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B |n patients with metastatic or unresectable soft tissue and
bone sarcoma of extremities and pelvis, survival is gener-
ally poor. The aim of the current systematic review was
to analyse recent publications on treatment approaches in
patients with inoperable and/or metastatic sarcoma.

B Original articles published between 1st January 2011 and
2nd May 2020, using the search terms ‘unresectable sar-
coma’, ‘inoperability AND sarcoma’, ‘inoperab* AND sar-
coma’, and ‘treatment AND unresectable AND sarcoma’
in PubMed, were potentially eligible. Out of the 839 ini-
tial articles (containing 274 duplicates) obtained and 23
further articles identified by cross-reference checking, 588
were screened, of which 447 articles were removed not
meeting the inclusion criteria. A further 54 articles were
excluded following full-text assessment, resulting in 87
articles finally being analysed.

B Of the 87 articles, 38 were retrospective (43.7%), two pro-
spective (2.3%), six phase | or I/l trials (6.9%), 22 phase
Il non-randomized trials (27.6%), nine phase Il random-
ized trials (10.3%) and eight phase Ill randomized trials
(9.2%). Besides radio/particle therapy, isolated limb perfu-
sion and conventional chemotherapy, novel therapeutic
approaches, including immune checkpoint inhibitors and
tyrosine kinase inhibitors were also identified, with par-
tially very promising effects in advanced sarcomas.

B Management of inoperable, advanced or metastatic sar-
comas of the pelvis and extremities remains challenging,
with the optimal treatment to be defined individually.
Besides conventional chemotherapy, some novel thera-
peutic approaches have promising effects in both bone
and soft tissue subtypes. Considering that only a small
proportion of studies were randomized, the clinical evi-
dence currently remains moderate and thus calls for fur-
ther large, randomized clinical trials.
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Introduction

Soft tissue sarcomas (STS) and bone sarcomas constitute
rare mesenchymal neoplasms, with an incidence of 4.7
and 0.8 per 100 000 patients per year in Europe, respec-
tively.2 The majority of these tumours are located in the
extremities and pelvis.” Complete surgical resection is the
gold standard in multimodal treatment plans with cura-
tive intent.3 Most STS of the extremities are resectable at
initial presentation, while patients with locally advanced
tumours involving important anatomical structures or
those with distant spread may not be suitable for curative
surgery. Survival in the case of metastatic disease is rather
poor, with median survival times of 14 to 17 months.*>
Likewise, about 70% of bone sarcomas can be treated by
surgery with or without chemotherapy (CTX), depending
on their histology, with curative intent, whereas in the
metastatic setting, five-year survival is less than 25%.6-8

In locally advanced, unresectable and/or metastatic
sarcomas, treatment options are generally limited. Sys-
temic options include conventional CTX and — in recent
years — targeted treatments, tyrosine kinase inhibitors
(TKls) and immune checkpoint inhibitors. For local control
(LC), unresectable or metastatic tumours may be treated
with standard radiotherapy (RTX), particle therapy, embo-
lization or isolated limb perfusion (ILP). Treatment plans
are discussed in multidisciplinary team meetings in order
to achieve the best outcomes possible. In recent years,
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Fig. 1 PRISMA flow chart.

several studies have been published investigating innova-
tive treatment options in patients with locally advanced,
recurrent or metastatic sarcomas not amenable to local sur-
gery. Because sarcomas comprise a heterogeneous group
with variable treatment responses, however, therapeutic
approaches for different subtypes may significantly differ.

Therefore, the aim of the present systematic review was
to summarize recent knowledge on treatment of patients
with locally advanced, unresectable or metastatic soft tis-
sue and bone sarcomas of the extremities and pelvis, pro-
viding an overview on which treatment modalities per
histological subtype are potentially available.

Methods

All original articles published in English language between
1st January 2011 and 2nd May 2020 on inoperable pri-
mary or recurrent as well as metastatic sarcoma of the
extremities and pelvis were potentially eligible. Case
reports and review articles were excluded from this review,
as were non-English publications, those with full-text arti-
cles not available in electronic form and studies predomi-
nantly dealing with sarcomas of the trunk, abdomen,
retroperitoneum and/or head and neck region.

PubMed was searched for original articles published
between Tst January 2011 and 2nd May 2020 using the fol-
lowing search terms: ‘Unresectable sarcoma’, ‘inoperability
AND sarcoma’, ‘inoperab* AND sarcoma’, and ‘treatment
AND unresectable AND sarcoma’ (last retrieval date: 2 May
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2020; Fig. 1). Further articles were included by cross-reference
checking if not retrievable from the literature search. The
systematic literature review was performed according to the
Preferred Reporting ltems for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.® After removing duplicates,
titles and abstracts were screened. Thereafter, full-text arti-
cles were assessed for eligibility. All original articles investi-
gating the effect of various treatments apart from surgery in
metastatic or unresectable sarcomas could be included.
Due to the heterogeneity of studies analysed, no meta-anal-
ysis was conducted. Therefore, descriptive statistics were
performed only. Treatment effects were separated into
poor, moderate and promising, based on the conclusions
drawn by the authors of the respective studies. Further-
more, study limitations, levels of evidence according to the
Oxford Centre for Evidence Based Medicine Levels of Evi-
dence Scale,’® and clinical efficacy in distinct histological
subtypes were documented.

Results

From the initial 839 articles, 274 duplicates were removed.
Thereafter, 23 articles were added following cross-reference
checking, resulting in 588 articles being screened. Of
these, 447 articles not meeting the inclusion criteria were
excluded. Thereafter, 141 articles were assessed for eligi-
bility, with 54 publications excluded for several reasons,
resulting in 87 studies finally included in qualitative analy-
sis (Fig. 1).
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Altogether, 38 retrospective analyses (43.7%), two
prospective analyses (2.3%), six phase | or phase I/II clini-
cal trials (6.9%), 22 phase Il non-randomized clinical trials
(27.6%), nine phase Il randomized trials (10.3%), and
eight phase Il clinical trials (9.2%) could be finally
included in qualitative and quantitative analysis (Fig. 2).
Of those, 41 studies had an evidence level IV (47.1%), 29
an evidence level Il (33.3%) and 17 an evidence level Il
(19.5%).

