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Summary Background This Phase-I-study aimed to deter-
mine the recommended Phase-II-dosing-schedule of
LY2334737, an oral gemcitabine prodrug, in patients with
advanced/metastatic solid tumors. Pharmacokinetics,
cytokeratin-18 (CK18) levels, genetic polymorphisms, and
antitumor activity were additionally evaluated. Methods
Patients received escalating doses of LY2334737 either every
other day for 21 days (d) followed by 7 days-drug-free period
(QoD-arm) or once daily for 7 days every other week (QD-
arm). The 28 days-cycles were repeated until disease progres-
sion or unacceptable toxicity. Standard 3+3 dose-escalation
was succeeded by a dose-confirmation phase (12 additional

patients to be enrolled on the maximum tolerated dose
[MTD]). Results Forty-one patients received QoD- (40–
100 mg) and 32 QD-dosing (40-90 mg). On QoD, 3/9 patients
experienced dose-limiting toxicities (DLTs) on the 100 mg
dose (2×G3 diarrhea, 1×G3 transaminase increase); 1 addi-
tional DLT (G3 diarrhea) occurred during dose confirmation
at 90 mg (12 patients). On QD, 1 patient each experienced
DLTs on 60 mg (G3 transaminase increase) and 80 mg (G3
prolonged QTcF-interval); 2/7 patients had 3 DLTs on the
90 mg dose (diarrhea, edema, liver-failure; all G3). The
MTD was established at 90 mg for the QoD-arm. Seven pa-
tients on QoD and 4 on QD achieved SD (no CR + PR).
Pharmacokinetics showed a dose-proportional increase in ex-
posure of LY2334737 and dFdC without accumulation after
repeated dosing. Significant increases in CK18 levels were
observed. Genetic polymorphism of the cytidine deaminase
gene (rs818202) could be associated with≥G3 hepatotoxicity.
Conclusions Both schedules displayed linear pharmacokinet-
ics and acceptable safety profiles. The recommended dose and
schedule of LY2334737 for subsequent Phase-II-studies is
90 mg given QoD for 21 day.
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Introduction

Gemcitabine (2’, 2’-difluorodeoxycytidine, dFdC) is ap-
proved for systemic chemotherapy in pancreatic, non-small-
cell lung, ovary, bladder, and breast cancer [1]. Efficacy and
toxicity of gemcitabine are known to highly depend on the
schedule of administration [2–4]. Previous studies have
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demonstrated that long-term continuous exposure to low-dose
gemcitabine could provide pharmacokinetic (PK) advantages
by reducing the renal clearance of gemcitabine and optimizing
the pharmacological phosphorylation of dFdC into dFdC tri-
phosphate by cytidine kinase, a saturable enzyme that was
considered as a limiting step for gemcitabine activity [2,
4–7]. An oral formulation sharing a similar mechanism of
action with gemcitabine could allow achieving sustainable
exposures and would limit the discomfort associated with
the use of a protracted infusion device. However, dFdC has
poor bioavailability if administered by oral route [8] due to an
extensive first-pass metabolism by the cytidine deaminase
(CDA) into its main metabolite 2’, 2’-difluorodeoxyuridine
(dFdU) [9]. Several prodrugs and dFdC derivatives have been
developed to protect against CDA, to improve intracellular
uptake, and/or to prolong the release of dFdC in cancer cells
[10]. LY2334737 was designed as a molecule where dFdC
was covalently linked to valproic acid (VPA) by a
carboxylesterase-sensitive linker [11]. When given orally,
LY2334737 can be absorbed in the gut and is then hydrolyzed
by carboxylesterase II (CES2), releasing dFdC and VPA into
the systemic circulation [12].

The first-in-human Phase I study of LY2334737 in
European patients explored a once daily (QD) for 14 days
schedule, with or without erlotinib, followed by 7 drug-free
days [13]. The maximum tolerated dose (MTD) was defined
as 40 mg/day. Another Phase I study performed in Asian pa-
tients showed unexpected hepatic toxicities [14]. These find-
ings indicated that alternative dosing schedules might be
required.

Therefore, this Phase I study of single-agent LY2334737
evaluated 2 alternative schedules based on 28-day cycles.
Patients with advanced and/or metastatic solid tumors re-
ceived LY2334737 either every other day (QoD) for 21 days,
followed by 7 drug-free days (QoD arm), or once daily for
7 days every other week (QD arm). The aim was to determine
the recommended dose of LY2334737 for subsequent Phase II
studies. Genotyping was performed to assess CDA and other
germline polymorphisms that might potentially be associated
with hepatic toxicity [14]. PK of LY2334737, dFdC, and
dFdU, along with pharmacodynamics data looking at DNA
incorporation of dFdC in peripheral blood mononuclear cells
were also assessed.

