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sarcomas: latest evidence and clinical
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Abstract: Soft tissue sarcomas are a rare and multifaceted group of solid tumours.
Neoadjuvant chemotherapy is increasingly used to limit loss of function after wide surgical
excision with the ultimate aim of improving patient survival. Recently, advances in the
identification of effective treatment strategies and improvements in patient risk stratification
have been reached. A randomized trial demonstrated that neoadjuvant epirubicin and
ifosfamide improves survival of patients affected by five high-risk soft tissue sarcoma
histologies of trunk and extremities, including undifferentiated pleomorphic sarcoma,
myxoid liposarcoma, synovial sarcoma, malignant peripheral nerve sheath tumours, and
leiomyosarcoma. Selection of patients for these treatments is expected to be improved by the
eighth edition of the American Joint Committee on Cancer (AJCC) TNM staging system, as

it tailors T-stage categories on primary tumour site and considers a prognostic nomogram
for retroperitoneal sarcoma, which also includes soft tissue sarcoma histology and other
patient and tumour features not directly included in the TNM staging. Within this framework,
this article will present neoadjuvant treatment strategies for high-risk soft tissue sarcoma,
emphasizing the most recent advances and discussing the need for further research to
improve the effectiveness of neoadjuvant treatments.
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Background

Soft tissue sarcomas (STS) are a group of rare
tumours, accounting for more than 50 different
subtypes, which can differ significantly in their
disease presentation, response to currently avail-
able treatments, and risk of tumour progres-
sion.12 STS account for about 1% of all solid
tumours, with five to six new cases every 100,000
people yearly.3* Sarcomas may develop at any age
and in virtually all anatomic sites, making them a
challenge for medical and surgical oncologists.>

Despite the complexity of these tumours, few
treatment options are available.® Surgery is the
standard treatment for primary STS and is aimed
at reaching negative tumour excision margins.”8
Radiotherapy is considered before or after surgery
to lower the risk of local recurrence in tumours

with worrisome features, such as large size or high
grade histology. In some cases radiotherapy may
be used to reduce the extent of surgery.®

Several efforts have been put in place over time to
improve the quality of surgery, optimize radio-
therapy schedules, and refine selection of patients
for systemic perioperative treatments, leading to
an improvement of patient survival.1%:11

Adjuvant systemic therapies have been tested to
reduce the risk of metastatic spread after surgery
with or without radiotherapy in several rand-
omized controlled trials (RCTs).!2 Anthracycline-
based regimens using doxorubicin as the main
chemotherapeutic agent were used in early
studies, while more recent trials have tested
anthracycline combined with ifosfamide.!? These
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treatment strategies offer a survival benefit to
patients ranging between 5% and 10%, which has
been considered unsatisfactory particularly when
balanced against high-grade toxicity.13

Neoadjuvant chemotherapy is increasingly used
for patients with locally advanced and high-risk
primary sarcomas!415 and has several advantages
over adjuvant systemic treatments. First, when
administered preoperatively chemotherapy can
improve the chances of performing conservative
surgery, resulting in sparing nerves, vessels, and
muscle groups with the ultimate aim of reducing
the need for amputation and preserving muscle
function, especially for extremity STS. In the ret-
roperitoneum, neoadjuvant therapy can reduce
the need for extensive multivisceral resection.
Another potential benefit of neoadjuvant chemo-
therapy is an improvement in achievement of
negative histologic margins, which are associated
with a reduced risk of local recurrence and, to a
lesser extent, better survival. Remarkably, when
neoadjuvant chemotherapy is delivered with radi-
otherapy these aims can also be reached indi-
rectly, as chemotherapy acts as a radiosensitizer.
Importantly, neoadjuvant chemotherapy can
potentially improve patient survival directly
through eradication of micrometastatic disease.
In this regard, patients can experience significant
postoperative complications and delays in starting
adjuvant systemic chemotherapy are common for
patients with sarcomas. Administering systemic
treatments preoperatively can overcome this
issue. Finally, pathological response to preopera-
tive chemotherapy can inform decisions about
future therapeutic strategies.

