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ALK-positive cases. This finding is consistent with
that of a previous report in which rhabdomyosarco-
ma cell lines were found not to harbor DNA copy
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Figure 6 The percentage of tumor cells that harbored >4 copies
of ALK gene determined by FISH in 37 ALK-positive and 23 ALK-
negative rhabdomyosarcomas. A indicates the alveolar subtype,
and O indicates non-alveolar subtypes. ALK-positive tumors
carried a significantly greater percentage of cells with >4 copies
of the ALK gene than ALK-negative tumors did (P=0.013).

Table 4 Published studies on the ALK status in rhabdomyosarcomas

number gain at the 2p23 locus, where the ALK gene
is located.®® Similarly, ALK was not found to be a
differentially amplified gene when genomic
imbalances were compared between primary
rhabdomyosarcoma tissues and normal muscle.??

Our finding of a low incidence of increased ALK
copy number in rhabdomyosarcoma was in contrast
with the results of a recent large study by van Gaal
et al?® In their study, the absolute ALK copy number
increased (>4 copies in >10% of cells) in 88% of
alveolar thabdomyosarcomas and 52% of embryonal
tumors, and a selective ALK gain (average
ALK/LAF>1.5) was seen in 45% of alveolar
tumors and 61% of embryonal cases. The reason
for this incongruence is unclear. Even when FISH
interpretation criteria similar to theirs were applied,
the ALK gain/amplification was uncommon in our
cohort: tumors with >4 ALK copies in >10% of
cells were observed in 23% of the alveolar tumors
and 23% of the non-alveolar subtypes, and an
average ALK/CEN2p of >1.5 was seen in 4% of
the alveolar tumors and 15% of the non-alveolar
cases. Other investigators also reported ALK gene
gain/amplification in rhabdomyosarcoma (Table 4),
but the number of cases studied was small, and the
quantitative definition of gain/amplification was not
provided.19:20:22 Notably, these prior studies either
did not use a reference probe!®?? or separately
examined the ALK gene and a reference gene,?%:23
whereas we simultaneously evaluated the ALK and
reference genes using a dual-color approach that
enabled precise determination of gene copy number
at the cellular level.

ALK gene rearrangement and somatic mutation do
not seem to have a major role in rhabdomyosarcoma.
ALK rearrangement was not identified in any of
the cases examined in this study, a finding similar
to that of other studies.?922:23 Interestingly, one

Cessna Pillay Li Corao van Gaal Present study
(2002) (2002) (2004) (2009) (2012) (2012)
Antigen retrieval HIER HIER HIER HIER HIER HIER
(Citrate pH6) (TRS pH9) (Citrate pHB) (TRS pH9)
Antibody (dilution) ALK1 (1:25) p80 (1:100) ALK1 (1:25) ALK1 (1:50) ALK1 (1:10) 5A4 (1:40)
5A4 (1:50)
Method ABC LSAB Polymer ABC ABC Polymer with Linker
Staining pattern Cytoplasm Nucleus Cytoplasm Cytoplasm Cytoplasm/nucleus Cytoplasm/membrane
Immunopositivity 4/16 ARMS 15/35 ARMS 3/5 ARMS 16/30 ARMS 47/58 ARMS 42/61 ARMS
2/15 ERMS 6/40 ERMS  1/2 ERMS 9/37 ERMS 40/125 ERMS 2/33 ERMS
2/8 Others 0/2 Others 0/22 Others
ALK rearrangement  Present (3/6) NA Absent (0/2) Absent (0/6) Absent (0/167) Absent (0/24)
ALK copy number 3 copies (1/6) NA >4 copies (1/2) Loss of 1 copy (1/6) =>4 ALK in >10% (105/167) ALK/CENZp=2 (1/60)
Change 3 —6 copies (2/6) 2 — 6 copies (2/6) ALK/LAF>1.5 (31/56) 1< ALK/CEN2p<2 (3/60)
30— 40 copies (1/6) ALK/CEN2p=1 and=>4
copies in=40% (7/60)
ALK mutation NA NA NA NA 1/43 (mutation) 1/19 (mutation)

7/43 (deletion)

Abbreviations: ABC, avidin-biotin complex; ALK anaplastic lymphoma kinase; ARMS, alveolar rhabdomyosarcoma; ERMS, embryonal
rhabdomyosarcoma; HIER, heat-induced epitope retrieval; LSAB, labeled streptavidin biotin; NA, data not available; TRS, targeted retrieval

solution (Dako).

Cessna et al'® also separately evaluated p80 antibody, the results of which are not summarized here.
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study'® found ALK rearrangement in three of six
rhabdomyosarcomas tested. We identified an ALK
missense mutation (c.3830G>A, p.I1277T) in one
embryonal thabdomyosarcoma. However, this tumor
was not immunopositive for ALK, indicating that
the mutation may not be an activating one. This
mutation was different from that (c.3673G>A,
p-D1225N) reported previously in an embryonal
rhabdomyosarcoma.?® The same study?® also
identified frame-shift deletions in two alveolar and
five embryonal rhabdomyosarcomas by c¢DNA
sequencing, which probably  represented
alternative mRNA splicing;*® we did not find any
deletions in the genomic DNA.

The positive ALK immunoreactivity in a subset of
rhabdomyosarcomas, some of which are associated
with an ALK gene copy number increase, may
suggest the potential clinical benefit of ALK inhibi-
tion. However, whether ALK expression without
gene rearrangement has oncologic relevance re-
mains controversial. Thus far, ALK-targeted therapy
has been shown to be clinically effective only in
ALK-rearranged tumors. Some researchers*® argued
that ALK expression in rhabdomyosarcoma may
simply be physiological rather than oncogenic, by
showing that the ALK-expressing Rh30 cell line
lacked ALK autophosphorylation. In contrast,
others*' 3 suggested that in neuroblastomas, ALK
protein expression itself exerts oncogenic activity
irrespective of genomic status and that it is a
potential target of kinase inhibitors. Future clinical
studies should investigate whether ALK inhibitors
are beneficial for treating ALK-immunopositive
tumors without gene rearrangement.

In summary, we clarified the subtype-specific
incidence of ALK immunoreactivity in thabdomyo-
sarcomas and showed the association between ALK
expression and several clinicopathologic/molecular
parameters. This comprehensive analysis will
serve as a basis for future investigations that aim
to determine the indication, or lack thereof, of
ALK-targeted therapy for patients with rhabdomyo-
sarcoma.
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Abstract

Purpose The prognosis of adult rhabdomyosarcoma
(RMS) has been considered dismal. The question is raised
that vincristine, d-actinomycin, and cyclophosphamide
(VAC) chemotherapy may not be administered as per
schedule for adult RMS; consequently, low dose intensity
(DI) leads to poor prognosis. Herein, we examined whether
the administration of VAC chemotherapy for adults and
children with RMS is feasible with regard to the DIs of
VAC.

