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Background: Surgery remains to be the main therapeutic approach for retroperitoneal sarcomas (RPS)
although evidence supports that complementary radiotherapy increases local-control and survival. We
present a multidisciplinary management and experience of a tertiary cancer center in the treatment of
RPS and analyze current evidence of radiotherapy efficacy.
Patients and methods: We retrospectively reviewed 19 patients with primary or relapsed RPS treated
between November 2009 and October 2018. Multidisciplinary approach comprised complete resection
in 15 patients (79%) achieving resection RO in 11 patients (58%), R1 in 4 patients (21%) and R2 in 2
patients (10%). Seven patients (37%) underwent a preoperative radiation (PRORT), 10 patients (53%),
post-operative radiation (PORT) and 2 patients (10%), received radiotherapy exclusively. Ten patients
(53%) received adjuvant chemotherapy.
Results: With a median follow-up of 24 months (2-114 months), actuarial rates of loco-regional relapse
free survival (LRFS) at 1, 2 and 3 years were 77%, 77% and 67%, respectively. Actuarial rates of distant-
metastases-free survival (DMFS), disease-free survival (DFS) and overall survival (OS) at 1, 2 and 3 years
were 100%, 100% and 80% for DMFS; 94%, 77% and 67% for DFS and 100%, 91% and 91% for OS, respectively.
Only surgical margins (negative vs. positive) showed significance for 3y-LRFS: 100% vs. 34.3%, p=0.018.
Treatment tolerance was acceptable with no acute or late toxicity higher than grade 2.
Conclusions: Complementary radiotherapy appears to be useful and well tolerated for the multidis-
ciplinary management of RPS. Presence of positive surgical margins seems to be the most relevant
prognostic factor through the follow-up.

© 2020 Greater Poland Cancer Centre. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Retroperitoneal soft tissue sarcomas (RPS) are comprised of a
set of rare tumors with a crude incidence of 0.3 cases per 100,000
per year and with an estimated survival at 5 years of 42% according
to the data of the RARECARE project in Europe.!

Optimal treatment of RPS comprises complete macroscopically
surgical resection without leaving tumor cells in resection mar-
gins (RO resection) although due to the infiltrative nature of the
RPS, the frequent close vicinity to surrounding healthy structures
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and the habitual large tumor size, attaining RO surgery could be
difficult and local recurrence rate remains high. Unlike to what
has been established for soft-tissue sarcomas (STS) arising in the
extremities, the evidence of benefits from the addition of either
adjuvant or neo-adjuvant radiation treatment to radical surgery
in the management of RPS is still a subject of debate, although
recent analysis by using large databases have shown that radia-
tion treatment in RPS not only improves local control but also is
an independent prognostic factor for overall survival in high risk
RPS.>-8

We present the results of a retrospective analysis of our
institutional experience through the use of pre- or postop-
erative radiotherapy in the multidisciplinary management of
RPS, as well as a comprehensive review of the evidence pub-
lished during the 21st century in relation to the effectiveness
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of radiation treatment for RPS and of the existence of risk
factors that could recommend its use in daily clinical prac-
tice.

2. Materials and methods

Patients with histological diagnosis of RPS who received pre- or
postoperative radiotherapy as part of a multidisciplinary treatment
with curative intention between November 2009 and October 2018
were retrospectively analyzed.

All the patients were simulated in a supine position using a
vacuum-fix bag and with both arms raised above the head. CT
was performed with oral and intravenous contrast and image
acquisition slices of <3-mm. Target volumes were delineated
according to internal guidelines as follows: gross tumor volume
(GTV) was defined as the macroscopic tumor observed on the
axial images and clinical target volume (CTV) was determined by
adding 2cm in the cephalo-caudal and radial direction to GTV.
In those patients undergoing PORT, CTV included the resection
bed and residual macroscopic tumor, if present, while avoiding
healthy organs that have settled into the post-operative cavity.
An attempt was made to define a high-risk area for recurrence
(HR-CTV) in patients who had received PORT by joint assess-
ment with a surgeon, radiologist, and radiation oncologist (Fig. 1).
Planning target volume (PTV) was defined by adding 0.5-1cm
to CTV. Organs at risk (OAR) including the stomach, duodenum,
small bowel, kidneys and spinal cord were contoured and classi-
fied as avoidance structures. The primary objective was to obtain
a PTV coverage higher or equal to 95% with 95% of the pre-
scription dose (PTV V95%>95%). Dose in OAR were constricted
to: a maximal dose (Dmax) of 55Gy in the stomach, duodenum
or small bowel; Dmax of 45 Gy in spinal cord and median dose
(Dmed) inferior to 20Gy in both kidneys unless close/directly
involved.

Elekta’s XiO (Elekta Instrument AB Stockholm, Sweden) plan-
ning system was used until 2014. Afterwards, dosimetry plans were
generated by using RayStation (RaySearch Laboratories, Stockholm,
Sweden). Fourteen patients (74%) underwent IMRT/VMAT with
IGRT, whereas in 5 patients (26%) conformal 3D-plans were used.
Conventional 2 Gy fractionation was used in 9 patients (48%), mod-
erate hypofractionation (2.4-3 Gy/fraction) in 5 patients (26%) and
extreme fractionation (>4 Gy/fraction) in 5 patients (26%). Globally,
more than half of patients underwent hypo-fractionated radio-
therapy. Due to differences related to fractionations used in our
series we calculated biologically effective dose (BED) and bio-
logically equivalent doses in a 2 Gy fraction (EQD2 Gy) according
to linear-quadratic formalism in order to facilitate further com-
parisons between different radiation schedules. BED refers to the
biological effect of any radiotherapy treatment, taking into account
changes in dose-per-fraction or dose rate, total dose and overall
treatment time,? but biologically effective is not the same as bio-
logically equivalent, leading to the concept of EQD2 Gy to compare
treatments administered with different doses and fractions. The
main parameters of this model, & and g, represent the intrinsic
radio-sensitivity and have been defined for both, normal tumors
and normal tissues. Although the o/ ratio for soft-tissue sar-
coma is still unknown, a value below 10 (mostly, «/8~4Gy)
has been suggested to favor a high fractionation sensitivity.10.11
Assuming «/f value of 4 for sarcoma cells corresponding to BED
and EQD2 values for a conventional treatment of 25 fractions at
2 Gy/day would be 75Gy and 50 Gy, respectively. In our series,
median administered EQD2 Gy dose is 64 Gy (range 50-75 Gy)
and median BED is 94Gy (range 75-120Gy), representing a
moderate total dose escalation over the 50-50.4 Gy traditionally
used.

