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1 | INTRODUCTION

Abstract

Background: CWS/RMS-96 was an international multicenter trial with randomization
between two therapy arms of the standard four-drug therapy (vincristine, ifosfamide,
adriamycin, dactinomycin [VAIA]) versus an intensified six-drug regimen (carboplatin,
epirubicin, vincristine, dactinomycin, ifosfamide, and etoposide [CEVAIE]) for high-risk
rhabdomyosarcoma (RMS), extraskeletal Ewing sarcoma (EES), and undifferentiated
sarcoma (UDS) in children, adolescents, and young adults aiming to improve their sur-
vival. Intensified chemotherapy with CEVAIE did not improve outcome.

Methods: Patients younger than 21 years with a previously untreated localized HR-
RMS, EES, and UDS were enrolled from Cooperative Weichteilsarkom Studiengruppe
(CWS) centers in Germany, Austria, Poland, Switzerland, and from Italian Soft Tissue
Sarcoma Committee (STSC) centers. Randomization (1:1) to receive either 9 x 21 days
cycles of VAIA or CEVAIE was performed separately in CWS and STSC. Hyperfrac-
tionated accelerated radiotherapy (32-44.8 Gy) was added at week 9-12 according to
histology and response to chemotherapy. A secondary microscopically complete non-
mutilating resection was performed if possible. Primary endpoints were response to
chemotherapy, event-free (EFS) and overall survival (OS).

Results: Five hundred fifty-seven patients (HR-RMS: n = 416, EES and UDS: n = 141)
underwent randomization: VAIA (n = 273) or CEVAIE (n = 284). Radiotherapy was
given to 70% of patients in both groups. A secondary resection was performed in 47%
and 48% patients, respectively. The 5-year EFS and OS for the VAIA and CEVAIE treat-
ment arms were 59.8% and 60.8% (p =.89), and 74.2% and 68.3% (p = .16), respectively.
No differences in response, toxicity, or second malignancies emerged in the two groups.
Conclusion: The use of an intensified regimen failed to show a significant improvement
in tumor response and outcome of patients with localized HR-RMS, EES, and UDS.

KEYWORDS
CEVAIE, CWS-96, high-risk soft tissue sarcoma, randomization, rhabdomyosarcoma, RMS-96,
VAIA

tem, based on histological type, postsurgical status, site, tumor-node-
metastasis (TNM),%12-15 and size was established and two random-

About 7% of childhood cancers are soft tissue sarcoma (STS).!
Rhabdomyosarcoma (RMS) constitute its majority, being the fourth
most common solid malignancy and predominantly affecting children
younger than 5 years.? Risk-adapted multimodal therapy and support-
ive care have improved survival rates to 70% within 20 years through
the efforts of international cooperative clinical study groups.>~1° The
International Society for Paediatric Oncology (SIOP) Malignant Mes-
enchymal Tumor (MMT)-89 trial explored increased dose intensity of
ifosfamide and intensified (six-drug) chemotherapy in regional node
disease. The results for this small group in SIOP MMT-897 showed
improved survival compared with SIOP MMT-84,11 stimulating formal
comparison of the six-drug combination against standard ifosfamide,
vincristine, and dactinomycin (IVA) in SIOP MMT-95. The Cooperative
Weichteilsarkom Studiengruppe (CWS)/RMS-96 and SIOP MMT-95
represented two complementary studies. A common risk grouping sys-

ized studies were run in parallel. To explore the value of more inten-
sive chemotherapy for high-risk (HR) RMS, the CEVAIE regimen (car-
boplatin, epirubicin, vincristine, actinomycin-D, ifosfamide, and etopo-
side) was investigated in the European Intergroup Study MMT4-89
and MMT4-91 in patients with metastatic disease and showed promis-
ing results.'® Therefore, the CEVAIE regimen was randomized against
the standard treatment, that is, VAIA (vincristine, ifosfamide, adri-
amycin, dactinomycin) in the CWS/RMS-96 study or against IVA (vin-
cristine, ifosfamide, dactinomycin) in the MMT-95 study. The MMT-
95 study failed to show a superior outcome for patients treated with
CEVAIE.1017.18 Based on these results and the first data of the CWS-96
trial, the IVAY regimen was established as the standard chemotherapy
for localized RMS in Europe.1©

CWS/RMS-96 recruited patients with newly diagnosed localized

STS, including both RMS and other chemotherapy-sensitive sarcoma:
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FIGURE 1 Randomization CEVAIE (carboplatin, epirubicin,
vincristine, actinomycin-D, ifosfamide, and etoposide) versus VAIA
(vincristine, actinomycin-D, ifosfamide, and doxorubicin)

extraosseous Ewing sarcoma (EES) and UDS from six countries. Prelim-
inary results have been reported previously in an abstract at SIOP (Med
Pediatr Oncol 2003;41:278). This article reports the long-term findings
of the VAIA versus CEVAIE randomization.