Materials and methods

Study design and patients

This Phase I dose escalation trial (I1C-MC-JLBE) evaluated 2
schedules of oral LY2334737 in parallel. Key eligibility
criteria included pathologically or cytologically proven ad-
vanced and/or metastatic solid tumor, no standard therapeutic

option, age ≥18 years, performance status 0–2 (Eastern
Cooperative Oncology Group [ECOG]), estimated life expec-
tancy ≥12 weeks. Previous cancer treatments had to be
discontinued for at least 30 days before study entry. Patients
had to have adequate bone marrow function (hemoglobin
≥9.0 g/dL, neutrophil count ≥1.5×109/L, platelet count
≥100×109/L), adequate renal function (serum creatinine
≤1.5× the upper limit of normal [ULN]), and adequate hepatic
function (aspartate transaminase [AST] and alanine transami-
nase [ALT] ≤2.5×ULN, bilirubin ≤1.5×ULN). Patients with
liver cirrhosis, chronic hepatitis, history of excessive alcohol
consumption, and patients positive for hepatitis B antigen,
hepatitis C virus, or human immunodeficiency virus antibod-
ies were excluded. Patients with gastrointestinal disease that
might interfere with oral study drug absorption and patients
with a history of severe hypersensitivity to dFdC were also
excluded. Concomitant chemotherapy, radiotherapy, immuno-
therapy, or hormonal therapy for cancer, and VPA treatment
were prohibited.

Patients who provided written informed consent were re-
cruited at 4 different sites in France (2), Germany (1), and the
United States (1) between September 2008 and November
2012. The study was performed according to the Declaration
of Helsinki and approved by the responsible ethical review
boards in each country.

Study treatment

Eligible patients were successively assigned to escalating
doses of LY2334737, using 1 of the 2 different schedules
based on 28-day cycles. Patients enrolled into the QoD arm
took LY2334737 every other day for 21 days, followed by 7
drug-free days. Patients enrolled into the QD arm received
repeated sequences of LY2334737 QD for 7 days followed
by 7 drug-free days. Each 28-day-cycle was repeated until
disease progression or unacceptable toxicity.

LY2334737 was supplied as 5, 15, and 30 mg capsules in
blister packs for oral administration. During Cycles 1 and 2,
patients were instructed to take LY2334737 with a glass of
water approximately 30 min prior to the morning meal, at the
same time every day. During Cycles 3 and beyond, patients
were given the option of taking LY2334737 in the evening
(approximately 30 min prior to the evening meal) if the
treating physician thought it would improve treatment
tolerability.

Dose escalation and dose confirmation

A conventional 3+3 design was used for dose escalation of
LY2334737; intra-patient dose escalation was not allowed.
The 3 initial patients in both arms (QoD and QD) received
40mg. Doses were escalated based on the occurrence of dose-
limiting toxicities during Cycle 1 (DLTs). Safety data were the
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primary driver for the dose escalation and the PK data were
used as additional supporting data. Based on the safety infor-
mation obtained from a previous study [13], the dose escala-
tion was initially restricted to a maximum of 25 % per dose
level for both dosing regimen.

Once the MTD had been defined, up to 12 additional pa-
tients were to be enrolled to confirm feasibility of the dose
selected. Based upon safety and PK considerations, dose con-
firmation could be opened for either both, or only 1 of the 2
dosing regimens. The rationale for expanding theMTD cohort
by 12 patients was to confirm the MTD, and to enroll a suffi-
cient number of patients to enable exploratory pharmacody-
namic and biomarker analyses.

DLTand MTD

A DLT was defined as occurrence of any of the following
events during Cycle 1: Non-hematological toxicity ≥ Grade
(G) 3 other than nausea/vomiting, G3 neutropenia with fever
or G4 neutropenia, G3 thrombocytopenia associated with ≥
G2 bleeding or G4 thrombocytopenia, >14 days needed to
recover from toxicity after the last dose of Cycle 1, any other
significant drug-related toxicity considered to be dose-limiting
by the investigator. The MTD was defined as the highest dose
of LY2334737 that showed DLTs in no more than 2 of 6
patients (i.e., 33 % probability of causing a DLT in a specific
cohort).

Safety evaluations

Patients were monitored for safety on a weekly basis. Adverse
events (AEs) were coded using the Medical Dictionary for
Regulatory Activities (MedDRA) Version 15.1. Standard lab-
oratory tests were performed to monitor safety, and laboratory
toxicities were graded using the Common Terminology
Criteria for Adverse Events (CTC-AE) Version 3.0. Twelve-
lead electrocardiograms (ECGs) were obtained pre-study, on
Days 1 and 21 of Cycle 1 at 3 different time points (30 min
pre-dose, 2 h, and 7 h post-dose), and reviewed for any clin-
ically significant ECG changes. Triplicate QT interval data
were averaged for each period and at each time point. The
ECGs measured during Day -1, together with the pre-dose
ECG on Day 1 of Cycle 1, were considered the “baseline”
ECGs. Changes in QT from baseline were calculated by
subtracting the respective reading taken at the same nominal
time on Day -1 from the reading taken after LY2334737 dos-
ing on Days 1 and 21.