Methods Chart review was retrospectively performed for
all identified patients. The percentage of relative DI (RDI)
was calculated according to the Children’s Oncology
Group D9803 protocol. Further, we examined the RDI in
the first 6 cycles of VAC (induction phase) and the DI after
the first 6 cycles of VAC (maintenance phase).

Results We identified a total of 27 adults and 18 children
with RMS, respectively. The mean RDIs of vincristine in
total phase were significantly lower in adults than that in
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children (P = 0.04). In induction phase, the mean RDIs of
vincristine and cyclophosphamide were similar for both
groups; however, they were dropped significantly in adults
during maintenance phase (P < 0.05). Mean RDIs of vin-
cristine in elderly patients tended to become low. Low RDI
was mainly attributable to hematologic toxicity, infection,
and peripheral neuropathy. The prognosis of low versus
high RDI was similar.

Conclusions The RDIs of vincristine and cyclophospha-
mide in the maintenance phase were significantly lower
than that in children. VAC chemotherapy for adults was not
feasible; these patients require a different regimen.

Keywords Rhabdomyosarcoma - Adults - Children -
Chemotherapy - Soft tissue sarcoma

Abbreviations
RMS Rhabdomyosarcoma
VAC Vincristine, d-actinomycin, and cyclophosphamide

DI Dose intensity

RDI  Relative dose intensity

IRS  The International Rhabdomyosarcoma Study
PFS  Progression-free survival

oS Overall survival

PCP  Pneumocystis jirovecci pneumonia

Introduction

Recent advances in the treatment for rhabdomyosarcoma
have contributed to improve survival from 55 to 73 %
[1-3]. Vincristine and d-actinomycin with or without
cyclophosphamide (VAC) regimens for rhabdomyosar-
coma are considered standard options according to the
previous randomized trials [4-8]. However, these trials
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mainly focused on children or adolescents; therefore, the
data of precious adult rhabdomyosarcoma patients were
limited.

Sultan et al. [9] reported the prognosis of pediatric and
adult rhabdomyosarcoma, and the data suggested that 5-year
survival rate was significantly poor in adult rhabdomyosar-
coma with 27 % compared to that of pediatrics with 61 %.
Other facilities also reported small series of similar results
[10-14]. Accordingly, the prognosis of adult rhabdomyo-
sarcoma remained poor; however, the treatment strategy
references along with childhood rhabdomyosarcoma.

There is no evidence available to uncover the reason for
poor prognosis of adult rhabdomyosarcoma. The VAC
chemotherapy was developed mainly for targeting pediat-
rics; therefore, adverse event may differ when we applied
the regimen to adults. Accordingly, the VAC regimens may
not be administered per schedule, which leads to poor
prognosis due to low dose intensity. To our knowledge,
there are no reports on dose intensity of VAC regimens in
relation to prognosis. We launched this study to seek
optimal treatment for adult rhabdomyosarcoma by com-
paring dose intensity to childhood or adolescent
rhabdomyosarcoma.

Methods
Patients

All the patients included in this analysis meet the following
criteria: histologically diagnosed with rhabdomyosarcoma,
treated at the National Cancer Center Hospital in Tokyo
between 1991 and 2010, and received VAC chemotherapy
6 cycles or over as a first-line treatment. The chart review
was performed for all identified patients to obtain the
following information: age, sex, primary tumor site, his-
topathology, tumor size, stage, group defined by the
International Rhabdomyosarcoma Study (IRS) postsurgical
grouping system [4], chemotherapy regimen, chemother-
apy administration schedule, adverse event, date of radio-
therapy, date of surgery, date of progression, and date of
last follow-up.

Treatment

The details of VAC chemotherapy are shown as follows.
VAC consisted of vincristine at a dose of 1.5 mg/m?” (up to
2 mg/body), given intravenously on day 1, 8, 15, cyclo-
phosphamide at a dose of 2.2 g/m?, given intravenously on
day 1, and d-actinomycin at a dose of 1.5 mg/m® (up to
2.5 mg/body), given intravenously on day 1. The treatment
course was repeated every 3 weeks according to Children’s

@ Springer

Oncology Group Study D9803 [8]. D-actinomycin on day 1
and vincristine on day 8 and day 15 were omitted when
radiotherapy was applicable.

Dose intensity calculation and definitions of terms

Dose intensity of vincristine and cyclophosphamide was
calculated according to the following formula: Dose
intensity (vincristine) = Total dose of vincristine (mg/m?)/
[(last date of injection — first date of injection) + 7]/7;
Dose intensity (cyclophosphamide) = Total dose of cyclo-
phosphamide (mg!mz)f[(last date of injection — first date
of injection) 4+ 21]/7, respectively. The percentage of rel-
ative dose intensity (RDI) was calculated according to the
Children’s Oncology Group D9803 protocol [8]. We
examined the RDI in induction phase and maintenance
phase. Induction phase was defined as the first six cycles of
VAC, and maintenance phase was defined as the latter
cycles after induction phase. We defined cut-off points of
RDI of vincristine and cyclophosphamide at 80 % and
dichotomized into lower RDI (RDI < 80 %) and higher
RDI (RDI = 80 %).

We defined adult as the patients aged greater than or
equal to 21 years, and we used the term ‘children’ for the
others. We attempted to retrospectively define the stage of
disease according to the IRS staging system, which sepa-
rates patients by site of the primary tumor, tumor size, and
the presence or absence of tumor-involved regional lymph
nodes and of distant metastases. Adverse events were ret-
rospectively ranked by the National Cancer Institute
Common Toxicity Criteria version 3.0. As a definition of
febrile neutropenia, we used the guidelines established by
the Infectious Disease Society of America [15]. Treatment
delay was defined as more than a week of delay to start new
cycle of VAC regimen.

Statistics

We used Student’s ¢ test to detect the difference of mean
RDI. Progression-free survival (PFS) was defined as the
time between the date of initial chemotherapy until the date
of the recognition of local recurrence or distant metastases.
Death was treated as an event, and the absence of disease
progression was treated as a censored observation on the
last day of follow-up. Overall survival (OS) was defined as
the time from the date of initial chemotherapy until the date
of death. Patients who were lost to follow up were treated
as a censored observation on the last day of follow-up. We
used the Kaplan-Meier method to draw survival curve, and
significance was detected by the log-rank test. All statis-
tical analyses were performed using SPSS ver. 19.0 (IBM
Co. Inc, Okinawa, Japan).
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Results
Patient characteristics

We identified 59 patients who received VAC regimen and
of 45 patients met the eligibility criteria in the study period.
Fourteen patients were excluded from this analysis by the
following reasons: less than 6 cycles of VAC regimen in 12
patients, VAC chemotherapy of IRS II protocol in one, and
clinical data unavailable in one. There were 27 adult
patients and 18 were children.