3. Statistical evaluation

Follow-up was considered from the end of the entire treatment
to the date of the last evaluation. Disease free survival (DFS) was
estimated from the last day of EBRT or the day of surgery until
locoregional or distant relapse. Loco-regional relapse free survival
(LRFS) and distant metastases free survival (DMFS) were estimated
at the time of first event. Patients dying from intercurrent disease
without evidence of tumor were censored at the date of death.
Overall survival (OS) was defined as the time interval between
treatment and the date of death, whatever the cause, or the date
of last follow-up. Statistical analysis was performed using SYSTAT,
version 20.0 (SPSS, Chicago, IL). Actuarial LRFS, DMFS, DFS and OS
were calculated using the Kaplan—-Meier method. A log-rank test
was used for comparison between survival curves and a Chi-square
test was used for comparisons between groups. A level of p<0.05
was considered statistically significant.!?

Acute and late complications were scored according to the
CTCAE v5.0 scale proposed by the National Cancer Institute.'? Acute
toxicity was defined as the adverse effects registered in the patients
from the first day of EBRT until 3 months after its finalization.
Late toxicity was defined as adverse effects directly attributable
to EBRT observed from 3 months to date of last follow-up. The toxi-
cities reported included only those attributable to local treatments
applied. Toxicities related to chemotherapy or other systemic treat-
ments are not included.

4. Results

A total of 19 patients, 10 women (53%) and 9 men (47%), with
a median age of 54 years (37-68 years) were included. Fourteen
patients (74%) underwent radiation therapy at the time of the
first diagnosis while 5 patients (26%) were treated for locoregional
recurrence of RPS after surgery and chemotherapy. Seven patients
(37%) were asymptomatic by the time of initial diagnosis and diag-
nosis of retroperitoneal tumor was established after abdominal
ultrasound for suspected fatty liver disease because of fortuitous
identification of elevated serum aminotransferase levels or after
low-dose CT scan in heavy smokers for lung cancer screening. Five
patients (26.5%) consulted for abdominal pain, 5 patients (26.5%)
for increases in abdominal circumference, 1 patient (5%) for weight
loss and 1 patient for deep venous thrombosis.

The size of the tumor was defined using the largest diameter
in computed tomography (CT) and/or magnetic resonance images
(MRI). The tumor’s maximum diameter ranged between 3.2 cm and
32 cm (median 12 cm).

The most common histological subtype was liposarcoma (53%),
followed by leiomyosarcoma (21%) and pleomorphic undifferenti-
ated sarcoma (16%). Other histologies including synovial sarcoma
and myofibroblastic sarcoma accounted for remaining 10%. Histo-
logical grade according to the Fédération Nationale des Centres de
Lutte Contre Le Cancer (FNCLCC) histological grading system was
grade 1in 7 tumors (37%), grade 2 in 7 cases (37%) and grade 3in 5
cases (26%).

Tumor staging according to the AJCC 8th edition (2016) was:
stage Ibin 5 cases (26.5%), stage I1in 1 case (5%), stage Illa in 4 cases
(21%), stage IlIb in 7 cases (37%), and stage IV in 2 cases (10.5%).
One of the two patients with initial oligometastatic presentation
had liver involvement while the others had concomitant liver and
pulmonary disease.

Complete characteristics of analyzed patients are detailed in
Table 1.

Seventeen patients (89.5%) underwent surgical resection with
radical intention of the tumor and involved surrounding tissues. In
the remaining 2 patients, only a biopsy procedure was performed.
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Fig. 1. PORT volume definition: red contour represents primary clinical target volume (CTV), a larger area at risk that will receive a moderate radiation dose, whereas yellow
contour represents high risk posterior margin (HR-CTV) that will simultaneously receive a higher total dose. (For interpretation of the references to color in this figure legend,

the reader is referred to the web version of this article.)

Table 1
Complete characteristics of analyzed patients.

Gender Female: 10 (53%)

Male: 9 (47%)

Age (median) 55 years old (36-69 years old)

Presentation Primary: 15 (79%)

Relapsed: 4 (21%)

Size (median) 12cm (3.2-32)

Histological subtype Liposarcoma: 10 (53%)
Leiomyosarcoma: 4 (21%)
Pleomorphic undifferentiated: 3 (16%)

Other: 2 (10%)

Histological grade Grade 1: 7 (37%)
Grade 2: 7 (37%)

Grade 3: 5 (26%)

Surgical margins Negative: 11 (58%)

Positive: 8 (42%)

Chemotherapy Yes: 10 (53%)

No: 9 (47%)

Complete resection was achieved in 15 out of the 17 operated
patients (79%). According to a microscopic exam, 11 out of the
17 operated patients (65%) were classified as macroscopically and
microscopically free margin (RO resection), 4 patients (23%) as R1
resection (margin microscopically positive) and 2 patients (12%) as
R2 resection (margin macro- and microscopically positive).

Seven patients out of the 19 analyzed (37%) underwent pre-
operative radiotherapy (PRORT), 10 patients (53%) postoperative
radiotherapy (PORT) and 2 patients (10%) received exclusive
external beam radiation therapy (EBRT). No patient underwent
intraoperative radiation treatment (IORT). Median interval of time
between PRORT and surgery was 11 weeks (range 6-16 weeks)
and between surgery and PORT, 11.5 weeks (range 11-15 weeks).
Ten patients (53%) received systemic poli-chemotherapy based
upon doxorubicin in combination with ifosfamide, gemcitabine,
docetaxel, eribulin or olaratumab. Systemic chemotherapy was
administered at the discretion of the medical oncologist and in the
presence of high-risk features for distant tumor spread (high risk,
unfavorable histology, large size or recurrent tumor).

