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A B S T R A C T

Purpose
To improve the poor prognosis of patients with primary disseminated multifocal Ewing sarcomas

(PDMES) with a dose-intense treatment concept.

Patients and Methods
From 1999 to 2005, 281 patients with PDMES were enrolled onto the Euro-EWING 99 R3 study.

Median age was 16.2 years (range, 0.4 to 49 years). Recommended treatment consisted of six
cycles of vincristine, ifosfamide, doxorubicin, and etoposide (VIDE), one cycle of vincristine,
dactinomycin, and ifosfamide (VAI), local treatment (surgery and/or radiotherapy), and high-dose
busulfan-melphalan followed by autologous stem-cell transplantation (HDT/SCT).

Results

After a median follow-up of 3.8 years, event-free survival (EFS) and overall survival (OS) at 3 years
for all 281 patients were 27% =+ 3% and 34% = 4% respectively. Six VIDE cycles were completed
by 250 patients (89%); 169 patients (60%) received HDT/SCT. The estimated 3-year EFS from the
start of HDT/SCT was 45% for 46 children younger than 14 years. Cox regression analyses
demonstrated increased risk at diagnosis for patients older than 14 years (hazard ratio [HR] = 1.6),
a primary tumor volume more than 200 mL (HR = 1.8), more than one bone metastatic site
(HR = 2.0), bone marrow metastases (HR = 1.6), and additional lung metastases (HR = 1.5). An
up-front risk score based on these HR factors identified three groups with EFS rates of 50% for
score = 3 (82 patients), 25% for score more than 3 to less than 5 (102 patients), and 10% for
score = 5 (70 patients; P < .0001).

Conclusion

PDMES patients may survive with intensive multimodal therapy. Age, tumor volume, and extent
of metastatic spread are relevant risk factors. A score based on these factors may facilitate
risk-adapted treatment approaches.
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tion or myeloablative high-dose therapy (HDT)
were added.>'>'”' In contrast, patients with

Presence of metastases is the most prominent ad- ~ bone/BM metastases had an EFS of 19% and of

verse prognostic factor in Ewing sarcoma (ES)."®
Metastases at diagnosis are detected in 15% to 33%
of patients,>>>*'" with survival rates from 9% to
419%>>1%12"1 a5 compared with the survival expect-
ancy of patients with localized disease of approxi-
mately 70%.'>"'7 Patients with primary pulmonary
metastases fare better than patients with primary
bone and/or bone marrow (BM) involvement.'*'®
Reports on outcome in patients with metastatic
disease may be confounded by the varying num-
ber of patients included with lung metastases as
the sole metastatic site. Patients with lung metas-
tases only were shown to have a better prognosis,
with event-free survival (EFS) ranging from 29%
to 52%, especially when bilateral lung irradia-

only 8% in the presence of combined lung and
bone/BM metastases (P < .0001).%>> 1121 Vari-
ous front-line strategies**>> have been explored in
ES as well as HDT with or without total-body irra-
diation®*® followed by autologous or allogeneic
stem-cell transplantation (SCT).>'**”*° Some re-
ports have shown improved outcome with impres-
sive remission rates,”*>* whereas others did not.*®
An analysis of the European Group for Blood and
Marrow Transplantation registry data showed a bet-
ter outcome for patients with ES who received a
busulfan-containing regimen as compared with
other HDT regimens.”>">> Thus the busulfan-
melphalan (BU-MEL) HDT strategy was the recom-
mended treatment for patients with primary
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disseminated multifocal ES (PDMES) completing vincristine, ifosf-
amide, doxorubicin, and etoposide (VIDE) induction therapy* in the
European Ewing Tumor Initiative of National Groups (Euro-EWING
99, EE99) protocol.

Eligibility Criteria

Patients with newly diagnosed ES, including peripheral neuroectoder-
mal tumors, with primary disseminated disease and age younger than 50 years
were eligible. Patients with isolated lung metastases were not part of this
analysis. The diagnosis of ES was confirmed by pathologic and immunohisto-
chemical features, including CD99. Molecular testing for EWS Fli-1 fusion
transcript was recommended.

