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Abstract
Background Due to the high comorbidity of diabetes and hypertension, co-administration of metformin with anti-hyperten-
sive drugs is likely. Baxdrostat is an aldosterone synthase inhibitor in development for the potential treatment of hypertension. 
In vitro data indicated that baxdrostat inhibits the multidrug and toxin extrusion 1 (MATE1) and MATE2-K renal transporters. 
Metformin is a MATE substrate, so this study assessed potential effects of baxdrostat on the pharmacokinetics of metformin.
Methods Twenty-seven healthy volunteers received 1000 mg metformin alone and 1000 mg metformin in the presence of 
10 mg baxdrostat in a randomized, crossover manner. Each treatment was separated by 10 or more days. Blood and urine 
samples were collected over a 3-day period after each treatment to measure plasma and urine concentrations of metformin. 
Safety was assessed by adverse events (AEs), physical examinations, electrocardiograms, vital signs, and clinical laboratory 
evaluations.
Results There were no deaths, serious AEs, discontinuations due to treatment-emergent AEs, or noteworthy increases in 
AEs with either treatment, indicating that metformin and baxdrostat were well-tolerated when co-administered. Baxdrostat 
did not significantly affect plasma concentrations or renal clearance of metformin.
Conclusion The results of this study suggest that diabetic patients with hypertension receiving both metformin and baxdrostat 
are unlikely to require dose adjustment.
Registration ClinicalTrials.gov identifier no. NCT05526690.
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Key Points 

This study investigated whether the hypertension drug 
baxdrostat would have any effect on levels of the diabe-
tes drug metformin in healthy human volunteers taking 
both medications.

Baxdrostat did not significantly change the levels of 
metformin in the blood or urine, suggesting that diabetic 
patients with hypertension who take both medications 
are unlikely to require dose adjustment.

Baxdrostat and metformin were both well-tolerated when 
taken together, with no serious adverse events observed 
during the study.

1 Introduction

Type 2 diabetes mellitus (T2DM) and hypertension are 2 of 
the leading causes of cardiovascular disease in the United 
States (US) [1, 2]. Between 69% and 82% of patients with 
T2DM also have hypertension [3, 4]. The high comorbidity 
between T2DM and hypertension means that many patients 
receiving common anti-diabetic drugs will also require 
treatment with anti-hypertensive drugs and may experience 
drug–drug interactions. Such interactions may affect the 
required dosing of one or both treatments.

Metformin is the first-line pharmacologic treatment for 
T2DM and the most commonly prescribed oral anti-diabetic 
medication, taken by approximately 50% of patients with 
T2DM worldwide and by 60% of patients with T2DM in the 
US [5–7]. Its primary mechanism of action is to reduce liver 
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gluconeogenesis [8]. Metformin is a substrate of the multi-
drug and toxin extrusion 1 (MATE1) and MATE2-K renal 
tubule transporter proteins [8, 9]. MATE1 and MATE2-K 
mediate the excretion of organic cationic compounds from 
the plasma into the urine [8]. Metformin is excreted unme-
tabolized, primarily (≈ 86%) by MATE proteins [8].

Baxdrostat (CIN-107) is a selective, small-molecule 
aldosterone synthase inhibitor that is in clinical development 
for use in the potential treatment of hypertension. As part of 
the renin-angiotensin-aldosterone system, aldosterone plays 
a critical role in the physiologic regulation of mineral and 
fluid homeostasis, which in turn is critical to the regulation 
of blood pressure (BP) [10–12]. Aldosterone is produced 
in the adrenal cortex in response to angiotensin II, adreno-
corticotropic hormone (ACTH), and elevated extracellular 
potassium concentration [10–12]. Aldosterone activates 
mineralocorticoid receptors expressed in various tissues, 
leading to renal tubule reabsorption of sodium and water, 
thereby raising BP [10, 13].

Baxdrostat selectively inhibits aldosterone synthase 
(CYP11B2), the rate-limiting enzyme in the pathway of 
aldosterone synthesis, thereby reducing circulating aldos-
terone concentration. In  vitro, baxdrostat was >  100-
fold more selective for aldosterone synthase than for the 
homologous rate-limiting enzyme in the formation of cor-
tisol, 11β-hydroxylase (CYP11B1) [14]. In vivo pharma-
codynamic results from non-human primates showed that 
baxdrostat (1 and 7 mg/kg) inhibited aldosterone production 
without affecting cortisol levels [14]. Further, healthy human 
participants who received baxdrostat (1–360 mg) showed a 
significant dose-dependent reduction in aldosterone produc-
tion with no meaningful effect on corticosterone or cortisol 
levels [14].

