1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Pediatr Blood Cancer. Author manuscript; available in PMC 2021 May 13.

-, HHS Public Access
«

Published in final edited form as:
Pediatr Blood Cancer. 2018 September ; 65(9): e27096. doi:10.1002/pbc.27096.

Localized vaginal/uterine rhabdomyosarcoma—results of a
pooled analysis from four international cooperative groups

Veronique Minard-Colinl, David Walterhouse?, Gianni Bisogno3, Helene Martelli4, James
Anderson®, David A. Rodeberg®, Andrea Ferrari’, Meriel Jenney8, Suzanne Wolden®,
Gianluca De Salvol0, Carola Arndt!l, Johannes H. M. Merks!2, Soledad Gallegol?,
Dominique Schwob!4, Christine Haie-Meder!®, Christophe Bergeron1®, Michael C. G.
Stevens!’, Odile Oberlinl, Douglas Hawkins819, International Society of Pediatric
Oncology Sarcoma Committee, the Children's Oncology Group, the Italian Cooperative
Soft Tissue Sarcoma Group, and the European pediatric Soft tissue sarcoma Study Group?

1Department of Pediatric and Adolescent Oncology, Gustave Roussy, Villejuif, France ?Division of
Hematology, Oncology, and Stem Cell Transplantation, Ann & Robert H. Lurie Children's Hospital
of Chicago, Chicago, lllinois 3Pediatric Hematology and Oncology Division, Padova University,
Padova, Italy “Department of Pediatric Surgery, CHU Bicetre, Le Kremlin-Bicétre, France
SDepartment of Oncology Clinical Research, Merck Research Laboratories, North Wales,
Pennsylvania 8Department of Surgery, East Carolina University, Greenville, North Carolina
"Pediatric Oncology Unit, Fondazione IRCCS Istituto Nazionale Tumori, Milano, Italy 8Department
of Pediatric Oncology, University of Wales, Cardiff, United Kingdom °Department of Radiotherapy,
Memorial Sloan Kettering Cancer Center, New York City, New York 1°Clinical Trials and
Biostatistics Unit, IRCCS lstituto Oncologico Veneto, Padova, Italy 'Department of Pediatric and
Adolescent Medicine, Mayo Clinic and Foundation, Rochester, Minnesota *?Department of
Pediatric Oncology, Emma Children's Hospital, Academic Medical Centre, Amsterdam, The
Netherlands 3Department of Pediatric Oncology, Hospital Universitari Vall d'Hebron, Barcelona,
Spain “Department of Biostatistics, Gustave Roussy, Villejuif, France *>Department of
Radiotherapy, Gustave Roussy, Villejuif, France 1®Department of Pediatric and Adolescent
Oncology, Centre Leon Berard, Lyon, France ’Department of Paediatric Oncology, Bristol Royal
Hospital for Children, University of Bristol, Bristol, United Kingdom *Division of Hematology/
Oncology, Seattle Children's Hospital, University of Washington, Seattle, Washington 1°Fred
Hutchinson Cancer Research Center, University of Washington, Seattle, Washington

Abstract

Background: Vaginal/uterine rhabdomyosarcoma (VU RMS) is one of the most favorable RMS
sites. To determine the optimal therapy, the experience of four cooperative groups (Children's
Oncology Group [COG], International Society of Pediatric Oncology (SIOP) Malignant
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Mesenchymal Tumor Group [MMT], Italian Cooperative Soft Tissue Sarcoma Group [ICG], and
European pediatric Soft tissue sarcoma Study Group [EpSSG]) was analyzed.

Procedure: From 1981 to 2009, 237 patients were identified. Median age (years) at diagnosis
differed by tumor location; it was 1.9 for vagina (n = 160), 2.7 for uterus corpus (n = 26), and 13.5
for uterus cervix (n = 51). Twenty-eight percent of patients received radiation therapy (RT) as part
of primary therapy (23% COG, 27% MMT, 46% ICG, and 42% EpSSG), with significant
differences in the use of brachytherapy between the cooperative groups (23% COG, 76% MMT,
64% ICG, and 88% EpSSG).

Results: Ten-year event-free (EFS) and overall survival (OS) were 74% (95% ClI, 67-79%) and
92% (95% CI, 88-96%), respectively. In univariate analysis, OS was inferior for patients with
uterine RMS and for those with regional lymph node involvement. Although EFS was slightly
lower in patients without initial RT (71% without RT vs. 81% with RT; £ = 0.08), there was no
difference in OS (94% without RT vs. 89% with RT; £=0.18). Local control using brachytherapy
was excellent (93%). Fifty-one (51.5%) of the 99 survivors with known primary therapy and
treatment for relapse were cured with chemotherapy with or without conservative surgery.

Conclusions: About half of all patients with VU RMS can be cured without systematic RT or
radical surgery. When RT is indicated, modalities that limit sequelae should be considered, such as
brachytherapy.
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INTRODUCTION

Rhabdomyosarcoma (RMS) of the female genital tract is rare, accounting for 4% of RMS
cases overall and 10% of cases in females.! It is one of the most favorable sites with a 5-year
overall survival (OS) rate greater than 90%2~4; but, because of its specific location, it poses
unique challenges for local tumor control.

To limit late effects resulting from treatment and to preserve organ function, the approach to
local treatment has undergone radical change over the last 30 years.23:5-8 In the
International Society of Pediatric Oncology (SIOP) Malignant Mesenchymal Tumor Group
(MMT) studies, no local treatment was performed in patients in whom complete remission
(CR) was achieved with primary chemotherapy, while for others the strategy evolved from
radical surgery and/or external-beam radiotherapy (EBRT) to a more conservative
multidisciplinary approach including limited surgical intervention and, when feasible,
radiation therapy (RT) with intracavitary brachytherapy (BT). This approach resulted in an
18% local failure rate and a 5-year OS of 91%.2 This conservative approach became the
current strategy for patients treated within the European pediatric Soft Tissue Sarcoma
Group (EpSSG) protocol and was initially adopted by the Children's Oncology group (COG)
in 1997. However, in 2011, COG reported a high local failure rate in patients with
noncompletely resected vaginal RMS, using a similar response-based approach that could
delay or eliminate RT.3 Notably, among the 14 patients treated on COG ARST0331 with a
lower dose of cyclophosphamide, the 2-year cumulative incidence of local recurrence was
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43% for vaginal RMS with gross residual disease prior to chemotherapy (Intergroup
Rhabdomyosarcoma Studies (IRS) group I11) and no regional lymph node involvement (NO).
Following this analysis, COG recommended a reversion to systematic RT for nonresected
female genital RMS.

