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ARTICLE
Clinical Study

Phase 1 study of mTORC1/2 inhibitor sapanisertib (TAK-228)
in advanced solid tumours, with an expansion phase in renal,
endometrial or bladder cancer
Martin H. Voss 1, Michael S. Gordon2, Monica Mita3, Brian Rini4, Vicky Makker1, Teresa Macarulla5, David C. Smith6, Andrés Cervantes7,
Igor Puzanov8,17, Roberto Pili9, Ding Wang10, Shadia Jalal11, Shubham Pant12, Manish R. Patel13, Rachel l. Neuwirth14, Aaron Enke15,17,
Yaping Shou15,18, Farhad Sedarati15, Douglas V. Faller15 and Howard A. Burris, III16

BACKGROUND: This Phase 1 dose-escalation/expansion study assessed safety/tolerability of sapanisertib, an oral, highly selective
inhibitor of mTORC1/mTORC2, in advanced solid tumours.
METHODS: Eligible patients received increasing sapanisertib doses once daily (QD; 31 patients), once weekly (QW; 30 patients), QD
for 3 days on/4 days off QW (QD × 3dQW; 33 patients) or QD for 5 days on/2 days off QW (QD × 5dQW; 22 patients). In expansion
cohorts, 82 patients with renal cell carcinoma (RCC), endometrial or bladder cancer received sapanisertib 5 mg QD (39 patients),
40 mg QW (26 patients) or 30 mg QW (17 patients).
RESULTS: Maximum tolerated doses of sapanisertib were 6 mg QD, 40 mg QW, 9mg QD × 3dQW and 7mg QD × 5dQW. Frequent
dose-limiting toxicities (DLTs) included hyperglycaemia, maculo-papular rash (QD), asthenia and stomatitis (QD × 3dQW/QD ×
5dQW); expansion phase doses of 5 mg QD and 30mg QW were selected based on tolerability beyond the DLT evaluation period.
One patient with RCC achieved complete response; nine experienced partial responses (RCC: seven patients; carcinoid tumour/
endometrial cancer: one patient each). Sapanisertib pharmacokinetics were time-linear and supported multiple dosing.
Pharmacodynamic findings demonstrated treatment-related reductions in TORC1/2 biomarkers.
CONCLUSIONS: Sapanisertib demonstrated a manageable safety profile, with preliminary antitumour activity observed in RCC and
endometrial cancer.
CLINICAL TRIAL REGISTRATION: ClinicalTrials.gov, NCT01058707.

British Journal of Cancer https://doi.org/10.1038/s41416-020-01041-x

BACKGROUND
The phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT)/
mammalian target of rapamycin (mTOR) signalling pathway is a
central regulator of cellular growth, proliferation and survival.1

Dysregulation of PI3K/AKT/mTOR activity is frequently observed in
human cancers.2 As part of the mammalian target of rapamycin
complex 1 (mTORC1) and 2 (mTORC2), mTOR is a key intracellular
point of convergence for several pathways, thus representing an

important therapeutic target. Inhibition of mTOR may decrease
protein translation and prevent abnormal cell proliferation and
tumour angiogenesis.3,4 Accordingly, rapamycin analogues (“rapa-
logs”), such as temsirolimus and everolimus, have been approved
by the US Food and Drug Administration for the treatment of
advanced renal cell cancer (RCC) and several other cancers.1,5–10

Rapalogs exert their effect mainly on mTORC1, with only a mild
inhibitory effect on mTORC2.11 Inhibition of mTORC1, without
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mTORC2 inhibition, can result in the activation of AKT through a
negative feedback mechanism, which may limit rapalog efficacy
by accelerating tumour progression.12

Preclinical data have demonstrated that inhibition of AKT
activity, through mTORC2 inhibition, may block tumour progres-
sion.13 Subsequently, a new generation of mTORC1/2 inhibitors
have been developed, as dual inhibition may offer an advantage
over mTORC1 inhibitors by targeting at least three key enzymes
(PI3K, AKT and mTOR).14 Proof of this concept was demonstrated
in preclinical models for several epithelial malignancies.15–18

Sapanisertib is an investigational, oral and highly selective
adenosine triphosphate-competitive mTOR kinase inhibitor that
suppresses both mTORC1 and mTORC2. Preclinical models of
efficacy, safety and pharmacokinetics (PK) of sapanisertib have
largely relied on daily dosing.19–23 Investigation of different dosing
schedules in preclinical efficacy models has demonstrated
commensurate tumour growth inhibition with administration of
sapanisertib in daily or intermittent dosing schedules.19–23 These
preclinical data generally indicated that efficacy was related to
total exposure (i.e. area under the curve) and independent of
dosing schedule. However, the clinical tolerability was expected to
be different for different schedules. Therefore, we evaluated a
range of dosing schedules in this first-in-human Phase 1 study
(NCT01058707) of sapanisertib in patients with advanced solid
tumours, with an expansion phase including patients with RCC,
endometrial or bladder cancer.

