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Background. Standard therapy for pediatric
nonrhabdomyosarcoma soft tissue sarcomas
(PNRSTS) consists of surgical resection with or
without radiotherapy. The role of chemo-
therapy in the treatment of these tumors has not
yet been defined. We investigated the efficacy
and toxicity of an ifosfamide-based regimen in
controlling disease in children with high-risk
PNRSTS.

Patients and Methods. Between January
1992 and June 1994 at St. Jude Children’s Re-
search Hospital, we treated 11 children and
young adults with PNRSTS who were at high
risk for treatment failure by using a combined
modality regimen that comprised aggressive
surgery, radiotherapy, and chemotherapy in-
cluding vincristine, ifosfamide, and doxorubi-
cin (VID). Nine of these patients had grade 3
disease and one had grade 2 tumor; due to in-
sufficient tissue, the disease grade of the re-
maining patient could not be established. Me-

Results. Therapy was generally well toler-
ated, with minimal morbidity and no mortality.
The most common toxicity was grade 4 neutro-
penia, which occurred in 51% of evaluable
courses. Among 4 patients evaluable for re-
sponse to chemotherapy alone, 1 child attained
a partial response and 3 had stable disease.
One child had a response to chemotherapy and
concurrent irradiation. At a median follow-up
of 30 months, 10 of 11 patients are alive; 8 of
11 patients are alive without evidence of dis-
ease.

Conclusion. Aggressive multimodality
therapy for PNRSTS is well tolerated, despite
frequent and profound neutropenia. Although
adjuvant chemotherapy for this group of can-
cers remains unproved, the rate of tumor con-
trol achieved in this pilot study encourages fur-
ther investigation in a multi-institutional setting.
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tastases were present at diagnosis in 2 children.

Key words: sarcoma; soft tissue neoplasms; antineoplastic agents, combined;
combined modality therapy; clinical trials; adolescence; child

1Department of Hematology-Oncology, St. Jude Children’s Research
Hospital, Memphis, Tennessee.

S_Oft tiss_ue sarcomas (STS) comprise 7% of pediateg; jyde children’s Research Hospital, Memphis, Tennessee.
mahgnanmeg. .They ,Occur at an annual rate of 9 n?epartment of Surgery, St. Jude Children’s Research Hospital, Mem-
cases per million children (under the age of 15 yearghis Tennessee.
resulting in about 740 new cases per year in the Unitelgepartment of Pathology
States [1]. Most (50-70%) pediatric STS are rhabdomygrmphis, Tennessee. ’

sarcomas _(RMS); the remainder are known (_:O”ecnve%epartment of Pediatrics, University of Tennessee, Memphis, Col-
as the pediatric nonrhabdomyosarcoma soft tissue sargge of Medicine, Memphis, Tennessee.

mas (PNRSTS). There are _|mport§nt differences betwe%%partment of Oncology, University of Tennessee, Memphis, Col-
RMS and PNRSTS. RMS is sensitive to chemotherapyge of Medicine, Memphis, Tennessee.

which plays an |'mportant role in its treatmen.t' The role QE)epartment of Surgery, University of Tennessee, Memphis, College
chemotherapy in the treatment of pediatric as well @8 wedicine, Memphis, Tennessee.

adu'_t STS has not been clearly defined and remains l@)’epartment of Pathology, University of Tennessee, Memphis, Col-
vestigational [2-9]. lege of Medicine, Memphis, Tennessee.

The optlmal approaqh to treat!ng P.NRSTS_ has r]ngported in part by grants P30 CA-21765 and P01 CA-23099 from
been established. Surgical resection with or without rgw National Cancer Institute and by the American Lebanese Syrian

diation therapy has been used to treat successfully masyociated Charities (ALSAC).

of these tumors in adL_"tS and chlldre_n. The challenge iBorrespondence to: Andrew W. Walter, M.S., M.D., Department of
the treatment of STS is therapy for high-grade (grade B¥matology-Oncology, St. Jude Children’s Research Hospital, 332
tumors, which are most commonly associated with moorth Lauderdale, Memphis, TN 38105.

bidity and mortality [4,10]. Patients with high-grade sarmReceived 18 July 1997; Accepted 17 December 1997

© 1998 Wiley-Liss, Inc.

