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Introduction. Ewing sarcoma (ES) is a rare and aggressive malignant neo-
plasm that mostly affects children and adolescents. Recent studies report-
ed a gap of 20% in childhood cancer survival rates between the Northern/
Western and the Eastern European countries. We aimed to analyse the sur-
vival of patients treated for ES at our institution, to evaluate its correspond-
ence to current survival rates in the expert centres, and to assess changes in
treatment outcomes over time.

Materials and methods. A retrospective single-centre study was per-
formed. Children under 18 years of age, diagnosed and treated for Ewing
sarcoma/PNET at our institution from 2000 to 2014 were included. To assess
the hypothesized improvement of treatment outcomes over time, a compar-
ative analysis of two time periods — 2000-2007 and 2008-2014 - was car-
ried out. Five-year overall survival (ossy) and disease-free survival (DFssy)
were chosen as primary study end-points. Clinical and laboratory data were
retrieved from patient records.

Results. In total, 40 patients were included in the study: 24 (60%) males
and 16 (40%) females. Twenty-eight children (70%) presented with local and
12 (30%) with primary metastatic disease. Over the analysed time frame,
improvement in treatment outcomes was observed: DFS, improved from
46% in 2000-2007 to 61% in 2008-2014 (p = 0.27), whereas OS, changed
minimally from 62% in 2000-2007 to 65% in 2008-2014. Increase in DFS,
was more prominent for localized disease —from 50% in 2000-2007 to 74%
in 2008-2014 (p = 0.14). Prognosis of initial metastatic disease remained
poor with DF S,,:25% in 2000-2007 and 38% in 2008-2014. Patients’ median
follow-up was 12.3 years (the range from 8.1 to 15.6) and 3.9 years (the range
from 1.1 to 8.0) in the first and second study groups, respectively.

Conclusions. OS, of the entire patient cohort did not change consider-
ably over time and remained slightly inferior compared to the best report-
ed survival rates. There was an evident trend for improvement of DFS, in
localized disease. Survival of children with primary metastases remained
poor despite slight increase in DFS, . Implementation of international clin-
ical trials, consolidation of multidisciplinary approach, patients’ concent-
ration and widening of research activities could be beneficial for the treat-
ment of children in the future.
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INTRODUCTION

Ewing sarcoma (ES) is the second most frequent
bone tumour in children and young adults. Ini-
tially described by James Ewing in 1921 as bone
malignancy (1), nowadays it comprises several
entities of malignant soft tissue tumours that are
genetically and biologically almost identical to ES.
Since 2013, Ewing Sarcoma Family of Tumours
(ESFT) encompasses skeletal ES, extraosseous ES,
Askin’s and peripheral neuroectodermal tumour
(PNET) (2).

ES can manifest as local or disseminated dis-
ease with distant metastases at the time of diag-
nosis. Treatment of ES is complex and includes
chemotherapy, surgery, radiotherapy, and high-
dose chemotherapy with autologous haemato-
poietic stem cell transplantation (autoHSCT).
Basically, the same cytotoxic agents (vincristine,
ifosfamide, doxorubicin, etoposide with or with-
out cyclophosphamide), varying in treatment
intensity, are used for remission induction in Eu-
rope and North America (3). Until the 1980s, only
radiation was used for local ES control, yet surgi-
cal management came into favour for local con-
trol after a number of studies reported improved
outcomes (4).

Current overall survival for ES is approximate-
ly 70-74% (5). However, overall prognosis varies
significantly in different patient subgroups. For
instance, young adults aged 15 to 19 years have
a survival rate of about 56% (6). In the case of in-
itial metastatic disease, the survival rate is even
worse and does not exceed 30%, except for isolat-
ed pulmonary metastasis that has a better clinical
outcome of three-year event-free survival of up to
52% (3). Several randomized controlled trials re-
ported some prognostic factors for ES. Presence of
metastases at the time of diagnosis is the strongest
predictive factor for an unfavourable outcome (7),
however, in localized ES the initial tumour size
or volume is recognized as the most valuable for
prognosis (8). For localized tumours resected after
induction chemotherapy, histologic response is an
even stronger independent prognostic factor than
the initial tumour size (8). Other important prog-
nostic factors such as patient’s age, tumour loca-
tion, tumour volume, metastases at presentation,
serum lactate dehydrogenase level, and EWS-FLI1
fusion type have also been described (9, 10).

