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Abstract

Background The mammalian target of rapamycin (mTOR) kinase, a central component of the PI3K/AKT/mTOR path-
way, plays a critical role in tumor biology as an attractive therapeutic target. We conducted this first-in-human study
to investigate the safety, pharmacokinetics (PK), and pilot efficacy of LXI-15029, an mTORC1/2 dual inhibitor, in Chi-
nese patients with advanced malignant solid tumors.

Methods Eligible patients with advanced, unresectable malignant solid tumors after failure of routine therapy

or with no standard treatment were enrolled to receive ascending doses (10, 20, 40, 60, 80, 110, and 150 mg) of oral
LXI-15029 twice daily (BID) (3+ 3 dose-escalation pattern) until disease progression or intolerable adverse events (AEs).
The primary endpoints were safety and tolerability.

Results Between June 2017 and July 2021, a total of 24 patients were enrolled. LXI-15029 was well tolerated at all
doses. Only one dose-limiting toxicity (grade 3 increased alanine aminotransferase) occurred in the 150 mg group,
and the maximum tolerated dose was 110 mg BID. The most common treatment-related AEs were leukocytope-
nia (41.7%), increased alanine aminotransferase (20.8%), increased aspartate aminotransferase (20.8%), prolonged
electrocardiogram QT interval (20.8%), and hypertriglyceridemia (20.8%). No other serious treatment-related AEs
were reported. LXI-15029 was absorbed rapidly after oral administration. The increases in the peak concentration
and the area under the curve were greater than dose proportionality over the dose range. Eight patients had stable
disease. The disease control rate was 40.0% (8/20; 95% Cl 21.7-60.6). In evaluable patients, the median progression-
free survival was 29 days (range 29-141).

Conclusions LXI-15029 demonstrated reasonable safety and tolerability profiles and encouraging preliminary antitu-
mor activity in Chinese patients with advanced malignant solid tumors, which warranted further validation in phase Il
trials.
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Introduction allosteric mTOR inhibitors (e.g., everolimus, temsiroli-
The mammalian/mechanistic target of rapamycin mus, and sirolimus) approved by the Food and Drug

(mTOR) is a pivotal regulatory protein kinase involved in
multiple tumor signaling pathways and plays an impor-
tant role in cell growth, proliferation, angiogenesis, pro-
tein synthesis, and cell apoptosis [1]. The overactivation
of the middle-to-upstream signals in the mTOR path-
way is closely related to the occurrence of tumors [1].
For example, the overexpression of phosphatidylinositol
3-kinase (PI3K) and protein kinase B (PKB), imbalance
of the upstream negative regulator phosphatase and ten-
sin homolog (PTEN), tuberous sclerosis complex 1/2
(TSC1/2), and liver kinase B1 (LKB1) can result in the
overactivation of the mTOR signaling pathway, caus-
ing cell mutation and promoting a variety of malignant
tumors, including prostatic cancer, breast cancer, and
endometrial cancer [2-4]. The downstream factors of
mTOR are also involved in the occurrence of tumors; the
gene and protein overexpression of the eukaryotic initia-
tion factor 4E (eIlF4E) and ribosomal protein S6 kinase 1
(S6K1) is found in a variety of cancers [1, 5]. mTOR can
also control the production of cyclin D1 and c¢-Myc and
affect the expression of the vascular endothelial growth
factor (VEGF), which are all indirectly but closely related
to tumors through enhancing the expression of hypoxia-
inducible factor (HIF) [6]. Therefore, mTOR has become
one of the most important targets for anticancer drugs [6].

Everolimus, an mTOR inhibitor, has been approved
as a single agent for the treatment of advanced renal
cell carcinoma and pancreatic neuroendocrine tumors
based on its anti-angiogenic and antitumor activity [7,
8]. In addition, combination therapy with everolimus
and endocrine therapy (such as exemestane or letrozole)
showed encouraging anticancer activity in pre- and post-
menopausal patients with advanced breast cancer [9, 10].
Therefore, recent advances in research on mTOR inhibi-
tion involve various compounds developed to disrupt the
metabolic process of cancer cells through the PI3K/AKT/
mTOR pathway [11, 12].

In mammalian cells, mTOR is mainly assembled in
two different complexes (mTOR complex 1 [mMTORC1]
and complex 2 [MTORC2]) that have different regula-
tory mechanisms involved in different tumor biologi-
cal functions, such as cell proliferation, growth, and
metabolism, through the activation of different down-
stream molecules [13, 14]. Thus, research on mTOR
modulation involves various compounds to interfere
with the metabolic processes in cancer cells [15]. The

Administration (FDA) for human cancers can inhibit
mTORC1 but have no obvious inhibiting effect on
mTORC2. Although rapamycin and its analogs (rapa-
logs) inhibit mTORCI1 xenobiologically and specifically,
their limitations in effective anticancer therapy have
been reported [16]. The inhibition of mTORCI alone
without complete inhibition of the mTOR signaling
pathway can produce the feedback activation of other
signal pathways, such as AKT phosphorylation, limiting
the antitumor activity [17, 18].

