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Abstract

Tanimilast is an inhaled phosphodiesterase-4 inhibitor currently in phase 3 clinical
development for treating chronic obstructive pulmonary disease (COPD) and asthma. This
trial aimed to characterize the pharmacokinetics, mass balance, and metabolite profiling of
tanimilast. Eight healthy male volunteers received a single dose of non-radiolabeled
tanimilast via powder inhaler (NEXThaler® (3200ug)), followed by a concomitant intravenous
(IV) infusion of a microtracer ([**C]-tanimilast: 18.5ug and 500nCi). Plasma, whole blood,
urine, and feces samples were collected up to 240 hours post-dose to quantify non-
radiolabeled tanimilast, [**C]-tanimilast, and total-[**C]. The inhaled absolute bioavailability of
tanimilast was found to be approximately 50%. Following IV administration of [**C]-tanimilast,
plasma clearance was 22 L/h, the steady-state volume of distribution was 201 L, and the
half-life was shorter compared to inhaled administration (14 vs. 39 hours, respectively),
suggesting that plasma elimination is limited by the absorption rate from the lungs. 79%
(71% in feces; 8% in urine) of the IV dose was recovered in excreta as total-[**C]. [**C]-
tanimilast was the major radioactive compound in plasma, while no recovery was observed in
urine and only 0.3% was recovered in feces, indicating predominant elimination through
metabolic route. Importantly, as far as no metabolites accounting for more than 10% of the
circulating drug-related exposure in plasma or the administered dose in excreta were
detected, no further qualification is required according to regulatory guidelines. This study
design successfully characterized the absorption, distribution, and elimination of tanimilast,
providing key pharmacokinetic parameters to support its clinical development and regulatory

application.
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Significance Statement

This trial investigates PK and ADME profile of tanimilast, an inhaled PDE4 inhibitor for COPD
and asthma. Eight male volunteers received a dose of non-radiolabeled tanimilast via
NEXThaler® and a microtracer IV dose. Results show pivotal PK results for the
characterization of tanimilast, excretion route and quantification of significant metabolites,

facilitating streamlined clinical development and regulatory approval.
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Abbreviations

“C  carbon-14

ADME absorption, distribution, metabolism and excretion
AMS accelerator mass spectrometry;

AUC  area under the curve;

AUC,; the area under the concentration-time curve from dosing to the last quantifiable
concentration;

BCRP breast cancer resistance protein;

CL total body plasma clearance;

Cmax  the value of maximum plasma concentration;
COPD Chronic Obstructive Pulmonary Disease;

CV% percentage of coefficient of variation;

= hepatic extraction ratio;

EMA  European Medicines Agency;

F absolute inhaled bioavailability;

FDA U.S. Food and Drug Administration;

ICH International Council for Harmonization;

v intravenous;

LC liquid chromatography;

LLOQ lower limit of quantification;

MRT mean residence time of the drug in the systemic circulation;
MS mass spectrometry;

PDE4 phosphodiesterase-4;

pg Eq/mL picogram tanimilast equivalents per mL;
P-gp  P-glycoprotein;

PK pharmacokinetics;

ti terminal phase half-life;

tmax time from dosing of the maximum plasma concentration;
Vss volume of distribution at steady state;

Vz volume of distribution;
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Introduction

Tanimilast (international non-proprietary name (INN) of CHF6001 or (S)-3,5-dichloro-4-(2-(3-
(cyclopropylmethoxy)-4-(difluoromethoxy)phenyl)-2-(3-(cyclopropylmethoxy)-4-

(methylsulfonamido)benzoyloxy)ethyl)pyridinel-oxide) is an inhaled phosphodiesterase-4
inhibitor, a non-steroidal anti-inflammatory drug currently advancing through Phase Il clinical
trials. This novel compound aims to reduce exacerbation risk in Chronic Obstructive
Pulmonary Disease (COPD) patients with chronic bronchitis phenotype and a history of
exacerbations when added to triple therapy (ClinicalTrials.gov NCT04636801 [PILASTER]
and NCT04636814 [PILLAR]). Additionally, its potential in treating asthma is currently being
evaluated in Phase Il study (NCT06029595 [TANGO]). Results from the early tanimilast
development studies have demonstrated promising pharmacodynamic and efficacy
outcomes, coupled with a favorable safety profile, highlighting the absence of class-related
side effects associated with phosphodiesterase-4 inhibitors (Singh et al., 2016, 2019, 2021,

Govoni et al., 2020, 2023; Singh, Emirova, et al., 2020; Singh, Watz, et al., 2020).

The pharmacokinetic (PK) profile of tanimilast has been examined through various studies at
repeated doses up to 4800 ug/day (Facchinetti et al., 2021). These include single and
multiple ascending dose studies in healthy subjects (Mariotti et al., 2018) and two double-
blind, placebo-controlled, 3-way crossover studies in mild allergic asthma and COPD patients
involving repeated doses (Singh et al., 2016, 2019) . These investigations have revealed a
clear correlation between doses and plasma concentrations, further supported by
pharmacokinetic modeling analyses indicating no time dependency in PK parameters (Jolling

et al., 2019).

These studies offer valuable insights into the pharmacokinetics of tanimilast. However, a
crucial aspect in both drug development (Penner et al., 2009; Young et al., 2023) and the
regulatory approval process (Coppola et al., 2019) is the comprehensive investigation of
absorption, distribution, metabolism and excretion (ADME) through a radiolabeled mass

balance clinical study. It is particularly imperative to characterize metabolites, especially
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those constituting more than 10% of circulating drug-related exposure in plasma or of the
administered dose in excreta, requiring additional characterization and toxicology studies
(https:/lwww.fda.gov/regulatory-information/search-fda-guidance-documents/safety-testing-

drug-metabolites).

