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Summary
BackgroundWe assessed the safety, tolerability, and pharmacokinetics of mitochondrial complex 1 inhibitor ASP4132.Methods
This phase I dose-escalation/dose-expansion study enrolled patients with treatment refractory advanced solid tumors to assess
safety, dose-limiting toxicities (DLTs), efficacy and pharmacokinetic or oral ASP4132. Results Overall, 39 patients received
ASP4132. Acceptable tolerability of ASP4132 5 mg in the first patient led to enrollment in the 10-mg dose cohort. After two
DLTs at the 10-mg dose, additional patients were enrolled in the 5-mg cohort; a 7.5-mg cohort and two intermittent-dosing
cohorts (ASP4132 10 mg for 3 days, then 4 days off; ASP4132 15 mg for 1 day, then 6 days off). ASP4132 5 mg was well
tolerated; however, multiple DLTs such as fatigue, mental status changes, dizziness, lactic acidosis, enteritis, and posterior
reversible encephalopathy syndrome were observed in higher dose cohorts (7.5-mg and intermittent 10-mg and 15-mg dose
cohorts). Stable disease (+ 4% to + 15%) was observed in 8/39 (20.5 %) patients. ASP4132 plasma pharmacokinetics were
characterized by high variability, with rapid absorption and accumulation from slow elimination. ConclusionsASP4132 showed
limited clinical activity, and DLTs prohibited dose escalation. Further research is required to determine if DLTs will limit clinical
activity of other mitochondrial complex I inhibitors. Clinical Trial ID (clinicaltrials.gov): NCT02383368, March 9, 2015.
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Introduction

Research has demonstrated that oxidative metabolism may be
an important source of energy for tumor cells, suggesting that
this pathway could potentially be exploited as an anticancer

strategy. One such anticancer strategy is to make use of the
inhibition of mitochondrial complex I, a critical step in oxida-
tive phosphorylation. Mitochondrial complex I is the first step
in the electron transport chain that binds and oxidizes NADH;
subsequent transfer of the electrons results in formation of
ATP [1]. Preclinical and epidemiological studies have given
evidence in support of this concept, suggesting that the
biguanides metformin and phenformin, mitochondrial com-
plex I inhibitors, may have activity in cancer [2–5]. Indeed,
metformin use in diabetic patients is associated with the re-
duced risk of cancer [6]. A number of other agents targeting
mitochondrial complex I have been studied in preclinical
models. For example, β-sitosterol prevented formation of
brain metastases in a melanoma model [7], and papaverine is
an effective radiosensitizer [8]. These various preclinical and
clinical results suggest a potential role for mitochondrial com-
plex I inhibitors in melanoma, prostate, breast, lung, ovarian,
colorectal, and pancreatic cancers [7, 9, 10].

ASP4132 ditosilate is a novel mitochondrial complex I
inhibitor formulated for oral administration. In vitro
ASP4132 has demonstrated inhibition of cancer cell growth.
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In addition, regression and growth inhibition have been ob-
served in in vivo animal models of cancer tumors (unpub-
lished data). The objective of this phase I, first-in-human,
open-label study of oral ASP4132 in patients with advanced
and refractory malignancies was to determine the maximum
tolerated dose, and to evaluate the safety, tolerability, and
pharmacokinetics (PK) of ASP4132.

Materials and methods

Study design

This multicenter phase I study (clinicaltrials.gov identifier:
NCT02383368) was designed to include a dose-escalation
phase, followed by a dose-expansion phase in which patients
received the maximum tolerated dose (MTD) or a lower dose
recommended by the safety committee.

The planned sample size of the study allowed for enroll-
ment of up to 100 patients. In the dose-escalation phase, sam-
ple size was based on the observed incidence of dose-limiting
toxicities (DLTs); an accelerated 3 + 3 dose titration of cohorts
of 3–6 patients per dose level was planned until the MTD was
reached. The dose-evaluable set consisted of patients who
received at least 80% of the planned ASP4132 dose during
a cycle, had sufficient safety evaluations, or experienced a
DLT. The initial dose of ASP4132 was chosen based on ani-
mal toxicity studies. A monkey model was found to be the
most sensitive species tested; this model was used to deter-
mine the most conservative human starting dose of 10 mg/
day. In order to ensure patient safety, the initial dose was
further reduced to 5 mg/day. A single patient was dosed with
ASP4132 5 mg once-daily (Supplementary Fig. 1). After
completion of one cycle with this patient, a second cohort of
ASP4132 10 mg once-daily with 10 patients was opened. Due
to tolerability concerns in the 10-mg once-daily cohort, the 5-
mg once-daily cohort was re-opened and enrolled five pa-
tients; a 7.5-mg cohort was also enrolled. Subsequently, two
additional intermittent dosing cohorts were enrolled:
ASP4132 10 mg for 3 days on/4 days off, or 15 mg on one
day followed by 6 days off.

