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Background: Poly (ADP-ribose) polymerase-1 (PARP-1) inhibitor has therapeutic potential

for acute ischemic stroke by suppressing microglial activation and facilitating neuroprotec-

tion. In this first-in-human study, we investigate the safety, tolerability and pharmacokinetics

(PK) of JPI-289 in healthy male volunteers.

Subjects and Methods: In single ascending dose (SAD) study, 35, 75, 150, 300, 600 mg

JPI-289 or placebo was infused intravenously over 30 minutes to 40 subjects. In multiple

ascending dose (MAD) study, 150, 300, 450 mg JPI-289 or placebo was infused over 1 hour

every 12 hours to each of 24 subjects for 3.5 days (7 times). The plasma and urine

concentrations of JPI-289 and its metabolites were determined.

Results: In the SAD study, AUClast and Cmax tended to increase supra-proportionally

especially at higher doses in SAD study. However, Cmax showed dose-proportionality in

the range of 75–600mg. JPI-289 reached a mean Tmax within 0.50 hour after dosing and

a mean elimination half-life (t1/2) was 2.18 to 3.21 hours. In the MAD study, observed

accumulation index ranged from 1.52 to 1.76. The effective half-life of JPI-289 was 1.88 to

3.05 hours, indicating that the plasma JPI-289 concentration rapidly reaches steady state. %

recovered of JPI-289 measured in urine was 1.59–9.05%. In both studies, concentration of

metabolites was less than 10% of JPI-289. Adverse events reported in the study were all mild

in intensity and resolved without any sequelae.

Conclusion: The tolerable dose ranges and pharmacokinetic characteristics of JPI-289

evaluated in these studies will be useful in further clinical development of JPI-289.
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Introduction
Acute ischemic stroke (AIS) is characterized by sudden loss of blood circulation to

a brain area, resulting in loss of neurologic function. The only available FDA-

approved drug is intravenous recombinant tissue plasminogen activator (r-tPA),

which can be initiated within 3 h (Grade 1A) or 4.5 h (Grade 2C) of symptom

onset.1–3 However, r-tPA is prone to inducing life-threatening complications such as

intracerebral hemorrhage4 and angioedema.5 Currently, there is no viable treatment

option for AIS beyond 4.5 h of symptom onset, and there is a need for development

of a new class of drug for AIS-affected patients. Neuronal damage induced by AIS

leads to permanent disability of affected patients, but only a limited number of
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therapeutic options are available to protect neuronal

damages. Physiologically, PARP-1 activation is a part of

DNA damage repair mechanism; however, excessive

PARP-1 activation is neurotoxic, and it is observed in the

brain after acute ischemic stroke. This is regarded as

a main process leading to irreversible neuronal damage

by compromising the integrity of the neurovascular unit,

increasing blood-brain barrier permeability, and releasing

proinflammatory mediators.6

PARP-1 inhibition has a distinct mechanism of

a therapeutic effect by directly protecting neurons7,8 as

well as blood-brain barrier,9 and is thus expected to show

high efficacy in clinical trials on AIS patients. Inhibition of

PARP-1 activation has been reported as a potential ther-

apeutic option for providing neuroprotection by diminish-

ing the infarct size, shrinking edema volume, and

attenuating neurovascular unit damage after acute

ischemic stroke.10–12 PARP-1 inhibitor is expected to be

especially useful for many patients who missed the ther-

apeutic window of 3 h for reperfusion therapy by r-tPA.

Animal studies have shown that that combination therapy

with PARP-1 inhibitor reduces the incidence of tPA-

induced serious adverse events.11

Effective PARP-1 inhibition and the mechanism of

action by a PARP-1 inhibitor, MP-124 have been demon-

strated in a non-human primate transient middle cerebral

artery occlusion (tMCAO) stroke model;10 particularly, the

results of this study are in compliance with the recommen-

dations laid by Stroke Therapy Academic Industry

Roundtable (STAIR),10,13 which specifies selection of

stroke patients for entry in clinical trials, clarification of

trial outcome measures, and informed consent issues.