Bone sarcomas

With five-year post-relapse survival rates of less than 30%,
prognosis in advanced bone sarcomas is generally poor.!
Yet, throughout the past years, several studies investigat-
ing novel treatment options have been published, with
sometimes promising results (Table 1). Besides conven-
tional RTX as the standard of care for local treatment of
some histological subtypes such as Ewing’s sarcoma,’?
particle therapy with protons or heavy ions may be used
in unresectable or incompletely resected bone sarcoma —
including relatively radio-resistant tumours as osteosar-
coma — achieving adequate LC rates, especially in small
tumours and single-site disease.’®'# Furthermore, chemo-
embolization with N-2-btyl-cyanoacrylate (NBCA) has
been shown to be effective for symptom palliation in
unresectable or recurrent bone sarcomas of the shoulder
girdle or pelvis.’®

With regards to systemic therapy, conventional CTX
with gemcitabine and docetaxel or high-dose ifosfamide
monotherapy may lead to durable treatment responses in
selected cases of refractory bone sarcomas.'®'7 On the
other hand, combination therapy with topotecan and

cyclophosphamide, an established treatment protocol in
paediatric bone sarcoma patients, has only limited effec-
tiveness in adults.’® Also, several phase Il trials demon-
strated activity of targeted agents as tyrosine kinase
inhibitors'>20 and the mammalian target of rapamycin
(mTOR) inhibitor ridaforolimus.?'-22 In particular, a pro-
gression free survival (PFS) of 3.5 to 3.9 months in patients
with advanced sarcoma (both bone and soft tissue) was
demonstrated for ridaforolimus, with manageable toxicity
profile.?122 Moreover, immune checkpoint inhibitors,
such as pembrolizumab or nivolumab in combination
with ipilimumab, can lead to substantial and durable anti-
tumour responses in selected advanced bone sarcoma
patients.?3-2> Yet, the median achieved PFS of 1.7 to 4.1
months is worse than the one seen in STS.23-25

Chondrosarcoma

Most chondrosarcomas are low grade, thus only growing
very slowly, and have a favourable prognosis.26 However,
a small proportion are high grade, with high risk of meta-
static spread and consecutive poor prognosis.?’ In order
to improve outcome of patients with advanced chondro-
sarcoma, various local and systemic treatment modalities
may be applied, with differing outcomes (Table 2).
Particle therapy with carbon ions has been shown to be
effective in patients with chondrosarcoma not deemed
resectable, leading to a median LC rate of 39.6 months.28
Of note, the LC rate significantly varies depending on
grading and histological subtype, with naturally better
rates for grade | conventional chondrosarcoma (median
LC rate: 66 months) in comparison to grade Ill conven-
tional chondrosarcoma (median LC rate: 25 months) or
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Table 1. Treatment options for bone sarcomas in general (sorted by level of evidence)

Treatment Effect Comments Level Ref.
Nivolumab Poor I, IV 23,24
Pembrolizumab Moderate n 2
Ridaforolimus Promising 1] 21,22
Conventional RTX Promising v 12
Particle therapy (carbons, protons) Promising v 13,14
Chemo-embolization (NBCA) Promising Pain relief v 135
Gemcitabine + docetaxel Promising v 16
Topotecan + cyclophosphamide Poor Regimen effective in children, but not in adult patients; mixed cohort of paediatric- IV 18
type sarcomas
Ifosfamide Promising v 7
Nivolumab + ipilimumab Moderate v 23

dedifferentiated chondrosarcoma (median LC rate: 9
months).28

Systemic treatment with first-line anthracycline- or non-
anthracycline-based CTX in patients with locally advanced
or metastatic chondrosarcoma is of limited efficacy, with
an overall objective response rate (ORR) of 15%. Notably,
patients with mesenchymal and dedifferentiated chondro-
sarcoma seemed to have a greater benefit from CTX than
those with conventional chondrosarcoma.?’ Moreover,
therapy with gemcitabine and docetaxel leads to rather
low response rates in chondrosarcoma.?® Notably, one
retrospective study suggested that first-line doxorubicin
monotherapy might be more efficacious as compared
with doxorubicin-based combination therapy in dediffer-
entiated chondrosarcoma, though reasons for this obser-
vation remained unclear.?” The same study suggested that
first-line anti-hormonal therapy might have a promising
anti-tumour activity in unresectable conventional chon-
drosarcoma.?’ In unresectable or metastatic extraskeletal
myxoid chondrosarcoma, the TKI pazopanib can lead to a
clinically meaningful tumour response after failed response
to first-line anthracycline-based CTX, with a median PFS of
19 months (95% confidence interval (95% CI): 11 months
to 27 months).3' Pazopanib was also shown to be active in
metastatic or unresectable conventional chondrosarcoma,
with a manageable toxicity profile.32:33 Also, the monoclo-
nal antibody ramucirumab, targeting vascular endothelial
growth factor receptor 2 (VEGFR2), has been tested in met-
astatic chondrosarcoma, achieving partially long-lasting
stable disease.33 Nevertheless, there is a broad variation in
treatment effects between patients with similar chondro-
sarcoma subtypes and identical treatments, and uniform
guidelines for this histological subtype in the advanced
setting are yet to be defined.

