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To the Editor: We read with great interest the
recent paper by O’Sullivan et al. on the detection by
RT-PCR of the SYT-SSX fusion transcript resulting
from the t(X;18)(p11;q11) of synovial sarcoma in
malignant peripheral nerve sheath tumors (MPN-
STs) and a variety of other soft tissue tumors (1).
There has in recent years been an impressive accu-
mulation of data from multiple groups supporting
certain translocation-derived gene fusions as pri-
mary, necessary, and tumor-type-specific genetic
events in certain sarcomas (reviewed in Refs. 2– 4,
among others). With the more widespread applica-
tion of PCR, there also have been papers ques-
tioning the specificity of these associations. Often,
such reports describe the RT-PCR detection of
translocation-derived fusion transcripts in tumors
of unexpected histologic types, and generally the
claims are neither corroborated by independent
methods nor reproducible by others. It is important
to critically and systematically review such reports,
because they often attract undue attention and
serve to confuse casual readers. We believe the
paper by O’Sullivan et al. is such a paper.

These authors report RT-PCR detection of SYT-
SSX fusion transcripts in RNA extracted from par-
affin blocks in 15 of 20 MPNSTs. Despite this un-
usual result, in no case did they attempt to confirm
the presence of a t(X;18) using techniques other
than RT-PCR, for instance, Southern blotting, con-
ventional cytogenetics, or FISH. The latter tech-
nique could have been readily applied to their
paraffin-embedded material, but it was not. They
did verify their RT-PCR products by hybridization
and sequencing, but this does not represent an
independent confirmatory method. O’Sullivan et al.
also report that 1 of 4 adult fibrosarcomas, 1 of 10
malignant fibrous histiocytomas, 1 of 7 congenital
fibrosarcomas, and 2 of 3 neurofibromas were pos-
itive for SYT-SSX by RT-PCR. The lack of confirma-
tory data independent of RT-PCR, in conjunction
with this peculiar proportion and variety of positive
cases, raises the spectre of contamination-related
technical issues, even without knowledge of the
considerable existing literature contradicting their
results. We will first outline the existing cytogenetic
and molecular genetic literature, and then we
will provide further unpublished data from our
laboratories.

In their Discussion, O’Sullivan et al. sidestep a
clear presentation of the extensive cytogenetic lit-
erature on MPNSTs while raising the suggestion
that cytogenetically inapparent or “masked” t(X;
18)s in MPNSTs may account for the marked dis-
crepancy with their data. A database of the human
cancer cytogenetics literature is now publicly avail-
able at the Cancer Genome Anatomy Website
(cgap.nci.nih.gov/Chromosomes/Mitelman). A
simple search shows abnormal karyotypes from 53
MPNSTs taken from 19 papers. None contain a
t(X;18), and indeed there are no cases with any
abnormality of Xp11 or 18q11, arguing against the
proposal by O’Sullivan et al. that masked t(X;18)
translocations abound in MPNSTs. Furthermore,
masked or cryptic translocations are rare occur-
rences in those karyotypic rearrangements involv-
ing the exchange of cytogenetically distinct chro-
mosome fragments such as the t(X;18)(p11;q11).
Thus, we view the possibility of masked t(X;18) in
MPNSTs as remote. Although masked transloca-
tions never can be excluded as rare events, they
certainly cannot be legitimately used to explain the
glaring discrepancy between the complete absence
of a cytogenetic t(X:18) in 53 MPNSTs available
in the literature and the RT-PCR evidence from
O’Sullivan et al. of the t(X;18) in 15 of 20 their
MPNST samples. In addition to the 53 negative
MPNSTs in the cancer cytogenetics database, there
are more than 29 additional reported MPNSTs not
included in this database in which neither cytoge-
netics (5, 6) nor FISH (7, 8) could detect a t(X;18).
We also note that the authors cite some early case
reports of t(X;18) (Refs. 38,41,64 in Ref. 1) in which
the correct pathologic diagnosis was uncertain.
These cannot be used to support the “nonspecific-
ity” of the t(X;18), in as much as the authors of some
of these reports later recognized that these tumors
were, in fact, synovial sarcomas (5,9).