METHODS
Study design
This Phase 1, open-label, dose-escalation and expansion study
aimed to determine the safety, tolerability and preliminary
efficacy of sapanisertib in patients with advanced solid tumours.
During dose-escalation, patients received one of four sapaniser-
tib dosing schedules: once daily (QD), once weekly (QW; days 1, 8,
15 and 22), QD for 3 days on/4 days off each week (QD × 3dQW;
days 1–3, 8–10, 15–17 and 22–24) and QD for 5 days on/2 days
off each week (QD × 5dQW; days 1–5, 8–12, 15–19 and 22–26) in
a 28-day cycle with dose escalation based on a modified
Fibonacci schema.
Definitions for dose-limiting toxicities (DLTs), as predetermined

in the study protocol, were: any grade ≥3 non-haematologic
toxicity (except inadequately treated grade 3 nausea and/or
vomiting and grade 3 diarrhoea [all patients should have received
optimal antiemetic and/or antidiarrhoeal prophylaxis treatment],
grade 3 hyperglycaemia lasting ≤14 days [all patients should have
received optimal anti-glycaemic treatment, including insulin) and
grade 3 rash lasting ≤3 days [all patients should have received
topical steroid treatment, oral antihistamines and pulse oral
steroids, if necessary]); grade 4 neutropenia lasting >7 days in the
absence of growth factor support; grade 4 neutropenia of any
duration accompanied with fever ≥38.5 °C and/or systemic
infection; any other grade ≥4 haematologic toxicity.
Sapanisertib dosing was withheld for Grade ≥ 3 treatment-

related toxicities. If the event resolved to Grade ≤ 1 or baseline
values within 28 days of interrupting therapy, the patient could
resume study treatment at a ≥25% dose reduction or, for patients
in the dose-escalation phase, at the next lower dose level with the
sponsor’s approval. If dose modification was required for subjects
receiving ≤4mg QD, then the dosing frequency was decreased to
5 days per week, instead of decreasing the daily dose
administered. If sapanisertib dosing was delayed for >28
consecutive days for treatment-related toxicity, despite supportive
treatment per standard clinical practice, or more than 2 dose
reductions of sapanisertib were required in a patient, sapanisertib
therapy was stopped, the patient was discontinued from the study
and the follow-up visit was completed within 30 days of the last
administration of sapanisertib.

The maximum tolerated dose (MTD) was to be determined in
the QD schedule before enrolment of initial single-patient cohorts
for the QW and QDx3d QW schedules. If a grade ≥ 2 AE was
observed in any single-patient cohort, an additional 2–5 patients
were assigned to that cohort. Subsequent dose cohorts for that
schedule included 3–6 patients. Dose cohorts for the QDx5dQW
schedule enrolled three patients with an additional three patients
enrolled if a DLT was observed per a standard 3+ 3 design. Once
the MTD was identified for each of the dosing schedules, an
additional six patients were enrolled to obtain further PK and
safety data prior to expansion.
Based on data collected during dose-escalation, the expansion

phase evaluated the safety and efficacy of QD and QW
sapanisertib in patients with RCC, endometrial or bladder cancer.
Patients could continue receiving sapanisertib for ≤1 year (or
beyond, if the investigator and sponsor agreed) in the absence of
disease progression or unacceptable toxicity.
The primary objective was to determine the MTD and DLTs for

each sapanisertib dosing schedule and evaluate the safety and
tolerability of sapanisertib in both phases. Secondary objectives
were to evaluate preliminary antitumour activity, PK in peripheral
blood, and pharmacodynamics (PD) of sapanisertib, as measured
by modulation in phosphorylation of S6, 4EBP1 and NDRG1 in
surrogate tissue (skin) and tumour.
The study was conducted in accordance with the Declaration of

Helsinki and Good Clinical Practice. Institutional review boards
approved all aspects of the study. All participants provided written
informed consent.

Patients
Eligible patients were aged ≥18 years with locally advanced or
metastatic solid tumours who had failed standard-of-care therapy,
had an Eastern Cooperative Oncology Group performance status
of 0–1, and had adequate bone marrow, hepatic, renal and
metabolic (fasting serum glucose ≤ 130 mg/dL and fasting trigly-
cerides ≤ 300mg/dL) function.
Patients with locally advanced or metastatic brain tumours were

eligible if their brain metastases had been treated (without
evidence of progression or haemorrhage post-treatment), and if
they had not taken dexamethasone 4 weeks prior to the first study
drug administration and with no ongoing requirement for
dexamethasone or antiepileptic drugs. In the expansion phase,
eligible patients had measurable disease per the Response
Evaluation Criteria in Solid Tumors (RECIST), v1.1.
Patients could be considered for enrolment in one of three

