Invest New Drugs (2015) 33:432-439
DOI 10.1007/s10637-015-0207-9

PHASE I STUDIES

Phase 1b study of the oral gemcitabine ‘Pro-drug’ LY2334737
in combination with capecitabine in patients with advanced

solid tumors

Jeffrey R. Infante - Karim A. Benhadji - Grace K. Dy -
Gerald Fetterly - Wen Wee Ma - Johanna Bendell -
Sophie Callies - Alex A. Adjei

Received: 11 November 2014 / Accepted: 8 January 2015 /Published online: 3 February 2015

© Springer Science+Business Media New York 2015

Summary Background This Phase 1b study aimed to deter-
mine the recommended Phase 2 dose of LY2334737, an oral
pro-drug of gemcitabine, in combination with capecitabine, an
oral pro-drug of 5-fluorouracil, in patients with advanced solid
tumors. In addition, pharmacokinetics (PK) and tumor re-
sponse were evaluated. Patients and methods Patients with
advanced/metastatic solid tumors received 650 mg/m? cape-
citabine twice daily (BID) and escalating doses of LY2334737
once daily (QD; initial dose 10 mg/day), both for 14 days
followed by 7-day drug holiday. Cycles were repeated until
progressive disease (PD) or unacceptable toxicity. Results
Fifteen patients received a median of 2 (range 1-7) treatment
cycles; 14 patients discontinued due to PD, 1 due to toxicity
(pyrexia). LY2334737 doses up to 40 mg/day were explored.
Three dose-limiting toxicities were reported by 2 patients (fa-
tigue, diarrhea, hyponatremia; all Grade 3). Seven patients
achieved stable disease. Enrollment was stopped after unex-
pected hepatic toxicities were observed with LY2334737 QD
in a study of Japanese patients. PK parameters for LY2334737
were consistent with the first-in-human study of LY2334737;
PK data after 14 day combination treatment revealed no drug-
drug interactions between LY2334737 and capecitabine.
Conclusions No drug interactions or unexpected toxicities
were observed in US patients when LY2334737 at doses up
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to 40 mg/day was administered QD in combination with cap-
ecitabine BID; the maximum tolerated dose was not reached.

Keywords Gemcitabine pro-drug - Capecitabine - Phase 1 -
Pharmacokinetics - Solid tumors

Introduction

LY2334737 is an oral pro-drug of the nucleoside analog
gemcitabine (2',2'-difluorodeoxcytidine [dFdC]) [1].
Gemcitabine is approved for intravenous treatment of various
solid tumors, including pancreatic, non-small-cell lung, ovar-
ian, bladder, and breast cancer [2]. For the pro-drug
LY2334737, the active metabolite dFdC has been covalently
linked to valproic acid. When LY2334737 is orally adminis-
tered and absorbed in the intestine, this linkage is hydrolyzed
by the enzyme carboxylesterase 2, releasing the active metab-
olite dFdC and valproic acid into the systemic circulation [1].
In addition to being more convenient for patients, a once daily
(QD) administration of LY2334737 would enable prolonged
exposure to lower doses of dFdC, expected to be more effec-
tive and less toxic than the standard once-weekly intravenous
administration of gemcitabine [3]. A first-in-human Phase 1
study of LY2334737 was conducted in 65 European patients
with advanced solid tumors. The maximum tolerated dose
(MTD) of LY2334737 was identified as 40 mg/day when
given QD for 14 days followed by a 7-day drug holiday alone
or with erlotinib [4].

A synergistic anticancer effect might be achieved by com-
bining LY2334737 with capecitabine, an oral pro-drug of 5-
fluorouracil (5-FU) which is approved for gastrointestinal and
breast cancer treatment [5]. In a meta-analysis of 3 randomized
Phase 3 studies in patients with advanced pancreatic cancer,
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the combination of gemcitabine and capecitabine was associ-
ated with improved survival when compared to gemcitabine
alone [6]. In pre-clinical colon cancer xenograft studies, the
anti-tumor activity of LY2334737 plus an MTD of capecita-
bine was significantly greater than either monotherapy [3].

