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Abstract

Background and Aims: A potential method to reduce gastrointestinal toxicity during

radiation therapy in pancreatic head cancer is to create a physical space between

the head of the pancreas (HOP) and the duodenum. To date, there have been early

reports on the feasibility of endoscopic ultrasound (EUS)‐guided hydrogel injection

into the interface between the HOP and the duodenum to increase the peri‐
pancreatic space for radiotherapy. We aimed to evaluate the technical feasibility of

EUS‐guided hydrogel injection for the creation of space at the peri‐pancreatic inter-

face in a cadaveric model.

Methods: Baseline abdominal computerized tomography (CT) was performed on

three unfixed cadaveric specimens. The hydrogel was injected transduodenally into

the interface between the HOP and duodenum using linear‐array EUS and a 19G

needle for fine needle aspiration (FNA). This procedure was repeated along the

length of the HOP. CT imaging and gross dissection were performed after the pro-

cedure to confirm the localization of the hydrogel and to measure the distance

between the HOP and the duodenum.

Results: All cadavers underwent successful EUS‐guided injection of the hydrogel.

Cadavers 1, 2, and 3 were injected with 9.5, 27, and 10 cc of hydrogel, respectively;

along the HOP, the formation of the peri‐pancreatic space was a maximum size of

11.77, 13.20, and 12.89 mm, respectively. The hydrogel injections were clearly visu-

alized as hyperechoic bullae during EUS and on post‐procedure CT images without

any artifacts in all cases.

Conclusions: We demonstrated that EUS‐guided delivery of hydrogel is feasible,

and that it increases the peri‐pancreatic space in a cadaveric model. The polyethy-

lene glycol (PEG) hydrogel was clearly visible on EUS and CT, without significant

artifacts. This may lead to new treatment approaches for pancreatic carcinomas.
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1 | INTRODUCTION

Pancreatic cancer has a very poor prognosis, with a 5‐yr survival rate
of 8%, and is the third leading cause of cancer‐related deaths in the

United States.1 Surgical resection is required for long‐term survival

of patients with pancreatic cancer, but less than 20% of the diag-

nosed patients are eligible to undergo surgery.2 Patients who were

staged at the time of diagnosis as borderline resectable (median sur-

vival, up to 20 months), locally advanced or unresectable (median

survival, 8–14 months), and metastatic stage (median survival, 4–
6 months) face difficulty in qualifying for surgery.3 Despite the poor

prognosis in these patients, the primary tumors should be treated to

increase the number of patients who can eventually undergo surgery

and to slow down the complications resulting from the local progres-

sion of the primary tumor.4

One of the important treatment options for primary tumors is

chemoradiotherapy (CRT).4 The role of radiotherapy (RT) in locally

advanced pancreatic cancer (LAPC) is still under debated, but in

patients who respond to chemotherapy early on in the treatment,

CRT is one of the best ways to reduce the rate of local progres-

sion.5‐7 Recently, a steady improvement in RT has enabled higher

dose delivery to the primary site and increased the effectiveness of

chemotherapy.8 Among these methods, stereotactic body radiother-

apy (SBRT) increases the therapeutic effect by effectively delivering

a higher dose of radiation than the conventional single dose.4,6

Specifically, SBRT has two advantages: reducing the duration of RT

treatment and preventing breaks in chemotherapy.4,9 However,

SBRT has the disadvantage of increasing acute and late gastrointesti-

nal (GI) toxicity in adjacent organs such as the duodenum and stom-

ach.6 Accordingly, various efforts have been made to reduce the GI

toxicity of SBRT. For example, attempts have been made to reduce

the planning target volume (PTV) or deliver radiation during the

breathing cycle.10 However, reports on the effectiveness of these

previous methods are limited.

Recently, in order to reduce GI toxicity and deliver a more effec-

tive radiation dose to the primary tumor, biomaterials have been

injected between the GI wall and primary tumors to create a space for

separation.11 Until now, most of the studies have focused on RT for

prostate cancer, with no clinical studies on pancreatic cancer.11,12 A

good spacer requires the following: First, insertion should be easy.

Second, complications should be minimal, enough to be accepted.

Third, it should be stable after the insertion. Fourth, it should be visi-

ble upon imaging. Finally, it should be naturally degraded after the

treatment is finished.13 Currently available biomaterials include blood

patches, hyaluronic acid, and collagen.11,14 However, these biomateri-

als have a short durability, unreliable degradation, and uneven distri-

bution during RT treatment.14 Recently, a novel injectable hydrogel,

synthesized as iodinated polyethylene glycol (PEG) hydrogel micropar-

ticles, has attracted attention as a new spacer.15 PEG hydrogel has

several advantages over other biomaterials as characteristics include

water solubility, high mobility in solution, lack of toxicity, lack of

immunogenicity, and reliable excretion from the body.16 This new

injectable PEG hydrogel has been approved by the US Food and Drug

Administration (FDA) as a soft tissue fiducial marker and has been

known to be stable in vivo for 3 months, absorbed at 7 months, and

excreted through renal filtration.17 It was also stable and efficacious as

a rectal spacer in the Prostate Cancer Phase III trial.18 Anonymous

2017 reported the possibility of PEG hydrogel use and safety in pan-

creatic cancer radiation therapy in the cadaveric model and porcine

model.19,20 However, only a few cases have been directly applied to

humans. The standardization of techniques using endoscopic ultra-

sound (EUS), which has been widely used in recent years, has not been

established. We aimed to evaluate whether it is technically feasible to

inject a EUS‐guided hydrogel between the pancreatic head and duode-

num wall in a cadaveric model.