ASP4132 was administered orally without food. Patients
must not have eaten for at least 2 h before, and 1 h after,
dosing. Similarly, concomitant medications were not to be
administered within 2 h before or after dosing.

Patients

The study population consisted of patients with advanced sol-
id tumors or lymphoma that were refractory to standard ther-
apy. For the dose-escalation phase, patients with refractory
advanced breast cancer, non-small cell lung cancer
(NSCLC), malignant melanoma, colorectal cancer, ovarian

cancer, castration resistant prostate cancer, or lymphoma were
included, as these tumors are known to be dependent on oxi-
dative phosphorylation [7, 9, 10]. Patients with other cancers
could be considered for inclusion after discussion with the
sponsor/medical monitor.

Patients were eligible for study enrollment if they had a life
expectancy of ≥ 3 months and an Eastern Cooperative
Oncology Group (ECOG) performance status ≤ 2. Patients
who had undergone radiotherapy or surgery within 2 weeks
prior to treatment with ASP4132, patients who had not
discontinued all previous systemic cancer therapies at least
14 days prior to treatment, or had not fully recovered from
acute toxicities of therapy (except alopecia), were excluded.
Additional detailed exclusion criteria can be found in the
study protocol included in Supplementary Information.

Assessments

Safety was assessed through vital signs, weight, laboratory
assessments, physical examinations, electrocardiogram, echo-
cardiogram or multigated acquisition scan, ophthalmic exam-
inations, and reporting of adverse events (AEs) as graded by
the National Cancer Institute’s Common Terminology
Criteria for Adverse Events v4.03 (NCI-CTCAE). The grad-
ing of lactatemia is shown in Supplementary Table 1.

DLTs were defined as febrile neutropenia, asymptomatic
grade 4 neutropenia or thrombocytopenia, or grade 3 throm-
bocytopenia with bleeding, or any grade ≥ 3 AE (except grade
3 nausea, vomiting or diarrhea that was managed to grade ≤ 1
with standard antiemetic or antidiarrheal medications, or grade
3 asthenia for < 7 days), lactic acidosis defined as arterial pH
< 7.35 or grade 3 acidosis in the presence of ≥ 5 mmol lactate,
or ≥ 14 days continuous delay in ASP4132 due to hematologic
or nonhematologic toxicity. The safety analysis set included
all patients who received at least one dose of study drug.

Prior to Cycle 1, a single dose of ASP4132 was adminis-
tered on Day − 4, and samples for PK analysis were obtained
immediately prior to dosing, and 0.5, 1, 2, 3, 4, 6, 8, 24, 48,
72, and 96 h after dosing. Samples were also drawn prior to
dosing during Cycle 1 on Days 8, 15, 22, and 28; 2 h after
dosing on Day 15; and 0.5, 1, 2, 3, 6, 8, and 24 h after dosing
on Day 28. A sample was also taken immediately prior to
dosing on Day 15 of Cycle 2. Plasma concentration data were
used to estimate standard PK parameters following single and
multiple doses. The PK analysis set consisted of the subset of
patients for whom sufficient plasma concentration data were
available to facilitate derivation of at least one PK parameter.

Efficacy assessments were objective response rate (com-
plete response [CR] plus partial response [PR]), disease con-
trol rate (CR + PR + stable disease [SD]), duration of re-
sponse, and progression-free survival. Response was assessed
using Response Evaluation Criteria in Solid Tumors
(RECIST) v.1.1 criteria for tumors to which these criteria
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apply; for other tumor types, indication specific response
criteria were used.

Results

Baseline characteristics

A total of 39 patients were dosed with ASP4132. The majority
of patients enrolled in the study were female (77%) and white
(92 %), and ranged in age from 24 to 80 years (mean 59 years)
(Table 1). The most common cancer diagnoses for patients
enrolled in the trial were breast cancer, colorectal cancer,
and NSCLC.

