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Abstract

Venetoclax (ABT-199) isaBcl-2 protein inhibitor and is currently in clinical development for
the treatment of hematological malignancies. The objective of this study was to characterize the
absorption, metabolism, and excretion of venetoclax in humans. Following a single oral dose of
of [*C]venetoclax to healthy volunteers, recovery of total radioactive dose was 100%, with feces
being the major route of elimination of the administered dose, whereas urinary excretion was
minimal (<0.1%). The extent of absorption was estimated to be at least 65%. Venetoclax was
primarily cleared by hepatic metabolism (~66% of the administered dose). ~33% of the
administered dose was recovered as parent drug and its nitro reduction metabolite M30 (13%) in
feces. Biotransformation of venetoclax in human primarily involves enzymatic oxidation on the
dimethyl cyclohexenyl moiety, followed by sulfation and/or nitro reduction. Nitro reduction
metabolites were likely formed by gut bacteria. Unchanged venetoclax was the major drug-
related material in circulation, representing 72.8% of total plasma radioactivity. M27 (oxidation
at the 6 position of cyclohexenyl ring followed by cyclization at the a-carbon of piperazine ring)
was identified as a major metabolite representing 12% of total drug related material. M27 was
primarily formed by CY P3A4. Steady-state plasma concentrations of M27 in human and
preclinical species used for safety testing suggested that M 27 is a disproportionate human
metabolite. M27 is not expected to have clinically relevant on- or off-target pharmacological
activities. In summary, the study characterized venetoclax metabolites in circulation and feces

and the primary elimination pathway of venetoclax in human.
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Introduction

Chronic lymphocytic leukemia (CLL) isthe most common form of leukemiain the Western
world, representing about 30% of leukemias (Zenz et al., 2010; Jaglowski and Jones, 2011,
Shenoy et al., 2011). CLL isan incurable disease of variable clinical coursewith asignificant
impact on life-expectancy. Antiapoptotic B-cell lymphoma-2 (Bcl-2) family proteins are
important regulators of the intrinsic apoptosis pathway. Constitutively elevated expression of the
antiapoptotic protein Bcl-2 renders CLL cells resistant to apoptosis, resulting in the accumul ation
of long-lived, clonal lymphocytes that characterize the disease (Robertson et a., 1996; Brown
and Dunmore, 2007). Therefore, Bcl-2, aprotein central to the survival of CLL cellsisan
attractive target for CLL therapy. Venetoclax (also known as ABT-199 and GDC-0199) isa
novel, orally bioavailable Bcl-2 family protein inhibitor that is being developed for the treatment
of CLL and other hematological malignancies. Venetoclax selectively binds with high affinity to
Bcl-2 (Ki<0.01 nM) and with three orders of magnitude less affinity to other Bcl-2 family protein
members (Ki=48 nM for Bcl-X, Ki=245 nM for Bcl-w) (Souers et al., 2013). Venetoclax has
been studied in multiple clinical trials and has shown efficacy as a single agent and as
combination therapy in patients with relapsed CLL or small lymphocytic lymphoma (SLL) and
other hematological malignancies (DiNardo et al., 2015; Moreau et al., 2015; Davids et a., 2016;
Konoplevaet al., 2016; Roberts et al., 2016). The U.S. Food and Drug Administration (FDA)
granted three Breakthrough Therapy Designations to venetoclax asa single agent or in
combination with other agents for the treatment of CLL or acute myeloid leukemia (AML) and
most recently U.S. FDA approved venetoclax tablets for patients with CLL with 17p deletion

who have received at least one prior therapy.
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Pharmacokinetics of venetoclax has been thoroughly characterized (Roberts et al., 2016; Salem
et a., 2016b). In patientswith CLL or SLL, venetoclax plasma concentrations peaked at 6 to 8
hours after asingle oral dose and the terminal phase elimination half-life was approximately 19
hours. At steady state, venetoclax exposure (maximal level and area under the curve value) was
approximately proportional for doses ranging from 150 mg to 800 mg per day. In vitro studies
showed that venetoclax is metabolized primarily by CY P 3A4, consistent with observations from
drug-drug interaction studies with ketoconazole, posaconazole, and rifampin (Agarwal et al.,
2016a; Agarwal et al., 2016b).

The objective of this study was to investigate the absorption, metabolism, and elimination of
venetoclax in healthy female volunteers who received a single oral dose of 200 mg venetoclax
containing [**C]venetoclax (100 uCi/subject).

Materialsand Methods

Drugs and Reagents

Venetoclax, 4-(4-{[2-(4-chlorophenyl)-4,4-dimethyl cyclohex-1-en-1-yl|methyl} piperazin-1-yl)-
N-({ 3-nitro-4-[ (tetrahydro-2H-pyran-4-ylmethyl)amino] phenyl} sulfonyl)-2-(1H-pyrrol o[ 2,3-

b] pyridin-5-yloxy)benzamide; M3, 4-[4-[[2-(4-chlorophenyl)-3-hydroxy-4,4-dimethyl-
cyclohexen-1-yllmethyl] piperazin-1-yl]-N-[ 3-nitro-4-(tetrahydropyran-4-
ylmethylamino)phenyl] sulfonyl-2-(1H-pyrrol o] 2,3-b] pyridin-5-yloxy)benzamide; M5, 4-[4-[[2-
(4-chlorophenyl)-6-hydroxy-4,4-dimethyl-cyclohexen-1-yl] methyl] pi perazin-1-yl]-N-[ 3-nitro-4-
(tetrahydropyran-4-ylmethylamino)phenyl]sulfonyl-2-(1H-pyrrol o[ 2,3-b] pyridin-5-
yloxy)benzamide; M6, 4-[4-[[ 2-(4-chlorophenyl)-4,4-dimethyl-cyclohexen-1-yl] methyl]-4-
oxido-piperazin-4-ium-1-yl]-N-[ 3-nitro-4-(tetrahydropyran-4-ylmethylamino) phenyl] sulfonyl - 2-

(1H-pyrrolo[ 2,3-b] pyridin-5-yloxy)benzamide; M 14, 4-[4-[[2-(4-chlorophenyl)-4,4-dimethyl-
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cyclohexen-1-yl] methyl]-2-oxo-piperazin-1-yl]-N-[ 3-nitro-4-(tetrahydropyran-4-
ylmethylamino)phenyl]sulfonyl-2-(1H-pyrrol o[ 2,3-b] pyridin-5-yloxy)benzamide; M27, 4-
[(10aR,11aS)-7-(4-chlorophenyl)-9,9-dimethyl-1,3,4,6,8,10,10a,11a-octahydropyrazino[ 2,1-
b][1,3]benzoxazin-2-yl]-N-[ 3-nitro-4-(tetrahydropyran-4-ylmethylamino)phenyl] sulfonyl-2-(1H-
pyrrolo[2,3-b]pyridin-5-yloxy). Venetoclax, M3, M5, M6, M 14 and M 27 reference standards
were supplied by Process Chemistry, AbbVie, Inc. (North Chicago, IL) and were used as HPLC
and mass spectrometric standards. [**C]venetoclax was synthesized in 5 steps starting from

[**C] carbony! labeled 2, 4-difluoro methyl benzoate. Purification of the compound by
crystallization provided >99% radiochemical purity by HPLC. All high performance liquid
chromatography (HPL C)-grade solvents used for liquid chromatography-tandem mass
spectrometry (LC-MS/MS) analysis were purchased from Sigma-Aldrich (St. Louis, MO). The
scintillation fluids used for radioanalysis were purchased from PerkinElmer (Waltham, MA)
Clinical Study

The clinical study was conducted at Covance Laboratories Inc., in conjunction with the Covance
Clinical Research Unit (Madison, WI). Thiswas a Phase 1, single radiolabeled dose, open-labe,
single center, mass balance study. The study was conducted in accordance with Good Clinical
Practice guidelines and ethical principles that have their origin in the Declaration of Helsinki.
The study protocol was approved by the Midlands Independent Review Board (Overland Park,
KYS), and all subjects provided written informed consent before any study-related procedures
were performed. The radioactive dose of 100 uCi was chosen so that the radiation burden for
healthy volunteers remained below the allowable United States FDA whole body exposure limits
of 3000 mRem for a single dose of radioactivity. The single dose of 200 mg ABT-199 for this

open-label study was selected based on the clinical experience in other studies where doses up to
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200 mg were safely administered in healthy volunteers (Agarwal et al., 2016a; Salem et dl.,
20164a).