Using in  vitro assays, the potential for interactions 
between baxdrostat and various uptake transport proteins 
including MATE transporters, organic anion transporters 
(OATs), organic cation transporters (OCTs), and cytochrome 
P450 (CYP) enzymes was tested. The results indicated that 
baxdrostat inhibited the function of MATE1 and MATE2-
K, with half maximal inhibitory concentration  (IC50) val-
ues of 1.34 µM and 2.67 µM, respectively; however, there 
was no evidence of interactions between baxdrostat and 
OATs, OCTs, or CYP enzymes (data on file). Therefore, 
if baxdrostat were concentrated in renal cells, co-adminis-
tration of baxdrostat with a substrate for those transporters, 
such as metformin, could alter the renal elimination of the 
substrate and potentially increase circulating plasma levels 
of metformin. Given the potential for co-administration of 
metformin and baxdrostat, the objective of this study was 
to assess the impact of baxdrostat on the pharmacokinetics 
(PK) of metformin. Maximum observed plasma concentra-
tion (Cmax) and the area under the plasma concentration–time 
curve (AUC) of metformin were primary PK parameters 

along with a comparison of urine excretion of metformin in 
the presence and absence of baxdrostat. The PK character-
istics of baxdrostat were also assessed to validate the results 
of our current study in comparison with previous studies. 
Safety and tolerability of the co-administration of both drug 
treatments were also evaluated.

2  Methods

2.1  Study Participants

To meet the inclusion criteria of this study, men and women 
between the ages of 18 and 55 years must have been in good 
health based on medical and psychiatric history, physical 
examination, electrocardiogram (ECG), vital signs, and 
routine laboratory tests (serum chemistry, hematology, and 
urinalysis). Study participants had a body mass index (BMI) 
≥ 18 and ≤ 30 kg/m2, adequate renal function defined as 
estimated glomerular filtration rate ≥ 85 mL/min/1.73  m2, 
and no recent nicotine use.

Individuals were excluded from participation in this 
study if they had a personal or family history of long QT 
syndrome, complex ventricular arrythmias, current or past 
history of clinically significant arrhythmias, family history 
of sudden death, prolonged QTcF (> 450 ms), seated BP 
> 140/90 or < 90/50 mm Hg, a resting heart rate > 100 or 
< 50 beats per minute, sinus node dysfunction, clinically 
significant heart block, postural tachycardia, or orthostatic 
hypotension. Other exclusionary criteria included any clini-
cal laboratory values meaningfully outside of normal limits; 
a history of clinically significant or multiple drug allergies; 
any prior episode of lactic acidosis; a radiologic scan with 
contrast within 14 days prior to the first dose of study drug; 
or a positive test for HIV antibody, hepatitis C virus anti-
body, hepatitis B surface antigen, or severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) RNA. Individuals 
were excluded if they reported any recent illicit drug use; 
drank more than 14 alcoholic beverages a week; used any 
prescription medications including topicals, herbal/dietary 
supplements, nutraceuticals, or over-the-counter medications 
(other than occasional use of acetaminophen or nonsteroidal 
anti-inflammatory drugs) within the longer of 14 days or 5 
half-lives before the first dose of study drug and throughout 
the inpatient and discharge periods.

2.2  Study Design

This study was designed as a phase 1, randomized, open-
label, 2-period crossover trial (Fig. 1). Each study partic-
ipant participated in a screening period of up to 26 days 
followed by 2 inpatient treatment periods and a follow-up 
phone call. Study participants were randomized in a 1:1 ratio 



280 M. W. Freeman et al.

to treatment sequence AB or sequence BA for the 2 inpatient 
treatment periods. Treatment A was a single 1000-mg dose 
of metformin, and treatment B was a single 10-mg dose of 
baxdrostat followed by a single 1000-mg dose of metformin 
2 h later. There was a minimum 10-day washout period 
between administration of the 2 treatments. Blood and urine 
sample collection for PK analysis began prior to dosing in 
each period and continued for 3 days after dosing in each 
period. Samples were collected 2, 1.5, 1, 0.5, and 0 h before 
dosing and 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 5, 6, 8, 10, 12, 14, 
16, 22, 24, 36, 48, and 72 h after dosing. Study participants 
received a follow-up phone call 3 ± 1 days after discharge 
from the clinic in the second dosing period.

