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Abstract

Background—The prognosis for patients with recurrent Ewing sarcoma is very poor with 5-year
survival of 13%.

Methods—To evaluate prognostic factors for these patients we studied patients initially treated
on the multi-institutional study INT0091.

Results—Two hundred and sixty-two patients experienced disease recurrence. The median time
to first recurrence was 1.3 years (0 to 7.4 years), 1.4 years (0 to 7.4 years) for patients with
initially localized disease and 1 year (0 to 6 years) for patients with initially metastatic disease.
Time to first recurrence from date of initial diagnosis was a predictor of post-recurrence survival
(p<0.0001). Twenty-one percent of patients, with recurrent or progressive disease > 2 years from
initial diagnosis, had an estimated 5 year survival of 30% (vs. 7% estimated 5 year survival with
an earlier recurrence). No statistical difference was detected between patients whose disease
recurred < 1 year and between 1-2 years from initial diagnosis. A stepwise relative risk model and
backwards stepwise regression was used to explore factors significantly associated with risk for
post-recurrence death. Significant risk factors for death after recurrence included recurrence at
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combined local and distant sites, elevated LDH at initial diagnosis and initial recurrence less than
two years after diagnosis. Isolated pulmonary recurrence was not predictive of survival after
recurrence.

Conclusion—Patients with a longer disease control interval represent the subset of patients most
likely to survive following recurrence of Ewing sarcoma. All patients with recurrence would
benefit from collaborative trials to investigate new therapeutic options.

Introduction

Methods

Patients

Ewing sarcoma (EWS), the second most common malignant bone tumor in children,
accounts for 200 new cases of cancer per year in the US in patients < 20 years1.
Multidisciplinary therapy, comprising local control with surgery, radiation or a combination
of both, as well as the use of systemic chemotherapy, improved the event-free survival to
69%, with an overall survival of 72%, for patients with localized disease treated on the
North American inter-group study INT 0091 2. Unfortunately the outcome for patients with
initially metastatic disease remains poor, with event free survivals of only 28% in recent
series 3. The outlook for patients with recurrent Ewing sarcoma is even worse. Thirty to
40% of patients with initially localized EWS develop recurrent disease 2:476 and patients
with recurrence have a reported 5 year survival of 13% 7.

To evaluate prognostic factors in patients with recurrent disease, the Children’s Oncology
Group examined data from the phase I11, multi-institutional study INT 0091, which accrued
patients with Ewing sarcoma between 1988 and 1994. Diagnostic features of age, tumor
stage, tumor site, tumor size, and serum LDH are all associated with risk of first recurrence
for patients with EWS. These factors plus features at recurrence such as time to first
recurrence, site of recurrence and whether patients were on therapy at the time of first
recurrence were examined.

Between 1988 and 1992, 530 patients were enrolled onto the cooperative group study INT
0091, 518 of whom were eligible for analysis 2:8. Between 1992 and 1994, 60 further
patients with initially metastatic Ewing sarcoma were non-randomly assigned to receive
intensive therapy (Regimen C). Therefore 578 eligible patients were enrolled onto INT0091.
Eligibility criteria included previously untreated Ewing sarcoma or PNET of bone, age <30
years of age. The protocol was approved by the institutional review boards at all
participating centers and all patients or their guardians gave written informed consent to
participate according to institutional and National Cancer Institute guidelines. The study
design for INT0091 has been described in prior publications 2:3. At study entry all patients
were assigned randomly to receive standard therapy (Regimen A) or experimental therapy
(regimen B). Patients were stratified into groups based on the presence or absence of
metastasis at diagnosis. After interim analysis it was determined that accrual would allow
analysis of patients with localized disease alone. Enrollment was extended to provide
sufficient power to address the study question in patients with initially localized disease.
After completion of the revised enrollment requirements for patients with initially localized
disease, the study was amended to allow piloting of intensive therapy only for patients with
disease metastatic at diagnosis (Regimen C). Local control modality was left to the treating
physician discretion although radiation was not recommended for patients with complete
tumor resection.
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Statistical analysis

Results

Outcome current to 315t August, 2000 is represented in this analysis. Survival was taken to
be the time from disease progression or recurrence (‘recurrence’) to death or last patient
contact. Any patient, who died, regardless of cause, was considered to have experienced an
event; in all other cases, the individual was censored at last contact. Comparisons of the risk
for death across groups defined by treatment assignment or patient characteristic were
accomplished using the log-rank test 9. Survival was estimated by the method of Kaplan and
Meier 9. The standard errors of the Kaplan-Meier estimates were calculated according to the
method of Greenwood 9. Factors identified as significantly prognostic for post-recurrence
survival as single variables (p < 0.05) were considered in a backward stepwise relative risk
regression model to explore the independent relationships between these factors and risk for
post-recurrence death 9.

