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ABSTRACT

Sarcomas constitute a rare group of malignancies.
According to histology, different treatment options are
effective. For gastrointestinal stromal tumours (GISTs),
targeted treatment with imatinib controls about 20% of
advanced or metastatic disease, whereas chemotherapy
is more effective for the rest of the sarcomas.
Currently, new targeted treatments are emerging,
showing activity in cases resistant to established
primary treatment. On the other hand, the exciting
results of immunotherapy for other solid tumours, for
example, melanoma and lung cancer, make it a
promising option in the fight against sarcomas. In this
review, we have collected data of established and
promising treatments in trials with a view to facilitating
the sequencing of sarcoma treatments and for
identifying the future of these therapeutic options.

INTRODUCTION

In recent years, we witnessed the advent of a
new era in the treatment of systemic disease
in oncology; immunotherapies seem to be
the new hype in advanced malignant melan-
oma, lung and other types of cancer,
whereas chemotherapy and targeted therap-
ies re-emerge for other malignancies such as
prostate cancer. Sarcomas represent a rather
rare entity, classified into numerous sub-
groups according to the tissue of origin." Still
the treatment of systemic disease follows the
‘cornerstones’ of modern medical oncology
—chemotherapy and targeted therapies. The
scope of this review is to provide an update
on the optimal management of patients with
advanced sarcoma, and highlight the recent
advances that could lead to a change in
medical practice in the near future.

PART A: UPDATE ON GASTROINTESTINAL
STROMAL TUMOURS (GISTS)

GISTs represent the commonest type of
sarcoma.” While small GISTs (smaller than
1 cm) are quite frequent in the general popu-
lation among those over 50 years of age and
show little or no malignant potential, larger

tumours are rare—with an incidence of about
1/100 000. Approximately 40% of patients
with larger tumours will eventually develop
metastases after macroscopically complete sur-
gical resection, the primary choice of treat-
ment for GISTs.” There are two interesting
points in GIST biology—first, ‘classic’ chemo-
therapy has minimal influence on GIST cells,
with patients suffering from metastatic disease
having, until recently, a dismal prognosis.*”
Second, the survival of the tumour cells
depends in about 90-95% of the cases on acti-
vating mutations of the genes encoding KIT
or platelet-derived growth factor-a (PDGFR-A)
receptor.” These mutations are located in
70% of the cases in KIT exon 11, 10% in KIT
exon 9 and about 10% in PDGFR-a exons 12
or 18.” The remaining 10% are considered to
be ‘wild-type’ GIST, although the term
‘non-KIT non-PDGFR mutated’ is more suit-
able as more and more mutations are being
identified in other genetic loci.'’

The kick-off of the targeted therapy story
in sarcomas occurred when imatinib—a
multi-tyrosine-kinase inhibitor (multi-TKI;
including KIT and PDGFR-A) and originally
indicated for the treatment of chronic
myeloid leukaemia—was approved for the
treatment of patients with GIST"

Imatinib and KIT-mutated GIST

Imatinib was first tested in patients with meta-
static GIST at several dosages, ranging from
400 to 800 mg daily, until a large phase III
trial established 400 mg daily as the standard
dose.'” This study which randomised 746
patients in only 9 months to receive either
400 or 800 mg imatinib daily showed that
median overall survival (OS), progression-free
survival (PFS), or response rate (RR) did not
significantly differ between the two arms,
whereas >3 grade toxicity was higher in the
800 mg arm. Demetri et al” reported the
10-year follow-up data of this study at the
American Society of Clinical Oncology
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(ASCO) meeting of 2014. The authors showed a median
OS of 52 months with 22% of the patients being alive
after 10 years. There was no difference in the 10-year sur-
vival between the two arms. Interestingly, 49% of these
‘long-term survivors’ had been treated with imatinib
alone; the rest had received additional systemic treatment
such as sunitinib and sorafenib, and metastasectomy or
radiotherapy. Demetri et al further showed that patients
with an exon 9 mutation had a significantly worse
median OS than the ones with exon 11 mutations (38 vs
66 months, p=0.001); this was also depicted by the abso-
lute numbers of the patients being alive after 10 years (32
vs 262). In the paper by Blanke et al,'* about one-third of
the patients who had progressed on 400 mg imatinib and
received 800 mg subsequently showed a further stabilisa-
tion of their disease. However, as noted, this led to no dif-
ference in the 10-year survival. This phenomenon could
be explained through the additional therapies applied in
each arm, but further factors affecting survival in patients
with GIST (such as mutational status, size and localisation
of tumour and mitotic index'*) could also have played a
role. To conclude, imatinib in metastatic GIST can
convert a lethal disease into a chronic one in roughly
20% of cases. Despite this, the question remains on how
to treat the 80% of KIT-mutated patients who subse-
quently develop resistance to imatinib, as well as those
patients who are not KIT-mutated.

PDGFR-o mutated GISTs

PDGFR-o. mutations in KIT wild-type GISTs have been
first described in 2003. It has been shown that PDGFR
and KIT mutations were mutually exclusive, and that
GIST cells with PDGFR-a0 mutation were no different
with regard to signalling cascades and progression
potential as the KIT-mutated cells.® As a result, these
patients have been treated with imatinib as well. Cassier
et al'® published in 2012 the latest largest analysis of ima-
tinib efficacy in this patient population. The authors
evaluated 57 patients and showed an overall RR of 18%
with a PFS of 6.4 months; there was no difference
according to imatinib dose (400 or 800 mg). However,
not all PDGFR-a described mutations showed the same
response to imatinib: in the subset of patients (N=32)
with the PDGFRA-D842V genotype, the RR dropped
down to zero and PFS measured only 2.8 months. This
finding was in concordance with previous studies which
tested the in vitro sensitivity of PDGFR-o0 mutated GIST
cells to imatinib'® and this led to the development of
D842V-specific inhibitors. One of these inhibitors, creno-
lanib, has already shown promising activity in vitro'” and
is now being tested in a phase II trial. The results of this
study are eagerly awaited and will be available within the
next few months.