With a median follow-up of 24 months (2-114 months), 13
patients (68%) are alive without tumor, 4 patients (21%) are alive
with tumor and 2 patients (10%) are dead: 1 patient because of
tumor progression and 1 patient because of a post-operative infec-
tion.

Five patients (26%) developed local recurrence during the
follow-up period, with a median time to recurrence of 21 months
(range 12-84 months). Actuarial rates of LRFS at 1, 2 and 3
years were 77%, 77% and 67%, respectively. Two patients were re-
operated, achieving complete RO resections in both cases and being
free of disease at 4 and 12 months after second surgical procedure
and 2 other patients underwent re-irradiation up to a total dose of
50 Gy in 10 fractions of 5 Gy. After second radiotherapy course, one
patient died as a result of a post-operative infection (intercurrent
death) while the other patient is alive without evidence of disease
15 months after re-irradiation. Finally, 1 patient with local relapse
started treatment with trabectedin having received 21 cycles with
stabilization of the disease without developing a new recurrence
or distant metastasis.

Two patients (10%) developed distant metastases on follow-up.
Actuarial rates of DMFS at 1,2 and 3-years were 100%, 100% and 80%,
respectively. Both patients underwent PRORT for undifferentiated
pleomorphic sarcoma and malignant inflammatory myofibroblas-
tic tumor, and subsequently complete resection (RO) in one case
and R1 resection (microscopically affected margins) in the other.
Both patients received systemic chemotherapy after surgery.

Finally, actuarial rates at 1, 2 and 3 years of DFS and OS were 94%,
77% and 67% for DFS and 100%, 91% and 91% for OS, respectively.

Univariate analysis of risk factors for LRES, DFS and OS included
sex, age, and primary vs. relapsed RPS at diagnoses, tumor size,
histology, surgical margins status, systemic treatment and tumor
grade. It should be noted that in order to facilitate comparisons
between groups, we decided to consider the median age and tumor
size values for the univariate analysis. We did not find any fac-
tor significantly related to OS, and only surgical margins (negative
vs. positive) showed significance for 3-year LRFS: 100% vs. 34.3%,
p=0.018 (Table 2). Otherwise, different histology from liposar-
coma, leiomyosarcoma or pleomorphic sarcoma was associated
with lower 3-year DMFS (0% vs. 100%, p = 0.039), although this data
should be taken cautiously due to the small number of patients
analyzed. Likewise, chemotherapy administration appeared sig-
nificantly related to 3-year LRFS and 3-year DFS (35% vs. 100%,
p=0.021 and 35% vs. 100%, p=0.005, respectively), although this
fact could only be reflecting a more aggressive phenotype. Due to
few significant factors identified on univariate analysis, the low
number of patients and the still short follow-up, multivariate analy-
sis was not performed. Sixteen patients (84%) presented any degree
of radiotherapy related acute toxicity: grade 1 diarrheain 9 patients
(47%); grade 1 nausea/vomiting in 9 patients (47%); and transient
grade 1 abdominal pain and grade 1 dysuria in 1 patient (5%),
respectively. No cases of late toxicity directly attributable to radi-
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Table 2
Univariate analysis of risk factors for locoregional free survival, DFS and OS.

Table 3
Results of patients with RPS treated with exclusive surgery.

3y-LRFS (%)  3y-DFS(%)  3y-0S (%) Author N MFU (months) 5y-LRFS (%)
Gender F 55.6 55.6 83.3 Lewis (1998) 500 28 59
M 80 100 100 Stoeckle (2001)%° 34 47 23
p 0.37 0.21 0.95 Ferrario (2003)?! 79 41 43
. Hassan (2004)%? 97 36 56
Age (median y-o0) <54 53.6 53.6 100 Lehnert (2009)%* 74 39 40
>54 gg5 3%4 3070 Strauss (2010)!5 200 29 55
p - - : Nishimura (2010)%* 82 24 35
Primary vs. relapse Primary 77.9 779 100
Relapsed 50 50 75
P 0.49 0.88 0.10 Complete surgical resection of the tumor, as well as the struc-
Tumor size _12 80 80 100 tures and surrounding organs infiltrated by the tumor, leads to local
(median, cm) control rates between 40% and 59% of patients (Table 3).>13.20-24
>12 8.3 58.3 83.3 However, due to poor rates of locoregional control, some Euro-
p 0.40 0.31 0.28 .
pean groups have advocated the performance of a more extensive
Histology LP 74.1 74.1 83.3 surgery, the so-called liberal en bloc or compartmental resection
Non-LP 60 60 100 that, using the STS surgery of extremities as a model, advocates for
p 0.9 0.43 0.28
a complete removal of the tumor, the affected organs and also the
Surgical resection Negative 100 100 100 healthy surroundings and unaffected organs including the colon,
margins Positive 343 343 %0 kidney or psoas muscle. Bonvalot et al. analyzed the impact of a
P 0.018 0.097 0.13 large compartmental resection in 120 patients with RPS observing
that en bloc resection is a significant variable, predicting a 3.29-fold
Chemotherapy YES 35 35 80 . .
NO 100 100 100 lower rate of abdominal recurrence compared to simple complete
p 0.021 0.005 0.65 resection.?” Likewise, Gronchi et al. observed a 5-year local fail-
ure rate of 29% in 152 patients with RPS treated with extensive
Histological grade Gl 100 75 100 o pat . .
2 50 50 75 surgery vs. 48% in 136 patients treated with a more conventional
G3 375 375 100 surgery.2® A joint analysis of both series including 249 patients
p 0.15 0.15 041 treated with compartmental upfront surgery and a median follow-

Italic values represent level of statitistical significance according to Log-rank test
performed.

Bold values only remark those values reaching statistical significance at log-rank
test (<0.05).

ation therapy have been observed. One patient died because of
immediate surgical complications.