INTRODUCTION

St. Jude Children’'s Research Hospital,



Chemotherapy for Pediatric Sarcomas 211

comas frequently have large, unresectable lesions. In aglsection (if feasible) and the start of radiation therapy.
dition, many present with metastatic disease at diagnodixtails of therapy for each patient are presented in Table
with many more eventually failing at a distant sitel; the chemotherapy schedule is illustrated in Figure 1.
[6,11,12]. These patients cannot be cured by locBhtients were considered evaluable for response to che-
therapy alone and are the ones most likely to benefit fromotherapy if: (1) residual disease (confirmed by imaging
chemotherapy [13-15]. Agents active in STS include istudies) remained after the initial surgical procedure, (2)
osfamide, doxorubicin, dacarbazine, cyclophosphamidadiation therapy had not been administered to these le-
melphalan, dactinomycin, and vincristine [5,7,16—28%ions(s), and (3) at least 2 courses of chemotherapy had
Some studies have shown a benefit from chemotherdpgen delivered. Toxicity was evaluated following each
with an improvement in the percentage of patientsourse of chemotherapy and quantitated according to cri-
achieving complete remission (CR) or partial remissiaeria published by the National Cancer Institute.
(PR) or a prolonged median time to progression or me-
dian survival [7,24,25].

We developed an aggressive ifosfamide-based treBESULTS
ment approach to children with PNRSTS in an effort to i i L
improve outcome. We treated 11 children with high-risk Table | summarizes the patient characteristics, tumor

PNRSTS between 1992 and 1994 at St. Jude Childref@@tures, treatment, and outcome of the 11 children
Research Hospital. treated for PNRSTS. The 3 male and 8 female patients

ranged from 3.0 to 18.7 years of age at diagnosis (me-

dian, 12.9 years); 9 patients were white and 2 were black.
PATIENTS AND METHODS Non-invasive lesions were found in 6 patients (three Tla

and three T1b), and 5 patients had invasive disease (one

Between January 1992 and June 1994, 11 childrgﬁa and fpur T2b). Nine patients had grade 3 tumors. A
younger than 21 years of age who had high-risk PNRSP#19€ patient had a grade 2 tumor, and grade could not
were treated at St. Jude Children’s Research Hospit4§l detérmined in the remaining case because of the pau-
with a multimodality approach that included VID cheSity of tissue obtained at diagnosis; these children re-
motherapy. Patients were determined to be high-risk G§ived VID chemotherapy because of unresectable or
light of high-grade histology and/or the presence dpetastatic disease, respectively.
metastatic or unresectable disease. Tumor group was as-
signed at diagnosis according to the Intergroup Rhabd®ir9e"y

myosarcoma Study Clinical Grouping (CG) system: CG e injtial surgery led to wide local excision with

I,_ comp_letely r_esected tumor; CG II,_ microscopic '€hegative margins in the 3 patients (nos. 1, 2, and 3).
sidual disease in tumor bed and/or regional lymph nodgg;croscopic residual disease was demonstrated after sur-
CG I, gross residual disease with or without reglonadery in 3 patients (nos. 4, 5, and 6), and 3 patients had

, 8, and 9). Two patients had
. i . . ; one (no. 11) underwent gross total
International Union Against Cancer modification of theagaction of her primary tumor followed by thoracotomy

American Joint Committee Staging System for Soft Tigg render her disease-free, and surgical resection was not
sue Sarcomas [29]. Review of the operative notes P'Qtempted in the other (no. 10).

