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Summary Purpose LY2090314 (LY) is a glycogen synthase
kinase 3 inhibitor with preclinical efficacy in xenograft
models when combined with platinum regimens. A first-in-
human phase 1 dose-escalation study evaluated the combination
of LYwith pemetrexed/carboplatin.Patients andMethods Forty-
one patients with advanced solid tumors received single-dose LY
monotherapy lead-in and 37 patients received LY (10–120 mg)
plus pemetrexed/carboplatin (500 mg/m2 and 5–6 AUC, respec-
tively) across 8 dose levels every 21 days. Primary objective was
maximum tolerated dose (MTD) determination; secondary end-
points included safety, antitumor activity, pharmacokinetics, and

beta-catenin pharmacodynamics. Results MTD of LY with
pemetrexed/carboplatin was 40 mg. Eleven dose-limiting toxic-
ities (DLTs) occurred in ten patients. DLTs during LYmonother-
apy occurred at ≥40 mg: grade 2 visual disturbance (n=1) and
grade 3/4 peri-infusional thoracic pain during or shortly post
infusion (n=4; chest, upper abdominal, and back pain). Raniti-
dinewas added after de-escalation to 80mgLY tominimize peri-
infusional thoracic pain. Following LY with pemetrexed/
carboplatin therapy, DLTs included grade 3/4 thrombocytopenia
(n=4) and grade 4 neutropenia (n=1). Best overall response by
RECIST included 5 confirmed partial responses (non-small cell
lung cancer [n=3], mesothelioma, and breast cancer) and 19
patients having stable disease. Systemic LY exposure was ap-
proximately linear over dose range studied. Transient upregula-
tion of beta-catenin measured in peripheral blood mononuclear
cells (PBMCs) occurred at 40 mg LY. Conclusions The initial
safety profile of LY2090314 was established. MTD LY dose
with pemetrexed/carboplatin is 40 mg IV every 3 weeks plus
ranitidine. Efficacy of LY plus pemetrexed/carboplatin requires
confirmation in randomized trials.

Keywords LY2090314 . Glycogen synthase kinase 3
inhibitor . Phase 1 . Solid tumors

Introduction

Glycogen synthase kinase 3 (GSK3), a serine/threonine ki-
nase, has emerged as an important therapeutic target in oncol-
ogy, as it plays a regulatory role in a variety of pathways,
including initiation of protein synthesis, cell proliferation, cell
differentiation, and apoptosis [1, 2]. Pharmacologic inhibition
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of GSK3 in tumor cells causes loss of phosphorylation of key
proteins in the WNT signaling pathway, specifically beta-ca-
tenin, causing aberrant stabilization of the substrate protein
[3], which results in an increase in chemotherapy-induced
p53-dependent [4] and -independent cell cycle arrest into ap-
optosis [5]. Inhibition of GSK3 activity leads to stabilization
and accumulation of beta-catenin in cytoplasm [3]; thus, this
protein is considered a potentially useful biomarker. By taking
advantage of G1, S, or G2 cell cycle arrest caused by DNA
damaging agents, tumor cells avoid immediate cell death [6].
Treatment with a GSK3 inhibitor in combination with a DNA
damaging agent may prevent this arrest and subsequent DNA
repair, thus bypassing 1 or more of these checkpoints,
resulting in tumor cells being Bpushed^ into a defective cell
division process that culminates in apoptosis of platinum-
treated tumor cells [7].

LY2090314 (LY) is a potent competitive inhibitor of enzy-
matic activity of GSK3α (IC50=1.5 nM) and GSK3β (IC50=
0.9 nM) with limited activity against additional kinases [8].
Inhibition in nanomolar ranges was noted against PRK2 and
CDK5 with IC50 values of 18 and 79 nM, respectively (data
on file, Eli Lilly and Company). While preclinical data with
LY monotherapy suggests limited anti-tumor activity as a
single-agent against solid-tumor-derived cancer cell lines
in vitro and in xenograft models, its activity has been shown
to enhance platinum-based chemotherapy in these cell lines
(data on file, Eli Lilly and Company). Because the combina-
tion of LYwith platinum-based therapy may bemore effective
than the GSK3 inhibitor alone, treatment with this combina-
tion deserves investigation in patients with solid tumors.

