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Abstract

Purpose—Radiation therapy remains an essential to treatment for patients with parameningeal
rhabdomyosarcoma (PMRMS), and early radiation therapy may improve local control for patients
with intracranial extension (ICE).

Methods and Materials—To address the role of radiation therapy timing in PMRMS in the
current era, we reviewed the outcome from two recent clinical trials for intermediate-risk RMS,
IRS-1V and Children’s Oncology Group (COG) D9803. PMRMS Patients on IRS-1V with any
high risk features (cranial nerve palsy [CNP], cranial base bony erosion [CBBE] or ICE) were
treated immediately at day 0 while PMRMS without any of these three features received week 6-9
RT. D9803 PMRMS patients with ICE received day 0 XRT as well; however those with either
CNP or CBBE had XRT at week 12.
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Results—Compared with the 198 PMRMS patients from IRS-1V, the 192 PMRMS patients from
D9803 had no difference (p < 0.05) in 5 year local failure (19% vs. 19%), failure-free-survival
(70% vs. 67%), or overall survival (75% vs. 73%) in aggregate. 5 year local failure rates by subset
did not differ when classified as no risk features (none, 15% vs 19%, p=0.25), cranial nerve palsy/
cranial base of skull erosion (CNP/CBBE, 15% vs 28%, p=0.22), or intracranial extension (ICE,
21% vs 15%, p=0.27). The D9083 patients were more likely to have initial MRI staging (71% vs.

53%).

Conclusions—These data support that a delay in radiation therapy for high risk PMRMS
features of CNP/CBBE does not compromise clinical outcomes.
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INTRODUCTION

Radiation therapy remains a critical component of multi-modality treatment of patients with
parameningeal rhabdomyosarcoma (PMRMS) as demonstrated in the accumulated
experience of multi-institutional trials. The presence of high risk of meningeal impingement
factors in PMRMS including cranial nerve palsy (CNP), cranial base bony erosion (CBBE),
and, most significantly, intracranial extension (ICE) are associated with an increased risk of
local progression(1). Treatment strategies to reduce local progression included the use of
intrathecal chemotherapy and craniospinal irradiation, evolving recently to involved field
irradiation. During this same period, investigators observed an increase in the proportion of
PMRMS patients diagnosed with intracranial extension (ICE) from 19% on IRS-11 to 41%
on IRS 1V(2) to 46% on D9803(3). High risk PMRMS patients had improved local control
when initiation of radiation therapy occurred within two weeks of diagnosis, although
failure-free survival (FFS) and overall survival were similar regardless of the timing of
radiotherapy(2). Radiation treatment planning also has evolved from 2 dimensional to 3
dimensional conformal therapy to intensity modulated radiation therapy (IMRT). With these
improvements and changes in patient classification, the appropriate timing of radiation
therapy for PMRMS patients has become a subject of interest especially with respect for
those with high risk of meningeal impingement.

The two most recently completed intermediate-risk PMRMS studies, IRS-1V and Children’s
Oncology Group (COG) D9803 differed in the timing of radiation therapy for patients
without ICE and help address this issue. We compared the patient characteristics, outcome,
and treatment, with an emphasis on the timing of radiation therapy. In IRS-1V, PMRMS
patients with high risk features of CNP/CBBE and/or ICE were irradiated immediately (as
close to day 0 as possible), while in D9803 high risk PMRMS patients with CNP/CBBE but
without ICE were irradiated at week 12. Both IRS-1V and D-9803 required central
submission and review of diagnostic imaging studies and radiation treatment plans to
optimize the standardization of the technical aspects of radiation therapy delivery in
determining PMRMS treatment planning for clinical trial enroliment.
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METHODS

Patient Characteristics

We conducted a subgroup analysis of newly diagnosed, intermediate-risk PMRMS patients
with Group |11 disease (patients with residual disease after resection or biopsy) enrolled on
either IRS-1V (198 patients) from 1991-1997 or D9083 (192 patients) from 1999-2005
using the COG central database. The initial outcomes for these trials have been reported (3—
5). The eligibility criteria were similar for patients enrolled on either IRS-1V or D9803, and
both studies required submission for central review of tumor material to confirm study
eligibility. For our analysis, we included eligible for IRS-1V or D9803, Group Il patients
with PMRMS who had information on type of meningeal involvement. We investigated
PMRMS patients with classified high risk features as: None, CNP/CBBE without ICE, and
ICE. The median follow-up for this analysis was 8.5 years (range 0 to 12.9 years) for IRS-1V
and 5.6 years (range 0 to 9.3 years) for D9803.

