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Abstract: Introduction: Prognostic scores in Ewing sarcoma including baseline clinical and laboratory characteristics
are necessary for pre-treatment risk stratification. In this study, we formulated and validated a prognostic model
for baseline risk categorization in Ewing sarcoma. Materials and methods: A retrospective single-institutional study
was conducted on Ewing sarcoma patients treated uniformly between January 2003 and December 2018. Baseline
clinical/pathological characteristics and survival outcomes were noted from medical records. The cohort was ran-
domised into a derivation and validation cohort. A prognostic score was formulated by including independent prog-
nostic factors from the derivation cohort by multivariable analysis. The prognostic model was validated in the valida-
tion cohort along with estimation of its predictive ability. Results: A total of 860 patients were included with 40.3%
having baseline metastases. Tumor diameter >5 cm (HR 2.04; P<0.001; score 2), baseline metastases (HR 2.33;
P<0.001, score 2), and total leucocyte count >11000/mm? (HR 1.44; P=0.015; score 1) were independent predic-
tors of overall survival in derivation cohort and included for prognostic score calculation. Patients were categorized
into low (score 0), intermediate (score 1-3) and high-risk (score 4-5) groups. Harrell's c-indexes of the model were
0.625, 0.622 and 0.624 in the derivation, validation and whole cohort respectively. The timed AUC of ROC of the
prognostic score-group for 5-year survival was 0.72, 0.71 and 0.73 in the derivation, validation and whole cohort
respectively. Conclusions: We have formulated and validated a prognostic score for Ewing sarcoma incorporating
baseline clinical and laboratory parameters, with fair predictive ability for risk stratification and facilitating risk-
adapted personalized therapy.
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Introduction ingly important to identify subsets of patients

who may benefit from less aggressive treat-

The survival outcomes in ESFT family of tumors
(ESFT) have significantly improved over the last
few decades with adoption of risk adapted and
multi-modality intensive treatment approaches
[1-3]. With improving survival, it is also increas-

ment so as to reduce treatment-related ad-
verse effects including secondary leukaemia,
long term complications of radiation and mor-
bidity from amputation [4]. The key to risk
adapted therapy is evaluating relevant predic-
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tive factors at baseline and identifying prog-
nostic sub-groups for stratifying treatment
decisions.

Multiple previous studies have evaluated prog-
nostic factors for ESFT. The presence of metas-
tases at diagnosis, tumor location, tumor diam-
eter and volume are well established prognos-
tic factors in ESFT and have been consistently
included for risk stratification in prior models
[5-10]. However, these models have been
derived from population-based data models
rather than a systematically collected institu-
tional database. Most of these models have
incorporated treatment related factors, which
are individualized based on patient characteris-
tics and are inherently biased. Furthermore,
they have not assessed or incorporated sys-
temic symptoms and basic blood laboratory
biomarkers into their models. Previous studies
have shown that the presence of constitutional
symptoms, an elevated neutrophil-lymphocyte
ratio and hypoalbuminemia may be indicative
of a high tumor burden and a consequent poor
prognosis [11-14]. In order to facilitate risk
stratification, development of a more holistic
prognostic tool that incorporates easy-to-
obtain baseline clinical and/or laboratory
parameters is warranted.

In this study, we aimed to identify the baseline
predictive factors for survival at baseline in a
retrospective derivation cohort of patients with
ESFT availing treatment at our cancer centre.
We further formulated a prognostic score incor-
porating the identified independent prognostic
factors and validated the prognostic score in an
independent validation cohort with estimation
of predictive ability of the model.

Methods
Study design and data acquisition

A retrospective study was carried out where
consecutive ESFT patients registered at the
sarcoma clinic of our cancer center between
January 2003 and December 2018 were
included. All patients with confirmed diagnosis
of ESFT who received primary treatment at our
centre were eligible for inclusion. The following
data were collected: date of registration, age,
gender, presence of systemic symptoms at
baseline, duration of symptoms prior to presen-
tation, tumor diameter, basic lab investigations
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such as haemoglobin, total leucocyte count,
platelet count, serum albumin, presence of
metastatic disease, and treatment details
including modalities/regimens used. Survival
outcome and date of progression/relapse or
death due to any cause were also noted. In our
centre, it was observed that compliance to
treatment was poor among patients with can-
cer [15]. Hence, a systemic database was cre-
ated in 2008 containing demographic details,
outpatient follow up details and survival out-
comes of all registered patients at our centre
till date. This database was used to identify
patients for inclusion and their medical re-
cords were reviewed. Patient and/or caregivers
were contacted telephonically for noting sur-
vival outcomes if these were not available in
medical records. Patients who had been treat-
ed elsewhere or for whom clinical details were
incomplete due to inadequate metastatic
workup and/or primary site imaging were
excluded. The study was ethically approved by
the institutional ethics committee, and in view
of the retrospective nature, the need for
informed consent was waived.