2 | MATERIALS AND METHODS

2.A | Cadaveric specimens

Three cadaveric specimens (refrigerated, unfixed, unfrozen, and dei-

dentified) were used within the first 3 days postmortem. This study

was conducted in accordance with approval by the institutional

review board of the authors’ affiliated institution.

2.B | PEG hydrogel

A novel injectable hydrogel, synthesized as iodinated PEG hydrogel

microparticles (TraceIT Tissue Marker; Augemenix, Waltham, MA,

USA) was used. PEG is an absorbable tissue marker that was

approved by the US FDA in 2013 and was approved as a fiducial

marker and gel system by the European Conformity (CE) Mark in the

same year.21 The TraceIT Tissue Marker consisted of a glass pre‐
filled syringe, a plastic receiving syringe, a sterilized luer‐luer connec-
tor, and a needle. The PEG hydrogel was mixed immediately before

use. After mixing five times between the two syringes, an injectable

PEG hydrogel was placed in a plastic receiving syringe (Fig. 1).21

2.C | EUS‐guided PEG hydrogel injection

Before the intervention, a baseline CT (Philips Brilliance Big Bore CT,

2‐mm slices, 120 kVp, 200 mA, and 60‐cm field of view) was per-

formed on each of the three unfixed cadaveric specimens. Using a

linear‐array EUS scope (Pentax EG‐3870UTK; Pentax Europe GmbH,

Hamburg, Germany) and ultrasound equipment unit (Hitachi‐Preirus
US platform, Hitachi Medical Corp., Tokyo, Japan), we identified the

space between the duodenal wall and the head of the pancreas in a

cadaveric model [Fig. 2(a)]. Then, we injected the PEG hydrogel into

the peri‐pancreatic space by creating a visible separation between

the duodenal wall and the pancreatic parenchyma using a standard

19‐gauge needle for fine needle aspiration (FNA) [Fig. 2(b)]. If there

was not enough space in the peri‐pancreatic space during the initial

PEG hydrogel injection, a small amount was first injected into the

boundary of the pancreatic parenchyma with withdrawal of the nee-

dle until the space was identified and created [Fig. 2(c)]. If the space

was readily observed in the real‐time EUS image with the needle
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located in the space, the PEG hydrogel was injected until sufficient

bullae were formed [Fig. 2(d)]. The needle was then removed from

the duodenal lumen. The procedure was repeated along the length

of the head and uncinate of the pancreas. All procedures were per-

formed by a skilled endoscopist. CT was performed immediately

after the procedure to confirm the location and to measure the dis-

tance between the duodenum and the pancreas. Gross dissection of

the pancreas and duodenum was performed by a pancreatobiliary

surgeon after CT to grossly evaluate localization and the effect of

the PEG hydrogel on the tissue.

2.D | Planning methods

SBRT simulation CT scans of the cadaveric specimens before and

after injection of the PEG hydrogel were acquired with a 2 mm slice

thickness (Philips Brilliance Big Bore CT, 120 kVp, 200 mA, 60‐cm
field of view). The CT scans were imported into a radiation therapy

planning system (Pinnacle; Philips Radiation Oncology Systems, Mil-

pitas, CA) to evaluate the effect of dose sparing from the injected

PEG hydrogel. Virtual tumors of 2 cm diameter were created in the

head of the pancreas in the simulation CT scans as gross tumor vol-

umes (GTVs). For SBRT treatment preparation, PTVs were created

with the expansion of a 2‐mm margin from the GTVs. Organs at risk

(OARs) including the proximal duodenum, small bowel liver, kidneys,

spinal cord, and stomach were contoured. Following our institutional

SBRT protocol with a prescription dose of 33 Gy in five fractions,

we set dose constraints for the proximal gastrointestinal OARs with

V15 Gy (volume receiving 15 Gy or more) as follows: <9 cc, V20

Gy < 3 cc, and V33 Gy < 1 cc. We also set the constraints for the

other OARs with liver V12 <50%, combined kidney V12 < 75%, and

(a) (b)
F I G . 1 . Polyethylene glycol (PEG)
hydrogel and needle. (a) The plastic
receiving syringe mounted on standard 19‐
gauge for fine needle aspiration needle. (b)
High viscosity PEG hydrogel.

