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Intensity modulated radiation therapy and ®
surgery for Management of Retroperitoneal
Sarcomas: a single-institution experience

Pippa F. Cosper', Jeffrey Olsen?, Todd DeWees', Brian A. Van Tine?, William Hawkins®, Jeff Michalski'
and Imran Zoberi"”

Abstract

Background: Peri-operative radiation of retroperitoneal sarcomas (RPS) is an important component of multidisciplinary
treatment. All retrospective series thus far included patients treated with older radiation therapy (RT) techniques
including 2D and 3DRT. Intensity modulated radiation therapy (IMRT) allows for selective dose escalation while sparing
adjacent organs. We therefore report the first series of patients with RPS treated solely with IMRT, surgery and
chemotherapy. We hypothesized that IMRT would permit safe dose escalation and superior rates of local control (LC) in
this high-risk patient population.

Methods: Thirty patients with RPS treated with curative intent between 2006 and 2015 were included in this retrospective
study. RT was administered either pre- or post-operatively and IMRT was used in all patients. Statistical comparisons, LC,
distant metastasis (DM), and overall survival (OS) were calculated by Kaplan-Meier analysis and univariate Cox regression.

Results: Median follow-up time after completion of RT was 36 months (range 14-112). Median tumor size was 14 cm
(range 3.6 - 28 cm). The most prevalent histologies were liposarcoma in 10 (33%) patients and leiomyosarcoma in 10 (33%)
with 21 patients (70%) having high-grade disease. Twenty-eight (93%) patients had surgical resection with 47% having
positive margins. Chemotherapy was administered in 9 (30%) patients. RT was delivered pre-operatively in 11 (37%)
patients, and post-operatively in 19 (63%) with 60% of patients receiving a simultaneous integrated boost. Pre-operative
median RT dose to the high-risk area was 55 Gy (range, 43-66 Gy) while median post-operative dose was 604 Gy (range,
45-66.6 Gy). There was one acute grade 3 and one late grade 3 toxicity and no grade 4 or 5 toxicities. Three year actuarial
LC, freedom from DM, and OS rates were 84%, 64%, and 68% respectively. Positive surgical margins were associated
with a higher risk of local recurrence (p = 0.02) and decreased OS (p = 0.04). Pre-operative RT was associated with
improved LC (p=0.1) with a 5-year actuarial LC of 100%. Administration of chemotherapy, timing of RT, histology or
grade was not predictive of OS.

Conclusions: Patients with RPS treated with peri-operative IMRT at our institution had excellent local control and low
incidences of toxicity.

Keywords: Soft tissue sarcoma, Retroperitoneum, Intensity modulated radiation therapy, Surgery, Radiation, Local
recurrence, Overall survival
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Background

Retroperitoneal sarcoma (RPS) represents a rare form of
heterogeneous soft tissue sarcoma that is challenging to
treat due to its deeply seated location and infiltrative
nature in the retroperitoneum. Surgical excision is the
mainstay of treatment and offers a potential cure when
wide resection margins are obtained. However, RPS
often presents late and has invaded nearby critical struc-
tures making complete excision extremely difficult. It
has been shown that incomplete resection and positive
microscopic margins predict death from disease and that
patients with incomplete resection have equally poor
survival as patients with unresectable disease [1]. Given
the difficulty in achieving local control, patients with
RPS most often die due to local progression, which is in
contrast to patients with extremity soft tissue sarcoma
who are more likely to die of distant disease [1, 2].
Improving local control is therefore crucial for improv-
ing overall survival in these patients.

Perioperative radiotherapy is often used to improve
local control, which ranges from 49 to 75% with surgery
and radiation therapy (RT) [3-7]. However, achieving
adequate dose and target coverage in the retroperito-
neum is challenging due to the close proximity of
surrounding critical structures such as small bowel,
kidneys, liver and spinal cord. RT doses are often limited
to 45-50 Gy using older techniques and grade 3 or
greater toxicity can approach 40-50% even with these
suboptimal doses [8, 9]. Unfortunately, local recurrence
rates remain high even if doses of 50-55 Gy can be safely
administered with conventional RT [7, 9]. This implies
that bowel tolerant doses are not adequate for disease
control and that dose intensification is necessary for
improved local control. Intra-operative RT (IORT) has
been used to deliver a local boost to the margin at risk
resulting in improved LC but is also associated with
significant toxicity such as an 18% rate of grade 3 gastro-
intestinal obstruction and moderate to severe peripheral
neuropathy [9, 10].

