Ewing’s sarcoma in pediatrics and adults:
Outcomes by multimodality approach
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ABSTRACT

Background: To review the clinical characteristics and outcomes of patients with Ewing’s sarcoma (EWS) treated at our institute with
radiation, chemotherapy, and surgery. Materials and Methods: Patients of EWS treated between January 2009 and December 2014
were retrospectively analyzed. Multimodality treatment with chemotherapy, radiation, and/or surgery has been used. Pattern of failure,
locoregional control rates, and disease-free survival (DFS) was estimated using Kaplan—-Meier method. Univariate and multivariate
analysis was done to identify various poor prognostic factors for local control and survival. Results: Eighty-three patients were
reviewed. Eleven patients (13.2%) had metastatic disease at presentation, out of which 7 (8.4%) had lung metastasis. The most frequent
location was extremities (53%), followed by ribs, clavicle, and scapula (18.1%), axial site (10.8%), pelvis (7.2%), extraosseous site (6%),
and skull (4.8%). The median follow-up period was 16 months. Out of 72 patients with localized disease, 37 (44.6%) patients failed the
treatment. The most common site of distant failure was lung (18.1%), followed by bone (10.8%) and brain (4.8%). The 1 year, 2 years, and
5 years DFS were 73.8%, 45.7%, and 33.2%, respectively. The 1 year, 2 years, and 5 years local control rates were 73.3%, 65.1%, and 55.8%,
respectively. The median time to local failure was 10 months. Age >12 years (P < 0.05) was found to be the only factor associated
with poor prognosis for survival by both univariate and multivariate analysis. Axial site (P < 0.03), and chemotherapy regimen with
vincristine, adriamycin (doxorubicin), cyclophosphamide only (P < 0.03) were found to be associated with a poor prognosis for local
control by univariate analysis. By multivariate analysis, however, none of the factors were found to be a poor prognostic factor for
local control. Conclusions: Aggressive combined modality approaches should be considered for all patients with EWS. Survival after
progression was dismal.
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INTRODUCTION

Ewing’s sarcoma (EWS) is a small round cell tumor,
with a characteristic t(11;22)(q24;q12) or t(21;22)(q22;q12)
chromosomal translocation seen in 95% of cases.!" It is the
second most common tumor of the bone in children and
constitutes about 2% of all pediatric malignancies.*® The
median age at presentation is 15 years." Bone is the most
common primary site of disease. The poorest prognostic
factor identified so far is the metastatic disease at
presentation. Other factors include pulmonary site of
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metastases, age older than 12, axial site of primary disease,
and response to chemotherapy.P!

The treatment of EWS is multimodal based on the
combination of chemotherapy with local treatment such
as surgery or radiotherapy. Increments in 5 years survival
rates of only 15-20% to approximately 60-70% nowadays
have been seen by the addition of newer chemotherapeutic
regimens and advanced radiotherapy techniques.*'% The
progression-free survival rates are approximately 25% for
disseminated disease and 80% for localized disease.!

Most treatment protocols include high-dose alkylating
agents, anthracyclines, and etoposide, but the optimal
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duration of treatment, dose intensity, and treatment
of high-risk patients are still debated. In the recent
decades, efforts to improve the outcome of patients with
nonmetastatic disease have focused mainly on the schedule
and timing of these treatment regimens, with seemingly
better results when using dose-intensive regimen.

The aim of this study is to evaluate the clinical characteristics
and outcomes of patients with EWS treated at our institute
in the last 5 years. Furthermore, various poor prognostic
factors influencing local control and survival of the patients
have been identified.

MATERIALS AND METHODS

Patient selection

All patients of EWS (localized or metastatic at presentation),
who were registered and treated at our institute between
the year 2009 and 2014 were analyzed in this study.