F I G . 2 . EUS‐guided polyethylene glycol
(PEG) hydrogel injection. (a) EUS
endoscope in the duodenum to identify
the pancreatico‐duodenal interface for PEG
hydrogel insertion. (b) Insertion of a
standard for fine needle aspiration needle
into the pancreatic head margin. (c) A small
amount of PEG hydrogel is injected into
the interface between the pancreatic head
and duodenal wall. (d) The needle is
retracted slightly and placed securely in
the interface to inject the PEG hydrogel
until there is an adequate bullae.
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spinal cord V8 < 1 cc. Multiple beams (10 or 11), with a direct

machine parameter optimization algorithm, were used to generate

the SBRT plans, as previously described.22

3 | RESULTS

All three cadavers underwent a successful EUS‐guided injection of the

PEG hydrogel. An overview of the cadaveric specimens and the tech-

nical results are described in Table 1. In Cadaver 1, a total volume of

9.5 cc was injected along the interface between the head of the pan-

creas and duodenum, and the maximum diameter of the new space

formed between the pancreas and the duodenum was 11.77 mm

[Figs. 3(a)–3(c)]. In Cadaver 2, a total volume of 27 cc was injected

along the interface between the head of the pancreas and duodenum,

the maximum diameter of the new space formed between the head of

the pancreas and the duodenum was 13.2 mm [Figs. 3(d)–3(f)]. In

Cadaver 3, a total volume of 10 cc was injected along the interface

between the head of the pancreas and duodenum, the maximum diam-

eter of the new space formed between the pancreas and the duode-

num was 12.89 mm [Figs. 3(g)–3(i)]. In all three cases, the PEG

hydrogel was well observed by the hyperechogenic appearance of the

hydrogel on EUS during the procedure, and the localization of the

hydrogel injection was well observed in real time [Figs. 3(c), 3(f), and

3(i)]. In addition, the injected hydrogel was well observed due to its

hyperechogenicity on post‐procedure CT without artifacts in all cases

[Figs. 3(b), 3(e), and 3(h)]. After injection of the PEG hydrogel, all

cadavers were examined. Pre‐injection CT and post‐injection CT var-

ied substantially regarding anatomy (bowel regions and air bubbles).

However, the variation was not caused by hydrogel injection. During

the EUS, air enters the intestine through the scope. Therefore, the

anatomy shown by pre‐injection CT and post‐injection CT may appear

different. The dissection and formation of a new space between the

pancreatic head and duodenal wall were confirmed by gross histology.

The injected PEG hydrogel was well visualized as a blue gel (Fig. 4).

SBRT plans on the simulation CT scans before and after PEG injection

were evaluated for dosimetric analysis. Simulation CT scans before the

injection of the PEG hydrogel, showed that the proximal duodenum

overlapped the PTV regions [Fig. 5(a) and 5(d)]. This is because of the

2‐mm margin of expansion from the GTV to the PTV. Due to the over-

lap between the PTV and proximal duodenum, PTV coverage could

not be achieved without violating the dose constraint of the proximal

duodenum. The proximal duodenum V20 values were 3.86 and

3.75 cc for Cadaver 1 and Cadaver 2, respectively, both violating the

constraint of 3 cc as described previously. In Cadaver 2, the proximal

duodenum V15 value was 9.12 cc, which also violated the V15 dose

constraint. According to simulation CT scans after injection of the PEG

hydrogel, there was no overlap between the PTV and the proximal

duodenum [Fig. 5(b) and 5(e)]. The PEG hydrogel injected between the

pancreatic head and duodenum increased the separation between the

PTV and the proximal duodenum. As a result, both the SBRT plans of

the scans after PEG hydrogel injection met the dose constraints of the

proximal duodenum. For Cadaver 1, the proximal duodenum V20

decreased by 90.7% (3.86 cc vs 0.36 cc) and V15 decreased by 71.4%

(7.07 cc vs 2.02 cc). For Cadaver 2, the proximal duodenum V20

decreased by 71.2% (3.75 cc vs 1.08 cc) and V15 decreased by 57.1%

(9.12 cc vs 3.91 cc) [Figs. 5(c) and 5(f)].

4 | DISCUSSION

Until now, there have been only early studies on the technical feasi-

bility of PEG hydrogels in the pancreaticoduodenal space. Anony-

mous 2017 focused predominantly on the radiation oncology aspect

in terms of dosimetric and physical characteristics.19,20 Thus, this

study was conducted in a cadaveric model and is the first attempt to

show whether injecting PEG hydrogel between the pancreatic head

and the duodenum is technically feasible. According to the results of

the study, the novel PEG gel was clearly visualized during real‐time

EUS and was easily seen without artifacts as per post‐procedure
simulation CT. In addition, pathological evaluation revealed good

separation between the pancreatic head and duodenum. Using simu-

lation CT for the planning of virtual radiotherapy, the overlapping

area of the pancreatic head and the duodenal wall after PEG gel

injection was clearly reduced, and the duodenal PTV was also clearly

reduced. To date, PEG hydrogel injection via EUS has been reported

as a liquid fiducial marker in esophageal cancer, and two cases have

reported use in pancreatic cancer as an abstract only as a liquid fidu-

cial marker.23‐25 However, the role of PEG gel as a spacer via EUS

injection and its feasibility in pancreatic cancer are unknown.

