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We encountered a child with an intraosseous small
round cell tumor that was negative for LCA, CD20
(L26), and CD3 and positive for vimentin, CD99
(MIC-2), and periodic acid-Schiff. The tumor exhib-
ited rosette-like formations. This case was initially
interpreted as Ewing’s sarcoma (ES); however, ad-
ditional studies revealed positivity for CD79a, CD43,
and TdT expression, and an immunoglobulin heavy
chain gene rearrangement (IgH-R) by polymerase
chain reaction (PCR) established this to be a pre-
cursor B-lymphoblastic lymphoma. Because the dif-
ferential diagnosis of ES and lymphoblastic lym-
phoma can be difficult and the differential
diagnostic value of leukocyte antigens and immu-
noglobulin heavy chain gene rearrangement studies
have not been fully evaluated, we conducted amore
extensive investigation on 33 (21 soft tissue and 12
intraosseous) ES cases. Cases were retrieved from
the files of the Department of Pathology at George-
townUniversity and from the Soft Tissue Registry of
the Armed Forces Institute of Pathology. The cases
were studied by light microscopy, immunohisto-
chemistry, and PCR for IgH-R and T cell receptor
gamma chain gene rearrangement (T�-R). There
were 17 females and 16 males; the mean age was
29.3 years. Locations included the extremities (n �
17) and trunk (n � 16). All cases fit the ES spectrum
by light microscopy and immunohistochemistry, as
previously determined, and were negative for lym-
phoid markers (LCA, CD3, CD20, CD43, CD79a, and
TdT), CD10 and CD34. CD99 was positive in 31/33
and bcl-2 was weakly positive in 13/33 cases. All 21
cases studied for gene rearrangements by PCR were
negative for IgH-R and T�-R. Distinction of in-

traosseous lymphoblastic lymphoma from ES may
be difficult because lymphomas may occasionally
exhibit unexpected morphologic and immunophe-
notypic properties including LCA, CD3 and CD20
negativity and cytokeratin positivity. Additional
analysis using CD79a, CD43, TdT, and PCR should
be performed to avoidmisdiagnosis. True ES is neg-
ative for lymphoidmarkers including CD79a, CD43,
and TdT, as well as for IgH-R and T�-R.
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This study was prompted by a case of a small round
cell tumor of the tibia in a 7-year-old girl, who was
initially interpreted as Ewing’s sarcoma (ES) because
of rosette-like formations (Fig. 1), positivity for CD99
(MIC-2), cytokeratin, vimentin and periodic acid-
Schiff and negativity for LCA, CD3, and CD20 (L26)
(Fig. 2). The differential diagnosis morphologically in-
cluded lymphoma. Additional studies, including im-
munohistochemical stains for CD79a, CD43, and TdT
(Fig. 3) and polymerase chain reaction (PCR) for im-
munoglobulin heavy chain gene rearrangement (IgH-
R), definitively established this tumor to be a precur-
sor B-lymphoblastic lymphoma.
Intraosseous lymphoblastic lymphomas may be

confused with Ewing’s sarcoma clinically and patho-
logically (1–4) and a limited panel of antibodies can
lead to an erroneous diagnosis, particularly in chil-
dren (4, 5). To determine to what extent lymphoid
markers should be analyzed to exclude lymphoma
with certainty before diagnosing ES, we investigated
33 cases of ES for expression of lymphoidmarkers and
immunoglobulin heavy chain and T-cell receptor
gamma-chain gene rearrangements. Although in a
previous study, five cases of ES were reported to be
negative for LCA (6), and in a recent study, certain
lymphoid markers were reported to be negative in 17
ES cases (5), we conducted a more extensive investi-
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gation on 33 ES cases including gene rearrangement
studies. These additional findings have not been pre-
viously reported.

MATERIALS AND METHODS

Cases
Thirty-three (21 soft tissue and 12 intraosseous)

ES cases were obtained from the files of the Armed
Forces Institute of Pathology and Pathology Depart-
ment of Georgetown University Medical Center.

