
Gynecologic Oncology 142 (2016) 62–69

Contents lists available at ScienceDirect

Gynecologic Oncology

j ourna l homepage: www.e lsev ie r .com/ locate /ygyno
A randomized phase II non-comparative study of PF-04691502 and
gedatolisib (PF-05212384) in patientswith recurrent endometrial cancer
Josep María del Campo a,⁎, Michael Birrer b, Craig Davis c, Keiichi Fujiwara d, Ashwin Gollerkeri e, Martin Gore f,
Brett Houk c, Susie Lau g, Andres Poveda h, Antonio González-Martín i, Carolyn Muller j, Kei Muro k,
Kristen Pierce l, Mie Suzuki m, Jennifer Vermette n, Amit Oza o

a Vall d'Hebron Institute of Oncology (VHIO), Pg. Vall d'Hebron 119-129, Barcelona 08035, Spain
b Massachusetts General Hospital, 55 Fruit St # 410, Boston, MA 02114, USA
c Pfizer Oncology, 10646 Science Center Drive, La Jolla, CA 92121, USA
d Saitama Medical University International Medical Center, 1397-1, Yamane, Hidaka, Saitama 350-1298, Japan
e Pfizer Worldwide Research and Development, 35 Cambridge Park Drive, Cambridge, MA 02140, USA
f Royal Marsden Hospital, 203 Fullham Road, London SW3 6JJ, UK
g McGill University, Jewish General Hospital, 3755 Chemin Cote Ste Catherine, Montreal, QC H3R 1E2, Canada
h Fundación Instituto Valenciano de Oncología, C/ Gregorio Gea, 31, Valencia 46009, Spain
i M. D. Anderson Cancer Center, Servicio de Oncologia Medica C/ Arturo Soria, 270, Madrid 28033, Spain
j University of New Mexico Health Sciences Center, MSC07 4025 1201 Camino de Salud Northeast, Albuquerque, NM 87131, USA
k Aichi Cancer Center Hospital, 1-1 Kanododen, Chikusa-ku, Nagoya, Aichi 464-8681, Japan
l Pfizer Oncology, 558 Eastern Point Rd, Groton, CT 06340, USA
m Pfizer Japan, 3-22-7, Yoyogi, Shibuya-ku, Tokyo 151-8589, Japan
n Pfizer Oncology, 300 Technology Square, Suite 302, Cambridge, MA 02139, USA
o Princess Margaret Cancer Centre, 610 University Avenue, Toronto M5G 2M9, Canada

H I G H L I G H T S

• Two PI3K/mTOR inhibitors were evaluated in recurrent endometrial cancer patients.
• Gedatolisib demonstrated activity in stathmin-low expressing endometrial cancers.
• Appropriate biomarkers to direct gedatolisib therapy were not confirmed in the study.
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Objective. PF-04691502 and gedatolisib (PF-05212384) are potent, dual PI3K/mTOR inhibitors. This phase II
study (B1271004) was conducted in patients with recurrent endometrial cancer following platinum-
containing chemotherapy. The primary endpoint was to assess clinical benefit response (complete or partial re-
sponse, or stable disease for ≥16 weeks) following treatment with PF-04691502 or gedatolisib.

Methods. The main study consisted of four independent arms based on a Simon two-stage design. Patients
were assigned to putative PI3K-basal (PF-04691502 or gedatolisib) or PI3K-activated (PF-04691502 or
gedatolisib) arms based on stathmin-low or stathmin-high tumor expression, respectively. Japanese patients
were also enrolled in a separate lead-in cohort.

Results. In stage 1 (main study), eighteen patients were randomized to PF-04691502 and 40 to gedatolisib.
The two PF-04691502 arms were discontinued early due to unacceptable toxicity, including pneumonia and
pneumonitis. The most common treatment-related adverse events associated with gedatolisib were nausea
(53%), mucosal inflammation (50%), decreased appetite (40%), diarrhea (38%), fatigue (35%), and dysgeusia
and vomiting (each 30%). Clinical benefit response rate was 53% (10/19) in the gedatolisib/stathmin-low arm
and 26% (5/19) in the gedatolisib/stathmin-high arm. Safety profile and pharmacokinetic characteristics of
both drugs in the Japanese lead-in cohort were comparable to the Western population.
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Conclusions. Gedatolisib administered by weekly intravenous infusion demonstrated acceptable tolerability
and moderate activity in patients with recurrent endometrial cancer. PF-04691502 daily oral dosing was not
well tolerated. Clinical benefit response criteria for proceeding to stage 2 were only met in the gedatolisib/
stathmin-low arm. Stathmin-high expression did not correlate with greater treatment efficacy.
ClinicalTrials.gov registration ID: NCT01420081.

© 2016 Published by Elsevier Inc.
1. Introduction

Endometrial cancer affects an estimated 52,630 women in the
United States, accounting for N8000 deaths each year [1]. It is the
most common gynecologic malignancy, and represents ~6% of all can-
cers in women [1,2]. The prognosis is poor for patients with recurrent
disease or Stage IV endometrial cancer typically treated with a
platinum-containing regimen. To date, chemotherapy regimens or cur-
rently available targeted agents have not improved clinical outcomes for
patients with recurrent ormetastatic disease and there is no standard of
care for these patients, particularly after platinum-based chemotherapy
[3–6].