Osteosarcoma

In the curative setting, osteosarcoma patients younger than
40 years are usually treated according to the European and
American Osteosarcoma Studies (EURAMOS) protocol with
neoadjuvant methotrexate, doxorubicin and cisplatin (MAP),
followed by surgery and further MAP therapy.34 In patients
older than 40 years, neoadjuvant CTX protocols most
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commonly consist of cisplatin, doxorubicin and ifosfamide.3>
Considering that 30% to 40% of patients treated with cura-
tive intent for primarily localized osteosarcoma will develop
local or systemic relapses, second- and third-line treatments
in the advanced setting are required (Table 2).6:36

Besides chemo-embolization with N-butyl-cyanoacrylate
(NCBA), local treatments leading to promising LC rates
include particle therapies with carbons, protons or pro-
tons and photons.37-3° With carbon ion radiotherapy, five-
year PFS rates of 23% to 35% can be achieved, with small
and low-grade pelvic osteosarcomas showing better
response rates.3”38 Although even higher five-year LC
rates have been reported for proton- or proton-photon-
based particle therapy in unresectable osteosarcoma,
these results have to be interpreted carefully, considering
that extremity-, pelvis- and axial tumours had been col-
lectively analysed.3®

Combination CTX with gemcitabine and docetaxel may
be considered as a systemic treatment option in pre-treated,
unresectable and metastatic osteosarcoma.-3040 Although
only moderate response rates with this combination treat-
ment are observed, four-month PFS rates of 46% can be
achieved, particularly in patients with a good performance
status.™ In case of inoperable high-grade primary osteosar-
comas, combination of conventional multi-agent CTX and
RTX does not only palliate symptoms, but may even lead to
long-term LC rates in selected patients.#!

The multikinase inhibitor sorafenib was the first TKI to
show activity in osteosarcoma.’® Second- or third-line mon-
otherapy with sorafenib leads to a median PFS of four
months (95% Cl: two months to five months), with an
acceptable toxicity profile.’ Only recently, several studies
with regorafenib, apatinib and pazopanib confirmed the
role of TKls in osteosarcoma.*?=#6 For example, second- or
third-line treatment with regorafenib significantly delays dis-
ease progression in advanced osteosarcoma in comparison
to placebo, while OS rates are comparable.*?43 Moreover,
the TKI apatinib leads to encouraging response rates in
advanced osteosarcoma progressive upon CTX, with a rec-
ommended daily dose of 500 mg.#445 According to a retro-
spective analysis, pazopanib also has some clinical efficacy
and tolerable toxicity.#6
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Table 2. Treatment options divided by histological subtypes of bone sarcomas (sorted by level of evidence)

Chondrosarcoma

Treatment

CTX
Gemcitabine + docetaxel
Carbon ions

Dedifferentiated chondrosarcoma

Treatment

CTX
Doxorubicin
Combination CTX with doxorubicin

Conventional chondrosarcoma

Treatment

Pazopanib
Ramucirumab
Antihormone therapy

Extraskeletal myxoid chondrosarcoma

Treatment
Pazopanib

Osteosarcoma

Treatment

Regorafenib

Robatumumab

Pembrolizumab + cyclophosphamide
Sorafenib

Sorafenib + everolimus

Gemcitabine + sirolimus
Gemcitabine + docetaxel

Apatinib

Chemo-embolization (NCBA)

Particle therapy (carbon ions, protons + photons)
CTX + RTX

Pazopanib

Ewing’s sarcoma

Treatment

Robatumumab

Gemcitabine + docetaxel

Carbon ion radiotherapy + high-dose CTX
Irinotecan + temozolomide

Chordoma

Treatment

Sorafenib

Imatinib

Particle therapy (carbons, protons)
Pazopanib

Sunitinib

Effect

Poor
Poor
Promising

Effect

Moderate
Promising
Poor

Effect

Promising
Promising
Promising

Effect

Promising

Effect
Promising

Poor

Poor

Promising
Promising
Promising
Promising
Promising
Promising
Promising
Promising
Promising

Effect

Promising
Poor

Promising
Promising

Effect

Promising
Promising
Promising
Promising
Promising

Comments

As first line, including all chondrosarcoma subtypes

Conventional and dedifferentiated chondrosarcoma

Comments

As first line

Comments

Based on two clinical cases

Comments

Comments

Improved PFS in comparison to placebo (but similar OS
rates)

P-ERK1/2 positive osteosarcoma
P-ERK1/2 positive osteosarcoma

Recommended daily dose of 500 mg
Pain relief

Comments

Effective in both paediatric and adult patients

Comments

PDGFB or PDGFRB-positive chordoma
Better outcome if planned target volume < 500 mm*3

Level

Level

11/
Il
Il
I
Il
I, v
1, 1Iv

Ref.

29

28

Ref.

29
27
27

Ref.

32,33

27

Ref.

Ref.

42,43

48

49

19

20

47

11, 30, 40
44,45
119
37-39
41

46

Ref.

48

54
55

Ref.
57

58,59

53
53

Combination therapy of sorafenib with mTOR-inhibitor
everolimus in the same clinical setting results in a median PFS of
five months (95% Cl: two months to seven months), with
tumours overexpressing both P-ERK1/2 (phosphoextracellular

signal-regulated kinases 1/2) and P-RPS6 (phosphor-riboso-
mal protein 6) showing better response rates.?0 Likewise,
combination therapy of gemcitabine and mTOR-inhibitor
sirolimus is particularly effective in patients with metastatic
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osteosarcomas positive for P-ERK1/2.47 On the other hand,
monotherapy with the IGF-1R (insulin-like growth factor
receptor 1) inhibitor robatumumab is of limited clinical
benefit in metastatic and unresectable osteosarcoma.8
Also, the combination of immune checkpoint inhibitor
pembrolizumab with cyclophosphamide has only limited
activity in advanced osteosarcoma.*?