Pretreatment evaluation

Diagnosis of all cases was based on biopsy specimens.
Staging was based on physical examination, computed
tomography (CT) scan, or magnetic resonance imaging scan
of the primary tumor, CT scan of the chest, and bone scan.
The tumor size was estimated by CT scan measures of the
three diameters of the lesion.

Management

All patients were managed by multimodality treatment,
which includes chemotherapy, radiation therapy, and/or
surgery when required.

Induction chemotherapy

Induction chemotherapy consisted of 2-3 cycles of vincristine,
adriamycin (doxorubicin), cyclophosphamide (VAC)
chemotherapy, (V = vincristine 1.5 mg/m? as bolus injection
[day 1] + A = doxorubicin 60 mg/m?in a 4-h infusion [day 1] +
C=cyclophosphamide 800 mg/m? as bolus injection [day 1])
alternating with ifosftamide-etoposide (IE) chemotherapy,
(I = ifosfamide 1000 mg/m? in a 1-h infusion [days 1, 2, 3]
with 2-mercaptoethanesulfonate sodium at 0, 4, 8 h + E =
etoposide 100 mg/m? in a 2-h infusion [days 1, 2, and 3]).
Cycles were administered at 3-week intervals. Evaluation of
response to chemotherapy was performed either by physical
examination or imaging, after the induction chemotherapy.

Local treatment

The first choice of local treatment was definitive radiotherapy
at our institute. Radiotherapy consisted of radiation to
the entire bone or bones containing the original gross
tumor volume to a dose of 4045 Gy, followed by a boost
of 10-25 Gy to the lesion with a 2—4-cm margin. Tighter
medial margins were occasionally used in the pelvis to
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spare the bladder and bowel. Radiotherapy was delivered
using megavoltage technology, either Co-60 or 620 MV
photons. Postoperative radiotherapy was given in selected
cases according to the rate of necrosis and surgical margins.

Consolidation treatment
Consolidation chemotherapy consisted completing four
more cycles of chemotherapy with VAC alternating with IE.

Surgery

Surgery in the form of wide local excision (WLE) was
planned as a primary treatment in some patients who had
disease at the site where surgery is possible with negative
margins, for example, rib, scapula, clavicle, and orbit.
Some patients with spinal disease were also managed by
laminectomy and gross tumor excision as the primary
treatment. WLE was also done in patients who had residual
or persistent disease postchemotherapy and radiation.

Amputation was done as a primary treatment in patients
with localized large extremity tumors, with compromised
neurovascular supply, or as adjuvant treatment in patients
who did not respond to neoadjuvant chemotherapy.

For patients with metastatic disease at presentation, six
cycles of palliative chemotherapy with either VAC alone
or VAC alternating with IE, or ifosfamide, cisplatin, and
etoposide (ICE) chemotherapy (C = cisplatin 30 mg/m?)
were planned. Local radiotherapy was given with radical or
palliative intent depending on response to chemotherapy.

Response assessment and follow-up

During treatment, the response was evaluated by Response
Evaluation Criteria in Solid Tumors criteria’ by both
physical examination and using imaging modalities as used
before the start of treatment. Response to chemotherapy
was defined as complete response (complete disappearance
of the lesion), partial response (at least a 30% decrease in
the sum of the longest diameter of target lesion, taking as
reference the baseline sum longest diameter), progressive
disease (any new lesion or increase in tumor size by at least
20%), and stable disease (neither sufficient shrinkage to
qualify for partial response nor sufficient increase to qualify
for progressive disease).

After treatment, patients were followed by physical
checkups, standard radiographs, and CT scan of the chest
and local site. Additional studies, including if necessary
biopsy, were performed when indicated. Outpatients were
followed every 3 months for 2 years and then twice a year.