Patients whose disease was not metastatic at diagnosis were randomly assigned to receive
regimen A or B as primary therapy. In contrast to this, a subset of patients with newly-
diagnosed metastatic disease was assigned to receive regimen C. In order to avoid
confounding the analysis of the prognostic association of initial treatment assignment on
outcome subsequent to relapse with initial extent of disease, this analysis was restricted to
patients with disease that was not metastatic at diagnosis. Similarly, the timing for local
control was fully specified only for patients with disease that was not metastatic at initial
diagnosis. The analysis of the prognostic association between local control measures
employed and outcome was restricted to that patient group. Assigned regimen was not
considered in the multivariate model because assignment to regimen C was restricted to
patients with extensive metastatic disease

Clinical features of patients with recurrent Ewing sarcoma

Two hundred and sixty-two patients initially enrolled onto INT 0091 for treatment of Ewing
sarcoma and eligible for analysis experienced disease recurrence as their first analytic event.
Clinical characteristics at the time of initial diagnosis for patients with recurrent disease are
summarized in Table I. INT 0091 therapy assignments for patients with recurrent disease
were regimen A (n=130, 49%), regimen B (n=99, 38%) and regimen C (n=33 patients,
13%). Among patients who experienced recurrence, 21% of patients experienced first
recurrence 2 or more years from initial diagnosis while 79% were within 2 years of initial
diagnosis. The median time to first recurrence for patients with localized disease at
diagnosis was 1.4 years (range 0 to 7.4 years) and for patients with disease metastatic at
diagnosis was 1 year (range 0 to 6 years). The median time to first recurrence for patients
with localized disease by initial treatment regimen was 1.4 years and 2.1 years for Regimen
A and B respectively, (p=0.006). Thirty percent of patients had disease that recurred in the
lungs, but only 17% had isolated pulmonary recurrence. Initial local control was considered
only for patients with initially localized disease, 28% of whom had surgery, 42% had
radiation while 30% had both surgery and radiation. The median follow-up after recurrence
for those patients who had not died by the date of last follow-up was 7.3 years. The median
survival time from first recurrence was 9 months for all patients, with an estimated 12% 5
year survival from first recurrence (95% confidence interval: 8.0%-16%; Figure 1).

Predictive factors for survival after recurrence

Time to first recurrence was the most significant predictor of post-recurrence survival
(p<0.0001) (Figure 2). Estimated 5 year survival was 30% (95% confidence interval: 17%—
43%) for those whose disease recurred 2 or more years from initial diagnosis vs. 7% (95%
confidence interval: 3.7%-11%) for those whose disease recurred earlier. Patients who
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experienced recurrence 2 or more years from initial diagnosis had a median survival of 23
months, patients whose disease recurred between 1-2 years following diagnosis had a
median survival of 10 months, while those with recurrent disease less than 12 months from
diagnosis had a median survival of only 5 months. No significant difference was noted for
survival between those whose disease recurred within the first year when compared with
those whose disease recurred between 12 and 24 months from initial diagnosis. Patients with
disease metastatic at initial diagnosis, females, and those with elevated LDH at diagnosis
had a significantly worse post-recurrence survival, as did patients whose site of first
recurrence included both local and distant sites of metastases (Table I1). Age at diagnosis,
age at recurrence (data not shown), tumor size at diagnosis and pulmonary recurrence were
not predictive of post-recurrence survival. The median post recurrence survival for patients
with isolated pulmonary recurrence was 17 months compared with 9 months for patients
who had recurrences that had, as a component, some site other than the lung (p = 0.08). Of
the factors significantly related to risk for post recurrence death, only time from diagnosis to
first recurrence, extent of disease at first recurrence and LDH at diagnosis were
independently prognostic of risk for death (Table I11).

