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ABSTRACT

Background The role of high-dose chemotherapy

with autologous stem cell transplantation (ASCT) in

the treatment of soft-tissue sarcoma (STS) remains an
unsettled issue. Prospective clinical trials failed to prove

a benefit of the procedure but were limited by small and
heterogeneous patient cohorts. Thus, it is unknown if ASCT
may be a valuable treatment option in specific patient
subgroups.

Methods The purpose of this study was to investigate

the value of ASCT according to histological subtype in STS
patients who were registered in the European Society for
Blood and Marrow Transplantation database between 1996
and 2016.

Results Median progression-free (PFS) and overall
survival (0S) in the entire cohort of 338 patients were 8.3
and 19.8 months, respectively, and PFS and OS at 5 years
were 13% and 25%, respectively. Analysis of outcomes

in different subgroups showed that younger age, better
remission status before transplantation and melphalan-
based preparative regimen were predictive of benefit from
ASCT, whereas histology and grading had no statistically
significant impact.

Gonclusions Outcomes after ASCT compared favorably

to those of recent trials on conventional chemotherapies
and targeted therapies in STS, including histology-tailored
approaches. ASCT, thus, should be reinvestigated in clinical
trials focusing on defined patient subgroups.

INTRODUCTION
Soft-tissue sarcomas (STSs) are a group of
rare, mesenchymal malignancies, which

account for about 1% of adult malignancies.'*
The current WHO classification differentiates
more than 70 histological subtypes of STS,
with leiomyosarcoma, liposarcoma, synovial
sarcoma and undifferentiated pleomorphic

sarcoma being most common.” Although a
substantial proportion of patients with local-
ised disease can be cured with surgery and
adjuvant radiotherapy and/or chemotherapy,
the prognosis of patients with metastatic
disease remains dismal with a median survival
of less than 2 years in recent studies.*”
Several drugs have shown activity in STS with
doxorubicin and ifosfamide being the most
active in terms of objective response. The
notion of a dose-response relationship for
ifosfamide, for example,g_10 fueled interest in
high-dose chemotherapy (HDCT) as a treat-
ment option for STS, but none of the few
trials performed to date could prove a benefit
of intensified treatment with autologous
stem cell transplantation (ASCT). However,
most studies were performed as single-arm
phase II trials and included all STS histo-
logical subgroups.“_14 The only published
randomised phase III trial reporting on 87
patients did not show a benefit for ASCT,
but also was done in a highly heterogenous
population with 18 different histologies
included." Likewise, a meta-analysis of 294
patients included 19 different histologies,
and no attempt was made to decipher a
possible benefit restricted to some histolog-
ical subtype.'® As there is growing evidence
that clinical course and response to specific
treatments differs significantly between histo-
logical subgroups of STS,2 1720 \ve aimed to
investigate the efficacy of HDCT and ASCT in
distinct histological subtypes of STS.
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Key questions

What is already known about this subject?

» Soft-tissue sarcomas (STSs) are a heterogeneous group of mesen-
chymal tumours with variable biology and clinical course. Clinical
trials including all histological subtypes may, therefore, miss po-
tential benefits of a specific treatment in a particular histological
subtype.

» High-dose chemotherapy and autologous stem cell transplantation
(ASCT) have proven value in the treatment of only a few solid tu-
mours and have also been investigated in STS with negative results.
However, due to the heterogeneity of STS, it remains unclear if cer-
tain histological subgroups may derive benefit from ASCT.

» To date, no study thoroughly investigated predictors of benefit from
ASCT in a sufficiently large STS patient cohort.

What does this study add?

» This, to our knowledge, is the most extensive retrospective study of
ASCT in STS patients and the first to thoroughly investigate potential
predictors of benefit from this treatment.

» Median progression-free and overall survival in this pretreat-
ed patient cohort were 8.3 and 19.8 months, respectively, which
compares favourably to recent non-transplant treatments for STS,
although most patients included in the analysis were transplanted
before 2006 when treatment options for STS patients were quite
limited.