To date, biomaterial spacers have been attempted to reduce GI

wall toxic side effects during RT, predominantly in prostate cancer,

including blood patch, hyaluronic acid, collagen, and PEG hydro-

gel.11,14,26 The blood patch is injected between the rectum and the

prostate to reduce the radiation dose on the rectal wall. However,

there were only three cases in the study, and only 1 week of follow‐
up was performed, rendering it difficult to evaluate long‐term stabil-

ity and clinical effectiveness.27 Hyaluronic acid (HA) is a

TAB L E 1 An overview of cadaveric specimens and technical results.

Syringe/Size of
FNA Needle Total volume on injection

Maximal diameter of
new space along HOP Ease of injection Localization of PEG

CT
visibility

EUS
visibility

Cadaver 1 1mL/ 19G 9.5 mL 11.77 mm Easy Good Excellent Good

Cadaver 2 1mL/ 19G 27.0 mL 13.20 mm Easy Good Excellent Good

Cadaver 3 1mL/ 19G 10 mL 12.98 mm Easy Good Excellent Good

Abbreviation: HOP, head of pancreas.

86 | KIM ET AL.



glycosaminoglycan‐based polymer present in human connective tis-

sue and the extracellular matrix, and has a high affinity for water,

similar to PEG hydrogel.28 At present, HA has been used in clinical

applications in two forms, one as a natural modification and the

other that is fully synthesized.26 There are several reports on the

role of HA in spacer treatment in the treatment of prostate cancer.26

HA is also known to be absorbed through the liver and kidneys 6–
12 months after injection.26,28 Unlike PEG hydrogels, however, expo-

sure to radiation accelerates the absorption period to 4–8 months.29

Although it may not be a significant problem considering the dura-

tion of radiation therapy in pancreatic cancer, this instability makes

it difficult to predict the absorption period after therapeutic radiation

exposure, which may be a disadvantage.29 Moreover, the viscosity

of HA is also known to be higher than that of PEG gel. For this rea-

son, 16G or 17G have been used for HA injections in previous pros-

tate cancer studies.29,30 However, in the case of pancreatic cancer,

HA injections may prove to be technically challenging due to the

need to use thinner and longer needles through EUS compared to

the needles used in the case of prostate cancer. Collagen is the most

abundant protein in the human body, is a major component of con-

nective tissue, and is widely used in clinical practice because of its

structural stability and stretch resistance in many tissues.26 However,

since collagen is volatile in nature, it is supplied in lyophilized form

and tends to aggregate during preparation for injection, which may

make it difficult to use in clinical practice; only one clinical study of

collagen, as a spacer, has been reported thus far.14,31

PEG hydrogels have a net‐like structure of PEG oligomers and can

safely contain large amounts of water. As a result, PEG gels are a

stable and flexible gel form.26 PEG hydrogels have several advantages:

First, the PEG hydrogel was dimensionally stable for 3 months, fol-

lowed by rapid disappearance. In comparison, HA is enzymatic and

shrinks over time.15,32,33 This enables the physician to see the critical

F I G . 3 . Pre‐ and post‐CT and endoscopic ultrasound (EUS) images of polyethylene glycol (PEG) hydrogel injection. (a) Pre‐injection CT on
Cadaver 1. (b) Post‐injection CT on Cadaver 1, the orange arrow indicates injected PEG hydrogel. (c) EUS imaging during PEG hydrogel
injection on Cadaver 1, the orange region delineates injected PEG hydrogel. (d) Pre‐injection CT on Cadaver 2. (e) Post‐injection CT on
Cadaver 2, the orange arrow indicates injected PEG hydrogel. (f) EUS imaging during PEG hydrogel injection on Cadaver 2, the orange region
delineates injected PEG hydrogel. (g) Pre‐injection CT on Cadaver 3. (h) Post‐injection CT on Cadaver 3, the orange arrow indicates injected
PEG hydrogel. (i) EUS imaging during PEG hydrogel injection on Cadaver 3, the orange region delineates injected PEG hydrogel. (Abbreviations;
P, Pancreas, D, Duodenum, Asterisk, 19G FNA needle.).
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interface between the PTV and the OARs throughout RT, which has