Tumor response

No formal efficacy analysis was performed, but lesion and
response data were reported following Response Evaluation
Criteria in Solid Tumors (RECIST) 1.0 criteria [15].

Pharmacokinetics

Plasma concentrations of LY2334737 and its metabolites
dFdC and dFdU were assessed after single dose administra-
tion (Cycle 1 Day 1) and at steady state (Cycle 1 Day 7 and
Day 21). On the respective days, 4 mL venous blood samples
were collected at 1, 2, 4, 8, and 24 h after administration. All
samples were drawn in sodium-heparinized tubes containing
100 μg/mL tetrahydrouridine to prevent deamination of dFdC
into dFdU. Plasma concentrations were assayed at PharmaNet
USA, Inc. (formerly Taylor Technology Inc.), Princeton, New
Jersey, USA, using a validated high-pressure liquid
chromatography-mass spectrometry/mass spectrometry meth-
od (HPLC-MS/MS). Plasma samples were extracted on Oasis
HLB cartridges and separated on a Betasil C18 HPLC column
with tandem mass spectrometric detection using positive ion
atmospheric pressure chemical ionization. The lower limit of
quantification was 0.1 ng/mL for LY2334737, 0.25 ng/mL for
dFdC, and 1 ng/mL for dFdU.

Plasma PK parameters were analyzed by standard non-
compartmental methods using the WinNonlin Professional
Edition.

Incorporation of dFdC into DNA

Additional 10 mL blood samples were drawn into ethylene
diamine tetraacetic acid (EDTA) tubes for exploratory analy-
ses of dFdC incorporated into DNA. These samples were col-
lected before the first intake of LY2334737 (≤7 days before
start of Cycle 1), 24 h after the first dose, pre-dose on Days 7
and 13 of Cycle 1, 24 h after the Day 21 dose of Cycle 1, and
pre-dose onDays 1, 7, and 21 of Cycle 2. The amount of dFdC
and deoxyguanosine (dG) in DNA extracted from whole
blood was determined by a validated liquid chromatography
mass spectrometry [16]. The concentrationwas reported as the
ratio of picograms of dFdC to micrograms of dG.
Quantification of dFdG and dG were done by Advion
BioSciences Inc, Ithaca, New York, USA.

Cytokeratin 18 M30 and M65 antigens

Additional 2 mL blood samples were drawn into EDTA tubes
for evaluation of cytokeratin 18 (CK18) M30 and M65 anti-
gen levels which are released from dying cells [17–19]. CK18
M30 and M65 antigen levels were determined by enzyme-
linked immunosorbent assay (ELISA) [17].

Pharmacogenetic analyses

Anonymized DNA samples were collected from patients of
those studies who had agreed to DNA sample banking and
signed a separate informed consent. Seven single-nucleotide
polymorphisms (SNPs) on 5 genes were selected for
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genotyping because they had been significantly associated
with safety events in Asian LY2334737-treated patients [14]
by previous genotyping [ILS Genomics, Morrisville, North
Carolina, USA; data on file at Lilly]. These included 3 SNPs
located in the human leukocyte antigen (HLA) gene complex:
rs12526186 (C > T), rs2269706 (G > A), and rs3096691 (G >
A). Additional SNPs genotyped on in this study include
rs818202 (G > A) in the CDA gene, rs45523532 (G > T) in
the SLC28A1 gene which encodes a gemcitabine transporter,
rs2303218 (T > C) in the CES2 gene, and rs4148323 (G > A)
in a glucuronidase gene involved in bilirubin physiology
(UGT1A1).

TaqMan® genotyping assays and DNA sequencing
(rs45523532 only) were used for SNP genotyping (details in
Online Resource 1). SNPs with call rates <90 % were exclud-
ed from the study. SNP assessments with discordance rates
>10 % in duplicate assays were also excluded. Allelic fre-
quencies were compared versus the frequencies in the publi-
cally available HapMap CEU reference panel which consists
of 30 parent-offspring trios fromUtah with European ancestry
(HapMap CEU cohort; www.hapmap.org). For the Caucasian
subpopulation, the allelic distribution of SNPs was tested for
Hardy-Weinberg equilibrium (HWE; see Online Resource 1).

