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Comorbidities rather than older age define outcome in
adult patients with tumors of the Ewing sarcoma family
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Abstract

Background: Ewing family of tumors (EFT) is rarely diagnosed in patients (pts)
over the age of 18 years (years), and data on the clinical course and the outcome
of adult EFT pts is sparse.

Methods: In this retrospective analysis, we summarize our experience with adult
EFT pts. From 2002 to 2020, we identified 71 pts of whom 58 were evaluable for
the final analysis.

Results: Median age was 31 years (18-90 years). Pts presented with skeletal
(n = 26), and extra-skeletal primary disease (n =32). Tumor size was >8 cm in
20 pts and 19 pts were metastasized at first diagnosis. Between the age groups
(<25 vs. 26-40 vs. >41 years) we observed differences of Charlson comorbidity
index (CCI), tumor origin, as well as type and number of therapy cycles. Overall,
median overall survival (OS) was 79 months (95% confidence interval, CI; 28.5-
131.4 months), and median progression-free survival (PFS) 34 months (95% CI;
21.4-45.8 months). We observed a poorer outcome (OS, PFS) in older pts. This
could be in part due to differences in treatment intensity and the CCI (<3 vs. >3;
hazard ratio, HR 0.334, 95% CI 0.15-0.72, p = 0.006). In addition, tumor stage had
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1 | INTRODUCTION

Although a rare disease, the Ewing family of tumors
(EFT) is the second most common primary malignancy
originating from bone. In addition to the histologic enti-
ties of Ewing sarcoma (ES) and primitive neuroectoder-
mal tumor, EFT also includes extra-skeletal ES, malignant
small round cell tumors of the thoracopulmonary region
(Askin tumor), and atypical ES.! Overall, EFT is a rare
cancer entity, mainly occurring in younger patients, es-
pecially in young adolescents between 10 and 15 years of
age. In Germany, the annual incidence is 2.4 per 1 million
adolescents and young adults, respectively.” In adults, EFT
are even rarer. Published data suggest a rate of only <20%
of all ES occurring over the age of 40.% Furthermore, there
is evidence that ES in patients >41 years tend to be more
aggressive as patients may be more likely to show extra-
skeletal and metastatic disease. Additionally, the survival
rate in older patients seems to be generally lower.*

At the genomic level, EFT is characterized by chromo-
somal aberrations involving the Ewing Sarcoma breakpoint
region 1 (EWSR1) gene on chromosome 22 resulting in hy-
brid proteins involved in tumorigenesis. Multiple different
gene fusions have been reported, which may influence the
course of disease and the outcome.”” In accordance, the
revised WHO classification of tumors of soft tissue and
bone 2020 defines new subgroups of molecular tumors
formerly belonging to the EFT group. For instance, CIC-
fused and BCOR-rearranged sarcomas are now considered
as a separate entity (Ewing-like sarcoma, ELS).**°

During the last decades, multimodal therapeutic ap-
proaches have improved the survival of young adolescent
patients with EFT. The overall 5-year-survival rates range
from 40 to 60% in patients with localized as well as met-
astatic disease at first presentation. In spite of no existing
international consensus concerning a standardized prog-
nostic score, there are some established risk factors such
as metastatic disease, tumor localization, LDH level, age
>15 years, tumor size >8 cm, and response to neoadjuvant
therapy.'>'? Furthermore, the body mass index (BMI) and

a significant impact on PFS (localized vs. metastasized stage: HR 0.403, 95% CI
0.18-0.87, p = 0.021).

Conclusions: Our data confirms the feasibility of intensive treatment regimens
in adult EFT pts. While in our cohort outcome was influenced by age, due to
differences in treatment intensity, CCI, and tumor stage, larger studies are war-
ranted to further explore optimized treatment protocols in adult EFT pts.

adult patients, Charlson comorbidity index, chemotherapy, Ewing's sarcoma, sarcoma

the presence of comorbidities might impact EFT patient
outcome.'>!*

In general, the multimodal therapy approach spans
a time of 8-12 months and consists of neoadjuvant che-
motherapy, local therapy (surgery and/or radiation), and
adjuvant chemotherapy. Treatment standards have only
been established for younger patients and rely on results
of international trials of which the Ewing 2008 trial has de-
fined the chemotherapeutic standard.' In this trial, in the
neoadjuvant setting patients received six cycles of vincris-
tine, ifosfamide, doxorubicin and etoposide (VIDE). After
surgery and/or local radiation, patients either received
eight cycles of adjuvant chemotherapy with vincristine,
actinomycin D, and ifosfamide (VAI) (males) or eight cy-
cles of vincristine, actinomycin D, and cyclophosphamide,
(VAC) (females). Recently, the European Ewing 2012 trial
(ISRCTN92192408) demonstrated superiority of an induc-
tion therapy of vincristine, doxorubicin, and cyclophos-
phamide alternating with ifosfamide and etoposide (VDC/
IE) improving both event free survival and overall survival
(0S)," and thus resulting in a refined treatment standard.

