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Abrocitinib is an oral Janus kinase 1 (JAK1) inhibitor currently approved in the United Kingdom for the treatment

of moderate-to-severe atopic dermatitis (AD). As patients with AD may use medications to manage comorbidities,
abrocitinib could be used concomitantly with hepatic and/or renal transporter substrates. Therefore, we assessed
the potential effect of abrocitinib on probe drugs and endogenous biomarker substrates for the drug transporters

of interest. In vitro studies indicated that, among the transporters tested, abrocitinib has the potential to inhibit

the activities of P-glycoprotein (P-gp), breast cancer resistance protein (BCRP), organic anion transporter 3 (OAT3),
organic cation transporter 1 (OCT1), and multidrug and toxin extrusion protein 1 and 2K (MATE1/2K). Therefore,
subsequent phase |, two-way crossover, open-label studies in healthy participants were performed to assess the
impact of abrocitinib on the pharmacokinetics of the transporter probe substrates dabigatran etexilate (P-gp),
rosuvastatin (BCRP and OAT3), and metformin (OCT2 and MATE1/2K), as well as endogenous biomarkers for
MATE1/2K (Nl-methylnicotinamide (NMN)) and OCT1 (isobutyryl- -carnitine (IBC)). Co-administration with abrocitinib
was shown to increase the plasma exposure of dabigatran by ~ 50%. In comparison, the plasma exposure and renal
clearance of rosuvastatin and metformin were not altered with abrocitinib co-administration. Similarly, abrocitinib
did not affect the exposure of NMN or IBC. An increase in dabigatran exposure suggests that abrocitinib inhibits P-gp
activity. By contrast, a lack of impact on plasma exposure and/or renal clearance of rosuvastatin, metformin, NMN,

or IBC suggests that BCRP, OAT3, OCT1, and MATE1/2K activity are unaffected by abrocitinib.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THIS
TOPIC?

M Abrocitinib, a JAK1 inhibitor, is approved for the treat-
ment of moderate-to-severe atopic dermatitis. The potential for
drug—drug interactions between abrocitinib and drug trans-
porter substrates is unknown.

WHAT QUESTION DID THIS STUDY ADDRESS?

M In vitro studies and phase 1 clinical trials investigated
whether abrocitinib affected P-gp, BCRP, MATE1/MATE2K,
OAT1/OAT3, OATP1B1/OATPIB3, or OCT1/OCT?2 drug
transporter activity.

WHAT DOES THIS STUDY ADD TO OUR
KNOWLEDGE?

M This is the first study to identify clinical inhibition of
P-gp activity by abrocitinib. Abrocitinib did not affect BCRP,

OAT3,0CT1,and MATE1/2K transporter activity as assessed
by rosuvastatin and metformin pharmacokinetics in addition to
NMN and IBC.

HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY OR TRANSLATIONAL SCIENCE?

[ Caution should be exercised when abrocitinib is co-
administered with P-gp substrates with a narrow therapeutic
index. The NMN and IBC data add to the current body of
evidence and further support the utility of these compounds as
biomarkers for assessing MATE 1/2K and OCT1 transporter
activity.
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Atopic dermatitis (AD) is a common, chronic, inflammatory skin
disorder characterized by flaky skin lesions and intense pruritus.1
Several cytokines that require Janus kinase 1 (JAK]1) for signal
transduction have been implicated in AD pathophysiology, which
indicates that selective inhibition of JAKI may be a compelling
approach to treatment.” Abrocitinib, an oral, once-daily JAK1
selective inhibitor, is approved for the treatment of moderate-to-
severe AD in eligible patients.3_6 Abrocitinib has demonstrated
efficacy and safety, including rapid and persistent relief of itch,
in phase III trials.”” As patients with AD may use other medi-
cations to manage comorbidities,'? it is important to understand
whether abrocitinib interacts with drug transporters, and thus has
the potential to modulate the metabolism of currently available
medications.

