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ABSTRACT

Current treatment options for patients with unresectable locally advanced pancreatic cancer (LAPC) include chemotherapy
alone or followed by chemoradiation or stereotactic body radiotherapy. However, the prognosis for these patients remains
poor, with a median overall survival <12 months. Therefore, novel treatment options are needed. Currently, there is no
brachytherapy device approved for pancreatic cancer treatment. Hereby, we present the protocol of a prospective, multicenter,
interventional, open-label, single-arm pilot study (OncoPac-1, Clinicaltrial.gov-NCT03076216) aiming to determine the
safety and efficacy of Phosphorus-32 when implanted directly into pancreatic tumors using EUS guidance, for patients with
unresectable LAPC undergoing chemotherapy (gemcitabine + nab-paclitaxel).
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INTRODUCTION

Pancreatic ductal adenocarcinoma is associated with
a poor prognosis and has an increasing impact on
cancer-related mortality worldwide. Pancreatic cancer
is projected to become the second leading cause of
cancer-related deaths by 2030."

There is no uniform consensus regarding standard
of care treatment of unresectable locally advanced
pancreatic cancer (LAPC). The current treatment
options include chemotherapy alone or chemotherapy
followed by chemoradiotherapy or stereotactic
body radiation therapy (SBRT). Conventional
radiotherapy (CRT) over 5-6 weeks has been used to
treat patients with advanced disease and is usually given
concurrently with gemcitabine or fluoropyrimidine-based
chemotherapy. However, CRT is limited by the
amount of radiation that can be delivered to the
gastrointestinal (GI) tract due to side effects.”) SBRT
uses high doses of RT that can be delivered in only
1 week and offers a similar local control as CRT
while sparing surrounding normal tissues.’! While
these advances have led to improved tumor control,
downstaging remains limited and thus the likelihood
of surgery is low. In addition, the current doses
of radiation have resulted in pathological complete
remission (pCR) rates of only 10%, suggesting that
higher radiotherapy doses are needed for achieving
better pCR rates.!

Brachytherapy is a form of radiotherapy where
radioactive seeds, microparticles, or liquids are placed
directly into or adjacent to the tumor. This technique
is currently used in the treatment of prostate, cervical,
and breast cancer, but also in other malignancies
(lung, head and neck, and liver cancer).”® With
brachytherapy, the target tissue is exposed to a steady
emission of low-energy gamma, X-rays, or beta
particles, which leads to localized tissue injury and
tumor ablation. Brachytherapy can deliver a much
higher dose of radiation to the tumor when compared
to external beam radiation therapy where radiation
beams need to traverse normal structures to treat the
tumor, thus resulting in collateral toxicity and damage
to normal tissue.

There is currently no brachytherapy device approved
for the treatment of pancreatic cancer. However, there
is evidence to suggest that brachytherapy can deliver
a higher dose of radiation and has the potential to

I ENDOSCOPIC ULTRASOUND / VOLUME 9 | ISSUE 1 / JANUARY-FEBRUARY 2020

offer local control and to provide palliative benefits in
patients with LAPC who have few treatment options
and whose prognosis is otherwise poor.” " Trials and
commercialization of brachytherapy treatments and
devices utilizing radioisotopes of phosphorus-32 (P-32),
iodine, gold, iridium, and yttrium have been
undertaken.*'¥l However, none of these radioactive

agents has entered routine clinical practice.

Various techniques for delivery of local radiation have
been reported. Initially, intraoperative brachytherapy
was used for patients who received palliative surgery.!'
Other methods to place radioactive seeds within
the tumor include computed tomography (CT) or
ultrasound-guided procedures.'”” EUS has evolved as
an interventional procedure, and multiple agents can
be delivered under EUS guidance.”” Thus, EUS is
not only useful in the delivery of fiducial markers for
guiding external radiotherapy but can also be employed
to deliver radioactive seeds into solid tumors. Compared
with percutaneous implantation using CT or abdominal
ultrasound, EUS provides a clear real-time image, with
a more direct puncture pathway.

Conversion to resectability is one of the goals of the
treatment in LAPC, although actual downstaging of
tumors with the current treatment strategies is very
uncommon. EUS-guided brachytherapy in conjunction
with chemotherapy may increase the proportion of
LAPC patients undergoing surgery or result in more
durable local control than conventional treatments.