JPI-289 is a PARP-1 inhibitor with therapeutic poten-

tial for AIS by suppressing microglial activation and facil-

itating neuroprotection.11 In vitro treatment of JPI-289 for

oxygen glucose deprived rat cortical neuron showed neu-

roprotective effects by restoring ATP and NAD+ levels and

reducing apoptosis-associated molecules such as apoptosis

inducing factor (AIF), cytochrome C and cleaved caspase-

3.11 JPI-289 treatment showed efficacy more than 10

h after stroke onset in an animal model, and is thus

considered as one of the most promising agents for the

treatment of stroke. (unpublished data on file, Jeil Pharma,

Seoul, Korea) JPI-289 is one of few PARP-1 inhibitors

currently being investigated for the treatment of acute

ischemic stroke. In a tMCAO stroke model using mon-

keys, JPI-289 showed 53% decrease in infarction

volume,14 which is much higher than the 21% decrease

in infarction volume by MP-124.10 The immunological

mechanism of action how PARP-1 inhibition by JPI-289

yields neuroprotection is not fully understood but a recent

study reported that proportions of regulatory T cells

(Tregs) are reduced in peripheral blood mononuclear

cells (PBMCs) of ischemic stroke patients and can be

increased when PBMCs are incubated for 24 h with high-

dose JPI-289.15

Thus, it is necessary to investigate JPI-289 through

a first-in-human trial. The principal aim of our current

study was to explore the safety, tolerability, and pharma-

cokinetics of JPI-289 in healthy volunteers.

Methods
Subjects
Healthy male volunteers aged 19–55 years with body mass

index ranging from 20 to 27 kg/m2 were included for this

study. Within 4 weeks prior to the first administration of

the study drug, the volunteers were examined if they were

in favorable physical condition based on vital sign mea-

surements (blood pressure, heart rate, and body tempera-

ture), medical history, physical examinations, 12-lead

electrocardiograms, clinical laboratory tests (hematology,

chemistry, and urinalysis), serology (hepatitis B surface

antigen, hepatitis C virus antibody, and HIV antigen/anti-

body) and urine drug screening (cocaine, opiate, ampheta-

mine, barbiturate, tetrahydrocannabinol, benzodiazepine,

methadone and methamphetamine).

Volunteers were excluded for the following reasons:

exposure to any investigational drug or placebo within

60 days of the first study medication dose; any illness

within 14 days of the first study medication dose; aspartate

aminotransferase or alanine aminotransferase levels 1.25×

the upper normal limit; total bilirubin level 1.5× the upper

normal limit; a platelet count 170,000 or 360,000; pro-

thrombin time (PT) or activated partial thromboplastin

time (aPTT) 1.25× the upper normal limit; and bleeding

time 0.8 minutes.

Study Design
The first trial was Phase I, randomized, double-blind, and

placebo-controlled single ascending dose (SAD) trial. In

the SAD study, single dose of JPI-289 (manufactured and

packaged by Avrio Biopharmaceuticals, LLC [CA, USA]

and Jeil Pharmaceutical Co., Ltd. [Seoul, Republic of

Korea]) was diluted in normal saline and infused over

0.5 h at 35, 75, 150, 300, or 600 mg (JPI-289: placebo =
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6: 2 in each dose group) in 40 subjects. In the following

multiple ascending dose (MAD) study, JPI-289 was

diluted in normal saline and infused over 1 h every 12

h for seven times during a course of 3.5 days at 150 mg,

300 mg, and 450 mg (JPI-289: placebo = 6: 2 in each dose

group) in 24 subjects.

The starting dose in the first in human SAD study was

based on 4-week good laboratory practice study toxicol-

ogy study results in rats, which was the most sensitive

animal; in this study, 40 mg/kg was identified as the no

observed adverse event level. 0.65 mg/kg, which is

39.0 mg in humans weighing 60 kg, was determined as

a maximum safe starting dose by multiplying the human

equivalent dose factor of 16. The starting dose adopted for

this study was 35 mg.16

In the SAD study, the subjects were admitted to the

Clinical Trial Center (CTC) at Asan Medical Center

(AMC) from day 1 through day 2. On day 3, subjects re-

visited the CTC for safety, tolerability and pharmacokinetics

assessment. Follow-up visit was performed seven days after

the drug administration. In the MAD study, subjects were

admitted to the AMC CTC from day 1 through day 5.

