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Opinion statement

Soft tissue sarcomas (STS) are rare, aggressive, and heterogenous tumors, comprising
approximately 1% of adult cancers with over 50 different subtypes. The mainstay of
treatment for retroperitoneal sarcomas (RPS) includes surgical resection. The addition of
radiation therapy (RT), either preoperatively or postoperatively, has been used to poten-
tially decrease the risk of local recurrence. The recently published results from STRASS
(EORTC-STBSG 62092-22092), which randomized patients to receive or not receive preop-
erative radiation, indicate no abdominal recurrence-free survival benefit (primary end-
point) nor overall survival benefit to date from the addition of preoperative RT prior to
surgical resection in patients with RPS. Keeping in mind caveats of subgroup analyses, the
data show a significant reduction in local recurrence with radiation therapy in resected
patients and non-significant trends toward improved abdominal recurrence-free survival
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in all patients and improved local control and abdominal recurrence-free survival in
patients with liposarcoma and low-grade sarcoma. Given the high rate of local failure
with surgery alone, it is possible that higher RT dose and/or selective RT dose painting may
improve outcomes. Prior to treatment, the authors encourage multidisciplinary review and
discussion of management options at a sarcoma center for patients with RPS. Selective use
of RT may be considered for patients at high risk of local recurrence.

Introduction

Background
Sarcomas are malignant tumors arising from skeletal
and extra-skeletal connective tissues. While soft tissue
sarcomas (STS) are most commonly found in the ex-
tremities, other sites include the retroperitoneum, chest
wall, head and neck, subcutaneous tissues, and along
the peripheral nervous system. Retroperitoneal sarco-
mas (RPS) comprise 10–15% of STS, with an average
annual incidence of 2.7 cases per million people [1, 2].
RPS arise equally in men and women, and over a wide
age range, with the average patient presenting in their
50s [3–5]. The retroperitoneum includes the kidneys,
adrenal glands, perirenal fat bilaterally, the aorta and
its major branches, the inferior vena cava and its major
tributaries, the bilateral iliac vessels, duodenum, pancre-
as, and parts of the ascending and descending colon. The
boundaries of the retroperitoneum are paraspinous
muscles posteriorly, peritoneal cavity anteriorly, dia-
phragm superiorly, and the bottom of the pelvis inferi-
orly [6].

Histologic types
The most common histologic types of RPS in adults are
liposarcomas (well-differentiated and de-differentiated)
and leiomyosarcomas, followed by undifferentiated/
unclassified sarcomas, which include pleomorphic un-
differentiated sarcomas [7, 8].While not the focus of this
review, the most common histologic types of RPS in
children are extra-skeletal Ewing sarcoma/primitive
neuroectodermal tumor, alveolar rhabdomyosarcoma,
and fibrosarcoma [9]. Liposarcomas (LPS) consist of
several variants, including well-differentiated/low-grade
(most common), de-differentiated (second most com-
mon), pleomorphic, and myxoid (rare) [10]. Well-
differentiated (WD) LPS rarely metastasize and are re-
ferred to as atypical lipomatous tumors when they arise
in the extremities or trunk. However, these tumors in the
retroperitoneum andmediastinum are referred to asWD

LPS given their higher propensity to recur locally in these
sites. De-differentiated (DD) LPS typically have sharply
demarcated regions of non-lipogenic sarcomatous tissue
w i th in WD LPS . DD and WD LPS behave
differently—DD LPS behave more aggressively with a
higher local recurrence rate, the ability to metastasize,
and a higher risk of death [11–14]. Retroperitoneal
leiomyosarcomas (LMS) typically arise from the inferior
vena cava, its tributaries, or any small vessel. LMS differ
from WD/DD LPS in that metastatic disease, especially
to the lungs, is more common [13, 14]. LMS can also
arise from the uterus or gastrointestinal tract, and these
visceral (versus retroperitoneal) tumors have a higher
risk of peritoneal spread and livermetastases [15]. Other
histologic types (malignant peripheral nerve sheath tu-
mor, undifferentiated sarcoma, synovial sarcoma, soli-
tary fibrous tumor, and desmoplastic small round cell
tumor) can be seen in the retroperitoneumbut aremuch
less common [16•].