A total of four female subjectsin general good health, of non-childbearing potential, were
selected to participate in the study according to the selection criteria. On the morning of Study
Day 1, subjects received asingle oral dose of [**C]venetoclax approximately 30 minutes after
completion of a moderate-fat breakfast. Food increases venetoclax exposure by 3-5 fold and
venetoclax isindicated to be taken with meal to optimize the exposure. Therefore, venetoclax
was administered under fed conditionsin this study to mimic the clinically relevant conditions
(Salem et al., 2016a). The study drug, venetoclax (200 mg active, 100 microcuries (uCi)), was
administered orally via syringe as an approximately 4 mL liquid solution (polyoxyl 40
hydrogenated castor oil/polyethylene glycol 400 NF/purified oleic acid NF/USP, 1/1/8, w/w/w),
followed by approximately 240 mL of additional water. Subjects were confined to the study site
and supervised beginning on Study Day-1 and continuing through 216 hours after dosing and
completion of study activities. Subjects were released from the study site at any time after 216
hours post dose, once either of the following conditions was met: 1) greater than 90% of the total
radioactivity was recovered, or 2) less than 1% of the radioactive dose was recovered in two
consecutive 24-hour collection periods. For al subjects, blood sampling was completed after the
sample at 216 hours post-dose since greater than 90% of total radioactivity was recovered.
Blood samples were collected by venipuncture into vacutainer collection tubes containing di-
potassium ethylenediaminetetraacetate (K,-EDTA) at the following time points: 0 hour (predose),
05,1,2,3,4,5,6,8, 10, 12, 24, 36, 48, 72, 96, 120, 144, 168, 192 and 216 hours after

[**C]venetoclax dosing. Plasma was separated via centrifugation and stored at —70°C.
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Urine samples were collected predose and over the following intervals: 0 to 12, 12 to 24, 24 to
48, 4810 72, 72 t0 96, 96 to 120, 120 to 144, 144 to 168, 168 to 192 and 192 to 216 hours after
[**C]venetoclax dosing. Urine samples were collected into a collection jar containing
approximately 3 mL of Tween 20 to minimize non-specific binding with the container. Aliquots
of the urine were frozen and maintained at —20°C prior to total radioactivity determination and
metabolite profile and identification.

Fecal samples were collected predose (upon check-in before dosing) and over the following
intervals after dosing: 0 to 24, 24 to 48, 48 to 72, 72 t0 96, 96 to 120, 120 to 144, 144 to 168, 168
to 192 and 192 to 216 hours after dosing of [**C]venetoclax on Study Day 1. All fecal samples
collected during a collection interval were kept frozen at -20 °C prior to total radioactivity
analysis and metabolite profile and identification.

Total Radioactivity M easurement by Liquid Scintillation Counting (L SC)

All sample combustion was performed using a Modd 307 Sample Oxidizer (Packard Instrument
Company) and the resulting **CO, was trapped in Carbo-Sorb and mixed with Perma Fluor.
Oxidation efficiency was evaluated on each day of sample combustion by analyzing a
commercial radiolabeled standard both directly in scintillation cocktail and by oxidation.
Acceptance criteria were defined as combustion recoveries of 95 to 105%. Ecolite (+)
scintillation cocktail was used for samples analyzed directly. All samples were analyzed for
radioactivity in Model 2900TR or 2940TR liquid scintillation counters (Packard Instrument
Company) for at least 5 minutes or 100,000 counts. Each sample was homogenized or mixed
before radiocanalysis (unless the entire sample was used for analysis). All samples were analyzed
in duplicate if the sample size allowed. If results from sample replicates (calculated as **C

disintegrations per minute (dpm)/g sample) differed by more than 10% from the mean value and
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sample aliquots had radioactivity greater than 200 dpm, the sample was rehomogenized or
remixed and reanalyzed (if the sample size permitted). Scintillation counting data (counts per
minute (cpm)) were automatically corrected for counting efficiency using the external
standardization technique and an instrument-stored quench curve generated from a series of
sealed quenched standards.

Blood samples were mixed and duplicate weighed aliquots (approximately 0.2 g) were
combusted and analyzed by LSC. The representative lower limit of quantitation (LLOQ) for
blood was 96.6 ng equivalents/g. Plasma samples were mixed and duplicate weighed aliquots
(approximately 0.2 g) were analyzed directly by LSC. The representative LLOQ for plasmawas
82.5 ng equivalents/g. The urine samples were mixed and duplicate weighed aliquots
(approximately 0.2 g) were analyzed directly by LSC. The representative LLOQ for urine was
87.2 ng equivalents/g. Fecal samples were combined by subject at 24-hour intervals and the
weight of each combined sample was recorded. A weighed amount of ethanol/water (7/3, v/v)
was added and the sample was mixed. The sample was homogenized using a probe-type
homogenizer. Duplicate weighed aliquots (approximately 0.2 g) were combusted and analyzed
by LSC. The representative LLOQ for feces was 377 ng equivalents/g.

Sample Preparation for Metabolite Profiling

Plasma samples were thawed at room temperature and pooled across subjects per time point and
AUC pooled utilizing the Hamilton method (Hamilton et al., 1981). Plasma samples were
processed using a solid phase extraction (SPE) method. In brief, pooled plasma (5 mL/column)
was loaded onto a Water Oasis HLB column cartridge (6 g/35 cc, Waters Corporation, Milford,
MA) that was pre-activated with 20 mL of methanol followed by 20 mL of water. After the

sample was loaded, the column was washed with 25 mL of water. Analytes were eluted with 25
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mL of methanol, followed by 25 mL of acetonitrile twice. Organic fractions were combined and
concentrated to approximately 200 pL utilizing a combination of speed vac (Eppendorf,
Hamburg, Germany) and a stream of nitrogen in glass tubes. Samples were diluted with 200 uL
of DM SO and 100 pL of acetonitrile/water (1/1, v/v) before HPLC-M S-radioflow analysis. An
aliquot of the reconstituted sample was subjected to LSC analysis to determine the total
radioactivity recovery. The reconstituted sample (~200 pL) was manually injected for

HPLC-M S-radioflow analysis. The analytes were separated by HPLC, and the HPLC elute was
split (1/4, v/v) to a mass spectrometer for structural elucidation and an Agilent 1100 series
96-well fraction collector for determination of radioactivity of [**C]venetoclax and metabolites.
The radioactivity recovery in the processed plasma sample was ~84%.

Fecal homogenate were pooled across subjects at each time point prior to processing. The pooled
fecal samples were extracted with 20 mL of acetonitrile/methanol (1/1, v/v), followed by
centrifugation at 1875 g for 30 min at 4°C. The extraction was repeated twice, then once more
with half the volume (10 mL), followed by centrifugation each time. Aliquots of extracted
sample were subjected to LSC analysis for total radioactivity. All the supernatants were
combined and concentrated under nitrogen flow at room temperature in glass tubes. The
concentrated samples (~10 mL) were combined with 5 mL of DM SO. The resulting solution was
vortexed, sonicated and centrifuged. An aliquot was subjected to HPLC-M S-radioflow analysis.
Another aliquot of solution was subjected to LSC analysis for extraction recovery calculation.
The overall radioactivity recovery for fecal samples ranged from 65.2-91.2%.

Urine samples were not analyzed due to negligible radioactivity (<0.1% of the administered
dose) in the samples.

Method for Metabolite Profiling and I dentification

10
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Radiolabeled componentsin plasma or fecal samples were profiled following separation by
HPLC and detection by fraction collection into 96-well LUMA plates (Perkin EImer, Waltham,
MA) and subsequent radiocounting analysis using Perkin EImer TopCount NXT system. The
HPLC system consisted of a Thermo Accela UHPLC system (Thermo Scientific, Waltham, MA)
with Accela autosampler and 1250 Series binary pump. The HPLC system was interfaced with a
mass spectrometer. The HPLC eluent was split in aratio of 1 to 4; about 200 pL/min of flow was
diverted to mass spectrometer source and ~800 uL/min flow was collected using Agilent 1100
fraction collection system set at 0.32 min interval per well collection. The chromatographic
separation of metabolitesin plasmaand feces was achieved at room temperature on an
Phenomenex Synergi Polar-RP, 5 um, 4.6 x 250 mm HPLC column. Mobile phases were A: 25
mM ammonium formate aqueous solution, pH 3.5; and B: 100% acetonitrile. The flow rate was
maintained at 1.0 mL/min. The gradient was as follows. 0-5 min: 30%-40% B; 5-60 min: 40%-
50% B; 60-70 min: 50%-80% B; 70-80 min: 80% B; 80-82min: 80%-100% B; 82-85 min: 100%
B; 85-87 min: 100-30% B; 87-90 min: 30% B. Mobile phase A was changed to 25 mM
ammonium formate agueous solution, pH 6.5 for blank human plasma sample spiked with M27
in order to confirm the pH dependent on-column formation of degradation product from M27.
The high resolution MS and M S" acquisitions were performed with a Thermo Scientific LTQ
Orbitrap mass spectrometer, fitted with an ESI source. The mass spectrometer was set for a full
scan and data- or list-dependent scan modes with mass resolution at 30,000 for the full scan and
7500 for MS" scans. Typical source parameters were set as follows: sheath gas 45.0; auxiliary
gas 0; ESI Source +4500 Volts; capillary temperature 350°C; capillary voltage 37 V; tube lens
135 V. Theinstrument was calibrated daily using external calibration solution containing

caffeine, buspirone, and clarithromycin (1 uM in MeOH/H,0). Typica mass errors of analytes

11
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relative to theoretical masses are less than £ 5 parts per million (ppm) in daily operations.
Thermo Xcalibur 3.0.63 was used for MS data processing.