Progressive KIT-mutated GISTs

Sunitinib

Gramza et al'® elegantly reviewed the mechanisms
through which GIST cells are either inherently resistant

on imatinib or become resistant to this treatment.
Inherently resistant are mostly the cells with specific
mutations (as the PDGFRA-D842V) or with activation of
other signalling cascades (as the ones with BRAF/RAS
mutations or insulinlike growth factor 1 receptor
(IGF1-R) expression). The most common explanation
for resistance development is the selection of clones
with secondary KIT or PDGFRA mutations. Based on
these findings, further TKIs have been tested in
imatinib-resistant/intolerant GISTs. Among these, suniti-
nib has already established its role after a large phase III
study showed that patients on sunitinib (compared with
the ones having been treated with placebo) had a
longer median time to progression (TTP), but not 0s."
Interestingly, in this study, patients with exon 9 muta-
tions had a better outcome than those with exon 11
mutations (TTP 19 vs only 5months). Recently
Reichardt et al’’ have reported their results of a large
‘real-life’ sunitinib study in imatinib-progressive or
intolerant GIST patients. They analysed a total of 1124
patients, the largest cohort in sarcoma studies ever.
Owing to the concept of this trial, the dose of sunitinib
was somehow ‘liberal’: 599 patients had been treated
with the initial dose schedule of 50 mg daily for 4 weeks
in a 6-week cycle, and 525 had either started on the
37.5 mg continuous dosing or had received sunitinib in
an individually adjusted dose (eg, due to intolerance).
The median TTP for the entire cohort was 8.3 months,
and the median OS 16.6 months. The objective RR was
(only) 8%, but 60% showed disease stabilisation. A post
hoc analysis showed that TTP for the patients receiving
‘standard’ sunitinib (50 mg) was only 5.2 versus
12.7 months for those taking the ‘alternative’ dosing.
This could be partly explained by the side effect profile
of these dose schedules, as 34% of the ‘standard’
patients (26% in the ‘alternative’ group) discontinued
treatment due to adverse effects. In other words, effect-
ively adjusting sunitinib dosing enabled these patients to
be treated for a longer time. However, and in accord-
ance to the conclusion of the authors, there are no pro-
spective data to further support this post hoc analysis,
and therefore, this is merely ‘hypothesis-generating’.

Regorafenib

Regorafenib is a multi-TKI that is active against several
protein kinases responsible for angiogenesis, tumour
growth, and regulation of microenvironment. It has
been first tested in patients with GIST in a phase I, and
thereafter in a phase II trial®' where it proved itself safe
with promising activity until a large phase III study estab-
lished its role in this setting as a further therapy option
for patients with GIST progressing after imatinib and
sunitinib treatment.??> In this study, 199 patients were
randomised 2:1 to receive either 160 mg regorafenib
daily (3 weeks on treatment followed by 1 week off) or
placebo. After progression and unmasking of treatment,
almost every placebo patient (85%) received regorafe-
nib. The primary end point of the trial was PFS, and this
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amounted to 4.8 months in the regorafenib arm versus
0.9 months in the placebo arm. OS did not differ
between the two groups (HR 0.77, p=0.199), possibly
due to the high percentage of crossover. Regarding tox-
icity, adverse events of any grade occurred almost univer-
sally with regorafenib (98% vs 68% with placebo) and
grade >3 toxicity was observed in 61% and 14% of the
patients, respectively. This has led to a dose reduction in
72% of the regorafenib cases, generating uncertainty
about the appropriateness of the starting dose. Recent
work suggests23 ** that the crucial point in
regorafenib-therapy is dose individualisation leading to
better patient compliance and thus, increased possibility
of health benefit.

Sorafenib

Activity of sorafenib (a multikinase inhibitor against
KIT, VEGFR, PDGFR and other tyrosine kinases) has
been evaluated by Montemurro et al”” in a retrospective
analysis of 124 patients with GIST who had progressed
on imatinib and sunitinib. After a median follow-up of
7.9 months, 60% of patients had achieved stable disease
(SD) and an additional 10%, a partial response (PR).
In accordance to the other TKIs, the tolerability of sora-
fenib was only moderate (skin toxicity, fatigue, and
diarrhoea being the most common side effects), and
dose individualisation led to better compliance of
the patients with a trend towards better outcome
(PFS 7.5 vs 5 months, HR 0.69; p=0.15 for dose adjust-
ment vs not).

Ponatinib

A further TKI with promising activity in GIST pretreated
patients is ponatinib. This molecule was first tested in
vitro as well as in mouse models against imatinib, suniti-
nib, and regorafenib,26 and it showed increased activity
against a plethora of KIT primary and secondary resist-
ance mutations. Based on these results, ponatinib is
tested in a phase II trial, where patients—progressing on
imatinib, sunitinib and regorafenib—receive 45mg of
ponatinib. The patients are stratified according to the
presence or absence of exon 11 mutation; the first
results were presented in ASCO 2014 and updated in
the European Society for Medical Oncology Congress
(ESMO) 2014.?” Patients with exon 11 mutations showed
an overall response of 9%, but the ‘clinical benefit rate’
(CBR) at 16 weeks, which was the primary end point of
the study, reached 50%. On the other hand, patients
with no exon 11 mutations profited only modestly. The
study is expected to be completed in May 2016, but
these first results already point to ponatinib being
another option for heavily pretreated patients, especially
those with exon 11 mutation. However, the toxicity
profile represents a major concern for this treatment, as
up to 9% of patients receiving ponatinib for other indi-
cations, such as chronic myeloid leukaemia, developed
serious arterial thrombosis.*®

Nilotinib

Nilotinib is another TKI with promising activity in
imatinib-resistant GIST patients, and this is mostly due
to its ability to inhibit in vitro certain mutations of KIT
that are imatinib-resistant. It has been tested in a phase
III trial versus best supportive care in patients progres-
sing or intolerant to imatinib and sunitinib, and showed
a longer PFS in the intent-to-treat (ITT) population
(119 vs 70 days; p=0.0007), as well as a trend for a better
OS (332 vs 280 days; p=0.29).29 Based on these results,
the molecule was then tested as a first-line treatment
head-to-head against imatinib in a large phase III trial.*
Owing to crossing the futility boundary in a preplanned
interim analysis, the trial stopped recruiting at 647
patients instead of the preplanned 736. Patients were
randomised 1:1 to receive either 400 mg nilotinib daily
or 400 mg imatinib. 24% of the nilotinib patients versus
only 14% in the imatinib group had progressed at the
time of the analysis (HR 2.03), and 17 patients (vs 7)
had died under nilotinib (HR for death: 2.66).
Objective response was also higher with imatinib than
with nilotinib. Thus, nilotinib cannot be recommended
as a first-line therapy, but may potentially constitute an
option for salvage therapy.