Follow-up visit was performed eight days after the last drug

administration. Dose escalation was strictly based on the

decision by Data and Safety Monitoring Board (DSMB).

The study protocol was approved by the Ministry of

Food and Drug Safety and the institutional review board of

AMC, Seoul, Republic of Korea (ClinicalTrials.gov iden-

tifier: SAD, NCT01983358; MAD, NCT02396069). The

study was conducted at the CTC of AMC from April 2012

to August 2015. All subjects provided written informed

consent prior to screening. The trial is conducted accord-

ing to the principles of the Declaration of Helsinki (64th

version, October 2013)

Determination of JPI-289 Concentrations

in Plasma and Urine
Plasma and urine concentrations of JPI-289 were deter-

mined using a validated high performance liquid chroma-

tography coupled with tandem mass spectrometry method

(HPLC-MS/MS). The internal standard was JPI-289-d8
(dihydrochloride dihydrate). The sample extracts were

analyzed using high performance liquid chromatography

(Shiseido nanospace SI-2; Shiseido, Tokyo, Japan) and an

XBridge™ C18 column (3.5 μm, 50 mm × 2.1 mm;

Waters, Milford, MA, USA) with mobile phase consisting

of methanol and 10 mM ammonium acetate (65:35, v/v).

The mass spectrometry system (API4000; AB Sciex,

Framingham, MA, USA) was operated in positive ion elec-

trospray mode with multiple reaction monitoring. The pre-

cursor-to-production reactions monitored were m/z 344.3 →

201.2 for JPI-289 and 352.3 → 201.2 for internal standard.

In the SAD study, the assay for plasma samples was vali-

dated over a range of 1–3000 ng/mL for the 35 mg, 75 mg,

and 150 mg groups and 10–30,000 ng/mL for the 300 mg

and 600 mg groups (R2 >0.995). The assay for urine samples

was validated over a range of 5–15,000 ng/mL for the

35 mg, 75 mg, and 150 mg groups, and 50–150,000 ng/mL

for the 300 mg and 600 mg groups (R2 >0.995). In the MAD

study, the assay for plasma samples was validated over

a range of 10–30,000 ng/mL and the assay for urine samples

was validated over a range of 50–150,000 ng/mL. For all

assays, accuracy and precision of calibration standard curve

were within 85–115% and <10% in both plasma and urine.

Pharmacokinetic Assessment
Serial blood samples (8mL each) were taken at 0 h (predose),

5 min, 10 min, 20 min, 30 min, 45 min, 1 h, 2 h, 3 h, 4 h, 6 h,

8 h, 12 h, 24 h, and 48 h after the beginning of drug infusion

in the SAD study. In the MAD study, blood was drawn at

0 h (one day 0 h, predose), 0.25 h, 0.5 h, 0.75 h, 1 h, 1.5 h, 2 h,

3 h, 4 h, 6 h, 8 h, 12 h (one day 12 h, predose), 60 h (three

days 12 h, predose), 72 h (four days 0 h, predose), 72.25 h,

72.5 h, 72.75 h, 73 h, 73.5 h, 74 h, 75 h, 76 h, 78 h, 80 h, 84 h,

and 96 h (five days, 0 h). The blood samples were separated

by centrifugation at 1800 g for eight minutes at 4°C and

stored at −70°C until analysis. Urine samples of 6 mL were

collected and urine volumes were measured at predefined

intervals of 0 h (day one, spot urine), 0–4 h, 4–8 h, 8–12 h,

and 12–24 h (spot urine was collected, and urine volume was

measured) after the start of the drug infusion in the SAD

study. In the MAD study, urine samples were collected and

urine volumes were measured at 0 h (day one, spot urine

only), 0–4 h, 4–8 h, 8–12 h, 72 h (day four, spot urine only),

72–76 h, 76–80 h, 80–84 h, and 84–96 h after the beginning

of the first drug infusion. Urine samples were stored at −70°C
before analysis.