Association of SNP variants with the following binary
safety parameters was investigated for all patients and for
Caucasians only: Level 2 and Level 3 hepatotoxicity (≥G2
and ≥ G3 increase of either AST, ALT, or bilirubin); ≥G1,
≥G2, and ≥ G3 increases of AST and ALT, and ≥ G2 increase
of bilirubin, ≥G1 thrombocytopenia, and clustered AEs (≥G1
thrombocytopenia AND any occurrence of ≥ G3 increase of
AST, ALT, or bilirubin). This was done by 2×2 contingency
analyses using allelic, genotypic, dominant, and recessive sta-
tistical models and applying Fisher’s exact test [20].
Bonferroni multiplicity adjustment was performed within
each endpoint. Associations with genetic variants with unad-
justed p-values<0.05 were considered of interest. In addition,
box plots were created showing maximum AST, ALT, and
bilirubin values against the different genetic variations of each
SNP.

Post-hoc, an ENCODE analysis was performed by
Bioinformatics on the SNP rs818202, to better understand
the functional consequences of this SNP [21].

Results

Patient population

Seventy-three patients with a broad variety of advanced and/or
metastatic solid tumors were enrolled (Table 1). Forty-one
patients were enrolled into the QoD arm of the study, includ-
ing 29 patients treated with escalating doses of 40-100 mg
LY2334737, and 12 patients treated at the MTD for dose

confirmation. Thirty-two patients were enrolled into the QD
arm and received escalating doses of 40–90 mg LY2334737.
Most patients (90.4 %) were Caucasian; only 1 Asian patient
was enrolled (Table 1). Patients completed a median of 2
treatment cycles in both arms and received a maximum of 8
and 4 cycles in the QoD and QD arms, respectively.

Disease progression (53 patients, 72.6 %) was the most
frequent reason for treatment discontinuation in both arms.

Table 1 Baseline characteristics

Parameter QoD dosing (N=41) QD dosing (N=32)

Age, years

Median (range) 60.0 (36–78) 64.5 (32–72)

Gender, n (%)

Male 29 (70.7) 19 (59.4)

Female 12 (29.3) 13 (40.6)

Origin

Caucasian 36 (87.8) 30 (93.8)

Other 5 (12.2)a 2 (6.3)b

BMI, kg/m2

Median (range) 25.6 (18.9–35.1) 25.9 (19.5–44.1)

ECOG PS, n (%)

0 26 (63.4) 17 (53.1)

1 15 (36.6) 14 (43.8)

2 0 1 (3.1)

Location of tumor, n (%)

Colorectal 20 (48.8) 12 (37.5)

Pancreas 8 (19.5) 3 (9.4)

Prostate 1 (2.4) 3 (9.4)

Sarcoma 1 (2.4) 3 (9.4)

Head and neck 1 (2.4) 2 (6.3)

Kidney 1 (2.4) 2 (6.3)

Lung 1 (2.4) 2 (6.3)

Liver 2 (4.9) 0

Bladder 2 (4.9) 0

Melanoma 1 (2.4) 1 (3.1)

Other 3 (7.3) 4 (12.5)

Disease stage, n (%)

Stage III 5 (12.2) 1 (3.1)

Stage IV 36 (87.8) 31 (96.9)

Number of prior systemic therapies, n (%)

None 0 1 (3.1)

1 3 (7.3) 2 (6.3)

2 6 (14.6) 7 (21.9)

≥3 32 (78.0) 22 (68.8)

Abbreviations: BMI body mass index, ECOG eastern cooperative oncol-
ogy group, N number of patients, total and per dose level, n number of
patients with parameter, PS performance status, QD once daily, QoD
every other day
a BOther^ includes: African (n=2), Hispanic (n=2), West Asian (n=1)
b BOther^ includes: African (n=1), Hispanic (n=1)
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On QoD, 31 patients (75.6 %) discontinued due to PD, 3
patients (7.3 %) due to AEs (asthenia, urinary infection, diar-
rhea), 2 patients (4.9%) due to death from study disease, and 5
patients (12.2 %) due to other reasons (patient or physician
decision 4, non-compliance with study procedures and treat-
ment 1 [protocol deviation]). On QD, 22 patients (68.8 %)
discontinued due to PD, 6 patients (18.8 %) due to AEs (blood
bilirubin increased, colonic obstruction, worsening of ECOG
performance status, QT prolongation, pyrexia, abnormal he-
patic function), and 4 patients (12.5 %) due to other reasons
(patient or physician decision 3, loss to follow-up 1).

DLTs and MTD

In the QoD arm, no DLTs were observed during the dose-
escalation phase up to the 90 mg dose-level (Table 2). At the
100 mg dose-level, 3 patients experienced DLTs (G3 diarrhea,
G3 SGOT increased; Table 2) that led to consideration of the
90 mg-dose as the MTD. Among the 12 additional patients
then enrolled at this dose-level in the expansion cohort, only 1
additional DLT (G3 diarrhea) was reported, confirming the
90 mg dose as MTD for the QoD schedule.