2 | PATIENTS AND METHODS

2.1 | Patients

This prospective phase Ill randomized clinical trial was conducted in
collaboration between the CWS, including patients from centers in
Germany, Austria, Poland, Switzerland, and the Italian Soft Tissue Sar-
coma Committee (STSC) including patients from Italy. Eligibility crite-
ria were histologically confirmed diagnosis of RMS, extraskeletal Ewing
(EES), primitive neuroectodermal tumors (pNET, according to the
WHO 2002 defined as round cell sarcoma as EES) or undifferentiated
sarcoma (UDS), age <21 years, no prior therapy/previous malignancy;,
localized disease, and classified in the high-risk group. Patients were
stratified according to the common CWS/RMS-96 and MMT 95 stratifi-
cation to high-risk group according to N-status, histology, International
Rhabdomyosarcoma Study Group (IRS) group, tumor site, and pre-
operative tumor status (Table S1). Patients were randomly assigned
(1:1) to receive the standard or the investigational chemotherapy
(Figure 1). The randomization was performed independently by the
two cooperative groups using a web-based system. CWS/RMS-96 was
approved by the appropriate ethics/review committees. Informed con-
sent was obtained from all patients/guardians/parents.

2.2 Definition of terms

Favorable histology was defined as non-alveolar RMS. Unfavorable his-
tology was defined as alveolar RMS (ARMS), EES, and UDS. Tumor
site was assigned to one of the seven localization groups previously
defined?: orbit (ORB), head/neck non-parameningeal (HN-nPM) and

parameningeal (HN-PM), genitourinary bladder-prostate (GU-BP) and
non-bladder-prostate (GU-nBP), extremities (EXT), and other (OTH).
ORB, HN-nPM, and GU-nBP were considered favorable sites in con-
trast to HN-PM, GU-BP, and other that were considered to be unfa-
vorable sites. Surgical margins were defined at the time of pathological
assessment. Resection was classified as microscopically complete (RO),
microscopically incomplete (R1), and macroscopically incomplete (R2).
Secondary surgery was defined as a delayed surgical approach after
chemotherapy (CHT).

Response was assessed after three to four courses of CHT in
patients with macroscopic residual disease after initial surgery (IRS
group IlI), and was defined by imaging as complete response (CR) with
clinically complete disappearance of disease, good response (GR) with
greater than or equal to two-third of the tumor volume reduction,
partial response (PR) with one-third to two-third tumor reduction,
objective response (OR) with >0 and greater than or equal to one-third
tumor reduction. Stable disease/none responder was defined as no
tumor reduction. Progressive disease (PD) was defined as any increase
in tumor volume in patients who did not achieve CR.82921 Relapsed
disease was defined as any new tumor increase after CR.

The interval between diagnosis and detection of relapse or pro-
gression was defined as time to event. A metastatic relapse was seen
as recurrence not at the primary site or in directly adjacent tissues.
Chemotherapy-related acute toxicities were reported. Late effects at
last follow-up of survivors without relapse or second malignancy were
reported within the follow-up data of the study. Toxicity was classified
according to the Common Terminology Criteria for Adverse Events,
version 3 (CTCAE).

2.3 Staging and risk groups

The diagnostic workup included computed tomography (CT) and/or
magnetic resonance imaging (MRI) of the primary tumor, chest CT scan,
radionuclide bone scan, bone marrow aspirate, and biopsy. The staging
system was adapted from the Intergroup Rhabdomyosarcoma Study
Grouping (IRSG)” and the TNM classification*12-1%: IRS group I: com-
pletely resected localized tumor; IRS group Il: microscopic residual dis-
ease; IRS group I1l: macroscopic residual disease.

