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Abstract
Purpose: Surgical spacer placement (SSP) is useful in particle therapy (PT) for patients with
abdominal or pelvic tumors located adjacent to normal organs. We developed a nonwoven fabric
bioabsorbable spacer made of polyglycolic acid (PGA) sutures that degrades via hydrolysis. We
then conducted this first-in-human phase 1 study of the combination of SSP and PT using the PGA
spacer, which we termed space-making PT (SMPT). This study aimed to evaluate the safety and
efficacy of SMPT in patients with unresectable malignant tumor located adjacent to normal organs.
Methods and Materials: The eligibility criteria included histologically proven malignant abdom-
inal or pelvic tumor adjacent to the intestines, no metastasis, and no previous radiation therapy.
Periodic computed tomography (CT) images were obtained before SSP and before, during, and
after PT until the spacer disappeared. Treatment planning was performed for each CT image set
until the end of PT, and doses for the planning target volume and organs at risk were analyzed. The
thickness and volume of the PGA spacer were measured in each CT image set. Adverse events
were evaluated according to the Common Terminology Criteria for Adverse Events version 4.0.
Results: Five patients were enrolled in this study. All patients received 70.4 Gy (relative biological
effectiveness) of irradiation. V95% of the planning target volume before SSP, at the beginning of
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PT, and at the end of PT was 82.1% � 11.3%, 98.1% � 1.1%, and 97.1% � 0.8%, respectively.
The PGA spacers maintained enough thickness (�1 cm) until the end of PT and disappeared within
8 months after SSP in all patients. No grade �3 acute adverse events were observed.
Conclusions: The SMPT is feasible and useful for abdominal or pelvic tumors adjacent to the
intestines. This method may be applicable to unresectable tumors located adjacent to normal organs
and may expand the indications of PT.
� 2019 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation
Oncology. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Particle therapy (PT) permits delivery of higher radia-
tion doses to the tumor, which may lead to profoundly
improved tumor eradication. Recent studies have shown
therapeutic superiority of PT for various kinds of malignant
tumors.1,2 However, the application of PT for abdominal or
pelvic malignant tumors may be restricted because most of
the tumors come in contact with the intestine, which cannot
tolerate the radical dose of particle beams. Ishikawa et al3

demonstrated that the dosimetric parameter is an impor-
tant factor in the occurrence of gastrointestinal bleeding
after PT. Therefore, a novel strategy that overcomes this
limitation needs to be developed.

Advances in the application of various spacers in ra-
diation therapy or PT have been achieved. Several studies
have reported the use of hyaluronic acid or other gels to
separate the prostate from the rectum as a spacer for
prostate cancer.4-10 Fukumoto et al11,12 reported that a
nonwoven fabric GORE-TEX sheet could be used for
surgical spacer placement (SSP) before PT. However,
although the GORE-TEX spacer is useful during PT, it
becomes a foreign body after the completion of the
therapy.13 Lorenzo et al14 reported their experience using
nonabsorbable silicon spacers in the treatment of sacral
chordoma using carbon ion therapy. Although these
nonabsorbable spacers are useful during PT, they carry a
risk for morbidities and their removal may require a
second surgery. Therefore, a bioabsorbable spacer seems
to be ideal.

We have developed a novel bioabsorbable poly-
glycolic acid (PGA) spacer and applied it for SSP. We
call this method space-making PT (SMPT). This first-in-
human phase 1 clinical study of the SMPT aimed to
evaluate its safety and efficacy in patients with unresect-
able malignant tumor located adjacent to normal organs.

Methods and Materials

Trial design

This prospective phase 1, first-in-human, uncontrolled,
open-label study was conducted between October
2015 and April 2017. Patient enrollment and SSP were
conducted at Kobe University Hospital, and PT was
performed at Hyogo Ion beam Medical Center (HIBMC).
The study was approved by the Ethics Committee of both
Kobe University Hospital and HIBMC and was con-
ducted in accordance with the Declaration of Helsinki.
Written informed consent was obtained from all partici-
pants. The trial will be externally monitored according to
good clinical practice requirements.