Membrane drug transporters are expressed throughout the
body and mediate the cellular flux of both endogenous and ex-
ogenous substances.!! Several of these transporters, including
P-glycoprotein (P—gp; also called multidrug resistance protein 1
(MDRI1)), breast cancer resistance protein (BCRP), multidrug
and toxin extrusion protein 1 and 2K (MATE1/MATE2K), or-
ganic anion transporters 1 and 3 (OAT1/0AT3), organic anion
transporting polypeptide 1B1 and 1B3 (OATP1B1/OATP1B3),
and organic cation transporters 1 and 2 (OCT1/0OCT?2), are
known to interact with currently available drugs.lz’13

Clinical assessment of potential drug-drug interactions
(DDIs) has traditionally been conducted using exogenous probe
substrates for drug-metabolizing enzymes or drug transporters.
More recently, however, monitoring endogenous biomarkers
for drug transporters has been suggested as a potential alterna-
tive means of assessing DDI risk in vivo. 7Y Using endogenous
rather than exogeneous substrates as probes reduces the pill bur-
den on participants, can enable the assessment of multiple trans-
porters within the same clinical study, and may eliminate the
need to conduct a standalone clinical DDI study entirely.16’20 N
methylnicotinamide (NMN), a metabolite of niacin, is reported
to be an endogenous biomarker for assessing renal MATEIL,
MATE2K, and OCT2 activity,lg’zo’21 whereas isobutyryl—L—
carnitine (IBC) has been proposed as a potential surrogate for
the evaluation of hepatic OCT1 activity.w’zz’23

In this paper, we describe a series of preclinical iz vitro and
phase I clinical studies conducted to evaluate the potential effect
of abrocitinib on drug transporter inhibition by assessing the phar-
macokinetics of dabigatran etexilate, rosuvastatin, metformin, and
endogenous biomarkers. Dabigatran etexilate is a sensitive sub-
strate of intestinal P-gp and is the prodrug of the direct thrombin
inhibitor, dabigatran.M’zS Although only the prodrug is a P-gp
substrate, the plasma pharmacokinetics of the active moiety dab-
igatran can be used as a surrogate for changes in intestinal dabiga-
tran etexilate exposure. The B-hydroxy f-methylglutaryl-coenzyme
A (HMG-CoA) reductase inhibitor rosuvastatin is a substrate
of BCRP, OAT3, and OATP1B1/OATP1B3.2**” Metformin, a
biguanide analog indicated for type 2 diabetes mellitus, is a sensi-
tive substrate of MATE1/2K and OCT2.2**° Metformin is also a
substrate of OCT1. However, because its parent form mostly un-
dergoes renal elimination, modulation of OCT1 (a hepatic uptake
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transporter) has not been shown to significantly impact plasma ex-
posures of metformin.>! As such, the endogenous biomarker IBC
was assessed in ad hoc analyses to further evaluate the impact of
abrocitinib on OCT1 activity. NMN, an endogenous biomarker
for MATE1/2K and OCT?2 activity, was also assessed in this study

to correlate any changes in exposure with metformin, a common

12,32
drug probe for these transporters. 3

METHODS

In vitro studies
Methods underlying the iz vitro studies are presented in the
Supplementary Methodology.

Clinical study design and participants

All trials were reviewed and approved by the Independent Ethics
Committee for the investigational site and conducted in accordance with
the Helsinki Declaration of 1975.

Three phase I, two-way crossover, open-label studies in healthy par-
ticipants examined the potential of abrocitinib to impact the pharmaco-
kinetics of dabigatran (ClinicalTrials.gov Identifier: NCT03742336),
rosuvastatin (NCT03806101), or metformin (NCT03796182). Probe
drugs (dabigatran ectexilate (75 mg), rosuvastatin (10 mg), metformin
(500 mg)) were administered alone (reference) and in combination with
abrocitinib (200 mg; test), with a > 3-day washout period between probe
drug doses. In order to best evaluate transporter inhibition over the en-
tire assessment period, abrocitinib was administered once daily over the
pharmacokinetic sample collection interval mimicking clinical dosing.
However, in the dabigatran etexilate study, only a single dose of abroci-
tinib was administered, as the focus of this study was to assess potential
intestinal P-gp inhibition. Treatment schedules in each study are shown
in Figure 1.