Until now, there is only sparse data for the optimal
treatment of adults with EFT. The therapeutic approach
is most often less intense than respective pediatric ther-
apy protocols. Even with some evidence for the benefit
of a very aggressive treatment, practice-defining studies
are still lacking, but there is some data available regard-
ing the feasibility of standard dose intense therapy in the
adult patient population.'®™® Usually, VDC/IE is given to
patients with localized disease. In the metastasized situa-
tion, vincristine, doxorubicin, actinomycin D, and cyclo-
phosphamide are commonly used. 1619

For relapsed and/or refractory disease, there are
two equally effective therapeutic options, topotecan/
cyclophosphamide or high-dose ifosfamide. The com-
binations of gemcitabine/docetaxel or irinotecan/te-
mozolomide are alternative options, but of inferior
efficacy as shown in the rEECur trial.*>*' Furthermore,
there is emerging data on targeted therapies in EFT,*
and relevant effort is put into personalizing therapeutic
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strategies based on underlying molecular aberrations
identified via sequencing individual tumors in scientific
programs. One example hereof is the molecularly aided
stratification for tumor eradication (MASTER) Program
led by the National Center for Tumor Diseases (NCT)
in Heidelberg within the German Cancer Consortium
(DKTK).? It comprises a central rapid-turnaround mo-
lecular profiling and streamlined data acquisition and
analysis of rare cancers, including EFT.

In summary, there is a high unmet medical need to fur-
ther optimize the treatment of EFT in adult patients, but
this can only be done based on an improved understand-
ing of the treatment outcome with current treatment
strategies. In accordance, we present here our specialized
center experience in adult patients with this rare entity.

2 | MATERIAL AND METHODS

2.1 | Patients

In total, 68 EFT and three ELS patients >18 years
who were newly diagnosed and/or treated at Charité-
Universitdtsmedizin Berlin between 2002 and 2020 were
identified, of whom 58 were eligible for this analysis.
Data were retrospectively extracted from archived patient
records.

2.2 | Treatment

Patients with an adequate performance status (ECOG 0-2)
were treated within or on the basis of the Euro EWING
99 and 2008 trials."" Dose adjustments were done on an
individual basis, but in-line with standardized protocols.
Patients gave written consent according to institutional
and national guidelines. Local treatment consisted of sur-
gery and/or radiotherapy and was individually planned
for each patient.

2.3 | Statistical analysis

OS and progression-free survival (PFS) were calculated
from the date of diagnosis to death or to first event of
progression, respectively. For PFS, an event was defined
as distant relapse, local relapse, or death, whichever
came first. OS and PFS curves were calculated using the
Kaplan-Meier method and compared using the log-rank
test and Cox regression with hazard ratios (HR) and 95%
confidence intervals (95% CI) as indicated. Chi-square
tests were used to examine associations between categori-
cal variables. A p < 0.05 was considered significant. Data

Open Access.

.. 3215
Cancer Medicine “WI LEYJ—

analysis was performed using the IBM SPSS Statistics (ver-
sion 25) software.

3 | RESULTS

3.1 | Patient characteristics

Thirty-three (57%) female and 25 (43%) male patients
were included. Median age of the overall cohort at diagno-
sis was 31 years (range 18-90 years) with 17 (29%) patients
being >41 years. Median Charlson comorbidity index
(CCDH* was 2 (range 2-7), whereas the median BMI was
24.7 (range 16.1-43.4). Median follow-up was 23 months
(range 1-219 months) from diagnosis. Baseline patient
characteristics are provided in Table 1.

3.2 | Tumor localization and size

In our patient cohort, n = 26 patients (45%) had a skeletal
and n = 32 (55%) had an extra-skeletal primary tumor, re-
spectively (see Table 2). At the time of diagnosis n = 19
(33%) had metastatic and n = 39 (67%) localized disease.
In male patients, appendicular skeleton localization was
most common (40%), followed by non-pelvic (28%), pelvic
(24%), and axial (8%) tumor sites. In contrast, non-pelvic
(33%) and axial (30%) localization was most frequent in fe-
male patients, followed by appendicular (27%) and pelvic
(10%) tumors. An extra-skeletal primary tumor was less
common in male than in female patients (40% vs. 67%),
whereas a skeletal origin was more frequent in males than
females (60% vs. 33%).

TABLE 1 Baseline patient characteristics

<25 241

Characteristic All years 26-40 years years p value

Age, n (%) 58 21(36) 20(34) 17 (29)

Sex, n (%) 0.168
Male 25(43) 8(38) 12(60) 5(29)
Female 33(57) 13(62) 8(40) 12 (71)

CCI at diagnosis, 0.003
n (%)

34(59) 15(71) 15(75) 4(24)
>3 24(41) 6(29) 5(25) 13 (76)

BMI, n (%) 0.280
<25 37(64) 15(71) 10(50) 12 (71)
>25 21(36) 6(39) 10(50) 5(29)

Note: Shown are the baseline patient characteristics of all patients as well as
of the three different age groups (<25 years vs. 26-40 years vs. >41 years).
Abbreviations: BMI, body mass index; CCI, Charlson comorbidity index.
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Characteristic All

Primary tumor site, n (%)
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<25years 26-40 years

Pelvic 9(15) 5(24) 3(15)

Non-pelvic 18 (31) 2(10) 9 (45)

