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Abstract. Background/Aim: Ewing sarcoma (ES) and
osteosarcomas (OSA) are the most common bone tumor types
in adolescents and young adults (AYA). Therapy management
of these tumors consists of preoperative chemotherapy,
operation, and postoperative chemotherapy. The aim of this
study was to evaluate the efficacy and tolerability of
EURAMOS-A and EURO EW.I.N.G. protocols. Patients and
Methods: We retrospectively evaluated 31 patients between
18 and 39 years of age with ES and OSA treated at the
Department of Medicine I, Clinical Division of Oncology.
Patients with ES were treated according the EURO E-W.IN.G
protocol, whereas patients with OSA according to the
EURAMOS-1 protocol. Results: Most frequent tumor sites for
ES were thorax and pelvis, each 33%. Eight patients had
initially localized disease (67%). A median of 3 cycles of full
dose chemotherapy could be administered. Nine patients had
a dose reduction (75%). Most common reason for dose
reduction was prolonged aplasia (67%). Overall response
rate (ORR) was 33%. For OSA patients, the most frequent
tumor site was the lower extremity (58%). Sixteen patients
(84%) had initially localized disease. A median of only 9
cycles of EURAMOS-1 in full dose could be administered.
Most common reason for dose reduction was elevated
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methotrexate level (53%) and ORR was 90%. Conclusion:
The two studied protocols were well-tolerated in the AYA
patients included in this study. Dose reductions instead of
dose delays should be considered when side effects occur.

Primary malignant tumors of osseous origin are rare and
include tumors of the Ewing family, as well as osteosarcomas.
Ewing family tumors (EFTs) comprise Ewing sarcomas (ES),
extraosseous ES, Askin tumors, chondrosarcomas and
primitive neuroectodermal tumors (PNET), and rank among
the most common malignant tumors of the bone in children
and adults (1). About one quarter of all EFTs are diagnosed
with overt metastatic disease and metastases predominantly
occur in the lungs, followed by bone and bone marrow (2).
However, without systemic therapy, even patients with initially
localized disease will develop systemic relapses in the vast
majority, suggesting that almost all patients have upfront
microscopic disease in distant organs (3).

Over the last decades, improvements in the outcome of
patients with EFT have been achieved by multimodal
therapeutic concepts such as local therapy (surgery and/or
radiotherapy), and aggressive multi-agent chemotherapy,
including alkylating agents, vincristine, and anthracyclines
with or without etoposide (4). In Europe, the most commonly
applied contemporary multiagent chemotherapy regimen in
EFT patients is the EURO E.W.LLN.G. protocol consisting of
4 drugs (vincristine, ifosfamide, doxorubicin, and etoposide;
VIDE) administered every 3 weeks. This regimen is followed
by local therapy and thereafter, a chemotherapy combination
of vincristine, adriablastine, and ifosfamide (VAI) (male) or
vincristine, adriblastine, and cyclophosphamide (VAC)
(female) every 3 weeks is given (5).

Osteosarcoma (OSA) is a primary malignant bone tumor,
with an incidence of 3 cases per million people per year (6).
Furthermore, OS is the most common cancer in adolescence
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Table 1. Baseline characteristics for patients with osteosarcoma (n=19).

Characteristic n (%) Characteristic n (%)
Gender Dose reduction

Male 11 (58%) 75% 13 (68%)

Female 8 (42%) 50% 6 (32%)
Age* (years) 27 (18-39) Reason for dosereduction
Tumor site Missing MTX degradation 10 (53%)

Upper extremity 1 (5%) Prolonged aplasia 8 (42%)

Lower extremitiy 11 (58%) PS greater 1 1 (5%)

Chest 1 (5%) Response to chemotherapy

Pelvis/abdomen 3 (16%) PR 1 (5%)

Face/neck 3 (16%) PD 2 (10%)
Extend of disease at diagnosis NED (n=16) 16 (85%)

Primary localized 16 (84%) Radiation therapy

Primary metastatic 3 (16%) Yes 1 (5%)
Metastatic site No 18 (95%)

Lung 3 (100%) Surgery after neoadjuvant EURAMOS

Liver 2 (67%) Yes 13 (68%)

Other 3 (100%) No 6 (32%)
Chemotherapy Response criteria after surgery (n=13)

EURAMOS 19 (100%) Responder 1 (8%)
Cycles* 19 (5-21) Non-responder 12 (92%)
Cycles full dosage* 9 (1-14) Secondline chemotherapy
Cycles full dose Pembrolizumab 3 (16%)

1 cycle 1 (5%) Ifosfamide 5 (26%)

2 cycles 1 (5%) Other 2 (10%)

3 cycles 1 (5%) No second line chemotherapy 9 (47%)

5 cycles 1 (5%) Response to second line chemotherapy

6 cycles 2 (10%) PR 3 (30%)

7 cycles 3 (15%) SD 5 (50%)

9 cycles 2 (10%) PD 2 (20%)

10 cylces 1 (5%) Current status

11 cycles 4 (21%) Dead 5 (26%)

13 cycles 2 (10%) Alive 14 (74%)

14 cycles 1 (5%) Progression-free survival* (months) 36.3 (11.7-60.9)

Overall survival n.r.