Phosphatidylinositol 3-kinases (PI3K) constitute a lipid kinase fam-
ily involved in the regulation of diverse cellular processes, including
cell proliferation [7]. Activation of the PI3K pathway has been impli-
cated in a wide variety of human cancers and is prevalent in both type
1 and 2 endometrial cancers. Pathway aberrations can present asmuta-
tions in PIK3CA, the gene encoding the catalytic subunit of PI3K, and
they have been observed in ~30% of type 1 and 20% of type 2 endome-
trial cancers [8].

Stathmin has been considered a potential marker of PI3K pathway
activation in solid tumors and its protein expression can be assessed
by immunohistochemistry (IHC) [9–11]. Salvesen and colleagues re-
ported that stathmin-high correlated with a PI3K signature, 3q26.32
chromosomal amplification, and PI3K protein overexpression in endo-
metrial cancer specimens [10,11]. Trovik and colleagues reported that
stathmin is readily detectable in endometrial cancer, with high levels
of stathmin in 35% of endometrioid cancers and 50% to 55% of non-
endometrioid curettage specimens by IHC [9].

PF-04691502 is a potent dual inhibitor of PI3K andmTOR [TOR com-
plex (TORC)1 and TORC2] kinase activity intended for once-daily oral
dosing [12]. In the first-in-patient study (B1271001), 37 patients with
advanced solid tumors received PF-04691502 at doses ranging from 2
to 11 mg daily [13]. The maximum tolerated dose (MTD) was deter-
mined to be 8 mg. The most frequent treatment-related adverse events
(AEs) at the MTDwere fatigue (41%), decreased appetite (35%), nausea
(35%), hyperglycemia (27%), rash (27%), and vomiting (27%). There
was one treatment-related grade 4 AE of hypotension (8-mg dose
level). One case each of acute respiratory distress syndrome and
pneumonitis were reported, but not considered related to study
treatment [13].

Gedatolisib (PF-05212384) is a potent inhibitor of PI3K and mTOR
(TORC1 and TORC2) kinase activity intended for once-weekly intrave-
nous infusion [14]. The safety andpharmacokinetic profile of gedatolisib
were initially evaluated in patients with advanced solid tumors [15]. In
that initial clinical study, 77 patients received gedatolisib at doses rang-
ing from 10 to 319 mg. The MTDwas determined to be 154 mg weekly.
The most frequent treatment-related AEs at the MTD were mucosal
inflammation (43%), nausea (41%), hyperglycemia (26%), and
vomiting (24%). There were no grade 4 or higher treatment-related
AEs [15].

The purpose of this phase II studywas to evaluate single-agent treat-
ment with PF-04691502 or gedatolisib in Western and Japanese
patients with recurrent endometrial cancer. This study also tested
the hypothesis that elevated stathmin expression in tumors, as a bio-
marker of PI3K/mTOR pathway activation, would predict response to
treatment.
2. Patients and methods

2.1. Patients

Study B1271004 enrolled adult women with a confirmed diagnosis
of recurrent endometrial cancer with disease progression following
one or more platinum-containing regimen (adjuvant or metastatic set-
ting). Patients also had to have at least one measurable lesion by Re-
sponse Evaluation Criteria in Solid Tumors (RECIST) guidelines version
1.1, an Eastern Cooperative Oncology Group performance status of 0
or 1, and screening laboratory values within normal limits.

Patients were excluded if they had active central nervous system
metastases or uncontrolled diabetes mellitus; or had received prior
treatment with PI3K-, mTOR- or AKT-targeting agents, or N2 prior cyto-
toxic chemotherapy regimens (adjuvant or metastatic setting). Patients
enrolled in the Japanese lead-in cohort (LIC) were not required to have
measurable disease per RECIST.

Approval from the institutional review board or independent ethics
committee of each participating center was required; all patients gave
informed consent. The study followed the Declaration of Helsinki and
International Conference on Harmonization Good Clinical Practice
guidelines. The study was sponsored by Pfizer and registered at
ClinicalTrials.gov (NCT01420081).
2.2. Study design (main study)

Study B1271004 was an open-label, randomized, phase II, four-arm,
optimal Simon two-stage, non-comparative, multicenter study de-
signed to evaluate safety, efficacy, pharmacokinetics, and pharmacody-
namics of PF-04691502 and gedatolisib. The planned starting doses for
PF-04691502 and gedatolisib were oral 8 mg daily and intravenous
154 mg weekly, respectively, which were the MTDs established for
these study drugs.

The primary endpoint was clinical benefit response (CBR), defined
as complete response (CR), partial response (PR), or stable disease for
≥16 weeks. The study also included a separate LIC conducted at
Japanese sites to explore safety and pharmacokinetics of each study
drug in a Japanese patient population before including Japanese patients
in the main study.

Eligible patients were stratified by putative PI3K pathway activation
status (e.g. PI3K basal/stathmin-low or PI3K activated/stathmin-high
status) and tumor histology (types 1 and 2), and randomly assigned
within each stratum to receive either PF-04691502 or gedatolisib.
Type 1 tumors included grade 1–2 endometrioid adenocarcinomas.
Type 2 tumors included grade 3 endometrioid adenocarcinomas; se-
rous, clear cell, andmucinous adenocarcinomas; squamous cell carcino-
mas; other mixed adenocarcinomas; and transitional, small cell, or
undifferentiated carcinomas [7]. Putative PI3K pathway activation was
characterized based on tumor stathmin expression by IHC. High (2+
and 3+) stathmin expression was hypothesized to be a marker of
PI3K pathway activation and low (1+) expression to represent PI3K
basal activity.

