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Abstract

Purpose—Intraperitoneal (IP) therapy improves survival compared to intravenous (1V) treatment
for women with newly diagnosed, optimally cytoreduced, ovarian cancer. However, the role of IP
therapy in recurrent disease is unknown. Preclinical data demonstrated IP administration of the
proteasome inhibitor, bortezomib prior to IP carboplatin increased tumor platinum accumulation
resulting in synergistic cytotoxicity. We conducted this phase | trial of IP bortezomib and
carboplatin in women with recurrent disease.

Methods—Women with recurrent ovarian cancer were treated with escalating doses of IP
bortezomib - in combination with IP carboplatin (AUC 4 or 5) every 21 days for 6 cycles.
Pharmacokinetics of both agents were evaluated in cycle 1.

Results—Thirty-three women participated; 32 were evaluable for safety. Two patients
experienced dose-limiting toxicity (DLT) at the first dose level (carboplatin AUC 5, bortezomib
0.5 mg/m2), prompting carboplatin reduction to AUC 4 for subsequent dose levels. With
carboplatin dose fixed at AUC 4, bortezomib was escalated from 0.5 to 2.5 mg/m? without DLT.
Grade 3/4 related toxicities included abdominal pain, nausea, vomiting, and diarrhea which were
infrequent. The overall response rate in patients with measurable disease (n = 21) was 19% (1
complete, 3 partial). Chax and AUC in peritoneal fluid and plasma increased linearly with dose,
with a favorable exposure ratio of the peritoneal cavity relative to peripheral blood plasma.

Conclusion—IP administration of this novel combination was feasible and showed promising
activity in this phase I trial of heavily pre-treated women with ovarian cancer. Further evaluation
of this IP combination should be conducted.

Keywords
Intraperitoneal; Ovarian cancer; Proteasome inhibition; Platinum

1. Introduction

Epithelial ovarian cancer affects over 20,000 women annually, and over 14,000 are projected
to die of the disease each year in the United States alone [1]. For women with newly
diagnosed, optimally cytoreduced, advanced ovarian cancer, adjuvant treatment that
incorporates the intraperitoneal (IP) administration of chemotherapy affords a survival
advantage [2—6]. The magnitude of the pharmacologic advantage of administering a drug IP
is a function of the rate of clearance of the drug from the peritoneal cavity relative to its
clearance from the systemic circulation, referred to as the AUC ratio [7]. In the case of
carboplatin, the advantage, expressed as the AUC ratio, is in the range of eighteen- to
nineteen-fold [8]. Despite the survival advantages, treatments that includes IP therapy have
not been widely adopted [9]. This is likely due to concerns for excess toxicities with IP
treatment, related to both drug and catheter-specific issues [10]. In addition, the role of IP
therapy for women with relapsed disease is relatively unexplored.

Bortezomib, a dipeptidyl boronic acid, potently inhibits the 20S subunit of the proteasome
by which ubiquitinated proteins are degraded. It is currently approved for the treatment of
multiple myeloma and mantle cell lymphoma [11-12]. However, there have been limited
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investigations of this agent administered IV in women with ovarian cancer [13,14].
Pharmacokinetic studies of bortezomib indicate that over 90% of the drug is cleared from
the plasma within 15 min of systemic administration following a single dose [15]. However,
after multiple doses, the elimination half-life is prolonged, and plasma clearance is
decreased [16]. Multiple pharmacodynamic studies of IV bortezomib using an assay for 20S
proteasome inhibition [17] demonstrate that proteasome inhibition is dose-dependent, is
highest after one hour (~65-70%), and recovers toward baseline levels after approximately
72 h. No significant changes are seen in the levels of 20S proteasome inhibition with
repeated dosing (on Days 1, 4, 8 and 11), which suggests that 72 h is sufficient for recovery
of proteasome function in normal tissues [18].

Jandial et al. performed preclinical studies of bortezomib using a human ovarian
intraperitoneal xenograft model and administering the agent by the IP route rather than IV
[19]. They reported that IP bortezomib administration resulted in a 252-fold greater
exposure (AUC) for the peritoneal cavity than the plasma. In addition, bortezomib acted as a
pharmacologic modulator of platinum uptake in human ovarian cancer cells and tumors /in
vivo. Furthermore, pretreatment with bortezomib prior to a single dose of cisplatin in mice
resulted in significantly higher cellular platinum accumulation within tumor nodules
growing on the peritoneal surface of mice by 33% (p = 0.0006). Median effect analysis
demonstrated the accumulation was associated with synergistic cytotoxicity. In addition, IP
carboplatin results in similar tumor penetration to IP cisplatin in this model, when each
agent is given at equitoxic doses [20].