Ewing’s sarcoma

In primary localized Ewing’s sarcoma, two chemothera-
peutic approaches are today most commonly used, one
developed by the Children Oncology Group (COG), and
the other by an European collaboration within the Euro-
E.W.LLN.G-99 and EWING-2008 studies. The COG-based
regimen uses interval compressed vincristine, doxorubicin
and cyclophosphamide, alternately given with ifosfamide
and etoposide.’® The European approach recommends
vincristine, ifosfamide, doxorubicin and etoposide (VIDE),
followed by vincristine, actinomycin D and cyclophospha-
mide or ifosfamide (VAC/VAI) in low-risk patients, or high-
dose chemotherapy with busulfan and melphalan followed
by autologous stem cell rescue in high-risk patients.>’

While cytotoxic CTX is considered essential to achieve
long-term remission in patients with localized Ewing’s sar-
coma and patients with primary pulmonary metastases
only, it is far less effective for patients with primary
extrapulmonary metastases, local recurrences or second-
ary metastases (Table 2).52-54 Several chemotherapeutic
agents are used in the setting of relapsed disease, includ-
ing temozolomide and irinotecan, as well as the combina-
tion of gemcitabine and docetaxel.3%33 While temozolomide
and irinotecan achieve a disease control rate of over 70% in
recurrent Ewing’s sarcoma, combined therapy with gem-
citabine and docetaxel achieves only moderate clinical
response rates.3 The IGF-1R inhibitor robatumumab
shows a limited efficacy in a minority of patients with met-
astatic Ewing’s sarcoma, with some patients remaining in
long-term remission of > four years, however median over-
all survival amounted to only seven months.*8

Chordoma

About 30% to 40% of chordomas will develop distant
metastases, although the greater morbidity results from
locoregional recurrence and destruction of adjacent struc-
tures.>¢ Cytotoxic CTX is not recommended in advanced
chordoma, as being of very limited efficacy only.>? Yet,
some alternative treatment options have been investi-
gated in this setting (Table 2). For example, in unresecta-
ble or incompletely resected pelvic chordoma, particle
therapy with carbon ions or protons leads to promising
PFS and OS rates.’ Notably, chordoma patients show bet-
ter OS rates than patients with other sarcoma subtypes.'*
Furthermore, according to a small case series, treatment
of chordomas with vascular endothelial growth factor
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(VEGF)-inhibitors pazopanib or sunitinib results in promis-
ing clinical response rates.>®> Even more, VEGF inhibitor
sorafenib could effectively slow down tumour progres-
sion in advanced chordomas, with a nine-month PFS rate
of 73%.57 In platelet-derived growth factor beta (PDGFB)
or platelet-derived growth factor beta receptor (PDGFRB)
positive chordomas, the TKI imatinib — primarily used in
the treatment of gastrointestinal stromal tumour (GIST) —
can stabilize previously progressive advanced chordomas
in up to 70% of cases.>8>°

Soft tissue sarcomas

In the curative setting of high-risk extremity STS, systemic
treatment consists of anthracyclines (doxorobucin or epi-
rubicin) with or without ifosfamide.® Moreover, RTX is
frequently applied before or following surgical resection,
aiming at reducing local recurrence rates and thus improv-
ing patients’ prognosis.6’ Prognosis in metastatic STS is
generally poor, with median survival rates of approxi-
mately 18 months.5? Thus, several local and systemic
treatment options in recurrent, unresectable or metastatic
STS have been tested over the past years, aiming at
improving patients’ outcome (Table 3).

Transarterial chemo-embolization can be used in locally
unresectable STS, leading to a reduction in pain scores,
promising local response rates and median OS rates of 21
months (range: 11 months to 30 months)®® to 23.7
months (£ 2.1 months).* Other therapeutic measure-
ments to achieve LC in unresectable STS include — similar
to bone sarcomas — conventional RTX'%65> and particle
therapy.13.1466 Definite RTX in patients with unresectable
non-rhabdomyosarcoma STS was shown to result in
median disease-free survival rates of 12 months (range 0.1
years to 9.4 years).1265 Likewise, particle therapy seems to
be effective in unresectable STS, although studies identi-
fied in the current systematic review either reported on
few STS cases only'314, or collectively analysed pelvic STS
with retroperitoneal, chest wall- and abdominal wall-
STS.65 Of note, carbon ion radiotherapy seems to be more
effective regarding LC in liposarcoma and undifferentiated
pleomorphic sarcoma (UPS) as compared with malignant
peripheral nerve sheath tumour or synovial sarcoma.6>66

Another locoregional treatment modality constitutes
ILP with tumour necrosis factor alpha (TNFa) and melpha-
lan. According to a study involving 17 patients, this treat-
ment leads to near complete response/complete response
and partial response in 12% and 58% of locally advanced,
unresectable or metastatic STS of the extremities, respec-
tively.6” On the other hand, ILP with doxorubicin appears
to be less effective.6” Furthermore, isolated limb infusion,
a less invasive alternative to ILP, can be performed — even
repeatedly — in unresectable, recurrent extremity STS and
achieve promising LC rates.58
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Table 3. Treatment options for soft tissue sarcomas in general (sorted by level of evidence)

Treatment Effect Comments Level Ref.
Pazopanib Promising Non-adipocytic STS Il 79
Regorafenib Promising Non-adipocytic STS Il 78
Gemcitabine + dacarbazine Promising Better PFS and OS than for dacarbazine alone 1l 74
Dacarbazine Poor Worse PFS and OS in comparison to combination therapy with gemcitabine Il 74
Nivolumab Poor Except for UPS, liposarcoma 1l 23
Nivolumab + ipilimumab Promising Angiosarcoma, leiomyosarcoma, myxofibrosarcoma, liposarcoma, UPS Il 23
Doxorubicin + ifosfamide Moderate First line; may be chosen in case tumour shrinkage is main goal Il 4
Doxorubicin + evofosfamide Moderate First line; not superior to doxorubicin monotherapy Il 69
Aldoxorubicin Promising First line; superior to doxorubicin monotherapy Il 7
Doxorubicin Promising First-line therapy Il 470
Gemcitabine + docetaxel Moderate Manageable toxicities; worse outcome than with doxorubicin I, IvV 70
Olaratumab + doxorubicin Poor Not superior to doxorubicin monotherapy 11, 10 77,85
Ridaforolimus Promising Particularly effective in patients previously benefiting from CTX 11, 10 2,22,87
Isolated limb perfusion (TNF + melphalan) Promising 1] 67
Isolated limb perfusion (doxorubicin) Moderate 1] 67
Pembrolizumab Poor Except for UPS, dedifferentiated liposarcoma 1] 25
Retaspimycin Hydrochloride Promising n 80
Axitinib + pembrolizumab Promising Particularly alveolar soft part sarcoma 1] 82
Conatumumab + doxorubicin Moderate Not superior to doxorubicin monotherapy 1l 84
Tasisulam sodium Poor 1] 5
Larotrectinib Promising TRK fusion-positive STS ] 76
(Chemo-)embolization Promising v 63,64
RTX Promising v 12,65
Isolated limb infusion Promising Repeated administration possible \% 68
Particle therapy (carbons, protons) Promising Axial STS (pelvis, gluteal region, retroperitoneum, abdominal/chest wall) \% 13,14, 66
Topotecan + cyclophosphamide Poor Previous long-lasting response to CTX associated with improved prognosis IV 18
Cyclophosphamide Promising Particularly effective in Irradiation-induced STS \% 72