Workup
Many patients with RPS have incidentally discovered
masses and are asymptomatic or minimally symptom-
atic. The median size of RPS tumors at diagnosis mea-
sure approximately 15 cm [4]. The minority of patients
have signs or symptoms which, when present, are typi-
cally due to mass effect of the tumor or invasion of
nearby structures causing pain, lower extremity edema,
increased abdominal girth, gastrointestinal effects (early
satiety, obstruction, bleeding), or neurologic and/or
musculoskeletal symptoms. Other more rare presenting
scenarios have been described (e.g., serous ascites, flu-
like symptoms, paraneoplastic hypoglycemia) [17–20].
Distant metastases are seen in 10% of new diagnoses of
RPS, with lung and livermetastases beingmost common
[15].

In addition to RPS, the most common differential
diagnoses of a retroperitoneal mass include lymphoma,
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primary germ cell tumor, or metastatic testicular cancer.
While other malignancies of visceral organs can occur
(e.g., duodenum, pancreas, adrenal glands, kidneys),
these are typically able to be differentiated from
extravisceral retroperitoneal soft tissue tumors on radio-
graphic studies. Schwannomas, paragangliomas,
Castleman disease, and retroperitoneal fibrosis are other
potential tumors in the retroperitoneum. A focused his-
tory and physical exam should be performed. Radio-
graphic imaging evaluation is a vital aspect of a patient’s
workup for a new retroperitoneal mass [21•]. Comput-
ed tomography (CT) scan of the chest, abdomen, and
pelvis with contrast is the recommended initial diagnos-
tic study to evaluate the primary site as well as to deter-
mine if metastatic spread has occurred to the lung,
which is typically the first site of metastasis in most
RPS cases. CT is typically preferred over magnetic reso-
nance imaging (MRI). However, in certain cases (e.g.,

equivocal muscle, bone or foraminal involvement on
CT, or allergy to iodinated CT contrast), MRI with gad-
olinium may be indicated. Positron emission tomogra-
phy (PET) for STS has not been established and is not
routinely recommended for initial staging of RPS.

Biopsy is typically recommended as the histology can
drive decisions regarding the use of each treatment mo-
dality and thus, inform the overall multidisciplinary
treatment plan. The risk of tumor seeding or increasing
local recurrence due to biopsy is thought to be extremely
low [22–24]. Nonetheless, there are certain situations in
which initial surgery without biopsy is an acceptable
approach [25]. The most current RPS staging is per the
eighth edition of the combined American Joint Com-
mittee on Cancer (AJCC)/Union for International Can-
cer Control (IUCC) Tumor, Node, Metastasis (TNM)
system. Prior to any treatment for RPS, renal function
of both kidneys should be considered.

Treatment

Given the rarity and heterogeneity of RPS, multidisciplinary evaluation at a
center with sarcoma expertise is highly recommended [26•]. European Cancer
Organization (ECCO) in conjunction with the Sarcoma Patients Euronet
(SPAEN) Advocacy Group, the National Comprehensive Cancer Network
(NCCN), and the European Society for Medical Oncology (ESMO) all strongly
recommend referral of patients with sarcoma to tertiary centers [27–29]. Expert
pathology and radiology review are key components of the workup that in-
forms the decision of the dedicated sarcoma subspecialists formulating an
overall treatment plan. In general, surgical resection is themainstay of treatment
for patients with RPS. Radiographic findings that indicate an unresectable
tumor include extensive vascular involvement, peritoneal implants, distant
metastatic disease not amenable to resection or ablation, involvement of the
root of the mesentery, or spinal cord involvement [30]. Discussion at a multi-
disciplinary tumor board prior to treatment facilitates a multidisciplinary ap-
proach. When appropriate, participation in ongoing clinical trials is
encouraged.

