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catalytic subunit of PI3Ka (p110a), is often mutated or
amplified in solid tumors or lymphomas (3, 4, 6, 7). The
tumor suppressor gene PTEN, a critical negative regulator
of PIP3 production, is frequently mutated, deleted, or
downregulated in tumors (3, 8). Furthermore, PI3K acti-
vation via activating mutations of RAS contributes to RAS-
mediated cellular transformation (9, 10). In addition to
promoting cancer cell proliferation and survival, activa-
tion of the PI3K pathway mediates resistance to both RTK
inhibitors and genotoxic agents (11, 12), such that PI3K
inhibition increases cancer cell sensitivity to targeted
agents, as well as platinum-based drugs and taxanes
(13–15). Selective inhibition of key nodes of the PI3K
pathway represents an attractive therapeutic intervention
for the treatment of solid and hematologic cancers, and
both pan-class I and isoform-selective PI3K inhibitors
have entered clinical testing (3, 16).

SAR245408 (XL147) is a novel, ATP-competitive, highly
selective, and reversible inhibitor of the PI3K p110a, -b, -g ,
and -d isoforms, with half-maximal inhibitory concentra-
tion (IC50) values of 48, 617, 10, and 260 nmol/L, res-
pectively, measured in biochemical assays (17, 18).
SAR245408 shows high selectivity in a broad panel of
kinases, with no inhibitory activity against RAF, MEK, and
extracellular signal–regulated kinase (ERK; ref. 17). In xeno-
grafted tumor models, SAR245408 exhibited good oral
bioavailability, dose-dependent plasma exposure, and
potent and sustained PI3K pathway inhibition, leading to
growth inhibition of xenografts representing various his-
tologies, including those harboring PIK3CAor KRASmuta-
tions and PTEN deficiency (17, 18). Here, we report results
from a phase I study investigating safety, tolerability, and

pharmacokinetic (PK) and pharmacodynamic properties of
SAR245408 administeredorally asmonotherapy topatients
with refractory solid tumors.

Materials and Methods
Patient population

Eligible patients were aged � 18 years, with an Eastern
Cooperative Oncology Group (ECOG) performance status
(PS) � 2 and histologically confirmed metastatic or unre-
sectable solid tumors for which standard curative or palli-
ative measures were unavailable or ineffective. Adequate
organ and bone marrow function, fasting plasma glucose
< 160 mg/dL, HbA1c < 8%, and the presence of disease
evaluable by tumor markers or physical or radiologic
means, were required. Patients who had previously received
PI3K inhibitor treatment or had received chemotherapy, a
biologic agent, or an investigational agent within 4 weeks, a
small-molecule kinase inhibitor or radiotherapy within 2
weeks or 5 half-lives, or hormonal therapy within 1 week of
the first dose of SAR245408, were excluded. Furthermore,
patients with ongoing toxicity (grade � 1) due to prior
therapy or uncontrolled intercurrent illness (e.g., infection
or heart disease) were excluded. In vitro inhibition and
induction studies with SAR245408using human livermate-
rial showed the potential of SAR245408 to inhibit cyto-
chrome P450 (CYP)3A4 and CYP2C9 and induce CYP1A2
and CYP3A4. Therefore, concomitant use of drugs with
narrow therapeutic indices that are substrates for CYP1A2,
CYP2C9, and CYP3A4 were avoided unless considered
clinically necessary.

Study populations included the safety, pharmacokinetic,
pharmacodynamic, and efficacy (exploratory) populations.
The safety and pharmacokinetic populations were defined
as all patients who received at least one dose of study drug;
the pharmacodynamic population was defined as patients
receiving at least one dose of study drug and from whom
tumor or non-tumor tissue samples were collected. The
efficacy population encompassed all patients in the safety
population evaluable for response (i.e., patients who had a
baseline tumor assessment and at least one post-baseline
tumor assessment).

Study design and dose escalation
This was a phase I, open-label, single-arm, dose-escala-

tion study (NCT00486135). Patients received SAR245408
(capsule formulation) using 1 of 2 regimens: either once
daily for the first 21 of every 28 days (21/7) or continuous
once-daily dosing (CDD) in each 28-day cycle. For each
schedule, a standard 3 þ 3 design was used for dose
escalation, with dose-limiting toxicities (DLT) defined dur-
ing the first 28-day cycle. Starting doses were 30 mg for the
21/7 regimen, calculated on the basis of results from pre-
clinical in vivo studies, and 100 mg for the CDD cohort,
chosen once safety and PK data from the 21/7 regimenwere
available.