In order to overcome the disadvantages of first-
generation mTOR inhibitors, second-generation com-
petitive inhibitors have been developed. Various new
compounds have been developed by targeting mTORC1
or mTORC?2 to develop dual mTOR inhibitors [19]. Vari-
ous candidates (OSI-027, TAK228, AZD8055, AZD2014,
and CC-223) entered clinical trials as second-generation
mTOR inhibitors [20-24]. LXI-15029 (MTI-31), an ATP-
competitive mTOR kinase inhibitor with high activity
and selectivity, inhibits the phosphorylation of mTOR1
substrate S6K1 and eukaryotic translation initiation
factor 4E binding protein 1 (4E-BP1), mainly through
the direct binding with the catalytic domain of mTOR
kinase, preventing the phosphorylation of the mTOR2
substrate AKT and inhibiting the feedback activation
of AKT [25-28]. LXI-15029 is a dual inhibitor for both
mTORC1 and mTORC2 kinases and could theoretically
be used to treat various solid tumors (Fig. 1).

The preclinical in vitro pharmacodynamic study of
LXI-15029 showed a very high selectivity in inhibit-
ing mTOR and effective inhibition of the phosphoryla-
tion of mTOR kinase substrates. LXI-15029 can bind
to mTOR proteins potently, significantly, or completely
inhibiting the phosphorylation of the mTORC1 sub-
strates S6K1 T389, S6 S235/236, and 4E-BP1 T70, as
well as the phosphorylation of the mTORC2 substrate
AKT S$473, thereby inhibiting the growth of tumor
cells. In vivo pharmacodynamic studies showed that
LXI-15029 had a selective antitumor activity in human
renal carcinoma, gastric cancer, breast cancer, and lung
cancer with abnormal regulation in the mTOR signal-
ing pathway in nude mouse xenograft models [25, 26].

Previous preclinical studies demonstrated that
LXI-15029, the mTORC1/2 dual inhibitor, showed
significant selectivity and higher inhibitory effects
on phosphorylation of substrates by mTOR kinases,
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Fig. 1 A Molecular structure of LXI-15029. B Mechanism of dual mTOR inhibitors

compared with rapalogs in preclinical studies [25,
26], but no trials are available regarding the effects of
LXI-15029 in patients with metastatic solid tumors.
Therefore, this study aimed to evaluate the safety, tol-
erability, pharmacokinetic (PK) profile, and preliminary
efficacy of LXI-15029 in Chinese patients with meta-
static malignant solid tumors.

Methods

Patient eligibility

Patients were eligible for enrollment based on the follow-
ing criteria: 1) 18 to 65 years of age; 2) histologically or
cytologically diagnosed with advanced malignant solid
tumors; 3) failure of routine therapy or without conven-
tional standard therapy; 4) Eastern Cooperative Oncology
Group Performance Status (ECOG PS) 0-1; 5) life expec-
tancy of >3 months; 6) adequate or acceptable organ and

bone marrow function. The patients were excluded if
they had received prior or current treatment with PI3K
or mTOR inhibitors.

Study design

This was a single-center, open-label, phase I study to
determine the safety, PK, the maximum tolerated dose
(MTD), and preliminary efficacy of LXI-15029 mono-
therapy in Chinese patients with advanced malignant
solid tumors. LXI-15029 capsules (provided by Shan-
dong Luoxin Pharmaceutical Group Co., Ltd.) were
administered orally twice daily (BID) under the fasting
state. A conventional 3+ 3 dose escalation design was
used to explore the MTD. At least three participants
with evaluable dose-limiting toxicity (DLT) and toler-
ability were included in each dose group. According to
the National Cancer Institute Common Terminology
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Criteria for Adverse Events version 4.0.3 (NCI-CTCAE
4.0.3), DLTs were defined as adverse events (AEs) or
abnormal laboratory values unrelated to disease pro-
gression and reasonably likely to be related to the
investigational product within 30 days after the first
dose (cycle 1), as grade 2 non-infectious pneumonia
or abnormal renal function (increased creatinine), any
grade 3 non-hematological AEs, grade 3 neutropenia
with fever or thrombocytopenia, or any grade 4 hema-
tological AEs.

