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Volume 92 � Number 3 � 2015 Treatment guidelines for preoperative RT for RPS 603
years. In the meantime, many practitioners use preoperative RT for RPS, and although this approach is used in practice,
there are no radiation treatment guidelines. An international expert panel was convened to develop consensus treatment
guidelines for preoperative RT for RPS.
Methods and Materials: An expert panel of 15 academic radiation oncologists who specialize in the treatment of sarcoma
was assembled. A systematic review of reports related to RT for RPS, RT for extremity sarcoma, and RT-related toxicities
for organs at risk was performed. Due to the paucity of high-quality published data on the subject of RT for RPS, consensus
recommendations were based largely on expert opinion derived from clinical experience and extrapolation of relevant pub-
lished reports. It is intended that these clinical practice guidelines be updated as pertinent data become available.
Results: Treatment guidelines for preoperative RT for RPS are presented.
Conclusions: An international panel of radiation oncologists who specialize in sarcoma reached consensus guidelines for
preoperative RT for RPS. Many of the recommendations are based on expert opinion because of the absence of higher level
evidence and, thus, are best regarded as preliminary. We emphasize that the role of preoperative RT for RPS has not been
proven, and we await data from the European Organization for Research and Treatment of Cancer (EORTC) study of pre-
operative radiotherapy plus surgery versus surgery alone for patients with RPS. Further data are also anticipated pertaining
to normal tissue dose constraints, particularly for bowel tolerance. Nonetheless, aswe await these data, the guidelines herein
can be used to establish treatment uniformity to aid future assessments of efficacy and toxicity. � 2015 Elsevier Inc. All
rights reserved.
Introduction

Retroperitoneal sarcoma (RPS) comprises approximately
15% of all sarcomas (1, 2). Overall survival rates for this
disease range from 50% to 60% at 5 years, and the pre-
dominant pattern of failure is locoregional recurrence in the
retroperitoneum (3-8). Distant recurrence is much less
frequent with reported 5-year distant recurrence rates of
13% to 34% (4, 5, 8, 9). The only standard treatment is
surgery, and the appropriate extent of resection is a current
area of controversy (4, 6, 10, 11). Data supporting roles for
radiation therapy (RT) and systemic therapy are limited;
this lack of convincing prospective data is reflected in
North American and European guidelines (12, 13).

On the other hand, the role of RT for the treatment of
soft tissue sarcoma of the extremity is well established,
based on 3 landmark randomized trials (14-16). A fourth
randomized trial conducted for extremity soft tissue sar-
coma showed equivalent local control rates for preoperative
RT using a dose of 50 Gy and postoperative RT using a dose
of 66 Gy (17). By analogy, external beam RT (EBRT) may
play a similar role to enhance local control in the treatment
of RPS using similar doses. Several retrospective reports
have shown improved local control rates associated with
the use of RT in addition to surgery for RPS, but these trials
are subject to the inherent biases of retrospective series
(2, 18, 1, 3-21). Furthermore, several other retrospective
reports have failed to show any benefit to adjuvant RT (3,
22-24). The American College of Surgeons Oncology
Group opened an important prospective randomized
trial (ACOSOG Z9031; ClinicalTrials.gov identifier
NCT00091351) to assess the role of preoperative RT for
RPS, but unfortunately, the trial closed due to poor accrual
(25). The European Organization for Research and Treat-
ment of Cancer (EORTC) is currently conducting a similar
randomized trial (EORTC 62092-22092; STRASS trial)
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comparing 50.4 Gy of preoperative RT followed by surgery
to surgery alone (26). The results of this trial are eagerly
awaited, but they will not be available for many years.

In the meantime, many multidisciplinary teams with
expertise in RPS use RT (mainly preoperative RT) as part
of their treatment strategy, citing the high locoregional
recurrence rates following surgery only together with the
proven efficacy of RT combined with surgery for soft tissue
sarcoma of the extremity. Although RT in conjunction with
resection is used in practice, there are no radiation treat-
ment guidelines for RPS. Furthermore, as demonstrated for
pancreatic cancer, inconsistent treatment techniques
confound efforts to collectively assess radiation efficacy.
Failure to adhere to protocol-specified RT guidelines was
associated with decreased survival in Radiation Therapy
Oncology Group (RTOG) study 9704, a phase III trial of
adjuvant chemotherapy and chemoradiation therapy for
patients with resected adenocarcinoma of the pancreas (27).

