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Are we able to predict the outcome of Ewing sarcoma? Looking for
clinical prognostic factors by a multidisciplinary approach
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ABSTRACT

Objective: Our main goal was to assess the outcome of patients with Ewing sarcoma (EWS) and identify prognostic factors.
Methods: A retrospective review of 65 patients diagnosed with EWS at our institution between 1991 and 2013.

Results: Patients had a median age of 19 years (0.3-76), and 63.1% were males. Median tumor size was 10 cm (2-30). Pri-
mary sites included the limbs (42.2%), pelvis (23.4%), and chest wall (9.4%). 22 patients (34.4%) had metastatic disease.
Treatment: Surgical resection in 45 patients (76.3%) and external beam radiotherapy in 48 patients (75%). Chemotherapy
regimens: VAIA/EVAIA in 15 patients (33%), VAC/IE in 15 patients (33%), and VIAE in 10 patients (22%). After a mean
follow-up of 40.7 months (p25-75; 13.3-86.16), 5-year actuarial overall survival (OS) and progression-free survival (PFS)
were 67.34% and 49.2%, respectively. As determined by univariate analysis, OS was influenced by stage (p=0.0141) and
chemotherapy (p= 0.036). Neither sex, age, LDH levels, primary tumor location, nor size, surgery, or radiation therapy were
correlated to outcome. In the multivariate model, only stage remained significant (p<0.010).

Conclusion: Although no significant results were found, EWS outcomes are known to depend on many clinical and treat-
ment variables. Further studies should include variables that possibly have prognostic value.
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Introduction

Ewing sarcoma was first described in 1920 by
James Ewing as a diffuse endothelioma of bone and was
labeled “Ewing sarcoma” in the tumor registry of the
American College of Surgeons in 1921 [1].

Thanks to pathological, immunohistochemical,
and cytogenetical advances, the Ewing sarcoma family
of tumors (ESFT) may be defined as tumors of small
round cells with a neuroectodermal origin and the

same genetic translocation.

EWS is the second most common malignant bone
tumor in people under 30, and is more frequent in
white males [2].

Before multimodal therapy was introduced, five-
year OS was 25%, while it presently reaches 70% (ex-
cept if metastatic or recurrent disease occurs) [3-6].

Factors known to affect disease outcomes include
age, tumor size, tumor site, metastases, and histologi-
cal response to chemotherapy [7]. However, because

of the non-specific clinical signs and high variability in
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treatment response, research is ongoing on the diag-
nostic and prognostic factors of EWS [8].

Materials and Methods

An observational, retrospective study was conduct-
ed of 65 patients diagnosed with EWS at our institution
from 1991 and 2013.

Demographic and clinical information was collect-
ed from the clinical histories of the patients.

Sex, age, tumor size (largest tumor diameter), pri-
mary tumor site, stage at diagnosis (with or without
metastasis), lactate dehydrogenase (LDH) levels at
diagnosis, local treatment received (surgery, radiation
therapy), systemic treatment (chemotherapy proto-
col), and clinical outcome were recorded.

Clinical features recorded included disease stage
and Eastern Cooperative Oncology Group (ECOG)
performance status scale after treatment. Disease stage
was classified as complete remission, partial remission,
stable disease, and progressive disease. Complete re-
mission was defined as no tumor mass, partial remis-
sion with at least a 30% reduction in largest tumor di-
ameter, progressive disease as 20% tumor growth or a
new mass, and stable disease in all other cases.

Statistical Analysis

Descriptive analysis was performed of the clinical
and demographic variables.

Continuous variables are given as mean and stand-
ard deviation, while categorical variables are given as
percentages. Non-normally distributed numerical vari-
ables are presented as median and interquartile range
(p2S; p75). Patient survival and time to event periods
are described by Kaplan-Meier curves and log-rank
tests to compare survival distributions. Cox regression

was used to calculate hazard ratios for survival and pro-

Statistical Package for the Social Sciences (SPSS)
Statistics for Windows, version 21.0 (IBM Corp. Ar-
monk, NY) was utilized for the statistical analysis. Val-
ues of p < 0.05 were considered statistically significant.

Results

Descriptive analysis

Our sample consisted of 65 patients, 41 being male
(63.1%), with a mean age at diagnosis of 19 years (0.2-76).

