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Abstract

Background: Thereis currently no consensus on optimal management of patients with primary or recurrent non-resectable/residual
retroperitoneal sarcomas (RPS). The objective of this study was to document the outcomes of patients with primary or recurrent
non-resectable/residual RPS treated in our center with definitive radiotherapy (RT) and to perform a systematic review on the topic.

Methods: A retrospective analysis of consecutive RPS patients treated in our center between 2000 and 2019 was performed. All
consecutive patients who underwent definitive conformal RT with image guidance for primary or recurrent non-resectable or
macroscopically residual RPS were included. Additionally, a systematic review compliant with the recommendations of the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses was performed.

Results: The study enrolled |4 patients who met the aforementioned criteria. Data on clinicopathological characteristics, RT and
response to treatment were assessed. RT allowed achieving prolonged local control of the disease, i.e. no local progression of the
disease for more than 12 months after RT in |10 patients. Local control lasted more than 24 months in 6 cases, with minimal or no
toxicity. A systemic review of || studies revealed concordance of our results with previous reports of primary or recurrent
non-resectable/residual RPS.

Conclusions: RT provided satisfactory local disease control with acceptable treatment tolerance in patients with primary or
recurrent non-resectable/residual RPS and represents a valuable treatment modality in the selected group of patients. Additional
RT modalities i.e. BT, particle therapy, MRI-guided RT, or GRID/Lattice RT may be introduced to improve local control and
further minimize toxicity.

Keywords
sarcoma, radiotherapy, retroperitoneal neoplasms, intensity-modulated radiotherapy, image-guided radiotherapy, abdominal
neoplasms

Received July 15, 2020. Received revised November 06, 2020. Accepted for publication November 30, 2020.

' Laboratory of Experimental Medicine, Centre of New Technologies, University of Warsaw, Poland

2 Department of Soft Tissue/Bone Sarcoma and Melanoma, Maria Sklodowska-Curie National Research Institute of Oncology, Warsaw, Poland
3 Department of Experimental Pharmacology, Mossakowski Medical Research Centre, Polish Academy of Sciences, Warsaw, Poland

*Both author’s contributed equally to this work.

Corresponding Author:

Mateusz Jacek Spatek, Department of Soft Tissue/Bone Sarcoma and Melanoma, Maria Sklodowska-Curie National Research Institute of Oncology, W.K.
Roentgena 5, 02-781 Warsaw, Poland.

Email: mateusz.spalek@pib-nio.pl

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
BY NC

provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).



https://orcid.org/0000-0002-3960-7673
https://orcid.org/0000-0002-3960-7673
mailto:mateusz.spalek@pib-nio.pl
https://sagepub.com/journals-permissions
https://doi.org/10.1177/1073274820983028
http://journals.sagepub.com/home/ccx
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage

Cancer Control

Background

Retroperitoneal sarcomas (RPS)—accounting for 15% of all
soft tissue sarcomas (STS), are rare neoplasms with a general
incidence rate in Europe of 0.31 per 100,000 people per year.'
The localization of RPS enables asymptomatic tumor growth to
a large size with vital organ involvement and restricts surgical
access, which make the management of RPS challenging and
often with unsatisfactory results.” Retrospective analysis of
epidemiologic data from 45 European cancer registries showed
S-year relative survival rate of patients with RPS between 1995
and 2007 reached only 38.8% (95% confidence interval
37.1-40.5)." In a more recent analysis of 1007 patients treated
at 2 North American and 6 European sarcoma centers, 5, 8, and
10-year overall survival were 67%, 56% and 46%, respectively,
after a median follow-up of 58 months.® Surgery is the primary
treatment modality for RPS and microscopically radical (RO)
resection is correlated with a decreased rate of abdominal
recurrence and significantly longer survival.*® However,
patients with gross residual disease after surgery (R2) seem
to have no survival benefit from surgery compared to patients
with tumors classified as non-resectable.” Moreover, even
when performed resection was optimal, the 5-year local control
rate remains low, between 27% and 62%, depending on the
report.” The most common cause for RPS treatment failure is
local recurrence. In the aforementioned analysis of 1007
patients treated surgically for primary RPS, 316 of them devel-
oped local recurrence and in 249 cases it was the first sign of
disease progression.’

