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Summary The primary objective of this phase I study of
LY2780301, a dual p70 S6 kinase and Akt inhibitor, was to
determine the recommended phase II dose as a single agent in
patients with advanced cancer. Secondary objectives included
safety, pharmacokinetic, and pharmacodynamic analyses, and
co-clinical analyses in Avatar models. Eligible patients re-
ceived total daily doses of LY2780301 100–500 mg, given
orally as a single dose or divided into 2 doses for 28-day
cycles. Dose escalation followed 3+3 design. The primary
pharmacodynamic endpoint was inhibition of S6 assessed by
skin and tumor biopsy. Thirty-two patients were treated. Com-
mon toxicities possibly related to treatment included constipa-
tion (19 %), fatigue (13 %), nausea (9 %), and diarrhea (9 %).
Grade 3/4 toxicities potentially related to treatment were

anemia (n=2), increased alanine aminotransferase/aspartate
aminotransferase (ALT) (n=1), and increased gamma-
glutamyl transpeptidase (GGT) (n=1). One patient experi-
enced best overall response of prolonged stable disease for
6 cycles. Plasma exposures of LY2780301 exceeded predicted
efficacious exposures, but were not dose proportional. Among
patients receiving 500 mg daily >50 % exhibited reduced S6
in skin biopsies at Day 8 of treatment, but the effect was not
maintained. Plasma concentrations of LY2780301 and/or its
metabolites were not correlated with S6 expression in the epi-
dermis. There was minimal antitumor activity against the
model, CRC 019. Avatar models showed minimal pharmaco-
dynamic effects consistent with the observed antitumor ef-
fects. This study suggests a dose of LY2780301 500 mg QD
for future studies.

Keywords p70 S6 kinase (p70S6K) . Akt . mTOR . PI3K/
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Introduction

The phosphatidlyinositol-3-kinase (PI3K)/Protein Kinase B
(PKB, Akt/mammalian target of the rapamycin (mTOR) sig-
naling pathway is a key regulator of cell proliferation and
survival [1], and has been described as a Bmaster switch^ for
cell growth and proliferation [2]. The PI3K/Akt/mTOR sig-
naling pathway is frequently mutated [3–5] and is constitu-
tively activated in human tumors [6]. The Akt family of
serine-threonine protein kinases includes three isoforms:
Akt1, Akt2, and Akt3 [7–12]. Activation of the PI3K/Akt/
mTOR pathway results in the activation of the mTOR com-
plex 1 (mTORC1), and p70 S6 kinase (p70S6K) is a key
effector of mTOR. Activation of p70S6K and subsequent
phosphorylation of the S6 ribosomal protein (S6) up-
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regulates mRNA translation, which promotes sustained cell
growth and proliferation. Blockage of PI3K/Akt/mTOR path-
way activation has been shown to result in apoptosis or cell
cycle arrest in several different models [13]. Therapeutic
targeting of the PI3K/Akt/mTOR signaling pathway may pro-
vide a method of inhibiting protein synthesis similar to that of
rapamycin and its analogues.

LY2780301 is a highly selective adenosine triphosphate
(ATP)-competitive dual inhibitor of p70S6K and Akt. Preclin-
ically, this small molecule exhibited antiproliferative activity
in a broad range of cell lines using monolayer and colony
formation assays (data on file, Eli Lilly and Company).
LY2780301 effectively inhibited the growth of A2780 (ovar-
ian), H460 (lung), PC3 (prostate), and HCT116 (colon) xeno-
graft models. Pharmacodynamic relationships of LY2780301
with phospho-S6 (pS6) and other markers were dose-, expo-
sure-, and time-dependent (data on file, Eli Lilly and
Company).

This first-in-human phase I study of LY2780301 had a
primary objective to determine the recommended phase II
dose and schedule as an orally administered single agent in
patients with advanced solid tumors. Secondary objectives
included evaluation of safety, pharmacokinetics (PK), and
pharmacodynamics (PD) of the compound and its metabolites.
Parallel clinical and nonclinical investigations (co-clinical tri-
als), which included Avatar mouse models of cancer, were
conducted and included models with tumor tissues obtained
from clinical study patients. Co-clinical studies provided rel-
evant preclinical models to test the study agent for further
mechanistic and preclinical studies. This approach has been
used in clinical studies with novel anticancer agents and has
resulted in a better understanding of mechanisms of action
[14].