The distribution of clinical and pathologic characteris-
tics of these patients is listed in Table 1. The median age of
adult was 28 years (range, 22-72) and that of children was
16 years (range, 2-19). Primary disease site, histopathol-
ogy, and primary tumor size were similar among adult and
children. Fourteen adults and 8 children had parameningeal
primary site. Metastatic disease was somewhat high in
adult.

Overall median follow-up period was 26 months (range,
6—-114 months): 26 months in adults (range, 6-113 months)
and 36 months in children (range, 6-114 months). We
identified a total of 316 cycles of VAC chemotherapy in
adults and a total of 209 cycles in children. The median
number of chemotherapy cycles was 13 (range, 6-14) for
adults and 12.5 (range, 6-14) for children.

Relative dose intensity of VAC chemotherapy

The mean RDIs of vincristine and cyclophosphamide in
total phase for adults were 76.8 and 80.8 %, respectively,
and those for children were 90.2 and 86.9 %, respectively.
The mean RDI of vincristine in total phase was signifi-
cantly lower in adults than that in children (P < 0.05)
(Table 2).

In induction phase, the mean RDIs of vincristine and
cyclophosphamide were similar for both groups; however,
they were dropped significantly in adults during mainte-
nance phase (P < 0.05) (Table 2). We examined the RDIs
of vincristine and cyclophosphamide in relation to age.
Mean RDIs of vincristine in elderly patients tended to
become low (Fig. 1).

Chemotherapy efficacy by RDI

We analyzed the efficacy of RDI on PFS and OS. The PFS
and OS were not statistically different in patients with high
RDI and low RDI of vincristine and cyclophosphamide in
total phase. For total phase of RDI for vincristine, median
PFS was 28 months in patients with high RDI (n = 15) and
24 months in patients with low RDI (n = 30) (P = 0.43),
and median OS was 60 months in patients with high RDI
(n = 15) and 42 months in patients with low RDI (n = 30)

(P = 0.78) (Fig. 2a). For total phase of RDI for cyclo-
phosphamide, median PFS was 28 months in patients with
high RDI (n = 17) and 24 months in patients with low RDI
(n = 28) (P = 0.78), and median OS was 114 months in
patients with high RDI (n = 17) and 60 months in patients
with low RDI (n = 28) (P = 0.67) (Fig. 2b). We further
analyzed induction phase and maintenance phase of RDIs
for vincristine and cyclophosphamide or stratified them by
adults and children on PFS and OS. None of the difference
regarding RDI of both agents on PFS and OS was detected
(Fig. 3).

Toxicity of VAC chemotherapy

Table 3 lists the worst degree of toxicity of VAC chemo-
therapy. Majority of patients experienced grade 3/4 neu-
tropenia and anemia in both induction phase and
maintenance phase. Grade 2—4 peripheral neuropathy was
observed in 55.6 % of adult patients, while it was 33.3 %
in children (P = 0.37). Approximately 80 % of patients
needed granulocyte colony-stimulating factor, and 73.3 %
of patients received trimethoprim-sulfamethoxazole for
prevention of pneumocystis jirovecci pneumonia (PCP).
Two patients who did not receive trimethoprim-sulfa-
methoxazole developed PCP; one experienced PCP in 4th
cycle of VAC, and the other did in 14 the cycle of VAC.

Cause of dose reduction, skip, and delayed cycles

In induction phase, three of adults (11.1 %) and one of
children (5.6 %) required dose reduction of vincristine due
to peripheral neuropathy and myelosuppression. Eight of
the patients (29.6 %) in adults and 4 of the patients
(22.2 %) in children required dose reduction of cyclo-
phosphamide, due to myelosuppression, febrile neutrope-
nia, and liver dysfunction. In maintenance phase, four
adults (16.0 %) and 2 children (11.8 %) required dose
reduction of vincristine, due to peripheral neurotoxicity and
myelosuppression. Nine adults (36.0 %) and 5 children
(18.5 %) required dose reduction of cyclophosphamide,
due to myelosuppression and febrile neutropenia.

Adult patients needed discontinuance of vincristine in
total of 126 times out of 713 times (17.7 %) due to the
following reasons: peripheral neurotoxicity in 75 times,
myelosuppression in 35 times, and febrile neutropenia in
14 times. For these child patients, it was 55 times out of
483 times of vincristine administration (11.4 %) due to
peripheral neurotoxicity in 16 times, myelosuppression in
16 times, and febrile neutropenia in 9 times.

In induction phase, 14 adult patients (51.9 %) and 9
child patients (50.0 %) experienced cycle delay. In main-
tenance phase, 17 adult patients (68.0 %) and 9 child
patients (52.9 %) required cycle delay. The major causes of
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Table 1 Patient characteristics

Adults (N = 27) Children (N = 18)

Age, median (range) 28 (22-72) 16 (2-19)
Gender
Female 8 (29.6 %) 9 (50.0 %)
Male 19 (70.4 %) 9 (50.0 %)
Primary tumor site
Head-neck 3(11.1 %) 3 (16.7 %)
Parameningeal primary site 14 (51.9 %) 8 (44.4 %)
Unfavorable other 5(18.5 %) 1 (5.6 %)
Extremity 3(11.1 %) 5(27.8 %)
Genitourinary primary site 2(74 %) 1(5.6 %)
Histopathology
Alveolar 15 (55.6 %) 10 (55.6 %)
Embryonal 10 (37.0 %) 7 (38.9 %)
Others 2(74 %) 1(5.6 %)
Tumor size
>5cm 10 (37.0 %) 8 (44.4 %)
<5 cm 15 (55.6 %) 9 (50.0 %)
Not available 2 (7.4 %) 1(5.6 %)
IRS group
I 3(11.1 %) 2 (11.1 %)
II 3(11.1 %) 1(5.6 %)
111 12 (44.4 %) 12 (66.7 %)
v 9 (33.3 %) 3 (16.7 %)
IRS pre-treatment stage
Stage 1 4 (14.8 %) 4(22.2 %)
Stage 2 4 (14.8 %) 1 (5.6 %)
Stage 3 10 (37.0 %) 10 (55.6 %)
Stage 4 9 (33.3 %) 3 (16.7 %)
Complete surgical resection
Pre-chemotherapy 7 (25.9 %) 4 (22.2 %)
Post-chemotherapy 4 (14.8 %) 6 (33.3 %)
No surgery 16 (59.3 %) 8 (44.4 %)
Radiation therapy
Pre-chemotherapy 2 (7.4 %) 2 (11.1 %)
Post-chemotherapy 20 (74.1 %) 14 (77.8 %)
No radiation therapy 5(18.5 %) 2 (11.1 %)

IRS Intergroup Rhabdomyosarcoma Study

cycle delay were myelosuppression, febrile neutropenia,
and patient preferences.