vided details of tumor invasiveness (T1, non-invasive;
T2, invasive). Scans provided data on tumor size, whigh diotherapy
were used to assign tumor stage (a, <5 cm in diameter; b,
=5 cm), as well as information regarding nodal involve- Of the 11 patients, 8 received radiation therapy [either
ment and the presence of distant metastases. Adagbeaichytherapy and/or external beam therapy (standard or
from a scheme described by Costa et al. [10,11,30], thgperfractionated)]. One of the 3 patients with CG | dis-
Pediatric Oncology Group system was used to determiaase received radiation therapy in light of negative but
tumor grade. In this system, grade 3 tumors (high-gradapse margins. Seven of the 8 patients with CG II-IV
are poorly differentiated, highly anaplastic lesions havindjsease received radiation therapy; the patient who did
>10% necrosis ang5 mitoses per 10 high-power fieldsnot (no. 10) had CG IV disease with numerous bony
[10]. metastases and an early response to chemotherapy. Local
We initiated therapy after obtaining informed conseriteld therapy only (55 to 66 Gy) was given to 5 patients
from the patient and/or guardian. In general, surgicios. 5-9), and 2 (nos. 1 and 11) received both brachy-
resection or biopsy was followed by two cycles of VItherapy and local field external beam radiation (total
chemotherapy and G-CSF. Local control was instituteddbses, 55 Gy and 70 Gy, respectively). The remaining
week 7 or 8 and comprised a second attempt at gross tqtatient (no. 4) received 50 Gy brachytherapy only.
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TABLE I. Patient Characteristics, Treatment and Outcome

Pt.
no.

Age

(yr) Sex Race

Diagnosis and
site of
primary tumor

IRS
group

GTNM
staging

Therapy
(response)

Outcome

1

14.8 F w

12.9 M w

18.7 F B

4.3 F w

3.0 F w

4.0 M B

17.5 M w

MPNST, trunk

Fibrosarcoma,
trunk

Liposarcoma,
extremity

ASPS, head and
neck

Mesenchymoma,
retroperitoneal

MPNST, trunk

Hemangio-pericytoma,
extremity

grlANOMO

GSTlBNOM 0]

G3TlBNOM 0]

G3T1ANOM o

G3TZBN0M 0

GT1sNoMo

G 3TZBN1M o]

(1) WLE,
margins
negative (CR)

(2) Brachytherapy
193r 20 Gy
(NE)

(3) 50 Gy local
field during
course 1 (NE)

(4) VID x 8
(NE)

(1) WLE,
margins
negative (CR)

(2) VID x 8
(NE)

(1) WLE,
margins
negative (CR)

(2) VID x 6
(NE)

(1) GTR,
margins
positive (PR)

(2) Brachytherapy
125150

Gy (NE)

(3) VID x5
(NE)

(1) GTR,
margins
positive (PR)

(2) 55 Gy
hemi-abdomen
during course
3 (NE)

(3) VID x 3
(NE)

(4) VIE x 3
(NE)

(1) GTR,
margins
positive (PR)

(2) VID x 3
(NE)

(3) 60 Gy local
field (NE)

(4) VID x 2
(NE)

(1) biopsy

(2) 60 Gy local
field during
course 1 (NE)

(3) VID x 5
(NE)

(4) VI x 2 (NE)

NED, 44 months

NED, 54 months

NED, 22 months

NED, 25 months

NED, 26 months

NED, 29 months

NED, 36 months
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TABLE I. (Continued

Diagnosis and

Pt. Age site of IRS GTNM Therapy
no. (yr) Sex Race primary tumor group staging (response) Outcome
8 12.6 F w MPNST, head I G3T,aANMg (1) VID x 2 relapse to lungs,
and neck (SD) 21 months;
(2) STR (PR) AWD, 23
(3) 60 Gy local months
field (SD)
(4) IE x 3 (SD)
(5) VID x 2
(SD)
9 135 F W MPNST 11l G,T,5NMg (1) VID x 2 DOD, 8 months
abdomen (SD)

(2) STR (PR)
(3) 66 Gy local

field (PD)

10 11.2 F w Epithelioid \% GxT,gNxM, (1) biopsy AWD, 30
hemangio- (2) VID x 6 months
endothelioma, (PR)
trunk

11 5.0 F w ASPS, extremity \ AN M, (1) GTR, NED, 30 months

margins

negative (PR)

(2) Brachytherapy
193r 25
Gy (NE)

(3) 30 Gy local
field during
course 1 (NE)

(4) VID x 6
(SD)

(5) VIE x 2
(SD)

(6) Thoracotomy
(CR)

ASPS, alveolar soft part sarcoma; B, black; CR, complete response; D, doxorubicin; DOD, died of disease; E, etoposide; Gy, Gray; GTR, gross
total resection; |, ifosfamide; MPNST, malignant peripheral nerve sheath tumor; NE, not evaluable; NED, no evidence of disease; PD,
progressive disease; PR, partial response; SD, stable disease; STR, sub-total resection; V, vincristine; W, white; WLE, wide local excision.