With regards to systemic treatment, the efficacy of vari-
ous chemotherapeutic agents has been analysed in unre-
sectable STS, including doxorubicin46°-71, aldoxorubicin,”’
cyclophosphamide,’? topotecan in combination with
cyclophosphamide,® trabectedin,”3 ifosfamide,’” gemcit-
abine in combination with docetaxel,670 dacarbazine,’*
and gemcitabine in combination with dacarbazine.”

The combination therapy of topotecan and cyclophos-
phamide has only limited activity in adult patients with
relapsed or refractory paediatric-type STS.'® However,
patients with previous long-lasting response to induction
CTX can achieve prolonged survival rates upon this com-
bined regimen.’® Furthermore, oral metronomic cyclo-
phosphamide monotherapy may be applied in elderly
patients with unresectable STS, especially in the case of
irradiation-induced tumours.”?2 One of the most hotly
debated issues in first-line treatment concerns the efficacy
of combining doxorubicin with an alkylating agent com-
pared to single-agent doxorubicin treatment. Available
studies have failed to demonstrate an overall survival
advantage for the combination of doxorubicin with ifosfa-
mide in patients with advanced STS compared with doxo-
rubicin monotherapy, however the latter regimen may be
chosen in case tumour shrinkage is a specific treatment
goal.# Similarly, first-line combination of doxorubicin and
evofosfamide was not shown to be associated with a treat-
ment benefit in unresectable, metastatic STS in comparison
to doxorubicin monotherapy.6® On the other hand, first-
line CTX with aldoxorubicin, a pro-drug of doxorubicin

designed to improve concentrations of the agent within the
tumour,”".75 is associated with superior efficacy over doxo-
rubicin with regards to tumour response and PFS in
untreated, locally advanced, unresectable or metastatic
STS.”" Yet, OS rates are comparable for both treatment
arms.”2 A randomized phase Il study (Gemcitabine and
docetaxel versus doxorubicin as first-line treatment in previ-
ously untreated advanced unresectable or metastatic soft
tissue sarcomas — GeDDiS) revealed that doxorubicin
should be favoured as standard treatment in CTX-naive,
advanced STS instead of gemcitabine and docetaxel.”® Also,
combination CTX of dacarbazine with gemcitabine leads to
significantly better PFS and OS in comparison with dacar-
bazine monotherapy in patients with pre-treated, advanced
STS.7# On the other hand, only modest anti-tumour activity
is observed upon second- or third-line treatment of
advanced STS with tasisulam sodium, an acylsulfonamide.>
Thus, despite partially encouraging effects observed with
novel chemotherapeutics, the agent of choice in advanced
STS remains doxorubicin.470.71

In recent years, novel systemic anti-tumour therapeutics
have been developed and — after showing promising results
in various carcinomas — tested in STS, including TKls,76-79
immune checkpoint inhibitors,?3-2> mTOR-inhibitors?' and
other small molecules.>20 After partially dramatic effects in
melanoma, renal cell cancer and bronchial carcinoma,
immune checkpoint inhibitors were also tested in STS.
Combination immunotherapy with nivolumab and ipili-
mumab, inhibiting immune checkpoints PD-1 and CTLA-4,
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respectively, led to PFS and OS of 4.1 and 14.3 months, thus
being comparable to currently available treatment options
in patients with pre-treated, unresectable or metastatic
STS.23 On the other hand, nivolumab monotherapy was
shown to be of only limited efficacy in most STS subtypes,
except for UPS and liposarcoma.?? Likewise, most STS sub-
types show only moderate response to PD-1 inhibitor pem-
brolizumab, while clinically meaningful responses are seen
in metastatic UPS and dedifferentiated liposarcoma.?>

Due to the activity of TKls imatinib and sunitinib in gas-
trointestinal stromal tumours, several kinase inhibitors
have extensively been studied in advanced STS.7° Accord-
ing to the Pazopanib expLorEd in SofT Tissue Sarcoma
(PALETTE) and Regorafenib in patients with advanced soft
tissue sarcoma (REGOSARC) trials, the multitarget TKls paz-
opanib and regorafenib show clinically meaningful effects
in non-adipocytic metastatic STS.”87? Notably, patients with
adipocytic STS had been excluded from the PALETTE trial,
based on conclusions of the phase Il European Organisa-
tion for Research and Treatment of Cancer (EORTC) study
62043 revealing a low response rate upon pazopanib
treatment.8! Furthermore, the combination of the TKI axi-
tinib with PD-1 inhibitor pembrolizumab is effective in
advanced STS, with a three-month PFS of 65.6% exceed-
ing the historical benchmark of 19% indicative of a clini-
cally meaningful effect.8283

