
23

2Retroperitoneal Sarcoma

Philip A. Blumenfeld, Nathaniel B. Camden, 
Cristina O’Donoghue, Marta Batus, and Dian Wang

Philip A. Blumenfeld and Nathaniel B. Camden contributed equally to this work and share first 
authorship.

P. A. Blumenfeld 
Department of Radiation Oncology, Hadassah Medical Center, Jerusalem, Israel
e-mail: philipb@hadassah.org.il 

N. B. Camden · D. Wang (*) 
Department of Radiation Oncology, Rush University Medical Center, Chicago, IL, USA
e-mail: Nathaniel_B_Camden@rush.edu; Dian_Wang@rush.edu 

C. O’Donoghue 
Department of General Surgery, Division of Surgical Oncology, Rush University Medical 
Center, Chicago, IL, USA
e-mail: Cristina_ODonoghue@rush.edu 

M. Batus 
Department of Medicine, Division of Medical Oncology, Rush University Medical Center, 
Chicago, IL, USA
e-mail: Marta_Batus@rush.edu

Contents
2.1  Introduction to Retroperitoneal Sarcoma  24
2.2  Historical Outcomes  24
2.3  Management Principles  25
2.4  Surgery  27
2.5  Radiotherapy  29

2.5.1  Intraoperative Radiotherapy and Postoperative Brachytherapy  30
2.6  Systemic Therapy  33
2.7  Radiotherapy Techniques and Planning  33
2.8  CT Simulation  34
2.9  Target Volumes  35
2.10  Prescription Dose  37
2.11  Boosts to High-Risk Margin and GTV  37

© Springer Nature Switzerland AG 2022
E. Kim et al. (eds.), Radiation Therapy for Sarcomas and Skin Cancers, Practical 
Guides in Radiation Oncology, https://doi.org/10.1007/978-3-031-06706-8_2

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-06706-8_2&domain=pdf
mailto:philipb@hadassah.org.il
mailto:Nathaniel_B_Camden@rush.edu
mailto:Dian_Wang@rush.edu
mailto:Cristina_ODonoghue@rush.edu
mailto:Marta_Batus@rush.edu
https://doi.org/10.1007/978-3-031-06706-8_2#DOI


24

2.12  Target Coverage  37
2.13  Radiation Technique  37

2.13.1  Image-Guided Radiation Therapy (IGRT)  39
2.14  Organs at Risk and Radiation Tolerance Doses  39

2.14.1  DVH (Dose Volume Histogram) Considerations  39
2.15  Current Trials  41

2.15.1  STRASS EORTC 62092-22092 (ClinicalTrials.gov NCT01344018), Ref 
[54]  41

2.15.2  Phase I/Phase II Trial of Preoperative IG-IMPT or IMRT 
with Simultaneous Integrated Boost (SIB) for Retroperitoneal Sarcomas 
(ClinicalTrials.gov NCT01659203), Ref [64]  41

2.15.3  NRG-DT001 (ClinicalTrials.gov NCT03217266), Ref [50]  42
2.16  Future Directions  43
2.17  Treatment Algorithm  43
2.18  Summary  44
 References  44

2.1  Introduction to Retroperitoneal Sarcoma

Retroperitoneal sarcomas (RPS) are relatively rare tumors, with an average inci-
dence of 2.7 cases per million population [1]. Approximately 10–15% of adult soft 
tissue sarcomas (STS) arise in the retroperitoneum, the anatomic space in the 
abdominal cavity posterior to the peritoneal cavity and anterior to the paraspinous 
musculature. The majority of RPS present with large masses (median size of 15 cm) 
as they typically produce few symptoms until they are large enough to compress or 
invade surrounding structures [2]. The most common histologies of RPS in adults 
include well-differentiated and dedifferentiated liposarcoma and leiomyosarcoma, 
followed by undifferentiated/unclassified STS [3, 4]. The most common histologies 
of RPS in children are extraskeletal Ewing sarcoma/primitive neuroendocrine 
tumor, alveolar rhabdomyosarcoma, and fibrosarcoma [5]. Oncologic outcomes 
including patterns of spread differ based on the histologic subtype and grade of the 
tumor. In the future, these differences may impact treatment strategies including the 
role of neoadjuvant/adjuvant therapy and follow-up surveillance after definitive 
treatment.

2.2  Historical Outcomes

Studies have demonstrated that aggressive surgical management including a com-
plete surgical resection is one of the most important prognostic factors in localized 
disease for RPS [6, 7]. In contrast to extremity sarcomas, even with a complete 
resection, locoregional recurrence is the majority of first recurrences in RPS with 
approximately 5% per year from time of initial operation [8]. Moreover, local recur-
rence is the site of first failure in 90% of cases even after complete resection. Distant 
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metastases develop in 20–30% of patients, with an increased risk for those patients 
with high-grade tumors. Overall five-year survival rates for this disease range from 
50 to 70% [6, 9–11]. Given these suboptimal outcomes, the role of neoadjuvant/
adjuvant treatment including radiotherapy and chemotherapy is a current area 
of study.

2.3  Management Principles

A thorough workup with multidisciplinary review is necessary to guide treatment 
decisions (see Table 2.1). A key component to the evaluation of a patient with a 
retroperitoneal mass includes a complete radiographic evaluation. Preferred 
diagnostic studies include contrast-enhanced computed tomography (CT) of the 
chest, abdomen, and pelvis. A chest CT is included as the lung is the most com-
mon site of metastasis, and a CT of the abdomen and pelvis helps determine the 
anatomic relationship of the mass relative to other structures. Magnetic reso-
nance imaging (MRI) of the abdomen and pelvis is helpful for assessing disease 
in the pelvis and to better assess involvement of the bone or muscle. MRI is bet-
ter at defining the extent of the local tumor involvement and can be helpful in 
planning for radiation therapy. Other advanced images such as PET (positron 
emission tomography) can also be utilized to enhance detection of metastatic 
disease. Criteria for unresectability include radiographic evidence of peritoneal 
implants, distant metastases (not potentially resectable for cure), spinal cord 
involvement, and extensive vascular involvement that cannot be reconstructed. 
Kidney function workup is necessary in any patient who may receive ipsilateral 
nephrectomy as part of a surgical resection. Careful evaluation of liver function 
may also be necessary in selected cases where partial liver resection is 
recommended.