The protocol was reviewed and approved by the appropriate institu-
tional review boards, ethical committees, and legal authorities. Informed con-
sent was obtained from all patients or legal guardians according to the
Declaration of Helsinki and national guidelines.

Pretreatment Evaluations
Staging procedures consisted of conventional radiographs and com-
puted tomography (CT), magnetic resonance imaging (MRI), and whole-

body technetium bone scan. BM was assessed by multiple aspirates and
biopsies distant from the primary tumor or known metastatic sites. Confirma-
tory radiographs and MRI for suspected bone or soft tissue metastases were
recommended. Tumor volume was based on MRI or CT scan imaging with
either computed volumetry or by estimation of tumor volume by the appro-
priate formula: If exact measurements were unavailable, volume was catego-
rized as less than or = 200 mL.

Chemotherapy
Induction chemotherapy consisted of six cycles of VIDE and one cycle of
vincristine, dactinomycin, and ifosfamide (VAI) as previously published.”

Local Therapy

Resection of primary and metastatic tumor sites was recommended after
VIDE cycle 6, unless this would cause delay of further systemic treatment
beyond 6 weeks. In such cases, local therapy was to be postponed until 6 to 8
weeks after the completion of HDT and stable engraftment.

Patients were, where feasible, to receive radiotherapy to bulky residual
primary tumor and metastases. Radiotherapy of central axial sites had to be
delayed until after BU-MEL HDT. Patients with early radiotherapy to central
sites and patients in need of radiotherapy to areas including parts of the spinal
cord or brain were ineligible for busulfan-containing HDT for reasons of
anticipated toxicity. Alternative approaches, for example, double melphalan-
etoposide (ME-ME) HDT,>* were suggested.

Table 1. Patient Characteristics and Univariate Analysis of Clinical Features for EFS and OS
Patients 3-Year OS 3-Year EFS
Characteristic No. % Deaths Mean SD P No. of Events Mean SD P
Sex
Male 158 57 107 0.33 0.04 811 117 0.26 0.04 .837
Female 121 43 81 0.35 0.04 89 0.27 0.04
Age, years
=14 99 35 54 0.46 0.05 <.001 61 0.40 0.05 <.001
> 14 182 65 134 0.27 0.03 145 0.19 0.03
Primary tumor site
Extremity 84 31 51 0.39 0.06 .098 56 0.32 0.05 .060
Chest/spine/HN 65 24 43 0.39 0.06 47 0.27 0.06
Abdomen/pelvis 124 45 89 0.28 0.04 97 0.24 0.04
Primary tumor volume, mL
<200 93 35 45 0.55 0.05 <.001 56 0.44 0.05 <.001
= 200 171 65 129 0.23 0.03 134 0.19 0.03
Sites of metastases
BM (plus lungs) 26 (7) 10 12 0.55 0.10 .001 13 0.52 0.10 <.001
Bone (plus lungs) 121 (66) 45 77 0.37 0.05 85 0.31 0.04
Bone plus BM (plus lungs) 97 (36) 36 78 0.21 0.04 82 0.14 0.04
Other (plus lungs) 27 (14) 10 13 0.55 0.10 16 0.36 0.10
No. of bone lesions
None 53 19 26 0.53 0.07 <.001 30 0.43 0.07 < .001
Single lesion 40 14 23 0.43 0.08 24 0.40 0.08
2-5 lesions 81 30 60 0.30 0.05 65 0.23 0.05
> 5 |esions 100 36 77 0.24 0.04 85 0.16 0.04
Additional lung metastases
Not present 150 54 91 0.43 0.04 < .001 101 0.34 0.04 <.001
Present 129 46 97 0.22 0.04 105 0.17 0.03
Involvement
Osseous 242 88 159 0.35 0.03 .058 176 0.28 0.03 189
Extraosseous 34 12 26 0.28 0.08 27 0.18 0.07
Risk score
=3 82 32 36 0.62 0.05 <.001 45 0.50 0.06 <.001
>3<5 102 40 69 0.28 0.05 73 0.25 0.04
=5 70 28 62 0.15 0.04 64 0.10 0.04
NOTE. All 281 registered patients were kept within the prospective cohort for analysis. Patients with incomplete data sets on some items were not excluded.
Abbreviations: EFS, event-free survival; OS, overall survival; SD, standard deviation; BM, bone marrow.
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Stem Cell Collection