Surgery
Surgical resection has traditionally been the only potentially curative treatment
for localized RPS. Complete resection (R0/R1) at initial presentation is themost
important prognostic factor for overall survival (OS) [4, 5, 17, 31–36].While an
R0 resection would be ideal, this is very difficult to achieve as wide negative
margins are rarely possible due to anatomic constraints. At high volume centers,
complete resection (R0/R1) appears to be possible in 50–80%of cases [3–5, 37,
38]. Resection of organs adjacent to the tumor may be needed to obtain a
complete oncologic resection [3, 18, 39, 40]. If a patient has unresectable
disease, incomplete resection (or debulking surgery) should not be performed
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(with the possible exception of WD LPS, see below) in the absence of emergent
indications such as bowel obstruction or perforation as there is no survival
benefit for debulking surgery. For select patients with unresectable WD LPS,
debulking surgery may improve survival and palliate symptoms [41]. If preop-
erative RT is recommended prior to surgery, there should be close communi-
cation between the radiation oncologist and the surgeon regarding the intended
surgical plan as well as the radiation fields [42].

Chemotherapy
The role of chemotherapy is controversial, without clear benefit. Adjuvant
chemotherapy is not recommended outside the context of a clinical trial [43,
44]. Neoadjuvant concurrent chemotherapy and RT have not been established
and are not recommended outside a clinical trial [45–47]. The role of neoad-
juvant chemotherapy prior to surgery has mixed evidence. It is considered in
certain cases such as for tumors which are borderline resectable, of high meta-
static risk (e.g., leiomyosarcoma or DD LPS), and/or with chemosensitive
histologic types (e.g., synovial sarcoma, LMS). Neoadjuvant chemotherapy
appears to be safe, but data are limited in terms of the optimal regimen [48–52].
Neoadjuvant chemotherapy is currently being investigated for patients with
LMS or DD LPS (EORTC STRASS-2, NCT04031677) [53•]. There is interest in
the use of chemotherapy for patients with RPS given the high risk of metastatic
disease, especially among certain subtypes.

Timing of RT: preoperative vs. postoperative
The use of RT among patients with RPS is variable, with studies indicating that
approximately a quarter to third of patients with RPS receive RT [2, 13, 54].
Over time, there has been a shift toward the use of preoperative RT compared to
postoperative RT (PORT). The interest in RT in conjunction with surgery is due
to the high local recurrence rate for RPS following surgery alone. Themajority of
first recurrences in patients with RPS are local [55]. Distant metastases will
appear in 20–30% of patients, with the liver and lung being the primary sites of
spread [14, 15, 38]. High-grade tumors, LPS histology, and patients with
positive surgical margins have higher local recurrence rates, and late recurrences
are not uncommon among RPS patients [14, 56]. A nomogram was developed
and verified to identify factors significantly predictive for recurrence, and in-
cluded age, tumor size, completeness of surgical resection, tumor grade, tumor
rupture, multifocality, administration of RT and/or chemotherapy, and histo-
logic type [57]. LMS and solitary fibrous tumors have lower local failure rates
while DD LPS have a higher local failure rate. RT was associated with a reduced
risk of LR with a hazard ratio of 0.58 (95% CI=0.42–0.80). Factors significantly
associated with distant metastases included tumor size, tumor grade,
multifocality, and histologic type. LMS had the highest risk of distant metasta-
ses. These factors are considered by the multidisciplinary team when consider-
ing the addition of RT to surgery [3, 13, 57].

The first randomized trial for RPS was led by the National Cancer Institute
(NCI) in the early 1990s, randomizing patients to surgery followed by PORT
versus surgery and intraoperative beam RT (IORT) boost followed by PORT
[58]. Median survival times were similar for both groups. The IORT group had
significantly fewer local-regional recurrences and complications of radiation-
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related enteritis but had higher rates of peripheral neuropathy. Two random-
ized trials have compared surgery alone with preoperative RT followed by
surgery. The ACOSOG-Z9031 (NCT00091351) trial was prematurely closed,
and the STRASS EORTC-STBSG 62092-22092 trial (NCT01344018) was re-
cently published [59••]. No definitive data exist regarding the optimal timing
of RT for RPS. Given the concern of late toxicities with PORT in RPS, a
randomized trial comparing preoperative versus postoperative RT is highly
unlikely to be initiated. Most sarcoma experts prefer preoperative RT when
feasible [60•].