The plasma and urine concentration-time profiles of JPI-

289 were analyzed by a noncompartmental method

(Phoenix® WinNonlin® 7.0; Pharsight Corporation,

Sunnyvale, CA, USA). All analyses were performed using

the actual sampling times. The concentration values below

the lower limit of quantification were considered as zero

(predose) or handled as missing values (postdose). The mea-

sured maximum plasma concentration (Cmax) and time at
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Cmax (Tmax) were determined from the observed values. The

terminal elimination rate constant (λz) was estimated by

linear regression of the terminal log-linear portion of the

plasma concentration-time curves. The area under the plasma

concentration-time curve (AUC) from time 0 to the last

measurable time (AUClast) and the area under the plasma

concentration-time curve within a dosing interval (AUCτ)

were calculated by the trapezoidal rule; the AUC extrapo-

lated to infinity (AUCinf) was obtained by AUClast + Clast/λz
(Clast: the last quantifiable concentration). The terminal elim-

ination half-life (t1/2z) was calculated for each participant as

ln(2)/λz. Renal clearance (CLR) was calculated as the cumu-

lative amount of drug excreted in urine in time t (Ae[t0,t])

divided by the AUC calculated from time 0 to the latest time

point at which the urine concentration is quantifiable

(AUClast). Urinary recovery (%) was calculated as the

excreted amount unchanged in urine divided by the total

administered amount of drug.

Safety and Tolerability Assessment
Tolerability was assessed using vital sign measurements,

12-lead electrocardiograms, clinical laboratory tests

(hematology, blood chemistry, and urinalysis), physical

examinations, and monitoring of adverse events (AEs).

AEs were recorded in terms of symptoms and signs,

intensity, duration, relationship to the study drug, action

taken, outcome, and seriousness.

Statistical Analysis
All subjects who received the protocol-specified dose of JPI-

289 or placebo and had adequate pharmacokinetic samples

collected for noncompartmental analysis were included in

the respective analyses. All subjects who received any dose

of JPI-289 or placebo were included in the safety population.

All statistical analyses were performed using SAS version

9.3 (SAS Institute Inc., Cary, NC, USA) and R version 3.3.1.

Demographic data and pharmacokinetic parameters were

summarized using descriptive statistics. In the SAD study,

the dose proportionality was investigated by evaluating the

dose-normalized Cmax and AUC values using the Kruskal–

Wallis test.

Results
Study Participants
Forty and 24 healthy Korean male subjects participated

and received the study drugs in the SAD and MAD study,

respectively. All subjects completed the study, and were

included in safety and pharmacokinetic assessments.

The mean (SD) age, height, and weight of the SAD

study participants were 25.35 (3.73) years, 174.75

(6.26) cm, and 70.72 (6.55) kg, respectively. In the MAD

study, the mean (SD) age, height, and weight of the study

participants was 28.46 (4.24) years, 173.30 (5.46) cm, and

67.94 (6.27) kg, respectively. (Table 1) The age, height,

and weight did not show statistically significant difference

between the participants of SAD and MAD studies, and

among the dose groups within each study as well.

Pharmacokinetic Analysis
The mean plasma concentration-time profiles of JPI-289

following single or multiple intravenous infusions are

shown in Figure 1. The mean urine concentration-time

profiles of JPI-289 following single or multiple intrave-

nous infusions are shown in Figure 2.

In the SAD study, JPI-289 reached a mean Tmax at 0.47

to 0.50 h after the beginning of 30-min infusion and then

declined, with a mean elimination half-life (t1/2z) of 2.18 to

3.21 h (Table 2A). AUClast (658.82 to 32,066.88 ng·h/mL);

Cmax (422.72 to 10,381.25 ng/mL) tended to increase supra-

proportionally, especially at higher doses. In linear regres-

sion, the 95%CI of the slope for log-transformed Cmax and

AUC0-∞ of the 35–600 mg single-dose group were 1.023–

1.185 and 1.185–1.436, respectively. However, log-

transformed Cmax in the range of 75–600 mg showed

a slope of 0.917–1.135, suggesting dose-proportionality.

Although dose-normalized AUClast values were different

across doses in the rage of 35–600 mg with statistical

significance (p-value <0.001), dose-normalized Cmax values

were not significantly different (p-value = 0.0831) in the

SAD study (Figure 3). The mean urinary recovery ratio was

1.59 to 4.22%.