Main inclusion criteria across the studies were: healthy female or
male participants a%ed 18-55 years of age (inclusive); body mass index
of 17.5-30.5 kg/m", and body weight of > 50 kg/110 Ibs. All partici-
pants provided informed written consent prior to enrollment. Main ex-
clusion criteria were: evidence/history of clinically significant disease;
evidence/history of clinically significant dermatological condition or
visible rash present during examination; any condition possibly affect-
ing drug absorption; use of prescription/nonprescription drugs and di-
etary or herbal supplements within 7-28 days or 5 half-lives (whichever
is longer) prior to the first dose of study medication; positive urine drug
test; and participants, who according to the substrate product label,
would be at increased risk if dosed with the substrate drug. Additional
patient lifestyle considerations are presented in the Supplementary
Methodology.

The sample size for each study was chosen based on the assumed intra-
participant variability to have adequate precision of the estimated effects.
A larger sample size was required for the dabigatran etexilate study given
its higher pharmacokinetic variability. Details of sample size calculations
are presented in the Supplementary Methodology.

Sample collection

Blood samples were collected in all three studies for plasma isolation.
Serial blood samples were collected during each period over 36 hours
after dose for dabigatran, metformin, and rosuvastatin plasma concentra-
tion analysis, respectively, and additionally at 48 and 72 hours after the
dose for rosuvastatin plasma concentration analysis. Serial blood samples
were also collected for up to 24 hours post-metformin dose for NMN
and IBC assessment. In addition, urine was collected for assessment of
rosuvastatin, metformin, and NMN concentrations. Detailed descrip-
tions of blood and urine sample collection timepoints are presented in
the Supplementary Methodology.
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NCT03742336: Dabigatran etexilate

Treatment A B

Day 1 2 3 1 2 3 4
Abrocitinib

Dabigatran

etexilate

NCT03806101: Rosuvastatin

Treatment A B
Day 1 2 3 4 5 4 5
Abrocitinib

Rosuvastatin m

NCT03796182: Metformin

Treatment A

Day 1 2 3 4

Abrocitinib

Metformin m

Figure 1 Treatment schedule for clinical pharmacokinetic studies. All studies were randomized, with a two-way crossover design. In each
study, participants were randomized 1:1 into 1 of 2 treatment sequences, in which treatment A was followed by treatment B or vice versa, with

a washout period between treatments.

Bioanalytical methodology for pharmacokinetic samples
Total dabigatran (including free dabigatran and dabigatran-acyl-p-D-
glucuronide) and stable isotope-labeled internal standard (SLIS) dab-
igatran-d7 were isolated from plasma using a solid phase extraction
procedure. Analyte concentration was measured relative to a dabigatran-
acyl-B-D-glucuronide reference standard of known concentration.
Following extraction and processing, samples were analyzed by high-
performance liquid chromatography tandem mass spectrometry (LC-
MS/MS) using an ACE 3 C18, 50 mm x 4.6 mm, 3 um column under
positive mode with a TurbolonSpray interface.

Rosuvastatin and SLIS rosuvastatin-d3 were isolated from plasma
using a liquid-liquid extraction procedure. After processing, samples were
analyzed by ultra-high performance LC-MS/MS using an ACE 3 C18,
30 mm x 3 mm, 3 pm column under positive mode with a TurbolonSpray
interface.

Rosuvastatin and its SLIS rosuvastatin-d3 were isolated from urine
using an automated liquid-liquid extraction procedure. After process-
ing, the samples were injected into LC-MS/MS using an ACE 3 C18,
30 mm x 30 mm, 3 pm column under positive mode with a TurbolonSpray
interface.

Metformin and SLIS metformin-D6 were extracted from tripotas-
sium ethylenediaminetetraacetic acid (K;EDTA) plasma by a protein
precipitation extraction procedure. Compounds were detected and
quantified by high-performance LC-MS/MS in positive ion mode with
a TurbolonSpray interface. Metformin and its SLIS metformin-D6
were extracted from urine by a dilution extraction procedure. The com-
pounds were detected and quantified by tandem mass spectrometry
in positive ion mode on an AB Sciex API 4000TM equipped with a
TurbolonSpray interface.