Diagnostic workup

The diagnosis of ESFT was considered based
on histopathologic features seen on biopsy
of the tumor specimen and was established
following a multidisciplinary discussion at
the weekly inter-departmental onco-pathologic
conference. All patients diagnosed to have
ESFT were subjected to protocol based diag-
nostic workup. This included basic laboratory
investigations including hemogram, liver and
renal function tests and local site imaging with
computed tomography (CT) or magnetic reso-
nance imaging (MRI) as appropriate. Bone
marrow aspiration and biopsy, CT scan of chest
and either bone scan or positron emitted
tomography-computed tomography (PET/CT)
were done in all patients for baseline staging of
the disease.

Treatment protocol

The standard first line treatment administered
to patients with localized and metastatic dis-
ease consisted of neoadjuvant chemotherapy
followed by local treatment and adjuvant che-
motherapy with or without radiation therapy.
Chemotherapy in both localized and metastatic
disease was given in the form of 17 cycles of
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alternating VAC (vincristine/doxorubicin/cyclo-
phosphamide) and IE (ifosfamide/etoposide) at
intervals of three weeks; actinomycin-D was
administered in place of doxorubicin from week
30 onwards after a cumulative doxorubicin
dose of 375 mg/m? was reached [16]. Che-
motherapy protocol was uniform for both local-
ized and metastatic group of patients. Local
treatment was given after 10 to 12 weeks of
neoadjuvant chemotherapy [17]. It was admin-
istered once the patient had complete or
partial response or stable disease following
neoadjuvant chemotherapy in localized dis-
ease. In patients with metastatic disease, local
therapy was used in those with complete or
partial response at the primary and metastatic
sites after neoadjuvant chemotherapy. The
local therapy modality used (surgery/radiother-
apy) was decided by a multidisciplinary team
based on the site of disease and resectability.
For surgically operated cases, adjuvant radio-
therapy was postoperatively administered at a
dose of 45 to 50 Gy in conventional fraction-
ation postoperatively to patients with positive
resection margins and/or those with poor
histological response to neoadjuvant chemo-
therapy as evidenced by tumor necrosis below
90% [18, 19]. Radical radiotherapy was pre-
ferred over surgery at certain sites of difficult
surgical access such as the pelvis, head and
neck. A dose of 55 to 60 Gy in conventional
fractionation was used for radical radiation
treatment [20, 21]. Response to therapy was
assessed with the help of an appropriate
imaging modality (CT/PET-CT/MRI) after com-
pletion of neoadjuvant therapy and adjuvant
therapy as per Response Evaluation Criteria in
Solid Tumors (RECIST) 1.0 criteria.

Study outcomes

The primary outcomes assessed in our study
were event free survival (EFS) and overall sur-
vival (0S). For the purpose of our study, OS was
defined as the time interval from the date of
registration to the date of death from any
cause. EFS was defined as the time interval
from the date of registration to disease recur-
rence, progression or death from any cause.
Data were censored on 30" June, 2021.

Statistical analysis

Development of derivation and validation
cohort: Descriptive statistics with frequency
estimates were used to summarize baseline
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demographics and clinical characteristics.
Continuous variables were reported as me-
dian with range. For development of the prog-
nostic model, the whole cohort was divided into
a derivation cohort and a validation cohort in
2:1 ratio by blocked randomization technique.
The categorical variables across the two
cohorts were compared by chi-square test,
while continuous variables were compared by
Mann-Whitney test. Survival estimates were
done using Kaplan Meier analyses and com-
pared across the two cohorts by log rank test.
The follow up of the cohort was estimated by
reverse Kaplan Meier method [22]. Survival
estimates were reported as median time along
with its 95% confidence intervals (Cl).

Identification of prognostic factors: A set of
potential prognostic factors including age (cat-
egorized based on median value), gender,
symptom duration (categorized based on medi-
an value), presence of fever at baseline, lon-
gest tumor diameter (categorized as <5 cm or
>5 cm), primary site of the disease (categoriz-
ed as head/neck, thorax, abdomen/spine/pel-
vis, and extremities), presence of metastases
at baseline, haemoglobin (<10 g/dl considered
as low), total leucocyte count (>11x103/ul con-
sidered as high), platelet count (<150x10%/ul
considered as low) and serum albumin (<3.5
g/dl considered as low) were evaluated for
inclusion into the model. The impacts of these
factors on OS in the derivation cohort were
analyzed by univariable Cox regression analy-
sis. Factors with P<0.1 in univariable analyses
were further included in the multivariable
model in a forward stepwise manner based on
log likelihood change. Factors with P<0.05 in
multivariable model were only considered as
significant and included in development of the
prognostic model.

Development of the prognostic score: A prog-
nostic score was developed by assigning a
score to each independent prognostic factor in
the final multivariable model. The scores were
assigned by giving relative importance to each
factor based on the cox regression coefficient
(B) values of the final multivariable model.
Based on the total score, the patients were
classified into clinically discriminatory prognos-
tic sub-groups.