An international expert panel was convened to develop
consensus RT treatment guidelines for RPS. The panel
agreed that preoperative RTwas preferable to postoperative
RT for several reasons: the in situ tumor frequently dis-
places sensitive bowel out of the RT field; target volume
definition is much more accurate; intraoperative tumor
seeding is theoretically reduced; and extrapolating from the
extremity sarcoma experience, 50 Gy may be the appro-
priate dose in the preoperative setting compared with 60 to
66 Gy for the postoperative setting. Correspondingly, in the
postoperative setting, disadvantages include the fact that
bowel frequently falls back into the RT target area after
tumor resection; bowel can be less mobile due to adhesion
formation (and receive greater dose than if it were mobile
and moving in and out of the treatment field); the appro-
priate dose may be 60 to 66 Gy, which is often not tolerable
to large abdominopelvic volumes; and the target volume is
more difficult to delineate. Potential disadvantages to
AEL -Medical Center Rambam from ClinicalKey.com by Elsevier on June 06, 2019.
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preoperative RT should also be acknowledged and include
limited histologic sampling, delay of definitive surgery, and
the quandry posed by positive margins following preoper-
ative RT. The purpose of this project was to provide
treatment guidelines for preoperative RT for RPS based on
expert consensus. The group does not favor routine post-
operative RT for RPS, based on the reasons cited above.
Methods and Materials

An expert panel of 15 academic radiation oncologists who
specialize in the treatment of sarcoma was assembled. The
panel consisted of members from the United States, Can-
ada, The Netherlands, and France and were selected based
on their active involvement in sarcoma clinical trials in
NRG Oncology, EORTC, and National Cancer Institute
Canada Clinical Trials Group. The Institute of Medicine
standards for development of clinical practice guidelines
were followed (28). None of the panel members, and none
of the panel members reported conflicts of interest. A
systematic review of the relevant reports related to RT for
RPS, RT for sarcoma of the extremity, and RT-related
toxicities for organs at risk (OAR) was performed. The
strength of evidence for each recommendation was based
on criteria endorsed by the American Society of Clinical
Oncology (Table 1) (29). In situations where there were no
data to support recommendations, the level of evidence was
listed as “consensus expert opinion.”

Panel members reached consensus recommendations for
clinical practice guidelines for preoperative RT for RPS
following multiple in-person meetings, conference calls,
and e-mail correspondence. Guidelines underwent multiple
rounds of revisions with participation of all authors until
consensus was reached. Due to the paucity of high-quality
published data on the subject of RT for RPS, consensus
recommendations were based largely on expert opinion
derived from clinical experience and extrapolation of
relevant published reports. It is intended that these clinical
Table 1 Levels of evidence and grades of recommendations

Level of evidence
I Evidence obtained from meta-analysis of multiple,

false-positive and low false-negative errors (high
II Evidence obtained from at least one well-designed

and/or false-negative errors (low power)
III Evidence obtained from well-designed, quasi-exper

pre-post, cohort, time, or matched case-control se
IV Evidence from well-designed, non-experimental stu

case studies
Grade of recommendation
A There is evidence of type I or consistent findings fr
B There is evidence of type II, III, or IV, and findings
C There is evidence of type II, III, or IV, but findings
D There is little or no systematic empirical evidence

Reprinted with permission from Terpos et al (29).
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practice guidelines be updated as pertinent data become
available (Table 2).

Results

Multimodality expert consultation

Given the rarity of RPS, most radiation, surgical, and
medical oncologists do not have extensive experience with
treating it. Several studies have shown better outcomes for
patients with sarcoma who are managed at centers with
experience (30-35). For this reason, multidisciplinary
consultation at high-volume sarcoma centers is recom-
mended for patients with RPS (level of evidence IIA).

Furthermore, both a surgical oncologist and radiation
oncologist should assess the patient at the time of diagnosis
and prior to definitive management. Consultation with a
medical oncologist may also be advisable especially if the
histology is high grade. It is ideal for multimodality experts
to assess the patient together, but multimodality manage-
ment conferences or tumor boards are another appropriate
forum in which to discuss management following individ-
ual consultations.

Eligibility criteria for preoperative RT for RPS

For patients to be candidates for preoperative RT followed
by radical resection, the following criteria should be met.
The patient must be deemed a surgical candidate: the tumor
must be resectable with intent for macroscopic complete
resection, and there should be an absence of symptoms
requiring urgent immediate resection (eg bowel obstruc-
tion). Similarly, the patient must be a suitable candidate for
RT: the size and location of disease should be amenable to
RT at the prescription dose of 50.4 Gy with acceptable
toxicity (defined by the ability to meet normal organ con-
straints); and the tumor should be localized and unifocal, or
at most, there should be only 2 sites of disease in close
Description

well-designed, controlled studies; randomized trials with low
power)
experimental study; randomized trials with high false-positive

imental studies such as nonrandomized, controlled single-group,
ries
dies such as comparative and correlational descriptive and

om multiple studies of types II, III, or IV
are generally consistent
are inconsistent

EL -Medical Center Rambam from ClinicalKey.com by Elsevier on June 06, 2019.
opyright ©2019. Elsevier Inc. All rights reserved.