Postoperative RT
Adjuvant RT or PORT is not recommended for low-grade tumors following R0/
R1 resection. In patients with higher grade tumors, PORT could be considered.
However, given that normal tissues, especially bowel, fall into the space for-
merly occupied by the resected sarcoma and included in the PORT field, the risk
for radiation-associated normal tissue morbidity is high enough that clinicians
in most major sarcoma centers do not offer postop RT to most patients [42].
There is concern about late toxicity with the use of PORT in RPS. In some cases,
placement of omentum or a tissue spacer at time of surgery has been utilized to
displace bowel from the area of residual tumor. The studies on the use of
spacers have been mixed, as the implantation of spacers has been associated
with complications [60, 61]. In certain situations, IORT can be considered.
However, in most cases, patients are observed because it is often not possible to
deliver PORTwithout the risk of major side effects. There are some retrospective
studies that show a decreased risk of local recurrence, but mixed impact on
overall survival [4, 32, 38, 54, 55, 62–68].

Preoperative RT

Rationale and prior studies

The role of preoperative radiation therapy is still being evaluated and
debated, and clinical practice consequently varies across the world. Preop-
erative RT has been used for RPS since the 1980s, sometimes in conjunction
with intraoperative RT (IORT). Preoperative RT is thought to be safer than
postoperative RT; the latter is difficult to deliver safely in the radiation dose
range of 60–66 Gy typically employed postoperatively for extremity/trunk
soft tissue sarcomas without significant risk of injury to radiosensitive
abdominal normal tissue. There are several advantages of preopera-
tive RT compared to postoperative RT [69]. First, the gross tumor
can be precisely delineated for radiation treatment planning. Second,
the tumor displaces small bowel and other organs at risk from the
high-dose RT fields, allowing for higher doses to be delivered. In the
postoperative setting, there is concern for bowel adhesions and the
normal organs falling into the areas where the tumor previously was.
Third, there may be decreased intraperitoneal tumor seeding during
surgery with preoperative RT [70]. Finally, following preoperative RT,
it may be possible for some patients with initially unresectable
tumors to become resectable [71, 72].
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Several retrospective studies investigated the outcomes of patients with RPS
receiving preoperative RT [45, 65, 66, 71, 73–82]. The overall trend with
preoperative RT is improvement in local control and, in some studies,
overall survival as well. A large registry study from the National Cancer
Database reviewed outcomes of 9068 patients with RPS who had surgery
alone versus RT and surgery [83]. Using a case-controlled, propensity score-
matched methodology to minimize selection bias, preoperative RT and
PORT were associated with significantly improved overall survival com-
pared to surgery alone. Median survival for patients who received preop-
erative RT was 110 months versus only 66 months for surgery alone
(hazard ratio for death 0.70, 95% confidence interval 0.59–0.82).