*Data presented as median (range). MTX, Methotrexate; PS, performance status; PR, partial remission; PD, progressive disease; NED, no evidence

of disease; SD, stable disease; n.r., not reached.

with a second peak incidence in the second decade of life (7,
8). Treatment of osteosarcomas with multimodal therapies
results in a 3 year event free survival of approximately 60-
70% (9). The most commonly used multiagent chemotherapy
protocol is the EURAMOS-1 protocol. According to
EURAMOS-1, cisplatin, doxorubicin and high-dose
methotrexate (MAP) is given in the preoperative as well in
the postoperative setting (10). The most commonly used
second-line chemotherapy in patients with OSA is ifosfamide
with or without etoposide. (11, 12) Combination therapy
results in an overall response rate of approximately 59% in
newly diagnosed metastatic OSA patients (12).

As our institution is a tertiary referral center for sarcoma
patients, and both OSA and ES occur in adolescents and
young adults, the objective of this monocentric retrospective
analysis was to investigate the efficacy and tolerability of the
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two protocols (EURO E.W.IN.G. and EURAMOS) in
adolescents and young adults with ES and OSA.

Patients and Methods

Patients. This single-center retrospective analysis was performed on
a cohort of 31 consecutive patients with histologically proven ES or
OSA (either localized or metastatic), including OSA and ES who were
treated at the Medical University of Vienna, Department of Oncology
between 2013 and 2019. Histology examinations were sent to our
referral pathology centre for re-evaluation and confirmation of
diagnosis at our pathology department. Baseline characteristics are
outlined in Tables I and II. Primary tumor assessment was done using
magnetic resonance imaging (MRI) and/or computed tomography
(CT), with additional CT scans of the chest and the abdomen to
screen for metastases. After finalization of postoperative systemic
treatment, follow-up using CT-scans and MRI, if indicated, was
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Table II. Baseline characteristics for patients with Ewing sarcomas (n=12).

Characteristic n (%) Characteristic n (%)

Gender Dose reduction (n=9) 75%
Male 10 (83%) 75% 7 (78%)
Female 2 (17%) 50% 2 (22%)

Age* (years) 24 (18-37) Reason for dose reduction (n=9)

Tumor site Prolonged aplasia 6 (67%)
Lower extremity 2 (17%) Neurotoxicity due to Ifosfamide 3 (33%)
Thorax 4 (33%) Methylene blue (n=3) 3 (100%)
Pelvis 4 (33%) Response to chemotherapy
Abdomen 2 (17%) CR 1 (8%)

Primary disease PR 3 (25%)
Initially localized 8 (67%) PD 1 (8%)
Initially metastatic 4 (33%) NED 7 (58%)

Metastatic site Radiation therapy
Lung 4 (100%) Yes 6 (50%)
Liver 2 (50%) No 6 (50%)
Other 1 (25%) Surgery

Cycles EURO EWING* Yes 6 (50%)
VIDE 6 (3-6) No 6 (50%)
VAI 5(0-8) Response to surgery (n=6)

VAC 6 (3-8) Responder 1 (17%)
Cycles full dosage* 3 (1-14) Non-responder 5 (83%)
Cycles full dosage Second-line chemotherapy

1 cycle 3 (25%) Irinotecan/Temozolomide 6 (50%)

2 cycles 3 (25%) No therapy 6 (50%)

3 cycles 1 (8%) Current status

9 cycles 1 (8%) Dead 4 (33%)

10 cycles 3 (25%) Alive 8 (67%)

14 cycles 1 (8%) Progression-free survival (months) 19.2 (4.1-34.3)

Overall survival (months) 54.7 (21.7-87.6)

*Data presented as median (range). CR, Complete remission; PR, partial remission; PD, progressive disease; NED, no evidence of disease.

performed every 3 months for the first 3 years, every 6 months up to
5 years and annually thereafter. All patients consented to treatment
according to institutional guidelines, as well as to anonymized
assessments and analysis of data and outcome of therapy. The study
was approved by the Institutional Review Board of the Medical
University of Vienna (1971/2019) and complied with good clinical
practice guidelines and the Declaration of Helsinki.

