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Abstract
Background—Patients are at risk of second malignancies (SM) after treatment for Ewing sarcoma
family of tumours (ESFT).

Methods—We performed a retrospective review of 237 patients with ESFT treated at our institution
from September 1979 through February 2004. Cumulative incidence (CI) of SM by type of
malignancy and treatment was estimated.

Results—Twelve patients with SM were identified. Secondary leukaemia (SL) developed in 8
patients (2 ALL, 6 MDS/AML) a median 2.6 years (range, 1.4-19.6 years) after diagnosis of ESFT.
Four patients had secondary solid tumours a median 8.0 years (range, 7.4-9.4 years) after the ESFT
diagnosis. Five- and 10-year estimates of the CI of SM were 3.0%±1.1% and 4.7%±1.5%,
respectively. Patients treated on recent protocols with higher cumulative doses or an increased dose
intensity of alkylators and epipodophyllotoxins and the use of G-CSF had a higher estimated CI of
SL than those in earlier studies (5-year CI 6.4%±2.4% vs 0.0%±0.0%, respectively, P=0.004).

Conclusions—Patients with ESFT are at risk for SM after treatment. The cumulative incidence of
SM is higher with current treatment protocols and may be related to intensification of
chemotherapeutic agents.
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INTRODUCTION
The Ewing sarcoma family of tumours (ESFT) is a group of small, round-cell neoplasms of
neuroectodermal origin arising in bone or soft tissue. Approximately 200 to 250 new cases are
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diagnosed in the United States each year. Current treatment with intensification of
chemotherapy using alkylating agents (cyclophosphamide and ifosfamide) and topoisomerase
II inhibitors (anthracyclines and epipodophyllotoxins), as well as refinements in surgical and
radiation techniques, has improved the outcome for these patients. Currently, 60-70% of
patients with localized ESFT survive more than 5 years.1-4 As treatments evolve, survival
rates and duration of follow-up increase; thus, it is necessary to reassess the late complications
of these therapies and identify those at greatest risk.

One of the most devastating complications of primary cancer therapy is the development of a
second malignancy. The reported incidence of second malignancies in patients treated for
ESFT varies widely, from less than 1% to more than 20%, and depends on the specific type of
therapy delivered and the duration of follow-up.5-8 Despite this variability in incidence, the
risk of a second malignancy in patients surviving ESFT is well established to be greater than
that in the general population.9-11 However, it is less clear whether patients with ESFT have
a predisposition to second malignancies.5, 7, 12, 13

The most commonly described second malignancies in patients with ESFT are radiation-
induced osteosarcoma, acute myeloid leukaemia (AML), and myelodysplastic syndrome
(MDS). Other second malignancies, including acute lymphoblastic leukaemia (ALL) and an
array of carcinomas and soft-tissue sarcomas, have also been described.5, 10, 14, 15 The
objectives of this retrospective study were to determine the histologic type of second
malignancies and to estimate the incidence and investigate risk factors for the development of
a second malignancy after primary treatment for ESFT at our institution.

PATIENTS AND METHODS
Patients with newly diagnosed ESFT treated at St. Jude Children’s Research Hospital,
Memphis, Tennessee, between February 1979 and February 2004 were eligible for this
retrospective study, which was approved by the institutional review board. Clinical
characteristics (age, sex, race, sites of disease at presentation, and stage), treatment, and
outcome were reviewed. Patients who had a second malignancy diagnosed after primary
therapy for ESFT were identified. Second malignancy was defined as a cancer of a histologic
type distinct from ESFT. Leukaemias were classified morphologically based on the French-
American-British criteria. Details regarding the second malignancy, including clinical
presentation, type of cancer, treatment, and outcome, were examined.