» Predictors of benefit from ASCT were younger age, better remis-
sion status before transplantation and melphalan-based preparative
regimens.

How might this impact on clinical practice?

» Based on this retrospective analysis, ASCT cannot be recommended
as routine treatment for the STS subgroups investigated.

» The findings of favourable outcomes associated with ASCT and po-
tential predictors of benefit in a heterogenous population of STS pa-
tients support the reinvestigation of ASCT in randomised trials with
histological stratification.

METHODS

Patient population

The European Society for Blood and Marrow Transplan-
tation (EBMT) is a non-profit organisation established in
1974 to allow scientists and physicians involved in clinical
SCT to share their experience and develop cooperative
studies. The EBMT is divided into working parties, whose
mission is the implementation of EBMT scientific and
educational policy, the development and management of
scientific proposals with the support of the Data and Exec-
utive Offices and assisting the definition of guidelines
and policies. The Cellular Therapy and Immunobiology
Working Party that includes the solid tumour subcom-
mittee is dedicated to preclinical, translational and clin-
ical (including retrospective) studies, including ASCT
and allogeneic SCT, active and adoptive immunotherapy.
EBMT centres, which are distributed in over 60 countries,
are required to send patient data, including demographic
and clinical, to the central EBMT database on a yearly
basis. Informed consent for transplantation and data
collection was obtained locally according to regulations
applicable at the time of transplantation. Since 1 January

2003, all transplant centres have been required to obtain
written informed consent prior to data registration with
the EBMT following the Helsinki Declaration 1975. Poli-
cies were recently updated to comply with EU General
Data Protection Regulation.

The present retrospective study analysed the EBMT
registry data regarding adult patients with STS who
underwent a first HDCT and ASCT between 1996 and
2016. All centres with eligible patients were requested
to provide additional data including details on pretreat-
ment, post-ASCT treatments and histology. Analyses were
each carried out including all patients with the relevant
information available for the respective analyses.

Primary outcomes were overall survival (OS; time to
death from any cause) and progression-free survival (PFS;
defined as survival with no evidence of relapse or progres-
sion). PFS and OS were measured from the date of first
ASCT.

Statistical analysis

Probabilities of OS and PFS were calculated using the
Kaplan-Meier method. Univariate analyses were done
using the log-rank test. Factors studied were histological
subtype of STS, grading, status prior transplant, age and
gender, year of ASCT and preparative regimen. A Cox
proportional hazards model was used for multivariate
regression. All variables associated with one outcome in
univariate analysis were included in the Cox model. In
order to test for a centre effect, we introduced a random
effect or frailty for each centre into the model.*' * Results
were expressed as the HR with the 95% CI. Statistical anal-
yses were performed with SPSS V.24.0 (SPSS) and R 3.6.2
(R Core Team (2019). R: A language and environment
for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URL https://www.R-project.
org/).

RESULTS
Patient and treatment characteristics
A total of 338 patients met the eligibility criteria of this
study. Median age at first ASCT was 37.3 years (range
18-69), 201 (59%) of patients were male. Most common
histologies were leiomyosarcoma (n=66), synovial sarcoma
(n=52), angiosarcoma (n=40) and liposarcoma (n=34).
In 120 patients, no further information was available
regarding histological subclassification. These patients,
together with diagnoses occurring in 10 or less cases were
grouped together as ‘other sarcomas’ in further analyses.
Regarding patients with respective information avail-
able, 45.7% had metastatic disease at diagnosis (n=92 with
available information); 66.4%, 30.6% and 89.4% had prior
surgery, radiotherapy and/or chemotherapy, respectively
(n=140, n=134, and n=142 with available information,
respectively). The median number of chemotherapy regi-
mens before ASCT was 1 (range 1-7), with 24.6% being
treated with two or more lines. Remission status prior
ASCT was complete remission/no evidence of disease
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(CR) in 20.1%, partial remission in 39.1%, stable disease
in 10.2% and progressive disease in 30.7% of patients.
Patients transplanted in CR were younger but otherwise
showed similar characteristics compared with patients not
in CR prior ASCT (online supplemental table 1).