Light Microscopy and Immunohistochemistry
Histologic sections were prepared from 10%

formalin-fixed, paraffin-embedded tissue and
stained with hematoxylin-eosin, and periodic acid
Schiff stains with and without diastase-digestion.
Immunohistochemical stains were carried out on
formalin-fixed, paraffin-embedded tissue using the
avidin-biotin technique with diaminobenzidine as
a chromogen on an automatic immunostainer
(TechMate 1000, Ventana Medical Systems, Tucson,
AZ) (7). The following monoclonal antibodies were
used: antibodies against CD45, UCHL-1, CD34,
CD79a, CD20 (L26), S-100, HMB-45, NSE (neuron
specific enolase), EMA (epithelial membrane anti-

gen), smooth-muscle actin, vimentin, and desmin
(purchased from DAKO, Carpinteria, CA), CD99 (O-
13) (from Signet, Dedham, MA), CD10 (from Novo-
castra Laboratories, Newcastle, UK), Leu 7, and
CD43 (Leu 22) (from Becton-Dickinson, San Jose,
CA), CD43 (MT-1) (from Boehringer Mannhein, In-
dianapolis, IN), chromogranin, synaptophysin,
neurofilament, and keratin (a cocktail of AE1/AE3,
CAM 5.2, and 35�H11) (from Ventana Medical Sys-
tems, Tucson, AZ). In addition, the following poly-
clonal antibodies were used: antibodies against
CD3 (from DAKO, Carpinteria, CA), and TdT (ter-
minal deoxynucleotidyl transferase) (from Super-
techs, Bethesda, MD). In every case, formalin-fixed
tissue was subjected to heat-induced antigen
retrieval.

PCR Analysis for Immunoglobulin and T Cell
Receptor Gene Rearrangements

In 21 cases of ES, DNA was extracted from
formalin-fixed, paraffin-embedded tissue. Two to
three 50 micron-thick sections were placed in a

FIGURE 1. Lymphoblastic lymphoma with rosette-like formations
mimicking Ewing’s sarcoma (ES) (�100), inset higher magnification
(�400).

FIGURE 2. Lymphoma cells are positive for CD99 (MIC-2) (A) (�400)
and negative for CD20 (B) (�200).
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sterile Eppendorf tube, deparaffinized with xylene,
washed with 100% ethanol and then 70% ethanol,
and digested with proteinase K overnight at 55°C.
DNA was extracted with phenol-chloroform-
isoamyl alcohol (25:24:1), precipitated with 3 M so-
dium acetate and 100% ethanol and reconstituted
with 100 �l sterile water.

The PCR for immunoglobulin heavy chain gene
rearrangement and T-cell receptor gamma chain
gene rearrangement was performed as previously
described (8) in a Gene Amp 9600 Thermal Cycler
(Perker Elmer, Norwalk, CT) using consensus prim-
ers specific for the variable and joining regions of
the immunoglobulin heavy chain gene (9) and con-
sensus primers specific for the variable and joining
regions of the TCR gamma chain gene (10). The
PCR products were analyzed by polyacrylamide gel
electrophoresis containing 10 to 15% polyacryl-
amide gels.

RESULTS

Clinical Features
There were 17 females and 16 males. The ages

ranged from 7 to 60 years, with a mean age of 29.3
years. Tumors were located in the bone or soft
tissue of the extremities in 17 cases and in the trunk
in 16 cases. All except one case were localized to
one site at the time of diagnosis. The most common
soft tissue sites included the chest wall (four cases),
retroperitoneum (three cases), and thigh (three cas-
es). The most common bones involved were the
femur (two cases) and tibia (two cases).

Histologic Features
Morphologically, all cases fit the ES spectrum by

light microscopy. Some cases had classic features of
ES including a sheet-like growth pattern of small
uniform blue cells, separated by fibrous septa.
These cases exhibited geographic necrosis and
pseudorosette formation (Fig. 4). Other cases had
focal areas of discohesion, irregular nuclear con-
tours, crush artifact, and a “fried egg” appearance;
these latter features suggested lymphoma (Fig. 5).