5. Discussion

RPS are a group of rare and heterogeneous tumors arising from
mesenchymal tissue representing less than 1% of all malignant
retroperitoneal neoplasms. Histologically, there are 3 predominant
subtypes: liposarcoma (26-64.5%), leiomyosarcoma (13.2-31%)
and pleomorphic undifferentiated sarcoma (7-27%). The most
frequent RPS subtypes are well-differentiated liposarcoma and
de-differentiated liposarcoma, representing nearly 70% of all new
cases, and leiomyosarcoma (LMS) (15%).14-17 RPS have a worse
prognosis than limb STS due to the combination of different factors.
On the one hand, RPS present as large lesions due to their slow and
insidious growth, being greater than 20 cm in more than 50% of the
cases, and approximately half of them are of high grade histolog-
ical subtype. On the other hand, their location in close proximity
to vital organs and structures and, in many cases, infiltrating them,
reduces the possibility of a complete surgical resection with free
margins decreasing the chances of survival, unlike in the case of
limb STS.!8

Surgery is the first curative option in RPS regardless of its size,
histological subtype or location. The objective of the surgery is to
achieve a complete macroscopical resection of the tumor but due
to the characteristics of the RPS it is sometimes difficult to reach
tumor-free surgical margins and sometimes greater resections are
associated to unjustified morbidity. The multi-institutional analysis
led by Gronchi et al. including more than 1000 patients with RPS
showed a significant increase in locoregional recurrence (HR 2.81,
p<0.001) and a reduction in overall survival (HR 2.36, p 0 0.001) in
patients with R2 resection versus a RO/R1 resection.'?

up of 37 months observed an actuarial rate of local recurrence at
5 years of 22.3%.27 However, these studies were both criticized for
their retrospective nature, the bias in the patient selection and the
low impact of a more aggressive treatment in the local control and
overall survival rates despite associating higher surgical morbid-
mortality rates.?®29 Contrary to limb STS, in which the main cause
of death is distant metastatic dissemination of the disease, local
progression is the main cause of death for RPS. That is why ensur-
ing local control appears to be a priority objective in the treatment
of RPS. The combination of radiotherapy and surgery, in different
sequences, has been considered as the most adequate therapeutic
strategy to obtain adequate local control rates and, subsequently,
increase overall and cause-specific survival. The majority of the evi-
dence supporting a combined approach comes from retrospective
studies and from the analysis of large population databases, since
there are no controlled randomized trials with a sufficient num-
ber of patients and follow-up. The American College of Surgeons
Oncology Group proposed a randomized phase III trial (ACOSOG
Z9031) in RPS based on radical surgery with or without PRORT
radiotherapy. Unfortunately, it was prematurely closed due to low
recruitment without being able to provide evidence.3? The first
results of the phase Ill randomized study STRASS (Surgery With or
Without Radiation Therapy in Untreated Non-metastatic Retroperi-
toneal Sarcoma) with PRORT radiotherapy at a dose of 50.4 Gy
and radical en bloc resection performed by the European Organi-
zation for Research and Treatment of Cancer (EORTC) have been
presented at the 2019 annual meeting of the American Society
of Clinical Oncology (ASCO). According to presented data based
on 248 evaluable patients, there seems to be no benefit in 3-year
abdominal recurrence free survival with the use of PRORT radio-
therapy (66.4% with PRORT radiotherapy vs. 58.7% with surgery
alone, p=0.3) although an apparent benefit exists in the subgroup
of patients with histological diagnosis of liposarcoma (71.6% with
radiotherapy vs. 60.4% with surgery alone, p=0.049), but a longer
follow-up is needed to definitively evaluate these results.?!

Large databases analyses, with all the limitations associated
with their retrospective nature, have nonetheless pointed to a



Table 4

Clinical experiences with radiotherapy in RPS in the 21st century.

Author N MFU  Histology Type of study  RO/R1 Radiotherapy (median Chemotherapy LRFS DFS 0s Prognostic factors for:
resection (%) dose) (%)
LRFS oS
Stoeckle (2001)° 145 47 LP 30% Retrospective 65 PORT 56% (50 Gy) 35 52% 5y 29%5y 49%5y  Grade (low vs. high) Margins (positive vs.
Radiotherapy (given vs.  negative)
not given)
LM 23% Grade (low vs. high)
SP17% Size
Other 30% Histological subtype
(liposarcoma vs. no
liposarcoma)
Gieschen (2001)* 37 38 LP 22% Retrospective 79 PRORT 100% (45 Gy) 0 72% 5y 50% 5y 56%5y None Radiotherapy (given vs.
not given)
LM 19% PRORT +I0RT 54%
(45Gy +10-20Gy)
MFH 16%
Other 43%
Gilbeau (2002)* 45 63 LP 58% Prospective 96 PORT 62% (49 Gy) 11 40% 5y NR 60% 5y  Margins (positive vs. Margins (positive vs.
negative) negative)
LM 18% PORT +IORT 31%
Other 24% IORT 7% (15 Gy)
Petersen (2002)* 87 42 LP 32% Retrospective 83 PRORT +IORT 60% 115 59% 5y 29%5y 48%5y  Margins (positive vs. Size
negative)
LM 29% PORT +IORT 14% Radiotherapy (given vs.
not given)
Other 39% IORT 12%
PRORT +I0RT + PORT
14%
(EBRT 47.6 Gy; IORT
15Gy)
Youssef (2002)% 60 36 LP17% Retrospective 75 PORT 73% (52.2 Gy) 71% 5y 53%5y 56%5y Margins (positive vs. Margins (positive vs.
negative) negative)
LM 20% IOBT +PORT 27% 0 Female sex (vs. male) Female sex (vs. male)
(16 Gy +42 Gy)
MFH 27%
Other 36%
Jones (2002)* T 55 19 LP 69% Prospective 84 PRORT 33% (45 Gy) 0 NR NR 73%2y None Grade (low vs. high)
LM 15% PRORT + BT 42% Primary presentation
(45Gy+25Gy) (vs. recurrence)
MFH 9%
Other 7%
Bobin (2003)*7 24 53 LP 50% Retrospective 92 PRORT +I0RT 29% 0 NR 28%3y 56%3y NS NS
(45-50Gy +15Gy)
LM 12.5% IORT +PORT 62.5%
(15Gy +45-50Gy)
MFH 8%
Zlotecki (2005)* 40 34 LP 37.5% Retrospective 85 PRORT 62.5% (50 Gy) 17.5 65% 5y NR 69% 5y  Margins (positive vs. Margins (positive vs.
negative) negative)
LM 15% PORT 37.5% (50 Gy) Size Grade (low vs. high)
Other 47.5% Radiotherapy (given vs.