High-risk group included patients with (i) IRS Il or Ill, favorable
histology, tumors arising in unfavorable sites, (ii) unfavorable histology
tumors, and (iii) N1 tumors (Table S1). This high-risk group was divided
in two groups: (a) “High-Low” including patients with ARMS IRS group
1/11, non-ARMS with tumor location HN-PM/T1, GU-BP, EXT, NO; and
(b) “High-High” including all patients with N1, non-ARMS HN-PM
T2, ARMS-IRS Ill, all EES, UDS. These two groups were separately

randomized.

2.4 Treatment

Prescribed chemotherapy included either four (VAIA) or six (CEVAIE)

drugs in nine courses (Table 1, Figure 1). A secondary microscopically
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TABLE 1 Chemotherapy treatment

Cycles and dose

No. of cycles VAIA CEVAIE
I2VA 6 -

12VAd S -

IPVA - 3

CEV = 8

I*VE - 3

Total cumulative dose

VCR 19.5 mg/m? 19.5 mg/m?
AMD 9 mg/m? 4.5 mg/m?
IFO 54 g/m? 51 g/m?
ADR 240 mg/m? -

Epi - 450 mg/m?
VP-16 (ETO) = 1.35 g/m?
Carbo - 1.5 g/m?

Abbreviations: ADR, adriamycin; AMD, actinomycin-D; Carbo, carboplatin;
CEV, carboplatin, epirubicin, and vincristine; Epi, epirubicin; 12VA, ifos-
famide, vincristine, actinomycin in the regimen with two times ifosfamide;
I2VAd, ifosfamide, vincristine, adriamycin in the regimen with two times
ifosfamide; I3VE, ifosfamide, vincristine, etoposide in the regimen with
three times ifosfamide; VCR, vincristine; VP-18 (ETO), etoposide.

complete nonmutilating resection was recommended. Radiotherapy
(RT) was administered according to histology, TNM status, resectabil-
ity, and response to chemotherapy. Patients with favorable histology,
primary or secondary RO resection, were not irradiated according to
protocol. RT was given according to the accelerated hyperfractioned
schedule that provided two administrations per day of 160 cGy, with
a minimum interval of 6 hours and 10 fractions per week. A dose of
44.8 Gy was administered in patients with favorable tumor histology in
case the tumor was unresectable or when response to CHT was <2/3,
as well as in patients with unfavorable tumor histology. The recom-
mended dose was 32 Gy for patients with response to CHT >2/3 and
favorable histology. In patients with IRS group | (favorable of unfavor-
able histology) or secondary RO resection (only favorable histology), no

RT was administered.

2.5 Statistical methods

The CWS/RMS-96 was designed and calculated as an intent-to-treat
analysis. Primary endpoints were response to CHT, 5-year event-free
survival (EFS) and overall survival (OS). EFS was defined as the time
between the date of resection or biopsy until the date of first occur-
rence of an event (local, metastatic, combined, progression, or death)
or latest uneventful follow-up. OS was defined as the time between
date of resection or biopsy until the date of death from any cause or
latest uneventful follow-up. Patients without an event were censored.

All variables were used as categorical variables. Statistical analysis was

performed by CRAN R (package: survival 2.36-9, univariate analysis)
and SPSS (v.27; only multivariate Cox regression analysis).

Survival rates, survival curves, and 5-year survival rates of EFS and
OS were calculated using the Kaplan-Meier estimator.22 Difference in
outcome rates (survival curves) were estimated by the log-rank test
statistic (Mantel-Haenszel test) at an alpha level of .05 (5%). Confi-
dence intervals (Cl) for the Kaplan-Meier estimator were computed by
the Greenwood’s formula at a level of 95%. Cox regression analysis was
performed to estimate the risk ratio (RR)/hazard ratio of each factor.
The method of Breslow was used for handling ties.23

Clinical variables and its frequency distributions were compared
by x? test (uncorrected) and Fisher test against the treatment group.
x2 test for trend was applied to estimate the response between
the two treatment arms. Cumulative incidence was defined as the
reverse of the Kaplan-Meier estimator or the Aalen-Johansen esti-
mator used in a Competing Risk Model. Multivariate COX analysis23
was performed to evaluate the factors of interest on outcome. Mul-
tivariable Cox regression analysis was designed by a stepwise selec-
tion, testing each remaining factor at each inclusion step at an alpha
level of .05 (5%) and likelihood ratio test for inclusion in the final
model. It included variables like forward selection does but also
assesses whether the included variables continue to contribute sig-
nificantly to the model as the model gets larger. Therefore, the step-
wise approach both included and excluded variables as the model was
constructed: starting with the most significant univariable result, and
then selecting the variables according to their ability to improve on
the model already selected. Adjustments for multiple testing were not
applied.