A DLT was defined as the occurrence during the study
treatment period (cycle 1) of specific events considered

Translational Relevance
The phosphoinositide 3-kinase (PI3K) pathway is

heavily implicated in tumor cell growth, proliferation,
and survival and contributes to resistance to chemother-
apy and targeted agents. SAR245408 (XL147) is a novel
orally bioavailable pan-class I PI3K inhibitorwithpotent
antitumor activity in xenograft models. This first-in-
human study established the maximum tolerated dose
of the capsule formulation (administered daily either
for the first 21 days of a 28-day period or continuously
for 28 days), and showed a manageable toxicity profile
and favorable pharmacokinetic parameters. SAR245408
demonstrated a pharmacodynamic effect on fasting
insulin levels, as well as PI3K pathway modulation in
hair, skin, and tumor tissue. Pathway inhibition and
clinical activity were observed in tumors with and with-
out apparent molecular alterations of PI3K pathway
components. Overall, 25 (43.9%) patients had stable
disease as the best response; eight were progression-free
at 6 months. These results lay the groundwork for
additional studies of SAR245408 either as monotherapy
or in combination regimens.
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related to the study drug, including: grade 4 neutropenia
lasting � 4 days; grade 4 febrile neutropenia; grade 3 febrile
neutropenia lasting � 3 days, or any other grade 4 hema-
tologic adverse event (AE). In addition, grade � 3 nonhe-
matologic events that occurred despite prophylaxis or were
not easily managed or corrected by medical intervention,
and grade � 3 hyperglycemia not controlled with oral hypo-
glycemic agents at standard doses, were also considered
dose limiting. Drug-related AEs that prevented the start of
cycle 2within 14days of the planned start date, or prevented
� 75% of the planned dose being taken in cycle 1, were
considered DLTs. Any toxicity-related dose delay of >21
days (21/7 regimen) or >28days (CDD regimen) resulted in
patient withdrawal from the study, unless the patient was
deriving clinical benefit from study treatment per investi-
gator judgment.
The preliminary maximum tolerated dose (MTD) was

defined as the highest dose level below the maximum
administered dose at which � 1 of 6 patients experienced
a DLT. After the MTD was identified, additional patients
were enrolled in MTD expansion cohorts to further assess
safety, pharmacokinetic and pharmacodynamic effects. For
the CDD regimen, a proportion of the additional patients
enrolled was required to have solid tumors amenable to
biopsy, and the rest were required to have non–small cell
lung cancer (NSCLC). Information collected beyond cycle 2
and in MTD expansion cohorts was used to determine the
recommended phase 2 dose.
To explore the hypothesis that tumors with molecular

alterations affecting PI3K pathway components would be
more sensitive to SAR245408, a cohort of patients with
tumors harboring molecular alterations affecting PI3K
pathway components and modulators, such as PIK3CA
mutation or PTEN deficiency, was enrolled to a dose level
one below the MTD.
Approval was obtained from the ethics committees at the

participating institutions and from regulatory authorities. All
patients provided informed consent. The study followed the
Declaration of Helsinki and good clinical practice guidelines.

Safety assessments
Safety was assessed using standard clinical findings, AEs,

echocardiograms, ECOG PS, physical examination, vital
signs, concomitant medications, and laboratory assessments.
Safety evaluations were conducted during the screening
period, at set times during each cycle and during follow-up.
Drug-related AEs occurring within 30 days after the last dose
were followed until resolution, stabilization, or initiation
of new treatment. AEs were graded according to National
Cancer Institute Common Terminology Criteria for AEs ver-
sion 3.0. Safety findings were reviewed on an ongoing basis.