not given)
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Table 4 (Continued)
Author N MFU Histology Type of study RO/R1 Radiotherapy (median =~ Chemotherapy LRFS DFS [N Prognostic factors for:
resection (%)  dose) (%)
LRFS oS
Krempien (2006)* 67 30 LP 51% Prospective 82 PORT +IORT 67% 0 40% 5y 28% 5y 62% 5y Margins (positive vs. Margins (positive vs.
(45GY +15Gy) negative) negative)
LM 15% IORT 32% (15 Gy) Grade (low vs. high)
MFH 10% Primary presentation
(vs. recurrence)
Other 24
Pawlik (2006)°° 72 40 LP 40% Prospective 95 PRORT 75% (45 Gy) 49 60% 5y 46% 5y 50% 5y None None
LM 26% IORT 39% (15 Gy)
MFH 15% POBT 21% (25 Gy)
Other 18%
Tzeng (2006)*7 16 28 LP 25% Prospective 88 PRORT (57.5Gy) 0 NR 80% 2y NR NS NS
LM 25%
Feng (2007)°! 88 24 LP 20% Retrospective 72 PRORT 20% 55 51% 5y 30% 5y 34% 5y Margins (positive vs. Margins (positive vs.
negative) negative)
LM 35% PORT 60% Female sex (vs. male) Grade (low vs. high)
MFH 17% Both 5% Radiotherapy (given vs. Female sex (vs. male)
not given)
Other 28% Definitive 15%
(56.4Gy)
Ballo (2007)°? 83 47 LP 29% Retrospective 52 PRORT 60% (50 Gy) 47 40% 10y 67% 10y DSS44% 10y Margins (positive vs. Grade (low vs. high)
negative)
LM 19% PORT 40% (55 Gy) Primary presentation
(vs. recurrence)
MFH 21% PRE/PORT +IORT 22% Age
(50Gy +15Gy)
Other 31%
Bossi (2007)%8 18 27 LP 72.2% Prospective 89 PRORT (50 Gy) 0 94% 1y 94.4% 1y NR NS NS
White (2007)>* 38 57 LP 50% Prospective 96 PRORT 66% 0 80% 5y 80% 5y 74% 5y Grade (low vs. high) Grade (low vs. high)
LM 10.5% PORT 3% Radiotherapy (given vs.
not given)
MFH 5% Exclusive RT 29%
Other 34.5%
Zagar (2008)>* 31 22 LP 32% Retrospective 79 PRORT +IORT 61% 0 77% 2y NR 70% 2y NS NS
(59.4Gy+11Gy)
LM 48% IORT +PORT39%
(11 Gy +59.4Gy)
MFH 10%
Other 10% IMRT 32%
Bonvalot (2009)2° 382 52 LP 50% Retrospective 73 PORT 29% (45 Gy) 38 49% 5y NR 57% 5y Margins (positive vs. Margins (positive vs.
negative) negative))
LM 18% PRORT 3% (45 Gy) Grade (low vs. high) Grade (low vs. high)
MFH 9% PRE/POR +IORT 5% Histological subtype
(45Gy+15Gy)

Other 23%

8%9
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Table 4 (Continued)

Author N MFU Histology Type of study RO/R1 Radiotherapy (median =~ Chemotherapy LRFS DFS oS Prognostic factors for:
resection (%)  dose) (%)
LRFS oS
Lehnert (2009)%* 110 89 LP 54% Prospective 90 IORT +PORT 34.5% 8 40% 5y NR DSS 49% 5y  Grade (low vs. high) Margins (positive vs.
(15 Gy +44Gy) negative)
LM 23% Primary presentation Grade (low vs. high)
(vs. recurrence)
Other 23%
Gholami (2009)>° 41 10 LP 54% Retrospective 93 PRORT 2% 20% NR NR 46% 5y None Margins (positive vs.
negative)
LM 17% IORT 19.5% Grade (low vs. high)
Other 29% IORT +PORT 12%
PORT 15%
IORT (12.5 Gy); EBRT
(40-50Gy)
Dziewirski 70 20 LP 51% Retrospective 100 IOBT 31% (20 Gy) 3 51% 5y NR 55% 5y Primary presentation Grade (low vs. high)
(2010)*° (vs. recurrence)
LM 14% IOBT + PORT 34% Radiotherapy (given vs.  Histological subtype
(20Gy +50Gy) not given) (liposarcoma vs. no
liposarcoma)
Other 45% Primary presentation
(vs. recurrence)
Sampath (2010)°7 261 59 LP 47% Retrospective 49 PRORT 1.2% 14 69% 5y NR 57% 5y Margins (negative vs. Margins (negative vs.
positive) positive)
LM 31% PORT 19.5% Grade (low vs. high) Grade (low vs. high)
(low vs. high)
Other 22% (50.4Gy) Radiotherapy (given vs.  Histological subtype
not given) (given vs. (liposarcoma vs.
not given) no-liposarcoma)
Donhaue (2010)°8 55 68 LP 20% Retrospective 82 PRORT 56% 100 NR NR DSS 47% 5y None Age
LM 31% PORT 44%
MFH 7% (50Gy)
Other 42%
Yoon (2010)>° 20 33 LP 50% Prospective 90 PRORT 71% (50 Gy) 15 82% 3y 87% 3y 87% 3y Primary presentation None
(vs. recurrence)
LM 21.4% IORT 43% (11 Gy)
Other 28.6% PORT 21% (50 Gy)
IMPT: 35.7%; IMRT
39.3%; both 7%
Lee (2011)%° 40 41 LP 42.5% Retrospective 77.5 PORT 100% (55.9 Gy) 30 62% 5y 31.5%5y 52%5y NS NS
LM 27.5%
MFH 17.5%
Others 12.5%
Fuks (2012)°" 50 55 LP 50% Retrospective 42 PORT 56% (45 Gy) 30 61% crude NR 46% 5y Margins (positive vs. Margins (positive vs.
rate negative) negative)
LM 32%
Other 18%
Paryani (2012)%? 58 29 LP 38% Retrospective 76 PRORT 72% (50.4 Gy) 0 62% 5y NR 49% 5y Margins (positive vs. Margins (positive vs.
negative) negative)
LM 22% PORT 28% (49.6 Gy) Size Size
McBride (2013)%3 33 33 LP 48% Retrospective 50 PRORT 70% (50 Gy) 30 NR 453% 5y 63.5% 5y Multifocality None
LM 36% PRORT +10BT 30%
(77.5Gy)
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Table 4 (Continued)