In the QD arm, 1 of the first 3 patients treated at the 60 mg
dose-level presented with a DLTof G3 SGOT increased. Four
additional patients were then treated at this dose-level with no
further DLTs. At the 70 mg dose-level, no DLTwas observed
in 3 patients. At the 90 mg dose-level, 2 of 7 patients experi-
enced DLTs including G3 diarrhea, G3 edema limb, and G3
liver dysfunction, leading to the consideration of the 80 mg
dose as MTD. One of the 3 first patients treated at the 80 mg

dose-level experienced dose limiting G3 QTc prolongations.
The cohort was therefore expanded to 6 more patients who
had no further DLT. Further enrolment into the expanded
80mg-cohort of the QD armwas stopped as soon as the higher
MTD of 90 mg had been confirmed for the QoD arm.

General safety assessment

Serious AEs were reported in a total of 22 patients (55.7 %) in
the QoD arm, and 17 patients (53.1 %) in the QD arm. Dose
omissions due to AEs were required for 2 patients in the QoD
arm (due to AST increased and peripheral edema) and 5 pa-
tients in the QD arm (4 due to influenza-like illness, 1 due to
pneumonia). Three patients in the QoD arm required dose
reductions due to AEs (2 due to diarrhea, 1 due to AST in-
creased) but none in the QD arm.

AEs of any grade possibly related to study drug were re-
ported by 39 patients (95.1 %) in the QoD arm, and by 29
patients (90.6 %) in the QD arm. Nausea (43.9 %), vomiting
(36.6 %), pyrexia (31.7 %), asthenia (26.8 %), and decreased
appetite (26.8 %) were most frequently reported in the QoD
arm. Pyrexia (46.9 %), nausea (34.4 %), and asthenia, chills,
diarrhea, vomiting, and AST/ALT increased (21.9 % each)
were most frequently reported in the QD arm. G3/4 possibly
related AEs were reported by 12 patients (29.3 %) in the QoD
arm, and by 8 patients (25.0 %) in the QD arm.

Lymphocytopenia and changes in prothrombin time were
the most frequent G3/4 hematologic toxicities (Table 3). Two
patients in the QoD arm and 1 patient in the QD arm required
packed red blood cell transfusions.

Table 2 Dose escalation levels and dose-limiting toxicities of LY2334737

Assigned dose (mg) QoD dosing (N=41) QD dosing (N=32)

Treated (N) With DLT (n) DLTs observed Treated (N) With DLT (n) DLTs observed

Dose escalation phase

40 3 0 3 0

50 3 0 3 0

60 3 0 7a 1 SGOT increased (G3)

70 3 0 3 0

80 3 0 9 1 Prolonged QTc interval (G3)

90 5 0 7a 1 Diarrhea (G3)+edema limb (G3)

1 Liver dysfunction/failure (clinical) (G3)

100 9 2 Diarrhea (G3) – – –

1 – – – –

Dose confirmation phase

90 12 1 Diarrhea (G3) N.A. N.A. N.A.

Abbreviations:DLT dose limiting toxicity,GCTCAE toxicity grade,N number of patients, total and per dose level, n number of patients with DLTs,N.A.
not applicable, QD once daily, QoD every other day, SGOT serum glutamic oxaloacetic transaminase
a 4 rather than 3 additional patients enrolled after the first DLT because 2 patients from different centers had signed informed consent simultaneously and
were enrolled in parallel
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Common non-hematologic G3/4 laboratory toxicities in-
cluded hepatic enzyme changes (gamma-glutamyltransferase,
alkaline phosphatase, AST, ALT) and hyponatremia (Table 3).

ECG assessments revealed Fridericia-corrected QT (QTcF)
intervals >450 msec for 6 patients in the QoD arm (5 at doses
≤90 mg) and for 1 patient in the QD arm (80 mg dose). Two
patients in the QoD arm (both at doses ≤90 mg) and 1 in the
QD arm (80 mg dose) showed mean increases of QTcF by
>30 msec from baseline.

Tumor response

In the QoD arm, 7 of the 29 patients (24.1 %) enrolled during
the dose escalation phase experienced clinical benefit and
achieved stable disease (SD), including 3 patients with SD

for at least 4 months. These patients had received doses be-
tween 50 and 70 mg of LY2334737. There was no complete
response (CR) or partial response (PR), 7 patients in the QoD
arm had unknown response. In the QD arm, 4 of 32 patients
(12.5 %) achieved SD, including 1 patient with SD for at least
4 months. Again, there was no CR or PR, 11 patients in the
QD arm had unknown response.