To determine the optimal therapy, taking into account the total burden of local therapy and
chemotherapy, the experience of four collaborative groups (COG, SIOP MMT, Italian
Cooperative Soft Tissue Sarcoma Group (ICG), and EpSSG) was shared at an international
workshop. The primary purpose of the workshop was to explore the impact of RT on local
failure rate and OS when used as part of primary treatment, and to assess the use of BT
between the different cooperative groups.

2 PATIENTS AND METHODS

2.1 Patient population

Analyses were performed on the data derived from 13 studies from the four cooperative
groups (IRS-111,° IRS-1Vp,10 IRS-1V,11 COG D9602,12 COG D9803,13 COG ARST0331,14
MMT84,15> MMT89,16 MMT95,17 RMS79,18 RMS88,18 RMS96,18 and RMS200519). The
population consisted of 237 females, aged 0-21 years, with nonmetastatic RMS of the
genital tract (excluding vulva), treated between 1981 and 2009 (Table 1 ). All patients had
histological confirmation of RMS, and all were more than 2 years beyond the date of last
treatment. Central pathology review was not repeated for this study. FOXOX fusion status
was not available for the majority of patients and was not analyzed in this report.

2.2 Treatment

Surgery was considered radical when involving organ ablation or impairing urogenital
function (such as in cases when hysterectomy, total vaginectomy, or cystectomy were
performed). Partial vaginectomy, partial or total excision of the cervix, and trachelectomy
were considered conservative procedures. Patients with group | nonalveolar RMS did not
receive RT in any of the studies. Details regarding chemotherapy, surgery, and RT in each
cooperative group are shown in Table 2 and Supplementary Material S1.

2.3 IRSG/COG studies

In IRS-1119, patients with group Il tumors (see Supplementary Table S1 for the Intergroup
Rhabdomyosarcoma Study Group (IRSG) surgical-pathologic grouping system) received
41.4 Gy beginning at week 2. Patients with group 111 tumors did not receive RT if in CR
following chemotherapy and second-look surgery, but received 45-55 Gy if not in CR.

In IRS-1V11, IV pilot10, and D980313, systematic RT was given at week 9. If EBRT was
performed rather than BT, patients with gross residual disease in IRS-1V were randomized
between 50.4 Gy in a conventional daily schedule and 59.4 Gy in a hyperfractionated
schedule.

In COG D960212 and COG ARST0331,14 delayed resections and biopsies to assess response
for vaginal RMS were postponed until week 28 (D9602) or 24 (ARST0331) for patients with
Group 1A or 1l vaginal RMS without clinical involvement of lymph nodes (NO). RT was

Pediatr Blood Cancer. Author manuscript; available in PMC 2021 May 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Minard-Colin et al.

Page 4

omitted if the patient was in CR after chemotherapy with or without surgery. For patients
with group 111 vaginal primaries with clinical involvement of lymph nodes (N1), RT to
primary tumor and nodes was to start at week 12 on D9602 and at week 13 on ARST0331.
Patients with RMS of the uterus or cervix did not receive RT if a hysterectomy had been
performed.

2.4 |ICG studies

The local therapy strategy was similar in all ICG studies. RT began at weeks 13-14 and the
dose was defined according to chemotherapy response or the extent of resection at delayed
surgery, if performed. Patients with genital tumors achieving clinical (RMS79) or
histologically confirmed (RMS 88 and 96) CR were not intended to receive RT. The dose
given was 40-45 Gy in patients with microscopic residual disease and 50-55 Gy in those
with gross residual disease.

2.5 SIOP studies

In all three SIOP studies, patients who achieved a CR with chemotherapy with or without
surgery did not receive additional local therapy as part of first-line treatment. Local therapy
was given only to the patients who had residual macroscopic or histologically proven
microscopic disease after six courses of chemotherapy (week 17).

2.6 EpSSG study

Local treatment, if indicated, was administered at week 13. Patients with favorable age (<10
years) and tumor < 5 cm at diagnosis, who had achieved clinical CR after the three initial
vincristine, dactinomycin, and ifosfamide (1\VVA or VVAI) courses received six additional VA
courses without RT (option A), or if CR was obtained after secondary surgery with
histological CR (option B). Patients with unfavorable features (age = 10 years and/or tumor
size >5 cm) achieving CR, and all those only in partial remission received systematic RT.

2.7 Modality of radiotherapy

In each cooperative group, endocavitary with or without interstitial BT was encouraged
when RT was indicated but there were significant differences regarding its use between the
individual groups.®6:20 The usual dose was 60-65 Gy. The initial tumor extent was included
in the target BT volume for patients treated before 1990. In most cases after 1990, only the
residual tumor after chemotherapy was treated. The modality of EBRT was not registered for
the purpose of this analysis. However, since the study period ranged from 1981 to 20009, it is
likely that external radiation was mainly done with photons.

2.8 Statistical analysis

Statistical analyses were performed at Gustave Roussy in Villejuif, France, using a general
database management system. Survival curves were calculated by the method of Kaplan—
Meier. Survival was calculated from the date of the start of treatment to the time of the last
follow-up or death. Event-free survival (EFS) was calculated from the date of the start of
treatment to the date of first event, such as failure to achieve CR, relapse, or death from any
cause. Local control was defined as disappearance of all clinical and radiological signs of
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disease or as stable residual radiographic images for 6 months after completion of treatment.
The date of the main analysis was March 2013, providing a minimum potential follow-up of
45 months from the last date of study entry.