The primary objective of this multicenter first-in-human
phase I study was to determine the maximum tolerated dose
(MTD) of intravenous (IV) LY in combination with
pemetrexed and carboplatin for patients with advanced/
metastatic solid tumors. Secondary objectives included deter-
mination of the pharmacokinetics of LY, pemetrexed, and
carboplatin; pharmacodynamics of LY (changes in beta-
catenin levels in peripheral blood mononuclear cells
[PBMCs]); and antitumor activity.

Patients and methods

Approval was obtained from the ethics committees at partici-
pating institutions and regulatory authorities. All patients pro-
vided informed consent. The study followed the Declaration
of Helsinki and good clinical practice guidelines.

Patient population

Patients>24 years old with histologic or cytologic diagnosis
of advanced/metastatic solid tumor for which no proven cura-
tive therapy existed; adequate hematologic, hepatic, and renal

function; and Eastern Cooperative Oncology Group perfor-
mance status≤2 were eligible. Because of reports of sternal
cartilage degeneration in preclinical studies (data on file, Eli
Lilly and Company), enrollment was restricted to adults>
24 years old to ensure that bone growth was complete. Pa-
tients previously treated with platinum and/or pemetrexed
were allowed. Exclusion criteria included serious cardiac con-
ditions or conduction abnormalities, concomitant medication
that may prolong the corrected QT interval (QTc) or induce
Torsades de Pointes, chronic atrial fibrillation and/or brady-
cardia, and symptomatic central nervous system malignancy
or metastasis.

Study design and treatment

In the dose-escalation phase, the LY starting dose was 10 mg
to ensure an appropriate margin of safety. The maximum dose
was capped at 400 mg due to reversible QTc prolongation in
dogs (data on file, Eli Lilly and Company). Using a standard
3+3 design, LY dose escalations were increased by 100 %
increments up to 80 mg, then by 50 % increments up to
120 mg. Following identification of the MTD, the dose-
confirmation phase was opened to include≤10 patients.

The first cycle was 28 days; subsequent cycles were
21 days. On Cycle 1 Day 1 (C1D1), LY was infused intrave-
nously over 60 min (all dose cohorts). Through the 20 mg LY
dose cohort on C1D8, pemetrexed (500 mg/m2 10-min IV
infusion) [9] was administered per label followed by
carboplatin (AUC 5 [dose cohort 1] or AUC 6 mg/mL•min
30-min IV infusion) [10] to allow for pharmacokinetic inves-
tigation of pemetrexed/carboplatin alone. On C2D1
pemetrexed was administered, then carboplatin followed by
the assigned LY dose (Fig. 1). After safety was established
with the first three dose cohorts, the study design was
amended to allow LY to be given alone on C1D1 and then
in combination with pemetrexed/carboplatin on Day 8,
followed by a 21-day recovery (Fig. 1). On C2D1,
pemetrexed/carboplatin were then given without LY. For all
cohorts, the pemetrexed/carboplatin/LY regimen was admin-
istered on C3D1 and beyond. Patients were allowed to con-
tinue treatment until disease progression, unacceptable toxic-
ity, or withdrawal of consent.

Safety and efficacy assessments

Clinical and laboratory assessments, including electrocardio-
grams (ECG) and creatinine clearance using standard
Cockroft-Gault estimation, were performed prior to treatment
(baseline), weekly in Cycle 1, and then on Day 1 of subse-
quent cycles. Additional Holter monitoring occurred in Cycle
1 on Days 1, 2, 8, and 9. Slit-lamp examinations were per-
formed for patients in the dose-confirmation phase due to
visual disturbances noted during dose escalation. Treatment-
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emergent adverse events (TEAEs) were evaluated using Na-
tional Cancer Institute’s Common Terminology Criteria for
Adverse Events (CTCAE) v3.0. Dose-limiting toxicity
(DLT) that was possibly related to study medication was de-
fined per protocol as the following events during Cycle 1 and
2 (cohorts 1–3) or Cycle 1 (cohort 4 and beyond): grade≥3
non-hematologic toxicity (except for nausea/vomiting without
maximal symptomatic/prophylactic treatment), grade 4 hema-
tologic toxicity of >5 days duration, febrile neutropenia, grade
4 thrombocytopenia of any duration, grade≥2 thrombocyto-
penia plus bleeding, and grade≥3 prolonged QTc interval. In
addition, visual disturbance was also defined as a DLT by the
investigators.