Patients

This study enrolled patients with an unresectable ma-
lignant tumor located adjacent to normal organs and in
whom delivering a curative dose to the PTV via PT ap-
pears impossible. The inclusion criteria were as follows:
histologically confirmed abdominal or pelvic malignant
tumors; no metastasis; eligible for surgical placement of
the spacer; age between 20 years and 75 years; Eastern
Cooperative Oncology Group performance status 0, 1,
and 2; ability to maintain a prone or supine position
during PT; and provision of written informed consent.
The exclusion criteria were as follows: no prior radiation
therapy; no schedules for chemotherapy or immuno-
therapy before SSP or after completion of PT; another
active malignant tumor (ie, other synchronous malignant
tumor or metachronous malignant tumor with a disease-
free interval of <5 years); intractable infectious disease;
peptic ulceration; psychiatric disorder; serious comorbid
illness; alcohol abuse; pregnancy; and lack of adequate
renal and hepatic function. If the tumor itself is resectable,
other malignant tumors are incidentally found, or spacer
placement is impractical, the patients are excluded from
the study.

PGA spacer and SSP

The PGA spacer was developed by Alfresa Pharma
Corporation (Osaka, Japan). It measured 10 � 20 cm and
had a thickness of 5, 10, and 15 mm. The PGA spacer has
been described in detail previously.15 Briefly, the PGA
spacer was originally produced with a surgical suture
material made of PGA, a biocompatible synthetic poly-
meric material. Surgical PGA sutures were manufactured
into nonwoven fabric by entangling threads in 3 di-
mensions. Preclinical evaluations proved that the
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bioabsorbable PGA spacer had water-equivalent,
biocompatible, and thickness-retaining properties and
maintained 80% of its thickness for at least 8 weeks.15

The PGA spacer is soft and flexible, and thus its shape
is easy to customize to correspond with surrounding tis-
sues to avoid spacer migration.13,16 Hounsfield units
under dry and wet conditions were evaluated using
computed tomography (CT) images or cone beam CT.
Pressure tests were performed by measuring the thickness
of a 100 � 200 � 15 mm spacer (n Z 3) after a homo-
geneous pressure (range, 0.5-2.0 kPa).

Standard preoperative workup before SSP included
chest and abdominal radiography, electrocardiogram,
respiratory function test, occult blood test, and urinalysis.
Regarding operative technique, the abdomen was
explored through a midline incision. A distance of at least
10 mm from the tumor and gastrointestinal tract in all
directions was maintained to ensure safety of subsequent
PT. The PGA spacer was placed between the tumor and
adjacent organs and fixed tightly to the peritoneum. The
amount and thickness of the PGA spacer were first
designed via preoperative CT evaluations and then
adjusted during the surgery.
SMPT treatment planning

Treatment planning for PT was performed at HIBMC
as described previously.17 Briefly, PT was planned using
a CT-based 3-dimensional treatment planning system
(Xio-M system; CMS, St Louis, MO; Mitsubishi Electric
Corporation, Tokyo, Japan). The target volumes and or-
gans at risk (OARs) were delineated on the CT-magnetic
resonance imaging (MRI) fusion images. The clinical
target volume (CTV) was defined as the gross tumor
volume plus a 5-mm basic margin. The planning target
volume (PTV) was defined as the CTV plus a setup
margin (5 mm) and an internal margin (1 mm) under the
respiratory gating system.18

The relative biological effectiveness (RBE) values for
protons and carbon ions at HIBMC are 1.1 and 2 to 3.7,
respectively, depending on the depth in the spread-out
Bragg peak.19 The dose constraints in the 32-fraction
protocol for the small bowel, large bowel, and rectum
were a maximum dose (Dmax) of �53 Gy (RBE), Dmax of
�59 Gy (RBE), and volume receiving �65 Gy (RBE)
(V65) of �17% and V40 of �35%, respectively. The dose
constraint in the 16-fraction protocol for the intestines
including the small bowel, large bowel, and rectum was
the dose for the most exposed 2-mL volume (D2cc) of
<44 Gy (RBE).

The patients were treated using 150-MeV or 210-MeV
proton beams or 320-MeV carbon ion beams. The policy
for selecting proton therapy or carbon ion therapy was
based on the dose distribution, as described previously.17

Although both proton therapy and carbon ion therapy are
charged-particle therapies, they have slight differences in
their physical characteristics. Regarding monoenergetic
beams, carbon ions show superior penumbra but a shorter
range compared with protons. Treatment planning details
should be agreed following the established conditions.
The D95 of the PTV in each patient must be larger than
95% of the prescribed dose. However, if the coverage was
difficult to achieve, the doses of OARs were lower than
the set criteria.