RATIONALE AND OBJECTIVE

P-32 has been previously investigated in combination
with gemcitabine monotherapy in 23 patients with
LAPC and metastatic disease in two phase 1l clinical
studies which demonstrated acceptable tolerability and
safety profile. One of the studies” was presented
as an abstract and the other one is on file with the
company. Efficacy data showed potential with evidence
of a target tumor response rate of 23% and a target
disease control rate of 82%. These studies suggested
that EUS-guided implantation of P-32 is a feasible
method of delivery.

The OncoPac-1 multicenter clinical trial is further
investigating the safety of P-32 radiolabeled
microparticles (OncoSil™) when implanted
directly pancreatic using EUS
for patients with unresectable LAPC undergoing

into tumors
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chemotherapy (clinicaltrials.gov, NCT03076210).
This is the first US experience with P-32. The
implanted activity is intended to deliver an average
radiation absorbed dose of 100 Gy (£20%) within
the tumor. The dose of 100 Gy proposed in the
present OncoPac-1 study has been selected as it has
shown to be safe and well tolerated in a previous
phase II pancreatic cancer clinical trial (DB2-201)
that encompassed the largest pool of patients to
date (17 patients).”"!

In the OncoPac-1 trial, the eligible patients receive
either gemcitabine or gemcitabine + nab-paclitaxel
chemotherapy plus P-32 brachytherapy.

The primary endpoint is safety and tolerability of P-32
administered in combination with chemotherapy. The
common terminology criteria for adverse events (AEs)
are being used to grade and report AEs. The following
secondary endpoints are also being assessed: feasibility,
local progression-free survival, progression-free survival,
overall survival, pain scores, impaired function, and
volumetric target tumor changes [Table 1].

STUDY DESIGN

OncoPac-1 is a prospective, multicenter, interventional,
open-label, single-arm pilot study aiming to
determine the safety of P-32 when implanted
directly into pancreatic tumors using EUS guidance,
for patients with unresectable LAPC undergoing
chemotherapy (gemcitabine * nab-paclitaxel) [Figure 1].
This clinical trial is being conducted at 3 sites in the
United States.

Patients are enrolled into the study only if they meet all
of the required criteria at screening. The key eligibility
criteria for this study are as follows: histological-/
cytological-proven pancreatic adenocarcinoma;
unresectable LAPC, without distant metastasis; target
tumor diameter 2—-6 c¢cm, Eastern Cooperative Oncology
Group performance Status 0—1; and naive treatment
patients [Table 2].

The appropriate chemotherapy regimen is determined
by the treating oncologist on an individual
subject basis and administered in accordance with
the manufacturer’s approved intended purpose,
indications for use, and conditions of approval.
Chemotherapy commences at a maximum of 14 days
postenrollment. The EUS-guided implantation of P-32

Table 1. Study endpoints
Study endpoints for OncoPac-1
Primary endpoint

Safety and Adverse events are graded and

tolerability reported using The CTCAE version 4.0
Secondary endpoints

Local Time from enrollment to the date

progression-free of the CT scan that shows local

survival tumor progression or date of death.

Individuals are assessed for target
tumor response every 8 weeks
from visit 1 until end of study

Time from enrollment to the

date of tumor progression or of
recurrence. Progression of disease
outside of the pancreas are
measured by the investigator in
accordance to RECIST 1.1 criteria
Time from enrollment to the

date of death from any cause

Pain is assessed using the EORTC QLQ-
PAN26 assessment questionnaire and

a numerical rating scale. Measured

at each study visit for the duration of
the study, an average of 12 months
Impaired function is evaluated using
ECOG performance status and Karnofsky
performance status. Measured at

each study visit for the duration of

the study, an average of 12 months
Tumor response is evaluated looking

at the change in target tumor volume
measurement. A central reading center
(ImagelQ) will analyze all CT scans to
measure target tumor volume changes
from baseline. The baseline tumor
volume measurement will also be used to
determine the P-32 volume to be injected
CTCAE: Common Terminology Criteria for Adverse Events, CT: Computed
tomography, ECOG: Eastern Cooperative Oncology Group,

EORTC QLQ-PAN26: European Organization for Research and Treatment of
Cancer Pancreatic Cancer module

Progression-free
survival

Overall survival

Pain scores

Impaired function

Target tumor
volumetric change

microparticles occurs during the 4™ or 5" week of
the 1* cycle of chemotherapy. Following implantation,
the prescribed chemotherapy regimen is resumed.
Due to the potential of chemotherapy agents to be
radiosensitizing, at least 48 h must elapse either side
of the P-32 implantations to the start/finish of the
chemotherapy infusion.