Autologous peripheral-blood stem cells collected after granulocyte
colony-stimulating factor stimulation were used as the preferred graft source.
The recommended cell dose per procedure was = 3 X 10° CD34cells/kg of
body weight. In case of persistent BM disease, collection was delayed until after
clearance of the BM.

BU-MEL High-Dose Chemotherapy

To proceed to HDT, patients had to have responding disease. The pro-
posed HDT consisted of oral busulfan 150 mg/mz/d on days —6, —5, —4, and
—3 and melphalan 140 mg/m?® on day —2, followed by stem cell rescue on
day 0.

Statistical Analyses

All registered patients were analyzed, excluding patients for whom the
diagnosis of ES was changed after expert pathologist review (n = 4). Overall
survival (OS), median OS, and EFS were estimated from the time of diagnosis
by the Kaplan-Meier method. Disease progression, new metastases, second
malignancies, or death from any cause were considered as events for EFS
analyses; otherwise, patients were censored at the date of last contact.

Factors considered for univariate analyses by log-rank tests> were sex,
age, primary tumor site and volume, sites of metastases, number of bone
lesions, lung metastasis, and extra-osseous involvement. These factors were
included in the multivariate Cox regression,’® regardless of their significance in
univariate regression. Validation of model calibrations (ie, the model’s ability
to make unbiased estimates of outcome) used the bootstrap method.”” An
additive scoring based on the rounded log-hazard ratios was created.”®

For the comparison of HDT-related prognostic factors and HDT regi-
mens, EFS and OS were calculated from initiation of HDT. To adjust for the
waiting time bias to receive either local treatments or HDT, both were included
in the Cox model as time-dependent covariates.”® Ignoring the time-
dependent nature of both would yield a biased effect on size estimation in favor
of local treatments as well as HDT.

From September 1999 to December 2005, 281 patients with newly
diagnosed PDMES were enrolled onto the protocol via the Children’s
Cancer and Leukemia Group, the German Society of Pediatric Oncol-
ogy and Hematology, or the Société Francaise des Cancers de 'Enfant.
The Euro-EWING 99 committee agreed to the stop enrollment to this
group and to release the data. The cutoff date of this analysis was
February 2008. Median age was 16.2 years (range, 0.4 to 49 years).
Patient characteristics are listed in Table 1.

Patient Flow Through Treatment
All'six VIDE cycles were completed in 250 (89%) of 281 patients.
Reasons to omit or change strategy are summarized in Figure 1.

High-Dose Chemotherapy

Of 281 patients, 169 (60%) received HDT/SCT. Of note, 112
patients did not receive HDT because of early progression, physi-
cian and patient choice, and collection failure in four patients. The
median time from diagnosis to start of HDT was 188 days (range,
137 to 301 days). Before HDT, the response status of these 169
patients was classified as complete remission (CR), partial remis-
sion (PR), stable disease, and progressive disease in 24, 91, 27, and
three patients, respectively (response was not evaluable or not speci-
fied in 24 patients).

BU-MEL was used for 136 (80%) of 169 patients. Double
ME-ME was given to 13 patients (8%), whereas other HDT regimens
were chosen by local investigators in 20 patients (12%).