Table 2 Summary of treatment guidelines for preoperative RT for RPS

Expert multimodality consultation
Discuss plans for resection, in particular:
Plans for renal and hepatic resection
Concerns for site(s) of potential positive margins

Simulation
Oral contrast optional
Intravenous contrast optional
Assessment of 4D motion for tumors above iliac crest is very strongly recommended

Target volumes if 4D motion is assessed (recommended for all upper abdominal tumors)
iGTV: contour GTV incorporating 4D motion; this accounts for internal margin (IM)
ITV Z iGTV þ 1.5 cm (CTV expansion) for upper abdominal tumors
Edit ITV at interfaces:
Retroperitoneal compartment, bone, kidney, liver: 0 mm
Bowel and air cavity: 5 mm
Under skin surface: 3-5 mm according to institutional preference
If tumor extends to inguinal canal, expand iGTV by 3 cm inferiorly

PTV Z ITV þ 5 mm (if frequent IGRT with volumetric imaging will be performed)
PTV Z ITV þ 9-12 mm (if no IGRT with volumetric imaging will be performed)

Target volumes if 4D motion is NOT assessed and tumor has a significant component below the pelvic brim
GTV: contour gross tumor volume
CTV Z GTV þ 1.5 cm for tumors below pelvic brim
Edit CTV at interfaces:
Retroperitoneal compartment, bone, kidney, liver: 0 mm
Bowel and air cavity: 5 mm
Under skin surface: 3-5 mm according to institutional preference
If tumor extends to inguinal canal, expand GTV by 3 cm inferiorly

PTV Z CTV þ 5 mm (if frequent IGRT with volumetric imaging will be performed)
PTV Z CTV þ 9-12 mm (if no IGRT with volumetric imaging will be performed)

Target volumes if 4D motion is NOT assessed and tumor is in the upper abdomen (Note: 4D motion assessment is
strongly recommended in this situation)
GTV: contour gross tumor volume
CTV Z GTV þ 2-2.5 cm in cephalocaudal directions, 1.5-2 cm in radial directions
Edit CTV at interfaces:
Retroperitoneal compartment, bone, kidney, liver: 0 mm
Bowel and air cavity: 5 mm
Under skin surface: 3-5 mm according to institutional preference
If tumor extends to inguinal canal, expand GTV by 3 cm inferiorly

PTV Z CTV þ 5 mm (if frequent IGRT with volumetric imaging will be performed)
PTV Z CTV þ 9-12 mm (if no IGRT with volumetric imaging will be performed)

Dose:
50.4 Gy in 1.8 Gy fractions or 50 Gy in 2 Gy fractions

Technique:
IMRT preferred unless organ at risk dose constraints and target volume coverage can be achieved with a
3D-conformal technique.
Proton therapy is also acceptable in experienced centers.

Abbreviations: IGRT Z image guided radiation therapy; IMRT Z intensity modulated radiation therapy; RPS Z retroperitoneal sarcoma.
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proximity, such that they could be encompassed in a toler-
able RT treatment volume. Multifocal disease is associated
with worse outcome and often is best treated initially with
systemic therapy (level of evidence IIIA) (36, 37).

The natural history of well-differentiated (WD) retro-
peritoneal liposarcoma (LPS) is typically long and indolent
in marked distinction to that of de-differentiated (DD) LPS
and other histologic subtypes with less favorable outcomes
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(38-42). This natural history for WD LPS might render the
rationale for routine aggressive surgical resection (with
multiorgan resection) and/or adjuvant RT questionable
(40). The expert panel was divided regarding the advis-
ability of routine use of preoperative RT at the time of
initial diagnosis for WD LPS. The panel agreed that pre-
operative RT could be considered in the setting of recurrent
WD LPS, where the biological behavior is aggressive such
AEL -Medical Center Rambam from ClinicalKey.com by Elsevier on June 06, 2019.
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as the presence of a DD component or a short interval of
tumor regrowth (consensus expert opinion). Furthermore,
these guidelines are not intended for histologic subtypes
with different clinical behavior (such as desmoid fibroma-
tosis and dermatofibrosarcoma protuberans with no
fibrosarcomatous component), those which include
chemotherapy as part of the treatment paradigm (such as
rhabdomyosarcoma and desmoplastic small round cell
tumor), nor are they for primary bone tumors with retro-
peritoneal involvement (such as chondrosarcoma, giant cell
tumor, osteosarcoma, and chondrosarcoma.)

