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ABSTRACT

The optimal management of localized soft tissue sarcomas of the extremities and retroperitoneum involves
a high volume multidisciplinary team with expertise in sarcoma. In this review, we will highlight the im-
portance of the sarcoma pathologist and imaging techniques prior to surgery and radiation. In addition,
the data on neoadjuvant and adjuvant chemotherapy will be discussed. Finally, consideration is given to
the importance of identifying genetic cancer predispositions, multidisciplinary management, long-term sur-
vivorship, and the current clinical trials for patients undergoing curative intent management.

© 2019 Published by Elsevier Inc.
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Introduction

Sarcomas are a rare group of tumors that originate from mesenchymal cells. They can be
broadly classified into 2 groups: soft tissue sarcomas (STS) and bone sarcomas. It is estimated
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that approximately 15,000 new cases of STS will be diagnosed in 2019.! STS can arise anywhere
in the body, as it can develop from muscle, subcutaneous tissue, fat, nerves, and blood vessels.
They arise most commonly in the extremities (upper extremities account for approximately 12%
and the lower extremities account for approximately 28%) and the retroperitoneum, which ac-
counts for about 16% of all cases.” The 3 most common types of soft tissue sarcomas found
in the extremities and the retroperitoneum are liposarcomas (20%-25%), leiomyosarcomas (14%),
and undifferentiated pleomorphic sarcomas (UPS) (14%).2

Epidemiology

STS represents approximately 1% of cancers diagnosed in the US yearly.! The overall survival
(0S) is highly dependent on the stage at which the STS is given at the time of diagnosis. When
sarcomas are found early and are confined in one area (as opposed to metastatic, or when the
disease has spread to distant regions); there are better outcomes. The overall 5-year survival
rate with localized disease is 59%, with disease that has spread to regional lymph nodes 20%,
and up to a 15% overall 5-year survival with distant metastatic disease.> STS is more common in
men than women (4.2 per 100,000 persons vs 2.9) and is more common in Caucasians, African-
Americans and Hispanics as opposed to Asian/Pacific Islanders and American Indian/Alaska Na-
tives.> Diagnosis is most frequent in individuals ages 55-64 with a median age of 60.>

Genetic predispositions syndromes and causative environmental factors

In the majority of STS diagnosed, the exact etiology cannot be identified. However, there are
several genetic predisposition mutations that are associated with patients that develop sarcoma.
With current methods available for germline genetic testing, identification of tumors with mu-
tations that may also be germline can be vital information to these patients’ families.

Li-Fraumeni syndrome is a genetic predisposition syndrome that greatly increases one’s risk
of developing certain types of cancers. Several cancers that are associated with this syndrome
include osteosarcoma, STS, breast cancer, and adrenal carcinoma.* Li-Fraumeni is an autosomal
dominant syndrome that is estimated to affect 400 people from 64 families in the United States,
and is associated with the CHEK2 and TP53 genes.*

Neurofibromatosis, also known as von Recklinghausen disease, is another autosomal dom-
inant genetic disorder that carries a high occurrence of tumors. Neurofibromatosis type 1, or
NF1, is characterized by multiple neurofibromas and benign plexiforms that arise from periph-
eral nerves and have the potential for malignant transformation into a malignant peripheral
nerve sheath tumors.” Neurofibromatosis type 2, NF2 and Schwannomatosis, are characterized
by multiple benign tumors along cranial and peripheral nerves, meningiomas, and ependymo-
mas that can cause pain, tinnitus, hearing loss, and facial nerve palsy.

Gardner syndrome is associated with attenuated adenomatous polyposis (AAP) and familial
adenomatous polyposis (FAP), which is characterized by multiple adenomas of the large bowel
with almost certain potential for malignant transformation. This is also associated with abdom-
inal desmoid tumors, and all abdominal desmoid patients need a screening colonoscopy for de-
tection of FAP.S

Retinoblastoma is a genetic cancer affecting one or both eyes in children that is typically
caused by mutations of the retinoblastoma tumor suppressor gene RB1.” These patients are
also at high risk for developing secondary malignancies including bone sarcomas (osteosarcoma,
Ewing’s sarcoma, chondrosarcoma) as well as uterine leiomyosarcoma (LMS).2 Surveillance with
an annual whole-body MRI is recommended for these patients.