Notably, studies combining doxorubicin with novel
therapeutic agents in advanced STS have been published
over the past years, aiming at improving tumour response.
For example, the first-line combination of doxorubicin with
the monoclonal antibody conatumumab, targeting tumour
necrosis factor-related apoptosis-inducing ligand (TRAIL),
did not improve disease control in comparison to doxoru-
bicin monotherapy.8* Similarly, the phase Ill Doxorubicin
Plus Olaratumab vs Doxorubicin Plus Placebo in Patients
with Advanced Soft Tissue Sarcoma (ANNOUNCE) trial
showed that the combination therapy of the monoclonal
antibody olaratumab (platelet-derived growth factor recep-
tor alpha (PDGFRa) inhibitor) with doxorubicin did not
improve OS in patients with anthracycline-naive advanced
STS as compared with doxorubicin monotherapy,®> despite
promising preliminary results in a preceding phase Il trial.””
Notably, olaratumab received a conditional marketing
authorization by the European Medicines Agency after the
results of the phase Il trial that was subsequently revoked
following the publication of the phase Ill trial results.8> On
the other hand, the heat-shock protein 90 (HSP90) inhibi-
tor retaspimycin hydrochloride targets PDGFRa and other
molecules indirectly by blocking their conformational mat-
uration, stability and activation.8%86 Although only pre-
liminary results are available, there is evidence that this
molecular agent has some anti-tumour activity in pre-
treated STS.8 Another molecular targeted agent that has
been investigated in pre-treated, advanced STS is the
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mTOR-inhibitor ridaforolimus, resulting in six-month PFS
rates of around 23%, easily surpassing the six-month PFS
threshold of 14% recommended by the EORTC to identify
active treatments in pre-treated sarcomas.?'.2283.87_ Patients
previously showing response to conventional CTX seem to
particularly benefit from subsequent treatment with rida-
forolimus, delaying tumour progression in comparison to
placebo.®”

One of the most recent novel therapeutics investigated
in advanced STS is the tropomyosin receptor kinase (TRK)
inhibitor larotrectinib.”¢ While TRK-fusions are found in
over 90% of infantile fibrosarcomas and are even pathog-
nomic in secretory breast carcinoma, they may be present
in less than 5% of non-GIST STS.8889 Larotrectinib leads to
75% overall response rates in patients with pre-treated,
advanced, TRK fusion-positive tumours, including STS.7”
Notably, adverse events are generally manageable, with
grade Ill or IV adverse events occurring in merely 5% of
patients.”¢

Although some already established chemotherapeutics
as well as novel agents show promising results in advanced,
unresectable, partially pre-treated STS, their administra-
tion in elderly, often multimorbid, patients is questiona-
ble. However, in elderly patients with advanced STS, any
CTX has been shown to be associated with improved OS
in comparison to best supportive care.?® Nevertheless,
considering that the positive influence of CTX in this study
was lost in multivariate analysis and that many patients
had been denied systemic treatment due to anticipated
toxicities and co-morbidities, further studies are warranted
to define the best treatment approach in this elderly
population.®°

Leiomyosarcoma

While CTX with high-dose ifosfamide has been shown to be
of limited efficacy in advanced leiomyosarcoma,'” second-
line gemcitabine monotherapy achieved results similar to
combination therapy of gemcitabine with docetaxel in
relapsed or metastatic leiomyosarcoma (Table 4).°7 Con-
sidering the lower toxicity rate observed upon gemcitabine
monotherapy, this approach should be favoured.”® Fur-
thermore, eribulin, a microtubule-dynamics inhibitor?293,
led to better OS in advanced, pre-treated leiomyosarcoma
in comparison to dacarbazine, while PFS was similar.3
Moreover, trabectedin, a marine-derived drug,”3 %4 was
associated with significantly improved PFS in patients with
advanced leiomyosarcoma experiencing progression to
previous CTX as compared with dacarbazine, whereas OS
was comparable.®

Besides distinct chemotherapeutic agents, some TKils
and immune checkpoint inhibitors have also shown
encouraging results in advanced leiomyosarcoma. Com-
bination immunotherapy with ipilimumab and nivolumab
led to an objective response rate of 16% in pre-treated,



TREATMENT OF UNRESECTABLE SARCOMA

Table 4. Treatment options for different histological subtypes of soft tissue sarcomas (sorted by level of evidence)

Leiomyosarcoma

Treatment Effect Comments Level Ref.
Gemcitabine Promising Second line Il o1
Gemcitabine + docetaxel Moderate Second line; similar efficacy to gemcitabine Il 9
monotherapy, but increased toxicity rate
Nivolumab + Ipilimumab Promising Il 23
Regorafenib Promising Better PFS in comparison to placebo Il 78
Sunitinib Promising 1] 95
Eribulin Promising Better OS in comparison to dacarbazine I, IvV 92,93
Trabectedin Promising Better PFS in comparison to dacarbazine I, IV 73,94
Ifosfamide Poor \% 7

Liposarcoma

Treatment Effect Comments Level Ref.
Nivolumab + Ipilimumab Promising Il 23
Regorafenib Poor Il 78
Eribulin Promising Better OS in comparison to dacarbazine I, IV 92,93
Trabectedin Promising Better PFS in comparison to dacarbazine I, IvV 73,94
Pembrolizumab Promising Dedifferentiated liposarcoma 1] 25
Pazopanib Moderate 1] 99
Sunitinib Promising 1] 95
Amrubicin Promising TLS-CHOP translocated myxoid liposarcoma 1] %8
Carbon ion radiotherapy Promising \% 66

Synovial sarcoma

Treatment Effect Comments Level Ref.
Pazopanib Promising Il 79
Regorafenib Promising Il 78
Gemcitabine + docetaxel Poor 1] 102
Carbon ion radiotherapy Poor \% 66
Ifosfamide Promising v 7
Trabectedin Moderate \% 73

Alveolar soft part sarcoma

Treatment Effect Comments Level Ref.
Cediranib Promising Active in adults, but not in paediatric patients 1] 104,105
Crizotinib Promising TFE3 rearranged MET+ ASPS 1] 106
Axitinib + pembrolizumab Promising 1l 82
Sunitinib Promising \% 103

Undifferentiated pleomorphic sarcoma

Treatment Effect Comments Level Ref.
Nivolumab + ipilimumab Promising Il 23
Sunitinib Moderate Results based on small case number 1] 95
Pembrolizumab Promising 1] 25

Angiosarcoma

Treatment Effect Comments Level Ref.