WWW.jco.org

Did not receive

Allocated to 2 5 Received allocated
intervention (281 pts) allocallezdpllr;t)ervemlon intervention (169 pts)
No HDT due to HDT
Progression  Other or BU-MEL ME-ME Other
Unknown
Cause*
31pts—»| 16 pts 12 pts 2pts 1pts
6VIDE (250 pts)
56 pts—»| 7 pts 13 pts 23pts  Spts 8 pts
6VIDE + > 1 VAI/VAC
(194 pts)
64pts—»| 21 pts 43 pts'
HDT after > 1 VAI/VAC
(130 pts)
M 112pts  8pts  10pts

Total 44 pts 68 pts 137pts  13pts  19pts

Fig 1. Flow chart of patients through treatment: (*) Local physicians and/or
patients choices; (1) patients continued on conventional chemotherapy because
of failure of stem cell collection in four patients or based on local physicians
and/or patients choices. HDT, high-dose treatment; pts, patients; BU-MEL,
busulfan and melphalan; ME-ME, double course of melphalan plus etoposide;
VIDE, vincristine, ifosfamide, doxorubicin, and etoposide; VAI, vincristine, dacti-
nomycin, ifosfamide; VAC, vincristine, dactinomycin, and cyclophosphamide.

The median recovery times after HDT were 11 days to reach
10*/L WBCs, 12 days to reach 500/L absolute nucleated cells, 12 days
for platelets more than 20 X 10/, and 19 days for platelets more than
50 X 10°/L. Median recovery times were similar for all HDT regimens.

Local Treatment to Primary Tumor

A total of 203 patients (77%) received local treatments: 71 pa-
tients received surgery only, 90 patients received irradiation only, 42
patients received a combination of both, and 62 patients had no local
treatment; 16 patients had no information on local therapy. Surgery
was performed in 81 patients at different times: at diagnosis in six
patients, before HDT in 39 patients, after HDT in 25 patients, and at
an unspecified time point in 11 patients.

Among the 169 patients treated with HDT, 148 patients (88%)
received local treatment: 53 patients had surgery, 69 patients had
irradiation, 26 patients had a combination of both, and 21 patients had
no local treatment. Radiotherapy was administered to 95 patients:
after HDT in 79 patients and before HDT in eight patients; in eight
patients, the timing was not specified.

In contrast, only 54% of patients not receiving HDT had some
sort of local treatment. Early progressions were the main reason, but
tumor load and local tumor extension also influenced local decisions
to omit local treatment.

Induction Toxicity

Toxicities observed in the PDMES population were compara-
ble to previously reported data on VIDE toxicities.>> One patient
died during VIDE chemotherapy as a result of severe sepsis and
cardiac decompensation.

© 2010 by American Society of Clinical Oncology 3
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HDT Toxicity

As expected, HDT regimens caused profound grade 4 aplasia in
93%, but with acceptable grade 3 and 4 infection rates. Stomatitis
dominated the gastrointestinal toxicities. Parenteral analgesia was re-
quired in 93 (77%) of 121 patients receiving BU-MEL and was re-
ported in 62% (16 of 26 patients) with other regimens. Parenteral
nutrition was received by 70% (85 of 121 patients) after BU-MEL and
in 20 of 27 patients (74%) after other regimens. Veno-occlusive dis-
ease (VOD) was reported for 22 (19.5%) of 113 patients after BU-MEL
and in three (12%) of 26 patients after other regimens. Four of the 22
VOD episodes after BU-MEL were grade 1 (18%), 13 grade 2 (59%),
and 5 grade 3 (23%). Pulmonary toxicity was reported in 2 patients
(1.6%) after BU-MEL.

Transplant-Associated Mortality

Three patients died within the first 100 days after BU-MEL HDT,
one as a result of acute respiratory distress syndrome and two as a
result of severe VOD and septicemia. A further three patients died due
to digestive tract late radiation toxicity 1 to 1.5 years after BU-
MEL HDT.

Another patient died as a result of postallograft toxicity; allograft
was performed as clinician choice.

No second malignancies were recorded at the date of analysis.

Outcome

The 3-year EFS rate in the 281 patients was 27% (standard devi-
ation [SD], 3%), and the OS rate 34% (SD, 4%), with a median
follow-up of 3.9 years after diagnosis and 84% of survivors with
follow-up greater than 2 years. Median survival time was 1.6 years for
all patients. Of 44 patients with early disease progression before HDT,
43 died. Their median survival time was 0.87 months (range, 0.16
months to 2 years). One patient experiencing disease progression
received other HDT after six VIDE cycles and died 17 months af-
ter diagnosis.