Axial 12(21)  4(19) 3(15)

Appendicular 19(33) 10 (47) 5(25)
Tissue origin, n (%)

Skeletal 26 (45) 15(71) 10 (55)

Extra-skeletal 32(55) 6(29) 8 (45)
Stage, n (%)

Localized 39(67) 15(71) 13(65)

Distant metastases 19 (33) 6(29) 5(35)
Size, n (%)

<8 cm 15(43)  7(54) 4(29)

>8 cm 20(57)  6(46) 10 (71)
Translocation, n (%)

EWSR1 translocation, 21(55) 11(86) 4(27)

not further described
(EWSR1-unknown)

EWSR1-FLI1 1232) 17 8(53)

EWSR1-ERG 2(5) 1(7) 1(7)

CIC-DUX4 3(8) 0(0) 2(13)

>41 years p value

TABLE 2 Baseline tumor

characteristics
0.882

1(6)

7(41)

5(29)

4(24)
<0.001

2(12)

15(88)
0.106

11 (65)

6(35)
0.376

4 (50)

4 (50)
0.025

6 (60)

3(30)
0(0)
1(10)

Note: Shown are the baseline tumor characteristics of all patients as well as of the three different age

groups (<25 years vs. 26-40 years vs. >41 years).

Abbreviations: CIC-DUX4, Capicua-double homeobox 4; ERG, transcriptional regulator ERG; EWSR1,
Ewing sarcoma breakpoint region 1; EWSR1-FLI1, EWSR1/FLI1 fusion protein type 1.

In patients >41 years, a non-pelvic tumor localization
was most commonly seen (41%), followed by an axial
(29%), an appendicular (24%), and a pelvic primary (6%).
There was a significant association of an extra-skeletal
primary tumor with age >41 years (88%; p < 0.001). In pa-
tients aged 26-40 years, the most common primary tumor
site was also non-pelvic (45%), followed by an appendic-
ular localization (25%). The remaining patients (30%)
distributed equally to a pelvic and an axial localization,
respectively. Half of the patients (55%) showed a skeletal
origin, whereas the other half (45%) had an extra-skeletal
primary. In younger patients (<25 years), an appendicu-
lar localization was most commonly seen (47%), followed
by a pelvic (24%), an axial (19%), and a non-pelvic (10%)
primary. A skeletal primary was more common than an
extra-skeletal origin (71% vs. 29%).

Exact tumor size was documented in n = 35 cases
(60%). Among these, n = 20 (57%) were measured >8 cm
and n = 15 (43%) <8 cm. Relating to tumor size, no signif-
icant differences between the three age groups were ob-
served. Patients >41 years distributed equally to a tumor
size >8 and <8 cm (50%). For patients in the 26-40 years

age group, tumor size was more often >8 (71%) than
<8 cm (29%). In younger patients (<25 years), tumor size
was more often <8 cm (54%) than >8 cm (46%).

3.3 | Molecular evaluation
Data of molecular diagnostics of the ES gene were avail-
able for n = 38 patients (66%). Fluorescence in situ hy-
bridization (FISH) was used in 19 patients (51%), and
RT-PCR in n = 12 (33%), whereas a combination of
both FISH and RT-PCR was performed in six patients
(16%) (for one patient no information concerning the
performed analysis was documented). In half of the pa-
tients (n = 21, 55%), an aberration of EWSR1 with un-
known translocation partner (EWSRI1-unknown) was
detected. Identification of the translocation partner was
possible in the other half (n = 17, 45%): EWSR1-FLI1
(n = 12, 32%), CIC-DUX4 (n = 3, 8%), and EWSR1-ERG
(n=2,5%).

There were no significant differences referring to
molecular tumor characteristics between the three age
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groups. In patients >41 years, we predominantly found
EWSR1-unknown translocations (60%). Furthermore,
translocations of EWSR1-FLI1 (30%), as well as CIC-
DUX4 (10%) were detected. Half of the patients in the 26—
40 years age group showed EWSR1-FLI1 translocations
(53%), followed by EWSR1-unknown (27%), CIC-DUX4
(13%), and EWSR1-ERG (7%). In patients <25 years, there
was no CIC-DUX4 translocation detected. Most common
was EWSR1-unknown (86%), whereas the remaining pa-
tients (14%) distributed equally to tumors with transloca-
tions of EWSR1-ERG and EWSR1-FLI1 (Table 2).

Two patients were also included in the aforementioned
MASTER program of the NCT/DKTK for further molecu-
lar profiling, and one additional patient was screened for
targeted therapy options within the local Charité molec-
ular tumor board program. In one patient we identified
an alteration of the CDKN2A gene, as well as muta-
tions in SMARCA2 and ARID1A. In the other two cases
BRCAness and amplifications of MYC and CCND1 were
found, respectively.

3.4 | Comorbidities

In our cohort of patients, a significant association between
the age at diagnosis and the CCI was observed (p = 0.003).
In detail, the median CCI was four in the age group
241 years, whereas the median CCI was two in patients
<40 years. However, a higher CCI was not associated with
the frequency of chemotherapy dose modifications due to
toxicities.