Locally advanced, recurrent, or non-resectable RPS prompts
administration of neoadjuvant and adjuvant therapies, includ-
ing radiotherapy (RT) and chemotherapy; however, their role
in the management of primary RPS remains uncertain.®’ The
use of RT in RPS is limited due to the large target volumes and
a significant volume of adjacent radiosensitive organs at risk
(OARs), such as the small bowel. Recently, the STRASS trial,
a phase III randomized study of preoperative RT with surgery
versus surgery alone for patients with primary RPS, failed to
demonstrate a benefit of neoadjuvant RT in RPS management
in the entire study population, and local control was improved
in the liposarcoma subgroup only.'® However, in the STRASS
trial, the recommended total dose (50.4 Gy) was lower than
equivalent 2-Gy dose (EQD2) used in clinical practice or other
RPS trials. Moreover, due to the late recurrence pattern in RPS,
the primary endpoint of abdominal relapse-free survival and
the secondary endpoint of overall survival require longer
follow-up time to fully assess the effect of preoperative RT.
Further, a study performed by the Trans-Atlantic Retroperito-
neal Sarcoma Working Group (TARPSWG) showed no local
control benefit of perioperative RT in RPS in multivariate
analysis.* By contrast, another retrospective analysis suggested
improved local recurrence-free survival in the preoperative RT
group in multivariate analysis (p = 0.03).!' In a large retro-
spective Surveillance, Epidemiology, and End Results analysis,
20% improvement of overall survival in high-grade RPS was
exhibited by adding postoperative RT.'? A metanalysis that

compared RT versus no RT in various STS improved local
control and overall survival in patients with RPS who under-
went perioperative RT; however, analyzed studies were hetero-
geneous and did not contain any randomized clinical trial."?

Given there is currently no consensus on the optimal man-
agement of patients with primary or recurrent non-resectable/
residual RPS, contemporary conformal RT techniques with
image guidance (IGRT), which has been an underestimated
modality, could be valuable in this group of patients. In this
retrospective cohort study, we aimed to document the out-
comes of patients with primary or recurrent non-resectable/
residual RPS treated in our center with definitive IGRT. We
also conducted a systematic review of the literature concerning
this issue, to analyze the outcomes and safety profile of man-
agement of primary or recurrent non-resectable/residual RPS
with RT.

Methods
Analyzed Patient Group

A retrospective analysis of consecutive RPS patients treated in
the large tertiary sarcoma center between 2000 and 2019 was
performed. We included all consecutive patients who under-
went definitive IGRT for primary or recurrent non-resectable
or macroscopically residual RPS. Extent of primary/recurrent/
residual disease, resectability, response to applied treatment
according to the Response Evaluation Criteria in Solid Tumors
1.1 (RECIST) criteria and the Choi criteria, and indication for
definitive RT were assessed by a sarcoma multidisciplinary
tumor board that included surgical oncologists, radiation oncol-
ogists, medical oncologists, and radiologists.'* RT was proposed
to the patients with progressive disease after chemotherapy or
during the observation period. Treatment of primary RPS was
typical with surgery with or without chemotherapy (most often
doxorubicin-based regimen). Pathological diagnoses were com-
pliant with the WHO Classification of Tumours of Soft Tissue and
Bone 4th Edition."* All pathological diagnoses were centrally
reviewed in our center by an experienced sarcoma pathologist.

Radiotherapy

IGRT was defined as RT techniques planned in 3 dimensions
with image guidance (planar kilovoltage or cone beam com-
puted tomography), namely 3-dimensional conformal RT
(3D-RT), intensity-modulated RT (IMRT), volumetric-
modulated arc therapy (VMAT), and stereotactic body RT
(SBRT). SBRT was defined as RT with doses per fraction
greater than 4 Gy and delivered in 5 or fewer fractions, pre-
scribed to gross tumor volume (GTV) without elective mar-
gin.'® The following parameters were included in the
analysis: pathology of the primary tumor, indication for RT,
previous or concomitant systemic therapy, RT technique, total
dose, EQD2, dose per fraction, target volumes, early and late
RT toxicity, best local response, the incidence of local or dis-
tant relapse, date of disease progression, date of death (if
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applicable). Literature data suggest various, but often low
alpha/beta ratio of sarcomas, mostly between 0.4 and 5 Gy.'”
Thus, we assumed the alpha/beta ratio of sarcomas as 3, to
calculate EQD2.'¢

Data Extraction

Electronic medical records were screened with MedStream
Designer software (Transition Technologies). Corresponding
International Classification of Diseases code C48, C49, and
keyword “radiotherapy” were used. All data were reviewed
independently by 2 researchers.

