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The clinical features and response to
therapy of pediatric alveolar soft part sar-
coma, a rare soft tissue sarcoma of uncertain
histogenesis, have not been previously de-
scribed in detail in the literature. We retro-
spectively reviewed the clinical characteris-
tics of all patients with alveolar soft part
sarcoma who were seen at our institution
over a 32-year period. We found 11 patients
with the diagnosis of alveolar soft part sar-
coma. Their ages ranged from 2.8-16 years
(median 9.8). Staging was determined using
the Intergroup Rhabdomyosarcoma Study
clinical grouping system and the UICC TNM
system. Accordingly, there were six patients
with grossly resected tumors (clinical groups
I and 1) and five with unresected or meta-
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static disease (clinical groups Il and V).
Children with resected disease were more
likely to have smaller noninvasive tumors.
The main feature predictive of survival was
tumor resectability, since chemotherapy in
various combinations failed to produce sig-
nificant tumor responses. Nine patients are
disease-free with a median follow-up of 11.9
years. Surgical resection remains the main-
stay of therapy for pediatric alveolar soft part
sarcoma. Since active chemotherapy agents
have not been identified, patients with unre-
sected or metastatic disease may benefit
from experimental agents. The survival rate
of this cohort is superior to that seen in
adults.  © 1996 Wiley-Liss, Inc.

INTRODUCTION

Alveolar soft part sarcoma, a rare soft tissue neoplasm
of uncertain histogenesis, accounts for 5% of pediatric
nonrhabdomyosarcoma soft tissue sarcomas [1]. Histo-
logically, the tumor is characterized by polygonal cells
arranged in a glomerular or pseudoalveolar pattern with
marked vascular invasion [2-4]. PAS staining reveals
intracellular glycogen and diastase-resistant crystalline
material. Immunohistochemical analysis is inconclusive,
since both neural and muscle markers have been ob-
served. Neuron specific enolase, S-100, and desmin have
been positive in 25-40% of cases. MyoD has been re-
cently identified in these tumors as well, and actin has
been found to be a component of the intracytoplasmic
crystals [3-5].

Alveolar soft part sarcoma commonly occurs in the
second and third decades of life and usually involves the
musculoskeletal fascial planes of lower extremities,
thighs, and buttocks [2,6]. Chemotherapy has been inef-
fective in controlling the disease; thus complete surgical
resection offers the only hope of prolonged survival.
One-third of patients develop lung and brain metastases
10 or more years following diagnosis, necessitating an
extended period of follow-up [6,7].
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Several series have examined the clinical presentation
and survival of patients with alveolar soft part sarcoma,
yet the natural history, response to therapy, and progno-
sis of this tumor in the pediatric population have not been
specifically addressed. We report the clinical characteris-
tics, treatment, and outcome of 11 children and adoles-
cents with alveolar soft part sarcoma who were treated at
our institution over a 32-year period.

MATERIALS AND METHODS
Patients

A review of the records of all children with solid
tumors who were treated at St. Jude Children’s Research
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TABLE 1. Characteristics, Treatment, and Outcome of Pediatric

Alveolar Soft Part Sarcoma*

Age at
_ diagnosis Primary IRS TNM Treatment Outcome
Patient (Yr Mo) Sex Race site stage stage (response) (years)
1 2 9 F w Extremity I T1aNOMO Surgery (CR) (AD) 11.9
VAC (NE)
Radiotherapy (NE)
2 14 1 F w Trunk I T1aNOMO Surgery (CR) NED +17.3
3 15 2 M w Trunk I T1aNOMO Surgery (CR) NED +13.6
4 5 10 M B Trunk 1 T1bNOMO Surgery (CR) NED +14.1
5 4 F w Head and neck 1 T1aNOMO Surgery (CR) NED +0.6
Brachytherapy (NE)
VIAdr (NE)
6 10 0 M w Trunk IIb T1aNiMO Surgery (CR) NED +18.6
VAdrAC (NE)
7 9 7 Head and neck I T1bN1IMO VAdrAC (SD) NED +20.4
Surgery (CR)
8 8 5 F Head and neck il T1aNOMO ICarE (SD) NED +2.4
Surgery (PR)
Radiotherapy (CR)
9 15 4 F w Extremity III T1bNOMO VIAdr (SD) NED +2
Surgery (CR)
Radiotherapy (NE)
10 5 2 F w Extremity v TI1bNOM1 Surgery (local CR) NED +1
VIAdr (SD lung)
Thoracotomy (CR)
Radiotherapy (NE)
1t 16 0 M w Extremity v T2bNOM 1 VAdrAC (PD) DOD 1.1
ICarE (SD)
Top (PD)

Radiotherapy (PR primary)

*CR = complete response; NE = not evaluable; SD = stable disease; PR = partial response; PD = progressive disease; AD = accidental
death; NED = no evidence of disease; DOD = died of disease; V = vincristine; A = actinomycin D; C = cyclophosphamide;
Adr = doxorubicin; I = ifosfamide; Car = carboplatin; Top = topotecan.