Discussion

In our analyses, 27 adults and 18 children of rhabdomyo-
sarcoma who received VAC chemotherapy at a single
institution were evaluated for RDIs of VAC chemotherapy.
Adult patients had significantly lower RDIs of vincristine
and cyclophosphamide in the maintenance phase compared
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Table 2 Mean relative dose intensity in patients with adult and child
rhabdomyosarcoma

Adult (%) Child (%) P value
Vincristine
Induction phase 71.7 86.4 0.109
Maintenance phase 71.9 100.1 0.042
Total phase 76.8 90.2 0.040
Cyclophosphamide
Induction phase 87.1 88.2 0.820
Maintenance phase 69.7 86.4 0.011
Total phase 80.8 86.9 0.156
il N T )
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2 !
=
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0-10 years 10-20 years 20-30 years >30 years .
W vcR 77.1 74.8 66.4 B 58.4
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Fig. 1 Relative dose intensity of vincristine and cyclophosphamide
in relation to age. VCR vincristine, CPA cyclophosphamide

to those of children. Further, the mean RDIs of vincristine
tended to become low depending on patients’ ages. The
reasons for dose reduction, discontinuance, and treatment
delay of vincristine and cyclophosphamide were generally
due to myelosuppression, infection, and peripheral neuro-
toxicity. We revealed that the adult rhabdomyosarcoma
patients significantly received lower RDIs of vincristine
and cyclophosphamide than those of children; however, the
PFS and the OS were not statistically different in patients
with high RDI and low RDI in total phase and maintenance
phase.

The prognosis of adult rhabdomyosarcoma remains
poor, with approximately 30 % at 5-year survival [9-14,
16]. The reason for the poor outcome of adults remains
unclear. Sultan et al. [9] reported the comparison of pedi-
atric and adult rhabdomyosarcoma; they reported that the
typical pediatric rhabdomyosarcoma variants (embryonal
and alveolar subtypes) occurred less frequently in adult
rhabdomyosarcoma and that the most common primary
sites in adult were extremities and unfavorable sites and
that radiation therapy was performed less frequently in
adult rhabdomyosarcoma than in pediatric patients. In our
study, adult rhabdomyosarcoma patients had lower RDIs in
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Fig. 2 a Kaplan-Meier curve of progression-free survival in patients [
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curve of overall survival in patients with high relative dose intensity
of vincristine (dash line) and low relative dose intensity of vincristine
(black line)

VAC chemotherapy, especially in maintenance phase. The
reason for the low RDI was not apparent, but we demon-
strated that VAC chemotherapy for adult rhabdomyosar-
coma patient may not be feasible as VAC chemotherapy
was developed mainly targeting pediatric patients. We also
suggested that none of the differences regarding RDIs of
both vincristine and cyclophosphamide on PFS and OS
were detected. However, in our previous data focusing on
childhood RMS and adult RMS survival suggested signif-
icant differences in survival in localized tumor [17].
Although we could not observe significant differences in
survival in metastatic tumors for both childhood RMS
and adult RMS, controversy remains as to the standard

L

Ll T T ]
00 2000 4000 B0O0 8000
Months from treatement

10000 12000

Fig. 3 a Kaplan-Meier curve of progression-free survival in patients
with high relative dose intensity of cyclophosphamide (dash line) and
low relative dose intensity of cyclophosphamide (black line).
b Kaplan-Meier curve of overall survival in patients with high
relative dose intensity of cyclophosphamide (dash line) and low
relative dose intensity of cyclophosphamide (black line)

treatment for patients with adult rhabdomyosarcoma.
Recently, several types of trials for these patients have
demonstrated to show additional benefit of adding active
new agents to standard VAC chemotherapy, which failed to
show survival benefit [18-20].

In IRS-V study, the dosage of cyclophosphamide was
designed 1.2 g/m*/cycle. High-dose therapy with stem cell
transplantation for high-risk metastatic RMS did not
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Table 3 Adverse event in patients who received VAC regimen

Adults Children

Induction phase Maintenance phase  Total phase Induction phase Maintenance phase  Total phase

(n=27) (n =25) (n=18) n=17
Neutropenia Gr. 4 27 (100 %) 23 (92.0 %) 27 (100 %) 18 (100 %) 17 (100 %) 18 (100 %)
Anemia Gr. 3/4 24 (88.9 %) 21 (84.0 %) 27 (100 %) 16 (88.9 %) 14 (82.6 %) 16 (88.9 %)
Thrombocytopenia Gr. 4 12 (44.4 %) 14 (56.0 %) 19 (703 %) 13 (72.2 %) 10 (58.8 %) 13 (722 %)
FN Gr. 3/4 23 (85.2 %) 19 (76.0 %) 26 (96.3 %) 17 (94.4 %) 14 (82.6 %) 18 (100 %)
Peripheral 11 (40.7 %) 12 (48.0 %) 15(55.6 %) 6(33.3 %) 5(294 %) 6 (33.3 %)

neuropathy >Gr. 2

VAC vincristine, d-actinomycin, cyclophosphamide, FN febrile neutropenia, Gr grade

improve outcome significantly [21]. Accordingly, reduced
dose of VAC chemotherapy for adults might not be inferior
to standard VAC dose regarding survival.

This study has several limitations as of the nature of
retrospective design and small sample size. More patients
may be needed to detect the small differences regarding
survival in low RDI patients and high RDI patients.
Decision of administration of vincristine on day 8 and 15
may vary by physicians as evaluation of peripheral neu-
ropathy by vincristine is not integrated. However, consid-
ering poor prognosis of adult RMS with highly toxic
regimen of VAC, new strategy to treat this rare cohort must
be developed urgently.

In summary, adult rhabdomyosarcoma is a rare malig-
nancy with poor prognosis. The treatment strategy has been
performed along with child rhabdomyosarcoma; however,
the RDIs of vincristine and cyclophosphamide in the
maintenance phase were significantly lower than that in
children. Causes of low RDIs were generally myelosup-
pression, infection, and peripheral neurotoxicity in both
groups. VAC chemotherapy for adults may not be feasible;
thus, the prospective trial for adult rhabdomyosarcoma
should be designed.
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A Case of Stage IV Neuroblastoma Treated with Aggressive Surgery Following Intensive Neoadjuvant
Chemotherapy with Autologous Stem Cell Transplantation

Figure 1.

Figure 3.

Figure 4.

Figure 2.