Patients and methods

Ethics statement

This study followed the guiding principles of the Declaration
of Helsinki [15] and the Good Clinical Practice Guidelines of
the International Conference on Harmonisation [16]. All pa-
tients provided written informed consent prior to study
enrollment.

Patients

This multicenter Phase 1 study had the following patient eli-
gibility criteria for enrollment: age ≥18 years; histologically
confirmed solid tumors or Non-Hodgkin’s lymphoma (NHL)
refractory to standard therapy; measurable or nonmeasurable
disease defined by Response Evaluation Criteria in Solid Tu-
mors version 1.1 (RECIST v1.1) [17]; discontinued previous

treatments for cancer and recovered from the acute effects of
therapy for at least 28 days for myelosuppressive agents or
14 days for nonmyelosuppressive agents; a performance status
of ≤1 on the Eastern Cooperative Oncology Group (ECOG)
scale; and baseline laboratory tests to determine adequate he-
matopoietic, renal, and hepatic function [defined as absolute
neutrophil count ≥1.5×109/L; platelets ≥100×109/L; hemo-
globin ≥8 g/dL; serum creatinine ≤1.5×upper limits of normal
(ULN) or calculated clearance >45 mL/min; bilirubin ≤1.5×
ULN; and alanine transaminase (ALT) ≤2.5 x ULN (≤5×ULN
was acceptable for patients with liver tumors)].

Patients were excluded for any of the following reasons:
received treatment within 28 days of the initial dose of study
drug with a drug that had not received regulatory approval for
any indication; symptomatic central nervous system malig-
nancy or metastasis (except for patients no longer receiving
corticosteroids and/or anticonvulsants with asymptomatic and
stable disease for at least 60 days); current acute or chronic
leukemia; positive test results for human immunodeficiency
virus, hepatitis A, B, or C; corrected QT interval (QTc)
>470 msec on an electrocardiogram; treatment with a strong
cytochrome P450 3A4 (CYP3A4) substrate with a narrow
therapeutic range, or classification as a strong inhibitor or
inducer; history of pituitary adenoma; or pregnancy or
lactation.

Study design

This nonrandomized, open-label dose escalation phase I study
of LY2780301 in patients with advanced solid tumors or NHL
incorporated once-daily (QD) (Part A) and twice-daily (BID)
(Part B) dose regimens as part of a 28-day dosing cycle. Dose
escalation was to follow a 3+3 design until the criteria for
maximum tolerated dose (MTD) were met. Part B initiation
was based on patient toxicity and PK/PD data from Part A.
Part A dosing began at 100 mg in a flat dosing scheme and
escalated by 100 mg in each subsequent cohort, up to 500 mg.
In Part B, dosing began at 150 mg BID and escalated by
50 mg for the second cohort (200 mg BID).