The median BMI of 24.7 observed in the entire cohort
had no relevant impact on the outcome. Interestingly, in
patients with a BMI <25 a RO resection was significantly
more frequently achieved than in patients with a higher
BMI (66% vs. 27%; p = 0.031).

3.5 | First-line treatment

3.5.1 | Neoadjuvant chemotherapy

In general, patients with a tumor size >8 cm more fre-
quently received a preoperative chemotherapy than those
with smaller lesions (79% vs. 21%, p = 0.008). Altogether,
in n = 31 patients (53%) of the overall cohort a neoadju-
vant chemotherapy was performed. In patients >41 years
of age, preoperative treatment was realized in n = 5 cases
(29%), whereas n = 12 patients (71%) received no neoad-
juvant chemotherapy. Half of the patients (n = 8, 47%)
received a primary resection allowing both histologic
diagnosis and therapy, simultaneously. In the other pa-
tients, emergency surgery and/or radiation or palliative
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treatment were primarily performed. In the younger pa-
tients of 26-40 years and <25 of age, neoadjuvant therapy
was also frequently realized (n = 10, 53% and n = 16, 76%,
respectively).

Overall, the most frequently applied regimen in the
neoadjuvant setting was VIDE (n = 27, 87%), but in pa-
tients >41 years, the percentage of patients receiving
VIDE was somewhat lower (60%) compared to 90% and
94% in the age groups 26-40 and <25 years, respectively.
Alternatively, few patients received either VDC/IE or doxo-
rubicin/ifosfamide. With a median of six cycles through-
out the entire patient population, there was no statistically
significant difference in the number of applied cycles be-
tween the age groups, but patients >41 years received only
two to six cycles, whereas in patients <40 years, a maxi-
mum of nine cycles was given and the majority of patients
received six cycles (Table 3).

3.5.2 | Local treatment strategies

Altogether, n = 55 patients (95%) received local therapy of
their primary tumor. In n = 34 patients (62%) surgery as
well as radiation therapy was performed. In n = 21 (38%)
either surgery (n = 17, 31%) or radiation only (n = 4, 7%)
was implemented into the therapeutic algorithm. There
were no significant differences between the three age
groups referring to the choice of the local treatment strat-
egy (Table 3).

3.5.3 | Adjuvant therapy

Of the overall cohort, n = 41 patients (71%) received ad-
juvant chemotherapy such as VAI (n = 14, 34%), followed
by VAC (n =9, 22%), VIDE (n = 9, 22%), alternating VAC/
VAI (n = 3, 7%), and VDC/IE (n = 3, 7%) or individual

TABLE 3 Baseline therapeutic data

<25 26-40 >41 p
Characteristic All years years years value
Radiation, n (%) 0.099
Yes 41(77) 11(56) 14(70) 16(94)
No 12(23) 5(44) 6(30) 1(6)
No of cycles 0.013
first-line
chemotherapy,
n (%)
<6 10(21) 1(7) 2(11)  7(44)
>6 38(79) 13(93) 16(89) 9(56)

Note: Shown are the baseline therapeutic data of all patients as well as of the
three different age groups (<25 years vs. 26-40 years vs. >41 years).
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concepts such as VCDE, and combination of ifosfamide
and doxorubicin or etoposide.

There were significant differences between the age
cohorts concerning the choice of the adjuvant regimen
(p = 0.004). The majority of patients >41 years received
VIDE (31%), followed by alternating VAC/VAI (23%) and
VAI (15%). In the remaining patients in this age cohort (31%)
VAC, VCDE, or doxorubicin/ifosfamide was applied. In pa-
tients of 26-40 years, VAI was the most common regimen
(40%), followed by VIDE (33%), VDC/IE (13%), and ifosfa-
mide/etoposide or VAC (each 7%). In contrast, the younger
patients (<25 years), received either VAC or VAI (each 50%).

The number of adjuvant chemotherapy cycles given was
also significantly different relating to the three age groups
(p = 0.017). The majority of patients >41 and 26-40 years
received six cycles (>41 years: median 6, range 2-8 cycles;
26-40 years: median 6, range 1-9 cycles). In contrast, in the
age group <25 years the majority of patients received eight
cycles (<25 years: median 8, range 1-8).

3.6 | Consolidating therapy

Fourteen patients (24%) obtained consolidating chemo-
therapy subsequent to the first-line treatment. Of those,
n=8(57%) received VAI,n = 4(29%) VACand n = 1 (7%)
VIDE and VAC/VALI, respectively. The median number
of cycles were five (range 1-8). Moreover, seven patients
(12%) received high-dose chemotherapy with autologous
stem cell support as consolidating therapy in a curative in-
tention (241 years: n = 1; 26-40 years: n = 5; <25: n = 1).

3.7 | Treatment of recurrent disease
In our cohort, n = 26 patients (45%) showed relapse and/
or refractory disease.