benefits for localization, tracking, and alignment. Second, the PEG

hydrogel had a predictable absorption rate (excreted by

7 months).15,32 Third, PEG molecules are unchanged when exposed to

therapeutic radiation, whereas HA molecules are lysed, resulting in an

increased absorption rate.34,35 Fourth, PEG hydrogel has a lower vis-

cosity than HA, enabling fine needle injections via EUS FNA needle. In

the prostate cancer study, an 18G needle was used to inject the PEG

hydrogel compared to a 16‐17G needle needed for HA injec-

tion.13,14,26,29,32 Also, in the case of thoracic and esophageal malignan-

cies a 22G needle was used.17,24 The PEG hydrogel must be injected

at a faster rate than HA and collagen because the substance solidifies

in approximately 10 s after exposure to water. However, the low vis-

cosity compared to HA and collagen at the first injection provides the

advantage of ease of injection within the needle and can be used in

relatively thin and long needles like the EUS‐FNA needle.26,35 Fifth,

PEG hydrogel is synthetic and proven to be bacteriostatic, suggesting

that the risk of infection is low and theoretically, there is a very low

possibility of an immunological reaction.26

This is the first study to use TracelT as a spacer in the pancreas.

The PEG hydrogel used in the previous prostate cancer study was

SpaceOAR (SpaceOAR System, Augmenix, Inc., Waltham, MA). There

are several technical reasons why we did not use SpaceOAR. First, the

hydrogel in the SpaceOAR system must be injected simultaneously.

Otherwise, the delivery system will clog, making further injections

impossible. This property may result in an uneven gel distribution

between the pancreas and the duodenal wall after injection.

The best way to inject a PEG hydrogel between the pancreatic

head and duodenum is by using the standard FNA needle under EUS

guidance. In pancreatic disease, EUS allows real‐time monitoring of

pancreatic lesions, and the safety and efficacy of FNA needle use

are well known.36 These advances in technology have enabled vari-

ous therapeutic interventions for pancreatic lesions.37 The technique

of injecting PEG hydrogel through EUS between the pancreatic head

and duodenum is not significantly different from that of conventional

EUS‐guided interventions. However, the PEG hydrogel injection

technique differs from existing EUS interventions as follows. First,

the PEG hydrogel should be observed in real time using EUS. In this

study, a novel injectable hydrogel, synthesized as iodinated PEG

hydrogel microparticles, was easily visualized on EUS due to its

hyperechoic appearance. Second, the viscosity of the liquid spacer is

very important in pancreatic applications because the needle avail-

able for EUS is thinner (19–25 gauge) and longer (working length:

137.5 cm to 141.5 cm), compared to the needles used in the previ-

ous prostate cancer study.38 The PEG hydrogel used in this study

was easily injected through a standard 19G FNA needle. Third, the

pancreatic head is closely adherent to the duodenum without a visi-

ble space between them on real‐time EUS or other imaging studies,

but there is a potential space. Therefore, we started to inject at the

pancreatic head margin first, and when there was a small space

between the pancreatic head and the duodenum, the needle was

pulled back slightly to securely place it at the interface. Although

PEG hydrogel was used as a fiducial marker in pancreatic cancer in a

previous study, the effect of PEG hydrogel on pancreatic tissue was

poorly studied.23 Fourth, the inserted spacer should be stable during

RT. It is possible to predict that the hydrogel injection is stable even

in the vicinity of the pancreatic head because it was previously

shown to be stable in a study using TraceIt in esophageal cancer,

(a)

(b)

(c)

(d)

(e)

(f)

F I G . 4 . Gross histology pictures after polyethylene glycol (PEG) hydrogel injection. (a & b) Cadaver 1. (c & d) Cadaver 2. (e & f) Cadaver 3.
The dissection and formation of the new space between the pancreatic head and the duodenal wall was well observed after PEG hydrogel
injection in all cadaveric models. Green area delineates injected PEG hydrogel. (Abbreviations; P, Pancreas, D, Duodenum, S, Stomach.).
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where mediastinal structures are associated with significant physio-

logic movements. In this study, it was confirmed that the PEG hydro-

gel injections were stable, as pancreatic head and duodenal

dissection were performed visually and microscopically post‐
procedure.25

This study has limitations in that the cadaver model was used,

and the number of cases was small. Notably, the structures around

the pancreas of the cadaver model and the human are clearly differ-

ent. It is difficult to distinguish blood vessels in cadavers on EUS

because there is no flow in the vessels of the phantom. In addition,

the duodenum wall of the cadaver model was also thinner than in

humans, so it was difficult to find the plane to initiate the hydrogel

injection. In addition, there is also no breathing/motion issue for

cadavers. Although the area around the pancreas is more complex

than the prostate, EUS allows real‐time monitoring of pancreatic

lesions, and the safety and efficacy of FNA needle use are well

known. The technique of injecting PEG hydrogel through EUS

between the pancreatic head and duodenum is not significantly dif-

ferent from that of conventional EUS‐guided injections. In addition,

in general, when EUS is performed, the movement of the walls of

the pancreas and duodenum is relatively small. Moreover, as the

duodenal wall tissue is viable in real patients, the procedure may be

technically easier in real patients than in a cadaver. Another limita-

tion is that we could not quantify the increase in the

pancreaticoduodenal space in the three dimensions after PEG injec-

tion. Therefore, further studies are needed to evaluate the potential

clinical applications of PEG hydrogel injections. First, it is necessary

to confirm that the PEG hydrogel can be inserted through a thinner

22G needle. If possible, using a thinner needle will make the proce-

dure technically easier in the duodenum and potentially less likely to

cause complications such as aborted procedures, perforation, and

bleeding. Second, more research is needed to determine the effect

of PEG hydrogel on the pancreatic parenchyma and duodenal wall.