This Phase 1b study in patients with advanced solid tumors
was designed to determine the recommended dose of
LY?2334737 QD in combination with capecitabine twice daily
(BID) for future Phase 2 studies. In addition, the pharmacoki-
netic (PK) profiles of LY2334737, capecitabine, and their ac-
tive metabolites dFdC and 5-FU were investigated to evaluate
potential drug interactions. Pharmacodynamic parameters and
tumor response were additionally assessed.

Patients and methods

This open-label, Phase 1b study of LY2334737 was conducted
in combination with capecitabine, in patients with advanced
solid tumors. Patients who provided written informed consent
were recruited at 2 sites in the US (Nashville, TN, and Buffalo,
NY) between January 2008 and May 2009. The study was
performed according to the Declaration of Helsinki and ap-
proved by the responsible ethical review boards.

Eligible patients received oral LY2334737 (Eli Lilly and
Company) QD and capecitabine (Xeloda®, Roche
Pharmaceuticals) BID for 14 days, followed by a 7-day drug-
free period. At the start of the first cycle, capecitabine and
LY2334737 were given 24 h apart on Day 1 and Day 2, re-
spectively, to enable investigation of monotherapy PK param-
eters. From Day 3 of Cycle 1 onwards, both drugs were taken
on the same days. The 21-day treatment cycles were repeated
until progressive disease (PD) or unacceptable toxicity.

A conventional 3+3 design was used for dose escalation;
there was no intra-patient dose escalation [7]. The 3 initial
patients received capecitabine 650 mg/m? BID and
LY2334737 10 mg QD. The L'Y2334737 dose was then esca-
lated in subsequent cohorts, based on safety data and any
available PK data from previous cohorts. Two additional dose
escalation phases of LY2334737 were planned for higher cap-
ecitabine doses. Patients were monitored for safety on a week-
ly basis. Adverse events (AEs) were coded using the Medical
Dictionary for Regulatory Activities (MedDRA) version 11.0
and graded using the Common Terminology Criteria for
Adverse Events (CTCAE) version 3.0. Standard laboratory
tests were performed to monitor safety. Dose-limiting toxicity
(DLT) was defined as occurrence of any of the following
events during Cycle 1: Any non-hematological toxicity >
Grade (G)3 other than nausea/vomiting, G4 neutropenia last-
ing >4 days, >14 days needed to recover from toxicity after the
last dose of Cycle 1, G3 thrombocytopenia with > G2 bleeding
or G4 thrombocytopenia, or any other significant drug-related
toxicity considered to be dose-limiting by the investigator.

No formal efficacy analysis was performed, but lesion and
response data were reported following Response Evaluation
Criteria in Solid Tumors (RECIST) 1.0 criteria [8].

Plasma concentration profiles were assessed after the initial
single dose administration of each agent (monotherapy, first
dose of Cycle 1), after a single dose of both agents combined
(first dose of Cycle 2), and after 2 weeks of combined treatment
(steady state, Day 15 of Cycle 1). Assessment of LY2334737
and dFdC plasma concentrations were performed at the follow-
ing time points: At 1, 2, 4, and 8 h after administration of
LY2334737 on Day 2 of Cycle 1; at 1, 2, 4, and 8 h after
administration of both agents on Day 1 of Cycle 2; at pre-dose,
0.5,1,2,4,8,24 (£2), and 4872 h after administration of both
agents on Day 15 of Cycle 1. Capecitabine and 5-FU plasma
concentrations were assessed at 1, 2, and 4 h after administra-
tion of capecitabine on Day 1 of Cycle 1; at 1, 2, 4, and 8 h after
administration of both agents on Day 1 of Cycle 2; at pre-dose,
0.5, 1, 2, 4, and 8 h after administration of both agents on Day
15 of Cycle 1. Plasma concentrations of LY2334737 and dFdC
were assayed at Taylor Technology Inc. (now called
PharmaNet USA, Inc), NJ, USA, using a validated high-
pressure liquid chromatography-mass spectrometry/mass spec-
trometry method [9]. Capecitabine plasma concentrations were
assessed by Advion BioSciences, Inc. Ithaca, NY, USA.
Plasma PK parameters were analyzed by standard non-
compartmental methods using WinNonlin Enterprise version
5.2. Potential drug interactions were explored by calculating
the ratio between the areas under the curve (AUC) between
capecitabine or LY2334737 after single-dose administration
as monotherapy (on Days 1 and 2 of Cycle 1, respectively)
and the respective AUC after single-dose administration of both
agents combined (on Day 1 of Cycle 2).