Despite dramatic improvement in childhood
cancer survival, treatment outcomes in Eastern
European countries are still inferior to those in
Northern and Western Europe. Recent publications
reported a considerable gap in survival rates — up
to 20% - between the Northern/Western and East-
ern European countries (11-13). However, EU-
ROCARE-5 population-based study revealed that
since 2000, the most significant improvement in
treatment outcomes has been achieved in Eastern
Europe (11). As an example of a small Eastern Eu-
ropean country, Lithuania has put considerable ef-
forts to improve childhood cancer survival rates. In-
itiation of a clinical trial NOPHO ALL-2008 has led
to a significant improvement of event-free survival
in patients treated for acute lymphoblastic leukae-
mia (14). In addition, patients’ concentration, gain
of experience and adequate diagnostic and treat-
ment facilities have dramatically improved survival
of patients with acute myeloid leukaemia (15).

Evaluation of treatment outcomes of children
treated for ES in Lithuania has not been per-
formed yet. Therefore we aimed to assess the sur-
vival of children diagnosed with and treated for
ES at the Centre for Paediatric Oncology and Hae-
matology (Children’s Hospital, Affiliate of Vilnius
University Hospital Santaros Klinikos), one of two
paediatric oncology centres in the country.

MATERIALS AND METHODS

Study population and design

We performed a retrospective single-centre anal-
ysis of treatment outcomes in children below
18 years of age diagnosed and treated for ES at our
institution from 2000 to 2014. The analysed pa-
tient cohort was retrieved from the institutional
database and cross-checked with the Lithuanian
Cancer Registry. The survival status and clinical
data were evaluated in March 2016. The study was
approved by the institutional ethics board.

The diagnosis of ESFT was based on standard
histopathological criteria until 2008 and included
molecular diagnostics after 2008. To assess the hy-
pothesized improvement of outcomes, the entire
cohort was split into two time periods — 2000-
2007 and 2008-2014. All children up to 18 years
of age at the time of diagnosis were included.

Primary study endpoints were five-year overall
and disease-free survival (OSSy and DFS5y). Patient
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data, tumour characteristics, treatment used, and
events were retrieved from patients’ records. An
event was defined as a relapse, disease progres-
sion, death, or secondary cancer whatever first
occurred.

Statistical analysis

For the two periods, OS, and DFS_ were plotted
using the Kaplan-Meier methodology. Calculating
the probability of OS, , the event was defined as
death of any cause at any time. For the probabili-
ty of DFS,, patients were censored at the time of
the first relapse or tumour progression. Statistical
analysis was performed using IBM SPSS Statistics
23.0 software. p values of <0.05 (two-sided) were
considered as indicating statistical significance.

RESULTS

A total of 40 children were diagnosed and treat-
ed for ES from 2000 to 2014. Twenty-four (60%)
children were treated during the first study period
(2000-2007) and 16 (40%) during the second pe-
riod (2008-2014). Median annual number of new
cases was 3 (ranged from 0 to 5 cases per year)

(Fig. 1).

Patients’ characteristics

Patients’ baseline characteristics are summa-
rized in Table 1. The median age was similar in
both study groups (10.9 *+ 4.5 in 2000-2007 vs.
11.6 £ 4.9 in 2008-2014) at the time of diagnosis,
three infants were affected only in the first study
period. There was a male predominance during
the second period (68.7% vs. 50%). Extremities
were the most common primary tumour site, with
much less frequent occurrence in pelvic bones
or internal organs and soft tissues. Diagnostics
for chromosomal mutations were performed in
56.3% of patients only in the second study period.
Primary tumours were more frequently localized.
Over the study period, most of the patients were
treated according to EuroEwing99, although in
some cases in the first study period other treat-
ment regimens were chosen on individual basis.
Remission was achieved in 41.6% of patients in
2000-2007 and in 62.5% of patients in 2008-2014.
Mortality (there were no cases of treatment-relat-
ed mortality) was lower in the second study peri-
od, with 75.0% currently alive patients compared
to 58.0% from the first study period. More than
half of the patients received high-dose chemother-
apy followed by autoHSCT in both study periods,