Hospital from 1962 through December 1994 identified 11
patients with the diagnosis of alveolar soft part sarcoma.
The diagnosis was confirmed in all cases by one of the
authors (D.M.P.) using previously defined histopatho-
logic criteria [2].

Disease stage was determined at the time of initial
evaluation of surgery using the Intergroup Rhabdomyo-
sarcoma Study clinical grouping criteria [8]. Briefly, pa-
tients with clinical group I disease had completely re-
sected tumors; group Il patients had grossly resected
tumors with microscopic residual disease at the primary
site (1Ia), or regional nodal involvement that was either
completely resected (IIb) or grossly removed with evi-
dence of microscopic residual tumor (IIc); patients with
group III disease had gross residual tumor; and patients
with metastatic disease were designated as group IV.

Tumor size, nodal involvement, and degree of tumor
invasiveness were categorized according to the Tumor-
Node-Metastases system of the UICC [9] by review of
operative notes, radiologic material, and gross pathologic
tumor material (when available). T1 lesions were defined
as those confined to the organ of origin; T2 lesions in-
vaded contiguous organs. Both categories were further

classified by maximum tumor diameter as a (<5 cm) or b
(> 5 cm). Nodal involvement was designated N1 (non-
nodal involvement = NO) and distant metastases at the
time of diagnosis as M1 (vs. M0).

Treatment

Children with clinical group I and II disease (n = 6)
were treated with primary surgical resection of the tumor.
In one of these children (patient 6; see Table I), en bloc
resection of the primary tumor revealed an adherent tu-
mor-infiltrated lymph node. A subsequent radical neck
dissection failed to disclose any other nodal disease. Two
patients (1 and 5) received adjuvant radiotherapy because
of inadequate surgical margins. In addition, patients 1, 5,
and 6 received adjuvant combination chemotherapy (Ta-
ble I).

There were three children with clinical group I dis-
ease. Two (patients 7 and 9) received preoperative doxo-
rubicin-containing regimens in an attempt to assess che-
motherapy responsiveness of the primary tumor and to
determine whether these children would benefit from
postoperative chemotherapy (Table I). Two patients re-
ceived radiotherapy because of residual tumor after che-
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motherapy and surgery (patient 8) or close surgical mar-
gins (patient 9). Patient 7 had a palpable neck node at
diagnosis, which was removed and found to be replaced
with tumor. Subsequent radical neck lymph node dissec-
tion failed to disclose any other involved nodes.
Children with metastatic disease at diagnosis (n = 2)
were treated with combined modality therapy, which in-
cluded radiation therapy, chemotherapy, and surgery.

RESULTS

Patient characteristics, therapy, and outcome of the 11
cases are shown in Table I. Median age at diagnosis was
9.6 years (range 2.8-16). Sex and race distribution in-
cluded six females and one black patient. Tumors origi-
nated in the extremities (n = 4), trunk (n = 4), and head
and neck area (n = 3). Six patients had localized disease
(clinical groups 1 and II), three had gross residual tumor,
and two had distant metastases. Regional lymph nodes
were involved at diagnosis in two (patients 6 and 7). Ten
children had T1 lesions. Tumors measured <5 cm in five
of six children with clinical group I and II disease, but in
only one of five patients with advanced disease (clinical
groups III and IV).

Nine of 11 patients survive disease free with a median
follow-up of 11.9 years (range 0.6-20.4). The main fea-
ture predictive of survival was tumor resectability. All
children in whom complete surgical resection was feasi-
ble are alive (patients 2—10), except one who was disease-
free at the time of death (patient 1). Chemotherapy in
various combinations (including vincristine, dactinomy-
cin, doxorubicin, cyclophosphamide, ifosfamide, etopo-
side, carboplatin, and topotecan) failed to produce signif-
icant clinical response in the five patients with gross
residual or metastatic disease.

