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Summary The standard treatment of high-risk local-
ized extremity and trunk soft-tissue sarcoma is wide
local excision and radiation therapy, which can be de-
livered pre- or postoperatively. Improved care for sar-
coma patients at expert centres with multidisciplinary
tumour boards, specialized pathologists, surgeons, ra-
dio-oncologists, and medical oncologists, according
to national or international guidelines, has improved
outcomes. Yet, a substantial number of patients will
experience disease recurrence with metastatic spread
and ultimately die from their disease. In many solid
tumours neo/adjuvant chemotherapy has become
an accepted standard treatment, whereas in soft-
tissue sarcoma discussions on the use of cytotoxic
therapy in localized and resectable disease are ongo-
ing. Some centres demonstrated the feasibility and
now treat with concomitant neoadjuvant chemora-
diotherapy as standard. Others argue that treatments
should be given in the order of the accompanying
evidence (surgery— radiotherapy — chemotherapy),
which does not take biology of the disease into ac-
count and probably attempts to simplify complex
decision making processes. It is important to en-
hance our ability to identify patients at highest risk of
recurrence, and to generate data and develop tools to
predict which patients will benefit from neo/adjuvant
systemic therapy most.
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In solid tumours there is good evidence for the appli-
cation of neo/adjuvant systemic therapy as a means
to reduce the risk of local relapse and distant disease
recurrence, with the objective to improve relapse-free
and overall survival (OS), e.g. in non-small cell lung
cancer [1, 2], colon cancer [3], rectal cancer [4, 5],
breast cancer [6], melanoma [7, 8], and bladder can-
cer [9-11]. This data has been widely adopted in the
oncologic community. In breast cancer, guidance for
the use of adjuvant chemotherapy is now provided
by a gene recurrence score, supplementing clinical-
risk stratification and thereby better selecting patients
likely to benefit [12].

While patients with bone sarcomas (e.g. osteosar-
coma and Ewing sarcoma), rhabdomyosarcomas and
other typical soft tissue sarcomas (STS) among chil-
dren and adolescents are usually treated according to
multimodal regimens, in which systemic chemother-
apy is an important component, the role of neo/
adjuvant chemotherapy for localized STS remains
debated.

Surgical resection and pre- or postoperative ra-
diotherapy attain a high local control rate and are
unopposed elements in the effort to cure STS [13-15].
About 50% of patients with high-risk (high-grade,
large and deep) STS will be treated successfully using
these local modalities. Yet, the risk of distant recur-
rence remains high and a substantial number of pa-
tients succumb to advanced STS [16]. This elucidates
the medical need to improve treatment strategies and
ultimately outcome in STS. It is important to identify
which patients are at risk for recurrence and effective
strategies to prevent such recurrences [17].
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Why neo/adjuvant chemotherapy is not a
standard in high-risk localized STS

The European Society of Medical Oncology guidelines
state the following: There is no consensus on the cur-
rent role of adjuvant chemotherapy. Study results are
conflicting, in the presence of negative results from
the largest studies, though data are available from
smaller studies suggesting that it might improve, or
at least delay, distant and local recurrence in high-
risk patients [18].

Due to the rarity [19] and the biologic heterogeneity
[20] of STS good quality clinical trials have been diffi-
cult to perform. Until now only one randomized study
was published comparing neoadjuvant chemotherapy
followed by surgical resection versus primary surgery
[21]. In 150 patients with high-risk STS no advan-
tage for the application of three cycles of doxorubicin
(50mg/m?) and ifosfamide (5 g/m?) was demonstrated
in terms of relapse-free survival and OS. This trial was
underpowered and used inappropriate low drug doses
and therefore no definite conclusions can be drawn.

In a meta-analysis of 14 randomized studies on ad-
juvant chemotherapy, published in 1997, a statistically
significant improvement in the time to local and dis-
tant recurrence and overall recurrence-free survival
was reported. There was a trend towards improved
OS [22]. Anthracycline-based adjuvant chemotherapy
provided an absolute survival benefit of 4% (range
1-9%) at 10 years; however this was not significant.
The clearest evidence of a treatment effect on survival
(7%) could be demonstrated for patients with extrem-
ity STS. Criticism of the studies comprised: use of
marginally active drugs, variable doses of anthracy-
clines and ifosfamide, no restriction to high-risk STS
and even enrolment of patients with gastrointestinal
stroma tumours [23].