Evaluation of SMPT

The standard protocol included a physical examina-
tion, diagnostic imaging (CT or MRI), and blood testing.
The distance between the tumor and adjacent organs was
measured using CT images. Toxicities were evaluated
using the Common Terminology Criteria for Adverse
Events, version 4.0. CT or MRI evaluations were per-
formed before and after SSP, before initiation of PT,
during PT (4, 6, and 8 weeks after SSP), and at the end of
PT. Treatment planning was performed for each CT
image set, and parameters for PTV and OARs were
analyzed. The plans created using the CT image set before
the initiation of PT were applied for the actual patient
treatment (actual plan). Actual plans then were super-
imposed on newly obtained CT image sets, and each
parameter was verified. When the dose constraints for the
OARs were violated, a replan was performed if necessary
after thorough discussion by several radiation oncologists.
After completion of PT, the evaluations were performed
every 4 weeks during the follow-up visit.

Estimation of PGA spacer

The thickness and volume of the PGA spacer were
evaluated as follows. Data of every CT scan were ac-
quired by 3-dimensional volume scan, and axial sagittal
images were reconstructed with 5 mm thickness. The slice
position of axial CT images in which target tumor and
OAR are closest in the pretreatmental CT scan was cho-
sen, and then the same position of the following CT scan
was evaluated. The PGA spacer starts hydrolysis after it
contacts water component and is degraded into water and
carbon dioxide.

Results

Patients

Five patients (3 men and 2 women) were enrolled in
this study. The patient characteristics and treatments are
shown in Table 1. Patient age ranged from 26 to 66 years.
The Eastern Cooperative Oncology Group performance
status of all patients was 0. There were 3 patients (60%)



Table 1 Patient and tumor characteristics

Patient Type of disease Site of disease Previous surgery Source of therapy Dose (GyE) Fractions

1 Leiomyosarcoma Retroperitoneal Yes Carbon ion 70.4 32
2 Chordoma Sacrum None Carbon ion 70.4 32
3 Chordoma Sacrum None Proton 70.4 32
4 Peripheral nerve sheath tumor Sacrum None Proton 70.4 32
5 Chordoma Sacrum None Proton 70.4 16
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with chordoma, 1 patient (20%) with leiomyosarcoma,
and 1 patient (20%) with malignant peripheral nerve
sheath tumor. One patient underwent a previous surgery
before the spacer placement, and the other 4 patients did
not undergo any prior surgery. All patients received a
total dose of 70.4 Gy (RBE).

PGA spacer and SSP

Features and Hounsfield units under dry and wet
conditions are shown in Figure 1A and 1B. The density is
0.2 g/cm3. A weight of whole liver (approximately 1.4 kg)
was adapted as a reference pressure (approximately
1.34 kPa). The PGA spacer remained 97.5% and 96.9% of
its thickness under 1.6 kPa and 2.0 kPa pressures
(Fig 1C), respectively. From these results, the retention
force seems sufficient for clinical use.

The mean operative time was 194 minutes, and the
mean amount of blood loss was 116 mL. None of the
patients received blood transfusion. No patient developed
operation-related complications.

Estimation and efficacy of the PGA spacer

The thickness and volume of the PGA spacer were
measured in all patients. As expected, the thickness was
preserved by 80% from the initial spacer placement to
8 weeks of PT. Starting from the 10th week after place-
ment, the thickness and volume of the PGA spacer were
reduced to less than 10% in 32 weeks (Fig 2). A repre-
sentative feature for changes in the PGA spacer on CT
images is shown in Figure 3. A certain portion of
generated carbon dioxide is enclosed within the PGA
spacer, leading to estimated thickness and volume that
looks enlarged. Enclosed carbon dioxide is also seen in
the CT images of revised Figure 3. At 8 weeks, the carbon
dioxide was completely absorbed.

Improvement of distance between CTV and
adjacent organs via SSP

Figure 4A shows the changes in V95% (volume
receiving �95% of the prescribed dose) and D95 (dose
irradiated to �95% of the target volume) of the PTV in all
patients. The PTV V95% before SSP, at the initiation of
PT, and at the end of PT was 82.1% � 11.3%,
98.1% � 1.1%, and 97.1% � 0.8%, respectively. The
PTV D95 before SSP, at the initiation of PT, and at the
end of PT was 53.1 � 12.8 Gy (RBE), 68.9 � 1.0 GyE
(RBE), and 68.1 � 0.3 GyE (RBE), respectively. The
V95% and D95 should be � 95% and �66.9 Gy (RBE;
95% of the total dose), respectively, for curative intent
(clinical goals). None of the patients met the clinical goals
before SSP; however, all met the clinical goals throughout
the PT shown in the dose-volume histogram (Fig 4B).