Table 2.1 Workup

• H&P
• CBC/CMP
• CT chest/abdomen/pelvis with IV contrast (consider abdominal/pelvic MRI with and 
without IV contrast)
• Advanced imaging such as PET to enhance detection of metastasis as needed
• Image-guided core needle biopsy
• Confirm function of contralateral kidney:
   – Radionuclide functional renal scan (Tc-99mMAG3) versus CT with IV contrast + GFR.
   – If renal function is borderline, consult nephrology and discuss risks of dialysis with 

patient.
• Consider genetic testing for personal/family history suggestive of genetic syndromes, 
including li-Fraumeni syndrome, FAP (familial adenomatous polyposis), Gardner syndrome, 
retinoblastoma, and neurofibromatosis
• Multidisciplinary tumor board discussion
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Tissue diagnosis recommendations with image-guided percutaneous core 
needle biopsy are recommended unless imaging is diagnostic and surgical resec-
tion planned first step in treatment. Risk of needle track seeding is minimal and 
therefore not a reason to avoid a core needle biopsy. If a retroperitoneal mass is 
found incidentally during surgical exploration for another procedure or it is 
thought to be an adnexal mass, biopsies should not be done at the time of sur-
gery to avoid contamination of the peritoneal cavity. The patient should have 
appropriate imaging and then proceed with image-guided core biopsies [12]. 
Frozen biopsies for diagnostic purposes are not performed as management 
should be determined after final pathology and discussion at a multidisciplinary 
tumor board.

Defining the optimal treatment paradigm is difficult given the rarity of RPS and 
the complexity of treatment. A number of consensus groups comprised of sarcoma 
experts have recommended that RPS cases should be referred to high-volume cen-
ters with multidisciplinary expertise in order to optimize outcomes. However, even 
among clinical sarcoma experts, there remains equipoise as to the best treatment 
strategy (see Table 2.2, [12–15]). Thus, enrollment on clinical trials (to be discussed 
later) or prospective data registries is advised.

Table 2.2 Brief overview of consensus-based guidelines for initial treatment of resectable RPS

Expert groups Consensus statement
National Comprehensive 
Cancer Network (NCCN, 
United States, 12)

• For potentially resectable tumors, surgical resection with 
negative margins (R0) is emphasized.
• Intraoperative radiotherapy (IORT), preoperative external 
beam radiation therapy (EBRT), and preoperative chemotherapy 
are options.
• EBRT with simultaneous integrated boost to high-risk 
margin in experienced centers only.
• Routine administration of postoperative EBRT is not 
recommended except in highly selected cases in which local 
recurrence would result in undue morbidity.

European Society for 
Medical Oncology  
(ESMO, 13)

• For potentially resectable tumors, wide resection with 
negative margins (R0) is recommended.
• Preoperative treatments (EBRT, chemotherapy, regional 
hyperthermia, and combinations) are not established but can be 
considered in technically unresectable/borderline cases that 
could be converted to resectable cases.
• Postoperative EBRT may be an option in well-defined areas 
at high risk for local recurrence though otherwise is of limited 
value with significant toxicity.
• Brachytherapy is of unproven value and is associated with 
significant short- and long-term complications.
• IORT is of unproven value.
• Role of adjuvant chemotherapy is not established but 
principles may be extrapolated from extremity STS.

(continued)
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Expert groups Consensus statement
Trans-Atlantic 
retroperitoneal sarcoma 
working group  
(TARPSWG, 14)

• For potentially resectable tumors, resecting the tumor en 
bloc including adherent structures even if not overtly infiltrated 
to achieve macroscopically negative margins and minimize 
microscopic positive margins is recommended.
• Neoadjuvant therapy (chemotherapy, chemotherapy + 
regional deep wave hyperthermia, EBRT, or chemoRT) is safe 
for well-selected patients and may be considered after careful 
review by a multidisciplinary sarcoma tumor board. It is 
appropriate to consider for borderline/unresectable cases.
• IORT is of no study-proven value. Although it may be 
considered for margins considered at risk, the field often is too 
large for its practical application.
• Brachytherapy and postoperative EBRT after complete 
resection are of no study-proven value and may be associated 
with significant toxicity.

International expert panel 
(15 academic radiation 
oncologists specialized in 
sarcoma treatment, 15)

• For potentially resectable tumors, macroscopic surgical 
resection (R0/R1) is emphasized.
• Role of preoperative RT for RPS has not been proven. 
Intensity-modulated RT is preferred unless three-dimensional 
conformal RT can meet dosimetric parameters.
• Preoperative boost dose with dose painting is not 
recommended as standard practice and is best used only as part 
of a protocol or at experienced centers.
• There is no comment on chemotherapy.
• IORT benefit has not been demonstrated in controlled 
studies and is best delivered at experienced centers and/or on 
protocol.

2.4  Surgery

Surgical resection traditionally has been the mainstay curative treatment for local-
ized RPS. The primary treatment for RPS is gross en bloc resection with the goal for 
a R0 (microscopically negative margins) surgery. Multiple studies have demon-
strated that other than histology, the most important prognostic factor for local con-
trol and overall survival (OS) is the ability for a complete surgical resection R0 to 
be performed [3, 4]. While R0 resection may be the primary surgical goal, this is 
often difficult to achieve due to tumor size and anatomic constraints, and approxi-
mately 30–40% of RPS resections are R1 (microscopically positive margins). En 
bloc resection should include adherent organs to best achieve a negative micro-
scopic resection with a goal of a negative rim of the tissue. This may not always be 
able to be achieved with critical neurovascular structures. The surgeon must deter-
mine the risk versus the benefit of the resection based on the individual patient and 
tumor characteristics, for instance, if the tumor abuts the liver and pancreas. A mul-
tidisciplinary team of surgeons may need to be assembled for their expertise includ-
ing tumors involving major vascular resection and reconstruction, bone resection, 
and other visceral organs that may be involved. Once the specimen has been 
resected, the pathologist must be thoughtful to carefully select the samples of the 
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tissue for pathologic evaluation given that it is generally not feasible to evaluate the 
entire specimen. Thus, determining true margin status can be challenging and prone 
to error.

Surgical specimens will often include en bloc removal of nearby organs sus-
pected to be involved by tumor which commonly include the kidney, colon, small 
bowel, psoas muscle, and in selected cases spleen, pancreas, partial liver, gallblad-
der, adrenal gland, peritoneum, diaphragm, adnexae, bladder, and other structures. 
A 2009 retrospective analysis of 382 patients by Bovalot et al. suggested a potential 
benefit of more aggressive resection described as a systematic resection of nonin-
volved contiguous organs to ensure wide margins. They reported improved five- 
year OS rates of 86% versus 66% and 3.29-fold lower rate of abdominal recurrence 
compared to simple resection of tumor and a correlating three-year abdominal 
recurrence of ~10% versus 50%. R1 resections resulted in worse locoregional con-
trol (49% vs 79% at 3 years) and an OS detriment (54% vs 67% at 5 years) [3]. 
While other studies have concluded that local control is improved with an R0 resec-
tion, whether this translates into a survival benefit is less certain with survival being 
most strongly associated with grade and histology [16, 17]. Gronchi suggested a 
similar retrospective pattern of benefits in 288 patients after a shift in institutional 
surgical approach to systematically remove organs and tissues not clinically involved 
but located within 1–2 cm of tumor, resulting in an improved five-year local recur-
rence rate of 48% versus 28% and a statistically nonsignificant improvement of a 
five-year OS rate 51% versus 61% [18].