The current study was designed in accordance with US 
Food and Drug Administration (FDA) guidance on Assess-
ment of Drug–Drug Interactions [16, 17]. As the thera-
peutic doses of baxdrostat (≤ 10 mg) are expected in the 
intended patient populations and the results of nonclinical 
assessments indicate that baxdrostat inhibition of the renal 
transporters MATE1 and MATE2-K is not time-dependent, 
a single 10-mg dose of baxdrostat was assessed in the cur-
rent study. When co-administered, baxdrostat was given 2 h 
prior to administration of metformin to allow sufficient time 
for tissue distribution of baxdrostat in order to maximize the 
potential to detect an interaction, if one did exist. Metformin 
is approved for use at dosages up to 2550 mg daily, with an 
individual dose of immediate-release metformin typically 
not exceeding 1000 mg [15]. As such, a dose of 1000 mg of 
immediate-release metformin was used in the current study 
to maximize the potential of detecting an interaction.

2.3  Pharmacokinetics Analyses

All PK sample analyses were performed by Medpace Bioan-
alytical Laboratories (Cincinnati, OH, USA). PK parameters 
were calculated using noncompartmental methods with SAS 
software, version 9.4 (SAS Institute). Plasma PK param-
eters calculated for metformin, baxdrostat, and CIN-107-M 

included Cmax, time to Cmax (Tmax), AUC from time 0 to 24 
h post-dose (AUC 0–24), AUC from time 0 to last quantifiable 
plasma concentration (AUC 0–t), AUC from time 0 to infinity 
(AUC 0–inf), AUC 0–inf extrapolated, terminal elimination rate 
constant (λz), and terminal phase elimination half-life (t½). 
Plasma AUC from time 0 to 72 h (AUC 0–72) was assessed 
only for baxdrostat and CIN-107-M. Cmax, AUC 0–inf, and 
AUC 0–t were the 3 plasma PK parameters analyzed statisti-
cally to detect any interaction between baxdrostat and met-
formin. Urine PK parameters included amount excreted in 
urine (Ae), renal clearance (calculated as Ae/AUC), and the 
fraction of dose excreted renally.

2.4  Bioanalytical Methods

Plasma and urine samples were analyzed to measure concen-
trations of metformin, baxdrostat, and its primary metabolite, 
CIN-107-M, using validated liquid chromatography tandem 
mass spectrometry (LC-MS/MS) methods.

The quantifiable range for metformin in plasma was 
0.5–500 ng/mL, using metformin-d6 as the internal standard. 
Plasma samples were extracted by protein precipitation with 
methanol, followed by analysis by LC-MS/MS with electro-
spray ionization in positive mode [ESI(+)] and multiple reac-
tion monitoring (MRM). Reversed-phase chromatographic 
separation with a mobile phase gradient of 15–90% was uti-
lized, and total run time was approximately 5 min. Precursor 
to product ion transitions for metformin and internal standard 
were 130.1–71.1 and 135.4–77.0, respectively. Similarly, the 
quantifiable ranges for metformin in urine were 1.00–500 ng/
mL (low range) and 2.00–1250 ng/mL (high range), with simi-
lar extraction and LC-MS/MS conditions. Between-day preci-
sion (coefficient of variation [CV]%) values for metformin in 
plasma and urine were within 5% and 10%, respectively.

The quantifiable ranges for both baxdrostat and its metab-
olite CIN-107-M in plasma were 0.05–50 ng/mL (low range) 
and 5.00–2500 ng/mL (high range), using baxdrostat-d5 
and CIN-107-M-d3, respectively, as the internal standards. 

Fig. 1  Study design. Study participants were randomized to receive 
treatment A at dose 1 and treatment B at dose 2 (treatment sequence 
AB) or treatment B at dose 1 and treatment A at dose 2 (treatment 

sequence BA). Treatment A was a single 1000-mg dose of metformin, 
and treatment B was a single 10-mg dose of baxdrostat followed by a 
single 1000-mg dose of metformin 2 h later. PK pharmacokinetic
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Plasma samples were extracted by protein precipitation with 
methanol, followed by analysis by LC-MS/MS with ESI(+) 
and MRM. Reversed-phase chromatographic separation 
with a mobile phase gradient of 20–90% was utilized, and 
total run time was approximately 5 min. Precursors to prod-
uct transition for baxdrostat and its internal standard were 
364.2–291.2 and 369.2–291.2, respectively. The transitions 
for CIN-107-M and its internal standard were 309.2–291.2 
and 313.2–295.2, respectively. Between-day precision 
(CV%) values for baxdrostat and CIN-107-M in plasma were 
within 3% and 4%, respectively.