This study adopts an innovative clinical approach by administering an intravenous (IV) [**C]-
labeled microtracer concomitantly with the pharmacological dose via inhalation (Lappin,
2016). The microtracer approach, involving subpharmacologic administration (1% of the
pharmacologic dose or 100 pg, whichever is lower) (https://www.fda.gov/regulatory-
information/search-fda-guidance-documents/microdose-radiopharmaceutical-diagnostic-
drugs-nonclinical-study-recommendations,
https://database.ich.org/sites/default/files/M3_R2__Guideline.pdf) and less than 1000 nCi of
radioactive dose (https://lwww.fda.gov/regulatory-information/search-fda-guidance-
documents/clinical-pharmacology-considerations-human-radiolabeled-mass-balance-
studies), presents advantages over traditional crossover Phase | studies (Spracklin et al.,
2020; Young et al.,, 2024), avoiding the need for intravenous toxicology programs and
dosimetry studies in animals. Considering the very low amount of radioactivity administered,
the highly sensitive Accelerator Mass Spectrometry (AMS) quantifies the [**C]-microtracer,
while the non-radiolabeled dose's PK is assessed through traditional liquid chromatography

tandem mass spectrometry (LC-MS/MS) assay (Young and Croft, 2020).

For ADME characterization, intravenous dosing serves as a surrogate for the drug's systemic
circulation after absorption from the lung (Ambery et al., 2018; Harrell et al., 2019; Holmberg
et al., 2022). This strategic choice arises due to complications associated with inhaled [**C]-
labeled compounds, such as formulation feasibility and accurate dose quantification, crucial
for measuring total dose recovery in excreta. Additionally, long-term toxicological effects of

[**C] in the lung are not known.

Preceding studies involving intravenous administration of radiolabeled [**C]-tanimilast in rats
disclosed widespread distribution, with peak concentrations in the liver, kidney, pancreas,

and spleen after 1 hour, and in the lung after 4 hours. Excretion was rapid, as more than
7
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79% of the dose was eliminated within 48 hours, with no increasing within 120h. The main
elimination route of radioactivity was via feces (around 80%) whereas less than 5% was
found in urine. Biliary excretion's pivotal role was also confirmed, recovering over 90% of the

administered radioactive dose (Cenacchi et al., 2018 and unpublished Chiesi data).

This paper details a pivotal clinical Mass Balance study (ClinicalTrials.gov NCT04756960)
conducted in healthy subjects, aiming to provide essential information on tanimilast's
exposure, both as the parent compound and its metabolites. The study's objectives
encompass evaluating the pharmacokinetics of tanimilast, characterizing the mass balance,

and elucidating the relevant metabolites in humans.
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Materials and Methods

Tanimilast for inhalation, as well as reference standards for tanimilast and its known
metabolites (CHF5956 and CHF5928), were provided by Chiesi Farmaceutici (Parma, Italy).
[**C]-tanimilast, with a specific radioactivity of 27 nCi/ug (0.10 kBqg/ug), was supplied by
Quotient Sciences (Alnwick, UK), by a chemical synthesis previously described (Fontana et
al., 2017). This material was manufactured under Good Manufacturing Practice and
formulated into a solution at a concentration of 1.79 ug/mL (49.66 nCi/mL) in ethanol (2%
viv) and Kolliphor HS 15 (2% v/v), dissolved in a 0.9% wi/v sodium chloride solution for IV
infusion by the Fortrea Clinical Research Unit (Leeds, UK). All other solvents and reagents

utilized in this study were of analytical grade and procured from commercial suppliers.
Study Design

This clinical trial constituted a Phase | study conducted at a single center, Fortrea Clinical
Research Unit (CRU), Leeds (UK), from March 2021 to April 2021. The design involved a
single dose, non-randomized, open-label, uncontrolled approach. The trial adhered to the
Declaration of Helsinki and its latest revision, as well as the International Council for
Harmonisation (ICH) E6 Good Clinical Practice (GCP) guideline. Approval was obtained from
the North East—York Research Ethics Committee and by the Administration of Radioactive
Substances Advisory Committee, and all subjects provided written informed consent before

participating in any study-related procedures.

Following the screening visit, eligible subjects entered the study, which consisted of a single-
dose treatment period. On Day 1 of the treatment period, participants received four
inhalations of tanimilast via the NEXThaler® multi-dose dry-powder inhaler (total inhaled
dose: 3200 pg). This inhalation was followed by a 15-minute intravenous infusion of the
microtracer, involving the injection of 10 mL of [**C]-tanimilast, concluding at the expected
time to maximum concentration (tmax) Of 2 hours for the inhaled dose. This timing aimed to
minimize any potential non-linear pharmacokinetic effects. The total infused dose was 18.5

Mg and 500 nCi (18.5 kBq). Inhaled drug administration occurred under fasting conditions (at
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least 10 hours fasting prior to administration), and subjects remained fasted until 2 hours
post-dose. Subjects were continuously supervised by medical staff at the clinical site until the
morning of Day 11, upon which they were discharged following the completion of 240 hours
post-dose (IV) assessments on Day 11. The 240-hour post-dose collection interval was
selected to exceed five times the half-life of inhaled tanimilast as measured in previous
clinical trials (Mariotti et al., 2018). A follow-up phone call was conducted 7 to 10 days after
discharge to document concomitant medications and assess the status of any unresolved or

new adverse events.

