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A B S T R A C T

Submicron particles (~800 nm) of paclitaxel (SPP) contain 1–2 billion molecules of pure drug that release
tumoricidal levels of paclitaxel over many weeks. This study compared two dose-levels of SPP instilled into the
peritoneal cavity (IP) in 200 ml of saline post-cytoreductive surgery. Eligible patients with primary (n = 6) or
recurrent (n = 4) epithelial ovarian cancer who underwent complete cytoreductive surgery were enrolled to
receive a single instillation of IP SPP followed by standard IV carboplatin and paclitaxel. Endpoints were PFS and
evaluation of treatment emergent adverse events. Clinical response was determined by symptoms, physical
exams, CT scans, and serum CA-125 measurements. Of the 24 subjects screened, 10 were enrolled and received
treatment: seven patients received 100 mg/m2 and three received 200 mg/m2. Seven subjects completed the 12-
month follow-up period. Six patients were evaluable due to one subject who had unevaluable scans throughout
the follow-up period and was thus excluded from PFS determination. Upon completion of planned chemotherapy
post-SPP instillation, the PFS at 6 months was 66% (4/6) and at 12-months 66% (4/6) using RECIST 1.1. One
subject had a complete response at the end of IV treatment but died (unrelated to study treatment) before PFS
evaluation. There was one case of incision dehiscence and one case of vaginal cuff leakage after surgery. This
pilot study supports further evaluation of IP SPP to treat peritoneal carcinomas.

1. Introduction

The goal of intraperitoneal (IP) chemotherapy is to treat cancer
confined to the peritoneal cavity with higher concentrations of drug for
longer periods of time than is possible with IV therapy (Goldberg et al.,
2002). IP therapy is designed to maximize drug delivery to the tumor
while reducing systemic toxicities. Although a number of Phase II and
III trials demonstrated feasibility and potential clinical benefit of IP
therapy in treating ovarian cancer (NCI, 2006), other studies have not
found IP therapy to provide benefits beyond IV therapy in addition to
added toxicity (Monk and Chan, 2017).

Markman’s study of IP Taxol encouraged development of paclitaxel

formulations for IP treatment of ovarian cancer (Markman et al., 1992).
Availability of nab-paclitaxel provides a cremophor-free drug which has
activity as IP therapy in treatment of ovarian cancer. IP nab-pacli-
taxel + IV regimens for treatment of advanced malignancies (including
ovarian cancer) suggested improved progression free survival (PFS);
however, this regimen increased systemic toxicity (Cristea et al., 2019).
Thus, novel paclitaxel formulations for IP administration with pro-
longed residence and reduced systemic toxicity are of interest.

Submicron particles of paclitaxel (SPP), were manufactured using a
Precipitation with Compressed Antisolvent (PCA) technique that em-
ploys supercritical carbon dioxide and acetone to generate particles
within a narrow distribution (Niu et al., 2006). Scanning electron
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microscopy showed native paclitaxel particles were rod-shaped while
PCA paclitaxel particles were irregular with an increased surface area
(800 nm with a volume mean of 1400 nm).

Initial Phase I trial of IP SPP (50–275 mg/m2) was performed in
patients with solid tumors predominantly confined to the peritoneal
cavity for whom no other curative systemic therapy treatments were
available (Williamson et al., 2015). IP administration of SPP via ca-
theter did not induce toxicity over that associated with IV paclitaxel.
The peritoneal levels of paclitaxel rose during the two days after dosing
to concentrations 450–2900 times the peak plasma paclitaxel con-
centrations and remained elevated. Tumor response assessed by RECIST
1.0 was 25% (5 subjects with stable disease and 15 with progressive
disease). In the Phase I study, many patients who had failed other
therapies survived>4-years. Given these findings, this Phase II study
was conducted to evaluate the safety and potential benefit of SPP ad-
ministered at the time of surgical debulking in patients with ovarian
cancer (Williamson et al., 2015).

2. Methods

2.1. Subject population

Subjects with epithelial ovarian cancer appropriate for IV platinum
and paclitaxel undergoing cytoreductive surgery were included.
Epithelial ovarian cancer was limited to the abdominal cavity but could
include pleural effusion. If the subject had recurrence, disease must
have been platinum-sensitive. Study also required minimal or non-
symptomatic ascites. Subjects who, in the investigator's judgement,
would benefit from neoadjuvant IV carboplatin and paclitaxel che-
motherapy strategy in advance of cytoreductive surgery, were also
eligible for participation.