Treatment. For patients diagnosed with osteosarcoma, chemotherapy
as outlined and published in the randomised phase 3 EURAMOS-1
trial was used (10). For patients diagnosed with Ewing sarcomas,
chemotherapy according to the EURO E.W.ILN.G. protocol was
applied (5). Additional supportive therapy for side effect
management including granulocyte colony-stimulating factor (G-
CSF) prophylaxis and leukovorin rescue was applied according to
clinical requirements and local practice. Cycles were repeated
according to the two schedules (EURAMOS-1 and EURO
E.W.I.N.G.). Surgical resection of primary tumor was carried out
after two cycles of MAP for patients with OSA and after 6 cycles
of VIDE for patients with ES. Adjuvant as well as palliative
chemotherapy regimens were used according to local practice.

Statistical analysis. Progression-free survival (PFS) was calculated
from the date of pre-operative chemotherapy initiation according to

the EURAMOS and EURO E.W.I.N.G. protocol until the date of
progression, relapse or death, whichever occurred earlier. Overall
survival (OS) was calculated from initial diagnosis (date of biopsy)
until death. Event-free survival (EFS) was calculated from start of
initial diagnosis until progression, relapse or death from any cause.
Survival curves were plotted using the Kaplan-Meier method, and
survival curves were compared using the log-rank test. Radiologic
response for initial metastatic disease was defined using the
RECIST criteria (version 1.1): complete response (CR) — no
measurable disease; greater than 50% response — partial response
(PR); stable disease (SD) — less than 25% response or no response
and progressive disease (PD) (13).

Results

Patients with OSA. Detailed patient characteristics are
outlined in Table I. Nineteen patients, 11 male (58%) and 8
female (42%), were diagnosed with OSA and the median age
was 27 years (range=18-39). The most frequent tumor site
was the lower extremities (58%). At the time of diagnosis,
16 patients had localized disease (84%), whereas 3 patients
had primary metastatic disease (16%). Out of these three
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Table III. Adverse events.

Characteristic Osteosarcoma (EURAMOS) Ewingsarcoma (EURO EWING)
Grade 142 Grade 3+4 Grade 142 Grade 3+4
Toxicity n % n % n % n %
Non-haematological toxicity
Nausea 12 63 0 0 8 62 0 0
Fatigue 11 58 0 0 6 50 0 0
Vomiting 7 36 0 0 6 50 0 0
Stomatitis 8 42 1 5 6 50 0 0
Centra/peripheral neurotoxocity 2 10 0 0 0 0 3 25
Elevated kreatinin levels 3 15 10 52 1 8 1 8
Pain 5 26 0 0 3 25 0 0
Haematological toxicity
Anaemia 12 63 1 5 6 50 0 0
Leukopenia 9 47 8 42 4 33 0 0
Febrile neutropenia 10 52 0 0 4 33 0 0
Thrombocytopenia 10 52 0 0 5 41 0 0

patients, all had lung metastases and 2 patients had
additional liver metastases.

All 19 patients were treated according to the EURAMOS
protocol as mentioned before. A median of 19 cycles per
patient were administered (range=5-21), but only a median
of 9 (range=1-14) cycles at full dose could be given. One
patient received only 1 cycle of chemotherapy at full dose,
while the maximum number of cycles at full dose was 14 in
1 patient. Thirteen out of 19 patients had a dose reduction
to a minimum of 75%, whereas the remaining 6 patients had
a dose reduction to 50%. Most frequent reason for dose
reductions was elevated methotrexate (MTX) levels due to
delayed MTX elimination in 10 of 19 patients. In these
patients, the combination of dose reduction of MTX and
increased leukovorin rescue led to normalization during the
next cycles.