2.5  Safety Analyses

Safety assessments included monitoring of adverse events 
(AEs), physical examinations, ECGs, orthostatic vital signs, 
and clinical laboratory evaluations.

2.6  Statistical Analyses

The safety population included all study participants who 
received a dose of any study treatment, whereas the PK 
evaluable population included all study participants who 
received any study treatment with sufficient plasma con-
centration data to characterize at least one PK parameter.

Descriptive statistics were used to summarize all results 
by treatment and collection time point. PK characterization 

also included geometric means and geometric coefficients 
of variation. Logarithmic transformations of PK parameters 
of metformin were analyzed using a mixed model including 
terms for treatment sequence, period as fixed effects, and 
subject nested within sequence as a random effect. Geomet-
ric means, geometric mean ratios, and associated 90% con-
fidence intervals (CIs) are presented for plasma Cmax, AUC 
0–inf, and AUC 0–t values for metformin following adminis-
tration of metformin alone and metformin co-administered 
with baxdrostat. Geometric CIs were calculated using the 
formula CI = 100(exp(SD2) − 1)0.5, where SD is the stand-
ard deviation of the log-transformed data. If the 90% CIs of 
the geometric mean ratio were within 80–125% for Cmax, 
AUC 0–inf, and AUC 0–t, the absence of a drug–drug interac-
tion was to be concluded.

The sample size for this study was determined under the 
hypothesis that co-administration of baxdrostat with met-
formin would not affect the PK characteristics of metformin. 
Thus, the geometric mean ratios of the Cmax and AUC of 
metformin in the presence or absence of baxdrostat should 
be 1, and the SD of the difference of PK characteristics 
should be 0.4 on a logarithmic scale. With 24 completed 
study participants, including 12 participants per treatment 
sequence with an intended correlation value of 0.55, the 
study would have 80% power to reject the null hypothesis 
of non-equivalence.

Table 1  Baseline demographics and clinical characteristics

In sequence AB, study participants received metformin alone on their first visit, followed by metformin and baxdrostat on their second visit. 
Study participants in sequence BA received metformin and baxdrostat on their first visit, followed by metformin alone on their second visit
BMI body mass index, SD standard deviation

Demographic characteristic Sequence AB (n = 14) Sequence BA (n = 13)

Age, years, mean (SD) 33.0 (6.2) 40.7 (9.5)
Race, No. (%)
 White 6 (42.9) 9 (69.2)
 Black or African American 8 (57.1) 4 (30.8)
 Asian 0 (0) 0 (0)
 Other 0 (0) 0 (0)

Ethnicity, No. (%)
 Hispanic or Latino 1 (7.1) 3 (23.1)
 Not Hispanic or Latino 13 (92.9) 10 (76.9)

Sex, No. (%)
 Female 6 (42.9) 2 (15.4)
 Male 8 (57.1) 11 (84.6)

Height, cm, mean (SD) 170.3 (7.5) 174.7 (10.3)
Body weight, kg, mean (SD) 73.8 (10.0) 78.8 (10.2)
BMI, kg/m2, mean (SD) 25.4 (2.5) 25.8 (2.6)
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3  Results

3.1  Study Participants

Baseline demographics and clinical characteristics are pre-
sented in Table 1. Twenty-seven study participants were 

randomized into 2 cohorts, who received study drugs in 
treatment sequence AB or BA. Most study participants were 
White (56%) men (70%) who were not Hispanic or Latino. 
The average age was 37 years, and mean BMI was 25.6 kg/
m2. Demographic and baseline characteristics were gener-
ally well matched in sex, race, and ethnicity between both 
treatment sequences.

3.2  Pharmacokinetics

The PK profile of metformin, when administered alone 
in the current study, was consistent with what would be 
expected based on the package insert for immediate-release 
metformin [15]. Furthermore, when administered after a 
dose of baxdrostat, metformin's plasma PK profile was both 
qualitatively and quantitatively similar to that of metformin 
alone (Fig. 2).