Intensity modulated RT (IMRT) allows for selective
dose escalation with simultaneous integrated boosts to
high-risk areas while sparing dose to surrounding critical
structures. Use of IMRT in the management of RPS has
been previously reported [4, 11-13], but all retrospective
studies published thus far also included patients treated
using older techniques (2D or 3DRT) or with the
addition of IORT, which makes it difficult to determine
the outcomes with IMRT alone. Small prospective
studies have evaluated IMRT but these were in the pre-
operative setting only and were limited in their enroll-
ment [14, 15]. The approach at Washington University
in St. Louis has been to use IMRT to treat the tumor or
tumor bed with bowel tolerant doses and then selectively
dose escalate to the margin at risk for recurrence, which
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is typically the posterior margin. We therefore aimed to
report our institutional experience of using IMRT with
simultaneous integrated boost either pre- or post-
operatively in the management of RPS to determine
outcome as well as toxicity. To our knowledge this
represents the largest series of RPS treated solely with
peri-operative IMRT.

Methods

We retrospectively identified 30 patients with histologi-
cally confirmed soft tissue sarcoma of the retroperito-
neum who were definitively treated with IMRT at
Washington University in St. Louis between 2006 and
2015. All medical records were reviewed in detail with
approval of the Institutional Review Board. All patients
underwent complete staging work-up including CT of
the chest, abdomen and pelvis. Patients with metastatic
disease at diagnosis, desmoid fibromatosis, prior
radiation therapy to the tumor, or treatment that was
palliative intent were excluded from this analysis.

All patients were evaluated and followed by a multidis-
ciplinary team consisting of surgical, radiation, and
medical oncologists. Surgery involved resection of the
primary tumor as well as organs that appeared macro-
scopically involved or were enveloped by the tumor. The
decision to resect organs en bloc was made both radio-
graphically and intra-operatively. Organs were not
resected if the tumor was thought to have a positive
margin in another location. The decision to administer
neoadjuvant or adjuvant chemotherapy was dependent
upon multiple factors including stage, histology, and
grade. Patients who developed metastatic disease after
definitive local treatment received salvage chemotherapy
per medical oncology discretion. These patients were
not considered to have received chemotherapy as a com-
ponent of their definitive treatment.

Patients were referred for pre- or post-operative RT
based on the discretion of the evaluating surgeon and
discussions in a multi-disciplinary conference given con-
cern for extent of anticipated positive margin. In general,
this decision was determined by considering factors that
influence patient outcomes such as histology, tumor size,
tumor depth and anatomic location. If the surgeons did
not believe they could achieve an RO resection, and the
morbidity of radiation was thought to be acceptable,
then that patient would receive pre-operative RT and all
of these patients were considered for simultaneous inte-
grated boost. Patients not referred for pre-operative RT
underwent surgery and if histology or margin status
provided an indication for RT, then post-operative RT
was performed. IMRT was delivered using either sliding
window technique or helical tomotherapy. All patients
underwent planning CT simulation. For pre-operative
RT, the gross tumor volume (GTV) consisted of the
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entire retroperitoneal sarcoma. In the case of post-
operative RT, pre-operative imaging was fused to the
simulation CT to create the clinical target volume
(CTV), which included the resection bed (posterior mar-
gin) including areas with positive surgical margins while
avoiding organs that have settled into the post-operative
cavity. In all cases, the CTV was expanded beyond the
pre-operative GTV by 1.5 cm but respecting hard
borders such as bone and unaffected intra-abdominal
organs in the case of post-operative RT. Simultaneous
integrated boost was delivered to the area at high risk
for positive margins following surgical resection. This
includes areas where tumor was adjacent to the poster-
ior abdominal wall, intra-abdominal organs, para- and
pre-vertebral spaces and major vessels. It is important to
note that the “high risk posterior margin” is subjective
and input from the surgeon is helpful. In patients who
received a simultaneous integrated boost, a high dose
was administered to the posterior tumor margin (CTV1)
and a second CTV was created (CTV2) which provided
a lower, bowel tolerant dose to a larger area at risk for
harboring microscopic disease (Fig. 1) as described [16, 17].
The planning target volume (PTV) consisted of a symmet-
ric 0.5 cm margin beyond the CTVs. Daily imaging was
used for patient set-up. Organs at risk (OAR) including
spinal cord, kidneys, and bowel were contoured and classi-
fied as avoidance structures. The following dose constraints
and prescription details were used: 95% of prescription dose
should cover 95% of PTV; Small bowel max point dose
<54 Gy, V45 <150 cm® V55<1 cm® Large bowel max
point dose <60 Gy, V30 <200 cm?®, V35 <150 cm?, V45 <
100 cm®; Stomach max point dose <54 Gy; Liver max point
dose <50 Gy, mean < 20 Gy; Kidney V20 < 30% (combined
kidney dose); Spinal cord Dmax <45 Gy. Local failure (LF)
was defined as any disease recurrence located wholly or
partially within the radiation field. Distant metastasis (DM)
included disease in the lung, bone, or intra-abdominal
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organs outside of the radiation field. Follow-up times used
in the local control (LC), DM and overall survival (OS)
analyses were defined starting from the completion of
radiation therapy to the date of first occurrence of the
outcome of interest.