Pharmacokinetic assessments
Whole blood (for plasma)was collected pre-dose on days

1, 2, 8, 15, and 21 (day 28 for CDD regimen) during cycle 1,
on day 1 of every cycle for cycles 2–4 (both regimens), and
on day 1 of every fourth cycle thereafter (both regimens).
During cycle 1, post-dosing blood samples were collected at

0.5, 1, 2, 4, and 8hours onday 1 (both regimens), at 4 hours
on day 8 (both regimens), and at 0.5, 1, 2, 4, and 8 hours on
day 21, and on days 22 and 23 or 24 (21/7 regimen) or at
0.5, 1, 2, 4, and 8 hours on day 28 (CDD regimen). During
cycles 2–4, post-dosing blood samples were collected at 4
hours on day 1 of every cycle and every 4 cycles thereafter
(both regimens). Urine samples were collected within 2
hours pre-dose on day 1 of cycle 1, with an additional single
sample collected during the 24-hour period following the
cycle 1day20dose (21/7 regimen)or the cycle 1day28dose
(CDD regimen).

Pharmacokinetic parameters assessed included: terminal
elimination half-life (t1/2,z), time to maximum concentra-
tion (tmax), maximum concentration (Cmax), area under the
concentration–time curve up to the last measurable con-
centration (AUClast), area under the concentration–time
curve up to 24 hours (AUC0–24), area under the concentra-
tion–time curve from time 0 to infinity (AUCinf), accumu-
lation ratio (AR), and apparent clearance (Cl/F). The
amount and percentage of SAR245408 excreted unchanged
in urine were also assessed.

Pharmacokinetic bioanalytical assays
Bioanalysis of human plasma (separated from whole

blood by centrifugation) and urine samples was conducted
by liquid chromatography-tandemmass spectrometry (LC-
MS/MS) following a solid-phase extraction (SPE). K2EDTA
anticoagulant was removed from plasma samples using an
SPE cartridge (Waters Oasis HLB, 30 mg). SAR245408 was
eluted from the SPE cartridge using methanol/acetonitrile
solution (1:1, v:v), and 10 mL of solution was injected into
the LC-MS/MS system. The standard curve covered a linear
range of 1.00 to 2,000 ng/mL in human plasma and urine
with 100 mL of matrix. The lowest detection limit of the
method for plasma and urine was 1 ng/mL. Extracted
samples were analyzed using a Shimadzu LC-20AD inte-
grated HPLC system and an Applied Biosystems/MDS Sciex
API 4000 mass spectrometer with an APCI interface. An
isocratic mobile phase containing acetonitrile/water (65/
35, v/v) with 1% formic acid at a flow rate of 0.40 mL/min
and an HPLC analytical column (Thermo Electron Betasil
CN, 2.1 � 50 mm2, 5 mm) were used. A positive ion
multiple-reaction-monitoring mode was used to detect
analyte (m/z 541 ! 456) and internal standard (D6-
SAR245408, m/z 546 ! 456).

Pharmacodynamic and molecular profiling
assessments

Detailed biomarker procedures are provided in the Sup-
plementary section. Briefly, the pharmacodynamic effects of
SAR245408 were evaluated in plasma, peripheral blood
mononuclear cells (PBMCs), hair sheath cells, buccalmuco-
sa, and skin biopsies from patients in the dose escalation
cohort, and in paired tumor biopsies (and skin biopsies
in several instances) from patients in the expanded MTD
and the tumor molecular alteration cohorts. In addition,
molecular profiling was conducted in archival and/or base-
line fresh tumor tissue to identify molecular alterations of
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PI3K pathway components and/or modulators that could
affect the efficacy of or resistance to SAR245408.

Efficacy assessments
Tumor response was assessed using Response Evaluation

Criteria in Solid Tumors (RECIST) version 1.0 (19). Patients
with measurable disease were assessed using computed
tomographic (CT) scans conducted within 21 days before
the initial dose and approximately every 8 weeks thereafter.
In patients with nonmeasurable lesions, tumor response
was assessed (as feasible) using physical examination,
radiographic methods, or tumor markers.

Statistical analyses
The study used a conventional 3 þ 3 dose-escalation

design and had no formal sample size calculation or
hypothesis testing. The total sample size was dependent on
the number of dose levels required to determine the MTD.
Safety assessment was the primary objective and efficacy
assessment was an exploratory objective. All data were

summarized using descriptive statistics within each dose
level and/or dosing schedule, and overall in all treated
patients unless stated otherwise. For efficacy data, 90%
confidence intervals (CI) were constructed on the basis of
an exact binary distribution. Pharmacokinetic parameters
(t1/2,z, tmax, Cmax, AUClast, AUC0–24, AUCinf, AR, Cl/F) and
the amount and percentage of SAR245408 excreted
unchanged in urine were calculated from individual con-
centration–time data using a noncompartmental method.
Further details on the calculation of each of these para-
meters are provided in the Supplementary Methods.