After confirming a lack of effect of treatment sequence, 
PK data for treatment A from all study participants were 
summarized, and PK data for treatment B from all study 
participants were summarized. Plasma and urine PK param-
eters after a dose of metformin alone or in the presence of 
baxdrostat are reported in Table 2. The 90% CIs of the geo-
metric mean ratios for the plasma Cmax and AUC values for 
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Fig. 2  Plasma metformin concentration vs time. Data are mean ± 
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Table 2  Plasma and urine PK parameters of metformin in the presence or absence of baxdrostat

Ae (0–72) total amount excreted in urine from time 0 to 72 h after dose, AUC  area under the plasma concentration–time curve, AUC 0–24 AUC from 
time 0 to 24 h post-dose, AUC 0–inf AUC from time 0 to infinity, AUC 0–t AUC until the last quantifiable plasma concentration, B baxdrostat, CI 
confidence interval, CLR renal clearance, Cmax maximum observed plasma concentration, CV coefficient of variation, GM geometric mean, LS 
least squares, M metformin, NA not available, PK pharmacokinetic(s), t½ terminal phase elimination half-life, Tmax time to maximum observed 
plasma concentration
a Geometric CV% = 100(exp(SD2) − 1)0.5, where SD is the standard deviation of the log-transformed data
b A 90% CI within the boundary of 80% to 125% is the requirement to claim no effect of baxdrostat on metformin PK parameters

PK parameter of M 
(plasma or urine)

Treatment

M M + B (M+B)/M

n Mean (SD) GM (CV%)a n Mean (SD) GM (CV%)a n GM LS ratio  
(90% CI)

Cmax (ng/mL)
(plasma)

26 1765.39 (344.41) 1732.62 (20.1) 27 1793.11 (503.88) 1723.37 (30.0) 26 98.84 (91.3-107.0)

Tmax (h)
(plasma)

26 2.14 (0.77) 2.00 (40.0) 27 2.04 (0.69) 1.92 (36.7) NA NA

t½ (h)
(plasma)

26 5.52 (1.03) 5.44 (18.2) 27 6.20 (1.36) 6.07 (20.9) NA NA

AUC 0–24 (h•ng/mL)
(plasma)

26 10,552.25 (1769.98) 10,414.63 (16.6) 27 10,388.94 (2912.76) 10,014.18 (28.1) NA NA

AUC 0–t (h•ng/mL)
(plasma)

26 11,158.75 (1810.54) 11,024.21 (15.9) 27 11,043.59 (2898.80) 10,688.87 (26.5) 26 96.77 (90.7-103.2)

AUC 0–inf (h•ng/mL)
(plasma)

25 11,224.76 (1849.81) 11,087.78 (15.9) 26 11,319.24 (2905.12) 10,965.41 (26.3) 24 100.16 (94.4-106.3)

CLR (L/h)
(urine)

26 27.99 (4.64) 27.62 (16.8) 27 26.48 (5.61) 25.77 (25.9) NA NA

Ae (0–72) (µg)
(urine)

26 312,255.23 
(75,636.13)

304,520.62 (22.6) 27 287,165.62 
(83,016.05)

275,459.85 (30.5) NA NA
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metformin in the presence of baxdrostat vs metformin alone 
fell entirely within the boundaries to claim bioequivalence 
(80–125%), demonstrating the absence of a PK drug–drug 
interaction [16, 17].

The urine PK parameters for metformin alone and in the 
presence of baxdrostat are presented in Table 3, and the Ae 
of metformin excreted following administration of met-
formin in the presence or absence of baxdrostat is presented 
in Fig. 3. The results confirmed that the renal excretion of 
metformin was not significantly affected by baxdrostat.

The PK parameters of baxdrostat and its primary metabo-
lite (Table 4 and Fig. 4) were similar to previously published 
data, thereby demonstrating study validity [14]. The Cmax of 
baxdrostat was 118.9 ± 25.6 ng/mL, the Tmax was 1.7 ± 0.8 
h, and λz was 0.033 ± 0.008 1/h.

3.3  Safety

There were no deaths, serious AEs, or discontinuations due 
to treatment-emergent adverse events (TEAEs), and the inci-
dence and severity of AEs were similar when metformin 
was administered in the presence or absence of baxdrostat 
(Table 5). Overall, 7 study participants experienced a total of 
15 TEAEs: 5 study participants (19.2%) experienced a total 
of six TEAEs following administration of metformin alone, 
and 6 study participants (22.2%) experienced a total of 9 
TEAEs following dosing with metformin and baxdrostat. 
Four of these study participants experienced TEAEs follow-
ing both treatments (metformin alone and metformin follow-
ing a dose of baxdrostat).