Despite these theoretical advantages, the use of
neoadjuvant chemotherapy for patients with sar-
comas is limited by several issues, such as the well
known heterogeneity of these tumours, patients
who are older and have comorbidities, and chal-
lenges in identifying high-grade tumours at pre-
operative core biopsy.!® Also a limited number of
drugs, mainly cytotoxic agents, are available for
patients with early-stage STS.17

This review will present the latest evidence and
clinical implications for neoadjuvant chemother-
apy in high-risk STS, emphasizing the impor-
tance of improving patient risk stratification for
identifying those who are likely to benefit from
available therapies through new prognostic tools,
such as the AJCC TNM staging system and
nomograms. Also, this review will illustrate the

limitations of administering neoadjuvant therapy
to all patients with STS together with future
perspectives.

Latest evidence and clinical implications

Patient risk stratification

Identification of patients who are at high risk for
relapse and may respond to currently available
treatments can maximize effectiveness of preop-
erative chemotherapy and spare treatment-related
adverse events in patients who are unlikely to
respond. Staging of STS, which is the most
important means to stratify patient prognosis, has
been a longstanding issue. The sixth and seventh
edition of the AJCC staging manual account for
only a limited amount of prognostic information,
including tumour size, grade, and location with
respect to the superficial muscular fascia. The
clinical value of this classification has been ques-
tioned, particularly for retroperitoneal tumours,!8
as these tumours are always deep seated and the
5cm size cutoff does not apply as these tumours
are unlikely to be diagnosed when small. Experts
agree that prognostic tools need to account for
differences across sarcoma histologies and pri-
mary tumour sites.1%:20

The recently released eighth edition of the AJCC
TNM staging manual for STS represents an
unprecedented change in risk stratification of
patients with sarcomas.?! The manual includes at
least two major changes: specific staging for head
and neck, limb and trunk, and retroperitoneal
sarcomas, and inclusion of a nomogram for the
prognostic assessment of patients with retroperi-
toneal sarcomas.?? Defining T-stage categories
according to size is now tailored for the different
primary tumour sites. Head and neck sarcomas
are classified as T1, T2, T3, and T4 when their
size is 2 cm or less, 2-4 cm, and greater than
4cm, and involving adjacent structures.
Retroperitoneal, extremity, and trunk tumour
sarcomas are classified as T1, T2, T3, and T4
when their size is 5 cm or less, 5-10 cm, 10-15
cm, and greater than 15 cm. However, these
cutoff values have some limitations. Despite
acknowledging that size is a prognostic factor,
they are arbitrary and most of patients with retro-
peritoneal STS have tumours larger than 15 cm.

These issues are overcome by predictive and
prognostic tools, which have advantages over the
standard AJCC TNM staging system as they
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inform physicians about the choice of treatment
to be performed on a single patient, based on risk
of disease progression and, ultimately, death.23
Nomograms are becoming widely used among
surgical and medical oncologists dealing with
sarcomas.?* The first nomogram, which was
developed in 2002 by Kattan et al.?5 and subse-
quently validated,?6-28 predicts the likelihood of
being alive within 12 years from initial surgery.
However, this tool included histological entities,
such as malignant fibrous histiocytoma, that are
no longer included in World Health Organization
sarcoma classification and all tumour sites. Since
then, several nomograms have been developed,
including histology-specific nomograms for lipo-
sarcomas?® and synovial sarcomas,3? site-specific
nomograms for both extremity3!:32 and retrop-
eritoneal sarcomas,?2-33:3¢ and also uterine leio-
myosarcomas.?> Among these nomograms, the
‘Sarculator’ (http://www.sarculator.com/) is a
freely available online resource with embedded
nomograms for retroperitoneal?%3¢ and extremity32
sarcomas. This prognostic tool predicts distant
metastasis-free and overall survival at 5 and 10
years after surgery for the primary tumour for
extremity STS and at 7 years for retroperitoneal
tumours. Remarkably, information not currently
considered in the AJCC TNM staging manual are
included in the Sarculator. Additional factors
included in this prognostic tool for retroperito-
neal tumours are age, completeness of resection,
histology, and multifocality. Interestingly, there is
a U-shaped association between tumour size and
prognosis, with very large tumours behaving as
smaller sarcomas. This reflects the analysed pop-
ulation, which included patients who underwent
surgery and were distant metastasis free. Clearly,
when retroperitoneal sarcomas are amenable to
surgical resection despite being large, tumour
biology is likely to be indolent as a more aggres-
sive lesion will already have metastasized.3” In the
nomogram for extremity sarcomas, STS histology
is an independent prognostic factor, while com-
pleteness of surgical resection does not correlate
with survival. Also, age is a predictor only
for overall survival and is not included in the
prediction for distant metastasis-free survival.
Remarkably, there is a greater influence of tumour
histology compared with the retroperitoneal sar-
coma nomogram. Vascular sarcomas, leiomyo-
sarcomas, and synovial sarcomas show the highest
risk of progression to distant sites and patient
death. Conversely, myxoid liposarcomas, dedif-
ferentiated liposarcomas, undifferentiated pleo-
morphic sarcomas, and myxofibrosarcomas are