Statistical analysis

In this retrospective study, frequency tables with counts
and percentages were used to describe pretreatment and
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treatment characteristics of the patients. Disease-free
survival (DFS) and local control rates (LCs) were calculated
by the Kaplan—Meier method using statistical software SPSS
(Software package used for statistical analysis) 20, IBM,
Armonk, NY, United States of America. The relationship
between the prognostic factors and survival was assessed
by univariate analysis. For multivariate analysis, the Cox
proportional hazard model was used. A P < 0.05 was taken
as statistically significant.

RESULTS

Patient and treatment characteristics

Table 1 shows the profile and treatment details of
the patients. Out of 83 patients, with median age of
18 years (range: 3-45 years), 11 (13.3%) patients had
metastatic disease at presentation. The most common site of
initial metastasis at presentation was lung in seven patients
and bone in four patients.

About 47 patients (55.6%) (46 patients with localized disease
and one patient with metastatic disease at presentation),
were treated by two to three cycles of neoadjuvant
chemotherapy with VAC or VAC alternating with IE,
followed by radiation therapy, followed by consolidation
chemotherapy with same regimen. About Twenty-one
localized disease patients (25.3%) were treated by surgery
followed by chemotherapy and radiation. Out of five
patients with localized disease, who had undergone
amputation, four had received adjuvant chemotherapy,
and one did not receive any further treatment. Rest ten
patients with metastatic disease at presentation were
treated by palliative chemotherapy or radiotherapy or the
combination of two.

Response to treatment

Table 2 demonstrates the response achieved by 72 patients
with localized EWS postradical treatment with different
treatment strategies.

At a median follow-up period of 16 months, out of
72 radically treated patients with localized disease at
presentation, 37 (44.6%) patients failed the treatment.
Majority of the failures (23 patients =27.7%), out of 37, were
distant. Four patients (4.8%) had both local and distant
failure, and 10 (12%) failed locally. The most common site of
distant failure was lung (18.1%), followed by bone (10.8%)
and brain (4.8%) [Table 3].

Forlocalized disease patients, the 1 year, 2 years, and 5 years

DEFS were 73.8%, 45.7%, and 33.2%, respectively. The median
time to any failure was 11 months [Figure 1].
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Table 1: Patients’ profile and treatment details

Characteristics Number of patients (%)
Gender
Male 51 (61.4)
Female 32 (38.6)
Age (years)
Median 18
Range 3-45
Metastasis at presentation
Yes 11 (13.3)
No 72 (86.7)
Tumor site
Extremity 44 (53)
Upper limb 15 (18.1)
Lower limb 29 (34.9)
Axial 9 (10.8)
Ribs/clavicle/scapula 15 (18.1)
Extraosseous 5 (6)
Skull 4 (4.8)
Pelvis 6 (7.2)
Tumor length (cm)
>8 52 (62.7)
<8 31 (37.3)
Treatment
Surgery — CCT 4 (4.8)
Surgery — RT + CCT 21 (25.3)
CCT — RT — CCT 47 (55.6)
Surgery alone 1(1.2)
Palliative CCT alone 6 (7.2)
Palliative RT + CCT 3 (3.6)
Palliative RT alone 1(1.2)
Surgery type
WLE 21 (80.7)
Amputation 5 (19.3)
Chemotherapy regimen
VAC 46 (55.4)
VAC/IE 33 (39.8)
ICE 2(2.4)

CCT: Chemotherapy, RT: Radiotherapy, WLE: Wide local excision, VAC: Vincristine,
adriamycin, cyclophosphamide, |E: Ifosfamide-etoposide, ICE: [fosfamide, cisplatin,
and etoposide

Table 2: Response to treatment in localized Ewings sarcoma

Complete Partial Progressive Stable
response response disease  disease
Surgery alone 1
Surgery — CCT 4
Surgery — CCT — RT 17 1 2
Induction CCT — RT 29 4 3 6
— CCT
CCT — RT 1 1 2 1

CCT: Chemotherapy, RT: Radiotherapy

Table 3: Pattern of failure

Failure type Number of failures (%)
Total 37 (44.6)
Local 10 (12)
Distant 23 (27.7)

Lung 15

Bone 5)

Brain 4
Local + distant 4 (4.8)

Bone 4
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Figure 1: Disease-free survival

The 1 year, 2 years, and 5 years LCs were 73.3%, 65.1%, and
55.8%, respectively. The median time to local failure was 10
months [Figure 2].

