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abstract

PURPOSE The R2Pulm trial was conducted to evaluate the effect of busulfan-melphalan high-dose chemo-
therapy with autologous stem-cell rescue (BuMel) without whole-lung irradiation (WLI) on event-free survival
(main end point) and overall survival, compared with standard chemotherapy with WLI in Ewing sarcoma (ES)
presenting with pulmonary and/or pleural metastases.

METHODS From 2000 to 2015, we enrolled patients younger than 50 years of age with newly diagnosed ES and
with only pulmonary or pleural metastases. Patients received chemotherapy with six courses of vincristine,
ifosfamide, doxorubicin, and etoposide (VIDE) and one course of vincristine, dactinomycin, and ifosfamide (VAI)
before either BuMel or seven courses of VAI and WLI (VAI plus WLI) by randomized assignment. The analysis
was conducted as intention to treat. The estimates of the hazard ratio (HR), 95% CI, and P value were corrected
for the three previous interim analyses by the inverse normal method.

RESULTS Of 543 potentially eligible patients, 287 were randomly assigned to VAI plus WLI (n = 143) or BuMel
(n = 144). Selected patients requiring radiotherapy to an axial primary site were excluded from randomization to
avoid excess organ toxicity from interaction between radiotherapy and busulfan. Median follow-up was 8.1
years. We did not observe any significant difference in survival outcomes between treatment groups. Event-free
survival was 50.6% versus 56.6% at 3 years and 43.1% versus 52.9% at 8 years, for VAI plus WLI and BuMel
patients, respectively, resulting in an HR of 0.79 (95% CI, 0.56 to 1.10; P = .16). For overall survival, the HR was
1.00 (95% CI, 0.70 to 1.44; P = .99). Four patients died as a result of BuMel-related toxicity, and none died after
VAI plus WLI. Significantly more patients in the BuMel arm experienced severe acute toxicities than in the VAI
plus WLI arm.

CONCLUSION In ES with pulmonary or pleural metastases, there is no clear benefit from BuMel compared with
conventional VAI plus WLI.

J Clin Oncol 37. © 2019 by American Society of Clinical Oncology

INTRODUCTION

Ewing sarcoma (ES) is a rare, malignant sarcoma of the
bone and soft tissues that occurs most frequently in
adolescents and young adults. Isolated pulmonary
metastases are noted in 25% of patients at diagnosis.1

Treatment has been conducted within clinical trials of

cooperative groups since the early 1980s.2 Progress in
ES therapy has reached a plateau; long-term overall
survival (OS) rates remain at less than 30% for patients
with extrapulmonary metastases and greater than
75% for patients without clinically overt metastases at
diagnosis.3,4 In patients with pulmonary metastases,
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the outcome remains suboptimal, with 2- to 10-year event-
free survival (EFS) of 30% to 36% within the European
Intergroup Cooperative Ewing5,6 and Pediatric Oncology
Group studies.7 Small series of nonrandomized retro-
spective analyses have indicated that whole-lung irradiation
(WLI) compared with no WLI seems to improve outcome in
patients with pulmonary metastases by approximately
20%, with acceptable acute toxicity in both children and
adults.5,8-10

The role of high-dose therapy (HDT) with busulfan-
melphalan and autologous stem-cell rescue (BuMel) in
nonrandomized studies has shown a possible benefit for
a subgroup of patients with ES and extrapulmonary
metastases.11,12 Furthermore, in patients with relapsed
disease and response to standard second- or third-line
treatment, a possible benefit from HDT (BuMel or treo-
sulfan melphalan) in nonrandomized studies has also
been noted.13 On the basis of these encouraging results in
uncontrolled studies, a randomized comparison of HDT
against standard chemotherapy was incorporated in two
consecutive multinational controlled trials, the European
Ewing Tumour Working Initiative of National Groups, 1999
(Euro-E.W.I.N.G. 99) trial and EWING 2008.

The international Ewing 2008 succeeded the Euro-
E.W.I.N.G. 99 study in some participating countries and
some additional countries. It targeted novel questions for
patients with either localized or metastatic disease and
continued the R2Pulm arm for patients with isolated pul-
monary metastases. The primary objective in R2Pulm was
to evaluate whether consolidation with HDT using BuMel
improved EFS compared with consolidation with standard
chemotherapy (vincristine, dactinomycin, ifosfamide [VAI])
and WLI.

METHODS

Study Design

The R2Pulm trial was an international, randomized, su-
periority trial comparing two consolidation regimens in
a two-parallel-group design: VAI plus WLI and BuMel in
patients with ES with pulmonary or pleural metastases
(Data Supplement). The R2Pulm randomized trial was
a component of the Euro-E.W.I.N.G. 99 study (Clinical-
Trials.gov identifier: NCT00020566), recruiting patients
with ES at diagnosis, enrolled by five cooperative groups:
Children`s Oncology Group, European Organization for
Research and Treatment of Cancer, Gesellschaft für
Paediatrische Onkologie und Haematologie, French Soci-
ety of Pediatric Oncology and French Sarcoma Group, and
the Children’s Cancer and Leukaemia Group.3,11,14,15 From
May 2010, patients were also recruited in the same
R2Pulm randomized trial conducted through the EWING
2008 study (ClinicalTrials.gov identifier: NCT00987636).
Study protocols were approved by an independent ethics
committee and the appropriate institutional review boards.