‘Wild-type’ GISTs

Linsitinib

‘Wild-type’ GISTs often overexpress the IGFI-R,”' an
observation that has led to the development of the
respective inhibitors. Linsitinib is a TKI with in vitro effi-
cacy against IGF1-R, which has been already tested in a
phase II trial in patients with wild-type GIST. The first
results of the study, based on the analysis of 20 treated
patients, have been presented at ASCO 2014.°* The
authors could show that the CBR (defined as the sum
of complete response (CR) PR and SD>9 months) was
45%, and the estimated PFS and OS at 9 months mea-
sured 52% and 80%, respectively. Grade >3 toxicity was
reported in <10% of the patients with the most
common side effects being fatigue, nausea, and trans-
aminase elevation. The study is now completed and the
final results are expected.

TKIS IN GIST

All currently available TKIs have replaced chemotherapy
in the treatment of GIST, as the latter seems to have no
major impact on the course of the disease. Imatinib is
and probably will remain the first choice of therapy for
KIT-mutated GISTs as it is highly effective, and the
head-to-head comparison with newer TKIs (eg, niloti-
nib) in the firstline setting resulted in its clear superior-
ity. On progression, treatment with sunitinib and in
third line regorafenib are the treatment of choice. For
PDGFR—a mutated GIST imatinib remains an accept-
able option. On positive results from the ongoing phase
II trial with crenolanib, this molecule could be consid-
ered for D842V-mutated patients. ‘Wild-type’ GISTs still
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pose a difficult clinical problem; therefore, clinical
studies solely in this setting (eg, with a specific inhibitor,
such as linsitinib) are eagerly awaited.

However, the most important lesson comes from the
dosing schedule. Thus, it is preferable to freely adjust
the recommended TKI-dose to the patient’s needs and
side effects, aiming at longer treatment periods instead
of tenaciously striving on full dosage that could lead to
long delays and permanent discontinuation of therapy,
with a negative impact on PFS and survival.

PART B: UPDATE ON OTHER SARCOMAS

First-line treatment: chemotherapy combinations versus
monotherapies

Doxorubicin and ifosfamide alone or in combination

One of the most active chemotherapeutics in sarcomas is
doxorubicin, which was first tested as a monotherapy in
the remote ‘70s.”® Over the years, other compounds were
tested and ifosfamide particularly showed a substantial
RR in pretreated sarcomas.”* The next logical step was to
combine these two substances. Indeed, at least two pre-
liminary studies showed that the combination of doxo-
rubicin and ifosfamide was active.”> *° In the phase II
study of Leyvraz et al,”® female patients with advanced or
metastatic gynaecological sarcomas received 75 mg/m?
doxorubicin divided into three bolus doses over 3 days
together with 10 g/m? ifosfamide as a continuous infu-
sion over 5 days. The authors could show an overall RR of
49%, and concluded that this regimen represented an
effective treatment option.

However, until recently, the doxorubicin-ifosfamide
combination was not tested in a large phase III study as
a firstline treatment option. In 2014, Judson and collea-
gues published their phase III randomised controlled
trial of 455 patients with high-grade, locally advanced
and unresectable or metastatic sarcoma who had been
randomly assigned 1:1 to receive either doxorubicin
monotherapy or doxorubicin plus ifosfamide 10 g/m?
over 4 days.”’ Primary end point was OS which was not
significantly ~ different between the two
12.8 months in the doxorubicin versus 14.3 months in
the combination group (HR 0.83, p=0.076). Median PFS
favoured the combination arm with an absolute differ-
ence of 2.8 months (7.4 vs 4.6 months, p=0.003); this
was also the case for best overall response: 26% of the
patients responded with doxorubicin plus ifosfamide
versus only 14% with monotherapy (p=0.0006).
Nevertheless, this benefit came at a price of increased
toxicity as more patients in the combination arm experi-
enced grade 3-4 side effects, particularly cytopenia,
febrile neutropenia, and nausea/vomiting. Thus the
authors concluded that the combination of doxorubicin
and ifosfamide should be reserved for cases where high
response is urgently needed, for example, for symptom
control or where critical structures are endangered.
Otherwise, sequence of therapy lines with doxorubicin
and ifosfamide-monotherapy should be preferred.

arms:

Gemcitabine-docetaxel versus doxorubicin
Apart from doxorubicin and ifosfamide, numerous
other chemotherapeutics have been evaluated for treat-
ment of sarcomas, either as monotherapy or in combin-
ation.?® 9 Regarding combination therapies, most
promising seemed the addition of gemcitabine to doce-
taxel, as a retrospective analysis as well as a prospective
phase II study after first-line chemotherapy showed a RR
of up to 24% and a PFS of nearly 18 months.** *!
Whether this combination could compare favourably
against standard doxorubicin in the firstline therapy was
the question of the GeDDiS trial. The primary end point
was set on PFS rate at 6months, and 257
chemotherapy-naive patients with locally advanced or
metastatic sarcoma were randomised to receive either
doxorubicin or gemcitabine-docetaxel. The results of
this study were first presented at ASCO 2015 by Seddon
et al*® An equal median PFS (5.4 months for doxorubi-
cin vs 5.5 months for gemcitabine-docetaxel) as well as a
similar percentage of PFS at 24 weeks between the two
arms (46.1% vs 46% PFS at 24 weeks) were shown.
However, the unadjusted HR for PFS clearly favoured
doxorubicin by slightly missing statistical significance
(HR: 1.28, p=0.07). More patients went off study due to
unacceptable toxicity in the combination arm (16% vs
2%) and clearly less patients required a dose reduction
of doxorubicin compared with gemcitabine-docetaxel
with the mean dose intensity of 95% and 83%, respect-
ively. The emergence of grade 3-4 side effects was not
statistically significant between the two arms, but still
slightly more prominent in the combination arm (64.8%
vs 71.4%). The authors concluded that due to lack of
benefit in terms of PFS, the calculated HR, and the side
effect profile, doxorubicin should remain the standard
first-line treatment for advanced/metastatic sarcomas.
Doxorubicin monotherapy should remain the stand-
ard firstline treatment for sarcoma as long as a fast and
high response is not an absolute necessity. Ifosfamide
could represent a meaningful second-line therapy,
whereas combination therapies beyond first line should
be used with extreme caution and after consideration of
the medical needs of the patient.

Postprogression treatment: novel therapies

Yet, an important question is whether ifosfamide should
be considered as a standard postprogression treatment
as an increasing number of options are becoming
available.