STRASS

EORTC-62092 (STRASS) is currently the only randomized controlled trial
comparing surgery alone versus preoperative RT followed by surgery in
patients with newly diagnosed, resectable RPS and was just recently re-
ported [59••]. Intensity-modulated RT (IMRT) or three-dimensional con-
formal RT (3D-CRT) was given to 50.4 Gy in 28 daily fractions. The primary
outcome was abdominal recurrence-free survival (aRFS), defined as local
(abdominal) or distant progressive disease during preoperative RT, tumor
or patient becoming inoperable, peritoneal metastasis found at surgery,
macroscopic residual disease left at surgery, or local relapse after a macro-
scopically complete resection. A total of 266 patients were randomized, and
at a median follow-up for 43 months, median aRFS was not significantly
improved by preoperative RT (4.5 vs 5.0 years, HR=1.01, 95% CI=0.71–
1.44). Overall survival (OS) was similar between the two groups—84.6%
(95% CI=76.5–90.1) with surgery alone versus 84% (95% CI=76.3–
89.4%) with preoperative RT and surgery at 3 years and 79.4% (95%
CI=69.1–86.5%) with surgery alone and 76.7% (95% CI=66.9–84.0%)
with preoperative RT and surgery at 5 years. Interestingly, local recurrence
rates among those resected were higher in the surgery alone group (37%)
compared to the preoperative RT group (19.5%).
Initially, patients who had local progression of their tumor while receiving
RT were considered to have an abdominal recurrence. However, per rec-
ommendation by the Data Monitoring Committee, a sensitivity analysis
was performed such that patients with local progression of tumor during RT
but were able to undergo surgery were not scored as having an abdominal
recurrence. In both analyses, preoperative RT did not improve aRFS. Un-
planned subgroup analysis by histologic subtype and grade suggested
preoperative RT might improve outcomes in liposarcoma and in low-grade
RPS, but not for LMS and higher grade RPS. Of note, there were only 31
patients with high-grade RPS in the study. The authors conclude that, at the
present time, preoperative RT should not be considered standard of care for
patients with newly diagnosed, localized RPS. It should be noted that
median follow-up is only 43 months, and additional follow-up may show
different results, as local recurrences can occur beyond 5 years. Furthermore,
subgroup analyses for WD and DD LPS patients, while initially unplanned,
suggested these patients may benefit from preoperative RT.

75    Page 6 of 17 Curr. Treat. Options in Oncol. (2021) 22: 75



In summary, the role of preoperative RT still remains controversial. Despite
the results of STRASS, some experts may continue to offer preoperative RT
for patients with high risk of local recurrence [84–86]. Since patients with
RPS tend to die from local recurrence more often than from distant disease,
some experts feel that optimizing local control with combined modality
therapy should be considered in appropriate patients. Others routinely do
not recommend preoperative RT (both before and after the STRASS results),
except in very select cases. We eagerly await the final publication of
STREXIT, which analyzed off-trial outcomes of patients treated with and
without preoperative RT at institutions participating in STRASS [87••].

RT planning and dose prescriptions

An international expert consensus guideline for preoperative RT in RPS has
been published [42]. The standard radiation dose and fractionation for
preoperative radiation therapy is 50.4 Gy in 1.8 Gy daily fractions or 50 Gy
in 2 Gy fractions. Recommendations are for patients to undergo CT simu-
lation in the supine position with their arms typically positioned over their
heads and the use of an immobilization device (e.g., vacuum fix bag).
Intravenous and/or oral contrast can be used if it will aid in the delineation
of the tumor and/or organs at risk (OARs). Often, a diagnostic CT and/or
MRI can be fused to the planning CT for better target and OAR delineation
for contouring. 4DCT reconstruction is recommended for tumors above the
pelvic brim. CT simulation slice thickness should ideally be 2–3 mm and
no more than 5 mm.

RT target volumes and organs at risk

Given the rarity of RPS, the large target volume in close proximity to critical
abdominopelvic normal tissues, and the magnitude of surgery required for
a gross total resection of these tumors, it is advisable for preoperative RT to
be performed in a center with sarcoma-specific expertise. The gross tumor
volume (GTV) is first contoured on the CT planning scan; in some patients
with WD LPS or mixed DD LPS with a well-differentiated component, it
may be challenging to distinguish liposarcoma from retroperitoneal fat. If
needed, fusion with the diagnostic CT and/or MRI can further aid in tumor
delineation. For tumors below the pelvis brim where motion is not com-
mon, the GTV is contoured on the planning CT. Clinical target volume
(CTV) is defined as a 1.5 cm anatomically constrained expansion around
the iGTV. It is important to note that the CTV should be expanded 3 cm
inferiorly if the tumor extends into the inguinal canal. The CTV is cropped
at interfaces of bone, retroperitoneal compartment, liver, and kidney. If the
kidney is being resected at time of surgery, then, it is not necessary to crop
out the kidney from the ITV. The ITV is also cropped 3–5 mm below the
skin surface and edited to expand only 5 mm into bowel and air cavities.
For tumors located above the pelvic brim, there is GTV motion, and use of
4DCT planning is indicated to account for target motion secondary respi-
ration. In this scenario, the GTV can be expanded to account for motion,
named the internal GTV (iGTV), and the corresponding CTV is expanded
using the iGTV, and the resulting CTV is named the internal target volume