Stage 1 analysis for CBR and additional DNA- and protein-based bio-
markers of PI3K pathway activation (e.g. PIK3CA amplification, PTEN
loss) were planned after 20 response-evaluable patients had been en-
rolled and were assessable for CBR in each study arm.

http://ClinicalTrials.gov
http://ClinicalTrials.gov
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2.3. Study design (LIC)

The LICwas designed to assess the tolerability and pharmacokinetics
of PF-04691502 and gedatolisib in Japanese patients in order to allow
them to be enrolled in the main study. In the LIC, patients received ei-
ther PF-04691502 or gedatolisib at an oral starting dose of 4 mg daily
or intravenous 89 mg weekly, respectively, which were both below
the MTD established in non-Japanese patients in previous phase I trials
(B1271001 and B2151001). Following one cycle of dosing, if no first-
cycle unacceptable toxicity or one was observed among three patients
at each dose level, the Japanese sites would join the main study. If two
or more patients experienced unacceptable toxicity, the LIC would be
discontinued and patients in Japan would not join the main study for
that agent.

Unacceptable toxicity criteria for the LIC followed the dose reduction
criteria for the main study and included grade 4 neutropenia ≥ 7 days,
febrile neutropenia, or grade 4 thrombocytopenia; grade ≥ 3 gastroin-
testinal toxicity despite optimal treatment; grade ≥ 3 unmanageable hy-
perglycemia;mean corrected QT interval ≥ 500ms; clinically significant
interstitial lung disease or other respiratory toxicity interfering with
daily living; and any other grade ≥ 3 toxicity or treatment delay of
≥2 weeks due to study drug–related toxicity.

2.4. Study assessments

Safety was assessed by physical examination, laboratory tests, and
AE reporting. AEswere graded for severity using the National Cancer In-
stitute Common Terminology Criteria for Adverse Events version 4.0.

Tumor assessments were performed for all patients at screening,
week 8, and every 8 weeks thereafter. Response was assessed by the in-
vestigator, based on RECIST version 1.1. PR and CR were confirmed by a
repeat assessment after ≥4 weeks.

All patientswere required to provide anarchival or fresh tumor sam-
ple for biomarker analysis during the screening period. Formalin-fixed
paraffin-embedded (FFPE) tumor tissues were analyzed for stathmin
and PTEN expression status, PIK3CA amplification, and KRAS mutation
status. Stathmin and PTEN protein expression were assessed in FFPE
tumor tissues using IHC staining at Quintiles Inc. (Marietta, GA, USA).
Stathmin IHC results were evaluated by a pathologist in central review
and reported as H-scores based on staining intensity (1+, 2+, 3+),
by CLIA [Clinical Laboratory ImprovementAmendments] standards. Fol-
lowing initial screening, samples from all enrolled patients were re-
scored in the central laboratory according to an updated threshold.
PTEN IHC results were analyzed and reported as a manual pathologist
score (0, 1+, 2+, 3+). PIK3CA gene was detected in FFPE tissues
using a fluorescence in situ hybridization (FISH) assay at Quintiles Inc.
The total number of PIK3CA gene copies was analyzed. A score N 2.2
was considered amplified. KRAS mutation analysis was performed
using the Qiagen KRAS RGQ PCR assay (Qiagen, Manchester, UK), able
to detect seven different KRAS single-nucleotide polymorphism muta-
tions (G12A, G12D, G12R, G12C, G12S, G12V, and G13D) in DNA from
FFPE tissue samples. Further biomarker analyses will be published in a
future manuscript.

Blood was collected for pharmacokinetic sampling of gedatolisib on
day 1 of cycle 1 at 0 h (pre-dose) and at 0.5 (after end of infusion), 1, 2, 4,
6, 24, 72, and 120 h; and pre-dose on day 1 of subsequent cycles,
through cycle 4. Plasma samples were analyzed for gedatolisib concen-
trations at inVentiv Health Clinical, Inc. (Princeton, NJ, USA) using a val-
idated analytical assay.

2.5. Statistical analyses

The optimal Simon two-stage design based on CBRwas used for each
of the four arms independently. For each arm, the study tested the null
hypothesis, with a one-sided 10% significance level, that the CBR rate
was ≤35% versus the alternative hypothesis that the CBR rate was
≥50%. Fifty-eight response-evaluable patients were required in each
study arm to provide 80% power to reject the null hypothesis when
the true response rate was 50%. Further details on progression to stage
2 are provided in Supplementary Text. The CBR rate was calculated as
the proportion of patients with confirmed CR, PR, or stable disease for
≥16 weeks (from day 1 of cycle 1 to treatment failure) relative to the
total number of response-evaluable patients.

Secondary efficacy endpoints included objective response rate
(ORR), defined as the proportion of patients with CR and PR;
progression-free survival (PFS); and overall survival. Due to early
study termination, survival follow-up was discontinued. Response
rates were presented with 95% confidence intervals (CIs). Time-to-
event endpoints were analyzed using the Kaplan–Meier method; me-
dian values and corresponding 95% CIs were calculated. PFS was calcu-
lated from administration of first study drug dose to first
documentation of recurrence/progression or death due to any cause.

3. Results

3.1. Patients (main study)

A total of 58 patients with recurrent endometrial cancer were en-
rolled. Fourteen patients received 8 mg and four patients received
6 mg as the starting oral dose of PF-04691502. Forty patients received
154 mg weekly as the starting intravenous dose of gedatolisib. Thirty-
eight patients treated with gedatolisib and 15 treated with PF-
04691502 were evaluable for efficacy (Fig. 1). Patient baseline demo-
graphic and disease characteristics are shown in Table 1.