Author N MFU  Histology Type of study ~ RO/R1 Radiotherapy (median Chemotherapy  LRFS DFS 0s Prognostic factors for:
resection (%) dose) (%)
LRFS 0s
De Wever (2013)%4 29 84 LP 100% Prospective 100 PRORT 100% (50 Gy) 0 NR 79% 3y  70% 3y None Histological subtype
(liposarcoma vs. no
liposarcoma)
Alford (2013)65 24 28 LP 50% Retrospective 75 PRORT 100% NR 68.5% 5y 49% 5y  54% 5y NS NS
(45-50.4Gy)
LM 17%
Sweeting (2013)%¢ 18 43 LP 50% Prospective 89 PRORT 94% (45 Gy) 0 36% 5y NR 72% 5y NS NS
LM 28% IORT 100% (12.5 Gy)
MFH 11%
Other 11%
Le Pechoux (2013)%7 110 49 LP 58% Retrospective 97 PORT 44% (50.4 Gy) 37 NR NR 74% 5y Radiotherapy (given vs. None
not given)
LM 14%
Other 28%
Stucky (2014)58 37 45 LP 68% Retrospective 84 PRORT +10RT 59% 24 89% 5y 89% 5y  60% 5y Radiotherapy (given vs. None
(45Gy+12.5Gy) not given)
LM 13%
El-Bared (2014)59 21 22 LP 62% Retrospective 66 PRORT 100% (50 Gy) 24 41% 5y 41%5y  51% 5y Margins (positive vs. Grade (low vs. high)
negative)
LM 19% Histological subtype Female sex (vs. male)
(liposarcoma vs. no
liposarcoma)
Size
Primary presentation)vs.
recurrence)
Smith (2014)70 40 106 LP 70% Prospective 78 PRORT 100% (45 Gy) 0 NR 69% 5y  70% 5y Grade (low vs. high) Primary presentation
(vs. recurrence)
LM 12.5% PRORT + BT 48% Primary presentation
(45 Gy +20Gy) (vs. recurrence)
Roeder (2014)40 27 33 LP 70% Prospective 99 PRORT 93% +IORT 85% 0 72% 5y NR 74% 5y Primary presentation None
(50Gy+12Gy) (vs. recurrence)
LM 30%
Trovik (2014)7! 97 55 LP 62% Prospective 91 PRORT 12% 15.5 55% 5y NR 60% 5y Margins (positive vs. Grade (low vs. high)
negative)
LM 29% PORT 38% Grade (low vs. high) Size
Other 9% (50Gy) Size Age
Radiotherapy (given vs. Radiotherapy (given vs.
not given) not given)
Bishop (2015)72 121 100 LP 35% Retrospective 48 PRORT 73% (50.4 Gy) 64 56% 5y NR 57% 5y Margins (positive vs. Margins (positive vs.
negative negative))
LM 23% PORT 27% (55 Gy) Primary presentation Grade (low vs. high)
(vs. recurrence)
MFH 28%
Other 14%
Gronchi (2016)1° 1007 58 LP 63% Retrospective ~ 95.3 PRORT/PORT 32% 18 65% 10y NR 46% 10y  Margins (positive vs. Margins (positive vs.
negative) negative)
LM 19% Grade (low vs. high) Grade (low vs. high)

Others 18%

Histological subtype
(liposarcoma vs. no
liposarcoma)

Size

Age

Radiotherapy (given vs.
not given)
Multifocality

Size

Primary presentation
(vs. recurrence)

Age

Multifocality
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Table 4 (Continued)

Author N MFU Histology Type of study RO/R1 Radiotherapy (median ~ Chemotherapy LRFS DFS (oY) Prognostic factors for:
resection (%) dose) (%)
LRFS oS
Abdelfath (2016)”> 131 NR  LP38% Retrospective 80 PRORT 5% 28 NR NR MST 49 months Margins (positive vs. Margins (positive vs.
negative) negative)
LM 40% PRORT +IORT 3% Histological subtype Grade (low vs. high)
(liposarcoma vs. no
liposarcoma)
Other PORT 11.5% Radiotherapy (givenvs. Age
not given)
22% RTE EXCLUSIVA 2% Female sex (vs. male)
40-50.4 Gy Radiotherapy (given vs.
not given)
Lee (2016)** 77 36 LP 83% Retrospective 62 PORT 42% (54 Gy) 8 57% 3y NR 82% 3y Grade (low vs. high) None
Histological subtype
(liposarcoma vs. no
liposarcoma)
Cosper (2017)7* 30 36 LP 33% Retrospective 80 PRORT 37% (55 Gy) 30 NR NR 50% 5y Margins (positive vs. None
negative))
LM 33% PORT 63% (60.4 Gy)
Other 9%
IMRT
Kim (2018)7° 80 37 LP 52.5% Retrospective 86 PORT 47.5% (54 Gy) 29 48% 5y NR 71% 5y Radiotherapy (given vs. None
not given)
LM 22.5%
PS11.2%
Others 13.8%
Haas (2019)7° 234 27 WDLP Retrospective 96 PRORT 14%/PORT 5 78% 5y NR 90% 5y Margins (positive vs. Age
4.5%[Both 1% negative)
242 27 DDLP Grade 95.5 PRORT 27.5%/PORT 15 58% 5y 66.5% 5y Size
(low vs. high) 6%/Both 1%
1-2
131 22 DDLP Grade 88.5 PRORT 18%/PORT 22 64% 5y 37% 5y Multifocality
(low vs. high) 3 13%/Both 4%
(All groups 50 Gy)
STRASS (EORTC 248 NR  LP74.5% RCT: NR PRORT (50.4 Gy) NR @3y: NR NR NS NS
62092) Bonvalot
(2019)*!
PRORTRT + Surgery 66.4%
Vs. vs.
Surgery alone 58.7%
(p=03)
(LP 71.6%
vs. 60.4%,
p=0.049)
Current series 19 15 LP 53% Retrospective 88 PRORT 37% 53 67% 3y 67%3y 91%3y Margins (positive vs. None
negative)
LM 21% PORT 53%
Other 26% Exclusive 10%
(62Gy)