At least three participants were enrolled in each cohort.
Participants were enrolled in the next dose cohort if no
DLT was observed within 30 days after the first dose. If
one case of DLT occurred, three additional participants
would be enrolled in this cohort. Then, if no additional
DLT occurred, participants were enrolled in the next
higher-dose cohort. If additional DLTs occurred, the
current dose was considered intolerable and enrollment
in this cohort was discontinued. The decision to explore
intermediate doses or define the previous dose level as
the MTD was made by the Safety Review Committee
(SRC). Participants with unevaluable DLT were replaced
by another participant with evaluable DLT.

The starting dose of LXI-15029 as a non-cytotoxic anti-
tumor drug in this first-in-human phase I clinical trial was
calculated as >1/5 of the no observed adverse effect level
(NOAEL) in non-rodent animals, obtained in preclinical
trials. The participants received LXI-15029 monotherapy
in each dose cohort and multiple doses of LXI-15029 for
4 weeks (cycle 1) following a 1-day washout period after
a single dose of LXI-15029. The participants continued
therapy with LXI-15029 if good safety and tolerability
were assessed by the investigators after one cycle of treat-
ment. Five ascending dose groups of LXI-15029 BID (10,
20, 40, 60, and 80 mg) were planned to be evaluated, with
3 to 6 evaluable patients who received LXI-15029 mono-
therapy in each cohort. The following cohort was given
dose escalation until the intolerable dose. The investiga-
tors could select higher doses (i.e., 110 and 150 mg, with
reference to the modified Fibonacci method) if the 80 mg
BID dose was well tolerated. The participants continued
therapy with LXI-15029 until progressive disease (PD),
the occurrence of intolerable toxicity, or withdrawal of
consent.

All interventions in this study were conducted in
accordance with the Declaration of Helsinki guidelines of
the International Conference for Harmonization/Good
Clinical Practice guidelines and approved by the Inde-
pendent Ethics Committee (IEC) of the National Cancer
Center/Cancer Hospitals. Written informed consent was
obtained from all study participants before enrollment.
The first registration at ClinicalTrial.gov is 24/04/2017
with full registration number NCT03125746.
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Endpoints

The primary endpoint was the safety and tolerability
of LXI-15029 monotherapy, including confirmation of
MTD. The secondary endpoints were the PK parameters
and investigator-assessed antitumor effect, including
objective response rate (ORR, defined as the propor-
tion of patients with complete response [CR] and partial
response [PR] as the best overall response), disease con-
trol rate (DCR, defined as the proportion of patients with
CR, PR or stable disease [SD] > 6 weeks) and progression-
free survival (PFS) according to the Response Evaluation
Criteria in Solid Tumors (RECIST) version 1.1.

PK analysis

Blood samples for PK analysis of LXI-15029 were col-
lected on day 1 (pre-dose, 20 min, 40 min, 1 h, 1.5 h, 2
h,3h,4h,6h,8h,12h, 24 h, and 48 h), cycle 1 day 8
(pre-dose), cycle 1 day 15 (pre-dose), and cycle 1 day 28
(pre-dose, 20 min, 40 min, 1 h, 1.5 h,2h,3h, 4 h, 6 h,
8 h, and 12 h). The blood samples were stored at -70°C
until testing. The concentration of LXI-15029 in plasma
was measured using the validated liquid chromatogra-
phy-tandem mass spectrometry (LC-MS/MS) method.
The concentration—time information of LXI-15029 was
summarized based on pre-dose and post-dose data of
each patient, to explore the linearity of exposure with
single dose and steady-state situations, the time to reach
steady state and the predictability of single to multiple
doses PK. PK parameters were calculated separately for
single and repeated doses using descriptive statistics. PK
analysis was performed by Covance Central Laboratory
using the validated software Phoenix WinNonlin Ver-
sion 8.1 (Pharsight, Mountain View, CA). A standard
non-compartmental method was used to calculate the
peak plasma concentration (C,,,), time to reach the C_ .
(tmax)s the total area under the concentration—time curve
(AUC,_4,), and the elimination half-life (t; ).

Patient assessments and evaluation
All patients who received at least one dose of LXI-15029
were included in the safety and toxicity evaluations.
Safety evaluations were performed on days 1, 8, 15, and
22 in cycle 1 and once every month after that. The safety
assessments included vital signs, laboratory tests, and
an electrocardiogram. Safety data were evaluated sepa-
rately. At the end of the study, all safety data were ana-
lyzed appropriately according to the statistical analysis
plan. The AEs were coded using the Medical Dictionary
for Regulatory Activities (MedDRA version 24.0). The AE
severity was graded according to the NCI-CTCAE 4.03.
The antitumor effects of LXI-15029 monotherapy
was evaluated based on ORR, DCR, and PFS accord-
ing to RECIST version 1.1 on week 4 and every 8 weeks
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thereafter, and the best overall response was confirmed at
least 4 weeks after the initial response.