O’Sullivan et al. also fail to provide a clear pre-
sentation of the published molecular genetic stud-
ies where RT-PCR for SYT-SSX was performed on
MPNSTs. The authors argue that the availability of
translocation data leads to a “reclassification bias,”
i.e., that the diagnosis is revised simply on the basis
of the molecular result, regardless of the histopa-
thology. The differential diagnosis of spindle cell
sarcomas, and especially of MPNSTs, can be quite
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difficult, and cases are routinely “reclassified”
based on ancillary data other than molecular tests.
It is perhaps futile to argue the merits of individual
“reclassified” cases in the literature. To our knowl-
edge, none of these “reclassified” cases have been
clear MPNSTs in NF1 patients. Indeed, the entity
that may be the most difficult to reliably separate
from MPNST is monophasic synovial sarcoma, not
only in a routine setting, but also particularly those
rare cases that are intraneural. We should note that
this entity was described without t(X;18) transloca-
tion analysis (see Refs. 15–19 in Ref. 1). Even if one
were to entertain the hypothesis of a “reclassifica-
tion bias,” the data in existing molecular genetic
studies are statistically incompatible with those of
O’Sullivan et al. Namely, of at least 31 MPNSTs
tested by RT-PCR by 4 groups (10 –13), only 3 pre-
sumptive “MPNSTs” were positive for SYT-SSX, ver-
sus 15 of 20 in the data of O’Sullivan et al. (P ,
.00001).

We also would like to briefly outline unpublished
data from several laboratories, which also contra-
dict the results of O’Sullivan et al. We should note
that these negative data were obtained using a va-
riety of techniques, including conventional cytoge-
netics, FISH, and RT-PCR.

1. At Memorial Sloan-Kettering Cancer Center,
we tested eight cases of high-grade MPNST by
RT-PCR on RNA extracted from frozen tumor
tissue (obtained from six MSKCC and two
Mayo Clinic patients). Four patients had NF1
and nerve involvement by tumor. Among the
other four patients, the tumor directly in-
volved nerve or nerve and ganglion in two
and was associated with a neurofibroma in
another. RT-PCR for SYT-SSX1 and SYT-SSX2
was negative in all eight cases, whereas a con-
trol reaction using synovial sarcoma RNA was
appropriately positive. RT-PCR for a house-
keeping gene transcript was positive in all
eight MPNST RNAs, confirming their integrity.

2. At the University of Nebraska Medical Center,
14 MPNSTs (8 from patients with NF1) and 2
Triton tumors have shown clonally abnormal
karyotypes by conventional cytogenetics, but
none had evidence of a t(X;18). RT-PCR was
performed on eight of these karyotypically ab-
errant specimens in which frozen tissue was
available, and no SYT-SSX1 or SYT-SSX2 prod-
uct was identified. RT-PCR also was performed
on two MPNSTs and one Triton tumor in
which only frozen tissue was available, and
these cases were similarly negative for SYT-
SSX1 or SYT-SSX2. Cytogenetic studies per-
formed on 46 synovial sarcomas have revealed
the X;18 translocation in 90% of the cases.

3. At the Hospital of the University of Pennsylva-
nia, we tested 21 samples signed out as
MPNST by RT-PCR on RNA extracted from
frozen tumor tissue (obtained from 19 Cleve-
land Clinic patients). In all 19 patients, the
tumor was either reported to arise in a neuro-
fibroma or in the setting of NF1, typically aris-
ing in a plexiform neurofibroma. All were
found to be negative for SYT-SSX, except for
one case. The latter case, on review, contained
no pathologic evidence of a surrounding neu-
rofibroma, although it clearly arose within a
nerve (in a patient without NF1). The case was
sent blindly to another sarcoma pathologist
(C.F.), who made the diagnosis of intraneural
synovial sarcoma, with which the referring pa-
thologist (J.R.G.) concurred. This case is in-
structive because it shows how “reclassifica-
tion” is not simply the result of “bias” based
on knowledge of the translocation data, but
typically involves cases with truly problematic
histopathology.