Joint surgical and RT treatment planning with
particular attention to potential renal and hepatic
resection

Once preoperative RT followed by resection is recom-
mended, it is crucial that the surgeon and radiation oncolo-
gist plan their respective treatments together. Often RPS
encases or extensively abuts 1 kidney, requiring ipsilateral
en bloc radical nephrectomy for a proper oncologic resec-
tion. In such cases, adequate function of the contralateral
kidney must be documented prior to radiation or surgical
ablation of the ipsilateral kidney. Renal function can be
assessed by (1) a radionuclide functional renal scan (eg
99mTc-mercaptoacetyltriglycine [MAG3] renal scan); (2)
computed tomography (CT) scan with intravenous (IV)
contrast in association with an acceptable estimated
glomerular filtration rate; or (3) according to institutional
standards (43). In situations where contralateral renal func-
tion is considered borderline, consultation with a nephrolo-
gist is advised. If nephrectomy will be performed, priority in
RT treatment planning should be given to maximal sparing
of the contralateral kidney (see Organs at risk below).

Likewise, tumor may be adherent to or in close proximity
to the liver such that a partial liver resection may be required
to obtain adequate resection margins. Evaluation of liver
function is typically documented by serum liver chemistry
tests (albumin, bilirubin, and international normalized
ratio). In these cases, the surgeon and radiation oncologist
must discuss which areas of liver will potentially be resec-
ted. RT should then be planned such that areas of liver that
will remain in situ are preferentially spared from high dose.
Portions of small and large bowel, psoas muscle, and pelvic
organs are sometimes resected as well. Such resections do
not typically affect RT planning to the same extent that
kidney and liver resections do, but the surgical plan should
always be discussed with the radiation oncologist at the time
of multimodality consultation (consensus expert opinion).

Radiation simulation

CT simulation is essential. Oral contrast can help in
delineation of the gastrointestinal tract but may need to be
accounted for in dose calculation. Similarly, IV contrast can
help identify tumor extent (such as invasion of the psoas
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muscle). Use of oral and IV contrast is at the discretion of
the treating oncologist. Reproducible immobilization is
essential. The suggested patient position is supine with
arms resting in supports over the head. Patients should be
immobilized according to institutional standards, and de-
vices such as custom-made casts, leg immobilizers, and
wing boards are all acceptable (consensus expert opinion).

Planning CT acquisition using �3-mm slice thickness is
recommended. This allows adequate reconstruction in all
axes for accurate target delineation. Tumors and organs in
the upper abdomen may move significantly due to respi-
ration, and motion of these structures ranging from 5 to 9
mm has been demonstrated (44-49). For this reason,
assessment of 4-dimensional (4D) motion is very strongly
recommended for tumors above the iliac crest (level of
evidence IIA). Assessment of 4D motion can be achieved
using 4D-computed tomography CT scan acquisition with
respiratory monitoring of free breathing or CT scans ac-
quired at maximal inspiration and maximal expiration,
although the latter technique may overestimate tumor mo-
tion (44, 46, 48, 49). If tumor motion of >1 cm is detected,
treatment using a form of respiratory control (gating,
abdominal compression, breathhold) is recommended.
Delineation of radiation treatment volumes (GTV,
iGTV, CTV, ITV, and PTV)

Registration of the free-breathing planning CT scan with
diagnostic CT or T1-weighted magnetic resonance imaging
(MRI) post-gadolinium scans may aid with tumor target
definition. Contour the gross tumor volume (GTV) incor-
porating 4D motion (for tumors above the iliac crest) and
name this structure iGTV. For tumors with a significant
component below the iliac crest, assessment of 4D motion
is not considered necessary, as associated movement is less,
and the structure can be named GTV (consensus expert
opinion).

Currently, there are no standard guidelines for RPS RT
treatment volumes. A summary of RPS simulation and
contouring approaches from several centers is shown in
Table 3. Published reports and 2 ongoing RPS protocols
describe GTV-toeclinical target volume (CTV) expansions
ranging from 0.5 to 4.5 cm in the cephalocaudal direction,
with most reports ranging between 0.5 and 2 cm
(T. DeLaney, personal communication) (26, 37, 50-54).
Editing of the CTV at interfaces with bone, bowel, liver,
kidney, and air gaps is inconsistently described. The
consensus panel chose to use the current terminology of
internal target volume (ITV) as defined by the International
Commission on Radiation Units and Measurements (ICRU)
report 62, which states that the ITV is the volume encom-
passing the CTV that accounts for subclinical microscopic
tumor disease and the internal margin, which accounts for
physiological tumor motion within the body (55).
Accordingly, the iGTV accounts for the internal margin,
and the edited 1.5-cm expansion accounts for the CTV.
EL -Medical Center Rambam from ClinicalKey.com by Elsevier on June 06, 2019.
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Table 3 Summary of RPS target volume contouring approaches used at different institutions

Institution,
study year (ref) CTV Edit CTV PTV Dose Technique

4D motion
assessment

BWH/DFCI
McBride, 2013 (37)

GTV þ 1-1.5 cm Fascia, bone,
air, skin, RP
compartment

CTV þ 0.5 cm 50 Gy 3D and
IMRT

No

MGH,y

Yoon et al 2010 (50)
GTV þ 1.5 cm Fascia, bone CTV þ 0.5 cm 45 or 50.4 Gy IMRT and

protons
Yes

MDACC,
Pisters et al 2003 (51)