Throughout the study, each subject received an effective radioactive dose of 0.005
millisieverts, well within the safety limits defined by the World Health Organization category 1
and the International Commission on Radiologic Protection category 1 (<0.1 millisievert;
minor risk) (International Commission on Radiological Protection, 1991). The administered

radioactivity was categorized as a microtracer dose, containing 18.5 kBq (500 nCi) of [**C].
Study Population

The study enrolled physically healthy male individuals aged between 30 and 55 years
inclusive, exhibiting a body mass index within the range of 18 to 35 kg/m? inclusive, and with
regular bowel movements. Inclusion criteria required participants to have no history of
substance abuse, including drug or alcohol, no smoking habits and no clinically significant
medical conditions. Intake of any enzyme-inducing drugs, enzyme-inhibiting drugs, biologic
drugs or any drug known to have a well-defined potential for hepatotoxicity were not
permitted within 3 months prior to screening and throughout the study period. Additionally,
eligible individuals had not been exposed to significant radiation diagnostic or therapeutic
radiation (eg, serial X-ray, computed tomography scan, barium meal) in the 12 months
preceding the study. Participants were confined to the study center for the entire duration of
the research. Comprehensive details regarding the eligibility criteria are available on

ClinicalTrials.gov under the identifier NCT04756960.

10

¥202 ‘02 lequissed uo Seuinor 134S Y e 610'sjeuino fisdse puup Wwouj papeo lumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on October 29, 2024 as DOI: 10.1124/dmd.124.001895
This article has not been copyedited and formatted. The final version may differ from this version.

Sample Collection

For tanimilast analysis in plasma, samples were collected before dosing (within 60 min from
inhaled dosing) and at 15, 30, 60, 90 min, 2, 3.75, 5.75, 7.75, 9.75, 11.75, 13.75, 25.75,
49.75, 73.75, 97.75, 121.75, 145.75, 169.75, 193.75, 217.75 and 241.75 hours postdose. For
[*C]-tanimilast, total-[**C] analysis and quantitative profiling of metabolites in plasma,
samples were collected before dosing (within 60 min from inhaled dosing) and at the
following timepoints relative to the start of the IV infusion: 5, 10, 15 [end of infusion], 20, 25,
30, 45, 60 min, 2, 4, 6, 8, 10, 12, 24, 48, 72, 96, 120, 144, 168, 192, 216 and 240 hours.
Urine samples were obtained at predose and at specific time intervals relative to the initiation
of the IV infusion: 0-4h, 4-8h, 8-12h, 12-24h post-dose on the first day, and subsequently in
24-hour intervals up to 240 hours. Fecal samples were collected both pre-dose and at 24-

hour intervals up to 240 hours.
Mass Balance

Fecal and urine samples were transported and analyzed at Pharmaron ABS (Germantown,
Maryland, USA). For each pooled feces sample, homogenization was achieved by adding
deionized water at a ratio ranging from approximately 1:1 to 1:2 (w/w), adjusted based on the
bulk sample's consistency. All contemporary biological samples contain background [**C].
The amount of background [**C] present in a sample depends upon its carbon content, i.e.
the higher the total carbon, the higher the level of background [**C]. To obtain a value for
drug-related [*C], the background level of [**C] must be subtracted. All pre-dose samples
were analyzed by AMS to obtain the background levels, which were used for background
subtraction. Given the potential variability in the carbon content of homogenized feces and
urine, all such samples underwent analysis using a FlashSmart Elemental Analyzer (Thermo

Scientific, Waltham, Massachusetts, USA).

For AMS analysis, each sample, along with standards and controls, underwent combustion
(oxidation) and graphitization (reduction). Radioactivity levels were then determined using a

250 KeV Single-Stage Accelerator Mass Spectrometer (NEC, Middleton, Wisconsin, USA).

11
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The mean Lower Limit of Quantification (LLOQ) was determined to be 0.12 pg tanimilast

Equivalent/mL for urine measurements and 55 pg tanimilast Eq/g in feces samples.
Pharmacokinetics and statistical analysis

Due to the exploratory nature of the study, no formal sample size calculation was conducted.
A sample size of 8 was selected to address the primary objectives of the study (Penner et al.,
2009). Analysis of plasma PK for non-radiolabeled tanimilast, [**C]-tanimilast, and total-[**C]
in plasma was carried out at the Fortrea Clinical Research Unit (Leeds, UK). Non-
compartmental analysis methods in Phoenix WinNonlin version 8.1.1 (Certara; New Jersey,
USA) were employed for this purpose. PK variables were derived using the formulas
provided in footnotes in Table 1. All descriptive statistical analyses were conducted using

SAS version 9.4 (SAS Institute, Cary, North Carolina).

Bioanalysis of tanimilast. Blood samples were obtained from the non-dosing IV forearm and
collected in vacuum tubes containing Lithium Heparin. Resolian (Cambridgeshire, UK)
conducted the quantification of non-radiolabeled tanimilast in human plasma samples using a
fully validated liquid chromatography tandem mass spectrometry (LC-MS/MS) method. Solid
phase extraction, specifically Waters Oasis HLB 30 mg plates (Waters, Milford,
Massachusetts, USA), was employed for sample purification. The internal standard (IS) for
tanimilast comprised a stable-isotope-labeled [?Hg]-tanimilast. The analytical instruments
included a Xevo TQS mass spectrometer (Waters, Milford, Massachusetts, USA) and an
ACQUITY UPLC system (Waters, Milford, Massachusetts, USA). Chromatographic
separation utilized an ACQUITY BEH Phenyl column (1.7 um, 100 x 2.1 mm; Waters) at
60°C, with a mobile phase composed of solvent A (0.1% formic acid in water) and solvent B
(acetonitrile) at a flow rate of 0.85 mL/min. Retention time for tanimilast was 3.7 min, with a

LLOQ set at 10 pg/mL.