In Parts A and B, each cohort initially included 3 patients.
At the end of the first treatment cycle, each patient was clin-
ically evaluated for safety by the investigator before being
allowed to receive the next treatment cycle. Eligible patients
received 2 cycles of LY2780301, unless one or more criteria
for discontinuation were met. Discontinuation criteria includ-
ed: progressive disease; unacceptable toxicity; noncompliance
of the patient; a dosing delay of more than 2 weeks due to an
AE; a dose-limiting toxicity (DLT) leading to dose reduction
with another DLT-equivalent toxicity occurring at the reduced
dose in Cycle 2 or greater; and withdrawal by the patient,
attending physician, or sponsor for any reason. Patients who,
in the opinion of the investigator, demonstrated clinical bene-
fit may have received treatment beyond 2 cycles.
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Dose escalations were considered following an assessment
of toxicity using the Common Terminology Criteria for Ad-
verse Events Version 4(CTCAE) Version 4.02) [18]. Dose
escalation decisions primarily considered any adverse events
(AEs) possibly related to LY2780301, along with PK/PD data,
when available, as a secondary consideration. Patients re-
ceived at least two cycles of treatment unless one or more
criteria for discontinuation were met. DLT was defined as an
AE possibly related to LY2780301 occurring during cycle 1
following the CTCAE v4.02 criteria: Grade 4 thrombocytope-
nia or neutropenia >5 days’ duration; febrile neutropenia;
≥Grade 3 non-hematological toxicity except nausea/
vomiting/diarrhea, skin rash that was responsive to medical
treatment; transient (≤5 days) Grade 3 elevations of ALT/
aspartate aminotransferase (AST) without evidence of other
hepatic injury; transient Grade 3 hyperglycemia; and Grade 3
hypertriglyceridemia or hyperlipidemia without optimal treat-
ment. If a single patient experienced DLT during Cycle 1 of
LY2780301, three additional patients were enrolled at that
dose level. If a DLT was observed in two or more patients at
any dose level, escalation ceased and the previous dose was
declared the MTD. An expansion cohort of up to 30 patients
was planned once the recommended dose was reached.

Response analyses were based on RECIST Version 1.1
[17] for patients with solid tumors, or the Revised Response
Criteria for Malignant Lymphoma or patients with non-
Hodgkin’s lymphoma [19].

Drug supply

LY2780301 was provided by Eli Lilly & Company (Indianap-
olis, IN, USA) as capsules for oral administration containing
25 or 100 mg of active drug.

Pharmacokinetic studies

Pharmacokinetic analyses were performed on all patients who
received at least one dose of study drug and contributed post-
dose blood samples for bioanalysis according to the study
protocol. Whole blood samples were collected pre-dose and
at 0.5, 1, 2, 3, 5, and 8 h post-dose on days 1 and 8 of Cycle 1.
Concentrations of LY2780301 parent drug and its two princi-
pal metabolites (desmethyl and didesmethyl) were measured
by a validated liquid chromatography-tandem mass spectrom-
etry (LC/MS/MS) method [data on file, Eli Lilly and Compa-
ny]. Pharmacokinetic parameters following single and multi-
ple doses of LY2780301 included partial area under the plas-
ma concentration-time curve (AUC), peak observed concen-
tration (Cmax), time to Cmax (tmax), half-life (t½), apparent
clearance (CL/F), and apparent steady-state volume of distri-
bution (Vss/F).

Pharmacodynamic studies

Pharmacodynamic analyses were performed in skin biopsies
collected on days 1, 8, and 22 of Cycle 1. The pS6 expression
was investigated in two scoring schemes: 1) levels of pS6
expression in the entire epidermis, and 2) levels of pS6 ex-
pression in the epidermis minus the stratum granulosum (epi-
dermis-SG).

Antitumor activity

Patients’ tumor measurements were assessed by one or more
of the following radiologic tests: computerized tomography
(CT) scan, magnetic resonance imaging (MRI), and/or chest
x-ray. The extent of each patient’s disease was assessed using
the following procedures: tumor measurement of palpable or
visible lesions for patients with solid tumors (RECIST v1.1
guidelines), [17] or the Revised Response Criteria for Malig-
nant Lymphoma [19] for patients with NHL.

Animal studies

The study protocol for the parallel co-clinical study in Avatar
mouse models of cancer was reviewed and approved by the
Institutional Animal Care and Use Committee (IACUC). The
care and use of animals in this study complied with the regu-
lations of the Association for Assessment and Accreditation of
Laboratory Animal Care (AAALAC).