GTV þ 0.5-4.5 cm NS GTV þ 1-5 cm 18-50.4 Gy No

University of Alabama,
Tzeng et al 2006 (52)

GTV þ 0.5-1 cm NS GTV þ 1-1.5 cm 45 Gy
SIB 57.5 Gy

3D and
IMRT

No

University of Florida,
Swanson et al
2012 (53)

GTV þ 2 cm Fascia, bone,
1 cm bowel
interface

CTV þ 0.5 cm 50.4 Gy 3D, IMRT,
protons

No

PMH,
Dickie et al 2013 (54)

GTV þ 2 cm sup/inf,
GTV þ 0.5-2 cm
radial

0.5 cm into liver CTV þ 0.5 cm 50-50.4 Gy Encouraged

MGH,
DeLaney et al
protocol*

GTV þ 1.5 cm Organs, fascia,
bone, RP
compartment; 1 cm
at bowel interface

CTV þ 0.5-1 cm 50.4 Gy
SIB 60.2-63
Gy

3D, IMRT,
protons

Yes

EORTC protocol (26) GTV þ 6 mm
(if CT slices
thickness 3 mm)

Fascia, bone, skin,
air gaps

CTV þ 9 mm ant,
med; þ12 mm
sup, inf, post, lat

50.4 Gy 3D or
IMRT

No

Abbreviations: CT Z computed tomography; EORTC Z European Organization for Research and Treatment of Cancer; IMRT Z intensity modulated

radiation therapy; inf Z inferior; lat Z lateral; MDACC Z MD Anderson Cancer Center; med Z medial; BWH/DFCI Z Brigham and Women’s

Hospital/Dana-Farber Cancer Institute; MGH Z Massachusetts General Hospital; NS Z not stated; PMH Z Princess Margaret Cancer Centre; RP Z
retroperitoneum; RPS Z retroperitoneal sarcoma; SIB Z simultaneous integrated boost to high risk margins; sup Z superior.

* T. DeLaney, personal communication.
y For mobile tumors near diaphragm, respiratory gating was used if >1 cm target motion; for papers using both photon and proton treatment, details for

photon are provided in table (50, 53).
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As shown in Table 2, the consensus recommendation for
the delineation of the ITV is to expand the iGTV sym-
metrically by 1.5 cm. The ITV should then be edited back
to or away from interfaces as follows: expansion beyond
retroperitoneal compartment into uninvolved bone, kidney,
and liver (0 mm); expansion into bowel and air cavity (5
mm); extension below uninvolved skin surface 3 to 5 mm
according to institutional standard. There is no need to edit
ITV extension into an ipsilateral kidney if it will be
resected. ITV should extend fully into retroperitoneal and
abdominal wall musculature. If tumor extends to the
inguinal canal, expand iGTV by 3 cm inferiorly rather than
1.5 cm. Coverage of the prior biopsy tract in the ITV is not
necessary. An example of an iGTV and ITV is shown in
Figure 1.

For radiation therapy planned for pelvic tumors without
4D motion assessment, the correct nomenclature is GTV
and CTV rather than iGTVand ITV. The same 1.5-cm CTV
expansion and editing criteria apply (Table 2). It is strongly
recommended that RT for upper abdominal tumors (above
the level of the iliac crest) are planned with 4D motion
assessment. If 4D assessment is not obtained for upper
abdominal tumors, CTV margins should be obligatorily
larger. The panel suggests expansion of the GTV by 2 to 2.5
cm in cephalocaudal direction and 1.5 to 2 cm radially to
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create the CTV. CTV editing is otherwise the same as that
described above (consensus expert opinion).

The planning target volume (PTV) is created by a 5-mm
expansion of the ITV (in the case of 4D motion assessment)
or CTV (in the case of no 4D motion assessment), if
frequent (2 to 5 times per week), volumetric soft tissue
imaging (eg cone beam CT, megavoltage CT, or MRI) will
be performed to confirm setup accuracy. Investigators from
Princess Margaret Cancer Centre assessed interfractional
changes of RPS during preoperative RT by using analysis
of weekly cone beam CT imaging coregistered with
simulation CT scans. They found RPS tumor displacement
of 8.6 mm laterally, 15 mm anteroposteriorly, and 15 mm
superoinferiorly (56). Growth of the tumor during radiation
therapy may require replanning, particularly if the growth
displaces the adjacent kidney or liver as the consensus
guidelines do not advocate an expansion from iGTV to ITV
along these surfaces. In addition, frequent volumetric soft
tissue imaging would also be helpful to identify tumor
response. Significant shrinkage of certain histologic sub-
types (typically those with a large myxoid component)
might occur, and replanning might be needed to spare
adjacent normal structures from needless high-dose irradi-
ation. If image guided RT (IGRT) with volumetric assess-
ment will not be performed, the PTV should be increased to
AEL -Medical Center Rambam from ClinicalKey.com by Elsevier on June 06, 2019.
Copyright ©2019. Elsevier Inc. All rights reserved.