Despite the aforementioned results, the extent of surgery remains controversial 
given the retrospective nature of the above data and potential for patient selection 
and confounding bias, as well as neglecting rates of reoperation and postoperative 
complications. In addition, some retrospective data involving less aggressive 
approaches has demonstrated similar outcomes. In one large series of 675 patients 
with primary RPS treated at the Memorial Sloan Kettering, 73% of patients had 0–1 
organs removed with an R0 rate of 50% and R1 rate of 35%. This translated to a 
five- and ten-year disease-specific survival of 69% and 55% and a five- and ten-year 
local recurrence rate of 39% and 45% which was similar to the above series [19]. 
Bremjit reported comparable outcomes in 132 patients, 30.3% of whom received 
preoperative RT, whose surgical approach involved only removing contiguous 
organs when they were grossly involved; 60.5% of patients had 0–1 organs removed. 
This resulted in 45.5% R0 and 44.7% R1 resections with two-year and five-year OS 
of 85% and 71% [20].

Appropriate recommendations for surgical extent may partly depend on tumor 
histology and grade. For example, well-differentiated liposarcoma (WD-LPS) has a 
high risk of local recurrence but rarely invades other organs and is widely thought to 
have virtually no capacity for metastasis [21]. Therefore, deferring an aggressive 
approach in this case may be prudent. MD Anderson retrospectively assessed 83 
patients with retroperitoneal WD-LPS, 46% of whom received concomitant organ 
resections and 54% had no organs removed, collectively achieving a 92% R0/R1 
resection rate. Fifteen percent of patients with organs removed showed organ inva-
sion. However, in multivariate analysis, concomitant organ resection was not 
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associated with improved OS or DFS (disease-free survival), and concomitant organ 
resection was associated with higher complication rates and longer hospital stays 
[22]. Thus, some experts emphasize the need for histology-guided approach to RPS 
surgical management [14, 15, 23]. Lastly, the role of debulking surgery (R2 resec-
tion) is typically reserved for palliation of large unresectable WD-LPS as gross resid-
ual disease and tumor rupture have been suggested as the worst indicators for OS [24].

2.5  Radiotherapy

Radiotherapy in the context of extremity STS is well established and based on mul-
tiple prospective randomized trials in the preoperative, intraoperative, and postop-
erative settings with significant improvement in  local control allowing for 
limb-salvage therapy [25–27]. SEER (Epidemiology and End Results) and NCDB 
(National Cancer Database) analyses have suggested OS benefits in patients with 
high-grade extremity STS who received radiation therapy [28, 29]. Specifically in 
RPS, the primary treatment failure after resection is local, highlighting the potential 
importance of radiotherapy. However, due to lack of prospective randomized data to 
drive treatment decisions, the role of radiotherapy for RPS remains an area of 
debate. Currently, in most institutions, multidisciplinary teams with expertise in 
RPS recommend RT on a case-by-case basis.

There are a number of studies that have performed analyses of cancer registries 
to determine both practice trends in delivering adjunct radiotherapy and whether 
radiotherapy is a predictor for improved oncologic outcomes. Recently, Nussbaum 
and colleagues published the largest NCDB analysis of RPS sarcoma in which they 
performed a case control, propensity score-matched analysis of patients receiving 
preoperative or postoperative radiotherapy (PORT) versus surgery alone. Of 9068 
patients, 563 patients received preoperative radiotherapy, 2215 received PORT, and 
6290 received surgical resection alone. The authors demonstrated that both preop-
erative radiation therapy and PORT were significantly independent predictors for 
improved OS (preoperative radiotherapy vs no radiotherapy, 110 vs 66  months, 
p < 0·0001; and PORT vs no radiotherapy, 89 versus 64 months, p < 0·0001) [30]. 
Several limitations of the paper included the potential selection bias regarding those 
who received radiotherapy, lack of data for type of resection, and ability to analyze 
histologic subtypes separately. In a recent National Cancer Database (NCDB) anal-
ysis of a total 2264 patients, 727 (32.1%) of patients had perioperative radiotherapy. 
Of those who underwent radiotherapy, 27.9% received radiotherapy in the neoadju-
vant context. Perioperative radiotherapy was independently associated with 
decreased mortality (HR 0.72). When stratified, radiotherapy was associated with 
an OS benefit for high-grade RPS, tumor less than 15  cm, and leiomyosarcoma 
histology [31]. An analysis of the Multi-Institutional Collaborative Retroperitoneal 
Sarcoma Working group demonstrated that radiotherapy was a significant indepen-
dent predictor for local control but did not demonstrate an association with OS [21]. 
These analyses suggest that while radiotherapy confers a local control benefit, the 
effect of radiation on OS however is less certain.
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Historically, radiotherapy in the postoperative setting has been employed in the 
setting of positive margin and/or high-risk histologies. The main advantages of this 
approach include proceeding immediately to surgical resection and the ability to 
better select patients who require adjuvant treatment due to having the full specimen 
available for pathologic review. Although many patients undergoing complete sur-
gical resection have microscopically positive margins, there is no high-level evi-
dence that postoperative radiation improves outcomes and retrospective data 
regarding the benefit of PORT is mixed [2, 32]. Most consensus groups do not favor 
postoperative RT for RPS for a number of reasons (Table 2.2). Most notably, once 
the tumor is removed, the bowel can “fall into” the previously occupied space, and 
postoperative adhesions are formed. This may result in significantly higher volume 
of fixed bowel (small and large bowel that do not move in and out of the radiation 
field) being irradiated. Additionally, the appropriate dose in postoperative setting 
(60–66 Gy) is not tolerable to large volumes in the abdomen and pelvis, and the 
postoperative target volume may be very difficult to delineate. Thus, risks for 
treatment- related toxicities are increased with postoperative treatment [33].

While the improved toxicity profile of preoperative radiotherapy in extremity 
STS has been confirmed in prospective and randomized controlled trial settings [34, 
35], this question has not been explored prospectively in the setting of RPS. In con-
trast to postoperative radiotherapy, there are a number of practical and theoretical 
advantages in favor of neoadjuvant radiotherapy (see next section for further discus-
sion). We await the final manuscript of STRASS EORTC 62092–22,092 trial to 
better define the role of preoperative radiotherapy in RPS (see Sect. 2.15 for further 
discussion).