Gorlin syndrome, a rhabdoid tumor predisposition syndrome, is an autosomal dominant syn-
drome that is associated with childhood brain tumors and rhabdomyosarcomas. Typically, these
mutations are associated with the Sonic Hedgehog pathway and Suppressor of fused.®

Certain environmental interactions can increase the risk of developing STS. Radiation expo-
sure has been documented to cause STS, dating back to the 1920s for workers employed in a
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factory painting dials on watches and clocks with radium luminous paint.® More commonly seen
are radiation-induced sarcomas resulting from prior radiation therapy for a previous malignancy.
Although these are fairly rare, varying from 0.09% to 0.11% of all cases of radiation therapy, these
sarcomas tend to be aggressive and are associated with poorer prognosis.!?-12 Radiation-induced
sarcomas account for less than 5% of all sarcomas and occur between 5 and 20 years after radi-
ation exposure.’3

Chemical exposure may also increase the risk for developing sarcoma. Chemicals such as
vinyl chloride and arsenic have been associated with liver angiosarcoma. Other chemicals in-
cluding dioxin, anabolic steroids, and herbicides containing phenoxyacetic acid at high levels all
have been suggested to increase the risk of developing STS.!4"16

Clinical presentation

Presentation of STS is highly dependent on the location of the tumor and the structures it
abuts or invades. One review was conducted examining 526 patients over a 2-year period, with
the complaint of soft tissue swelling. It suggested that any patient exhibiting any of these 4
clinical features should be evaluated for possible malignancy: a mass or lump increasing in size,
size >5 cm, pain, or location deep in the fascia.'” STS is more common in men than women and
approximately 40% of sarcomas arise in people over the age of 55.1% In the retroperitoneum, pa-
tients typically present with an abdominal mass. Oftentimes, patients have no other complaints,
as constitutional symptoms are uncommon. If symptoms are present, this is typically related to
the tumor invading a regional structure or causing mass effect to surrounding organs that can
cause pain, lower extremity swelling, loss of appetite, or weight loss.>

Imaging

All enlarging masses should be carefully evaluated to rule out a soft tissue malignancy.
Masses of the upper and lower extremities are more recognizable for growth than retroperi-
toneal masses due to the abdomen’s ability to shift organs and accommodate a growing tumor.
Both computed tomography scans (CT) and magnetic resonance imaging (MRI) are appropriate
methods of imaging to evaluate a soft tissue tumor; however, for tumors involving the extrem-
ity, an MRI is the gold standard for imaging as this allows for a more detailed view of contents
inside the tumor as well as surrounding structures.'®20 A retrospective analysis evaluating MRI,
CT, ultrasound, angiography, and plain film for preoperative planning revealed that MRI is supe-
rior to CT. The ultrasound lacked specificity and the angiography and plain film lacked the ability
to stage tumors.?! Staging for STS use the Enneking Staging System or The American Joint Com-
mittee on Cancer System (AJCC system), although the AJCC system is the preference by most
orthopedic oncologists.?

Pathology

Once a soft tissue mass has been imaged, a biopsy needs to be performed to determine his-
tology. Multiple studies have been conducted to determine the best method of biopsy in regards
to safety, invasiveness, cost effectiveness, while also yielding sufficient tissue for diagnosis.
While open biopsy is considered to provide the highest probability to obtain sufficient tissue,
this comes with a higher risk of infection postbiopsy, longer recovery time, and higher institu-
tional costs. Percutaneous core needle biopsies have been proven to a safe, minimally invasive,
and equally effective method in obtaining tissue and have become standard of care.2>2> Fine
needle aspiration (FNA) is generally not an adequate method for the diagnosis of sarcoma.?%%’