Validation of the prognostic score: The predic-
tive ability of the developed prognostic risk
groups for OS was evaluated in the validation
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Number of patients of Ewing sarcoma
registered during study period = 1032

ences in baseline characteris-
tics between the derivation
and validation cohorts (Table
1).

Number of patients refused treatment /
took treatment at different centre = 42

Survival outcome

Number of patients eligible for inclusion in the
study = 990

The median follow-up duration
of the cohort was 60.5 mon-
ths (95% CI: 50.9 months-70.1

Number of patients with missing data /
incomplete data = 130

months). The median EFS and

Number of patients included for final analysis
=860

cohort as well as in the whole cohort. The
Harrel’'s concordance index (c-index) of the
prognostic model and the timed area under the
receiver operating characteristic curve (AUC of
the ROC curve) considering 3-year and 5-year
survival as outcome were estimated in the
derivation, validation and the whole cohorts.
The predictive ability of prognostic risk groups
in predicting EFS in derivation cohort, valida-
tion cohort and the whole cohort were also
estimated.

Results
Patient characteristics

During the period from 2003 to 2018, 1032
patients with ESFT were registered at our cen-
tre of which 860 patients were eligible for
analysis in our study (Figure 1). The baseline
demographic and clinical characteristics of the
patients are depicted in Table 1. The median
duration of symptoms of patients in our cohort
was 4 months. The most common site for the
primary was the extremities (39.7% of cases)
followed by the thorax in 20% of cases.
Metastatic disease was noted at presentation
in 40.3% of patients in the entire cohort.
Patients were treated as per the protocol
described. A total of 450 (52.3%) patients
received local therapy of which 253 patients
(29.4%) received surgery alone, 135 patients
(15.7%) underwent radiotherapy alone and 62
(7.2%) patients received surgery with adjuvant
radiotherapy for local control. The patients in
the total cohort were divided in a 2:1 ratio by
randomization to yield 573 patients in the
derivation cohort and 287 patients in the vali-
dation cohort. There were no significant differ-
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Figure 1. Workflow of the study.

0OS of patients with localized
disease in the whole cohort
was 37.4 months (range:
27.2 months-47.5 months)
and 49.8 months (range: 27.2
months-72.3 months) respectively. In patients
with metastatic disease, median EFS was 16.4
months (range: 14.2 months-18.6 months) and
0OS was 18.2 months (range: 15.3 months-21.1
months). In the localized cohort, the predicted
3-year OS was 58+2% while in the metastatic
cohort it was 25+3%. The difference in median
survival in the derivation and whole cohort was
not statistically significant (Table 1).

Identification of prognostic factors in the deri-
vation cohort

On univariable analysis of patients in the deri-
vation cohort, presence of fever (HR 1.53;
1.18-1.97, P=0.001), tumor diameter above 5
cm (HR 2.38; 1.58-3.59, P<0.001), metastatic
disease at baseline (HR 2.40; 1.93-3.09,
P<0.001), site of disease at the abdomen/pel-
vis/spine (HR: 1.54; 1.17-2.03; P=0.002), hae-
moglobin lower than 10 g/dL (HR 1.43; 1.11-
1.84, P=0.006), total leucocyte count above
11000/mm?3 (1.40; 1.08-1.81, P=0.009) and
serum albumin level below 3.5 g/dL (HR 1.77;
1.22-2.58, P=0.003) were found to be predic-
tive of inferior OS. Among these, tumor diame-
ter above 5 cm (HR 2.04; 1.34-3.12, P<0.001),
metastases at baseline (HR 2.33; 1.74-3.09,
P<0.001), total leucocyte count above 11000/
mm?3 (HR 1.44; 1.07-1.94, P=0.015) were inde-
pendent predictors of OS in multivariable analy-
sis (Table 2; Figure 2A-C). It was also seen that
the above three factors were associated with
inferior EFS (Figure 4A-C).

Formulation of prognostic score

The prognostic factors identified in multivari-
able analysis which included tumor diameter
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Table 1. Baseline demographic and clinical characteristics of the derivation (n=573), validation

(n=287) and the whole cohorts (n=860)