The mean largest tumor size was 10 cm (2-30),
and 70% of tumors were larger than 8 cm. The mean
cell proliferation index, ki67, was 53.6% (10-90). The
most common primary tumor sites included the limbs
(42.2%), pelvis and lumbosacral region (23,4%), chest
wall (9,4%), kidney, colon and abdomen (6.3%), skull
and maxillofacial bones (4.7%), retroperitoneal and
paravertebral space (3.1%), and brain (11%). 22 pa-
tients (34.4%) had metastases at diagnosis and 42
(65.6%) localized disease. LDH at diagnosis was el-
evated in 48.6% patients. ECOG performance status
was ECOG 0 in 67.3%, ECOG 1 and 2 in 28.8%, and
ECOG 3 and ECOG 4 in none.

Treatment protocols: Vincristine, doxorubicin
(Adriamycin®) cyclophosphamide, ifosfamide, etopo-
side (VAC/IE) in 33.3%, VAIA/EVAIA in 33.3%, VIAE
in 22.2%, and others 11%. 48 patients received radia-
tion therapy (75%) and 45 patients underwent surgery
(76.3%). Patients were followed up for a mean of 40.7
months (p25-75; 13.3-86.16). Five-year OS and PFS
were 67.34% and 49.2%, respectively. Mean OS was
156.53 months (95% confidence interval (CI) 121-
192) and median PFS 49.83 months (95% CI 20-168).

Recurrence or progression was found in 36 patients
(55.4%). Median time to recurrence was 6.8 years (Fig-
ure 1).
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Figure 1. OS, PFS, and recurrence.
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Figure 2. Univariate analysis of five-year OS and PFS in patients with tumoral sizes larger and smaller than 8cm, patients with or without metastasis
at diagnosis, and patients with high and normal levels of LDH at diagnosis.

remission, 13.3% partial remission, and 2.2% stable dis-
ease, while 24.4% had progressive disease. When last
seen (2015), 43% of patients were alive, 37% had died,
and 20% were lost during follow-up.

Univariate analysis

Five-year PFS was 19.5% in patients with metas-
tasis at diagnosis and 62.4% in patients with localized
disease (p=0.0002, hazard ratio (HR) 0.26). The pro-
gression rate was 62% when tumor size was greater
than 8 cm and 33% when tumor size was less than 8 cm
(p=0.15). PFS was 75% when tumor size was smaller
than 8 cm and 42.72% when tumor size was larger than
8 cm (p:0.19). Recurrence or progression risk in-
creased 6.9% (95% CI 0.1-14) with each 1-cm increase
in tumor size. Patients treated with surgery had a lower
progression rate (51%) than those that did not under-
go surgery (64%) (p=0.39). They also had higher PFS
rates (57% vs 31%; p=0.165, HR 0.58).

Five-year OS was 44% in patients with metastasis
at diagnosis compared to 76% in those with localized
disease (p=0.0141, HR=0.32). Patients with tumors
larger and less than 8 cm had five-year OS rates of
61.3% and 87.5%, respectively (p=0.23). The OS rate
in patients that had surgery was 72% versus 59.6% in
those that did not (p=0.755). With regards to chemo-
therapeutic treatments, less progression was seen in pa-
tients treated with VAC/IE or VAIA/EVAIA protocols
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(Pearson’s correlation of 0.02). Although the groups
of patients treated with VAC/IE or VAIA/EVAIA had
the highest number of survivors, the difference in OS
was not statistically significant (p=0.19). An analysis of
response to chemotherapy yielded no statistical differ-
ence between metastatic and localized disease. Greater
progression and recurrence rates were seen when the
pelvic or chest wall were involved (p=0.557). In pa-
tients with high baseline LDH levels, five-year OS was
57% and five-year PFS 45.4% compared to 81% and
58%, respectively, in patients with normal LDH levels
at diagnosis.

Sex, age, local radiation therapy, and primary tu-
mor site were factors independent from OS and PES
(Figure 2).

Multivariate analysis

With the multivariate analysis, only the presence or
absence of metastasis at diagnosis remained a risk fac-
tor for PFS decrease (Figure 3, Table 1).

Discussion

Metastasis, primary tumor site, tumor size, age, re-
sponse to chemotherapy, surgery and radiation therapy,
and high LDH levels at diagnosis have already been in-
vestigated as possible prognostic factors for the ESFT.
However, no adequate evidence exists in the literature
with respect to metastatic disease at diagnosis, tumor

size, and response to chemotherapy.
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Table 1. Multivariate analysis of recurrence or progression and primary tumoral site.