Blood for pharmacodynamic analyses was collected on
Day 1 pre-dose (baseline), and at 2 h after the Day 15 dose
of Cycle 1. The incorporation of dFdC into DNA extracted
from whole blood was assessed based on the ratio of dFdC to
deoxyguanosine (dG) in the DNA isolated from whole blood
(dFdC/dG ratio), as determined by liquid chromatography-
mass spectrometry. Assessments were done by Advion
BioSciences, Inc. Ithaca, NY, USA.

A validated Vendex Cell Search method was used to quan-
tify the number of circulating endothelial cells (CEC) in blood
samples (~10 mL).

Results
Patients
A total of 15 patients with various advanced solid tumors
started combination treatment with LY2334737 (1040 mg/

day) and capecitabine (650 mg/m? BID). The population in-
cluded 13 Caucasian, 1 Hispanic, and 1 African patient
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(Table 1). All completed at least 1 treatment cycle; patients
received a median of 2 and a maximum of 7 cycles. Fourteen
patients discontinued treatment due to PD, and 1 patient due to
toxicity (pyrexia).

Dose-limiting toxicities and general safety assessment

On the initial dose level of capecitabine (650 mg/m? BID),
LY2334737 dose levels of 10, 20, 25, 35, and 40 mg/day were
explored. The MTD was not reached because the sponsor
decided to stop enrollment after a cluster of unexpected, main-
ly hepatic toxicities had occurred in a study of Japanese pa-
tients on single-agent treatment with LY2334737 QD at doses

>30 mg per day [10]. There were 2 patients with observed
DLTs: 1 patient with G3 fatigue at 35 mg LY2334737 and 1
patient with G3 diarrhea and G3 hyponatremia at the 40 mg
dose level.

No patient died while on study drug, but 2 patients died
from disease within 30 days after the last dose. Serious AEs
were reported by 5 patients, only 1 event (G3 diarrhea, patient
on 40 mg dose) was considered related to study drug. The
most frequent AEs (all grades) potentially related to study
drug were fatigue (46.7 %), diarrhea (40.0 %), nausea
(26.7 %), vomiting (26.7 %), and asthenia (26.7 %). No G3/
4 hematologic toxicities (i.e., CTCAE related to study drug)
were reported; thrombocytopenia was observed in a single

Table 1  Baseline characteristics
LY2334737 LY2334737 LY2334737 LY2334737 LY2334737 Total
10 mg 20 mg 25 mg 35 mg 40 mg
N=3 N=3 N=3 N=3 N=3 N=15
Gender, n (%)
Female 2 (66.7) 0 3 (100.0) 2 (66.7) 1(33.3) 8(53.3)
Male 1(33.3) 3 (100.0) 0 1(33.3) 2 (66.7) 7 (46.7)
Age, years
Median, range 65 (55-68) 73 (63-80) 55 (53-65) 64 (63-67) 72 (44-79) 65 (44-80)
Origin, 7 (%)
Caucasian 3 (100.0) 3 (100.0) 3 (100.0) 2 (66.7) 2 (66.7) 13 (86.7)
African 0 0 0 1(33.3) 0 1(6.7)
Hispanic 0 0 0 0 1(33.3) 1(6.7)
BMI, kg/m?
Mean (SD) 26.1 (0.7) 24.6 (1.5) 27.7(5.9) 30.3 (11.7) 28.2 (5.3) 27.4 (5.7)
ECOG performance status, n (%)
0 1(33.3) 2 (66.7) 1(33.3)" 2 (66.7) 1(33.3) 7 (46.7)
1 2 (66.7) 1(33.3) 1(33.3) 1(33.3) 2 (66.7) 7 (46.7)
Pathological diagnosis, n (%)
Adenocarcinoma, pancreas 0 1(33.3) 1(33.3) 0 1(33.3) 3 (20.0)
Adenocarcinoma, unknown primary 1(33.3) 1(33.3) 1(33.3) 0 0 3 (20.0)
Adenocarcinoma, head of pancreas 0 0 0 1(33.3) 0 1(6.7)
Colon cancer 0 0 0 0 1(33.3) 1(6.7)
Esophageal cancer 0 1(33.3) 0 0 0 1(6.7)
Lymphoma (fibrous histiocytoma) 0 0 0 1(33.3) 0 1(6.7)
Mesothelioma 0 0 0 0 1(33.3) 1(6.7)
NSCLC, NOS 1(33.3) 0 0 0 0 1(6.7)
Osteosarcoma 0 0 1(33.3) 0 0 1(6.7)
Ovarian carcinoma 0 0 0 0 1(33.3) 1(6.7)
Sarcoma NOS 1(33.3) 0 0 0 0 1(6.7)
Disease stage (1, %)
Stage 111 0 0 0 1(33.3) 1(33.3) 2 (13.3)
Stage IV 3 (100.0) 3 (100.0) 3 (100.0) 2 (66.7) 2 (66.7) 13 (86.7)