3 RESULTS

3.1 Patient characteristics

The initial characteristics of the 237 patients are presented in Table 1 and in Supplementary
Table S2 according to cooperative group. Median age at diagnosis was 2.4 years (range, 1
month to 20 years) but differed with tumor location; the median age of females with vaginal
and uterine tumors was 1.9 years (range, 1 month to 19.7 years) and 2.7 years (range, 6
months to 20 years), respectively, whereas in patients with cervical tumors, the median age
at diagnosis was 13.5 years (range, 3 months to 20.4 years). The primary tumor originated in
the vagina in 160 patients (68%), in the cervix in 51 patients (21%), and in the uterus in 26
patients (11%). Two hundred and thirty one (97%) patients had nonalveolar histology; the
botryoid variant was the most common (n = 154, 65%). Eleven patients (5%) had clinical or
radiologic involvement of regional lymph nodes (N1). Median follow-up of survivors was
6.8 years (range, 2-17 years).

3.2 Primary treatment

Details of primary therapy by cooperative group are available in Table 2. At the time of
diagnosis, 33 patients underwent initial complete resection without nodal involvement, one
underwent complete resection with nodal involvement, 39 had microscopically incomplete
resection, and 159 had macroscopic residual disease or only a biopsy. Initial surgery was
done before chemotherapy in 80 patients (34%) (including seven patients with macroscopic
residue). Initial complete excision rates varied according to tumor site (22/38 cervix [one
hysterectomy], 4/8 uterus [all with hysterectomy], and 7/34 vagina [all conservative
surgery]). In total, eight patients underwent initial hysterectomy, including three with
incomplete tumor resection.

All except one patient (physician decision) received chemotherapy; 37 (16%) received
vincristine—dactinomycin (VA) only, 177 (75%) an alkylating agent-based regimen
(vincristine, dactinomycin, and cyclophosphamide [VAC] or IVA), and 22 (9%) a
doxorubicin-based regimen. The cumulative dose of alkylating agent and duration of therapy
varied among cooperative groups and protocols.

Overall, surgery (at diagnosis and/or after chemotherapy) was performed in 139 patients
(59%). Surgery was conservative in 96 patients (41% of all patients) and radical in 43
(18%). Primary tumor location was the main factor associated with the frequency of radical
surgery (12/26 [46%)] for patients with uterus corpus vs. 25/160 [16%], and 6/51 [12%] for
those with vagina and uterus cervix, respectively).

Altogether, 66 patients (28%) were irradiated during their initial treatment, but this
proportion varied between the different cooperative groups; 30/132 (23%), 17/62 (27%),
11/24 (46%), and 8/19 (42%) patients were irradiated in COG, SIOP, ICG, and EpSSG
studies, respectively. Indications for RT varied among studies and cooperative groups
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(Section 2). Patient age and extent of surgery (conservative vs. radical) did not influence the
proportion of those receiving RT. In contrast, tumor site influenced the use of RT; 3/51 (6%),
7126 (27%), and 56/160 (35%) patients with RMS of the cervix, uterus, or vagina,
respectively, were irradiated. Endocavitary with or without interstitial BT was encouraged
when RT was indicated but there were significant differences regarding its use between
cooperative groups. Overall, 34 (52%) of all irradiated patients had BT (six also had EBRT));
this included 7/30 patients (23%) in the COG studies, 13/17 patients (76%) in the SIOP
studies, 7/11 patients (64%) in the ICG studies, and 7/8 patients (88%) in the EpSSG study.
All except three patients who had BT had vaginal RMS. Among the irradiated cohort, 44
(68%) were younger than 3 years of age and 22 (50%) of these received BT. Two of the 28
females who had BT only experienced isolated local failure (7%) (both EpSSG patients).
Details of primary therapy by primary tumor site are available in Supplementary Table S3.

3.3 Remission, survival, and relapse

CR was achieved in 225 patients (95%). Recurrence occurred in 56 patients (24%). Median
time to relapse/progression was 18 months (range, 25 days to 11 years), with three relapses
occurring beyond 5 years from diagnosis. Fifty (89%) experienced a local relapse (including
two patients with local plus regional nodal relapse), two had isolated nodal relapse, and three
patients developed distant metastases (one relapse site unknown). Among the 50 local
recurrences, 42 (84%) occurred in nonirradiated patients (42/171; 25%) and eight occurred
after RT (8/66; 12%). Eight out of the 50 patients who experienced local relapse died of
disease (four relapsed after initial RT). The rate of local relapse did not vary significantly
between the cooperative groups (31/132 [23%], 12/62 [19%], 3/24 [12.5%], and 4/19 [21%]
in COG, SIOP, ICG, and EpSSG studies, respectively [P= 0.23]).

One hundred and thirty-four females (57%) achieved CR with chemotherapy alone after
biopsy (n = 63) or with chemotherapy and conservative surgery (n = 71, including one
female treated with surgery only). Among them, 32 experienced local relapse (24%), two
had metastatic relapse, and two died of treatment-related toxicity during initial therapy. The
rate of tumor control varied according to primary therapy; 38/63 (60%) and 60/71 (85%) of
patients who had achieved CR with chemotherapy only and chemotherapy and conservative
surgery, respectively, remained in continuous first CR. The rate of tumor control also varied
among tumor locations: 38/43 (88%), 6/8 (75%), and 58/83 (70%) of patients with uterus
cervix, uterus corpus, and vagina RMS, respectively, who had achieved CR with
chemotherapy with or without conservative surgery, remained in first local CR.

At the time of analysis, the median follow-up of survivors was 8 years. The 10-year actuarial
EFS was 74% (95% CI, 67-79%) and OS was 92% (95% ClI, 88-96%) for all patients
(Figure 1), with no difference between the cooperative groups (Table 1). A total of 221
patients were alive, of whom 176 were in first remission and 45 were in subsequent
remission after relapse. In total, 16 patients died, of whom one never achieved CR, nine died
after relapse, five died from treatment-related causes during initial therapy, and one died
from a secondary osteosarcoma. Three out of the five toxic deaths occurred between 1986
and 1988, in young females with a median age of 21 months (exact causes of death were not
available for this analysis). Figure 2 shows the EFS and OS according to the use of RT as
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part of primary treatment. While EFS was slightly decreased in patients without initial RT
(71% without RT vs. 81% with RT; 2= 0.08), there was no difference in OS (94% without
RT vs. 89% with RT; £=0.12).