Bioanalysis of total-[**C]. The determination of total-[**C] in plasma and whole blood
employed the highly sensitive AMS method at Pharmaron ABS (Germantown, Maryland,

USA). Prior to analysis, frozen samples were thawed at room temperature for approximately

12
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1 h, followed by vortex-mixing for 5 min at ~1500 rpm. Subsequently, samples were
transferred to clean, small glass tubes containing pre-baked copper oxide powder. In cases
where carbon content was insufficient, carbon carrier (Sodium benzoate, SB) was added to
achieve a final carbon content of approximately 1.7 mg in the samples. All samples and
controls underwent graphitization and were analyzed by AMS, with a mean LLOQ of 1.44 pg

tanimilast Eq/mL.

Bioanalysis of [**C]-tanimilast. The quantification of [**C]-tanimilast in human plasma, urine,
feces, and whole blood employed a validated LC+AMS assay. Each sample was fortified with
a non-labeled internal standard (tanimilast) and subjected to solid phase extraction or liquid-
liquid extraction, followed by LC fractionation and AMS analysis. The LLOQ for the LC+AMS
assay was determined as 7.01 pg/mL for whole blood, 0.80 pg/mL for plasma, 9.88 pg/mL for

feces, and 2.50 pg/mL for urine.
Metabolite profiling

The metabolite profiling in plasma was evaluated using time-proportional pools from each
individual subject representing the area under the plasma concentration-time curve (AUC)
from 0-72 hours (AUCo_7»,), approximately 60% of the AUCg.4n Of total-[**C]. Time-
proportional pools were prepared for each matrix by combining volumes in accordance with
the time intervals between individual samples, as previously described (Hamilton et al., 1981,

Hop et al., 1998).

Homogenized feces and urine samples were pooled based on proportion to the amount
(weight or volume) of excreta collected in each sampling period. The pool was made to
represent at least 95% of the total-[**C] excreted across all subjects, corresponding to
samples collected between 0- and 144-hours post-dose for all subjects. A cross-subject pool
was prepared by taking a constant proportion of each individual subject pool and combining
to obtain a representative pooled feces and urine sample from all subjects. Only plasma and
feces samples were extracted, with individual pools analyzed by AMS for total-[**C] content.

These concentrations, along with aliquot weights, were used to determine the total amount

13
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taken for extraction, after which the reconstituted extract was analyzed by AMS to calculate
the recovered radioactivity (extraction efficiency). Plasma was extracted with methanol and

both supernatant and re-solubilized plasma pellets were analyzed by AMS.

Chromatographic analysis was performed with an UHPLC Agilent 1290 (Agilent
Technologies, Santa Clara, CA) using chromatographic method previously described
(Cenacchi et al., 2015). Radiochromatograms for plasma, feces, and urine were generated
by collecting LC fractions, followed by AMS analysis of each fraction. AMS data
(disintegrations per minute/fraction) and time-normalized data were imported into LAURA V6

(LabLogic Systems Ltd., Sheffield, UK) to generate radiochromatograms.

Regions of interest (ROI) were quantified and assigned to specific metabolites, wherever
possible, from pools of plasma collected between 0 and 72 hours post-dose and from pools
of urine or feces collected between 0 and 144 hours post-dose. Fractions measured below
the LLOQ were treated as zero. In AUC plasma pools the %ROI is equivalent to the
percentage of total-[**C] exposure (area under the curve within 0-72 hours). In urine and
feces, the %ROI was equivalent to percentage of total radioactivity and then calculated as

the percentage of dose recovered in urine and feces between 0- and 144-hours post-dose.

Parent and metabolites assignments were established by matching retention times obtained
via LC-UV with those eluting at the same retention time as the observed [*C] peak.
Metabolite identification was further supported by comparing adjusted relative retention times

to existing data from previous preclinical and clinical studies (Cenacchi et al., 2015).
Safety

Adverse events (AEs) were systematically recorded throughout the study, and safety was
comprehensively evaluated. Full physical examinations were conducted at screening, Day -1
and before discharge. Hematology, blood chemistry, fasting glucose levels were assessed at
screening, at pre-dose and before discharge, while vital signs and 12-lead
electrocardiograms (ECG) were examined at screening, at pre-dose and 2.5 hours post-
dose.

14
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Results
Demographic and Baseline Characteristics

16 subjects were screened, 8 were enrolled and all completed the study. The subjects’ mean
(standard deviation (SD)) age was 36.3 (4.4) years. Their mean (SD) body mass index was

28.1 (4.7) kg/m?.
Mass Balance

Figure 1 displays the mean recovery of total-[**C] over time following intravenous

administration of [**C]-tanimilast.

The overall average cumulative recovery in both feces and urine reached 78.9% (with
individual values ranging from 75.2% to 82.7%) within the 240-hour period following the

initiation of the infusion.

Feces accounted for 70.8% (individual range: 67.9% to 74.9%) of the total administered
radioactivity while urine contributed for only 8.1% (individual range: 7.1% to 9.7%). Over 95%
of radioactivity excreted in both feces and urine occurred within the initial 144 hours after the
start of infusion. In the last collection period between 216 and 240-hours post-infusion
initiation, feces and urine contained a mean of 0.03% and 0.18% of the administered

radioactive dose, respectively.