Statistical Analysis

A chi-square or Fisher’s exact test when appropriate was used to compare the difference in
proportions for baseline characteristics between the two studies. Time to event distributions
were estimated using the method of Kaplan and Meier(6) and were compared using the log-
rank test(7). Failure-free survival was defined as patients alive without any disease
recurrence, local or distal. Estimates of time to local failure were calculated using
cumulative incidence curves. A failure was classified as “local” if a local failure was any
part of the failure: local only, local and regional, or local and distant. Other failures (distant
only, or death as a first event.) were considered as competing risks.

RESULTS

Patient Characteristics

In order to investigate the effect of the timing of radiation on local control, we first
determined the underlying differences between the patient cohorts. PMRMS patients on
D9803 differed from patients on IRS-1V with respect to several baseline characteristics: a
smaller proportion of D9803 patients were classified as CNP/CBBE (13% vs. 27%,
p=0.002); a larger proportion of D9803 patients had alveolar histology (37% vs. 18%,
p<0.0001) and a smaller proportion of D9803 patients had T2 tumor stage (75% vs. 86%,
p=0.007) relative to IRS-1V PM patients (Table 1). The proportion of patients with alveolar
histology was not an artifact of the subset analysis as there were 46% of D9803 and 21%
IRS-IV PMRMS patients with alveolar histology. Of the 198 patients on IRS-1V, 163 had
pretreatment imaging studies submitted for central review with 104 (53%) having MR,
which was less than D9803 where 136 (71%) of the 192 patients had an MRI at baseline.
The decrease in the proportion of D9803 patients with CNP/CBBE was not explained by an
increase in ICE detection.

Timing of Radiation Therapy delivery

We determined the actual delivery dates of radiation therapy in both patient cohorts. There
was a high compliance rate to protocol guidelines for the timing of XRT as shown in Table
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2, with 89-100% of patients starting radiation on time as dictated by both D9803 and IRS-
IV. As expected by protocol, IRS-IV patients with no high risk features started radiotherapy
at a median of about 10 weeks (69 days) whereas for D9803 treated patients it was about 14
weeks (96 days), reflecting a planned delay in D9803 to assess chemotherapy response For
patients with ICE the median start of radiotherapy was week 1 for both groups. Therefore,
this analysis cannot estimate the effect of radiation timing on those patients with ICE. For
patients with CNP/CBBE only the median start of radiotherapy was: IRS-1V, week 1;
D9803, week 13. Therefore, we were able to explore in CNP/CBBE patients whether
differences in timing between early (IRS-1V) versus late (D9803) XRT resulted in
differences in local failure rates.

Clinical Outcomes

Differences in local failure (LF) among the PMRMS subgroups (No high risk features,
[None], CNP/CBBE, or ICE) are shown in Figure 1. The overall failures observed in the 3
subsets were None 45; CNP/CBBE 25; ICE 56. Local failures were the majority of these.
For these events, assuming a 5% level of statistical significance (2-sided) and 80% power,
the difference that can be detected is a relative risk 0.47:1.00. The D9803 patients with
CNP/CBBE were intended to begin RT at Week 12, in contrast to the IRS-1V patients with
CNP/CBBE who were intended to begin radiation at Day 0 (Table 2). The estimates of
cumulative incidence of local failure by study for each of the PM subsets were reported. For
patients classified as none (Figure 1A), IRS-1V had a 15% (95%CI, 7% to 25%) while
D9803 demonstrated a 19% (95% CI, 11% to 29%) risk of local failure. Patients with CNP/
CBBE (Figure 1B) were observed in IRS 1V to have a 15% (95% ClI, 7% to 26%) whereas
D9803 patients had a 28% (95%Cl, 12% to 46%) risk of local failure at five years. Those
with ICE (Figure 1C) in IRS 1V had a 21% (95%CI, 12% to 30%) five year local failure rate
compared with 15% (95% ClI, 8% to 24%) in D9803. As local failure can influence distant
failure, we looked for differences in failure free survival between the two groups

We determined the observed failure free survival (FFS) rates between the three PMRMS
subsets. There were no statistically significant differences in FFS observed between the IRS-
IV and D9803 patients within the None (p=0.35), CNP/CBB (p=0.09), or ICE (p=0.61)
subsets. These results along with figure 1 are consistent with no detectable difference of
either LR or FFS based on the presence of PM risk factors.