Statistical analysis

All safety, tolerance, PK, and antitumor data from each
dose group were tabulated and summarized according
to the statistical analysis plan. The statistical analysis of
the study was descriptive. The continuous variables were
described as mean * standard deviation or median (mini-
mum, maximum). For the PK data, geometric mean and
geometric mean coefficient of variation were also pro-
vided. The categorical variables were described as n (%).
PFS was summarized using the Kaplan—Meier method.
Percentiles (25%, median, 75%) of the event time distri-
bution were presented along with their two-sided 95%
confidence interval (CI). All data processing, summaries,
and analyses were performed using SAS 9.4 (SAS Insti-
tute, Cary, NC, USA).

Results

Characteristics of the participants

Between June 2017 and July 2021, 35 patients were
screened at the National Cancer Center China, of which
11 (31.4%) patients were screen failures, and 24 (68.6%)
participants were successfully enrolled (Fig. 2). At the
time of study entry, all participants were diagnosed with
advanced malignant solid tumors confirmed histologi-
cally or cytologically. Nineteen participants completed
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treatment, and five participants discontinued treatment.
The reasons for discontinuation included 2 (8.3%) cases
of AEs, 1 (4.2%) of consent withdrawal, 1 (4.2%) of pro-
tocol deviation, and 1 (4.2%) of DLT. The baseline char-
acteristics of the participants are summarized in Table 1.

Safety

LXI-15029 orally administered BID was well tolerated at
all dose levels from 10 to 150 mg. Only one participant
at 150 mg BID experienced a DLT within the DLT obser-
vation window. The DLT event was a grade 3 increased
alanine aminotransferase (ALT), which recovered after
symptomatic supportive therapy. Since only three par-
ticipants were enrolled in the 150 mg cohort and one had
a DLT, the MTD of LXI-15029 monotherapy in Chinese
patients with advanced solid tumors was 110 mg BID.

All 24 participants had treatment-emergent AEs
(TEAEs), of which 22 had treatment-related AEs
(TRAEs). Five participants had serious TEAEs, of which
one had a serious TRAE. Three participants had TEAEs
leading to LXI-15029 discontinuation, of which one had
a TRAE. Eleven patients had TEAEs occurring within 30
days after LXI-15029 discontinuation.

Nearly all TRAEs were CTCAE grade 1 (62.5%) and
grade 2 (25%), except the participant with a DLT. The
most common TRAEs were leukocytopenia (41.7%),
increased ALT (20.8%), increased aspartate aminotrans-
ferase (AST) (20.8%), prolonged QT interval (20.8%), and

Screened (N=35)

Screen Failure (N=11)

Reason:
*Did not satisfy the Inclusion/Exclusion

\ 4

criteria (N=8)

*Withdrawal by subject (N=2)

Screen Success (N=24)

*Other (N=1)

}

Treated (N=24)

! ! } I | I !

10 mg BID 20 mg BID 40 mg BID 60 mg BID 80 mg BID 110 mg BID 150 mg BID
(N=3) (N=3) (N=3) (N=4) (N=4) (N=3) (N=4)
A4 A4
Completed Completed Completed Completed Completed Completed Completed
Treatment Treatment Treatment Treatment Treatment Treatment Treatment
(N=3) (N=3) (N=3) (N=3) (N=2) (N=3) (N=2)
Completed Completed Completed Completed Completed Completed Completed
Study Study Study Study Study Study Study
(N=3) (N=2) (N=1) (N=1) (N=0) (N=1) (N=2)

Fig. 2 Flowchart of patient disposition
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Table 1 Demographic and baseline characteristics

Characteristics Median (range)/n (%)

Age (years) 47.5 (24-66)
Sex
Male 8(33.3)
Female 16 (66.7)
ECOG
0 4(16.7)
1 20 (83.3)
Tumor type
Breast cancer 10 (41.7)
Fibrosarcoma 4(16.7)
Leiomyosarcoma 4(16.7)
Adrenal gland cancer 1(4.2)
Chondrosarcoma 14.2)
Neuroendocrine carcinoma 1(4.2)
Neurofibrosarcoma 1(4.2)
Soft tissue sarcoma 14.2)
Synovial sarcoma 1(4.2)
Prior systemic therapies
1-2 9(37.5)
3-5 11(45.8)
>5 4(16.7)

ECOG Eastern Cooperative Oncology Group

hypertriglyceridemia (20.8%). The TEAEs that occurred
in the escalation dose groups are shown in Table 2.

No apparent associations of AE rates, laboratory test
parameters, vital signs, ECG, physical examination, or
other safety data and dose levels were observed based on
the descriptive results. The mean ALT increased slightly
from baseline except at the 10-mg and 80-mg doses. The
mean AST increased slightly from baseline except at the
10-mg, 60-mg, and 80-mg doses.

One patient died within 28 days of the last dose of LXI-
15029, which was attributed to disease progression unre-
lated to treatment.