disease-specific cohorts: (1) advanced or recurrent endometrial
adenocarcinoma with disease progression following ≥1 prior
chemotherapy regimen; (2) advanced/metastatic urothelial cancer
(carcinoma of the bladder, ureter and/or renal pelvis), progressive
after ≥1 prior therapy in the metastatic/unresectable setting; (3)
advanced RCC after failure of ≥1 prior antivascular endothelial
growth factor therapy with no prior TORC1 inhibitor therapy, or
progressed on treatment with TORC1 inhibitor therapy.
Patients who had received prior cancer therapy within 2 weeks,

systemic corticosteroid therapy within 1 week prior to the first
dose of study drug, or bisphosphonates within 30 days prior to the
first sapanisertib dose were not eligible. Additionally, patients with
impaired cardiac function or significant active cardiovascular
disease were also excluded. In the expansion phase, patients who
had received prior AKT, PI3K, dual PI3K/TORC1/2 or TORC1/2
inhibitors were excluded.

Assessments
Patients who received ≥1 dose of sapanisertib were included in
the safety population. The response-evaluable population
included patients who received ≥1 dose of sapanisertib, had
measurable disease at baseline, and had ≥1 postbaseline
assessment. In the dose-escalation phase, the evaluable
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population included patients who received ≥75% of the planned
sapanisertib doses in cycle 1 or experienced a DLT. Response was
assessed according to the RECIST v1.124 after every two treatment
cycles. Adverse events (AEs) were assessed using the National
Cancer Institute Common Terminology Criteria for Adverse Events,
v4.0. Patients were provided with a home blood-glucose meter to
monitor their fasting predose blood-glucose measurements to
assess hyperglycaemia as an on-target AE and PD marker.
Peripheral blood was collected serially to quantify plasma levels

of sapanisertib for PK analysis via validated liquid chromatography
tandem mass spectrometry with an assay range of 1–1000 ng/mL
(MicroConstants, San Diego, CA), during both dose-escalation and
expansion phases. Blood samples were collected before each dose
and 0.5, 1, 2, 4, 8 and 24 h after dosing on cycle 1, day 1 and cycle
2, day 1, in the dose-escalation phase. In the expansion phase,
samples were collected predose and 2, 4 and 6 h postdose on
cycle 1, day 1, and then predose and 2 h postdose on day 8, 15 or
22 of cycle 1.
The tissue PK and PD of sapanisertib were investigated in skin

and tumour biopsies. During dose escalation, 3-mm core skin
biopsies were collected predose and on any day from 8–15 (3 h
postdose) of cycle 1 for immunohistochemistry (IHC) assessment
of mTORC1 downstream effects (p4EBP1, pS6) and pNDRG1
(Mosaic Laboratories, Lake Forest, CA). IHC for p-AKT did not pass
validation and is not reported. Archival tumour tissues for
assessment of prognostic markers were collected at baseline.

Statistical analyses were primarily descriptive and graphical in
nature, with no formal statistical hypothesis testing.

RESULTS
Patients
From December 2009 to January 2013, 116 patients were enrolled
to the dose-escalation phase and received single-agent sapani-
sertib in the following schedules: QD (n= 31), QW (n= 30), QD ×
3dQW (n= 33) and QD × 5dQW (n= 22). From March 2013 to April
2014, an additional 82 patients with RCC, endothelial or bladder
cancer were enrolled in the expansion phase to receive
sapanisertib 5 mg QD (n= 39), 40 mg QW (n= 26) or 30 mg QW
(n= 17). Baseline demographics and characteristics are shown in
Table 1.

DLTs and MTD determination
Dose escalation, DLTs and MTDs are summarised in Table 2. The
MTD was determined to be 6mg for the QD schedule based on 4/
10 patients reporting a DLT in cycle 1 (grade 3 maculo-papular
rash [n= 1], grade 3 diarrhoea [n= 1], grade 3 asthenia [n= 1],
grade 5 ventricular fibrillation/cardiac arrest [n= 1]) and 40mg for
the QW schedule based on 2/12 patients reporting a DLT (grade 3
dry mouth and fatigue [n= 1], grade 3 asthenia [n= 1]), 9 mg for
the QD × 3dQW schedule based on 1/6 evaluable patients
reporting a DLT (grade 3 hypophosphatemia) and 7mg for the

Table 1. Patient baseline characteristics and demographics.