Pharmacokinetics

After single-dose administration of LY2334737, the areas
under the curve (AUCs) of LY2334737 and its metabolite
dFdC showed a linear, dose-proportional increase
(Table S1 in Online Resource 2, Fig. 1a). Moderate to
high apparent clearance (geometric mean ranging from

Table 3 Number (%) of patients with CTC-AE laboratory toxicities, based on laboratory assessments

Toxicity (CTC-AE) Maximum grade toxicity, number (%) of patients

QoD regimen (N=41) QD regimen (N=32)

G1 G2 G3 G4 G1 G2 G3 G4

Hematologic toxicity

Lymphocytopenia 9 (22.0) 9 (22.0) 8 (19.5) 1 (2.4) 6 (18.8) 11 (34.4) 8 (25.0) 1 (3.1)

Prothrombin time (INR) 0 1 (2.4) 7 (17.1) 0 4 (12.5) 0 7 (21.9) 0

Hemoglobin 19 (46.3) 10 (24.4) 2 (4.9) 1 (2.4) 11 (34.4) 16 (50.0) 1 (3.1) 0

Neutrophils/granulocytes (ANC/AGC) 0 0 0 1 (2.4) 2 (6.3) 0 0 1 (3.1)

Platelets 7 (17.1) 0 0 1 (2.4) 5 (15.6) 0 0 0

Leukocytes (total WBC) 4 (9.8) 0 0 0 8 (25.0) 0 0 0

Fibrinogen 0 1 (2.4) 0 0 1 (3.1) 0 0 0

Non-hematologic toxicity

GGT 9 (22.0) 4 (9.8) 12 (29.3) 2 (4.9) 4 (12.5) 7 (21.9) 8 (25.0) 2 (6.3)

Hyponatremia 9 (22.0) 0 8 (19.5) 0 16 (50.0) 0 4 (12.5) 0

Alkaline phosphatase 12 (29.3) 9 (22.0) 7 (17.1) 0 6 (18.8) 12 (37.5) 3 (9.4) 0

AST, SGOT 14 (34.2) 17 (41.5) 4 (9.8) 0 14 (43.8) 8 (25.0) 4 (12.5) 0

ALT, SGPT 17 (41.5) 11 (26.8) 5 (12.2) 0 13 (40.6) 7 (21.9) 2 (6.3) 0

Creatinine 4 (9.8) 2 (4.9) 0 0 6 (18.8) 3 (9.4) 0 0

Hypoalbuminemia 17 (41.5) 16 (39.0) 3 (7.3) 0 9 (28.1) 16 (50.0) 3 (9.4) 0

Hyperbilirubinemia 8 (19.5) 7 (17.1) 1 (2.4) 1 (2.4) 6 (18.8) 5 (15.6) 2 (6.3) 0

Hypercalcemia 6 (14.6) 0 0 0 3 (9.4) 0 0 0

Hypocalcemia 15 (36.6) 4 (9.8) 0 0 10 (31.3) 2 (6.3) 1 (3.1) 2 (6.3)

Hypoglycemia 7 (17.1) 0 0 0 3 (9.4) 0 0 0

Hypokalemia 16 (39.0) 0 0 0 6 (18.8) 0 2 (6.3) 0

Hypomagnesemia 14 (34.1) 1 (2.4) 0 1 (2.4) 14 (43.8) 0 0 0

Hypermagnesemia 0 0 0 0 2 (6.3) 0 0 0

Hypophosphatemia 0 8 (19.5) 0 0 0 3 (9.4) 2 (6.3) 0

Hyperkalemia 12 (29.3) 0 1 (2.4) 0 8 (25.0) 1 (3.1) 0 0

Abbreviations: AGC absolute granulocyte count, ALT alanine aminotransferase, ANC absolute neutrophil count, AST aspartate transaminase, CTC-AE
common terminology criteria for adverse events, INR international normalized ratio of prothrombin time,GGT gamma-glutamyltransferase,N number of
patients,QD once daily,QoD every other day, SGOT serum glutamic oxaloacetic transaminase, SGPT serum glutamic pyruvic transaminase,WBCwhite
blood cells
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193 to 324 L/h), and a high apparent volume of distribu-
tion (geometric mean ranging from 978 to 1480 L) were
observed for LY2334737. Time concentration profiles of
LY2334737 and its metabolite dFdC were consistent with
a time- and dose-independent clearance and distribution,
leading to dose-proportional, l inear increases in
LY2334737 and dFdC exposure (Fig. 1a). Data were con-
sistent with the PK information from the first-in-human
Study [13] (Fig. 1b).