Results
Study population

Between July 2007 and February 2011, 68 patients with
advanced solid tumors and 1 patient with small lympho-
cytic lymphoma (SLL) were enrolled and treated (n ¼ 41,
21/7 and n ¼ 28, CDD). Fifty-seven patients (n ¼ 34, 21/7
and n ¼ 23, CDD) were evaluable for response. Patient
characteristics are summarized in Table 1. Forty-three

Table 1. Patient baseline and disease characteristics

All 21/7 combined (n ¼ 41) All CDD combined (n ¼ 28) Total (N ¼ 69)

Age, y
Mean (SD) 57.5 (13.68) 60.8 (9.03) 58.8 (12.05)
Median (range) 62.0 (25–86) 60.0 (43–84) 60.0 (25–86)

Sex, n (%)
Male 23 (56.1) 13 (46.4) 36 (52.2)
Female 18 (43.9) 15 (53.6) 33 (47.8)

ECOG performance status, n (%)
0 15 (36.6) 8 (28.6) 23 (33.3)
1 24 (58.5) 20 (71.4) 44 (63.8)
2 2 (4.9) 0 2 (2.9)

Race, n (%)
American Indian or Alaska Native 0 1 (3.6) 1 (1.4)
Black or African American 2 (4.9) 2 (7.1) 4 (5.8)
White 39 (95.1) 25 (89.3) 64 (92.8)

Weight, kg
Mean (SD) 74.45 (17.3) 77.35 (23.4) 75.62 (19.9)
Median (range) 72.40 (44.7–109.3) 73.85 (46.3–163.5) 72.40 (44.7–163.5)

Primary tumor sites, n (%)
NSCLC 12 (29.3) 12 (42.9) 24 (34.8)
Breast 5 (12.2) 3 (10.7) 8 (11.6)
Colon 5 (12.2) 3 (10.7) 8 (11.6)
Other 19 (46.3) 10 (35.7) 29 (42.0)

Years since diagnosis
Mean (SD) 4.04 (3.8) 4.07 (4.5) 4.05 (4.1)
Median (range) 2.78 (0.4–17.1) 2.46 (0.6–22.4) 2.62 (0.4–22.4)

Prior therapy, n (%)
Prior systemic cancer therapy only 14 (34.1) 10 (35.7) 24 (34.8)
Prior radiation therapy only 1 (2.4) 0 1 (1.4)
Prior systemic therapy and radiation 25 (63.4) 18 (64.3) 43 (63.2)
No prior therapy reported 1 (2.4) 0 1 (1.4)

Abbreviations: 21/7 ¼21 consecutive days on treatment followed by 7 days off treatment; CDD, continuous once-daily dosing; NSCLC,
non-small cell lung cancer; SD, standard deviation.
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patients (62.3%)had receivedboth radiation anda systemic
anticancer therapy before the trial; the median number of
prior regimens was 4 (maximum 11).

Dose-escalation and MTD
Seven dose levels were evaluated in the 21/7 adminis-

tration schedule (30, 60, 120, 225, 400, 600, and 900 mg)
and 3 were evaluated in the CDD administration schedule
(100, 400, and 600 mg). The median overall duration of
exposure was 50 days [range, 8–721 days; 21/7 regimen:
49 days (range, 8–616 days); CDD regimen: 56 days
(range, 10–721 days)]. Twenty-eight patients (41%) com-
pleted 2 treatment cycles; 13 patients (18.8%) received
more than 5 cycles.
In the 21/7 group, dose-escalation proceeded to 600 mg