On average, excretion of [**C]-tanimilast in feces accounted for only 0.32% throughout a
240-hour period starting from the infusion commencement. [**C]-tanimilast was measurable
in feces for up to 96 hours post-dose in 5 out of 8 subjects, and it was quantifiable in 1 out of
8 subjects up to 144 hours after the initiation of infusion. Notably, [**C]-tanimilast was not

detectable in urine at any point in time.
Pharmacokinetics

After administering a nominal dose of 18.5 pg (500 nCi) [**C]-tanimilast through IV, peak
levels of both [**C]-tanimilast and total-[**C] in plasma exhibited similar patterns, with a

median tma Of 0.22 hours (individual range: 0.17 to 0.25 hours) post-infusion initiation.
15
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Following attainment of maximum concentration (Cma), plasma concentrations of [*C]-
tanimilast and total-[**C] demonstrated a multiphasic decline. The geometric mean terminal
half-life (ty,) of [**C]-tanimilast in plasma was approximately 14 hours (individual range: 6.4 to
33.1 hours), with quantifiable concentrations persisting up to 72 hours after infusion
commencement in 3 out of 8 subjects (individual range: 0.849 to 1.120 pg/mL). The one
subject that showed quantifiable [**C]-tanimilast values in feces up to 144h, was the only one
with quantifiable concentrations of [**C]-tanimilast in plasma observed up to 96 hours post-
infusion. Total-[**C] in plasma showed a geometric mean ty, of approximately 76 hours
(individual range: 56.4 to 105.8 hours), and quantifiable concentrations were recorded at the
last sampling time point, 240 hours after the start of infusion, in 7 out of 8 subjects (individual
range: 2 to 18 pg Eq/mL). The geometric mean exposure of [*C]-tanimilast, constituted
approximately 13% of the total-[**C] exposure in plasma as measured by area under curve

extrapolated to infinity (AUCq.in).

The geometric mean clearance (CL) of [**C]-tanimilast in plasma was determined to be 22.0
L/h, while in blood, it amounted to 43.2 L/h. The calculation of blood clearance was based on
the blood-to-plasma ratio, computed at 20 minutes post-infusion initiation, yielding a

geometric mean of 0.65 for total-[**C] and 0.52 for [**C]-tanimilast.

Since [*C]-tanimilast was undetectable in urine, indicating negligible renal clearance, we
inferred that hepatic clearance equated to blood clearance. The calculation of hepatic
extraction ratio relied on blood clearance, considering a nominal hepatic blood flow value of

87 L/h (as per Davies and Morris, 1993), leading to a hepatic extraction (E;,) of 49.7%.

The geometric mean volume of distributions of [**C]-tanimilast at the terminal phase (Vz) and
at steady state (Vss), were 436.1 L and 212.6 L, respectively, while the mean residence time

(MRT) was 9.15 h.

Finally, the geometric mean plasma CL of [**C]-total was 2.94 L/h and corresponding blood

CL was 4.91 L/h, the geometric mean Vz of [**C]-total was 323.1 L.
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Regarding the administration of non-radiolabeled tanimilast, following a 3200 ug dose
delivered through inhalation, the absorption kinetics was characterized by a rapid uptake,
exhibiting a median t,a of 2.01 hours post-dose in plasma (individual range: 2.00 to 3.75
hours). Subsequent to reaching the Cy ., plasma concentrations of tanimilast exhibited a
biphasic decline, with a geometric mean ty, longer than that observed with IV infusion of
[**C]-tanimilast, approximately 40 hours (individual range: 25.9 to 45.2 hours) (refer to Fig. 2,

Table 1).

The estimated geometric mean absolute inhaled bioavailability of non-radiolabeled tanimilast,
determined based on AUC.i,s when administered via inhalation in comparison to IV infusion,

was 49.8% (individual range: 27.8% to 64.0%).

Notably, the between-subject variability for [**C]-tanimilast, total-[**C] and non-radiolabeled
tanimilast in plasma was low, as assessed by the geometric coefficient of variation (CV%) for

AUC, iy and Cpax, With values ranging from 18.6% to 28.4%.

Metabolite profiling

The radiochromatographic profiles and quantification of radioactive peaks in plasma, urine,

and feces following [**C]-tanimilast IV infusion are depicted in Figure 3.

The metabolic profiling in plasma was evaluated using time-proportional pooled samples
collected from each individual subject between 0- and 72-hours post-dose. During this time
frame, the radioactivity comprised over 60% of the total-[**C] exposure as measured by
AUC,.240n, the recovery of radioactivity (extraction efficiency) from pooled plasma over the
AUC, 72, period averaged 105%, with 50% recovered from the plasma supernatant and 55%
from the protein pellet. Chromatographic retention times revealed [**C]-tanimilast as the
major radioactive compound in the pooled plasma extracts, constituting an average of 41.7%
(individual range: 32.5% to 52.5%) of the 0-72 hours total-[**C] exposure. Overall, no
metabolites accounting for more than 5% of the 0-72 hours total-[**C] were quantified. Ten

metabolites were identified based on preclinical findings. These include CHF5956 (2.8%),
17
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formed by ester-hydrolysis; M5 (4.8%), formed by CHF5956 conjugation with glucuronic acid
and loss of a chlorine atom; M9 (3.8%), formed by CHF5956 hydroxylation and loss of
chlorine atom; M4 (4.4%), formed by CHF5956 hydroxylation, conjugation with glucuronic
acid and loss of a chlorine atom; CHF5928 (4.3%), formed CHF5956 loss of N-oxide; M2
(1.8%), formed by CHF5956 conjugation with glucuronic acid and loss of the
cyclopropylmethyl group; M3 (2.2%), formed by CHF5928 conjugation with glucuronic acid
and loss of the cyclopropylmethyl group; M15 and/or M16 (1.5%), derived by tanimilast
hydroxylation and conjugation with glucuronic acid (with loss of chlorine atom for M16); M38
(1.1%), formed by tanimilast hydroxylation and loss of the N-oxide; and M27 (2.1%), formed
by tanimilast methylation (Table 2). Additionally, fourteen other radiochromatographic peaks,
each accounting for less than 2% of the 0-72 hours total-[**C], were identified but not

structural characterized.