STS pathology is a specialized area. It is essential that a pathologist with expertise in sar-
coma, as well as access to ancillary molecular testing, review these specimens as studies have
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shown discrepancies in the diagnoses between referral and tertiary centers. A retrospective re-
view performed at one sarcoma center’s pathology department compared secondarily reviewed
vs primary reports.”® There were 348 specimens evaluated from 286 patients with suspected or
proven sarcoma over a 1-year period. Out of those specimens, 250 of those cases (71.8%) were
diagnostic agreements or had minimal diagnostic discrepancies, 57 cases (16.4%) had major dis-
crepancies, and 41 (11.8%) had minor discrepancies. Major discrepancies were defined as factors
that could lead to a change in medical management including the diagnosis changing to a dif-
ferent malignancy, malignant diagnosis changed to a benign diagnosis, or a benign diagnosis
changed to a malignant. These changes also included changes in grading from low grade (grade
1) to intermediate or high grade (2-3), which indicated a change in management. Of those ma-
jor discrepancies, 10 cases were reclassified from benign to malignant and 13 were reclassified
from malignant to benign. Overall, these 23 cases accounted for 23.5% of the discrepancies. In
a peer review by the Southeastern Cancer Study Group, the subtype of sarcoma was felt to be
incorrect in 27% of cases and 6% of cases were not felt to be sarcomas.?? A histopathologic peer
review completed by the Scandinavian Sarcoma Group indicated that 25% of the histologic types
of sarcomas were reclassified and in 40% of the cases, the malignancy grade was changed.>?

In regards to STS of the extremities and retroperitoneum, these malignancies will most often
be a subtype of liposarcoma, LMS, or UPS, but many other subtypes of sarcoma are possible.
Determining the type of malignancy is crucial in order to develop the appropriate treatment
plan.

Liposarcoma is the most common type of STS and can be further divided into 5 subclasses:
well-differentiated liposarcoma, de-differentiated liposarcoma, myxoid liposarcoma, round cell
liposarcoma, and pleomorphic liposarcoma. Well-differentiated liposarcoma is considered to be
a less aggressive tumor with surgery being the mainstay of treatment, but careful evaluation
of these tumors needs to occur as these tumors can be mistaken for normal fatty tissue or
lipomas.?' De-differentiated liposarcoma is a high-grade malignancy with metastatic potential.
Amplification of MDM2 and CDK4, through the use of a florescence in situ hybridization (FISH)
test or genomic sequencing, can differentiate well/de-differentiated liposarcoma from benign
lipomas or other malignancies.>> Well/de-differentiated liposarcoma are found most commonly
in the retroperitoneum or spermatic cord.3! Myxoid liposarcoma represents a spectrum of
disease with pure myxoid liposarcoma behaving indolently with low potential for metastasis
while myxoid/round cell liposarcoma (defined as round cell percentage >5%) is aggressive
with high chance of metastasis. More than 90% of myxoid liposarcoma are associated with
a t(12:16)(q13;p11) translocation.’®>3* The myxoid liposarcoma subclass is more typically
associated with tumors in the extremities. Pleomorphic liposarcoma is the least common
type of liposarcoma making up approximately 5% of all cases with a complex karyotype. This
is typically associated with a loss of tumor suppressor TP53 and RB and carries a poorer
prognosis.®”

LMS is the second most common type of soft tissue and has a cell of origin of smooth muscle
lineage. The incidence of LMS depends on the subclass; while the risk of LMS increases with
age and typically peaks in the seventh decade of life, uterine LMS can occur as early as the
third decade but is more common in the perimenopausal population.?® When attempting to
determine pathology, these soft tissue malignancies are easily recognizable due to the presence
of smooth muscle cells. In addition to the appearance, LMS will nearly always stain positive for
smooth muscle actin as well as desmin.?” Histologic grade, tumor size, and depth of the tumor
are all used as prognostic factors and predictors for metastatic potential.>®