Trabectedin

Trabectedin is a marine-derived alkaloid which showed a
minimal RR in a phase II study on metastatic non-GIST
sarcomas that had progressed after one or more lines of
chemotherapy.”” However, the rate of ‘progression
arrest’, the sum of PR and SD were up to 56%. The high
percentage of response was mainly seen in the subgroup
of leiomyosarcomas, leading Demetri et al to conduct a
phase II study with trabectedin solely in post firstline
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recurrent metastatic liposarcoma or leiomyosarcoma.
Median TTP was 3.7 months with a three-weekly regime
of trabectedin.** The progression-free rate at 3 and 6
months was 53% and 37%, respectively, and was favour-
ably comparable to historical data. A recent trial tested
six cycles of trabectedin versus continuation until pro-
gression. A significant difference in PFS at 6 months was
observed (51.9% vs 23.1%, p=0.02 in favour of mainten-
ance).® In all studies, the toxicity profile of trabectedin
was well manageable and consisted primarily of increase
in liver enzymes, neutropenia, and fatigue.

Trabectedin is currently tested in a large phase III
study as second-line treatment in metastatic leiomyosar-
coma and liposarcoma. A total of 495 patients have
been randomised 2:1 to receive either trabectedin or
dacarbazine. Primary end point is OS and secondary
end points are PFS, overall RR, duration of response,
and safety. An interim analysis was presented by
Demetri et al'® at ASCO 2015. The median OS was
similar between the two arms (12.4 vs 12.9 months,
respectively), but median PFS was significantly longer in
the trabectedin arm (4.2 vs 1.5 months, p<0.0001). The
observed benefit was equal in both leiomyosarcoma and
liposarcomas subgroups. Demetri et al could also show
an improved ‘clinical benefit rate’ from trabectedin
(CR, PR, SD>18 weeks) of 34.2% versus 18.5% (dacarba-
zine). Another interesting finding was a significantly
prolonged time to a subsequent treatment in the trabec-
tedin arm (6.9 vs 3.7 months, p<0.0001). However,
the observed toxicity was clearly higher with trabectedin,
as 64.7% of the patients experienced grade 3-4
drug-related adverse events (vs 36.8% with dacarbazine),
which consisted mostly of neutropenia, liver enzyme
increase, and nausea. Although this interim analysis
could not show an OS benefit, the improved PFS and
the shown CBR makes trabectedin a promising second-
line option despite its toxicity profile. Final results are
awaited.

Aldoxorubicin

In the second-line setting and beyond, another novel
drug—aldoxorubicin—was brought into focus after a
phase Ib/II trial showed a PR in 20% and SD in 40% of
the patients.47 Aldoxorubicin is a combination of doxo-
rubicin with a linker, which has the ability to covalently
bind to albumin when the drug is infused into the
blood stream. When the drug reaches the acidic tumour
environment, the decrease of the pH ‘releases’ the
linker, thus achieving a much higher doxorubicin con-
centration in the tumour itself. In this first study, a total
of 25 patients were enrolled and 17 of these patients
had metastatic sarcoma, with all patients having pro-
gressed after at least one line of chemotherapy. The
maximum tolerated dose was established at 350 mg/m®
which—according to the authors—is equivalent to the
delivery of 260 mg/ m? doxorubicin per chemotherapy
cycle. The most common side effects included pancyto-
penia, nausea, fatigue, alopecia, but not cardiac toxicity.

Within the sarcoma subgroup, 38% of these patients
achieved a PR with a further 46% remaining stable.

On the basis of these results, a phase IIb trial was con-
ducted which compared head-to-head aldoxorubicin
with doxorubicin in the first line treatment of patients
suffering from advanced sarcomas. The first results were
presented by Chawla et al'® in ASCO 2014. For the treat-
ment, 123 patients with advanced sarcoma were rando-
mised 2:1 to receive 350 mg/m2 aldoxorubicin or the
standard dose of 75 mg/m2 doxorubicin. Median PFS
was significantly longer in the aldoxorubicin arm (8.4 vs
4.7 months, p=0.0002), and so was the overall RR (24%
vs 5.3%). More patients with aldoxorubicin experienced
grade 3-4 neutropenia (28% vs 15%), nausea (10% vs
0%), and fatigue (5% vs 0%); however, <50% decrease
in left ventricular ejection fraction was more common
with doxorubicin (9.5% vs 0%).

Although the latter study has not been as yet pub-
lished in a peerreviewed journal, all these data make
aldoxorubicin a promising new sarcoma treatment. The
molecule is now being tested as a second-line monother-
apy versus physician’s choice in a large phase III trial as
well as a palliative treatment in combination with ifosfa-
mide in a phase I/1I trial. These studies will further help
to clarify whether aldoxorubicin will establish its role in
the therapeutic armamentarium against sarcoma.

Eribulin

Eribulin is an inhibitor of microtubule-dynamic that is
active in metastatic breast cancer. Preliminary results*
pointed to a meaningful clinical activity in patients with
sarcoma, and this led to a randomised phase III trial of
eribulin versus dacarbazine in the third-line therapy
setting of patients suffering from advanced liposarcoma
or leiomyosarcoma.50 This trial randomised on a 1:1
basis 452 patients, and showed that the primary end
point of OS was significantly increased in favour of eri-
bulin (13.5 vs 11.5 months, p=0.0169). However, PFS did
not differ between the two groups, being 2.6 months.
There have been reported two grade 5, possibly
treatmentrelated events, in the eribulin arm versus
none in the dacarbazine group; in total, there was a
higher incidence of more than grade 3 side effects with
eribulin (67% vs 56%).

There are two interesting points in this trial. First, this
is one of the very few sarcoma studies showing benefit in
OS. More interestingly, this benefit emerged despite lack
of difference in PFS. This ‘discrepancy’ has been
observed also in trials with eribulin in metastatic breast
Cancer,51 and could be explained through the effect that
eribulin has on the tumour microenvironment and vas-
cularisation. However, in the sarcoma trial aforemen-
tioned, more patients in the eribulin arm received
dacarbazine postprogression as vice versa. Although the
authors stated that this difference was not strong enough
to explain the OS difference, still it could have influ-
enced the trial results. Second, severe side effects were
not significantly higher in the eribulin (67%) compared
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with the dacarbazine arm. Quality of life (QoL) did not
significantly differ between the two arms; however, as
QoL was only an exploratory end point of the trial, the
question still remains whether such a high percentage is
acceptable in a heavily pretreated population in the
third-line setting.