Metabolite profiling in urine and feces involved the analysis of pooled samples collected
between 0- and 144-hours post-dose for all subjects. The radioactivity observed during this
time frame constituted over 95% of the total-[**C] recovered up to 240 hours post-dose and
the extraction recovery of radioactivity from pooled homogenized feces (0-144h) was 82%.
Twenty metabolites were quantified, and thirteen of them were identified based on preclinical

findings. None of these metabolites exceeded 10% of the administered IV [**C] dose.

Four metabolites were detected in both urine and feces: M3 (0.9% and 2.6% of administered
dose respectively), M4 (1.7% and 2.0%, respectively), M5 (2.0% and 5.2%, respectively),
and M9 (0.5% and 3.3%, respectively). Another metabolite identified in urine (M2, 1.6%) was
also present in plasma. Unique metabolites identified in feces included M10 (2.5%), formed
by tanimilast hydroxylation, conjugation with glutathione and loss of a chlorine atom, and
M33 (4.4%), formed by tanimilast loss of N-oxide; and M25 (6.6%), formed by tanimilast
hydroxylation, methylation and loss of a chlorine atom and of N-oxide, which could potentially
co-elute with tanimilast. Other fecal metabolites included CHF5956, M15/M16, M38,
CHF5928, and M27 (2.1%, 2.3%, 4.4%, 1.6%, and 1.6%, respectively). A putative metabolic

pathway is proposed in Figure 4.
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Safety

No deaths, Severe Adverse Events, or noteworthy Adverse Events were documented
throughout the course of the study. In general, only one participant reported experiencing
three Treatment-emergent Adverse Events specifically, mild instances of abdominal pain
lower, cough, and oropharyngeal pain. These events were mild in severity, resolved without

treatment and were deemed unrelated to the treatment.

The analysis revealed no discernible patterns and no clinically significant observations in the
clinical laboratory assessments, vital signs data, electrocardiogram (ECG) readings, or

physical examination results throughout the duration of the study.
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Discussion

This study employed an innovative design to comprehensively analyze the ADME processes
and essential PK parameters of inhaled tanimilast. Healthy male subjects received a single

inhaled dose of non-radiolabeled drug and a concomitant [**C]-labeled IV microtracer dose.

The study design enabled the examination of the inhaled availability of tanimilast, showing
that, like other inhaled drugs (Daley-Yates et al., 2001; Harrell et al., 2019; Holmberg et al.,
2022), around 50% is absorbed into the systemic circulation. It is already demonstrated in
animal model that oral bioavailability is negligible or extremely low (<1% in rat and monkey,
and <7% in dogs (unpublished Chiesi data)), and tanimilast is a substrate of the human
membrane transporters glycoprotein-P and BCRP, which may limit the gut permeability
(Cenacchi et al., 2018). Therefore, the quantity of tanimilast reaching the systemic circulation
via the gastrointestinal route is reasonably significantly lower, or negligible, than the amount
absorbed through the lungs. These findings substantiate absorption from the lungs as the

primary route of bioavailable tanimilast absorption.

After IV administration, [**C]-tanimilast reached its tmay at the conclusion of the infusion, with
concentrations of the parent compound closely mirroring those of total-[**C], at 631 pg/mL
and 707 pg Eg/mL, respectively. This concurrence suggests that the radioactivity at peak
concentration is exclusively attributed to [**C]-tanimilast. Following attainment of the Cpay,
[*C]-tanimilast displayed a ti, significantly shorter than that of total-[**C]. The overall
exposure of [**C]-tanimilast, constituting approximately 13% of the total-[**C] exposure,
serves as the initial indication of extensive metabolism occurring as elimination pathways.
Notably, products of degradation persisted in the systemic circulation for an extended
duration, albeit at very low concentrations, given that 240 hours post-IV administration, the
total-[**C] remained slightly above the LLOQ established by AMS. As indicated by 50%
radioactivity recovery in the plasma supernatant from the 0-72h pool, drug-related materials
may covalently bind to plasma proteins, which could explain the long half-life of total-[**C],

though the covalently bound fraction is inactive from a safety perspective.
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The PK of inhaled non-radiolabeled tanimilast compared to IV administration, revealed a
significantly prolonged t;, for the former (39 hours) compared to the latter (14 hours). This
observation suggests that the absorption of tanimilast from the lung to the systemic
circulation is the key determinant of its pharmacokinetic profile, with the lung acting as the
primary reservoir. The short half-life of [**C]-tanimilast in the systemic circulation, attributed to
a high systemic clearance relative to the volume of distribution, underscores the rapid

elimination of tanimilast once it enters the systemic circulation.

This data supports the tanimilast's design, maximizing lung retention, minimizing systemic
exposure, and reducing class-related side effects common in PDE4 inhibitors. For instance,
in COPD treatment, roflumilast, an oral PDE4 inhibitor, has limitations due to side effects
such as gastrointestinal, psychiatric issues and weight loss (Rabe, 2011; Mufioz-Esquerre et
al., 2015; Rogliani et al., 2016). Roflumilast is rapidly metabolized into its active metabolite,
roflumilast N-oxide, which accounts for about 90% of its PDE4 inhibitory activity (Lahu et al.,
2008). Roflumilast N-oxide exhibits higher systemic exposure compared to tanimilast (Bethke
et al., 2007), along with much lower protein binding (Lahu et al., 2008; Armani et al., 2014;
Han et al., 2023). Consequently, the systemic exposure of the free fraction - responsible for

systemic effects - is much higher for roflumilast at therapeutic doses.