UPS, previously known as malignant fibrous histiocytoma, is the third most common soft
tissue sarcoma found in the extremities and retroperitoneum. This classification of sarcoma is
described as a classification of exclusion. These STS need to be excluded from other histologies
that have similar histologic features, such as dedifferentiated liposarcomas. These tumors tend
to be large, deep, aggressive, and high-grade tumors. UPS carries a poor prognosis with a 5-
year survival rate between 30% and 50%.3° Molecular testing has revealed the most common
mutations to be found in TP53, ATM, and PIK3CA.>°
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Surgery

Surgery is the cornerstone treatment for STS in the extremity and retroperitoneum. It is im-
perative that an experienced sarcoma surgeon who is familiar with these tumors treats the pa-
tient to ensure the greatest outcome possible. The goal of surgery is to achieve negative mar-
gins while salvaging the limb. A retrospective analysis was completed looking at 643 patients
who underwent excision of their STS to determine the impact of surgical margins and clear
margin widths. Outcomes looked at local recurrence-free survival, disease-specific survival, and
metastatic-free survival. Negative margins were associated with better outcomes in all 3 of these
areas regardless of adjuvant radiation.*° This analysis implies that regardless of the width at-
tained, if the margin is negative of disease (“no ink on tumor”), the outcomes are improved.
In another larger analysis of 2084 patients with resected STS, surgical margins, tumor site, size,
depth, histologic type, and grade were reviewed. In this analysis, 78% of patients had negative
margins and 22% had positive margins. Having positive surgical margins approximately doubled
the likelihood of local recurrence, increased the likelihood of developing distant metastatic dis-
ease, and increased the possibility of disease-related death. However, out of the 460 patients
with positive margins, 72% did not experience a local recurrence.*!

Radiation

Radiation has also become standard of care in the treatment of STS. In one prospective review
of 43 patients with high-grade STS of the extremities, limb-sparing surgery with radiation was
compared to amputation for local recurrence, disease-free survival (DES), and OS. While there
were 4 local recurrences in the limb-salvage surgery cohort compared to zero in the amputation
cohort, there was no difference in the DFS (71% and 78% at 5-year) or the OS rate (83% and 88%
at 5-year).*?

There has been debate on whether neoadjuvant vs adjuvant radiation is superior. A random-
ized clinical trial evaluating preoperative verses postoperative radiation in STS of the limbs using
external beam radiation was completed to determine if timing of radiation impacted wound-
healing complications. There were 94 patients randomized to preoperative radiation and 96 pa-
tients to postoperative radiation; both cohorts were evaluated within 120 days of surgery. What
this revealed was 35% of patients experienced wound healing complications in the preoperative
cohort and 17% in the postoperative cohort.*> The benefits of preoperative radiation include de-
creasing the treatment tumor volume, lower radiation doses, and decreasing vascularity of the
tumor.** At this time, there are no radiation treatment guidelines for radiation as part of treat-
ment for retroperitoneal sarcoma. There is a randomized phase 3 clinical trial underway, evaluat-
ing radiation therapy followed by surgery vs surgery alone in untreated nonmetastatic retroperi-
toneal soft tissue sarcomas sponsored by European Organization for Research and Treatment of
Cancer (EORTC) (ClinicalTrial.gov NCT01344018).*> The risks and benefits need to be discussed
between the radiation oncologist and the surgeon in regards to timing of the radiation.

An abstract showing promising clinical experience using Uni-Directional LDR brachytherapy
for treatment in patients with retroperitoneal sarcoma was presented at American Society of
Radiation Oncology (ASTRO) in October of 2018. CivaSheet, a brachytherapy implant was placed
in 6 patients at 4 different institutions during the surgical resection. The implant was toler-
ated extremely well with no documented evidence of complications or toxicities. At the median
follow-up of 15 months, none of the patients had recurrence.*6