4. At Brigham and Women’s Hospital (Boston),
Children’s Hospital (Boston), and University
Hospital in Leuven (by P.d.C.), we have karyo-
typed 96 MPNST and 123 synovial sarcomas.
An average of 20 metaphase cells were exam-
ined per case, and t(X;18) was evaluated in
every cell. None of the MPNST contained cells
with identifiable t(X;18), whereas 112 of the
synovial sarcomas (91%) had t(X;18). The t(X;
18) always was found in at least 50% of the
cells from each positive synovial sarcoma and
generally was identified in 80 to 100% of the
cells. We also have performed dual-color flu-
orescence in situ hybridization (FISH) for t(X;
18) in 3 MPNST and in 11 synovial sarcomas.
These studies were accomplished using a YAC
telomeric to the SYT locus and a chromosome
X pericentromeric alpha-satellite, with hybrid-
ization against intact nuclei disaggregated
from 50 micron paraffin sections. None of the
MPNSTs had t(X;18), whereas 9 of the synovial
sarcomas (82%) had t(X;18), which always was
found in at least 80% of the cells.

These negative results on a total of 145 cases of
MPNST raise further concerns regarding the data of
O’Sullivan et al. It is indeed unfortunate that the
authors did not seek to test the validity of their own
results more critically, before publication. Instead,
they provided the readers with a lengthy and well-
crafted Discussion, in which the results of isolated
reports akin to their own are accepted uncritically
but the bulk of the data in the literature, which are
inconsistent with their results, are downplayed.
Furthermore, we disagree strongly with the authors’
somewhat glib final comment that the nonspeci-
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ficity of translocation-based molecular diagnostic
markers implied by their results is not unexpected
given the experience with immunohistochemical
markers. That assertion does not reflect the funda-
mental biological difference between the expres-
sion of a normal antigen by a tumor and the detec-
tion of a specific abnormal gene fusion implicated
in the development of that tumor.

Tumors do not exist primarily as morphologic
entities; they are also biological and genetic enti-
ties. In the case of sarcomas with chromosomal
translocations, these specific gene fusions repre-
sent a pivotal element of their genetic profile that
can be readily detected by simple molecular meth-
ods. We believe most pathologists view the excel-
lent one-to-one correlation of specific morphologic
entities with new translocation-based molecular di-
agnostic markers not as a challenge to the primacy
of histopathology but rather as gratifying confirma-
tion of its validity in originally defining these many
different entities. In our experience, the specificity
of the association of the t(X;18) with tumors mor-
phologically classified as synovial sarcoma is a
graphic demonstration of this correlation.
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Letters to the Editor

In reply: We thank Ladanyi and associates for
highlighting several issues that continue to provoke
lively discussion among interested pathologists,
and we are first to agree that our paper should be
thoughtfully scrutinized as it was initially by us, and
subsequently by peer reviewers. Not unexpectedly,
we do not share the concern of Ladanyi et al. that
our paper will have an untoward effect on the “ca-
sual reader,” who, after all, may be as discerning as
they are. In as much as the readership of Modern
Pathology consists of educated and interested pa-
thologists, geneticists, and molecular biologists
fully capable of independently evaluating our ex-
perimental design, methods, and data, we are not
worried that the presentation of unexpected find-
ings will have an adverse effect on our specialty, nor
even tincture the scientific process.

We emphasize that we are as enthusiastic as
Ladanyi and colleagues about the potential of mo-
lecular diagnostic testing. For the past several years,
we have incorporated molecular testing into our
practice and have found it useful in the context of
our other studies. However, as with any laboratory
test, the additional experience that comes from ev-
eryday application identifies limitations that were
not initially recognized, and it is in this context that
we reported the results of our study, designed spe-
cifically to focus on PCR-based testing of malignant
peripheral nerve sheath tumors (MPNST) harboring
t(X;18) (1). We chose to focus on MPNSTs because
this entity is commonly included in our differential
diagnosis of synovial sarcoma (SS). Our results in-
dicate that examples of MPNST can harbor t(X;18),
an observation that is certainly not unique, as a
recent report documents t(X;18) in a case diag-
nosed as MPNST, a result that was confirmed by
PCR, cytogenetics, and FISH (2). And we note that
in their correspondence, Ladanyi and his col-
leagues mention but do not challenge three pre-
sumptive MPNSTs that were positive for the SYT-
SSX fusion transcript in studies compiled from
other investigators (3– 6). We agree that the per-
centage of spindle cell neoplasms other than SS
that harbor t(X;18) is remarkably low; however, the
published data do not support the view that there is
an absolute correlation between SS and the pres-
ence of t(X;18).