We examined differences in aggregate outcome between PMRMS patients from IRS-IV and
D9803. There was no difference in the cumulative LF, with a 5-year estimate nearly 19% for
both studies (p=0.67), Figure 2. The 5-year FFS of IRS-IV (70%) versus that in D9803
(67%, p=0.32) were also similar. The 5-year overall survival rates (OS) were also similar,
75% in IRS-1V versus 73% in D9803 (p=0.45).

DISCUSSION

We conducted this study in order to investigate whether timing of radiation therapy
influenced LF, FFS, or OS in PMRMS patients with high risk features, in aggregate or
divided into PM risk factor groups. We compared two previously reported sequential
cooperative group trials, D9803 and IRS-IV which differed in their timing of radiation
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therapy for patients with CNP or CBBE. Importantly, the rates of protocol compliance
regarding RT timing were 89% or better for all PMRMS subtypes, minimizing the
likelihood of an intent-to-treat analysis error. We found overall no difference in LF, FFS, or
OS for PMRMS patients between these two trials overall or analyzed separately by high risk
features, CNP/CBBE, or ICE. These observations, however, deserve further explanation.

The most readily identifiable difference among the cohorts which might be expected to
influence clinical outcome was fewer D9803 patients fewer had CBP/CBBE, altering the
distribution of PM risk factors between the studies. Patients treated on D9803 were less
likely to be diagnosed with CNP/CBBE with higher rates of both None and ICE seen than
PM patients treated on IRS-1V. This is not consistent with merely increased sensitivity of
imaging studies, as this would result in a higher rate of both CBBE and ICE. Alternatively,
more sensitive imaging might result the following two scenarios. First, some patients
previously classified as CNP/CBBE could be classified as ICE due to subtle meningeal
enhancement seen better on MRI than CT. Second, ambiguous abnormalities on imaging
which previously were consistent with CBBE might actually be seen more clearly and
classified as None. MRI has been shown to complement the inherent disadvantages of CT
imaging in other tumor sites such as nasopharyngeal carcinoma to delineate base of skull
erosion and intracranial extension to alter staging(8) or in detecting perineural spread of
adenoid cystic carcinoma(9). In reality, the D9803 cohort has a bimodal distribution
compared to the more uniform distribution of IRS-1V, and this may indicate patients
classified as having CNP/CBBE are clearly not comparable between the two studies.

After determining the baseline differences and similarities between the two cohorts, we
examined LF, FFS, and OS. The FFS for the None and ICE subsets do not differ between
IRS-1V and D9803, which is not surprising since these groups were treated with delayed
(None) or early (ICE) XRT on both studies. Patients with CNP/CBBE however, received
early XRT on IRS-1V in contrast to delayed XRT on D9803. We did not find a statistically
significant difference seen for the CNP/CBBE subset in LF or FFS. It is unclear whether the
patients being compared are indeed similar because of the substantial difference in the
distribution of patients across the PM risk factor subsets between the two studies. However,
additional attempts to reclassify the distribution would also be fraught with recall bias as
well as differences in potentially available imaging modalities. Delaying XRT could
increase the rate of progression for chemotherapy-resistant tumors. However, the actual rate
of progression during chemotherapy for both of these studies as a whole was only 2%, and
was only 2.5% for the parameningeal RMS subets none and CNP/CBBE (10). Despite these
limitations to our methodology, there is no clear evidence that delaying radiation until week
12 for patients with CNP and CBBE compromises LF, FFS, or OS Even though no
significant difference could be appreciated for LF as function of RT timing, the power
calculations suggest that this high p value may be due to a deficiency in statistical power,
and in fact a difference may exist between these two cohorts that was not detected. We are
unable to make a statement regarding the timing of radiation for patients with ICE as both
studies required these patients to have immediate irradiation.

Additional investigators have reported satisfactory results for group 111 PMRMS patients
with high risk features detected by imaging. In a pilot trial designed to determine the
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feasibility of a response-based approach, 26 patients with ICE, CBBE, or CNP were treated
with neoadjuvant chemotherapy and XRT delivered at week 12 unless there was progressive
disease after 4 cycles of intensified chemotherapy (11). Twenty five of the 26 patients had a
complete or partial response, and the remaining patient had no response, consistent with a
small risk of progression with chemotherapy. This approach led to a 5 year event-free
survival of 81+/-15% and local control of 92 +/- 11%. These data compare favorably to the
D9803 PMRMS patients with reported four year FFS of 68% and OS of 73% and the IRS-
IV FFS of 61% and OS of 65%.