Preparative regimens were various, with platinum/
etoposide/ifosfamide beingused mostfrequently (42.5%).
Stem cells were mobilised mostly with anthracycline-based
or platinum-based chemotherapy (45.5%) in combina-
tion with G-CSF (Granulocyte-Colony Stimulating Factor;
98%); >95% of ASCTs were performed using mobilised
peripheral blood stem cells. Relevant patient and treat-
ment characteristics are summarised in table 1.

Outcomes after ASCT

The median follow-up of survivors was 8.2 years. PFS and
OS at 5 years were 12.6% and 25.2%, respectively, and
median PFS and OS were 8.3 and 19.8 months, respec-
tively. In univariate analyses, remission status prior ASCT
was a significant predictor for better outcomes (figure 1).
Patients in CR before ASCT had PFS and OS of 14.1 (95%
CI 10.7 to 17.5) and 44.1 months (95% CI 15.3 to 72.9),
respectively, whereas patients with documented non-CR
status prior ASCT had PFS and OS of 7.2 (95% CI 5.8 to
8.5) and 17.8 months (95% CI 15.8 to 19.9), respectively
(online supplemental table SI). Grading had no signifi-
cant impact on outcomes while younger age was associ-
ated with improved survival (online supplemental figure
S1). Patients treated with platinum-based preparative
regimens had inferior PFS at 2 years than patients treated
with melphalan based and other regimens (12% vs 25%
vs 24%, respectively), but without significant impact on
OS. Leiomyosarcoma patients had inferior PFS compared
with patients with synovial sarcoma and angiosarcoma
(7.4%, 15% and 21.3%, respectively, table 2, online
supplemental figure S1).

Cox regression analysis regarding the factors histology, age,
remission status prior ASCT and preparative regimen were
performed and showed better remission status prior ASCT to
independently predict better PFS and OS, whereas histology
had no impact on outcomes. Younger patients had better OS,
whereas patients treated with melphalan-based preparative
regimens experienced a significant better PFS, but not OS
than the other patients (table 3).

Treatment-related mortality (TRM), secondary malignancies
and clinical course post-ASCT

Death without relapse occurred in seven patients, with all
cases occurring in patients being transplanted before 2003.
Six patients died of infectious complications after a median
of 10 days after ASCT (range 4-121) and one after a myelo-
dysplastic syndrome at 4.6 years postASCT. Out of 301, 244
(81.1%) patients had experienced relapse or progression ata
median of 7 months after last ASCT. Data on treatments after
ASCT were available in 93 patients. 36 patients had surgical
resections and 27 had radiotherapy. Seventy-two per cent of
the patients were treated with a median number of 1 (range
1-3) chemotherapy regimens.

Table 1 Patientand treatment characteristics

Characteristic n=338

Age at first ASCT, years

median (range) (IQR) 37.3 (18.1-69.6) (27.6-49.7)

Histology n %
Leiomyosarcoma 66 19.5
Synovial sarcoma 52 15.4
Angiosarcoma* 40 11.8
Liposarcoma 34 10.1
Desmoplastic small round cell 10 3
tumour
other STSt 136 40.2

Tumour grading n %
Grade 1 4 3.8
Grade 2 18 17.3
Grade 3 82 78.8
missing 234 -

Remission status before ASCT n %
Complete response/no evidence of 55 20.1
disease
Partial response 107 39.1
Stable disease 28 10.2
Progressive disease 84 30.7
Missing 64 -

Year of first ASCT n %
1996-2000 152 45.0
2001-2005 111 32.8
2006-2016 75 22.2

Preparative regimen n %
PEI/CEI 71 42.5
Other platinum based 31 18.6
Melphalan based 42 25.1
Other 23 13.8
missing 171 -

Remission status after last ASCT n %
Complete response/no evidence of 94 58.4
disease
Partial response 19 11.8
Stable disease 22 13.7
Progressive disease 26 16.1
missing 177 -

*Including haemangiosarcoma and lymphangiosarcoma.