Abbreviations: BMI body mass index, ECOG Eastern Cooperative Oncology Group, N population size, n number of patients, NOS not otherwise

specified, NSCLC non-small cell lung cancer, SD standard deviation
# One patient in this group had missing data
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patient only (G1). Four patients (26.7 %) experienced non-
hematologic G3 CTCAE toxicities (palmar—plantar
erythrodysesthesia syndrome, hyponatremia, fatigue, and di-
arrhea), there were no G4 toxicities. Regarding hepatic toxic-
ities, 1 Caucasian patient on the 20 mg dose reported G2
transaminase elevations (aspartate transaminase [AST], ala-
nine transaminase [ALT]) during Cycle 1. A second
Caucasian patient on the 25 mg dose reported G2 elevation
of alkaline phosphatase plus G1 elevations of AST and ALT
during Cycle 1; this patient also had G1 thrombocytopenia
during Cycle 1.

Tumor response

Seven of the 15 patients (46.7 %) achieved a best tumor re-
sponse of stable disease (SD), lasting for >5 cycles in 3 pa-
tients. There were no partial or complete responses, 6 patients
had PD, and 2 patients had no post-baseline radiological
assessments.

Pharmacokinetics

Figure 1 shows plasma concentration profiles of LY2334737
and its active metabolite dFdC after a single dose as monother-
apy (Day 2 of Cycle 1; data for different dose levels normal-
ized to the 40 mg dose level), and the corresponding profiles of
asingle LY2334737 40 mg dose from the first-in-human Phase
1 Study, JLBA [4]. LY2334737 and dFdC plasma concentra-
tion profiles remained within the interval (10th to 90th percen-
tile) predicted by Study JLBA. The parallel disposition patterns
of LY2334737 and dFdC indicate that dFdC is a formation-
rate-limited metabolite of LY2334737. Notable PK parameters
for LY2334737 included moderate-to-high apparent clearance
(CL/F; range 144-311 L/h) and a high apparent volume of
distribution (V/F; range 359-854 L).

100 4

—e— 10 mg
—O0— 20 mg
—v— 25mg
—v— 35mg
—8— 40 mg
median JLBA model 40 mg

0.1 4 10 th percentile JLBA model 40 mg
——— 90 th percentile JLBA model 40 mg

data normalised to a 40 mg dose of LY2334737

Mean (SD) Plasma L'Y2334737 Concentration (ng/mL)

0 6 12 18 24
Nominal Time (hr)

Figure 2 shows the steady-state plasma concentration pro-
files of LY2334737 and dFdC after 2 weeks of combined
treatment with LY2334737 QD and capecitabine 650 mg/m?
BID, in comparison to the steady-state profiles obtained in
Study JLBA after 2 weeks of LY2334737 monotherapy at
40 mg per day. The PK profiles were similar and revealed
no indication that combined administration with capecitabine
might change the PK of LY2334737 or dFdC. The mean ratio
(90 % CI) between the AUC in the presence and absence of
concomitant capecitabine BID treatment was 1.38 (1.00, 1.77)
for LY2334737 and 1.19 (0.28, 2.10) for dFdC. These values
were within the observed variability range of LY2334737 ob-
served in Study JLBA, where the coefficient of variation for
the AUC of LY2334737 had been 36 % at the 40 mg dose [4].