Statistical Analysis

Descriptive statistics: as measures of frequency—count, per-
cent, frequency were used; as measures of central tendency—
mean and median; and as measures of dispersion or variation
range, variance and standard deviation.'® Toxicity was reas-
sessed according to the Common Terminology Criteria for
Adverse Events 5.0. The best local response was assessed using
RECIST criteria and retrospectively reassessed using the Choi
criteria by 2 authors. Prolonged local control was defined as no
local disease progression at least for 12 months after IGRT.
This was calculated as a difference in months between the RT
and date of disease local progression (if occurred) or last
follow-up. The Kaplan-Meier method for estimating survival
functions was used. All p values <0.05 were considered signif-
icant. Missing data regarding the date of death were obtained
from the National Cancer Registry. In cases of deaths from
unknown reasons, the patients were treated as dead of disease
progression. The evaluation of data was performed using the
R software/environment, version 1.1.383, and jamovi project,
version 1.6.3.

Systematic Review

The review was conducted according to the PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and Meta-Ana-
lyses) guidelines.'® Online databases—PubMed, Scopus and
Embase—were searched using the following formula of key-
words: retroperitoneal AND sarcoma AND radiotherapy AND
(non-resectable OR unresectable OR inoperable OR residual).
Only full-text publications in English were included. There
were no limits on the date of included publications. Included
papers were original reports on definitive RT of primary or
recurrent non-resectable or macroscopically residual RPS.
Review articles and. publications that assessed RT as a neo-
or adjuvant treatment to surgery or only with palliative intent
were excluded. The search of databases was supplemented with
the “related articles” function, hand searches of reference lists
of all available review articles, meta-analyses, original studies
and handbooks. A review of the articles was performed by 2 of
the authors independently, and any publications that were dif-
ferentially classified were once again thoroughly evaluated
based on inclusion criteria. Data concerning clinical

characteristics of enrolled patients, RT techniques, total dose,
dose per fraction, early and late RT toxicity, local control rates,
and survival outcomes were then extracted by one of the
authors with the accuracy checked by a second author.

Results

Between 2000 and 2019, 14 patients were treated for non-resect-
able/residual RPS with definitive IGRT in our center. Data on
clinicopathological characteristics, RT, and response to treat-
ment are summarized in Table 1. Eight of the 14 patients were
male and the median age was 58 years (range: 29-71 years). The
most common pathologic diagnosis was leiomyosarcoma,
which accounted for 42.8% of cases. Seven patients were treated
for the recurrent non-resectable disease, 4 for primary
non-resectable disease and 3 for residual disease. Among the
patients who had received previous treatment, the majority had
been treated with surgery and chemotherapy (most often dacar-
bazine and doxorubicin regimen). RT technique was IMRT/
VMAT in 11 out of 14 patients; whereas 3D-RT and SBRT were
applied in 2 cases and one case, respectively. The median total
dose used was 60.8 Gy (range: 30.0-66.0 Gy), median dose per
fraction was 2.0 Gy (range: 1.8-5.0 Gy), and median EQD2 was
65.0 Gy (range: 46.0-80.0 Gy). Median gross tumor, clinical
target, and planned target volumes were as follows: 142.5 cm®
(range: 9.0-550.0 cm?), 515.0 cm® (range: 27.0-1144.0 cm®),
and 652.5 cm® (range: 41.0-1462.0 cm®). According to
RECIST, the best response to treatment was a partial response
in 6 patients, whereas 7 patients had a stable disease, and one
patient progressed despite RT. According to the Choi criteria,
the best response to treatment was also partial response, and it
was observed in 9 patients, whereas a one patient had stable
disease, and one patient progressed despite RT; for 3, patients
imaging data were not available for reassessment using Choi
criteria. Median follow-up was 24.1 months. Prolonged 12- and
24-month local control was observed in 10 and 6 patients,
respectively. Median local control time was 27.7 months. Med-
ian overall survival was 41.5 months. Kaplan-Meier plots of
local control and overall survival are presented in Supplement
A and Supplement B, respectively. In an additional exploratory
analysis, we did not find significant difference in local control
between patients who received EQD2 63 Gy or more and less
than EQD2 63 Gy (p = 0.055; see Supplement C). There were
4 events of early toxicity observed in 3 patients (two grade 1
gastrointestinal toxicities, one grade 1 skin toxicity, and one
case of mild pain within the irradiated volume). Late toxicities
occurred in 2 patients and manifested as grade 1 skin toxicity and
persistent mild pain within the irradiated volume.