without DLT. In the first 600 mg cohort, one patient
experienced drug-related grade 3 rash, but no other dose-
limiting events occurred in another cohort of 3 patients. At
900 mg, 2 of 3 patients experienced grade 3 rash during the
first cycle, defining this dose level as the maximum admin-
istered dose and 600 mg as the preliminary MTD. Another
10 patients were enrolled at 600 mg in an expanded cohort
without furtherDLT, so that only 1 of 16patients enrolled at
the 600 mg dose level of the 21/7 schedule experienced
aDLT. Six additional patients with PI3K pathwaymolecular
alterations were enrolled at 400 mg. One of the additional
patients experienced grade 2 rash (Supplementary
Table S1).
With the CDD schedule, no DLTs occurred in the 100

and 400 mg cohorts. At 600 mg, there was one potential
DLT of a grade 3 hypersensitivity reaction. A patient with
penicillin allergy and an ongoing mild rash developed a
diffuse blanching patchy maculopapular erythematous
rash over the entire skin surface on day 8. Intravenous
fluids, steroids, and antihistamines were administered
and the patient discontinued the study on day 11. The
rash resolved by day 18. The event was considered to
be unlikely related to SAR245408 and more likely related
to the patient’s history of allergy and ongoing rash at
baseline. No further DLTs were observed in 20 additional
patients treated at 600 mg. Further escalation was not
pursued because of the intolerability of 900 mg on the
21/7 schedule. Therefore, for SAR245408 capsules, 600 mg
was the formally definedMTD on the 21/7 dosing schedule
and the recommended dose for the CDD schedule (Sup-
plementary Table S1).

Safety findings
As shown in Table 2, 44 (63.8%) patients experienced a

drug-related AE (all grades), most commonly (all cohorts)
skin toxicities (26%; including events such as macular
or generalized rash, erythema, dry skin, and pruritus),
nausea (21.7%), diarrhea (20.3%), and decreased appetite
(11.6%). Drug-related laboratory abnormalities were un-
common and included 2 events of anemia and 5 instances
of hyperglycemia, for which the highest severity was grade
2. Nine patients (13.0%) reported grade 3/4 drug-related
AEs, the most frequent being rash and diarrhea. Drug-

related AEs (all grades) appeared to be more frequent in
the CDD cohort than in the 21/7 cohort (75.0% vs. 56.1%).
One (1.4%) occurrence of grade 3/4 g-glutamyltransferase
was considered treatment-related.

Of the 18 patients with drug-related skin toxicities (rash
group), 5 patients reported events of grade 3 severity, 2 of
which occurred outside of the DLT observation period.
Severe rashes were typically generalized, macular, erythem-
atous, and pruritic, with nonspecific biopsy findings

Table 2. All-grade and grade � 3 treatment-
related adverse events occurring in at least
2 patients (21/7 and CDD capsule regimens,
n ¼ 69)

Adverse event
All grades,
n (%)

Grade � 3,
n (%)

Patients with at least one AE 44 (63.8) 9 (13)
Constitutional

Fatigue 6 (8.7) 0
Asthenia 5 (7.2) 0
Peripheral edema 3 (4.3) 1 (1.4)
Pyrexia 2 (2.9) 0
Decreased appetite 8 (11.6) 0
Weight loss 2 (2.9) 0

Dermatologic
Rash-related skin toxicitiesa 18 (26.1) 5 (7.2)
Dry skin 5 (7.2) 0
Pruritus 5 (7.2) 0

Gastrointestinal
Nausea 15 (21.7) 0
Diarrhea 14 (20.3) 2 (2.9)
Vomiting 7 (10.1) 0
Constipation 4 (5.8) 0
Dry mouth 3 (4.3) 0