Sapanisertib

Dose-escalation phase Expansion phase

Characteristic QD
2–7mg
(n= 31)

QD × 5dQW
7–13mg
(n= 22)

QD × 3dQW
6–20mg
(n= 33)

QW
7–40mg
(n= 30)

Total
(n= 116)

QD
5mg
(n= 39)

QW
30mg
(n= 17)

QW
40mg
(n= 26)

Total
(n= 82)

Median age, years (range) 61 (24–75) 62 (32–75) 54 (36–87) 57 (34–89) 60 (24–89) 61 (30–81) 63 (32–76) 65 (44–80) 62 (30–81)

Male, n (%) 15 (48) 9 (41) 11 (33) 12 (40) 47 (41) 23 (59) 11 (65) 12 (46) 46 (56)

Race, n (%)

Asian 1 (3) 0 0 0 1 (1) 1 (3) 0 0 1 (1)

White 28 (90) 22 (100) 30 (91) 29 (97) 109 (94) 37 (95) 17 (100) 25 (96) 79 (96)

Cancer diagnosis, n (%)

Breast 3 (10) 1 (5) 2 (6) 2 (7) 8 (7) – – – –

Colorectal 6 (19) 8 (36) 7 (21) 4 (13) 25 (22) – – – –

Gastric 0 0 1 (3) 1 (3) 2 (2) – – – –

Head and neck 1 (3) 1 (5) 2 (6) 1 (3) 5 (4) – – – –

Lung (non-small-cell) 0 1 (5) 4 (12) 3 (10) 8 (7) – – – –

Melanoma 1 (3) 0 0 0 1 (1) – – – –

Ovarian 2 (6) 1 (5) 4 (12) 2 (7) 9 (8) – – – –

Pancreatic 2 (6) 0 2 (6) 1 (3) 5 (4) – – – –

Prostate 1 (3) 0 1 (3) 0 2 (2) – – – –

Renal 2 (6) 3 (14) 1 (3) 4 (13) 10 (9) 22 (56) 10 (59) 13 (50) 45 (55)

RCC, TORC1i naïve – – – – – 8 (21) 4 (24) 8 (31) 20 (24)

RCC, TORC1i failure – – – – – 14 (36) 6 (35) 5 (19) 25 (30)

Endometrial 3 (10) 0 1 (3) 4 (13) 8 (7) 11 (28) 4 (24) 6 (23) 21 (26)

Bladder – – – – – 6 (15) 3 (18) 6 (23) 15 (18)

Other – – – – – – – 1 (4)a 1 (1)

Number of prior treatment
regimens, median (range)

3 (1–10) 2 (0–5) 4 (0–6) 3 (0–10) 3 (0–10) 2 (0–7) 2 (0–4) 2 (0–8) 2 (0–8)

QD once daily, QD × 3dQW QD for 3 days on/4 days off QW, QD × 5dQW QD for 5 days on/2 days off QW, QW once weekly, TORC1i target of rapamycin complex 1
inhibitor therapy.
aPatient initially diagnosed with metastatic transitional cell carcinoma of the renal pelvis; re-review of the patient’s pathology slides revealed primary renal
urothelial carcinoma.
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QD × 5dQW schedule based on all three patients receiving 13mg
reporting DLTs (grade 3 fatigue, asthenia and stomatitis [n= 1
each]), 4/13 patients receiving 10mg reporting DLTs (grade
2 stomatitis [n= 1], grade 3 stomatitis [n= 1], grade 3 asthenia
[n= 1], grade 3 stomatitis and fatigue [n= 1]) and no patients
reported DLTs at 7 mg.
Based on biochemical, PK and tolerability data, and early signs

of antitumour activity, the QD and QW schedules were selected for
expansion. Sapanisertib 5 mg QD was selected rather than the
MTD of 6 mg, because the 6mg dose was poorly tolerated beyond
the DLT evaluation period in 10 evaluable patients. The QW 40mg
dose was determined as the MTD based on DLT criteria and was
initially selected for expansion. However, follow-up of the first 21
patients enrolled at this dose revealed that several patients
required dose modifications or discontinued treatment due to
AEs; the recommended expansion dose was thereafter reduced to
30mg QW.

Treatment exposure and safety
During dose escalation, patients received a median of two
treatment cycles (range, 1–58; Supplementary Table 1). Across
all doses, 97% of patients experienced treatment-related AEs
(TRAEs), and 11% experienced at least one treatment-related

grade ≥ 3 AE (Supplementary Table 1). The most common TRAEs
were hyperglycaemia, nausea, stomatitis, vomiting, decreased
appetite and diarrhoea (Table 3). Hyperglycaemia was the most
common grade ≥ 3 TRAE (Supplementary Table 2), which was
generally well controlled with metformin and home glucose
monitoring. Serious AEs occurred in 43% of patients; 24%
discontinued treatment due to an AE (Supplementary Table 1).
During expansion, patients received a median of two treatment

cycles (range, 1–26; Supplementary Table 1). All patients in this
phase experienced at least one TRAE; 46% experienced at least one
grade ≥ 3 TRAE (Supplementary Table 1). TRAEs and all-cause AEs in
the expansion phase are summarised in Table 3 and Supplementary
Table 3, respectively. The most common TRAEs according to
schedule were fatigue (56%) and nausea (51%) at 5mg QD, fatigue
(88%), nausea and hyperglycaemia (77% each) at 40mg QW, and
hyperglycaemia (71%), nausea and fatigue (65% each) at 30mg QW
(Table 3). Supplementary Table 2 and Supplementary Table 4
summarise grade≥ 3 TRAEs and all-cause AEs, respectively, in the
expansion phase. Hyperglycaemia was also the most common
grade ≥ 3 TRAE in the expansion phase. Serious AEs occurred in 41%
of patients and 15% discontinued due to an AE.
AEs resulting in treatment discontinuation during the expansion

phase occurred in 18% of patients receiving 5mg QD or 30 mg

Table 2. Dose escalation and determination of maximum tolerated dose (MTD).