Metastasis free survival

The 1 year, 2 years, and 5 years metastasis-free survival rates
were 72.7%, 52.9%, and 45.3%, respectively. The median
time to metastatic failure was 11.5 months.

Prognostic factors for local control and survival

By univariate analysis, the following features were found
to be associated with a poor prognosis for local control:
Axial site (P < 0.03), and chemotherapy regimen with
VAC only (P < 0.03). Other factors however could not be
proven to be significantly poor prognostic factors: Age
older than 12 years (P =0.17), sex (P = 0.30), disease length
more than 8 cm (P = 0.4), fever (P = 0.8), anemia (P = 0.5),
high serum lactate dehydrogenase (LDH) level (P =0.11),
and poor chemotherapy-induced necrosis (P = 0.9). By
multivariate analysis, none of the factors were correlated
to local control.

For survival, age >12 years (P <0.05) was found to be the only
factor associated with poor prognosis by both univariate
and multivariate analysis. None of the other factors were
found be to be prognostic for survival.

Attempt for salvage treatment

All recurrences were verified histologically, unless obvious
by clinical examination or imaging. In patients with disease
recurrence, salvage surgery, or palliative treatment with
second-line chemotherapy and/or radiotherapy to painful
metastatic sites was offered, depending on the status of the
individual patient, their symptoms, and previous treatment.

Seven patients with lung metastasis were planned with
chemotherapy by ICE regimen and showed only partial
response to treatment. Other six patients were managed
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Figure 2: Local control rates

by supportive treatment only. All nine patients with bone
metastasis had relapsed in vertebral level. They were started
on steroids and planned with palliative radiotherapy to
the spine to the dose of 30 Gy delivered in ten fractions in
2 weeks. Five patients out of these also received palliative
chemotherapy with ICE. Four patients who relapsed in
brain were given palliative radiotherapy to the brain and
were managed by supportive care only. The median time to
disease progression in these patients was 4 months.

DISCUSSION

EWS is a small, blue, round cell bone tumor seen in the
second decade of life.”!*!* In our study too, the median
age was 18 years. Similar to the studies quoted in the
literature,”® the extremities were the most common site of
presentation in our patients. The disease was found less
common in axial region, extraosseous sites, chest wall,
skull, and pelvic bones. Metastasis at presentation is often
quoted to be seen in 25% patients, with lung being the most
common site."""”l However, in our study, only 13% patients
were metastatic though lung was still the most common site.

Metastatic disease at presentation, tumor volume more than
100 ml, axial location of tumor, and higher LDH levels are
well-known poor prognostic factors for EWS.[* However,
only the metastatic disease at presentation has been proven
to be of significant value in the literature.?!1 In our study too,
out of 11 patients (13%) who had metastasis at presentation,
only one patient could complete the radical treatment
and was disease free at the time of analysis. Rest all had
progressive disease, and therefore, metastasis at presentation
is clearly the poorest prognostic factor for survival.

Besides this, in our study, axial site (P < 0.03) and
chemotherapy with VAC only regimen (P < 0.03)

227




Kapoor, et al.: Multimodality approach in Ewing’s sarcoma

were identified as prognostic factors for poor local
control by univariate analysis. However, for survival,
age >12 years (P < 0.05) was the only factor found to be
poorly prognostic by both univariate and multivariate
analysis. This may be due to more aggressive disease in
adult patients compared to pediatric group, leading to
their worse outcomes®! although others have found no
significant differences in survival.[®!

