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Abstract
We report for the first time the impact of neoadjuvant oral low-dose chemotherapy consisting of
oral trofosfamide, idarubicin, and etoposide (O-TIE) in the case of alveolar Rhabdomyosarcoma
(RMS) in the lower jaw of an 18-year-old woman at 27-weeks of gestation, without fetal
complications and a highly efficient anti-tumor response. Our study suggests the possible
application of O-TIE treatment in a neoadjuvant setting during pregnancy and recommends a
schedule that can be considered for the treatment of patients with high-risk sarcomas who cannot
be treated with intensive chemotherapy for various reasons.
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INTRODUCTION
The incidence of cancer during pregnancy is relatively low and has been found in
approximately 1:1,000 gestations [1]. Rhabdomyosarcoma (RMS) occurs most frequently in
pediatric and adolescent patients, accounting for more than 50% of soft tissue sarcomas in
these age groups, but is extremely rare during pregnancy. The multimodal treatment of RMS
includes an intense intravenous (i.v.) multiagent chemotherapy, radiotherapy and surgery
[2]. However, depending on gestational age, dose and exposure time of the different agents
this treatment can cause severe damage to the fetus, including spontaneous abortion, fetal
abnormalities, growth retardation, or cardiac and hematologic toxicity [3-5].
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We report for the first time the successful and well tolerable neoadjuvant application of oral
low-dose chemotherapy in a pregnant woman in the 27th week of gestation who presented
with an alveolar RMS infiltrating the mandible. Our patient was treated with oral low-dose
chemotherapy consisting of trofosfamide, idarubicin, and etoposide (O-TIE). This regimen
was used as induction therapy followed by intense i.v. chemotherapy according to the trial
CWS-96-IV for soft tissue sarcomas of the German Pediatric Oncology and Hematology
Society (GPOH).

CASE REPORT
An 18-year-old woman at 27-weeks of gestation, gravida 2, para 0, was referred to our
hospital with a painless mass of her left lower jaw which had rapidly progressed over
approximately four weeks (Fig. 1). Facial magnetic resonance imaging (MRI) disclosed a
tumor measuring 4.4 × 4.1 × 3.0cm (volume: 28ml) with infiltration of the left mandibular
bone. Grossly, the tumor was well circumscribed with an oral/buccal gelatinous nodular
outside portion (Fig. 1). No distant metastases were found in staging studies performed by
ultrasonography. The family history was inconspicuous for any malignant diseases.

Histopathologic analysis disclosed a mesenchymal neoplasm with musculoskeletal
differentiation including alveolar and embryonal rhabdomyoblasts. Immunohistochemical
staining was positive for desmin, actin, myogenin and S-100, and negative for pan
cytokeratin. The proliferation index (measured as Ki-67 positive cells) was approximately
30%. An independent panel of pathologists gave a final diagnosis of an alveolar RMS,
clinical grade III according to the Intergroup Rhabdomyosarcoma Study Group System
(IRS), tumor, node, metastases system (TNM) stage T1b N0 M0.

To protect the fetus from severe side effects of intensive intravenous chemotherapy, oral
low-dose chemotherapy (O-TIE) was administered to the mother according to the
maintenance therapy of the GPOH-CWS-96-IV-protocol. The schedule included alternating
courses of (A) 2 × 75mg/m2 trofosfamide for days 1–10 combined with 1 × 5mg/m2

idarubicin on days 1, 4, 7, and 10 and (B) 2 × 75mg/m2 trofosfamide on days 1–10
combined with 2 × 25mg/m2 etoposide on days 1–10. Both courses A and B were given
twice, without interruption, for 40 consecutive days. Written consent was obtained from the
patient before starting this experimental therapy.

O-TIE chemotherapy began at 28+1 weeks of gestation. With the exception of mild hair
loss, the chemotherapy was not accompanied by clinically relevant side effects or
complications. The lack of myelosuppression meant that no antibiotics were required for
severe infections. Neither platelet nor erythrocyte transfusions were necessary. Abdominal
ultrasounds were performed weekly to evaluate the development of the fetus. No
pathological features or signs of abnormalities in the fetus were detected.

Five days after the last course of O-TIE with trofosfamide and etoposide, at 34+1 weeks of
gestation, a healthy male preterm infant was born by Cesarean section with a birth weight of
1,790g (10th–25th percentile), length 42cm (3rd–10th percentile), head circumference 29.8cm
(10th–25th percentile), APGAR score of 9/9/9 at 1/5/10 minutes, umbilical cord blood
pH7.39. Echocardiography and ultrasound screening of the newborn revealed no
abnormalities. The blood cell count of the newborn was unremarkable with hemoglobin
14.5g/dl, leukocytes 8.000/μl and platelets 465.000/μl. Lactate dehydrogenase, C-reactive
protein, bilirubin, and electrolyte values were normal. Cord blood and serum levels of the
mother were negative for residual etoposide (as measured by HPLC). The mother’s
postpartum facial MRI showed tumor reduction from the initial volume of 28ml (tumor size:
4.4 × 4.1 × 3.0cm) to 2ml (tumor size: 1.5 × 1.2 × 2.1cm) six weeks after start of O-TIE
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(Fig. 1). Whole-body skeletal scintigraphy and additional computed tomography scan of the
chest showed no metastases.