N

N
l

Number of patients
w

O 7 T T

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Fig. 1. Annual number of new cases (n = 40)
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Table 1. Patients’ characteristics by to study periods (n = 40)

2000-2007 2008-2014
(n=24) (n=16)
Frequency (%) 60 40
Age at diagnosis, years (mean + SD) 10.9 £4.5 11.6 £4.9
Infants (n (%)) 3 (12.5) 0 (0)
Sex (n (%))
Girls 12 (50) 5(31.3)
Boys 12 (50) 11 (68.7)
Duration of symptoms, months (mean + SD) 3.0+2.7 3.7+43
Serum LDH concentration (mean + SD) 713.7 £710.6 383.1 +317.7
Primary tumour site (n (%))
Pelvis 0(0) 1(6.3)
Axial skeleton 7 (29.2) 4 (25)
Extremities 15 (62.5) 9 (56.2)
Internal organs and soft tissues 2(8.3) 2 (12.5)
Cytogenetics (1 (%))
EWSR1/FLI1 n.a 9 (56.3)
Dissemination at the time of diagnosis (1 (%))
Metastatic disease 8 (33.3) 4 (25)
Local disease 16 (66.7) 12 (75)
Treatment protocol (n (%))
EuroEwing99 18 (75) 16 (100)
VAC 1(4) 0
ET-2 1(4) 0
IESS I 1(4) 0
IESSII 1(4) 0
NB90 1) 0
Refused treatment 1(4) 0
HSCT (n (%))
Performed 14 (58.3) 9 (56.3)
Not performed 10 (41.7) 7 (43.7)
Continuous complete remission (# (%))
Alive in remission 14 (58.3) 12 (75)
Dead 10 (41.7) 4(25)
Follow-up (years from diagnosis)
Median [min-max] 12.3 (8.1-15.6) 3.9 (1.1-8.0)

n.a. — not assessed

however the rate of remission after the HSCT was
higher in 2008-2014 (73% vs. 31%).

Treatment outcomes
Improvement in treatment outcomes of ES was
achieved over the study period (Fig. 2): DFSSy im-

proved from 46% in 2000-2007 to 61% in 2008-2014
(p = 027, Fig. 2A) whereas OS, did not change
markedly: 62% in 2000-2007 and 65% in 2008-2014
(p = 0.60, Fig. 2B). Improvement in DFS, was more
prominent for localized disease: it improved from
50% in 2000-2007 to 74% in 2008-2014 (p = 0.14,
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Fig. 2. Disease-free survival (all patients, n = 40) (A), overall survival (all patients, n = 40) (B), DFS (localised dis-

ease, n = 28) (C), DFS (metastatic disease, n = 12) (D)

Fig. 2C). Prognosis of initial metastatic disease re-
mained poor with DFS, ~of 25% in 2000-2007 and

38% in 2008-2014 (p = O 72, Fig. 2D). Over the an-
alysed period, no patient died due to treatment-re-
lated toxicity. One child developed a secondary
carcinoma of oesophagus 12 years after the initial
diagnosis that was attributed to the radiotherapy in
the sternal region. Median follow-up was 12.3 years
(range from 8.1 to 15.6 years) and 3.9 years (range
from 1.1 to 8.0 years) in the first and second study
groups, respectively.