At analysis, 93 of 281 patients were still alive, of whom 64
patients had received HDT. However, 82% of patients without
HDT died after a median time of 1 year. Beyond year 2, a further
seven deaths occurred.

Prognostic Factors

Significant unfavorable factors at diagnosis found in univariate
analysis are shown in Table 1 and Figure 2. The multivariable risk
factor analysis is summarized in Table 2.
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Fig 2. Outcome according to univariate parameters at diagnosis in the unselected patients with primary disseminated multifocal Ewing sarcomas. OS, overall survival,

EFS, event-free survival, BM, bone marrow; pEFS, probability of event-free survival.
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Table 2. Multivariate Analyses of EFS Performed With the Cox Proportional Hazards Model Including 253 Patients (181 events, full cases only)
Prognostic Factor P Hazard Ratio 95% CI Score Points

Age, years

=14 1 0

> 14 .003 1.7 1.2t02.4 1
Bone metastases (v none) .026

None 1 0

Single lesion 124 1.6 09t02.8 1

2-5 lesions .005 2.0 1.2t03.3 1.5

> b |esions .005 2.0 1.2t03.1 1.5
BM metastases (v none)

None 1 0

BM metastases .004 1.6 1.2t02.2 1
Primary tumor site (v extremities) .323

Extremities 1 —

Chest/spine/HN .183 0.7 0.5t01.2 —

Abdomen/pelvis .831 1.0 0.7to 1.4 —
Osseous v extraosseous ET —

Osseous 1 —

Extraosseous .706 1.2 0.7t01.9 —
Primary tumor volume, mL

< 200 mL 1 0

= 200 mL .001 1.8 1.3t02.5 1.5
Lung metastases (v none)

None 1 0

Lung metastases .006 1.5 1.1t02.1 1
Abbreviations: EFS, event-free survival; BM, bone marrow; HN, head and neck; ET, Ewing tumors.

Outcome after HDT (Appendix Fig A1, online only) with respect
to the remission status resulted in 3-year EFS rates of patients in CR of
57% (SD, 10%), 32% (SD, 5% for patients in PR, and 24% (SD, 7%)
for patients with stable or progressive disease (P = .017). The type of
HDT had no significant influence on EFS, with 3-year EFS rates of
32% (SD, 4%) for 127 patients receiving BU-MEL, 0% for 13 patients
receiving ME-ME, and 20% (SD, 10%) for 15 patients receiving other
HDT regimens. Forty-six children younger than 14 years with PDMES
had a promising 3-year EES of 45%.

Development of a Prognostic Scoring Model
at Diagnosis

The individual risks were brought into a scoring model to predict
outcome at diagnosis.

The relationship between the number of events and the number
of potential predictors was considered favorable for the reliability of
the fitted model. The model calibration was validated, showing the
model’s ability to make unbiased estimates of outcome. The parame-
ter estimates in Cox regression are log-hazard ratios and are on an
additive scale. For each patient, the sum of the parameter estimates for
risk factors being found reflect the risk of a patient to experience an
event. Taking the quartiles of these risk scores, four approximately
equal-sized risk groups could be defined with the following 3-year EFS
rates: 53% for a score less than 1.85, 34% for a score range of 1.85 to
2.30, 20% for the score range of 2.31 to 2.75, and 9% for scores more
than 2.75 (Fig 3A).

As anext step, an additive score was constructed for easier clinical
use. The values of the score points are based on log-hazard ratios.
Among the significant risk factors, the factor with the smallest hazard
ratio (HR) has been taken as basis and assigned one point. The re-

WWW.jco.org

maining factors are assigned according to their relative impact. For
simplification and to improve the feasibility of the application of the
score, scoring points are rounded.