Phar macokinetic Calculations

Values for the pharmacokinetic parameters of total radioactivity, venetoclax, and M27 were
determined using noncompartmental methodsin SAS version 9.3 (SAS Institute Inc., Cary, NC).
Parameters that were estimated included the maximum plasma concentration (Crex), thetimeto
Crax (Tmax), the apparent terminal phase elimination rate constant (p), the terminal phase
elimination half-life (t2), and the area under the concentration-time curve from time O to the last
measureable time point (AUC;), 48 hours (AUCg.4s), and to infinite time (AUC,,).

M etabolism of Venetoclax by Human Fecal Homogenate.

Fresh fecal samples were collected from two healthy male volunteers. Aliquots of specimen
(approx. 1 gram) were placed into pre-weighed 15 mL centrifuge tubes with screw caps. The
sample tubes were kept in an AnaeroPouch (Mitsubishi Gas Chemical Company, Inc., Tokyo,
Japan) with a PouchAnaero anaerobic gas generating system and an RT Anaerolndicator before
transferring to a CO; filled Aldrich AtmosBag (glove bag) that was connected to a CO, cylinder
to create an anaerobic environment. An RT Anaerolndicator was placed inside the bag to
monitor the anaerobic conditions. Dulbecco's phosphate buffered saline (DPBS) was degassed by
bubbling nitrogen gas through the solution overnight. The fecal samples were diluted with DPBS
to a concentration of ~100 mg/mL under a CO, atmosphere. The samples were mixed by
vortexing to break up solid matter. An aliquot of fecal homogenate (1.5 mL) was added to a 2
mL Corning cryogenic vials containing 10 uM of venetoclax. The vials were capped, vortexed
and placed in an AnaeroPouch with a PouchAnaero anaerobic gas generating system and an RT

Anaerolndicator. The pouches were sealed before removing from the glove bag. The pouches

12
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containing the sample vials were placed in a 37°C water bath for 48 hour. Anaerobic conditions
were maintained throughout the study as shown by the RT Anaerolndicator. At the end of the
incubations, the samples were mixed with 1.5 mL of acetonitrile/methanol (3/1, v/v). After
centrifugation at 1875 g for 30 min (4°C) , aliquots of supernatants were injected for HPLC-MS
analysis.

M etabolism of Venetoclax and M5 by Recombinant CY P3A4.

Venetoclax and M5 was each incubated with recombinant CY P3A4 enzyme (Corning, NY) in
the presence of nicotinamide adenine dinucleotide phosphate (NADPH). The incubation mixture
(200 pL) included the substrate (20 uM for venetoclax and 100 uM for M5'), recombinant
CYP3A4 (100 pmol/mL) in 100 mM phosphate buffer at pH 7.4. After a5 minute pre-warm in
37°C water bath, NADPH was added to initiate the reaction (NADPH final concentration 1 mM).
Incubations were conducted in duplicate for 90 min for the incubations with venetoclax and 60
min for the incubations with M5. The reaction was stopped by the addition of 100 uL of
acetonitrile to the incubation mixture with venetoclax or 400 uL of acetonitrile/methanol (1/1,
v/V) to the incubation mixture with M5. The mixture was centrifuged at 1875 g for 30 min at
4°C. Aliquots of the supernatant were subjected to HPLC-M S analysis.

Quantitation of Venetoclax and M 27 in Plasma

Specific and sengitive bioanalytical assays have been developed and validated for the
guantitative determination of venetoclax in human plasma. The concentration of metabolite M27
was determined in human plasma sample using a non-validated method. Venetoclax and M27
were extracted from human plasma using the following liquid-liquid extraction technique: 100
ML of plasmawas mixed with 50 pL of internal standard (d8-venetoclax) prior to the addition of

600 pL of 1/1 (v/v) hexane/ethyl acetate. After extraction, approximately 400 pL of the organic
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layer was transferred to an injection plate for drying down under a stream of room temperature
nitrogen gas. The concentrated extract was reconstituted with appropriate reconstitution solutions
(/1 (v/v) acetonitrile/water for venetoclax; DM SO for M27) prior to being injected onto HPLC-
MS/MS. Detection was performed in the multiple reaction monitoring (MRM) mode at

m/z 868 — 321 for venetoclax, m/z 876 — 329 for d8-venetoclax (the internal standard of
venetoclax) and m/z 882 — 634 for M27. The chromatographic separation of the analytes from
the co-extracted matrix components was achieved with a reverse-phase analytical column
(Waters Atlantis dC18, 2.1x50 mm, 3 pum) running under isocratic condition (55/45 (v/v)
acetonitrile/water with 0.1% formic acid). Analysis was performed on AB SCIEX mass
spectrometers (4000 for venetoclax and 5500 for M27) (Applied Biosystems, Foster City, CA)
with a Turbo lon Spray interface operated under positive ion mode. The peak areas of all
components of interest were determined using Sciex Analyst™ software. The concentration of
each sample was calculated by least squares linear regression analysis of the peak arearatio
(compound / internal standard) of the spiked human plasma standards versus concentration.
Results

Plasma Concentration-Time Profiles

Following asingle oral 200 mg dose of [**C]venetoclax in human, the mean plasma
concentration-time profiles and pharmacokinetic parameters of total radioactivity, venetoclax
and its magjor metabolite, M27, are shown in Figure 1 and Table 1 respectively. Venetoclax
reached maximum plasma concentrations (Tmax) a amedian of 5 hours and had a mean Cx and
ty2 (terminal phase eimination half-life) of 1.4 pg/mL and 23 hours, respectively. The total
radioactivity-time profile was similar to that of venetoclax alone, but the AUC,, was greater

(35.4 ug-egqeh/mL versus 20.1 pgeh/mL), consistent with the presence of metabolites. The M27
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metabolite reached peak concentrations at approximately 12 hours and had aterminal phase
elimination half-lifeof ~59 hours.

Excretion of Radioactivity

The mean cumulative recovery of total radioactivity (as percentage of the administered dose) in
urine and feces after a single oral dose of 200 mg venetoclax containing 100 uCi [**C]venetoclax
to four healthy subjectsis represented in Figure 2. Mean (xS.D.) recovery of total radioactivity
through 216 hours post dose was 100% (£ 5% ) with recovery in individual subjects ranging
from 95 to 105%. The radioactivity was primarily eliminated in feces (100% * 5%). Less than
0.1% of the administered dose was eliminated in urine.

M etabolite Profiles of [**C]Venetoclax in Circulation and Excreta

Plasma. A representative HPL C radiochromatogram of [**C]venetoclax and its metabolitesin
pooled human plasma (using the Hamilton method with t = 0-48 hour) is shown in Figure 3.
Venetoclax was the primary component in plasma, representing 72.6% of total drug related
material within 48 hours. The peak at 69.3 minutes in the radiochromatogram (labeled as D in
Figure 3, m/z 898.2996) was also observed in blank human plasma spiked with M27 (Figure 4)
under acidic HPLC conditions (pH3.5). This peak disappeared when the pH of mobile phase was
changed from 3.5 to 6.5, suggesting that this component is not a product of in vivo metabolism
but appears to be an on-column degradation product from M27 under acidic conditions (pH3.5).
M27 was identified as a major human metabolite representing 12% of drug related material in
plasma (sum of M27 and D). The degradation product (D) exhibited a protonated molecular ion
at 898.2996 in electrospray positive ionization mode. The measured accurate mass suggested a
molecular formula of CysH47CIN;OgS’, with the addition of one oxygen atom to the M27

molecular formula. In the full scan mass spectrum, a pronounced in-source fragment at 880.2890
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(loss of water) was also observed. The collision induced dissociation of m/z 880 generated three
main fragments at m/z 650.2018, 565.1995, and 335.1133, which were assigned as indicated in
supplemental Figure 4. The fragment ions at 650.2018, 565.1995 and 335.1133 were 14, 12, 14
mass units more than the corresponding fragment ions of the parent compound, respectively.
Based on these MS? data, The degradation peak was proposed to be a product with a
hydroxylation/dehydrogenation at 3 position of piperazine ring and hydroxylation at 6 position of
cyclohexenyl ring. The formation mechanism of the degradation peak is proposed as shown in
Supplemental Figure 5. M27 under mild acidic condition could undergo hydrolytic cleavage via
nucleophilic addition of water and form carbinolamine intermediate leading to the formation of
degradation product. In addition, two early eluting peaks were detected, each representing <10%
of drug related material in plasma. These two early eluting peaks were retained in the column by
utilizing different chromatographic conditions. Under both positive and negative ionization
conditions, no ions were observed that could be related to the parent compound. Unambiguous
identification could not be made.