Immunohistochemistry and Polymerase
Chain Reaction

The results of the immunohistochemical analysis
are summarized in Table 1. All cases were negative
for lymphoid markers (LCA, CD3, CD20, CD43,
CD79a, and TdT). CD99 was positive in 31/33 and
bcl-2 was weakly positive in 13/33. 29 cases studied
with CD10, 31 cases studied with CD34 and eight
cases studied with UCHL-1 were negative for these
markers.

Gene rearrangements by PCR on all 21 cases were
negative for the IgH chain gene rearrangement and
TCR gamma chain gene rearrangement (Fig. 6). In
addition, five cases that were positive for bcl-2 by
immunohistochemistry were also analyzed for the
t(14;18) translocation by PCR; however, no bcl-2/
immunoglobulin heavy chain gene rearrangements
were identified.

FIGURE 3. Lymphoma cells are positive for CD79a (A) (�400), CD43
(B) (�400), and TdT (C) (�400).
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DISCUSSION

Based on our sentinel case of a precursor
B-lymphoblastic lymphoma that was initially mis-
taken for Ewing’s sarcoma because of confusing
morphologic and immunohistochemical findings
(1), we wanted to see whether the reverse might be

true and to determine further evidence to separate
Ewing’s sarcoma from precursor B-lymphoblastic
lymphoma. Therefore, we studied known Ewing’s
sarcoma (ES) cases from bone and soft tissue for
immunohistochemical and molecular identifiers of
lymphoma. Both ES and lymphoma belong to a
similar morphologic family of small round cell tu-

FIGURE 4. Classic features of Ewing’s sarcoma: sheet-like growth
pattern separated by fibrous septa (A) (�100), geographic necrosis (B)
(�100), and pseudorosette formation (C) (�400).

FIGURE 5. ES with focal areas mimicking malignant lymphoma:
discohesion (A) (�400), irregular nuclear contours (B) (�400), and
“fried egg” appearance (C) (�400).
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mors. We equate Ewing’s sarcoma as on a spectrum
with primitive neuroectodermal tumor (PNET), be-
cause both lesions have similar clinical, pathologic,
and molecular findings (t (11;22)). Other small blue
cell tumors include small cell osteosarcoma, mes-
enchymal chondrosarcoma, embryonal rhabdo-
myosarcoma, neuroblastoma, desmoplastic small
round cell tumor, and neuroendocrine carcinomas.
The correct diagnosis of intraosseous small round
cell tumors, particularly in children, may pose ex-
treme difficulty because of overlapping clinical, ra-
diographic, histologic, and immunophenotypic fea-
tures (3, 4).

Ewing’s sarcoma (including PNET) is the most
common intraosseous small round cell tumor, and
constitutes approximately 70% of these cases (11),
whereas bone lymphomas account for approxi-
mately 5% of all primary bone tumors (12–14). Both
of these tumors also may present as primary soft
tissue tumors, however, very rarely (15–17). In chil-
dren, intraosseous lymphoblastic lymphoma com-
prises a significant percentage of the lymphoma
cases and is often misdiagnosed. For example, in a
study of 11 bone lymphomas, 10 of 11 cases were
referred with a diagnosis other than lymphoma (4).
Among these, ES was the most common erroneous
diagnosis.

Multiple factors can contribute to the frequent
misdiagnosis of B-LBL as Ewing’s sarcoma. When
interpreted in isolation, histology, cytochemistry,
immunohistochemistry, and even molecular tests

may result in a diagnostic error. Some of the histo-
logic features that are often present in Ewing’s sar-
coma and may be present in lymphoma include
crush artifact, overlapping nuclei, abundant geo-
graphic necrosis with perivascular tumor preserva-
tion, an alveolar growth pattern, focal discohesive-
ness, and rosette-like structures (18). The presence
of scant cytoplasm, irregular nuclei, finely dis-
persed nuclear chromatin, and inconspicuous nu-
cleoli in tumor cells, the presence of background
mature small lymphocytes and plasma cells among