3 | RESULTS
3.1 Characteristics of patients

Patients were recruited from January 1995 until December 2004 from
Germany (nh = 262), Italy (n = 195), Poland (n = 54), Sweden (nh = 21),
Austria (n = 18), and Switzerland (n = 7). The median follow-up for
survivors was 10 years (3.1-16.1). The overview of the patient popu-
lation and its eligible criteria and treatment compliance are shown in
the CONSORT statement (Figure 2). In 14 patients, an initial metastatic
disease was diagnosed retrospectively after they were enrolled in the
trial. Because eligible criteria were met at the time of enrollment, these
patients were included in the analysis according to the intention-to-
treat principle, but assigned to IRS IV based on their retrospective
metastatic disease and evaluated accordingly.

For the final analysis, 557 patients were assessable. Two hundred
eighty-four patients (49%) were randomized to the four-drug treat-
ment group (VAIA) and 273 patients (51%) to the six-drug treatment
group (CEVAIE). There were no significant differences in the patient
characteristics between the two groups (Tables 2 and 3). A secondary
resection was performed in 47% (VAIA arm) and 48% of patients
(CEVAIE arm), respectively. RT was administered to a total of 391
patients, 70% of both groups. RT was omitted in 150 patients (27%).
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Enrollment Excluded (n=278) CWS-96  RMS-96
CWS-96 RMS-96 Total 162 116 (119)
n=856 n=545 n=311 Medical reasons 33 7
Parents refusal 25 8
Physicians refusal 10 -
¥ | Died before randomization 1 -
Ethical approval not obtained - 1
v Eligibel criteria not met 81 95 (96)
Randomization Other reasons 12 5(7)
CWS-96 RMS-96
n=581 n=383 n=155 () = 2x metastatic + 1x standard risk group revision)
VAIA CWS-96 RMS-96 CEVAIE CWS-96 RMS-96
n=294 n=193 n=101 n=287 n=190 n=97
CWS-96 RMS-96 CWS-96 RMS-96
= Received full allocated intervention n=146 n=85 = Received full allocated intervention n=146 n=76
(minimum 3 cycles VAIA/VAI A+t VAIASCEVAIE n=1/) (minimum 3 cycles CEVAIE/CEVAE ~oth/CEVAIEsVAIA n=1}
= Received allocated intervention discontinued = Received allocated intervention discontinued
(mmimal 1 or 2 cycles VAINVAIASCEVAIE n=13/.) n=34 n=15 (maximal 1 or 2 cycles CEVAIE/CEVAIESVNA n=2/.) n=26 n=19
= Did not received allocated intervention = Did not received allocated intervention
(CEVAIE+oth) (no VAIA) n=6 - (VAIA+oth){VAIA+CEVAIE n=1/.) n=10 n=2
= unknown intervention n=7 - = unknown intervention n=8 -
A 4 y
* Revised Patient Characteristics (n=9) * Revised Patient Characteristics (n=20)
Dia . ision (diffthRMS/-like) n=1  n=1 Diagnostic revision (diff.th.RMS/-like) n=1 n=2
< Restaging (St. IV) n=10 n=2
Restaging (St. IV) n=2 - ing (Standard) 2
Restaging (Standard, IXVAIA+2xIVA)  n=1  n=1 Restaging n= -
>21). n=2 -
>21). n=2 - . )
2nd Malignom n=t R Consent rejected (pseudonymised)  n=1 -
A
* Lost to follow-up (n=16) * Lost to follow-up (n=18)
Lost n=10 - Lost n=11 -
<3). FU (3x Lost) n=6 - <3). FU (5x Lost) n=9 -
no FU (missing EFS/OS) n=3 - no FU (missing EFS/0S) n=3 -
Missing Documentation n=11 - Missing Documentation n=9 -
v v
= Analyzed (n=273) - Analyzed (n=284)
Excluded (n=9) Excluded (n=12)
no FU (missing EFS/OS) n=3 - no FU (missing EFS/OS) n=3 -
<3).FU n=6 - <3JFU n=3 -
A 4
Analyzed (n=273) | | Analyzed (n=284)
Analyzed (n=557)