Other factors such as initial tumor volume or disease
length,?*?*l serum LDH levels,*! and necrosis after
chemotherapy®! did not correlate significantly as poor
prognostic factors for local control and survival. One of the
reasons could be that irrespective of the bulk of disease,
different chemotherapy regimens have been used in these
patients. This could have led to different necrotic rates in
the tumor, and thereby producing bias in the results. The
prospective randomized trials may be needed to prove these
factors to be prognostic value.

Different treatment strategies are followed by different
institutes in localized EWS. Chemotherapy is the common
approach in almost all the strategies used nowadays.
The difference lies in the choice of local therapy (surgery
or radiation therapy) used. In our study, there was no
survival difference between patients treated with surgery
followed by adjuvant chemotherapy and those treated with
neoadjuvant chemotherapy followed by local treatment
and adjuvant chemotherapy. However, there was a definite
survival difference between the patients who were treated
by VAC alone and those treated by VAC alternating with
IE, with survival advantage in the latter group (P < 0.03).
Therefore, treatment plan can be optimized based on
patient’s disease status and institutional policy. Werier
et al.”l performed a systematic review to investigate
the optimal treatment strategy among the options of
surgery alone, radiotherapy alone, and the combination of
radiotherapy plus surgery in the management of localized
EWS of bone following neoadjuvant chemotherapy. When
radiotherapy was compared with surgery, a meta-analysis
combining two papers showed that surgery resulted
in a higher event-free survival than radiotherapy in
any location (hazard ratio [HR] =1.50, 95% confidence
interval [95% CI] =1.12-2.00; P = 0.007). However, another
paper did not find a statistically significant difference in
patients with pelvic disease, and no papers identified a
significant difference in overall survival. When surgery
plus radiotherapy was compared with surgery alone,
the meta-analysis did not demonstrate a statistically
significant difference for event-free survival between the
two groups (HR = 1.21, 95% CI = 0.90-1.63). Both surgical
morbidities and radiation toxicities were reported. The
study concluded that the optimal local treatment for an
individual patient should be decided through consideration
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of patient characteristics, the potential benefit and harm of
the treatment options, and patient preference.

In our study, 1 year, 2 years, and 5 years DFS were 73.8%,
45.7%, and 33.2%, respectively, which are lower than the
5years survival results mentioned in the literature, ranging
from 53% to 69%.1619%%1 This can be explained by the fact
that the studies mentioned above have included pediatric
age group alone, which is a good prognostic factor for
survival. However, in our study, approximately 75% patients
had age more than 12. The LCs in our study were 73.3%,
65.1%, and 55.8% at 1 year, 2 years, and 5 years, respectively.
This is however in accordance with the results in literature
ranging from 53% to 93%.7%* Further patients treated with
VAC alternating with IE had significantly better LCs than
patients treated with VAC alone. Similar result has also
been proven by INT-0091 trial, where 5 years local failure
rates were 30% in VAC alone arm, compared to 11% only in
VAC/IE arm.P? Recently, Ben-Ami ef al.® presented 15 years
experience of treating patients of EWS with short aggressive
course of chemotherapy (the MSKCC P6 protocol) and has
shown that the outcome is comparable to that following
other first-line treatment regimens in use (VAC alternating
with IE), with potentially fewer long-term adverse events.

About 30-40% of patients experience recurrent disease
either locally, distantly, or combined, and have a dismal
prognosis.*** In our study also, 37 patients (44.6%) patients
failed, and on further treatment, they failed to achieve a fair
progression-free survival.

CONCLUSIONS

Our study demonstrates that multimodality aggressive
treatment approach for the localized EWS is significantly
associated with improved control rates. Our analysis
of the different treatment strategies brings about an
important understanding that though EWS is considered a
radio-chemosensitive tumor, still surgery should be offered
as a part of treatment if the tumor is resectable. Furthermore,
all patients with metastatic disease at presentation should
be offered a radical treatment approach to achieve better
progression-free survival rates.
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