Feces

The representative HPL C radiochromatogram of pooled human fecesis shown in Figure 6. The
administered [ **C]venetoclax was primarily recovered in feces as metabolites (78.6% of the
administered dose), whereas 20.8% of the administered dose was recovered as the intact parent
drug. The mogt significant metabolites in feces were M 34 (oxidation, sulfation, and reduction of
nitrophenyl), M30 (reduction of nitrophenyl), and M 16 (oxidation and sulfation) representing
16.9%, 12.9% , and 8.7% of the administered dose, respectively. Other minor metabolites
detected in fecesincluded M2, M5, M14, M17, M18, M23, M27, M31, M32, M33, M35, M 36,

M37, Unknown 3 and Unknown 4, each representing <8.3% of the administered dose.
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Metabolites M3, M4, M7, M10, M19, M22, M24, M25, M38, M39, M40, M41, M42, M43, M44
and M45 were only detected by LC-MS. The unambiguous identification of Unknown 3 peak
could not be made, but it is thought that the metabolites comprising this region are polar
metabolites and could be originated from the release of sulfonyltetrahydropyranylmethylnitro-
aniline motif and further metabolism. The amount of venetoclax and metabolitesin feces,
expressed as the mean percentage of the administered dose, is tabulated in Table 2. The proposed
metabolic scheme for venetoclax in humansis shown in Figure 7.

Structural Characterization of Venetoclax and Metabolites

Metabolites of venetoclax were characterized using a combination of positive ionization high
resolution full scan MS and product ion scan (MS/MS) analyses (Supplemental Figure 1). The
chemical structures of metabolites M3, M5, M6, M 14, and M27 were confirmed by comparing
the chromatographic retention time and mass spectral fragmentations with that of the reference
standards. The chemical structures of M2 and M 18 were confirmed by one dimensional NMR
spectra (Supplemental Figure 2). Chemical structures of other metabolites were proposed based
on high resolution MS/M S fragmentation pattern analysis. The measured accurate masses and
characteristic fragment ions are listed in Table 3. The measured accurate masses and
characteristic fragment ions and descriptions for metabolites that were only detected by LC/MS
arelisted in Supplemental Table 1.

Venetoclax. Venetoclax yielded a protonated molecular ion [M+H] ™ at nvz 868.3264 (chemical
formula C4sHs:CIN;07S") in positive ion mode. Collision-induced dissociation of venetoclax
generated fragment ions at m/z 636.2235 (loss of chlorophenyldimethyl-cyclohexenyl moiety),

553.2363 (cleavage of amide bond with the loss of benzenesulfonamide moiety), 321.1346 (loss
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of chlorophenyltrimethyl-cyclohexenyl and benzenesulfonamide moieties), and 295.1553
(further loss of CO and plus 2H from nvVz 321.1346 ).

M2. M2 was detected in plasma and feces with a protonated molecular ion at my/z 884.3219.
The predicted molecular formulawas C4sHs:CIN,OsS"™ . Collision-induced dissociation of M2
generated major fragment ions at MYz 636.2224 and 321.1349, which were same (within 5 ppm
mass error) with the corresponding fragments from the parent drug. M2 was assigned as a
hydroxylated metabolite of venetoclax with hydroxylation occurring at methyl group of
dimethylcyclohexenyl moiety. The structure of M2 was further confirmed by one and two
dimensional NMR spectra

M5. M5 was detected in plasma and feces with a protonated molecular ion of m/z 884.3214.
M easured accurate mass data suggested the molecular formula of CysHs:CIN;OgS'. Collision-
induced dissociation of M5 generated the fragment ions at nv/z 866.3095 (loss of water),
636.2225 and 634.2072. The fragment ions at nVz 636.2225 and 634.2072 was same with or 2
mass units less than the corresponding fragments of the parent compound. M5 was assigned as a
hydroxylated metabolite of venetoclax with hydroxylation occurring at 6 position of
cyclohexenyl ring. The structure of M5 was further confirmed by comparing MS/MS
fragmentation pattern and chromatographic retention time with the reference standard.

M6. M6 was detected in plasma with a protonated molecular ion of nm/z 884.3220. Measured
accurate mass data suggested the molecular formula of CysHs;CIN,OgS'. Collision-induced
dissociation of M6 generated the fragment ion nm/z 652.2177; this fragment was 16 mass units
more than the corresponding fragment of the parent drug, suggesting that oxidation occurred at

pyrrolopyridinyloxypiperazinylbenzamide moiety. M6 was assigned as the piperazine-N-oxide of
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venetoclax. The structure of M6 was further confirmed by comparing MSM S fragmentation
pattern and chromatographic retention time with the reference standard.

M14. M14 was detected in feces with a protonated molecular ion at m/z 882.3057. M easured
accurate mass data suggested the molecular formula of CysH49CIN,OsS'. Collision-induced
dissociation of M14 generated the fragment ions at m/z 650.2025 and nvz 335.1135; these
fragments were 14 mass units more than the corresponding fragments of the parent drug,
suggesting the modification at the pyrrolopyridinyloxypiperazinylbenzamide moiety. M 14 was
assigned as a 2-ketopiperazine metabolite of parent drug. The structure of M 14 was further
confirmed by comparing MS/M S fragmentation pattern and chromatographic retention time with
the reference standard.

M16. M16 was detected in feces with a protonated molecular ion at m/z 964.2777. Measured
accurate mass data suggested the molecular formula of CssHs:CIN;01;1S;,". Collision-induced
dissociation of M 16 generated the fragment ions at myz 884.3198 (loss of SOs), 636.2230,
569.2311 and 321.1345. The fragment ions at 636.2230 and 321.1345 were consistent with the
corresponding fragments of the parent drug and the fragment ion at 569.2311 was 16 mass units
more than the corresponding fragment of the parent drug. These fragments suggested that
oxidation occurred at the chlorophenyldimethylcyclohexenyl moiety. M 16 was proposed to be a
hydroxylation and sulfation metabolite of parent drug.

M17. M17 was detected in plasma and feces with a protonated molecular ion at m/z 900.3185.
M easured accurate mass data suggested the molecular formula of CysHs:CIN;OgS'. Collision-
induced dissociation of M17 generated fragment ions at m/z 668.2135 and 321.1346. The
fragment ion at 668.2135 was 32 mass units more than the corresponding fragment of the parent

drug and the fragment ion at 321.1346 was consi stent with the corresponding fragment of the
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parent drug, suggesting that modification occurred at the tetrahydropyranylmethyl-
aminonitrophenylsulfonylamide moiety. M17 was proposed to be formed from oxidation at the
a-methylene position of the tetrahydropyranyl ring, followed by hydrolytic ring opening.

M18. M 18 was detected in feces and plasma with a protonated molecular ion at m/z 898.3020.
M easured accurate mass suggested the molecular formula of CasHa9CIN70gS'. Collision-induced
dissociation showed fragment ions at m/z 636.2232 and 321.1346; these fragments remained the
same (within 5 ppm) with the corresponding fragments of the parent drug, suggesting that
modification occurred at the chlorophenyldimethylcyclohexenyl moiety. M18 structure was
assigned as the cyclohexenyl carboxylic acid of parent drug. The structure of M18 was further
confirmed by one and two dimensional NMR spectra..

M23. M23 was detected in feces with a protonated molecular ion at m/z 916.3124. Measured
accurate mass suggested the molecular formula of CasHsCIN;,O4,0S". Collision-induced
dissociation of M23 showed fragment ion at m/z 898.2997, resulting from loss of H,O. M23 was
proposed to be the tri-hydroxylated metabolite of parent drug.

M27. M27 was detected in plasma and feces with a protonated molecular ion at n/z 882.3042.
M easured accurate mass suggested a molecular formula of CasH49CIN;OgS'. Collision-induced
dissociation of M27 showed fragment ions at m/z 864.2936 (loss of water), 634.2056, and
567.2184. The fragment ions at 634.2056 and 567.2184 were 14 mass units more than the
corresponding fragments of the parent drug, suggesting that modification occurred at
pyrrolopyridinyloxy-piperazinylbenzamide and chlorophenyldimethylcyclohexenyl moiety. M27
was assigned as the metabolite with oxidation at 6 position of cyclohexenyl ring followed by
cyclization at the a-carbon of piperazine. The structure of M27 was further confirmed by

comparing MS/M S fragmentation pattern and chromatographic retention time with the reference
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standard. With chiral separation, absolute stereochemistry of M 27 was determined to be one of
syn-configuration (10aR, 11aS) (Supplemental Figure 3).

M30. M30 was detected in feces with a protonated molecular ion at m/z 838.3519. Measured
accurate mass suggested a molecular formula of CysHs3CIN,OsS'. Collision-induced dissociation
of M30 showed the key fragment ions at m/z 606.2493, vz 321.1347, and m/z 295.1555. The
fragment ion at 606.2493 was 30 mass units less than the corresponding fragment of the parent
drug, suggesting the reduction of the nitrophenyl moiety to an aniline. M30 was tentatively
assigned as a nitro reduction metabolite of parent drug.