CWS-96 (n=362), RMS-96 (n=195)

FIGURE 2 CONSORT diagram
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TABLE 2 Multivariable Cox analysis of patients with localized rhabdomyosarcoma treated with VAIA (n = 284) or CEVAIE (n=273)

EFS (&)
n Hazard ratio p (EFS) Hazard ratio p (OS)
Total 557
Age .034 .004
<10vyears 385 1 1
>10vyears 172 1.394 1.613
Histology (matched) 0 .035
Other RMS and NRSTS 418 1 1
RMSA 139 1.768 1.46
Primary tumor size .005 .063
<5cm 186 1
>5cm 362 1.591
n.a. 9
IRS group matched .005 116
I+ 120 1
H-1v 437 1.778
Tumor invasiveness .285 .001
T1 160 1
T2 381 2.004
n.a. 16
N status .338 .005
NO 414 1
N1 115 1.653
n.a. 28
RT 0 .306
no 150 1
Yes 391 0.532
n.a. 16
Sub-risk group .048 259
High-High 210 1
High-Low 152 0.671
n.a. 195 0.706

Abbreviations: CEVAIE, carboplatin, epirubicin, vincristine, actinomycin-D, ifosfamide, and etoposide; EES, extraosseous Ewing sarcoma; GU-BP, genitouri-
nary tract bladder prostate; GU-nBP, genitouriniary tract non-bladder prostate; HN-nPB, head and neck non-parameningeal; HN-PM, head and neck para-
meningeal; IVA, ifosfamide, vincristine, and actinomycin-D; OS, overall survival; n.a., not available; p, p-value; RO, microscopic complete resection; R1,
microscopic incomplete resection; R2, macroscopic incomplete resection; RMSA, alveolar rhabdomyosarcoma; RMSE, embryonal rhabdomyosarcoma; RT,
radiotherapy; VAC, vincristine, actinomycin-D, and cyclophosphamide; VACA, vincristine, actinomycin-D, cyclophosphamide, and doxorubicin; VAIA; vin-

cristine, actinomycin-D, ifosfamide, and doxorubicin.

3.2 Response to chemotherapy

Response to initial chemotherapy was evaluable in 346 of 423 IRS 1|
group patients: CR or GR was recorded in 229 (66%) patients, PR in 80
(23%),and ORin 20 (5.8%). Seventeen patients (4.9%) showed stable or
PD. No difference in the response rate was observed between the two

arms.

3.3 Overall outcome

The 5-year EFS for the whole population was 60.3% (Cl: 56.2-64.3),
and the 5-year OSwas 71.3% (Cl: 67.6-75.1) (Figure 3). The 5-year EFS
was 59.8% (54.1-65.5) for the VAIA arm and 60.8% (55-66.6) for the
CEVAIE arm (Figure 3A). The 5-year OS was 74.2% (69.1-79.3) for the
VAIA arm and 68.3% (62.8-73.9) for the CEVAIE arm (Figure 3B).
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TABLE 3 Significant variables in univariable analysis of patients with localized rhabdomyosarcoma treated with VAIA (n = 284) or CEVAIE
(h=273)