3.7.1 | Systemic therapy

Data on palliative chemotherapy applied in this situation
were available for n = 21 patients (81%). The first-line
treatment at relapse most often consisted of temozolo-
mide/irinotecan (n = 8, 38%), followed by topotecan/
cyclophosphamide (n = 7, 33%), and patient-individual
concepts such as topotecan- or ifosfamide-based combina-
tions, as well as DTIC or alternating VAC/VALI. Patients
>41 years (n = 7) received temozolomide/irinotecan
(n = 4), followed by dacarbazine, cyclophosphamide/to-
potecan, and vincristine/ifosfamide (n = 1 each). Patients
aged 26-40 years (n = 11) often received cyclophos-
phamide/topotecan (n = 5), temozolomide/irinotecan

(n = 3), and topotecan- or ifosfamide-based combinations,
as well as alternating VAC/VAI (n = 1 each). In patients
<25 years (n = 3), temozolomide/irinotecan, ifosfamide,
and cyclophosphamide/topotecan was given (n = 1 each).
The median number of cycles differed among the three
age groups (>41 years: 1, range 0-2; 26-40 years: 2, range
2-10; <25 years: 8, range 1-8; see Figure 1 and Table 3).

Second-line palliative chemotherapy in relapse was ap-
plied in n = 15 patients (26%) of the overall cohort. Many
received cyclophosphamide/topotecan (>41 years: n = 2;
26-40 years: n = 3; <25 years: n = 2), whereas in patients
aged 26-40 years temozolomide/irinotecan was also com-
monly given (n = 5; Figure 1).

3.7.2 | Local treatment strategies

Altogether, n = 13 patients (22%) received radiation ther-
apy in recurrent disease only, whereas in n = 4 patients
(7%), local irradiation was also performed in the later
course of the disease in addition to the prior curatively in-
tended treatment (see Table 3).

3.8 | Treatment of special cases

In four patients the malignant disease was initially not
classified as an EFT, but as a neuroendocrine tumor, a
neuroendocrine carcinoma, or an olfactorius neuroblas-
toma, respectively. In all of those patients, the tumor was
primarily resected at an external site. In the majority of
cases, the diagnosis was revised in the event of relapse or
refractory disease by referral pathology. For instance, sys-
temic therapy consisted of streptozotocin/5-fluorouracil,
as well as folinic acid, 5-fluorouracil, and oxaliplatin
(FOLFOX regimen) combined with radiation therapy.

In addition to the standard molecular diagnostics in
EFT, three patients were screened for targeted therapy
options within the MASTER program of the NCT/DKTK,
and the local Charité molecular tumor board program, re-
spectively. An alteration of the CDKN2A gene was iden-
tified, as well as mutations in SMARCA2 and ARID1A.
Thus, CDK4/6 inhibition and BET or EZH2 inhibition was
recommended. In the other two cases BRCAness and am-
plifications of MYC and CCND1 were found, respectively.
Both patients died due to progressive disease before tar-
geted therapy could be initiated.

3.9 | Toxicity

Dose modification due to toxicity was performed in n = 36
patients (62%) of the overall study population at any time



STRIEFLER ET AL. . . 3219
Cancer Medicine “WI LEYJ—
260 years
Doxorubicin/Ifosfamide (4%)  vDc/IE (6%) Doxorubicin/Ifosfamide (7%)
VDC/IE (11%)
VAC/VAI (6%) -

First-line therapy
(any intention)

Ifosfamide/Etoposide (7%) Doxorubicin/Ifosfamide (8%)

VOC/IE (13%) VDC/IE (15%

Adjuvant/
postoperative
therapy

N eI (100%) VAC/VAI (47%) VAC/VAI (46%)

other (11%)

other (20%)

2

other (33%) other (33%)

de/Topotecan

Palliative/second-|
line therapy

ide/Topotecan

/Topotecan

‘opotecan

Temozolomide/Irinotecan’
(56%)

Temozolomide/Irinoteca

FIGURE 1 Therapeutic regimen. VAC, vincristine, actinomycin D, and cyclophosphamide; VAI, vincristine, actinomycin D, and
Ifosfamide; VDC/IE, vincristine, doxorubicin, cyclophosphamide, and etoposide/ifosfamide; VIDE, vincristine, ifosfamide, dacarbazine,
and etoposide. Shown are the applied therapeutic regimen within all patients as well as of the three different age groups (<25 years vs. 26—
40 years vs. >41 years) as first-line, adjuvant/postoperative, and palliative/second-line therapy, respectively

point. The most common reason was the occurrence of
both clinical neutropenia and polyneuropathy (n = 8,
22%), followed by neutropenia and polyneuropathy as
sole symptoms (n = 6, 17% each). The combination of
both neutropenia and mucositis led to dose reductions in
n = 4 patients (11%). The remaining dose modifications
were due to age >67 years (n = 3, 8%), mucositis (n = 2,
5%), psychotic symptoms, and/or nephrotoxicity.

During the course of first-line chemotherapy, a dose
modification was observed in 32 patients (55%). Among
the three age groups (=41 vs. 26-40 vs. <25 years), no sig-
nificant difference in the rate of dose modification was
found (76% vs. 60% vs. 33%, respectively; p = 0.028).

In the palliative therapy setting, dose modifications
were documented in n = 19 patients (33%). Referring to
the frequency of dose reduction, there were no significant
differences between the three age groups (241: 47% vs. 26—
40: 25% vs. <25 years: 19).