M31. M31 was detected in feces with a protonated molecular ion at m/z 854.3466. Measured
accurate mass suggested a molecular formula of CysHs3CIN,OgS'. Collision-induced dissociation
of M31 showed the key fragment ions at m/z 606.2488, vz 569.2312, m/z 321.1345, and nvz
295.1550 suggesting that mono-oxidation occurred at chlorophenyldimethylcyclohexenyl moiety,
followed by reduction of nitrophenyl moiety. M31 was proposed to be an oxidation and nitro
reduction metabolite of parent drug.

M32. A metabolite peak with a protonated molecular ion at nVz 854.3464 was observed in feces.
M easure accurate mass suggested the molecular formula of CysHs3CIN7O6S'. Collision-induced
dissociation of M32 showed the key fragment ions at m/z 836.3355 (loss of water) and m/z
606.2484. These data suggested that the mono-oxidation occurred at
chlorophenyldimethylcyclohexenyl moiety, followed by the reduction of the nitrophenyl moiety.
M 32 was proposed to be an hydroxylation and nitro reduction metabolite of parent drug.

M33. A metabolite peak with a protonated molecular ion at nVz 854.3464 was observed in feces.
M easured accurate mass suggested a molecular formula of CasHs3CIN;OsS'. Collision-induced

dissociation of M32 showed the key fragment ions at m/z 836.3354 (loss of water) and m/z
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606.2489. These data suggested that oxidation occurred at chlorophenyldi methylcyclohexenyl
moiety, followed by reduction of nitrophenyl moiety. M 33 was proposed to be an hydroxylation
and nitro reduction metabolite of parent drug.

M34. A metabolite peak with a protonated molecular ion at nYz 934.3040 was observed in feces.
M easured accurate mass suggested a molecular formula of CasHs3CIN7OgS;". Collision-induced
dissociaiton of M34 showed the key fragment ions at m/z 854.3462 (loss of SO3), m/z 606.2491,
m/z 569.2313 and nVz 321.1347. These data suggest that the oxidation occurred at
chlorophenyldimethylcyclohexenyl moiety, followed by sulfation and reduction of nitrophenyl
moiety. M 34 was proposed to be an hydroxylation, sulfation, and nitro reduction metabolite of
parent drug.

M35. A metabolite peak with a protonated molecular ion at nv/z 854.3464 was observed in feces.
M easured accurate mass suggested a molecular formula of CysHs3CIN;,OsS'. Collision-induced
dissociation of M35 showed the fragment ions at m/z 837.3220 (loss of water), m/z 606.2492, m/z
569.2314, m/z 321.1347, and nyz 295.1550, suggesting that oxidation occurred at
chlorophenyldimethylcyclohexenyl moiety, followed reduction of nitrophenyl moiety. M35 was
tentatively assigned as a hydroxylation and nitro reduction metabolite of parent drug.

M36. A metabolite peak with a protonated molecular ion at nv/z 870.3415 was observed in feces.
M easured accurate mass suggested a molecular formula of CysHs3CIN,O,S". Collision-induced
dissociation of M36 showed the key fragment ions at m/z 852.3302 (loss of water) and vz
606.2489, suggesting that di-oxidation occurred at chlorophenyldimethylcyclohexenyl moiety,
followed by reduction of nitrophenyl moiety. M 36 was tentatively assigned as a di-hydroxylation

and nitro reduction metabolite of parent drug.

22

20z ‘6T |Udy UOSeUINOr 13dSY e BIosfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on December 19, 2016 as DOI: 10.1124/dmd.116.071613
This article has not been copyedited and formatted. The final version may differ from this version.

DMD # 71613

M37. M37 was detected in feces with a protonated molecular ion at m/z 870.3416, suggesting a
molecular formula of C4sHs3CIN;07S". Collision-induced dissociation of M37 showed the key
fragment ions at m/z 852.3302 (loss of water), 834.3199 (loss of second water) and m/z 606.2489,
suggesting that di-oxidation occurred at chlorophenyldimethylcyclohexenyl moiety, followed by
reduction of nitrophenyl moiety. M37 was tentatively assigned as a di-hydroxylation and nitro
reduction metabolite of parent drug.

Quantification of M27 Following Multiple Oral Dosing in Human and Non-clinical Safety
Species

As M27 was determined to be amagor human metabolite, plasma concentration of M27 was
measured at steady state in human and non-clinical species in order to assess metabolite coverage.
In human, steady state plasma samples from CLL or NHL patients receiving multiple doses of
400 mg/day were selected for analysis. In two non-clinical species used in the toxicity
assessment of venetoclax, steady state plasma samples (5 days) at maximal tolerated dose (MTD,
600 mg/kg in mice and 100 mg/kg in dogs) were selected for analysis. The measured
concentrations (Crwx) and AUCs of M27 are listed in Supplemental Table 2. M27 exposure was
14.1 pgehr/mL in human. M 27 was also detected in mice and dogs but at lower exposure than in
human. M27 exposures were 0.760 and 1.27 pgehr/mL in mice and dogs, respectively. The
exposure multiples for M27 were calculated as 0.05x and 0.09x in mice and dogs, respectively.
Therefore, M27 is determined to be a disproportionate human metabolite per ICH M3 R2 and
FDA Guidance on Safety Testing of Drug Metabolites.

M etabolism of Venetoclax by Human Fecal Homogenate

A nitro reduction metabolite M 30 that was observed in human feces after asingle oral dose of

venetoclax was not detected in incubations of venetoclax in hepatic in vitro systems (liver
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microsomes, hepatocytes) under aerobic conditions. This experiment was conducted to evaluate
if M30 was formed by human gut bacteria. Venetoclax was incubated in freshly prepared human
fecal homogenate under anaerobic conditions. Extracted ion chromatograms of M30 and
venetoclax (Figure 8) showed that venetoclax underwent reduction of the nitrophenyl group to
form M 30 after a 48 hour incubation at 37°C. This result suggested that nitro reduction
metabolites observed in human feces after a single oral dose of venetoclax were likely formed by
human gut bacteria.

M etabolism of Venetoclax and M5 by Recombinant CYP3A4

In vitro enzyme phenotyping (CY Ps and FM Os) study with venetoclax suggested that CY P3A4
is the primary enzyme to metabolize venetoclax. Therefore CY P3A4 was used to investigate the
formation pathway of M27. Following in vitro incubations of venetoclax in recombinant
CYP3A4 enzyme, several oxidative metabolitesincluding M2, M3, M4, M5, M6, M14, and M 18
were identified. This was cong stent with the metabolites observed from incubations of
venetoclax in human liver microsomes (HLM). M27 was not detected from this incubation or
incubationsin HLM, which is likely due to the low turnover of venetoclax in hepatic in vitro
systems. However, M 27 was detected in in incubations of M5 with recombinant CY P3A4. Based
on these experimental data, M27 was proposed to be formed via mono-oxidation of venetoclax
on the 6-position of the cyclohexenyl moiety to give M5, followed by enzyme-mediated
cyclization at the a-carbon of piperazine (Figure 5).

Discussion

Following an oral administration of [**C]venetoclax in healthy subjects, mean total recovery was
100% (£ 5%) over 216 hours post dose. Feces was the major route of excretion, accounting for

~100% of the administered dose, while urinary excretion was minimal (<0.1% of the
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administered dose). The rate of excretion was rapid, with majority (~81%) of the administered
dose recovered within 96 hours. Excretion of the majority of the dose via feces is consistent with
that observed in preclinical species (mouse, rat and dog) in which the fraction of the dose
recovered in feces was aso high (79.1-93.6%, Manuscript in preparation).