Table 1 Demographics of Subjects

Parameters Single

Intravenous

Dose n=40

Multiple

Intravenous

Doses n=24

Total n=60

Age (years old) 25.35 (3.73)

[19.0–40.0]

28.46 (4.24)

[23.0–38.0]

26.52 (4.18)

[19.0–40.0]

Height (cm) 174.75 (6.26)

[163.4–186.9]

173.30 (5.46)

[161.3–182.6]

174.20 (5.97)

[161.3–186.9]

Weight (kg) 70.02 (6.55)

[58.1–90.5]

67.94 (6.27)

[56.2–85.2]

69.24 (6.48)

[56.2–90.5]

Note: Data are expressed as mean (SD) [minimum–maximum].
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In MAD study, Tmax were 0.95–0.98 h during one-hour

infusion, and t1/2z was 2.44–3.50 (Table 2B). The effective

half-life of JPI-289 was 1.88–3.05 h. The mean observed

accumulation index was 1.52–1.76 after seven repeated

doses every 12 h. The mean urinary recovery ratio was

2.65–9.05%.

There was a dose-proportional increase in Cmax of JPI-

289 in the selected dose range (75–600 mg, slope of

0.917–1.135), and nonlinearity of Cmax in the range was

not observed in the SAD study. However, there was

a supra-proportional increase in exposure as shown by

AUClast (slope of 1.185–1.436), and dose-normalized

AUClast were different across doses in the range of

35–600 mg with statistical significance (p-value <0.001),

which is suspected to be mainly due to the increased

exposure in the higher dose. (Table 3)

We also measured the major metabolites in the samples

obtained in the highest dose groups (600 mg in SAD and
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Figure 1 Mean (SD) plasma concentration time curves of JPI-289 after (A) a single intravenous administration in linear y axis, (B) multiple intravenous administration in

linear y axis, (C) a single intravenous administration in log y axis, and (D) multiple intravenous administration in log y axis (each group, n=6).
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450 mg in MAD). Twenty-two metabolites were detected,

among which JPI-289 had the highest proportion, followed

by M15 which has modified morpholine ring, and M21

which does not have morpholine ring. In both studies, the

concentration of each metabolite were less than 10% of

JPI-289.

Safety and Tolerability
Seven AEs were observed in six subjects of 40 in the SAD

study. Two AEs—increased total bilirubin and dizziness—

were determined to have possible relationship to the study

drug. Four cases of dizziness were observed in the dose

group of 600 mg, and DSMB decided that these cases

suggest dose-limiting toxicity and the maximum tolerated

dose was determined to be 600 mg in the SAD study.

Other AEs included diarrhea and increased heart rate. All

AEs were mild in intensity, and spontaneously resolved

with no observable clinical sequelae.

In the MAD study, seven subjects experienced a total

of 12 AEs—out of those, 10 AEs (2 headache, 2 dizziness,

2 urticaria, 1 diarrhea, 1 abdominal discomfort, 1 pyrexia,

1 sinus tachycardia, 1 stomatitis, 1 bilirubinemia) in six

subjects were possibly related to the study drug (Table 4).

Eight drug-related AEs are observed in the highest dose,

450 mg. All AEs were spontaneously resolved without any

treatment, except for two cases of urticaria which were

cured with appropriate medication. All AEs were mild in

intensity and no clinical sequelae were observed.

No serious AEs occurred during the entire course of

the study. No clinically significant abnormalities in labora-

tory tests, physical examinations, vital signs, or electro-

cardiograms were observed.

Discussion
Since discovery of the PARP-1 inhibition on neuroprotec-

tion, efforts have been made over the last few years to

develop a therapeutic intervention for ischemic stroke

patients. This first-in-human study of JPI-289, PARP-1

inhibitor for investigating the safety, tolerability, and phar-

macokinetics is an important initial step to the develop-

ment of a potential treatment option for AIS patients. The

current study evaluated PK characteristics and tolerability

of ivabradine in healthy Korean males after single intra-

venous administration at doses of 35, 75, 150, 300, or

600 mg and repeated qd oral administration at doses of

150, 300, or 400 mg.