Page 7 of 17     75Curr. Treat. Options in Oncol. (2021) 22: 75



(ITV) and edited in similar fashion to the CTV as described above. Finally, a
5–10 mm PTV expansion per institution standards is recommended to
account for daily setup uncertainty. Of note, the PTVmargins in the recently
published STRASS trial were 9–12 mm, but 4DCT planning was not
employed. When available, intensity-modulated RT (IMRT) may improve
the therapeutic index by further minimizing the dose to normal tissues at
risk for radiation toxicity around the tumor [88–90].
In a RT contouring study, 12 sarcoma radiation oncologists contoured two
RPS cases [91]. There was a high level of agreement for the GTV, CTV, and
most OARs, but only moderate agreement for the high-risk CTV (the
posterior border of the tumor where surgical margins are more likely to be
positive and which has been a target for selective dose escalation in some
studies) and the duodenumOAR. In a follow-up study, 7 sarcoma radiation
oncology and surgical oncology pairs delineated the high-risk CTV boost
volumes. There was substantial to moderate agreement, with the primary
differences in areas adjacent to visceral organs [92]. Furthermore, an RT
quality assurance program was implemented in STRASS, and its results will
be published soon.

RT side effects

Preoperative RT is overall well tolerated. Several retrospective studies, pro-
spective trials, and the randomized STRASS-I trial indicate overall accept-
able rates of acute and long-term toxicity. A study from Princess Margaret
Hospital prospectively treated 41 RPS patients with preoperative external
beam RT and a brachytherapy boost [65]. Acute gastrointestinal RT toxicity
scores were grade 2 or less in all patients who received preoperative RT and
underwent resection. No patients required hospitalization for acute toxic-
ity, and no treatment breaks were required. However, postoperative
brachytherapy was associated with unacceptable toxicity for upper ab-
dominal tumors. Another study of 56 patients with RPS who underwent
preoperative RT investigated toxicity in relation to dose to the bowel bag
OAR contours [93]. Grade 3 or higher GI toxicity was seen in only 3 patients
(5%). V30 appeared to be the best discriminator for toxicity, but overall,
significant acute GI toxicity was very low despite bowel bag dose exceeding
established constraints for most cases. Finally, in the STRASS-I trial ran-
domizing patients to surgery alone versus preoperative RT followed by
surgery, treatment-related serious adverse events occurred in 24% of the
preoperative RT group compared to 10% in the surgery alone group. There
was one death in the preoperative RT arm from a gastropleural fistula. The
toxicity appeared to be higher in STRASS than other studies, and it has been
postulated that the excess toxicity may be due in part to the low RT protocol
compliance rate of 65%, including 26% major deviations [59, 84].

Other RT techniques: dose painting/boost, intraoperative RT
(electrons, brachytherapy), proton RT