The changes in OAR parameters in all patients are
demonstrated in Table 2. Violations of dose constraints
were observed in 2 patients, but replan was only needed
in 1 patient. In this patient (no. 4 in Table 2), violations of
the dose constraint for the large bowel were observed at 6
and 8 weeks after SSP. However, the exceeding volume
was minute, and thus a replan was not made. In the other
patient (no. 5 in Table 2), a violation of the dose
constraint for the rectum was observed at 6 weeks after
SSP. The exceeding dose necessitated a replan that
resulted in the D2cc being decreased to 42.1 Gy (RBE). In
both patients, violations of the dose constraints for the
large bowel and rectum were observed at the end of PT.

Adverse events

For SSP, 1 patient who previously underwent surgery
for the primary tumor experienced ileus (grade 2) at
12 days after SSP. This improved with conservative
treatment and fasting, and the planned schedule of PT was
conducted without delay.

For PT, acute dermatitis was observed in all patients
(grade 1 in 3 and grade 2 in 2). One patient experienced
grade 2 bone fracture in the sacrum; however, it developed
too early to be an adverse effect of PT. We considered that
the fracture was probably due to both the tumor-induced
fragility of the sacrum and mechanical stress from playing
tennis as the patient played tennis every week.

Discussion

This study evaluated the safety and efficacy of the
SMPT in the first-in-human clinical study. SMPT is a
promising method designed to allow for increased tumor
dose while limiting exposure to adjacent organs without
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Figure 1 (A) Macroscopic (left) and microscopic (right) features of the polyglycolic acid (PGA) spacer. (B) Computed tomography
(CT) or cone beam computed tomography (CBCT) images and Hounsfield unit number of the PGA spacer under dry and wet conditions.
(C) Pressure tests of the PGA spacer. Three independent tests were performed using 0.5 to 3.0 kPa pressures.
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retention of a foreign body after treatment. Presumably,
the most appropriate indication for this method is very
large tumors occurring in the pelvis, such as sacral
chordoma. Recently, several institutions have reported the
efficacy of PT in various kinds of bone and soft-tissue
sarcoma, including chordoma.17,20-22 However, in cases
in which the tumor is located adjacent to normal organs,
delivering curative doses to the tumor will be difficult
even if PT is adapted. Moreover, the outcomes of unre-
sectable chordoma are poor, and effective systemic
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treatment regimens using single or multiple chemothera-
peutic agents have not been reported until recently.23,24

Because SMPT is a curative strategy, it may be the
Before the
initiation of PT

At the end
of PT

Figure 3 Sagittal and axial computed tomography images of serial v
sacral chordoma. Yellow Z contours of the placed polyglycolic acid
most effective treatment option for unresectable sacral
chordoma.

Bioabsorbable nonwoven fabric spacer is a novel tool
in PT or radiation therapy. Therefore, its possible benefits
and risks need to be carefully discussed. The PGA spacer
is designed to maintain approximately 80% of its thick-
ness within 8 weeks and to spontaneously decrease in
volume thereafter.15 In our institution, PT protocols for
bone and soft-tissue sarcoma are the longest compared
with those for other malignant tumors. A 32-fraction
protocol spans 7 weeks, and a 16-fraction protocol
spans less than 4 weeks. PT is scheduled to start within
10 days after SSP. In general, SMPT for sarcoma is
completed within 8 weeks after SSP. In the current trial,
the PGA spacer maintained >80% of its thickness for
10 weeks. These results show that the PGA spacer is
feasible in most PT protocols. Another advantage of the
PGA spacer is that its thickness can be customized ac-
cording to tumor shape or anatomic difficulty. In this
study, validations of the site of placement and thickness
were carefully discussed by radiation oncologists and
surgeons before and during surgery. As shown in
Figure 3, a spacer >15 mm thick can be implanted at a
shallow site, whereas the maximum feasible thickness at
deeper sites is only 5 mm. Therefore, PGA spacers with
various thicknesses are necessary.

One possible risk of the PGA spacer is unexpected
migration or dislocation from the placement site. To avoid
1 month after 
the end of PT

5 months after 
the end of PT

olume changes of the polyglycolic acid spacer in a patient with
spacer. Abbreviation: PT Z particle therapy.
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this complication, the PGA spacer was placed using
nonabsorbable strings and tightly sewed to the peritoneum
or surrounding tissues. As a result, no migration was
observed in our series of patients. Another possible
complication is adhesion. In this study, 1 patient who
previously underwent surgery at the same site experi-
enced ileus, possibly caused by adhesion. Fortunately, the
ileus was managed via conservative treatments with
fasting, and the planned PT schedule was not delayed.
Notably, the other 4 patients who did not undergo any



Table 2 Change in organ at risk parameters

Patient
no.