Venetoclax iswell absorbed (>65% based on amounts of total metabolites minus M30 in feces)
with amedian T Of 5 hours after oral administration. The plasma concentration-time profile
for total radioactivity was similar to that of venetoclax alone (measured by LC-MS/MS), but the
AUC,, was greater, indicating the presence of metabolitesin circulation. Metabolite profiling
showed that unchanged parent drug was the magjor component, accounting for 72.6% of the total
drug related material in pooled plasma (AUCo.4s hours). TWO early eluting radiochromatographic
peaks (unknowns, as yet uncharacterized peaks), M27 (4-[(10aR,11aS)- 7-(4-chlorophenyl)-9,9-
dimethyl-1,3,4,6,8,10,10a,11a-octahydropyrazino| 2,1-b][ 1,3] benzoxazin-2-yl]-N-[ 3-nitro-4-
(tetrahydropyran-4-ylmethylamino)phenyl] sulfonyl-2-(1H-pyrrol o[ 2,3-b] pyridin-5-
yloxy)benzamide), and a peak eluted at 69.3 minutes were observed in pooled plasma. As
described in the Result section, the peak eluted at 69.3 minutes was determined to be an on-
column degradation product from M27 under acidic conditions (pH 3.5). M27 represented 12.0%
of total drug related material in plasma (combined area of M27 and its degradation product).
Two early eluting unknown peaks each represented less than 10% of total drug related material
in plasma. Evaluation of AUC,, data showed that the sum of venetoclax and M27 AUC values
(measured by LC-MS/M S method) was approximately 100% of the **C AUC,, (measured by
LSC) in plasma, indicating that the parent compound and M 27 accounted for a mgjority of the
total drug-related material, and two early eluting unknown peaks were minor metabolites with

insignificant contribution to overall AUC of radioactivity, and therefore, unlikely to contribute to
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pharmacological activity and cause safety concerns. M27 exhibited a protonated molecular ion at
882.3042 in electrospray positive ionization mode. Collision-induced dissociation of n/z 882
generated three main fragments at m/z 864.2936, 634.2056, and 567.2184, which were assigned
asindicated in Supplemental Figure 1. Several possible structures can be proposed based on the
LC-MS/MS data that include 1) the hydroxylation in the piperazine ring and desaturation of
cyclohexenyl moiety; 2) the desaturation of carbon-carbon bond of the piperazine ring and
hydroxylation in the cyclohexenyl moiety; 3)desaturation of C-N bonds of the piperazinering
followed by cyclization via hydroxylation group on the 6-position of cyclohexenyl moiety.
Several synthetic standards were made in order to confirm the chemical structure of M27. By
comparing MS/M S fragmentation patterns and chromatographic retention time with the synthetic
standards, it was confirmed M27 was formed through oxidation at 6 position of cyclohexenyl
ring (M5) followed by cyclization at the a-carbon of piperazine, which is consistent with the
third proposal. Enzymatically mediated fused ring formations are relatively uncommon, but have
been observed for other drugs (Liu et al., 2007) (Takahashi et al., 2015). The cyclization is
proposed to be driven by enzymatic nucleophilic (hydroxyl group) attack to electrophilic atoms
(iminium carbon) (Erve, 2008). In addition, chiral LC/M S analysis with synthetic standard also
confirmed that M 27 is one of the two syn-configuration stereoisomers. As demonstrated in the
PK profile, peak plasma concentrations of M27 were achieved at alater time point (12 hour post
dose) as compared to parent drug (5 hour post dose), and M27 exhibited alonger elimination
half-life (58.8 hr, approximately 2.5 fold longer than venetoclax), and is considered to be
elimination rate-limited with alow intrinsic clearance. M27 was primarily eliminated by
hepatobiliary route (1.3% of dose recovered in feces) in human. Relatively high plasmalevels of

M27 could be explained by the low intrinsic clearance of M27 consistent with long elimination
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half-life (ty»=~59 hours). M27 has been observed in steady state plasma samplesin mice and
dogs dosed at MTDs of venetoclax for 5 days but the exposure in human plasma at 400 mg/day
was not covered by those measured in mice and dogs, with metabolite coverage of 0.05x, and
0.09x, respectively. Based on these observations, M27 is a disproportionate metabolite in human
per ICH M3 (R2) and FDA Guidance on Safety Testing of Drug Metabolites. M27 is not
expected to be pharmacologically active in vivo asthein vitro potency is at least 58-fold less
than venetoclax (AbbVieinternal data). M27 was evaluated in a CEREP receptors binding panel
including more than 75 receptors, ion channels, transporters, and is not expected to have
clinically relevant off-target pharmacologic activity. In addition, M27 was negativein GLP in
vitro Ames and chromosome aberration assays. Based on the foregoing nonclinical safety data
indicating no additional safety risk for M27, aswell as clinical safety data indicating that all
findings are consi stent with the expected mechanism of action of venetoclax, further safety
evaluation for M27 was not conducted for the venetoclax indication of relapsed/refractory
chronic lymphocytic leukemia (CLL).

Venetoclax was primarily cleared by hepatic metabolism (~66% of the administered dose).
Biotransformation of venetoclax in human primarily involves enzymatic oxidation on the
chlorophenyldimethyl cyclohexenyl moiety to form M2 (2-((1H-pyrrol o[ 2,3-b] pyridin-5-yl)oxy)-
4-(4-((4'-chloro-5-(hydroxymethyl)-5-methyl-3,4,5,6-tetrahydro-[ 1,1'-biphenyl]-2-
yl)methyl)piperazin-1-yl)-N-((3-nitro-4-(((tetrahydro-2H-pyran-4-
yl)methyl)amino)phenyl)sulfonyl)benzamide), M 3 (4-[4-[[ 2-(4-chlorophenyl)-3-hydroxy-4,4-
dimethyl-cyclohexen-1-yl] methyl] pi perazin-1-yl]-N-[ 3-nitro-4-(tetrahydropyran-4-
ylmethylamino)phenyl] sulfonyl-2-(1H-pyrrol o] 2,3-b] pyridin-5-yloxy)benzamide), M4

(hydroxylation on chlorophenyldimethyl-cyclohexenyl moiety) and M5 (4-[4-[[2-(4-

27

20z ‘6T |Udy UOSeUINOr 13dSY e BIosfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on December 19, 2016 as DOI: 10.1124/dmd.116.071613
This article has not been copyedited and formatted. The final version may differ from this version.

DMD # 71613

chlorophenyl)-6-hydroxy-4,4-dimethyl-cyclohexen-1-yl] methyl] piperazin-1-yl]-N-[ 3-nitro-4-
(tetrahydropyran-4-ylmethylamino)phenyl] sulfonyl-2-(1H-pyrrol o[ 2,3-b] pyridin-5-
yloxy)benzamide). These hydroxylated metabolites undergo either further oxidation to generate
M18, M22, M25, and M27, etc. or sulfation to form M16. Venetoclax, its oxidative metabolites,
and M 16 also undergo nitro reduction to form reduction metabolites (M 30, M 34, etc.). M30 (2-
((1H-pyrrolo[ 2,3-b] pyridin-5-yl)oxy)-N-((3-amino-4-(((tetrahydro-2H-pyran-4-
yl)methyl)amino)phenyl)sulfonyl)-4-(4-((4'-chloro-5,5-dimethyl-3,4,5,6-tetrahydro-[ 1,1'-
biphenyl]-2-yl)methyl)piperazin-1-yl)benzamide), the reductive metabolite of venetoclax (~13%
of dose recovered in feces), showed similar physicochemical properties (lipophilicity, tPSA, etc.)
as venetoclax, but is not detected in plasma suggesting these nitrophenyl reduction metabolites
were likely not formed by the liver. Furthermore, M 30 was formed from venetoclax upon
incubations in freshly prepared human fecal homogenate under anaerobic conditions. This
suggested gut bacteria may be responsible for nitro reduction of venetoclax. It is postulated that
other nitro reduction metabolites including M 34 were also formed by gut bacteria from M16 or
venetoclax oxidative metabolites that were formed in the liver and excreted via bile into the feces.
Gut bacteria are responsible for the biotransformation of many endogenous and exogenous
molecules, usually involving reduction, hydrolysis, dehydroxylation, decarboxylation, etc.
(Sousaet al., 2008; Klaassen and Cui, 2015; Shen et al., 2016). Several marketed drugsincluding
nitrazepam, clonazepam, and misonidazol e have been reported to undergo gut bacteria mediated
nitro reduction resulting in the formation of primary amine metabolites (Koch et al., 1980; Elmer
and Remmel, 1984; Takeno et al., 1990). Clostridium and eubacterium have been identified
from human intestinal microbial flora as the anaerobic bacteria capable of producing

nitroreductases and reducing nitro aromatic compounds (Rafil et al., 1991). Gut bacteria
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mediated metabolism could lead to the formation of active or toxic metabolites, and therefore
affect pharmacokinetics and therapeutic outcome of the parent drug. Nitrazepam, mentioned
above, has been reported to induce teratogenicity via gut bacteria mediated reduction to 7-
aminonitrazepam, followed by hepatic acetylation forming 7-acetylaminonitrazepam (Takeno
and Sakai, 1991). The nitro reduction metabolites of venetoclax including M 30, M 34 were not
expected to cause systemic or local effect because 1) these nitro reduction metabolites were not
detected in human plasma, suggesting they are not absorbed to the systemic circulation following
the formation in the intestine; 2) the clinical safety findings of venetoclax are consistent with the
mechanism of action of venetoclax. 3) the structure-activity relationship anaysis suggests that
nitro reduction metabolites are significantly less pharmacological active as compared to
venetoclax. The total amount of unchanged parent drug and its reduction metabolite M30
excreted in feces could be due to unabsorbed parent drug or biliary elimination of parent drug. In
abile duct cannulated rat ADME study after a single 5 mg/kg oral dose of venetoclax
(Manuscript in preparation), about 14% and 65% of administered dose were recovered in bile
and feces, and about 0.9% of the dose in bile was recovered as unchanged parent drug, which
indicated that the unchanged venetoclax and M30 in human feces were likely due to unabsorbed
parent drug. In addition, consistent with the minimal urinary excretion of parent drug in urine,
mild and moderate renal impairment were found not to impact venetoclax exposuresin a
population pharmacokinetic analysis of 8 clinical studies (Jones et al., 2016).