Overall response rate (ORR) in all 19 patients was 90%.
Response to chemotherapy in the 3 patients with initially
metastatic disease resulted in an ORR of 5% with 1 patient
qualifying for a PR. Tumor response in the 16 out of 19
patients with initially localized disease was CR. One patient
with OSA of the maxillary sinus underwent carbon ion
therapy after initial chemotherapy resulting in partial
remission. Thirteen out of 19 patients underwent surgery
after the first 6 cycles of chemotherapy according to the
EURAMOS protocol, showing only one responder and 12
(out of 13) non-responders in spite of radiological CR with
no evidence of disease on CT and MRI. After relapse of the
disease, ifosfamide and pembrolizumab were the most
frequently administered second-line therapies at 26% and
16%, respectively. Response to second-line chemotherapy
resulted in PR in 3 patients, SD in 5 patients and PD in the
remaining 2 patients requiring further therapy.
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Patients with ES. Detailed patient characteristics are outlined
in Table II. Twelve patients, 10 male and 2 female, with a
median age of 24 years (range=18-37) were diagnosed with
ES. Most frequent tumor sites were the thorax and the pelvis
(n=4 each,). Eight patients out of 12 had initially localized,
whereas 4 patients had initially metastatic disease. All patients
in the metastatic setting presented with lung metastases.
Patients received a median of 6 cycles of VIDE (range=3-6),
male patients a median of 5 cycles VAI (range=0-8) and
female patients a median of 8 cycles VAC (range=3-8).

A median of 3 chemotherapy cycles were given at full dose
(range=1-14). No dose reduction was necessary in only 3 out
of the 12 patients; one patient received all 14 cycles at 100%,
whereas the remaining 2 patients stopped chemotherapy after 9
and 10 cycles, due to progression without dose reduction. The
remaining 9 patients required dose reductions to 75% (n=7) and
to 50% (n=2). The most frequent reason for dose reduction was
prolonged aplasia (6 out of 12 patients). All 3 patients with
ifosfamide-induced neurotoxicity were successfully treated with
intravenous methylene blue. Response to chemotherapy for
patients with an initially metastatic setting resulted in an ORR
of 33%, with one patient achieving a CR. One patient with
localized disease had progressive disease after VIDE. Six out
of 12 patients underwent surgery after neoadjuvant VIDE. One
patient was rated as a histological responder, whereas the
remaining 5 out of 6 patients were non-responders.

Toxicity. Severe toxicities were rare in both protocols, as mostly
grade 1 and 2 toxicities were encountered. The most common
grade 3 and 4 toxicities in patients with OSA were renal, i.e.
elevated creatinin levels (52%) due to protracted MTX
elimination. The most common grade 3 and 4 hematologic
toxicities were leukopenia (42%) and anemia (5%). By contrast,
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Figure 1. Progression-free survival (PFS) in osteosarcoma (OSA) and
Ewing sarcoma (ES). Median PFS for patients with OSA was not
reached and median PFS for ES was 19.2 months (range=4.1-34.3).

the most common grade 3 and 4 non-hematologic toxicity in
patients with ES was central/peripheral neurotoxicity due to
high dose ifosfamide (25%). The most commonly encountered
hematologic adverse events were grade 1 and 2 toxicities,
namely anemia (50%) followed by thrombocytopenia (41%)
(Table III).

Survival. Median PFS (Figure 1) and OS (Figure 2) in
patients with OSA were not reached (n.r.) and 36.3 months
(range=11.7-60.9). Median PFS and OS for patients with ES
were 19.2 months (range=4.1-34.3) (Figure 1) and 54.7
months (range=21.7-87.6) (Figure 2), respectively.

Discussion

The objective of this retrospective analysis was to evaluate
the efficacy and safety of EURO E.W.IN.G and
EURAMOS-1 in AYA patients, in a real world setting, as
these protocols have shown promising efficacy in patients
with ES and OSA, respectively (5, 9, 10).

In the past, various clinical trials have assessed the
activity and safety of these protocols that are routinely
applied at our institution. In the EURO-EWINGY99-R1 trial,
cyclophosphamide was compared to ifosfamide as
consolidation after induction therapy with VIDE (14). In that
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Figure 2. Overall survival (OS) in osteosarcoma (OSA) and Ewing
sarcoma (ES). Median OS for patients with OSA was 36.3 months
(range=11.7-60.9 months) and median OS for patients with ES was 54.7
months (range=21.7-87.6).

trial, VAI and VAC were not inferior but VAC was slightly
worse than VAI in men and vice versa. In addition, 4% of
patients experienced a major switch between treatment arms.
The main reasons were renal toxicity followed by patients’
choice and other toxicities, while neurological symptoms
were only rarely encountered (14). In the present study, a
higher percentage of dose reductions to 75% was observed.

Juergens et al. investigated the safety of the EURO-
E.W.IN.G. protocol. In this trial, 851 patients aged <49 years
were randomized (15). In this trial, a switch from VAI to
VAC was necessary in 30 patients and from VAC to VAI in
3 patients. The most common reason for switching from VAI
to VAC was renal toxicity due to ifosafmide. Central and
peripheral neurotoxicity grade 3 and 4 were rare in this trial
(0.5% and 0.4%, respectively). When neurotoxicity occurred,
ifosfamide was stopped and replaced with cyclophosphamide.
Neurotoxicity in our study was managed with dose reduction
and additional therapy with methylen-blue, resulting in
resolution of symptoms without the necessity to replace
ifosfamide by the less neurotoxic cyclophosphamide.