All observed AEs were mild in intensity, and sponta-

neously resolved with no observable clinical sequelae. The

most frequent AE after JPI-289 administration was dizzi-

ness, whose relationship of the study drug was “unlikely

related” or “definitely not related”. Although AEs were

increased in the 450 mg multiple dosing group, consider-

ing the short-term treatment duration of JPI-289 infusion

A B

Figure 2 Mean (SD) urine cumulative amount of JPI-289 after (A) a single intravenous administration, and (B) multiple intravenous administration (each group, n=6).
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for acute ischemic stroke patients, JPI-289 intravenous

infusion at the multiple dose of up to 450 mg over one

hour every 12 h is generally safe in human. Orally admi-

nistered PARP-1 inhibitors have been recently approved

for the treatments for several types of malignancy with

satisfactory safety,17–19 Although we investigated 450 mg

dose in the MAD study, the same dose was not evaluated

in the SAD study. However, we believe that multiple

dosing of 450 mg would be more appropriate for clinical

use, and pharmacometric modeling and simulation were

performed to assess multiple dosing pharmacokinetic

profiles of intravenous infusion of 450 mg for one hour.

Based on the simulation data (unpublished data on file, Jeil

Pharmaceutical, Seoul, Korea), the Ministry of Food and

Drug Safety of Korea allowed the multiple-dosing proto-

col of 450 mg.

The AUC ratio of JPI-289 and M15 ranged from 0.08

to 0.10 based on the average of each dose, and the con-

centration of M21 was extremely low compared to that of

JPI-289, and therefore the blood concentration of the par-

ent drug JPI-289 was much higher than that of M15 and

M21. In both SAD and MAD studies, the concentrations

Table 2 Pharmacokinetic Parameters of JPI-289 After (A) a Single Intravenous Dose and (B) Multiple Intravenous Doses

(A)

Parameter Single Intravenous Dose of JPI-289

35 mg (n=6) 75 mg (n=6) 150 mg (n=6) 300 mg (n=6) 600 mg (n=6) Total (n=30)

AUClast (ng·h/mL) 658.82 (148.39) 1940.45 (367.40) 6029.78 (1520.32) 9786.58 (3534.51) 32,066.88 (11,725.80) 10,096.50 (12,719.54)

AUCinf (ng·h/mL) 665.50 (149.62) 1947.57 (366.92) 6057.90 (1533.04) 10,061.82 (3690.15) 32,228.35 (11,796.05) 10,192.23 (12,791.37)

AUCinf/dose (ng·h/mL/mg) 19.01 (4.28) 25.97 (4.89) 40.39 (10.22) 33.54 (12.30) 53.71 (19.66) 34.52 (16.32)

Cmax (ng/mL) 422.72 (102.10) 1197.77 (173.37) 2481.05 (502.31) 4842.02 (1202.57) 10,381.25 (2097.17) 3864.96 (3789.52)

Cmax/dose (ng/mL/mg) 12.08 (2.92) 15.97 (2.31) 16.54 (3.35) 16.14 (4.01) 17.30 (3.50) 15.61 (3.55)

Tmax (h) 0.47 [0.33, 0.50] 0.48 [0.33, 0.52] 0.48 [0.43, 0.50] 0.48 [0.17, 0.50] 0.50 [0.48, 0.52] 0.48 [0.17, 0.52]

Vz (L) 160.73 (42.91) 183.32 (61.92) 118.12 (34.25) 124.50 (30.65) 81.46 (16.60) 133.63 (51.80)

Vd,ss (L) 101.33 (26.74) 91.18 (17.49) 85.17 (15.31) 92.52 (15.20) 73.01 (13.20) 88.64 (19.42)

CL (L/h) 54.88 (12.54) 39.77 (8.07) 26.41 (8.03) 34.28 (15.06) 21.34 (9.69) 35.33 (15.66)

t1/2z (h) 2.18 (1.01) 3.21 (0.81) 3.12 (0.40) 2.73 (0.76) 2.88 (0.72) 2.83 (0.80)

Ae (mg) 0.56 (0.22) 1.74 (0.71) 5.31 (1.49) 8.37 (3.65) 25.32 (6.50) 8.26 (9.65)

CLR (L/h) 0.84 (0.28) 0.88 (0.26) 0.89 (0.21) 0.91 (0.45) 0.84 (0.20) 0.87 (0.27)

(B)

Parameter Multiple Intravenous Doses of JPI-289

150 mg qd (n=6) 300 mg qd (n=6) 450 mg qd (n=6) Total (n=18)

