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Abstract

Background—Geranylgeranyltransferase | (GGTase 1) catalyzes geranylgeranylation, a
modification required for the function of many oncogenic RAS-related proteins. GGTI-2418 is a
peptidomimetic small molecule inhibitor of GGTase I.

Objective—The aim of this study was to establish the maximum tolerated dose of GGTI-2418 in
patients with advanced solid tumors.

Patients and Methods—This was a phase I, open-label, dose-escalation study conducted in
two US centers (University of Pennsylvania and Indiana University) in adults with treatment-
refractory advanced solid tumors. An accelerated dose-escalation schema was used across eight
dose levels, from 120 to 2060 mg/m?2, administered on days 1-5 of each 21-day cycle.

Results—Fourteen patients were enrolled in the dose-escalation cohort. No dose-limiting
toxicities were observed, and 2060 mg/m? was determined to be the maximum tolerated dose. The
only potential drug-related grade 3 or 4 toxicities were elevated bilirubin and alkaline phosphatase
in a single patient with concurrent malignant biliary obstruction. No objective responses were
observed. Four of thirteen evaluable patients had stable disease for up to 6.7 months. The study
was terminated prior to dose expansion based on a sponsor decision. Pharmacokinetic analysis
demonstrated a mean terminal half-life of 1.1 h.

Conclusions—GGTI12418 was safe and tolerable at all tested dose levels with some evidence of
disease stability. Due to rapid elimination, dosing of GGTI2418 in this study may have been
inadequate to achieve optimal inhibition of its target, GGTase .
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Introduction

Geranylgeranyltransferase | (GGTase 1) catalyzes geranylgeranylation, a lipid
posttranslational modification required for the function of many RAS-related proteins such
as the Ral, Rac and Rho family of small GTPases [1]. Geranylgeranylated RhoA and RhoC
play important roles in the G1/S transition of the cell cycle and promote tumor growth,
invasion, and metastasis [1-4]. GGTase | has been shown to be essential to tumorigenesis in
RAS-driven tumor models but dispensable for normal tissue homeostasis, suggesting that
GGTase | can be targeted therapeutically [5-9].

GGTI-2418 is a peptidomimetic small molecule with a design based on the tetrapeptide
carboxyl termini of RhoA and RhoC (Fig. 1). It competitively inhibits GGTase I (half
maximal inhibitory concentration [IC50] 9.5 uM), with selectivity over farnesyltransferase
(IC50 53 uM) [10, 11]. GGTase | inhibitors (GGTIs) have been shown to induce G1 arrest at
least in part by inducing the expression of cyclin-dependent kinase (CDK) inhibitors such as
p27, inhibiting CDK2 and CDK4 and inducing hypophosphorylation of RB [12]. Further
mechanistic studies have shown that GGTI-2417, the methylester pro-drug of GGTI-2418,
requires p27 to induce breast tumor cell death and that it stabilizes p27 by inhibiting its
CDK2-mediated phosphorylation at Thr187, inducing the accumulation of p27 in the
nucleus [11]. In breast cancer xenografts grown in nude mice, daily or every 3-day
peritoneal injections of GGTI-2418 resulted in 94% and 77% tumor growth inhibition,
respectively, while continuous infusion via a subcutaneous osmotic mini pump over 14 days
resulted in 60% tumor regression in ErbB2-mammary tumor transgenic mice and was
associated with an increase in p27 and decreased P-Akt levels [11].

Preclinical dose-finding studies were performed in rats and dogs using two dosing strategies,
daily and intermittent dosing [data on file]. Daily dosing was administered once daily for 7
days while intermittent dosing was administered once daily on Days 1-5 and Days 22-26
over a 6-week study period. Increases in maximum plasma concentration (Cpay) and area
under the curve (AUC) were greater than dose proportional in both rats and dogs. The
terminal half-life (4,) of GGTI-2418 ranged from 0.2 to 0.5 h in rats and from 0.4 to 1.2 h in
dogs.

Hepatocyte metabolism studies in mice, rats, dogs, and humans indicate that GGTI-2418
undergoes transformation to five oxidized metabolites (M1-M5) that are detectable by liquid
chromatography-mass spectrometry (LC/MS) but not high-performance liquid
chromatography-ultraviolet (HPLC/UV) analysis. M1 was detectable in mice, rats, and dogs
but not in humans.

Toxicology studies in rats established a maximum tolerated dose (MTD) of 200 mg/kg for
single dosing and an MTD of 150 mg/kg/day for 7-day daily dosing. Infusion-related
toxicities with red urine and rapid breathing were seen in both control and treated animals
and attributed to the propylene glycol vehicle. Small foci of mononuclear inflammatory cells
in the heart were seen in 4 of 20 rats at the 150-mg/kg/day dose and 2.9- to 3.7-fold
increases in aspartate aminotransferase (AST) were seen at day 8 in rats dosed at 300 mg/kg/
day.
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In dogs, the MTD was 120 mg/kg/day using the intermittent schedule, and at least 80
mg/kg/day using the daily schedule. At the 120-mg/kg/day intermittent dose level,
bronchiolar and alveolar hypertrophy with macrophage infiltration and fibrinous edema were
observed in four of six dogs at day 27, but no clinical respiratory manifestations were
observed, and no lung changes were observed at this dose in four dogs sacrificed at day 41.
Infusion-related toxicity with shivering, vocalization, and soft stools was observed at
multiple dose levels as well in controls. The highest non-severe toxic dose (HNSTD) was
thus determined to be 60 mg/kg/day for 5 days, which approximates 1200 mg/m?2/day in
humans. Using a safety factor of 1/10, the initial starting dose of GGTI-2418 was
determined to be 120 mg/m? on days 1-5 of a 21-day cycle.