Bioanalytical methodology for biomarker measurements

Mass spectrometry-mediated quantification of NMN and IBC was
conducted according to Luo ez al***® Plasma and diluted urine sam-
ples were spiked with SLIS (D3-1-mcth?llnicotinamide iodide for
NMN; D,-isobutyryl-; -carnitine for IBC). ¢ Acetonitrile was added to
precipitate proteins before samples were centrifuged and placed in an
autosampler for direct injection onto the LC-MS/MS or LC-MS/high-
resolution mass spectrometry systems for NMN and IBC measure-
ments, respectively.'®*" Details of instrument calibration, inter- and

intra-day accuracy, and precision are presented in the Supplementary
Methodology.

Genotyping

In the rosuvastatin study, whole blood samples were collected for discrim-
ination of allelic variants of ABCG2 (421C>A (rs2231142) and 376C>T
(rs72552713)). Sample preparation and DNA extraction/genotype assays
are described in the Supplementary Methodology.

Statistical methodology and pharmacokinetic parameters
Plasma pharmacokinetic parameters were derived from the concentration-
time profiles using either the linear/log trapezoidal method or log-linear
regression analysis. Renal clearance was calculated as the cumulative
amount of drug recovered unchanged in urine divided by the area under
the concentration time curve (AUC). Actual pharmacokinetic sampling
times were used in the derivation of pharmacokinetic parameters.

Natural log transformed parameters (AUC from zero to infinity
(AUC, ; probe drugs), AUC from time zero to 24 hours (AUC, ;; endog-
enous biomarkers), maximum plasma concentration (C__ )) of each sub-
strate, and renal clearance (CL)) of rosuvastatin, metformin, and NMN
were analyzed using a mixed effect model with sequence, period, and
treatment as fixed effects and participant within sequence as a random
effect. Estimates of the adjusted mean differences (test-reference) and
corresponding 90% confidence intervals (Cls) were obtained from the
model. The adjusted mean differences and 90% ClIs for the differences
were exponentiated to provide estimates of the ratio of adjusted geomet-
ric means (test/reference) and 90% Cls for the ratios. Additionally, in
the metformin study, a Pearson correlation coefficient (r) was calculated
based on individual changes from baseline for metformin CL_ versus
NMN CL,

The safety population was defined as all participants who received at
least one dose of study drug. Safety data are summarized descriptively.

RESULTS
In vitro DDI risk studies
Risk assessment of the inhibitory potency of abrocitinib for 10

different drug transporters revealed potential clinical DDI risk for
P-gp, BCRP, OAT3, OCT1, and MATE1/2K (Table 1).
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Participant demographics

Twenty participants were enrolled in the dabigatran study, and
12 participants each were enrolled in the rosuvastatin and met-
formin studies. All participants completed their respective stud-
ies. All participants were healthy men between 24 and 51 years of
age (Table 2).

Pharmacokinetic data from all participants were included in the
analyses, except for two participants in the metformin DDI study.
These participants were excluded from urine pharmacokinetic
analysis (1 for metformin and 1 for NMN) due to protocol devi-
ations involving urine collection and processing occurring during
the abrocitinib + metformin treatment phase.

ABCG2 genotyping

Genotype data for ABCG2, the gene that encodes for BCRP,
were available for all participants enrolled in the rosuvastatin
study. All participants carried the wild-type alleles for /BCG2
376C>T. However, based on ABCG2 421C>A analyses, one par-
ticipant carried the alleles associated with reduced BCRP activ-
ity (421A/A).%* All others had genotypes associated with normal
BCRP function (421C/C (n = 7); 421C/A (n = 4)).

Probe drug and endogenous biomarker pharmacokinetics
The mean plasma concentration-time curves for dabigatran
(total), rosuvastatin, and metformin in the presence and absence of

abrocitinib are shown in Figure 2. Co-administration with abroc-
itinib increased AUC, ;and C___of dabigatran by 53% and 40%,
respectively, whereas rosuvastatin and metformin plasma exposure
and CL, were unaffected by co-administration with abrocitinib,
with the 90% Cls of the adjusted geometric mean ratios falling
wholly within the acceptance range of 80-125%. Consistent with
the overall rosuvastatin study population, no significant impact of
abrocitinib on rosuvastatin exposure was observed in the partici-
pant that had reduced BCRP activity based on ABCG2 genotype.
Pharmacokinetic parameters (AUCinP C,.o CL,timeto C__
(Tmax
and metformin each in the presence and absence of abrocitinib are
listed in Table 3.