PK

The blood samples from all 24 participants were col-
lected for PK analysis. LXI-15029 was fast absorbed fol-
lowing oral administration, and the median range of T,
was 0.68—1.25 h after a single dose on day 1. The median
range of T ..  was 0.67-1.47 h after dosing on cycle 1
day 28 over the dose range of 10 to 150 mg. The expo-
sure (C,., and AUC) of LXI-15029 increased with the
dose increase from 10 to 150 mg, except for 80 mg on day
1. On cycle 1 day 28, the C, ., . of LXI-15029 increased
with the dose increase from 10 to 150 mg. C_;, v Cay 5o
and AUC of LXI-15029 increased with the dose increase
from 10 to 150 mg, except for 80 mg. For C_,, and AUC
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evaluations, the increase of C_,, and AUC was greater
than dose proportionality over the dose range on sin-
gle dose day 1 and cycle 1 day 28. The values of the PK
parameters are shown in Tables 3, 4 and Fig. 3.

Preliminary efficacy data

Of the 24 participants who completed the treatment
plan, 20 were evaluated for therapeutic efficacy. The
tumor target lesions ranged from one to five. The lung,
liver, and lymph nodes were the most common target
lesion sites. Efficacy was evaluated based on the oncolog-
ical evaluation analysis set and investigator assessment as
per RECIST 1.1. No participants achieved CR or PR. The
best overall response was assessed as SD, and the DCR
was 40% (8/20; 95% CI 21.7-60.6). No DCR-dose corre-
lation was observed. One participant with fibrosarcoma
received 20 mg BID LXI-15029 and had SD at cycles 1 to
11 and then PD at cycle 12; the duration of SD was 344
days.

Survival analysis showed that the overall median PFS
of the participants from the date of the first dose of LXI-
15029 was 29 days (95% CI: 29-141) (Fig. 4). The median
PFS was 0.95 months (95% CI: 0.89—-4.63) in patients with
breast cancer and 0.97 months (95% CI: 0.92-11.33) in
patients with sarcoma.

Discussion

The discovery of mTOR represents a fundamental break-
through in the understanding of cell growth, metabo-
lism, and disease [1]. Understanding the critical role of
the mTOR pathway in tumor growth has driven a grow-
ing number of PI3K/AKT/mTOR inhibitors that have
not yet achieved significant clinical success. The present
open-label first-in-human, single and multiple ascending
doses phase I study in Chinese patients with advanced
malignant solid tumors evaluated the tolerability, PK
profiles, and preliminary efficacy of LXI-15029, a novel
mTORC1/2 dual inhibitor. LXI-15029 was well tolerable
when administered orally over the dose range of 10 to
150 mg BID. In the escalation dose groups, TRAEs were
mostly mild or moderate. Only one DLT was observed in
the 150-mg BID group, as determined by the investigator,
andthe remaining participants could tolerate the treat-
ment without any serious TRAEs.

The serious toxicities of PI3K/AKT/mTOR inhibitors
limit their clinical use and approval, including hypergly-
cemia, hyperlipidemia, bone marrow suppression, pneu-
monia, stomatitis, and hepatotoxicity [16]. In the present
trial, the most common AEs were hematological toxici-
ties (leukocytopenia), abnormal liver function (elevated
ALT and AST), prolonged QT interval, and hypertriglyc-
eridemia. The AE pattern differs from those observed
in previous clinical trials for other mTOR inhibitors, in
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Table 2 Summary of TEAEs by PT and maximum CTCAE grade
Preferred 10 mg BID 20 mg BID 40 mg BID 60 mg BID 80 mg BID 110 mg BID 150mgBID  Total (n=24)
term, n (%) (n=3) (n=3) (n=3) (n=4) (n=4) (n=3) (n=4)
Patients 3(100.0) 3(100.0) 2 (66.7) 3(75.0) 4(100.0) 3(100.0) 4(100.0) 22(91.7)
with any TEAE
Grade 1 3(100.0) 2 (66.7) 1(33.3) 1(25.0) 3(75.0) 3(100.0) 2 (50.0) 15 (62.5)
Grade 2 1(333) 1(333) 2(50.0) 1(25.0) 1(25.0) 6 (25.0)
Grade 3 0 0 0 0 1(25.0) 1(4.2)
>10% TRAE

Leukocyto- 0 1(333) 2 (66.7) 1(25.0) 2(50.0) 1(333) 3(75.0) 10 (41.7)
penia

ALT 0 1(333) 0 1(25.0) 0 1(333) 2 (50.0) 5(20.8)
increased

AST 0 0 0 1(25.0) 0 2 (66.7) 2(50.0) 5(20.8)
increased

ECGQT 0 0 0 2 (50.0) 1(25.0) 2 (66.7) 0 5(20.8)
prolonged

Hypertri- 0 1(333) 1(333) 2(50.0) 0 0 1(25.0) 5(20.8)
glyceridemia

Sinus brady- 0 1(333) 0 1(25.0) 1(25.0) 0 1(25.0) 4(16.7)
cardia

Diarrhea 0 0 2 (50.0) (50.0) 4(16.7)