In the Italian cooperative trial 104 patients with
high-risk extremity or trunk STS were randomized to
resection followed by five cycles of adjuvant epirubicin
(60mg/m?) and ifosfamide (9g/m?) versus surgery
alone. A per protocol interim analysis of disease-free
survival (DFS) had been planned after enrolment of
half the patients: this analysis revealed a significant
difference in favour of chemotherapy and the study
was closed prematurely and published [24]. Unfortu-
nately, with longer follow-up, the effect of adjuvant
chemotherapy could not be sustained [25].

A retrospective analysis of non-randomized data
prospectively included in the French Sarcoma Group
database between 1980 and 1999 alluded to an advan-
tage of adjuvant chemotherapy. In all, 262 patients
with grade 3 STS had received adjuvant chemother-
apy and 363 not. In these grade 3 STS patients, adju-
vant chemotherapy was associated with a significant
benefit in terms of metastasis-free survival (hazard ra-
tio [HR] 0.7 [95% CI 0.6-0.9], p=0.01) and an abso-
lute risk reduction of metastatic relapse of 9% (5-year
metastasis-free survival: 58% versus 49%). Adjuvant

chemotherapy demonstrated a significant benefit in
terms of OS (HR 0.6 [95% CI 0.5-0.8], p=0.0002) and
an absolute risk reduction of death of 13% (5-year OS:
58% versus 45%) [26].

In contrast, a European Organisation for Re-
search and Treatment of Cancer (EORTC) Soft Tissue
and Bone Sarcoma Group (STBSG) study (EORTC-
STBSG 62931) did not show a benefit for patients
who were randomized to five cycles of adjuvant dox-
orubicin (75mg/m?) and ifosfamide (5g/m?) [27].
However, less than 50% of patients had grade 3 STS
(6% grade 1 and 48% grade 2) and 12% of patients
were treated for local recurrences, hence not in a real
adjuvant setting.

Why neo/adjuvant chemotherapy should be a
standard in high-risk localized STS

Despite the fact that no level 1A evidence had been
provided for neither neo- nor adjuvant chemotherapy,
the Italian and Spanish Sarcoma groups performed
a randomized phase-3 trial in high-risk STS and
demonstrated non-inferiority of 3 cycles of neoadju-
vant chemotherapy compared to 5 cycles chemother-
apy, split in 3 pre- and 2 postoperative courses of
epirubicin (120mg/m?) and ifosfamide (9g/m?). In
this trial, the objective response rate was 25%, but
minor responses were observed in up to 41% of pa-
tients [28]. In addition, patients who responded to
neoadjuvant chemotherapy had better early oncologic
outcomes than those who did not, and this effect was
sustained over a longer follow-up period [29].

Similarly, the trial to assess the safety and efficacy
of regional hyperthermia with pre- and postopera-
tive chemotherapy for high-risk STS (EORTC 62961-
ESHO 95) did not provide a chemotherapy-free com-
parator. The study showed superiority for the addition
of hyperthermia in terms of DFS (HR 0.70 [95% CI
0.54-0.92], p=0.011) compared with polychemother-
apy (etoposide 500 mg/m?, ifosfamide 6 g/m? and dox-
orubicin 50mg/m?) alone [30]. Patients randomized
to chemotherapy plus hyperthermia had prolonged
survival rates compared with those randomized to
neoadjuvant chemotherapy alone (HR 0.73 [95% CI
0.54-0.98], p=0.04) [31].

