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Abstract Uterine leiomyosarcoma comprises <1 % of
uterine malignancies and is known for its clinically aggres-
sive course. Extrapelvic recurrences are common and often
lethal. No adjuvant therapies have been shown to signiW-
cantly improve overall survival, highlighting the need for
new and novel therapies. Our objective was to determine
whether GD2-speciWc immunocytokine therapy may be
explored for the treatment for uterine leiomyosarcoma. To
do so, frozen tissue sections were obtained from the Gyne-
cologic Oncology Group tumor bank and evaluated by
immunohistochemistry (IHC) for GD2 expression using
both the parent mouse monoclonal antibody 14G2A and
immunocytokine 14.18-IL2 generated from the 14G2A
sequence. Immunoreactivity was detected by avidin–biotin
complex with DAB substrate. Specimens were reviewed by
a pathologist with light microscopy and classiWed as nega-
tive, 1+, 2+ or 3+, compared to human melanoma cells as
positive control and tissue incubated in the absence of

primary antibody as negative control. GD2 was diVusely
present in all evaluable samples. 10 tumors (67 %) demon-
strated 3+ IHC intensity for GD2, two tumors (13 %) dem-
onstrated 2+ intensity, and 3 (20 %) tumors demonstrated
1+ intensity. Eleven cases had suYcient tissue to assess
14.18-IL2 binding. All 11 cases bound 14.18-IL2 in a pat-
tern identical to the parent antibody. Uterine leiomyosar-
coma diVusely express GD2 and bind the therapeutic
immunocytokine 14.18-IL2. This warrants further explora-
tion to determine whether immunocytokine therapy may
have a clinical role in the management of these aggressive
tumors.
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Introduction

Uterine leiomyosarcoma is a rare, aggressive mesenchymal
tumor comprising approximately 1 % of uterine cancers
[1]. These tumors arise de novo from uterine smooth mus-
cle and are microscopically characterized by hypercellular-
ity, abundant mitoses, marked atypia, and large areas of
necrosis. Surgical intervention remains gold standard for
primary treatment. However, despite surgical resection,
66 % of women with stage I/II disease will succumb to
their disease within 5 years. Recurrence is common, occur-
ring in 50 % of women diagnosed with well-staged early-
stage disease, and in over 80 % of women with advanced
stage disease, despite aggressive resection at the time of
primary surgery. Of those patients with recurrence, 40 %
have extrapelvic disease. These patients are rarely cured,
drawing attention to the need for eVective systemic adju-
vant therapy capable of clearing sub-clinical disease.
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Despite extensive study of adjuvant hormones, radiother-
apy, and multiple chemotherapeutic regimens, no adjuvant
therapies have been shown to signiWcantly impact overall
survival, and no consensus regarding preferred adjuvant
modalities has been reached [2].

Globally, cancer research paradigms are shifting away
from empiric cytotoxic pharmacotherapeutics toward more
targeted therapies. One such speciWc target has been the
disialoganglioside GD2. Gangliosides are acidic class of
glycolipids expressed on cell membranes. Typically, GD2
is expressed in cerebellar neurons, peripheral pain Wbers,
and melanocytes. GD-2 has also been found to be over-
expressed in tumors of neuroectodermal origin, including
neuroblastoma, melanoma, small cell lung cancers, and
soft-tissue sarcomas [3–5]. SpeciWcally, in a series of 39
soft-tissue sarcomas including liposarcomas, Wbrosarco-
mas, malignant Wbrous histiocytomas, spindle cell sarco-
mas, and 10 leiomyosarcomas, GD2 was found to display
diVuse anti-GD2 staining in nearly 95 % of specimen as
evaluated by immunohistochemistry [4]. However, the
majority of these were nongynecologic specimen. Because
GD-2 is so selectively over-expressed in these tumors, it
has been a promising target for antibody-directed therapy.

Initially, anti-GD2 antibody, chimeric14.18 (ch14.18),
was fused with cytokines including GM-CSF and IL-2 to
produce molecules called immunocytokines (ICs). These
early ICs were then used successfully as targeted therapy in
animal models [6, 7]. Subsequently, humanized 14.18 has
been complexed with IL-2 (14.18-IL2) and tested in a
phase I and II clinical trials in children with refractory or
recurrent neuroblastoma and adults with melanoma [8–10].
These studies have established hu14-18-IL2s pharmacoki-
netics, administration regimen, and maximal tolerated
doses and have demonstrated an acceptable toxicity proWle
in both adult and pediatric populations [9, 11–13]. GD2
research has been most signiWcantly impacted by a recent
phase III trial, which showed that children with high-risk
neuroblastoma and minimal residual disease had signiW-
cantly improved outcomes when treated adjuvantly with
ch14.18, GM-CSF, and interleukin-2 [14].

The success of recent clinical trials targeting GD2, the
presence of GD2 in other soft-tissue sarcomas, and the pau-
city of eVective systemic adjuvant treatments for uterine
LMS led us to evaluate GD-2 expression in uterine leiomy-
osarcoma, to determine whether GD2-directed therapy may
be worthwhile for investigation as a treatment for this
highly aggressive disease.

