuno-
histochemical features of smooth muscle differentiation, as
well as focal CD99 and Neu-N expression. This finding
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further underlines the importance of clinicopathological cor-
relation when EWSR/-WT1] fusion transcripts are detected by
RT-PCR in order to arrive at the correct diagnosis.

Conclusions

The diagnosis of DSRCT can be difficult due to variation in
tumor site, morphology, and immunophenotypic spectrum,
leading to overlap with other round cell neoplasms, particu-
larly those also harboring EWSRI rearrangement such as
Ewing sarcoma. Hence, ancillary molecular confirmation is
a crucial adjunct to histopathology. This study shows that, in
comparative analysis, both FISH and RT-PCR are useful in the
diagnosis of DSRCT, although technically, RT-PCR was less
reliable. If the morphological appearances fit and all
immunophenotypic criteria are met, then FISH is confirmato-
ry. RT-PCR, which has a comparable detection rate to FISH
for DSRCT (when cases with technical failure are omitted), is
able to confirm the diagnosis in the appropriate histologic
context if the immunoprofile is incomplete. Furthermore,
FISH may detect EWSRI rearrangement in cases where vari-
ant breakpoints for the t(11;22)(p13;q12) are present.
Therefore, RT-PCR and FISH complement each other by
confirming cases that the other method may miss. In the ap-
propriate morphological setting and if all immunophenotypic
criteria are satisfied, it may be contributory to perform FISH,
in the first instance with RT-PCR analysis reserved for cases
with an atypical immunoprofile that otherwise fit the criteria
for DSRCT. A small percentage of cases will not show either
EWSRI rearrangement or EWSRI-WTI fusion transcripts, and
this should not deter a diagnosis of DSRCT if these cases
fulfill the morphologic, immunophenotypic, and clinical
criteria.
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