Pieper et al. compared 47 patients with ES aged >40 years
with adolescents and demonstrated a similar outcome with
comparable side effects (16). In their retrospective study,
patients received either EICCESS 92 or EURO-E.W.IN.G.
99. Thirty-one patients received EURO-E.W.L.N.G. 99. The
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most common grade 3 and 4 hematologic toxicity was
neutropenia for VIDE as well for VAI/VAC. Treatment delays
(more than 5 days postponement) were only reported for
patients receiving VIDE. Dose reductions were not described
in this study (16). In contrast to these findings, hematologic
toxicities greater than grade 2 were not documented in our
patient cohort. A potential explanation might be the fact that
dose reductions were performed in case of side effects. No
treatment delays were necessary in our patients.

For patients with ES, the most frequent grade 1 and 2
hematologic toxicities were anemia and thrombocytopenia,
which was in accordance with study conducted by Juergens et
al. (15). The most frequent grade 1 and 2 toxicities reported by
Juergens et al. were anemia and thrombocytopenia, while the
most frequent non-hematologic grade 3 and 4 toxicities were
stomatitis and vomiting (15).

For patients with OSA, the EURAMOS-1 schedule is a
standard of care consisting of preoperative chemotherapy
followed by surgical resection and postoperative chemotherapy
as stated in the Patients and Methods section. The EURAMOS-
1 protocol has been assessed in two, open label, phase III trials
(10, 17).

Whelan et al. investigated preoperative MAP followed by
postoperative MAP in combination with ifosfamide and
etoposide (MAPIE) versus postoperative MAP versus MAP
in combination with pegylated interferon. In this phase III
trial, 1334 out of 2260 patients randomized were younger
than 40 years. The most common grade 3 and 4 side effects
due to preoperative chemotherapy consisted of neutropenia
and infection (17).

Marina et al. investigated the effect of MAPIE versus MAP
in the postoperative setting in the same population (10). In
summary, a dose intensive postoperative chemotherapy with
MAPIE did not improve event-free survival. Moreover,
patients had more toxicities in the MAPIE arm. Thus, patients
are currently given only MAP in the pre- as well in the post-
operative setting according to these results. The most common
grade 4 hematologic toxicities in the MAP arm were
neutropenia followed by thrombocytopenia. In this trial, 75%
of patients received methotrexate, 83% doxorubicin and 92%
cisplatin at the planned target number of doses in the adjuvant
setting (10). In this analysis, treatment delays were necessary
in 58% of patients. Central neuropathy attributable to
ifosfamide was comparable to our series (13% versus 10%).

In the present study, the most common grade 3/4
hematologic toxicity in patients with OSA was leukopenia
(42%), which was less than the study by Marina et al. (82%).
A reason for the lower incidence might have been the dose
reductions due to hematologic toxicities in our patients (10).
Stomatitis as side effect was similar in our study when
compared to the study by Marina (42% versus 44%). Grade
1 and 2 as well as grade 3 and 4 elevated creatinine levels
occurred in 15% and 53% of our patients, respectively. Grade
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1 and 2 toxicites were similar when compared to Marina et
al. In our patients more grade 3 and 4 renal toxicities could
be observed, which were nevertheless short and manageable
with hydration and higher leukovorin substitution.

Raze et al. investigated the role of age in cancer survival.
Different tumors in AYAs were investigated between 2000
and 2016 in France. For AYA patients with ES and OSA, the
5-year OS was around 60% and lower (18). White ef al.
underlined that AYA patients with rare sarcomas, including
ES and OSA should be treated in reference centers (19).

The most important limitations of our study are its
retrospective nature as well as the small patient population
when compared to multicentric prospective phase III trials.
Further larger prospective studies should be performed to
evaluate risk factors like age, gender, and laboratory
parameters in this patient population.

In summary, both protocols, EURO E.WIN.G. and
EURAMOS-1, were well tolerated in a real life-setting.
However, dose reductions should be considered instead of dose
delays when side effects, such as delayed MTX elimination,
prolonged aplasia or neurotoxicty due to ifosfamide, are
noticed. Nevertheless, since side effects are unpredictable and
specialized management is necessary, patients with rare bone
sarcomas should be treated in reference centers.
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