Treated patientsa,
n

Evaluable
patientsb, n

Patients with
DLTs, n

DLTs

QD dosing schedule

2mg 3 3 0 –

4mg 7 7 1 Grade 3 hyperglycaemia

6 mgc (MTD) 13 10 4 Grade 3 maculo-papular rash; grade 3 diarrhoea; grade 3 asthenia;
grade 5 ventricular fibrillation/cardiac arrest

7 mg 8 5 2 Grade 3 hyperglycaemia and grade 4 anaemia; grade 3 maculo-
papular rash

QW dosing schedule

7mg 3 3 0 –

10mg 3 3 0 –

15mg 3 3 0 –

20mg 3 3 0 –

30mg 3 3 0 –

40mg (MTD) 15 12 2 Grade 3 dry mouth and fatigue; grade 3 asthenia

QD × 3dQW dosing schedule

6mg 3 3 0 –

9mg (MTD) 8 6 1 Grade 3 hypophosphatemia

12mg 6 6 2 Grade 3 stomatitis and grade 3 dehydration; grade 3 asthenia

16mg 12 11d 1 Grade 3 stomatitis

20mg 4 3 2 Grade 3 stomatitis; grade 3 stomatitis

QD × 5dQW dosing schedule

7mg (MTD) 6 6 0 –

10mg 13 13 4 Grade 2 stomatitis; grade 3 stomatitis; grade 3 asthenia; grade
3 stomatitis; grade 3 fatigue

13mg 3 3 3 Grade 3 fatigue; grade 3 asthenia; grade 3 stomatitis

AE adverse event, DLT dose-limiting toxicity, QD once daily, QD × 3dQW once daily for 3 days on and 4 days off each week, QD × 5dQW once daily for 5 days on
and 2 days off each week, QW once weekly.
aInitial dose cohorts for each of the alternate dosing schedules prior to a protocol amendment enrolled a single patient. If grade ≥ 2 AE, regardless of
relatedness to sapanisertib was observed in any single-patient cohort, an additional 2–5 patients were assigned to that cohort and subsequent dose cohorts in
that treatment arm would include 3–6 patients.
bPatients who received ≥75% of the planned doses of sapanisertib in cycle 1 or stopped study drug before receiving 75% of the planned doses because of a
study treatment-related AE considered a DLT.
cPatients were enrolled into the 6mg QD dosing schedule after the 7mg QD dosing schedule.
dFive patients required dose modification due to AEs.
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QW dosing and 8% of patients receiving 40mg QW dosing. Fewer
patients in the 30mg QW dose group had their dose modified or
reduced than in the other dose groups (47% for 30 mg QW vs 69%
for 5 mg QD and 77% for 40mg QW) (Supplementary Table 1).
There were 7 on-study deaths within 30 days of last dose. Four

patients died during dose-escalation: 1 due to ventricular
fibrillation and cardiac arrest (6 mg QD considered possibly
related to sapanisertib by the investigator, in a patient with pre-
existing cardiovascular risk factors), 3 from progressive cancer; 2
gastric (10 mg QW [n= 1], 9 mg QD × 3dQW [n= 1]) and 1 breast
(12 mg QD × 3dQW). Three patients died during expansion due to
disease progression (30 mg QW [n= 2], 40 mg QW [n= 1]).

Antitumour activity
At data cut-off (02 October 2015), two patients, one with RCC
receiving 15mg QW (dose escalation; 58 cycles) and one with
TORC1 inhibitor−naïve RCC receiving 30mg QW (expansion; 26
cycles), were still receiving study drug. Tumour response across
both study phases is summarised in Table 4 and Supplementary
Fig. 1. Supplementary Fig. 1 also shows study duration and best
percentage change for the expansion phase. During dose-
escalation, two patients with RCC receiving 15mg QW and
40mg QW achieved a partial response (PR) maintained for
>32 months for an objective response rate (ORR) of 8%, and
one with a carcinoid tumour receiving 10mg QD × 5dQW
achieved a PR maintained for > 32 months for an ORR of 6%. Five
patients in dose-escalation maintained stable disease (SD) for

≥ 6 months. In the expansion phase, one patient with TORC1
inhibitor−naïve RCC receiving 40mg QW achieved a complete
response (CR) maintained for 16 months. Five additional patients
with RCC achieved PRs: three TORC1 inhibitor–naïve (5 mg QD,
30mg QW, and 40mg QW) for an ORR of 22%, and two with
TORC1 inhibitor failure (both 5mg QD) for an ORR of 9%. There
was also one PR in a patient with endometrial cancer receiving
5mg QD (ORR of 6%). Four of the seven objective responses
reported in the expansion phase persisted for > 16 months: three
patients with TORC1 inhibitor–naïve RCC (30 mg QW [n= 1],
40 mg QW [n= 2]) and one with TORC1 inhibitor failure RCC (5 mg
QD). Six patients with RCC maintained SD for ≥6 months. Among
patients with bladder cancer (n= 13), no objective responses were
achieved, and 1/5 patients with SD maintained SD for ≥ 6 months.