Steady state PK parameters of LY2334737 and the
metaboli tes dFdC and dFdU are summarized in
Table S2 (Online Resource 2). As anticipated from the
known long half-life of dFdU, dFdU accumulated both
after repeated QoD and QD dosing (Fig. 1c and d). In
the QoD arm, the mean dFdU accumulation ratio, based

on AUC0-24 ratios of Day 21/Day 1, was 3.04 (coefficient
of variation [CV] 38.2 %; 90 % confidence interval [CI]
2.66–3.44; n=26). The corresponding accumulation ratio
for the QD arm was 4.21 (CV 31 %); 90 % CI 3.72–4.70;
n=21).

Incorporation of dFdC into DNA

Figure 2 shows the time- and dose-related increase in dFdC
incorporation into patients’ DNA isolated from whole
blood following treatment with LY2334737. In both arms,
dFdC incorporation had decreased on Day 28 after the 1-
week rest from treatment and showed a trend towards satu-
ration during the second 28-day treatment cycle.
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CK18 M30 and M65 antigen expression

In both arms, median levels of the fragmented CK18 M30
antigen increased over time (Online Resource 3, Fig. S1a and
b). Changes were less pronounced for total CK18 M65 antigen
(Online Resource 3, Fig. S1c and d). Maximum increases of
CK18M30 by approximately 100%were reached after 21 days
of QoD administration (Online Resource 3, Fig. S1a), there was
no clear dose response relationship. On Day 21, median CK18
M30 increases ranged from 30 % (80 mg dose) to 100 %
(40 mg and 90 mg doses) in the QoD arm, and from 0 %
(80 mg dose) to 60 % (40 mg dose) in the QD arm (Fig. 3).

Pharmacogenetics

Genomic DNA samples for SNP assessment were available
from 45 patients treated with LY2334737. These included 41
patients (91.1 %) of Caucasian origin and no Asian patients.

One SNP (rs4148323) was found to be mono-allelic in the
mainly Caucasian cohort tested and therefore excluded from
further analysis. Allelic distributions for the 6 remaining SNPs
were consistent with the HapMap CEU cohort data, all SNPs
tested were within HWE.

The homozygote AA genotype of the SNP rs818202 in the
CDA genewas found to be significantly associated with Level
3 hepatotoxicity (≥G3 increase of either AST, ALT, or biliru-
bin) under allelic, genotypic and recessive models, both for all
patients and for Caucasians only (e.g., genotypic model: all
patients: corrected p=0.006; Caucasians only: corrected p=
0.012). However, the AA-group included 4 patients only (all
Caucasian). Of these 4 patients, 3 experienced Level 3 hepa-
totoxicity (recessive model, Caucasians only: p=0.007), 2 of
them had ≥ G3 AST increase (p=0.041; Table S3 in Online
Resource 2, 1 had bilirubin G3 toxicity). The distribution of
maximum AST, ALT, and bilirubin values in the overall pop-
ulation also revealed higher values in the AA subgroup when
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compared to the AG and GG genotype groups (Online
Resource 3, Fig. S2). A post-hoc ENCODE analysis revealed
that the rs818202 SNP resides in an open chromatin region of
the CDA gene, in a promoter and regulatory enhancer region
with many transcription factor binding sites.

Additionally, there was moderate evidence for 1 of the
HLA SNPs (rs3096691) to be associated with Level 2 hepa-
totoxicity under the allelic model only (all patients: uncorrect-
ed p=0.028, corrected p=0.168; Caucasians only: uncorrect-
ed p=0.019, corrected p=0.114). No significant associations
with safety events were found for the remaining 4 SNPs
assessed (CES2 – rs2303218; HLA – rs12526186;
rs2269706; and SLC28A1 – rs45523532).

No clustered AEs as previously observed in Asian patients
[14], i.e., thrombocytopenia and concurrent ≥ G3 increase of
AST, ALT, or bilirubin, were identified in this study.

Discussion

This Phase I study established and confirmed the recommend-
ed Phase II dose and schedule for the oral gemcitabine
prodrug LY2334737 at 90 mg given QoD for 21 days, follow-
ed by 7 drug-free days. A single DLT (G3 diarrhea) was re-
ported among the 17 patients who received the recommended
dose and schedule. The alternative 28-day schedule where
LY2334737 was given QD every other week was less well
tolerated, with 2 of 7 patients reporting 3 DLTs on the
90 mg dose-level (G3 diarrhea, G3 limb edema, G3 hepatic
failure).

Use of the QoD schedule reported in this study may there-
fore more than double theMTD compared with the previously
established MTD for LY2334737 of 40 mg QD for 14 days,
followed by 7 drug-free days [13]. Previous findings from 2
other Phase I studies, where LY2334737 was either combined

with docetaxel [22] or capecitabine [23], indicated that a QD
regimen of LY2334737 provided suboptimal exposure and
unacceptable toxicity.

