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Abstract

Background—The role of adjuvant radiotherapy (RT) remains unclear in patients with localized.
completely resected {group I) alveolar rhabdomyosarcoma (ARMS).

Procedure—: Patients with group | ARMS enrolled on any one of three prior Children’s
Oncology Group (COG) clinical trials (D9602, D9803, or ARST0531) were analyzed. All patients
received systemic chemotherapy and 36 Gy adjuvant RT (if given) to the primary site at week 12
or week 4 for D9602/D9803 and ARST0531, respectively.

Results—Thirty-six patients with group | ARMS were treated on D9602 (/7= 6), D9803 (= 17),
or ARST0531 (n= 13). of whom 24 (67%) were male. The median age was 4.1 years (range, 0.8—
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45.8). Twenty (56%) patients had an unfavorable primary site, and 10 (28%) had tumors > 5 cm.
FOXOI-fusion status was negative, positive, and unknown in 10 (28%), 15 (42%), and 11 (30%)
tumors, respectively. Twenty-two (61%) patients received RT. Overall, the four-year event-free
survival (EFS) and overall survival (OS) were 70.8% and 88.3%, respectively. Patients with
FOXOI positivity who received RT had superior EFS compared with those who did not (77.8% vs
16.7%; P=0.03). Among 10 patients who were FOXO/ negative, the outcome was similar with or
without RT.

Conclusions—Although limited by a small sample size, data from this study support the routine
use of adjuvant RT in patients with FOXOFKpositive disease even after complete resection.
Additionally, omitting adjuvant RT is rational for patients with FOXO/F-negative ARMS and will
be prospectively investigated in the current COG trial ARST1431.
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INTRODUCTION

Rhabdomyosarcoma (RMS) is the most common pediatric soft-tissue sarcoma with an
incidence of 0.4 cases per 100,000 children per year in the United States.12 Since the
formation of the Intergroup Rhabdomyosarcoma Study (IRS) Group in 1972, efforts have
been made to tailor therapy for patients based on prognostic factors.3 Through IRS clinical
trials I-111, a surgical-pathologic grouping system was developed and associated with patient
outcomes. The five-year survival rates were 93%, 81%, 73%, and 30% for Groups I-1V,
respectively.#-8 Furthermore, results from IRS I-111 led to the development of a pretreatment
staging system that accounts for primary tumor site (favorable or unfavorable), size (<5 cm
or =5 cm), nodal involvement, and metastatic involvement.” Favorable sites include orbit,
head and neck (excluding parameningeal), genitourinary-non-bladder/prostate, and biliary
tract/liver.

In addition to group and stage, patients are also risk-stratified based on tumor histology.
Since IRS 1, it has been established that patients with alveolar RMS (ARMS) have a poorer
prognosis compared with those with embryonal RMS (ERMS).1:28 More recently, this
relationship has been further delineated by whether the tumor is also positive for an
oncogenic FOXO/fusion. Patients with FOXOF-negative ARMS have a similar outcome to
patients with ERMS and superior event-free survival (EFS) compared with patients with
FOXOI-positive ARMS.910 The latest Children’s Oncology Group (COG) clinical trial,
ARST1431, now incorporates FOXO/Kfusion status into a prospective risk stratification for
patients with intermediate-risk RMS (NCT02567435).

The treatment for RMS is multimodal comprising of chemotherapy and surgery and/or
radiotherapy (RT). Efforts have been made to reduce therapy-associated toxicities while still
maintaining disease outcome.3 RT is associated with a five-fold higher risk of having two or
more chronic health conditions in cancer survivors.1! In patients with ERMS, dose
reductions in RT did not compromise outcomes for those with microscopic residual disease.
12 1n the randomized evaluation of RT on IRS 1. no benefit of RT was seen in group |
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patients; however, outcome was not analyzed by histologic subtype.* A subsequent analysis
of IRS I-111 demonstrated no significant benefit of RT in those with group | ERMS, and RT
has since been removed from the standard treatment of these patients.13

In contrast to ERMS, the prescription of RT in ARMS, particularly in patients with
completely resected group | disease, remains inconsistent. Patients with group | or Il ARMS
treated with intensive chemotherapy with vincristine, dactinomycin, and cyclophosphamide
(VAC) and RT to 36 Gy had an excellent local control rate of 90% on COG D9803.14
Similarly, when patients with ARMS were treated with complex, multiagent chemotherapy
(IRS 111/1V), RT was of uncertain benefit in patients with group I, stage 1/2 disease.1®
However, RT appeared to have benefit among patients with stage 3 disease (unfavorable site,
> 5 cm, and/or regional nodal involvement). RT was recommended on subsequent COG
intermediate-risk studies due to the concern for the aggressive biology of FOXO/-positive
ARMS 16-18 Thys, utilizing a retrospective analysis of COG clinical trials D9602, D9803,
and ARST0531, we sought to define a subset of patients with group I ARMS for whom local
RT could be safely omitted without compromising outcome.