Pharmacokinetics
Cycle 1, day 1, PK data were available from 112 patients and cycle 2,
day 1, PK data were available from 70 patients. Single-dose (cycle 1,
day 1) and multiple-dose (cycle 2, day 1) PK data are summarised in
Fig. 1, Supplementary Fig. 2 and Supplementary Table 5. Sapani-
sertib exhibited rapid oral absorption, with a median Tmax ranging
from 1.0− 2.8 h across all doses (Supplementary Table 5). Sapani-
sertib plasma concentrations generally increased in a dose-
dependent manner within the 2–40mg dose range; mean plasma
half-life ranged from 5.9 to 9.4 h, with PK variability percentage
coefficient of variation (%CV) values for area under the curve from
time zero to 24 h postdose (AUC0–24h) ranging from ~26 to 87%.

Table 3. Treatment-related adverse events (AEs) by preferred term reported in ≥15% of patients by dosing schedule.

Sapanisertib

Dose-escalation phase Expansion phase

AE, n (%) QD
2–7mg
(n= 31)

QD × 5dQW
7–13mg
(n= 22)

QD × 3dQW
6–20mg
(n= 33)

QW
7–40mg
(n= 30)

Total
(n= 116)

QD
5mg
(n= 39)

QW
30mg
(n= 17)

QW
40mg
(n= 26)

Total
(n= 82)

Hyperglycaemia 25 (81) 11 (50) 22 (67) 17 (57) 75 (65) 17 (44) 12 (71) 20 (77) 49 (60)

Nausea 13 (42) 13 (59) 23 (70) 22 (73) 71 (61) 20 (51) 11 (65) 20 (77) 51 (62)

Stomatitisa 11 (35) 13 (59) 23 (70) 9 (30) 56 (48) 19 (49) 8 (47) 10 (38) 37 (45)

Vomiting 8 (26) 10 (45) 18 (55) 17 (57) 53 (46) 12 (31) 10 (59) 19 (73) 41 (50)

Decreased appetite 11 (35) 7 (32) 17 (52) 8 (27) 43 (37) 17 (44) 6 (35) 14 (54) 37 (45)

Diarrhoea 11 (35) 8 (36) 13 (39) 9 (30) 41 (35) 17 (44) 5 (29) 13 (50) 35 (43)

Asthenia 6 (19) 9 (41) 10 (30) 12 (40) 37 (32) 7 (18) 1 (6) 4 (15) 12 (15)

Fatigue 8 (26) 7 (32) 12 (36) 8 (27) 35 (30) 22 (56) 11 (65) 23 (88) 56 (68)

Rash 8 (26) 3 (14) 7 (21) 2 (7) 20 (17) 1 (3) 0 (0) 1 (4) 2 (2)

Dysgeusia 8 (26) 4 (18) 4 (12) 3 (10) 19 (16) 10 (26) 3 (18) 3 (12) 16 (20)

Pruritus generalised 8 (26) 1 (5) 6 (18) 0 (0) 15 (13) 11 (28) 2 (12) 2 (8) 15 (18)

Blood creatinine increased 7 (23) 0 (0) 2 (6) 3 (10) 12 (10) 3 (8) 1 (6) 4 (15) 8 (10)

Dry mouth 5 (16) 2 (9) 2 (6) 3 (10) 12 (10) 3 (8) 1 (6) 6 (23) 10 (12)

Hypercholesterolemia 5 (16) 1 (5) 4 (12) 1 (3) 11 (9) 0 (0) 1 (6) 0 (0) 1 (1)

Pruritus 2 (6) 3 (14) 1 (3) 2 (7) 8 (7) 7 (18) 1 (6) 3 (12) 11 (13)

Hypophosphatemia 0 (0) 2 (9) 5 (15) 0 (0) 7 (6) 3 (8) 2 (12) 4 (15) 9 (11)

Weight decreased 1 (3) 2 (9) 2 (6) 2 (7) 7 (6) 5 (13) 0 (0) 4 (15) 9 (11)

Headache 0 (0) 1 (5) 3 (9) 2 (7) 6 (5) 0 (0) 0 (0) 4 (15) 4 (5)