High-dose chemotherapy and autologous HSCT
Twenty-three (57.5%) out of 40 enrolled patients
received high-dose chemotherapy with autologous
stem cell rescue. Characteristics of the stem cell re-
cipients are summarized in Table 2. The median age
at the time of transplant differed notably in the earli-

er and later study periods (4.4 vs. 10.6 years, respec-
tively). In the second study period, higher propor-
tions of patients received high-dose chemotherapy
due to a poor response to chemotherapy in primary
local disease as compared to the first period (55.6%
vs. 35.7%). In the first study period, four patients
were in complete remission and three had stable dis-
ease prior to high-dose chemotherapy, compared to
five out of nine in complete remission and one out
of nine with stable disease in the second study pe-
riod. The preparative regimen was based on busul-
fan/melphalan in all cases in 2000-2007 and in five
cases in 2008-2014. The remaining four children in
the second study period received the combination of
treosulfan and melphalan.

The main adverse event that compromised
the outcomes following high-dose chemother-
apy and autologous HSCT was a relapse — median
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Table 2. Characteristics of transplanted patients (n = 23)

2000-2007 2008-2014
(n=14) (n=9)
Frequency (%) 61 39
Years at HSCT (median + SD) 44+19 10.6 + 2.6
Indications for high-dose chemotherapy (n (%))
Poor response to chemotherapy in primary local disease 5(35.7) 5(55.6)
Primary metastatic disease 6 (42.9) 3(33.3)
Relapse 3(21.4) 1(11.1)
Remission before HSCT (1 (%))
Complete remission 4(28.6) 5 (55.5)
Stable disease/partial remission 10 (77.4) 4 (44.5)
Preparative regimen (n (%))
Busulfan/Melphalan 14 (100) 5 (55)
Treosulfan/Melphalan 0 (0) 4 (45)
Outcome after HSCT (n (%))
Remission 3(21.4) 4 (44.5)
Progression 5(35.7) 3 (33.3)
Relapse 6 (42.9) 2(222)
Continuous complete remission (# (%))
Alive in remission 7 (50) 7 (77.8)
Dead 7 (50) 2(22.2)

time to relapse was 5 months (range 2-22 months,
the 25th and the 75th percentile were 3.4 and
5.4 months, respectively). There was no death due
to transplant regimen-associated toxicity. This
translated into identical post-transplant DFS, and
OS, (61% and 62%, respectively, Fig. 3).

As for the entire cohort, in transplant recipients,
major improvement in DFS, and OS_ were notable
for localized disease (improved from 40% to 77%,
p = 0.097 and from 71% to 83%, p = 0.23, respec-
tively, Fig. 4A and B) and less prominent if initial
metastases were present (improved from 33% to
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Fig. 3. Disease-free survival (A) and overall survival (B) following autologous haematopoietic stem cell transplan-

tation (all patients, n = 23)
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43%, p = 0.10 and from 57% to 68%, p = 0.7, re-
spectively, Fig. 4C and D).

DISCUSSION

We performed a retrospective analysis of a diag-
nostic and treatment approach with the aim to
assess survival of Lithuanian children with ES by
evaluating treatment outcomes during two peri-
ods. Our data demonstrated an improved DFS,
from 46% in 2000-2007 to 61% in 2008-2014.
None of the 40 included children died from treat-
ment-associated toxicity, which reflects sufficient
experience of medical staff despite the small num-
ber of patients. Our previous research on acute
myeloid leukaemia, one of the most challeng-
ing paediatric malignancy with regard to treat-
ment-related toxicity, also demonstrated sufficient

knowledge and experience accumulated at our in-
stitution for successful management of highly ag-
gressive paediatric tumours (15).

The most prominent improvement in DFS,
(50% to 74%) was observed in localized disease.
One of the reasons that could have contributed
to better survival in local disease was the quality
of local control, namely, the extent of surgical re-
moval. Unfortunately, the retrospective nature
of our study did not allow us to retrieve reliable
data regarding surgery of the patients treated dur-
ing the first study period. Therefore we can only
speculate on the improved quality of the surgi-
cal approach. Available publications also support
this consideration: local therapy remains one of
the main milestones in the management of paedi-
atric bone tumours in general (16), while radical
surgery was demonstrated to have a major impact
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on improved survival in patients with chest wall
ES in particular (17).