The mean T curves for NMN and IBC after a single dose

of metformin alone and co-administered with abrocitinib are

), and terminal plasma half-life) for dabigatran, rosuvastatin):

shown in Figure 3. Co-administration of abrocitinib with met-
formin did not alter AUC,, or C__ of NMN (Figure 3a) or
IBC (Figure 3b) compared with metformin alone. As expected,
diurnal variation of NMN concentration was observed, as shown
in Figure 3a. The pharmacokinetic parameters for NMN and
IBC in the presence of metformin with and without abrocitinib
are listed in Table 4. The 90% ClIs for NMN and IBC adjusted
»4 C,.po and CL_(NMN only),
were wholly within the acceptance range (with the exception of

NMN C_ which fell slightly below the range), establishing

geometric mean ratios for AUC

Table 1 Assessment of perpetrator transporter DDI risk for abrocitinib

0.1 x molar 25 x| ok 50xC_ ...

Transporter ICqo (EM) K, (uM)? dose/250 mL (uM) kM) ®M) DDI criteria® DDI risk®
Intestinal

MDR1/P-gp 100 100 247 K; < (0.1 x Dose/250 mL)

BCRP 9.8 9.8 247 K; < (0.1 x Dose/250 mL) Y
Systemic

MDR1/P-gp 100 100 65 K; < (50 x Cmax,u) N

BCRP 9.8 9.8 65 Ki < (50 X Cpan ) Y

OATP1B1 > 300 > 300 228 K < (25 X 1y o) N

OATP1B3 > 300 > 300 228 K < (25 x Iin,max,u) N

OAT1 > 300 > 150 65 K <(50xC .. ) N

OAT3 26 26 65 K <(B50xC_ .. ) Y

ocT1 44 44 228 K < (25 X Iy max) M

0CT2 > 300 > 300 65 K< (50 xC,p ) N

MATE1 5.5 5.5 65 K <(50 %Gy ) Y

MATE2K 10.7 10.7 65 K <(50xC .. ) Y
BCRP, breast cancer resistance protein; C ., maximum plasma concentration; DDI, drug-drug interaction; I, ..., unbound maximum hepatic inlet concentration;
IC;,, half-maximal inhibitory concentration; K;, inhibition constant; MATE 1, multidrug and toxin extrusion protein 1; MATE2K, multidrug and toxin extrusion protein

2K; MDR1/P-gp, multi-drug resistance protein 1/P-glycoprotein; OAT 1, organic anion transporter 1; OAT 3, organic anion transporter 3; OATP1B1, organic anion
transporting polypeptide 1B1; OATP1B3, organic anion transporting polypeptide 1B3; OCT1, organic cation transporter 1; OCT 2, organic cation transporter 2.
@For MDR1/P-gp, BCRP, OATPs, OAT3, OCTs, and MATESs, the K; is estimated to be equal to the IC;, because the substrate concentrations used in these assays

were no more than one tenth of the reported K, values***?

and in-house K data (data available upon request). For OAT1 transporter, the K, is estimated to be

one-half of the IC5, because the substrate concentrations used in these assays were near the reported K values (data available upon request).
bEuropean Medicines Agency (EMA), Guideline on the investigation of drug interactions, CPMP/EWP/560/95/Rev.1 Corr.2, 2012. EMA guidelines were used
to determine clinical drug transporter DDI strategy as EMA guidelines are similar or more conservative compared to the US Food and Drug Administration (FDA)

guidelines.

°DDI risk assessments were based on an abrocitinib steady-state unbound plasma C
) was estimated to be 0.8 mg/mL (200 mg/250 mL) or 2.47 mM (MW 323.4). Theoretical
x k, x Dose/Q,)/B/P)) was estimated to be 9.1 pM, based on plasma fraction unbound (f,) = 0.36, blood/

in participants with atopic dermatitis. Theoretical gut concentration (I
liver inlet concentration (I =1, X (Cpax + ((

gut
afg

in,max,u max

of 404 ng/mL (1.3 pM) at a maximum clinical dose of 200 mg once daily

max

plasma ratio (B/P) = 1.07, fraction absorbed (fafg) = 0.91, absorption rate constant (k,) = 0.067/minute, and liver blood flow (Q,) of 1620 mL/minute.
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Table 2 Participant demographics

Dabigatran study (N = 20)