Methods and materials

After institutional IRB approval was obtained, all available
cases of uterine LMS with frozen tissue available were

obtained from the Gynecologic Oncology Group (GOG)
tumor bank. Frozen sections were mounted on charged
slides, Wxed in cold acetone, and blocked for 30 min in
normal serum. Sections were incubated with the anti-GD2
primary mouse monoclonal antibody, 14G2A (Dr. Paul
Sondel, University of Wisconsin Hospitals and Clinics,
Madison, WI, USA) at 30 �g/ml for 4 h at room tempera-
ture. Sections were washed and incubated with biotinylated
secondary antibody for 30 min at room temperature. Immu-
noreactivity was detected by avidin–biotin complex (ABC)
with DAB substrate (Vector Labs, Burlingame, CA, USA).
Positive control sections of human melanoma and negative
control sections from each tumor incubated in the absence
of primary antibody were evaluated. NonspeciWc isotype
IgG controls were performed in a subset of cases. Sections
were evaluated by a gynecologic pathologist, using light
microscopy to determine the presence and pattern of spe-
ciWc staining. The specimens were qualitatively scored as
negative, 1+, 2+ or 3+. Simple descriptive statistics were
performed.

Those samples with suYcient tissue remaining were
incubated with the therapeutic immunocytokine 14.18-IL2
(Merck-Serono, Darmstadt, Germany) for 4 h at room tem-
perature. Sections were then washed and incubated with
biotinylated mouse anti-human IL2 IgG. Once again,
immunoreactivity was determined by ABC/DAB, and sec-
tions were reviewed and evaluated by light microscopy as
described above.

Results

Tumors analyzed are outlined in Fig. 1. Two specimens
from advanced stage cancers contained nearly full-Weld
necrosis resulting in strong nonspeciWc staining and were
therefore not interpretable, leaving 15 evaluable specimens.
Both positive and negative controls were evaluated and
found to be appropriate for comparison. Of the 15 evaluable
tumors, four were from patients with stage I disease, 5 were
from patients with stage III disease, and 6 were from
patients with stage IV disease (Fig. 1a). Of evaluable speci-
mens, 10 tumors (67 %) demonstrated 3+ immunohisto-
chemical intensity for GD2 (stage I = 2, III = 3, IV = 5), two
tumors (13 %) demonstrated 2+ intensity (stage III = 2), and
3 tumors (20 %) demonstrated 1+ intensity (stage I = 2,
IV = 1). Representative photomicrographs can be seen in
Fig. 1b. No tumors were characterized as GD2-negative.
Overall, GD2 staining was characterized as diVusely posi-
tive, without patchy or isolated GD2 expression (Fig. 2).
Additionally, each of 11 samples with adequate tissue for
immunohistochemistry for 14.18-IL2 was noted to bind the
immunocytokine in a pattern identical to the parent mouse
monoclonal antibody 14G2A. While normal myometrial
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Fig. 1 a Table summarizing stage and immunohistochemistry results.
b Photomicrographs taken at £100 magniWcation of uterine leiomyo-
sarcoma incubated without secondary antibody serving as negative
control, anti-GD2-stained malignant melanoma as positive control,

and representative uterine leiomyosarcoma sections showing 1+ (case
1), 2+ (case 8), and 3+ (case 3) anti-GD2 staining with the mouse
monoclonal antibody 14G2A

Fig. 2 Serial sections of LMS incubated without primary antibody as a negative control at 5£ and 10£, respectively (Wrst row), and with 14G2A
mouse monoclonal antibody (second row)
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stroma was not present in the majority of specimens, owning
to the large size of gross specimen, those with residual
myometrium revealed negative GD2 staining.

Discussion

Uterine LMS, though rare, is a devastating gynecologic
malignancy. Despite excision, recurrence rates exceed 50 %
in early-stage disease and 80 % in late-stage disease. While
postoperative adjuvant radiation and chemotherapy has been
studied extensively, there are no adjuvant treatments eVec-
tive in preventing distant recurrence. Likewise, no prospec-
tive trials have found therapies capable of improving
survival in patients with recurrent or persistent disease.

Radiotherapy is of limited utility in the treatment for
uterine LMS. While it has been shown to improve local
control, it has shown no improvement in overall survival in
patients with early-stage sarcoma [1, 15–17]. A randomized
controlled study was performed by the EORGTC random-
ized patients with early-stage uterine sarcomas to adjuvant
whole pelvic radiation and found improvement in local
control. However, subgroup analysis of patients with LMS
associated radiation therapy with an increased rate of recur-
rence as compared to those in the observation group [1].