Neoadjuvant and adjuvant chemotherapy

The decision of preoperative or postoperative chemotherapy needs to be made by an experi-
enced medical oncologist and on an individualized patient basis. In 1993, results were published
on a 3-armed phase III clinical trial in patients with STS evaluating regression rates, toxicity, and
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OS using doxorubicin alone, ifosfamide and doxorubicin, and mitomycin with doxorubicin plus
cisplatin.*’ In this study, 279 patients were enrolled and 262 patients were randomized; cohort
A received doxorubicin 80 mg/m2, cohort B received ifosfamide 7.5 g/m2 plus doxorubicin 60
mg/m2, and cohort C received mitomycin 8 mg/m2 with doxorubicin 40 mg/m2 plus cisplatin
60 mg/m2. In cohort A, receiving doxorubicin alone, there was an objective regression in 20%
of patients, there was a 34% objective regression in cohort B receiving doxorubicin and ifos-
famide, and a 32% objective regression in cohort C receiving mitomycin with doxorubicin plus
cisplatin. While cohort B had a higher response rate, this group also experienced more toxicities
and myelosuppression than cohort A or C. There was also no significant improvement in OS.

Following this trial, there was a randomized clinical trial looking at adjuvant epirubicin with
or without ifosfamide for adults with STS. Following a curative surgery, patients were random-
ized to chemotherapy or no chemotherapy with radiation being at the investigator’s discretion.
In the chemotherapy cohort, initially 26 patients received epirubicin 75 mg/m2 alone once ev-
ery 21 days. After 1991, the chemotherapy cohort was changed so that these patients received
epirubicin 25 mg/m2 on days 1-3 and ifosfamide 1,200 mg/m2 on days 1-5 every 4 weeks.*8
Unfortunately, this trial closed prematurely due to poor accrual. The results did indicate a statis-
tically significant improvement in the 5-year DFS of patients who received adjuvant chemother-
apy (69%) vs those who received no chemotherapy (44%) as well as the OS, 72% with patients
who received adjuvant chemotherapy vs 47% without. While this study was never completed,
this did hint at the possible improvement in outcomes with epirubicin-based chemotherapy.

A second European trial examining the use of adjuvant chemotherapy was performed us-
ing the 2 most active chemotherapy agents with a high dose-intensive regimen. Patients 18-65
years of age with grade 3-4 spindle-cell sarcomas were randomized to either receive epiru-
bicin 60 mg/m2 days 1 and 2 and ifosfamide 1.8 gm/m2 days 1-5 or the control arm which
received no chemotherapy.*® There were 104 patients enrolled in the trial, 53 patients were in
the chemotherapy arm of the trial and 51 patients were randomized to the control arm. Accrual
of the trial was discontinued prematurely after interim analysis of DFS revealed a significant
benefit for the chemotherapy arm. The overall DFS was 48 months in the chemotherapy cohort
with a 41% relative risk reduction in disease relapse and an absolute improvement of 27% at 2
years and 13% at 4 years. The control arm exhibited only 16 months overall DFS.*9

It was recognized that the basis on determining whether neoadjuvant or adjuvant chemother-
apy was beneficial was based on clinical trials with smaller numbers of patients participating
and follow-up was short term. Therefore, data from 2 phase III clinical trials were pooled by The
EORTC-Soft Tissue Bone Sarcoma Group for patients with localized high-grade soft tissue sar-
comas evaluating relapse-free survival and OS in patients who received adjuvant chemotherapy.
The first study analyzed was EORTC 62771 which consisted of 468 patients using doxorubicin
50 mg/m2 on day 1, dacarbazine 400 mg/m2 given on days 1-3, cyclophosphamide 500 mg/m2
on day 1 and vincristine 1.5 mg/m2 on day 1 (CYVADIC); this regimen was given every 4 weeks
for 8 cycles. The second trial analyzed was EORTC 62,931 which consisted of 351 patients given
doxorubicin 75 mg/m2 and ifosfamide 5 g/m2 on day 1 given every 21 days for 5 cycles. The
data compared relapse-free survival and OS in patients who received chemotherapy vs observa-
tion alone following a complete resection. A total of 819 patients were enrolled and followed for
a mean of 8.2 years. What was observed was that although adjuvant chemotherapy improved
relapse-free survival (hazard ratio [HR] 0.74), there was no improvement in OS. Subgroup
analysis revealed that patients with marginal (R1) resections did seem to have an OS benefit
with adjuvant chemotherapy (HR 0.64) while patients with RO resections had no benefit (HR
1.07). However, it must be stressed that adjuvant chemotherapy is not used as a strategy to
compensate for inadequate oncologic surgery. These results validate the importance of having
the proper surgery completed with stringent follow-up regardless of the therapeutic regimen
prescribed.”®