Safety

The first patient enrolled in the initial ASP4132 5-mg cohort
experienced no treatment-related toxicities during the DLT
assessment period, leading to enrollment of the 10-mg dose
cohort. However, ASP4132 10 mg was not well tolerated at
this dose, with two DLTs observed; one patient had grade 4
mental status changes, and one patient had grade 3 fatigue. As

a result, additional patients were enrolled in the 5-mg dose
cohort and a 7.5-mg once-daily dose cohort was also enrolled.
As with the initial patient, ASP4132 5 mg was well tolerated
and there were no DLTs. The ASP4132 7.5-mg dose was
poorly tolerated and two additional DLTs were reported; one
patient developed lactic acidosis and dizziness, and one pa-
tient experienced grade 3 fatigue.

Based on the safety results observed with once-daily dos-
ing, PK results suggesting significant drug accumulation
(see Pharmacokinetics and Pharmacodynamics below), as
well as efficacy and PK modeling data from a preclinical
in vivo experiment using an MD-MB-453 breast cancer xeno-
graft model (data not shown), patients were enrolled into two
unplanned intermittent-dose cohorts. For the first intermittent-
dose cohort, the ASP4132 dose was 10 mg/day for 3 days
followed by 4 days off drug; for the second intermittent-
dose cohort, the ASP4132 dose was 15 mg weekly on one
day followed by 6 days off drug. Both intermittent-dosing
regimens were poorly tolerated and there were one and two
DLTs in the 10-mg and 15-mg treatment cohorts, respectively.
The patient in the ASP4132 10-mg intermittent cohort with a
DLT developed grade 3 enteritis over a period of 8 days. In the
ASP4132 15-mg intermittent-dosing cohort, one patient

Table 1 Demographics and baseline characteristics

ASP4132

5 mg QD
(n=6)

7.5 mg QD
(n=6)

10 mg QD
(n=10)

10 mg intermittenta

(n=7)
15 mg intermittentb

(n=10)
Total
(N=39)

Sex, n (%)

Male 1 (17) 1 (17) 3 (30) 4 (57) 0 9 (23)

Female 5 (83) 5 (83) 7 (30) 3 (439) 10 (100) 30 (77)

Race, n (%)

White 6 (100) 5 (83) 10 (100) 5 (71) 10 (100) 36 (92)

Black or African American 0 1 (17) 0 1 (14) 0 2 (5)

Asian 0 0 0 0 1 (10) 1 (3)

Ethnicity, n (%)

Not Hispanic or Latino 6 (100) 6 (100) 10 (100) 7 (100) 9 (90) 38 (97)

Hispanic or Latino 0 0 0 0 1 (10) 1 (3)

Mean age, years (SD) 57 (11) 65 (11) 53 (14) 66 (10) 58 (13) 59 (13)

Mean BMI, kg/m2 (SD) 32 (6) 26 (5) 26 (8) 26 (24) 29 (7) 28 (6)

Primary cancer diagnosis

NSCLC 0 2 (33) 2 (20) 2 (29) 1 (10) 7 (18)

Breast 1 (17) 1 (17) 2 (20) 1 (14) 4 (40) 9 (23)

Malignant melanoma 1 (17) 0 1 (10) 0 0 2 (5)

Colorectal cancer 1 (17) 0 3 (30) 3 (43) 2 (20) 9 (23)

Ovarian cancer 2 (33) 2 (33) 0 1 (14) 1 (10) 6 (15)

Hodgkin lymphoma 0 0 1 (10) 0 0 1 (3)

Other 1 (17) 1 (17) 1 (10) 0 2 (20) 5 (13)

a 3 days ASP4132 10 mg/4 days off; b 1 day ASP4132 15 mg/6 days off

Abbreviations: BMI, body mass index; NSCLC, non-small cell lung cancer; QD, once-daily; SD, standard deviation

1350 Invest New Drugs  (2021) 39:1348–1356



developed posterior reversible encephalopathy syndrome over
a period of 4 days, and one patient experienced grade 3 mental
status changes. There were three deaths during the study, but
none were considered related to ASP4132.