associated with better outcomes. Also, complete-
ness of surgery is not relevant and a linear rela-
tionship between size and survival is observed.

There are challenges for using these models when
selecting patients for neoadjuvant therapies. First,
they are based on features available after the path-
ological examination of the whole tumour. A
nomogram for synovial sarcomas, which are
among the most chemosensitive sarcoma histolo-
gies, is accurate in identifying patients who may
benefit from cytotoxic chemotherapy based on
preoperative biopsy.3° Also, the association
between higher risk of metastasis and greater
response to chemoradiation is still to be proven. It
seems that nomograms can predict the pathologi-
cal response after chemotherapy in patients with
retroperitoneal sarcomas, although effectiveness
of this treatment modality is still unproven for
these patients.3® Although there are limitations in
applying these models to neoadjuvant therapy, it
can give prognostic information and identify
patients who could benefit from adjuvant therapy,
and by extension, neoadjuvant therapy as well.

Neoadjuvant chemotherapy

The effectiveness of systemic perioperative chem-
otherapy for patients with high-risk STS has been
widely debated.!2-3% Major phase II-III trials are
reported in Table 1. An American trial rand-
omized patients with large, high-grade, extremity
STS to a regimen of preoperative chemotherapy
consisting of mesna, adriamycin (doxorubicin),
ifosfamide, and dacarbazine (MAID), and fol-
lowed by resection and postoperative chemother-
apy with or without radiotherapy (44 Gy).4° This
trial included 340 patients with either metastatic
or unresectable soft tissue and bone sarcomas and
showed that an improved response rate may be
relevant in high-grade, borderline resectable
lesions or pulmonary metastases, particularly in
younger patients.

A European phase III RCT enrolled 134 patients
with resectable high-risk primary and recurrent
STS. Patients were randomized to either surgery
alone or three cycles of doxorubicin (50 mg/m?
intravenous bolus) and ifosfamide (5 g/m? 24 h
infusion) before surgery.4! Although this treatment
regimen was feasible and did not compromise
performance of subsequent surgery, chemotherapy
followed by surgical excision was not proven to be
more effective than surgery alone (5-year disease-
free survival: 56% and 52%, respectively). This
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trial was burdened by important limitations. First,
both primary and recurrent tumours were consid-
ered. Also, definition of high risk has been argued
as not only were high-grade tumours considered
but The French Federation of Comprehensive
Cancer Centers (FNCLCC) grade 1 tumours were
also included when presenting as a large mass
(=8 cm). Also, dosages for both doxorubicin and
ifosfamide were lower than those used in other
studies. Importantly, this RCT closed early due to
slow accruals and underlying issues in referral bias
to specialized sarcoma centres.