As of this analysis, all patients treated with PF-04691502 (n = 18)
and 93% (n= 37) of patients treated with gedatolisib had discontinued
study treatment. Patients discontinued PF-04,691,502 due to disease
progression (39%), AEs (56%; e.g., treatment-related urticaria, diarrhea,
pneumonia, pneumonitis, stomatitis, spontaneous pneumothorax, and
hyperglycemia), or death (6%). Patients discontinued gedatolisib due
to disease progression (75%) and AEs (15%; e.g. treatment-related fa-
tigue, pulmonary embolism, and infusion reaction; and non-
treatment-related new primary gastric cancer, acute renal failure, and
back pain/withdrawn consent). Median treatment duration and total
dose received are summarized for both agents in Supplementary
Table S1.

3.2. Safety and tolerability

Treatment-related AEs of any grade observed in ≥20% of patients
treated with PF-04691502 (n = 18) included diarrhea (67%); fatigue
(61%); hyperglycemia (56%); nausea (56%); decreased appetite (39%);
dry mouth, hypokalemia, mucosal inflammation, and stomatitis (each
33%); and dysgeusia, dyspnea, pneumonitis, and rash (each 22%). The
most common grade 3–4 treatment-related AEs in patients treated
with PF-04691502were hyperglycemia (28%); stomatitis (22%); and di-
arrhea, pneumonia, and pneumonitis (each 17%; Table 2). Treatment-
related serious AEs (SAEs) observed in more than one patient included
grade 2–3 pneumonitis (n= 4), grade 3–4 pneumonia (n= 3), grade 3
diarrhea (n= 3), and grade 3–4 stomatitis (n= 2). One patient experi-
enced a grade 4 SAE of hyperglycemia.

Due to the high incidence of pneumonia and pneumonitis, the
starting dose of PF-04691502 was reduced from 8 (n = 14) to 6 mg
(n = 4) in August 2012, ~7 months after study initiation. Dose reduc-
tions were required in 14 (78%) patients treated with PF-04691502;
two (11%) patients experienced a dose delay. Nine deaths occurred in
patients treated with PF-04,691,502 during the course of the study. Of
these 9 deaths, onewas due to treatment-related aspiration pneumonia
within 28 days of final dose and eight during the follow-up period were
due to disease progression. Enrollment to the PF-04691502 study arms
was stopped in October 2012, after review of safety data from this and
another phase IB/II study (B1271003).



Fig. 1. Flow of patients through the main study. All patients in themain study were evaluable for safety. One patient treatedwith PF-04691502 and two treatedwith gedatolisib were not
evaluable for efficacy due to lack of adequate baseline assessment. Two patients treated with PF-04691502 were not evaluable for efficacy due to lack of measurable disease.
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In the gedatolisib arms (n=40), treatment-related AEs of any grade
observed in ≥20% of patients included nausea (53%),mucosal inflamma-
tion (50%), decreased appetite (40%), diarrhea (38%), fatigue (35%),
dysgeusia and vomiting (each 30%), rash (23%), and stomatitis (20%).
Asthenia, dry mouth, and hyperglycemia were each noted in 18% of pa-
tients. The most common grade 3–4 treatment-related AEs in patients
treated with gedatolisib were fatigue (10%), hypertension (8%), and as-
thenia and pulmonary embolism (each 5%; Table 2). Treatment-related
SAEs were reported for three patients; the events were grade 3–4 pul-
monary embolism (n = 2) and grade 2 chills (n = 1).

Dose reductions were required in 24 (60%) patients treated with
gedatolisib; 18 (45%) patients experienced a dose delay. Nineteen pa-
tients receiving gedatolisib died during the course of the study. Two
deaths due to disease progression occurred within 28 days of final
dose. Of the 17 deaths that occurred during the follow-up period, 16
were due to disease progression and one to other, unspecified reason.

3.3. Antitumor activity (main study)

Antitumor activity is only reported for patients treated with
gedatolisib, as the PF-04691502 armswere stopped early for safety rea-
sons. Best overall responses based on investigator review of radio-
graphic and clinical data are summarized in Table 3. Data are
presented for patients as randomized; however, one patient treated
with gedatolisib had stathmin status changed from high to low after
randomization, following a re-evaluation in central review of the
threshold used to distinguish high versus low expression.

Overall, 15 (40%; 95% CI: 24–57%) patients treated with gedatolisib
experienced CBR: 10 (53%; 95% CI: 29–76%) patients randomized to
the gedatolisib/stathmin-low arm and five (26%; 95% CI: 9–51%) pa-
tients randomized to the gedatolisib/stathmin-high arm. The ORR for
all gedatolisib-treated patients was 16% (95% CI: 6–31%); 16% (95% CI:
3–40%) for patients in the stathmin-low arm and 16% (95% CI: 3–40%)
in the stathmin-high arm, including one patient with CR. An additional
37% and11% of patients in the gedatolisib/stathmin-low and -high arms,
respectively, achieved stable disease and maintained it for ≥16 weeks
(Table 3 and Fig. 2).