Pazopanib

Pazopanib is a multi-TKI and has been first tested in a
phase II study of patients with advanced sarcoma who
have failed or were not able to receive standard first-line
chemotherapy.”® In this trial, the progression-free rate at
3 months (being the primary end point of the study)
was up to 49% for leiomyosarcomas. The toxicity profile
was well manageable and consisted mostly of hyperbiliru-
binaemia, hypertension, and fatigue—all of which were
observed in <10% of the patients. Pazopanib was then
tested in a large randomised, placebo-controlled phase
III trial (PALETTE) of 369 patients with advanced
sarcoma who had failed at least one line of chemother-
apy.”®> Median PFS significantly favoured pazopanib with
4.6 versus 1.6 months in the placebo group (p<0.0001),
but OS had not reached statistical significance (12.5 vs
10.7 months). The authors explained this through the
longer OS observed with placebo as well as through the
postprogression therapies given that might have influ-
enced the final OS rate.

An interesting outcome of this trial has recently been
published by Coens et al® The authors reported on
health-related quality of life (HRQoL) of the
PALETTE-treated patients having been an exploratory
end point of the trial. The patients had to fill out the
European Organisation for Research and Treatment of
Cancer (EORTC) Quality-of-Life Questionnaire (EORTC
QLQ-C30) at baseline and at weeks 4, 8, and 12 after
starting treatment. The analysis showed a similar score
between the two arms, both at the beginning of the
study as well as at the prespecified time points. Global
health status in the pazopanib arm did drop by 3.8
points at week 4, but this was not clinically significant.
Patients in the pazopanib arm also reported increased
rate of diarrhoea, loss of appetite, nausea/vomiting, and
fatigue which correlates with the known side effect spec-
trum of this treatment, but this did not translate into a
significant worsening of the global health status in
general. Thus the authors concluded that increasing
PFS (as shown in the PALETTE study) without signifi-
cantly affecting general QoL makes pazopanib an
acceptable option for treating patients with progressive
sarcomas.

Regorafenib

Given the role of angiogenesis in sarcomas’” as well as
the activity of regorafenib in angiogenesis, this com-
pound was also tested in a randomised, placebo-
controlled phase II trial of soft-tissue sarcomas. The first
results of this study were presented by Mir et af® at
ASCO 2015. A total of 55 patients with leiomyosarcoma

and 32 with other sarcoma types (mainly undifferenti-
ated pleomorphic sarcomas, angiosarcomas, and fibro-
sarcomas) were randomised 1:1 to be treated either with
regorafenib or with placebo. All of the patients had
received at least one line of chemotherapy containing
doxorubicin and were not amenable to curative local
treatment. The PFS favoured regorafenib in both
sarcoma groups (3.7 vs 1.9 months for the leiomyosar-
coma group, and 3.7 vs 1.0-month for the other sarco-
mas). The toxicity profile consisted mainly of fatigue,
hypertension, and skin disorders that manifested as
grade 3 in about 20% of the patients; however, no grade
4 toxicity was observed. This study is ongoing and
further results are expected in the coming months, but
already point to a possible role of regorafenib as a
second-line therapy in all sarcomas.

HOW SHOULD CHEMOTHERAPIES ‘LINE UP’?

Apart from aldoxorubicin, which was tested in a phase II
study against doxorubicin, none of the other therapeu-
tics were tested against doxorubicin or any other broadly
used treatment in sarcomas in a large trial.
Furthermore, there has been no study comparing the
efficacy of one of the modern molecules against
another. Thus, it is difficult to propose a rational line up
of (chemo) therapy after tumour progression on doxo-
rubicin. In our opinion, this has to be individually
decided according to the specific requirements of each
patient, the toxicity profile, the subgroup of sarcoma
and its molecular biology (eg, trabectedin and eribulin
in leiomyosarcoma and liposarcoma), as well as the cost
of each proposed treatment.

GOING INTO THE FUTURE: IS THERE A ROLE FOR
IMMUNOTHERAPY IN SARCOMAS?

Immunotherapy constantly gains significance in the
fight against cancer as treatment with antibodies against
the  cytotoxic  T-lymphocyte-associated  protein-4
(CTLA-4) and programmed cell death-1 (PD-1) anti-
gens, both expressed on the T-lymphocytes and serving
as ‘brakes’ in our immune system, led to a significant
increase in RR, PFS, and OS of melanoma patients
(reviewed by Ascierto et al).57 Owing to these remark-
able results, in addition to a ‘plateau’ of ongoing
response in a subgroup of patients, immunotherapy is
now tested in a plethora of further tumours such as
lung, bladder, kidney, etc. A key player in immunother-
apy seems to be the interaction of PD-1 antigen with its
ligand PD-L1, as the expression of PD-L1 in the tumour
cells was correlated in some, but not all, tumour types
with response to anti-PD-1 antibodies.”® In accordance
to these data, Raj et al® reported their analysis of PD-L1
expression in patients with sarcoma. A total of 161
paraffin-embedded osteosarcoma, 33 Ewing sarcoma
and 46 leiomyosarcoma samples were analysed with
immunohistochemistry for PD-L1 expression, which was
found positive in 36%, 39% and 97% samples,
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respectively. This result was not correlated with tumour
size, grade, age, response to chemotherapy or OS (only
osteosarcoma treated with chemotherapy showed a mar-
ginally improved OS). In a similar study by Kozak et al,”’
36 synovial sarcoma samples were analysed (56%
primary, 44% lung metastases) and in 83%, PD-L1
expression was revealed and showed no effect on the
course of the disease. As it is the case with other tumour
types, quantification of PD-L1 expression and its validity
are still to be defined. On the other hand, these are
interesting exploratory studies that help form the basis
to develop trials of immunotherapy in sarcoma. Thus
nivolumab and pembrolizumab, the two most frequently
used anti-PD-1 antibodies, as well as the anti-CTLA-4
antibody ipilimumab together with further immunother-
apy strategies, such as chimeric antigen receptor T cells,
are currently being tested in several phase I-II clinical
trials in patients with sarcoma (for a complete overview
see also under clinicaltrials.gov). The first results of
these studies are expected later in 2016 and until then
none of these antibodies can be used for the treatment
of patients with sarcoma outside a clinical trial.