Taken together, these preclinical findings, which demonstrate both the ability of bortezomib
to enhance platinum tumor uptake and a potential pharmacologic advantage of
intraperitoneally administered bortezomib, supported the hypothesis that dual IP treatment
may be an effective treatment option for women with recurrent ovarian cancer, thus
providing the rationale for this Phase I trial.

2. Methods
2.1. Study drugs

Bortezomib and carboplatin were administered IP on Day 1 of a 21-day cycle for a planned
total of 6 cycles, though patients having a clinical benefit were allowed to continue for more
cycles. Patients were treated with bortezomib starting at a dose of 0.5 mg/m?, escalating by a
fixed amount each cohort to a maximum dose of 2.5 mg/m2. Initially, carboplatin was fixed
at AUC 5. However, at the first dose level (referred to as dose level 1a in Table 1), toxicity
was noted and carboplatin was reduced to AUC 4 for all further dose levels (dose levels 1
6).

Placement of an IP port was required and performed following the guidelines from the
Gynecologic Oncology Group (GOG) Surgical Procedures Manual. Bortezomib was diluted
in a volume of 500 mL of 0.9% NaCl and instilled into the peritoneal cavity. Carboplatin
was mixed in up to 2 L of normal saline and administered IP one hour after bortezomib
administration. Standard antiemetic regimens were used, following guidelines put forth by
the National Comprehensive Cancer Network (REF: NCCN Guidelines for Supportive care:
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Antiemesis V.1.2017. Available at: https://www.nccn.org/professionals/physician_gls/
recently _updated.asp).

2.2. Eligibility criteria
Eligible patients must have had recurrent or persistent epithelial ovarian, fallopian tube, or
primary peritoneal cancer. Either measurable disease (as defined by RECIST 1.121) or
detectable disease (e.g., ascites, pleural effusion, non-measurable disease, or a baseline
values of CA-125 at least twice the upper limit of normal) was required. Tumor debulking
prior to protocol entry was not required. All patients must have had a GOG Performance
Status of 0 to 2.

Patients must have had at least two and were allowed up to four prior regimens (inclusive of
the primary treatment). Prior treatment with biologic (non-cytotoxic) therapy either alone or
as part of the cytotoxic regimens for management of recurrent or persistent disease was
allowed, but prior treatment with bortezomib was not allowed. All prior anti-cancer
treatment must have been discontinued three weeks prior to registration. Laboratory criteria
for eligibility included an absolute neutrophil count (ANC) = 1500/mcl, platelets = 100,000/
mcl, creatinine < 1.5 times the institutional upper limit of normal (ULN), bilirubin <1.2
times the ULN, alanine transaminase and aspartate transaminase < 3.0 times the ULN, and
alkaline phosphatase < 2.5 times the ULN. Patients must have had a baseline neuropathy
(sensory and motor) < Grade 1 (NCI CTCAE Version 4.

This study was reviewed and approved by the Cancer Therapy Evaluation Program (CTEP)
of the National Cancer Institute. All patients gave written informed consent before study
entry in compliance with institutional, state, and federal regulations.

2.3. Evaluation of toxicity and of dose-limiting toxicity

Patients underwent weekly laboratory evaluations and toxicity assessments. Dose limiting
toxicities (DLTs) were defined by study-related adverse events which occurred in association
with the first cycle of treatment. Criteria for hematologic DLTs included dose delay of >3
weeks due to persistent low blood counts; febrile neutropenia; grade 4 neutropenia lasting
>7 days; grade 4 thrombocytopenia, or grade 3 thrombocytopenia with clinically significant
bleeding. Criteria for non-hematologic DLTs included drug-related death and any grade 3 or
4 adverse event with the exception of the following grade 3 toxicities: abdominal pain
deemed related to the port as determined by the treating physician; anorexia; fatigue; nausea
and/or vomiting, or diarrhea (lasting < 48 h despite maximal medical management);
dehydration (as a result of nausea and vomiting); constipation; metabolic abnormalities
(hypokalemia, hypomagnesemia, hypocalcemia, hypophosphatemia that recovered to grade
2 or less within 48 h with or without medical management).