Another study was performed by the Italian and
the Spanish Sarcoma Groups (ISG and GEIS).42:43
The design of this study was based on the results
of a previous trial run by the former group which
investigated adjuvant epirubicin and ifosfamide,
which were given using a five-cycle schedule.44
Although the trial was closed in advance because
of an early major disease-free survival benefit for
patients treated with adjuvant chemotherapy,
analysis of data with longer follow up did show a
small nonsignificant disease-free and overall sur-
vival benefit. Again, patients with several different
sarcoma histologies were considered together and
pathology review was not consistently performed.
Also, drug dose in the last two cycles was signifi-
cantly reduced. In light of these considerations, a
new study was designed comparing three cycles of
epirubicin (120 mg/m?) plus ifosfamide (9 g/m?)
given preoperatively with five cycles of the same
drugs given perioperatively (three neoadjuvant
cycles followed by surgery and two further adju-
vant cycles).4%43 This study did not identify any
survival difference between these two treatment
modalities and three chemotherapy cycles given
preoperatively were deemed as effective as five
cycles. These results were criticized for the lack of
a control arm in which patients would have been
treated with surgery alone. However, patients in
the two treatment arms have a similar prognosis to
those treated with adjuvant chemotherapy in the
first above-mentioned study by Frustaci ez al.,**
suggesting, though indirectly, a potential superior-
ity of combined chemotherapy and surgery over
surgery alone. Possible effectiveness of a periop-
erative treatment is also supported by the observed
association between complete response and prog-
nosis, although this evidence could be burdened
by a selection bias that may lead to greater tumour
response and longer survival independently.

Despite these considerations, this trial did not
resolve the long-lasting issue of whether a

perioperative treatment can improve survival of
patients with high-risk sarcoma. The Italian
and Spanish Sarcoma groups went on to design
a further randomized trial (ISG-STS-1001)
[ClinicalTrials.gov identifier: NCTO01710176]
which compared epirubicin (60 mg/m?/day on
days 1 and 2) and ifosfamide (3 mg/m?/day on
days 1, 2, and 3) using a three-cycle schedule
which was tested in the previous study with his-
tology-tailored therapeutic regimens for five dif-
ferent STS histologies. Three cycles of the
following regimens were administered: gemcit-
abine (900 mg/m? on days 1 and 8) plus docetaxel
(75 mg/m? on day 8) in undifferentiated pleo-
morphic sarcoma; trabectedin (1.3 mg/m?) in
high-grade myxoid liposarcoma; high-dose pro-
longed-infusion ifosfamide (14 g/m?, given in 14
days) in synovial sarcoma; etoposide (150 mg/m?/
day on days 1, 2, and 3) plus ifosfamide (3 g/m?/
day on days 1, 2, and 3) in malignant peripheral
nerve sheath tumours; and gemcitabine (1800
mg/m? on day 1) plus dacarbazine (500 mg/m? on
day 1) in leiomyosarcoma.

This multicentre study was conducted with the
support of the French and Polish Sarcoma Groups
and enrolled 286 patients with high-risk STS of
the trunk or extremities, from the five above-
mentioned histological subtypes, which represent
approximately four-fifths of all STS arising in the
extremities or trunk wall.4> The study planned to
enrol 350 patients, however it was stopped early
following a recommendation by the external inde-
pendent data monitoring committee when the
third futility analysis identified a clear disease-free
and overall survival benefit for patients treated
with three cycles of epirubicin and ifosfamide.
The median follow up was 12.3 months and
patients treated with standard chemotherapy had
statistically significant disease-free (62% wersus
38%) and overall (89% versus 64%) survival ben-
efits compared with those who received tailored
chemotherapy. Subgroup analysis revealed that
mixoyd liposarcoma was the only tumour histol-
ogy for which histology-driven chemotherapy
with trabectedin was as effective as standard
chemotherapy. Importantly, disease-free and
overall survival of patients in the histology-tai-
lored arm were similar to those of the control arm
in the first Italian Sarcoma Group trial comparing
adjuvant chemotherapy and observation,** lead-
ing to the conclusion that tailored treatment was
likely not effective. Likewise, disease-free survival
and overall survival of patients in the standard
chemotherapy arm were similar to those of
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patients in the trial comparing three versus five
cycles of cytotoxic chemotherapy.

Neoadjuvant chemoradiation

While neoadjuvant chemotherapy is still not widely
accepted among clinicians, the role of radiotherapy
in patients with high-risk STS of the extremities
and trunk is supported by findings from RCTs,
making this treatment standard in high-risk
patients.44° Radiotherapy and chemotherapy
have been combined together to increase the
chances of a local response, decreasing the extent
of resection and improving the limb salvage rate
for STS of the extremities. Also, chemotherapy
can enhance the antitumour effect of radiation.