Fatigue 1(333) 0 1(25.0) 2 (50.0) 4(16.7)

GGT 1(33.3) 0 1(25.0) 2 (50.0) 4(16.7)
increased

Neutropenia 0 0 1(25.0) 3(75.0) 4(16.7)

LDL 1(333) 1(333) 1(25.0) 0 3(12.5)
increased

Decreased  1(333) 0 0 0 1(25.0) 0 1(25.0) 3(12.5)
appetite

Hypercho- 0 0 0 3(75.0) 0 0 0 3(125)
lesterolemia

BID twice daily, TEAEs treatment-emergent adverse events, TRAE treatment-related adverse event, PT preferred term, CTCAE Common Terminology Criteria for Adverse
Events, ALT alanine aminotransferase, AST aspartate aminotransferase, ECG electrocardiogram, GGT y-glutamyl transferase, LDL low-density lipoprotein

Table 3 Summary of single-dose pharmacokinetic (PK) parameters of LXI-15029 (cycle 1 day 1)

Parameter 10 mg BID 20 mg BID 40 mg BID 60 mg BID 80 mg BID 110 mg BID 150 mg BID
(n=3) (n=3) (n=3) (n=4) (n=4) (n=3) (n=4)

Crax (Ng/ML) 66.47 (48.24) 473.90 (64.20) 1007.50 (70.54) 1338.72 (15.09) 1336.64 (51.33) 293468 (30.12)  4140.93 (35.35)

AUC,; (h*ng/ 10841 (62.90) 890.76 (51.53) 1675.07 (32.42) 372854 (27.79) 1861.40 (65.58) 533337 (78.45) 12029.13 (17.03)

mL)

AUC, 5 (h*ng/ 110.86 (60.64) 893.53 (50.94) 1678.07 (32.52) 3667.10 (27.47) 1868.12 (65.15) 5313.27 (77.58) 11772.83 (15.46)

mL)

AUG,... (h*ng/ 110.96 (60.64) 897.84 (51.09) 1682.11(32.15) 3750.67 (28.07) 1870.62 (65.13) 534142 (78.38) 12059.73 (17.01)

mL)

Trnax () 0.98(1.0,1.0) 1.00 (0.7, 1.0) 0.68(0.7,2.0) 1.25(1.0,1.5) 0.87(0.7,1.5) 0.70(0.7,1.0) 0.82(0.7,1.0)

ty, () 0.95+0.205 14740268 1.13+0.324 2.00+0.599 133+0.174 148+0.531 1.94+0.706

V/F (L) 126.07+40.383  49.56+19.453 42.35+25.602 45.88+14.063 92.88+47.995 43.99+17.319 3475+12.576

CL/F (L/h) 99.45+51.035 24.11+£11.940 2458+7.772 1647 +4.677 4830+25.396 2435+17.791 125742022

Median (min, max) is presented for T,.,,. The arithmetic mean + standard deviation is presented for t, ,, V/F, and CL/F. The geometric mean (coefficient of variation) is
presented for the other PK parameters

BID twice daily, C,,,, peak concentration, AUC area under the curve, T, time to reach C . t; ,: half-life, V/F apparent volume of distribution, CL/F apparent clearance
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Table 4 Summary of multiple-dose pharmacokinetic (PK) parameters of LXI-15029 (cycle 1 day 28)
Parameter 10 mg BID 20 mg BID 40 mg BID 60 mg BID 80 mg BID 110 mg BID 150 mg BID
(n=3) (n=3) (n=3) (n=4) (n=4) (n=3) (n=4)
Cinax ss (Ng/mL) 114.53 (33.59) 350.08 (46.00) 1013.97 (49.26) 1689.82 (38.99) 2260.53 (76.33) 3929.34 (10.26) 5838.12 (21.53)
Coines (NQ/mML) - 161(91.19) 3.74(12.32) 3501(10200) 641 (41.80) 15219 (924.66)  452.06 (256.69)
Cuv s (NG/ML) 15.89 (32.34) 71.93 (53.96) 13930 (32.61) 477.10 (48.87) 434,73 (63.85) 1075.06 (41.95) 2121.25 (34.81)
AUC,, (h*ng/mL) 190.63 (32.34) 863.16 (53.96) 1671.61(32.61) 572521 (48.87) 5216.71 (63.85) 12900.71 (41.95)  25454.95 (34.81)
Trnaxss () 1.02(1.0,1.6) 147(1.0,1.5) 0.67 (0.7,1.0) 0.98(1.0,1.0) 1.08 (0.7, 1.5) 0.67 (0.7,1.0) 0.98 (0.7, 1.0)
ty/255 () 1.13+0.080 1.24+0.167 1.14+0.250 1.90+0.197 1.33+0.068 23340857 3.26+1.247
Raccmax 1.96+1.061 0.75+0.140 1.02+0.180 1.37+0.382 1.28+0.102 1.37+0352 1.36£0.507
Racyyc 2.08+1.289 0.99+0.260 1.00+0.036 147+0.546 1.78+0.268 251+0.778 23940.768