3.4 Burden of therapy in surviving patients

Among the 221 surviving patients, 137 had been initially treated with chemotherapy with or
without biopsy only, or conservative surgery. Among them, 99 (72%) were in first CR and
38 were alive after relapse. Data for treatment received for relapse were not available for
females treated in the COG studies. For those included in the three European group studies,
data were available both for initial treatment and for the treatment of any relapse (Table 3).
Summation of local therapy given as part of initial treatment and for the treatment of relapse
indicated that 51.5% of females were cured with chemotherapy with or without conservative
surgery and 26% were treated with chemotherapy and BT with or without conservative
surgery, while only 22% had been cured with radical surgery, EBRT, or with unknown RT
details. Additionally, among the 14 European females who relapsed after initial
chemotherapy with or without conservative surgery and are cured (all except one who died
of secondary malignancy), second local therapies were as follows: chemotherapy only (n =
2), BT (with or without conservative surgery) (n = 4), EBRT (n = 3), mutilating surgery with
RT (n = 2), and RT only (no details regarding RT modality, n = 2).

3.5 Prognostic factors

Analysis of 10-year EFS and OS rates by prognostic variables are shown in Table 1 for the
whole population. OS differed by regional lymph node involvement (£= 0.001) and primary
site, with RMS of the uterus having the worst outcome (P = 0.05) (Figure 3). Among the 11
females with regional lymph node involvement (seven vagina and four uterus), local relapse
occurred in four, resulting in two deaths from disease and one from treatment-related
toxicity. Age, tumor size, tumor invasiveness, clinical group, cooperative group, and era of
therapy were not associated with EFS or OS. While histologic subtype did not significantly
affect outcome, 3/6 patients with alveolar RMS relapsed (one local, one nodal, and one
metastatic). Importantly, there was no statistical difference in OS between patients who did
not receive RT as part of their initial therapy and those who did (OS: 94% without RT vs.
89% with RT), although EFS was slightly decreased in patients without initial RT (EFS,
71% vs. 81% with RT; £=0.08).

4 DISCUSSION

Females with vaginal/uterine (VU) RMS have an excellent prognosis. The results of this
analysis of 237 patients with localized VURMS show a 10-year survival of 92%. While EFS
was slightly decreased in patients without initial RT, there was no difference in OS. Only
uterine primary tumor site and regional lymph node involvement were associated with
inferior OS. Importantly, age and tumor size were not prognostic. Overall, about half of the
patients with VU RMS were cured without systematic RT or radical surgery. Moreover, in
patients who achieved CR with chemotherapy with or without conservative surgery, the
chance of prolonged local remission remained high (73%).
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The risk of local failure after chemotherapy with or without surgery varied with primary site.
RMS of the cervix, characterized by older age at diagnosis, had the highest local tumor
control rate (86%), perhaps due to the feasibility of conservative but complete surgical
resection, whereas RMS of the uterus and vagina had lower rates of definitive local control
(~70%) after primary therapy. Moreover, primary site was an important factor influencing
the requirement for radical surgery with about half of those with RMS of the uterus having
hysterectomy (7/12 hysterectomy as initial surgery) while only a minority (16% and 12%) of
vagina and uterus cervix RMS had radical surgery. Additionally, the tumor site also
influenced the use of RT with 6%, 22%, and 35% of patients with RMS of the cervix, uterus,
and vagina, respectively, receiving RT as part of primary treatment. Finally, although the
primary site did not influence EFS, the chance of curing RMS of the uterus after relapse was
lower when compared with the other tumor locations (OS: 87% for RMS of the uterus vs.
94% and 100% for RMS of the vagina or cervix, respectively, Z=0.05). Thus, primary
tumor site influenced not only the outcome but also the burden of therapy.

COG recently reported?! an increased risk of recurrence with the reduction of
cyclophosphamide dose for patients with subset 2 low-risk RMS, including group 11 female
VU, analyzed in the present workshop. Indeed, therapy on ARST0331 for group 111 VU
RMS included four cycles of VAC (total cumulative cyclophosphamide dose of 4.8 g/m2)
followed by 12 cycles of VA over 46 weeks. Patients with group Il or 111 tumors received RT,
except for females with group 111 vaginal RMS enrolled from 2004 to 2009 who achieved a
CR with chemotherapy with or without surgical resection. The 3-year failure-free survival
rate was 57% for females with VU embryonal RMS (21 patients) and 77% for all other
patients (45 patients) (P= 0.02). With a median follow-up of 3.5 years, there were eight
recurrences among 15 females (53.3%) with group 111 genital tract tumors who did not
receive RT on ARST0331 (total cumulative cyclophosphamide 4.8 g/m?). In contrast with a
median follow-up of 5.6 years, there were two recurrences among 14 females (14.2%) with
group 111 genital tract tumors who did not receive RT on D9602 (total cumulative
cyclophosphamide 28.6 g/m?2).2 Thus, although the numbers are small, the elimination of RT
after CR with chemotherapy with or without surgery, in combination with reduced
cyclophosphamide, likely contributed to the suboptimal tumor local control. In addition, the
omission of RT in females treated in the European groups who achieved CR and received a
total ifosfamide dose of at least 24 g/m? (inthemorerecent European trials [MMT95, ICG
RMS96, and EpSSG RMS2005], the total ifosfamide dose varied from 36 to 54 g/m?) was
associated with a limited rate of local failure in this series (19/105; 18%). Although the
cyclophosphamide equivalent dose?? of ifosfamide is not determined in terms of drug
efficacy in RMS, it appears that MMT, ICG, and EpSSG trials used higher doses of
alkylating agents than the COG ARST0331 trial.