Rosuvastatin study (N = 12) Metformin study (N = 12)

Male, n (%) 20 (100)

12 (100) 12 (100)

Age, years

Median (range) 40.5 (26.0-50.0)

36.0 (26.0-47.0) 40.0 (24.0-51.0)

Mean £ SD 38.6 £7.92 36.5£6.02 39.0 £+ 8.42
Race, n (%)

White 14 (70.0) 10 (83.3) 10 (83.3)

Black or African American 3(15.0) 0 1(8.3)

Asian 3(15.0) 2 (16.7) 0

Native Hawaiian/other/Pacific Islander 0 0 1(8.3)

Other 0 0 0
Ethnicity, n (%)

Hispanic or Latino 0 0 1(8.3)

Not Hispanic or Latino 20 (100) 12 (100) 11 (91.7)
BMI, kg/m?, mean # SD 25.4 + 2.57 25.4 +2.97 25.8+2.84

BMI, body mass index.

that there was no DDI in the presence of abrocitinib. A positive
correlation was shown between individual participant ratios of
metformin and NMN CL,, with a Pearson correlation coeffi-
cient (r) of 0.64 (Figure 3c).

Safety

No serious or severe adverse events (AEs) were reported in any
of the pharmacokinetic studies. There were no AE-related dose
reductions or temporary discontinuations due to AEs. Incidence
of treatment-emergent adverse events (TEAEs) and treatment-
related adverse events (TRAESs) is shown in Table S1. TRAEs
that were reported in > 2 participants treated with abrocitinib
in the dabigatran study were abdominal discomfort and nausea
in two participants treated with dabigatran plus abrocitinib vs.
in one participant treated with dabigatran alone, and headache
in four participants treated with dabigatran plus abrocitinib vs.
in two participants treated with dabigatran alone; in the rosu-
vastatin study, these were nausea in two participants treated
with rosuvastatin plus abrocitinib; and in the metformin study,
these were diarrhea in four participants treated with metformin
plus abrocitinib vs. in three participants treated with metformin
alone. TEAEs that occurred were mainly mild in severity and
were spread evenly among treatment groups.

DISCUSSION

Preclinical 7 vitro studies described in this paper suggested the
potential for abrocitinib to inhibit several drug transporters, in-
cluding intestinal P-gp, BCRP, renal OAT3, MATEL, MATE2K,
and hepatic OCT1. Despite triggering DDI risk cutoffs set by
regulatory agencies, the subsequently conducted clinical studies
found no impact of abrocitinib on the exposure to rosuvastatin
and metformin. However, abrocitinib did increase the exposure
of dabigatran in healthy adult participants, when co-administered
with dabigatran etexilate, a P-gp substrate.

Rosuvastatin is a known probe substrate for intestinal and liver
BCRP and thus inhibition of BCRP is expected to increase rosu-
vastatin plasma concentration.> Single-nucleotide polymorphisms
for ABCG2, the gene encoding for BCRP, have been associated
with higher rosuvastatin AUC (~ 2-fold increase with 421A/A vs.
wild-type).” The magnitude of any potential change in rosuvasta-
tin exposure in the presence of abrocitinib could be limited in these
participants, although genotype did not appear to play a role given
the lack of DDIs with abrocitinib observed in the study. However,
the one participant who had the ABCG2 421A/A genotype did
have the highest rosuvastatin exposure in the study (~ 2-fold the
geometric mean). Rosuvastatin is also a substrate for OAT3, which
contributes to its active renal secretion, therefore inhibition of
OAT?3, located on the basolateral membrane of proximal tubule
epithelial cells, could further increase rosuvastatin plasma concen-
tration. However, given that CL _is not a major clearance pathway
of rosuvastatin, with only 10% of the parent drug recovered in urine
after oral dosing, the impact of OAT?3 inhibition on rosuvastatin
plasma concentration may be limited.* As such, rosuvastatin CL,
was selected as a marker for assessing changes in OAT?3 activity.