A 16-year-old male complaining of recent body weight loss of 10 kg and supraclavicular lymph node swelling was referred to our hos-
pital. Computed tomographic scan demonstrated a left retroperitoneal tumor (Fig. 1, arrow) and multiple enlarged lymph nodes along the
aorta, mediastinum as well as in the supraclavicular area. The systemic spread of the disease was apparent on Fls-ﬂuorodeoxyglucose-
positron emission tomography including multiple bone metastases (Fig. 2). The urine level of vanillylmandelic acid and homovanillic
acid and the serum level of neurospecific enolase were elevated to 107.8, 118.1 mg/g creatinine (Cr) and 140.9 ng/ml, respectively
(reference range: 2.1-5.0, 2.2—5.8 mg/g Cr and <15 ng/ml, respectively). Histological analysis of the biopsied cervical lymph
nodes confirmed the diagnosis of neuroblastoma, showing unfavorable histology (poorly differentiated) and no MYCN amplifica-
tion (Fig. 3). According to the International Neuroblastoma Risk Group classification, the patient was categorized into the high-risk
group due to the presence of metastatic disease and age > 18 months. Because neoadjuvant chemotherapy with standard cisplatin-
containing regimen was not effective, the patient underwent second-line ifosfamide-based chemotherapy followed by melphalan-
containing high-dose chemotherapy with concomitant autologous peripheral blood stem cell transplantation. Then, he underwent
surgical resection of abdominal tumor and lymph nodes (Fig. 4), followed by resection of mediastinal tumor and supraclavicular
lymph nodes 50 days after the initial operation. Tumor beds and bone lesions were treated with post-operative radiation therapy.
The patient is doing well without any signs of recurrence or treatment-related sequelae 8 months after completion of therapy.

Yuki Yamamoto and Atsushi Makimoto
Pediatric Oncology Division

National Cancer Center Hospital
Tokyo, Japan

doi:10.1093/jjco/hys044

© The Author 2012. Published by Oxford University Press. All rights reserved.
For Permissions, please email: journals.permissions@oup.com

€10¢ ‘p] U U0 qIT] onyo) ) ewiysody (G) 1e ,.'810‘s|Bu1n0[p10_;x0‘oaﬁ;;:duq W0} papeojumod]



J Cancer Res Clin Oncol (2012) 138:1249-1257
DOI 10.1007/500432-012-1199-x

Clinical outcomes of adult and childhood rhabdomyosarcoma
treated with vincristine, d-actinomycin, and cyclophosphamide

chemotherapy

Yuki Kojima + Kenji Hashimoto - Masashi Ando - Kan Yonemori *
Akihiro Hirakawa + Makoto Kodaira + Mayu Yunokawa + Chikako Shimizu -
Kenji Tamura - Noriyuki Katsumata - Ako Hosono * Atsushi Makimoto -

Yasuhiro Fujiwara

Received: 30 January 2012/ Accepted: 6 March 2012 /Published online: 23 March 2012

© Springer-Verlag 2012

Abstract

Background Outcomes in adult patients with rhabdo-
myosarcoma are poor, with a 5-year survival rate of
approximately 30 %. The current study aimed to compare
the clinical outcomes of adult and childhood rhabdomyo-
sarcoma patients with local and metastatic disease and to
examine the impact and timing of local therapy on
metastasis.

Methods Clinicopathological features and patient out-
comes were reviewed retrospectively for rhabdomyosar-
coma patients receiving chemotherapy between 1981 and
2010 at our institution. Adults were defined as those aged
21 years or older.

Results Of the 98 patients identified, 36 were adults
(median age, 29; range, 21-72) and 62 were children

This study was presented as part by ASCO 2011 in Chicago.

Y. Kojima - K. Hashimoto (3<) - M. Ando - K. Yonemori -
M. Kodaira - M. Yunokawa - C. Shimizu - K. Tamura -

N. Katsumata - Y. Fujiwara

Department of Medical Oncology and Breast Oncology,
National Cancer Center Hospital, 5-1-1 Tsukiji,

Chuo-ku, Tokyo 104-0045, Japan

e-mail: gonmusao@k6.dion.ne.jp

Y. Kojima

Department of Hematology and Medical Oncology,
Nagoya Medical Center, 4-1-1 Sannomaru,
Naka-ku, Nagoya 460-0001, Japan

A. Hirakawa

Department of Management Science,

Graduate School of Engineering, Tokyo University of Science,
3-3-2 Kasumigaseki Chiyoda-ku, Tokyo 100-0013, Japan

A. Hosono - A. Makimoto
Department of Pediatric Oncology, National Cancer Center
Hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo 104-0045, Japan

(median age, 11; range, 0.6-20). Median progression-free
survival of localized and metastatic disease for children
and adults was as follows: localized disease, 166.9 versus
22.4 months (p = 0.005), and metastatic disease, 13.3
versus 13.3 months (p = 0.949), respectively. Multivariate
regression analysis revealed that older age (=21 vs. <21)
was a significant poor prognostic factor in localized dis-
ease. Conversely, age was not related to survival in meta-
static disease. Receiving radiotherapy to the primary site
was an independent factor indicating a better prognosis. An
analysis of the optimal timing of local therapy was per-
formed for 53 patients; however, its significance on sur-
vival could not be determined.

Conclusions Age was a negative prognostic factor in
rhabdomyosarcoma patients with localized disease, but it
did not affect the survival in metastatic disease. For met-
astatic disease, although local therapies may be effective
for survival, the timing of such therapies should be deter-
mined individually.

Keywords Adult - Child - Rhabdomyosarcoma -
Clinical outcome

Introduction

Rhabdomyosarcoma (RMS) is the most common soft tissue
sarcoma in children, but it is far less common in adults
(Ferrari et al. 2003). Improvements in multimodal treat-
ment of RMS have improved survival in children from 25
to approximately 70 % over the past 40 years (Pappo et al.
1997; Raney et al. 2001; Breitfeld and Meyer 2005;
Leaphart and Rodeberg 2007). In contrast, the prognosis
for adult RMS remains poor, with a 5-year survival rate of
approximately 30 % (Sultan et al. 2009; Ferrari et al. 2003;
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La Quaglia et al. 1994; Little et al. 2002; Esnaola et al.
2001; Hawkins et al. 2001).

Metastatic RMS affects approximately 15 % of all
children with RMS (Breneman et al. 2003). According to
the risk categories identified by the Intergroup Rhabdo-
myosarcoma Study (IRS), low- and intermediate-risk
patients have improved outcomes, with 96-97 % of low-
risk patients achieving 5-year survival (Meza et al. 2006)
and 79 % of intermediate-risk patients attaining 4-year
survival (Arndt et al. 2009). However, survival for high-
risk patients remains poor, with 34 % achieving 3-year
survival (Oberlin et al. 2008) and 24 % achieving 5-year
survival (Carli et al. 2004). Consequently, standard treat-
ment for high-risk patients remains controversial (Klin-
gebiel et al. 2008; Pappo et al. 2007; Lager et al. 2006).