Rash maculo-papular 3 (10) 2 (9) 1 (3) 0 (0) 6 (5) 14 (36) 2 (12) 1 (4) 17 (21)

Anaemia 3 (10) 0 (0) 1 (3) 1 (3) 5 (4) 2 (5) 2 (12) 8 (31) 12 (15)

Dehydration 3 (10) 0 (0) 1 (3) 1 (3) 5 (4) 2 (5) 2 (12) 5 (19) 9 (11)

Acute kidney injury 1 (3) 0 (0) 0 (0) 0 (0) 1 (1) 2 (5) 0 (0) 4 (15) 6 (7)

Dyspepsia 1 (3) 0 (0) 1 (3) 1 (3) 3 (3) 1 (3) 3 (18) 2 (8) 6 (7)

QD once daily, QD × 3dQW once daily for 3 days on and 4 days off each week, QD × 5dQW once daily for 5 days on and 2 days off each week, QW once weekly.
aIncludes oropharyngeal pain and mucosal inflammation.
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Sapanisertib did not accumulate in plasma to any appreciable
extent with repeat dosing in any of the schedules (Fig. 1).
Sapanisertib PK were generally consistent during both assessment
periods (cycle 1, day 1, and cycle 2, day 1), indicating a lack of a
time-dependent accumulation with repeat dosing.

Pharmacodynamics
During dose-escalation, the PD effect of sapanisertib on down-
stream effectors of TORC1 (p4EBP1 and pS6) and TORC2 (pPRAS40
and pNDRG1) was measured in skin-tissue biopsies from 88
patients collected at baseline and days 8–15 (3 h postdose) of
cycle 1. Treatment-related decreases in p4EBP1, pS6, pPRAS40 and
pNDRG1 were consistent with dual TORC1/2 inhibition at
sapanisertib doses of ≥4mg (Supplementary Fig. 3). There was a
trend toward a dose-dependent PD effect between 2–6mg
sapanisertib; however, no noteworthy differences in PD marker
trends were observed at doses ≥6mg or across the different
dosing schedules and dose levels. PD data in tumour tissue were
limited due to the small number of samples. For the five patients
with paired tumour samples available for review (biopsies at
baseline and cycle 1, week 2), the levels of p4EBP1, pS6, pPRAS40
and pNDRG1 decreased after sapanisertib treatment (Supplemen-
tary Fig. 4). An integrated PK/PD analysis correlated the plasma
concentration of sapanisertib at a single time point with PD
findings in skin and demonstrated a concentration-related change
in pS6, p4EBP1, pNDRG1 and pPRAS40 (Supplementary Fig. 5).

DISCUSSION
In this open-label, Phase 1, first-in-human study, the safety profile of
sapanisertib was characterised and shown to be manageable and
consistent with the toxicity profiles of other mTOR inhibitors.
Sapanisertib showed preliminary antitumour activity in patients with
RCC (TORC1 inhibitor–naïve and exposed) and in endometrial cancer.
The sapanisertib MTDs were determined as 6 mg QD, 40 mg

QW, 9mg QD × 3dQW and 7mg QD × 5dQW. In a previous study
in advanced haematological malignancies, the sapanisertib MTD
for QD dosing was slightly lower (4 mg) and the MTD for QD ×
3dQW was the same (9 mg).25 Consistent with the lower MTD
determined for QD dosing, 5 mg QD (expansion phase) was
selected for further investigation, as 6 mg QD was poorly tolerated
beyond the DLT evaluation period. DLTs varied across the dosing
schedules: maculo-papular rash and hyperglycaemia, considered

on-target toxicities for this class of agents, were the most
frequently reported DLTs with QD dosing, and stomatitis and
asthenia with the QD × 3dQW and QD × 5dQW schedules.
Sapanisertib DLTs previously reported in patients with haemato-
logic malignancies, were stomatitis, urticaria, blood creatinine
elevation, fatigue, nausea and vomiting with QD dosing, and
erythematous rash, fatigue, asthenia, mucosal inflammation and
thrombocytopenia with QD × 3dQW dosing.25

The safety profile of sapanisertib in this Phase 1 study was
generally manageable across all schedules, and tolerability was
greater with increased intermittence of dosing. Common AEs
related to sapanisertib across all schedules in both phases
included hyperglycaemia, nausea and vomiting. Hyperglycaemia
is a known side effect of PI3K pathway inhibition reported in other
studies investigating dual mTORC inhibitors.26,27 Hyperglycaemia
was found to be dose-dependent in the QD dosing schedule,
occurring more frequently at the higher QW dose. Hyperglycaemia
in both phases was generally grade 1–2 in severity, consistent with
episodes previously reported,25 and easily controlled with
metformin therapy. Otherwise, there were no consistent dose-
dependent trends in AEs related to sapanisertib among the
schedules, and AEs reported for sapanisertib 5 mg QD and 30mg
QW in the expansion phase were generally manageable. In the
expansion phase, the sapanisertib dose for QW dosing was
reduced from 40mg (MTD determined during dose escalation) to
30mg due to high rates of nausea and vomiting.
Preliminary antitumour activity was observed with sapanisertib