The incidence and management of long-term consequences of treatment are a constant
challenge in childhood cancers. In VU RMS, along with the well-known effect of RT, major
long-term complications of local therapy can potentially impair genitourinary and digestive
functions, sexuality, and fertility, and may have psychological or quality-of-life
consequences. When RT is indicated, BT has the advantage of affecting a smaller tissue
volume than EBRT, thereby restricting the amount of healthy tissue affected and potentially
reducing later growth and functional impairment. Moreover, BT can also be regarded as an
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alternative to radical surgery when vaginectomy might be needed and permits the
administration of higher doses of RT up to 60-65 Gy.2%:23 |n a recent study, Levy et al.24
reported the long term toxicity of BT in 42 females treated for childhood genital tract
tumors. The 15-year actuarial incidence rate of grade 3—4 late effects was 51%; the most
common late toxicities of any grade were gynecological (47%) and the most common of all
grade 3—-4 toxicities affected the urinary tract (53%). However, long-term effects decreased
very significantly with the treatment period and the BT volume. Indeed, before 1990, the
target BT volume encompassed the initial tumor extent while after 1990, only the residual
tumor was irradiated. In the 14 patients who completed the item on sexual function, sexual
activity was regular for 12 patients. In 34 adults at the time of the evaluation, four patients
had given birth to a child.

By comparison, in a retrospective series of childhood pelvic RMS treated between 1962 and
1996, Spunt et al.2° described late effects in 24/26 patients (23 of whom had grade 3/4 late
effects). Endocrine (77%) and gastrointestinal (69%) were the most frequent complications.
The majority of the patients (73%) received external radiotherapy, which was correlated with
the rate of toxicity. The use of proton therapy may decrease the incidence of long-term
complications. A systematic review on quality of life of patients treated with protons
(including adults) showed favorable results, especially in pediatric cancers28 Leiser et al.
assessed quality of life in children treated with protons for RMS. None of urogenital RMS
presented == grade 3 toxicity. However, only 10 patients with urogenital RMS were included
in the study with a median follow-up of 55 months-27

Finally, in the current series of 237 VU RMS, 52% of irradiated patients had BT with a good
local control, with only two local failures out of 28 females who underwent BT only during
initial therapy. Additionally, BT appears to be an effective approach at relapse with 4/5
females treated with second-line BT achieving prolonged second CR.

The results of this study confirm the strong possibility of cure for females with RMS of the
genital tract with an approach designed to limit the use of local therapy. The challenge for
the future must be to identify the characteristics shown by patients who can be safely treated
in this manner without a significant risk of relapse, and to ensure that RT is delivered to the
remaining patients in a manner that is both effective and offers the lowest risk of severe late
sequelae.?8

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations:

BT brachytherapy
COG Children's Oncology Group
CR complete remission
EBRT external-beam radiotherapy
EFS event-free survival
EpSSG European pediatric Soft Tissue Sarcoma Group
ICG Italian Cooperative Soft Tissue Sarcoma Group
MMT Mesenchymal Tumor Group
(OS] overall survival
RMS rhabdomyosarcoma
RT radiation therapy
VU vaginal/uterine
REFERENCES

1.

Kirsch CH, Goodman M, Esiashvili N. Outcome of female pediatric patients diagnosed with genital
tract rhabdomyosarcoma based on analysis of cases registered in SEER database between 1973 and
2006. Am J Clin Oncol. 2014;37:47-50. [PubMed: 23111355]

. Martelli H, Oberlin O, Rey A, et al. Conservative treatment for females with nonmetastatic

rhabdomyosarcoma of the genital tract: a report from the Study Committee of the International
Society of Pediatric Oncology. J Clin Oncol. 1999;17:2117-2122. [PubMed: 10561266]

. Walterhouse DO, Meza JL, Breneman JC, et al. Local control and outcome in children with

localized vaginal rhabdomyosarcoma: a report from the Soft Tissue Sarcoma committee of the
Children's Oncology Group. Pediatr Blood Cancer. 2011;57:76-83. [PubMed: 21298768]

. Arndt CA, Donaldson SS, Anderson JR, et al. What constitutes optimal therapy for patients with

rhabdomyosarcoma of the female genital tract?. Cancer. 2001;91:2454-2468. [PubMed: 11413538]

. Gerbaulet AP, Esche BA, Haie CM, Castaigne D, Flamant F, Chassagne D. Conservative treatment

for lower gynecological tract malignancies in children and adolescents: the Institut Gustave-Roussy
experience. Int J Radiat Oncol Biol Phys. 1989;17:655-658. [PubMed: 2777654]

. Flamant F, Gerbaulet A, Nihoul-Fekete C, Valteau-Couanet D, Chassagne D, Lemerle J. Long-term

sequelae of conservative treatment by surgery, brachytherapy, and chemotherapy for vulval and
vaginal rhabdomyosarcoma in children. J Clin Oncol. 1990;8:1847-1853. [PubMed: 2230871]

. Corpron CA, Andrassy RJ, Hays DM, et al. Conservative management of uterine pediatric

rhabdomyosarcoma: a report from the Intergroup Rhabdomyosarcoma Study 111 and IV pilot. J
Pediatr Surg. 1995;30:942-944. [PubMed: 7472949]

. Nasioudis D, Alevizakos M, Chapman-Davis E, Witkin SS, Holcomb K. Rhabdomyosarcoma of the

lower female genital tract: an analysis of 144 cases. Arch Gynecol Obstet. 2017;296:327-334.
[PubMed: 28634755]

. Crist W, Gehan EA, Ragab AH, et al. The third Intergroup Rhabdomyosarcoma Study. J Clin Oncol.

1995;13:610-630. [PubMed: 7884423]

10. Arndt CAS, Hawkins DS, Meyer WH, Sencer SF, Neglia JP, Anderson JR. Comparison of results

of a pilot study of alternating vincristine/doxorubicin/cyclophosphamide and etoposide/ifosfamide

Pediatr Blood Cancer. Author manuscript; available in PMC 2021 May 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Minard-Colin et al.