The treatment strategy for RMS requires multidisci-
plinary therapy, including chemotherapy, surgery, and
radiation therapy. Vincristine and d-actinomycin, with or
without cyclophosphamide (VAC) regimens, are consid-
ered the standard option for RMS (Maurer et al. 1988,
1993; Crist et al. 1995, 2001; Meza et al. 2006; Arndt et al.
2009), with wide surgical resection of tumor and postop-
erative radiation therapy required for local control of
localized RMS (La et al. 2011; Rodeberg et al. 2011;
Schuck et al. 2004). The timing of radiation therapy is
critical: for localized RMS, radiation is appropriate to start
during weeks 9-12, and for parameningeal RMS with intra-
cranial extension, local radiation treatment should begin
during the first 1-2 weeks of chemotherapy (Michalski
et al. 2004; Raney et al. 2002). However, the impact and
optimal timing of local therapy for metastatic disease is
unknown. Therefore, the purpose of the current study was
to compare the clinical outcomes of local or metastatic
adult and childhood RMS and to examine the impact and
timing of local therapies on metastatic disease.

Patients and methods
Patients

All patients included in this analysis met the following
criteria: histologically diagnosed with RMS, treated at the
National Cancer Center Hospital in Tokyo between 1981
and 2010, and received VAC or VAC-like chemotherapy.
Medical records were then retrospectively reviewed to
obtain the following information: date of birth, gender, date
of diagnosis, primary tumor site, histopathology, initial
tumor size, presence of central nervous system (CNS)
invasion, clinical stage, group category as defined by the
IRS (Breitfeld and Meyer 2005), date of treatment initia-
tion, chemotherapy regimen, best response, chemotherapy
administration schedule, date of radiotherapy, date of
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surgery, date of progression, date of last follow-up, and
survival status.

Treatment

The VAC regimen after the year of 2000 consisted of
vincristine at a dose of 1.5 mg/m? (up to 2 mg/body), given
intravenously on days 1, 8, and 15; cyclophosphamide at a
dose of 2.2 g!mz, given intravenously on day 1; and
d-actinomycin at a dose of 1.5 n'lgs'rn2 (up to 2.5 mg/body),
given intravenously on day 1. The treatment course was
repeated according to IRS-IV or Children’s Oncology
Group (COG) Study (D9803) protocols (Arndt et al. 2009).
Before the year of 2000, the VAC-like regimen includes
the following regimens: vincristine, d-actinomycin, and
either ifosfamide, etoposide, or doxorubicin. The treatment
course was administered according to IRS-II or III
protocols.

Local therapy includes surgery, radiation therapy, or
both. Surgical resection defined in this manuscript includes
only total gross resection. Microscopic complete resection
(Group I) was confirmed microscopically later on. Radia-
tion therapy was delivered to each primary tumor site and
regional lymph nodes where applicable. The total dose
ranged from 30 to 56.3 Gy, with a median dose of 45 Gy.

Definitions of terms

We defined adults as patients aged 21 years or more, and
considered the remaining patients to be children. The
induction phase was defined as the first six cycles of the
VAC/VAC-like regimen, and the maintenance phase was
defined as the later cycles following the induction phase.
Response to chemotherapy was compared with baseline
status. A complete response (CR) was defined as the dis-
appearance of tumors with no evidence of disease. A par-
tial response (PR) was a 50 % or greater decrease in the
sum of tumor diameters. Stable disease (SD) was a less
than 50 % decrease in the sum of tumor diameters. Pro-
gressive disease (PD) was defined as a 25 % or greater
increase in the sum of tumor diameters and/or the
appearance of new lesions.

Surgery or radiation therapy in this study means resec-
tion or radiation therapy to the primary site during primary
treatment, respectively. Resection or radiation therapy to a
relapsed site or metastatic site is not included in this cat-
egory; likewise, biopsy only is not included in this
definition.

Statistical analyses

Progression-free survival (PFS) was defined as the time
from the date of initial chemotherapy to the date when
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local recurrences or distant metastases were recognized.
Overall survival (OS) was defined as the time from the date
of initial chemotherapy to the date of death due to any
cause. Patients who survived were treated as censored
observations on the last day of follow-up. PFS and OS were
estimated using the Kaplan—Meier method, and survival
curves were compared using the log-rank test. Multivariate
Cox regression analysis was used to estimate the hazard
ratios and 95 % confidence intervals (CI). A two-sided
p < 0.05 was considered statistically significant. All sta-
tistical analyses were performed using SAS (version 9.1.3;
SAS Institute Inc., Cary, NC, USA).

Results
Patient characteristics
We identified 98 patients who met the eligibility criteria.

The distributions of clinical and pathologic characteristics
of patients are listed in Tables 1 and 2. There were 36

Table 1 Characteristics of patients with localized rhabdomyosar-
coma (n = 73)

Adults (n = 22) Children (n = 51)

No. % No. %

Gender

Female 5 227 24 47.1

Male 17 T 27 52.9
Tumor size

<5 cm 9 40.9 23 45.1

>5 cm 13 59.1 28 51.9
Site

Favorable 5 22.7 22 43.1

Unfavorable 17 77.3 29 56.9
Histology

Alveolar 9 40.9 18 353

Embryonal 12 54.5 29 56.9

Other 1 4.5 4 7.8
Group

1 3 13.6 9 17.6

2 3 13.6 5 9.8

3 16 72.7 37 72.5
Stage

1 4 18.2 21 41.2

2 5 22.7 8 15.7

2 13 59.1 22 43.1
CNS invasion

No 20 90.9 46 90.2

Yes 2 9.1 5 9.8

CNS central nervous system

adults (age: median, 29; range 21-72) and 62 children (age:
median, 11; range, 0.6-20). Seventy-three patients had
localized disease (22 adults and 51 children) , while 25
patients had metastatic disease (14 adults and 11 children).
The most common histology was embryonal in localized
disease (56.2 %) and alveolar in metastatic disease
(68.0 %). Botryoid was found in only one patient. Com-
mon primary sites in localized disease were parameningeal
(38.4 %), head and neck (21.9 %), and extremity (15.1 %),
while common primary sites in metastatic disease sites
were parameningeal (32.0 %), extremity (28.0 %), and
other (24.0 %) (Table 3). The most common metastatic

Table 2 Characteristics of patients with metastatic rhabdomyosar-
coma (n = 25)

Adults (n = 14) Children (n = 11)