Radiotherapy can be delivered either preopera-
tively (cumulative dose: 50 Gy) or postoperatively
(cumulative dose: 66 Gy). The optimal timing of
radiotherapy is debated as preoperative radiation
doubles the risk of a wound complication, while
postoperative treatment increases the risk of late
adverse effects, such as fibrosis, oedema, and joint
stiffness.%%-3% In the above mentioned RCT, which
randomized patients to three cycles of preoperative
chemotherapy with epirubicin (120 mg/m?) plus
ifosfamide (9 g/m?) alone or in combination with
two further postoperative cycles, radiotherapy
could be delivered either preoperatively or postop-
eratively.42-43 Patients treated with these schedules
had a cumulative incidence of local recurrence of
17% and 3% in the case of positive and negative
margins, respectively, at 5 years.5! Remarkably, in
patients who underwent preoperative chemoradio-
therapy and had a postoperative positive surgical
margin, no local recurrence was observed. These
observations are in keeping with nonrandomized
studies showing a similar risk of developing local
recurrence in patients expected to have a positive
margin after neoadjuvant radiotherapy plus sur-
gery, and in those who had negative margins after
surgery.>2-36 Importantly, these studies also showed
that tumours with a positive margin are likely more
biologically aggressive than those with a negative
margin; these patients are at greater risk of both
local and distant relapse, irrespective of surgery
extent.’%55 In these patients preoperative radio-
therapy can reduce viable tumour cells at the resec-
tion margins. Also, these patients are at high risk of
metastatic spread and should be considered for
preoperative chemotherapy. When a positive mar-
gin is reported after radiotherapy plus surgery, a
further radiotherapy boost does not seem to lower
local recurrence in patients with microscopically

positive margins.>1»33:57 This is another indirect
observation supporting preoperative over postop-
erative radiotherapy, especially in patients with
large tumours in whom resection margins are likely
not to be negative.

Chemotherapy can be given alternating with radi-
ation therapy or concurrently. Concomitant
administration aims to increase the chances of
tumour response and to carry out conservative
surgery without jeopardizing local control of the
tumour. However, the simultaneous use of radio-
and chemotherapy doubles the risk of high-grade
thrombocytopenia, which is observed in about
one third of patients.>® One in six patients also
develop postoperative wound complications. The
unclear effectiveness of simultaneous chemo- and
radiotherapy balanced against toxicity has led to
variations in practice and use of different treat-
ment schedules. For instance, patients with large
(8 cm or more) and intermediate- to high-grade
sarcomas presenting at some US referral centres
undergo two courses of preoperative radiotherapy
(22 Gy in 11 fractions delivered in each course
with a total of 44 Gy) and three cycles of neoad-
juvant chemotherapy with MAID in between.>®
Patients treated with this schedule have local con-
trol, distant recurrence-free and overall survival
of 91%, 64%, and 86%, respectively, after 5
years.%0 This treatment modality was also tested
in a multicentre prospective phase II study
[Radiation Therapy Oncology Group Trial
(RTOG) 9514], which enrolled 66 patients.%1,62
Grade 3 or higher morbidity was observed in the
vast majority of patients (97%), including three
treatment-related deaths. Long-term results
showed 5-year distant disease-free and overall
survival rates of 64% and 71%, respectively.
Other combinations have been tested to reduce
toxicity compared with MAID, such as intra-arte-
rial adriamycin, intravenous ifosfamide, and a
combination of intravenous cisplatin plus adria-
mycin and ifosfamide, which were administered
together with a reduced-dose radiotherapy
(28Gy).%3 Ifosfamide was found to be the most
effective drug to administer together with radio-
therapy and patients developing tumour necrosis
had less incidence of local recurrence and better
survival. Another approach based on preoperative
radiotherapy (50 Gy) combined with concurrent
escalating doses of gemcitabine plus ifosfamide,
which was added for patients treated with defini-
tive radiotherapy or when positive postoperative
margins are anticipated, was studied in a phase I
trial.®¢ This schedule achieved 5-year local
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control, distant metastasis-free, and overall sur-
vival rates of 85%, 80%, and 86%, respectively.