Recurrence/Progression Limbs Pelvis, lumbosacral Chest wall Others Total
NO 13 ) 2 9 29
48.15 33.3 33.3 45.31 45.31
14 10 4 7 3
YES
51.85 66.67 66.67 43.75 54.69
27 15 6 16 64
Total
100 100 100 100 100
Pearson Chi?(3) = 2.0761, Pr = 0.557
QT PROTOCOL IN METASTATIC DISEASE in patients with or without metastasis at diagnosis, a
major difference was seen between losses in patients
Kaplan-Meier survival estimates without metastatic disease treated with VAC/IE and
=
- those treated with a different protocol (28.6% vs 80%
=N patientslost, p=0.464). This difference was not found in
21 the metastatic disease group (31.6% vs 29%, p=0.97).
= Although statistical significance was not reached, this
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Figure 3. Multivariate analysis of OS and PFS in patients with or without
metastatic disease at diagnosis, treated with different chemotherapy
protocols (VAC/IE vs other protocol).

In our cohort, metastatic disease was found in
34.4% of patients who had five-year OS and PES rates
of 44% and 19.5%, respectively. Our results are similar
to those reported over the last 15 years (OS rates rang-
ing from 34%-38%) [7,9,10].

When response to chemotherapy was investigated
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proach of certain studies that have attempted to create
different risk groups to adapt chemotherapy protocols
[11-16].

Primary tumor sites have been established as the
second most important variable in ESFT prognosis.
The pelvic region and axial skeleton are the locations
with the worst prognoses [8,9,17]. The data from our
study are comparable to that already described in the
literature.

Tumor size continues to be a controversial subject.
Various studies have not been able to find an independ-
ent relationship between tumor size and survival [18],
while others consider tumor size as a risk factor when
associated with specific laboratory and clinical condi-
tions [ 13], and still other studies consider it to be an in-
dependent risk factor [9,14,17,19]. Our analysis dem-
onstrated no statistical significance for OS or PES, but
a relationship was determined between recurrence or
progression for each 1-cm increase in tumor size (HR=
1.069). If we potentially increased our sample size, we
may have acquired a significant value.

High LDH levels at diagnosis are a proven risk fac-
tor [8,11,12,20]. Results from the present work agree
with those already reported. OS decreases when high
LDH levels are measured at diagnosis.

Surgery increases PFS and OS with or without ra-

Year 2017 | Volume 6 | Issue 4 | 195-200



diation therapy [11,16,17,21]. We showed great differ-
ences in OS within our study, though statistical signifi-
cance was not reached. Group heterogeneity and small
sample size may account for these findings. Tumors
with easier surgical access or with or without necrosis
from resected specimens were found to be a factor that
is prognostic for disease outcomes in a number of stud-
ies [ 14,18,20], and they were not controlled either.

Radiation therapy is currently used as adjuvant
therapy for surgery and in the case of recurrence, un-
resectable tumor, non-safe margin resection, or limb-
sparing surgery [8,22]. The lack of randomized trials
makes it difficult to know the actual role of radiation
therapy. No relationship was observed in our study be-
tween radiation therapy and survival [17]. As the cur-
rent studies are not randomized, there is no standard
treatment guideline, and they are affected by treatment
selection bias (age, tumor site and size, or presence
of metastasis). In recent years, new radiation therapy
technologies have allowed groups to administer ex-
tended radiation therapy to overcome this treatment
bias [23-26].

Conclusion

Metastatic disease, tumor size, tumor site, and
high LDH levels at diagnosis are prognostic factors for
ESFT outcomes.

No statistical significance was found for chemo-
therapy protocols or surgery in our cohort, probably
because of study limitations, including small sample
size, group heterogeneity, and retrospective analysis.

Great effort has already been exerted to learn how
to detect demographic and clinical factors that will al-
low selecting different treatment options. Future stud-
ies controlling for demographic factors (race, sex, age),
clinical factors (time since onset, presence or absence
of metastasis at diagnosis, tumor site, tumor size, LDH
and erithrocyte sedimentation rate (ESR) levels, com-
plete blood count, pathological examination, ki67 in-
dex), therapeutic factors (chemotherapy protocols and
toxicity, surgical procedure, safety margins, necrosis,
radiation therapy, and toxicity), and outcome factors
(quality of life, survival, disease progression) are need-
ed to understand ESFT.
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