Median PFSwas 112 (95% CI: 59–167) days and 89 (95% CI: 56–172)
days in the gedatolisib/stathmin-low and -high arms, respectively. The
overall median PFS for all patients treated with gedatolisib was 108
(95% CI: 62–149) days. In the gedatolisib/stathmin low arm, four of
the 19 patients had PFS beyond 6 months ranging from 226 to
336 days. In the gedatolisib/stathmin high arm, four of the 19 patients
had PFS beyond 6 months ranging from 220 to 404 days.
3.4. Japanese LIC

In the Japanese LIC, three patients received PF-04691502 4 mg daily
and six patients received gedatolisib 89 mg (n= 3) or 154 mg (n= 3)
weekly. Baseline demographic and disease characteristics are shown in
Table 1. One patient treated with PF-04691502 discontinued treatment
due to disease progression and two due to AEs (pneumonia and rash).
All six patients treated with gedatolisib discontinued treatment due to
disease progression or relapse (n = 5) or other, non-AE-related reason
(n=1).Median treatment durations are summarized for both agents in
Supplementary Table S1.

Treatment-related AEs of any grade observed in more than one pa-
tient treated with PF-04691502 (n = 3) included rash (n = 3), hyper-
glycemia (n = 2), and malaise (n = 2). Rash was the only grade 3–4
AE occurring in more than one patient in this group (n = 2).
Treatment-related SAEs were reported in one patient, including
Pneumocystis jirovecii pneumonia and lymphopenia. Dose reductions
were required in all three PF-04691502-treated patients and dose



Table 1
Baseline patient characteristics.

Parameter Main studya Japanese lead-in cohorta

PF-502
(putative
PI3K basal)
n = 4

PF-502
(putative PI3K
activated)
n = 14

PF-502 (putative
PI3K activated +
basal)
n = 18

Gedatolisib
(putative
PI3K basal)
n = 20

Gedatolisib
(putative PI3K
activated)
n = 20

Gedatolisib
(putative PI3K
activated + basal)
n = 40

PF-502
(4 mg)
n = 3

Gedatolisib
(89 mg)
n = 3

Gedatolisib
(154 mg)
n = 3

Gedatolisib
(89 mg +
154 mg)
n = 6

Mean age, years
(range)

59.8
(54–65)

65.1
(52–85)

63.9
(52–85)

65.7
(58–82)

69.6
(50–80)

67.6
(50–82)

64.3
(61–70)

56.7
(40–69)

62.7
(57–71)

59.7
(40–71)

b65 years, n (%) 3 (75) 7 (50) 10 (56) 9 (45) 4 (20) 13 (33) 2 (67) 2 (67) 2 (67) 4 (67)
≥65 years, n (%) 1 (25) 7 (50) 8 (44) 11 (55) 16 (80) 27 (68) 1 (33) 1 (33) 1 (33) 2 (33)

Race, n (%)
White 3 (75) 10 (71) 13 (72) 17 (85) 16 (80) 33 (83) 0 0 0 0
Black 0 0 0 0 1 (5) 1 (3) 0 0 0 0
Asian 1 (25) 2 (14) 3 (17) 3 (15) 1 (5) 4 (10) 3 (100) 3 (100) 3 (100) 6 (100)
Japanese 0 0 0 2 (10) 1 (5) 3 (8) 3 (100) 3 (100) 3 (100) 6 (100)
Other 1 (25) 2 (14) 3 (17) 1 (5) 0 1 (3) 0 0 0 0

Other 0 2 (14) 2 (11) 0 2 (10) 2 (5) 0 0 0 0
ECOG PS, n (%)

0 2 (50) 8 (57) 10 (56) 9 (45) 10 (50) 19 (48) 2 (67) 1 (33) 2 (67) 3 (50)
1 2 (50) 6 (43) 8 (44) 10 (50) 10 (50) 20 (50) 0 2 (67) 1 (33) 3 (50)
Not evaluated 0 0 0 1 (5) 0 1 (3) 1 (33) 0 0 0

Histology
Type 1 2 (50) 8 (57) 10 (56) 14 (70) 10 (50) 24 (60) 2 (67) 2 (67) 2 (67) 4 (67)
Type 2 2 (50) 6 (43) 8 (44) 6 (30) 10 (50) 16 (40) 1 (33) 1 (33) 1 (33) 2 (33)

Prior radiation
therapy, n (%)

3 (75) 9 (64) 12 (67) 12 (60) 9 (45) 21 (53) 1 (33) 0 0 0

Prior systemic
therapy, n (%)
1 2 (50) 8 (57) 10 (56) 12 (60) 9 (45) 21 (53) 3 (100) 1 (33) 0 1 (17)
2 2 (50) 6 (43) 8 (44) 6 (30) 9 (45) 15 (38) 0 1 (33) 1 (33) 2 (33)
3 0 0 0 2 (10) 1 (5) 3 (8)b 0 1 (33) 2 (67) 3 (50)b

4 0 0 0 0 1 (5) 1 (3)b 0 0 0 0

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; PF-502, PF-04691502; Pl3K, phosphatidylinositol 3-kinases.
a Percentages for subcategories may not add to 100% due to rounding.
b One patient had received 3 prior cytotoxic chemotherapy regimens and was considered a protocol violation. The other patients with N2 prior regimens had received non-cytotoxic

agents (hormonal treatments) in prior regimens and thus they were eligible for the study.
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delays occurred in one (33%) patient. No deaths occurred on study or
during follow-up in patients treated with PF-04691502.

Treatment-related AEs of any grade observed in more than one pa-
tient treated with gedatolisib (n = 6) included nausea and stomatitis
(n=6 each); decreased appetite,malaise, oropharyngeal pain, pruritus,
and rash (n = 3 each); and abdominal pain, cheilitis, conjunctivitis,
paronychia, and vomiting (n = 2 each). Anemia and maculopapular
rash were the only grade 3–4 AEs occurring in this group (n = 1
each). No treatment-related SAEs occurred in gedatolisib-treated pa-
tients (Table 2). Dose reductions were required in four of six (67%)
Table 2
Treatment-related grade 3–4 AEs in ≥1 patient in any cohort (safety populationa).