Exclusion criteria included anticipated use of concomitant che-
motherapy (other than the protocol-specified drugs), immunotherapy,
or radiation therapy. Subjects treated with a prior investigational agent
within 30 days of planned IP SPP were excluded with the exception of
subjects participating in PARP inhibitor trials. These subjects must have
discontinued investigational agent prior to surgery. History of prior
malignancy other than ovarian not in remission for> 5 years were
excluded. Ileostomy or hepatic resection during cytoreductive surgery
was an exclusion.

The study (NCT03029585) received Institutional Review Board
approval at each institution. All subjects provided informed consent per
institution and federal guidelines.

2.2. Treatment

Investigational product was supplied to the site in kits with a 60 cm3

vial containing 306 mg SPP powder (CritiTech, Lawrence, KS) and a
smaller vial with 7 ml of reconstitution solution (1% polysorbate 80 in
0.9% sodium chloride for injection, USP). This study compared two
dose-levels of SPP (100 mg/m2 and 200 mg/m2) instilled IP in 200 ml of
lactated Ringer’s solution or phosphate buffered saline post-cytor-
eductive surgery.

Eligible subjects who underwent cytoreductive surgery received a
single instillation of IP SPP prior to closing the peritoneum/fascia in the
normal fashion. Final methodology for instillation of the SSP suspension
was at the surgeon’s discretion, usually by direct administration to
surgical sites using a syringe. All subjects were expected to initiate IV
carboplatin and IV paclitaxel treatment 2–6 weeks following surgery. IV
carboplatin and IV paclitaxel were administered, either every 21 days
or on a dose-dense schedule for six cycles (SOC). Bevacizumab could be
added to the SOC regimen at the investigator’s discretion, if it was in-
itiated at least 6 weeks post-surgery. Dosing and dose adjustments were
as per institutional standards. A Safety Monitoring Committee (SMC)
was in place for study duration.

2.3. Response evaluation

Subjects were monitored post-surgery through the treatment period
for safety based on adverse events and laboratory values. Imaging was
performed prior to initiation of post-surgery IV chemotherapy to es-
tablish baseline tumor burden, after cycle 3, and at the end-of-treat-
ment (EOT) visit. Baseline CA-125 serum levels were established prior
to post-surgery cycle 2, and subsequent CA-125 testing was performed
at each cycle and following the last cycle.

During the minimum 12-month follow-up period, subjects returned
to the clinic every 3 months for CA-125 and clinical evaluation of the
subject for signs or symptoms of disease progression. Imaging was
performed when a subject developed symptoms, had a doubling of CA-
125, or every 6 months, whichever was sooner. After 12 months of
follow-up, subjects were contacted every 6 months until disease pro-
gression occurred in 50% of subjects or 12 months after the last subject
completed their IV chemotherapy, whichever came first.

Endpoints were PFS at 6 months and evaluation of treatment-
emergent adverse events. Clinical response was determined by radi-
ological imaging and serum CA-125 measurements.

2.4. Statistical design

Data was summarized descriptively by dose level and relationship to
safety, e.g., frequency of pre-specified AEs. Efficacy data (e.g., CA-125
and/or RECIST, PFS and survival) was evaluated in a similar manner
without statistical testing.

In addition, the subjects entered a post-treatment follow-up phase
and were monitored for> 12 months post-chemotherapy to determine
short-term PFS and survival.

3. Results

3.1. Subject characteristics

Ten subjects were enrolled at six institutions between September
2017 and May 2018 (Table 1). The median age was 67 years. All sub-
jects were of non-Hispanic ethnicity. All subjects had high grade serous
cell type tumors. Six subjects had primary disease and four subjects had
recurrent disease. Four subjects received neoadjuvant chemotherapy.
Seven subjects received IP SPP (100 mg/m2) and 3 subjects received IP
SPP (200 mg/m2).

3.2. Treatment response

For analysis, 7 of 10 subjects were evaluable (1 subject withdrew
consent shortly after receiving SPP due to travel constraints, 1 died
unrelated to study drug during IV treatment and 1 was unevaluable). At
completion of IV chemotherapy post-SPP instillation, PFS at 6 months
was 66% (4/6) and at 12 months 66% (4/6) using RECIST 1.1. One
subject had a complete response at the end of IV treatment, however
died (unrelated to study treatment) before PFS evaluation. CA-125 le-
vels typically fell and remained less than baseline (Fig. 1).

3.3. Safety

There was one case of incision dehiscence and one case of vaginal
cuff leakage after surgery, both of which were considered possibly re-
lated to IP SPP. Treatment emergent adverse events that occurred in at
least 3 subjects can be found in Table 2a. Treat emergent adverse events
related to study treatment that occurred in at least 2 subjects can be
found in Table 2b.