An innovative technique has been tested using IMRT to deliver 50 Gy in
2 Gy fractions to a preoperative clinical target volume that was limited to
the contact area between the tumor mass and posterior abdominal wall,
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i.e., high-risk CTV described above [88]. In doing so, the hope was to better
spare critical structures without negatively impacting resectability at time of
surgery. All 18 patients in the study completed preoperative RT and surgery
without major complications. While longer follow-up is needed, at a
median follow-up of 27months, 2 patients had a local recurrence, and one
developed metastatic disease.
Another technique that is being studied delivers a simultaneous
integrated boost (SIB) to the retroperitoneal margin. In one study,
16 patients with RPS received 45 Gy in 1.8 Gy fractions to the entire
preoperative tumor volume and 57.5 Gy in 2.3 Gy fractions to the
retroperitoneal margin [94]. The actuarial 2-year local control was
80%, and treatment toxicities were acceptable. In another phase I
study, 11 patients with RPS received intensity-modulated proton
therapy (IMPT) to 50.4 GyRBE in 1.8 Gy fractions to the entire
preoperative tumor and a SIB to the high-risk margin to 60.2, 61.6,
and 53.0 Gy RBE in 2.15, 2.20, and 2.25 GyRBE, respectively [95•].
With a median follow-up of 18 months, there were no local recur-
rences, and acute toxicities were mild, requiring no RT interruptions.
One patient developed hydronephrosis that required stent place-
ment. The follow-up phase II IMPT study has limited the retained
ureter(s) to 50.4 GyRBE and has completed accrual as of February
2021. A similar phase I/II IMRT trial is underway, with the phase I
portion recently presented showing acceptable toxicity and no local
recurrences with early follow-up [96•].
Although supportive data are limited, institutions with IORT and brachy-
therapy experience often offer these modalities to select patients. Those
with gross disease after maximal safe surgery or areas of residual micro-
scopic disease have been considered for IORT of 10–15 Gy. In retrospective
studies, IORT with or without external beam RT appeared to improve local
control but at the expense of increased toxicities, including abscess and
fistula formation, and peripheral neuropathy [58, 73, 77, 80–82, 97–103].
Low-dose rate (LDR) brachytherapy delivered to the tumor bed via im-
planted catheters has also been investigated, but is not routinely used,
especially in the upper abdomen, due to increased late toxicities in
patients with upper abdominal tumors (duodenal perforation,
death) [65, 78]. Permanent LDR brachytherapy seeds to the tumor
bed after resection showed low local recurrence rates but a quarter
of patients developed complications necessitating intervention [104].
In summary, IORT and brachytherapy show potential for improved
local control but with potentially increased toxicities. It is recom-
mended that these modalities only be used on protocol or at centers
with expertise in these techniques.
Protons are increasingly being studied for RPS due to their potential dosi-
metric benefits [105]. With advancing technology, IMPT is now being
utilized at centers with proton capabilities and is showing promise over
passively scattered 3D conformal proton beam [95, 106]. Furthermore,
IMPT achieves dose conformality comparable to IMRT but with the po-
tential additional benefit of decreased integral dose. The ability to safely
increase dose with IMPT or IMRT to select areas at high risk of positive
margin and local recurrence may benefit patients with RPS. Finally,
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utilizing IMRT or IMPT to dose escalate might reduce late toxicities seen
with IORT given the ability to fractionate IMRT/IMPT.

Summary and future directions

Surgical resection for patients with RPS is the only potentially curative ap-
proach. The role of chemotherapy and/or radiation therapy continues to be
debated as R0 resections are difficult to achieve and there is a high risk of local
recurrence. Recent data from the STRASS randomized controlled trial compar-
ing surgery alone versus preoperative RT followed by surgery showed no statis-
tically significant improvement in abdominal recurrence-free survival or overall
survival between the two arms. Unplanned subgroup analyses show a trend
toward improved local control with preoperative RT and improved overall
survival in patients with WD LPS and low-grade RPS. There continues to be
disagreement among sarcoma experts as to how to apply the results of this
study. Some advocate selected use of preoperative RT, whereas others do not.
Further studies are warranted to elucidate the role of RT for RPS. Ultimately, the
decision regarding the use of RT should be a shared one between the patient,
caregivers, and providers, acknowledging the available data with its limitations.
Finally, given the rarity, heterogeneity, and complexity of the radiation and
surgical treatments of patients with RPS, evaluation and treatment at a sarcoma
center of excellence are recommended. Close collaboration and discussion
between surgeons and radiation oncologists will continue to be important to
determine which patients may benefit from RT for RPS.
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