p (VAIA vs.
VAIA (n = 284) CEVAIE (n=273) CEVAIE)
5-year 5-year OS 5-year 5-year OS
EFS % + % +Cl EFS % + % +Cl
n % Cl95%  p(EFS) 95% p (OS) n % Cl95%  p(EFS) 95% p(OS) p(EFS) p(OS)
Gender
Female 127 45 60+8 77+7 113 41 61+9 71+8 76 .39
Male 157 55 60+8 .98 73+7 .37 160 59 61+38 47 67+7 n.s. 86 .37
Age matched
<10years 207 73 63+7 78+6 178 66+7 73+7 .38 71
>10years 77 27 57+11 36 67+11  .049 95 49+10 006 60+10 .005 .45 .32
Histology
Alveolar 66 23 56+12 73+11 73 27 45+11 59+11 .18 13
RMS
Embryonal 138 49 62+8 75+8 133 49 69+8 74+7 12 79
RMS
OtherRMS 3 1 63+ 14 67+5 3 1 67 +53 67 +53 89 .89
EES 70 19 62+12 80+ 16 57 20 64 + 32 67 +15 .89 .79
Other 7 2 28+17 .69 50+20 .33 7 3 71+33 018 86+26 057 .11 .06
NRSTS
Primary tumor size
<5cm 87 31 69+ 10 84+8 99 36 69+9 79+8 .82 74
>5cm 191 67 55+7 039 70+7 .042 171 63 55+7 015 63+7 .92 11
n.a. 6 2 = = 8 1 = = .002
Primary tumor location
Orbital 5 2 100 100 4 1 75+43 100 26 -
Extremities 46 16 48 +15 74+13 47 17 55+14 65+ 14 67 .98
GU-BP 30 11 73+16 77 +15 41 15 76+13 83+12 .59 .69
GU-nBP 12 4 75+24 74+3 9 3 78 +27 78 +27 89 .83
HN-nPM 16 6 56+24 81+19 15 5 47 +25 59+25 67 19
HN-PM 78 27 56+11 67+10 75 27 72+10 76 +10 .04 .09
Other 97 34 61+10 .32 77 +8 17 82 30 46+11 003 55+11 .002 .02 .000
IRS group
| 16 6 75+21 88+19 18 7 72+21 89+15 .68 .52
Il 51 18 74+12 78 +12 35 13 66+ 16 71+15 49 51
Il 215 76 SOEEV 019 72+16 208 76 59+7 66+ 6 .06 .39 .26
\Y 2 1 100 .028 100 27 12 4 50+29 41 58+28 .06 .19 .23
IRS group matched
I+1 67 24 75+10 80+10 53 19 68+ 13 81+11 43 .89
- 217 76 56+7 011  73+6 .13 220 81 59+6 15 65+6 024 55 17
Tumor invasiveness
T1 73 26 68 +54 83+9 87 32 67 +10 82+8 .80 .53
T2 200 70 56+7 054 71+6 .016 181 66 57+7 102 62+7 002 .88 12
n.a. 11 4 = 82+23 17 2 =
N status
NO 209 74 61+7 76+ 6 205 75 64+ 6 73+6 .54 .28
(Continues)
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TABLE 3 (Continued)
p (VAIA vs.
VAIA (n = 284) CEVAIE (n=273) CEVAIE)
5-year 5-year OS 5-year 5-year OS
EFS % + % +ClI EFS % + % +Cl
n % Cl95%  p(EFS) 95% p (OS) n % Cl95%  p(EFS) 95% p(OS) p(EFS) p(OS)
N1 58 20 53+13 .035 65+12 014 57 21 47 +13 54+13 .35 42
n.a. 17 6 - - 11 4 - 008 - .005
High-risk group
High 107 103
Low 77 .001 .001 75 .081 .032
RT
No 78 27 54+11 77 £ 10 72 26 58+11 71+11 .64 .38
Yes 198 198  67+7 076 74+6 .59 193 71 63+7 .36 70+6 824 84 .33
n.a. 8 8 3 - 8 3 - -

Abbreviations: CEVAIE, carboplatin, epirubicin, vincristine, actinomycin-D, ifosfamide, and etoposide; CR, complete response; EES, extraosseous Ewing sar-
coma; GR, good response; IVA, ifosfamide, vincristine, and actinomycin-D; n.a., not available; OR, objective response; OS, overall survival; p, p-value; PD,
progressive disease; PR, partial response; RO, microscopic complete resection; R1, microscopic incomplete resection; R2, macroscopic incomplete resection;
RT, radiotherapy; VAC, vincristine, actinomycin-D, and cyclophosphamide; VACA, vincristine, actinomycin-D, cyclophosphamide, and doxorubicin; VAIA, vin-

cristine, actinomycin-D, ifosfamide, and doxorubicin.

3.4 Details of treatment failure

An event occurred in 217 patients. Relapse was local (n = 108),
metastatic (n = 43), combined (n = 21), or unspecified (n = 3). PD
occurred in 42 patients, and death as first event was reported in 11
patients. The time to the event was 1.4 years (0.1-10.1).