2.5.1  Intraoperative Radiotherapy and Postoperative  
Brachytherapy

The delivery of intraoperative radiotherapy (IORT) allows for targeted delivery of 
radiotherapy boost to high-risk area of positive margins, most commonly deliv-
ered with MeV electrons (IOERT (intraoperative electron radiotherapy)). In 1993, 
the National Cancer Institute published their prospective study demonstrating 
higher locoregional control 60% versus 20% in patients who underwent a gross 
total resection for RPS followed by IOERT 20 Gy using 2–6 fields and EBRT 
(35–40  Gy) compared to postoperative RT (PORT) alone [36]. However, there 
was no benefit in OS, and 44% of patients who received IOERT developed radia-
tion-related moderate- to- severe peripheral neuropathy compared to 0% in the arm 
that received PORT alone. More recent retrospective and prospective studies con-
tinue to suggest the potential improvement of local control with IOERT using 
median doses of 12–15 Gy (range 8.75–30), fewer treatment fields, and less field 
overlap with reduced grade 3–4 toxicities attributed to IOERT alone (see table 
below) [36–40]. Recently, a newly innovative unidirectional IORT technology 
(CivaSheet) is used to treat RPS [41]. A multicenter trial is currently planned to 
treat RPS using this IORT technology in combination with perioperative radio-
therapy. Table  2.3 includes published experiences in utilization of IORT in 

P. A. Blumenfeld et al.



31

Table 2.3 IORT/IOERT boost experiences in RPS

National Cancer 
Institute [36]

Mass General 
Hospital [37]

Mayo Clinic 
[38]

MD 
Anderson 
[39]

German 
Cancer 
Research 
Center [40]

Study Prospective RCT Retrospective Retrospective Phase I Phase I/
phase II 
interim 
analysis

Number 
of points
(1° and 
recurrent 
disease 
in each 
trial)

35
42% received 
IOERT,
No prior chemo or 
RT

37
55% received 
IOERT

87
100% 
received 
IOERT

35
76% received 
IOERT

27
85% 
received 
IOERT,
No prior RT

Margin Not stated, all 
cases thought to be 
resectable, R0/R1 
attempt

R0/R1 78%
R2 10%, rest 
not 
applicable

R0/R1 83%
R2 17%

R0/R1 only R0 22%
R1 74%
R2 4%

EBRT IOERT + PORT 
35–40 Gy vs 
postoperative 
50–55 Gy alone 
adjuvant 
doxorubicin, 
cyclophosphamide/
MTX in six 
patients

Preoperative 
45 Gy

Median 
preoperative 
dose 47.6 Gy 
(10–65 Gy), 
received by 
77%

Preoperative 
dose 
escalation up 
to 50.4 Gy 
with 
concurrent 
doxorubicin

Preoperative 
45–50 Gy to 
PTV and 
50–56 Gy to 
GTV

IOERT 20 Gy; 
11–15 MeV;
90% isodose line 
all received 
misonidazole

10–20 Gy
R0 10 Gy, R1 
12.5–15 Gy, 
R2 20 Gy; 
9–15 MEV

Median 
15 Gy, range 
8.75–30 Gy; 
90% isodose 
line

15 Gy; 90% 
isodose line;
9 MEV

Median 
12 Gy
Range 
10–20 Gy; 
6–12 Mev

Number 
of fields

2–6 fields 1, rarely 2+ 1 field in 
76%
2–4 fields in 
24%

1 Multiple 
fields 
allowed 
only if no 
overlap

Local 
control 
(LC)

Improved LC 
IOERT 60% vs 
PORT 20%, 
median follow-up, 
8 years

Improved 
five-year LC 
with IOERT 
83% vs 61%

23% local 
failure at 
median 
follow-up 
3.5 years. 
Estimated LC 
five years 
41% for R2, 
60% R1, and 
100% R0

– Median 
follow-up 
33 months,
26% local 
failure (two 
points 
outside 
EBRT field, 
two points 
after 
5 years)
Estimated 
three- and 
five-year 
LC 72%

(continued)
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Table 2.3 (continued)

National Cancer 
Institute [36]

Mass General 
Hospital [37]

Mayo Clinic 
[38]

MD 
Anderson 
[39]

German 
Cancer 
Research 
Center [40]

OS Median OS IOERT 
3.7 years vs PORT 
4.3 years (NS)

Improved 
five-year OS 
with IOERT, 
74% vs 31%

53% at 
median 
follow-up 
3.5 years, 
estimated 
5 years 37% 
R2 vs 52% 
R1/R0

– Median 
follow-up 
33 months
78% OS
Estimated 
three- and 
five-year 
OS 74%

AE Moderate-to-severe 
neuropathy 44% 
IOERT vs 0% 
PORT, enteritis 
13% IOERT vs 
PORT 50%

IOERT 
group: Three 
points with 
neuropathy, 
three with 
hydropathy, 
one
With SBO 
(small bowel 
obstruction), 
and two with 
fistula

G3–G4 GI 
toxicity in 
two points 
and G3 
neuropathy 
secondary to 
IOERT

No IOERT 
complications 
in 21/22 pts. 
one point 
with bilateral 
urethral 
stricture

No late GI/
GI/
neurological 
G3+ 
toxicity

RPS. However, technical challenges and limited availability have prevented the 
widespread use of IORT or postoperative brachytherapy. Thus, the consensus 
guidelines recommend IORT to be delivered only at experienced centers and/or 
on protocol.

Other centers have attempted delivery of additional dose to the high-risk margin 
with low-dose-rate or high-dose-rate brachytherapy. However, postoperative 
brachytherapy has been associated with more severe acute and late toxicities in the 
upper abdomen. In 2002, the Princess Margaret Hospital performed a prospective 
nonrandomized trial that studied the outcomes of patients treated with preoperative 
EBRT followed by surgery  ±  postoperative Ir-192 (iridium-192) brachytherapy. 
Forty-one patients with localized RPS were treated to a median preoperative dose 
that was 45 Gy (range 42–50 Gy). No patients required hospitalization and none 
terminated radiotherapy because of acute toxicity. Twenty-three patients then 
received postoperative brachytherapy (median dose 25 Gy, range 7.3–30 Gy). Of 
these, one patient was admitted for duodenitis/gastric outlet obstruction, another 
patient developed life-threatening small bowel obstruction, and two patients died 
during treatment due to perforation following NJ (nasojejunal) tube insertions for 
duodenal stricture, each following brachytherapy in the upper abdomen. The rate of 
fatal toxicity (2/41, 5%) prompted investigators to limit subsequent use of brachy-
therapy to the lower abdomen [42].
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2.6  Systemic Therapy

To date, the role of systemic therapy in the treatment of localized RPS is very lim-
ited and largely extrapolated from retrospective and phase II extremity STS data in 
which neoadjuvant, adjuvant, or interdigitated chemotherapy with or without con-
current chemoradiotherapy has been utilized in patients with large, high-grade, or 
locally recurrent disease [43–48]. Due to conflicting results of these studies, the use 
of chemotherapy in localized sarcoma remains controversial and warrants further 
investigation. When delivered, chemotherapy is generally doxorubicin based with 
the most widely studied regimes including neoadjuvant mesna, adriamycin (doxo-
rubicin), and ifosfamide (collectively known as MAI) or the above with added 
dacarbazine (MAID), neoadjuvant and concurrent with radiotherapy (RT) followed 
by surgery and additional adjuvant cycles.