2.4. Dose modifications

Initial treatment modifications consisted of cycle delay or dose reduction with treatment
decisions for hematologic toxicity based on the ANC. For the start of a cycle, treatment was
delayed for a maximum of three weeks until the ANC was > 1500 cells/mm3 and the platelet
count was > 100,000/mm3. Prophylactic use of hematopoietic cytokines and protective
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reagents was not allowed. Bortezomib dose was reduced by one dose level for patients who
experienced dose-limiting neutropenia in the first cycle. Both bortezomib and carboplatin
were reduced by one dose level for dose-limiting thrombocytopenia with or without dose-
limiting neutropenia. There were no dose modifications on the basis of uncomplicated ANC
nadirs lasting <7 days. For dose-limiting non-hematologic toxicities, bortezomib was
reduced by one dose level for up to two occurrences. For all patients treated on dose levels 1
through 6, no dose reduction of carboplatin was allowed.

2.5. Pharmacokinetics

All patients underwent plasma collection for quantitative analysis of bortezomib and
ultrafilterable platinum. Samples were taken from both the blood (EDTA anticoagulated)
and peritoneal fluid at the following time points: pre-infusion of bortezomib, immediately
following infusion, 15 min after infusion, then 30 min (corresponding to time prior to
carboplatin infusion), 60 min, 90 min, 2 h, 4 h, and 6 h post-bortezomib infusion. An
additional collection was obtained immediately following the infusion of carboplatin.
Concentrations of total platinum and ultrafilterable platinum (platinum not bound to
macromolecules) were quantitated by atomic absorption spectrophotometry (AAS) [22].
Bortezomib concentrations were quantitated by LC-MS/MS as previously described [22] and
implemented in the Gynecologic Oncology Group (GOG) Pharmacokinetic Core Facility in
Pittsburgh. Based on quality control samples at 0.3, 2, 10, 20, and a dilutional QC at 50
ng/mL, the precision (CV) ranged from 1.3% to 4.0% and the accuracy ranged from 3.7% to
8.3%. Pharmacokinetic parameters were derived by non-compartmental modeling using PK
Solutions 2.0 (Summit Research Services, Montrose, CO; www.summitPK.com).

2.6. Response assessment
For patients with measurable disease, RECIST 1.1 criteria were used to define response [21].

2.7. Statistical considerations

This trial used a standard 3 + 3 design during dose escalation trial. If one patient out of three
experienced a DLT, an additional three patients were enrolled at that dose level. The MTD
was determined by the maximum dose level achieved at which < 1 patient (among six)
experienced a DLT. No intra-patient dose escalation was allowed. No patients were enrolled
at the next higher level of dose until all patients at the previous dose level had been followed
through the end of the first cycle. In addition, patients who did not complete one cycle of
therapy and who did not have a DLT were replaced. Patients who discontinued treatment due
to port-related complications were also replaced. Progression-free survival was summarized
using Kaplan-Meier method. Descriptive analysis was used to characterize the
pharmacokinetic parameters of bortezomib and carboplatin.

3. Results

3.1. Demographics

Thirty-three patients participated in this study, 32 of whom were treated and thus evaluable
for safety. One subject was unevaluable due to technical issues related to IP port placement
after enrollment and was removed from the study. The median age of participants was 60
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years (range, 24 to 79). Measurable disease was present in 21 patients (66%). Demographic
data is summarized in Table 2.

3.2. Adverse events

At dose level (DL) 1a, two patients experienced DLT. One patient had grade 3 abdominal
pain, and the other patient experienced grade 4 thrombocytopenia and a grade 3 lung
infection. Due to these toxicities, the dose of carboplatin was reduced to a fixed dose of
AUC 4 for subsequent patients, and dose escalation of bortezomib proceeded. The dose of
bortezomib was then escalated from DL1 to DL6 (Table 1) with no DLTs noted. While this
trial did not establish the maximum tolerated dose (MTD), carboplatin AUC 4 plus
bortezomib 2.5 mg/m? was tolerable and may be investigated further.

Adverse events (AEs) are presented overall and by dose level (Supplemental file). Grade 3/4
toxicities associated with treatment were infrequent but included the following (incidence =
10%): neutropenia (16%), nausea (16%), thrombocytopenia (13%), anemia (13%),
abdominal pain (13%), diarrhea (13%) and vomiting (13%).