Treatment-emergent AEs (TEAEs) were reported in all pa-
tients enrolled in this study (Supplementary Table 2). The
most common TEAEs were nausea (67%), vomiting (51%),
fatigue (46%), increased blood lactic acid (36%), and de-
creased appetite (31%). Treatment-related AEs occurred in
35 of 39 patients (90%) (Table 2). The most frequent of these
were nausea (62%), vomiting (41%), increased blood lactic
acid (33%), and fatigue (31%).

Pharmacokinetics and pharmacodynamics

Three patients vomited shortly after dosing during the initial
single dose PK phase and were omitted from the analysis. In
addition, sampling was stopped prior to 96 h in a number of
patients; as a result, the area under the curve from 0 to 24 h and
0–96 h (AUC24 and AUC96) could not be calculated for all
patients. ASP4132 was absorbed rapidly and the time to peak
concentration (tmax) appeared to be independent of dose
(Fig. 1a, Supplementary Table 3). There was a tendency to-
ward slower absorption after multiple dosings, but this was
not consistent across dose cohorts and may reflect the small
patient numbers and wide variability between patients (Fig. 1b
and c). Plasma concentrations of ASP4132 decreased slowly
after reaching peak concentration (Cmax). Plasma concentra-
tion profiles were often irregular after reaching Cmax, with
multiple peaks appearing, making it difficult to calculate
half-life (t1/2) and other t1/2-dependent parameters, including
AUCinf, apparent total systemic clearance (CL/F), and appar-
ent volume of distribution (Vz/F).

After a single dose of ASP4132, AUC96 and Cmax in-
creased dose proportionally, but with large 90% confidence
intervals for the slope. No such relationship was observed
following multiple dosing, but this may merely reflect the
limited available data.

It is not clear from these results whether steady-state con-
centrations of ASP4132 were reached because minimum con-
centration (Ctrough) values suggested that further increases
with continued dosing were possible, indicating a slow elim-
ination of the drug from circulation. Consistent with this find-
ing, high accumulation ratio values indicated extensive accu-
mulation of ASP4132.

Serum lactate concentrations revealed no clear dose depen-
dency or change over time (Supplementary Table 4). Given
the high PK variability of ASP4132, an exposure-response
analysis was performed with all available data. The baseline
lactate concentration (standard deviation) was 1.25 (0.12)
mmol/L, and the ASP4132 concentration required to yield a
50% increase at any timepoint was 52.1 (25.7) ng/mL. There
was a plateau in serum lactate levels with increasing ASP4132

concentrations above 40 ng/mL; the estimated maximum lac-
tate concentration reached in response to ASP4132 treatment
was 3.83 (1.38) mmol/L (Supplementary Fig. 2).

Efficacy

No objective responses (CRs or PRs) were observed at any
dose of ASP4132 (Table 3). Progressive disease was observed
in 16 patients (41 %) and 14 patients (36 %) were not
evaluable. Stable disease ranging from + 4 % to + 15 %
change in sum of target lesions was observed in 8/39 patients
for a disease control rate of 21%. All but one patient with SD
progressed or withdrew due to AEs before 6 months; one
female patient with cervical cancer who received ASP4132
5 mg sustained SD during 2 years (730 days) of treatment,
before experiencing progressive disease at Day 787 (Fig. 2).
Because of the lack of objective responses and poor tolerabil-
ity of ASP4132 at doses higher than 5 mg once-daily, the
dose-expansion phase of this study was not opened and the
study was terminated.

Discussion

Patients treated with ASP4132 displayed DLTs at doses lower
than were anticipated to show clinical efficacy. This therefore
precluded escalation to doses that would be associated with
clinical activity. The occurrence of DLTs in patients treated
with ASP4132 10 mg/day precluded further evaluation of the
daily dosing schedule. As a result, unplanned intermittent-
dosing cohorts were added to this study in an attempt to
achieve efficacious drug exposure while mitigating the ob-
served toxicity. Unfortunately, although the rate of DLTs in
the intermittent-dosing cohorts did not prohibit further dose
escalation, the nature of the events that did occur (grade 4
posterior reversible encephalopathy syndrome and grade 3
mental status changes) prohibited further dose escalation.
Most other reported AEs were those typical of chemotherapy,
and included nausea, vomiting, fatigue, and decreased appe-
tite. At doses higher than 5 mg, plasma concentrations of
ASP4132 did not reach levels associated with therapeutic ef-
ficacy in preclinical models and no objective responses were
demonstrated.