In RPS, there have been small phase I and II studies assessing similar approaches 
in patients with histologies at high risk for distant progression such as leiomyosarco-
mas and undifferentiated pleomorphic sarcomas. Gronchi reported the results of a 
phase I/phase II trial of 83 patients with localized RPS demonstrating the feasibility 
of neoadjuvant concomitant chemoradiation with three cycles of high-dose long-infu-
sion ifosfamide and 50.4 Gy RT with 72% of patients completing the protocol and no 
patients failing to obtain surgery due to toxicity [49]. As noted above, MD Anderson’s 
phase I trial demonstrated the feasibility of neoadjuvant EBRT up to 50.4 Gy with 
concurrent doxorubicin followed by definitive surgery and IOERT 12 Gy with high-
grade III–IV acute GI toxicity (18%) and hematological toxicity (27%) [39].

A prospective phase II RTOG (Radiation Therapy Oncology Group) trial study-
ing the role of sequential neoadjuvant MAI followed by radiation for intermediate- 
or high-grade primary or recurrent RPS commenced in 2003, however, was closed 
early due to lack of accrual (RTOG 0124). NRG-DT001 is an open phase IB trial of 
neoadjuvant AMG 232 concurrent with preoperative radiotherapy in wild-type p53 
STS, discussed below [50]. Without more robust prospective data, routine systemic 
therapy has not been adopted and should only be performed in the context of a clini-
cal trial or at experienced centers.

2.7  Radiotherapy Techniques and Planning

The large tumor size and complex anatomy of retroperitoneum create a therapeutic 
challenge in the management of RPS. Delivery of conventional radiotherapy is diffi-
cult as the dose required to effectively treat the tumor can exceed the tolerance of the 
adjacent organs at risk, both in the preoperative and postoperative settings. However, 
in contrast to postoperative radiotherapy, there are a number of practical and theoreti-
cal advantages in favor of preoperative radiotherapy. These include the following:

 (a) The gross tumor can be precisely identified and targeted.
 (b) The tumor displaces the adjacent abdominopelvic viscera from the high-dose 

treatment field improving plan dosimetry.
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 (c) Potential to allow the delivery of higher RT doses.
 (d) The clinical target volume (CTG) may be smaller and typically will contain the 

less normal tissue in the treatment field.
 (e) Potential reduction of intraperitoneal tumor dissemination at time of operation.
 (f) Increased biological effectiveness in the preoperative setting secondary to bet-

ter oxygenation with an intact vasculature.
 (g) Improved resectability secondary to a “rind” formation of the acellular tissue 

following radiotherapy.
 (h) Potential to convert an initially unresectable tumor to resectable.

Smaller treatment volumes associated with preoperative treatment are thought to 
correlate with improved toxicity profiles compared to postoperative RT. This is well 
documented in extremity STS which resulted significantly lower rates of late fibro-
sis, edema, and joint stiffness resulting in improved long-term functioning though 
with higher wound complication rates [34, 35]. Multiple prospective and retrospec-
tive studies have demonstrated that preoperative radiotherapy in RPS is well toler-
ated and feasible [31, 39, 49, 51–53].

Without prospective data available, the decision to treat should be made on a 
case-by-case basis by a multidisciplinary team experienced in the treatment of RPS.

Preoperative EBRT is our recommended treatment strategy for patients in whom 
radiotherapy is recommended. Other techniques including intraoperative radiother-
apy (often delivered with MeV electrons), postoperative brachytherapy, postopera-
tive radiotherapy, and proton therapy may have selected roles within experienced 
institutions and in the context of clinical trials. These treatment options are less 
available, and their role established through multiple international consensus groups 
continues to evolve (see Table 2.2).

2.8  CT Simulation

Appropriate CT simulation in RPS (see Table 2.4) enables treatment planning that 
will maximize target coverage and minimize treatment of critical OARs (organs at 
risk) such as small bowel, spinal cord, cauda equina, and the contralateral kidney. 
Motion management with 4DCT (four-dimensional computed tomography) can be 

Table 2.4 CT simulation

Supine position
Immobilization: Vac-Lok bag, lower leg immobilizers. Per institutional standards.
IV and PO contrast preferred
Consider simulation and daily bowel preparation based on tumor proximity to the rectum
Four-dimensional motion CT strongly recommended for tumors above the iliac crest
If >1 cm motion, respiratory control recommended: Gating, abdominal compressions, and 
breath holds
Field: Tracheal bifurcation to lesser trochanter of the femur
3 mm slices
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considered in any case but is highly recommended for any tumor arising above the 
pelvic brim. In the rare circumstance of >1 cm motion, respiratory control techniques 
are recommended as above. IV (intravenous) and PO contrasts at time of simulation 
are not critical but may facilitate tumor and bowel delineation, respectively. All avail-
able diagnostic images should be utilized for target delineation (Table 2.5). Gross 
tumor is most easily identified on MRI T1 post-contrast sequences. T2 sequences 
may be useful for identifying suspicious edema that may warrant inclusion in the CTV.

2.9  Target Volumes

There are no universally accepted guidelines to delineating target volumes in preop-
erative radiotherapy for RPS. Here, we have listed several reasonable approaches 
created by expert group consensus or defined by ongoing major prospective clinical 
trial protocols (Tables 2.6, 2.7, and 2.8).

Table 2.5 Fusions (co-registered images)

Diagnostic contrast-enhanced CT AP
MRI T1—Post-contrast highly recommended
MRI T2

Table 2.6 Red Journal Expert Consensus Guidelines for target volumes [15]

Above the pelvic brim, 
four-dimensional imaging 
present

Below the pelvic brim, no 
four-dimensional imaging

Above the pelvic brim, no 
four-dimensional imaging 
present

iGTVa GTVa GTVa

ITVb = iGTV + 1.5 cm
(CTV expansion)

CTVb = GTV + 1.5 cm CTVb = GTV + 2–2.5 cm 
superiorly/inferiorly, 1.5–2.0 cm 
radial

PTV = ITV + 5 mm if IGRT. 
9–12 mm if no IGRT

PTV = ITV + 5 mm if 
IGRT. 9–12 mm if no IGRT

PTV = ITV + 5 mm if IGRT. 
9–12 mm if no IGRT

aAs defined by CT, MRI, and 4DCT if available
bEdit CTV/ITV as follows: (1) Uninvolved retroperitoneal compartment, bone, kidney (unless 
planned resection), and liver: 0 mm at interface. (2) Bowel/air cavity: 5 mm at interface. (3) Under 
the skin surface: 3–5 mm according to institutional preference. (4) If tumor extends to the inguinal 
canal, expand iGTV/GTV by 3 cm inferiorly. (5) Do not need to cover biopsy tract

Table 2.7 NRG DT001 protocol for target volumes [50]