More recently, ISG-STS 1001 enrolled high-risk
extremity and trunk STS patients in Italy, Spain,
France and Poland. Patients were either treated in
the standard arm with three cycles of epirubicin
(60mg/m?) and ifosfamide (9g/m?) or in the ex-
perimental arm with a histotype-tailored regimen:
patients with high-grade myxoid liposarcoma re-
ceived trabectedin (1.3mg/m? via 24h continuous
infusion); patients with leiomyosarcoma gemcitabine
(1800mg/m?) and dacarbazine (500 mg/m?); patient
with synovial sarcoma high-dose ifosfamide (14 g/m?
in 14 days via continuous infusion); patients with
malignant peripheral nerve sheath tumour received
etoposide (450mg/m?) and ifosfamide (9g/m?); and
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Fig. 1 SARCULATOR with patient- and tumour-related char-
acteristics.

patients with undifferentiated pleomorphic sarcomas
received gemcitabine (900mg/m? day 1 and 8), and
docetaxel (75mg/m? day 8) [32]. The histotype-tai-
lored approach has gained momentum in the medical
treatment of advanced STS in the past few years as
a possible way to overcome resistance. In a futility
analysis after a short follow-up of 12.2 months the
projected DFS at 46 months was 62% [95% CI 48-77]
in the standard chemotherapy group and 38% (22-55)
in the histotype-tailored chemotherapy group (HR 2.0
[95% CI 1.22-3.26], p=0.006). No benefit of a neoad-
juvant histotype-tailored chemotherapy regimen over
the standard chemotherapy regimen could be demon-
strated. However, the authors postulated that the
benefit seen with the standard chemotherapy regi-
men suggests that this benefit might be the added
value of neoadjuvant chemotherapy itself in patients
with high-risk STS: the study results indicate that the

5-year OS

65%

10-year OS

52%

5-year DM

39%

10-year DM

Fig. 2 SARCULATOR estimate of oncological outcomes in
terms of overall survival (OS) and incidence of distant metas-
tasis (DM), which guided the recommendation for neoadjuvant
chemotherapy.

difference seen in DFS and OS is the consequence of
a real effect of standard chemotherapy in high-risk
STS.

SARCULATOR is a newly developed and validated
prognostic nomogram, and can be downloaded as an
app [33]. SARCULATOR helps to assess the individual
risk of STS patients with extremity and retroperitoneal
sarcomas and is a useful tool in the decision-making
process [34]. In a retrospective analysis of EORTC-
STBSG 62931, 10-year predicted probability of OS (pr-
0S) was calculated using SARCULATOR. In patients
with pr-OS<60% a significant DFS (HR 0.49 [95% CI
0.28-0.85]) and OS (HR 0.50 [95% CI 0.30-0.90]) ben-
efit was detected with adjuvant chemotherapy (Figs. 1
and 2; [35]). Primary extremity STS patients treated
within three European and one North American refer-
ence centres in a 20-year time span were included in
a retrospective analysis across major histological sub-
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types. They reported a trend towards a 5% survival
benefit associated with neo/adjuvant chemotherapy
administration and this is consistent with the pub-
lished literature [36]. We performed a survey among
EORTC STBSG members in 2017: Experts from 12 cen-
tres and seven countries were polled regarding their
criteria used for decision-making and their use of pre-
and postoperative chemotherapy. Substantial hetero-
geneity in practice patterns was revealed and no rec-
ommendations could be provided for general use [37].

However, there are compelling arguments for the
use of neoadjuvant chemotherapy in STS:

e Induction of tumour regression and facilitation of
limb- or organ-sparing surgery;

e Early administration of chemotherapy to accelerate
treatment of micrometastatic disease;

e Better tolerability of systemic chemotherapy before
resection and radiotherapy;

e Identification of patients with chemotherapy-sensi-
tive tumours;

e Selection of patients who do not develop metastatic
disease while receiving preoperative chemotherapy,
as those are unlikely to benefit from an aggressive,
potentially morbid surgery [17].

The French Sarcoma Group is currently performing
a randomized clinical trial to assess the use of a gene
expression signature (CINSARC) [38] to guide inten-
sity of adjuvant chemotherapy in high-risk STS and
the EORTC is planning a study to evaluate neoad-
juvant chemotherapy in retroperitoneal lipo- and
leiomyosarcomas (STRASS2).

While more evidence to support the use of neo/
adjuvant chemotherapy in high-risk STS is awaited
from clinical trials and registries, systemic chemother-
apy should be considered at the multidisciplinary
tumour board and discussed with the patients on
a routine basis. Obviously, more refined selection of
patients and therapies is key to improve outcome and
spare unnecessary toxicity. In the future, novel agents
(e.g. immunotherapy) may change our treatment
strategies [39].
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