NEW PERSPECTIVES, FUTURE DIRECTIONS

In conclusion, the field of sarcomas did not witness a
breakthrough in recent years as, for example, melanoma
with immunotherapy. Still in GISTs, imatinib can control
around 20% of patients; we already have a handful of
significantly active treatments in the second-and-beyond
line setting. For the other sarcomas, chemotherapy is
still the cornerstone of treatment with the newer thera-
peutic options providing rather marginal benefits.
Several interesting studies are expected to be completed
within the following years as the view is that immuno-
therapy will play an important role in the treatment plan
of patients with sarcoma. Insights into the molecular
biology of the disease are urgently needed for the suc-
cessful development of personalised targeted therapies.

Competing interests None declared.
Provenance and peer review Commissioned; internally peer reviewed.

Open Access This is an Open Access article distributed in accordance with
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, provided
the original work is properly cited and the use is non-commercial. See: http:/
creativecommons.org/licenses/by-nc/4.0/

REFERENCES
1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. Cancer J Clin
2015;65:5-29.

2. Ducimetie’re F, Lurkin A, Ranche’re-Vince D, et al. Incidence of
sarcoma histotypes and molecular subtypes in a prospective
epidemiological study with central pathology review and molecular
testing. PLoS ONE 2011;6:20294.

3. Joensuu H, Vehtari A, Riihimaki J, et al. Risk of recurrence of
gastrointestinal stromal tumour after surgery: an analysis of pooled
population-based cohorts. Lancet Oncol 2012;13:265-74.

4. Demetri GD, Elias AD. Results of single-agent and combination
chemotherapy for advanced soft tissue sarcomas. Implications for

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

decision making in the clinic. Hematol Oncol Clin North Am
1995;9:765.

Plaat BE, Hollema H, Molenaar WM, et al. Soft tissue
leiomyosarcomas and malignant gastrointestinal stromal tumors:
differences in clinical outcome and expression of multidrug
resistance proteins. J Clin Oncol 2000;18:3211.

Edmonson JH, Marks RS, Buckner JC, et al. Contrast of response to
dacarbazine, mitomycin, doxorubicin, and cisplatin (DMAP) plus
GM-CSF between patients with advanced malignant gastrointestinal
stromal tumors and patients with other advanced leiomyosarcomas.
Cancer Invest 2002;20:605.

Dematteo RP, Lewis JJ, Leung D, et al. Two hundred
gastrointestinal stromal tumors: recurrence patterns and prognostic
factors for survival. Ann Surg 2000;231:51-8.

Heinrich MC, Corless CL, Duensing A, et al. PDGFRA activating
mutations in gastrointestinal stromal tumors. Science
2003;299:708-10.

Heinrich MC, Corless CL, Demetri GD, et al. Kinase mutations and
imatinib response in patients with metastatic gastrointestinal stromal
tumor. J Clin Oncol 2003;21:4342-9.

Pantaleo M, Nannini M, Corless C, et al. Quadruple wild-type (WT)
GIST: defining the subset of GIST that lacks abnormalities of KIT,
PDGFRA, SDH, or RAS signaling pathways. Cancer Med
2015;4:101-3.

Cohen MH, Williams G, Johnson JR, et al. Approval summary for
imatinib mesylate capsules in the treatment of chronic myelogenous
leukemia. Clin Cancer Res 2002;8:935-42.

Blanke CD, Rankin C, Demetri GD, et al. Phase Ill randomized,
intergroup trial assessing imatinib mesylate at two dose levels in
patients with unresectable or metastatic gastrointestinal stromal
tumors expressing the kit receptor tyrosine kinase: S0033. J Clin
Oncol 2008;26:626.

Demetri GD, Rankin CJ, Benjamin RS, et al. Long-term disease
control of advanced gastrointestinal stromal tumors with imatinib:
10-year outcomes from SWOG phase Ill intergroup trial S0033
ASCO; 2014; Chicago. J Clin Oncol 2014;32:5s.

Miettinen M, Lasota J. Gastrointestinal stromal tumors: pathology
and prognosis at different sites. Semin Diagn Pathol 2006;23:
70-83.

Cassier P, Fumagalli E, Rutkowski P, et al. Outcome of patients with
platelet-derived growth factor receptor alpha—mutated
gastrointestinal stromal tumors in the tyrosine kinase inhibitor era.
Clin Cancer Res 2012;18:4458-64.

Corless C, Schroeder A, Griffith D, et al. PDGFRA mutations in
gastrointestinal stromal tumors: frequency, spectrum and in vitro
sensitivity to imatinib. J Clin Oncol 2005;23:5357—64.

Heinrich M, Griffith D, McKinley A, et al. Crenolanib inhibits the
drug-resistant PDGFRA D842V mutation associated with
imatinib-resistant gastrointestinal stromal tumors. Clin Cancer Res
2012;18:4375-84.

Gramza A, Corless C, Heinrich M. Resistance to tyrosine kinase
inhibitors in gastrointestinal stromal tumors. Clin Cancer Res
2009;15:7510-18.

Demetri GD, Garrett CR, Schoffski P, et al. Complete longitudinal
analyses of the randomized, placebo-controlled, phase lll trial of
sunitinib in patients with gastrointestinal stromal tumor following
imatinib failure. Clin Cancer Res 2012;18:3170.

Reichardt P, Kang Y, Rutkowski P, et al. Clinical outcomes of
patients with advanced gastrointestinal stromal tumors: safety and
efficacy in a worldwide treatment-use trial of sunitinib. Cancer
2015;121:1405-13.

George S, Wang Q, Heinrich MC, et al. Efficacy and safety of
regorafenib in patients with metastatic and/or unresectable Gl
stromal tumor after failure of imatinib and sunitinib: a multicenter
phase Il trial. J Clin Oncol 2012;30:2401.

Demetri GD, Reichardt P, Kang YK, et al. Efficacy and safety of
regorafenib for advanced gastrointestinal stromal tumours after
failure of imatinib and sunitinib (GRID): an international, multicentre,
randomised, placebo-controlled, phase 3 trial. Lancet 2013;381:295.
Grothey A, George S, van Cutsem E, et al. Optimizing treatment
outcomes with regorafenib: personalized dosing and other strategies
to support patient care. Oncologist 2014;19:669-80.

Rutkowski P, Stepniak J. The safety of regorafenib for the treatment
of gastrointestinal stromal tumors. Expert Opin Drug Saf
2016;15:105-16.

Montemurro M, Gelderblom H, Bitz U, et al. Sorafenib as third- or
fourth-line treatment of advanced gastrointestinal stromal tumour and
pretreatment including both imatinib and sunitinib, and nilotinib:

a retrospective analysis. Eur J Cancer 2012;49:1027-31.