Theoretically, it should be easier to find the space between the pan-

creatic head and duodenum in a clinical model than in a cadaver

model. However, given the high likelihood that a portion of the

spacer will be injected into the pancreatic parenchyma and duodenal

wall, further studies are needed to evaluate its safety and the poten-

tial for causing other complications such as inflammation, compres-

sion necrosis, or the like in the tissue. Third, it is necessary to

investigate whether the injected PEG hydrogel can be maintained in

a stable position in the space between the pancreatic head and duo-

denum during RT. Lastly, the injected hydrogel volume is decided

during the procedure. During the EUS guided hydrogel injection, the

injection volume or the number of blebs increases until the spacing

requirement is achieved. To reduce OARs, the minimum amount of

hydrogel required, should be discussed with the radio‐oncologist,
and a more well‐designed overlap volume prediction model, to

(a)

(b)

(c)

(d)

(e)

(f)

F I G . 5 . Comparison of planning target
volume (PTV) on simulation planning CT
according to stereotactic body
radiotherapy (SBRT) virtual treatment plan
before and after polyethylene glycol (PEG)
hydrogel injection. (a & b & c) Cadaver 1.
(d & e & f) Cadaver 2. (a) Pre‐injection
simulation CT on Cadaver 1. (b) Post‐
injection simulation CT on Cadaver 1. (d)
Pre‐injection simulation CT on Cadaver 2.
(e) Post‐injection simulation CT on Cadaver
2. In simulated CT before injection of PEG
hydrogel, the PTV of the duodenum and
the pancreas region seem to overlap, but
after the PEG hydrogel injection, there is
no overlap between the PTV of the
duodenum and the pancreas region on the
simulation CT. (Green area denotes
duodenum, Red area denotes pancreas) (c
& d) Dose‐volume histograms show the
changes in the proximal duodenum overlap
volume histogram metric (pre‐spacer
proximal duodenum [pink line], post‐spacer
proximal duodenum [green line]), and PTV
coverage placement (pre‐spacer PTV [red
line] and post‐spacer PTV [orange line]).
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predict the hydrogel spacing required to achieve clinical constraints,

is needed in the future.

5 | CONCLUSIONS

We demonstrated that EUS‐guided delivery of hydrogel is feasible,

and that it increases the peri‐pancreatic space in a cadaveric

model. The PEG hydrogel was clearly visualized on EUS and CT,

without significant artifacts. This EUS‐guided technique of inject-

ing PEG hydrogel between pancreatic head tumors and the duode-

num to separate the duodenum from the tumor for higher

radiation dosage while protecting the duodenum may open up

new paradigms for radiotherapy in pancreatic cancer. The self‐
absorbing capacity of the hydrogel in 3 months provides sufficient

time for effective radiation delivery and recovery, thereby increas-

ing its attractiveness for clinical application. Further studies are

warranted to evaluate the feasibility, effectiveness, and safety of

clinical models.

ACKNOWLEDGMENTS

This study was supported by research funds from a newly

appointed professor at Jeonbuk National University in 2018. The

authors thank Prof. Eun Jee Lee for help with the illustrations

in Figure 2. We thank Editage (www.editage.co.kr) for English lan-

guage editing.

[Correction added on June 5, 2021, after first online publication:

Prof. Eun Ji Lee has been changed to Prof. Eun Lee Lee in the

acknowledgment section.]

AUTHOR CONTRIBUTION

Study concept and design: S.K., K.D., A.R., A.N., and E.S. Acquisition

of data analysis and interpretation of data: S.K., K.D., A.R., J.H., A.N.,

and E.S. Drafting of the manuscript: S.K., K.D., and E.S. Critical revi-

sion of the manuscript for important intellectual content: A.R., J.H.,

M.S.B., J.M.H., and A.N. Supervision: E.S. All the authors have

approved the final version of the manuscript and agree to be

accountable for all aspects of the work in ensuring that questions

related to the accuracy or integrity of any part of the work are

appropriately investigated and resolved.

CONFLICT OF INTEREST

Kai Ding was supported by the Augmenix research. Manoop S. Bhu-

tani was supported by OncoSil‐research, Galera‐research, Augmenix‐
research, and Silenseed‐research support. Joseph M. Herman was

supported by Augmenix research, Medtronic consultant, and 1440

foundation. Amol Narang supported the Augmenix research. Eun Ji

Shin was supported by the Boston Scientific Consultant and Medtro-

nic consultant. The other authors declare that they have no conflicts

of interest.