TIncluding: fibrosarcoma: n=8, malignant fibrous histiocytoma: n=3,
sarcoma NOS: n=2, malignant peripheral nerve sheath tumour: n=2,
fibromyxoid sarcoma: n=1, sarcoma not further subclassified: n=120.
ASCT, autologous stem cell transplantation; CEIl, Carboplatinum,
Etoposide, Ifosfamide; NOS, not otherwise specified ; PEI,
Cisplatinum, Etoposide, Ifosfamide; STS, soft-tissue sarcoma.

DISCUSSION

Despite the advent of new drugs and the implementation
of a multidisciplinary approach for the treatment of STS
in the past decades, nearly all patients with metastatic STS
and a substantial proportion of patients with localised STS
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die of the disease. Whereas a dose-response correlation
has been shown for chemotherapy in STS, the effect of
further dose escalation with HDCT and ASCT is unclear,
since the studies performed in the past included relatively
small and heterogeneous patient populations. Our study,
reporting on a retrospective data analysis of ASCT in STS,
is one of the largest series in the field and, to our knowl-
edge, the first one to attempt a thorough investigation
of predictors for benefit of ASCT. Another large study, a
metaanalysis of 62 trials on ASCT including 294 patients
with 19 different STS histologies,]6 % also included 109
patients with desmoplastic small round cell tumour, a
disease with a unique biology and clinical course,”"°
and thus is not representative for the more common STS
histologies. Regarding OS, only a rough estimate was
given with 20%-51% and 32%-40% of patients being
alive at 2 and 3 years, respectively, which is in accord-
ance with the OS probabilities of 44% and 35% at 2 and
3 years, respectively, in our study. The only randomised
trial of ASCT in STS patients performed so far included
87 patients with various histologies and showed no
benefit of ASCT vs standard dose treatment (SDT), with
amedian OS of 26.1 vs 28.2 months, respectively,]5 which

is superior to the median OS of 19.8 months observed
in our study. However, in the aforementioned trial, only
patients with an objective response to firstline chemo-
therapy were randomised between SDT and ASCT, and
only half of those randomised to ASCT were actually
treated per protocol. In addition, one-third of these
patients had surgery prior to randomisation and were
randomised in CR; thus, the data on inferior outcomes
associated with ASCT in this trial are difficult to interpret,
and the possibility that some subgroups might benefit
from ASCT cannot be excluded. In contrast, the purpose
of our study was to investigate factors that might predict
benefit from ASCT to generate hypotheses for future
prospective clinical trials. We, therefore, aimed to analyse
a large population and included all STS patients reported
to the EBMT from multiple centres in various countries,
without excluding specific age groups, preparative regi-
mens, or patients with chemorefractory disease.

Most patients in the aforementioned trials as well
as our study were transplanted before 2006. Our data
show a substantial higher OS in patients transplanted
after 2005, which did not reach statistical significance,
but is supported by the notion that experience in ASCT
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Table 2 Univariate analyses

PFS

0s

2 years

5 years

2 years

5 years

Age at first ASCT, years

<37.3 (median)
>37.3
P value
Patient sex
Male
Female
p value
Histology
Leiomyosarcoma
Liposarcoma
Synovial sarcoma
Angiosarcoma
Other sarcoma

P value

Remission status prior ASCT

CR/NED
PR+SD
PD
P value
Tumour grading
Grade 2
Grade 3
P value
Preparative regimen
Platinum based
Melphalan based
Other
P value
Year of ASCT
1996-2000
2001-2005
2006-2016
P value

21.6% (15.1-28.8)
12.4% (7.5-18.6)
0.006

15% (10-21)
20%(13.1-28)
0.38

9.2% (3.4-18.7)
18% (6.6-33.8)
22.5% (11.2-36.2)
21.3% (9.4-36.4)
17.1% (10.9-24.6)
0.49