3.10 | Outcome

3.10.1 | Neoadjuvant therapy

Thirty-one patients (53%) received neoadjuvant treat-
ment, of whom data on outcome was available for n = 28

(90%). In n = 18 a CR was detected, whereas n = 8 pa-
tients achieved PR, and n = 2 SD. During neoadjuvant
treatment, there was no PD observed. Relating to the dif-
ferent age groups, therapeutic outcome was as follows:
241 years: n = 3 CR, n = 2 PR, n = 0 SD; 26-40 years:
n=4CR,n=4PR,n=2SD;<25years:n=11CR,n=2
PR. There were no significant age-dependent differences.

3.10.2 | Postoperative results

Histological evaluation after neoadjuvant therapy and
resection was realized in n = 21 (36%) of the overall pa-
tient population. In the majority of cases (n = 15, 71%), a
regression grade I according to Salzer-Kuntschik was ob-
served. Two patients had a regression grade II, n = 2 grade
III, n = 1 grade IV, and n = 1 grade V after completion of
neoadjuvant treatment. Referring to the efficacy of neoad-
juvant treatment, there were no significant differences be-
tween the three age groups. Data on resection status were
available for 42 patients (72%). In n = 24 (57%) of these,
RO resection was achieved. R1 resection was documented
inn=4(10%), R2inn =5 (12%), and Rx in n = 9 (21%)
cases, respectively. There were no significant differences
relating to resection status between the three age groups.
Many patients with RO resection status (n = 14, 58%)
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received local radiation therapy in addition to resection of
the primary tumor. There were no significant differences
of frequency of adjuvant irradiation referring to resection
status. As mentioned above, RO resection was more fre-
quently observed in patients with a BMI <25 compared to
those with a higher BMI (p = 0.031).

3.10.3 | Completion of first-line therapy
Altogether, n = 41 patients (71%) received adjuvant treat-
ment. Data on outcome after completion of multimodal
first-line therapy were available for 39 patients (67%). In
these patients, the clinical staging showed CR in n = 29
cases (74%), followed by PD in six patients (15%). In
contrast, PR and SD were achieved in n = 2 (5%) each.
Referring to the three age groups, there were no significant
age-dependent differences observed. The therapeutic out-
come was as follows: 241 years (n = 11): n =7 CR, n = 2
PR, n = 2 PD; 26-40 years (n = 15):n = 11 CR, n = 2 SD,
n =2PD;<25years (n =13):n =11 CR,n = 2 PD. BMI as
well as CCI did not have any relevant influence. In patients
with a RO resection as well as with EWSR1-unknown sta-
tus CR was more common than in the remaining cases (RO
vs. >R0: 62% vs. 38%; p = 0.018, and EWSR1-unknown vs.
other translocation: 59% vs. 41%, p = 0.005, respectively).

3.10.4 | Relapse

Altogether, n = 26 patients (45%) showed a relapse of the
EFT. Regarding the different age groups, there were no

(A)

Progression free survival

significant age-dependent differences found. The major-
ity showed further disease progression (n = 11, 52%),
n = 5 (24%) achieved partial remission, n = 3 stable dis-
ease (14%), and n = 2 complete remission (10%), respec-
tively. In detail, the therapeutic outcome was as follows:
>41 years (n = 7):no CR,n =2 PR, n =1SD, n = 4 PD;
26-40years(n=11):n=2CR,n=2PR,n=1SD,n=6
PD;<25years(n=3):noCR,n=1PR,n=1SD,n =1PD.

Fifteen patients received second-line palliative treat-
ment (n =1 CR,n =4 SD, and n = 10 PD), and n = 5 re-
ceived third-line palliative treatment (n = 2 SD, n = 3 PD).

3.11 | Survival data
Survival parameters (OS, PFS) were evaluable in n = 38
(66%) patients. Median OS was 79 months (95% CI 29-
131), median progression free survival (PFS) 34 months
(95% CI 21-46; see Figure 2).

There was a trend to longer survival in younger pa-
tients even if it was not statistically significant neither for
PFS nor for OS (median PFS: >41 years: 22 months, 26—
40 years: 30 months, and <25 years: 80 months; median
OS: >41 years: 59 months, 26-40 years: 92 months, and
<25 years: not reached), please refer to Figure 3A,B.

Likewise, we observed no significant differences of sur-
vival in the curative setting referring to gender and BMI >25.

In contrast, univariable analysis showed a relevant in-
fluence of CCI on survival. A CCI >3 was associated with
an impaired OS (HR, 0.429; 95% CI, 0.16-1.10; p = 0.080)
and PFS (HR, 0.334; 95% CI, 0.15-0.72; p = 0.006; see
Figure 3C,D).