The Italian Sarcoma Group in collaboration with the Spanish Sarcoma Group followed their
high-dose adjuvant trial with a phase Il randomized clinical trial for localized, high-risk, soft
tissue sarcoma using the epirubicin-based chemotherapy with ifosfamide. There were 321 pa-
tients that were randomized into 2 arms; one of the arms received 3 neoadjuvant cycles of
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epirubicin 120 mg/m2 plus ifosfamide 9 g/m2 and in the other arm, patients received the same
3 cycles of neoadjuvant chemotherapy with 2 additional cycles postoperatively. These patients
were also able to receive radiation if it was indicated. The results from this trial revealed that
5 cycles were not superior to 3 cycles in terms of overall and progression-free survival and the
treatment group who received 5 cycles experienced more adverse reactions.”!

After the data resulted from the Italian Sarcoma Group and Spanish Sarcoma Group’s phase
Il trial evaluating the benefit of 3 vs 5 cycles of epirubicin and ifosfamide, it was suggested that
a histotype-tailored chemotherapy regimen might be superior to the standard of care, epirubicin,
and ifosfamide. A large, international, open-label, randomized phase III clinical trial opened, en-
rolling patients from 32 hospitals across Italy, Spain, France, and Poland. This looked at adults
with high-risk STS of the extremities or trunk wall who had one of the following histologies:
high-grade myxoid liposarcoma, LMS, synovial sarcoma, malignant peripheral nerve sheath tu-
mor, and UPS. A total of 287 patients were randomly assigned to receive 3 cycles of full-dose
standard chemotherapy with epirubicin 60 mg/m2 given on days 1 and 2 plus ifosfamide 3 g/m2
given over days 1-3, or histologically tailored chemotherapy. For high-grade myxoid liposarcoma,
these patient received trabectedin 1-3 mg/m2 given over 24 hours every 21 days. For LMS, they
received gemcitabine 1800 mg/m2 and dacarbazine 500 mg/m2 on day 1 given every 14 days.
Synovial sarcoma patients received high-dose ifosfamide 14 g/m2 given over 14 days with cycles
being 28 days. Patients with malignant peripheral nerve sheath tumors received etoposide 150
mg/m2 and ifosfamide 3 g/m2, both given on days 1-3 every 21 days. Finally, for UPS, they re-
ceived gemcitabine 900 mg/m2 on day’s 1 and 8 plus docetaxel 75 mg/m2 on days 8, every 21
days. The trial was closed at the third futility analysis (median follow up of 12.3 months) after
it was shown that the histotype-tailored chemotherapy had significantly worse projected DFS at
46 months (38% vs 62%).2

Most recently, the negative data from EORTC 62931 was reanalyzed according to predicted
patient prognosis using the nomogram Sarculator.”® Participants were grouped into 3 different
categories according to the predicted percentage of OS: high (OS >66%), intermediate (OS >51%
and <66%), and low (0S <51%).°> Most patients were in the high OS group (58.6%) with fewer
in the intermediate (23.5%) and low OS group (17.9%). Upon re-evaluation of the data, patients in
the low-predicted OS group had significantly lower risk of recurrence and death with adjuvant
chemotherapy (HR 0.46) while there was no effect in the intermediate and high OS groups.
This study suggests that for patients with primary localized STS, the highest risk group with
low-predicted OS may have substantial benefit with adjuvant chemotherapy. It reiterates that
the determination to use adjuvant or neoadjuvant chemo needs to be assessed and individually
interpreted for each patient.