With a median follow-up of 10 years (3.1-16.1), 377 patients (68%)
were still alive. Death occurred in 180 patients after a median survival
time of 2.3 years (0.08-11.6): death of disease (n = 161), treatment-
related death (n = 8), and because of other or unknown cause (n = 11)
(Table S2).

3.5 Prognostic factors and outcome

In multivariable analysis, only factors significant in the univariate anal-
ysis were included (Tables 2 and 3). Age, histology, tumor size, IRS
group, RT, and sub-risk group were significant prognostic factors asso-
ciated with poor EFS in the multivariable analysis (Table 2). Age, his-
tology (ARMS), tumor invasiveness, and node status were significant
prognostic factors associated with poor OS in the multivariable anal-
ysis. Age and histology were significant variables for both EFS and OS
(Table 2).

3.6 Results of EES and UDS

There were 127 EES (91 patients with pNET) and 14 UDS included. No
significant difference for 5-year EFS and OS between the two regimens
VAIA and CEVAIE could be found (Tables 2 and 3).

3.7 Toxicity and secondary malignancies

Toxicities of grades 3 and 4 were documented. Frequencies of toxicity
between the two treatment arms were equally distributed. A subanal-
ysis showed significantly higher liver toxicity in patients of the CEVAIE
arm (Table S3). Secondary malignancies occurred in 16 patients: in
VAIA arm n = 8, and in CEVAIE arm n = 8 (Table S4). Overall, 16/557
patients (3%) suffered of secondary malignancies as long-term side
effects.

4 | DISCUSSION

In the last 30 years, many study groups have investigated whether
intensifying therapy improves prognosis of patients with chemosensi-
tive sarcoma. The standard therapy was intensified by increasing the
dosage and/or adding additional drugs or as a high-dose therapy with
stem cell rescue at the end of the standard therapy. CWS/RMS-96
was one of the first European studies to investigate this question in
patients with HR-RMS and other chemosensitive sarcoma as part of
the European cooperation between the CWS, STSC, and SIOP MMT
study groups. The intensive six-drug therapy CEVAIE was randomized
versus the standard arms: four-drug VAIA in the CWS/RMS-96 and
three-drug IVA in the SIOP MMT-95.18 This article reports the findings
of the randomized study CWS/RMS-96, which showed no improved
outcome by the intensified six-drug therapy CEVAIE. No difference in
the response rate was observed between the two arms. Of note, the
response definitions for this trial that was designed more than 25 years

ago are not in keeping with those currently used. In particular,an OR is
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FIGURE 3 (A) Kaplan-Meier estimates presenting event-free
survival (EFS) of all randomized patients within CWS/RMS-96
(n=557). (B) Kaplan-Meier estimates presenting overall survival (OS)
of all randomized patients within CWS/RMS-96

defined as any tumor shrinkage and might not be sufficient to meet the
recent criteria for CR, GR, or PR.

CEVAIE, a combination including most of the drugs that are active
in RMS, was investigated before in the European intergroup studies
MMT4-89 and MMT4-91 in patients with metastatic RMS, showing
promising results.1® This stimulated the formal comparison in random-
ized trials CWS/RMS-96 and MMT-95.18 As the randomization IVA
versus CEVAIE (SIOP-MMT) and VAIA versus CEVAIE (CWS/RMS-96)
have shown almost identical EFS and OS without improvement by
intensified therapy CEVAIE, IVA was established as the European stan-
dard therapy for localized RMS, whereas in North America, the combi-
nation of VAC (vincristine, actinomycin, and cyclophosphamide) is the
standard backbone therapy for RMS. Notably, a randomized compar-
ison of either VAC or IVA as the initial therapy (followed by VAC for
all patients) showed similar outcomes.”> The standard chemotherapy
regimen for patients with nonmetastatic RMS today is the combina-
tion of an alkylating agent (i.e., cyclophosphamide or ifosfamide) com-
bined with vincristine and dactinomycin, administered every 3 weeks
for 6-10 months.1824 A series of randomized trials done in the past