Total cohort Derivation cohort Validation cohort

Demographic/Clinical parameters (n=860) (n=573) (n=287) P value
Age (years) (n=859) 15 (1-56) 15 (0.1-56) 16 (1-55) 0.176
Sex (n=860)
Male 598 (69.5) 397 (69.3) 201 (70.0) 0.822
Female 262 (30.5) 176 (30.7) 86 (30.0)
Symptom duration (n=856) (months) 4 (0.5-96) 4 (0.5-96) 4 (0.5-48) 0.834
Fever at onset (n=859)
Yes 210 (24.4) 151 (26.4) 59 (20.6) 0.066
No 649 (75.6) 422 (26.4) 227 (79.4)
Tumor diameter (longest dimension) (cm)* (n=696) 9 (0.1-30) 9 (1-27) 9 (0.1-30) 0.254
Site of primary disease (n=860)
Head and neck 95 (11.0) 67 (11.7) 28 (9.8) 0.571
Thorax 172 (20.0) 107 (18.7) 65 (22.6)
Abdomen 29 (5.1) 15 (5.2)
Pelvis 146 (17.0) 92 (16.1) 54 (18.8)
Spine 40 (7.0) 22 (7.7)
Upper extremity 92 (10.7) 63 (11.0) 29 (10.1)
Lower extremity 249 (29.0) 175 (30.5) 74 (25.8)
Primary site (n=860)
Skeletal 668 (77.7) 450 (78.5) 218 (76.0) 0.392
Extra-skeletal 192 (22.3) 123 (21.5) 69 (24.0)
Site of skeletal disease (n=668)
Axial 204 (30.6) 141 (31.4) 63 (28.9) 0.510
Appendicular 464 (69.4) 309 (68.6) 155 (71.1)
Metastases at baseline (n=860) 0.637
No 513 (59.7) 345 (60.2) 168 (58.5)
Yes 347 (40.3) 228 (39.8) 119 (41.5)
Hemoglobin (g/dl)* (n=817) 11.2 (1.2-16.9) 11.1 (1.2-16.9) 11.3 (5.2-16.8) 0.126
Total Leucocyte count (n=817) (x103/pl)* 8.80(1.50-38.6) 8.90 (1.50-33.2) 8.70 (2.20-38.6) 0.503
Platelet count (x103/pl) (n=459)* 252 (58-778) 253 (60-778) 249 (58-654) 0.688
Serum Albumin (g/dl) (n=757)* 4.3 (1.4-6.0) 4.3 (2.1-6.0) 4.3 (1.4-5.5) 0.423
Mortality till last follow up 426 (49.5) 283 (49.4) 143 (49.8) 0.904

Median event free survival (months)
Median overall survival (months)

24.4(21.627.2) 23.8(20.8-26.7) 28.1(21.9-34.3)  0.634
20.1(25.4-32.8) 27.8(24.1-315) 30.8(23.5-38.2)  0.867

*Continuous variables were expressed as median with range and compared by Mann-Whitney test, while categorical variables were compared by

chi-square test. Time to event outcomes were compared by log-rank test.

(£5 cm vs. >5 cm), the presence of metastases
(yes or no) and total leucocyte count (>11000/
mm?2 vs. £11000/mm3) were used for formula-
tion of the prognostic score. Based on the Cox
regression coefficient (B) values of the final
multivariable model (Table 3), a score value
of 2 was assigned each to the two factors of
presence of metastases at baseline and tu-
mor diameter >5 cm while a score of 1 was
assigned for presence of baseline total leuco-
cyte count >11000/mm3. Following this, pa-
tients were categorized into three prognostic
risk groups: low risk (score value of 0); interme-
diate risk (score value: 1-3); high risk (score
value: 4-5) (Table 3). The median survival was
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significantly different among the three groups
in the derivation cohort [Estimate not reached
in the low-risk group vs. 41.5 months (15.7-
67.2 months) in the intermediate risk group vs.
17.2 months (14.7-19.7 months) in the high-risk
group] (Table 4; Figure 3A).

Predictive ability of the prognostic score for OS
in the validation cohort and the whole cohort

On applying the developed prognostic score in
the validation cohort, the three risk groups
were also found to have significantly different
median OS [Estimate not reached in the low-
risk group vs. 35.2 months (23.8-46.7 months)
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Table 2. Univariable and multivariable analysis of factors predictive of overall survival in the derivation cohort (n=573)