32.4% (19.7-45.7)
15.8% (9.9-22.9)
10.8% (5.1-19.1)
0.001

16.7% (4.1-36.5)
18.5% (10.5-28.3)
0.62

12% (6.2-19.7)
24.6% (12.2-39.1)
24.5% (9-43.9)
0.059

18.3% (12.1-25.5)
15.1% (8.6-23.3)
17.2% (8.9-27.8)
0.51

18.6% (12.5-25.5)
6.2% (2.8-11.5)

12.4%(7.8-18)
13% (7.4-20.2)

7.4% (2.4-16.3)
13.5% (3.9-29.1)
15% (6.1-27.6)
21.3% (9.4-36.4)
11.3% (6.3-18.1)

25.9% (14.5-38.9)
10.9% (6-17.5)
9.5% (4.2-17.4)

5.6% (0.4-22.4)
17% (9.4-26.6)

9.6% (4.5-16.9)
21.8% (10.3-36.1)
12.2% (2.3-31.2)

11.8% (6.8-18.4)
11.5% (5.9-19.2)
15.5% (7.6-25.8)

50.6% (42.1-58.6)
37.6% (29.5-45.6)
0.03

42.2%(34.5-49.7)
47.3% (37.9-56.1)
0.26

34.2% (21.7-47.1)
52.5% (34-68.2)
45.3% (29.8-59.6)
42.9% (25.9-58.9)
46.3% (37.3-54.8)
0.63

63.7% (48.6-75.4)
40.3% (31.4-49.1)
34.6% (24.1-45.3)
0.002

71.4% (44.3-87)
50.4% (38.1-61.5)
0.7

49.2% (38.2-59.4)
47.9% (31.4-62.6)
39.1% (19-58.8)
0.25

40.8% (32.4-48.9)
42.8% (32.5-52.7)
55% (40.8-67.2)
0.07

31.1% (23.4-39)
18.9% (12.4-26.4)

22.3%(15.9-29.3)
29.4% (21.1-38.2)

18.4% 8.9-30.6)
20.6% (8.2-36.9)
24.9% (12.9-39)
31.8% (16.4-48.4)
27.8% (19.8-36.4)

43.2% (28.7-56.9)
20.1% (13.1-28.1)
20.1% (11.8-30.1)

33.3% (11.2-57.6)
25.9% (15.9-37)

23% (14.4-32.8)
36.6% (21.6-51.8)
16.8% (4.3-36.2)

20.6% (14-28)
26.1% (16.9-36.2)
35.8% (22.8-49)

Bold numbers denote statistical significance (p < 0.05).

ASCT, autologous stem cell transplantation; CR, complete remission; NED, no evidence of disease; OS, overall survival; PFS, progression-free

survival; PR, partial remission; SD, stable disease.

influences outcomes, and thus is relevantwhen comparing
transplant results over decades and, importantly, when
putting our study in the context of more recent trials on
non-transplant treatments in STS.?”

Median PFS and OS of the total population of our study
were 8.3 and 19.8 months, respectively. Yet, patients trans-
planted in CR clearly experienced better outcomes and
are not comparable to patients with macroscopic residual
disease regarding outcomes. However, in patients with
remission status other than CR prior ASCT, PFS and OS
still were 7.2 and 17.8 months, respectively, and thus

compare very well with recent data regarding conven-
tional chemotherapies or targeted therapies: in latest
phase 3 trials in metastatic STS, median PFS and OS in
first line ranged about 5-7 and 13-20 months, respec-
tively4_7 and around 2-5 and 11-13 months, respectively,
in second-line trials.?*?! Likewise, the outcomes of our
cohort compare favourably to the reported PFS and OS
of about 4 and 12 months, respectively, of over 2500
STS patients treated with first-line anthracycline-based
chemotherapy in trials of the EORTC.* ** When taking
into account that most of the patients in our study had
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Table 3 Cox regression analyses