All reported TEAEs were mild; no study participants 
experienced moderate or severe TEAEs. The most common 
TEAEs were gastrointestinal disorders. Five study partici-
pants (18.5%) reported diarrhea, an AE commonly associ-
ated with metformin treatment: 3 study participants (11.5%) 
following administration of metformin alone, 4 study par-
ticipants (14.8%) following dosing of both metformin and 
baxdrostat, and 2 study participants following both treat-
ments [15]. No clinically meaningful changes were observed 
in physical examinations, vital signs, ECGs (including no 
QT prolongation), or clinical laboratory results.

4  Discussion

The PK characteristics of metformin, including Cmax and 
AUC, when administered alone in the current study are 
consistent with previously published studies of metformin 
PK in healthy human participants when metformin was 
administered alone [18, 19]. Despite the preclinical find-
ings that baxdrostat interacts with MATE proteins and could 
have potentially affected metformin elimination, the current 
study results showed that baxdrostat did not significantly 
affect the plasma PK or urine clearance of metformin. The 
90% CIs of the geometric mean ratios for plasma Cmax and 
AUC in the presence of baxdrostat fell within 90–107% of 
those observed in the absence of baxdrostat. These values 
were within the FDA-recommended parameter limits for 
bioequivalence (80–125%) [16, 17]; thus, the absence of 
a drug–drug interaction was concluded. Previous in vitro 
data demonstrated that baxdrostat does not inhibit OCT-2, so 
the lack of an observed PK interaction between baxdrostat, 
a demonstrated MATE inhibitor, and metformin, a known 
MATE substrate, is consistent with the hypothesis that the 
inhibition of multiple transporters (e.g., MATE and OCT) 
may be required to produce meaningful PK interactions 
[20–22]. Renal clearance was similar between treatments, 
which suggests that the urinary transporter is not inhibited 

Table 3  Cumulative fraction of unchanged metformin excreted in 
urine of study participants receiving metformin in the presence or 
absence of baxdrostat

Cumulative fraction of unchanged metformin 
excreted, value (%)

Metformin  
(n = 26)

Metformin + 
baxdrostat  
(n = 27)

0–3 h 11.76 (33.0) 10.47 (36.6)
0–6 h 21.50 (27.2) 19.06 (32.4)
0–9 h 25.40 (28.1) 23.11 (33.8)
0–12 h 27.42 (26.2) 25.07 (32.5)
0–18 h 29.11 (25.6) 26.52 (31.3)
0–24 h 29.82 (25.1) 27.21 (30.6)
0–30 h 30.21 (24.9) 27.62 (30.3)
0–36 h 30.50 (24.7) 27.87 (30.0)
0–48 h 30.90 (24.5) 28.25 (29.4)
0–72 h 31.23 (24.2) 28.72 (28.9)
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by baxdrostat. The clinical implication of these results is that 
patients with T2DM taking metformin may be administered 
baxdrostat for the management of their hypertension and are 
unlikely to require dosage adjustments of either drug.

An understanding of whether the in vitro data translate 
to a potential interaction in patients is important because 
metformin is prescribed for most patients with T2DM, 
including those with hypertension, and baxdrostat is cur-
rently undergoing development as a potential treatment for 
hypertension. As such, there is a high likelihood of their 
co-administration in patients with both T2DM and hyper-
tension. In the context of a specific potential interaction, in 
which inhibition of a transporter necessary for clearance of 
metformin may increase exposure and pose a safety risk, the 
most critical plasma PK parameters would be Cmax, AUC, 
and the AUC ratio comparing the AUC of metformin before 
and after exposure to baxdrostat; these represent standard 

expected and required parameters for assessing PK interac-
tions according to the US FDA [16, 17]. Additionally, com-
parison of urine excretion of metformin in the presence and 
absence of baxdrostat is critical to understand the impact on 
renal excretion.