Paclitaxel Promising Similar anti-tumour effects as paclitaxel + bevacizumab I 96
combination therapy, but lower toxicity

Paclitaxel + bevacizumab Moderate Higher toxicity rates than with paclitaxel monotherapy I, Ill 96,111

Gemcitabine Promising \% o

Pazopanib Promising \% nz

Malignant Solitary Fibrous Tumour

Treatment Effect Comments Level Ref.
Pazopanib Promising 1] n4
Sorafenib Moderate v s

Epithelioid Sarcoma

Valproic acid + bevacizumab + gemcitabine + docetaxel Moderate Epithelioid sarcoma, carcinosarcoma n ne
Gemcitabine + docetaxel Promising \% nz
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metastatic leiomyosarcomas, being comparable to the
rates usually achieved with standard CTX as gemcitabine
and docetaxel, or doxorubicin.?3 Furthermore, the multiki-
nase inhibitor sunitinib is likewise effective in heavily pre-
treated, advanced leiomyosarcoma.®> As mentioned above,
the multikinase inhibitor regorafenib was associated with a
clinically relevant treatment effect in pre-treated, advanced,
non-adipocytic STS, including leiomyosarcoma.”®

Liposarcoma

In advanced or metastatic liposarcoma, cytotoxic CTX is
generally of limited efficacy, with response rates of about
10%.949697 Thus, alternative treatment options have been
investigated in different liposarcoma subtypes (Table 4).
Carbon ion radiotherapy has shown good LC rates in
patients with unresectable axial STS (besides pelvis, also
including STS of the abdominal wall, chest wall and retrop-
eritoneum).6¢ Amrubicin, a synthetic 9-aminoanthracycline,
may be administered as first-line therapy in unresectable or
metastatic myxoid liposarcoma, leading to tumour response
rates comparable to those achieved with doxorubicin,
while having a lower toxicity profile.?® Similar to leiomyo-
sarcoma, both eribulin®293 and trabectedin’3.24 are associ-
ated with improved tumour response in comparison to
dacarbazine in pre-treated, advanced or metastatic lipo-
sarcoma.?3%% Moreover, immune checkpoint inhibitor
therapy with nivolumab and ipilimumab can achieve anti-
tumour effects in advanced liposarcoma comparable to
those obtained with standard CTX regimens.23

Additionally, PD-1 inhibitor pembrolizumab is effective
in pre-treated, metastatic dedifferentiated liposarcoma,
leading to partial response and stable disease in 20% and
40% of patients, respectively.?> According to a phase |l
study of patients with adipocytic tumours excluded from
the PALETTE trial,25 the multitarget TKI pazopanib was also
effective in advanced liposarcoma, with PFS rates compa-
rable to those observed in patients with non-adipocytic
STS in the PALETTE trial.®® Moreover, the multitarget TKI
sunitinib has shown three-month PFS rates of more than
40% in advanced liposarcoma.®> On the other hand,
regorafenib, another multitarget TKI, was not shown to
improve PFS or OS in patients with advanced, pre-treated
liposarcoma, as compared with placebo.”8

Synovial sarcoma

Synovial sarcomas constitute a rare, highly aggressive STS
subtype, with a five-year cancer-specific survival probabil-
ity of 66%.100.101 |n unresectable, recurrent or metastatic
synovial sarcomas, various treatment options have been
investigated (Table 4).

Particle therapy with carbon ions seems to be less effec-
tive in synovial sarcomas as compared with UPS or liposar-
coma.%¢ Systemically, combination CTX with gemcitabine
and docetaxel shows little efficacy in advanced and metastatic
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synovial sarcoma.'®®> Moreover, only modest response
rates are observed with trabectedin.”3 On the other hand,
high-dose ifosfamide has promising efficacy not only as a
first line, but also as a second- and third-line systemic treat-
ment in patients with refractory synovial sarcoma.’” Fur-
thermore, both the multikinase inhibitors pazopanib?®
and regorafenib lead to significantly improved PFS in syn-
ovial sarcoma patients previously treated with doxoru-
bicin or other anthracyclines.”®

Alveolar soft part sarcoma (ASPS)

Alveolar soft part sarcomas (ASPS) develop predominantly
in young patients and often present with multiple metas-
tases at initial diagnosis. Therefore, systemic treatment is
required in order to improve patients’ prognosis (Table
4). Besides the TKI sunitinib,'93 cediranib,'04105 crizo-
tinib'%¢ and axitinib,82 have also been tested in ASPS, with
encouraging results. In adult patients with metastatic
ASPS, cediranib exhibits substantial single-agent activ-
ity.1%4 In the paediatric population, on the other hand,
response rates to cediranib are relatively lower.19 This
could, at least in part, be caused by the 30% dose reduc-
tion necessary in young patients.’% In ASPS, TKI sunitinib
can achieve partial response and stable disease in 28.6%
and 71.4%, respectively, although prospective, rand-
omized studies are needed to confirm the effects seen in
the retrospective setting.'03

One of the most recent studies investigating novel ther-
apeutic approaches in STS analysed the activity and safety
of the protein kinase inhibitor crizotinib in transcription
factor binding to IGHM enhancer 3 (TFE3)-rearranged
advanced or metastatic ASPS.1% According to the Cross-
tumoral Phase 2 With Crizotinib (CREATE) phase Il clinical
trial, a median PFS of 8.1 months (95% Cl: 4.1 months to
12.8 months) could be achieved under crizotinib treat-
ment, specifically in patients with MET+, TFE3-rearranged
ASPS.1% This is distinctly longer than the median PFS of
4.6 months (95% Cl: 2.9 months* to 5.6 months and 95%
Cl: 3.7 months to 4.8 months)”® usually observed in
patients with advanced STS treated with doxorubicin or
pazopanib.#7° Moreover, the combination of CTLA-4
inhibitor pembrolizumab and TKI axitinib (targeting VEGF-
R) was shown to achieve three-month PFS rates of 72.7%
with a manageable toxicity profile.828 Yet, it should be
noted that ASPS have a different biological behaviour as
compared with other STS subtypes, wherefore response
rates may not be directly comparable.9¢