145 patients

157 patients

PFS (03]
HR (95% CI) P value HR (95% Cl) P value
Age at first ASCT 1.1 (0.93 to 1.31) 0.24 1.21 (1.02 to 1.43) 0.029
Histology
Leiomyosarcoma (reference)
Liposarcoma 0.86 (0.43 t0 1.72) 0.67 0.75 (0.37 to 1.55) 0.44
Synovial sarcoma 1.2 (0.63 to 2.26) 0.58 1.4 (0.72 t0 2.72) 0.32
Angiosarcoma 1.24 (0.66 to 2.32) 0.50 1.25 (0.64 to 2.47) 0.51
Other sarcoma 1.24 (0.76 to 2.01) 0.40 1.11 (0.65 to 1.89) 0.70
Remission status prior ASCT
CR/NED (reference)
PR+SD 1.49 (0.92 to 2.41) 0.10 1.48 (0.87 to 2.53) 0.15
PD 2.78 (1.62 to 4.77) 0.0002 3 (1.69 to 5.32) 0.0002
Preparative regimen
Platinum based (reference)
Melphalan based 0.61 (0.38 to 0.97) 0.036 0.85 (0.52 to 1.4) 0.53
Other 0.7 (0.41 to 1.22) 0.21 1.2 (0.68 to 2.13) 0.52

Bold numbers denote statistical significance (p < 0.05).

ASCT, autologous stem cell transplantation; CR, complete remission; NED, no evidence of disease; OS, overall survival; PD, progressive
disease ; PFS, progression-free survival; PR, partial remission; SD, stable disease.

high grade sarcomas, were transplanted at relapse, and,
most importantly, were treated at times when the ther-
apeutic options for STS were much more limited, and
TRM of ASCT was higher than today,g4 these results are
remarkable.

Due to lacking data, we cannot exclude a potential
impact of local and/or systemic treatments after ASCT on
outcomes. However, post-ASCT treatments unlikely affect
PFS, and the problem of an unknown impact of poststudy
treatments is inherent to every trial.

Our data show differences in PFS in some histologies
in univariate analyses: Compared with leiomyosarcoma,
more patients with synovial sarcoma and even more with
angiosarcoma were free from progression at 2 and 5 years,
without reaching statistical significance. Although this fits
well to the notion that synovial sarcomas and maybe also
angiosarcomas are more chemosensitive than other histo-
logical subtypes,”* we were not able to prove a significant
impact of histology in multivariate analyses. However, in
view of data supporting histotype tailored treatment of
STS,2 2030 36-39 (ve assume the still small patient numbers
of our study, rather than an irrelevance of histology to be
the cause of these results.

Our finding of remission status prior ASCT being
predictive for better outcome after ASCT is a recurrent
observation across many groups of malignant diseases,
but as most studies on ASCT in STS excluded patients
refractory to standard-dose chemotherapy, this has not
yet been shown in a sufficient patient number to our
knowledge.

Finally, our data show superior PFS in patients treated
with melphalan-based vs platinum-based preparative
chemotherapy. Notably, the aforementioned randomised
trial which found no benefit of ASCT in STS, did employ
a platinum-based preparative regimen.'” This may be a
finding with clinical implications, as platinum-based
salvage regimens are still in use today, whereas melphalan
in fact has no role in STS aside from its use in isolated
limb perfusion.**!

In summary, our study provides evidence that age and
remission status prior to transplantation are predictors
of favourable outcome after ASCT in STS and suggests
melphalan-based preparative regimens to be superior
to platinum-based therapies. However, our data do not
allow for conclusions as to whether specific histological
subgroups benefit more from ASCT than others. Thus,
ASCT should not be performed in routine clinical prac-
tice. However, as metastatic STS remains an incurable
disease with few treatment options, we believe that a
well-designed clinical trial of HDCT and ASCT in STS is
worthwhile. Based on our data, we suggest investigating
melphalan-based conditioning and ASCT versus SDT in
patients with chemosensitive disease. Importantly, only
a histologically stratified trial may answer the question if
and which STS patients derive benefit from ASCT.
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