Discussion

In our study, contemporary IGRT allowed at least 12 months of
local control in 71% of the patients. Moreover, local control
lasted more than 24 months in 6 cases (43%), indicating vast
clinical benefits from RT. Data on the definitive treatment of
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Figure |. PRISMA flow diagram.

non-resectable/residual RPS with photon-based RT remain
greatly limited. In a retrospective analysis of 112 patients with
unresectable STS, which included a subgroup of 29 patients
with RPS, higher total doses were related to a better local
control and overall survival in the entire cohort.?” In that study,
a threshold of 63 Gy led to the highest statistical significance.
We explored this threshold in our analysis showing no statis-
tically significant difference at a cutoff of 63 Gy (p = 0.055),
presumably due to the underpowered analysis. Nevertheless, in
our cohort, there seemed to be a clinical benefit with EQD2
higher than 63 Gy with no local progression until >20 months.
In a large retrospective analysis on patients with STS of dif-
ferent anatomic localizations treated with postoperative RT,
doses of 64 Gy or above were associated with significantly
improved rates of local control in comparison to doses in the
order of 60 Gy.?' In more radioresistant sarcomas, total
doses >65 Gy and >70 Gy were associated with improved local
control and overall survival **?

Delivery of high doses is substantially limited in RPS of large
volumes and the proximity of OARs. However, recent develop-
ments in RT techniques have enabled the precise targeting of
high doses to match tumor volumes, which greatly diminishes
the involvement of OARs.?* This allowed for delivery of EQD2
>64 Gy in half of the patients included in our study. SBRT was
possible in one patient whose GTV was relatively small. The use
of IGRT in our series enabled good treatment tolerance
with minimal acute toxicity—grade 1 acute toxicity developed
only in 4 patients and higher-grade toxicities were not observed.

This is in concordance with reports included in our systemic
review, the majority of which described mild or no cases with
acute toxicities. Figure 1 shows the PRISMA flow diagram,
documenting the number of search results, publications
excluded after title/abstract review and full-text review, and
the number of articles that met the inclusion criteria. A total
of 11 studies were included in this review, and the extracted
data are summarized in Table 2 and Table 3.>> The PRISMA
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checklist is presented as Supplement D. In the reviewed arti-
cles, acute toxicity most commonly involved skin and gastro-
intestinal tract. Late toxicities, which in our report occurred
only in 2 patients, were also mild and manageable. Although
the late toxicities were rare, they typically involved the skin
and nervous system. Greiner et al reported a case of grade 4
skin toxicity, and several grade 3 toxicities were reported by
Feng et al.?**° The occurrence of toxicities may be related to
the total dose. A dose of 68 Gy or higher was related to the
higher probability of severe toxicities, with 17%, 24%, and
40% toxicity rate in the >68 Gy group and 2%, 2%, and
37%, in the <68 Gy group at 2, 5, and 20 years, respectively
(p = 0.02).%°

The rapid development of RT in the last decade urges the
discussion of advances that may be useful in RPS management.
First, MRI-guided RT allows for detailed imaging of RPS to
accurately distinguish their borders from OARs.** In a case
report by Ghanem et al., a combination of MRI-guided RT and
real-time MRI imaging enabled SBRT in the management of a
small cell lung cancer metastasis to retroperitoneal space in
close contact with the small bowel, achieving delivery of a
dose of 27 Gy to the GTV in 3 fractions and durable
near-complete response, and prevented acute gastrointestinal
toxicity.*

A RT technique potentially useful in RPS management may
be brachytherapy (BT), which was applied in 3 studies included
in our systematic review. In 23 patients with non-resectable
RPS treated with CT-guided '*°I implantation as the only treat-
ment modality, BT seemed safe and efficient, causing mild side
effects.”® A significant decrease of visual analog scale score
and objective response was achieved in all treated patients,
with 3 local recurrences during the mean of 20.87 months fol-
low up. Furthermore, there were 2 case reports on the use of BT
in RPS, in which long-lasting complete responses were
achieved.?’ % However, other reports described significant
toxicities after intraabdominal BT.?” BT toxicity profile is dif-
ferent than in external beam RT. RPS treatment with BT
increases risks of neuropathy, hydronephrosis, fistulas, wound
complications, and intraabdominal abscesses. Use of tissue
expanders is recommended to provide spacing for OARs and
avoid high doses in upper abdomen. Full recommendations of
BT in RPS are provided in the consensus published by the
American Society of Brachytherapy.*’