The studies were conducted in accordance with the ethical
principles of the Declaration of Helsinki and with Good
Clinical Practice guidelines.

Eligibility Criteria

Eligible patients were younger than 50 years of age, en-
rolled at diagnosis in either the Euro-E.W.I.N.G. 99 or
EWING 2008 studies for a newly diagnosed biopsy-proven
ES with pulmonary/pleural metastases in the absence of
other distant metastases. Pulmonary/pleural metastases
were defined as at least one pulmonary nodule larger than
1 cm or more than one nodule larger than 0.5 cm. Multiple
nodules of 0.3 to 0.5 cm were defined as questionable; in
these patients, biopsy was recommended. Exclusion cri-
teria were medical contraindications to the planned treat-
ments. After two amendments, because of busulfan-related
radiosensitivity,16-18 patients who were expected to receive
radiotherapy of more than 30 Gy to the spinal cord
(Amendment July 2004) or more than 45 Gy to large in-
testinal volume were no longer eligible (Amendment No-
vember 2008). Written informed consent was obtained
from all patients and/or their parents/guardians before
enrollment.

Treatment

Induction chemotherapy consisted of six chemotherapy
courses combining vincristine, ifosfamide, doxorubicin,
and etoposide (VIDE).15,19 After one VAI course, allocated
consolidation treatment was either seven courses of VAI
followed by WLI or one course of high-dose BuMel che-
motherapy with autologous stem-cell transplantation. The
treatment schedule and chemotherapy are detailed in the
Data Supplement.

Local therapy was tailored to patient and tumor charac-
teristics, and included complete surgical removal wherever
feasible, radiotherapy, or a combination of both (Data
Supplement). Autologous hematopoietic stem-cell har-
vesting was performed according to local practices, at the
earliest after VIDE course 2.

Randomization

Randomization was performed after four to six VIDE
courses. It was balanced and stratified according to co-
operative group, sex, age (younger than 25 years), and local
treatment (resection after chemotherapy alone with or
without postoperative radiotherapy v initial surgery v re-
section after chemotherapy and radiotherapy v radiother-
apy only). Centralized randomization software was used in
all data centers, ensuring the concealment of the next
patient allocation. The Gesellschaft für Paediatrische
Onkologie und Haematologie data center used permuted
blocks of four. In the European Organization for Research
and Treatment of Cancer, Children’s Cancer and Leu-
kaemia Group, and French data centers, randomization
was also balanced by the treating center using dynamic
allocation of treatment (minimization with a random factor

2 © 2019 by American Society of Clinical Oncology

Dirksen et al

Downloaded from ascopubs.org by INSTITUTE CANCER RESEARCH on October 23, 2019 from 193.062.218.079
Copyright © 2019 American Society of Clinical Oncology. All rights reserved.

https://clinicaltrials.gov/ct2/show/NCT00020566
https://clinicaltrials.gov/ct2/show/NCT00987636


set at 0.8). Blinding to therapy could not be achieved
because of the obvious differences between treatments.

End Points and Assessments

The primary end point was EFS defined as the time from
randomization to the time of the first event assessed by the
investigator, defined as progression, relapse, second ma-
lignancy, or death, whatever the cause. Follow-up was
planned every 3 months during the first 3 years, every
6 months during years 4 and 5, then yearly, regardless of
treatment compliance. Central imaging review of tumor
volume and response, and pathologic review were not
mandatory. OS from randomization was a secondary effi-
cacy end point, considering all deaths regardless of cause.

Treatment compliance and toxicity were monitored. All
chemotherapy doses were recorded, as well as the reasons
for dose reduction or treatment delay. Safety and toxicity
were secondary end points, and acute toxicity is part of this
article. Acute toxicity was assessed after each course, using
a list of 22 selected items from the National Cancer Institute
Common Terminology Criteria for Adverse Events (version

2.0) and Bearman’s criteria for sinusoidal obstruction
syndrome.20 A free text area was available to document
other adverse reactions. A modified list was used to eval-
uate toxicity after radiotherapy, using Radiation Therapy
Oncology Group classification for 17 types of toxicity. For
each toxicity type, the maximum grade observed over the
whole maintenance treatment was computed, including
radiotherapy to the primary site. Grade 4 hematologic
toxicities and grade 3 or higher for all nonhematologic
toxicities were considered severe.

Statistical Considerations

The study was designed to ensure 80% power to detect
a 35% reduction in the risk of event in the BuMel arm
compared with the VAI plus WLI arm (expected 3-year EFS,
40% v 55%; hazard ratio [HR], 0.65), with a two-sided log-
rank test alpha of .05. The initial target sample size was 326
patients (188 events).21 With support from the independent
data monitoring committee, recruitment was stopped be-
fore reaching this target because of low accrual. This is the
final analysis on the basis of the data as of January 2017.