No. % No. %

Gender

Female 6 429 6 54.5

Male 8 371 5 45.5
Tumor size

<5 cm 2 14.3 4 36.4

=5 cm 12 85.7 7 63.6
Site

Favorable 1 71 1 9.1

Unfavorable 13 92.9 10 90.9
Histology

Alveolar 11 78.6 6 54.5

Embryonal 2 14.3 5 45.5

Other 1 7.1 0 0
CNS invasion

No 14 100 10 90.9

Yes 0 0 1 9.1

CNS central nervous system

Table 3 Primary site of rhabdomyosarcoma in localized and meta-
static disease

Localized Metastatic
disease disease
No. (%) No. (%)
Extremity 11 (15.1) 7 (28.0)
Parameningeal site 28 (38.4) 8 (32.00
Head and neck 16 (21.9) 1 (4.0)
Genitourinary primary site 6 (8.2) 0 (0.0)
(non-bladder/prostate)
Orbit 5(6.9) 1 (4.0)
Genitourinary primary site 2027 2 (8.0)
(bladder/prostate)
Unfavorable other 5 (6.9) 6 (24.0)
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Fig. 1 a Kaplan-Meier curve
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sites were bone (n = 17), bone marrow (n = 7), and lung
(n = 6). Eleven patients had metastases to multiple sites.

Thirty-one patients (31.6 %) underwent surgical resec-
tion at RMS diagnosis. Ten patients were classified as
IRSG Group I, 7 as Group I, and 14 as Groups III/IV.
Surgery (primary tumor resection at diagnosis or second-
look surgery) was performed in 43 patients (58.9 %) with
localized disease and in 5 patients (20.0 %) with metastatic
disease. We identified 59 patients (60.2 %) who had
received VAC regimens and 39 patients (39.8 %) who had
received VAC-like regimens. Radiation therapy was per-
formed in 52 patients (71.2 %) with localized disease and
in 18 patients (72.0 %) with metastatic disease during the
course of treatment.

Patient outcomes in adults and children

The best responses to chemotherapy were as follows:
among those with localized disease, 65 patients (89.0 %)
achieved CR/PR, 5 patients (6.9 %) achieved SD/PD, and
the data are not available for 3 patients (4.1 %); among
patients with metastatic disease, 22 patients (88.0 %)
achieved CR/PR and 3 patients (12.0 %) achieved SD/PD
(p = 1.000). The overall median follow-up period was
37 months (range, 0-263 months); 37 months in metastatic
disease (range, 0-213 months); and 43 months in localized
disease (range, 0-263 months). At the time of analysis, 50
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patients (51.0 %) experienced recurrence, and 41 of these
patients (41.8 %) later died. Sites of first recurrence/pro-
gression were locoregional in 26 patients and distant
metastases in 24 patients. Seven patients in whom the sites
of first recurrence/progression were locoregional achieved
CR and were still alive following second-line treatment.

Adult patients with localized disease had a significantly
greater probability of poor outcome compared with children.
The median PFS times for localized and metastatic disease
for children and adults were as follows: localized disease,
166.9 versus 22.4 months (p = 0.005) (Fig. 1a), and meta-
static disease, 13.3 versus 13.3 months (p = 0.949)
(Fig. 1b), respectively. Median OS times were not statisti-
cally different in patients with metastatic disease for both
adults and children.

Analyses of prognostic factors in localized
and metastatic disease

To determine the independent predictors of survival, we
used a multivariate Cox regression model. The results of
multivariate analysis for PFS and OS in localized and
metastatic disease are shown in Tables 4 and 5. According
to Table 4, age (<21 vs. >=21) was the only statistically
significant negative predictor of PFS for patients with
localized disease (p = 0.018). In contrast, for metastatic
disease, age was not significantly different with respect to
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e os
rhabdomyosarcoma (n = 73) 95 % CI p value HR 95 % CI p value
Age
<21 51
=21 22 2.60 1.18-5.70 0.018 1.67 0.62-4.52 0.311
Stage
1 25
2 13 273 0.90-8.29 0.076 7.36 1.38-39.2 0.019
B 35 242 0.94-6.24 0.069 5.66 1.19-26.9 0.029
Radiotherapy
No 21
Yes 52 0.69 0.29-1.63 0.394 0.95 0.32-2.85 0.924
Surgery
No 30
Yes 43 0.60 0.29-1.24 0.167 0.63 0.26-1.54 0.312
CNS central nervous system, Presence of CNS invasion
PFS progression-free survival, No 66
gi ;"galcloi‘;irggi :’;‘; r‘la;afd Yes 7 168  052-536 0384 175  0.52-584 0363
e e 0s
rhabdomyosarcoma (n = 25) 95 % CI p value HR 95 % CI p value
Age
<21 11 1.00 1.00
=21 14 0.97 0.37-2.55 0.947 1.03 0.35-3.06 0.960
Radiotherapy
No 7
Yes 18 0.14 0.04-0.51 <0.001 0.24 0.07-0.82 0.023
Surgery
No 20
Yes 5 1.15 1.15-3.95 0.394 0.30 0.06-1.47 0.137
CNS central nervous system, Presence of CNS invasion
PFS progression-free survival, No 24
OS overall survival, HR hazard Yes 1 185  020-168 0.585 099  0.12-845  0.995

ratio, CI confidence interval

PFS and OS. Radiotherapy was the only significant factor
in improved PFS or OS in metastatic disease.

Local therapy for metastatic disease

Of 25 patients with metastatic disease, 21 patients (84.0 %)
received local therapy as part of their primary treatment
that included radiotherapy (n = 16), surgery and radio-
therapy (n = 3), and surgery (n = 2). Sixteen of these 21
patients (76.2 %) experienced relapse at the following
sites: distant metastatic site (n = 11) and primary site
progression (n = 5). Among four patients with metastatic
disease who did not receive local therapy, three patients
relapsed: two experienced local relapse and one relapsed at

a distant metastatic site. In the 25 patients with metastatic
disease, median PFS times in patients with or without local
therapy (surgery and/or radiotherapy) were 13.4 versus
7.0 months (p < 0.001) (Fig. 2a), respectively, and median
OS times were 36.1 versus 7.6 months (p < 0.001),
respectively (Fig. 2b).

Timing of local therapy

We further sought information about the optimal timing of
local therapy in 53 patients who received local therapy
(both radiotherapy and surgery) during their course of
treatment (localized disease, n = 38; metastatic disease,
n = 15). PES and OS were not significantly different
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Fig. 2 Kaplan-Meier curve of progression-free survival (a) and
overall survival (b) in patients with metastatic disease with local
therapy (dashed line) and without local therapy (solid line)

between patients who received local therapy within or after
18 weeks of starting initial treatment (see Table 6 for our
multivariance analysis of OS). In the 38 patients with
localized disease, median PFS was 134.7 months in
patients who received radiotherapy in the induction phase
and 101.6 months in patients who received it during the
maintenance phase (p = 0.921); median OS was similar
for patients during both phases (p = 0.277). Median PFS
and OS times were also similar in patients who received
surgery either in the induction phase or in the maintenance
phase (p = 0.304 for PFS and p = 0.502 for OS).