After recovery from Cesarean section and implantation of a Hickman catheter, intravenous
chemotherapy was started according to the GPOH-CWS2002-P-VAIA high-risk group
protocol. Two months after irradiation and the last intravenous chemotherapy cycle, local
surgery with resection of the left mandible and parts of the bottom of the oral cavity with
reconstruction followed. Histology of the resected tissue showed rarely disseminated tumor
cells (desmin+, MIB-1+), and resection margins and bony parts that were free of tumor.
Further, O-TIE maintenance chemotherapy according to the CWS-96-IV protocol was
pursued one month after local surgery for about 6 months (8 × TI, 8 × TE; every three
weeks). The patient exhibited no evidence of recurrence of RMS 2 years after the end of
therapy. The infant had no evidence of any malformations, and exhibited normal
neurological development during the 23/12 years of follow-up.

DISCUSSION
Malignancy diagnosed during pregnancy is perceived as a situation where the life of the
mother is in conflict with that of the developing fetus [4,6]. Nonetheless, cautious
administration of chemotherapy during the second or third trimester of pregnancy may be
associated with severe adverse effects, including cardiac toxicity, growth retardation,
septicemia, and/or bleeding due to the chemotherapy-induced transient fetal
myelosuppression [7-9]. We demonstrated that oral low-dose chemotherapy with O-TIE
produced a highly efficient anti-tumor response without associated side effects in the mother
or fetus. To our knowledge, to date there are no published case reports on the use of oral
low-dose chemotherapy in a pregnant woman with alveolar RMS. Meazza et al. reported
customized treatment with mild doses of intravenous chemotherapy and alternating courses
of cyclophosphamide with doxorubicin or actinomycin D administered weekly for treatment
of a pregnant woman until birth. Unfortunately, despite an initially good tumor response the
disease progressed and the patient died after delivery of a healthy child [10]. In contrast,
Martin et al. reported the case of an 18-year-old woman with facial alveolar RMS diagnosed
during the third trimester, which showed a complete remission after three intravenous
courses of intensive multiagent chemotherapy (cyclophosphamide, actinomycin D,
vincristine), without fetal complications. However, severe pancytopenia and febrile
temperatures developed in the mother, which were associated with life-threatening adverse
effects on the fetus [11]. Beside the early teratogenic effects after fetal exposure to intensive
intravenous chemotherapy administered to the mothers, the infectious complications caused
by transient neonatal myelosuppression play a pivotal role in the third trimester [8].

Our O-TIE treatment schedule considered three essential pharmacological aspects. First, the
drug combination in the O-TIE schedule was based on chemotherapy regimens reported to
be relatively safe for use in the second and third trimester of pregnancy including primarily
oxazaphosphorines and anthracyclines [12-14]. The successful use of etoposide alone or in
combination with other antineoplastic agents during pregnancy has been previously
described [15-17]. Second, a prospective study of patients with stage IV RMS or “RMS-
like” tumors showed that the efficacy of O-TIE, in terms of survival, was significantly better
than intravenous high-dose chemotherapy after standard chemotherapy with carboplatin,
etoposide, vincristine, actinomycin D, ifosfamide, and epirubicin (CEVAIE) [18]. Third, the
reported toxicity of the O-TIE arm was low, even though all patients were pretreated with
intensive chemotherapy [18,19]. Although the O-TIE concept was attractive as mild therapy
in our patient during the 27th week of gestation, a favourable outcome was not necessarily a
matter of course. In contrast to other maintenance chemotherapy concepts, we used O-TIE
chemotherapy in the present study as an experimental front-line treatment. These data must
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be taken into consideration in view of the harmful prognostic features of our patient, i.e. age
>10 years, local invasiveness, alveolar subtype, and facial tumor site [20]. However, in
accordance with data from the literature, the results demonstrate that the application of O-
TIE seems to be an attractive alternative to provide long-lasting, low-dose chemotherapy
[18,19], and may act through different mechanisms [13,20], without an increase in side
effects and extension of the patients’ hospitalization time. Since different experiences
demonstrate that chemotherapy given in the third trimesters of pregnancy is usually not
dangerous for the fetal development, even higher doses of the O-TIE concept than those
used in the presented case can be discussed in the future. Additional studies on treatment
with oral low-dose therapies in RMS are clearly needed to further clarify the role and
potential benefit of these anti-cancer strategies.

CONCLUSIONS
In our case report of a pregnant woman with alveolar RMS neoadjuvant oral administration
of chemotherapy in an outpatient setting appears feasible during pregnancy, is well
tolerable, and seems to provide a good outcome for the mother and the child. This case
report is not a proof of principle, but an interesting observation showing that oral low-dose
chemotherapy can be highly effective in the neoadjuvant setting in unusual cases like
pregnancy, and does not negate the clear benefit of intensive i.v. chemotherapy and surgery
(with or without irradiation) for the treatment of standard cases of RMS.
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Fig. 1.
O-TIE treatment of 18-year old pregnant women with facial alveolar RMS. (A) Photograph
of swelling of the left lower jaw. (B) Follow-up photograph demonstrating resolution of the
facial alveolar RMS after oral low-dose chemotherapy with O-TIE. (C) Cranial MRI scan
(STIR sequence, coronar, 0.3 TESLA). Tumor mass in the left inferior mandible that
extends into the mandibular bone and the soft tissue of the jaw maximum (tumor size: 4.4 ×
4.1 × 3.0cm, volume 28ml). (D) Follow-up cranial MRI scan after O-TIE (STIR sequence,
coronar, 1.5 TESLA). Clearly marked regression of the extended alveolar RMS in the lower
jaw 13 days after last O-TIE chemotherapy (tumor size: 1.5 × 1.2 × 2.1cm, volume 2ml).
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