Patients with lung/pleura metastases
enrolled in the EE99-Ewing 2008 studies

(N = 695)

Patients enrolled

in R2Pulm randomized trial (n = 287)

Assigned to VAI plus WLI           (n = 143)

Eligible for R2Pulm trial                      (n = 142)
Not eligible for R2Pulm trial        (n = 1)

Assigned to Bu-Mel                      (n = 144)

Eligible for R2Pulm trial           (n = 141)
Not eligible for R2Pulm trial         (n = 3)

Received assigned intervention  (n = 131)
Received Bu-Mel                              (n = 2)
Did not receive WLI                      (n = 5)
With missing information            (n = 5)

Received assigned intervention  (n = 123)
Did not receive Bu-Mel HDC        (n = 16)
Received another HDC                  (n = 2)
With missing information              (n = 3)

In the intention-to-treat analysis (n = 143)
In the as treated population         (n = 131)

In the intention-to-treat analysis  (n = 144)
In the as treated population          (n = 123)

Patients screened for eligibility     (n = 667)

Patients not meeting eligibility criteria (n = 124)

Disease progression or death
     before randomization time point    (n = 28)

Patients potentially eligible          (n = 543)

Patients potentially eligible not included (n = 256)
Because of patient/parents refusal         (n = 98)
Because of physician refusal                   (n = 71)
For miscellaneous reasons                      (n = 63)
For unknown reasons                              (n = 24)

FIG 1. Trial profile. A total of 124 patients
assessed for eligibility for the R2Pulm trial
did not meet eligibility criteria because of
lung or pleural metastases without metas-
tases at another site; insufficient diagnosis
criteria or diagnosis rejected (n = 7); per-
sisting toxicity related to previous treatment
and/or contraindication to planned treat-
ment (n = 83), including contraindication to
busulfan and melphalan (BuMel) because
of planned radiotherapy to an axial site
(n = 41); early radiotherapy (n = 18); psy-
chological problems (n = 5); age younger
than 4 or older than 50 years (n = 8); and
Ewing sarcoma as a second malignancy
(n = 3). Sixty-three patients meeting eligi-
bility criteria were not enrolled because of
other reasons. EE99, European Ewing Tu-
mour Working Initiative of National Groups,
1999 study; HDC, high dose chemother-
apy; WLR, whole-lung irradiation.
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TABLE 1. Patient and Tumor Baseline Characteristics

Characteristics
VAI Plus WLI
(n = 143)

BuMel
(n = 144)

Total
(N = 287)

Sex

Male 82 (57) 87 (60) 169 (59)

Female 61 (43) 57 (40) 118 (41)

Age, years

Median (range) 14.6 (1.0-44.1) 13.9 (1.7-47.8) 14.2 (1.0-47.8)

Recruiting group

EORTC 6 (4) 5 (3) 11 (4)

UKCCLG 23 (16) 23 (16) 46 (16)

SFCE/GSF/Unicancer 36 (25) 38 (26) 74 (26)

COG 39 (27) 39 (27) 78 (27)

GPOH 28 (20) 28 (19) 56 (20)

GPOH-Ewing 2008 11 (8) 11 (8) 22 (8)

Follow-up

Median duration, years (range) 8.1 (0 -15.5) 8.1 (0 -15.5) 8.1 (0 -15.5)

Lost to follow-up in the first 3 years 7 (5) 11 (8) 18 (6)

Primary tumor site

Axis 81 (57) 81 (56) 162 (56)

Limb 62 (43) 62(43) 124 (43)

Unknown primary 0 1 (, 1) 1 (, 1)

Primary tumor volume (4 MD)

, 200 mL 56 (40) 57 (40) 113 (40)

$ 200 mL 85 (60) 85 (60) 170 (60)

Size of the largest pulmonary nodule (19 MD)

, 1 cm 67 (51) 71 (52) 138 (51)

$ 1 cm 64 (49) 66 (48) 130 (49)

Pulmonary nodule (5 MD)

Single 20 (14) 15 (11) 35 (12)

Multiple 120 (86) 127 (89) 247 (88)

Local treatment of primary tumor (planned or completed) at the
date of randomization

Resection after chemotherapy alone with or without late RT 120 (84) 115 (80) 235 (82)

Other 23 (16) 29 (20) 52 (18)

Resection after chemotherapy and early RT 3 (2) 0 3 (1)

Resection at diagnosis 1 (1) 4 (3) 5 (2)

Radiotherapy alone, late radiotherapy 16 (10) 22 (13) 38 (11)

None of the above 2 0

Primary tumor histologic response among patients who underwent
surgery after chemotherapy alone (20 MD), % viable cells

, 10 77 (71) 78 (74) 155 (72)

10-29 18 (17) 14 (13) 32 (15)

$ 30 14 (13) 14 (13) 28 (13)

NOTE. Data are No. (%) unless otherwise specified.
Abbreviations: BuMel, busulfan and melphalan; COG, Children’s Oncology Group; EORTC, European Organization for Research and

Treatment of Cancer; GPOH, Gesellschaft fuer Paediatrische Onkologie und Haematologie; GSF, French Sarcoma Group; MD, missing data;
NOS, not otherwise specified; RT, radiotherapy; SFCE, French Society of Pediatric Oncology; UKCCLG, Children’s Cancer and Leukaemia Group;
VAI, vincristine, dactinomycin, and ifosfamide; WLI, whole-lung irradiation.
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Age

Category
No. Events/No. Patients

VAI plus WLI BuMel

HR HR (95% CI) P 

Interaction Test

BuMel Better | VAI plus WLI Better

< 12 years 21/44 17/48 0.65 (0.34 to 1.23)
12-18 years 35/66 31/62 1.05 (0.65 to 1.70)
18-25 years 16/24 11/23 0.63 (0.29 to 1.35)
> 25 years 6/9 7/11 0.79 (0.26 to 2.38)