Evidence for treatment of retroperitoneal sarcomas
with concomitant chemoradiation is lacking. The
Italian Sarcoma Group conducted a phase I-II
study enrolling 86 patients who received three
cycles of high-dose long-infusion ifosfamide (14 g/
m?) and radiotherapy which was started on the
second chemotherapy cycle and administered up
to a total dose of 50.4 Gy.% Local and distant
recurrence occurred in 37% and 26% of patients,
respectively, after 5 years, leading to a disease-free
and overall survival of 44% and 59%, respectively.
Although the results were encouraging, only two-
thirds of enrolled participants completed the pre-
operative treatment, likely reflecting the burden of
such a treatment modality in a population who
often presented with significant comorbidities and
low performance status. A retrospective study
compared the outcomes of patients treated with
neoadjuvant chemotherapy and surgery alone for
retroperitoneal sarcomas.’®® Length of hospital
stay, rate of readmission, and rate of reoperation
for complications were similar for patients treated
with these two approaches. However, three post-
operative deaths occurred in patients treated with
neoadjuvant chemotherapy. Overall, considering
the risk associated with chemotherapy in these
patients and the observed incidence of local recur-
rences, research is focusing on radiotherapy. A
population-based study showed an association
between performance of radiotherapy and better
survival in patients with retroperitoneal sarco-
mas.®” An RCT comparing preoperative radiother-
apy followed by surgery and surgery alone
(EORTC-STRASS) [ClinicalTrials.gov identifier:
NCTO01344018] will offer more definitive data on
the role of radiotherapy in treating these tumours.

Newly introduced effective drugs for the treat-
ment of metastatic tumours are going to be tested
in the neoadjuvant setting concurrently with radi-
otherapy. For instance, pazopanib, an orally avail-
able tyrosine kinase inhibitor, is being tested in
combination with radiotherapy in a phase II non-
randomized study [ClinicalTrials.gov identifier:
NCTO02575066] and in a phase II-III study rand-
omizing patients preoperatively to radiation plus
pazopanib or to radiation alone [ClinicalTrials.
gov identifier: NCT02180867]. Also, radiother-
apy can enhance the effectiveness of immunother-
apy, particularly checkpoint inhibitors.®® Some
patients with metastatic tumours who undergo
radiotherapy develop tumour responses not only

at the site of treatment but also on other tumour
deposits, generating the so-called ‘abscopal
effect’.®® The immune mechanisms underlying
these effects has been better described, suggesting
that combinations of radiotherapy and immune
therapy could impact patient outcomes.”?

Hyperthermia and neoadjuvant chemotherapy
Regional hyperthermia is another therapeutic
strategy for improving locoregional control in
patients with several malignancies, such as recur-
rent breast cancer,’”! melanoma,’? cervical can-
cer,’> and malignant germ-cell tumours.’* In
STS, the effectiveness of neoadjuvant chemother-
apy can be enhanced when patients are also
treated with hyperthermia.”>7¢ Hyperthermia
sensitizes tumour cells by ionizing radiation,
which acts as a pleiotropic damaging agent alter-
ing protein structures and influencing the DNA
damage response.”” A phase III RCT, which
compared neoadjuvant chemotherapy with etopo-
side, doxorubicin, and ifosfamide alone or in
combination with hyperthermia, showed patients
with high-risk primary sarcomas treated with both
modalities are at lower risk of disease progression
(76% wversus 61% after 2 years), which was the
primary endpoint of this study, compared with
those who underwent only chemotherapy.?¢ Also,
the hyperthermia doubled tumour response (29%
versus 13%). However, overall survival did not
differ between the two groups. A subgroup analy-
sis of patients with retroperitoneal and abdominal
sarcomas confirmed the effectiveness of improv-
ing local tumour control (56% wversus 45% after
5 years) and disease-free survival (34% versus 27%
after 5 years) in patients who had macroscopically
complete tumour resection.”® These results were
recently updated by analysing 9-year follow-up
data and presented in abstract form.”® A signifi-
cantly prolonged overall survival was observed in
patients receiving regional hyperthermia com-
pared with patients receiving only chemotherapy
(63% wversus 51% after 5 years). Despite these
positive results, the advantages of a combination
of neoadjuvant chemotherapy and hyperthermia
have not been confirmed yet by other trials.