DISCUSSION

We have described the clinical features of pediatric
alveolar soft part sarcoma, with a median 12-year follow-
up. The most common primary tumor sites were the trunk
and extremity, as reported in a mixed study of adult and
pediatric patients [6]. In three cases, the tumor originated
in the head and neck area, a site commonly reported in
young patients [2,6]. In contrast with other series, no sex
predominance was observed. Only two of our 11 patients
had metastatic disease at diagnosis, a figure similar to the
5 of 25 patients <20 years old reported by Licberman [6].

Nine of 11 patients survive disease-free with a median
follow-up of 11.9 years following diagnosis. The esti-
mated 12-year survival rate is 74% + 15% (see Fig. 1).
These findings are consistent with other series in which
younger age at diagnosis conferred a favorable prognosis.
This difference in outcome may be attributable to a higher
prevalence of small noninvasive lesions or differences in
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Fig. 1. Kaplan-Meier survival estimate of 11 children with alveolar
soft part sarcoma.

the biology of pediatric alveolar soft part sarcoma. We
recognize, however, that four of our patients have been
followed for a relatively short period of time and that late
recurrences characterize this tumor.

In the Pediatric Oncology Group (POG) classification
scheme of pediatric nonrhabdomyosarcoma soft tissue
sarcomas, alveolar soft part sarcoma is classified as a
high grade (grade 3) neoplasm [10]. Its designation as a
high grade lesion stems from Lieberman’s series in which
adults with alveolar soft part sarcoma had a dismal prog-
nosis [6]. However, Enzinger and Weiss [2] have empha-
sized that this neoplasm has a good prognosis in children,
an observation supported by our present series. If these
results are confirmed in studies that include larger num-
bers of children, it would be reasonable to propose a
revised histologic grading system for pediatric alveolar
soft part sarcoma.

Surgery remains the therapy of choice for patients with
alveolar soft part sarcoma. The tumor should be excised
with a 2 cm margin of normal surrounding tissue when-
ever feasible and lymph node sampling may be per-
formed if the primary tumor is within the contiguous area
of the lymph node drainage [1]. None of our patients with
unresected or disseminated disease responded to combi-
nation chemotherapy, even when regimens included
agents known to be active against adult soft tissue sarco-
mas, such as ifosfamide and doxorubicin [11]. We could
not assess the value of adjuvant chemotherapy in pro-
longing survival in our patients with completely resected
tumors; however, several adult trials have failed to show
a significant survival advantage. In a recently reported
Pediatric Oncology Group study, patients with com-
pletely resected grade 3 lesions fared significantly worse
than those with grade 1 or 2 lesions, suggesting that a
subset of patients may benefit from adjuvant chemother-
apy [12]. Given the disappointing responses to chemo-
therapy in our group of patients with this disease and the
excellent outcome of patients with completely resected
tumors, we cannot recommend the routine use of cur-

8518017 SUOWILIOD AR 3qedt|dde 8y} Aq pausenob a1e ssjoie YO ‘SN 0 Sa|nJ 10} Aiq1T8UIjUO AB]1M UO (SUOIPUOD-PUR-SLLBYWI0D A3 1M Ate1q 1 jeulU0//:Sd1y) SUORIPUOD pue W | 8U188s *[£202/70/0] Uo ArigiTauluo A8im ‘Aiseniun uosog Aq O-2:00'0'€<Z0d IN-Q1V::T8>2:92(20966T) XTT6-960T (1D 1S)/200T 0T/10p/LI0d A8 |1 AReiq 1 Buljuo//:Scy WO} papeo|umod ‘Z ‘966T ‘XTT6960T



84 Pappo et al.

rently available adjuvant chemotherapy. Since no effec-
tive drug combinations are available at present, we pro-
pose that newly diagnosed patients with unresectable or
metastatic alveolar soft part sarcoma be enrolled in Phase
I and II chemotherapy trials in an attempt to identify
novel active agents. This approach has proven successful
in children with rhabdomyosarcoma [13].