Patients were monitored for acute and late toxicity
using Common Terminology Criteria for Adverse Events
(CTCAE) v4.3 with data obtained by a radiation oncolo-
gist from electronic hospital records including weekly on
treatment visits and all follow-up visits.

Statistical analysis

The Kaplan-Meier method was used to calculate actuar-
ial rates of overall survival, local control and distant
metastasis. The impact of clinical factors and patient
characteristics on LC, DM and OS was evaluated using
the log-rank test and univariate Cox proportional
hazards models. Multivariate analysis was not performed
given only one variable was significant on univariate ana-
lysis. All levels of significance were two-sided and p < 0.05
was considered statistically significant. SAS v9.4 was used
for statistical analysis.

Results

Patient and tumor characteristics

Patient and tumor characteristics are listed in Table 1.
The majority of patients (1 =27, 90%) were treated for
primary RPS, while only 3 patients (10%) were treated
for recurrent RPS that had been previously treated with
surgery alone. There were 15 males (50%) and 15 females
(50%) with a median age of 58.5 years (range 18-88 years).
Median tumor size was 14 cm (range 3.6 - 28 cm). The
majority of patients presented with AJCC stage III disease
(n =18, 60%), followed by stage II (n =7, 23%) and stage I
(n=5, 17%). The most common histologies were liposar-
coma (n =10, 33%, which included de-differentiated lipo-
sarcoma (n=>5), well differentiated liposarcoma (1 =2),

a

volumes, 5250 cGy and 4200 cGy are yellow and blue respectively

CTV, = 63 Gy (180 cGy/fx)
CTV, = 52.5 Gy (150 cGy/fx)

Fig. 1 Contours and IMRT treatment plan with a simultaneous integrated boost for a patient with RPS treated with post-operative radiation therapy. a
Contours on a representative simulation computed tomography scan. Red contour represents the high risk posterior margin that will receive a high

dose (CTV1), while the green contour represents CTV2, which provides a lower, bowel tolerant dose to a larger area at risk. b IMRT treatment plan with
isodose lines. Contours the same as above (red contour = CTV1, green contour = CTV2). The volume receiving 6300 cGy is green, while the lower dose

b
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Table 1 Patient and tumor characteristics

Variable Value (%)
Age (years)

Median 585

Range 18-88
Sex

Male 15 (50)

Female 15 (50)
Race

Caucasian 24 (80)

African-American 4(13)

Asian 2(7)
Tumor size (cm)

Median 14

Range 3.6-28
Stage

IA 103)

1B 4(13)

1A 2(7)

1B 5017)

M1l 18 (60)
Histology

Liposarcoma 10 (33)

Leiomyosarcoma 10 (33)

Other 10 (33)
Tumor Grade

Grade 1 4 (13)

Grade 2 4(13)

Grade 3 21 (70)

Unknown 103
Surgical margins

RO 12 (40)

R1 12 (40)

R2 2(7)

Unknown 4 (13)
Chemotherapy

Yes 9 (30)

No 21 (70)

liposarcoma NOS (n = 1), pleomorphic liposarcoma (n = 1)
and inflammatory liposarcoma (n=1)), and leiomyosar-
coma (n = 10, 33%). Other histologies were analyzed as one
group and included 2 undifferentiated pleomorphic
sarcoma (UPS), 2 malignant peripheral nerve sheath
tumors, 1 angiosarcoma, 1 PNET/Ewings, 1 mesenchymal
chondrosarcoma, 2 malignant spindle cell neoplasms, and
1 sarcoma NOS. The majority of patients had high-grade
tumors (n = 21, 70%), while 4 (13%) had intermediate grade,
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4 (13%) had low grade and grade was not able to be
determined in 1 (3%) patient.

Treatment

All patients underwent evaluation for resection of
primary or recurrent disease. Two patients did not
receive surgery due to low chance of obtaining negative
surgical margins and likelihood of significant morbidity.
Thus 28 patients (93%) underwent surgery as a main
component of their treatment. Adjacent organs that
showed evidence of invasion were resected en bloc in 17
patients (57%) and vascular resection and reconstruction
was performed when necessary. There were no post-
operative deaths. Final surgical margins were negative
(RO) in 12 patients (40%), microscopically positive (R1)
in 12 patients (40%), grossly positive (R2) with residual
disease in 2 patients (7%), and could not be determined
in 4 patients (13%). Only 3/11 patients (27%) who
received pre-operative RT achieved negative margins at
the time of surgery.