TABLE 1. Summary of the

Immunohistochemical Analysis

Antibody
Number of

Positive Cases

CD99 31/33
CD45 0/33
CD20 0/33
CD79a 0/33
CD3 0/33
CD43 0/33
TdT 0/33
CD10 0/29
CD34 0/31
CD45RO 0/8
Bcl-2 13/33
Keratins 0/27
EMA* 1/10
S-100* 4/24
HMB-45 0/10
Desmin 0/19
Actin 0/10
NSE* 8/22
Synaptophysin* 4/17
Chromogranin* 1/15
Neurofilament* 1/8
Vimentin 10/13
Leu 7 2/8

a. All the cases morphologically fit the spectrum of Ewing’s sarcoma/
primitive neuroectodermal tumor. Lymphoid antibodies used were the
following: CD45 (LCA), CD20 (L26), CD79a (Mb-1), CD3, CD43 (Leu 22),
CD99 (O-13), CD45RO (UCHL-1), CD10 and CD34.

* Denotes focal positivity in some of the cases.

FIGURE 6. Negative polymerase chain reaction for immunoglobulin
heavy chain (A) and T cell receptor gamma chain gene rearrangements
(B) in two cases of ES. ErbB-2 was used to show the presence of
amplifiable DNA in each case. DNA from tonsillectomy specimens was
the negative control and DNA from lymph node specimens from
patients with known B- or T-cell lymphomas was the positive control.
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tumor cells, and sclerosis are often features that
strongly suggest B-LBL. Cytochemical stains may be
also misinterpreted. The presence of intracytoplas-
mic glycogen as determined by the periodic acid-
Schiff stain with diastase digestion is sometimes
used to distinguish ES from lymphoma. However,
glycogen can be found in lymphoma (19).

Immunohistochemistry is potentially the most
reliable diagnostic aid in the differential diagnosis
of ES and lymphoma. However, a limited immuno-
histochemical panel may cause diagnostic pitfalls
as well. In many institutions, the initial immuno-
histochemical panel for a small round cell tumor
includes CD45, vimentin, keratin, desmin, synapto-
physin, S-100 protein, neuron-specific enolase,
chromogranin and CD99 (MIC2 gene product). Our
experience suggests that this panel is not sufficient;
B-LBL is frequently negative for CD45 and CD20,
and may express antigens that are positive in Ew-
ing’s sarcoma including vimentin (20), CD99 (21–
23) and rarely cytokeratin (1, 24). CD99 was initially
reported to be specific for Ewing’s sarcoma (25),
but is now known to be frequently positive in both
B and T cell type LBL (21–23). Positive staining for
keratin also needs to be interpreted cautiously.
Among the small round cell tumors, desmoplastic
small round cell tumors often express keratin (26,
27) and ES may also show focal positivity for keratin
(28, 29). Thus, even a CD45-, CD20-, vimentin�,
keratin� immunophenotype does not exclude the
diagnosis of B-LBL.

For positive identification of B-LBL, TdT, CD79a,
and CD43 are the most useful markers in LCA- and
CD20-negative cases. Because both precursor B and T
cell type LBL are almost always positive for TdT (30),
immunohistochemical demonstration of TdT, which
can be done reliably on paraffin-embedded tissue, is
the most sensitive and specific for a diagnosis of LBL,
even though TdT positivity was observed in nonhe-
matopoietic small round cell tumors in a previous
study (31). In that study, 7 of 10 medulloblastoma, 1 of
19 rhabdomyosarcoma and 1 of 8 ES cases were
found to express TdT, although we did not find TdT
positivity in this study of 33 ES cases. Moreover, in a
recent study, TdT was reported to be negative in 17 ES
cases (5). CD3 is the most useful marker for identify-
ing a T-cell lineage. CD79a is the most sensitive
paraffin marker for B-cell lineage because it is ex-
pressed in early B cells as well as all of the other stages
of B cell differentiation, including plasma cells (32).
B-LBL is often CD20 negative (1, 2, 32, 33). Similarly,
CD45RO (UCHL-1) is often negative in immature
T-lymphoblasts (33). CD43 is a very reliable marker
for immature hematopoietic neoplasms, because
anti-CD43 antibodies (Leu 22 or MT-1) will stain not
only T-cell LBL, but also 80% of B-LBL and almost all
of granulocytic sarcomas (34). In this study we found
that TdT, CD79a and CD43 are all negative in ES and

therefore these three stains should be included in the
differential diagnosis between Ewing’s sarcoma and
B-LBL. These findings were confirmed by a recent
study of 17 ES cases (5). Two other useful markers that
could help distinguishing LBL and ES are CD10 and
CD34. Both are commonly used in flow cytometric
analysis of leukemias and are often positive in pre-
cursor B-lymphoblastic lymphoma/leukemias (35,
36). Because paraffin antibodies are available for
these markers, positive identification for any of these
should alert the pathologist to the possibility of LBL
because in this study, all the ES cases studied for these
markers (31 cases for CD34 and 29 cases for CD10)
lacked these antigens.