Another important issue that could have had
a beneficial impact on the treatment outcomes in
local tumours was a stricter pathological review
that resulted in a more precise selection of patients
with poor response to induction who benefited from
treatment intensification with high-dose chemo-
therapy and autologous HSCT. This could explain
a higher proportion of this indication to autoHSCT
among children treated during the later study period
as compared to the earlier one. On the other hand,
improved pathological review could have resulted in
proper administration of radiotherapy that several
patients could have erroneously omitted in the ear-
lier period leading to the subsequent relapse and
death. The aforementioned more aggressive local
approach translated into 74% DFS_ in local disease,
which is in range with the survival rates of 65-75%
reported by other groups (3, 17, 18).

In contrast to our expectations, OS, in both
study periods remained almost identical (62% and
65%). This could reflect a beneficial effect of high-
dose chemotherapy and autoHSCT in the case of
relapse or disease progression in patients under-
treated during primary therapy in 2000-2007.
As for primary metastatic disease, the DFS, in-
creased over time insignificantly, from 25% to
38%. Poor survival in patients with initially dis-
seminated disease is in consistence with the data
of other research groups that reported overall sur-
vival in the range of 30%-50% (3). Management
of primary disseminated disease remains the main
challenge in ES demonstrating that current treat-
ment approaches are not sufficient to control dis-
seminated malignancy.

Since the 1970s, improvement in ES treatment
closely depended on national and international
clinical trials conducted by cooperative groups.
A collaborative approach and data accumulation
allowed the development of chemotherapy guide-
lines and the definition of a risk group, thus ap-
plication of most appropriate patient care that is
crucial to ensure successful treatment and quality
of survival (10, 19). In 2017, the international
EWING2008 clinical trial was launched at out in-
stitution and we expect to improve the survival of
children with ES in the long run.

The improvement demonstrated in our study
became possible due to closer collaboration be-

tween paediatric oncologists, surgeons, radiol-
ogists, pathologists, radiotherapists that, along
with advances in diagnostic imaging, surgery and
radiotherapy facilities, contributed to the more
appropriate control of local disease. Since regu-
lar multidisciplinary tumour board meetings of
different specialists have been introduced in ac-
cordance with the recommendations of good clin-
ical practice, common discussion proved to play
an important role in increasing survival rates of
childhood cancer by enabling more precise diag-
noses, disease staging, and common treatment de-
cisions (20-23).

Our study had several limitations. First, being
retrospective it was limited to the data quality
available in the retrieved patients’ records. Sec-
ond, this was not a population-based study as we
analysed treatment rates of children treated only
in one of the two paediatric oncology centres in
the country. However, we estimated that the ana-
lysed cohort represented more than a half of chil-
dren affected by ES in Lithuania over the study pe-
riod as in the 2000-2007 period children with most
solid tumours other that central nervous system
malignancies were concentrated at our institution.
During the 2008-2014 period, paediatric solid tu-
mours became increasingly divided between two
paediatric oncology centres. The beneficial effect
of patient concentration in a small country was
demonstrated in our studies with childhood acute
lymphoblastic and myeloid leukaemia enabling to
achieve survival rates comparable to the numbers
reported by research-intensive institutions (14,
15). Third, the small number of children corre-
sponding to the decreasing population (the num-
ber of inhabitants in Lithuania in 2000-2014 de-
creased from 3.51 to 2.94 million, (24)) did not
allow us to reach any statistically significant con-
clusions. Despite these limitations, this is the first
attempt in the analysis of treatment outcomes in
children treated for ES in our country.