At the recommended dose in both schedules of 90 mg QoD
×21 days, the main toxicities were vomiting and nausea.
Hepatic dysfunction was reported, consistent with the known
effects of gemcitabine on hepatic function [1]. However, no
hepatotoxicity was noted, and no clustering of hepatotoxicity
with thrombocytopenia, as found with lower doses of
LY2334737 in Asian patients [14], was observed in this study
of mainly non-Asian patients. This observation suggests that
genomic differences between Asian and Caucasian patients
may influence metabolism and tolerability of LY2334737, as
described below.

Oral LY2334737 showed a linear PK in both schedules.
The concentration-time profiles of LY2334737 and its metab-
olite dFdC were consistent with previously reported profiles
[13] and showed time- and dose-independent clearance and
distribution, leading to dose-proportional increases in
LY2334737 and dFdC exposure.

The long half-life of the metabolite dFdU, and its accumu-
lation after repeated dosing, was consistent with the observa-
tion in the first-in-human study [13]. Exposure to dFdU results
from both pre-systemic-first pass liver metabolism and post-
systemic metabolism of LY2334737 and dFdC. First-pass me-
tabolism is the rate-limiting step [8]. The greater the first-pass
liver metabolism of dFdC, the higher the dFdU accumulation
ratio observed was, after repeated dosing: After 21 days QoD
treatment with LY2334737, the mean accumulation ratio (Day
21/Day 1) in our study was 3.0, compared with a ratio of 5.4
after 21 days QoD treatment with oral gemcitabine [8].

Increased plasma levels of CK18 antigens, released from
intracellular CK18 filaments upon cell death, have been asso-
ciated with better clinical response [17]. CK18 has also shown
a potential as prognostic marker in non-small cell lung cancer
(NSCLC) patients [18]. Total CK18 (M65 antigen) has been
used as a serum biomarker for carcinoma cell death, whereas
the enzyme-cleaved fragment CK18 M30 antigen is a known
marker of tumor cell apoptosis [18, 19]. We observed a max-
imum increase of the CK18 M30 antigen by approximately
100% after 21 days of LY2334737 given QoD, indicating that
LY2334737 demonstrated a pro-apoptotic effect across the
dose range tested. The lack of a clear dose-response relation-
ship may indicate that the maximum effect on theM30marker
of anti-tumor activity might already be reached at the 40 mg
dose. The anti-tumor effect of LY2334737 is mediated by
incorporation of dFdC triphosphate into the DNA. The activ-
ity of the cytidine kinase which phosphorylates dFdC into
dFdC triphosphate is saturable, and a trend towards saturation
of dFdC incorporation was reached towards the second 28-
day treatment cycle. The concentration-limited saturable for-
mation of dFdC triphosphate may also explain the lack of dose
relationship for the CK18-M30 response. No correlation was
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possible with clinical activity as evidence of tumor regression
was limited in this heavily pretreated population.

One polymorphism, the homozygote AA genotype of the
rs818202 SNP of the CDA gene, was consistently associated
with Level 3 hepatotoxicity across all assays. CDA is involved
in the salvaging of pyrimidines, and plays a key role in detox-
ifying gemcitabine [9]. The CDA gene has 1118 publically
known variants, of which 1015 are intronic [24]. The more
commonly studied variants, CDA*2 and CDA*3, have been
associated with toxicity mainly in the Japanese population
[25]. The functional relevance and clinical utility of the
rs818202 SNP was previously unknown. Our post-hoc
ENCODE analysis located the SNP in a promoter and regula-
tory enhancer region of intron 2 withmany transcription factor
binding sites. This may indicate some functional characteris-
tics, and potentially links the DNA change to transcriptional
regulation of CDA. However, there are several limitations and
caveats regarding the pharmacogenetic data obtained in this
study. The 7 different SNPs assessed were selected because
they were previously associated with safety events identified
in Asian LY2334737-treated patients who had received
LY2334737 in different treatment combinations (data on file).
Also, the pharmacogenetic analyses did not adjust for the dif-
ferent tumor types, doses, and schedules of LY2334737 used.

In conclusion, both schedules of LY2334737 evaluated in
this Phase I study displayed linear PK and acceptable safety
profiles in patients with advancedmetastatic solid tumors. The
recommended dose and schedule of LY2334737 for subse-
quent Phase II studies, in Caucasian patients, would be
90 mg given QoD for 21 days, followed by 7 drug-free days.
The QD schedule was less well tolerated. The potential asso-
ciation between the AA genotype of the rs818202 SNP and
hepatic toxicity of LY2334737 found in this study may require
further evaluations. The totality of the data collected across the
LY2334737 program has not led to a clear differentiation
when compared with intravenous gemcitabine, which is an
established agent with demonstrated efficacy across a wide
range of tumors. Further development of LY2334737 might
include combination studies with oral agents such as capecit-
abine, based on pre-clinical research indicating a synergistic
effect [7].”
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