Garner A, Gozgit J, Anjum R, et al. Ponatinib inhibits polyclonal
drug-resistant KIT oncoproteins and shows therapeutic potential in

Metaxas Y, et al. ESMO Open 2016;1:6000065. doi:10.1136/esmoopen-2016-000065


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.3322/caac.21254
http://dx.doi.org/10.1371/journal.pone.0020294
http://dx.doi.org/10.1016/S1470-2045(11)70299-6
http://dx.doi.org/10.1081/CNV-120002485
http://dx.doi.org/10.1097/00000658-200001000-00008
http://dx.doi.org/10.1126/science.1079666
http://dx.doi.org/10.1200/JCO.2003.04.190
http://dx.doi.org/10.1200/JCO.2007.13.4452
http://dx.doi.org/10.1200/JCO.2007.13.4452
http://dx.doi.org/10.1158/1078-0432.CCR-11-3025
http://dx.doi.org/10.1200/JCO.2005.14.068
http://dx.doi.org/10.1158/1078-0432.CCR-12-0625
http://dx.doi.org/10.1158/1078-0432.CCR-09-0190
http://dx.doi.org/10.1158/1078-0432.CCR-11-3005
http://dx.doi.org/10.1200/JCO.2011.39.9394
http://dx.doi.org/10.1016/S0140-6736(12)61857-1
http://dx.doi.org/10.1634/theoncologist.2013-0059
http://dx.doi.org/10.1016/j.ejca.2012.10.009

Open Access 8

heavily pretreated gastrointestinal stromal tumor (GIST) patients.
Clin Cancer Res 2014;20:5745-55.

leiomyosarcoma after failure of prior anthracyclines and ifosfamide:
results of a randomized phase Il study of two different schedules.

27. Heinrich M, von Mehren M, Demetri G, et al. Phase 2 study of J Clin Oncol 2009;27:4188-96.
ponatinib in patients (pts) with advanced gastrointestinal stromal 45. Le Cesne A, Blay J, Domont J, et al. Interruption versus continuation
tumors (GIST) after failure of tyrosine kinase inhibitor (TKI) therapy: of trabectedin in patients with soft-tissue sarcoma (T-DIS):
early results. Ann Oncol 2014;25(Suppl 4):iv494-510. a randomised phase 2 trial. Lancet Oncol 2015;16:312—19.

28. Cortes J, Kim D, Pinilla-Ibarz J, et al. A phase 2 trial of ponatinib in 46. Demetri G, von Mehren M, Jones R, et al. A randomized phase I
Philadelphia chromosome—positive leukemias. N Engl J Med study of trabectedin (T) or dacarbazine (D) for the treatment of
2013;369:1783-96. patients (pts) with advanced liposarcoma (LPS) or leiomyosarcoma

29. Reichardt P, Blay J, Gelderblom H, et al. Phase Il study of nilotinib (LMS). J Clin Oncol 2015;33:10503.
versus best supportive care with or without a TKI in patients with 47. Chawla S, Chua V, Hendifar A, et al. A phase 1B/2 study of
gastrointestinal stromal tumors resistant to or intolerant of imatinib aldoxorubicin in patients with soft tissue sarcoma. Cancer
and sunitinib. Ann Oncol 2012;23:1680-7. 2015;121:570-9.

30. Blay J, Shen L, Kang Y, et al. Nilotinib versus imatinib as first-line 48. Chawla S, Papai Z, Sankhala K, et al. Randomized phase 2b trial
therapy for patients with unresectable or metastatic gastrointestinal comparing first-line treatment with aldoxorubicin versus doxorubicin
stromal tumours (ENESTg1): a randomised phase 3 trial. Lancet in patients with advanced soft tissue sarcomas. J Clin Oncol
Oncol 2015;16:550-60. 2014;32:10502.

31. Belinsky M, Rink L, Flieder D, et al. Overexpression of insulin-like 49. Schoffski P, Ray-Coquard IL, Cioffi A, et al. Activity of eribulin
growth factor 1 receptor and frequent mutational inactivation of mesylate in patients with soft-tissue sarcoma: a phase 2 study in
SDHA in wild-type SDHB-negative gastrointestinal stromal tumors. four independent histological subtypes. Lancet Oncol
Gen Chrom Cancer 2013;52:214-24. 2011;12:1045-52.

32. von Mehren M, George S, Heinrich M, et al. Results of SARC 022, a 50. Schoffski P, Chawla S, Maki R, et al. Eribulin versus dacarbazine in
phase Il multicenter study of linsitinib in pediatric and adult wild-type previously treated patients with advanced liposarcoma or
(WT) gastrointestinal stromal tumors (GIST). J Clin Oncol leiomyosarcoma: a randomised, open-label, multicentre, phase 3
2014;32:5s, (suppl; abstr 10507). trial. Lancet 2016;387:1629-37.

33. Benjamin R, Wiernik P, Bachur N. Adriamycin: a new effective agent 51. Kaufman P, Awada A, Twelves C, et al. Phase Ill open-label
in the therapy of disseminated sarcomas. Med Pediatr Oncol randomized study of eribulin mesylate versus capecitabine in
1975;1:63-76. patients with locally advanced or metastatic breast cancer previously

34. Antman K, Ryan L, Elias A, et al. Response to ifosfamide and treated with an anthracycline and a taxane. J Clin Oncol
mesna: 124 previously treated patients with metastatic or 2015;33:594-601.
unresectable sarcoma. J Clin Oncol 1989;7:126-31. 52. Sleijfer S, Ray-Coquard I, Papai Z, et al. Pazopanib, a multikinase

35. Patel S, Vadhan-Raj S, Burgess M, et al. Results of two consecutive angiogenesis inhibitor, in patients with relapsed or refractory
trials of dose-intensive chemotherapy with doxorubicin and advanced soft tissue sarcoma: a phase Il study from the European
ifosfamide in patients with sarcomas. Am J Clin Oncol Organisation for Research and Treatment of Cancer-soft tissue and
1998;21:317-21. bone sarcoma group (EORTC study 62043). J Clin Oncol

36. Leyvraz S, Zweifel M, Jundt G, et al. Long-term results of a 2009;27:3126-32.
multicenter SAKK trial on high-dose ifosfamide and doxorubicin in 53. Van der Graaf W, Blay J, Chawla S, et al. Pazopanib for metastatic
advanced or metastatic gynecologic sarcomas. Ann Oncol soft-tissue sarcoma (PALETTE): a randomised, double-blind,
2006;17:646-51. placebo-controlled phase 3 trial. Lancet 2012;379:1879-86.