2| METHODS

2.1| Treatment of patients with group | ARMS on D9602, D9803, and ARST0531

From 1997 to 1999, patients with clinical low-risk features and ARMS were eligible for
enrollment on D9602,16 These patients received intensive VAC and no RT. From 1999
onward, patients with clinical low-risk features with ARMS were no longer eligible for
D9602 and instead were enrolled on D9803.17 D9803 randomized patients between intensive
VAC therapy or VAC alternating with cycles of vincristine, topotecan, and
cyclophosphamide. Both treatment arms included 36 Gy RT for patients with group | ARMS
at week 12.

Patients enrolled on ARST0531 were randomized to receive VAC therapy or VAC with
cycles of vincristine and irinotecan.18 The dose of cyclophosphamide was reduced from 2.2
g/m2/course on D9803 to 1.2 g/m?/course on ARST0531. Patients on ARST0531 were to
receive 36 Gy at week 4 of therapy; however, for patients less than two years of age,
individualized local control, including omission of RT, was permitted at the discretion of the
treating institution.

2.2 | Patients and tumors

All patients with group I ARMS, defined by imaging and pathology, treated on either
D9602, D9803, or ARST0531 were included for analysis. Clinical variables including
gender, age, stage, FOXO/fusion status, and whether patients received RT were analyzed.
Because age greater than 10 years is associated with poorer outcome for patients with
localized RMS?® and because radiation could be omitted for patients less than two years of
age on ARST0531,18 we subdivided age into the following categories for analysis: less than
2, greater than 2 but less than 10, and greater than 10 years of age. All diagnoses of ARMS
were established by central pathology re-review of cases using the contemporary definition
of ARMS.20
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2.3 | Statistical analysis

Time to local failure (LF), defined as progression or relapse at the primary site as a first
event (with or without concurrent regional and/or distant failure), was calculated from the
time of study enrollment. Regional failure was defined as recurrence in tissue adjacent to the
primary site or regional lymph nodes and distant failure was defined as the appearance of
distant metastases. A competing-risks analysis was used to assess the cumulative incidence
of LF, treating regional and or distant failures as competing events.2! EFS was defined as the
time from study enrollment to disease recurrence, second malignancy, or death, whichever
occurred first. Overall survival (OS) was defined as the time from enrollment to death from
any cause. The KaplanMeir method?2 was used to estimate survival distributions, which
were compared with the log-rank test.23 The Fisher Exact test was used to perform
comparisons of categorical characteristics.24 Patient follow-up was current through
December 31,2018.

3| RESULTS

3.1| Clinical characteristics

Detailed clinical characteristics are listed in Table 1. Thirty-six patients with group | ARMS
were treated on D9602 (/7= 6), D9803 (7= 17), or ARST0531 (7= 13). Twenty-two (61%)
patients received RT. Twenty-four (67%) patients were male. The median age at diagnosis
was 4.1 years (range, 0.8-45.8). Twenty tumors (56%) occurred in an unfavorable site. Ten
tumors (28%) were > 5 cm in size, of which, four were FOXO/ positive, two were FOXO/
negative, and four had an unknown FOXO/fusion status. Sixteen (44%) patients had stage
1, 14 (39%) had stage 2, and 6 (17%) had stage 3 disease. Only one patient (from D9803)
had regional node involvement (NI); this was seen by imaging but not by pathologic
evaluation. FOXOI/-fusion status was negative, positive, and unknown in 10 (28%), 15
(42%), and 11 (30%) tumors, respectively.The use of RT was similar by tumor size and
FOXOI-fusion status (Table 2); additionally, there were similar numbers of patients < 2 years
of age who received (/7= 5) and did not receive RT (n=4).

3.2| LF EFS, and OS

Four-year LF for all patients was 17.1% (95% confidence interval [Cl]: 8.3%-35.5%). There
was a near-significant difference (P= 0.053) in LF between those who received RT (four-
year LF 4.9%; 95% CI: 0.9%28.3%) and those who did not (four-year LF 34.0%; 95% CI:
17.4%66.4%). Patients who were FOXO/ positive and did not receive RT had a greater
number of failures than those who did receive RT (Supporting Information Table Sl). Four-
year EFS and OS were 70.8% (95% CI: 55.5%-86.1%) and 88.3% (95% CI: 77.5%-99.1%),
respectively. Ten patients experienced an event: five local-only relapses, one local + regional
relapse, one regional + distant relapse, two distant relapses, and one secondary malignancy.