Hence one score point each was attributed to the following risk
factors: age older than 14 years, BM metastasis, one bone lesion, and
additional presence of lung metastases, whereas 1.5 points were attrib-
uted to the risk factors of primary tumor volume = 200 mL and more
than one bone lesion (Table 2). This risk score allowed allocation of
patients with PDMES at diagnosis to three risk groups with signifi-
cantly different outcome (P <.0001): group 1 (score = 3; 82 patients)
with an EFS of 50%, group 2 (score > 3 to < 5; 102 patients) with an
EFS of 25%, and group 3 (score = 5; 70 patients) with an EFS of 10%
(Fig 3B). The distribution of the various risk factors within the three
balanced score groups are detailed in Table 3.

Although there was a significant difference in outcome between
countries, as the risk distribution differed by country, adjusting for
country did not influence the impact of the risk factors on EFS.

To value the impact of local therapies as well as HDT on EFS, the
waiting time bias was considered, as patients need to survive long
enough to receive local therapy or HDT. To highlight inherent
tumor-associated risks at diagnosis, we demonstrated that patients
without surgery had a higher median risk score of 4, whereas those
with surgery of the primary tumor had a median risk score of 3
(P <.001). The median score for patients with and without HDT is 3
and 3.5, respectively (P = .025). The adjusted model shows that once
patients became eligible for surgery (HR = 0.7; P = .045) and HDT
(HR = 0.51; P < .001), both contribute significantly to improved
EFS rates. This was not the case for radiotherapy, taking its time-
dependant nature into account.

© 2010 by American Society of Clinical Oncology 5
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Fig 3. Risk model validation and outcome according to risk groups. (A) Original
model: 3-years probability of event-free survival (pEFS) using the same data to
develop the model and to assess its performance; bias-corrected: adjusted for
optimism by a bootstrap technique to penalize for possible overfitting. (B) pEFS

based on the respective score process of the whole unselected patient cohort
recruited on study.

Hence it is not possible to compare outcome for patients receiv-
ing HDT and those who did not because of the bias introduced by
early progression, as well as higher baseline scores and a lower fre-

quency of application of local control therapy in those patients not
receiving HDT.

Confirmation of Score in an Independent Data Set

For comparison, 44 patients with PDMES from a previously
published French study”' were analyzed to test the independent prog-
nostic significance of the proposed score. Their 3-year EFS rates were
as follows: score group 1 (18 patients), 50% (95% CI, 29% to 71%);
score group 2 (15 patients), 20% (95% CI, 2% to 37%), and score
group 3 (11 patients), 9% (95% CI, 2% to 37%; P = .04; Oberlin,
personal communication, January 2008).

This Euro-EWING 99 study report on 281 unselected, prospec-
tively treated patients represents the largest group of patients with
ES with primary disseminated multifocal disease reported so far
and shows a 3-year EFS of 27% and an OS of 34%. A number of

6 © 2010 by American Society of Clinical Oncology

reports have confirmed the unfavorable prognosis of patients with
primary metastatic ES.>'>'*23%3% In the early Cooperative Ewing
Sarcoma studies using conventional chemotherapy in the majority of
the patients, no patients with bone metastases survived disease-free.**
The Société Francaise des Cancers de I'Enfant using BU-MEL HDT/
SCT achieved a 24% EFS for patients with PDMES.?! Other reports of
more favorable outcome after HDT suffer in part small numbers but
underline the importance of pre-HDT response.'>!%1227-29-3240 [y
our study, the EFS of 57% and 25% for patients in CR and PR after
HDT compares well with that of previous reports.

Small PDMES patient groups achieved promising response rates
with melphalan-based HDT regimens."*'**”%3! Several studies with
various HDT included total-body irradiation or total-marrow irradi-
ation but still resulted in moderate outcomes.'>*"*!

We further observed that prognosis differed with the type and

extent of metastatic spread. The small group of patients® with BM
involvement as the only metastatic spread had a 52% EFS, in contrast
with other reports showing that BM involvement by itself was a par-
ticularly unfavorable prognostic factor.”"»***>* In our series, we were
able to show an increasing risk related to the number of skeletal
metastatic lesions, with more than five at diagnosis clearly resulting in
an EFS of only 16%. The negative influence of the additional presence
of lung metastases in PDMES confirms other meta-analyses.>'**° Ina
small group of 16 patients with metastatic spread limited to sites
outside the skeleton and BM, we found a rather favorable EFS rate
of 36%.