Four patients (13%) experienced carboplatin hypersensitivity reactions (grade 3 after cycle 2
in two patients, grade 2 after cycle 2 in one patient, and grade 1 after cycle 4 in one patient).
Three of these patients had received 12 prior cycles of platinum chemotherapy, and one had
received eight. Reactions were similar to those typically encountered with IV carboplatin
and all patients responded well to conservative management. None of these patients were re-
challenged with IP carboplatin.

3.3. Evaluation of activity

Among 21 patients with measurable disease, 4 responses (19%, 95% CI: 5%, 42%) were
seen including one complete responder treated at DL5. Partial responses were seen at DL1,
DL4, and DL6. Of the four responses, three patients had a serous adenocarcinoma, and one
had a mixed epithelial carcinoma. An additional 14 patients (67%) experienced stable
disease. In all treated patients, median progression-free survival (PFS) was 4.9 months (95%
Cl: 2.9, 6.7 months).

3.4. Pharmacokinetic data

Bortezomib pharmacokinetic data was available from plasma in 29 patients, from peritoneal
fluid in 28 patients and from both in 26 patients (Table 3 and Figs. 1A, 2). Bortezomib
peritoneal fluid concentrations peaked at the end of instillation, while bortezomib plasma
concentrations peaked approximately half an hour later at approximately 2 orders of
magnitude lower levels. Bortezomib exposure in both the peritoneal fluid and peripheral
blood plasma increased with dose while the ratio of peritoneal fluid to plasma exposure
appeared to decrease somewhat yet remained relatively high across the dose range studied.

Useable platinum pharmacokinetic data was available from 10 patients, all treated at AUC 4
(Table 4 and Fig. 1B). Ultrafilterable platinum concentrations peaked at the end of
instillation, while plasma concentrations peaked approximately 40 min later at
approximately 1 order of magnitude lower levels. The ultrafilterable platinum concentrations
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represented most of the total platinum concentrations both in the peritoneal compartment
and the plasma compartment.

PK analysis shows that the bortezomib maximal concentration (Cnax) increased linearly
with dose in both the plasma (PL) (Table 3 and Fig. 2) and peritoneal fluid (PF) with an
excess of 100-fold greater concentration in the peritoneal cavity than in plasma (Figs. 1 and
2). In addition, when the therapeutic ratio (PF/PL) between bortezomib and ultrafilterable
platinum in the plasma and peritoneal fluid are compared (Fig. 2), we identified a large
difference and high therapeutic ratio, indicating that bortezomib stays predominantly in the
peritoneal fluid.

4. Discussion

This is the first prospective trial of a multidrug IP regimen conducted for women with
recurrent ovarian cancer. IP bortezomib, in combination with IP carboplatin fixed at an AUC
4, was successfully escalated up to 2.5 mg/m?2 without dose-limiting toxicities. Our
pharmacokinetic analyses show that bortezomib exposure increased with dose in both the
plasma and peritoneal fluid with an exposure ratio in excess of 100-fold in favor of the
peritoneal cavity. Previously reported pharmacokinetic parameters of intravenous
bortezomib at 1 mg/m? resulted in plasma Cpax 0f 85-144 ng/mL and plasma AUC values
of 6.5-10.3 pg/mL-min [23]. Similarly, the ultrafilterable platinum exposures documented in
this trial suggest a favorable exposure ratio. The high proportion of total plasma platinum
accounted for by ultrafilterable platinum suggests that the platinum detected in plasma,
though ultrafilterable, no longer possesses the ability to platinate macromolecules, and is
consequently inactive. Therefore, the already advantageous peritoneal/plasma AUC ratio of
approximately 15-42 is likely an underestimate of the true exposure ratio of active platinum
species.

An objective response rate of 19% was observed in this trial and 67% of patients were able
to achieve stable disease in this heavily pretreated population. In the current trial, disease
burden and location varied widely, but the overall response rate of 19% was attained in the
face of substantial tumor burden in many patients, which runs counter to the presumed role
of IP therapy for women with ovarian cancer, where it is normally an option only for women
with optimally cytoreduced, advanced ovarian cancer [3,24,25].