Pharmacokinetic data indicated that the drug exposure
attained with oral dosing of ASP4132 was lower than that
predicted to have efficacy based on mouse xenograft model
data (data not shown). This was reflected in the lack of an
objective response in any patient in this study. However, there
was some suggestion of clinical activity in 21% of patients
who experienced SD, including one patient in the 5-mg once-
daily cohort who had SD for 2 years before disease progres-
sion. The PK of ASP4132 was characterized by a rapid in-
crease in plasma concentration to reach Cmax, followed by
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slow elimination and substantial accumulation. A full charac-
terization of the PK of ASP4132 was complicated by the ap-
pearance of multiple peaks in serum plasma concentration
after reaching Cmax. The long half-life and drug accumulation
may in part explain the toxicity of ASP4132, especially with
once-daily dosing. This PK profile made it difficult to design
alternative dosing schedules that may mitigate the TEAEs
after ASP4132 treatment to reach serum plasma concentra-
tions associated with clinical activity.

Despite the limited clinical activity of ASP4132, pharma-
codynamic data, as well as the observed toxicity, indicated
that the target mitochondrial complex I was engaged in this
study. Increased serum lactate was reported as an AE in one-
third of patients in this study, and two of 39 patients experi-
enced lactic acidosis, suggesting that glycolysis was upreg-
ulated following inhibition of the mitochondrial complex I
with ASP4132. An increase in serum lactate is expected in
tumor cells following inhibition of the mitochondrial com-
plex I, as anaerobic glycolytic activity is increased to

compensate for the lack of energy production in oxidative
phosphorylation [4]. It is believed that this upregulation of
glycolysis during a lack of energy production via oxidative
phosphorylation is triggered through activation of adenosine
monophosphate kinase, which in turn stimulates glycolysis
through activation of 6-phosphofructo-2-kinase/fructose-
2,6-bisphosphatase 2/3 [11, 12]. This increased glycolytic
activity leads to increased production of pyruvate and lactate,
and an increased risk of lactic acidosis [4]. Although serum
lactate levels of ASP4132 did not show any clear dose-
dependency in this study, there was an ASP4132 plasma
concentration-dependent increase in lactate, with a plateau
above 40 ng/mL.

Table 2 Summary of AEs, including drug-related AEs seen in ≥ 2 patients overall

ASP4132 dose

N (%) 5 mg QD
(n=6)

7.5 mg QD
(n=6)

10 mg QD
(n=10)

10 mg intermittenta

(n=7)
15 mg intermittentb

(n=10)
Total
(N=39)

Any TEAE 6 (100) 6 (100) 10 (100) 7 (100) 10 (100) 39 (100)

Drug-related TEAE 6 (100) 5 (83) 9 (90) 6 (86) 9 (90) 35 (90)

Serious TEAE 4 (67) 2 (33) 4 (40) 2 (29) 4 (40) 16 (41)

Drug-related serious TEAE 0 1 (17) 2 (20) 2 (29) 2 (20) 7 (18)

Grade≥3 TEAE 5 (83) 4 (67) 4 (40) 4 (57) 6 (60) 23 (59)

Drug-related grade≥3 TEAE 1 (17) 3 (50) 2 (20) 2 (29) 2 (20) 10 (26)

TEAE leading to permanent discontinuation 1 (17) 2 (33) 4 (40) 1 (19) 2 (20) 11 (28)

Drug-related TEAE leading to permanent discontinuation 0 1 (17) 3 (30) 2 (29) 2 (20) 8 (20)

Drug-related TEAE

Nausea 3 (50) 4 (67) 7 (70) 3 (43) 7 (70) 24 (62)

Vomiting 2 (33) 1 (17) 7 (70) 1 (14) 5 (50) 16 (41)

Increased blood lactic acid 5 (83) 1 (17) 5 (50) 2 (29) 0 13 (33)

Fatigue 0 3 (50) 5 (50) 2 (29) 2 (20) 12 (31)

Decreased appetite 0 1 (17) 4 (40) 1 (14) 0 6 (15)

Dizziness 1 (17) 2 (33) 2 (20) 0 0 5 (13)

Dry mouth 1 (17) 0 1 (10) 0 1 (10) 3 (8)