across different schedules in patients with RCC and endometrial
cancer. One patient receiving sapanisertib 40mg QW had a CR
and nine patients achieved PR, with response maintained in two
patients for >32 months and four for >16 months. This is
consistent with efficacy reported in other phase 1/2 studies of
dual TORC1/2 kinase inhibitors in patients with advanced
malignancies,25,27–29 and the ORR of 22% reported in patients
with RCC naïve to a TORC1 inhibitor compares favourably to ORRs
observed with rapalogs in patients with RCC (ORR 8.6% with
temsirolimus8 and 1–5% with everolimus).9,7,30,31 However, a
recent Phase 2 study of sapanisertib 30mg QW versus everolimus
10mg QD in patients with refractory clear-cell RCC reported no
responses with single-agent sapanisertib versus an ORR of 13%
with everolimus (NCT02724020).32

The PK profile showed that single doses of oral sapanisertib were
rapidly absorbed and concentrations increased in a dose-dependent

Table 4. Tumour response according to RECIST v1.1 (investigator assessment) in response-evaluable patients.

Sapanisertib

Dose-escalation phase Expansion phase

QD
2–7mg
(n= 21)

QD × 5d
7–13mg
(n= 18)

QD × 3d
6–20mg
(n= 27)

QW
7–40mg
(n= 25)

RCC TORC1
naïve
(n= 18)

RCC TORC1
failure
(n= 23)

Endometrial
cancer
(n= 18)a

Bladder
cancer
(n= 13)

Best overall response, n (%)

CR 0 0 0 0 1 (6) 0 0 0

PR 0 1 (6) 0 2 (8) 3 (17) 2 (9) 1 (6) 0

SD ≥ 6 months 2 (10) 1 (6) 1 (4) 1 (4) 1 (6) 5 (22) 0 1 (8)

SD < 6 months 9 (43) 4 (22) 12 (44) 9 (36) 7 (39) 9 (39) 8 (44) 4 (31)

PD 10 (48) 12 (67) 14 (52) 13 (52) 5 (28) 7 (30) 8 (44) 8 (62)

ORR (CR+ PR) 0 1 (6) 0 2 (8) 4 (22) 2 (9) 1 (6) 0

CBR (CR+ PR+ SD ≥ 6 months) 2 (10) 2 (11) 1 (4) 3 (12) 5 (28) 7 (30) 1 (6) 1 (8)

CBR clinical benefit rate, CR complete response, ORR overall response rate, PD progressive disease, PR partial response, QD once daily, QD × 3dQW once daily for
3 days on and 4 days off each week, QD × 5dQW once daily for 5 days on and 2 days off each week, QW once weekly, RCC renal cell carcinoma, RECIST Response
Evaluation Criteria in Solid Tumors, SD stable disease, TORC1 target of rapamycin complex 1.
aOne patient included in response-evaluable population but response not recorded.
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Fig. 1 Sapanisertib pharmacokinetics are dose dependent without plasma accumulation over time. Mean (SD) plasma concentration–time
profiles of multiple-dose sapanisertib (cycle 2, day 1) on the a QD, b QW, c QD × 3dQW and d QD × 5dQW dosing schedules. Error bars indicate
SD. QD once daily, QD × 3dQW QD for 3 days on/4 days off QW, QD × 5dQW QD for 5 days on/2 days off QW, QW once weekly, SD standard
deviation.
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manner between 2 and 40mg; the PK of sapanisertib was time-
linear and supported the use of multiple dosing. Following repeat
dosing, sapanisertib did not accumulate in plasma to any
appreciable extent in any of the dosing schedules. Ghobrial
et al.25 reported a similar PK profile, supporting the administration
of both daily and intermittent schedules. Therefore, QW and QD
dosing schedules were selected for expansion based on
their apparent similar preliminary antitumour activity and
better tolerability. PD findings demonstrated treatment-related
reductions in TORC1/2 biomarkers (p4EBP1, pS6, pPRAS40 and
pNDRG1), which supports dual TORC1/2 inhibition of sapanisertib in
doses ≥4mg.
In conclusion, sapanisertib had a manageable safety profile

across the various schedules studied. Recommended Phase 2
doses, based on the data presented here, include 30mg QW and
5mg QD. Preliminary antitumour activity was observed in RCC and
endometrial cancer. Phase 2 studies of sapanisertib (QW dosing) in
patients with previously treated, metastatic clear-cell RCC
(NCT03097328) and endometrial cancer (NCT02725268) have
completed enrolment. Findings from these studies and those
presented here contribute to sapanisertib dosing decisions in
ongoing Phase 1/2 studies as a single agent or in combination
with standard-of-care therapy in multiple malignancies.
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