During the study period, therapy received depended on the protocol available at the time of
initial diagnosis. Between 1979 and 1986, patients were treated on the ES79 protocol, which
used vincristine, dactinomycin, fractionated cyclophosphamide, and doxorubicin.16 Between
1987 and 1991, patients were treated on the ES87 protocol, which was designed to explore the
antitumour activity of ifosfamide and etoposide in a pretreatment window, and this
combination was continued after local control, alternating with vincristine, fractionated
cyclophosphamide, and doxorubicin.17 Between 1992 and 1996, patients were treated on the
EWI92 protocol, which evaluated the feasibility of an aggressive early induction with
cyclophosphamide, doxorubicin, ifosfamide, and etoposide, followed by prolonged
maintenance therapy with intensification of alkylating agents and etoposide. Patients treated
on EWI92 received granulocyte colony-stimulating factor (G-CSF) and were randomly
assigned to receive either moderate (2 g/m2) or high (3 g/m2) doses of cyclophosphamide
during continuation therapy.2 After completion of the EWI92 protocol, patients with localized
ESFT were treated in the POG9354/CCG7942 Children’s Oncology Group (COG) study until
its closure in September 1998. Patients in this study were randomized to receive cycles of
vincristine, doxorubicin, and cyclophosphamide alternating with ifosfamide and etoposide
over 48 weeks (Regimen A, standard arm) or 30 weeks (Regimen B, experimental arm). All
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patients received G-CSF.18 After September 1998, patients continued to be treated following
guidelines for the standard arm of this cooperative study (St. Jude best clinical management
[SJBCM]). For the first 12 weeks of therapy, patients who met the eligibility criteria may have
been enrolled in a multi-institutional study evaluating the toxicity and efficacy of pegfilgrastim
(Neulasta, Amgen, Thousand Oaks, CA) in pediatric patients with sarcomas. These patients
received 4.8 g/m2 of cyclophosphamide and 12 mg/m2 of vincristine in the first 12 weeks of
therapy, compared with 2.4 g/m2 and 3 mg/m2, respectively, on SJBCM. Between 1996 and
2000, patients with high-risk disease were also treated on the HIRISA 1 and 2 protocols, which
explored the role of short-term dose-intensification regimens using cyclophosphamide,
ifosfamide, vincristine, etoposide, and doxorubicin and consolidation with myeloablative
chemotherapy and autologous haematopoietic stem cell rescue.19 Local control measures for
all protocols included surgery and/or radiation as specified by each protocol. Table 1
summarizes the cumulative doses of cyclophosphamide, doxorubicin, etoposide, and
ifosfamide as well as the radiation doses used per protocol.

Statistical Methods
Survival was defined as the interval from the date of ESFT diagnosis to the date of death from
any cause or to the date of last contact. Event-free survival (EFS) was defined as the interval
from the date of ESFT diagnosis to the date of the first event (relapsed or progressive disease,
second malignancy, or death from any cause) or to the date of last contact for patients without
events. Survival and EFS were estimated using the method of Kaplan and Meier, and associated
standard errors were calculated using the method of Peto and Pike.20 The cumulative incidence
of second malignancy was estimated using the methods of Kalbfleisch and Prentice.21
Competing events included relapsed or progressive disease or death prior to second
malignancy. All estimates are presented as percentages ± 1 standard error. Statistical tests
developed by Gray22 were used to examine differences in the cumulative incidence of second
malignancy by protocol treatment and patient characteristics.

Expected numbers of cancers and leukaemias were calculated using public use data from the
Surveillance, Epidemiology, and End Results (SEER) Program of the National Cancer
Institute. The number of person-years of observation was compiled for age- and gender-defined
subgroups and calculated as the time from diagnosis of ESFT to diagnosis of second cancer,
death or the date of last contact, whichever was first. The standardized incidence ratio (SIR)
was calculated as the ratio of the observed number of cases to the expected number of cases.
SIR’s are presented with 95% confidence intervals.23 Absolute excess risk was calculated by
subtracting the expected number of cases from the observed number and dividing this
difference by the person-years at risk. This result was multiplied by 10,000 and expressed as
number of excess cases per 10,000 person-years.

RESULTS
Two hundred thirty-seven patients with newly diagnosed ESFT were treated at our institution
from February 1979 through February 2004. Patient characteristics and the distribution of
patients treated on each protocol are shown in Table 2. One hundred ninety-nine patients
received therapy on a specific protocol, and the remaining patients received SJBCM treatment.
Most patients received radiation therapy with or without surgery for local control. On earlier
protocols, ES79 and ES87, radiation alone as a method of local control was more common
(n=80; 65%) than in later studies (n=48; 43%). This difference was statistically significant
(P=.002).