Six-week old female athymic nude-Foxn1nu mice (Harlan)
were housed in individual high-efficiency particulate air
(HEPA) ventilated cages (Sealsafe® Plus, Techniplast). Tumor
fragments were subcutaneously implanted bilaterally on the
right and left flank, and included colon cancer (three models:
CRC 005, 019, 012), pancreatic cancer (three models: Panc
031, 198, 215), lung cancer (two models: Pulm 021, 024), and
one melanoma model (Mel001) obtained from one of the
study subjects. Animals were randomized into treatment and
control groups when tumors reached ~200 mm3, at which
point dosing was initiated (Day 1). LY2780301 was adminis-
tered at a dose of 12.5 or 50 mg/kg daily Monday-Friday by
oral gavage. Animals were checked daily for mobility, body
weight, morbidity and other abnormal effects, and mortality.
Tumor sizes were measured (in triplicate) twice weekly
in two dimensions using an electronic caliper, and the
tumor volume was expressed in mm3 using the formula
TV=width2 x length x 0.5. Percent tumor growth inhibi-
tion (%TGI) values were calculated for each treatment
group (T) versus control (C) using initial (i) and final
(f) tumor measurements by the equation %TGI=1- [(Tf-
Ti)/(Cf-Ci)]. TGI values were compared between treat-
ment and control groups.
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Western blot analysis of LY2780301

Total protein from xenograft samples was extracted with RIPA
buffer (R0278, SigmaAldrich, St. Louis, Missouri, USA) plus
protease inhibitor cocktail tablet (11836170001, Roche Diag-
nostics, Indianapolis, Indiana, USA) and phosphatase inhibi-
tor cocktail 2 and 3 (P5726, P0044 Sigma Aldrich, St. Louis,
Missouri, USA). Analyses were conducted after SDS-PAGE
electrophoresis and transferred to polyvinylidene difluoride
Immobilon®-P membranes (Millipore®). Immunoblotting
was performed according to the antibody manufacturers’ rec-
ommendations. The following antibodies were used: anti-S6
(2217), anti-pS6 (4857), anti-Akt (4691), anti-phospho-Akt
(pAkt) (4060), and anti-glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) (5174) (Cell Signaling Technology®, Dan-
vers, Massachusetts, USA). Secondary antibodies included
goat anti-rabbit-horseradish peroxidase (HRP) (P0448, Dako,
Carpinteria, California, USA).

Results

Phase I study patient demographics and treatment

Thirty-two patients completed at least one cycle of
LY2780301. The mean treatment durations were 2.9 cycles
for both Parts A and B (range Part A: 1–9, Part B: 1–5). Most
patients had numerous prior therapies; 72% of patients had ≥3
previous lines of systemic treatment. Patient characteristics
and the dose-escalation scheme are summarized in Tables 1
and 2, respectively.

Safety and tolerability

Twenty-five patients in Part A and seven patients in Part B
received at least one dose of LY2780301. There were no DLTs
reported in either Part A or Part B. Eight patients (25 %)
experienced a serious adverse event (SAE) during treatment:
500 mg QD cohort (n=3), 300 mg QD cohort (n=2), 400 mg
QD cohorts (n=2), and 100 mg QD cohort (n=1). The most
common SAEs were dyspnea and respiratory failure, experi-
enced by two patients each. One patient each experienced the
following SAEs: gastrointestinal disorder, small intestine ob-
struction, enterocolitis infection, upper respiratory infection,
acute kidney injury, renal colic, and surgical procedure. None
of these SAEs were considered related to study drug.

For Parts A and B, 21 patients (66 %) reported at least one
treatment-emergent adverse event (TEAE) possibly related to
study drug (Table 2). There were four Grade 3/4 TEAEs pos-
sibly related to study drug: Grade 3 anemia (n=1), increased
ALT /AST (n=1), increased GGT (n=1), and Grade 4 anemia
(n=1). The most common TEAEs possibly related to study
drug were constipation (19 %), fatigue (13 %), nausea (9 %),

and diarrhea (9 %). Laboratory abnormalities possibly related
to study drug included increased ALT/AST (3 %), hypergly-
cemia (6 %), anemia (6 %), and thrombocytopenia (3 %). No
patients discontinued treatment due to an adverse event.

Pharmacokinetics

In Part A, LY2780301 exposures, as assessed by AUC from
time zero to infinity following the first dose on day
1(AUC[0-∞]), increased with doses from 100 to 500 mg QD.
A similar trend in AUC was observed during one dosing in-
terval at steady state (AUC[τ,ss]) on Day 8, with the exception
of the 200-mg QD cohort, in which the average AUC was
slightly lower than the 100-mg QD cohort. Exposures across
the QD dose range were not dose-proportional. Correspond-
ing median tmax across treatment groups ranged from 3 to 6 h.
PK results are summarized in Table 3.