Molecular genotyping, especially using PCR, may
be very helpful in the diagnosis of malignant lym-
phomas that cannot be diagnosed based on mor-
phology and immunohistochemistry (37). Precur-
sor lymphoblastic lymphomas or lymphoblastic
leukemias commonly rearrange their immunoglob-
ulin heavy chain (IgH) and/or T cell receptor
gamma chain (T�) genes, irrespective of their lin-
eage. B-LBLs demonstrate IgH gene rearrangement
in 90% and T� gene rearrangement in 50% of cases.
Similarly, T-LBLs demonstrate T� gene rearrange-
ment in more than 90 and IgH gene rearrangement
in up to 25% of cases (38, 39). The clonal IgH or T�
gene rearrangements are specific for lymphomas
and can be demonstrated by PCR in up to 90% of
cases utilizing more than one set of primers (37–
39). We studied 21 cases of Ewing’s sarcoma for IgH
and T� gene rearrangements and did not observe
any false positive rearrangements. Thus, the dem-
onstration of clonal gene rearrangement of IgH or
T� by PCR, which can be performed on paraffin-
embedded tissue, supports the diagnosis of lym-
phoma or lymphoblastic leukemia rather than Ew-
ing’s sarcoma in equivocal cases.

Approximately 85% of Ewing’s sarcoma and PNET
are characterized by t(11; 22)(q24; q12) translocation
that causes fusion of the EWS gene on chromosome
22 to the FL-1 gene on chromosome 11 (40). Another
common translocation present in approximately 10%
of ES/PNET is t(21;22)(q22; q12) resulting in EWS/
ERG gene fusion. Other rarer translocations include
t(7;22)(p22; q12) resulting in EWS/ETV-1; t(17;22)
(q12; q12) resulting in EWS/E1AF and t(2;22)(q33;
q12) resulting in EWS/FEV (40). EWS/FL-1 fusion
transcript caused by t(11;22)(q24; q12) is specific for
ES/PNET and is not found in other small round cell
tumors of infancy (41, 42). Moreover, this transloca-
tion can be demonstrated in up to 80% of ES/PNET by
reverse transcriptase-PCR from mRNA isolated from
fresh or formalin-fixed, paraffin-embedded tissue
(41–44). Interestingly, one reported case of acute my-
eloid leukemia had t(11;22)(q24; q12) translocation by
cytogenetic analysis (45), but it is not known whether
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that case contained EWS/FL-1 fusion transcript, be-
cause the case was not studied at the molecular level.

In conclusion, light microscopy and a limited panel
of immunohistochemical markers can cause misdiag-
nosis of small round cell tumors and to prevent
this, immunohistochemical markers should include
CD79a, CD43, TdT, CD10 and CD34 if lymphoma is
suspected, in addition to other routine markers. None
of these markers were seen in ES cases we studied. In
controversial cases, gene rearrangement by PCR also
can be of great value. Positive IgH-R or TCR-R, never
positive in Ewing’s sarcoma, will support the diagno-
sis of lymphoma or lymphoblastic leukemia. Similarly
demonstration of EWS/FL-1 fusion transcript by RT-
PCR will support the diagnosis of ES/PNET.

Although rare, precursor B-LBL should be always
considered in the differential diagnosis of small
round cell tumors of bone. A diagnosis of Ewing’s
sarcoma should be made only after complete im-
munophenotyping, and if necessary, molecular di-
agnostic tests to exclude LBL, because lymphoblas-
tic lymphoma is a potentially curable disease with
aggressive chemotherapy alone (46, 47).
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