Hematologic
Anemia 2 (2.9) 0
Eosinophilia 2 (2.9) 0

Metabolic/Biochemical
Hyperglycemia 5 (7.2) 0
Hypomagnesemia 3 (4.3) 0

Musculoskeletal
Muscle spasms 2 (2.9) 0

Neurologic
Dizziness 2 (2.9) 0
Headache 2 (2.9) 0

Vascular
Hypotension 3 (4.3) 0

Visual/Eye disorders
Visual impairmentb 2 (2.9) 0

aIncludes events coded as rash, macular rash, follicular rash,
generalized rash, erythema, skin exfoliation, photosensitiv-
ity, eczema, and fissuring.
bIncludes one event of chromatopsia and one self-limited
event of visual disturbance.
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Figure 1. Reduction of PI3K signaling by SAR245408 in serial hair cells and in skin biopsies. Pharmacodynamic inhibition by SAR245408 on the PI3K pathway
was documented by immunofluorescence in hair sheath cells and skin biopsies. A, effect of SAR245408 on the PI3K/mTOR pathway in hair sheath cells,
assessed by immunofluorescence staining of phosphorylated eIF4E-binding protein-1 (p4EBP1)T70, pAKTT308, phosphorylated proline-rich AKT1 substrate
(pPRAS40)T246, and pS6S240/244 in cross-sections of baseline and post-dose hair collected from a patient who received SAR245408 225 mg daily on the 21/7
schedule. A representative field was captured per readout at � 400 magnification. (Continued on the following page.)
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based on AUC0–24 ranged 5- to 12-fold (21/7 cohort) and
6- to 13-fold (CDD cohort). The percentage of drug
excreted unchanged in urine was low (<0.1%) and inde-
pendent of dose.

Pharmacodynamic analysis
Repeated dosing of SAR245408 caused a minor

increase in fasting plasma insulin 2 hours post-dose on
days 8 and 21, and a significant food-induced insulin
increase at 4 hours post-dose on days 8 and 21, indic-
ative of hyperinsulinemia (Supplementary Fig. S2) and
consistent with the known role of PI3K in insulin sig-
naling. In contrast, minimal to no effect on plasma
glucose concentrations was evident. No consistent mod-
ulation of VEGF-A, insulin-like growth factor binding
protein-2 (IGFBP-2, or regulated and normal T-cell
expressed and secreted (RANTES) levels was observed
(data not shown).
The impact of SAR245408 on the PI3K pathway was

assessed in paired surrogate tissues (hair sheath cells and
skin) from a limited number of patients during dose
escalation and in tumor biopsies (and in some instances
skin biopsies) from patients treated at the MTD. Novel
immunofluorescence staining methods providing more
quantitative readout than traditional immunohistochem-
istry were developed to investigate PI3K pathway modu-
lation (20). Analysis of hair sheath sets collected from
four patients treated with 120, 225, and the 600 mg MTD
dose in the 21/7 cohort showed a time-dependent path-
way inhibition, with pronounced effects at 120 and 225
mg (Fig. 1A and B; Supplementary Table S2) for PI3K
proximal biomarkers (pAKTS473, pPRAS40T246 and
pAKTT308 with 51%–80%, 59%–80%, and 48%–75%
reduction, respectively), and downstream biomarkers
(p4EBP1T70 and pS6S240/S244 with 59%–82% and 68%–
82% reduction, respectively). No obvious dose–response
relationship was observed but pathway inhibition was
more pronounced at higher plasma concentrations of
SAR245408. Analysis of paired skin biopsies collected
from 9 patients treated with doses ranging from 30 to
900 mg showed moderate pathway inhibition, with max-
imum inhibition ranging from 30% to 55% for proximal
and distal biomarkers (Fig. 1C and D and Supplementary
Table S2). Pharmacodynamic effects were also explored in
PBMC lysates and buccal mucosal smears; however,
because of technical challenges, limited data were
obtained (data not shown).
Analysis of paired tumor biopsies collected from 9 pati-

ents enrolled in the 600mgMTD cohort (including a patient
enrolled in the 900 mg cohort who underwent dose reduc-

tion to 600 mg) showed robust but partial PI3K pathway
inhibition, with >60% pAKTT308 reduction in 5 of the 9
tumor sets (range, 41%–82%; Fig. 2A–C and Supple-
mentary Table S3). Downstream inhibition of the PI3K
pathway was evident with reduction of TORC1 biomar-
kers (p4EBP1T70 and pS6S240/S244 of 39%–73% and 68%–
70%) and TORC2 biomarkers (pAKTS473 and pPRAS40T246

of 55%–61% and 50%–68%). Interestingly, SAR245408
also had an effect on the RAS/MEK/ERK pathway in tumor
tissue, with pERKT202/Y204 and pMEKS217/S221 reductions of
42% to 70% and 46% to 59%, respectively (Fig. 2 and
Supplementary Fig. S3). The interpatient variability in expo-
sure observed did not account for observed differences in
pathway inhibition. The impact on cell proliferation was
modest (15%–49% reduction of Ki67) and induction of
apoptosis wasminimal or not apparent (Fig. 2C). Inhibition
of the PI3K pathway occurred in tumors with and without
molecular alterations in PI3K pathway components/modu-
lators (Fig. 2 and Supplementary Table S3).