All patients received photon radiotherapy using IMRT
technique though one patient received a mixed photon/
proton plan. One patient required surgical placement of
a tissue expander prior to RT, which consisted of two
saline implants placed in a Vicryl mesh in order to
decrease dose to bowel which had settled into the
postoperative renal bed. This implant was removed
1 month after RT with no complications. Eighteen (60%)
patients received simultaneous integrated boosts to the
margin at risk (Table 2). Radiation was administered
pre-operatively to 11 patients (37%) and post-operatively
to 19 patients (63%). The median dose delivered to the
high-risk margin (CTV1) was 55 Gy (range 43.12 — 66 Gy)
pre-operatively and 60.4 Gy (range 45 — 66.6 Gy) post-
operatively with fractionation ranging from 180 to 220 cGy
per fraction. Overall, 40% of patients received greater than
62.5 Gy to the high-risk margin. In those patients receiving
a simultaneous integrated boost, the median dose to areas
at risk (CTV2) was 50 Gy (range 45-56 Gy) (Table 2).

A total of 9 patients (30%) received chemotherapy. Of
these patients, 4 patients (44%) received chemotherapy
neoadjuvantly (2 patients received epirubicin and ifosfa-
mide and 2 received vincristine, doxorubicin and cyclo-
phosphamide) and 5 patients (56%) were treated with
adjuvant chemotherapy (1 received gemcitabine and
taxotere while 4 received epirubicin and ifosfamide).

Survival and patterns of failure

The median follow-up was 36.3 months (range 1.4 —
112 months). A total of 13 patients (43%) had died at
last follow-up and actuarial 3 and 5 year OS was 68%
and 50% respectively (Fig. 2a). Timing of radiotherapy,
histology, tumor grade and treatment with chemother-
apy were not associated with OS (Table 3). Surgical
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Table 2 Timing, dose, and characteristics of IMRT treatment

Variable Value (%)
IMRT
Pre-operative RT 11 (37)
Post-operative RT 19 (63)
Simultaneous integrated boost 18 (60)
Radiation dose to high risk area, PTV1 (Gy)
Pre-operative
Median 55
Range 43-66
Post-operative
Median 604
Range 45-66.6
Radiation dose to low risk area, PTV2 (Gy)
Median 50
Range 45-56

margin status, however, was correlated with OS as
patients with negative margins had 3- and 5-year OS of
92% and 78% while those with positive margins (R1) had
3- and 5-year OS of 52% and 35% respectively (p = 0.09).
R1 resection was significantly associated with OS on
univariate cox analysis (p =0.04) though this should
be interpreted with caution given the small numbers
in this study.

A total of 5 patients (17%) experienced LF and 3-
and 5-year actuarial LC was 84% and 79% respectively
(Fig. 2b). All patients who failed locally received RT
post-operatively. LC in this group was 77% and 69% at
3 and 5 years while patients who received pre-
operative RT had 100% LC at 3 and 5 years (p =0.1,
Fig. 3a). LF occurred despite a high dose to the high-
risk margin. Three of five patients with LF received
63-66.6 Gy, while the other two patients received 50
and 45 Gy. Surgical margin status was a statistically
significant predictor of LC. Patients who received an
RO resection had 100% LC at 3 and 5 years whereas
patients receiving an R1 resection had 79% and 60%
LC at 3 and 5 years respectively (p =0.018, Fig. 3b).
Both patients with an R2 resection failed locally and
died within 2 years of treatment. Patients with low
grade (grade 1-2) tumors had 100% LC at 3 and
5 years, while patients with high grade tumors had
77% and 68% LC at 3 and 5 years respectively (p =
0.09). Tumor histology was also associated with local
control as patients with leiomyosarcoma had 100% LC
at both 3 and 5 years, while patients with liposarcoma
had 100% and 75% LC at 3 and 5 years respectively. Pa-
tients with other histologies did worse overall and had a
58% LC at both 3 and 5 years (p = 0.059, Fig. 3c). No clin-
ical variables were significantly correlated with LC on
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Fig. 2 Kaplan-Meier curves for (a) overall survival, (b) local control,
and (c) distant metastasis for all patients with RPS treated with IMRT

univariate analysis. Importantly, all patients that failed lo-
cally had died at last follow-up.

Overall, 13 patients (43%) failed distantly. The actuar-
ial rate of DM at 3 and 5 years was 36% and 47%
respectively (Fig. 2c). The most common first site of DM
was lung in 46% of patients followed by liver (23%) and
abdominal sites outside of the radiation field (23%). Sites
of DM after the first metastatic occurrence included
lung in 10/13 (77%) patients, liver in 5/13 (38%)
patients, and other intra-abdominal sites in 4/13 (31%)
patients. Of note all patients that developed liver
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Table 3 Univariate log-rank analysis of IMRT timing, surgical
margin status, chemotherapy, histology, and tumor grade on
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Table 3 Univariate log-rank analysis of IMRT timing, surgical
margin status, chemotherapy, histology, and tumor grade on