Among the 237 patients, 133 (56%) were alive at the end of the study with a median follow-
up of 12.2 years from diagnosis (range, 0.3-27.8 years). Follow-up for the SJBCM patients
was the shortest, at a median 5 years (range, 0.3-11.5 years). Eighty-seven of the 133 survivors
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(65%) had been seen or contacted within 2 years. Five- and 10-year estimates of survival were
65.5±3.2% and 58.2±3.9%, respectively. Five- and 10-year estimates of EFS were 56.2±3.4%
and 51.3±4.0%, respectively.

Only 12 patients had a second malignancy. Patient characteristics, type of second malignancy,
and outcome for these patients are listed in Table 3. Six of the 12 were female; 9 were
Caucasian, and 3 were Hispanic. The median age at the initial diagnosis of ESFT was 13.8
years (range, 2.6-22.0 years). One patient had metastatic disease in the regional lymph nodes
and lungs at diagnosis. None of the patients had a known family history of predisposition to
cancer or known cancer-associated syndrome. All patients had received chemotherapy, and 9
had received radiotherapy (35-68.4 Gy) as part of their primary therapy for ESFT. The second
malignancy was the first event in 11 patients and second event (after relapse) in 1 patient. The
median time to second malignancy was 3.3 years (range, 1.4-19.6 years). No patient had a third
malignancy.

Secondary Leukemia/Myelodysplastic Syndrome
In 8 patients, secondary leukaemia or MDS developed. Two patients presented with ALL, 2
with AML (both M4 subtype), and 4 with MDS. Subtypes of MDS included refractory anaemia
with excessive blasts in 3 patients and refractory anaemia in 1 patient. AML subsequently
developed in 2 patients with MDS. The median time to diagnosis of secondary leukaemia/MDS
was 2.6 years (range, 1.4-19.6 years). Cytogenetic studies were available in 8 of 9 cases.
Monosomy 7 (n=3), inversion 16 (n=2), aberration at 11q23 (n=1), and trisomy of chromosome
arm 1q with partial monosomy and duplication of 6p (n=1) were detected in leukaemia cells.
Details of cytogenetic abnormalities for each patient are shown in Table 3.

Seven of 8 patients received treatment for secondary leukaemia/MDS at our institution. One
patient presented elsewhere with ALL, and treatment details were not available. Among the
remaining 7 patients, 1 died from infectious complications of induction chemotherapy. The
other 6 patients underwent allogeneic transplantation, 3 after induction chemotherapy. After
transplantation, 4 patients died of multisystem organ failure and 1 from recurrent ESFT. One
patient remained alive 14.1 months after haploidentical transplantation.

Secondary Solid Malignancy
Secondary solid tumours developed in 4 patients, including 2 osteosarcoma (both in the
radiation field), 1 papillary thyroid carcinoma, and 1 squamous cell carcinoma of the cervix
(margin of the radiation field). The median time to diagnosis of solid tumours was 8.0 years
(range, 7.4-9.4 years). Three patients remained alive with no evidence of disease, 5.9, 4.9, and
3.5 years after the diagnosis of the second malignancy. The patient with cervical cancer was
treated with surgery alone; the patient with papillary thyroid cancer had total thyroidectomy
followed by iodine131 ablation; and 1 patient with localized osteosarcoma of the radius had
above-elbow amputation after progressive disease while receiving high-dose methotrexate,
cyclophosphamide, etoposide, and cisplatin. Pathologic studies showed minimal treatment
effect. After the surgery, this patient received 6 courses of cyclophosphamide and topotecan.
The fourth patient died of metastatic osteosarcoma 4.8 years after the diagnosis of the second
malignancy. This patient had localized extra-osseous osteosarcoma near the sacrum within the
irradiated field 7.4 years after salvage treatment with paclitaxel for progressive ESFT. The
secondary osteosarcoma was resected initially with positive margins. Recurrent disease
developed despite multiple chemotherapy regimens, including cyclophosphamide, etoposide,
doxorubicin, cisplatin, and high-dose methotrexate.
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Cumulative Risk and Predictors of Second Malignancy
Five- and 10-year estimates of the cumulative incidence (CI) of second malignancy for all
patients were 3.0%±1.1% and 4.7%±1.5%, respectively (Fig. 1). Five- and 10-year estimates
of CI were 0.0%±0.0% and 1.7%±1.0%, respectively, for secondary solid malignancies, and
3.0%±1.1% and 3.0%±1.1%, respectively, for secondary leukaemias. Estimates of CI of second
malignancy by treatment protocol and treatment era are shown in Table 4. Patients treated on
more recent protocols (EWI92, POG9354, SJBCM, and HIRISA) had higher estimated CI than
patients enrolled in earlier studies (ES79 and ES87), with a 5-year CI of 6.4%±2.4% vs. 0%
±0% (P = .001), respectively. The higher estimated CI of second malignancy in the recent
treatment era was solely due to secondary leukaemia.