AUCτ,1st dose (ng·h/mL) 4766.06 (878.28) 14,809.79 (2793.29) 28,278.07 (6412.76) 15,951.31 (10,623.66)

AUCτ,ss (ng·h/mL) 7696.21 (1157.59) 22,608.80 (5198.68) 50,840.74 (19,417.91) 27,048.58 (21,404.87)

Cmax,1st dose (ng/mL) 1728.17 (353.61) 4747.25 (798.21) 8070.98 (1320.10) 4848.80 (2800.32)

Cmax,ss (ng/mL) 2023.47 (460.41) 5658.20 (804.71) 11,921.28 (1655.56) 6534.32 (4330.54)

Cav,ss (ng/mL) 641.35 (96.47) 1884.07 (433.23) 4236.73 (1618.16) 2254.05 (1783.74)

CLss (L/h) 19.91 (3.37) 13.95 (3.63) 9.78 (3.11) 14.54 (5.33)

Vz (L) 85.65 (17.01) 67.95 (11.04) 63.02 (8.23) 72.21 (15.52)

Vd,ss (L) 112.20 (31.78) 74.92 (11.18) 72.06 (8.72) 86.39 (26.65)

t1/2z (L) 2.44 (0.28) 2.74 (0.80) 3.50 (1.18) 2.89 (0.91)

t1/2,eff (L) 1.88 (0.13) 2.46 (0.67) 3.05 (0.97) 2.46 (0.81)

Observed AI 1.64 (0.21) 1.52 (0.22) 1.76 (0.28) 1.64 (0.24)

Ae,1st dose (mg) 3.98 (1.21) 11.74 (3.77) 25.66 (5.03) 13.79 (9.86)

Ae,last dose (mg) 5.48 (1.64) 13.87 (5.36) 40.71 (20.87) 20.02 (19.40)

CLR,1st dose (L/h) 0.84 (0.21) 0.80 (0.25) 0.92 (0.16) 0.85 (0.20)

CLR,last dose (L/h) 0.73 (0.24) 0.61 (0.14) 0.77 (0.22) 0.70 (0.21)

Note: Data are expressed as mean (SD) except for Tmax, for which median (min, max) is shown.

Abbreviations: Ae, amount of unchanged drug in urine from the time of dosing to the last measurable concentration; AI, accumulation index; AUC0-∞, area under the

plasma concentration-time curve from time 0 to infinity; AUClast, area under the plasma concentration-time curve from time 0 to last measurable time point; AUCτ,ss, area
under the plasma concentration-time curve for dosing interval (τ); CL, clearance; CLR, renal clearance; CLss, clearance at steady-state; Cmax, measured maximum plasma

concentration; t1/2z, terminal elimination half-life; t1/2, eff, effective half-life; Tmax, time to reach peak concentration; SAD, single ascending dose; Vd,ss, volume of distribution

at steady state; Vz, volume of distribution during terminal phase.
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of metabolites were less than 10% of JPI-289. Obviously,

there are no human studies using M15 and M21, but

considering their low exposure, the minor or insignificant

pharmacological effects are expected.

The effective half-life of JPI-289 was 1.88–3.05 h,

indicating that JPI-289 rapidly reaches steady state and

the blood concentration rapidly decreases when the infu-

sion is completed. The mean urinary recovery ratio was

1.59 to 4.22% in the SAD study, and 2.65–9.05% in the

MAD study and tend to increase in the higher JPI-289

dosing groups. This suggests that the relative proportion of

nonrenal clearance of the total clearance decreases and the

proportion of renal clearance increases in the higher JPI-

289 doses and needs to be explored whether this has

a clinical implication in the renally impaired special

population.
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Figure 3 Box-whisker plots of dose-normalized Cmax (A), dose-normalized AUClast (B) in the single ascending dose study, dose-normalized Cmax (C), dose-normalized

AUCτ (D) in the multiple ascending dose study. Red dots beyond the whiskers are outliers, defined as any number outside 1.5 times the interquartile range.Abbreviations:
AUClast, area under the plasma concentration-time curve from time 0 to last measurable time point; AUCτ, area under the plasma concentration-time curve for dosing

interval (τ); Cmax, measured maximum plasma concentration.
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It should be noted that this study has several limitations

and additional clinical studies are required. First, our results

were obtained from healthy male volunteers, and the phar-

macokinetics of JPI-289 may differ in acute stroke patient

populations in relation to many factors such as age and sex.