For patients with measureable disease, radiologic assess-
ments were conducted every other cycle using RECIST ver-
sion 1.0, and complete and partial responses required confir-
mation≥4 weeks after the initial response [11, 12].

Pharmacokinetic assessments

Plasma LY concentrations were measured as previously de-
scribed [8]. The pharmacokinetics of pemetrexed or
carboplatin were assessed after LY co-administration.
Pemetrexed was quantified by liquid chromatography tandem
mass spectrometry; total and unbound platinum from
carboplatin was measured by inductively coupled plasma
mass spectrometry.

Pharmacodynamic assessments

Blood samples were obtained for measurement of beta-catenin
in PBMCs using an enzyme-linked immunosorbent assay
(ELISA). Due to technical difficulties with implementing this
assay, an alternative fluorescence activated cell sorting

(FACS) assay was developed and optimized for detection of
beta-catenin in monocytes. Data using the FACS assay were
collected from the last six patients during Cycle 1: predose, 4,
8, and 24 h post dose.

Briefly, whole blood was collected from patients pre- and
post-administration of LY in cell preparation tubes (CPT™).
Tubes were centrifuged following manufacturer’s instructions
for PBMC isolation. Cells were stained for monocyte markers
(CD-14) in the dark for 10 min at room temperature and red
blood cells were lysed by quick exposure to deionized water,
followed by the addition of fixation buffer (Cytofix™) andmeth-
anol. After repeated washing steps, cells were stained for beta-
catenin and fixed in 1 % paraformaldehyde/phosphate bufftered
saline (PBS). Beta-catenin assessment was performed using a
BD FACSCanto™ II sorter by Esoterix (Brentwood, TN).

Data analysis

Analyses were descriptive and exploratory. For continuous
variables, summary statistics included geometric mean, coef-
ficient of variation, mean, median, standard deviation, mini-
mum, and maximum values. Categorical endpoints were sum-
marized using frequency and percentages. Missing data were
not imputed. For the pharmacokinetic analysis, parameters
were determined using non-compartmental methods
(WinNonlin Enterprise v. 5.3; Pharsight, Cary, NC).

Results

Patient population

Forty-one patients were enrolled between November 2007
and February 2011 (median age 59 years, 56 % male). The

Cycle 1

LY alone

Cycle 2 Cycle 3

DLT Period=28 days

Cycle 1 Cycle 2 

LY alone pem/carbo pem/carbo/LY

Cycle 3

DLT Period=49 days

Amended Design:

Initial Design:

1 8 29

pem/carbo/LY

50

81

pem/carbopem/carbo/LY

29 50

pem/carbo/LY

Fig. 1 Study design: initial
design (dose cohort 1–3) and
amended design (dose cohort 4–
9). Pem pemetrexed, carbo
carboplatin, LY LY2090314, DLT
dose limiting toxicity
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most common tumor types were non-small cell lung cancer
(NSCLC, 24 %) and mesothelioma (22 %) (Table 1). Thirty-
five (85.4 %) patients reported receiving≥1 prior systemic
therapy with ≥3 prior regimens reported in 17 (41.5 %) pa-
tients. Twenty-two (53.7%), nine (22.0%), and eight (19.5%)
patients were previously treated with carboplatin, cisplatin,
and pemetrexed, respectively.

Dose-escalation and MTD

Forty-one patients received single-dose LY monotherapy
lead-in and 37 patients received LY plus pemetrexed/
carboplatin across 9 levels (8 dose-escalation levels, 1 dose-
confirmation). Ten patients experienced 11 DLTs (Table 2).
The first DLT was grade 3 chest wall pain that occurred after
treatment with pemetrexed/carboplatin alone (10 mg LY/AUC
6 carboplatin dose level). Escalation proceeded through the
LY 20 mg dose without a DLT. The second DLT, occurring
after triple-combination therapy, was grade 4 thrombocytope-
nia at LY 40 mg.

