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ABSTRACT 

Risk stratification allows tailoring of treatment protocol using, for selected patients, reduced total chemotherapy expo- 
sure, including decreases in alkylator therapy and avoidance of agents with recognized risk of late complications (an- 
thracyclines), elimination of irradiation and reduction of radiotherapy dose. Patients and Methods: Twenty-nine newly 
diagnosed pediatric rhabdomyosarcoma patients attended the pediatric oncology department between January 2008 and 
May 2011. Patients were divided into 3 groups according to age, stage, group, pathology and site of the tumor. 
Treatment protocol tailored according to risk group. Results: Twenty-nine newly diagnosed pediatric rhabdomyo- 
sarcoma patients were evaluated. Seven patients had low risk, Intermediate risk included 12 patients, and 10 patients 
had high risk. After three years median follow up, event free survival was 51.7% for all patients however it was 86%, 
67% and 10% for low, intermediate and high risk respectively (P = 0.0002). There was statistical difference for survival 
among different sites, histology, clinical group and stage as risk factors within each risk group, no statistically survival 
significance of any of these factors within the same risk group. Conclusion: Risk stratification is the best single 
predictor factor for pediatric rhabdomyosarcoma and allows tailoring of the treatment protocol. For selected patients, 
reductions in total chemotherapy exposure, elimination of irradiation in selected low risk patients and reduction of 
radiotherapy dose according to postoperative margin and nodal status is safe. 
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1. Introduction 

Rhabdomyosarcoma (RMS) is the most common soft- 
tissue sarcoma of childhood, representing 5% of all 
childhood cancers [1,2]. Its annual incidence is 4.3 cases 
per million people younger than 20 years. Most cases 
occur in children younger than 10 years [3]. Successful 
treatment of RMS requires achievement of both local and 
systemic control of disease. Current treatment regimens 
incorporate surgery, chemotherapy, and radiotherapy 
(RT). Using this multimodality approach, the cure rates 
for RMS have steadily increased from only 25% in the 
1970s to 70% in the 1990s [4-6]. 

The results of IRS-IV emphasize that therapy for chil- 
dren with RMS should be risk directed and based primar- 
ily on tumor site, tumor histology, and extent of disease 
[4], in addition COG treatment protocols for patients 

deliver risk-directed therapy based on histology and other 
prognostic factors [7]. Our local treatment protocol based 
on risk directed therapy. This prospective study aims to 
evaluate the results of risk tailored therapy among our 
patients of RMS. 

2. Patients and Methods 

This prospective study was carried out in the Pediatric, 
Surgical and Radiotherapy Oncology Departments, South 
Egypt Cancer Institute (SECI) Assiut University during 
the period from January 2008 to the end of May 2011. 
Informed consent from the child’s family was taken be- 
fore including the child in the study. The study was 
started after the agreement of the ethics committee in 
delete South Egypt Cancer Institute, Assiut University. 

Eligible patients had histologically confirmed RMS, 
and were previously untreated. For each patient, initial 
staging evaluation was done by history and physical ex-  *Corresponding author. 
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amination; laboratory investigation (CBC, LFT, KFT, 
LDH and BMA & BMB); and radiological studies (CT 
and/or MRI of presenting site, chest CT and bone scan) . 

This study included 29 pediatric patients newly diag- 
nosed as RMS as RMS. Patients stratified into three risk 
groups as follow: 

Low risk: localized emberyonal or botryoid histology 
at favorable sites (stage 1, Groups I - III low risk A) or at 
unfavorable sites with completely resected or micro- 
scopic residual disease (stages 2 - 3, Groups I - II low 
risk B). Intermediate risk: emberyonal or botryoid 
histology at unfavorable sites with gross residual disease 
(stages 2 - 3, Group III); patients 2 - 10 years with me- 
tastatic emberyonal histology (stage 4); non-metastatic 
alveolar or undifferentiated histology (stages 1 - 3). High 
risk: Any stage 4/Group IV (except for patients 2 - 10 
years with emberyonal histology). 