OS, LC and DM OS, LC and DM (Continued)
3-year rate (%) 5-year rate (%) p value 3-year rate (%) 5-year rate (%) p value
Overall Survival Chemotherapy
Radiation therapy Yes 55 55 0.69
Pre-operative RT 80 54 0.85 No 26 44
Post-operative RT 62 48 Histology
Surgical Margins LMS 50 50 0.53
Negative (RO) 92 78 0.09 Liposarcoma 1 33
Positive (R1) 52 35 Other 40 55
Chemotherapy Grade
Yes 67 53 0.74 Low 25 40 0.54
No 69 48 High 40 49
Histology
LMS 77 58 048 metastasis at any time had intraparenchymal metastasis
Liposarcoma 67 50 indicating hematologic spread. Overall rate of DM did
Other 60 45 not differ between patients receiving RT pre- or post-
Crade operatively and was 32% and 38% at 3 years and 55%
Low % . 058 and 45% at 5 years respectively however, all patients who
developed metastasis to intra-abdominal sites outside of
High 05 0 the radiation field received post-operative RT indicating
Local Control that pre-operative RT may reduce the risk of intra-
Radiation therapy abdominal spread. Extent of surgical resection, grade,
Pre-operative RT 100 100 010 histology, and treatment with chemotherapy did not
Post-operative RT 77 69 affect the in.cid.e{lce of DM (Table 3). No clinical .Var%—
Surgical Margins ables were significantly correlated with DM on univari-
ate analysis. DM was not associated with LR as 9/13
Negative (R0) 100 100 002 patients (69%) developed DM without LR while only 4/
Positive (R1) 79 60 13 patients (31%) developed both LR and DM. Overall,
Chemotherapy 77% of patients who developed DM had died at last
Yes 65 65 016  follow-up.
No 94 85
, Toxicity
Histology . L
Only two patients (7%) developed Grade 3 toxicities.
LMS 100 100 0.06 One patient who received pre-operative RT developed
Liposarcoma 100 75 acute grade 3 nausea/vomiting requiring intravenous
Other 58 58 hydration and her treatment was discontinued after
Grade 43 Gy (out of a planned 49 Gy). Another patient
Low 100 100 0,09 developed a duodenal stricture 6 months after post-
, operative RT (50.4 Gy), which required dilation. There
High 77 68 C .
were no grade 4 or 5 toxicities.
Distant Metastasis
Radiation therapy Discussion
Pre-operative RT 32 55 091 Treatment of RPS remains extremely challenging and
Post-operative RT 38 45 long-term overall survival remains poor despite advances
Surgical Margins in surgical and radiotherapy technique. Local recurrence
, has historically been the predominant failure pattern in
Negative (RO) 25 34 0.16 . . ..
patients with RPS and accounts for the majority of
Positive (R1) 27 45

deaths [1, 7, 18]. Conversely, our series with IMRT
revealed that most patients died due to DM with few LF,
however all patients with a LF died of disease. This may
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RT, (b) surgical margin status, and (c) histology. Surgical margin status was significantly associated with local control (p =0.018)

be explained by the ability to selectively dose escalate to
high-risk margins with IMRT, which was not possible
using older radiotherapy techniques. Similar results were
found in a randomized trial comparing EBRT with or
without an IORT boost where IORT improved LC but
had higher rates of DM [9]. Though our data reveals that
IMRT is able to achieve excellent LC, it did not translate
into improved OS compared to other published series.
This is likely due to the incidence of DM, which is slightly
higher than previously reported experiences [4, 6].
Perhaps the improved LC led to increased short-term
survival which allowed time for development of DM.
Interestingly, the majority of patients with DM did not
have a LR which implies the need for better and perhaps
more aggressive systemic therapy.

IMRT allows for selective dose escalation to high-risk
margins while allowing for maximal sparing of OAR and
has been employed pre-operatively in a small series with
excellent LC [15] and is currently being evaluated in a
clinical trial (NCT01841047). Using a simultaneous inte-
grated boost, we were able to achieve even higher doses
to the margin at risk since over 40% of patients received
greater than 62.5 Gy to CTV1. This resulted in excellent

5-year local control of 79%, which is superior to most
other published series. However, three of the five
patients who failed locally received 63, 66, and 66.6 Gy
post-operatively. Failure therefore occurred despite a
high dose to the high-risk margin, implying inherent
radioresistant biology of some sarcomas, which may
require further dose escalation, or tumor infiltration
beyond the target. However all of these patients had
high-grade disease, two had microscopically positive
margins and one had gross residual disease, reinforcing
the importance of a complete resection. Indeed, we
revealed that surgical margin status was the only factor
significantly associated with both LC and OS on log-
rank test and univariate analysis respectively as has been
shown in numerous prior studies [3, 4, 7]. Given that LR
occurred in patients with positive margins despite high
doses of radiation, it appears that high doses of RT
cannot compensate for inadequate surgery. Proton
therapy also allows for local dose escalation with
minimal toxicity and a phase I dose escalation trial in
the pre-operative setting has shown promising results
[19]. A phase I/II dose escalation trial comparing pre-
operative IMRT and intensity modulated proton therapy
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(IMPT) is currently accruing (NCT01659203) and will
provide insight into determining the safest and most
efficacious radiation modality.