Discussion

The post-recurrence survival in patients with Ewing sarcoma is dismal. We demonstrated
that certain clinical features identified at the time of diagnosis were significantly related to
the risk for death after initial recurrence. We also confirmed the importance of time to
recurrence as a prognostic factor for post-recurrence survival.

In agreement with previous reports, time to first recurrence was the most significant
predictor for post-recurrence survival for patients treated with INT0091 5~7:10+11.
However, certain differences exist between our data and other reported series. Time to first
recurrence for patients with initially localized disease was significantly associated with the
initial treatment regimen (2.1 vs. 1.4 years), consistent with the improved efficacy of the
experimental regimen B as compared with regimen A 2:12. The patient population described
here included 46% patients with disease metastatic at initial diagnosis. The groups described
by Rodriguez-Galindo et al. 10, Barker et al. 11 and McTiernan et al. 6 included patients
with metastases at initial diagnosis (42%, 38% and 47% respectively) while other reports of
survival in patients post-recurrence did not include patients with initially metastatic disease
5:7 .We report that only 21% of patients were 2 or more years from initial diagnosis, fewer
than in prior reports (29% 11 and 44% 10). The patients reported here were all treated on a
single prospective multi-institutional randomized study over a 6 year period. Although
Shankar et al. 5 also reported data from a single multi-institutional trial (ET-2 UKCCSG),
other reports describe outcome from single institutions for patients with recurrent Ewing
sarcoma initially diagnosed over an 18 year period or treated with at least 3 protocols.
Interestingly, although ET-2 was open only to patients with initially localized disease, the
overall median post-recurrence survival is similar in patients treated on INT0091 and ET-2
UKCCSG (9 months and 14 months respectively). The 5 year overall survival for patients
treated on INTO091 was 12%, quite different from the predicted survival reported by Barker
et al. (23%) 11. No detailed data on post-recurrence therapy was collected on INT0091.
Therefore, while previous reports suggest either a benefit for high-dose therapy 6+11 or
pulmonary radiation 10 for patients at first recurrence, we cannot examine the components
of post-recurrence therapy that could have impacted outcome and therefore can only provide
information on prognostic factors but cannot comment on the role of post-recurrence
therapy.

We have documented that several prognostic indicators at initial diagnosis continue to have
prognostic significance in multivariate analysis with post-recurrence survival. In our study,
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patient gender and stage at initial diagnosis were prognostic for post-recurrence survival as
previously reported in studies by Shankar et al. 5 and Rodriguez-Galindo et al. 10. We have
also demonstrated an inferior outcome for patients with elevated LDH at diagnosis.

We did not find a statistically significant post-recurrence survival advantage for patients
with an isolated pulmonary recurrence. This is in contrast to the survival advantage reported
by Bacci et al. 7 and McTiernan et al. 6 for patients who had lung only recurrence. However
recurrence at both distant and local sites was associated with an inferior outcome, in
agreement with prior reports. We conclude that all patients with recurrent Ewing sarcoma
would benefit from collaborative trials to improve post-recurrence survival. A subset of
patients with longer time to first recurrence, initially localized disease and a normal LDH at
diagnosis, represent the patients most likely to survive.
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Estimated Proportion Surviving
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Figure 1.
Survival curve for all patients treated on INT0091 who developed recurrence as the first

analytic event.
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Figure 2.
Survival curve for all patients by time to first recurrence from initial diagnosis.
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Table |

Clinical Characteristics for the 262 patients with Recurrent Ewing Sarcoma

Clinical criteria No. of patients | % of Patients

Age at diagnosis (years)

<9 55 21

10-17 155 59

>18 52 20
Gender

Female 103 39

Male 159 61
Initial stage

Localized 142 54

Metastatic 120 46

Primary site (non-metastatic only)

Extremity 56 21
Pelvic 46 18
Skeletal (not extremity, not pelvic) 40 15

LDH (IU/L) at initial diagnosis

< 250 86 35

251+ 161 65

Maximum dimension of primary tumor at diagnosis

<7cm 49 23

8+cm 167 7

INTO0091 regimen

Regimen A 130 49
Regimen B 99 38
Regimen C 33 13

Time to recurrence (time from initial diagnosis)