Twice-daily dosing was evaluated for the 150-mg and 200-
mg doses and compared with QD dosing at steady state (Day
8). Mean exposures in the former groups ranged from 36,700
to 39,000 ng·hr/mL (73,400-78,000 ng·hr/mL extrapolated
over a 24-hour period). Although sample sizes were small,

Table 1 Baseline
Patient Characteristics N=32

Characteristic n, (%)

Sex

Male 17 (53)

Female 15 (47)

Age, years

Mean 55.6

Range 22–79

Race

Caucasian 32 (100)

ECOG Performance status

0 13 (41)

1 19 (59)

Tumor Type

Colorectal 9 (28)

Mesothelioma 7 (22)

Breast 5 (16)

Sarcoma 4 (13)

Other 7 (22)

Prior Therapy

Chemotherapy 32 (100)

1 Line 2

2 Lines 7

≥3 Lines 23

Surgery 28 (88)

Radiotherapy 13 (41)

Abbreviations: ECOG, Eastern Coopera-
tive Oncology Group
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these results demonstrated BID dosing resulted in lower over-
all daily exposures compared to QD dosing. Therefore, addi-
tional BID dosing -regimens were not evaluated.

Using pooled data from Part A and Part B, a PK model
determined the mean CL/F and Vss/F estimates ranged from
2.23 to 5.48 L/hr and from 43.4 to 207 L, respectively. Mean
t1/2 ranged from 8.58 to 29.3 h, with the t1/2 generally increas-
ing with increasing dose. Exposures at steady state were with-
in the anticipated efficacious range of exposures based on
preclinical data (data on file, Eli Lilly and Company).

Plasma concentrations of the desmethyl (LSN2804018)
and didesmethyl (LSN2804027) metabolites of LY2780301,
both of which are known to exhibit measurable, sub-potent
activities relative to the parent molecule, were analyzed (data
on file, Eli Lilly and Company). Median plasma concentra-
tions of these metabolites varied among treatment groups,
ranging from 5 to 29% for the desmethyl metabolite, and from
0.07 to 0.89% for the didesmethyl metabolite on a molar basis
(Table 3).

Pharmacodynamics

The level of ribosomal pS6 inhibition was evaluated in pre-
treatment and on-treatment skin biopsies via quantitative im-
munohistochemistry (IHC). Skin samples were taken from 15
patients at the highest administered doses. Eleven patients had
samples available at baseline and also at Cycle 1 day 8, pre-
dose and 5 h post-dose. Ten of the 11 patients were treated at
the 500 mg QD dose, and one patient was treated at the
200 mg BID dose. In the 500 mg QD cohort, six of the ten
patients achieved pS6 inhibition, which was in alignment with
a pre-established relevant threshold. Seven of the ten patients

had a decrease in pS6 expression levels post-LY2780301
when compared with baseline epidermis-SG measures. Six
of these ten patients exhibited a decrease in pS6 levels using
the entire epidermis measures (Fig. 1). However, the decrease
in pS6 expression was transient and was not maintained in the
5-hour post-dose samples collected on Day 8 of cycle 1 (data
on file, Eli Lilly and Company). Only two patients had pre-
and post-dose pS6 levels measured on Day 22, and both of
these patients exhibited a decrease in pS6 expression. (data on
file, Eli Lilly and Company).

Antitumor activity

There were 28 evaluable patients for disease response. Of
these, 8 (29 %) patients exhibited stable disease. Five of the
eight patients had a progression free survival (PFS) >120 days
(mesothelioma n=2, both 500 mg QD; breast cancer n=2,
400 mg QD, 150 mg BID; colon cancer n=1, 200 mg BID).
There were no responders in this study. A molecular tumor
profile is available for 10 of 32 patients, and is summarized in
the Supplemental Table. One patient with colon cancer and
PIK3CA E545K mutation had stable disease for 125 days.