Recent decades brought the development of RT techniques
that use protons and heavy ions. The dose of particle-based RT
is expressed in Gray-equivalents (GyE), calculated as carbon
physical dose in Gy multiplied by Relative Biological Effec-
tiveness (RBE), which in the case of carbon ions was empiri-
cally determined as equal 2.5 to 3, whereas protons are
regarded as having RBE of 1.1. In a case series by Yoon
et al. (2010) preoperative proton-beam radiation therapy in
RPS was shown to allow marked sparing of OARs in compar-
ison to IMRT.*® In a prospective, phase I clinical trial of pre-
operative intensity-modulated proton therapy for RPS, patients
received 50.4 GyE in 28 fractions in tumor volume and clinical
margin with a simultaneous integrated boost in tumor to doses

of 60.2, 61.6, and 63.0 GyE in 28 fractions. Only mild acute
toxicities and one late grade 3 hydronephrosis were observed.>’
However, the results of a parallel phase I study of the IMRT
have not yet been published. Two studies included in our sys-
tematic review described the efficacy of particle RT in the
setting of unresectable RPS.>>** A case report by Brenneman
et al. (2019) described a patient with metastatic RPS treated
with proton beam RT, resulting in a near-complete response of
the primary lesion and complete regression of all metastases.**
Serizawa et al. (2009) published a case series of 24 patients
treated with carbon ion RT (CIRT) for non-resectable RPS.?®
CIRT allowed for relatively high local disease control and
satisfactory survival outcomes, with manageable toxicities, as
most patients developed only grade < 2 skin acute reactions. In
a retrospective analysis by Imai et al. (2018), CIRT reportedly
allowed high irradiation doses with mild toxicity and satisfac-
tory local control in non-resectable axial STS.** CIRT may also
prove useful in the management of recurrent sarcomas in ana-
tomical localizations that hinder surgical access, which can
result in functional or aesthetic damage, such as the orbit and
spermatic cord or pelvis and the spine.*'** However, CIRT is
still an experimental technique, with potentially unknown
late complications and it should not be directly compared to
photon RT.

Another approach could be the combination of concomitant
or interdigitated chemotherapy with RT. Preliminary results of
such regimens are promising. For example, definitive RT (60
Gy) combined with single-agent ifosfamide in patients with
unresectable STS led to 70% 5-year control; however, the main
reason for treatment failure was metastatic spread.* In a pro-
spective phase II clinical trial, hypofractionated RT was com-
bined with anthracycline-ifosfamide chemotherapy, giving
promising results in bulky, marginally resectable STS of the
extremities and trunk wall.** However, such combinations
have never been investigated in RPS. Thus, a prospective clin-
ical trial is desired.

Advanced RT delivery and planning techniques resulted in
the development of several approaches to the treatment of
bulky tumors, such as spatially fractionated radiation therapy
applied through sieve-like collimators, a so-called GRID ther-
apy.*> GRID further evolved into 3-D lattice RT that restricts
the high-dose regions to tumor volume.*® This allows for the
delivery of doses in the range of 20 Gy to the tumor, with
acceptable toxicities—its grid-like pattern of affected and
non-affected tissues results in faster rate of regeneration. In
several case reports, lattice RT enabled durable local control
with tolerable side-effects in the management of large abdom-
inal metastatic masses of gynecological neoplasms.*”*** GRID
combined with ifosfamide showed potential efficacy in the
treatment of extremity STS, suggesting that these techniques
may prove useful in the management of large RPS.*’ However,
GRID is still an experimental technique and has not been
approved for use beyond prospective clinical trials.

Some limitations of this study include its retrospective
nature that might introduce selection bias. This also poses a
significant risk of incomplete or misinterpreted data. To reduce
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the risk of potential bias, all available records were reviewed
independently by 2 of the co-authors. Another weakness of the
study is the lack of primary assessment of treatment response
using Choi or EORTC STBSG criteria. Nevertheless, the retro-
spective reassessment of the response based on the Choi criteria
was provided. In a planned prospective clinical trial with defi-
nitive RT for non-resectable RT after chemotherapy, we will
use advanced diffusion-weighted MRI techniques to assess the
response to treatment. Further, the study is limited by its rela-
tively small sample size that does not allow for univariate,
multivariate, and Cox regression analysis of the impact of
selected factors on tumor response or local control. Further
prospective studies on predictive factors may be useful in
determining the ideal candidates for definitive RT in RPS.
Nonetheless, this study and the systematic review provide valu-
able data, which is lacking due to the rarity of RPS and limited
available publications on the role of contemporary RT tech-
niques in patients with primary or recurrent non-resectable/
residual RPS.

Conclusions

Contemporary RT enables efficient local disease control with
acceptable treatment tolerance in patients with primary or
recurrent non-resectable/residual RPS. RT represents a valu-
able treatment modality in this selected group of patients. Addi-
tional RT modalities, including BT, particle therapy,
MRI-guided RT, or GRID/Lattice RT, may be introduced in
selected patients to improve local control and minimize
toxicity.
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