Recruiting group

EORTC 4/6 2/5 0.61 (0.11 to 3.34)
UKCCLG 14/23 15/23 1.11 (0.53 to 2.30)
French group 20/36 14/38 0.63 (0.32 to 1.25)
GPOH 19/39 17/39 0.87 (0.45 to 1.68)
COG 21/39 18/39 0.84 (0.44 to 1.57)

Primary tumor site

Limb 31/62 24/62 0.75 (0.44 to 1.28)
Axis 47/81 42/81 0.87 (0.57 to 1.32)

Primary tumor volume

< 200 mL 27/56 21/57 0.75 (0.42 to 1.32)
 200 mL 49/85 44/85 0.88 (0.58 to 1.32)

Primary tumor histologic response

0% cells 15/47 14/50 0.92 (0.45 to 1.91)
1%-9% cells 12/30 12/28 1.15 (0.52 to 2.56)
10%-29% cells 14/18 5/14 0.28 (0.10 to 0.79)
 30% cells 10/14 11/14 0.88 (0.37 to 2.07)

Size of the largest pulmonary nodule

< 1 cm 32/67 28/71 0.78 (0.47 to 1.29) 1 cm 41/64 36/66 0.81 (0.52 to 1.27)

Pulmonary nodule

Single 7/20 8/15 1.81 (0.65 to 5.00)
Multiple 68/120 58/127 0.76 (0.54 to 1.08)

Overall 78/143 66/144 0.81 (0.58 to 1.12)
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FIG 2. (A and B) Event-free survival and (C) overall survival. (A) Kaplan-Meier estimates of event-free survival by treatment group on the intention-to-
treat (ITT) population. At the time of this analysis (cutoff date, January 1, 2017), 144 events were reported: 78 in the (continued on following page)
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Preplanned efficacy stopping rules were defined using the
alpha spending function approach with O’Brien-Fleming
boundaries.22-24 These analyses were only disclosed to the
independent data monitoring committee. Survival rates
(EFS and OS) were estimated using the Kaplan-Meier
method with Rothman’s 95% CIs. Median follow-up was
estimated using the reverse Kaplan-Meier method. The HR
of event (EFS) and the HR of death (OS) were estimated in
Cox models. The point estimate of the HR of event, its CI,
and the P value were corrected for the three previous in-
terim analyses using the inverse normal method.25 The
primary efficacy analysis was performed according to the
patients’ randomly assigned treatments (ie, by intention-to-
treat population). Post hoc sensitivity analyses were per-
formed (1) adjusted for age (in four categories:, 12, 12 to
17.9, 18 to 24.9, $ 25 years), and (2) excluding patients
with a major treatment modification (as treated; Data
Supplement). The heterogeneity of treatment effect (BuMel
v VAI plus WLI) on EFS according to stratification variables
and tumor volume, tumor site, and histologic response
(post hoc exploratory analysis) was evaluated in multivar-
iable models including interaction terms and illustrated in
a forest plot. Because the EFS is a composite end point,
a competing risk approach was also used to estimate the
effect of treatment on the risk of metastases using sub-
distribution HRs considered as competing events: local
progression/relapse without concomitant metastases, dis-
tant metastases, secondary malignancy, and death without
prior metastases (post hoc analysis).26,27

Safety analyses were performed on the safety set, excluding
patients who did not receive the assigned treatment (as-
treated population). For each toxicity category, the relative
risk of experiencing a severe toxicity when receiving BuMel
versus VAI plus WLI was estimated. No late toxicity was
collected as part of this study.

Estimates are provided with 95% CIs. All tests are two
sided. The analyses were performed using SAS 9.3 soft-
ware (SAS Institute, Cary, NC).

RESULTS

Patients

Between February 2000 and December 2015, 667 patients
with lung and/or pleural metastases only, enrolled in
144 centers from 14 countries, were assessed for eligibility

(Fig 1). Among them, 124 did not meet the eligibility criteria
(details listed in the Fig 1 legend). Of 543 potentially eligible
patients, 256 were not included in the randomized trial
because of patient/parent refusal (n = 98) or physician
refusal (n = 71), other reasons (n = 63), and unknown
reasons (n = 24). Thus, 287 patients were included in the
randomized trial: 143 in the VAI plus WLI arm and 144 in
the BuMel arm. Themedian age was 14.2 years (range, 1.0
to 47.8 years). The baseline characteristics were well
balanced between arms (Table 1). Median follow-up was
8.1 years and not significantly different between treatment
groups (Data Supplement). Among the 287 enrolled pa-
tients, one and three patients, in the VAI plus WLI arm and
BuMel arm, respectively, were not eligible (Data Supple-
ment). Of the 143 patients allocated to the VAI plus WLI
arm, seven patients did not receive the randomized
treatment: two patients received BuMel (one each by pa-
tient or physician request), and five did not receive WLI for
reasons other than early progression. In the BuMel arm, 16
patients did not receive HDT because of patient refusal
(n = 7), medical reason (n = 1), physician decision (n = 3),
failure to collect peripheral stem cells (n = 4), and logistic
reason (n = 1), and two patients received HDT other than
BuMel because of physician decision (Data Supplement).
These 25 patients were excluded in the as-treated
analyses.