Figure 3 shows the plasma concentration profiles of cape-
citabine and 5-FU after single dose administration of capecit-
abine as monotherapy (Cycle 1, Day 1), in combination with
LY2334737 (Cycle 2, Day 1), and after 2 weeks of combined
treatment (Cycle 1, Day 15; steady state). PK profiles were
similar for both capecitabine and 5-FU at all 3 time points,
indicating that co-administration of LY2334737 had no rele-
vant impact on the PK of capecitabine and 5-FU. The mean
ratio (90 % CI) between the AUCs measured in the presence
and absence of LY2334737 was 1.00 (0.64, 1.36) for capecit-
abine and 1.29 (0.48, 2.10) for 5-FU, again revealing no indi-
cation drug interaction.

Pharmacodynamic data

Figure 4 shows the incorporation of dFdC into the patient’s
DNA isolated from whole blood, before and after 14 days of
combined treatment with LY2334737 at doses of 10-40 mg/
day and 650 mg/m? capecitabine BID. Due to the small num-
ber of patients with data available, data for 10-25 mg and 35—
40 mg L'Y2334737 dose groups were combined. A significant
dose-dependent increase in the mean amount of dFdC

0.1 4 —0— 20mg
—v— 25mg
—v— 35 mg
—a— 40 mg
—— median JLBA model 40 mg
10 th percentile JLBA model 40 mg
——— 90 th percentile JLBA model 40 mg

0.01 4

Mean (SD) Plasma dFdC Concentration (ng/mL)
data normalised to a 40 mg dose of LY2334737

0 4 8 12 16

Nominal Time (hr)

Fig. 1 LY2334737 and dFdC concentration versus time profiles after a single dose of LY2334737 (Day 2, Cycle 1), data normalized to 40 mg dose.
dFdC 2'2'-difluorodeoxcytidine, /7 hour, JLBA previous first-in-human Phase 1 study [4], SD standard deviation

@ Springer



436 Invest New Drugs (2015) 33:432-439

1004 100-
g ] ® JLBC observation
= median JLBA model
g * ;g mo 10th percentile JLBA model
5 - 9 = ~ ——— 90th percentile JLBA model
S —v— 25mg g 104 TS
38 1ol —v— 35mg > H
,(;) = E —a— 40 mg £
© 'g 1T NN\ e mean JLBA @ 40 mg ‘5
2 E £ 1
) §
>
- e
g 14 8
Z 3
= i TR L 0.1
0.1-
T T T T T T T T T ' 0.01 T T T T T T T T |
0 8 16 24 32 40 48 56 64 72 0 2 4 6 8 10 12 14 16

Nominal Time (hr) Time (h)

Fig.2 LY2334737 and dFdC concentration versus time profiles after 2 weeks of treatment with LY2334737 QD and capecitabine BID (Day 15, Cycle 1),
data normalized to 40 mg dose. dFdC 2',2'-difluorodeoxcytidine, /4 hour, Ar hour, JLBA previous first-in-human Phase 1 study [4], JLBC current study

incorporated into the DNA was observed (left panel). The In contrast, doses up to 40 mg/day were tolerated without

majority of the dFdC/dG ratios observed in individual patients =~ major hepatic toxicity in the first-in-human study of

(right panel) fell within the spread of data observed in individ- ~ LY2334737 in 65 European patients [4]. Two cases of G3/4

ual patients receiving the 40 mg dose in Study JLBA [4]. thrombocytopenia were reported, both at a higher dose of

Changes in the levels of CEC from baseline (Cycle 1, Day 50 mg/day. In both cases liver involvement was minor, with

1 pre-dose) after 2 weeks of combined treatment with G1 AST, ALT, and bilirubin elevations. These data are con-

LY?2334737 and capecitabine were explored in 6 patients.  sistent with our study which included 13 Caucasian, 1

CEC levels decreased in 1 patient with high baseline levels ~ Hispanic, and 1 African patient. No G3/4 thrombocytope-

only (from 171 to 70 cells per 10 mL); 3 patients showed  nia or hepatic toxicities were reported. One patient expe-

increases by >10 cells (+14, +30, +182 cells per mL). rienced G2 AST and ALT elevation but no thrombocyto-

penia, and a second patient experienced minor (G1) AST/

ALT elevation, G2 alkaline phosphatase elevation and G1

thrombocytopenia. A comprehensive pharmacogenetic

Discussion analysis of all trials with LY2334737 conducted to date

is ongoing to identify potential reasons for the cluster of

This Phase 1b study provides the first clinical and PK data for ~ toxicities observed in Japanese, but not in Caucasian pa-
oral combination treatment with LY2334737 and capecita-  tients at the 40 mg dose level given QD.