The primary tumor volume is a strong independent prognostic
factor, even in patients with PDMES, and is more important than the
site of the primary tumor. A trend toward worse outcome for central
tumors was seen, which may reflect problems in local control.

Cox regression analyses confirmed the independent prognostic
importance of the presence and number of bone lesions, primary
tumor volume greater than 200 mL, age older than 14 years, and
additional pulmonary metastases, as well as BM involvement.

These prognostic factors were used to develop a prognostic score
to discriminate at diagnosis subgroups with different outcome to
develop risk-tailored treatment strategies. Retrospective application of
this risk score to a historical group of French patients has confirmed
the validity.

Many factors can impact the feasibility, modalities, and timing of
proposed treatments. The risk score highlights that the local decision-
making processes for local therapy and HDT were influenced by
inherent disease risks apart from possible individual aspects. More
importantly, it provides a tool at diagnosis to identify very high-risk
patients with PDMES for experimental treatments early, whereas pa-

tients with PDMES having a low-risk score can expect a more favor-
able prognosis, with an EFS up to 50%.

A comparison of outcome of patients with and without HDT was
not performed because this study was clearly not performed in a
planned randomized setting. It is noteworthy that reasons to refrain
from HDT as well as from local control measures** were related to
particularly high-risk disease features at diagnosis and unsatisfactory
disease control during induction therapy.

Further improvements of treatment strategies in this highest risk
group of patients with PDMES are urgently needed. This may include
targeted therapies, which are currently being explored in early clinical

trials,*” as well as refinement of HDT concepts allowing for a better
local control rate.
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Table 3. Distribution of Risk Factors According to Multivariate Analysis Within Risk Groups
Age > 14 Years Volume > 200 mL 1 Bone Lesion > 1 Bone Lesion Bone Marrow Lung Metastases
Risk Score (score point 1) (score point 1.5) (score point 1) (score point 1.5) (score point 1) (score point 1) No. of Patients
=3 3
=3 + 2
=3 + 9
=3 + 6
=3 A + 4
=3 + + 8
=3 + 5
=3 + + 2
=3 =F IF 2
=3 + 1
=3 aF aF 2
=3 + + 2
=3 + + 5
=3 + + 3
=3 IF 2
=3 + + 3
=3 4 4 4 1
=3 + + 8
=3 + + 5
=3 + + + 2
=3 + a4 a4 1
=3 + + 6
3-<5 4 4 4 2
3-<5 + + + 4
3-<5 + + + 1
3-<5 + + + 11
3-<5 4 A 4 2
3-<5 + + + + 1
3-<5 4 4 4 10
3-<5 + + + 8
3-<5 s + + + 7
3-<5 + + + 8
3-<5 4 a4 a4 4
3-<5 + + + + 2
3-<5 4 4 4 16
3-<5 + + + 7
3-<5 4 + + + 7
3-<5 + + + + 2
=5 4 a4 a4 4 7
=5 + + + + 24
=5 4+ 4+ =+ < 23
=5 + + + + + 15
=5 “F A 4 + + 1
NOTE. Other metastatic sites outside risk model according to multivariate analysis not listed here.
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Appendix
Table A1. Risk Score
Risk Factor Points

Age, years

=14 0

> 14 1
Volume, mL

< 200 0

= 200 1.5
Bone metastases

None 0

1 bone lesion 1

> 1 bone lesion 1.5
BM metastasis

None 0

Yes 1
Lung metastasis

None 0

Yes 1
Total maximum score 6
Abbreviation: BM, bone marrow.
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Fig A1. Event-free survival in patients with high-dose therapy (HDT; A) according to HDT, (B) according to response before HDT, (C) according to score group, and

(D) according to age group in patients receiving busulfan and melphalan (BU-MEL). Unfortunately, the date of the HDT was missing in 14 patients; these patients were
excluded from the comparative analysis of the HDT regimen used. ME-ME, double course of melphalan plus etoposide; CR, complete remission; PR, partial remission;
SD, stable disease.
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