Median (min, max) is presented for T ..., ... The arithmetic mean + standard deviation is presented for t; 5, Racc ., and Rac,c. The geometric mean (coefficient of

variation) is presented for the other PK parameters

BID twice daily, G4, ;s Steady-state peak concentration, C,;, , steady-state trough concentration, C,, ,, the average value of the steady-state concentration, AUC area

under the curve, T, time to reach C.., . t;,, half-life, Rac accumulation ratio

Semi-logarithmic Scale

10000 .

3 Single Dose Day 1
2 100
a
wy
+H
g 100
=
E 10
g
=3
3

1

0 4 8 12 16 20 24

Planned Time Point (hours)

LXI-15029 10 mg BID (N=3)
LXI-15029 60 mg BID (N=4)
LXI-15029 150 mg BID (N=4)

LXI-15029 20 mg BID (N=3)
LXI-15029 80 mg BID (N=4)

Semi-logarithmic Scale

Cycle 1 Day 28

10000
1000

100

Geometric Mean + SD (ng/mL)

0 2 4 6 8 10 12
Planned Time Point (hours)

LXI-15029 40 mg BID (N=3)
LXI-15029 110 mg BID (N=3)

Fig. 3 Arithmetic mean +standard deviation of plasma concentrations on single dose day 1 and cycle 1 day 28

which the most common AEs were stomatitis, anorexia,
anemia, dyspnea, and pneumonitis [10, 29]. Interestingly,
the AE spectrum observed in the present trial was simi-
lar to that observed with everolimus in Chinese patients
with hormonal-positive advanced breast cancer, such as
the MIRACLE trial [9, 30]. These distinct AE patterns
could be attributable to the genetic characteristics of
the different ethnic groups. Of note, the safety of LXI-
15029 seems to be better than everolimus plus exemes-
tane in the BOLERO-5 trial [31] and everolimus plus
letrozole in the MIRACLE trial [9], which were also con-
ducted in Chinese females with advanced breast cancer.
Indeed, in the BOLERO-5 trial, 45% of the participants
had grade>3 AEs. In the MIRACLE trial, grade >3 sto-
matitis and hypertriglyceridemia occurred in 9.9% and
12.9% of the participants, respectively. In the present
study, only one DLT (grade 3 increased ALT) occurred
with LXI-15029 150 mg BID, and all other TRAEs were
grade 1-2. The level of toxicity appears to be acceptable

for this patient population. Therefore, LXI-15029 might
have the potential to be used in combination with other
drugs. There is a need to analyze the mechanisms leading
to mTOR inhibitors toxicity, which might help develop
optimal prevention and treatment strategies.

The PK profile showed that LXI-15029 was absorbed
rapidly, and the arithmetic mean of t;,, was 0.95-2.00 h
after single dosing and 1.13-3.26 h after multiple dos-
ings across all dose cohorts. For C_,, and AUC evalua-
tions, the increases in C_,, and AUC were greater than
the dose proportionality over the 10-mg to 150-mg sin-
gle and repeated doses on day 1 and cycle 1 day 28. The
in vivo preclinical data showed that LXI-15029 had a
selective antitumor effect, its activity was dose-depend-
ent in the dose range of 5-40 mg/kg, and the onset dose
varied to a certain degree in different tumor models.
Compared with the preclinical data, the exposure of LXI-
15029 in the 150-mg BID group was far higher than the
effective dose in preclinical models and threefold higher
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than the highest non-severely toxic dose (HNSTD) found
in rats and fivefold higher than the NOAEL in dogs. Con-
sidering that one DLT event was reported in the 150-mg
BID group, which was nearly twice the predefined maxi-
mum dose of 80 mg BID in the initial protocol, and the
limited benefits for the patients in high-dose groups,
dose escalation was terminated after three participants
were enrolled in the 150-mg BID cohort. According to
the exposure-efficacy analysis, no relationship was found
between Ci,,,, and median PFS or DCR. Similarly, the
LX1-15029 Ciqygh level did not significantly predict long-
term efficacy in the present study. These findings suggest
that higher LXI-15029 exposure would not translate into
survival benefits, probably because of decreased toler-
ability due to toxicities such as severe stomatitis and
anorexia.