While no DLTs were observed in the LY 80 mg cohort, 1
patient experienced a grade 1 visual impairment described as
flashing lights/floater on Day 6 after triple-combination

therapy. Subsequently, 3 of 4 patients in the LY 120 mg cohort
experienced 3 DLTs during LY monotherapy: grade 2 visual
disturbance (blurred vision) and 2 events of grade 3 peri-
infusional thoracic pain that included chest, back, and upper
abdominal pain, which typically started during or within 1 h of
completion of LY infusion. In all DLT cases of peri-infusional
thoracic pain, myocardial infarction was ruled out by a thor-
ough cardiology assessment that included serial cardiac en-
zyme and troponin assessments, electrocardiograms, and ob-
servation. These peri-infusional thoracic pain events could not
be attributed to any identifiable external cause (e.g., change in
drug formulation, lot numbers).

The LY dose was de-escalated to 80 mg and ranitidine IV
was added (80+R) prophylactically as a premedication
intended to minimize peri-infusional thoracic pain because the
symptoms were most consistent with a gastrointestinal spasm
or irritation. Despite premedication and de-escalation, 2 of 3
patients who received LY 80+R experienced transient peri-
infusional thoracic pain during Cycle 1 with LY monotherapy
(grade 1 and grade 4). The further de-escalated dose of LY 60+
R was also intolerable with DLTs of grade 3 peri-infusional
thoracic pain after LY monotherapy and grade 3 thrombocyto-
penia with bleeding and grade 4 thrombocytopenia occurring
after triple-combination therapy. Thus, the MTD was identified
as LY 40 mg, pemetrexed 500 mg/m2, and carboplatin AUC 6
with ranitidine premedication. For this dose cohort, an addition-
al 5 patients (dose-confirmation cohort) were enrolled, wherein
1 patient experienced 2 DLT-equivalent events after receiving
triple-combination therapy (grade 4 neutropenia and grade 4
thrombocytopenia with bleeding).

Safety

LY monotherapy and LY plus pemetrexed/carboplatin were
well tolerated at the MTD and rates of drug-related TEAEs
were similar across the dose cohorts (Table 3). Four patients
received LY monotherapy only and 37 patients received a
median of 3 cycles of triple-combination treatment. No deaths
occurred during the study period.

LY monotherapy lead-in TEAEs related to LY monotherapy
were observed in 26 (63.4 %) patients (Table 3). The most
frequent LY-related TEAEs (≥10 %) were nausea (9 [22 %]),
fatigue (7 [17.1 %]), gastrointestinal pain (6 [14.6 %]),
vomiting (5 [12.2 %]), and peri-infusional thoracic pain (4
[9.8 %]). Five patients (12.2 %) had at least 1 drug-related
grade 3/4 TEAE (peri-infusional thoracic pain [n=2], and 1
each of prolonged QTc, nausea, vomiting, hyperglycemia, and
gastrointestinal pain). Three (7.3 %) patients discontinued
treatment due to drug-related TEAEs after LY monotherapy:
peri-infusional thoracic pain (n=2; both LY 120) and hyper-
tension (LY 60+R). Dose reductions in LY were reported for

Table 1 Patient demographics and baseline medical characteristics

Characteristic Enrolled patients (%)
N=41

Median age, years (range) 59 (37, 70)

Age>65 years, n (%) 8 (20)

Male, n (%) 23 (56)

Race, n (%)

Caucasian 38 (93)

African American 2 (5)

Hispanic 1 (2)

ECOG PS status, n (%)

0 36 (88)

1 5 (12)

Cancer diagnosis, n (%)

NSCLC 10 (24)

Mesothelioma 9 (22)

Esophageal 3 (7)

Othera 19 (46)

Prior cancer therapies, n (%)

Systemic therapy 35 (85)

Surgery 24 (59)

Radiotherapy 14 (34)

ECOG PS Eastern Cooperative Oncology Group performance status,
NSCLC non-small cell lung cancer
a Two each of small-cell lung cancer, gastric, head and neck,
leiomyosarcoma, rectal, and unknown primary; and 1 each of colon,
breast, gall bladder, bile duct, pancreas, adenoid cystic, and thymoma
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two patients after only receiving LY, both due to peri-
infusional thoracic pain (120 and 80+R cohorts).