Co-clinical analyses of LY2780301

Figure 2 shows the tumor growth inhibition curves of Avatar
models treated with LY2780301 at the indicated doses. Over-
all tumor growth inhibition (TGI) and the genetic characteris-
tics of the tumors tested are shown in Fig. 3. Overall, there was
minimal antitumor activity against the model CRC 019, with a
TGI of 68 and 64 % for the 12.5 and 50-mg/kg doses, respec-
tively, on day 28 that was not maintained on day 50.

Table 2 Treatment Emergent Adverse Events Possibly Related to Study Drug (all gradesa that occurred in ≥5 % of patients)

Clinical 100 mg QD 200 mg QD 300 mg QD 400 mg QD 500 mg QD 150 mg BID 200 mg BID Total

n=3 n=3 n=4 n=3 n=12 n=3 n=4 N=32

Grade 1/2 ≥3 1/2 ≥3 1/2 ≥3 1/2 ≥3 1/2 ≥3 1/2 ≥3 1/2 ≥3 N %

Constipation 1 0 3 0 2 0 6 19

Fatigue 1 0 1 0 2 0 4 13

Diarrhea 1 0 1 0 1 0 3 9

Nausea 1 0 1 0 1 0 3 9

Anorexia 1 0 1 0 2 6

Heartburn 2 0 2 6

Vomiting 1 0 1 0 2 6

Lab

Grade 1/2 ≥3 1/2 ≥3 1/2 ≥3 1/2 ≥3 1/2 ≥3 1/2 ≥3 1/2 ≥3 N %

Anemia 0 1 0 1 2 6

Hyperglycemia 1 0 1 0 2 6

Abbreviations: BID = twice daily; QD = once daily
a Grades are according to National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.02
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Fig. 1 pS6 levels in skin
biopsies. The graph represents
change in pS6 levels in skin
biopsies from the epidermis and
epidermis minus the stratum
granulosum (epidermis-SG) for
patients in the 500-mg QD cohort
at Cycle 1 day 8 postdose (C1D8_
0hr) compared to baseline Each
dot represents a single patient
Epidermis SG = epidermis minus
the stratum granulosum

Fig. 2 Tumor growth inhibition curves of LY2780301 against a series of
Avatar mouse models of cancer Groups of xenograft tumors (with
indicated tumor model) were treated at the dose and schedule indicated.

Tumor sizes were monitored and tumor volumes determined as described
in the Methods section CRC, colorectal cancer; Panc, pancreatic cancer;
Pulm, pulmonary cancer; Mel, melanoma
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Assessment of pathway inhibition in treated models showed
minimal PD effects consistent with the observed antitumor
effects (Fig. 3).

Discussion

The primary objective of this phase I study was to recommend
a phase II dose and schedule for LY2780301. However, be-
cause there were no DLTs, the MTDwas not identified. Based
on PK, PD, and clinical results, the dose of 500 mg QD was
recommended for future studies . Signs of clinical benefit
were observed in a few patients at different dose levels with
different pretreated and progressing tumor types, including
mesothelioma and breast cancer.

Mean PK exposures of LY2780301 at all dose levels
exceeded the a priori established threshold of efficacious ex-
posure based on preclinical data (>25,000 ng·hr/mL) and PK

modeling. This might explain the high variability of exposure
to LY2780301 and the lack of apparent dose proportionality. It
was hypothesized that variability in exposures was related to
variability of dissolved LY2780301 in the gastric compart-
ment, a phenomenon that is pH-dependent. The terminal
slopes for the plasma concentration-time curves across dose
ranges were approximately parallel. The absence of dose pro-
portionality was likely due to limited absorption of the higher
dose because of low solubility. The sizable inter-individual
variability within cohorts and sparse sampling (8 h or- 24-
hours post-dose) precluded formal assessment of dose propor-
tionality and limited characterization of the terminal elimina-
tion phase. The apparent trend for t1/2 likely was caused by the
dose-dependent increase in Vss/F. Median accumulation, as
calculated by the ratio of AUC from time zero to 8 h
[AUC(0–8)] on day 8 relative to day 1, ranged from 1.37 to
3.32.