OAR Dose
constraint

Before
SSP

Before the
initiation of PT

At the
initiation of PT

4 wk
after SSP

6 wk
after SSP

8 wk
after SSP

At the end
of PT

1 SB Dmax �53 Gy
(RBE)

53.0 19.8 18.5 18.3 19.9 20.3 27.3

2 LB Dmax �59 Gy
(RBE)

57.1 3.3 3.9 4.6 6.0 2.9 8.9

Rectum V65 � 17% 1.7 0.2 0.6 2.0 6.0 6.2 6.0
V40 � 35% 29.0 7.8 8.4 9.0 13.2 13.9 12.3

3 Rectum V65 � 17% 9.4 8.3 2.8 8.1 3.1 13.1 12.9
V40 � 35% 34.1 29.8 20.4 26.6 23.5 33.0 33.6

4 SB Dmax �53 Gy
(RBE)

51.4 23.0 22.8 29.2 39.7 19.9 48.5

LB Dmax �59 Gy
(RBE)

58.5 58.9 58.1 47.7 63.9* 65.6* 66.0*

Rectum V65 � 17% 2.6 2.0 1.1 0.8 4.2 12.6 11.5
V40 � 35% 33.8 27.9 22.6 25.1 29.1 36.0 31.9

5 Rectum D2cc < 44 Gy
(RBE)

43.5 30.7 40.8 27.2 58.2* � 60.6*

Abbreviations: Dmax Z maximum dose; D2cc Z dose for the most exposed 2-mL volume; LB Z large bowel; OAR Z organ at risk; PT Z particle
therapy; RBE Z relative biological effectiveness; SB Z small bowel; SSP Z surgical spacer placement; Vx Z volume receiving � x Gy (RBE).

* Violation of the dose constraints.
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prior surgery before SSP did not experience similar
symptoms. In the preclinical study of the PGA spacer,
adhesion was minimal.15 These findings show that adhe-
sion should be considered and carefully monitored during
the treatment period, particularly in patients who under-
went prior surgery. Furthermore, methods to avoid or
reduce adhesion, such as the use of an antiadhesion agent
in SSP, may be recommended.

The SMPT is expected to be applied for the treatment
of pediatric malignancies. Weber et al25 demonstrated the
effectiveness of proton therapy for various pediatric ma-
lignancies, such as chondrosarcoma, rhabdomyosarcoma,
Ewing sarcoma, and osteosarcoma. Proton therapy should
be considered particularly in young patients and
anatomically challenging cases in which irradiation to
tissues within high-dose areas can lead to impaired
growth and development, particularly in young children.
Proton therapy or carbon ion therapy may substantially
decrease long-term complications in tumors that are
typically located adjacent to dose-limiting structures, such
as the small bowel and bladder, and the use of the PGA
spacer seems to be more effective to decrease the risks of
complications in such cases. To the best of our knowl-
edge, no study has reported on the use or efficacy of the
SSP. We are now planning a phase 2 study of the SMPT
for pediatric malignancies.

Pinkawa et al9 reported that spacing between the
rectum and prostate by using a hydrogel spacer is a useful
method for decreasing the rectal doses. In a single-blind
randomized phase 3 trial conducted by Hamstra et al26

the hydrogel spacer was safe to apply, well tolerated,
and resulted in a significant rectal dose reduction.
Furthermore, the hydrogel spacer remained beneficial at
15 months for bowel toxicity, and quality of life was
maintained or improved in the 3-year median follow-up
period. However, the method was direct injection of
gels as guided by transrectal ultrasound, and the appli-
cability of this method seems to be limited in prostate
cancer.27 Although the concept of the gel spacer is
similar, its indication differs from that of the nonwoven
fabric PGA spacer, as shown in Table E1 (available
online at https://doi.org/10.1016/j.adro.2019.05.002).

Conclusions

The SMPT is feasible and useful for abdominal or
pelvic tumors adjacent to the intestines. This method may
be applicable to unresectable tumors located adjacent to
normal organs and may expand the indications of PT.
Further large-scale investigation to validate the applica-
bility and safety of SPMT are warranted in the near future.
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