) ) Univariable analysis Multivariable analysis
Predictive factor Median survival P value
(months) HR 95% Cl P value . HR 95% Cl  Pvalue
(overall)
Age (years) >15 (n=298) 32.4 0.91 0.72-1.15 0.439 - - - -
<15 (n=275) 26.3 1 - - - - - -
Sex Male (n=397) 29.3 0.84 0.65-1.07 0.162 - - - -
Female (n=176) 25.8 1 - - - - - -
Symptom duration (months) (n=571) <4 (n=306) 25.5 1.19 0.95-1.51 0.135 - - - -
>4 (n=265) 30.5 1 - - - - - -
Fever at onset Yes (n=151) 21.5 1.53 1.18-1.97 0.001 - - - -
No (n=422) 31.2 1 - - - - - -
Tumor diameter (cm) (n=464) <5 (n=83) Not reached 1 - - - 1 - -
>5 (n=381) 26.1 2.38 1.58-3.59 <0.001 - 2.04 1.34-3.12 <0.001
Site of disease Extremity (n=238) 29.6 1 - - 0.003 - - -
Head and Neck (n=67) 98.6 0.80 0.53-1.21 0.295 - - - -
Thorax (n=107) 25.1 1.19 0.85-1.66 0.317 - - - -
Abdomen/Pelvic/Spine (n=161) 25.5 1.54 1.17-2.03 0.002 - - - -
Metastases at baseline Yes (n=228) 17.8 2.40 1.93-3.09 <0.001 - 2.33 1.74-3.09 <0.001
No (n=345) 51.5 1 - - - 1 - -
Hemoglobin (g/dl) (n=540) <10 (n=152) 22.3 1.43 1.11-1.84 0.006 - - - -
>10 (n=388) 31.2 1 - - - - - -
Total leucocyte count (x103/ul) (n=539) >11.0 (n=152) 24.7 1.40 1.08-1.81 0.009 - 1.44 1.07-1.94 0.015
<11.0 (n=387) 29.6 1 - - - 1 - -
Platelet count (x103/ul) (n=301) <150 (n=36) 25.8 1.01 0.63-1.62 0.458 - - - -
>150 (n=267) 27.3 1 - - - - - -
Serum albumin (g/dl) (n=497) <3.5 (n=53) 18.3 1.77 1.22-2.58 0.003 - - - -
>3.5 (n=444) 27.8 1 - - - - - -

HR: Hazard ratio; Cl: Confidence interval. Factors with P<0.1 in univariable analysis was included for multivariable cox regression analysis in a stepwise manner based on log likeli-
hood change and only significant predictor variables (P<0.05) were reported. “P value for overall model for multi-category variables.
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Figure 2. Kaplan Meier curves showing the impact of total leucocyte count (>11000/mm?2 vs. <11000/mm?), metas-
tases at presentation (yes vs. no) and tumor diameter (>5 cm vs. <5 cm) on OS in the derivation cohort. A: Median
0S was significantly higher in the group with total leucocyte count >11000/mm? as compared to those with total
leucocyte count <11000/mm? [HR 1.44 (1.07-1.94); P=0.015)]. B: Median OS was significantly higher in the group
with tumor diameter >5 cm as compared to those with diameter <5 cm [HR 2.04 (1.34-3.12); P<0.001)]. C: Median
0S was significantly higher in the group with metastases as compared to those with no metastases [HR 2.33 (1.74-

3.09); P<0.001)].

in the intermediate risk group vs. 18.2 months
(12.8-23.6 months) in the high-risk group]
(Table 4; Figure 3D). Similarly, when the score
was used for the whole cohort, the median
OS in the three groups was found to be signifi-
cantly different from one another [Estimate not
reached in the low-risk group vs. 37.6 months
(26.5-48.6 months) in the intermediate risk
group vs. 17.7 months (14.9-20.4 months) in
the high-risk group] (Table 4; Figure 3G). The
3-year and 5-year OS and EFS in each prognos-
tic sub-group in the derivation, validation and
whole cohorts are stated in Table 5.

Predictive ability of prognostic score for EFS in
the derivation, validation and whole cohorts

The EFS was estimated for each prognostic
sub-group in the derivation, validation and
whole cohorts, and it was also observed that
the EFS was significantly different among the
three prognostic sub-groups (Figure 5A-C).

Predictive ability of the prognostic model
The Harrell’s c-index of the prognostic model in

the derivation cohort was 0.625. The timed
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AUC of ROC for 3-year and 5-year survival was
0.69 (0.64-0.76) and 0.72 (0.66-0.77) respec-
tively in the derivation cohort (Figure 3B and
3C). The Harrell's c-index of the model in pre-
dicting EFS in the derivation cohort was 0.605.

In the validation cohort, the Harrel's c-index of
the prognostic model was estimated to be
0.622. The timed AUC of ROC for 3-year and
5-year survival was 0.71 (0.63-0.79) and 0.76
(0.67-0.86) respectively in the validation
cohort. The Harrell's c-index of the model in
predicting EFS in the validation cohort was
0.610 (Figure 3E and 3F).

In the whole cohort, the Harrel’s c-index of the
prognostic model for OS and EFS was 0.624
and 0.607 respectively. The corresponding
timed AUC of ROC for 3-year and 5-year survival
was 0.70 (0.65-0.75) and 0.73 (0.68-0.78)
respectively (Figure 3H and 3lI).