2.1. Treatment Protocol 

Our treatment protocol was using tri-modality treatment 
of chemotherapy, surgery and or radiotherapy as follow: 

2.1.1. Chemotherapy 
Low risk group A received 32 weeks of vincristine and 
actinomycin-D (vincristine 1.5 mg/m2 weekly, actinomy- 
cin-D 0.045 mg/Kg/day, day 1). Low risk group B and 
intermediate risk group received VAC for 43 weeks 
(vincristine 1.5 mg/m2 weekly, actinomycin-D 0.045 mg/ 
Kg/day, day 1 and cyclophosphomide 1.2 gm/m2 I.V 
with mesna every 21 days), high risk group received 
VAC alternating with ifosfamide 1.8 gm/m2 I.V day 1 to 
day 5 with mesna and etoposid 100 mg/m2 I.V day 1 to 
day 5 every three weeks for 54 weeks. 

Relapsed patients from Low risk group received VAC, 
intermediate and high risk group received 6 doses of ICE 
every 28 days (Carboplatine 450 mg/m2/day 1, with ifos- 
famide 1.8 gm/m2 I.V day 1 to day 3 with mesna and 
etoposid 100 mg/m2 I.V day 1 to day 3). 

2.1.2. Surgery 
Complete surgical resection was recommended if it was 
not mutilating or cosmetically damaging. In cases where 
complete resection was not feasible, initial biopsy fol- 
lowed by neoadjuvant chemotherapy and definitive local 
control measures were taken. 

2.1.3. Radiotherapy 
Using our radiotherapy services included linear accel- 
erator (Linac, Siemens Mevatron, with double photon 
energies 6 MV and 15 MV), conventional simulator, CT 
simulator, and treatment planning system (XiO 4.2), ra- 
diation therapy was given according the following guide- 
lines: 

RT volumes using 3DCRT: GTV = pre-chemotherapy, 
pre-surgical tumor and metastasis at diagnosis 

CTV = GTV + 1 cm. If planning 50.4 Gy, cone down 
to GTV + 0.5 cm after 36 - 41.4 Gy. If LN+, include en- 
tire LN chain. For orbit, CTV does not extend beyond 
bony orbit. PTV = CTV + 0.5 cm. 

Dose: Margin negative [GI]: 36 Gy of radiation given 
only for alveolar histology but not for emberyonal his- 
tology. Margin positive [GII]: 36.0 Gy and 41.4 Gy for 
node positive. Gross disease [GIII]: 50.4 Gy (except for 
orbit which is 45 Gy). Metastatic tumor sites [GIV] re- 
ceive a total dose of 5040 cGy [whole lung irradiation 
15Gy/10]. 

The timing of radiation therapy: Patients received ra- 
diotherapy to the primary tumor and metastatic sites at 
week 9. Patients with parameningeal tumor with evi- 
dence of meningeal extension or who required emergency 
radiotherapy (e.g. spinal cord compression) began radia- 
tion to the primary tumor on day 0. 

2.2. Assessment during Therapy 

Low risk group patients assessed at week 12, 24 and 35, 
intermediate group at week 8, 16, 28, 36 and 44 and high 
risk group at week 8, 16, 28, 36, 44 and 56 by physical 
examination; hemogram, LDH, routine chemistry profile, 
magnetic resonance imaging (MRI) and/or computed 
tomography (CT) of presenting site. Chest CT scan, bone 
scan, bone marrow aspiration and biopsy according to the 
presentation. 

2.3. Statistical Methods 

Event Free Survival (EFS) was calculated from the first 
day of chemotherapy to an event (death due to any cause, 
progression after a PR or relapse) or to the date of last 
follow-up contact for patients who did not experience 
any event. EFS was estimated with the Kaplan-Meier 
method. Differences were considered significant when P 
value was ≤0.05. 

3. Results 

3.1. Patients’ Clinical Characteristics 

Characteristics of the 29 patients are shown in Table 1. 
The median age was 4 years (range, 9 months to 16 
years). Two patients (7%) were under one year of age, 
and 4 patients (14%) were above 10 years, the majority 
of patients were ≥2 to <10 years of age (79%). Eighteen 
patients (62%) were males and 11 patients (38%) were 
females. Nine patients (31%) had favorable site, and 11 
patients 37.9% had tumor size more than 5 cm. Embery- 
onal histology (including spindle cell and botryoid vari- 
ant) was diagnosed in 15 cases (51.7%) and alveolar his- 
tology (including undifferentiated) in 14 cases (48.3%). 
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Table 1. Patients and clinical characteristics. 