Event, n (%) Main study

PF-502
(putative
PI3K basal)
n = 6

PF-502
(putative PI3K
activated)
n = 12

PF-502 (putative
PI3K activated +
basal)
n = 18

Gedatolisib
(putative
PI3K basal)
n = 21

G
(p
a
n

Any grade 3/4 AE 5 (83) 11 (92) 16 (89) 4 (19) 9
Asthenia 0 0 0 1 (5) 1
Diarrhea 1 (17) 2 (17) 3 (17) 0 1
Dyspnea 0 2 (17) 2 (11) 0 0
Fatigue 0 2 (17) 2 (11) 0 4
Hyperglycemia 0 5 (42) 5 (28) 0 0
Hypertension 0 0 0 3 (14) 0
Hypokalemia 1 (17) 1 (8) 2 (11) 0 1
Pneumonia 1 (17) 2 (17) 3 (17) 0 0
Pneumonitis 2 (33) 1 (8) 3 (17) 0 0
Pulmonary embolism 0 0 0 0 2
Rash 1 (17) 1 (8) 2 (11) 0 0
Stomatitis 1 (17) 3 (25) 4 (22) 0 1

Abbreviations: AE, adverse event; PF-502, PF-04691502; Pl3K, phosphatidylinositol 3-kinases.
a Actual treatment group, by stathmin status, not per randomization.
gedatolisib-treated patients and dose delays occurred in four of six
(67%) patients. Two deaths due to disease progression occurred during
follow-up in patients treated with gedatolisib.

Patients treatedwith gedatolisib in the LICwere not evaluable for ef-
ficacy, as they were not required to havemeasurable lesions. As none of
the patients treated at the 89-mg dose experienced unacceptable toxic-
ities and the pharmacokinetic profile of gedatolisib in the Japanese LIC
was comparable to the Western population, three patients received
the 154-mgdose. Since also the patients treated at 154mgdid not expe-
rience any unacceptable toxicities and had comparable
Japanese lead-in cohort

edatolisib
utative PI3K

ctivated)
= 19

Gedatolisib
(putative PI3K
activated + basal)
n = 40

PF-502
(4 mg)
n = 3

Gedatolisib
(89 mg)
n = 3

Gedatolisib
(154 mg)
n = 3

Gedatolisib
(89 mg +
154 mg)
n = 6

(47) 13 (33) 3 (100) 0 1 (33) 1 (17)
(5) 2 (5) 0 0 0 0
(5) 1 (3) 0 0 0 0

0 0 0 0 0
(21) 4 (10) 1 (33) 0 0 0

0 0 0 0 0
3 (8) 0 0 0 0

(5) 1 (3) 0 0 0 0
0 1 (33) 0 0 0
0 0 0 0 0

(11) 2 (5) 0 0 0 0
0 2 (67) 0 1 (33) 1 (17)

(5) 1 (3) 0 0 0 0



Table 3
Best overall response to study treatment (main study evaluable population – randomized treatment groupa).

Response Gedatolisib
(putative PI3K basal; stathmin low)
n = 19

Gedatolisib
(putative PI3K activated; stathmin high)
n = 19

Gedatolisib
(putative PI3K basal + activated)
n = 38

Objective responsea, n (%) 3 (16) 3 (16) 6 (16)
95% CI 3–40 3–40 6–31
CR 0 1 (5) 1 (3)
PR 3 (16) 2 (11) 5 (13)

Stable disease, n (%)
b16 weeks 3 (16) 3 (16) 6 (16)
≥16 weeks 7 (37) 2 (11) 9 (24)

CBRb, n (%) 10 (53) 5 (26) 15 (40)
95% CI 29–76 9–51 24–57

Progressive disease, n (%) 6 (32) 8 (42) 14 (37)

Abbreviations: CBR, clinical benefit response; CI, confidence interval; CR, complete response; Pl3K, phosphatidylinositol 3-kinases; PR, partial response.
a Objective response includes CR and PR.
b CBR includes CR, PR, and stable disease for ≥16 weeks.
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pharmacokinetics, it was determined that Japanese patients could be
randomized in the main study with the Western patients.

3.5. Pharmacogenomics, pharmacodynamics, and pharmacokinetics

Results of pharmacogenomic analyses performed in this study are
summarized by best overall treatment response in Table 4. Pharmaco-
dynamic and pharmacokinetic results are only reported for patients
Fig. 2.Waterfall plot of best tumor response in patients treated with gedatolisib in (a) the puta
(per protocol analysis set, randomized treatment group). Maximum change (%) = (smallest t
target lesion measurements after baseline were included in this analysis.
treated with gedatolisib, as the PF-04691502 arms were stopped early
for safety reasons. Changes in glucose homeostasis consistent with
PI3K blockade were observed following administration of gedatolisib.
Increases in blood glucose levels were observed on day 15 of cycle 1,
generally peaking in cycle 2 (gedatolisib/putative PI3K-basal arm) and
cycle 3 (gedatolisib/putative PI3K-activated arm). Corresponding
changes in insulin levels also were noted, lasting through cycle 4 (data
not shown).
tive PI3K-basal/stathmin-low arm and (b) the putative PI3K-activated/stathmin-high arm
umor size after baseline− baseline tumor size) / baseline tumor size. Only patients with
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The pharmacokinetic profiles of gedatolisib following a single, intra-
venous 154-mg dose (day 1 of cycle 1) were comparable in the putative
PI3K-basal and PI3K-activated arms (Supplementary Fig. S1). In addi-
tion, the pharmacokinetic profiles observed with gedatolisib in
Japanese patients were consistent with those observed in Western pa-
tients, with the exception of one patient who had an approximately
two-fold higher area under the serum concentration–time curve from
0 extrapolated to infinity (AUCinf) compared with the other two pa-
tients treated in the 154-mg dose group. The terminal elimination
half-life of gedatolisib was determined to be approximately 34 to 35 h
and the systemic clearance 10 L/h (Supplementary Table S2).
4. Discussion

This phase II study investigated the safety and efficacy of two differ-
ent PI3K/mTOR inhibitors, PF-04691502 and gedatolisib, in patients
with recurrent endometrial cancer, and evaluated their safety and phar-
macokinetics in Japanese patients.