Uterine LMS is also quite chemoresistant: Single-agent
chemotherapeutics including ifosfamide, doxorubicin,
dacarbazapine, cisplatin, and paclitaxel have been shown to
have relatively poor activity against LMS, none exceeding
response rates of 25 % [18–21]. Doxorubicin and ifosfa-
mide used in tandem have been shown to have partial
response rates, ranging from 30 to 55 % [22]. Perhaps most
promising in the cytotoxic treatment for uterine LMS is the
Wxed-dose regimen of docetaxel and gemcitabine, which
has been shown to improve progression-free survival
patients in patients with advanced uterine LMS [23, 24]. In
short, while it is reasonable to oVer systemic chemotherapy
either as adjuvant treatment to aVected patients, no thera-
pies have been shown to impact overall survival, emphasiz-
ing the need for developing novel modalities for the
treatment for this disease.

Our study shows that uterine leiomyosarcomas diVusely
express GD2 and subsequently bind the anti-GD2 therapeu-
tic immunocytokine 14.18-IL2. There are certain limita-
tions to this small descriptive study. Though we were able
to obtain all specimen from a national tissue repository,
uterine LMS is rare. Intraoperatively, lesions are frequently
mistaken for benign leiomyoma, so frozen specimens are
rarely sent for evaluation, and the diagnosis of uterine LMS
is most frequently made on formalin-Wxed, paraYn-embed-
ded tissue. However, GD2 is degraded by formalin, and
frozen sections performed on advanced disease are more
likely to have necrosis limiting IHC evaluation. Necrotic

areas are prone to extensive nonspeciWc staining, which
further limits accurate evaluation. Therefore, our numbers
are limited both by rarity and by diYculties with specimen
processing. Additionally, there are no animal orthotopic
models for uterine LMS, and attempts to produce uterine
LMS cell lines have been futile, further limiting the poten-
tial for additional preclinical study of GD2-directed therapy
in this disease. Therefore, we must look to anti-GD2 therapies
that have been studied in other malignancies for assistance
with applying treatment to patients with uterine LMS.

To date, several GD-2 targeted therapies have been stud-
ied in the other solid tumors, namely melanoma and neuro-
blastoma. Monoclonal antibodies speciWc to GD2 carrying
cationic liposomes containing ifosfamide have studied in
vitro in the treatment for both tumor types [25]. Addition-
ally, radiotherapy with a radiolabeled GD2-speciWc mAb
has also been shown to be feasible and is being studied in a
phase II trial as one method to protect patients from dose-
dependant radiation toxicity. Active immunizations against
GD2 have also been pursued, however, because carbohy-
drates are T cell-independent antigen, only weak immune
responses have been elicited. To overcome this, ganglio-
sides have been coupled to carrier molecules in eVort to
induce a more substantial response [26].

A recent phase II study sponsored by the Children’s
Oncology Group evaluated the use of 14.18-IL2 in chil-
dren with recurrent/refractory neuroblastoma. Intravenous
Hu14.18-IL2 (12 mg/m2/daily) was administered every
4 weeks for 3 days in patients with biochemically measur-
able recurrent/refractory disease. Of 23 patients evaluable
only by [123I]metaiodobenzylguanidine (MIBG) scintigra-
phy and/or bone marrow (BM) histology, Wve patients
(21.7 %) demonstrated complete response of durable dura-
tion (9, 13, 20, 30, and 35 months) [27]. Another phase III
trial evaluated 226 patients with high-risk neuroblastoma
who had a response to induction chemotherapy and stem
cell transplantation. Patients were randomized to either six
cycles of isotretinoin or six cycles of isotretinoin +  immu-
notherapy with ch14.18 in combination with alternating
GM-CSF and interleukin-2. The trial was terminated early,
following 61 % of the number of expected events observed
secondary to treatment eYcacy. Immunotherapy was found
to be superior when compared to standard therapy in terms
of recurrence free (66 § 5 % vs. 46 § 5 % at 2 years,
P = 0.01) and overall survival (86 § 4 % vs. 75 § 5 % at
2 years, P = 0.02). However, a total of 52 % of patients
undergoing immunotherapy had grade 3 or higher pain,
23 % had capillary leak syndrome and 25 % had hypersen-
sitivity reactions [14]. This is one of the Wrst trials to dem-
onstrate treatment eYcacy in neuroblastoma and represents
a major advancement in the immunotherapy of cancer.

There are many similarities between these neuroblas-
toma patients and both early-stage and optimally debulked
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LMS patients. Anti-GD2 therapy provides optimal beneWt
(in both in vivo animal models and human clinical trials) in
the context of minimal residual, sub-clinical disease. The
high rates of recurrence in uterine LMS demonstrate that
large numbers of women have residual sub-clinical disease,
underscoring the need for eVective adjuvant therapy. The
high expression of GD2 in uterine LMS and its restricted
distribution in normal tissues make anti-GD2 therapies
potentially suitable for immunotherapy. Because LMS
express GD2 and diVusely binds the immunocytokine,
14.18-IL2, further exploration is warranted to determine
whether this novel immunocytokine or other GD2-directed
therapies could be used adjuvantly in the treatment for uter-
ine LMS.

ConXict of interest The authors declare no conXict of interest.
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