Discussion
In this study, we analyzed a retrospective

cohort of patients with ESFT treated at our can-
cer center with a uniform protocol over a period
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Figure 3. Predictive capability of the prognostic model on OS in the derivation, validation and whole cohorts. A: Kaplan Meier curve showing statistically significant
differences in median OS between the low, intermediate and high-risk groups in the derivation cohort. Low risk vs. high risk: HR 0.17 (0.09-0.32; P<0.001); Interme-
diate risk vs. high risk: HR 0.43 (0.32-0.57; P<0.001); Low risk vs. intermediate risk: HR 0.40 (0.21-0.75; P<0.004); Overall P value: <0.001. B: ROC of the prognos-
tic score for 3-year OS in the derivation cohort [AUC=0.69 (0.64-0.76)]. C: ROC of the prognostic score for 5-year OS in the derivation cohort [AUC=0.72 (0.66-0.77)].
D: Kaplan Meier curve showing statistically significant differences in median OS between the low, intermediate and high-risk groups in the validation cohort. Low
risk vs. high risk: HR 0.15 (0.06-0.36; P<0.001); Intermediate risk vs. high risk: HR 0.61 (0.42-0.89; P=0.011); Low risk vs. intermediate risk: HR 0.24 (0.10-0.56;
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P=0.001); Overall P value: <0.001. E: ROC of the prognostic score for 3-year OS in the validation cohort [AUC=0.71
(0.63-0.79)]. F: ROC of the prognostic score for 5-year OS in the validation cohort [AUC=0.76 (0.67-0.86)]. G: Kaplan
Meier curve showing statistically significant differences in median OS between the low, intermediate and high-risk
groups in the whole cohort. Low risk vs. high risk: HR 0.16 (0.10-0.28; P<0.001); Intermediate risk vs. high risk: HR
0.48 (0.39-0.61; P=0.001); Low risk vs. intermediate risk: HR 0.34 (0.21-0.56; P<0.001); Overall P value: <0.001.
H: ROC of the prognostic score for 3-year OS in the whole cohort [AUC=0.70 (0.65-0.75)]. I: ROC of the prognostic
score for 5-year OS in the whole cohort [AUC=0.72 (0.66-0.77)].
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Figure 4. Kaplan Meier curves showing the impact of total leucocyte count (>11000/mm? vs. <11000/mm3), me-
tastases at presentation (yes vs. no) and tumor diameter (>5 cm vs. <5 cm) on EFS in the derivation cohort. A:
Median EFS was significantly higher in the group with total leucocyte count >11000/mm? as compared to those
with total leucocyte count <11000/mm? [HR 1.33 (1.08-1.63); P=0.006)]. B: Median EFS was significantly higher in
the group with tumor diameter >5 cm as compared to those with diameter <5 cm [HR 2.05 (1.51-2.78); P<0.001)].
C: Median EFS was significantly higher in the group with metastases as compared to those with no metastases [HR
2.22 (1.84-2.68); P<0.001)].

Table 3. Categorization of Ewing’s sarcoma ESFT patients to identify clinically important

prognostic score

Score value Score category
0 Low Risk
1,2,3 Intermediate risk
4,5 High Risk

Score values were assigned to individual risk factors
based on ratio of cox regression coefficients (B) of
individual predictors of the final multivariate regression
model and rounding off to the nearest integer value:

A. Presence of metastases at baseline (8,=0.890): 2;
B. Primary site tumour diameter (longest dimension)
>5 ¢m (B,=0.710): 2; C. Baseline total leucocyte count
>1.10%10%/pl (B,=0.353): 1.

of more than 15 years. We identified indepen-
dent prognostic factors predictive of survival
and further developed a prognostic score for
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risk groups at baseline.

Our cohort had a 3-year overall survival of
58+2% in the localized group and 25+3% in
the metastatic group of patients. In our cohort,
the observed survival was comparable to that
described in other studies from similar clinical
settings; prior studies from the subcontinent
have also shown similar outcomes with 3-year
disease free survival (DFS) of 55% in localized
disease and 5-year DFS of 38% in a cohort
including patients with localized and metastat-
ic disease [23]. The survival outcome is slightly
lower than that described in Western cohorts
[24-27]. The disparity is possibly due to delayed
presentation and differences in social support
systems. In our cohort, we observe a higher
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Table 4. Predictive value of Ewing sarcoma prognostic score on survival outcomes of the derivation, validation and the whole cohorts