Though higher doses are historically associated with im-
proved LC [5, 18], they come at the cost of greater toxicity.
Historically, conventional EBRT is associated with a high
rate of grade 3 or greater gastrointestinal toxicity [3, 9, 13]
though this rate has been decreasing with more advanced
technology [4, 13]. Intra-operative RT (IORT) and brachy-
therapy have been used to provide a local boost to the
high-risk margin while sparing surrounding organs though
is technically difficult and is also associated with significant
side effects including debilitating neuropathy which ranges
from 6 to 33% and an 18-30% rate of severe, grade 3-4 GI
side effects [9, 10, 20]. IMRT allows the dose to conform
more precisely to the three-dimensional shape of the tumor
while minimizing dose to the surrounding critical
structures allowing local dose escalation with fewer
side effects. Our results compare favorably to the LC
rates achieved with IORT but with less toxicity.

There is retrospective evidence that IMRT provides a
dosimetric advantage and is associated with significantly
less toxicity than 3DRT [13, 21]. Here we report a grade
3 toxicity rate of 7% using IMRT. Interestingly, the two
patients with grade 3 toxicities received low doses (43
and 50.4 Gy) of radiation implying that perhaps their
biology rather than the dose was involved in the devel-
opment of toxicity. No patients who received greater
than 50.4 Gy experienced a grade 3 toxicity implying we
were able to adequately spare OAR using our technique
with IMRT and simultaneous integrated boost.

There have been no randomized prospective trials
comparing pre- to post-operative RT but pre-operative
radiation has become the modality of choice for large,
high grade RPS as this increases the likelihood of
achieving a resection with negative margins [22] and is
associated with less toxicity [3, 4]. Our results reveal that
patients who received pre-operative RT had 100% LC at
both 3 and 5 years which supports the use of IMRT in
the pre-operative setting. Interestingly, patients receiving
pre-operative RT had a low rate of negative surgical
margins which is likely explained by the patient popula-
tion that was selected for this modality in the first place;
namely patients with less favorable tumor characteristics
with a low chance of obtaining negative surgical mar-
gins. There was no difference in toxicity between pa-
tients who received pre- or post-operative RT though
our toxicity rate was low which limits interpretation of
this result. Post-operative RT has historically been asso-
ciated with higher acute and long-term morbidity but
our findings using IMRT do not support this as only 1/
19 patients (5%) receiving post-operative RT experienced
a grade 3 toxicity. Though pre-operative RT is currently
the modality of choice based upon several retrospective
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studies, we show here that using IMRT in the post-
operative setting can achieve good LC with minimal
toxicity.

There are several limitations to this study that are inher-
ent in most RPS studies. Our small sample size is due not
only to the rarity of this disease, but also the relatively
recent adoption of IMRT technique. Given the small sam-
ple size and low number of events, statistical significance
must be interpreted with caution and results may be
considered as positive associations rather than statistical
conclusions. Additional challenges with this dataset are
multiple histologies, variability in grade and tumor size,
and inclusion of patients with recurrent disease. Of the
three patients that were treated for recurrent disease, two
were treated with RT post-operatively, both of which died
of disease and one patient was treated pre-operatively and
had no evidence of disease at last follow-up. The small
number of patients and events in this study also limited
univariate and multivariate analysis. This study is retro-
spective in nature, and there is some bias regarding the
patients selected for RT and the timing of RT with surgery.
However, there is no inherent treatment bias with regard
to radiation technique as all patients treated with RT after
the year 2006 were treated with IMRT. A prospective,
randomized trial is required to fully investigate the pro-
posed benefit of IMRT yet this is unlikely to occur given
the known dosimetric advantages and decreased toxicity
associated with IMRT over 3DRT.

In conclusion, though there is no randomized evidence
to support the use of peri-operative RT as a component of
definitive treatment of RPS there are several large retro-
spective series that reveal a benefit with RT. One of the lar-
gest multi-institutional retrospective series including over
1000 patients with RPS found that peri-operative
administration of RT was statistically significantly associ-
ated with improved LC [6], and recent analysis of the
NCDB and SEER databases revealed that peri-operative
radiotherapy was associated with a significant increase in
OS compared to patients who were treated with surgery
alone [23, 24]. We eagerly await the results of the phase 3
randomized trial (STRASS, NCT01344018) comparing sur-
gery alone with pre-operative RT and surgery as this will
provide an answer as to whether RT improves recurrence-
free survival.

Conclusions

Here we report for the first time a cohort of patients with
RPS treated solely with IMRT, which resulted in excellent
LC and low rates of toxicity compared to older series,
which all included patients treated with standard 2D, 3DRT
or IORT. However, positive surgical margins and high-
grade disease continue to be poor prognostic factors re-
gardless of the RT modality. With continued improvements
in radiotherapy technology the therapeutic ratio will
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hopefully continue to improve. Unfortunately, OS of pa-
tients with RPS remains poor, which emphasizes the need
for improved local and systemic therapy.