37. Judson |, Verweij J, Gelderblom H, et al. Doxorubicin alone versus 54. Coens C, van der Graaf W, Blay J, et al. Health-Related
intensified doxorubicin plus ifosfamide for first-line treatment of Quality-of-Life results from PALETTE: a randomized, double-blind,
advanced or metastatic soft-tissue sarcoma: a randomized phase 3 trial of pazopanib versus placebo in patients with soft tissue
controlled phase 3 trial. Lancet Oncol 2014;15:415-23. sarcoma whose disease has progressed during or after prior

38. D’Adamo D. Appraising the current role of chemotherapy for the chemotherapy—a European Organization for Research and
treatment of sarcoma. Semin Oncol 2011;38:519-29. Treatment of Cancer soft tissue and bone sarcoma group global

39. Leahy M, del Muro X, Reichardt P, et al. Chemotherapy treatment network study (EORTC 62072). Cancer 2015;121:2933—41.
patterns and clinical outcomes in patients with metastatic soft tissue 55. Yvonne MH, Versleijen-Jonkers Y, Vlenterie M, et al. Anti-angiogenic
sarcoma. The SArcoma treatment and Burden of lliness in North therapy, a new player in the field of sarcoma treatment. Crit Rev
America and Europe (SABINE) study. Ann Oncol 2012;23:2763-70. Oncol Hematol 2014;91:172-85.

40. Bay J, Ray-Coquard I, Fayette J, et al. Docetaxel and gemcitabine 56. Mir O, Brodowicz T, Wallet J, et al. Activity of regorafenib (RE) in
combination in 133 advanced soft-tissue sarcomas: a retrospective leiomyosarcomas (LMS) and other types of soft-tissue sarcomas
analysis. Int J Cancer 2006;119:706—11. (OTS): results of a double-blind, randomized placebo (PL) controlled

41. Maki R, Wathen J, Patel S, et al. Randomized phase Il study of phase Il trial. J Clin Oncol 2015;33 (suppl; abstr 10504).
gemcitabine and docetaxel compared with gemcitabine alone in 57. Ascierto M, Melero |, Ascierto P. Melanoma: from incurable beast to
patients with metastatic soft tissue sarcomas: results of sarcoma a curable bet. The success of immunotherapy. Front Oncol
alliance for research through collaboration study 002 [corrected]. 2015;5:1-7.

J Clin Oncol 2007;25:2755-63. 58. Rizvi N, Mazieres J, Planchard D, et al. Activity and safety of

42. Seddon B, Whelan J, Strauss S, et al. GeDDiS: A prospective nivolumab, an anti-PD-1 immune checkpoint inhibitor, for patients
randomised controlled phase Ill trial of gemcitabine and docetaxel with advanced, refractory squamous non-small-cell lung cancer
compared with doxorubicin as first-line treatment in previously (CheckMate 063): a phase 2, single-arm trial. Lancet Oncol
untreated advanced unresectable or metastatic soft tissue 2015;16:257—-65.
sarcomas. J Clin Oncol 2015;33 (suppl; abstr 10500). 59. Raj S, Bui M, Gonzales R, et al. Impact of PDL1 expression on

43. Le Cesne A, Blay J, Judson |, et al. Phase Il study of ET-743 in clinical outcomes in subtypes of sarcoma. Ann Oncol 2014;25(Suppl
advanced soft tissue sarcomas: a European Organisation for the 4):iv494-510.

Research and Treatment of Cancer (EORTC) soft tissue and bone 60. Kozak K, Szumera-Cieckiewicz A, Rembiszewska A, et al.
sarcoma group trial. J Clin Oncol 2005;23:576-84. Programmed Death Ligand-1 (PD-L1) expression and prognostic

44. Demetri G, Chawla S, von Mehren M, et al. Efficacy and safety of value in synovial sarcoma. Ann Oncol 2014;25(Suppl 4):
trabectedin in patients with advanced or metastatic liposarcoma or iv494-510.

8 Metaxas Y, et al. ESMO Open 2016;1:e000065. doi:10.1136/esmoopen-2016-000065


http://dx.doi.org/10.1158/1078-0432.CCR-14-1397
http://dx.doi.org/10.1056/NEJMoa1306494
http://dx.doi.org/10.1093/annonc/mdr598
http://dx.doi.org/10.1002/gcc.22023
http://dx.doi.org/10.1002/mpo.2950010109
http://dx.doi.org/10.1016/S1470-2045(14)70063-4
http://dx.doi.org/10.1053/j.seminoncol.2011.09.004
http://dx.doi.org/10.1002/ijc.21867
http://dx.doi.org/10.1200/JCO.2005.01.180
http://dx.doi.org/10.1200/JCO.2008.21.0088
http://dx.doi.org/10.1016/S1470-2045(15)70031-8
http://dx.doi.org/10.1002/cncr.29081
http://dx.doi.org/10.1016/S1470-2045(11)70230-3
http://dx.doi.org/10.1016/S0140-6736(15)01283-0
http://dx.doi.org/10.1200/JCO.2013.52.4892
http://dx.doi.org/10.1002/cncr.29426
http://dx.doi.org/10.1016/j.critrevonc.2014.02.001
http://dx.doi.org/10.1016/j.critrevonc.2014.02.001

	Update on clinical research and state of the art management of patients with advanced sarcomas and GIST
	Abstract
	Introduction
	Part A: update on gastrointestinal stromal tumours (GISTs)
	Imatinib and KIT-mutated GIST
	PDGFR-α mutated GISTs
	Progressive KIT-mutated GISTs
	Sunitinib
	Regorafenib
	Sorafenib
	Ponatinib
	Nilotinib

	‘Wild-type’ GISTs
	Linsitinib


	TKIs in GIST
	Part B: update on other sarcomas
	First-line treatment: chemotherapy combinations versus monotherapies
	Doxorubicin and ifosfamide alone or in combination
	Gemcitabine-docetaxel versus doxorubicin

	Postprogression treatment: novel therapies
	Trabectedin
	Aldoxorubicin
	Eribulin
	Pazopanib
	Regorafenib


	How should chemotherapies ‘line up’?
	Going into the future: is there a role for immunotherapy in sarcomas?
	New perspectives, future directions
	References