Pathway modulation by SAR245408 was more pro-
nounced in tumor tissue compared with normal skin in
3 patients receiving the 600 mg MTD dose for whom both
tumor and normal skin samples were available (Figs. 1C
and 2B; Supplementary Tables S2 and S3). Similarly, when
tumor and adjacent normal skin were collected in the same
biopsy from either a patient with hamartoma (Cowden
syndrome) or one with Merkel cell carcinoma, pathway
modulation was more pronounced in tumor tissue than in
normal skin adjacent to tumor tissue (Fig. 2D and Supple-
mentary Table S3).

Antitumor activity
Twenty-five patients (43.9%) had stable disease as the

best response, and 8 patients were progression-free at 6
months, including patients with NSCLC, prostate, and
head and neck cancer, as well as the patient with SLL
(Supplementary Table S4). Three patients were on study
for � 12 months. Prolonged stable disease was observed
among patients regardless of the mutational status of
components of the PI3K pathway. Three of 33 patients
evaluated had tumors with PIK3CA mutation, 6 of 33
patients had tumors harboring PTENdeletion or muta-
tion, and 5 of 14 patients had tumors with TP53muta-
tion, all consistent with frequencies expected for this
phase I population. In the one patient with NSCLC with
a partial response, no mutations in PIK3CA, PTEN, KRAS,
MET, EGFR, or LKB1 genes were detected in archival
tumor tissue (Supplementary Table S4). There were also
no apparent differences in efficacy between the 2 dosing
regimens.

(Continued.) B, progressive reduction in immunofluorescence staining of pAKTT308, pAKTS473, pPRAS40T246, p4EBP1T70, and pS6S240/244 in hair sheath cells
collected from 4 patients receiving SAR245408 120 mg (n ¼ 2), 225 mg and 600 mg daily on the 21/7 schedule. C, effect of SAR245408 on the PI3K/mTOR
signaling pathway in skin biopsies assessed by immunofluorescence staining for pAKTS473 and p4EBP1T70 in samples collected at baseline and day 28
from a patient receiving SAR245408 100 mg daily on the CDD schedule. D, quantification of SAR245408 modulation of pAKTT308, pAKTS473 and p4EBP1T70 in
cross-sections of skin biopsied at baseline and post-dose (on cycle 1, day 20 or day 29) in 9 patients who received SAR245408 on the 21/7 schedule
(30, 60, 225, 600, and 900 mg reduced to 600 mg) and CDD schedule (100 mg). Individual patient data (each line representing an individual patient) and box plot
representations (inset plot) are shown.
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preclinical studies have suggested that PIK3CAmutations
might predict sensitivity to pan-PI3K and dual PI3K/mTOR
inhibitors (25); however, these results have not yet been
clinically validated. In contrast, studies with a-isoform-
selective and b-isoform-sparing PI3K inhibitors have pro-
duced responses among patients with tumors harboring
PIK3CAmutations (26, 27); in addition, the presence of a
PIK3CA mutation-related gene signature may identify
patients with breast cancer who may benefit from the
addition of everolimus to letrozole (28), although clinical
benefit from everolimus is not restricted to patients with
PIK3CA-mutant tumors. Themolecular profiling conducted
here was limited to analysis of a few candidate genes and
evaluation of PTEN protein levels in a heterogeneous pop-
ulation. Further extensive next-generation molecular pro-
filing analyses in homogenous patient populations with
agents targeting the PI3K/mTOR pathway will be required
to better define signatures of response, clinical benefit, and
resistance.

In summary, this first-in-human phase I study showed a
favorable safety profile, demonstrable pharmacodynamic
effects and preliminary antitumor activity of SAR245408 in
patients with advanced solid tumors, supporting its further
development. Evaluation of SAR245408 as monotherapy is
ongoing in endometrial cancer, glioblastoma, and lympho-
ma. In addition, a tablet formulation of SAR245408 is being
evaluated in patients with advanced solid tumors. Rational
combination studies of SAR245408 with other targeted or
cytotoxic agents are ongoing or completed, which should
help define the role of PI3K inhibition in the anticancer
armamentarium.
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