To assess the intratumoral and potential extratumoral
distribution of microparticles, bremsstrahlung
whole-body planar plus single-bed single photon
emission CT/(SPECT)/CT imaging is petrformed within
4 h postimplantation and repeated 7 days after.

Follow-up CT scans are repeated every 8 weeks to
assess volumetric tumor response. A medical review
of all AEs reported by patients will continue until
104 weeks post enrollment of the last patient.
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Screening Gemcitabinetnab-paclitaxel cycles

Chemotherapy to commence within

0-14 days post enroliment

Week 1-3

Week 4

Figure 1. Study design

METHODS

Study device

OncoSil is an investigational brachytherapy device
containing P-32-radiolabeled microparticles uniformly
suspended within a diluent. The P-32 microparticles
have been designed to deliver a localized distribution
of beta-radiation within the target tumor. The radiation
from these particles causes direct damage to cancer cell
DNA, which renders them incapable of further cell
division and proliferation. Through this mechanism,
P-32 is able to stop cancer cells from multiplying
which leads to tumor shrinkage. The diluent is a
viscous suspension that serves as a carrier to facilitate
intratumoral implantation of the microparticles.

The microparticles are manufactured in Germany,
and P-32 is produced via neutron activation of the
microparticles in a nuclear reactor. The activity for
each patient is dispensed, sterilized, and packaged for
shipment to the study site. Twenty-eight days between
placing an order and availability of P-32 at the study
site is required.

Dose calculation and preparation

The baseline target tumor volume is estimated from the
screening/baseline CT scan and is used to calculate the
volume of diluent containing the P-32 to be implanted.
The P-32 microparticles and diluent are combined in
accordance with a predefined suspension preparation
protocol.

A single dose is implanted into the tumor using
the final suspension of P-32 with a radioactivity
concentration of 6.6 MBq/mL (the radioactivity
concentration required,

with an implanted
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EUS-guided
P-32 Implantation

Safety profile
Overall Survival

Continuation of
chemotherapy cycles

Bremsstrahlung
SPECTI/CT imaging
(4 hours & 7 days
Post-implantation)

Week 5 and Onwards

Table 2. Inclusion and exclusion criteria for
OncoPac-1 enroliment

Key eligibility criteria

Histologically or cytologically proven pancreatic adenocarcinoma
Unresectable locally advanced pancreatic carcinoma
Pancreatic target tumor diameter: 2-6 cm

ECOG performance status 0-1

No distant metastases

No prior radiotherapy or chemotherapy for pancreatic cancer
>18 years of age at screening

ECOG: Eastern Cooperative Oncology Group

volume/tumor volume of 8%, to deliver 100 Gy to
the tumor mass).

The two equations shown below are used to calculate
actual volume of P-32 dispensed and then implanted:

Volume to be implanted (mL)

= Tumor volume (mL) X i
100

Activity to be implanted (MBq) = Volume to be
implanted (mL) X 6.6

The required volume is drawn up into a 3 or 5 mL
syringe within a beta shield which is placed in a lead
transport box. The dispensed dose must be used
within 24 h of preparation and stored between 15°C
and 25°C. The nuclear medicine technologist or a
radiopharmacist dispenses the dose and transports it to
the endoscopy suite.

Preimplantation considerations
An overview of the P-32 implantation is shown in

Figure 2.
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Pre-Implantation

Patient instructed to be NPO after

midnight for procedure recorded.

e Target pancreatic lesion is identified
o After identifying safe window, FNA
needle is placed in tumor

Set up room so that plastic back
absorbent surface covers the floor
under dispensing area and around
EUS machine. Room will be set up by
radiation safety team.

All personnel in treatment room
should have protective clothing
(gloves, coats, masks, etc).

Radioactive waste-disposal bags
prepared.

Figure 2. Overview of phosphorus-32 implantation

Radiation safety is an important consideration in the
use of P-32 brachytherapy, from the receipt of the
radioactive material, its preparation and administration
to the patient, to the release of the patient from the
treatment facility. The beta emissions from P-32 can
present an inhalation, skin, and eye dose hazard; thus,
appropriate personnel protective equipment must be
used. A radiation monitor suitable for detecting P-32
is used to assess operational areas for contaminations.
A special decontamination kit must be available for
immediate use in case of any spills of P-32.

The endoscopy suite is carefully prepared before the
procedure. Spill tray lined with plastic-backed absorbent
material is used to cover the floor. The room is
equipped with clinical radioactive waste disposal bags,
protective clothing, monitor suitable for detecting P-32,
radiation spill kit, and appropriate personnel dosimetry
for handling P-32.