In the 15 patients with metastatic disease, the median PFS
in patients who received radiotherapy was similar for both
phases (induction, 18.4 months; maintenance, 13.3 months,
p = 0.177); however, median OS was significantly longer
for the patients receiving radiotherapy in the induction phase
than for those receiving radiotherapy in the maintenance
phase (60.7 and 25.7 months, respectively, p = 0.048).
Median PFS and OS were similar in patients who received
surgery in either the induction or maintenance phase
(p = 0.304 for PFS and p = 0.214 for OS).

Discussion

In this study, we evaluated the clinical outcomes of adults
and children with RMS who received VAC/VAC-like
chemotherapy as their initial treatment. This study resulted
in two main findings. First, we showed that age was an
independent negative prognostic factor for PFS in RMS
with localized disease, but it was not associated with sur-
vival in metastatic disease. Second, local therapy to the

Table 6 Multivariate analysis
of OS to determine the

Localized disease (n = 38)

Metastatic disease (n = 15)

significance of timing for local HR 95 % CI p value HR 95 % CI p value
therapy in localized and
metastatic rhabdomyosarcoma Age
<21 1 1
=21 1.04 0.24-4.49 0.961 0.63 0.11-3.66 0.610
Stage
1 1 - - -
2 30.74 0.68-1,390.3 0.078 - - -
3 12.98 0.50-339.5 0.124 - - -
Timing of radiotherapy
>18 weeks 1 1
<18 weeks 0.89 0.23-3.36 0.857 0.30 0.04-2.31 0.246
Timing of surgery
>18 weeks 1 1
<18 weeks 0.45 0.04-3.31 0.429 3.11 0.07-138.2 0.558
Presence of CNS invasion
CNS central nervous system, OS No 1 1
overall survival, HR hazard Yes 1.45 0.38-5.56 0.587 2.81 0.18-45.0 0.465

ratio, CI confidence interval
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primary tumor site during the treatment course may be
necessary for metastatic RMS, as the patients who received
local therapies showed significantly longer survival than
those who did not. Although our findings suggest that
patients with metastatic RMS should be treated at an early
stage with local radiotherapy to improve OS, this aspect of
our results requires more research; thus, the timing of local
therapy should be individually determined depending on
patient conditions.

Several studies have reported that age is associated with
poor survival in patients with RMS. Sultan et al. reported
on the prognosis of pediatric (age < 19 years) and adult
(age > 19 years) RMS patients, and their findings sug-
gested that the 5-year survival rate was significantly poorer
in adults compared to that in children (5-year OS, 27 and
61 %, respectively; p < 0.0001) (Sultan et al. 2009).
Another study clarified that the outcomes of patients with
intermediate-risk RMS varied depending on age (Meza
et al. 2006). Oberlin et al. (2008) also reported on the
prognosis of metastatic RMS, and their data suggested that
the 3-year event-free survival rate was significantly poorer
in RMS patients <1 year and >9 years of age compared to
that in RMS patients aged 1-9 years (p < 0.001). In our
study, age was a negative prognostic factor of PFS in RMS
with localized disease, but outcomes for metastatic disease
were not different between adults and children. Previous
studies have mostly focused on age in children, but our
study reported different prognoses for adults and children
in both localized and metastatic disease. Therefore, our
results would be expected to be different than those of
Oberlin et al. (2008). The poor prognosis in adult meta-
static RMS may depend on the tumor biology and drug
delivery.

Histopathological classification of adult RMS is some-
what difficult to categorize conventional subtypes.
Although our data include alveolar subtype most, pleo-
morphic and spindle subtypes in part may be included in
the heterogeneous tumor and these subtypes are suggested
poor prognosis (Mentzel, 2000 #3204). For the drug
delivery, unpublished data in our institute suggest that the
dose intensity of vincristine and cyclosporine is lower in
adult when compared to children as hematological toxici-
ties and neurotoxicity are severe. These data suggest that
categorizing adult RMS and its treatment may be necessary
to be developed independently to that of child RMS.

Radiation therapy and surgery are important for local
tumor control and survival in the treatment of RMS.
However, the optimal timing of radiation therapy is
unclear. IRSG and COG protocols incorporate radiation
therapy scheduled at weeks 9 or 12 after the induction of
initial chemotherapy (Crist et al. 2001; Arndt et al
2009). Minn et al. (2010) analyzed the risk of early

treatment failure in intermediate-risk RMS, and the
majority of patients with early progression experienced
local failure. Earlier radiation therapy may improve out-
comes by the prevention of early local progression, and
the current COG study (ARSTO0531, http://www.clini-
caltrials.gov) plans to perform radiation therapy at week
4 for intermediate-risk RMS. Although there has been no
randomized trial to compare the timing of local therapy
in RMS, early initiation of local treatment would seem to
be preferable. In our study, local therapy was effective in
improving survival even in metastatic disease. We could
find the efficacy of radiotherapy in metastatic patients but
not for surgery probably because of the shortage of
patients number included. However, except for local
radiotherapy in patients with metastatic disease, the
timing of local therapy had no significantly different
effect on outcomes in patients who received local therapy
during the induction phase versus the maintenance phase.
The threshold we wused for dichotomization (within
18 weeks or later than 18 weeks after initial treatment
onset) may have been a factor in our inability to detect a
significant difference in outcomes. This result implies
that the timing of local therapy for metastatic disease,
whether radiotherapy or surgery, may be varied depend-
ing on the individual patient’s characteristics, that is, the
radiotherapeutic field or the operability of the patient’s
local site.

Several limitations to our study should be mentioned.
Our analysis was limited by its retrospective design and
small sample size. Patients receiving VAC-like chemo-
therapy had undergone chemotherapy during the period
prior to 2000, and the dose intensity of chemotherapy
varied by protocol. The dose of irradiation and radiation
methods also varied. Further, the patients who received
local therapy might have been in better general condition
or had a smaller primary tumor, which could be included in
one radiation field, compared with those who did not. To
reduce these biases, we compared the baseline character-
istics of each group and demonstrated their similarity.
However, adult RMS is a rare cancer; thus, our results
should contribute to further advances in this field of
oncology.

In conclusion, we showed that age was a negative
prognostic factor for PFS and OS in RMS patients with
localized disease, but age was not associated with survival
in metastatic disease. For metastatic disease, local therapy
may have a beneficial effect on survival, but the optimal
timing of local therapy is unclear and should be determined
individually. Future clinical trials for metastatic RMS
should focus on the timing of local therapy, and evaluation
of treatment strategies limited to adult RMS patients is
warranted.
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