Variable N % 

Age   

≤1 2 7 

1 - 9 23 79 

≥10 4 14 

Sex   

Male 18 62 

Female 11 38 

Tumor site   

Favorable site 9 31 

Unfavorable site 20 69 

Pathology   

Emberyonal 15 51.7 

Alveolar 14 48.3 

Group   

I 5 17.2 

II 3 10.3 

III 8 27.6 

IV 13 44.8 

Stage   

1 6 20.7 

2 6 20.7 

3 4 13.8 

4 13 44.8 

Risk group   

Low 7 24.1 

Intermediate risk 12 41.4 

High risk 10 34.5 

 
Seven patients (with non-metastatic emberyonal his- 

tology) had low risk; 5 patients with stage 1 and 2 pa- 
tients stage 2 group I. Intermediate risk included 12 pa- 
tients; 4 patients had emberyonal histology (3 patients 
group IV age 2 - 9 years and 1 patient with group III and 
stage 3). Ten patients had high risk; 4 patients had em- 
beryonal histology and 6 patients had alveolar histology. 
Eight patients (27.6%) were clinical group III, 13 pa- 
tients (44.8%) were stage IV. Table 2 shows distribution 
of different sites [favorable and unfavorable] for all pa- 
tients, while Table 3 represents distribution of sites for 
different risk groups. Sites of metastasis at presenta- tion 
are listed in Table 4; thirteen patients had distant 
metastasis with lung and bone marrow were the com- 
monest sites of metastasis. 

3.2. Treatment Modalities 

3.2.1. Surgery 
Complete excision was done in 4 patients; 1 patient un-  

Table 2. Primary sites distribution. 

Site [N] N 

Orbit 4 

GU [non bladder -non prostate] 4 Favorable [9] 

Non parameningeal head and neck 1 

Parameningeal 3 

Bladder/prostate 4 

Extremity 4 

Retroperitoneal 3 

Unfavorable [20]

Trunk 6 

 
Table 3. Favorable and unfavorable sites for different risk 
groups. 

Favorable Unfavorable Total
 

N % N % N 
P 

Low 5 57 2 43 7 

Intermediate 2 17 10 83 12 

High 2 20 8 80 10 

Total 9 31 20 69 29 

0.006

 
Table 4. Sites of metastasis at presentation. 

Site N [13] % 

Lung [isolated] 5 [2] 38.5 [15] 

Bone marrow 5 38.5 

Bone 4 31 

Distant lymph nodes 2 15.5 

Total 13* 46.4 

*3 patients presented with multiple sites of metastasis. 

 
derwent orchectomy, 1 patient cystectomy, and 2 patients 
underwent complete excision (thigh mass and scalp 
mass). Incomplete excision with microscopic residual 
was done for 3 patients who have check, thigh and 
retroperitoneal tumors. The remaining 22 patients 
underwent only biopsy. Second look operation done for 
three patients. 

3.2.2. Chemotherapy 
Seven patients with low risk group received 32 weeks of 
vincristine and actinomycin-D, 12 patients with interme- 
diate risk group received VAC for 43 weeks, and 10 pa- 
tients with high-risk group received VAC alternating 
with ifosfamide and etoposid for 54 weeks. 

3.2.3. Radiotherapy 
Low risk: two patients did not receive radiation because 
of group I and emberyonal histology, 3 patients with or- 
bital tumor received 45 Gy at week 3, one patient with 
group II check tumor received 36 Gy at week 12, and one 
patient with pelvic tumor group III received 50.4 Gy at 
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week 12. of low risk had recurrence; patient had group III pelvic 
tumor recurred after 14 months. Four recurrences were 
reported among 12 patients of Intermediate risk; one pa- 
tient had emberyonal histology (he was 6 years and had 
group IV); two patients had alveolar histology (a patient 
had group III back tumor, the other had group II 
retroperitoneal tumor); and one patient had alveolar 
histology, group III, at prostate had progressive disease. 
All re- ceived second line ICE chemotherapy. Only one 
patient with high risk group (10%) had emberyonal histol-  

Intermediate risk: three patients with group I, non-em- 
beryonal histology, received 36 Gy (2 patients at week 
12 and one patient at week 15 after second look surgery). 
One patient with group II, non-emberyonal histology, 
node positive received 41.4 Gy at week 12. Five patients 
with group III (1 emberyonal and 4 alveolar) received 
50.4 Gy (4 patients at week 12 and 1 at week 15 after 
second look surgery). 