PF-04691502 was administered orally on a daily basis. The starting
dose was based on phase I studies previously conducted in adult pa-
tients with advanced solid tumors, which included men and women.
Four of the 18 patients who received PF-04691502 in this study devel-
oped treatment-related pneumonitis. Non-infectious pneumonitis is a
known class effect for mTOR inhibitors, which has been observed in
~30% of treated patients in retrospective studies [16–18]. Further,
grade 3 skin toxicity was noted in 50% (n = 7) of treated patients
in a phase IB/II (B1271003) study of PF-04691502 plus letrozole
conducted in 14 women with endocrine receptor (ER)-positive,
human epidermal growth factor receptor 2 (HER2)-negative breast
cancer [19]. The severity of these pulmonary and skin toxicities
contributed to the decision to discontinue patient enrollment to
the PF-04691502 arms of this study and, subsequently, to terminate
development of this molecule.

Gedatolisib is a potent dual PI3K/mTOR inhibitor administered intra-
venouslyweekly. The rate of grade 3–4 AEs considered by the investiga-
tors related to treatment with gedatolisib in this study was generally
comparable to or lower than that observed with other PI3K, mTOR, or
dual PI3K/mTOR inhibitors such as apitolisib (GDC-0980) or pilarasilib
(XL-147) [20–22]. Grade 3–4 treatment-related AEs reported for
apitolisib included hyperglycemia (46%), rash (30%), colitis (5%), and
pneumonitis (4%); and for pilarasilib, rash (9%), diarrhea (4.5%), and in-
creased alanine aminotransferase levels (4.5%) [21–22].
Table 4
Genetic biomarker analysis and best overall response in evaluable patients treated with gedato

Parameter Best overall response Gedatolisib
(putative PI3K basal; stathmin lo
n = 20

KRAS mutation n 20
Positive, n (%) PR 2 (10)

PD 2 (10)
Indeterminate 0

Negative, n (%) CR 0
PR 1 (5)
Stable disease ≥ 16 weeks 8 (40)
Stable disease b 16 weeks 3 (15)
PD 4 (20)
Indeterminate 0

PIK3CA amplification n 11
Amplified, n (%) PD 0
Non-amplified, n (%) CR 0

PR 2 (10)
Stable disease ≥ 16 weeks 3 (15)
Stable disease b 16 weeks 1 (5)
PD 5 (25)
Indeterminate 0

Abbreviation: Cr, complete response; PD, progressive disease; Pl3K, phosphatidylinositol 3-kin
The 16% ORR observed with gedatolisib in each patient group stud-
ied was slightly higher than the ORRs reported with other dual inhibi-
tors in similar patient populations [21–22]. The median PFS (108 days;
95% CI: 62–149) observed with gedatolisib was comparable to that re-
ported with other agents in this setting [21–22]. An unconfirmed ORR
of 9% and median PFS of 3.5 (95% CI: 2.7–3.7) months were observed
for apitolisib [21]. A 6% ORR was reported for pilarasilib in patients
whohad received one prior regimen and 0% in thosewith two prior reg-
imens. PFS N 6months for pilarasilib-treated patients was 11.9%, mostly
in the one-prior-regimen group [22]. Additionally, single-agent studies
of other mTOR or PI3K inhibitors in second- or third-line recurrent en-
dometrial cancer showed low response rates, with no CRs and few PRs
(0–9%), along with stable disease lasting ≥8–12 weeks in generally
b35% of patients [20].

The changes observed in this study inmetabolic biomarkers indicate
that gedatolisib affected glucose transport and/or metabolism, resulting
in increased glucose levels and providing evidence of pharmacodynam-
ics effects of gedatolisib in treated patients.

Prior reports had suggested that stathmin protein levels may corre-
late with deregulated PI3K signaling in cancers of the endometrium,
breast, and other organs [9–11], and therefore response to PI3K inhibi-
tors such as gedatolisib may be predicted by observation of higher
stathmin protein levels. However, stathmin protein and RNA profiles
do not always correlate precisely with genetic alterations in PI3K com-
ponents or response to treatment. Further, different types of pathway
alterations may promote different PI3K activation levels or have differ-
ent effects on overall signaling [11]. The current study was designed to
test the hypothesis that patients with high stathmin protein IHC scores
in FFPE tumor tissues, as a biomarker for PI3K activation,would respond
better to PI3K/mTOR inhibition. The study results do not support this
hypothesis, suggesting that stathmin protein levels may not be corre-
lated with tumor dependence on the PI3K pathway. It is recognized
that the reliability of IHC scoringmight have been limited by its subjec-
tive nature (pathologist assessment of staining intensity in tumor tis-
sues). However, when stathmin expression re-scoring took place mid-
way through the study, only one patient receiving gedatolisib required
re-categorization for stathmin status.