<1 year 103 39
1-2 years 105 40
> 2 years 54 21

Site of first recurrence (n=247)

Lung only 43 17
Lung plus other sites 32 13
Other sites 172 70

Extent of disease at recurrence (n=250)

Local Site Only 65 26
Distant Sitel Only 157 63
Local Plus Distant Sitel 28 1

Pediatr Blood Cancer. Author manuscript; available in PMC 2009 September 1.
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Clinical criteria

No. of patients

% of Patients

Local control (n=122; patients with initially localized disease)

Surgery alone 34 28
Radiation alone 51 42
Surgery + Radiation 37 30

Distant in this context is recurrence at a site not initially identified as involved by disease by patient staging at initial diagnosis.

Pediatr Blood Cancer. Author manuscript; available in PMC 2009 September 1.



Page 11

Leavey et al.

NIH-PA Author Manuscript

z _ 7 _ %81 _ iuelsiq snid [e907
(%0°€) (%t°€) (%0°%) (15T=U)
%91 %2z %Ly Aluo aus piuelsia
(%t'v) (%6'1) (%T1°9)
100°0> %1 %6T %TY (g9=u) AJuQ auS 2207
_ _ _ asde|ay |eniu| Je aseasiq JO Jualx3
(%9°2) (%62) (%8°¢)
%CT %GT %ve (T97=U) +05Z
(%z'Y) (%87) (%es)
97000 %8T %82 %8S (98=u) 052 >
_ _ _ (1) Ha1
(%e'€) (%2°€) (%L'v)
%eT %9T %2E (€0T=U) 8ewWwaS
(%6°2) (%e'€) (%0'v)
500 %9T %Te %6Y (65T=U) 8leN
_ _ _ Japus
(%T°¢) (%5°€) (%z'v)
%9T %ee %67 (z¥T=U) ON
(%0°€) (%S°€) (%Y'v)
200 %eT %9T %Pe (0zT=U) S9N
sisouBelp e siseiselsiy
anfen d Jesk g Jesk z Jesk T
(10443 paepuels)
[eAIAINS Jo Aljigeqold parewns3

BWO02JBS BUIMT JU1INJ3Y YIIM SIUSINEd JO S18SqNS 1UaIajIq J0) [AIAINS JO AlIjI0RqOId

Il a|qeL

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Pediatr Blood Cancer. Author manuscript; available in PMC 2009 September 1.



Page 12

Leavey et al.

'sisouBeIp [eniul 1e asessip J11eISLIBW-UoU Yim sjuaied o) pajoLisal sisAjeuy

€

jutod awil S1yl Je XSt 1e a1am A1obayed ay) ui sjusited oN

4

sisoubBelp jeniui ye Buibels Jusied Ag aseasip Aq paAjoAUl Se palyiIuapl Ajfe1iiul 10U 8)IS © Je 82Ua.1ndal S1 1X81U0d SIY} Ul Jurisiq

T

| wer | oz | oovs | (e=u) Adesour uopepers snid st |
_ %L1 _ %¢e _ %SS _ (16=U) AluO Adelay_L uonelpey _
98°0 _ %ST _ %8T _ %Ly _ (ve=u) Aluo A1sbing _
_ _ _ _ mb__mvo_z 1013U0D [€207]
_ 9%8T _ %52 _ 9%€S _ (85=U) g uawibey _
0 _ %ST _ %6T _ %9Y _ (¥8=u) v uswibey _
_ _ _ _ mEmEca_mm/\ juswiieal | paziwopuey |eniuj
(%z2) _
(8z=u) aus
anjen d Jeak ¢ Jeak g Jeal T
(410443 paepuels)
[eAIAINS Jo Aljigeqo.ad palewnss

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Pediatr Blood Cancer. Author manuscript; available in PMC 2009 September 1.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Leavey et al.

Prognostic factors significant in multivariate analysis for post recurrence outcome

Table Il

Factor Relative Risk | p-Value
Interval from Diagnosis to | 0-23 Months 1.0 <0.001
First Recurrence 24+ Months 0.41
Extent of Disease at First Local 1.0 0.021
Recurrence Distant 0.94
Local + Distant 18
LDH at Initial Diagnosis —250 U/l 1.0 0.020
251+ U/l 14
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