A recent study has demonstrated that probenecid, a recom-
mended index OAT?3 inhibitor, has a comparable effect on the CL
of both rosuvastatin and the prototypical OAT3 probe substrate
furosemide. The approximate five-fold (80%) decrease in CL, of
cither substrate in the presence of probenecid suggests that the CL
of rosuvastatin is a sensitive endpoint to assess inhibition of OAT3
in vivo.”® In the current study, rosuvastatin plasma AUC and CL_
were not impacted by co-administration with abrocitinib, indicat-
ing a lack of impact on OAT?3 or BCRP activity. In addition, these
results also confirm our 77 vitro data suggesting that abrocitinib is
not an inhibitor of OATP1B1/OATP1B3, given that rosuvastatin
is also a sensitive substrate for these drug transportcrs.26

In vitro, abrocitinib was shown to be a more potent inhibitor of
BCRP (half-maximal inhibitory concentration (ICy) = 9.8 uM)
compared with P-gp (IC,; = 100 pM). One may speculate on
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Table 3 Pharmacokinetics following the administration of a single dose of probe drug with and without co-administration of

abrocitinib (200 mg) in healthy adult participants

Ratio of abrocitinib + substrate vs.

Substrate Parameter Substrate alone?® Abrocitinib + substrate® substrate alone AGm (90% ClI)
Dabigatran AUC;;, ng hour/mL 295 (79) 447 (77) 1.53 (1.09-2.15)
(75 mg)
N =20
Cpnaxr NE/ML 30.2 (96) 42.3 (125) 1.40 (0.92-2.13)
T hour? 2.00 (1.00-2.02) 2.00 (1.00-4.03)
o hour® 8.93+2.28 8.04 + 0.80
Rosuvastatin AUC, ., ng-hour/mL 57.6 (40) 56.4 (42) 1.02 (0.93-1.12)°
(10 mg)
N=12
Cpnaxr NE/ML 5.38 (53) 5.31 (51) 0.99 (0.86-1.14)°
CL,, L/hour 14.6 (17) 13.3 (26) 0.91 (0.83-1.01)°
Taxr hour? 5.00 (2.00-5.00) 5.00 (2.00-6.00)
t, 5, hour” 16.4 £3.15 16.4 £ 5.14
Metformin AUC, , ng-hour/mL 5202 (19) 5050 (16) 0.93 (0.85-1.03)°
(500 mg)
N=12
Cpnaxr NE/ML 721 (20) 635 (14) 0.88 (0.81-0.96)°
CL,, L/hour 33.3(28) 32.2 (39)° 0.99 (0.82-1.18)°
Tonax: hour® 4.00 (1.00-4.00) 4.00 (2.00-4.00)
t,,, hour® 9.26 £ 3.52 8.32 +4.25

AGm, adjusted geometric mean; AUC,

inf?
maximum plasma concentration; T_ ., time to C

max; t1/2’

area under the concentration-time curve from time O to infinity; Cl, confidence interval; CL,, renal clearance; C
terminal plasma half-life.

max’

aGeometric mean (geometric % coefficient of variation) for all except median (range) for Tinax @nd arithmetic mean + SD for ty o

b
n=11.
°The 90% Cl contained within the acceptance interval of 80-125%.

why abrocitinib did not alter rosuvastatin exposures in contrast to
the DDI observed with dabigatran ctexilate. An important con-
sideration in the application of any static iz vitro predictive tool
is its translation #7 vivo. Although imperfect, the L,./1Cs, value
of > 10 criterion appears to better predict a potential P-gp DDI
than it does when applied to BCRP.>*¥ In fact, in the absence of
OATP1BI inhibition (which applies to abrocitinib), BCRP L./
IC, values of 100-1000 did not necessarily result in an observed
clinically meaningful DDI with rosuvastatin.

Co-administration of abrocitinib with metformin, a sensitive
MATE1/2K probe substrate primarily excreted unchanged in the
urine, did not affect metformin exposure or CL, indicating that
abrocitinib did not inhibit MATEI or MATE2K. In our clinical
metformin study, we also investigated the potential utility of two
endogenous compounds, NMN and IBC, as biomarkers for spe-
cific drug transporter activities.'*'#***! Although it was not nec-
essary to assess NMN, given that metformin is a sensitive substrate
for the same drug transporters, its inclusion in this study provided
an opportunity to gencrate additional data with this emerging
biomarker. Consistent with the pharmacokinetic findings for
metformin, co-administration of abrocitinib with metformin did
not alter the pharmacokinetics of NMN (also an MATE1/2K
substrate). The metformin and NMN pharmacokinetic results
were consistent with our 7z vitro data indicating that abrocitinib is
not an inhibitor of OCT2 as both metformin and NMN are also

OCT? substrates. Although there was no mean impact on met-
formin and NMN exposure, a positive correlation was observed
between the range of intra-participant changes in CL_ for NMN
and metformin (Pearson correlation coefficient = 0.64), further
supporting the role of this endogenous compound as a biomarker
for MATE1/2K and OCT?2 activity.