In summary, this AME study with [**C]venetoclax in healthy female subjects showed a rapid and
good absorption of venetoclax (>65% of the administered dose), extensive metabolism, and
complete excretion (100% of the administered dose) through fecal route. Venetoclax was

predominantly cleared by metabolism, primarily through oxidation and further sulfation. Nitro
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reduction metabolites observed in feces were likely formed by gut bacteria. The major
disproportionate human metabolite M27 was not expected to have clinically relevant on- or off-

target pharmacological activity.
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Figures

Fig. 1. Mean (x SD) Plasma Concentration-Time Profiles for Total Radioactivity (ng-eg/g),

Venetoclax (ng/mL), and M27 (ng/mL) in Healthy Female Subjects After a Single Oral Dose of

200 mg of [**C]Venetoclax Containing 100 uCi Radioactivity (n=4)

Fig. 2. Mean (+ SD) Cumulative Percentage of Radioactive Dose Recovered in Urine and Feces

at Specified Intervals After a Single Oral Dose of 200 mg (100 pCi) of [*C]Venetoclax to
Healthy Femal e Subjects

Fig. 3. Representative HPLC Radiochromatogram of Venetoclax and Its Metabolitesin Time
Pointed Weighted Pooled Human Plasma (0-48 hour) After a Single Oral Dose of
[Y*C]Venetoclax

Figure 4. Representative HPLC Extracted lon Chromatogram of Blank Human Plasma Spiked
with M27

Figure 5. Proposed Formation Pathway of M27

Figure 6. Representative HPLC Radiochromatogram of Venetoclax and Its Metabolites In
Human Feces After a Single Oral Dose of [**C]Venetoclax (48-72 Hour Post Dose)

Figure 7. Proposed Metabolic Pathways of Venetoclax in Humans

Figure 8. HPLC M S Extracted lon Chromatogram of Metabolites Generated From In Vitro
Incubations of Venetoclax in Freshly Prepared Human Feces (48 hours) Under Anaerobic

Conditions

37

20z ‘6T |Udy UOSeUINOr 13dSY e BIosfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on December 19, 2016 as DOI: 10.1124/dmd.116.071613
This article has not been copyedited and formatted. The final version may differ from this version.

Tables

Tablel. Mean (% CV) Phar macokinetic Parameters of Venetoclax, M27 Metabolite and

Total Radioactivity in Plasma After a Single Oral Dose of [**C]Venetoclax

Venetoclax M27 Total Radioactivity

Parameter (N=4) (N=4) (N=4)

Trax. () 5(4-19) 12 (12-12) 5 (4-10)

Crnax (Mg/ML) 1.41(30) 0.28 (27) 1.57 (26.8)

ty2° (h) 23.3 (4.4) 58.8 (32) 20.1(68.7)
AUC; (ugeh/mL) 20.0 (35) 14.9 (32) -

AUC, (ugeh/mL) 20.1 (35) 15.8 (32) 35.4 (39.2)

% AUCeyq - - 10.5 (19.4)
AUCq.4gn (Lg-€geh/mL) -- -- 31.6 (38.4)

% Tmax IS presented as median (min — max).
® Harmonic mean (%CV).

Note: for total radioactivity, the units are pg-eq/mL for Cya and pg-eqeh/mL for AUC.
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Table 2. Percentages of Venetoclax and M etabolites” in Human Feces Following a Single

Oral Dose of 200 mg (100 uCi) of [**C]Venetoclax (n=4)

Matrix Feces Total
Hours 0-24 24-48 48-72 7296  96-120 120-144 144-168 0-168
Parent 1.06 4.57 10.13 226 0.83 1.29 0.69 20.8
M2/M17 MSMS/ MSMY ND/MS/ ND/MS/ ND/MS/

171 0.83 33
/M33* ND 0.8 MS MS MS
M5 MS 1.03 0.69 0.33 MS MS MS 20
M14 ND ND 0.43 0.48 MS ND ND 0.9
M16 ND ND 6.35 2.37 MS MS MS 8.7
M18 MS 1.07 1.89 ND ND MS ND 3.0
M23 ND 0.56 MS ND ND ND ND 0.6
M27 ND ND 1.19 0.15 MS MS MS 13
M30 ND 154 5.68 2.16 0.96 1.61 0.93 12.9
M31 ND MS 221 0.86 MS MS MS 31
M32 ND 155 1.95 0.57 MS MS MS 4.1
M34 ND MS 6.68 321 171 3.49 184 16.9
M35 ND MS 2.19 121 ND MS MS 34
M36 ND MS 2.74 ND MS MS MS 2.7
M37 ND MS 3.04 1.08 MS MS MS 4.1
Unk 3 ND 0.72 141 1.15 1.99 2.37 0.52 8.2
Unk 4 ND ND ND 0.86 ND ND ND 0.9
Others ND ND ND 2.49 ND ND ND 25
Total 1.06 11.8 48.3 20.0 5.49 8.76 3.99 99.4

ND = not detected; MS = detected by mass spec only *M2/M17/M 33 co-elute so data was reported together

@ Metabolites including M3, M4, M7, M10, M19, M22, M24, M25, M38, M39, M40, M41, M42, M43, M44, M45 were detected

by LC/MS.
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Table3. Molecular lonsand Characteristic Fragment lons of Venetoclax and M etabolites

in Human Plasma and/or Feces

ID [M+H]" [M+H]" A ppm M olecular Key Fragment lons (m/2)
(Theoretical) (Measured) Formula

A-1195425 868.3254 868.3264 11 CysHs1CIN,O;S" 636.2235, 553.2363, 321.1346,
295.1553

M2 884.3203 884.3219 18 CusHs1CIN;OgS" 636.2224, 321.1349

M5 884.3203 884.3214 12 CysHs1CIN,OgS" 866.3095, 636.2225, 634.2072

M6 884.3203 884.3220 18 CysHs1CIN;OgS" 652.2177

M14 882.3046 882.3057 11 CysH4gCIN,OgS" 650.2025, 335.1135

M16 964.2771 964.2777 0.6 C4sHs:CIN,01,S,"  884.3198, 636.2230, 569.2311,
321.1345

M17 900.3152 900.3185 3.7 CysHs1CIN;OgS" 668.2135, 321.1346

M18 898.2996 898.3020 2.7 CasHaoCIN,OoS"  636.2232, 321.1346

M23 916.3101 916.3124 25 CasHs:CIN,O0S"  898.2997

M27 882.3046 882.3042 -0.5 CasHaoCIN;OgS"  864.2936, 634.2056, 567.2184

M30 838.3512 838.3519 0.9 CusHs3sCIN;OsS™  606.2493, 321.1347

M31 854.3461 854.3466 0.6 CusHs3CIN;OsS™  606.2488, 569.2312, 321.1345,
295.1550

M32 854.3461 854.3464 0.3 CusHs3CIN,OsS™  836.3355, 606.2484

M33 854.3461 854.3464 04 CusHs3CIN;OsS"  836.3354, 606.2489, 604.2334

M34 934.3029 934.3040 11 CusHs3CIN;OgS,"  854.3462, 606.2491, 569.2313,
321.1347

M35 854.3461 854.3464 04 CusHs3CIN;OsS"  937.3220, 606.2492, 569.2314,
321.1347

M36 870.3410 870.3415 0.5 CasHssCIN,O,S"™  852.3302, 606.2489

M37 870.3410 870.3416 0.6 CasHssCIN,O,S"™  852.3302, 606.2489
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Figure 1
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Supplemental Figure 2.
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Supplemental Figure 3
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Supplemental Figure 4
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Supplemental Figure 5
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Supplemental Table 1

ID [M+H] [M+H]* Appm  Molecular Key Fragment lons (m/z)

Formula
(Theoretical) (Measured)

M3 884.3203 884.3222 2.1 CusHs:CIN,OgS*  866.3117, 636.2267

M4 884.3203 884.3220 1.8 CusHsiCIN,OgS*  636.2229, 321.1343

M7 842.3097 842309 0.2 CusHasCIN,O,S* 6102073

M10 898.2996 898.3007 0.3 CusHasCIN;OsS*  666.2003

M19 916.3101 916.3106 05 CusHs1CIN;O,S*  898.3000, 668.2128, 321.1343
M22 900.3152 9003173 2.3 CusHsiCIN,O,S*  882.3047

M24 900.3152 900.3159 0.8 CusHs1CIN,OS*  882.3050, 864.2951

M25 900.3152 900.3158 0.7 CusHsiCIN,O,S*  882.3047

M38 900.3152 9003179 3.0 CusHs1CIN,OS*  882.3025, 668.2057, 321.1333
M39 916.3101 916.3063  -4.1 CusHsiCIN;O4S*  898.2992

M40 916.3101 9163115 15 CusHsiCIN;OS*  668.2129, 321.1344

M41 916.3101 9163131 3.3 CusHsiCIN;O4S™  668.2119

M42 916.3101 916.3123 2.3 CusHsiCIN;O4S*  668.2110

M43 870.3410 870.3414 0.4 CusHssCIN,O,S*  852.3307, 638.2371, 553.2358
M44 570.2630 570.2632 0.3 CsHaCINSO,"  338.1611, 321.1343

M45 868.3254 868.3255 0.1 CusHsiCIN,O,S*  606.2484, 583.2104, 321.1345

M3. M3 was detected in plasma and feces with a protonated molecular ion of m/z 884.3222.