This study demonstrated that gedatolisib has a manageable toxicity
profile and is active as a single agent in patientswith advanced endome-
trial cancer. Nonetheless, this studywas terminated early, before patient
enrollment in stage 2, following a strategic decision based on the lack of
sufficient efficacy of gedatolisib in patients with stathmin-high/putative
PI3K–activated tumors, which disproved the initial hypothesis.
lisib.

w)
Gedatolisib
(putative PI3K activated; stathmin high)
n = 18

Gedatolisib
(putative PI3K activated + basal)
n = 38

17 37
0 2 (5)
0 2 (5)
1 (6) 1 (3)
1 (6) 1 (3)
2 (11) 3 (8)
0 8 (21)
3 (17) 6 (16)
8 (44) 12 (32)
2 (11) 2 (5)
14 25
1 (6) 1 (3)
1 (6) 1 (3)
1 (6) 3 (8)
1 (6) 4 (11)
3 (17) 4 (11)
6 (33) 11 (29)
1 (6) 1 (3)

ases; PR, partial response.
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Gedatolisib appears to have activity in stathmin-low cancers and may
be of benefit in selected patient populations; an appropriate biomarker
to direct gedatolisib therapy was not confirmed in this study.
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Supplementary Text: Methods 

Statistical design 

Decision rules that applied at the end of stages 1 and 2 were as follows: if ≥8 clinical 

benefit responders were observed among 20 (40%) response-evaluable patients at the 

end of stage 1, then that arm would proceed to stage 2. If there were ≥25 clinical benefit 

responders among 58 (43%) response-evaluable patients at the end of stage 2, then 

the null hypothesis would be rejected, and it would be concluded that the primary 

endpoint had been achieved. To ensure 58 response-evaluable patients, each arm that 

entered stage 2 was planned to enroll a total of 63 patients. In the event that exactly 20 

patients were not evaluable, additional decision criteria were to be applied. 

 



 

 

Supplementary Table S1. Treatment summary (safety population) 

 Main study Japanese lead-in cohort 

Parameter 

PF-502 
(Putative 

PI3K 
basal) 
n = 4 

PF-502 
(Putative 

PI3K 
activated) 

n = 14 

PF-502 
(Putative 

PI3K 
activated + 

basal) 
n = 18 

Gedatolisib 
(Putative 

PI3K basal) 

n = 20 

Gedatolisib  
(Putative 

PI3K 
activated) 

n = 20 

Gedatolisib  
(Putative 

PI3K 
activated + 

basal) 
n = 40 

PF-502 
(4 mg) 

n = 3 

Gedatoli
sib 

(89 mg) 
n = 3 

Gedatoli
sib  

(154 mg) 
n = 3 

Gedatoli
sib  

(89 mg + 
154 mg) 

n = 6 

Median treatment 

duration, d (range) 

81 

(34–169) 

56 

(21–71) 

56 

(21–169) 

107 

(29–345) 

57 

(1–400) 

99 

(1–400) 

70 

(21–83) 

449 

(29–547) 

60 

(50–105) 

83 

(29–547) 

Treatment 

discontinuations,a n 

(%) 

6 (100) 12 (100) 18 (100) 19 (91) 18 (95) 37 (93) 3 (100) 3 (100) 3 (100) 6 (100) 

Study 

discontinuations, n 

(%) 

4 (100) 14 (100) 18 (100) 18 (90)b 19 (95)b 37 (93) 3 (100) 3 (100) 3 (100) 6 (100) 

Abbreviations: PF-502, PF-04691502; PI3K, phosphatidylinositol 3-kinase. 

aDiscontinuation from treatment dataset is based on actual treatment group rather than as randomized. Two patients 

receiving PF-04691502 changed stathmin status during the course of the study. This accounts for the difference between 

number of patients randomized to this arm and number of patients who have discontinued treatment.  

bThree patients were still on study at the time of this analysis.



 

 

Supplementary Table S2. Summary of gedatolisib pharmacokinetic characteristics 

(day 1, cycle 1) 

Parameter, unitsa 

Gedatolisib 
(Putative PI3K 

basal) 

Gedatolisib 
(Putative PI3K 

activated) 

N, n 20, 19 19, 15b 

AUCinf, ng·h/mL 15,280 (24) 14,870 (40) 

AUClast, ng·h/mL 15,080 (24)b 15,890 (52) 

Cmax, ng/mL 9,078 (36) 7,057 (84) 

Tmax, h 0.525 (0.50–1.07) 0.650 (0.50–1.08) 

t½, h 35.02 ± 5.32 34.09 ± 8.87 

CL, L/h 10.09 (24) 10.36 (40) 

Vss, L 165.6 (32) 174.9 (57) 

Abbreviations: AUCinf, area under the serum concentration-time profile from time 0 to 

infinity; AUClast, area under the serum concentration-time profile from time 0 to the time 

of the last quantifiable concentration; CL, clearance; Cmax, maximum plasma 

concentration; PI3K, phosphatidylinositol 3-kinase; t½, terminal elimination half-life; Tmax, 

time to reach maximum plasma concentration; Vss, steady-state volume of distribution. 

aGeometric mean (geometric % coefficient of variation) for all except median (range) for 

Tmax; arithmetic mean ± SD for t½. 

bN = 19 (AUClast was not reported for 1 patient with an incomplete concentration-time 

profile.) 
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Supplementary Figure S1. Median gedatolisib concentration-time profiles by treatment 

arm (cycle 1). 
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