ETHICAL APPROVAL

This study was conducted in December 2016, according to the insti-

tutional review board approval by John Hopkins Hospitals

(CIR00023988).

DATA AVAILABIL ITY STATEMENT

The data that support the findings of this study are available from

the corresponding author upon reasonable request.

REFERENCES

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017. CA Cancer J

Clin. 2017;67:7–30.
2. Conroy T, Bachet JB, Ayav A, et al. Current standards and new inno-

vative approaches for treatment of pancreatic cancer. Eur J Cancer.

2016;57:10–22.
3. Vincent A, Herman J, Schulick R, Hruban RH, Goggins M. Pancreatic

cancer. Lancet. 2011;378:607–620.
4. Brunner TB, Nestle U, Grosu AL, Partridge M. SBRT in pancreatic

cancer: what is the therapeutic window? Radiother Oncol. 2015;

114:109–116.
5. Mukherjee S, Hurt CN, Bridgewater J, et al. Gemcitabine‐based or

capecitabine‐based chemoradiotherapy for locally advanced pancre-

atic cancer (SCALOP): a multicentre, randomised, phase 2 trial. Lan-

cet Oncol. 2013;14:317–326.
6. Cattaneo GM, Passoni P, Longobardi B, et al. Dosimetric and clinical

predictors of toxicity following combined chemotherapy and moder-

ately hypofractionated rotational radiotherapy of locally advanced

pancreatic adenocarcinoma. Radiother Oncol. 2013;108:66–71.
7. Hammel P, Huguet F, van Laethem JL, et al. Effect of chemoradio-

therapy vs chemotherapy on survival in patients with locally

advanced pancreatic cancer controlled after 4 months of gemcitabine

with or without erlotinib: the LAP07 randomized clinical trial. JAMA.

2016;315:1844–1853.
8. Loehrer PJ Sr, Feng Y, Cardenes H, et al. Gemcitabine alone versus

gemcitabine plus radiotherapy in patients with locally advanced pan-

creatic cancer: an Eastern Cooperative Oncology Group trial. J Clin

Oncol. 2011;29:4105–4112.
9. Petrelli F, Comito T, Ghidini A, Torri V, Scorsetti M, Barni S. Stereo-

tactic body radiation therapy for locally advanced pancreatic cancer:

a systematic review and pooled analysis of 19 trials. Int J Radiat

Oncol Biol Phys. 2017;97:313–322.
10. Heerkens HD, van Vulpen M, van den Berg CAT, et al. MRI‐based

tumor motion characterization and gating schemes for radiation

therapy of pancreatic cancer. Radiother Oncol. 2014;111:252–257.
11. Fischer‐Valuck BW, Chundury A, Gay H, Bosch W, Michalski J. Hydro-

gel spacer distribution within the perirectal space in patients undergo-

ing radiotherapy for prostate cancer: impact of spacer symmetry on

rectal dose reduction and the clinical consequences of hydrogel infil-

tration into the rectal wall. Pract Radiat Oncol. 2017;7:195–202.
12. Te Velde BL, Westhuyzen J, Awad N, Wood M, Shakespeare TP.

Can a peri‐rectal hydrogel spaceOAR programme for prostate cancer

intensity‐modulated radiotherapy be successfully implemented in a

regional setting? J Med Imaging Radiat Oncol. 2017;61:528–533.
13. Pinkawa M, Piroth MD, Holy R, Escobar‐Corral N, et al. Spacer sta-

bility and prostate position variability during radiotherapy for pros-

tate cancer applying a hydrogel to protect the rectal wall. Radiother

Oncol. 2013;106:220–224.
14. Hatiboglu G, Pinkawa M, Vallee JP, Hadaschik B, Hohenfellner M.

Application technique: placement of a prostate–rectum spacer in

men undergoing prostate radiation therapy. BJU Int. 2012;110:

E647–E652.

90 | KIM ET AL.

http://www.editage.co.kr


15. Mariados N, Sylvester J, Shah D, et al. Hydrogel spacer prospective

multicenter randomized controlled pivotal trial: dosimetric and clini-

cal effects of perirectal spacer application in men undergoing pros-

tate image guided intensity modulated radiation therapy. Int J Radiat

Oncol Biol Phys. 2015;92:971–977.
16. Kozlowski A, Charles SA, Harris JM. Development of pegylated

interferons for the treatment of chronic hepatitis C. BioDrugs.