There are implications from our study for current and future treatment of patients with
PMRMS. First, patients with CNP/CBBE who are treated using modern radiation techniques
may not have as poor a prognosis as identified on IRS-I1 and I1l. If so, management of
PMRMS patients could be included on general studies with stratification based on absence
or presence of being a PM site with or without ICE. The previously reported analysis of
IRSII, 111, and IV observed that earlier XRT does lower local failure rates for all PMRMS
patients with high-risk factors without improving FFS. However, our data suggest that in the
era of modern imaging, delaying XRT for those with high risk features of CNP/CBBE may
not negatively impact local failure. We cannot determine whether those with imaging
evidence of frank ICE may also delay radiation therapy. Future studies must ensure modern
and appropriate imaging, along with a dedicated central review.
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SUMMARY

Early irradiation of high-risk Parameningeal Rhabdomyosarcoma (PMRMS) patients on
IRS 11-1V reduced local failure rates. D9803 allowed some high-risk patients to received
delayed radiation therapy. Patients with cranial nerve palsy (CNP) or cranial base boney
erosion (CBBE) treated on IRS IV (immediate radiation) versus D9803 (delayed
radiation) had similar rates of local failure. These results suggest in the modern era
PMRMS patients with CNP/CBBE may receive delayed radiation without compromising
local failure risk.
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Figure 1. Local Failure Rates for PMRMS patients by degree of intracranial extension between
IRS-1V and D9803

A. The local failure rates for patients with no intracranial extension (A), CNP/CBBE (B) and
ICE (C) for patients enrolled on IRS-1V (dashed line) or D9803 (solid line).

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2015 August 04.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Spalding et al. Page 10

0.4
[ Log-Rank, p=0.65
3
0.3
&£ D9803
3
o
-
£ A——
§ _____ T
= IRS-IV
2
2
[=]
a

5 6 7 8 9 10

Years
Figure 2. Local Failure Rates for all PMRMS patients regardless of intracranial extension

between IRS-1V and D9803
The local failure rate for patients enrolled on IRS-1V (dashed line) or D9803 (solid line).

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2015 August 04.



Page 11

Spalding et al.

‘proAniog :3og 1190 8|pulds
:1ds ‘leuoAiquig :quig ‘IRj0BAIY AV ‘[eabulusweled (Nd ‘UOISUS]IXa [eluIdRAIUI D] ‘UOISUIXd [eIURIDRIIUI INOYNIM UOISOIS ABUOQ aseq [elueld 1o Asjed aAJau [elueld :399D/dND Pasn SUONBIAIGY

¥5'0 S 90T 15 86 IND G<
or 68 4 6 WD G =>
azIS
89°0 29 €t 09 STT €
8¢ GL or LL [
abeis
T000°0> g o1 S T BYo
LL esT 1S 01T 10g/|ds/qw3
8T 9 L€ TL AV
ABojoisiH
2000 or 6L 514 /8 301
1z S €1 T4 3990/dNO
€e G9 o 08 3980/dND Jou JDI JaynsN
dnoio Nd
€80 8¢ GL 6 GL a[ewad
29 €t 19 LTT 8B
J8pUD
€20 6¢ 1S Ge L9 s1eak +0T
0L orT G9 et s1eak 6-T
T T 0 sIeak T>
aby
anjeA-d | jusouad | Aousnbaiad | jusouad | Aousnbaiq a|gerten
AI-SHI €086d

Apnis Ag sonsiiaoeleyd juaned 199]19s Jo uonnqlisia

T alqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2015 August 04.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Spalding et al.

Table 2

Expected Week and Distribution of RT Delivery for PM Groups by Study

D9803 IRS-1V
PM Group Expected | RT Delivered | Expected | RT Delivered
None (Neither ICE nor CNP/CBBE) | Week 12 73/80 (91%) Week 6-9 58/65 (89%)
CNP/CBBE Week 12 | 22/25 (88%) Day 0 53/54 (98%)
ICE Day 0 81/87 (93%) Day 0 79/79 (100%)
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