Fig. 1. Examples of contours for an iGTV, ITV initial expansion, and final ITVafter editing for a 60-year-old female patient
with left upper quadrant WD and DD LPS. (a) Axial slice of planning CT showing an iGTV ([red] gross tumor with
incorporation of motion from 4D CT), an initial ITV uniform 1.5-cm expansion (green), and a bowel cavity (orange). (b)
Same contours with the addition of the final edited ITV (blue). The ITV was edited along the vertebral body, 5 mm into the
bowel cavity, and at the interface of the retroperitoneal compartment. (c) Final product with iGTV (red), ITV (blue), and
bowel cavity (orange). CT Z computed tomography; DD Z de-differentiated; iGTV Z gross tumor volume incorporating
4D motion; ITV Z internal target volume; LPS Z liposarcoma; WD Z well differentiated.
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a total of 9 to 12 mm or a data-derived institutional standard
(level of evidence, IIB).
Organs at risk

If they are within 2 cm of the PTV, the following OARs
should be contoured: liver, stomach, duodenum, small
bowel, large bowel, peritoneal cavity (bowel bag), kidneys,
spinal cord, testicles, ovaries, perineum, bladder, rectum,
and femoral heads. Contour all organs in their entirety
except for spinal cord, small bowel, large bowel, and/or
bowel bag, which may be contoured over an area that in-
cludes the PTV plus 2 cm superiorly and inferiorly. For
calculating doses to OARs, do not subtract portions of
OARs that are contained within the PTV. Guidelines for
these OAR contours, particularly the bowel bag, are
delineated in several publications (57-64). Consensus panel
guidelines for OAR dose constraints are presented in
Table 4 Organ at risk dose constraint recommendations for preope

Organ at risk

Liver M
Stomach and duodenum V
Kidney, if 1 will be resected V
Kidney, if both will remain M
Spinal cord M
Small bowel and large bowel contoured as peritoneal cavity (58) V

V
Small bowel contoured as individual loops V
Large bowel contoured as individual loops V
Rectum V
Testicles A

Ovaries M

Bladder V
Perineum (including anus and vulva) V
Femoral head M
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Table 4, with appropriate references where data exist (level
of evidence IIB for referenced constraints; consensus expert
opinion for unreferenced constraints).

Contours and appropriate dose constraints for bowel
deserve special discussion. Hysing et al (65) demonstrated
that intestinal motion is substantial and that margins around
bowel of 3 cm would be necessary to account for intestinal
motion in 90% of patients, in their series. To address the
dosimetric consequences of such motion, Sanguineti et al
(58) assessed dose delivered to bowel using 3 contouring
methods: (1) bowel segments contoured individually; (2)
bowel segments with a 1-cm expansion; and (3) bowel
contained within a contoured “intestinal cavity” or “bowel
bag” located within the abdominal and pelvic walls. They
showed that the bowel segment approach which did not
take into account organ motion exposed a significantly
larger amount of bowel to 45 Gy than the other two
approaches (bowel segments plus 1 cm, intestinal cavity)
(58). The last 2 approaches were not significantly different
rative radiation therapy for retroperitoneal sarcoma

Dose constraint (reference)

ean dose < 26 Gy to planned residual liver
45 � 100% (61); V50 < 50%; maximum dose 56 Gy
18 < 15% remaining kidney
ean dose < 15 Gy (61); V18 < 50%
aximum dose 50 Gy (61)
15 < 830 cm3 (60)
45 � 195 cm3 (61)
15 < 120cc (61); V55 < 20 cm3

60 < 20 cm3

50 < 50% (61)
s low as possible; V3 < 50% for fertility; maximum dose < 18
Gy; consider cryopreservation in young men (62)
aximum dose < 3 Gy for fertility (63); Consider
cryopreservation in young women (62)
50 � 100% (if necessary)
30 < 50% if possible
aximum dose < 50 Gy if possible; V40 < 64% (64); mean dose
< 37 Gy (64)
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from each other, and the authors pointed out that it is much
simpler and faster to contour a bowel bag than to contour
individual bowel segments with a margin. Thus, they
conclude that the bowel bag approach is the optimal solu-
tion, given that it maximizes bowel protection and is rela-
tively straightforward to contour. Similarly, EORTC
investigators endorse the bowel bag approach, which in-
cludes the entire volume where bowel loops can reside
within the peritoneal cavity. This is required for the
STRASS randomized trial of preoperative RT for RPS, and
the investigators refer to it as an “efficient, robust and safe
solution” (26). The RTOG has not reached a clear
consensus across disease groups regarding bowel contour-
ing. An RTOG expert panel published a pelvic normal
tissue atlas which includes guidelines for contouring bowel
both as a bowel bag and as small bowel and colon con-
toured as individual loops (57). The bowel bag approach is
preferred by the genitourinary and gynecologic expert
panelists whereas the individual small bowel and colon
contour approach is preferred by the expert gastrointestinal
panelists. The RTOG upper abdominal normal organ con-
touring atlas also illustrates contouring of individual small
bowel and colon segments (59). A group of 12 sarcoma
experts contoured individual segments of small bowel and
colon as well as a bowel bag for 2 cases of RPS. The overall
delineation agreement was quite good for both approaches,
although agreement for duodenum contours was only fair
(66). The RPS consensus panel acknowledged that either
approach to bowel contouring is acceptable. The advantage
of the bowel bag approach is the ease of contouring.
However, in the setting of dose escalation, contouring of
individual loops may be preferable (level of evidence IIA).