Overall survival
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FIGURE 2 Survival estimates of the overall patient population. Shown are Kaplan-Meier estimates for (A) progression-free survival,
PFS, and (B) overall survival, OS. Median follow-up of 23 months (range 1-219 months) from diagnosis
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(B) Overall survival

<25 years: 3 (16%) of 19 events; median OS not reached
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Kaplan-Meier estimates for progression-free survival, PFS, and overall survival, OS. (A and B) Age at diagnosis (<25 years
vs. 26-40 years vs. 241 years); (C and D) Charlson comorbidity Index, CCI (CCI <3 vs. CCI >3); (E and F) Stage at diagnosis (localized vs.
metastasized). Shown are Kaplan-Meier estimates for (left) progression-free survival, PFS, and (right) overall survival, OS. Hazard ratios

(HR) derived from univariable Cox regression testing. p values derived from log-rank test. Median follow-up of 23 months (range 1-

219 months) from diagnosis
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Tumor stage (localized vs. metastasized) at first diag-
nosis had a relevant impact on median PFS as well as OS
in the curative setting (PFS, HR 0.403, 95% CI 0.18-0.87,
p = 0.021; OS, HR 0.415, 95% CI 0.16-1.06, p = 0.067; see
Figure 3E,F). Referring to primary tumor site (pelvic, non-
pelvic, axial, and appendicular) as well as to origin (extra-
skeletal vs. skeletal) there was no relevant difference in
survival in the course of first-line therapy. The diverse
genetic aberrations (EWSR1-unknown, EWSRI1-FLII1,
CIC-DUX, and EWS-ERG) and tumor size >8 cm were not
found to impact OS or PFS.

Similarly, for first-line and/or curative therapy, there
were no significant differences in PFS or OS observed
relating to the respective regimen, regression grade or re-
section status as well as to the number of chemotherapy
cycles and modalities of local therapy applied.

For second-line therapy, survival parameters (OS2,
PFS2) were evaluable in 20 patients (34%). Median over-
all survival (OS2) from relapse/progression to death was
17 months (95% CI 7-27), median progression-free sur-
vival (PFS2) calculated from first relapse/progression to
second relapse/progression was 8 months (95% CI 3-12).
There was no significant difference in PFS2 and OS2, re-
spectively, between the three age groups (<25 vs. 26-40 vs.
>41 years). Twenty patients (34%) died due to progression
of EFT. There was no therapy-associated death. A BMI
>25 had a significant impact on median OS2 (BMI >25
vs. BMI <25: 63 vs. 6 months, p = 0.013). Other patient
characteristics such as age, gender, and comorbidities did
not have any significant influence neither on PFS2 nor on
0OS2. Referring to the tumor characteristics, in particular
tumor size, location, as well as tumor stage at first diagno-
sis, there was no relevant impact on survival in the context
of advanced disease and/or palliative therapy observed.

The number of conducted chemotherapy cycles and the
regression grade achieved by neoadjuvant treatment sig-
nificantly influenced PFS2 and/or OS2. In general, median
PFS2 was significantly longer in patients receiving more
cycles of any first-line therapy (neoadjuvant, adjuvant, or
palliative) than in those who got a smaller number of treat-
ment cycles (p = 0.002). In detail, the number of cycles in
the neoadjuvant as well as in the adjuvant setting signifi-
cantly influenced median PFS2: 1 versus 8 months (neoad-
juvant therapy: five vs. six cycles; p = 0.016), and one versus
10 months (adjuvant therapy: one vs. eight cycles; p < 0.001).
In addition, the number of adjuvant therapy cycles had a
significant impact on median OS2: 5 versus 19 months (one
vs. eight cycles; p = 0.024). The regression grade according
to Salzer-Kuntschik was inversely correlated with the OS2:
5 versus 17 months (regression grade 4 vs. 1; p < 0.001). Due
to the small sample size, an assessment of the influence of
the chemotherapeutic regimen, the resection status as well
as of the local therapy on survival was not realizable.

4 | DISCUSSION

EFT sarcomas are very rare in adult age, therefore most
of the literature refers to pediatric patient populations.
Thus, our aim was to underline the feasibility of com-
paratively intense chemotherapeutic regimen in adult
patients as well as to examine outcome parameters in our
selected single center cohort. In-line with recently pub-
lished data, our patient population showed no inferior
survival in adult patients in general. However, although
not statistically significant, we did observe poorer out-
come in patients >41 years compared to <25 years. In part
this can be explained by the comorbidities, which had a
relevant influence on outcome. A higher CCI >3 was as-
sociated with a significant shorter OS and even PFS. This
observation is in-line with previous studies suggesting
an adverse effect of comorbidity on survival of sarcoma
patients.”>*” In addition, in accordance with previously
published case series, we found a significant higher fre-
quency of extra-skeletal primary tumors in the older pa-
tient which could also explain part of our observation.*?

Furthermore, as expected, patients with metastatic
disease had a significantly shorter OS and PFS than those
with localized disease. The prominent role of stage in our
cohort is consistent with previous analyses in adult pa-
tients with EFT and even was described as the sole pre-
dictor of survival by Martin II et al.”*~** In addition, some
adult patient populations have linked tumor size, gender,
and non-extremity bone location as well as the differing
treatment regimen to impact outcome.?”*! In contrast, we
did not observe respective significant differences related
to these specific patient and tumor characteristics. While
our study comprised only a small cohort of cases, many of
the meta-analysis or registry data sets might also be biased
and this indicates that additional studies need to be per-
formed for patients above the age of 18 years.