Ewing sarcoma

Overall survival

prognostic o o
score” Derivation cohort (n=437) Validation cohort (n=224) Whole cohort (n=661)
P P P
Score Cat- Num- Median P value  Num- Median P value  Num- Median P value
HR (95% CI) HR (95% ClI) HR (95% CI)
value egory ber (months) value (over- ber (months) value (over- ber (months) value (over-
all) all) all)
Low Risk 49 NR 0.17 (0.09-0.32) <0.001 <0.001 26 NR 0.15 (0.06-0.36) <0.001 <0.001 75 NR 0.16 (0.10-0.28) <0.001 <0.001
1-3 Inter- 237 41.5(15.7-67.2) 0.43(0.32-0.57) <0.001 110 35.2(23.8-46.7) 0.61(0.42-0.89) 0.011 347 37.6(26.5-48.6) 0.48(0.39-0.61) 0.001
mediate
Risk
4,5 High Risk 151 17.2 (14.7-19.7) 1 - 88 18.2(12.8-23.6) 1 239 17.7 (14.9-20.4) 1 -
Comparison: Low risk vs Intermedi- 0.40 (0.21-0.75) 0.004 0.24 (0.10-0.56) 0.001 0.34 (0.21-0.56) <0.001
ate risk
Ewing sarcoma Event free survival
prognostic o o
score” Derivation cohort (n=437) Validation cohort (n=224) Whole cohort (n=661)
Prog- P P P
nostic Cat- Num- Median P value  Num- Median P value Num- Median P value
HR (95% CI HR (95% CI HR (95% CI
Score egory ber (months) (95% Cl) value (over- ber (months) (95% Cl) value (over- ber (months) (95% Cl) value (over-
value all) all) all)
0 Low Risk 49 NR 0.21 (0.12-0.37) <0.001 <0.001 26 NR 0.19 (0.09-0.41) <0.001 <0.001 75 NR 0.20(0.13-0.32) <0.001 <0.001
1-3 Inter- 237 27.7 (18.6-41.7) 0.48 (0.37-0.64) <0.001 110 28.1(14.1-42.0) 0.58 (0.38-0.81) 0.002 347 27.7(18.2-37.1) 0.51(0.41-0.63) <0.001
mediate
Risk
4,5 High Risk 151 15.4(12.8-18.0) 1 - 88 18.1(13.5-22.7) 1 239 16.3(14.3-18.3) 1 -
Comparison: Low risk vs Intermedi-  0.43 (0.24-0.76) 0.004 0.34 (0.16-0.72) 0.005 0.41 (0.26-0.64) <0.001

ate risk

"Prognostic score was calculated only for those patients where all three prognostic factors (tumor diameter, total leucocyte count, presence of metastases at baseline) were available. NR: Not reached, HR: Hazard Ratio, Cl: Confidence interval.

Table 5. Three- and 5-year survival outcome in derivation, validation and whole cohorts

Derivation cohort (n=573)

Validation cohort (n=287)

Whole cohort (n=860)

Ewing sarcoma risk score category

3-year survival

5-year survival

3-year survival

5-year survival

3-year survival

5-year survival

Overall 4442%
Low risk (0) 73+7%
Intermediate risk (1-3) 53+4%
High risk (4, 5) 21+4%

38+2% 48+3% 34+4%
73+7% 81+8% 81+8%
47+4% 50+5% 29+5%
14+4% 27+6% 18+6%

45+2%
76+5%
52+3%
23+3%

37+2%
76+£5%
39+3%
15+£3%
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Figure 5. Predictive capability of the prognostic model on EFS in the derivation, validation and whole cohorts. A:
Kaplan Meier curve showing statistically significant differences in median EFS between the low, intermediate and
high-risk groups in the derivation cohort. Low risk vs. high risk: HR 0.21 (0.12-0.37; P<0.001); Intermediate risk vs.
high risk: HR 0.48 (0.37-0.64; P<0.001); Low risk vs. intermediate risk: HR 0.43 (0.24-0.76; P=0.004); Overall P
value: <0.001. B: Kaplan Meier curve showing statistically significant differences in median EFS between the low,
intermediate and high-risk groups in the validation cohort. Low risk vs. high risk: HR 0.19 (0.09-0.41; P<0.001);
Intermediate risk vs. high risk: HR 0.58 (0.38-0.81; P=0.002); Low risk vs. intermediate risk: HR 0.34 (0.16-0.72;
P=0.005); Overall P value: <0.001. C: Kaplan Meier curve showing statistically significant differences in median EFS
between the low, intermediate and high-risk groups in the whole cohort. Low risk vs. high risk: HR 0.20 (0.13-0.32;
P<0.001); Intermediate risk vs. high risk: HR 0.51 (0.41-0.63; P<0.001); Low risk vs. intermediate risk: HR 0.41
(0.26-0.64; P<0.001); Overall P value: <0.001. HR, Hazard ratio; Cl, Confidence interval; AUC, Area under the curve;

ROC, Receiver operating characteristic curve; OS, overall survival; EFS, event free survival.

proportion of patients presenting with meta-
static disease (40.3%) as compared to large
Western cohorts which describe 20-30% of
patients harbouring metastatic disease at ini-
tial presentation [24, 28, 29].

We identified tumor size and metastases at
presentation to be independent predictors of
0OS. Metastases at baseline is widely accepted
as a powerful prognostic factor in ESFT with
5-year EFS of 15 to 20% in patients with metas-
tases as compared to 55 to 70% for patients
with localized disease [21, 24, 27, 30, 31]. A
similar finding was observed in our study as
well. Tumor diameter is a known marker of dis-
ease burden and also has implications on
selection of mode of local therapy and on the
effective penetration of systemic therapy. It has
also been identified as a risk factor for meta-
static disease and survival in several retrospec-
tive cohorts and is an integral component of
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prior prognostic models of ESFT [5, 6, 7-10, 26,
28, 32-34]. This was replicated in our cohort
with median OS of 26.1 months in those with
tumor diameter of above 5 cm while the surviv-
al estimate was not reached in those with
tumor diameter less than 5 cm.