Observed and expected cases of invasive cancers (and leukemias) are shown in Table 5. We
observed a total of 12 second cancers in our ESFT cohort while the expected number of cases
was 0.675, based on age- and gender-specific SEER rates (SIR, 17.8 (95% CI, 9.2 – 31.1). A
total of 0.065 cases of leukemia were expected and we observed 8 cases in our cohort. Risks
of second cancer and leukemia were significantly elevated for patients treated on more recent
protocols (EWI92, POG9354, SJBCM, and HIRISA) compared to the general population (SIR
for all cancers, 65.1 (95% CI, 31.2 – 119.7) There was no evidence that risks of second cancers
or leukemias were significantly elevated for patients treated on earlier protocols (95% CI of
SIR for all cancers, 0.4 – 13.8). The absolute excess risk of any invasive cancer was 53.6 per
10,000 person-years, or 5.4% excess risk per person per decade.

We investigated stage, tumor size, primary site, age (< vs. ≥ 14 years of age and < vs. ≥ 10
years of age), race, and sex as predictors of second malignancy (data not shown). The only
factor that was significant at the .05 level was stage (P = .036). Estimates of CI of second
malignancy were higher for patients with localized disease at diagnosis (5-year estimate, 4.1%
±1.5%) than for patients with metastatic disease (5-year estimate, 0%±0%). However, this may
be because patients with metastatic disease have an inferior outcome and thus are less likely
to be at risk for second malignancy than patients with localized disease are.

DISCUSSION
Our data support the view that patients with ESFT are at risk for a second malignancy. Although
the estimated CI for our entire cohort of patients was similar to those seen in most studies
(Table 6), the estimated CI of secondary leukaemias exceeded what is frequently reported in
the literature. Most of the secondary leukaemias in our study occurred in the recent treatment
era, when patients received more intensive chemotherapy that incorporated the routine use of
G-CSF and higher doses of alkylating agents and topoisomerase II inhibitors.

Exposure to alkylating agents and topoisomerase II agents is a well-established risk factor for
secondary leukaemias.24, 25 Dose intensification of these agents appears to result in a further
increased risk of secondary leukaemia.26, 27 Most treatment regimens that use dose-intensive
chemotherapy also use G-CSF. Recently, the use of G-CSF in cancer patients has been linked
to an increased risk of secondary leukaemia after etoposide treatment for ALL and after
cyclophosphamide and doxorubicin treatment for breast cancer.27-29 The mechanism
underlying this association is not clear. The effect of G-CSF on lymphocyte DNA in stem cells
of healthy volunteer donors has been evaluated. In most of these studies, reversible
abnormalities in DNA structure and chromosome number have been detected, suggesting that
G-CSF does not induce malignant transformation.30-32 Others postulate that G-CSF may
protect myeloid stem cell or progenitor cells that have undergone lethal mutations from
exposure to genotoxic chemotherapy, thereby allowing these cells to propagate and undergo
malignant transformation.33, 34 In a previous study in patients with ESFT at our institution,
we found that, compared with patients treated with less intensive chemotherapy and no G-CSF,
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patients treated with higher cumulative doses and more dose-intensive alkylators and
topoisomerase II inhibitors and G-CSF had more haematologic abnormalities (lower mean
platelet counts and elevated red cell mean corpuscular volume) after completion of therapy,
suggestive of stem cell damage that may predispose them to secondary leukaemia/MDS.35
These observations are compelling and point out that distinguishing the contribution of
intensified therapy vs. G-CSF to the development of secondary leukaemia/MDS is difficult.

The cumulative doses and the dose intensity of the chemotherapeutic agents received by the
patients in the current study were not substantially different from those used in the intergroup
Children’s Cancer Group/Pediatric Oncology Group (CCG/POG) ESFT study, INT-0091
Regimen B, in which the CI for secondary leukaemia at 5 years was reported to be 0.9%.9
Unlike in our patients, G-CSF was not uniformly administered to all patients in the intergroup
study. This difference in practice between these two studies leads to the question of whether
G-CSF plays a role in secondary leukaemia in patients with ESFT. A randomized, prospective
trial would be required to resolve this point.