Page 11

with IRS-1V in intermediate risk rhabdomyosarcoma: a report from the Children's Oncology
Group. Pediatr Blood Cancer. 2008;50:33-36. [PubMed: 17091486]

11. Crist WM, Anderson JR, Meza JL, et al. Intergroup rhabdomyosarcoma study-1V: results for
patients with nonmetastatic disease. J Clin Oncol. 2001;19:3091-3102. [PubMed: 11408506]

12. Raney RB, Walterhouse DO, Meza JL, et al. Results of the Intergroup Rhabdomyosarcoma Study
Group D9602 protocol, using vincristine and dactinomycin with or without cyclophosphamide and
radiation therapy, for newly diagnosed patients with low-risk embryonal rhabdomyosarcoma: a
report from the Soft Tissue Sarcoma Committee of the Children's Oncology Group. J Clin Oncol.
2011;29:1312-1318. [PubMed: 21357783]

13. Arndt CA, Stoner JA, Hawkins DS, et al. Vincristine, actinomycin, and cyclophosphamide
compared with vincristine, actinomycin, and cyclophosphamide alternating with vincristine,
topotecan, and cyclophosphamide for intermediate-risk rhabdomyosarcoma: Children's Oncology
Group Study D9803. J Clin Oncol. 2009;27:5182-5188. [PubMed: 19770373]

14. Walterhouse DO, Pappo AS, Meza JL, et al. Shorter-duration therapy using vincristine,
dactinomycin, and lower-dose cyclophosphamide with or without radiotherapy for patients with
newly diagnosed low-risk rhabdomyosarcoma: a report from the Soft Tissue Sarcoma Committee
of the Children's Oncology Group. J Clin Oncol. 2014;32:3547-3552. [PubMed: 25267746]

15. Flamant F, Rodary C, Rey A, et al. Treatment of non-metastatic rhabdomyosarcomas in childhood
and adolescence. Results of the second study of the International Society of Pediatric Oncology:
MMT84. Eur J Cancer. 1998;34:1050-1062. [PubMed: 9849454]

16. Stevens MCG, Rey A, Bouvet N, et al. Treatment of nonmetastatic rhabdomyosarcoma in
childhood and adolescence: third study of the International Society of Pediatric Oncology—SIOP
Malignant Mesenchymal Tumor 89. J Clin Oncol. 2005;23:2618-2628. [PubMed: 15728225]

17. Oberlin O, Rey A, Sanchez de Toledo J, et al. Randomized comparison of intensified six-drug
versus standard three-drug chemotherapy for high-risk nonmetastatic rhabdomyosarcoma and
other chemotherapy-sensitive childhood soft tissue sarcomas: long-term results from the
International Society of Pediatric Oncology MMT95 study. J Clin Oncol. 2012;30:2457-2465.
[PubMed: 22665534]

18. Bisogno G, De Rossi C, Gamboa Y, et al. Improved survival for children with parameningeal
rhabdomyosarcoma: results from the AIEOP soft tissue sarcoma committee. Pediatr Blood Cancer.
2008;50:1154-1158. [PubMed: 18300319]

19. Bisogno G, De Salvo GL, Bergeron C, et al. The role of doxorubicin in the treatment of
rhabdomyosarcoma: preliminary results from the EPSSG RMS2005 randomized trial. Pediatr
Blood Cancer. 2014;61:S133-S134.

20. Magné N, Oberlin O, Martelli H, Gerbaulet A, Chassagne D, Haie-Meder C. Vulval and vaginal
rhabdomyosarcoma in children: update and reappraisal of Institut Gustave Roussy brachytherapy
experience. Int J Radiat Oncol Biol Phys. 2008;72:878-883. [PubMed: 18355981]

21. Walterhouse DO, Pappo AS, Meza JL, et al. Reduction of cyclophosphamide dose for patients with
subset 2 low-risk rhabdomyosarcoma is associated with an increased risk of recurrence: a report
from the Soft Tissue Sarcoma Committee of the Children's Oncology Group. Cancer.
2017;123:2368-2375. [PubMed: 28211936]

22. Green DM, Nolan VG, Goodman PJ, et al. The cyclophosphamide equivalent dose as an approach
for quantifying alkylating agent exposure: a report from the Childhood Cancer Survivor Study.
Pediatr Blood Cancer. 2014;61:53-67. [PubMed: 23940101]

23. Magné N, Haie-Meder C. Brachytherapy for genital-tract rhabdomyosarcomas in females:
technical aspects, reports, and perspectives. Lancet Oncol. 2007;8:725-729. [PubMed: 17679082]

24. Levy A, Martelli H, Fayech C, et al. Late toxicity of brachytherapy after female genital tract
tumors treated during childhood: prospective evaluation with a long-term follow-up. Radiother
Oncol. 2015;117:206-212. [PubMed: 26463838]

25. Spunt SL, Sweeney TA, Hudson MM, Billups CA, Krasin MJ, Hester AL. Late effects of pelvic
rhabdomyosarcoma and its treatment in female survivors. J Clin Oncol. 2005;23:7143-7151.
[PubMed: 16192598]

26. Verma V, Simone CB, Mishra MV. Quality of life and patient-reported outcomes following proton
radiation therapy: a systematic review. J Natl Cancer Inst. 2018;110:djx208. 10.1093/jnci/djx208.