Local failures have been reported to occur in up to
20% of patients with alveolar soft part sarcoma [6]. Re-
cently, Sherman et al. [14] documented excellent local
control in six adult patients with this neoplasm who re-
ceived adjuvant or preoperative radiotherapy and thus
recommended that all adult patients with localized dis-
ease receive radiation therapy. We cannot recommend
the routine use of radiotherapy in children with com-
pletely resected tumors in which the margin of resection
is adequate; local control was not a problem in our pa-
tients, and the long-term side effects of radiotherapy in
the growing child (limb length discrepancies, second ma-
lignant neoplasms) may outweigh its benefits. We do
recommend radiotherapy for patients with inadequate
surgical margins, microscopic residual tumor, and as pal-
liative therapy in patients with metastatic disease in se-
lected sites. More recently, preoperative radiotherapy has
shown promising results in adults with a variety of soft
tissue sarcomas, and this approach deserves further test-
ing in children who present with nonmetastatic unresect-
able alveolar soft part sarcoma [15].
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NOTE ADDED IN PROOF

Subsequent to the submission of this manuscript, pa-
tient no. 9 developed pulmonary metastases.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Rao BN: Nonrhabdomyosarcoma soft tissue in children: Prognos-
tic factors influencing survival. Sem Surg Oncol 9:524-531,
1993.

. Enzinger FM, Weiss S: “Malignant Tumors of Uncertain Histoge-

nesis in Soft Tissue Tumors,” 2nd ed. St. Louis: C.V. Mosby,
1988, pp. 929-936.

. Foschini MP, Eusebi V: Alveolar soft-part sarcoma: A new type

of thabdomyosarcoma? Sem Diag Pathol 11:58-68, 1994.

. Auerbach HE, Brooks JJ: Alveolar soft part sarcoma: A clinico-

pathologic and immunohistochemical study. Cancer 60:66-73,
1987.

. Mathew T: Evidence supporting neural crest origin of an alveolar

soft part sarcoma: An ultrastructural study. Cancer 50:507-514,
1982.

. Lieberman PH, Brennan MF, Kimmel M, Erlandson RA, Garin-

Chesa P, Felhinger BY: Alveolar soft-part sarcoma: A clinico-
pathologic study of half a century. Cancer 63:1—13, 1989.

. Evans HL: Alveolar soft part sarcoma: A study of 13 typical

examples and one with a histological atypical component. Cancer
55:912-917, 1985.

. Maurer HM, Beltangady M, Gehan EA, Crist W, Hammond D,

Hays DM, Heyn R, Lawrence W, Newton W, Ortega J: The
intergroup Rhabdomyosarcoma Study I: A final report. Cancer
61:209-220, 1988.

. Harmer MH: TNM classification of pediatric tumors. Geneva

Switzerland: UICC International Union Against Cancer, 23-28,
1982.

Parham DM: Rhabdomyosarcomas and other soft tissue sarcomas
in pediatric patients. Curr Opinion Oncol 5:672—677, 1993.
Loehrer PJ, Sledge GW, Nicaise C, Usakewicz J, Hainsworth JD,
Martelo OJ, Omura G, Braun TJ: Hosfamide plus doxorubicin in
metastatic adult sarcomas: A multiinstitutional phase II trial. J
Clin Oncol 7:1655-1659, 1989.

Maurer HM, Cantor A, Salzberg A: Adjuvant chemotherapy vs
observation for localized non-rhabdomyosarcoma soft tissue sar-
coma (NRSTS) in children. Med Pediatr Oncol 20:388 (Abstr 71),
1992.

Horowitz ME, Etcubanas E, Christensen ML, Houghton JA,
George SL, Green AA, Houghton PJ: Phase 11 testing of melpha-
lan in children with newly diagnosed rhabdomyosarcoma: A
model for anticancer development. J Clin Oncol 6:308-314, 1988.
Sherman N, Vavilala M, Pollock R, Romsdahl M, Jaffe N: Radi-
ation therapy for alveolar soft part sarcoma. Med Pediatr Oncol
22:380-383, 1994.

Sadoski C, Suit HD, Rosenberg A, Mankin H, Efird J: Preopera-
tive radiation, surgical margins, and local control of extremity
sarcomas of soft tissues. J Surg Oncol 52:223-230, 1993.

858017 SUOWILIOD AR 3qedt|dde 8y} Aq pausenob ae ssjoie YO ‘SN 0 Sa|nJ 10j Aiq1T8UIjUO AB]1M UO (SUOIPUOD-PUR-SLLBYWI0D A3 1M AteIq 1 jeulU0//Sdny) SUORIPUOD pue W | 8U188s *[£202/70/0] Uo ArigiTauluo A8|im ‘Aiseniun uosog Aq O-2:00'0'€<Z0d IN-Q1V::T8>2:92(20966T) XTT6-960T(1D1S)/200T 0T/10p/LI0Y A8 |1 AReiq 1 Buljuo//:ScY W1} papeo|umod ‘Z ‘966T ‘XTT6960T