The analysis of [*C]-tanimilast in whole blood, plasma, urine, and feces has provided
valuable insights into the elimination routes of tanimilast. The systemic clearance, defined as
the sum of renal and hepatic components, was evaluated. Remarkably, [**C]-tanimilast was
undetectable in urine, rendering renal clearance negligible. This observation supports the
assumption that the elimination of the drug predominantly occurs through the hepatic route.
By establishing that total systemic clearance equals hepatic clearance, the blood-to-plasma
ratio of [**C]-tanimilast was determined, allowing for the derivation of systemic clearance in
blood. Subsequently, hepatic extraction was estimated to be approximately 50%. Notably,
the recovery of [**C]-tanimilast in feces was minimal (0.3% of total), suggesting that the
majority of tanimilast is eliminated by the liver through metabolism rather than excretion.
Hence, also consistent with other findings including observations from animal models
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(Cenacchi et al., 2015), liver metabolism is emerging as the predominant route for the

elimination of tanimilast.

The mean retrieval of intravenously administered radioactivity averaged 79%, with 71% of it
retrieved in feces and 8% in urine. Over 95% of the radioactivity was excreted within the
initial 144 hours. A comprehensive analysis of metabolites was conducted using LC+AMS on
pooled fractions containing the predominant radioactivity in plasma (0-72 h), urine and feces
(0-144 h). Plasma samples revealed that the primary component was unchanged [**C]-
tanimilast, constituting 42% of the pooled radioactivity. Further analysis identified 24 potential
metabolites, each below 5% of the drug-related exposure, highlighting their minimal
contribution to overall circulating radioactivity. The examination of plasma-derived
metabolites implicated crucial biotransformation pathways, specifically phase | reactions
involving  ester-group  hydrolysis and hydroxylation, potentially mediated by
carboxylesterases and cytochrome P-450, respectively. This was followed by phase I
conjugation reactions with glucuronic acid. CHF5956, the product of tanimilast hydrolysis,
exhibited a potency in human peripheral blood mononuclear cells (PBMCs) at least 2000-fold
lower than tanimilast, also CHF5928 exhibited a potency less than 6-fold lower than
CHF5956 (Armani et al.,, 2014 and unpublished Chiesi data), suggesting that the other
identified metabolites are unlikely to be associated with any significant pharmacological
activity. As study limitation, it was not possible to measure the ester-hydrolysis product
counterpart and its related metabolic pathway due to the position of the radiocarbon in the
molecule. Another limitation is the identification of metabolites based on preclinical findings,
due to the minimal [*C]-material quantification for thorough metabolite characterization in
this study. All biotransformations were observed in preclinical models, with some, such as
oxidative dechlorination, also found in humans using roflumilast having a similar chemical
structure
(http://www.accessdata.fda.gov/drugsatfda_docs/nda/2011/0225220rig1s000MedR.pdf).
Additional research would be necessary to validate the chemical structure of metabolites

present at very low concentrations.
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Notably, the M3(R2) guidance from the International Committee on Harmonization
(https://database.ich.org/sites/default/files/M3_R2__Guideline.pdf)  specifies that if a
metabolite exceed 10% of the circulating drug-related exposure or administered dose in
excreta, additional non-clinical evaluation of the metabolite should be considered. Given the
linear, time-independent pharmacokinetics (Jolling et al., 2019) of tanimilast shown in earlier
studies, a single-dose design was deemed appropriate for metabolite profiling in this study.
Furthermore, when considering drugs with a daily administered dose of less than 10 mg,
larger fractions of the drug-related material may be more appropriate signals for testing.
Considering tanimilast having a maximum therapeutic total daily dose of 3.2 mg (1.6 mg
twice a day), our analysis revealed that none of the tanimilast metabolites exceeded the

critical 10% threshold in plasma, urine or feces.

This innovative study design employing administration of IV [*C]-labeled microtracer
concomitantly with an inhaled pharmacological dose, contributes to optimizing drug
development and holds ethical implications. The benefits include 1) reducing the radioactivity
administered to humans, addressing potential safety concern; 2) minimizing the number of
studies required for a comprehensive characterization of the ADME profile, PK, and
metabolite profiling; 3) and eliminating the need for intravenous toxicology programs and
dosimetry studies in animals, aligning with the principles of the 3Rs (Replacement,
Reduction, Refinement) developed as a framework for ethical and human animal research

(Hubrecht and Carter, 2019; Young et al., 2023).

A limitation of current study design might be the incomplete quantitative recovery of
administered radioactivity, with an average retrieval of intravenously administered
radioactivity slightly below 80%. Tanimilast showed a long total-[**C] elimination half-life (>50
h) and the main excretion route is through feces, these properties could explain the slightly
lower recovery than the target threshold 80% for human mass balance studies (Roffey et al.,
2007). At the final collection point, the recovered dose in both feces and urine was less than
1%, suggesting that extending the collection period would unlikely improve recovery rates.
Considering the labelling position in the chemical structure, it seems unlikely the formation of
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14C-C0, and a subsequent loss of radioactivity through expiration. In a rat study (unpublished
Chiesi data), after 120 hours, less than 1% of the radioactivity remained in the carcass,
suggesting no irreversible tissue binding. Metabolite profiling was conducted on pools
containing most of the radioactivity. While quantification rates of metabolites may be subject
to subtle changes when considered relative to the total-[**C], this is not expected to have a
significant impact, as metabolites were well below the critical 10% threshold set by regulatory

guidelines.