Abbreviations

2D: 2-dimensional; 3D: 3-dimensional; CTCAE: Common Terminology Criteria
for Adverse Events; CTV: Clinical target volume; DM: Distant metastasis;
EBRT: External beam radiation therapy; GTV: Gross tumor volume;

IMPT: Intensity modulated proton therapy; IMRT: Intensity modulated
radiation therapy; IORT: Intra-operative radiation therapy; LC: Local control;
LF: Local failure; NCDB: National Cancer Database; NOS: Not otherwise
specified; OAR: Organs at risk; OS: Overall survival; PNET: Primitive
neuroectodermal tumor; PTV: Planning target volume; RPS: Retroperitoneal
sarcoma; RT: Radiation therapy; SEER: Surveillance, Epidemiology, and End
Results; UPS: Undifferentiated pleomorphic sarcoma

Acknowledgements
Not applicable

Funding
There was no funding for this study.

Availability of data and materials

The data generated and analyzed in the current study are not publicly
available due to the personal patient data included, but are available from
the corresponding author on reasonable request.

Authors’ contributions

All listed authors contributed to this original manuscript. JO and PC
developed the study concept and general aims, with 1Z's support. PC
performed the retrospective chart review, analyzed all of the data, and wrote
the manuscript. TD was instrumental in performing all statistical analyses.
BVT, JM, JO, WH, and IZ have treated these patients throughout the years
and all provided input into the content of this manuscript. All authors have
read and approved the final manuscript.

Ethics approval and consent to participate

This retrospective study was approved by our Institutional Review Board (IRB
#201507138). Individual patient consent was waived due to the
retrospective nature of this study.

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Department of Radiation Oncology, Washington University School of
Medicine, St. Louis, MO, USA. “Department of Radiation Oncology, University
of Colorado, Aurora, CO, USA. >Division of Medical Oncology, Department of
Medicine, Washington University School of Medicine, St. Louis, MO, USA.
“Department of Surgery, Washington University School of Medicine, St. Louis,
MO, USA.

Received: 20 June 2017 Accepted: 7 November 2017
Published online: 08 December 2017

References

1. Lewis JJ, Leung D, Woodruff JM, Brennan MF. Retroperitoneal soft-tissue
sarcoma: analysis of 500 patients treated and followed at a single
institution. Ann Surg. 1998;228:355-65.

2. Ballo MT, Zagars GK, Pollock RE, Benjamin RS, Feig BW, Cormier JN, et al.
Retroperitoneal soft tissue sarcoma: an analysis of radiation and surgical
treatment. Int J Radiat Oncol Biol Phys. 2007,67:158-63.

20.

21.

22.

Page 9 of 10

Zlotecki RA, Katz TS, Morris CG, Lind DS, Hochwald SN. Adjuvant radiation
therapy for resectable retroperitoneal soft tissue sarcoma: the University of
Florida experience. Am J Clin Oncol. 2005;28:310-6.

Bishop AJ, Zagars GK, Torres KE, Hunt KK, Cormier JN, Feig BW, et al. Combined
modality Management of Retroperitoneal Sarcomas: a single-institution series
of 121 patients. Int J Radiat Oncol Biol Phys. 2015,93:158-65.

Fein DA, Corn BW, Lanciano RM, Herbert SH, Hoffman JP, Coia LR.
Management of retroperitoneal sarcomas: does dose escalation impact on
locoregional control? Int J Radiat Oncol Biol Phys. 1995;31:129-34.

Gronchi A, Strauss DC, Miceli R, Bonvalot S, Swallow CJ, Hohenberger P, et
al. Variability in patterns of recurrence after resection of primary
retroperitoneal sarcoma (RPS): a report on 1007 patients from the multi-
institutional collaborative RPS working group. Ann Surg. 2016;263:1002-9.
Gilbeau L, Kantor G, Stoeckle E, Lagarde P, Thomas L, Kind M, et al. Surgical
resection and radiotherapy for primary retroperitoneal soft tissue sarcoma.
Radiother Oncol J Eur Soc Ther Radiol Oncol. 2002;65:137-43.

Paryani NN, Zlotecki RA, Swanson EL, Morris CG, Grobmyer SR,
Hochwald SN, et al. Multimodality local therapy for retroperitoneal
sarcoma. Int J Radiat Oncol Biol Phys. 2012;82:1128-34.

Sindelar WF, Kinsella TJ, Chen PW, Delaney TF, Tepper JE, Rosenberg SA, et al.
Intraoperative radiotherapy in retroperitoneal sarcomas. Final results of a
prospective, randomized, clinical trial. Arch Surg Chic. lll 1960.
1993;128:402-10.