Undifferentiated pleomorphic sarcoma

Metastases develop in 30% to 35% of patients treated
with curative intent for primary localized UPS.107,108 Thus,
active treatments in advanced setting are required (Table
4). The multikinase inhibitor sunitinib has shown some
anti-tumour activity in UPS according to a phase Il study,



TREATMENT OF UNRESECTABLE SARCOMA

with a median PFS and OS of 2.5 (95% CI: 1.4 months to
5.5 months) and 13.6 months (95% Cl: 3.1 months to not
reached), respectively. However, the results have to be
interpreted carefully due to the small number of cases
included (n = 14).95> Combination therapy of nivolumab
and ipilimumab leads to clinically meaningful response
rates in pre-treated, metastatic UPS, comparable to those
observed for liposarcoma.?3 Moreover, pembrolizumab is
likewise effective in metastatic UPS with an objective
response rate of 40%, while other STS subtypes — except
for dedifferentiated liposarcoma — show objective
response rates between 0% and 10% for leiomyosarcoma
and synovial sarcoma, respectively.?

Angiosarcoma

About 40% of patients with initially localized angiosarcoma
will develop metastatic disease, being associated with a
poor prognosis.'® Clinically active systemic treatments
have been investigated over the past years in advanced
angiosarcoma, aiming at improving patients’ prognosis
(Table 4). Gemcitabine-based CTX is active in both RTX-
induced and primary advanced angiosarcoma, with an
overall response rate of 68% according to one retrospective
analysis.’® Moreover, the anti-microtubule agent paclitaxel
in combination with VEGF-inhibitor bevacizumab has clini-
cally meaningful anti-tumour activity in unresectable,
locally advanced or metastatic angiosarcoma.’¢1’" How-
ever, combination therapy of bevacizumab and paclitaxel is
not superior to paclitaxel monotherapy, while being associ-
ated with higher toxicity rates.’’ Thus, paclitaxel mono-
therapy should be favoured in advanced or metastatic
angiosarcoma.’® Moreover, according to a retrospective
case series, the TKI pazopanib slows disease progression
and may even lead to the stabilization of taxane-resistant,
unresectable cutaneous angiosarcoma.'2

Malignant solitary fibrous tumour

It is expected that 35% to 45% of primarily localized
malignant solitary fibrous tumours will develop meta-
static disease during the course of their disease. In order to
improve the outcome of patients in the advanced setting,
some novel systemic therapies apart from conventional
CTX have been investigated over the last few years (Table
4). For example, the TKIs sorafenib''? and pazopanib''
have been analysed for clinical efficacy in malignant or
dedifferentiated solitary fibrous tumours. According to a
small prospective case series, sorafenib exerts anti-tumour
activity in this tumour entity, with two of five patients with
previously progressive disease showing stabilization
under sorafenib treatment.’3 Moreover, the results of a
phase Il single-arm study show that pazopanib leads to a
partial response in up to 50% of patients with advanced
malignant solitary fibrous tumours.’

Epithelioid sarcoma

Other than in most STS subtypes, lymphogenic metasta-
ses are frequently observed in epithelioid sarcomas, with a
rather poor prognosis.’™116 A retrospective analysis
examining the efficacy of gemcitabine and docetaxel in
patients with advanced epithelioid sarcoma demonstrated
a clinical benefit rate of 83% and a median PFS of eight
months."7 Furthermore, the combination of the weak his-
tone deacetylase inhibitor valproic acid, together with the
VEGF-inhibitor bevacizumab and gemcitabine/docetaxel
has also been investigated in advanced STS, including epi-
thelioid sarcoma, aiming at modifying the tumour micro-
environment to enhance anti-angiogenetic effects of
bevacizumab.8 According to the preliminary results of a
phase I/l study, this combination therapy may be admin-
istered especially in epithelioid sarcoma and carcinosar-
coma subtypes, showing moderate response rates.!'8

Discussion and conclusion

Despite improvements in treatment approaches, unre-
sectable and/or metastatic bone and soft tissue sarcomas
remain a therapeutic challenge. Only 17 of the 87 studies
(19.5%) in the current systematic review were randomized
and produced level Il evidence, while 41 (47.1%) consti-
tuted evidence level IV studies (Fig. 3 and Fig. 4). Thus, the
overall clinical evidence with regards to treatment options
in advanced sarcoma may be only moderate. The rela-
tively low number of randomized studies can in part be
attributed to the rarity of sarcomas in general, but also to
their heterogeneity, precluding generalization of treat-
ment effects to all histological subtypes. Nevertheless,
treatment plans should be individually tailored depend-
ing on the histological subtype, tumour location, systemic
involvement and patient’s general condition. Studies inves-
tigating immune checkpoint inhibitors in STS and bone sar-
coma have discovered encouraging anti-tumour effects in
advanced STS but only minor effects in bone sarcoma.
Moreover, efficacy appears to be generally lower than in
carcinomas, and further in-depth research on which patients
might eventually benefit from immunotherapy is war-
ranted. Targeted therapeutics and TKIs, on the other hand,
lead to promising anti-tumour activity in both advanced
bone and soft tissue sarcoma. Notably, some studies have
demonstrated that molecular aberrations within the indi-
vidual tumours are associated with higher response rates to
specific treatments. Thus, future clinical trials may focus
even more on molecular changes rather than the histologi-
cal subtype only. For this purpose, already available data
may be used to identify patients with advanced bone or soft
tissue sarcoma who might potentially benefit from specific
treatment options, using big-data approaches, machine
learning and artificial intelligence.
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Bone Sarcomas - Studies by Evidence Level and Histology
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Fig. 3 Studies retrieved in the systematic review dealing with bone sarcomas, separated by entities and clinical evidence level
(multiple entries possible).
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Fig. 4 Studies analysed in the systematic review investigating treatments in advanced soft tissue sarcomas, divided by histological
subtypes and clinical evidence level (multiple entries possible).
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