Recent and ongoing clinical trials

A neoadjuvant clinical trial through the Sarcoma Alliance for Research through Collaboration
has proposed the addition of pembrolizumab, a PD-1 receptor antibody, with concurrent radi-
ation followed by surgery and adjuvant pembrolizumab. This is a phase Il randomized trial in
which patients are randomized to receive either standard of care radiation with surgery verses
standard of care radiation with concurrent pembrolizumab neoadjuvantly followed by surgery,
plus adjuvant pembrolizumab for a year. This trial is available for patients with high-risk STS of
the extremity with histology of UPS and dedifferentiated/pleomorphic liposarcoma. The hypoth-
esis behind this trial is that while radiation and surgery treat the local primary, the addition of
pembrolizumab will help to prevent distant metastatic spread. At this time, the trial is actively
accruing (ClinicalTrial.gov NCT03092323).

The Radiation Therapy Oncology Group has an accruing neoadjuvant clinical trial, which uses
the investigational agent AMG-232, a MDM2 inhibitor, with concurrent radiation. Patients with
high-risk nonmetastatic STS in the extremity, body wall, or abdomen/pelvis/retroperitoneum
who exhibit MDM2 amplification with wild type TP53, could be a candidate for this phase 1b
clinical trial. In this trial, AMG-232 is given with concurrent radiation followed by surgical re-
section. The hypothesis is that in tumors with MDM2 amplification, the addition of an MDM2
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inhibitor may sensitize the tumor to radiation by restoring wild type TP53 function (Clinical-
Trial.gov NCT03217266).

M.D. Anderson Cancer Center has an available clinical trial for patients with surgically re-
sectable UPS and dedifferentiated liposarcoma. In this phase Il randomized trial, these 2 his-
tologies are randomized either to receive ipilimumab plus nivolumab or nivolumab alone with
or without radiation. The primary outcome is looking at pathologic response, which would be
evaluated during the time of surgical excision (ClinicalTrial.gov NCT03307616).

A neoadjuvant clinical trial offered at Massachusetts General Hospital is a phase I/II trial of
preoperative radiation comparing the use of intensity modulated proton therapy (IMPT) vs Pho-
ton (IMRT) with simultaneously integrated boost (SIB) for patients with retroperitoneal sarcomas
and high-risk margins. Once the final therapeutic radiation dose is determined in the phase I
trial, the phase II portion of the trial will evaluate if by using the combination of image guided
IMPT or IMRT with SIB, the percentage of local recurrence will be reduced compared to con-
ventional radiation dose and fractionation. In addition, it is hypothesized that by using protons,
patients will experience less toxicity than with photons.>*

Survivorship

Ensuring that patients are set up with the appropriate surveillance follow-up is imperative.
The surveillance schedule for STS of the extremities is based on the stage, in order to detect
recurrences early. With stage 1 soft tissue sarcomas, it is recommended to have a history and
physical every 3-6 months for 2-3 years, then annually with chest imaging, CT preferably, every
6-12 months.>®> An MRI of the primary site is also recommended. For tumors that are stage II/III,
an MRI of the primary site is recommended in addition to having chest imaging and other sites
with previous disease performed every 2-6 months for 2-3 years, then every 6 months for 2
years followed by annually.”>> Surveillance for patients with retroperitoneal/intra-abdominal soft
tissue sarcomas include a CT of the chest, abdomen, and pelvis or an MRI every 3-6 months for
2-3 years, every 6 months for an additional 2 years, followed by annually.”>

There are many potential long-term complications within the survivor population. First, the
phantom pain from amputations can lead to long-term chronic symptoms. Second, within the
sarcoma population that received anthracyclines, long-term follow-up must include screening
for heart failure. In addition, the long-term effects of chemotherapy can result in diminished
bone health, thyroid function and fertility. These need to be considered when putting in place
a survivorship plan. Prospective studies on the late term effects of therapy in sarcoma patients
are needed.

Conclusions

The management of extremity and retroperitoneal STS is complex and best treated in con-
junction with a high volume sarcoma center. A multidisciplinary approach involving surgeons,
radiotherapists, medical oncologist, dedicated radiologists and pathologists are needed for opti-
mal management of this highly complex and heterogeneous disease.
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