Efficacy

A total of 144 events were reported (78 in the VAI plus WLI
arm, 66 in the BuMel arm): 20 incidents of local pro-
gression or local relapse, 115 distant metastases (including
new lung metastases in 91 patients), one incident of
progression without additional detail, two secondary ma-
lignancies, and six deaths as first events, including four
treatment-related deaths in the BuMel arm (Data Sup-
plement). EFS for all 287 randomly assigned patients was
53.6% (95% CI, 47.7% to 59.4%) at 3 years and 47.9%
(95% CI, 42.0% to 53.9%) at 8 years. We observed
a nonsignificant benefit of BuMel compared with VAI plus
WLI, with an estimated HR of 0.79 (95% CI, 0.56 to 1.10;
P = .16), corrected for the three previous interim analyses.
EFS rates for VAI plus WLI and BuMel were 50.6% (95% CI,
42.3% to 58.9%) and 56.6% (95% CI, 48.3% to 64.6%) at
3 years, and 43.1% (95% CI, 34.9% to 51.6%) and 52.9%
(95% CI, 44.5% to 61.2%) at 8 years, respectively (Fig 2A).
The treatment effect estimate seemed to be similar in the

FIG 2. (Continued). vincristine, dactinomycin, and ifosfamide (VAI) plus whole-lung irradiation (WLI) group and 66 in the busulfan and melphalan
(BuMel) group. (B) Forest plot of event-free survival according to subgroups. The hazard ratio (HR) of events by subgroup were estimated in a Cox
model proportional hazard model on the ITT population, including all patients except (1) for the assessment of treatment effect according to primary
tumor site: we excluded one patient with an unknown primary; (2) for the assessment of treatment effect according to primary tumor volume: we
excluded four patients with missing data; (3) for the assessment of treatment effect according to the size of the largest pulmonary nodule: we
excluded 19 patients with missing data; (4) for the assessment of treatment effect according to pulmonary nodule: we excluded five patients with
missing data; French group: French Society of Pediatric Oncology/French Sarcoma Group/Unicancer. (C) Kaplan-Meier estimates of overall survival
by treatment group on the ITT population. COG, Children’s Oncology Group; EORTC, European Organization for Research and Treatment of Cancer;
GPOH, Gesellschaft fuer Paediatrische Onkologie und Haematologie; UKCCLG, Children’s Cancer and Leukaemia Group.
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sensitivity analyses, when the analysis was adjusted for
patient age or when patients with protocol violations were
excluded (Table 2). As illustrated in Figure 2B, no signif-
icant heterogeneity of the treatment effect was observed

according to cooperative group, tumor site, tumor volume,
or eligibility criteria for high-risk classification. When con-
sidering the different types of events in the competing
risk approach (Data Supplement), the subdistribution HR

TABLE 2. EFS and Overall Survival Analysis, Main Analysis on the Intention-to-Treat Population, and Sensitivity Analysis on the As-Treated Population

Outcome

Intention-to-Treat Analysis As-Treated Population*

VAI Plus WLI Arm
(n = 143)

BuMel Arm
(n = 144)

VAI Plus WLI Arm
(n = 131)

BuMel Arm
(n = 123)

EFS, No.

No. and type of events 78 66 72 56

Progression/relapse 77 59 71 49

Local progression or relapse without metastases 14 6 13 5

Distant metastases with or without local progression or relapse 63 52 58 43

Site of progression missing 0 1 0 1

Secondary malignancy 1 1 1 1

Death as first reported event† 0 6 0 6

Treatment-related death 0 4 0 4

Death from other cause 0 1 0 1

Death from unknown cause 0 1 0 1

3-year EFS from randomization, % (95% CI) 50.6 (42.3 to 58.8) 56.6 (48.3 to 64.6) 51.5 (43.0 to 60) 57.7 (48.8 to 66.2)

8-year EFS from randomization,% (95% CI) 43.1 (34.9 to 51.6) 52.9 (44.5 to 61.2) 43.6 (35.2 to 52.4) 53.6 (44.5 to 62.4)

Unadjusted HR of event (95% CI)‡ 1 0.79 (0.56 to 1.10)§ 1 0.80 (0.56 to 1.13)

P = .16 P = .21

Adjusted HR of event (95% CI)k 0.81 (0.58- to 1.12) 0.78 (0.55 to 1.11)

P = .1998 P = .17

Overall survival, No.

Total/cause of death 60 58 57 49

Due to progression/relapse 58 49 55 40

Treatment-related 1 6 1 6

Secondary malignancy 0 1 0 1

Other 1 1 1 1

Unknown 0 1 0 1

3-year OS from randomization, % (95% CI) 68.0 (59.7 to 75.2) 68.2 (60.0 to 75.4) 67.4 (58.8 to 74.9) 69.1 (60.3 to 76.7)

8-year OS from randomization, % (95% CI) 54.2 (45.3 to 62.8) 55.3 (46.1 to 64.0) 53.7 (44.5 to 62.6) 57.2 (47.6 to 66.3)

Unadjusted HR of death (95% CI)‡ 1 1.00 (0.70 to 1.44) 1 0.95 (0.65 to 1.39)