Peripheral neuropathy 1 (17) 0 2 (20) 0 0 3 (8)

Insomnia 3 (50) 0 0 0 0 3 (8)

Diarrhea 0 0 1 (10) 1 (14) 0 2 (5)

Constipation 0 0 1 (10) 1 (14) 0 2 (5)

Hyperphosphatemia 1 (17) 0 0 0 1 (10) 2 (5)

Lactic acidosis 0 1 (17) 1 (10) 0 0 2 (5)

Dyspnea 0 0 2 (20) 0 0 2 (5)

Mental status changes 0 0 1 (10) 0 1 (10) 2 (5)

a 3 days ASP4132 10 mg/4 days off; b 1 day ASP4132 15 mg/6 days off

Abbreviations; AE, adverse event; QD, once-daily; TEAE, treatment-emergent adverse event

�Fig. 1 Plasma concentration profile of ASP4132. a Single oral dose
(Cycle 1 Day − 4). b Multiple dosing in once-daily cohorts (Cycle 1
Day 28).c Multiple dosing in intermittent cohorts (Cycle 2 Day 1).
Abbreviations: INT, intermittent dosing; QD, once daily
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This switch to glycolysis has been posited as a reason for
lack of activity of other small molecule mitochondrial com-
plex I inhibitors. In a chronic lymphocytic leukemia mouse
model, the lack of activity of IACS-01075 was attributed to
this switch as an adaptive mechanism; the authors of an article
examining the study suggested that simultaneous use of a
glycolysis inhibitor may be required to demonstrate efficacy
[13]. Because oxidative phosphorylation is essential for all
cellular functions in the body, its inhibition and subsequent
switch to glycolysis would be expected to have a broad range
of side effects. The observed increase in serum lactate, and the
fact that this indicates a pharmacodynamic effect of ASP4132,
therefore provides a possible explanation for the observed
toxicity. Preliminary results of first-in-human studies of two
other mitochondrial complex I inhibitors have recently been

presented. IACS-010759 administered at the MTD did dem-
onstrate some preliminary activity: one of five patients
achieved a PR [14]. IM156 has been well tolerated to date,
but the MTD has not been established and, similar to our
study, the best clinical activity demonstrated to date is SD
[15]. Additional clinical research will be required to determine
if these agents can deliver meaningful clinical activity at tol-
erable doses, either alone or in combination with agents with
different mechanisms of action.

In summary, this study demonstrated that ASP4132 suc-
cessfully engaged its target, as demonstrated by changes in
serum lactate. However, ASP4132 demonstrated only limit-
ed clinical activity (20.5 % of patients achieved SD) and was
associated with significant toxicity, including DLTs and
mechanism-related toxicities. As a result, the study was

Table 3 Summary of efficacy of ASP4132

Best overall response,n (%)

5 mg QD (n=6) 7.5 mg QD (n=6) 10 mg QD (n=10) 10 mg intermittenta (n=7) 15 mg intermittentb (n=10) Total (N=39)

Complete response 0 0 0 0 0 0

Partial response 0 0 0 0 0 0

Stable disease 2 (33) 0 1 (10) 1 (14) 4 (40) 8 (21)

Progressive
disease

3 (50) 3 (50) 1 (10) 4 (57) 5 (50) 16 (41)

Not evaluable 0 3 (50) 8 (80) 2 (29) 1 (10) 14 (36)

a 3 days ASP4132 10 mg/4 days off; b 1 day ASP4132 15 mg/6 days off

Abbreviations: CR, complete response; PR, partial response; QD, once-daily; SD, stable disease

Time (days)

Fig. 2 Swimmer plot of patient
disposition. Gray bars depict total
exposure to ASP4132 for each
patient in days. Symbols indicate
reasons for discontinuation and/or
disease status at the time of dis-
continuation. For patients in
whom SD was observed, interim
assessments before discontinua-
tion are also shown.
Abbreviations: AE, adverse
event, DLT, dose-limiting toxici-
ty; INT, intermittent dosing; PD,
progressive disease; SD, stable
disease
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terminated early and clinical development of ASP4132 was
halted. While it is not clear whether DLTs will preclude the
clinical development of other mitochondrial complex I in-
hibitors, further preclinical investigations may be required
to shed more light on the feasibility of targeting the mito-
chondrial complex.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s10637-021-01112-7.
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