Chemotherapy toxicity analysis), 67 courses of chemotherapy were de-

All patients received multi-agent chemotherapy witHvered to the 11 patients. Of 39 courses of VID chemo-
vincristine, ifosfamide, and doxorubicin (Fig. 1). Duringherapy for which complete blood counts were available,
radiation therapy, three patients received etoposide #2 (74%) were associated with grade 3 or 4 hematologic
stead of doxorubicin because of concerns that doxorufXicity. In addition, 11 of these 29 courses led to both
cin might increase radiotoxicity; these cycles were a@rade 3 or 4 neutropenia and thrombocytopenia. Grade 4
ministered after the efficacy of chemotherapy was evalleutropenia was documented in 20/39 (51%) courses and
ated and therefore were not included in the respongede 4 thrombocytopenia in 4/39 (10%).
evaluation. In addition, these cycles were excluded from The median absolute neutrophil count nadir for evalu-
the toxicity evaluation. Of the 11 patients, 10 receive@ble courses of VID leading to grade 3 or 4 neutropenia
daily G-CSF after chemotherapy for at least 7 days, untilas 138/mrf (range, 0-810/m#). The median duration
the absolute neutrophil count exceeded 10,000. The d@fegrade 4 neutropenia was 4.5 days (range, 2-10 days).
patient who did not receive G-CSF had no treatmenthe median platelet nadir for evaluable courses of VID
related neutropenia. Patients received a median ofagsociated with grade 3 or 4 thrombocytopenia was

courses of chemotherapy (range, 2—8 courses). 26,000/mm (range, 8,000-48,000/nn The median
o duration of grade 4 thrombocytopenia was 2 days (range,
Toxicity 2-3 days).

Including the 8 courses in which etoposide was sub- Seven patients (nos. 2, 4, 5, 6, 8, 10, and 11) were
stituted for doxorubicin (which were excluded from thedmitted for 1 to 5 episodes of fever and neutropenia; 1
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Week 0 1 2 3 4 (continue
therapy)

Day O 1 2 3 4 5 6 7 14 21 28

I I I I

D D D

v vV Vv \%
G G G ¢ S—— G

Fig. 1. Schedule of VID chemotherapy for PRNSTS. Each cycle lasts 4 weeks, and eight cycles are scheduled. Local control (including an
attempt at gross total resection, if appropriate) is initiated at week 7 and is followed by radiation therapy. |, ifosfamidd\(3 glas MESNA

(750 mg/nt IV x 4 doses); D, doxorubicin (30 mgAV); V, vincristine (1.5 mg/ng IV, maximum dose= 2 mg); G, G-CSF (5 to 1@Q.g/kg
subcutaneously daily for 14 days).

patient (no. 11) had mild hypotension concurrently witbhild. He remains alive and well, with no evidence of
his febrile episode. There were 4 instances of graded&sease. The remaining 4 CG Ill and IV patients were
vincristine neuropathy, 3 occurrences of mild metaboligvaluable for response to chemotherapy, 3 (nos. 8, 9, and
abnormalities, and 1 case each of hemorrhagic cystiti€)) for response at the primary site and 1 (no. 11) for
hypertension secondary to steroids, poor wound healiresponse at metastatic sites. Of these patients, 3 (nos. 8,
at an irradiated resection site, grade 3 radiation-induc@dand 11) had stable disease and 1 (no. 10) had a partial
dermatitis, radiation enteritis, and radiation pneumonitisessponse.