P = .99 P = .77

Adjusted HR of event (95% CI)k 0.99 (0.68 to 1.42) 0.91 (0.62 to 1.35)

P = .93 P = .65

Abbreviations: BuMel, busulfan and melphalan; EFS, event-free survival; HR, hazard ratio; OS, overall survival; VAI, vincristine, dactinomycin, and
ifosfamide; WLI, whole-lung irradiation.
*As-treated data set: excluding 33 patients (12 in the VAI plus WLI arm, 21 in the BuMel arm); 25 patients with a major treatment modification (Data

Supplement); eight patients with missing information about received treatment (Data Supplement).
†The six deaths as first events are detailed in the Data Supplement.
‡The unadjusted HRs provided in the table with their 95% CIs and P values are estimated in Cox models including only the treatment effect as the

covariable, with prior check of the proportional hazard assumption by adding a time-interaction term and by using the Martingale-based residuals.28

§The HR provided in the table for the main analysis of EFS is corrected for the three previous interim analyses using the inverse normal method.25 Before
this correction, the HR was 0.81 (95% CI, 0.58 to 1.12; P = .21).
kThe adjustedHRs with their 95%CIs and P values are estimated in Coxmodels, including the treatment effect and age in four categories (, 12, 12 to 17.9,

18 to 24.9, $ 25 years) as covariables.
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associated with BuMel compared with VAI plus WLI was
0.79 (95% CI, 0.55 to 1.13; P = .20) for the risk of distant
metastases.

We did not observe any benefit of BuMel compared with
VAI plus WLI in terms of OS: 118 deaths were reported (60
in the VAI-WLI arm, 58 in the BuMel arm), leading to an HR
of 1.00 (95%CI, 0.70 to 1.44; P = .99). OS rates for VAI plus
WLI and BuMel were 68.0% (95% CI, 59.7% to 75.2%)
versus 68.2% (95% CI, 60.0% to 75.4%) at 3 years, and
54.2% (95% CI, 45.3% to 62.8%) versus 55.3% (95% CI,
46.1% to 64.0%) at 8 years, respectively (Fig 2C; Table 2).

Safety

Significantly more patients taking BuMel experienced se-
vere acute toxicities, in particular, GI and liver toxicity,
hematologic toxicity, and infection, as well as general

condition deterioration (Fig 3; Data Supplement). However,
toxicity arose from the single HDT course versus multiple
VAI courses. Four patients died as a result of BuMel-related
toxicity (Data Supplement), and none died after standard
chemotherapy.

DISCUSSION

We investigated whether BuMel followed by autologous
hematopoietic stem-cell rescue in patients with ES with
isolated lung metastases was more effective than the
standard consolidation chemotherapy of VAI plus WLI.
Compared with historical results, EFS and OS were improved
in both the experimental and the standard arms of che-
motherapy plus WLI.5 The reasons for this improved out-
come compared with historic expectation remain speculative

BuMel
more toxic

VAI-WLI
more toxic

Hematologic toxicity

Infection or fever

Liver toxicity

GI tract

General deterioration

Cardiac toxicity

Skin toxicity

Neurologic toxicity

Renal toxicity

Lung toxicity

Bladder toxicity

VAI-WLI (n = 127) BuMel (n = 117)

100 75 50 25 0 25 50 75 100

Severe toxicity

All grades
Severe toxicity
All grades

0.1 1 10
Percent

FIG 3. Adverse events. The panel on the left is a butterfly plot showing the proportion of patients experiencing an adverse event, whatever the grade
(light red for the busulfan and melphalan [BuMel] arm and light blue for the vincristine, dactinomycin, and ifosfamide [VAI] plus whole-lung
irradiation [WLI] arm) and a severe adverse event (dark red for the BuMel arm and dark blue for VAI plus WLI arm) according to the randomization
group. The panel on the right displays the relative risk of a severe adverse event in patients with BuMel relative to patients with VAI plus WLI, with
95% CIs for a 2 3 2 table. The acute toxicity related to chemotherapy was assessed after each course, using a list of 22 selected items from the
National Cancer Institute Common Terminology Criteria for Adverse Events (version 2.0). A modified list of items was used to evaluate toxicity after
radiotherapy, using Radiation Therapy Oncology Group classification for eight types of specific toxicities. A free text area was available to document
other adverse reactions. The toxicity items were then pooled by category: bladder toxicity, cardiac toxicity, GI toxicity, general deterioration,
hematologic toxicity, infection, liver toxicity, lung toxicity, neurologic toxicity (including mood alteration), renal toxicity, and skin toxicity. The
respiratory tract toxicity (larynx, pharynx, salivary gland) reported after radiotherapy was pooled within the category of GI toxicity because of small
numbers and because they were usually associated. Details are provided in the Data Supplement. For each adverse event type, the analysis was
based on the maximum grade observed over the whole maintenance treatment duration. A grade 4 hematologic toxicity and a grade 3 or higher
nonhematologic toxicity were classified as severe toxicities. The categories of adverse events was ordered by decreasing value of the relative risk of
severe toxicity. This analysis was performed on the safety set (127 patients taking VAI plus WLI and 117 patients taking BuMel), excluding patients
who did not receive the treatment allocated by randomization (as-treated population), as well as patients with missing data for toxicity assessment.
The number of chemotherapy courses followed by toxicity over the whole maintenance treatment duration is detailed in the Data Supplement.
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and should be the focus of future detailed analyses. We did
not observe a significant improvement in EFS or OS for
BuMel over VAI plus WLI consolidation. However, the rel-
atively small sample size limited our power to detect a smaller
treatment effect than prospectively anticipated. To our
knowledge, this is the only randomized study that addresses
the role of BuMel in patients with ES with isolated pulmonary
metastases. The conduct of this study was made possible
through the cooperation of multiple European countries and
centers, as well as Children’s Oncology Group centers
predominately in North America. Given the rarity of ES, in-
ternational cooperation is important for future trials. The trial
required 16 years to complete; the prolonged study duration
was mainly as a result of low randomization success. Only
53% of the eligible patients were randomly assigned, pre-
dominantly because of patient/parent refusal. We ac-
knowledge that this limits the external validity of our findings.
Given the large number of participating institutions, central
review of imaging was not part of the protocol, a factor that
may also limit interpretation of results. Because we detected
amajor switch after randomization in the BuMel arm of 11%,
it is possible that BuMel is not acceptable to all patients and
clinicians. Contraindications to BuMel, such as central axis
irradiation, may also explain why a sizable proportion of those
with pulmonary metastases were not eligible, also excluding
a significant portion of patients with large-volume tumors in
the chest, pelvis, or paraspinal sites.16,17