There was evidence to suggest that LY2780301, at the rec-
ommended dose of 500 mg QD, affected IHC expression of
pS6 in post-LY2780301 skin biopsies. Unfortunately, pS6 in-
hibition data were not obtained throughout the different dose
regimens, limiting the possibility of describing an exposure-
response relationship. At the highest dose levels in both
schemes, PK/PD plots showed no visible correlation between
inhibition of pS6 levels in the epidermis and exposure to
LY2780301 or its desmethyl and didesmethyl metabolites.

Conducting parallel clinical and co-clinical investigations
has recently been proposed as a strategy to optimize drug
development [20–22]. In previous studies, co-clinical models
enabled recapitulation of the heterogeneity of human cancer
and were predictive of clinical outcome [14, 23, 24]. In this
study, at the dose and schedules tested, the LY2780301 was
not effective against any selected models (Fig. 2). This sug-
gests that additional doses, schedules, or combinations would
be needed for therapeutic efficacy. Of particular interest was
model Mel001 developed from a patient with BRAF wild-
type malignant melanoma (Fig. 3). The patient developed dis-
ease progression after one cycle of treatment, which was con-
sistent with the lack of activity of LY2780301 in the patient’s
corresponding Avatar model. Patients in this trial were not
selected based on their tumor molecular profile; no valid hy-
pothesis was available at the time of study initiation to select
patients based on tumor molecular profiling. The analysis of
limited tumor profile data did not show a clear link between
PI3K mutations and duration of stable disease.

There are several known therapeutic inhibitors of the
PI3K/Akt/mTOR signaling pathway. Rapamycin and its ana-
logues temsirolimus/CCI-779 (Torisel®, Wyeth Pharmaceuti-
cals, Madison, NJ, USA) [25–27], everolimus/RAD 001
(Afinitor®, Novartis Pharma, Basel, Switzerland) [28], and
ridaforolimus/A23573 (Ariad Pharma, Cambridge, MA,
USA) [29] allosterically inhibit mTORC1. Following the ap-
proval of everolimus and temsirolimus for treating breast and

Fig. 3 Tumor xenograft characteristics and expression of pS6 and pAkt.
TOP Expression of (p)S6 and (p)Akt in xenograft samples from control
(C) mice and mice treated for 29 days with LY2780301 (T), analyzed by
western blot BOTTOM Genetic characteristics of the patient-derived
tumor xenografts from (Pulm021) (Panc198) and (CRC012) Pulm,
pulmonary cancer; Panc, pancreatic cancer; CRC, colorectal cancer
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renal cancer, other similar compounds were developed, in-
cluding: ATP-competitive, dual inhibitors of class I PI3K
and mTORC1/2; ‘pan-PI3K’ inhibitors that inhibit all four
isoforms of class I PI3K (α, β, δ, γ); isoform-specific inhib-
itors of the various PI3K isoforms; allosteric and catalytic
inhibitors of Akt; and ATP-competitive inhibitors of mTOR
only. While these compounds block the same signaling path-
way, they have different levels of antitumor activity and vary-
ing levels of toxicity depending on the tumor’s genetic
context.

Similarly, ATP-competitive dual inhibitors of class I PI3K
and mTORC1/2 may have a broader activity profile, but tox-
icity may preclude these compounds from attaining sufficient
therapeutic doses. On the opposite extreme of selectivity,
isoform-specific inhibitors may be only effective in specific
contexts. INK-1402, a selective p110 α inhibitor, was more
effective in PI3K catalytic subunit α (PI3KCA) mutated cell
lines compared with mutated or absent PTEN. BYL719
(Novartis) and GDC-0032 (Genentech) reported partial re-
sponses exclusively in patients with PI3K3CA mutant tumors
[30, 31]. Preclinical work showed that Akt inhibitors provide
an interesting strategy for tumors with either PIK3CA or
PTEN alterations [32–37]. Combined treatment with a
PI3K-alpha inhibitor and an mTOR inhibitor was found to
be synergistic in PIK3CA mutant tumors [38]. This provides
a rationale for future trials in combination with other antican-
cer agents and molecular selection of patients.
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