Therefore, future studies on different populations are needed.

Second, all subjects in this study were Korean, and pharma-

cokinetics in the different races (ie Caucasian patients)

should be explored. Third, PARP-1 inhibitor might be used

as an add-on therapy or combination therapy with tPA, the

drug–drug interaction should be explored in the future.

Lastly, the recommended phase 2 dose (RP2D) of JPI-289

can be determined in the study in the acute ischemic stroke

patients and RP2D cannot be properly estimated or projected

in this study with the healthy subjects.

In summary, JPI-289 was well tolerated in normal

healthy subjects in dose ranges of 35–600 mg in the

SAD study, and 150–450 mg in the MAD study. This is

the first study to show the tolerable dose ranges of JPI-289

in humans. Based on these findings, we suggest that the

treatment efficacy and safety of JPI-289 should be further

evaluated in clinical studies involving patients.

Conclusion
In conclusion, two first-in-human, phase I, randomized, dou-

ble-blind, placebo-controlled dose escalation clinical trials of

intravenous JPI-289 (single dose (n=40) and multiple dose

(n=24)) were conducted in 64 healthy volunteers. The results

provide data on the safety, tolerability, and pharmacokinetics

of JPI-289 for application in humans.

Table 3 Summary of Results from Dose Proportionality Test for

Two Pharmacokinetic Parameters

Parameter Dose Range Studied

(mg)

Slope (95%CI for

Slope)

AUClast (ng·h/mL) 35–600 1.310 (1.185–1.436)

Cmax (ng/mL) 35–600 1.104 (1.023–1.185)

75–600 1.026 (0.917–1.135)

Abbreviations:AUClast, area under the plasma concentration-time curve from time 0

to last measurable time point; Cmax, measured maximum plasma concentration.

Table 4 Summary of Adverse Events (AEs) After Single or Multiple Administration of JPI-289

(A)

Single Intravenous Dose of JPI-289 (n=40) Multiple Intravenous Doses of JPI-289 (n=24)

Adverse Events Not Related Drug-Related Total Not Related Drug-Related Total

Diarrhea 1 [1] 0 [0] 1 [1] 1 [1] 0 [0] 1 [1]

Bilirubin total increased 0 [0] 1 [1] 1 [1] 0 [0] 1 [1] 1 [1]

Heart rate increased 1 [1] 0 [0] 1 [1] 0 [0] 0 [0] 0 [0]

Dizziness 0 [0] 3 [4] 3 [4] 0 [0] 2 [2] 2 [2]

Headache 0 [0] 0 [0] 0 [0] 0 [0] 2 [2] 2 [2]

Urticaria 0 [0] 0 [0] 0 [0] 0 [0] 2 [2] 2 [2]

Abdominal discomfort 0 [0] 0 [0] 0 [0] 1 [1] 0 [0] 1 [1]

Stomatitis 0 [0] 0 [0] 0 [0] 0 [0] 1 [1] 1 [1]

Fever 0 [0] 0 [0] 0 [0] 0 [0] 1 [1] 1 [1]

Sinus tachycardia 0 [0] 0 [0] 0 [0] 0 [0] 1 [1] 1 [1]

(B)

Adverse Events Number of

Subjects

Number of Subjects with

AEs (%)

Number of Subjects with

Drug Related AEs (% total)

Single intravenous dose 35 mg 6 3 (50.0) 1 (16.7)

75 mg 6 0 (0.0) 0 (0.0)

150 mg 6 0 (0.0) 0 (0.0)

300 mg 6 0 (0.0) 0 (0.0)

600 mg 6 3 (50.0) 3 (50.0)

Multiple intravenous

doses

150 mg 6 0 (0.0) 0 (0.0)

300 mg 6 1 (16.7) 1 (16.7)

450 mg 6 5 (83.3) 4 (66.7)

Notes: (A) Data are expressed as the number of subjects [cases]. (B) Data are expressed as the number of subjects (% of the number of subjects of each dose group).
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