bine. Because the study was stopped early after 15 patients In our study, no G3/4 hematologic toxicity and only 4

had been enrolled, the main objective, i.e., to determine the  events of G3 non-hematologic toxicities (palmar-plantar

recommended Phase 2 dose, was not fully answered. Nonew  erythrodysesthesia syndrome, hyponatremia, fatigue,

or unexpected toxicities were observed, and the PK data re-  diarrhea) were reported, indicating that the combination can
vealed no indication for clinically relevant drug-drug  be safely administered to patients with solid tumors using
interactions. doses of 40 mg/day. The lack of G3/4 thrombocytopenia

The current study was stopped early due to a cluster of  may be explained by the lower systemic exposure to
unexpected toxicities that occurred in a separate Phase 1 study ~ gemcitabine over time that is provided by oral administration
enrolling Japanese patients with single-agent LY2334737  of LY2334737 in the dose range explored.

[10]. At 40 mg/day, 3 patients experienced hepatic toxicities Nevertheless, the toxicity findings of the Japanese study
(G3/4 transaminase increase, G1-3 bilirubin increase, and sev-  indicate that QD administration of LY2334737 for 2 weeks,
eral other hepatic events) and G4 thrombocytopenia during  followed by 1 week of rest, may not offer the best risk/benefit
the first treatment cycle, and all 3 patients showed features  ratio possible. The toxicity and efficacy of gemcitabine is
of disseminated intravascular coagulation. A fourth patient ~ known to highly depend on the schedule of administration
experienced a G3 transaminase elevation at the 30 mg dose, ~ [11-13]. Preliminary results from a Phase 1 study which ex-
but did not present with clinical features similar to the other 3~ plored alternative schedules in Caucasian patients indicate that
patients. All observed toxicities reverted to normal or near  low-dose, “metronomic” schedules, e.g., LY2334737 given
normal after drug discontinuation. every other day without drug-free interval, might be
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Fig. 3 Capecitabine and 5-FU
concentration versus time profiles
after a single dose of capecitabine
(Day 1, Cycle 1), in combination
with LY2334737 (Day 1, Cycle
2), and after 2 weeks of combined
treatment (Day 15, Cycle 1).
5-FU 5-fluorouracil, 4 hour.
Values presented are means and
standard deviations

associated with less toxicity [14]. Larger studies with popula-
tions from different ethnicities are now in progress to identify
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While efficacy was not a primary endpoint of this Phase 1b
study, it was noted that 7 of the 15 patients treated (46.7 %)
achieved SD. Similarly, “hints of anti-tumor activity or SD
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Fig. 4 Amount of dFdC incorporated into DNA (extracted from whole blood), expressed as pg of gemcitabine per pg of deoxyguanosine (dFdC/dG).
dFdC 2'2'-difluorodeoxcytidine, dG deoxyguanosine, JLBA previous first-in-human Phase 1 study [4]; JLBC current study

were observed in 22 of 51 evaluable patients” was seen in the
JLBA study, with 2 patients achieving SD with progression—
free survival [4].

The main limitation of the current study is that due
to early termination, the sample size was small and no
data could be obtained for higher capecitabine doses
above 650 mg/m® BID. But taken together, the PK in-
formation available indicates that there is no drug-drug
interaction between LY2334737 and capecitabine, be-
cause (a) the PK profiles and AUCs after single doses
of LY2334737 and capecitabine alone were similar to
those after a single dose and after 14 days of combined
treatment, (b) the PK profiles of LY2334737 when giv-
en alone or in combination with capecitabine were with-
in the predicted range based on the previous data, (c)
incorporation of the active metabolite dFdC into whole
blood DNA throughout 14 days of combination treat-
ment also was in the same range as observed in Study
JLBA.

In conclusion, this study indicates that no PK interaction
exists between LY2334737 and capecitabine when adminis-
tered to patients with advanced/metastatic solid tumors. The
recommended dose for Phase 2 studies could not be deter-
mined, but no unexpected toxicities were observed with
LY2334737 doses up to 40 mg/day.
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