LYwith pemetrexed/carboplatin Thirty-six (97.3 %) patients
experienced TEAEs related to LY plus pemetrexed/
carboplatin. Hematologic TEAEs included thrombocytopenia
(20 [54.1 %]), neutropenia (20 [54.1 %]), leukopenia (14
[37.8 %]), and anemia (12 [32.4 %]) (Table 3). There were
no events of febrile neutropenia. Seven patients received
growth factor support with darbepoietin or erythropoietin for
anemia and two patients received pegfilgrastim for leukope-
nia. The most common non-hematologic toxicities (≥10 %)
were nausea (14 [37.8 %]), anorexia (7 [18.9 %]), vomiting (7
[18.9 %]), fatigue (7 [18.9 %]), dyspepsia (5 [13.5 %]) and

mucositis (4 [10.8 %]). At least 1 drug-related grade 3/4
TEAE was reported in 22 (59.5 %) patients, which were pri-
marily hematologic (Table 3).

Eight (19.5 %) patients discontinued treatment due to drug-
related TEAEs: carboplatin hypersensitivity/infusion reactions
(n=4), fatigue (n=2), and 1 each of sensory neuropathy and
thrombocytopenia. The most common reason for dose modifica-
tion for all therapies was thrombocytopenia. The second most
common reason for LY dose reduction was peri-infusional tho-
racic pain.

QTc changes Among 39 patients with baseline and post-
baseline Fridericia-corrected readings, maximum post-
baseline QTc change was <30 ms for 16 (41.0 %) patients,

Table 3 Drug-related treatment emergent adverse events during LY2090314 monotherapy and pemetrexed/carboplatin combination treatment phases

LY10b LY10 LY20 LY40 LY80 LY120 LY80 + Rc LY60 + Rc LY40 + Rc Total

LY monotherapy

n 3 7 5 7 3 4 2 5 5 41

Drug-related TEAEs, n (%)a 0 2 (28.6) 4 (80.0) 5 (71.4) 2 (66.7) 3 (75.0) 2 (100.0) 4 (80.0) 4 (80.0) 26 (63.4)

Hematologic drug-related Grade 3/4 TEAEs, n (%)a

Drug-related grade 3/4 TEAEs, n (%)a 0 0 0 0 0 0 0 0 0 0

Non-hematologic drug-related Grade 3/4 TEAEs, n (%)a

Drug-related grade 3/4 TEAEs, n (%)a 0 0 0 1 (14.3) 1 (33.3) 1 (25.0) 1 (50.0) 1 (20.0) 0 5 (12.2)

Cardiac pain 0 0 0 0 0 1 (25.0) 1 (50.0) 0 0 2 (4.9)

Prolonged QTcd 0 0 0 0 0 0 0 1 (20.0) 0 1 (2.4)

Nausea 0 0 0 0 1 (33.3) 0 0 0 0 1 (2.4)

Vomiting 0 0 0 0 1 (33.3) 0 0 0 0 1 (2.4)

Hyperglycemia 0 0 0 1 (14.3) 0 0 0 0 0 1 (2.4)

Gastrointestinal pain 0 0 0 0 0 0 0 1 (20.0) 0 1 (2.4)

LY + pemetrexed/carboplatin combination therapy

n 3 7 5 6 3 1 2 5 5 37

Drug-related TEAEs, n (%)a 3 (100.0) 7 (100.0) 5 (100.0) 6 (100.0) 3 (100.0) 1 (100.0) 2 (100.0) 5 (100.0) 4 (80.0) 36 (97.3)

Hematologic drug-related Grade 3/4 TEAEs, n (%)a

Neutropenia 0 3 (42.9) 1 (20.0) 4 (66.7) 1 (33.3) 0 0 3 (60.0) 2 (40.0) 14 (37.8)