Alektiar KM, Hu K, Anderson L, Brennan MF, Harrison LB. High-dose-rate
intraoperative radiation therapy (HDR-IORT) for retroperitoneal sarcomas. Int
J Radiat Oncol Biol Phys. 2000;47:157-63.

Roeder F, Ulrich A, Habl G, Uhl M, Saleh-Ebrahimi L, Huber PE, et al. Clinical
phase I/1l trial to investigate preoperative dose-escalated intensity-
modulated radiation therapy (IMRT) and intraoperative radiation therapy
(IORT) in patients with retroperitoneal soft tissue sarcoma: interim analysis.
BMC Cancer. 2014;14:617.

Kelly KJ, Yoon SS, Kuk D, Qin L-X, Dukleska K, Chang KK, et al. Comparison
of Perioperative radiation therapy and surgery versus surgery alone in 204
patients with primary retroperitoneal sarcoma: a retrospective 2-institution
study. Ann Surg. 2015,262:156-62.

Pezner RD, Liu A, Chen Y-J, Smith DD, Paz IB. Full-dose adjuvant
postoperative radiation therapy for retroperitoneal sarcomas. Am J Clin
Oncol. 2011;34:511-6.

Sargos P, Dejean C, de Figueiredo BH, Brouste V, Nguyen Bui B, Italiano A, et
al. High-dose pre-operative helical tomotherapy (54 Gy) for retroperitoneal
liposarcoma. Radiat Oncol Lond Engl. 2012;7:214.

Tzeng C-WD, Fiveash JB, Popple RA, Arnoletti JP, Russo SM, Urist MM, et al.
Preoperative radiation therapy with selective dose escalation to the margin
at risk for retroperitoneal sarcoma. Cancer. 2006;107:371-9.

Baldini EH, Bosch W, Kane JM, Abrams RA, Salerno KE, Deville C, et al.
Retroperitoneal sarcoma (RPS) high risk gross tumor volume boost (HR GTV
boost) contour delineation agreement among NRG sarcoma radiation and
surgical oncologists. Ann Surg Oncol. 2015;22:2846-52.

Baldini EH, Abrams RA, Bosch W, Roberge D, Haas RLM, Catton CN, et al.
Retroperitoneal sarcoma target volume and organ at risk contour
delineation agreement among NRG sarcoma radiation oncologists. Int J
Radiat Oncol Biol Phys. 2015;92:1053-9.

Tepper JE, Suit HD, Wood WC, Proppe KH, Harmon D, McNulty P. Radiation
therapy of retroperitoneal soft tissue sarcomas. Int J Radiat Oncol Biol Phys.
1984;10:825-30.

Delaney TF, Chen Y-L, Baldini EH, Wang D, Adams J, Hickey SB, et al. Phase
1 trial of preoperative image guided intensity modulated proton radiation
therapy with simultaneously integrated boost to the high risk margin for
retroperitoneal sarcomas. Adv Radiat Oncol. 2:85-93.

Petersen 1A, Haddock MG, Donohue JH, Nagormey DM, Grill JP, Sargent DJ, et al.
Use of intraoperative electron beam radiotherapy in the management of
retroperitoneal soft tissue sarcomas. Int J Radiat Oncol Biol Phys.
2002,52:469-75.

Swanson EL, Indelicato DJ, Louis D, Flampouri S, Li Z, Morris CG, et al.
Comparison of three-dimensional (3D) conformal proton radiotherapy (RT), 3D
conformal photon RT, and intensity-modulated RT for retroperitoneal and
intra-abdominal sarcomas. Int J Radiat Oncol Biol Phys.

2012;83:1549-57.

Nussbaum DP, Speicher PJ, Gulack BC, Ganapathi AM, Englum BR, Kirsch DG,
et al. Long-term oncologic outcomes after Neoadjuvant radiation therapy
for retroperitoneal sarcomas. Ann Surg. 2015;262:163-70.



Cosper et al. Radiation Oncology (2017) 12:198 Page 10 of 10

23. Nussbaum DP, Rushing CN, Lane WO, Cardona DM, Kirsch DG, Peterson BL,
et al. Preoperative or postoperative radiotherapy versus surgery alone for
retroperitoneal sarcoma: a case-control, propensity score-matched analysis
of a nationwide clinical oncology database. Lancet Oncol. 2016;17:966-75.

24, Giuliano K, Nagarajan N, Canner JK, Wolfgang CL, Bivalacqua T, Terezakis S,
et al. Predictors of improved survival for patients with retroperitoneal
sarcoma. Surgery. 2016;160:1628.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

* Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at .
www.biomedcentral.com/submit () BiolMed Central




	Intensity modulated radiation therapy and surgery for management of retroperitoneal sarcomas: A single-institution experience
	Please let us know how this document benefits you.
	Recommended Citation
	Authors

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Statistical analysis

	Results
	Patient and tumor characteristics
	Treatment
	Survival and patterns of failure
	Toxicity

	Discussion
	Conclusions
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