We conducted this first-in-human, open-label, phase | trial to establish the maximum
tolerated dose, toxicity profile, pharmacokinetics, and preliminary antitumor efficacy of
GGTI-2418 in patients with advanced solid tumors. The study was approved by the
Institutional Review Board (IRB) of the University of Pennsylvania (IRB #5, protocol
#809199) and all patients provided written informed consent prior to the initiation of any
study procedures.

2 Methods

2.1 Patient Selection

Patients were eligible if they were at least 18 years of age, had a metastatic or unresectable
solid tumor for which standard therapy did not exist or was ineffective, Eastern Cooperative
Oncology Group Performance Status (ECOG PS) of 0-2, life expectancy of > 12 weeks, and
normal bone marrow and organ function. Patients were excluded from the study if they were
pregnant or had brain metastases, symptomatic pulmonary disease, uncontrolled intercurrent
illness, HIV, or allergy to any component of the treatment. No therapy was permitted within
4 weeks of the initial dose of study drug.

2.2 Study Design

This was a phase I, open-label, dose-escalation study conducted in two US centers
(University of Pennsylvania and Indiana University) in patients with treatment-refractory
advanced solid tumors. The primary objectives were determination of dose-limiting
toxicities (DLTs) and the MTD, and assessments of safety and tolerability. Secondary
objectives were determination of overall response rate (ORR), characterization of
pharmacokinetics, and exploration of biomarkers to predict response.

During the dose escalation, eight dose levels of GGTI-2418 were planned, from 120 to 2060
mg/m2, administered as a 30-min IV infusion on days 1-5 of each 21-day cycle. Doses of
GGTI-2418 were supplied in 500 mM Tris aqueous buffer and diluted in dextrose or sterile
water. An accelerated dose titration schema was used, with single patient cohorts until grade
2 or greater drug-related toxicity was observed during the 21-day DLT period, followed by a
standard 3 + 3 dose escalation. At the MTD, an expansion cohort of an additional 10 patients
with biomarker testing was planned. Patients were to continue on therapy until disease
progression, unacceptable toxicity, or withdrawal of consent.
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2.3 Evaluation of Patients

Physical examinations, hematological/biochemical laboratory evaluations, and
electrocardiogram were performed at baseline and prior to the start of each 21-day cycle.
Echocardiograms were performed at baseline and prior to cycle 3. Baseline radiologic tumor
measurements were performed within 28 days prior to the start of the therapy, and
subsequent radiographic assessments were performed every 2 cycles (6 weeks). Tumor
response was evaluated according to Response Evaluation Criteria In Solid Tumors
(RECIST) criteria. Toxicity was graded using Common Terminology Criteria for Adverse
Events (CTCAE) v. 3.0.

2.4 Pharmacokinetic Analyses

Plasma was collected pre-dose and at 0.5 (end-of-infusion), 0.75, 1, 2, 4, 8, and 24 h from
the start of the infusion on cycle 1, day 1 (C1D1) and cycle 2, day 4 (C2D4). High-
performance liquid chromatography with tandem mass spectrometry (HPLC-MS/MS) was
used to determine the plasma concentration of GGTI-2418. Plasma PK parameters were
determined using non-compartmental analysis methods with WinNonlin Version 8.0. Actual
(recorded) dosing and sampling times were used for the estimation of pharmacokinetic
parameters.

3 Results

3.1 Patient Demographics

Fourteen patients were enrolled from April 2009 through April 2011. The baseline
characteristics are listed in Table 1. The majority of patients had colorectal cancer (64%).

3.2 Dose Escalation and Maximum Tolerated Dose (MTD)

3.3 Safety

The dose escalation schema is shown in Table 2. No drug-related toxicities of grade 2 or
higher occurred in the first 21-day cycle during dose escalation. At the 750 mg/m? dose
level, the first treated patient developed left facial droop and gait disturbance on cycle 1, day
1, and progressive ataxia on cycle 1, day 2. Brain magnetic resonance imaging demonstrated
multiple metastases in the parietal lobe and cerebellum and he was discontinued from
therapy due to disease progression and replaced. At each other dose level, a single patient
was treated until the maximum planned dose of 2060 mg/m?2 was reached. At this dose level,
six patients were treated and no DLTs were observed.