Thrombocytopenia 1 (33.3) 1 (14.3) 1 (20.0) 6 (100.0) 1 (33.3) 0 1 (50.0) 1 (20.0) 2 (40.0) 14 (37.8)

Leukopenia 0 0 0 2 (33.3) 1 (33.3) 0 0 1 (20.0) 1 (20.0) 5 (13.5)

Anemia 0 1 (14.3) 1 (20.0) 1 (16.7) 0 0 0 0 2 (40.0) 5 (13.5)

Lymphopenia 0 0 0 1 (16.7) 0 0 0 0 0 1 (2.7)

Non-hematologic drug-related Grade 3/4 TEAEs, n (%)a

Fatigue 0 0 1 (20.0) 0 0 0 0 0 0 1 (2.7)

Dehydration 0 0 0 0 1 (33.3) 0 0 0 0 1 (2.7)

Diarrhea 0 0 1 (20.0) 0 0 0 0 0 0 1 (2.7)

Colitis 0 0 1 (20.0) 0 0 0 0 0 0 1 (2.7)

Abdominal pain 0 0 0 0 0 0 0 1 (20.0) 0 1 (2.7)

LY LY2090314, TEAE treatment-emergent adverse event
a Reported as number of patients with at least 1 event (i.e., some patients had multiple events)
b In combination arms, administered with pemetrexed (500 mg/m2 ) plus carboplatin administered as AUC (area under the plasma concentration vs. time
curve) 5 mg/mL•min; all other cohorts administered with pemetrexed (500 mg/m2 ) plus carboplatin AUC 6 mg/mL•min
cAdministered with ranitidine IV premedication
dQTc interval changes based on Fridericia corrections were observed at all LY dose levels above 20mg. No patients had a prolonged QTc interval greater
than 500 msec
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30 to 60 ms for 16 (41.0 %) patients, and >60 ms for 7
(17.9 %) patients. QTc interval changes were observed at all
dose levels of LY>20 mg with changes more pronounced at
higher doses of LY (>60 mg). Most QTc prolongations oc-
curred within 30 min of end of infusion and essentially re-
solved within 2 to 4 h. No measurements>500 msec were
reported. QTc results were deemed clinically insignificant.

Efficacy

Thirty-five (85.4 %) patients who received LY with
pemetrexed/carboplatin were evaluable for efficacy in-
cluding 5 partial responses, 19 stable disease, and 11
progressive disease. Six patients were not evaluable for
efficacy by RECIST because all were discontinued dur-
ing Cycle 1 before obtaining mandatory follow-up
scan. The best overall percent change in tumor size
from baseline is shown in Fig. 2 for 30 patients with
measureable disease.

Thirteen (31.7 %) patients who received≥6 cycles
had an extended clinical benefit (4 partial responses+
9 stable disease). Prior carboplatin, cisplatin, and
pemetrexed therapy was received by 4, 2, and 1 pa-
tients, respectively. Nine of 13 patients with clinical
benefit received an LY dose that was ≤40 mg.

Pharmacokinetics

The pharmacokinetic data for this phase I study were
previously published [8]. In brief, LY concentrations
reached maximal levels at completion of infusion
followed by rapid decline in the first hour, more slowly
through 8 h post-dose, and then slowly thereafter at
40 mg (Fig. 3). Visual inspection and statistical analysis
of the data suggest approximate linearity over the dose
range studied (ratios of dose-normalized geometric
means were approximately 1 for most dose compari-
sons; however, 90 % CIs suggested high variability).
There were no significant pharmacokinetic interactions
when LY was administered in combination with
pemetrexed/carboplatin versus when given alone.
Pemetrexed/carboplatin pharmacokinetics were similar
when given with and without LY (data not shown).

Pharmacodynamics and beta-catenin

Figure 3 summarizes mean beta-catenin response over time
following administration of LY 40 mg alone using the FACS-
based assay in four patients. Data were collected in the last
four patients enrolled in the study; therefore limiting the sam-
ple size. A transient increase from baseline in beta-catenin was
observed 4 to 8 h after administration, which returned to base-
line levels by 24 h post-dose.