There was no significant difference in EFS or OS based on tumor size, stage, or FOXOF
fusion status (Supporting Information Table S2). Additionally, there was no significant
difference in EFS or OS based on whether patients received RT as a whole (Figure 1A and
B). When stratified by FOXOKfusion status, the EFS was significantly improved for patients
who were FOXO/ positive who received RT (17 =9) compared with those who did not (/7= 6)
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(four-year EFS 77.8 % [95% ClI: 50.6%-100.0%] vs 16.7% [95% CI: 0.0%-46.7%]; P=
0.03) (Figure 2A), with a trend toward improved OS (four-year OS 100.0% vs 50.0% [95%
Cl: 10.0%-90.0%); P=0.08). In comparison, EFS and OS for patients with a negative
FOXOI-fusion status who received RT (7= 8) were not superior to those who did not (7= 2)
(four-year EFS 87.5% vs 100.0% [95% CI: 62.8%-100.0%]; P= 0.62) (Figure 2B), (four-
year OS 87.5% vs 100.0% [95% CI: 62.8%-100.0%]; P= 0.62), albeit with a very small
sample size.

DISCUSSION

Although limited by a small sample size, data from this study support the routine use of
adjuvant RT in patients with FOXOFpositive disease even after complete resection. Prior
studies in group | ERMS have failed to demonstrate a benefit to adjuvant RT.13 Given the
biological similarity between FOXO/-negative ARMS and ERMS, findings from this study
also suggest omitting adjuvant RT is rational for patients with group |, FOXO/-negative
ARMS. Our findings add credence to risk stratification based on translocation status in the
treatment of ARMS, as is being incorporated into contemporary studies. RT is not being
offered to patients with group I, FOXO/-negative disease on the currently enrolling COG
study, ARST1431, providing an opportunity to confirm this strategy in a prospective clinical
trial.

Patients with ARMS and low-risk stage and group (stage 1 group I/I1, orbital group Ill, or
stage 2/3 group I/11) were eligible for enrollment on D9602, intended for low-risk RMS,
prior to the opening of D9803 for intermediate-risk disease in 1999.17:25 Patients with
lowrisk, fusion-negative ARMS treated on either D9602 or D9803 had 100% EFS,
suggesting the potential to reduce treatment intensity.2> Given the risk of secondary
malignant neoplasms in patients with RMS treated with both an alkylating agent and RT,26
clinical trials have attempted to limit exposure to these therapies without affecting outcome,
and controversy specifically remains on whether RT is necessary for patients with group 1,
FOXOl-negative disease.2” Although limited by sample size, the current analysis suggests
eliminating adjuvant RT for patients with group 1, FOXO/ negative may limit toxicities
without affecting outcome.

Selected prior European cooperative group trials have attempted to limit RT by stratifying
the use of RT by response to initial chemotherapy?8 or after initial complete resection.2® The
Cooperative Soft-Tissue Sarcoma Study Group trials 81, 86, 91, and 96 compared outcomes
of patients with positive margins after initial complete resection treated with or without RT.
29 RT was associated with improved local control, EFS, and OS especially for patients with
ARMS; however, these studies did not account for FOXOKfusion status and included non-
RMS soft-tissue sarcomas.2? Because of differences in clinical staging or histologic
classification between COG and European cooperative group data, we cannot compare our
findings regarding the use of RT for patients with group | ARMS.

Prior IRS-COG studies suggested that RT dose reduction may be possible in patients with
group | ARMS. Patients with group I/ll ARMS were initially treated with 41.4 Gy on IRS
111/1V.8.15 On D9803, treatment with 36 Gy yielded a local control rate of 90%.14 In
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comparison, an analysis of IRS 111/1V showed no statistically significant difference in local
control and EFS in patients with group | stage 1/l ARMS treated or untreated with RT.1°
However, all prior analyses were limited by the lack of FOXO/fusion data.30

We attempted in our current analysis to use FOXO/-fusion status to distinguish who would
benefit from RT. The greatest limitation of our study is the small sample size; however,
using available data of patients with group | ARMS treated on D9602, D9803, and
ARSTO0531, our findings strongly support that RT improves outcome in patients who are
FOXOI positive. Moreover, our findings support the concept of omitting adjuvant RT for
patients with FOXOFnegative ARMS, as is the standard for patients with group | ERMS
given that these patients have similar outcomes.?-10:13 Sequential studies have implemented
RT at different times throughout therapy; however, differences in the timing of RT14:31-33 or
dose escalation with hyperfractionation have not impacted outcomes.343% Phase H studies
involving the use of proton therapy for patients with localized ERMS treated per D9803 or
ARST0531 demonstrated promising similar five-year local control, EFS, and OS compared
with those who received traditional photon RT with limited short-term side effects.38 Further
data with longer follow-up are currently being acquired to determine if there are long-term
benefits of protons over photons, which may also influence the overall discussion of RT in
lower-risk patients.