In conclusion, our study demonstrates that inhaled tanimilast absorption from the lungs
serves as the primary route of bioavailable tanimilast absorption, with rate-limited pulmonary
absorption. Tanimilast is swiftly eliminated by the liver through metabolism upon reaching
the systemic circulation, supporting the intended design to maximize exposure and retention
within the lung. Notably, [*C]-tanimilast remained the major circulating compound, with
negligible recovery in feces and no detectable metabolites necessitating further qualification.
The study's integrated design enables a comprehensive characterization of tanimilast's
ADME and PK in a single trial, supporting an optimized path for clinical development and

regulatory application in respiratory conditions.
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Figure legends

Figure 1: Arithmetic mean (+SD) cumulative recovery of total radioactivity in excreta over

time following intravenous infusion of 18.5 ug (500 nCi) [**C]-tanimilast

Figure 2: Geometric mean plasma concentrations profiles following inhalation of 3200 ug

tanimilast and intravenous infusion of [**C]-tanimilast 18.5 ug (500 nCi)

Figure 3: Radiochromatograms generated from multiple injection of A) plasma pool extracts
(AUCO0-72h); B) cross subject pooled urines (0-144 h); C) cross subject pooled feces extract

(0-144 h). DPM, disintegrations/min.

Figure 4: Putative metabolic scheme for tanimilast in human following 1V administration. The

asterisk indicates the position of the *C label in Tanimilast.

32

¥202 ‘02 lequissed uo Seuinor 134S Y e 610'sjeuino fisdse puup Wwouj papeo lumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on October 29, 2024 as DOI: 10.1124/dmd.124.001895
This article has not been copyedited and formatted. The final version may differ from this version.

Tables

Table 1: Summary of PK parameters following 3200 pg inhaled tanimilast and 78.5ug of

intravenous [**C]-tanimilast

PK Parameter

Tanimilast (inhaled,

[*“C]-Tanimilast (1V,

Total-["C] (IV, N=8)

N=8) N=8)
Cmax (Pg/mL) 1979 (22.5) 631 (19.1) 707 (21.6)*
AUCq (pg-h/mL) 71088 (28.2) 783 (18.2) 5403 (16.7) *
AUCq.ini (Pg-h/mL) 72403 (28.4) 814 (18.6) 6083 (19.6) *'

Tmax (h) median
(range)

ty2 (h)

CL (L/h)

Vz (L)

Vss (L)
Blood:Plasma Ratio
E,*

MRT AUC (h)*

F AUC, %

2.00 (2.00-3.75)

39.30 (18.2)
21.99 (18.6)*

1247.5 (27.0)*

49.8 (26.8)

0.217 (0.17-0.25)

13.74 (55.1)
22.00 (18.6)
436.1 (38.6)
201.3 (36.2)
0.517 (54.9)"
0.497 (53.5)"

9.15 (49.3)

0.217 (0.17-0.25)

76.09 (23.1)"
2.94 (19.6)*
323.1 (27.0)*

0.649 (23.9)"

All values are geometric mean (CV%) unless otherwise specified.

Cmax, the value of maximum plasma concentration; AUC, area under the curve; AUCO-t,

the area under the concentration-time curve from dosing to the last quantifiable

concentration; tmax, time from dosing of the maximum plasma concentration; t1/2, terminal

phase half-life; CL, total body plasma clearance; Vz, volume of distribution; Vss, volume of

distribution at steady state; Eh, hepatic extraction ratio; MRT, mean residence time of the

unchanged drug in the systemic circulation; F, absolute inhaled bioavailability; PK,

pharmacokinetics; CV%, percentage of coefficient of variation.

*The values were calculated post hoc.
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MRT = AUMC.in/ AUCq.int

En = (CL total = CL renar)/Qn

Vss = Dose iy X AUMCount/ (AUCq.in)?

F = [(AUCo.inf) inhated X DOSE ] / [[AUCo.inf) iv X DOSE inhaled]
+Nn=6

TUnits expressed as pg tanimilast Eq/mL
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Table 2: Quantification and putative identification of the major radioactive metabolites in

urine, feces (0-144h) and plasma following intravenous administration of [**C]-tanimilast

Name Proposed modification % of dose in urine % of dose in feces % of drug-related
exposurein

plasma (0-72h)

M2 CHF5956 conjugation with 1.6 1.8
glucuronic acid and loss of
the cyclopropylmethyl
group

M3 CHF5928 conjugation with 0.9 2.6 2.2
glucuronic acid and loss of
the cyclopropylmethyl
group

M4 CHF5956 hydroxylation, 1.7 2.0 4.4
conjugation with glucuronic
acid and loss of a chlorine

atom

M5 CHF5956 conjugation with 2.0 5.2 4.8
glucuronic acid and loss of

a chlorine atom

M9 CHF5956 hydroxylation 0.5 3.3 3.8

and loss of chlorine atom

M10 Tanimilast hydroxylation, 2.5
conjugation with
glutathione and loss of a

chlorine atom

CHF5956 Tanimilast ester-hydrolysis 2.1 2.8

M15 and/or Tanimilast hydroxylation 2.3 15

35

¥202 ‘02 lequissed uo Seuinor 134S Y e 610'sjeuino fisdse puup Wwouj papeo lumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on October 29, 2024 as DOI: 10.1124/dmd.124.001895
This article has not been copyedited and formatted. The final version may differ from this version.

M16 and conjugation with
glucuronic acid (M15) with

loss of chlorine atom (M16)

M38 Tanimilast hydroxylation 4.4 1.1

and loss of the N-oxide
CHF5928 CHF5956 loss of N-oxide 1.6 4.3

M25% Tanimilast hydroxylation, 6.6
methylation and loss of a

chlorine atom and N-oxide

Tanimilast 41.7
M27 Tanimilast methylation 1.6 2.1
M33 Tanimilast loss of the N- 4.4

oxide

a: potentially co-eluted with tanimilast
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