Toxicity from BuMel, as expected, was greater than with the
standard arm of VAI and WLI for GI tract, liver, and
infection.11,12 There was no increased incidence of second
malignancies in the experimental arm, but there were four
treatment-related deaths. Although we have limited late-
effects data from this study, we expect infertility in both
female and male patients who received BuMel and male
patients who received VAI and WLI.29-31 It is likely that
female patients may have normal fertility after standard
chemotherapy and WLI.29,30 A possible reduction in lung
function in both arms is also to be expected, although this
may be worse in those who received VAI and WLI after
major chest wall surgery.10,32 Additional late effects are
currently being evaluated and updated in the Pan-European
Networks (www.pancare.eu; www.pancarelife.eu) and will

be reported later.29,31 Because EFS and OS were not sig-
nificantly different in the two arms, patients and physicians
might pick one over the other on the basis of late effects in
the future.

Over the last 20 years, the role of BuMel in ES has been
unclear. Nonrandomized clinical trials have suggested
a possible benefit in patients with widely metastatic
disease.11,12,33,34 Our results give clarity to the role of BuMel
in selected patients with pulmonary metastatic disease only
and cannot be extrapolated to ES in other clinical settings.
The other randomized study from our Euro-E.W.I.N.G. 99
and EWING 2008 study groups, concerning patients with
localized ES, poor histologic response to induction che-
motherapy, and/or large tumor volume, Euro-E.W.I.N.G. 99
R2Loc, demonstrated a positive effect of BuMel versus
standard VAI consolidation chemotherapy in a selected
group of 40% of eligible patients.14 Grunewald35,37 How-
ever, these results also cannot be directly extrapolated to
ES beyond those with poor-risk localized disease.

The Italian and Scandinavian sarcoma groups conducted
a contemporary, nonrandomized study with a design
similar to the BuMel arm in patients mainly with isolated
pulmonary metastases, demonstrating that it was feasible
to add WLI after BuMel and primary site radiation before
HDT.36 Overall outcome, with an EFS of 43%, was poorer
compared with our study; however, their series included
a small cohort of patients with single bony metastases.36

Whether the addition of WLI to BuMel would have affected
our results is speculative.

This study did not support a change in the standard of care
for patients with ES with isolated pulmonary metastases.
The overall results were better than anticipated on the basis
of historic series. However, the benefit associated with
BuMel compared with VAI to reduce the risk of relapse
was smaller than what we hoped to achieve. The length
of the study and the need to improve the outcome of
patients in this study demonstrate the need for large
cooperative studies to answer questions in a timely
manner, perhaps exploring targeted agents specific to ES
in addition to standard backbone chemotherapy and,
currently, WLI.
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37. Grünewald TGP, Cidre-Aranaz F, Surdez D et al: Ewing Sarcoma. Nat Rev Dis Primers 4(1):5, 2018

n n n

Journal of Clinical Oncology 11

High-Dose Therapy for Ewing Sarcoma With Lung Metastases

Downloaded from ascopubs.org by INSTITUTE CANCER RESEARCH on October 23, 2019 from 193.062.218.079
Copyright © 2019 American Society of Clinical Oncology. All rights reserved.



AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST

High-Dose Chemotherapy Compared With Standard Chemotherapy and Lung Radiation in Ewing Sarcoma With Pulmonary Metastases: Results of the European

Ewing Tumour Working Initiative of National Groups, 99 Trial and EWING 2008

The following represents disclosure information provided by authors of this manuscript. All relationships are considered compensated. Relationships are self-held
unless noted. I = Immediate Family Member, Inst = My Institution. Relationships may not relate to the subject matter of this manuscript. For more information about
ASCO’s conflict of interest policy, please refer to www.asco.org/rwc or ascopubs.org/jco/site/ifc.