five decades, attempted to intensify these regimens, have not been

successful in improving outcomes.*>?11.1824-28 These trials have
shown that most patients with RMS achieve complete remission by
the end of their treatment, which also includes surgery, RT, or both. The
addition of topotecan or irinotecan with vincristine to the backbone
VAC therapy did not improve outcome.?428 However, VI/VAC is still
the new standard for COG intermediate-risk patients as patients had
less hematologic toxicity and a lower cumulative cyclophosphamide
dose, making VAC/VI the new COG standard therapy for intermediate-
risk RMS. In the European paediatric Soft tissue sarcoma Study Group
(EpSSG) RMS-2005 trial, the standard regimen IVA was random-
ized versus the experimental arm IVADo (IVA plus doxorubicin) for
patients with HR-RMS,29:39 and showed again that intensification of
chemotherapy beyond IVA did not improve prognosis but may increase
toxicity.3! VAIA is still recommended for patients with ARMS N1 and
certain non-rhabdomyosarcoma soft tissue sarcoma (NRSTS) in the
recent CWS guidance, similarly as IVADo was one of the treatment arm
in the randomized BERNIE study for patients with metastatic disease32
and will be investigated in the randomized FaR-RMS trial (frontline and
relapsed RMS, EudraCT Nr. 2018-000515-24; ClinicalTrials.gov iden-
tifier: NCT04625907). This was similar for ARMS N1 patients in the
EpSSG RMS-2005 trial.33

In contrast to intensification of chemotherapy, low-dose long-term
therapy was developed in parallel in the CWS-96 IV in patients with
metastatic tumors.3* Similarly, the results of the second randomiza-
tion of the RMS-2005 showed that maintenance chemotherapy with
vinorelbine and low-dose oral cyclophosphamide after treatment with
IVA or intensified treatment with IVADo improve OS of patients
with high-risk, nonmetastatic RMS.2> Maintenance treatment will be
further investigated in the recent Far-RMS study (EudraCT Num-
ber: 2018-000515-24). Longer maintenance treatment might improve
prognosis of this group of patients and will be one of the randomized
questions of that trial.

Increased availability of next-generation sequencing has allowed for
the genomic characterization of a variety of pediatric tumors. Tumor
mutational burden (TMB), defined as the total number of somatic
nonsynonymous mutations normalized to the number of sequenced
megabases, is associated with clinical outcomes: patients with fusion-
negative RMS had more genomic alterations and a higher TMB than
those with fusion-positive RMS. Genetic alterations in TP53 were asso-
ciated with worse OS. High TMB (defined as the top quartile >2.8)
was associated with worse locoregional control, disease-free survival,
and 0S.36 Due to the character of the CWS-96 trial at that time, we
are unable to add these data on our cohort. Nowadays, TMB, other
genomic classifiers and also molecular features other than high TMB
should be combined with traditional clinicopathologic risk factors to
guide risk stratification and ultimately treatment decisions.”

In CWS/RMS-96, a total of 141 patients with UDS and EES were
included, the histology called pNET was defined according to the WHO
2002 as round cell sarcoma analogous to EES.%8 The Soft Tissue Sar-
coma Committee of the Associazione Italiana Ematologia Oncologia
Pediatrica (AIEOP) decided to treat EES due to their clinical similar-
ity according to modified recommendations for high-risk soft tissue

sarcoma, and patients with these histological entities have been
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included in several CWS studies.®? In the reported CWS/RMS-96 trial,
no significant difference for EES, pNET, and UDS in the 5-year EFS
and OS between the two regimens VAIA and CEVAIE could be found.
Interestingly, the MMT95 randomized study showed no difference in
outcome in patients with RMS, EES, and UDS treated with CEVAIE or
IVA.18

Long-term results of all patients enrolled in the CWS/RMS-96 trial
confirm stable survival rates with a secondary malignancy rate of 3%
in both groups. This rate corresponds to recent published data.*° Data
of acute hematologic toxicity were reported equally in both groups as
around 40% of patients in each arm. However, comparing with other
studies such as RMS 2005, the rate of hematologic toxicities of patients
treated with similar or less intense regimens is higher.3> As limitation
of this study toxicity might not be adequately reported, data should be
interpreted with caution.

In conclusion (i) data on response on CHT with VAIA and CEVAIE did
not differ between the two treatment arms; (ii) the addition of etopo-
side and carboplatin and increased single dose of ifosfamide did not
improve the EFS and outcome in patients with HR-RMS, EES, and UDS;
and (iii) and (iv) reported toxicities and secondary malignancies were
identical in the VAIA and CEVAIE groups.
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