Discussion

LY is a GSK3 inhibitor being studied in cancer patients. In this
first-in-human trial, the MTD of LY was 40 mg when given in
combination with pemetrexed/carboplatin plus ranitidine on a
21-day cycle. Dose-escalation of LYabove 40 mg was limited
by peri-infusional thoracic pain and visual disturbances.

Although peri-infusional thoracic pain presented in a vari-
ety of ways (chest, back, and upper abdominal pain) within 1 h
of LY dosing and was associated with negative cardiac eval-
uations including serial troponin and ECG monitoring, symp-
toms were potentially due to gastrointestinal spasm or irrita-
tion. Addition of IV ranitidine as a premedication to the triple-
combination regimen appeared to reduce the frequency and
intensity of the pain, although the number of patients treated
was low. Whether peri-infusional thoracic pain is due to inhi-
bition of GSK3 or an off-target effect remains unknown. Ra-
nitidine prophylaxis should be evaluated in future trials.

LY was also associated with visual disturbances and QTc
prolongation. Two of the visual effects occurred at doses above
the MTD. Data from a preclinical study in pigmented rats ex-
amining tissue distribution of [14C]LY2090314 demonstrated
that the highest radioactivity exposure was in the eye uveal tract
with an extended tissue half-life (380–461 h); melanin binding
is at least partially responsible for high LY uveal distribution
(data on file, Eli Lilly and Company). Additionally, GSK3 ex-
pression has been reported in the retina [13]. However, in a
retinal-ischemia mouse model, moderate levels of GSK3 inhi-
bition improved neovascularization and retinal hypoxia [14].
Thus, it is possible that visual disturbances at high doses of
LYare related to high and extended drug exposure in the uveal
tract. Preclinical modeling in dogs provided early evidence that
QTc prolongation might influence selection of the LY dose to
be used in humans. In this phase I study, QTc interval changes
became more pronounced at higher doses of LY (>60 mg) sug-
gesting a relationship between QTc prolongation and
dose/concentration. In all patients with QTc prolongation, re-
sults were deemed not clinically significant.

The toxicity profile for LY in combination with
pemetrexed/carboplatin in this study was generally similar to
that reported for pemetrexed/cisplatin [9]. However, grade 3/4
hematologic event rates reported for pemetrexed/cisplatin in
subjects with NSCLC and mesothelioma were somewhat low-
er compared to those reported in this study (anemia: 4 to 6 %
vs. 13.5 %, neutropenia: 15 to 23 % vs. 37.8 %, leukopenia: 5
to 15 % vs. 13.5 %, and thrombocytopenia: 4 to 5 % vs.
37.8 %) [9]. Accordingly, the addition of LY to pemetrexed/
platinum therapy possibly contributed to the increase in grade
3/4 hematologic events of anemia, neutropenia, and thrombo-
cytopenia, although the small sample size in this study pre-
vents firm conclusions. In addition, the events of peri-
infusional thoracic pain and visual disturbance seen with LY
in combination with pemetrexed/carboplatin are more likely
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attributable to LY alone as these events are not commonly
reported with pemetrexed/platinum combinations [9].

Preclinical and clinical LYpharmacokinetics were reported
previously [8]. Following the 60-min IV infusion, LY declined

rapidly from its maximal level in a multi-exponential manner
with a mean t1/2 of approximately 3 h at the MTD. Statistical
evaluation of LY pharmacokinetics suggests that exposure
based on Cmax and AUC was approximately linear over the
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Fig. 3 Mean LY2090314
concentration-time profiles after
40 mg (n=4) on linear scale
(shown in red). Mean beta-catenin
response over time (n=4) was
measured in peripheral blood
mononuclear cells (PBMCs)
using the flow assay (shown in
black). Reported as fluorescent
units. LY209314 concentrations
and beta-catenin responses were
assessed on Cycle 1 day 1 only