Pediatr Blood Cancer. Author manuscript; available in PMC 2021 May 13.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Minard-Colin et al. Page 12

27. Leiser D, Calaminus G, Malyapa R, et al. Tumour control and quality of life in children with
rhabdomyosarcoma treated with pencil beam scaning proton therapy. Radiother Oncol.
2016;120:163-168. [PubMed: 27247053]

28. Oberlin O, Rey A, Anderson JA, et al. Treatment of orbital rhabdomyosarcoma: survival and late
effects of treatment—results of an international workshop. J Clin Oncol. 2001;19:197-204.
[PubMed: 11134213]

Pediatr Blood Cancer. Author manuscript; available in PMC 2021 May 13.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Minard-Colin et al. Page 13

100% 10-year OS 92%
o014 i -
80% T 1
70% - 1 1
60% - 10-year EFS 74%
50% -
40%
30%
20% -
10% -
% +—Fm— T 1771
012 3 456 7 8 9 1011 12 13 14 15 Years
At risk

e 237 233 229 215192 170 144 121 10285 71 66 51 40 35 30
w237 214 192 181158 140 121 106 88 71 60 56 45 36 31 26

FIGURE 1.
Overall survival and event-free survival for the whole population

Pediatr Blood Cancer. Author manuscript; available in PMC 2021 May 13.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Minard-Colin et al.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

At risk

: : RT: Yes
] T
1

RT:No

p=0.08

T T T T ]

0123456 7 8 9101112131415 yaar

e 171 149 134 126 113 99 83 72 60 49 42 40 32 24 20 19
w66 65 58 55 45 41 38 34 28 22 18 16 13 12 11 7

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Atrisk

T - RT: No
- L | |

| | RT:Yes
| p=012

012 3456 7 8 9101112131415

Years

e 171 167 164 156 144 127 10586 72 61 51 48 36 26 22 21

w6 66 65 59 48 43 39 35 30 24 20 18 15 14 13 9

FIGURE 2.

(A) Event-free survival and (B) overall survival according to initial radiotherapy

Pediatr Blood Cancer. Author manuscript; available in PMC 2021 May 13.

Page 14



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Minard-Colin et al.

A

100% + . NO
90% o ]

s

70% o N1
60% o
50% o
40% o
30% 9
20% 4 p=0.0012
10% 9
0%

0123 456 7 8 9 101112131415 Years
At risk
e 209206 205 194 173 15312910889 73 59 55 41 31 27 23

w—— 11109 8 7 5 5 5 5 4 4 4 3 3 3 3

B

100% - e
90% - q f T

80% -
70% -
60% -
50% o
40% -
30% o
20% -
10% o
0%
0123456 7 8 9101112131415 Years

p=0.0455

At risk
em—60 159 157 149 133 11999 81 69 59 50 48 36 30 28 24 Vagina

&1 51 50 47 43 37 31 28 24 19 14 11 9 4 3 3 Uterinecervix
w26 23 22 19 16 14 14 12 9 7 7 7 6 6 4 3 \Uterinecorpus

FIGURE 3.
Overall survival according to lymph node status (A) and primary site (B)

Pediatr Blood Cancer. Author manuscript; available in PMC 2021 May 13.

Page 15



Page 16

Minard-Colin et al.

Author Manuscript

90

€90

€0

1000

T€0

[44]

S0°0

6€0

(d) 191 ueI-BoT

96
06
c6
68
¥6

4
S8
16
€8
€6

€L
¥6

4
¥6

16
¥6
18
00T
¥6
96

€6
c8

50

800

9’0

6T°0

ST°0

240

680

LE0

¥'0
<6

%S0 10T (d) 1913ue B0

sa|qetien onsouboid Ag se1el [eAIAINS puR S8jewa) /€2 a1 JO SoNsIIgoeRYD

T31avl

Author Manuscript

€8
122
cL

TL

cL
cL
6.
0§
122

8
IZA

Ll
TL

€L
IZA
€L
18
IZA

Ll
€L
89

% Sd3 1eek-0T

A
29

[43)

(82) 99
(vt
(s
(29)6ST
T

(1) 6
(¥1) €€
(€)9
(26) TET
(V272
9t
(88) 602
(Cra
(6€) €6
(99) zet
(€)L
(z2)es
(s2) 121
(TT)9Z
(z2) 15
(89) 09T

(e2)ss
(99).5T
(TT)52
vl

(%) ON

921
1NINOIS
900

SOA

ON
umousjun
11

qll

Bl

|

SINY Je|03AlY
SINY Jej0BABUON
umouun
TN

ON
umouun
wo G<

wo G>
umouun
cL

TL

sniaIn
XIAIBD

euIbep

LEe

Author Manuscript

sdnoub anresadood

uoreIpel aull-1siid

dnoJb eowund

ABojoyred

JusWaAjoAul apou ydwAT

9ZIS Jowng

snjels Jown

. Jown Arewnd ayp Jo aNs

(s1eak) aby
lejol
sa|qelrepn

Author Manuscript

Pediatr Blood Cancer. Author manuscript; available in PMC 2021 May 13.



Page 17

Minard-Colin et al.

*SNJBIN U U1 PAIINDO0 G/ BOUIS PBISPISUOD 10U 8JaM syleap pajejal-Adesay ‘(XIA180 pue ‘sniain ‘euiBea a°1) aus Arewnid o) Buipiodoe siskjeue [eAIAINS 104
P

TS @ldeL [ejuswis|ddns ur paulap
are sdnoub [earurD ‘sanssi Jusdelpe alow 1o U0 dAj0AUL 0} UIBLIO JO anss1) 8yl puoAaq Buipualxa Jown] ‘z] ‘uiblio o anssiy 10 ueblo ay) 0} pazifedo| Jowny ‘T ‘downy Arewnd ‘14 ‘apou ydwA] ‘N1

96 2L (89) 8T PIEMUO G66T
170 68 68°0 S. (ev)es ¥66T-T86T 1usWIeal JO SpoLiad
00T €L 61 9ssd3
(d) 91U 1H0T %SO /BA-0T  (d) 191 uelH0 9% ST fA-0T (%) ON so|qel e/

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Pediatr Blood Cancer. Author manuscript; available in PMC 2021 May 13.



Page 18

Minard-Colin et al.