The findings of our study are especially relevant for young children, with age being the most
important factor influencing noncompliance with RT.37 For example, on D9803 and
ARST0531, 12% and 8% of patients, respectively, did not receive RT per protocol.32 For
patients with group 11 RMS treated on IRS I-1V, over half of operative bed recurrences were
associated with noncompliance, especially omission of RT.38 In the current study,
approximately 50% of patients < 2 years of age did not receive RT.

Overall, although our sample size precludes strong conclusions regarding RT for patients
with group I ARMS, our study suggests the need for RT in patients with group | FOXOF
positive ARMS. Additionally, for patients with FOXOFnegative ARMS, our data in the
context of its biological similarity to ERMS support the omission of adjuvant RT in these
patients. The current COG intermediate-risk study, ARST1431, uses FOXO/fusion status
rather than histology to direct the use of adjuvant RT for patients with group I ARMS and
will confirm this strategy with a prospective cohort (NCT02567435).

Supplementary Material

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

ARMS alveolar rhabdomyosarcoma

Cl confidence interval

COG Children’s Oncology Group

EFS event-free survival

ERMS embryonal rhabdomyosarcoma

IRS Intergroup Rhabdomyosarcoma Study

LF local failure

oS overall survival

RMS rhabdomyosarcoma

RT radiotherapy

VAC vincristine, dactinomycin, cyclophosphamide
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FIGURE 1.
Outcomes by use of radiotherapy

Pediatr Blood Cancer. Author manuscript; available in PMC 2020 June 30.

Page 10



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Aye et al.

= No
== Yes
Z2oos | |l ____
°
[
K]
o
T
o
©
2
e
=
(]
Py P =0.0263
[
-
-
c
[
>
w
6 6 3 1 1 No
00 9 9 7 7 7 5 5 5 2 2 1 Yes
T T T T T T T T T T T T T
0 1 2 3 4 5 6 74 g8 9 10 11 12
Years
B
1.0 ] — No
1 == Yes
|
e s e e
2 084
=
©
el
[<}
™
Q0.6
©
2
>
-
3
n
o 0.4 P =06171
[
b
bt
-
c
o
>
w o2
2 2 2 2 No
00 8 7 6 3 3 2 1 Yes
T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10

Years

FIGURE 2.
Event-free survival by FOXO/fusion status and use of radiotherapy
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Clinical characteristics

Characteristic
Sex
Male
Female
Age, years
<2
>2-10
>10
Study
D9602
D9803
ARST0531
Radiation therapy
Yes
No
Stage
1 (favorable site, M)

2 (other site, <5 cm, Ng, Mg)

3 (other site, > 5 cm and/or Ny, Mg)

Primary site

Head/neck

Genitourinary, non-bladder/prostate

Extremity
Trunk
Other
Size
<5cm
>5cm
FOXO1 fusion status
FOXO1~
FoOXxo1*

Unknown

N (%)

24 (67)
12 (33)

9 (25)
20 (56)
7 (19)

6 (17)
17 (47)
13 (36)

22 (61)
14 (39)

16 (44)
14 (39)
6 (17)

7 (19)
9 (25)
11 (31)
8 (22)
1(3)

26 (72)
10 (28)

10 (28)
15 (42)
11 (30)

Abbreviations: MQ, no distant metastases; NQ, regional nodes not clinically involved; N1, regional nodes clinically involved by imaging.
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TABLE 2

Clinical characteristics by use of radiotherapy

Radiother apy
Yes(N=22) No(N=14) P

Age, years
<2 5 4
>2-10 13 7 0.90
>10 4 3

Study
D9602 1 5
D9803 12 5 0.06
ARSTO0531 9 4

Stage
1 (favorable site, Mg) 5 11
2 (other site, <5 cm, Ng, Mo) 11 3 0.003
3 (other site, > 5 cm and/or Ny, Mg) 6 0

Size
<5cm 16 10 1.0
>5cm 6 4

FOXO1-fusion status

FOXO1~ 8 2
Foxo1* 9 6 0.40%
Unknown 5 6

a. .. . .
Patients with an unknown fusion status were excluded.
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