MFU: median follow-up (months); LRFS: locoregional relapse free survival; OS: overall survival; DFS: disease free survival; DSS: disease specific survival; LM: leiomyosarcoma; LP: liposarcoma; MFH: malignant fibrous histiocytoma;
IORT: intraoperative radiotherapy; IOBT: intraoperative brachytherapy; PRORT: pre-operative radiotherapy; PORT: postoperative Radiotherapy; SIB: simultaneous integrated boost: LRF: locoregional failure; NR: not reported;

NS: not specified; IMPT: intensity modulated proton therapy.
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Fig.2. Boxplotside-by-side comparison of locoregional relapse free survival (LRFS) (Left) and overall survival (OS) (Right) median rates in the 43publications on retroperitoneal
sarcomas. Rectangular box denotes interquartile range. Thick line in the box denotes median values.

benefit of the combination of radiotherapy and surgery for the
treatment of RPS. The analysis conducted by Nussbaum et al. in
the National Cancer Data Base (NCDB) included 9608 patients with
RPS who were treated through exclusive surgery (6290 patients) or
combined surgery and radiotherapy (563 PRORT patients and 2215
PORT patients). The results showed that the addition of radiother-
apy, both PRORT (HR=0.70) and PORT (HR=0.78), was associated
with a significant improvement in overall survival versus exclu-
sive surgery.? Conversely, on the data collected on the basis of
Surveillance, Epidemiology, and End Results (SEER), Tseng et al.
published the results of the analysis performed on 1350 patients
diagnosed with RPS and treated by surgery followed by adjuvant
radiotherapy in 24% of them. The authors found that postoper-
ative radiotherapy did not have an impact leading to a better
overall survival.>*> However, more recently and using also SEER
database, Bates et al. analyzed 480 patients diagnosed with high-
grade RPS treated by surgery, of whom 144 (30.0%) received PORT.
Radiotherapy improved median OS compared to those patients
who did not receive it (HR=0.79, p=0.023).33> Most evidence of
the efficacy of radiotherapy in the treatment of RPS comes from
non-randomized studies. Table 4 shows results from 43 studies
either retrospective (27 studies), prospective (15 studies) or ran-
domized (1 study) involving 4730 patients with RPS published
in the 21st century and using radiotherapy as part of the mul-
tidisciplinary treatment.*19.20.23.25.31,34,40.43-76 Thoge studies that
did not specify the characteristics of the radiation treatment, both
in sequence and in total dose, fractions and volumes of treat-

ment, have been intentionally excluded. Liposarcoma is the most
frequent histology treated, accounting for nearly half of treated
patients, followed by leiomyosarcoma and malignant fibrous histi-
ocytoma. Complete macroscopic resection, a concept that includes
RO and R1 resections, was achieved in a median of 83% of patients
(49-100%). Seventy-nine percent of included patients underwent
radiation treatment, with a median EBRT dose, either delivered
with PRORT or PORT, of 50 Gy (45-59.4 Gy). Additionally, 21 stud-
ies used intraoperative radiotherapy, with electrons in 16 studies
and brachytherapy in 5 studies, as a boost either before or after
EBRT. Median number of patients receiving systemic chemother-
apy in the different studies is 58% (range 0-100%). Despite a great
heterogeneity in the number of patients included, follow-up time,
surgical approach, modality and fractionation scheme of radiother-
apy and systemic treatments between the published studies, and
with a follow-up between 10 and 106 months, the median OS for
all the studies was 57% and median LRFS, of those studies that spec-
ified it, was 62% (range 36-89%) (Fig. 2). In spite of the relatively
low number of patients and short follow-up, results observed in our
series are comparable with previous published experiences both in
OS and LRFS.