Many studies aim to understand the potential resist-
ance mechanisms of mTOR-targeted therapies, which is
necessary for the rational application of mTOR inhibitors
for the effective treatment of cancer. mTOR inhibitors
interrupt the phosphorylation of substrates and block
relevant signal transduction, thereby inhibiting the cell
cycle, tumor metabolism, and cell survival and exerting
antitumor effects through binding with the mTOR bind-
ing site [32]. Previous studies showed that monotherapy
with a mTORC1/2 dual inhibitor might have no superior
efficacy than the mTORC1 inhibitor everolimus [33].
Still, incomplete inhibition of mTORC1/2 can lead to

compensatory activation of different pathways and inhi-
bition of negative feedback loops [17, 18]. The two mTOR
complexes, mMTORC1 and mTORC2, have different sensi-
tivities to rapamycin. These properties of rapamycin are
mainly attributed to the competition between rapamycin
and phosphatidic acid for mTOR [34, 35]. mTOR inhibi-
tors might also be combined with endocrine therapy
and could help regulate the PI3K/AKT/mTOR pathway
and reverse the resistance to CDK4/6 inhibitors [36, 37].
Combination therapies based on mTOR inhibitors might
be a key to prolonging treatment response. In addition,
patients resistant to drugs targeting the extracellular
pathway to the PI3K-AKT-mTOR pathway often display
an overactivation of the mTOR signal [38], and these
patients might benefit from dual mMTORC1/2 inhibition.
Cancer immunotherapy is another promising approach
for mTOR dual blockers. Cell-based and in vivo research
showed that mTOR inhibitors can enhance the efficacy
of various tumor immunotherapy methods by elevating
PD-L1 expression in tumor cells and inhibiting the acti-
vation of T memory cells [39]. A recent case report in
late-stage ovarian cancer suggests the synergistic effect
of the combination of everolimus and an anti-PD-1 agent
[40]. Antibody—drug conjugates (ADCs) are also rela-
tively recent agents with promising responses and ben-
efits, and combining ADCs with PI3K/mTOR inhibitors
also appears promising. For instance, 5T4-ADC in com-
bination with PI3K/mTOR inhibitors achieved enhanced
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anti-tumor activity, and the synergistic effect might be
attributed to the mechanism of action of payload [41].
Furthermore, overexpression of the PI3K/AKT/mTOR
pathway was related to acquired resistance to gemtu-
zumab ozogamicin in acute myelocytic leukemia cells,
and PI3K/AKT/mTOR inhibitors could lead to re-sensiti-
zation of the resistant cells [42].

Notably, about 50% of the participants had rare can-
cers such as sarcoma and neuroendocrine carcinoma,
which have achieved few treatment breakthroughs. The
results in this study suggest favorable efficacy for these
rare cancers. Still, patients who are more likely to ben-
efit from mTOR inhibitors remain to be further explored.
Patients resistant to targeted therapy such as epidermal
growth factor receptor tyrosine kinases inhibitors might
be potential beneficiaries since they often have activation
of the PI3BK/AKT/mTOR pathway. Moreover, some ongo-
ing clinical trials could suggest that mTOR dual inhibi-
tion might be beneficial in patients harboring NFE 212,
STK11, RICTOR, or other specific genetic alterations
(NCT04518137) or combined with anti-PD-1 antibody
(NCT04337463) or antineoplastic exportin-1 (XPO1)
inhibitors (NCTO04998760) [43]. Further research is
required to focus on targetable sites of mMTOR and poten-
tial drug targets for destabilization of the mTOR complex
and to understand the extent of efficacy from optimal
combination regimens of mTOR inhibitors and other
therapies [44—47]. The excellent safety profile of LXI-
15029 demonstrated in the present study might provide
more opportunities to evaluate the efficacy in the setting
of combination therapy.

The limitations of this study included the small sample
size, the single-center design, and the lack of tissue and
serum collection before and during the study. Collection
of tissue and serum samples in future studies would allow
exploring predictive biomarkers and facilitate observing
the changes in the PI3K/AKT/mTOR signaling pathway
and related specific genetic alterations, which will further
improve treatment strategies and guide the better selec-
tion of responsive patients [48]. Despite these limitations,
the present study suggests that increased exposure to
LXI-15029 is associated with an increased risk of hepatic
toxicity.

Conclusions

LXI-15029 monotherapy demonstrated a favorable safety
profile, tolerability, and preliminary antitumor activity in
Chinese patients with advanced malignant solid tumors.
PK-guided dosing might improve the efficacy and safety
of LXI-15029, leading to further investigation in a larger
population-based phase II study and evaluation of an
effective combination with immunotherapy or other tar-
get therapy.
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