Fig. 2 Individual best overall % change in tumor size from baseline for
patients with measureable target lesions (n=30). Eleven patients were
excluded from this plot, including 2 with incomplete data (best overall
response not calculated), 3 with non-target lesions only, and 6 who were
discontinued from study prior to the second scan. Partial response (PR)
indicated by *. Two patients appeared to have a complete response (CR)
(100%), but were deemed a PR due to lack of confirmatory scans. One of
six patients with PR was not confirmed. Type of cancer, previous

treatment with pemetrexed (P) or carboplatin (C), and number of cycles
(cyc) in patients who received at least 6 cyc indicated above bars. Aden
NOS adenocarcinoma not otherwise specified, Colon adenocarcinoma
colon, Lung adenocarcinoma lung, Esophageal adenocarcinoma
esophagus, Unsp NOS unspecified not otherwise specified, Gastric
gastric adenocarcinoma, Leio-EPI leiomyosarcoma-epitheliod, Leio-
Uterine leiomyosarcoma-uterine, NSCLC non-small cell lung cancer,
SCLC small cell lung cancer, SCC small cell cancer
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dose range studied (10 to 120 mg) and associated with mod-
erate to high variability. LYpharmacokinetics were not affect-
ed by pemetrexed/carboplatin co-administration, nor were the
pharmacokinetics of pemetrexed or carboplatin altered when
given with LY (data on file, Eli Lilly and Company).

In this first-in-human study, responses following LY plus
pemetrexed/carboplatin treatment were seen among patients
with mesothelioma, NSCLC, and breast cancer. As
pemetrexed/carboplatin is a recommended NCCN regimen
for mesothelioma and non-squamous NSCLC [15, 16], any
potential additional efficacy associated with LY therapy
would require randomized studies. Interestingly, 73 % of pa-
tients enrolled in this trial received prior platinum therapy and
4 of 13 patients with extended clinical benefit had received
previous carboplatin, cisplatin, or pemetrexed therapy, sug-
gesting a possible additional benefit of GSK3 blockade may
have influenced the clinical benefit observed not only in plat-
inum-naïve patients but also in those with prior platinum ex-
posure. These data corroborate in vitro and xenograft model
observations wherein platinum-based regimens exhibited
more potent preclinical activity when combined with LY (data
on file, Eli Lilly and Company). Transient beta-catenin eleva-
tion was demonstrated in PBMCs via flow cytometry from a
subset of patients following LY 40 mg monotherapy. Inhibi-
tion of GSK3 leads to non-activated/non-phosphorylated beta-
catenin that accumulates in the cell, thereby permitting mea-
surement of target engagement with increases in beta-catenin.
Previous in-vitro data have also shown that loss of GSK3 by
siRNA knockdown results in loss of cell viability [17]. In
addition to the observed transient pharmacodynamic effect,
inhibition of GSK3 (a downstream target of AKT) by LY
[18] may also lead to down-regulation of the PI3K/AKT path-
way, a sentinel-signaling pathway for both breast cancer and
NSCLC tumorgenesis [19, 20]. AKT up-regulation has been
identified as a potential mechanism that can lead to chemo-
therapy resistance, including to platinum agents [21–23].
GSK3 has also been implicated as a mediator of epithelial to
mesenchymal transition [24, 25]. The specific mode(s) of ac-
tion by which LYexerts its effects when such a complex path-
way is being targeted and whether the duration of target inhi-
bition was sufficient to enhance clinical activity of carboplatin
and pemetrexed is unknown. A randomized trial is required to
fully evaluate whether inhibition of GSK3 truly enhances the
clinical effects associated with carboplatin and pemetrexed.

This trial established that LY, either alone or in combination
with pemetrexed/carboplatin, can be dosed at a safe and tol-
erable level in patients with cancer, thus paving the way for
further investigation of this agent in solid tumors and hema-
tologic malignancies. The MTD and recommended phase 2
dose of LY in combination with pemetrexed/carboplatin was
identified as 40 mg with ranitidine. At doses above 40 mg, we
observed an increased rate of peri-infusional thoracic pain and
visual disturbance. At doses greater than or equal to the MTD,

beta-catenin transiently accumulated in PBMCs, suggesting
proof of concept. Antitumor activity following LY plus
pemetrexed/carboplatin was observed, and clinical benefit
was durable in a subset of patients. The contribution of LY
to the clinical benefit observed in this study requires further
clinical evaluation.
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