Implantation procedure

Periprocedural intravenous prophylactic antibiotic
treatment is administered (on the day of the procedure
and for 2 days after).

The target pancreatic lesion is identified using EUS.
A 22 gauge FNA needle is loaded through the biopsy
channel of the echoendoscope and slowly advanced
into the target pancreatic tumor. Once the FNA needle
is in a satisfactory position within the tumor and safe
insertion window is identified, the stylet is removed
and the syringe with P-32 is attached to the FNA
needle.

Implantation

EUS procedure is performed and

Nuclear medicine physician or
radiation oncologist will inject P-32

Patient receives Zofran 8 mg IV and
antibiotic IV during procedure.

P-32 is injected in the center of the tumor using a
needle tracking technique by pulling the needle back
when the injection becomes difficult. A radiation
oncologist or a nuclear medicine physician slowly
depresses the plunger of the syringe in beta shield to
implant P-32. The injection is seen as an echogenic
blush within the tumor [Figure 3]. Saline is used to
flush the P-32 remaining in the needle into the tumor,
and then, the needle is withdrawn back into the sheath.
Additional flush with saline is done with the sheath
within the GI lumen. The sheath is not fully retracted
into the echoendoscope to decrease the risk of scope
contamination. The echoendoscope is gently withdrawn
out of the patient.

Postimplantation considerations

Following the procedure, all materials are sterilized and
disposed of following radiation safety guidelines and
under the supervision of the institutional Radiation
Safety Department.

After completion of the implantation, the syringe
containing any residual P-32 suspension is recapped,
placed into the lead transport box, and transferred to
the Nuclear Medicine Department/Radiopharmacy for
measurement and then decay.

The scope tip is held over a clinical waste bag and
rinsed with 50 mL water. The echoendoscope and the
staff are checked for any radioactive contamination
using the radiation monitor. The echoendoscope is
washed and sterilized using the standard methods for
cleaning the equipment at the study site.
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Figure 3. EUS showing an 18 mm x 13 mm hypoechoic irregular
tumor in pancreatic body. The hypoechoic tumor after phosphorus-32
injection is mostly replaced by the hyperechoic “cloud”

Following implantation, it is recommended that patients
be observed for 4 h (with regular observations of
consciousness and vital signs as clinically indicated)
and if stable and pain-free, they may be discharged the
same day.

Assessment of intratumoral localization of
phosphorus-32

Whole-body planar plus single-bed SPECT/CT imaging
of P-32 bremsstrahlung radiation is performed within
4 h postimplantation and again at 7 days, to assess the
intratumoral and any potential extratumoral distribution
of the P-32 microparticles, as well as, quantify whether
or not the entirety of the P-32 radioactivity remained
at the implantation site [Figure 4].

The ratio of activity at 7 days to that within 4 h at the
implantation site should be consistent with radioactive
decay of P-32 only, indicative of no microparticles
having migrated elsewhere.

Treatment follow-up
The
investigational visits which occur weekly from visit
1 (Day 0) until week 12, then 4 wecks later at week 16,
and then at 8-weekly intervals until study participants
reach documented progression of disease criteria for

treatment follow-up period consists of

both local progression-free survival and progression-free
survival which marks the end of study participation.

Centrally read CT scans are acquired every 8 weeks to
assess response defined as complete response, partial
response, and stable disease according to Response
Evaluation Criteria in Solid Tumor 1.1 criteria.
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Figure 4. Single photon emission computed tomography-computed
tomography bremsstrahlung imaging showing excellent intratumoral
retention of phosphorus-32 within the pancreatic body at 4-h
postimplantation (a) and at 7-day postimplantation (b)

Telephone contact every 8 weeks is used to monitor
device or late radiation-related AEs, and oncology
treatments/procedures are administered for up to 12
months post P-32 implantation. Overall survival is
assessed by medical record reviews conducted every 8
weeks and/or telephone contact until subject death, or
until 104 weeks after the last subject was enrolled.

EUS-GUIDED PHOSPHORUS-32
IMPLANTATION-EARLY RESULTS

Thus far, a total of 9 patients with a median age
of 71 years (range 57-87) have been enrolled in the
study at 3 sites in the US. The EUS procedure was
technically feasible, and P-32 was successfully implanted
in all cases. No serious immediate procedure-related
AEs were reported. The clinical trial is ongoing, and
additional safety and efficacy data will be presented at
the completion of the study.
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