‘Adelayiolpes weaq [eutsix3 :1¥g3 ‘AdessyiAyoelq ‘19

1
(88) L
(zv) 8

(th e

© N = «=H O

(e9) o1
(¥9) 21

(thz

Z'€T-€'L :S00ZSINY
(68) LT

6T
o9s5sd3

Author Manuscript

(871) ¢
(98) v
(s) g
(ov) 11

(K4

0o T O o o

(09) 2T
(89) ¥1

(zv) o1

Z'€T 196SINY
(e) 8

(s2) 9

e
o0l

()R
e v
(tozet
(L2) 11

(91) 01

S

LT
(ev) 92
(8s) 9¢

(91) 01

ZET-8'8:56 LNIN
8'8-8'G:68LIAIN
9'YT-8'8:V8LININ
(L) 9v

(8§

29
doIs

(e (6)9
stz @p)oe
WDy () se
(e2)oe  (82) 99

€ 14

55¢ 5

(c)ez (B ey
0 T

4 v

8 T

9 LT

4> €9
(9e) 8y (1) 96
(85) 2L (6S) 6ET

P 6z
8 :TEE0LSHY
8°0€ :£086Q
9'8Z 120960
972 :dAIAI-SHI
vz :111-SHl

msmv OV (6 111

nsu % (om) e

z€T 1€2

900 fe0L

¢ 319vL

Author Manuscript

dnoub annesadood Aq Adessyy Arewid Jo sjrelag

Author Manuscript

(%) L4g3 yum 19

(%) 1493

(%) 19

(%) pareped sjuaied Jo "ON
méemeo_cmm

UOIRIDIUDX3 JIA[Dd

Aw019915AD

Awojoauifien [ejol

Awo1001915AH

(%) 1eatpey

AW 03991549 [ened
AW0128]8Y2e13/UOISIIXS XIAISD [e10
UOISIIXd XIAIBD [elled
Awooauiben [enued

Awooalown|

(%) anneAIBSUOD

(%) Asabuns Jer0]

m>$9:m

(%) paseg-urdignioxod

mNNANE\m u1 j0o030.d Jad asop juajeainba apiweydsoydooAd aaneINWND) (94) paseq-luabe Buie|A|v

(%) VA
uawibal Adesayrowayd

Siudired Jo 'ON

Author Manuscript

Pediatr Blood Cancer. Author manuscript; available in PMC 2021 May 13.



Page 19

Minard-Colin et al.

‘(z =) umouxun Adelayolpel Jo Aljepow ‘(z =) umouxun A1abins Jo Aljepow émum:_mw__\,_m
siseq 1eal} 0} UONUAIUI Ue U0 paIapisuod sem dnoif Adesayowayd ‘syusied 90D S*e
Awoioauiben 2101 ym Nu

Awordsuiben |e10) E:sq

‘uonezifess 1y 0} BuIpI0dIe PalieA aPILIBISO JO S8SIN0J JO Jaquunu [e10} 8y} ‘|odo3oid G00ZSINY 8yl u] “Adessyiowsyd 0y asuodsal ayy pue (111 Jo || dnoib) uondasal [erul Jo Aljenb ayy
01 Bu1p1029e paLieA apiweSOyl JO $8SIN0J JO Jaquinu 2101 8y} ‘|090304d | INIA OIS 8y U] NN.@SNV |e 18 UsaI9 JO |apow ay) 03 Bulplodge pajenojed sem apiweydsoydojoAa Jo asop Jusjeainba w>:m_3Esom

*(u1d1gnJoxop pue ‘urdAwounaep ‘apiweydsoydojakd) AvD pue
‘(waignioxop snid DWA) YIWA ‘(utaignioxop snid WAL VIVA ‘(episodola pue ‘uiaignaida ‘unejdogted snid wA|) ..sBnip 9,, :suawifial paseq-uidignioxop 1o (apisodols pue ‘uldAwounaep ‘aunsLouIA) JIA

‘(apiwreysoyl pue ‘uldAwounaep ‘aunsLduIA) WAI/IVA ‘(apiwreydsoydojaAd pue ‘urdAwounndep ‘sunsiouIA) D/ :suawibai paseg-juabe Buire|e paiapisuod atem suawibai Adelayiowayd Buimoljos ay L

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Pediatr Blood Cancer. Author manuscript; available in PMC 2021 May 13.



Page 20

Minard-Colin et al.

Author Manuscript

‘Adesayiowayd noynm Ajuo A1abins yym paeasy sem juaired chw

‘Adelayiolpes weaq [eutalx3 ‘1493 ‘AdessyiAyoelq ‘19

(X4

(z6) €2

A

G¢
14
snein

L9 v

L

6
XINIBD

(€9) 2v
o1

€

4

(28) s¢
(9¢) G¢

1T
14

19
1L
eulbep

(sv) 8y
A

4

8

(92) 92
(z9) 18

€€
8T

66
S0T
el

(%) Adesayy |eoo] wedLIUBIS YuM palesl) [el0L

14 Inoyum Jo yum A1sbins [eaipey

s|relap Inoyum asdejal ur Adelayioipey

A1861ns 8AIIBAISSUOD INOYIM IO YUM 1 HET

(%) A1abans aAI_AIBSUOD INOUYNM JO Yum AdesayiAyoelg

(%) Adelay) [eao] Juediiubis INOYNM paleal) [elo

A186ins anireAIasU0 Yum Adesayiowsyd
Ajuo Adesayrowayd

JuawIeal |

UoISSIWaI Ul aAl[e siuaied Jo ‘oN

sjuaned Jo 'ON

aus Arewnd Aqg (uoissiwal Juanbasgns 10 1s41) ul) aseasip Inoylm aalfe suaied ueadoun3 ul Adelsy [e20] [B10L

€31avl

Author Manuscript

Author Manuscript

Author Manuscript

Pediatr Blood Cancer. Author manuscript; available in PMC 2021 May 13.



	Abstract
	INTRODUCTION
	PATIENTS AND METHODS
	Patient population
	Treatment
	IRSG/COG studies
	ICG studies
	SIOP studies
	EpSSG study
	Modality of radiotherapy
	Statistical analysis

	RESULTS
	Patient characteristics
	Primary treatment
	Remission, survival, and relapse
	Burden of therapy in surviving patients
	Prognostic factors

	DISCUSSION
	References
	FIGURE 1
	FIGURE 2
	FIGURE 3
	TABLE 1
	TABLE 2
	TABLE 3