All 14 patients received at least one dose of study treatment and were evaluable for toxicity
(Table 3). The most common treatment-related toxicities were nausea (64%), diarrhea
(28%), and fatigue (28%). A single instance of grade 3 alkaline phosphatase and grade 4
bilirubin elevation occurred in a patient with concurrent malignant biliary obstruction of the
common hepatic duct from progressive disease. Treatment with GGTI-2418 was
discontinued for disease progression and an external biliary drain was placed with
resolution. All other toxicities attributed to GGTI-2418 were grades 1 or 2. One additional
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subject discontinued therapy for toxicity, with grade 2 bilirubin elevation and repeated
elevations in alkaline phosphatase.

3.4 Efficacy

A total of 13 patients were evaluable for tumor response (Table 4). No objective responses
were observed. Median number of cycles completed in the 13 evaluable patients was 2
(range 1-8). The best response was stable disease in 4 of 13 patients (31%), with duration of
stable disease ranging from 2.6 to 6.7 months. The study discontinued enrollment prior to
the planned expansion cohort due to a sponsor decision.

3.5 Pharmacokinetics

Nine patients had pharmacokinetic analysis on C1D1, and six of these patients had
subsequent analysis on C2D4 (Table 5). One subject at the 750-mg/m? dose level and
another at the 1050-mg/m? dose had disease progression prior to cycle 2 pharmacokinetic
analysis. Additionally, the sponsor only analyzed PK for C1D1 in a single subject at the
2060-mg/m? dose level due to early study closure.

The median elimination half-life was 1.1 h (range 0.84-1.2). Both Gy« and AUC increased
linearly with dose (72 for Cax = 0.90, /2 for AUC = 0.97). Distribution volume ( \g) ranged
from 13 to 150 L, suggesting some distribution outside the central compartment. There was
only a minor degree of accumulation (/R = 1.0-1.5) after repeat dosing over the evaluated
dose range.

4 Discussion

This first-in-human trial of GGTI-2418 demonstrated tolerability across all dose levels
tested. No dose-limiting toxicities were identified, and the only potential drug-related grade
3 or 4 toxicities were elevated bilirubin and alkaline phosphatase in a single patient with
concurrent malignant biliary obstruction.

While efficacy was not the primary goal of this study, only limited evidence of disease
stability was observed, with no objective responses. Stable disease was observed in four
patients for up to 6.7 months; however, all four patients with disease stabilization eventually
had progression of the disease and were discontinued. In light of limited efficacy and lack of
toxicity, it is certainly possible that the drug did not adequately inhibit its target, GGTase I.
Due to the early termination of the study, pharmacodynamic studies were not performed to
test this hypothesis.

Pharmacokinetic testing demonstrated a #, of only 1.1 hours, and it is possible that the rapid
elimination of GGTI-2418 resulted in subtherapeutic drug concentrations for much of the
21-day treatment cycle with the 5-day infusion schedule. In preclinical murine models,
intraperitoneal dosing every 3 days induced tumor stabilization despite the short half-life in
plasma, suggesting either intratumoral accumulation or prolonged pharmacodynamics
effects from downstream targets of GGTase I [11]. However, these murine models also
showed that daily dosing produced greater disease stability compared with a higher dose
every 3 days, and the use of a continuous subcutaneous pump induced tumor regression [11].
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Thus, it is possible that more frequent dosing or an alternative formulation might be needed
to achieve clinically relevant inhibition of GGTase I. An additional phase I study of
GGTI-2418 with dose titration and pharmacodynamic correlation is planned in order to
optimize dosing prior to phase Il testing (NCT03900442).

In conclusion, GGTI2418 was safe and tolerable at all tested dose levels with some evidence
of disease stability but no objective responses. Due to rapid elimination, dosing of
GGTI2418 in this study may have been inadequate to achieve optimal inhibition of its target,
GGTase I.
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Key Points
GGTI-2418 was safe and tolerable at all tested dose levels.
Dosing schedule may have been suboptimal due to the short half-life.

Some tumor stability was observed but there were no objective responses.
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Fig. 1.
Structure of GGTI-2418
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Demographics

Total number of patients 14
Age
Median 60.9
Range 47-73
Sex
Male 12 (86%)
Female 2 (14%)
ECOG PS
0 4 (36%)
1 7 (50%)
Unspecified 2 (14%)
#Prior therapies
1 1 (7%)
2 3 (21%)
3 6 (43%)
4+ 3 (21%)
Unspecified 1 (7%)
Tumor type
Colorectal adenocarcinoma 9 (64%)
Hepatocellular carcinoma 1 (7%)
Duodenal adenocarcinoma 1 (7%)
Colorectal neuroendocrine 1 (7%)
Gallbladder 1 (7%)
Unspecified 1 (7%)

ECOG PS Eastern Cooperative Oncology Group Performance Status

Target Oncol. Author manuscript; available in PMC 2020 December 29.

Table 1

Page 9



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Karasic et al.

Dose escalation

Table 2

Dose (mg/m?)  Increase from prior dose ~ Number
level

of patients
treated

120 - 1

200 67% 1

330 65% 1

500 52% 1

750 50% 4

1050 40% 1

1470 40% 1

2060 40% 6

a . . . .
One patient replaced due to disease progression on cycle 1 day 2 (new brain metastases)
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