In summary, our study demonstrated that
the outcomes of patients with ES treated at our
institution are comparable, although slightly infe-
rior to the currently reported survival rates. Par-
ticipation in international clinical trials, regular
multidisciplinary tumour board meetings, and
widening of research on paediatric solid tumours
are necessary to improve treatment quality for pa-
tients with ES. Concentration of patients with such
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rare diseases as ES and implementation of shared
care principles defined by the European Standards
of Care for Children with Cancer (25) could maxi-
mize the survival rate.
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JUINGO SARKOMOS GYDYMO REZULTATAI
LIETUVOJE: VIENO GYDYMO CENTRO
PATIRTIS

Santrauka

Ivadas. Juingo sarkoma (JS) yra retas piktybinis navikas,
dazniausiai pasireiskiantis paauglystéje ir jauniems su-
augusiems. Tarptautiniy tyrimy duomenimis, onkologi-
némis ligomis serganciy vaiky igyvenamumas Siaurés,
Vakary ir Ryty Europoje skiriasi beveik 20 %. Sio tyrimo
tikslas buvo jvertinti vaiky, gydyty dél Juingo sarkomos
masy ligoninéje, iSgyvenamuma ir palyginti ji su kity
centry rodikliais, i$analizuoti gydymo rezultaty kitima
per tiriamajj laikotarpj.

Tikslai ir metodai. Atlikta retrospektyviné vieno
i$ dviejy Lietuvos vaiky onkologijos centry duomeny
analizé. Tyrime dalyvavo vaikai iki 18 mety, kuriems
2000-2014 m. diagnozuota ir gydyta Juingo sarkoma ar
primityvus neuroektoderminis navikas. Siekiant jver-

tinti gydymo iSei¢iy kitimg, pacientai buvo suskirsty-

ti i dvi grupes priklausomai nuo gydymo laikotarpio:
vaikai, kuriems Juingo sarkomos diagnozé nustatyta
2000-2007 ir 2008-2014 metais. Gydymo rezultatams
jvertinti pasirinktas penkeriy mety bendras isgyvena-
mumas (overall survival, OSsy) ir penkeriy mety isgyve-
namumas nesant ligos pozymiy (disease-free survival,
DES, ). Klinikiniai ir laboratoriniai duomenys surinkti
i$ pacienty ligos istorijy.

Rezultatai. I$analizuoti 40 pacienty duomenys —
24 (60 %) berniuky ir 16 (40 %) mergaiciy. Dvide$imt
aStuoniems vaikams (70 %) diagnozuota lokali ligos
forma, o 12 (30 %) - i$plitusi liga (su atokiomis metas-
tazémis). Per tiriamajj laikotarpj stebétas gydymo rezul-
taty geréjimas: DFS_ padidéjo nuo 46 % 2000-2007 iki
61 % 2008-2014 m. (p = 0,27), 0 OS_ pakito nedaug -
nuo 62 % 2000-2007 iki 65 % 2008-2014 metais. DFSSy
padidéjimas buvo didesnis sergant lokalia liga — page-
réjo nuo 50 % 2000-2007 iki 74 %. 2008-2014 metais
(p = 0,14). Isplitusios ligos prognozé isliko nepalanki:
DFSSy padidéjo nuo 25 % 2000-2007 iki 38 % 2008-2014
metais. Pacienty stebésenos po gydymo mediana buvo
12,3 metai (svyravo nuo 8,1 iki 15,6 mety) ir 3,9 mety
(svyravo nuo 1,1 iki 8 mety) atitinkamai pirmame ir an-
trame laikotarpiuose.

I$vados. Visos tiriamosios kohortos 0s,, pasikeité
nereik§mingai ir isliko kiek Zemesnis uz geriausius skel-
biamus iSgyvenamumo rodiklius. Fiksuotas ryskesnis
DFS, padidéjimas lokalios ligos atveju. Kaip ir kitose Sa-
lyse vaiky su pirminémis metastazémis iSgyvenamumas
isliko mazas, nepaisant pageréjusio DFS, . Tarptautiniy
klinikiniy tyrimy vykdymas, daugiadisciplininio ben-
dradarbiavimo stiprinimas ir pacienty koncentracija
galéty dar labiau pagerinti ligoniy pasveikimo rodiklius.

Raktazodziai: Juingo sarkoma, vaikai, kraujodaros

kamieniniy lasteliy transplantacija, Lietuva