GTV or iGTVa

CTVb = GTV or iGTV + 1.0 cm
PTVc = CTV + internal margin (if no 4DCT, size unspecified) + setup margin (5 mm).
Daily IGRT mandatory

aAs defined by CT, MRI, and 4DCT if available
bEdit CTV as follows: (1) CTV should not be extended beyond the other organs, compartment, 
intact fascia, or bone. (2) If tumor extends to the inguinal canal, expand iGTV by 3 cm inferiorly 
and radial margin in the thigh 1.5 cm but not beyond the compartment/intact fascia/uninvolved bone
cAllows for reduction of PTV margin by 5 mm in direction of the skin and spinal canal
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Table 2.8 STRASS (EORTC 69092-22,092) protocol for target volumes (55)

GTV or iGTVa

CTVb = GTV or iGTV + 5 mm (if CT slice 5 mm) vs 6 mm (if CT slice 3 mm)
PTVc = CTV + 9 mm (anteriorly/medially) + 12 mm (superiorly, inferiorly, posteriorly, 
laterally)

aAs defined by CT, MRI, and 4DCT if available
bEdit CTV as follows: (1) Remove the fascia, bone, skin, and air gaps not at risk for microscopic 
disease. (2) May include suspicious edema (T2-weighted images) in CTV. (3) Exclude the verte-
bral body and biopsy tract from CTV.
cPTV internal for dosimetric evaluation removes 5 mm off body/external contours (Fig. 2.1)

Fig. 2.1 Example of target volumes for a 58-year-old woman with left retroperitoneal well- 
differentiated liposarcoma involving the left kidney, adrenal gland, ovary, and mesentery of the 
duodenum. iGTV in red using 4DCT imaging. CTV in green with a 1.0 cm expansion of iGTV. PTV 
in red with a 0.5 cm expansion of CTV. These volumes most closely resemble the NRG DT001 
protocol

They are all similar in defining GTV (gross target volume) (or iGTV (internal 
gross target volume)) by CT, MRI, and 4DCT if available. CTV expansion for 
microscopic disease ranges from 0.5 to 1.5 cm or more if four-dimensional imaging 
is not available. Two protocols recommend expanding GTV versus iGTV by 3 cm 
inferiorly when creating the CTV if the inguinal canal is involved. Careful CTV 
editing is required in each protocol to remove natural anatomic boundaries such as 
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the uninvolved bone, organs, muscle compartments, and intact fascia not at risk for 
microscopic disease. With daily image-guided radiation therapy (IGRT), two proto-
cols recommend adding 0.5 cm for PTV.

2.10  Prescription Dose

In the absence of strong, prospective, randomized data, appropriate prescription dose 
is adapted from expert consensus statements and ongoing treatment protocols as above.

Acceptable options include the following:

• 50 Gy/25 fractions to PTV [15]
• 50.4 Gy/28 fractions to PTV [15, 54]
• 45 Gy/25 fractions to PTV with 5.4 Gy SIB (simultaneous integrated boost) to 

GTV [50]

2.11  Boosts to High-Risk Margin and GTV

EBRT boost to the high-risk margin is under investigation in an attempt to improve 
local control (see Sect. 2.15). With limited prospective data, we do not recommend 
routine boosts to either GTV or high-risk margin off clinical protocol.

2.12  Target Coverage

• At least 95% PTV receives over 95% dose.
• At least 99–100% CTV receives over 95%.
• No more than 10% of the PTV receives more than 107% of prescription dose.

2.13  Radiation Technique

Given the close proximity of radiosensitive organs including the small bowel, spinal 
cord, and cauda equina and the importance of sparing postoperative contralateral 
kidney function and/or compromised liver function, complex treatment planning is 
often needed to meet normal tissue constraints. IMRT (intensity-modulated radiation 
therapy) allows the planner to define the orientation and energies of all beams as in 
three-dimensional planning. Additionally, specific dose constraints for both normal 
structures and the target volume are achieved through a technique referred to as 
inverse planning, which uses specialized optimization algorithms that determine.

nonuniform intensities to tiny beamlets, or subdivisions of beams, resulting in 
increased control over radiation dose. This allows for the delivery of highly confor-
mal dose to the grouse disease and high-risk subclinical disease regions while mini-
mizing dose to the surrounding critical structures.
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In 2003, Koshy and colleagues demonstrated that IMRT in the preoperative setting 
can be utilized in RPS and enhanced tumor coverage and better sparing of dose to 
critical normal structures such as the small bowel, liver, and kidney [55]. In RPS, 
Swanson and colleagues published their dosimetric analysis showing that IMRT (and 
three-dimensional conformal proton therapy) were more conformal and homogeneous 
than 3DCRT (three-dimensional conformal radiation therapy). Moreover, this resulted 
in improved dosimetric benefits [56]. Bossi published results of 16 3DCRT versus 
IMRT plans that showed superior sparing of high dose to small bowel and the contra-
lateral kidney while maintaining target coverage and other critical constraints [57].

Not only is IMRT superior to 3DCRT in terms of normal structure sparing and 
improved conformality, but IMRT also can be utilized for dose escalation (or dose 
painting) to the region at high risk for a positive margin. In 2006, Tzeng and col-
leagues published their experience treating with preoperative radiation to a dose of 
45 Gy in 25 fractions with a simultaneous integrated boost to 57.5 Gy to the margin 
at risk contoured in conjunction with the operating surgeon. This study demon-
strated acceptable acute side effect profile and no severe postoperative morbidity or 
mortality. A two-year local control in the cohort of 16 patients was high at 80% [58]. 
In 2017, Washington University reviewed their institutional experience treating 
RPS with IMRT in perioperative setting. In their cohort of 30 patients, median RT 
dose to the high-risk area was 55 Gy and 60.4 Gy in the pre- and postoperative set-
ting, respectively. Preoperative RT (compared to postoperative RT) was associated 
with improved LC. Despite the majority of patients treated in the postoperative set-
ting (19/30) to high doses, there were low incidences of grade 3 toxicity and no 
grade 4 or 5 toxicity underlying the importance of IMRT treatment technique [59].

Often, delivery of IMRT plans for large RPS can take 20–30  min which can 
reduce the target uncertainty and OAR dose calculations secondary to intra-fraction 
motion. Volumetric-modulated arc therapy (VMAT) can overcome this secondary to 
fast delivery of the treatment. In a dosimetric analysis comparing VMAT to IMRT, 
Taggar and colleagues demonstrated that VMAT planning for large RPS demon-
strated improved conformality index, reducing delivery time with comparable criti-
cal structure sparing [60].