For instance, contrary to our expectations a high BMI
(=25) had no impact on any clinical aspect other than
survival following relapse and/or progression (OS2).
Although Goldstein et al. could show a better survival and
an increase of tumor necrosis in their pediatric popula-
tion with EFT and a normal BMI, we found no significant
difference of OS or PFS in our adult cohort depending on
body weight.'"* In general, data on the negative effect of a
high BMI on cancer survival is heterogeneous and is not
applicable on all cancer types and patient characteristics.*
Nevertheless, the comparatively high BMI in our cohort
might reflect a selection bias in our patient population or
could be indicative that obesity, which has been linked to
cancer, might even increase the risk for EFT.

While EFT often present as very aggressive and ad-
vanced/metastasized disease, therapeutic concepts are
multimodal, combining chemotherapy, surgery, and local
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radiation ideally. The recent results of the EWING 2012
trial showing a superiority of VDC/IE induction in patients
of 5-50 years of age might change the therapeutic approach
in EFT." As previously shown by Lu et al., it is also feasible
in the adult EFT patient,*” and our data would also support
this, as we did not see a general correlation of age with a
higher therapy- associated toxicity. Of course, based on the
long time period of data collection in our study, diagnostic
procedures and treatment sequences were heterogeneous,
especially in the older patient population, in whom VIDE
was less frequently used as primary therapy. This could of
course also explain why in general toxicity did not differ
among the age groups. Unfortunately, due to the limited
quality of the retrospectively acquired data were not able
to analyze treatment delays. This important issue might be
integrated in subsequent studies.

Interestingly, we also found an association of the number
of cycles of any first-line therapy with the outcome in the
relapsed situation (OS2 and PFS2). Patients who received
a larger number (>6) of first-line treatment cycles showed
significantly longer OS2 and PFS2 than those receiving a
smaller number (<6). Presumably, the number of cycles of
first-line therapy given might primarily reflect the perfor-
mance status and/or frailty of the respective patient which
both significantly influence the therapeutic possibilities at
the time of relapse. On the other hand, this could also be due
to a more effective control of minimal residual disease fol-
lowing more treatment cycles. In accordance, there is some
evidence for the improvement of survival by use of a high-
dose chemotherapy in selected patients with EFT,'?*%
which could also result in deeper remissions. Patients above
the age of 40 might also benefit from this therapeutic ap-
proach but are rarely included in the respective trials.

In summary, our study shows the feasibility of an in-
tensive treatment in EFT patients of adult age. In future
trials, multimodal treatment approaches will have to be
more individually adapted to patient and tumor charac-
teristics. Definition of new molecular subgroups might
be the first step on the way to targeted therapeutic strat-
egies. For example, CIC-fused and BCOR-rearranged sar-
comas are now considered as a separate entity (ELS).*™°
Whereas, given the absence of a significant impact on sur-
vival relating to molecular genetic aberrations as well as
the lack of a specific therapeutic strategy for those patients
we decided to include them in our analysis.

In the era of increasing availability of molecular genetic
diagnostics, a more individualized therapy or even targeting
EWSR1-FLI1 translocations will hopefully be enabled soon.*

Additionally, conventional multimodal therapeutic
approaches with an optimized therapy intensity and tox-
icity profile for each patient should also be envisioned.
Evidently, there is an urgent medical need to optimize the
assessment of elderly patients regarding the increasing gap
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between chronological and physiological age. Presumably,
frailty rather than age might serve as predictor of chemo-
associated toxicity. However, even though a multitude of
geriatric assessment tools were developed during the last
years, none are routinely integrated into the clinical rou-
tine or validated by randomized controlled trials, yet.**~**

In the absence of a standardized geriatric assessment,
decision-making about the intensity of a multimodal ther-
apy might be based on physiological rather than chrono-
logical age taking into account the respective bone marrow
reserve, for example. Accordingly, our data suggest that an
outcome comparable to younger age groups can also be
achieved in older patients.

However, with increasing numbers of long-term survivors,
not only long-term toxicity, but also the occurrence of second-
ary neoplasms will have to be taken into account. Thus, as we
have already learned from clinical trials in the context of soft
tissue sarcoma, we need to move forward from a one-for-all
strategy toward precision medicine approaches in EFT.

5 | CONCLUSIONS

With our retrospective analysis, we could confirm a man-
ageable toxicity in adult patients with EFT treated with
multimodal therapies. Due to significant differences in the
applied first-line and neo—/adjuvant chemotherapeutic regi-
men, we could see differences in OS and PFS in the older age
group (>41 years) compared to younger adults (<25 years).
This warrants further exploration, as novel treatment proto-
cols for an optimized multimodal management of patients
should be adjusted to the individual age cohorts to ensure the
possibility of intensive treatment in all patient groups. This
is of great importance, especially as our data demonstrate
the influence of comorbidity on outcome, which often might
prevent intensive therapy. Furthermore, novel options are
needed for advanced tumor stages that have also poor im-
pact on prognosis in EFT. Therefore, therapeutic decisions
should not only be based on chronological age, but also on a
thorough individual assessment of the patient. Given the rar-
ity of EFT in adults, additional prospective data sets need to
be collected in larger cooperative group to allow for further
optimization of diagnostic approaches. For example, com-
prehensive molecular EFT profiling might be a prerequisite
for a better understanding of the molecular mechanisms un-
derlying the EFT subgroups with aggressive behavior.
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