Uta Dirksen

Consulting or Advisory Role: Eli Lilly (Inst), Ipsen

Vivek Bhadri

Consulting or Advisory Role: Eisai, Eli Lilly

Nathalie Gaspar

Consulting or Advisory Role: EISAI
Travel, Accommodations, Expenses: EISAI

Hans Gelderblom

Patents, Royalties, Other Intellectual Property: Amgen (Inst), Boehringer
Ingelheim (Inst), Pfizer (Inst), Novartis (Inst), Pharmamar (Inst), Daiichi (Inst),
Five Prime (Inst)

Robert Goldsby

Stock and Other Ownership Interests: Pfizer

Richard Gorlick

Research Funding: Eisai (Inst)

Jean-Marc Guinbretiere

Expert Testimony: Genomic Health

Lars Hjorth

Stock and Other Ownership Interests: Bioinvent

Katherine Janeway

Consulting or Advisory Role: Bayer
Patents, Royalties, Other Intellectual Property: Amgen (Inst), Pfizer (Inst)
Travel, Accommodations, Expenses: Bayer

Ian Judson

Honoraria: Eli Lilly
Consulting or Advisory Role: Eli Lilly
Patents, Royalties, Other Intellectual Property: Rewards to inventors relating to
patent for abiraterone acetate
Travel, Accommodations, Expenses: Eli Lilly

Mark Krailo

Consulting or Advisory Role: Merck Sharp & Dohme
Travel, Accommodations, Expenses: Merck Sharp & Dohme

Thomas Kuehne

Consulting or Advisory Role: Novartis, Amgen, UCB, Sobi
Research Funding: Amgen (Inst)
Expert Testimony: Amgen
Travel, Accommodations, Expenses: CSL Behring, Bayer, Novartis, Sobi, Novo
Nordisk

Ruth Ladenstein

Honoraria: Apeiron Biologics, Boehringer Ingelheim, EUSA Pharma
Consulting or Advisory Role: Apeiron Biologics, Boehringer Ingelheim, EUSA
Pharma (Inst)
Research Funding: Apeiron Biologics (Inst), EUSA Pharma (Inst)
Patents, Royalties, Other Intellectual Property: Apeiron Biologics (Inst), EUSA
Pharma (Inst)
Expert Testimony: Apeiron Biologics, EUSA Pharma
Travel, Accommodations, Expenses: Apeiron Biologics, EUSA Pharma

Stephen L. Lessnick

Leadership: Salarius Pharmaceuticals
Stock and Other Ownership Interests: Salarius Pharmaceuticals
Consulting or Advisory Role: Salarius Pharmaceuticals
Patents, Royalties, Other Intellectual Property: (1) United States Patent No. US
7,939,253 B2, “Methods and compositions for the diagnosis and treatment of
Ewing’s Sarcoma,” Stephen L. Lessnick, Assigned to The University of Utah
Research Foundation, Salt Lake City, UT, filed onMay 9, 2007, awardedMay 10,
2011. (2) United States Patent No. US 8,557,532, “Diagnosis and treatment of
drug-resistant Ewing’s sarcoma,” Stephen L. Lessnick andWen Luo, Assigned to
The University of Utah Research Foundation, Salt Lake City, UT, filed on August
30, 2010, awarded October 15, 2013
Other Relationship: Multiple pharmaceutical, biotech, device, and similar
companies, multiple pharmaceutical, biotech, device, and similar companies (I)

Claude Linassier

Employment: Bayer (I)
Honoraria: Astellas Pharma
Consulting or Advisory Role: Astellas Pharma
Travel, Accommodations, Expenses: Astellas Pharma, Pfizer, Janssen

Neyssa Marina

Employment: Five Prime Therapeutics, Genentech (I)
Stock and Other Ownership Interests: Five Prime Therapeutics, Genentech (I)
Travel, Accommodations, Expenses: Five Prime Therapeutics
Other Relationship: Novartis, Macrogenics, Bristol-Myers Squibb,
GlaxoSmithKline

Bruce Morland

Speakers’ Bureau: Clinigen

R. Lor Randall

Honoraria: Biomet, Daiichi Sankyo
Travel, Accommodations, Expenses: Biomet, Daiichi Sankyo/Eli Lilly

Richard Womer

Consulting or Advisory Role: Loxo

Douglas S. Hawkins

Research Funding: Loxo (Inst)
Research Funding: Bristol-Myers Squibb (Inst), Merck Sharp & Dohme (Inst),
Bayer (Inst), Eli Lilly (Inst), Eisai (Inst)
Travel, Accommodations, Expenses: Loxo Bayer, Bristol-Myers Squibb, Celgene

No other potential conflicts of interest were reported.

© 2019 by American Society of Clinical Oncology

Dirksen et al

Downloaded from ascopubs.org by INSTITUTE CANCER RESEARCH on October 23, 2019 from 193.062.218.079
Copyright © 2019 American Society of Clinical Oncology. All rights reserved.

http://www.asco.org/rwc
http://ascopubs.org/jco/site/ifc

	High ...
	INTRODUCTION
	METHODS
	Study Design
	Eligibility Criteria
	Treatment
	Randomization
	End Points and Assessments
	Statistical Considerations

	RESULTS
	Patients
	Efficacy
	Safety

	DISCUSSION
	REFERENCES
	jcojcoJCOJournal of Clinical Oncology0732-183XAmerican Society of Clinical Oncology190091510.1200/JCO.19.00915[PEDI] PEDIAT ...