Many of the published studies also seek to identify prognos-
tic factors for RPS. Table 4 shows the factors identified in each of
the studies for both local control and survival. The prognostic fac-
tors most frequently related to increased risk of local failure are, in
descending order of importance, the involvement of surgical mar-
gins, lack of complementary radiotherapy, high histological grade
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and recurrent or large tumors and histological subtype other than
liposarcoma. In the same way, the absence of free margins, the
non-liposarcoma histological subtype, the high histological grade
or the large tumor size have been associated with a worse overall
survival. Use of radiation treatment is one of the main prognos-
tic factors for local control and survival in most of series, although
no unanimous consensus exists regarding the optimal timing of
administration. From a theoretical point of view there may be some
benefits in the PRORT administration. First, it facilitates the admin-
istration of the treatment, since the tumor itself displaces vital
healthy structures away from the volume of irradiation minimiz-
ing the dose in them; second, radiotherapy applied directly on the
tumor could thicken the pseudo capsule that usually surrounds the
RPS making it more acellular and, thus, facilitating its resection by
minimizing the risk of local recurrence; third, PRORT could reduce
the risk of tumor microembolism during surgical manipulation.
Finally, from the radiobiological point of view, the effectiveness
of radiotherapy would be greater in a tissue not subject to hypoxic
conditions or where an accelerated repopulation mechanism has
initiated as it could happen after surgical manipulation.>* On the
other hand, postoperative radiotherapy allows resectable tumors
to be removed safely by upfront surgery, preventing the risk of
growth or spread during treatment that would render them inop-
erable, while facilitating a definitive analysis about the nature of
the tumor, its histology, grade and surgical margins, which could
allow adjusting the volume and final irradiation dose. As previ-
ously mentioned, only two randomized studies (ACOSOG Z-9031
and STRASS) evaluated the administration of PRORT radiotherapy
versus exclusive surgery, although without conclusive results.?%3!
Intraoperative radiation therapy (IORT) has been used in 21 stud-
ies to maximize dose to tumor bed/dose to normal tissue ratio.
Nowadays, IORT could be delivered with electrons or with high
dose rate (HDR) brachytherapy. IORT has specific advantages in the
retroperitoneum: potential advantage of improving the therapeutic
ratio with a single high dose capable of sterilizing the microscopic
disease responsible for tumor repopulation, which occurs during
the surgery-to-radiotherapy interval, while decreasing the risk of
radiation-induced toxicity in dose-limiting normal tissues, which
can be displaced or protected during IORT. IORT can be delivered
alone or with additional EBRT before or after surgery shortening the
overall radiation treatment time.>> As with extremity STS, there is
a clear relationship between total dose and tumor control. Because
of the close presence of sensitive structures such as kidneys, duo-
denum, small bowel or spinal cord, the recommended dose usually
is 50-50.4 Gy in 25-28 daily fractions of 1.8-2 Gy, which can be
completed with a boost after PRORT with intraoperative radio-
therapy, brachytherapy or PORT, especially in the case of R1/R2
resections. Fein et al.3® showed that the administration of doses
higher than 55.2 Gy was associated with a greater probability of
local control. In the same way Lewis et al. found a significant associ-
ation between local failure rates and doses <55 Gy.> However, both
groups agreed on the difficulty of administering a higher dose in
retroperitoneum for the surrounding structures. In recent years,
some groups have been investigating the possibility of a selective
increase in the dose of PRORT radiotherapy in those areas con-
sidered in the initial evaluation by the surgeon, radiologist and
radiation oncologist as unlikely to be able to achieve a resection
with free margins. Thus, the works of Tzeng et al. and Bossi et al.
propose, in addition to treating the entire retroperitoneal tumor
at a moderate dose (45-50Gy), an escalation of the PRORT dose
to the part of the tumor that is considered at risk, typically the
region of the tumor that adheres to the posterior abdominal wall,
the vertebral bodies and the great vessels.>”3® The increasing gen-
eralization in the use of IMRT/VMAT radiotherapy techniques with
IGRT replacing 3D conformal radiotherapy allows a better distri-
bution of the dose with a reduction in the dose in healthy tissues

making a moderate dose-escalation in the tumor possible, usually
recommended above 50-50.4 Gy. Different techniques are being
studied to achieve this dose escalation. The option of an integrated
simultaneous boost allows the delivery of a higher dose in those
regions that are considered to be at higher risk for recurrence while
maintaining alower dose in areas of lower risk. The multicenter trial
NCT01659203 led by the Massachusetts General Hospital seeks to
determine the efficacy of increasing the dose in risk areas to 63 Gy
in 28 fractions while moderate risk volume receives 50.4 Gy in 28
fractions, using intensity-modulated techniques with both protons
and photons.>? Likewise, Roeder et al. are currently investigat-
ing PRORT dose-escalated neoadjuvant IMRT and IORT in patients
with retroperitoneal soft tissue sarcoma with doses of 45-50 Gy
to PTV and 50-56 Gy to GTV in 25 fractions, followed by surgery
and IORT (10-12 Gy).*° Another way to proceed with a moderate
dose escalation in RPS is to take advantage of the radiobiological
characteristics of these tumors and modify the dose administered
per fraction by using schemes with moderate hypofractionation. In
our series, and assuming at «/f3 value of 4 for sarcoma cells, the
median dose was an accumulated EQD2 for tumor of 62 Gy, and up
to 75-80 Gy in selected cases, representing a moderate total dose
escalation over the 50-50.4 Gy traditionally used.'®!! New radia-
tion therapy approaches, which also include the use of proton and
heavy-particle beams are currently under investigation and have
shown good tolerance and response rates in STS.*1:42

Finally, the use of systemic chemotherapy in the treatment
of RPS is a very controversial aspect. The rarity of these tumors
means that the number of them included in the analysis of the
effectiveness of chemotherapy schedules is very low. Also, the
enormous heterogeneity existing in RPS makes it difficult to eval-
uate the efficacy in different histological subtypes or in different
histological grades. Most evidence comes from the extrapolation
of what is observed in limb STS, suggesting a possible benefit in
tumors of high histological grade or unfavorable subtypes such
as LMS or DDL. Even so, it has not been possible to demon-
strate a clear benefit in local control or survival with the use
of conventional chemotherapy.””’® An ulterior attempt failed to
demonstrate the effect of chemotherapy directed to a histological
subtype, such as trabectedin for liposarcoma or leiomyosarcoma,
eribulin or palbociclib for liposarcomas or pazopanib in non-
lipomatous.”® Concurrent administration of chemotherapy and
radiotherapy searching for a synergistic effect, has been recently
tested showing promising results in limb STS.8°

We are fully aware of the limitations of our study. This is a ret-
rospective analysis, with a limited number of patients and with a
not too long follow-up. On the other hand, it has not been possible
to have a comparative group with whom to evaluate differences
in prognosis and final outcomes, so it is not possible to establish
firm and definitive conclusions. Despite all this, we believe that the
results observed in our series compare well with what has been
published in recent years and may contribute to increasing the evi-
dence of the role of radiotherapy in the multidisciplinary treatment
of RPS.

6. Conclusion

Despite the above-mentioned limitations, our experience sug-
gests probable safety and usefulness of radiotherapy in the
multidisciplinary management of RPS. Likewise, and in spite of
the absence of sufficient randomized studies and the difficulty in
carrying them out, evidence from modern prospective and retro-
spective series of patients supports the use of radiotherapy for RPS,
especially in the presence of poor prognostic factors (i.e.: affected
margins, high grade, large size). Nevertheless, although significant
progress has been observed, the long-term local control, overall
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survival and disease-free survival rates need to be improved. Radio-
therapy dose-escalation and hypofractionated radiation schedules
as well as new chemo-radiotherapy combinations are therapeutic
alternatives that could offer attractive possibilities and are worth
exploring in future clinical trials.
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