Compared to photon radiotherapy, several theoretical advantages of proton beam 
radiotherapy (PBRT) exist secondary to the physical properties of the proton beam 
compared to photons. Protons’ energy loss per unit path length is relatively small and 
constant as it traverses the tissue until near the end of the proton range where the 
residual energy is lost over a short distance and the proton comes to rest, resulting in 
a distinctive sharp rise in the tissue absorbed dose known as the Bragg peak. Thus, 
PBRT offers additional advantages over IMRT and 3DCRT most notably almost no 
exit dose. Thus, PBRT reduces the radiation of adjacent normal organs and tissues by 
approximately 60% and allows delivery of the prescription dose to the tumor with 
greater sparing of adjacent organs and structures. Whether PBRT offers a clinical 
advantage for any given patient depends on the location of the tumor and the adjacent 
normal tissues. More recently, the advent of intensity- modulated proton therapy, a 
highly precise type of radiation therapy allowing intricate treatment planning and 
precise proton beam delivery, results in modulating the intensity of the beam in order 
to shape and match the contours of the tumor and minimizing exit dose. Dose 
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escalation utilizing intensity-modulated proton radiotherapy (IMPT) or IMRT is cur-
rently the focus of phase I/phase II study (see Sect. 2.15).

2.13.1  Image-Guided Radiation Therapy (IGRT)

Image-guided radiation therapy (IGRT) is a broad term which involves the use of 
imaging modalities to augment target and normal tissue localization for radiotherapy 
planning and delivery, by providing opportunities for reviewing and adjusting the 
treatment delivery taken at the treatment console immediately prior to treatment. As a 
result of this improved certainty, planning treatment volume (PTV) margins can be 
reduced. An additional benefit is that the radiation treatment plan can be adapted to 
reflect anatomical/tumor changes during treatment. RTOG 0630 demonstrated signifi-
cant reduction of late toxicities with extremity sarcoma with the use of IGRT (both 
3DCRT and IMRT allowed) compared to historical cohorts without any marginal-field 
recurrences at a median follow-up of 3.6 years [35]. Image guidance is especially rel-
evant for RPS as there can be significant setup area in irradiating the retroperitoneum 
as the immobilization device is not as rigid compared to other sites. Moreover, given 
the typical close proximity of retroperitoneal tumors to organs at risk for significant 
acute and long-term toxicity, daily image guidance can ensure that these organs are not 
falling into the treatment volume on a day-to-day basis. As such, most protocols now 
recommend daily image-guided radiation therapy for treatment of RPS (see Table 2.9).

2.14  Organs at Risk and Radiation Tolerance Doses

Radiotherapy for patients with RPS is complex secondary to the large treatment 
fields and proximity to critical anatomic structures. In addition to the potential tox-
icity to the bowel and liver, other structures at risk for late radiation-related injury 
include the ureters, kidneys, and spinal cord. Strict adherence to normal structure 
constraints is essential to reduce acute toxicity to an acceptable level and avoid 
long-term adverse radiotherapy effects.

2.14.1  DVH (Dose Volume Histogram) Considerations

Dose volume constraints in the setting of RPS have been mainly extrapolated from 
the gynecology and gastrointestinal (GI) literature. In a recent study quantifying GI 
toxicity during preoperative radiotherapy for RPS, Mak and colleagues reviewed 56 
patient cases with RPS who underwent preoperative RT and found that acute 

Table 2.9 IGRT protocol

Daily imaging recommended
CBCT (cone-beam computed tomography) or MVCT (megavoltage computed tomography) or 
MRI at least weekly or more
kV imaging on days volumetric imaging not performed
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gastrointestinal (GI) toxicity was very low (5% grade ≥ grade 3 toxicity) despite the 
bowel bag dose exceeding a number of established constraints taken from GI and 
gynecologic cancers. Tumor size and V25 ≥ 650 mL of bowel bag was significantly 
associated with grade ≥2 toxicity using RTOG criteria [51]. Further assessment of 
dose volume constraints specific for treatment of RPS is needed. In Table 2.10, a list 
of normal structure constraints is listed for treatment of RPS.

Table 2.10 Normal structure constraints (adapted primarily from DT-001, Ref. [50])

Structure DVH metric Dose
Variation 
acceptable Toxicity endpoint

Spinal cord D0.03 cc 
[Gy]

≤45 Gy ≤48 Gy Myelopathy

Ipsilateral kidneya Not 
applicable

Contralateral kidney V18 Gy [%] <15% Renal dysfunction
Bilateral kidneysa Mean [Gy]

V20 Gy [%]
<14.4 Gy
<30%

≤16 Gy
<33%

Renal dysfunction

Peritoneal cavity 
(bowel bag including 
large/small bowel)b

V15 Gy [cm3] 
(Ref. [61])
V45 Gy [%]

<830 cm3

<20%
≤30% G3+ toxicity

Liver Mean [Gy] <30 Gy
<26b

≤33 Gy RILD (radiation-induced 
liver disease) in the 
normal function liver

Stomach D0.03 cc 
[Gy]
D2% [Gy]
D25%[Gy]

<52 Gy
≤50 Gy
≤45 Gy

≤54 Gy
≤54 Gy
≤54 Gy

Ulceration

Rectum V50 Gy [%]
V70 Gy [%]

<50%
<20%

≤60%
≤25%

G3+ toxicity

Anus V30 Gy [%]
V50 Gy [%]

<50%
<20%

≤60%
≤25%

G3+ toxicity

Bladder V50 Gy [%]
V70 Gy [%]

<50%
<20%

≤60%
≤25%

G3+ toxicity

Vulva V30 Gy [%] <50% ≤60% Moist desquamation

Femoral heads
(Ref. [15])

D0.03 cc 
[Gy]
V40 Gy [%]
Mean [Gy]

<50 Gy
<64%
<37 Gy

Necrosis

Testisc V1 Gy [%]
D0.03 cc 
[Gy]

<50%
<18 Gy

≤60% Infertility

Ovariesc V5 Gy [%]
D0.03 cc 
[Gy]

<50%
<3 Gy

≤60% Infertility

aIf the ipsilateral kidney is to be resected, no dosimetric parameter is applicable. Refer to contra-
lateral kidney constraints, as low as reasonably achievable
bShown to offer roughly equivalent V45 compared to contouring individual bowel segments 
expanded by 1 cm to account for motion. Advantage in being much easier to contour [62]
cRequired only if fertility preservation desired. Consider cryopreservation
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2.15  Current Trials

Given the lack of prospective data in RPS sarcoma, we recommend enrollment on 
clinical trials and/or cancer registries and referral to high-volume center. In this sec-
tion, we identify three pivotal trials that will help to define the role of neoadjuvant 
radiotherapy in the treatment of RPS and when employed whether we can improve 
outcomes with dose escalation or concurrent systemic treatment.