The PK characteristics of baxdrostat were also assessed 
to validate the results of our current study in comparison 
with previous studies. The PK parameters of baxdrostat in 
the presence of metformin in the current study were similar 
to previously published data on the PK of baxdrostat alone 
[14]. In 2017, Bogman et al. reported an average hourly drug 
exposure (Cavg, calculated as AUC 0–24/24) of 66 ± 5.9 ng/
mL, which equates to an AUC 0–24 of 1584 ng/mL [14]. Here 
we report an AUC 0–24 of 1637 ng/mL with a Cavg of 68 ng/
mL, which suggests that clinically relevant exposures of 
baxdrostat and its metabolite were attained. Further, the Tmax 
and rate of elimination were similar to those published by 
Freeman et al. [24]. The similarity of the PK of baxdrostat 
in the current study as compared with prior studies confirms 
the validity of the current study. Further, these data demon-
strate that the PK of baxdrostat and its primary metabolite, 
which is not believed to contribute substantially to the thera-
peutic effects of baxdrostat, are unaffected by metformin, as 
would be expected based on our in vitro data.

Metformin and baxdrostat were well-tolerated when co-
administered. The most common TEAEs were gastrointes-
tinal (e.g., diarrhea), which was expected with a high dose 
of metformin. One study participant experienced a TEAE 
of postural dizziness following administration of metformin 
with baxdrostat that was considered related to metformin. 
Because no increase in incidence or severity of TEAEs was 
observed when study participants received metformin and 
baxdrostat compared with when they received metformin 

Table 4  Plasma pharmacokinetic parameters of baxdrostat and its primary metabolite CIN-107-M

λz terminal elimination rate constant, AUC 0–24 area under the plasma concentration–time curve from time 0 to 24 h post-dose, AUC 0–72 area 
under the plasma concentration–time curve from time 0 to 72 h post-dose, AUC 0–inf area under the plasma concentration–time curve from time 0 
to infinity, AUC %extrap percentage of area under the plasma concentration–time curve extrapolated, Cmax maximum observed plasma concentra-
tion, CV coefficient of variation, GM geometric mean, NA not available, PK pharmacokinetic(s), SD standard deviation, Tmax time to maximum 
observed plasma concentration
a Geometric CV% = 100(exp(SD2) − 1)0.5, where SD is the standard deviation of the log-transformed data

Plasma PK parameter Baxdrostat CIN-107-M

n Mean (SD) GM (CV%)a n Mean (SD) GM (CV%)a

Cmax (ng/mL) 27 118.94 (25.57) 116.508 (20.6) 27 6.72 (3.21) 6.159 (42.1)
Tmax (h) 27 1.68 (0.77) 1.545 (40.9) 27 15.74 (9.86) 12.396 (84.7)
λz (1/h) 20 0.033 (0.0079) 0.032 (23.4) 12 0.030 (0.0043) 0.030 (13.8)
AUC 0–24 (h•ng/mL) 27 1663.02 (303.45) 1637.461 (18.0) 27 110.71 (48.42) 103.013 (37.7)
AUC 0–72 (h•ng/mL) 27 2872.71 (707.04) 2788.93 (25.5) 27 263.52 (111.57) 247.77 (34.3)
AUC 0–inf (h•ng/mL) 20 3025.04 (811.35) 2916.93 (28.8) NA NA NA
AUC %extrap (h•ng/mL) 20 9.87 (5.18) 8.36 (71.0) NA NA NA
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Fig. 4  Plasma baxdrostat and CIN-107-M concentration vs time. Data 
are mean ± standard deviation
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alone, baxdrostat does not appear to increase the risk of AEs 
when co-administered with metformin.

Strengths of this study include that the design, includ-
ing dose levels and administration of baxdrostat sufficiently 
ahead of metformin to attain Cmax, was selected to maximize 
the chance of observing any interactions with metformin. 
Also, the study enrolled enough participants to be statisti-
cally powered to evaluate drug–drug interactions. The pri-
mary limitation of this study was that it was conducted in 
healthy individuals, such that further investigation is war-
ranted to evaluate the safety and efficacy of baxdrostat in 
patients with comorbid hypertension and T2DM, particu-
larly in patients with non-severe kidney disease.

5  Conclusions

The results of the current study demonstrated that single 
doses of metformin and baxdrostat were well-tolerated when 
co-administered to healthy individuals, with mostly mild 
gastrointestinal AEs observed, as was expected with a large 
dose of metformin. Baxdrostat did not significantly affect 
plasma concentrations or renal clearance of metformin. 
Therefore, diabetic patients with hypertension receiving 
metformin and baxdrostat are unlikely to require a dose 
adjustment of metformin due to a PK interaction.
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