2001;15:419–429.
17. de Souza LL, Ford E, Gilbert C, et al. Novel applications of an inject-

able radiopaque hydrogel tissue marker for management of thoracic

malignancies. Chest. 2013;143:1635–1641.
18. Hamstra DA, Mariados N, Sylvester J, et al. Continued benefit to

rectal separation for prostate RT: final results of a phase III trial. Int

J Radiat Oncol Biol Phys. 2017;97:976–985.
19. Rao AD, Feng Z, Shin EJ, et al. A novel absorbable radiopaque

hydrogel spacer to separate the head of the pancreas and duodenum

in radiation therapy for pancreatic cancer. Int J Radiat Oncol Biol

Phys. 2017;99:1111–1120.
20. Rao AD, Shin EJ, Beck SE, et al. Demonstration of safety and feasi-

bility of hydrogel marking of the pancreas‐duodenum interface for

image guided radiation therapy (IGRT) in a porcine model: implica-

tions in IGRT for pancreatic cancer patients. Int J Radiat Oncol Biol

Phys. 2018;101:640–645.
21. Augmenix. TraceIT® Hydrogel. http://www.spaceoar.com/who‐we‐

are/additional‐products/traceit/. Accessed March 5, 2017.

22. Su L, Iordachita I, Zhang Y, et al. Feasibility study of ultrasound

imaging for stereotactic body radiation therapy with active breathing

coordinator in pancreatic cancer. J Appl Clin Med Phys. 2017;18:84–96.
23. Ussui V, Kuritzky N, Berzosa M. EUS‐guided liquid fiducial placement

for stereotactic radiotherapy in pancreatic cancer: feasibility study.

Endosc Ultrasound. 2018;7:135–136.
24. Machiels M, van Hooft J, Jin P, et al. Endoscopy/EUS‐guided fiducial

marker placement in patients with esophageal cancer: a comparative

analysis of 3 types of markers. Gastrointest Endosc. 2015;82:641–
649.

25. Jin P, Hulshof MCCM, de Jong R, van Hooft JE, Bel A, Alderliesten

T. Quantification of respiration‐induced esophageal tumor motion

using fiducial markers and four‐dimensional computed tomography.

Radiother Oncol. 2016;118:492–497.
26. Mok G, Benz E, Vallee JP, Miralbell R, Zilli T. Optimization of radia-

tion therapy techniques for prostate cancer with prostate‐rectum

spacers: a systematic review. Int J Radiat Oncol Biol Phys.

2014;90:278–288.
27. Morancy T, Winkfield KM, Karasiewicz Kaplan ID. Use of a blood‐

patch technique to reduce rectal dose during cesium‐131 prostate

brachytherapy. Int J Radiat Oncol Biol Phys. 2008;72:S331–S332.
28. Volpi N, Schiller J, Stern R, Soltes L. Role, metabolism, chemical

modifications and applications of hyaluronan. Curr Med Chem.

2009;16:1718–1745.
29. Boissier R, Udrescu C, Rebillard X, et al. Technique of injection of

hyaluronic acid as a prostatic spacer and fiducials before hypofrac-

tionated external beam radiotherapy for prostate cancer. Urology.

2017;99:265–269.
30. Wilder RB, Barmer GA, Gilbert RF, et al. Cross‐linked hyaluronan gel

reduces the acute rectal toxicity of radiotherapy for prostate cancer.

Int J Radiat Oncol Biol Phys. 2010;77:824–830.
31. Noyes WR, Hosford CC, Schultz SE. Human collagen injections to

reduce rectal dose during radiotherapy. Int J Radiat Oncol Biol Phys.

2012;82:1918–1922.
32. Song DY, Herfarth KK, Uhl M, et al. A multi‐institutional clinical trial

of rectal dose reduction via injected polyethylene‐glycol hydrogel

during intensity modulated radiation therapy for prostate cancer:

analysis of dosimetric outcomes. Int J Radiat Oncol Biol Phys.

2013;87:81–87.
33. Tesar B, Jiang D, Liang J, Palmer SM, Noble PW, Goldstein DR. The

role of hyaluronan degradation products as innate alloimmune ago-

nists. Am J Transplant. 2006;6:2622–2635.
34. Ruciński A, Bauer J, Campbell P, et al. Preclinical investigations

towards the first spacer gel application in prostate cancer treatment

during particle therapy at HIT. Radiat Oncol. 2013;8:134.

35. Daar E, King L, Nisbet A, Thorpe RB, Bradley DA. Viscosity changes

in hyaluronic acid: irradiation and rheological studies. Appl Radiat

Isot. 2010;68:746–750.
36. Kedia P, Gaidhane M, Kahaleh M. Technical advances in endoscopic

ultrasound (EUS)‐guided tissue acquisition for pancreatic cancers:

how can we get the best results with EUS‐guided fine needle aspira-

tion? Clin Endosc. 2013;46:552–562.
37. Ryozawa S, Fujita N, Irisawa A, Hirooka Y, Mine T. Current status of

interventional endoscopic ultrasound. Dig Endosc. 2017;29:559–566.
38. Yamabe A, Irisawa A, Bhutani MS, et al. Efforts to improve the diag-

nostic accuracy of endoscopic ultrasound‐guided fine‐needle aspira-

tion for pancreatic tumors. Endosc Ultrasound. 2016;5:225.

KIM ET AL. | 91

http://www.spaceoar.com/who-we-are/additional-products/traceit/
http://www.spaceoar.com/who-we-are/additional-products/traceit/