Three patients with group IV (lung metastasis), two of 
them received 50.4 Gy and one patient with orbital tumor 
received 45 Gy at week 15 and whole lung radiation the- 
rapy 15 Gy/10 fractions. 

 
Table 5. Factors affecting 3 year event free survival (EFS). 

3 years EFS 
Variable N 

yes No 
P 

Tumor site    

Favorable site 9 8 [89] 1 

Unfavorable site 20 7 [35] 13 

0.02 

Pathology    

Emberyonal 15 11 [73] 4 

Alveolar 14 4 [29] 10 

0.04 

Stage    

1 6 6 [100] 0 

2 6 3 [50] 3 

3 4 2 [50] 2 

4 13 4 [31] 9 

0.009 

Group    

I 5 4 [80] 1 

II 3 3 [100] 0 

III 8 4 [50] 4 

IV 13 4 [31] 9 

0.019 

Risk group    

Low 7 6 [86] 1 

Intermediate risk 12 8 [67] 4 

High risk 10 1 [10] 9 

0.003 

High risk: ten patients received local radiotherapy 
50.4Gy to the primary site, two patients received whole 
lung irradiation 15 Gy/10 fractions, and six patients re- 
ceived radiation to metastatic sites (bone 4 patients, and 
2 distant nodes). 

3.3. Treatment Outcome 

After three years median follow up, event free survival 
was 51.7% (Figure 1). The different prognostic factors 
that could affect our results studied as risk group, clinical 
group, stage, tumor histology and site Table 5. 

Three-year event free survival were estimated as 86%, 
67% and 10% for low, intermediate and high risk respec- 
tively (P = 0.0002; Figure 2). One out of seven patients  
 

 

Figure 1. EFS for all patients. 
 

 

Figure 2. EFS among all patients according to risk group. 
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ogy at paranasal sinuses survived free of disease after 3 
years. Studying different sites, histology, clinical group 
and stage as risk factors within each risk group, showed 
non statistically survival significance of any of these 
factors within the same risk group. 

There was statistical difference for survival among 
different clinical groups (Figure 3). EFS according to 
clinical stage were 100%, 50%, 50% and 31% for stage 1, 
2, 3, and 4 respectively (Figure 4). 

Survival according to histological types for different 
risk groups are illustrated in (Figure 5). EFS at 3 years 
were 73% and 29% for emberyonal and alveolar 
histology respectively (P = 0.04). 

Three-year event free survival according to primary 
site either favorable or unfavorable are 89% and 35% for 
favorable and unfavorable sites respectively (Figure 6; P 
= 0.02). 

Regarding patients who had any events during 3-years 
of follow up, 14 patients had either disease progression 
(5 patients) or recurrence local and/or distant (9 patients) 
they received salvage chemotherapy, eventually these 
 

 

Figure 3. EFS among different clinical group. 
 

 

Figure 4. EFS among different clinical stage. 
 

 

Figure 5. EFS among different histological type. 

 

Figure 6. DFS according to site (favorable versus 
unfavorable). 
 
patients died from disease progression after palliative 
care and palliative radiotherapy. 

Therapy was well tolerated in low risk group, leuco- 
penia and thrombocytopenia occurred in 22 patients 
(76%), requiring hospital admission, good supportive 
care and growth factors. Raised liver enzymes reported  
in 16 patients (56%), hemorrhagic cystitis in 12 patients 
(42%) require hospital admission, good hydration and 
mesna treatment. 

4. Discussion 

Treatment outcome for patients with RMS has improved 
over the last three decades during which IRS-I through 
IRS-V were conducted, the overall long-term survival 
rate for such patients with non-metastatic disease is ex- 
pected to exceed 80% [7], while 3 year overall survival 
for metastatic disease is 20% [8]. The two major subsets 
of RMS (alveolar and emberyonal) have differing prog- 
nostic factors and clinical outcomes; we included other 
less common histology according to their prognosis into 
these types. 

The studied prognostic factors histology, site, stage, 
and clinical group, have statistically significant effect on 
EFS, similar to most of published studies [9-12]. We 
cannot comment on age as only 2 patients were younger 
than one year that could not be statistically analyzed. 
Statistically significant improvement of survival were 
shown with emberyonal histology, favorable sites, early 
stages and postoperative clinical group [I and II] which is 
similar to most of published trials [9-12]. Limited 
number of our patients explains why survival for group I 
is lower than group II. 