Appropriate dose constraints differ depending on which
bowel contouring approach is used. Furthermore, the data
for these dose constraints are minimal and derived largely
from the treatment of gastrointestinal and gynecologic
malignancies often in settings of concurrent chemoradiation
therapy. The quantitative analysis of normal tissue effects in
the clinic (QUANTEC) guideline of V45 � 195 cm3 of the
bowel bag is based on a single study, in which the outer-
most loops of contrast-enhanced small bowel were con-
toured as a single structure, which would result in a volume
smaller than the above-described bowel bag approach (68).
A second study, which examined 67 patients treated with
concurrent chemoradiation for rectal cancer, reported that
V15 of <830 cm3 of the bowel bag was associated with a
<10% risk of grade �3 acute gastrointestinal toxicity (60).
A recent analysis of 31 patients with RPS treated with 50
Gy of preoperative RT showed a very low rate of grade �3
toxicity (3%), despite delivery of doses to the bowel bag
exceeding the above-cited constraints (69). Nonetheless, the
above-cited bowel constraints are recommended with the
caveat that they were derived from single reports in the
setting of concurrent chemotherapy and may not be
generalizable to the situation of RPS. These estimates are
conservative and will likely evolve as more data become
available (level of evidence IIIC).
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Prescription dose

In the absence of data, 50.4 Gy in 28 fractions or 50 Gy in
25 fractions is a reasonable dose fractionation scheme for
most patients. The following volume coverage goals are
recommended: �95% of the PTV should receive >95% of
the prescription dose; and 99% to 100% of the CTV should
receive >95% of the prescription dose. For dose calcula-
tions to OARs, do not subtract portions of OARs that are
contained within in the PTV (consensus expert opinion).

Treatment technique

Several reports have shown superior dose conformality with
improved sparing of OARs from high doses by using in-
tensity modulated RT (IMRT) compared to that using 3D
conformal RT (53, 70, 71). IMRT is the preferred treatment
technique for RPS, unless OAR dose constraints and PTV
coverage goals can be attained with a 3D-conformal
approach. There is also experience using protons, and in
experienced hands, proton therapy is acceptable (level of
evidence IIA) (50-53).

As stated previously, based on documented interfrac-
tional RPS tumor movement, we recommend daily IGRT in
the form of volumetric soft tissue imaging (eg cone beam
CT, megavoltage CT, or MRI) at least 2 to 5 times per week
and orthogonal kV imaging on days that volumetric imag-
ing is not performed (56). If significant changes in tumor
size are detected on soft tissue volumetric imaging, it is
appropriate to replan the patient treatment to ensure
adequate dosimetric coverage of the volumes at risk.

Boost dose to area of high-risk margins with EBRT
or intraoperative RT

The efficacy of a preoperative EBRT boost dose to areas
presumed to be at high risk for positive margins following
resection is under investigation. Bossi et al (72) first
described the idea of delivering preoperative RT for RPS to
only the portion of the tumor judged to be at risk for positive
resection margins, namely, the portion of tumor abutting the
posterior abdominal wall and prevertebral fascia. Tzeng
et al (52) expanded this idea in their series of patients who
were treated to a preoperative dose of 45 Gy to the whole
tumor along with a simultaneous integrated boost (SIB) to
deliver a total dose of 57.5 Gy to the portion of tumor judged
to be at risk for positive resection margins. The SIB tech-
nique appears to have a reasonable therapeutic ratio, but the
published cohort is small and the follow-up short.