Open issues

Preoperative histology characterization at core
biopsy

Pathological examination of core biopsy can lead
to accurate diagnosis for extremity and trunk
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sarcomas.89 However, core biopsy does not seem
to be accurate for defining tumour differentiation
and grade of lipomatous tumours seated in the
retroperitoneum, which are characterized by large
size and significant heterogeneity.8!

Assessment of tumour response

The evaluation of tumour response after neoad-
juvant treatments is another unresolved issue.
Radiological imaging is needed after neoadjuvant
therapies in order to formulate an adequate surgi-
cal plan. Also, imaging can offer significant infor-
mation on the effect of neoadjuvant treatments.
Response Evaluation Criteria In Solid Tumors
(RECIST) criteria, which are based on unidimen-
sional tumour measurement, selection of target
lesions, and a threshold for assignment of objec-
tive progression, are the most widely used means
to evaluate tumour response.82 However, they are
not always accurate in evaluating tumour response
when molecular target agents are used, such as in
the case of gastrointestinal stromal tumours.83 In
these soft-tissue tumours the effect of targeted
therapies can result in different modifications
compared with standard cytotoxic chemotherapy.
Standard chemotherapy results in tumour shrink-
age, while targeted drugs also generate changes in
tumour density. Importantly, these differences are
seen in some sarcoma histologies treated with
cytotoxic chemotherapy (Figures 1 and 2).8485
For instance, in synovial sarcoma treated with epi-
rubicin and ifosfamide, tumour attenuation on a
contrast-enhanced computed tomography (CT)
scan and tumour contrast enhancement on mag-
netic resonance imaging adds predictive informa-
tion to changes in tumour size.8* Another useful
tool to predict response to treatment for STS
is positron emission tomography (PET) CT.
Standardized Uptake Value (SUV) values before
and after neoadjuvant chemotherapy have been
associated with the chance of developing a tumour
response.8%87 However, 2-deoxy-2[F-18]fluoro-
D-glucose (FDGQG) uptake varies across sarcoma
histologies and more research is needed to identify
when PET CT can significantly add to the man-
agement of these patients.88

Pathological examination provides definitive
assessment of tumour response. However, guid-
ance on how this evaluation should be performed
is lacking and classification for characterizing
tumour necrosis and its patterns has not been
established for STS. Existing data on the asso-
ciation between necrosis and survival are con-
flicting,63:8990 and further research is needed to

improve prediction of prognosis of patients after
neoadjuvant chemotherapy with or without radia-
tion plus surgery. Secondary analyses of the
ISG-STS-1001 are expected to shed light on the
assessment of tumour response using imaging
and pathology evaluation.

Histology-driven chemotherapy and patient
selection

The effect of different chemotherapeutics across
sarcoma histologies also needs further research.
Several histotypes, such as alveolar soft part sar-
coma,®! clear cell sarcoma,®? and classical-type
epithelioid sarcoma,®3 are among the most chem-
oresistant sarcomas. However, other sarcomas
are considered more likely to respond to chemo-
therapy, such as synovial sarcoma and high-grade
myxoid liposarcoma (Figure 1), making them
candidates for neoadjuvant treatments. Synovial
sarcomas are among the most chemosensitive
sarcomas,?»% especially ifosfamide-containing
regimens in the metastatic setting.?® In light of
these findings, the ISG-STS-1001 trial rand-
omized patients with synovial sarcoma to epiru-
bicin plus ifosfamide or high-dose ifosfamide.
Patients treated with high-dose ifosfamide did
worse [hazard ratio (HR) 1.85, 95% confidence
interval (CI) 0.56-5.22], although this difference
was not significant. Despite the observation of a
better chemosensitivity for synovial sarcomas,
studies showed that the effect of cytotoxic chemo-
therapy may be relatively small. The above-
mentioned nomogram for patients with synovial
sarcoma undergoing resection with curative intent
showed that treatment with doxorubicin plus
ifosfamide was associated with a statistically supe-
rior 3-year survival, although these improvements
were lost over time.3° An European Organization
for Research and Treatment of Cancer (EORTC)
study pooled together the data of 313 patients
with synovial sarcomas treated in 15 different
prospective trials and showed that these patients
had a significantly higher chance of benefitting
from chemotherapy compared with those having
other sarcomas (28% and 19% response rate,
respectively). This translated into a small,
although statistically significant, improvement in
survival (progression-free survival: 6 wversus 4
months, respectively; overall survival: 15 versus
12 months, respectively).®?