Measured accurate mass data suggested the molecular formula of C4sHs:CIN;OgS™. Collision-
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induced dissociation of M3 generated fragment ions at m/z 866.3117 and 636.2267, suggesting that
oxidation occurred at the chlorophenyldimethyl-cyclohexenyl moiety. M3 was assigned as a
hydroxylated metabolite of venetoclax with hydroxylation occurring at 3 position of cyclohexenyl
ring. The structure of M3 was further confirmed by comparing MS/MS fragmentation pattern and
chromatographic retention time with the reference standard.

M4. M4 was detected in plasma and feces with a protonated molecular ion of m/z 884.3220.
Measured accurate mass data suggested the molecular formula of C4sHs:CIN;OgS™. Collision-
induced dissociation of M4 generated fragment ions at 636.2229 and 321.1343, suggesting that
oxidation occurred at the chlorophenyldimethyl-cyclohexenyl moiety. The M4 structure was
tentatively assigned as a hydroxylated metabolite of venetoclax.

M7. M7 was observed in feces with a protonated molecular ion at m/z 842.3096. Measured
accurate mass data suggested the molecular formula of C43H49CIN,O;S". Collision-induced
dissociation of M7 generated a fragment ion at m/z 610.2073. M7 was tentatively assigned as a
metabolite with the loss of C,H, from the piperazine ring of parent drug.

M10. M10 was detected in plasma and feces with a protonated molecular ion at m/z 898.3007.
Measured accurate mass data suggested the molecular formula of C4sH49CIN;OgS™. Collision-
induced dissociation of M10 generated a fragment ion at m/z 666.2003, suggesting that
modification occurred at the pyrolopyridinyloxy tetrahydropyranylmethylamino
nitrophenylsulfonyl piperazinal benzamide moiety. M10 was tentatively assigned as a
dihydroxylation and dehydrogenation metabolite of parent drug.

M19. M19 was detected in feces with a protonated molecular ion at m/z 916.3106. Measured
accurate mass suggested the molecular formula of C4sHs;CIN;0410S™. Collision-induced

dissociation of M19 showed fragment ions at m/z 898.3000 (loss of water), m/z 668.2128 and m/z
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321.1343, Suggesting that oxidation occurred at the chlorophenyltrimethylcyclohexenyl moiety
and the dioxidation occurred at the tetrahydropyranylmethylaminonitrophenylsulfonylamide
moiety. M19 was proposed to be formed from tri-hydroxylation of parent drug.

M22. M22 was detected in feces with a protonated molecular ion at m/z 900.3173. Measured
accurate mass suggested the molecular formula of C,5Hs1CIN;OgS™. Collision-induced dissociation
of M22 showed the fragment ion at m/z 882.3047, resulting from loss of H,O. M22 was proposed
to be formed from di-hydroxylation of parent drug.

M24. M24 was detected in feces with a protonated molecular ion at m/z 900.3159, suggesting a
molecular formula of C45Hs:CIN70oS™. Collision-induced dissociation of M24 showed fragment
ions at m/z 882.3050 and m/z 864.2951, resulting from the loss of H,O. M24 was proposed to be
the di-hydroxylated metabolite of parent drug.

M25. M25 was detected in feces with a protonated molecular ion at m/z 900.3158, suggesting a
molecular formula of C4sHs;CIN;OgS™. Collision-induced dissociation of M25 showed the
fragment ion at m/z 882.3047, resulting from the loss of H,O. M25 was proposed to be formed
from di-hydroxylation of parent drug.

M38. M38 was detected in feces with a protonated molecular ion at m/z 900.3179, suggesting a
molecular formula of C45Hs;CIN;OoS™. Collision-induced dissociation of M38 showed fragment
ions at m/z 882.3025 (loss of water), m/z 668.2057 and 321.1333, suggesting that modification
occurred at the tetrahydropyranylmethylaminonitrophenylsulfonylamide moiety. M38 was
proposed to be a di-hydroxylation metabolite of parent drug.

M39. M39 was detected in feces with a protonated molecular ion at m/z 916.3063. Measured

accurate mass suggested a molecular formula of C45Hs:CIN;O4S™. Collision-induced dissociation
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of M39 showed fragment ion at m/z 898.2992 (loss of water). M39 was proposed to be a tri-
hydroxylation metabolite of parent drug.

M40. M40 was detected in feces with a protonated molecular ion at m/z 916.3115. Measured
accurate mass suggested a molecular formula of C45Hs:CIN;O1S™. Collision-induced dissociation
of M40 showed fragment ions at m/z 668.2129 and m/z 321.1344, suggesting oxidation occurred at
the chlorophenyltrimethylcyclohexenyl moiety and di-oxidation occurred at the
tetrahydropyranylmethylamino-nitrophenylsulfonylamide moiety. M40 was proposed to be a tri-
hydroxylation metabolite of parent drug.

M41. M41 was detected in feces with a protonated molecular ion at m/z 916.3131. Measured
accurate mass suggested a molecular formula of C45Hs;CIN;O1p. Collision-induced dissociation of
M41 showed fragment ion at m/z 668.2119, which suggested that oxidation occurred at the
chlorophenyltrimethylcyclohexenyl moiety and di-oxidation occurred at the pyrolopyridinyloxy
tetrahydropyranylmethylaminonitrophenylsulfonyl piperazinal benzamide moiety. M41 was
proposed be a tri-hydroxylation metabolite of parent drug.

M42. M42 was detected in feces with a protonated molecular ion at m/z 916.3123. Measured
accurate mass suggested a molecular formula of C45Hs:CIN;O1S™. Collision-induced dissociation
of M42 showed fragment ion at m/z 668.2110, which suggested that oxidation occurred at the
chlorophenyltrimethylcyclohexenyl moiety and di-oxidation occurred at the pyrolopyridinyloxy
tetrahydropyranylmethylaminonitrophenylsulfonyl piperazinal benzamide moiety. M43 was
proposed be a tri-hydroxylation metabolite of parent drug.

M43. M43 was detected in feces with a protonated molecular ion at m/z 870.3414, suggesting a
molecular formula of C4sHs3CIN;0,S™. Collision-induced dissociation of M43 showed the key

fragment ions at m/z 852.3307 (loss of water), m/z 638.2371 and m/z 553.2358, suggesting that the
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di-oxidation occurred at the tetrahydropyranylmethylaminoaniline sulfonylamide moiety, followed
by reduction of the nitrophenyl moiety. M43 was proposed be a di-hydroxylation and nitro
reduction metabolite of parent drug.

M44. M44 was detected in feces with a protonated molecular ion at m/z 570.2632, suggesting a
molecular formula of C33H3;CINsO;", a loss of 298 amu from the parent drug resulting from the
cleavage of the sulfonamide bond. Collision-induced dissociation of M44 showed the key
fragment ions at m/z 338.1611 (loss of chlorophenyltrimethylcyclohexenyl moiety) and m/z
321.1343. M44 was proposed to be a benzamide metabolite by the cleavage of sulfonamide.
M45. M45 was detected in feces with a protonated molecular ion at m/z 868.3255, suggesting a
molecular formula of C4sHs;CIN;0,S™. Collision-induced dissociation of M45 showed the key
fragment ions at m/z 606.2484, m/z 583.2104 and m/z 321.1345, which suggested that the di-
oxidation and dehydrogenation occurred at the chlorophenyltrimethylcyclohexenyl moiety. M45
was proposed be a di-hydroxylation, dehydrogenation, and nitro reduction metabolite of parent

drug.

19



DMD #71613 Supplemental data

Supplemental Table 2.

Crnax AUC .24 Exposure

Species: Dose  Compound  (ug/mL)  (ugehr/mL)  Multiples?

Mouse M27 0.062 0.76 0.05x
600 mg/kg/day

Dog M27 0.085 1.27 0.09x
100 mg/kg/day

Human M27 0.686 141

400 mg/day

 Exposure multiples were estimated by dividing steady state exposures in mouse or dog by human steady state

exposures at 400 mg dose. N=3 in each species.