2.15.1  STRASS EORTC 62092-22092 (ClinicalTrials.gov 
NCT01344018), Ref [54]

This EORTC trial is a multicenter and international phase III trial that enrolled 
patients with RPS and randomized them to preoperative RT followed by surgery or 
surgery alone. The studies’ primary endpoint is abdominal recurrence-free survival 
(ARFS), and secondary endpoints were recurrence-free survival, OS, acute toxicity 
of RT, perioperative and late complications, and quality of life. The abstract form 
was presented at ASCO (American Society of Clinical Oncology) in 2019 and were 
published in Lancet Oncology in 2020. The results failed to demonstrate a benefit in 
ARFS of preoperative RT for RPS for the entire cohort. However, there were twice 
as many local recurrences observed in the surgery group than in the radiotherapy 
plus surgery group. In the liposarcoma subgroup, an exploratory analysis demon-
strated an improvement in a three-year ARFS 75.7% versus 65.2% in favor of pre-
operative radiotherapy [63].

2.15.2  Phase I/Phase II Trial of Preoperative IG-IMPT or IMRT 
with Simultaneous Integrated Boost (SIB) 
for Retroperitoneal Sarcomas (ClinicalTrials.gov 
NCT01659203), Ref [64]

Given the dosimetric benefits of IG-IMPT and IMRT, Delaney and colleagues have 
sought to determine the role of SIB to high-risk margin determined by the radiation 
oncologist and operating surgeon. In 2017, Delaney and colleagues published the 
phase I results of the IG-IMPT cohort in which they utilized preoperative dose of 
50.4 Gy in 28 fractions to the CTV1 (gross tumor and adjacent tissues at risk for 
subclinical risk) with selective escalated radiation dose to tumor volume considered 
at high risk for positive margins with the aim to reduce local recurrence [65]. See 
Fig.  2.2 for an example treatment plan of a patient on protocol. Eleven patients 
showed increased IMPT dose levels from 60.2 to 63.0 GyRBE in 28 fractions utiliz-
ing SIB technique. The acute toxicity was mild with no radiation interruptions. 
There was one patient who developed hydroureter from treatment. At median 
18-month follow-up, there were no local recurrences in this cohort, and the phase II 
study of IMPT is currently accruing patients to that dose. We await this data as well 
as the results from the phase I IMRT cohort.
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Fig. 2.2 Treatment plan of a 75-year-old woman with right retroperitoneal dedifferentiated lipo-
sarcoma (15.5 × 14.7 × 18.3 cm) displacing the natural right kidney anteriorly/medially. Patient 
treated on ongoing Delaney phase I/phase II protocol with preoperative photon IMRT 50.4 Gy/28 
fractions with SIB to 61.6 Gy. Treatment delivered with helical tomotherapy system. Following 
radiation, patient underwent resection of primary tumor as well as the uninvolved right kidney, 
right adrenal gland, right hemicolon, and diaphragm showing ~50% necrosis and negative surgical 
margins. No adjuvant treatments. Patient remains disease free 2 years following treatment
Red = GTV
Green = CTV [GTV + 1.5 cm with editing]
Dark blue = PTV 50.4 Gy [includes ITV if available +5–10 mm]
Cyan = PTV SIB 61.6 Gy (area of high risk for + margins)

2.15.3  NRG-DT001 (ClinicalTrials.gov NCT03217266), Ref [50]

NRG-DT001 is a phase IB trial of neoadjuvant AMG 232 concurrent with preopera-
tive radiotherapy in wild-type p53 STS. MDM2 is a selective small molecule inhibitor 
of MDM2 that blocks the protein-protein interaction between MDM2 and p53. This 
study was based on strong preclinical evidence suggesting that an MDM2 inhibitor 
and radiotherapy may have additive or synergistic antitumor activity in p53 WT 
STS. While this study’s primary objectives are to evaluate the safety and tolerability 
of this novel agent and to determine the maximum tolerated dose, its secondary objec-
tive is to observe and record antitumor activity as well as to determine percentage 
necrosis and pathologic complete response rate. Other exploratory objectives include 
determining tumor volume changes via advanced imaging such as MRI and character-
ize clinical outcomes by genomic biomarkers. This study highlights the potential for 
novel targeted agents that can improve the therapeutic ratio as well as the utilization 
of genomics to help prognosticate and eventually to better tailor treatment algorithms.
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2.16  Future Directions

We await results from the currently ongoing trials to better help determine the best 
treatment paradigm for RPS and further improve the therapeutic ratio through novel 
systemic agents and technological advancements. We understand that retroperito-
neal sarcoma represents a rare entity with diverse histologies. The need for histology- 
driven databases to be utilized to better determine the optimal treatment paradigms 
for each subtype of retroperitoneal sarcomas is needed. Moreover, the use of molec-
ular profiling via next-generation sequencing may be useful in guiding treatment 
choices for patients with unresectable or recurrent/metastatic disease. The integra-
tion of genomics and radiomics (the process of extracting imaging biomarkers) may 
allow for outcome modeling and decision support for personalized treatment of 
RPS.  Other EBRT techniques on the horizon including MRI-guided Linac may 
assist to continue to improve the precision of EBRT treatment delivery and reduce 
treatment planning target volume margins with the hope to improve outcomes in 
this difficult disease.

2.17  Treatment Algorithm

A brief treatment algorithm for the treatment of retroperitoneal sarcoma is shown in 
Fig. 2.3. As described above, enrollment in clinical trials is highly recommended.

Workup including evaluation by multidisciplinary tumor board
with expertise in sarcoma (See Table 1)

Localized Resectable
RPS

Surgical resection with
goal to obtain R0 margins

with consideration of
pre-operative RT, IORT

R2
Resection

Resectable
Disease

Unresectable or
Progressive

disease
R0/R1

Resection

Post-op RT not routinely
recommended; may

consider in select cases

Consider re-resection if
technically feasible or see

unresectable (above)

Routine follow up with repeat imaging q3-6 month for 2-3
years, then q6 months for 2 years

Recurrent disease

Unresectable
Non-Metastatic RPS

Attempt downstaging
treatment Palliative Care:

Chemotherapy
Radiotherapy

Surgery (for symptom control)
Observation (if asymptomatic)

Metastatic RPS

Consider
enrollment
on clinical

trial

Fig. 2.3 Suggested treatment algorithm for the management of RPS
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2.18  Summary

• The treatment of RPS is complex, and all patients should be treated in centers 
with multidisciplinary tumor boards and expertise in the treatment of sarcomas.

• Surgical resection is the mainstay treatment for localized RPS. However, local 
recurrence remains the most common site of first failure even after complete 
resection.

• The role of radiotherapy is unclear and is currently being investigated.
• When recommended, radiotherapy is optimally delivered in preoperative setting 

using image-guided IMRT.
• Dose escalation with dose painting to the region at high risk for margin positivity 

is not recommended as standard practice and is best used only as part of a proto-
col or at experienced centers.

• IORT/IOERT is best delivered at experienced centers and/or on protocol.
• The use of systemic therapy in localized setting should only be performed in the 

context of a clinical trial or at experienced centers.
• Enrollment on clinical trials or prospective data registries is advised.
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