Myxoid liposarcoma, which is defined by a
DDIT3-FUS or DDIT3-EWSRI1 gene fusion, is
characterized by good outcomes, although high-
grade tumours (i.e. round cell component >5%)
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Figure 1. A 38-year-old man was diagnosed with a 8 X 6 X 21 cm mass in his right posterior thigh (a, b)
[contrast-enhanced magnetic resonance imaging (MRI), TW1 weighted sequences]. Percutaneous core needle
biopsy revealed a high-grade round-cell myxoid liposarcoma (round cells component > 60%). This patient was
treated with three cycles of epirubicin (120 mg/m?) and ifosfamide (9000 mg/m?) and concomitant radiotherapy
(50 Gy in 25 fractions). After neoadjuvant chemoradiation, contrast-enhanced MRI showed dimensional
changes (8 X 2 X 16 cm) and modification in pattern of contrast enhancement, suggesting a tissue response
(c, d). Surgery involved a wide excision of the posterior thigh with the sciatic nerve dissected off the tumour
(e-g). The pathology report showed two small areas with hypercellularity (0.5 and 1.5 cm, respectively] and
negative surgical margins.

Figure 2. A 58-year-old man was diagnosed with a 6 X 20 cm mass in his left volar forearm. Percutaneous
core needle biopsy revealed a high-grade myxofibrosarcoma (a, b) [contrast-enhanced magnetic resonance
imaging (MRI), TW1 weighted sequences]. This patient was treated with three cycles of epirubicin (120 mg/m?)
and ifosfamide (9000 mg/m?) and concomitant radiotherapy (50 Gy in 25 fractions). MRI showed an increase in
tumour dimension and a strong reduction of tissue contrast enhancement, suggesting a tissue response |c,
d). Surgery involved a wide excision of the posterior forearm (e). The tumour was resected together with the
median nerve which was completely surrounded by the tumour (f, g). The pathology report showed significant
presence of necrosis (70% of the tumour mass) and limited residual tumour (30%).
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showed more aggressive behaviour.®® In a retro-
spective study, virtually all patients with myxoid
liposarcoma treated with chemotherapy survived
5 years after surgery.®® Trabectedin, which blocks
DNA binding of the oncogenic transcription fac-
tor FUS-CHOP,100:101 jg an effective agent in this
sarcoma subtype both in the metastaticl®?2 and
neoadjuvant!®3 setting. The above-mentioned
ISG-STS-1001 trial compared standard epiru-
bicin plus ifosfamide and trabectidine for these
patients. Interestingly, the two regimens showed
similar effectiveness (HR 1.03; 95% CI 0.24—
4.39), which favours trabectedin for its more
acceptable toxicity profile. These findings need to
be confirmed in a larger prospective series and
this study is going to be reopened enrolling only
patients with high-grade myxoid liposarcomas.

Undifferentiated pleomorphic sarcoma has been
considered a chemoresistant histology with
unfavourable prognosis, particularly when these
tumours are located in the retroperitoneum.!%¢ In
a recent population-based analysis, prognosis of
patients with undifferentiated pleomorphic sar-
coma was significantly better when adjuvant/
neoadjuvant chemotherapy was used (median
survival 78 and 49 months, respectively).14 Also,
these tumours harbour a significant genomic
instability,105:106 suggesting they may be candi-
dates for newly introduced immune checkpoint
inhibitors.197 Overall, certain histologies lend
themselves to tailored therapy such as Myxoid
liposarcoma (MLS), however the ISG-STS-1001
study confirmed that an anthracycline with ifos-
famide for all other subtypes is preferred.

Conclusion

Significant improvements in patient risk stratifi-
cation through a new AJCC TNM classification
and nomograms can better stratify the risk of
patients with primary STS. This is of great impor-
tance since neoadjuvant epirubicin and ifosfa-
mide showed effectiveness in locally advanced
high-risk primary sarcomas of the trunk and
extremities. Better prognostic tools, a wider array
of chemotherapy options, and better predictive
biomarkers are needed for patients with high-risk
sarcomas.
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