In our study, most secondary leukaemia occurred within 3 years of the diagnosis of ESFT. Not
surprisingly, MDS and AML were the predominant histologic subtypes. Six of 7 patients with
secondary leukaemia had associated cytogenetic abnormalities—11q23 (n = 1), 7q- (n = 3),
and inv (16) (n = 2)—frequently seen in patients exposed to alkylating agents and
topoisomerase II inhibitors.25, 36-40 One patient who presented with MDS had a complex
translocation involving the long arm of chromosome 1, resulting in a dicentric derivative of
the (6)t(1;6) chromosome. This patient’s unusual cytogenetic abnormality has been reported
in detail elsewhere.41

The outcome for our patients with therapy-related MDS/AML was poor. Allogeneic bone
marrow transplantation is currently the only approach to therapy-related MDS/AML that
produces a prolonged disease-free survival, and even that is modest. This approach is associated
with significant nonrelapse mortality.42-48 In our cohort of patients, 3 of 5 with MDS or AML
who underwent allogeneic transplantation died of transplant-related toxicity. It has been
postulated that mortality related to toxicity may be greater in patients with secondary leukaemia
undergoing transplantation because of an increased risk of nonhaematologic organ toxicity and
graft-versus-host disease as a result of prior chemotherapy and radiotherapy for the primary
malignancy.49 Thus, refinements in conditioning regimens and medications to control graft-
versus-host disease may improve the outcome for patients undergoing allogeneic
transplantation.

In contrast to the commonly observed MDS/AML, ALL developed in 2 of our patients. In 1
patient, ALL did not develop until almost 20 years after his diagnosis of ESFT. This latency
period was outside of what would be expected for secondary leukaemias. We suspect that this
patient’s leukaemia was unrelated to his initial treatment of ESFT and represents a de novo
leukaemia. The other patient had pre-B cell lineage ALL with an 11q23 abnormality, which is
commonly associated with secondary ALL.50, 51 The patient had a remission after induction
therapy but died of complications related to allogeneic bone marrow transplantation. Previous
reports indicate that patients with secondary ALL have a dismal prognosis and that, despite an
initial response to chemotherapy, the response is seldom durable.50

Secondary solid tumours were less common than secondary leukaemias in our series. It is
anticipated that the incidence of secondary solid tumours will be higher with longer follow-
up, because these tumours generally have a long latency period. A significant number of
secondary solid tumours, but not all, arise within the field of radiation. Radiation-induced
cancers are generally bone or soft tissue sarcomas, most commonly osteosarcoma.52 An
increased risk of radiation-induced sarcomas has been associated with younger age, higher
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dose of radiation, larger treatment volume, and concomitant use of alkylating agents.5, 6, 13
In our study, the number of patients in whom secondary solid tumours developed was too small
to permit assessment of risk factors; however, both patients who developed radiation-induced
osteosarcoma had received > 60 Gy of radiation, a threshold dose commonly associated with
an increased risk of second malignancy.5, 13

In summary, patients with ESFT treated in the current era have an increased risk of secondary
leukaemia. Historical data suggest that these patients are also at increased risk for secondary
solid tumours with longer follow-up. However, despite the increased risk of second
malignancy, it is important to keep in mind the greater risk of death from relapse in this disease.
Nonetheless, host factors, including genetic predisposition, immunodeficiency, or
environmental exposures, that may predispose a patient to second malignancy clearly must be
identified to prevent this devastating late complication. In addition, identifying patients with
low-risk disease who would benefit from the same outcome with less intensive therapy should
remain a priority. Careful attention to molecular signatures of tumour and normal tissue may
help identify patients at risk for second malignancies. This approach was recently used to
identify several genes in pretreatment ALL blasts whose expression distinguished patients with
therapy-related leukaemia and therapy-related brain cancer from those who did not have these
second malignancy.53, 54 Evaluation of whether the expression of these genes can be
predictive of a second malignancy in patients with other tumours, including ESFT, may provide
insight into factors that contribute to second malignancies.
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FIGURE 1.
Cumulative Incidence of Second Malignancy for 237 ESFT Patients
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