In a broader context, it is puzzling that Ladanyi et
al. have focused their criticisms on the presumed
absolute specificity of the SYT-SSX gene fusion
given the many other well-established examples of
less controversial gene fusions that are not tumor
specific. As illustrations, TPM3-ALK and Clatharin-

ALK gene fusions have been identified in both in-
flammatory myofibroblastic tumors (IMT) and ana-
plastic large cell lymphomas (ALCL) (7–11); are we
to assume that Ladanyi and associates, on this dis-
covery, have reclassified their examples of IMT as
ALCL variants? Given that ETV6-NTRK3 fusions
have been documented by several genetic methods
in an acute myeloid leukemia (AML) as well as
congenital fibrosarcoma/cellular mesoblastic
nephroma (CFS/CMN) (12), would Ladanyi et al.
diagnose a case of AML harboring t(12;15) as just a
hematogenous round cell variant of CFS/CMN? The
existence of common oncogenic mechanisms in
tumors of different lineages is well established and
has even been the subject of a recent editorial by
Ladanyi himself (13).

Ladanyi et al. propose that cases in which an
unexpected result is obtained by PCR-based testing
be subjected to additional analysis before the result
is considered valid. There is some merit to this
proposal, but it raises several issues. First, this ap-
proach ignores the realities of clinical practice,
where frozen tissue is often not available, cytoge-
netics is often not performed, and the quantity of
even formalin-fixed tissue may be limited. Second,
we are concerned that by this approach the same
level of scrutiny is not applied to all cases. Specifi-
cally, by their proposal, the result of PCR-based
testing is accepted when it yields the expected re-
sult (e.g., an SS in which the presence of t(X;18) is
demonstrated); on the other hand, when the result
of PCR-based testing yields a result that is unex-
pected (e.g., an MPNST shown to harbor t(X;18)),
additional ad hoc genetic tests must be performed
before the result is considered valid. Additional ad
hoc testing on only a subset of cases introduces an
obvious experimental bias and can only serve to
skew the results. Objective evaluation of the sensi-
tivity and specificity of any laboratory test (in this
case, PCR-based testing) requires the same protocol
for every case and does not provide the opportunity
to test and retest only selected cases by various
methodologies until a preconceived result is ob-
tained. Third, we note that the method of testing
Ladanyi et al. propose is not consistently applied in
even their own published studies. As one example,
in their recent report on the unexpected finding of
EWS-FLI1 fusion transcripts in adamantinomas,
only one case was confirmed by additional genetic
tests, whereas all the other cases were tested by
RT-PCR alone (14). At least in this instance it seems
that Ladanyi and colleagues are proposing a testing
regimen for unexpected results that other groups
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must follow but from which they themselves are
exempt.

It should be noted that Ladanyi et al. make no
challenge to either our histologic diagnoses or the
specific protocols employed in the study, but rather
attribute our results to vague “contamination-
related technical issues.” We agree that contamina-
tion is an ever-present concern when performing
PCR-based assays, but Ladanyi propose a highly
selective form of contamination, found repeatedly
on retesting (even in subsequent specimens from
some patients) but absent in 40 other soft tissue
tumors that were retested several times. This is an
improbable way for contamination to manifest it-
self, and, in fact, formal statistical testing of our
data using the x2 test rejects the null hypothesis
that the results are due to random contamination
with P , .0001.

In our view, at the present time, the result of
testing for a single genetic abnormality should be
integrated with all the other relevant clinical and
pathologic information of a particular case, includ-
ing the clinical setting, light microscopic features,
immunophenotype, and even electron microscopic
findings (15). Consequently, we would render the
diagnosis of MPNST for a malignant spindle cell
tumor arising in a nerve in a patient with NF-1 that
had the histologic, immunohistochemical, and
electron microscopic features of an MPNST, even if
the tumor were shown to harbor t(X;18). Faced with
the same case, what diagnosis do Ladanyi and his
colleagues propose?

Maureen J. O’Sullivan, MB, M.D., MRCPath
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