In addition, this IP regimen was well tolerated by patients with a manageable toxicity
profile, evidenced by six patients with stable disease electing to remain on study past the
required six cycles of treatment. The AEs produced by this combination reflect the known
myelosuppressive activity of these agents. However, the IP combination of these drugs did
not have the toxicities seen with the IV combination of bortezomib and carboplatin seen in
other trials in this population. In particular, grade 3 sensory peripheral neuropathy, a DLT
with the 1V combination, was not observed [13]. It is particularly noteworthy that even at the
highest dose of bortezomib (2.5 mg/m?2) in combination with carboplatin no overt peritonitis
occurred and the frequency and severity of abdominal pain was similar to that observed in
first line IP chemotherapy trials of cisplatin or carboplatin in combination with paclitaxel.
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With respect to platinum hypersensitivity reactions, four patients (13%) experienced
carboplatin hypersensitivity reactions. These patients had been heavily treated with platinum
prior to enrollment in this study, with a median number of 11 prior platinum chemotherapy
cycles. We are not able to find comparative data from other studies of bortezomib and
carboplatin because it was not specifically reported in the two prior Phase 1 IV trials of this
combination in a similar population [13,14]. However, the approximate rate of
hypersensitivity reactions with retreatment using 1V carboplatin is 12 to 16% [26,27]. Our
data suggest that both the frequency and severity of carboplatin hypersensitivity reactions
after IP therapy are similar to historically reported rates, and manifest similarly in terms of
time to onset after carboplatin infusion as well as overall symptomatology.

It is important to note that this trial did not establish whether there is a true synergistic
interaction between carboplatin and bortezomib. Additional studies of their interaction
should be considered in the very high concentration ranges attainable in the peritoneal
cavity. This trial points to the possibility of further escalating the IP dose of bortezomib
which can be expected to enhance tumor penetration particularly in the case of small volume
disease.

While IP treatment is associated with a survival advantage when used in the upfront setting,
it is limited to patients with optimally cytoreduced disease [6,24]. This trial is unique in that
it offers important insights into the use of IP in patients with advanced recurrent disease,
including both measurable disease as well as nhonmeasurable miliary disease and
carcinomatosis. In addition, a Japanese study presented at the 2016 American Society of
Clinical Oncology Annual Meeting suggests that patients with suboptimal residual ovarian
cancer may derive benefit from an IP-containing regimen, contrary to our previously
established standard recommendations against IP treatment in these patients [28].

Our data suggest that the use of bortezomib may indeed enhance the activity of carboplatin,
as demonstrated by the response rates seen in our trial, proposing a potential role among
women with newly diagnosed suboptimally cytoreduced ovarian cancer. The activity of the
carboplatin and bortezomib combination in this setting also raises the question of whether
second line debulking prior to IP therapy for recurrent disease might be considered. Whether
it improves outcomes compared to standard therapies remains to be seen, and such a
question can only be answered in a carefully conducted randomized trial. However, these
data are sufficiently encouraging to warrant further investigation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS
. IP bortezomib + carboplatin can be safely combined in recurrent ovarian
cancer patients.
. An overall response rate of 19% was seen in this heavily pretreated
population.
. Intraperitoneal bortezomib exhibits a highly favorable plasma: peritoneal
AUC ratio.
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Table 1

Dose escalation plan.

Dose level

Number treated 1P bortezomib (mg/m?)  IP carboplatin (AUC)

la

o g A~ W N

D W W w oo o

0.5
0.5
0.9
13
1.7
21

A A M M M B~ O

25
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Demographics.

Characteristic N =32
n (%)

Age (y)

<60 16 (50)

>60 16 (50)
Ethnicity

Hispanic 2(6)

Non-Hispanic 25 (78)

Unknown 5 (16)
Race

White 30 (94)

Black 1(3)

American Indian 1(3)
Performance status

0 21 (66)

1 10 (31)

2 1(3)
Prior radiotherapy 1(3)
Number of prior chemotherapy regimens

1 1(3)

2 12 (38)

3 17 (53)

4 2(6)
Number of prior platinum-containing regimens

1 16 (50)

2 12 (38)

3 4(13)
Histology
Serous adenocarcinoma 20 (63)
Adenocarcinoma, unspecified 5 (16)
Endometrioid adenocarcinoma 3(9)
Mixed epithelial carcinoma 2 (6)
Clear cell carcinoma 1(3)
Mucinous adenocarcinoma 1(3)

Table 2
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