We also identified that an elevated total leuco-
cyte count is an independent predictor of sur-
vival in our cohort. Total leucocyte count higher
than 11000/mm? was shown to be an indepen-
dent predictor of inferior EFS in head and neck,
extra-osseus as well as extremity ESFT previ-
ously from our center [20, 31, 35, 36].
Leucocytes in cancer patients have been found
to be enriched in tissue factor and vascular
endothelial growth factor, which may facilitate
tumor growth and disease progression upon
release. Leucocytosis has been seen to be pre-
dictive of inferior survival outcomes in many
solid tumors such as esophageal, anal and lung
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cancer [37-39]. It is an integral component
of the International Metastatic Renal Cell
Carcinoma Database Consortium (IMDC) prog-
nostic model for renal cell carcinoma [40].
Thus, leucocytosis may represent a pro-tumor
systemic inflammatory state reflective of hig-
her tumor burden [41]. A recent meta-analysis
identified an elevated neutrophil-lymphocyte
ratio as a promising biomarker for poor sur-
vival in patients with ESFT [42]. Hypoalbumine-
mia has been previously seen to be associated
with poor outcomes in metastatic ESFT and in
other metastatic sarcomas [13, 43]. Although,
hypoalbuminemia was significantly predictive
of poor outcome in univariable analysis, it did
not emerge as an independent predictor of sur-
vival in the final multivariable model.

Our prognostic model identified three risk
groups among patients with ESFT and showed
good discriminative ability. There are only six
prior validated prognostic models of ESFT of
which five are derived from the Surveillance,
Epidemiology and End Results Program data-
base, a population-based data model [5-10].
Tumor size and the presence of metastases
have consistently been incorporated in all of
the above models. A majority of the above
models incorporated treatment-related risk
factors into their model including the use of
surgery as part of local treatment (yes/no) and
the addition of chemotherapy (yes/no) [7-10]. In
real world practice, there is significant hetero-
geneity across institutes in surgical expertise,
preferred modes of local therapy and type of
chemotherapy regimen used. Furthermore,
there is an inherent bias of patient selection for
specific treatment modalities based on disease
characteristics which makes treatment-related
factors not a truly independent prognostic vari-
able. In our study, we wished to primarily con-
struct a prognostic tool to allow for baseline
risk estimation by clinicians. None of the prior
prognostic models have explored the impact of
systemic symptoms or blood inflammatory
markers on prognosis in ESFT. The evidence for
their potential prognostic value has been gar-
nered from smaller studies that have not
attempted to formulate a validated model [12,
13, 21, 31, 35, 36, 44, 45]. The above param-
eters are easily available to the clinicians at the
time of diagnosis and may facilitate simpler tri-
aging and risk stratification.
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At present, patients with metastatic ESFT are
managed with VAC (vincristine/doxorubicin/
cyclophosphamide)-only regimens without ifos-
famide/etoposide and administered in a non-
dose dense manner. Dose dense chemothera-
py and the addition of ifosfamide/etoposide
have been found to improve survival outcomes
in localized ESFT [16, 46]. We anticipate that
the prognostic score formulated in this study
could be used to identify a subset of low-risk
patients with metastatic disease who may
benefit from dose-dense regimens that incor-
porate ifosfamide/etoposide with curative
intent. Similarly, high risk patients identified
using the score with poor performance status
could potentially be managed upfront with pal-
liative intent treatment such as oral metronom-
ic therapy rather than intensive chemotherapy
as the expected chemotoxicity may be more
than the expected survival benefit [47-49].

Our study represents the largest retrospective
institutional analysis of ESFT from Asia till date
with median follow-up of more than 5 years. It
provides the only validated prognostic model
that has been formulated from a single institu-
tional cohort and treated with a uniform che-
motherapy protocol. The cohort was random-
ized, thus allowing for a homogenous distribu-
tion of baseline characteristics. Our study has a
few limitations. While our model was validated
in a separate validation cohort, external valida-
tion of the prognostic model in an independent
cohort of patients would have been optimal.
Future studies that prospectively validate the
model in independent cohorts from diverse
clinical settings are warranted. Additionally, the
role of a wider panel of candidate blood in-
vestigations including lactate dehydrogenase,
ferritin and the neutrophil-lymphocyte ratio
should be explored for their prognostic impact.
Novel tools such as genetic sequencing and
detection of minimal residual disease in blood
and bone marrow after treatment potentially
hold prognostic value and should be looked
into in future studies [3].

In conclusion, our study is a large cohort study
that attempts to identify and incorporate rou-
tine baseline clinical data and laboratory inves-
tigations into a user-friendly model for risk
stratification in ESFT. The identification of clini-
cally relevant prognostic markers will facilitate
risk adapted therapy and allow for a more per-
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sonalized approach to treatment in this curable
condition.
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