Our patients stratified to different risk groups as they 
had wide spectrum and we couldn’t apply the same 
treatment protocol for all, The results of IRS-IV empha- 
size that treatment of children with RMS should be risk 
directed and based primarily on tumor site, histology, 
and stage [4], in addition, COG treatment protocols for 
patients deliver risk-directed therapy based on histology 
and other prognostic factors [7]. European trials also 
suggest that a reduction in the length of therapy is safe 
for patients with low-risk localized RMS [11,13]. 
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Low-risk tumors were received this brief exposure of 
chemotherapy and a reduction in total length of therapy. 
Using this less intensive therapy EFS for low risk was 
86% that is comparable to that reported by Meza and his 
colleagues [7]. Studying different prognostic factors 
among low risk reveal insignificant effect of these factors 
within this group which is indicative of homogenous 
prognostic group. 

Patients with intermediate-risk RMS have, a less 
favorable prognosis than patients with low-risk tumors. 
Comparing VAC against VAC alternated with VTC (sub- 
stituting topotecan), this did not improve outcome, with a 
4-years EFS of 73% and 68%, respectively [14]. Our pa- 
tients received VAC for 43 weeks and radiation therapy 
with 3 years EFS is 67% that is comparable to that 
reported in other studies [7]. Among this group we didn’t 
found any significant effects of stage, clinical group, 
histology, nor anatomical sites indicative of homogenous 
prognosis. 

High-risk patients still have poor survival even after 
incorporation of new agents such as irinotecan in spite 
that activity of this agent in combination with vincristine 
was documented, but EFS remained poor (26% at 2 years) 
[15]. We estimated only 10% 3-years EFS that is still 
poor results however it is comparable to other studies [8] 

Radiation therapy is an important issue for manage- 
ment of RMS. Data for the treatment of completely 
resected disease (group I) come from review of prior 
IRSG trials I to III demonstrating improvement in EFS 
and OS for patients with ARMS when RT is delivered 
(73% vs. 44% and 82% vs. 52%, respectively) [16]. 
Patients with group II disease received adjuvant radiation, 
resulting in local failure rates of less than 10% [17]. 
Patients with group III disease have local failure rates of 
10% to 15%, depending on site, size, and era of treatment 
[18-20]. To decrease late complications of radiotherapy, 
among our patients, radiation was omitted from em- 
beryonal histology with negative margin (2 patients) in 
addition reduction of total radiation doses from 41.4 Gy 
to 36 Gy for positive surgical margins. Orbital primary 
tumors were also irradiated using a reduced dose of 45 
Gy. Nodal disease received 41.4 Gy while gross residual 
50.4 Gy this is the same dose guide line tested in ARST 
study [21]. This dose reduction did not compromise local 
control among our patients, as lo- cal recurrence in group 
I and group II was 20% and 0% that is comparable to that 
reported by similar studies [16,17]. Using 3DCRT in our 
study is another method to decrease complication of 
radiotherapy as guide to deliver the recommended pre- 
scribed dose of radiation, while consider adjacent normal 
tissues and weigh the relative risks of site-specific late 
effects in relation to one another. 

Limited number of our patients and high incidence of 
metastsis at presentation were major limitations for 

statistical analysis that encourage us for further multi- 
center study to establish local Egyptian guidelines. 

5. Conclusion 

Risk stratification is the best single predictor factor for 
pediatric rhabdomyosarcoma that allows tailoring of the 
treatment protocol. For the low risk group, reductions in 
total chemotherapy exposure, including decreases in al- 
kylator therapy and avoidance of agents with recognized 
risk of late complications (anthracyclines), is safe. Elimi- 
nation of irradiation in selected low risk patients and re- 
duction of radiotherapy dose according to postoperative 
margin and nodal status is safe. 
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RMS Rhabdomyosarcoma 

RT Radiotherapy 

IRS International Rhabdomyosarcoma 

COG Children’s Oncology Group 

SECI South Egypt Cancer Institute 

VAC Vincristine, Actinomycin-D, Cyclophosphomide 

ICE Ifosfamide, Carboplatine and Etoposid 

G Clinical Group [Postsurgical] 

MV Million Volt 

3DCRT Three Dimensions Conformal Radiation Therapy 

Gy Gray 

EFS Event Free Survival 

OS Overall Survival 
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