The concept of delivering a preoperative boost dose is
appealing, but it has yet to be proven that the area of high-
risk margins can be accurately predicted, that such an area
would be the only site of failure thus providing a rationale
to augment dose to this region, and that the potential tox-
icities associated with boost doses are understood and
acceptable. For example, a group of 12 radiation oncology
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sarcoma experts were asked to contour a high-risk boost
volume for 2 patients with RPS. Agreement of the con-
toured high-risk volumes was only moderate (66). A second
study whereby seven radiation and surgical oncologist
teams contoured high risk volumes showed similar mod-
erate or substantial contour agreement (67). McBride et al
(37) reviewed 33 patients who received preoperative RT for
RPS. Only 4 of the 16 patients who had recurrence had
isolated in-field recurrences within hypothetical high-risk
boost volumes, which might have been prevented with
dose escalation. Last, it seems reasonable to postulate that
delivery of boost RT doses along the posterior abdominal
wall may be safe, but to high-risk regions in the upper
abdomen in the region of the pancreas or duodenum, it may
be associated with as-yet unquantified significant toxicities.
This might limit the utility of dose escalation, even if it is
ultimately shown to be beneficial, to patients whose
anatomic configuration of disease is amenable to such an
approach. Given that the efficacy and toxicity of this
approach have not been established, delivery of a preop-
erative boost dose with dose painting is not recommended
as standard practice at this time and is best used only as part
of a protocol or at experienced centers. If this treatment is
offered, caution is indicated for volumes in proximity to the
duodenum and upper gastrointestinal tract (consensus
expert opinion). There is an ongoing multicenter phase 1-2
trial of preoperative image guided intensity modulated
photon and proton RT with SIB to the high-risk margin for
RPS led by investigators from Massachusetts General
Hospital (T. DeLaney, personal communication). The re-
sults of this trial are expected to provide important data
regarding the potential role and safety of an RT boost.

Intraoperative RT (IORT) enables the delivery of boost
RT to margins determined to be at risk at the time of
resection. A prospective randomized study compared 50 to
55 Gy of postoperative external beam RT to 20 Gy of
intraoperative electron RT (IOERT) followed by EBRT (35-
40 Gy) and noted an improvement in local control from
20% to 60% (73). However, there was a higher rate of
peripheral neuropathy in the IOERT group and no differ-
ences in survival between the 2 groups. Preoperative
external beam to doses of 45 to 50 Gy with an additional 10
to 15 Gy of IOERT is well tolerated and is associated with
excellent local control in experienced centers. Several se-
ries using this approach have reported local control rates
ranging from 70% to 79% (74-76). Yoon et al (50)
demonstrated 3-year local recurrence-free survival rates
of 90% for primary and 30% for recurrent RPS treated with
preoperative RT and resection with or without IOERT.
Treatment-related morbidity was acceptable. Although it is
appealing, IOERT may not be able to cover the entire
volume at risk in all cases due to such factors as the
concave anatomy of the abdominal wall and volume at risk
or the presence of peripheral nerves. Some other centers
have used IORT delivery with low-dose-rate or high-dose-
rate brachytherapy; however, outcome data for these mo-
dalities are limited, and some reports describe moderate
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morbidity, especially for brachytherapy treatment to the
upper abdomen (77, 78). Technical challenges and limited
availability have prevented the widespread use of IORT
with either electrons or brachytherapy for the treatment of
RPS. Furthermore, the benefit of IORT in addition to pre-
operative EBRT has not been demonstrated in controlled
studies. Currently, IORT is best delivered at experienced
centers and/or on protocol (level of evidence IIIB).

Timing of surgery and preoperative evaluation

Following completion of preoperative RT, patients should
be re-evaluated by the surgeon. Restaging assessment with
a CT scan of the chest, abdomen, and pelvis is recom-
mended to rule out metastatic disease or locoregional dis-
ease progression that would no longer be amenable to
resection. Surgery is typically performed 4 to 6 weeks after
completion of RT (consensus expert opinion).

Discussion and Conclusions

An international panel of academic radiation oncologists
who specialize in the treatment of sarcoma reached
consensus guidelines for preoperative RT for the treatment
of RPS. Many of the recommendations are based on expert
opinion because of the absence of higher level evidence and,
thus, are best regarded as preliminary.We re-emphasize that,
although some data show improved local control associated
with RT, the role of preoperative RT for RPS has not been
proven, and we await data from the EORTC STRASS
randomized trial of surgery alone versus preoperative RT
followed by surgery. Further data are also anticipated
pertaining to normal tissue dose constraints, particularly for
bowel tolerance. Nonetheless, as we await these data, the
guidelines herein can be used to establish treatment uni-
formity to aid future assessments of efficacy and toxicity.
Ultimately, however, it must be understood that RPS is a
relatively uncommon subtype (15%) of soft tissue sarcoma
and that soft tissue sarcomas are, in aggregate, uncommon
tumors (roughly 12,000 new cases per year) (1, 79). As such,
the opportunities for prospective study to develop level I
data are limited and confined largely to cooperative group
studies. In this context, the importance of support for
cooperative group studies cannot be over-emphasized. In
this spirit, we offer these guidelines to facilitate consistency
in the use of radiation therapy at disparate sites.
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