One child had a catheter-related infection, and another

experienced a transient decrease in cardiac shortenin%

fraction (identified by echocardiography) after the firsP!1SCUSSION

cycle of chemotherapy. The shortening fraction subse- .. . o
guently normalized, and doxorubicin was successfull High-grade STS are aggressive locally infiltrative

reintroduced. Five patients required nutritional suppo Op'as”.‘s- _Tumor gr_ao!e n P.NRSTS (and In STS in
because of weight loss10%:; 3 of these patients re_general) is highly predictive of biological behavior, mor-

. : idity, and mortality [31]. In a review of prognostic fac-
ceived supplemental feeds through a nasogastric tube?f)?s influencing survival in PNRSTS [11], Rao et al.

b3 Sgr‘én‘%ﬁﬁsﬁLﬁﬂgotr':‘?Orreinﬁ'r”jl”gyilgg"dre” requ”efgu_nd that among 52 children with high-grade (grade 3)
lesions treated with chemotherapy and/or radiotherapy,
38 patients (73%) had progressive disease despite
therapy. Only 31% of the 41 patients with grade 1 or 2
All of the 6 patients who had CG | or Il disease aréesions had progressive disease after therapy.
alive, off therapy, and free of disease. Of the 5 patients Improvements in the local control of high-risk sarco-
diagnosed with CG Ill and IV disease, 2 are off therapynas has done little to help decrease the morbidity and
alive, and disease-free. Another 2 of these patients anertality from high-grade sarcomas. The inability to
alive with stable disease 23 months and 30 months aftamtrol distant metastatic disease continues to be a major
diagnosis; these children had distant failures at 7 and @4use of treatment failures, and previous attempts to limit
months, respectively. The remaining patient died due tlistant treatment failures through chemotherapy have
progressive local disease 8 months after diagnosis. Oviead little success. A report from the Pediatric Oncology
all, 10 of 11 patients survive at a median of 30 monthSroup describing the therapy of patients with CG | or I
(range, 22—-54 months). PNRSTS confirmed the poor prognosis associated with
All 6 patients with CG | or Il disease were free ofgrade 3 PNRSTS and the marginal efficacy of chemo-
disease (confirmed by imaging) after resection at diagerapy. In addition, most of the failures among the pa-
nosis and therefore could not be evaluated for responsdiemts with grade 3 lesions were distant (disease meta-
chemotherapy. One CG Il patient (no. 7) received ratatic to lung), highlighting the importance of improving
diation therapy during his first cycle of chemotherapythe chemotherapy regimen [32]. The 3-year event-free
response to chemotherapy could not be evaluated for thigvival (EFS) in those patients with grade 3 lesions was

Outcome



61%. A companion protocol that enrolled patients with
high-risk CG 1ll or IV PNRSTS demonstrated a 4-year
EFS of approximately 20% (Charles Pratt, personal conf:
munication).

Few pediatric trials have attempted to deliver inten-
sive multi-agent chemotherapy to decrease metastatic
disease while using aggressive surgery and radiation
therapy to control local disease [12,13]. Our treatment
regimen combines dose-intensive ifosfamide-based ché-
motherapy with aggressive surgical resection and radia-
tion therapy to treat high-risk patients with PNRSTS.
Ifosfamide has significant activity against sarcomag.
[26,33,34] and is more effective in the treatment of sar-
comas when used in a multi-agent regimen, especially
when combined with doxorubicin in a dose-intensive
fashion [7,9,26,34—38]. Vincristine was included becaus
of its activity against pediatric sarcomas, relative lack of
myelosuppression, and potential for greater efficacy us-
ing a weekly schedule of administration [39]. Granulo-9.
cyte colony stimulating factor (G-CSF) was administered
daily after chemotherapy to decrease the morbidity assg-
ciated with this treatment [40-42]. '

Although 10 of our 11 patients remain alive at 30
months after diagnosis, the efficacy of this adjuvant che-
motherapy in treating high-risk sarcomas remains uf?l.
proved. The therapy was generally well tolerated. The
most common toxicity was grade 4 neutropenia (51% o
evaluable courses). Despite frequent and profound neu-
tropenia, none of our patients had any sepsis or other
serious infections. 13.

In summary, the use of VID chemotherapy was fre-
quently associated with moderate to profound cytope-
nias. However, the primarily hematologic toxicities wer
usually well tolerated and reversible, and generally not’
associated with morbidity. Although the value of adjuzs.
vant chemotherapy for children with high-risk PNRSTS
remains unproved, we are encouraged by the rate of tu-
mor control in this pilot study and plan to investigate th&é.
potential benefits of VID chemotherapy with a prospec-
tive multi-institutional trial.
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