4. Discussion

IV chemotherapy commonly utilizes dose-schedules based on
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Table 1
Patient demographic and baseline characteristics.

IP SPP (100 mg/m2) + SOC
(N = 7)

IP SPP (200 mg/m2) + SOC
(N = 3)

Total
(N = 10)

Age (years)
Median (range) 68 (50–72) 62 (56–71) 67 (50–72)

Race
Not Hispanic, Black or African American 1 (14.3%) 0 (0.0%) 1 (10.0%)
Not Hispanic, White 6 (85.7%) 3 (100.0%) 9 (90.0%)

BMI (kg/m2)
Median (range) 26.6 (20.0–40.6) 32.3 (24.1–35.0) 29.45 (20.0–40.6)

ECOG Status
0 5 (71.4%) 2 (66.7%) 7 (70.0%)
1 2 (28.6%) 1 (33.3%) 3 (30.0%)

Disease Status
Primary 4 (57.1%) 2 (66.7%) 6 (60.0%)
Recurrent 3 (42.9%) 1 (33.3%) 4 (40.0%)

Status of Ovarian Cancer at Screening
IIIA2 0 (0.0%) 1 (33.3%) 1 (10.0%)
IIIB 2 (28.6%) 0 (0.0%) 2 (20.0%)
IIIC 4 (57.1%) 1 (33.3%) 5 (50.0%)
IVB 1 (14.3%) 1 (33.3%) 2 (20.0%)

Cell Type
High Grade Serous 7 (100%) 3 (100%) 10 (100%)

Number of Completed IV Chemotherapy Cycles
1 1 (14.3%) 1 (33.3%) 2 (20.0%)
3 1 (14.3%) 2 (66.7%) 3 (30.0%)
5 1 (14.3%) 0 (0.0%) 1 (10.0%)
6 3 (42.9%) 0 (0.0%) 3 (30.0%)
8 1 (14.3%) 0 (0.0%) 1 (10.0%)

Completion of 12 Month Follow-Up
Yes 5 (71.4%) 2 (66.7%) 7 (70.0%)
No 2 (28.6%) 1 (33.3%) 3 (30.0%)

Reason 12 Month Follow-Up Not Completed*
Withdrawal by Subject 1 (50.0%) 0 (0.0%) 1 (33.3%)
Death** 1 (50.0%) 1 (100.0%) 2 (66.7%)

* Percentages for 'Reason 12 Month Follow-Up Not Completed' are based on the subjects not completing the 12-month follow-up in that arm.
** One subject death due to leptomeningeal carcinomatosis and one subject death due to respiratory arrest. Both deaths considered unrelated to study treatment.

Fig. 1. CA-125 Levels by Subject.
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systemic toxicity in contrast to maximal dose-response determinations
of tumor response. Local treatment of solid tumors has the potential to
overcome limitations of IV chemotherapy including rapid diffusion
away from the administration site resulting in short tumor-dwell time
and reduced systemic toxicities. Local tumor treatment would make
drug available to tumor cells over multiple cell-division cycles and re-
sult in minimal systemic toxicity, thus providing tumoricidal benefits
without compromising the patient’s wellbeing (Goldberg et al., 2002).

Local treatment of solid tumors with SPP has shown reduced levels
of drug in the peripheral circulation, leading to minimal systemic
toxicity with higher and sustained drug concentrations in the lungs and
peritoneal cavity in both preclinical (Verco et al., 2018) and clinical
settings (Othman et al., 2019; Lo et al., 2019), respectively. In this
current study, upon completion of planned chemotherapy post-SPP
instillation, we observed a PFS at 6 months of 66% (4/6) and at 12-
months 66% (4/6) using RECIST 1.1.

The toxicities associated with SOC chemotherapy for ovarian cancer
that often limit dosing and clinical benefit have encouraged the de-
velopment of alternative therapies (Ledermann, 2017; Fujiwara et al.,
2019; Lee et al., 2019; Armstrong and Walker, 2019; Trimble et al.,
2008). Results from this study using IP SPP given at the time of surgical
debulking as a local drug-delivery depot of paclitaxel are encouraging.
As there are theoretical concerns that the prolonged half-life of pacli-
taxel associated with IP administration may delay wound healing and
thus contribute to the 2 patients who developed wound healing pro-
blems, a larger Phase IIb randomized, placebo-controlled trial, admin-
istering 50 mg/m2 of SPP instilled at the time of surgical debulking is
required to asses overall safety and efficacy in this difficult to treat
population.
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