The é)harmacokinetics for IBC (an endogenous OCT1 sub-
strate)
and metformin (compared with metformin alone) indicating that

were not altered with co-administration of abrocitinib

abrocitinib is not a clinical inhibitor of OCT1. Given that acylcar-
nitine species, like IBC, are biosynthesized in the liver and trans-
port by OCT1 is bidirectional, decreased activity of OCT1 has
been shown to correlate with lower plasma IBC exposures.'***%
Although metformin is also a substrate for OCT1, modulation
of hepatic OCT1 activity has not been shown to significantly im-
pact plasma exposures of metformin as it is primarily eliminated
in urine in its parent form which makes IBC a more sensitive sub-
strate for evaluating OCTT1 activity.”’ Our endogenous biomarker
results with NMN and IBC were consistent with metformin re-
sults, all of which indicate a lack of abrocitinib-mediated MATEI,
MATE2K, OCT1, or OCT2 transporter inhibition, and add to
the body of evidence supporting the utility of NMN and IBC as
endogenous biomarkers for assessment of transporter activity.
Although metformin was administered in both test and reference
treatment phases, it has not been shown to alter the exposures of
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Figure 3 Mean (+ SD) plasma concentration-time curves for (a) NMN and (b) IBC.? Panel (¢) shows a scatterplot of individual ratios for
metformin CL, vs. NMN CLr.bCLr, renal clearance; IBC, isobutyryl-l-carnitine; NMN, Nl-methylnicotinamide; QD, once daily. ®Log plots were not
generated as NMN and IBC are endogenous compounds; bOnly 10 of the 12 study participants are included in this figure and contributed to
the Pearson correlation coefficient calculation due to missing metformin CL_or NMN CL, values for metformin + abrocitinib treatment period.

cither NMN'® or IBC (unpublished data) and is therefore not ex-
pected to impact the interpretation of the endogenous biomarker
results.

A single dose of abrocitinib co-administered with dabigatran
ctexilate (a sensitive P-gp probe substrate and prodrug of active
drug dabigatran)25 increased plasma exposure of total dabigatran
compared with dabigatran alone. MATE] and MATE2K have
been suggested to play important roles in the renal clearance of
dabigatran./*0 Although in vitro results suggested potential MATE1
and MATE2K inhibition with abrocitinib, no clinical DDIs with
the MATE1/2K substrate metformin were detected, indicating
that the observed increase in dabigatran plasma exposure iz vivo
was primarily due to P-gp inhibition.

In the dabigatran etexilate DDI study, a dose of 75 mg was ad-
ministered, which is lower than the recommended dose approved in
Europe and the United States for patients with normal renal func-
tion (150-300 mg).*> The magnitude of the interaction observed
with dabigatran etexilate at 75 mg would likely be comparable to
approved doses given that dabigatran pharmacokinetics are linear
across this dose range (up to 400 mg).41 Consistent with labeling
for dabigatran, wherein caution is advised for concomitant use of
dabigatran and other medications that cause P-gp interactions of
similar magnicude as abrocitinib (e.g., amiodarone and quinidine,
which also increase dabigatran exposures by 50—60%),25 caution
should be exercised for concomitant administration of abrocitinib
with dabigatran.

The clinical inhibition of P-gp by abrocitinib observed in the
dabigatran study has implications for the potential increase in
exposure of other P-gp substrates that have a narrow therapeutic
index (e.g., digoxin and cyclosporine). The systemic exposure of di-
goxin, for instance, can be modulated by inhibition of both intesti-
nal and/or systemic P-gp. As abrocitinib has a low risk of inhibiting

systemic P-gp transport (Table 1) and the absolute bioavailability
of digoxin is already high (~ 75-78%)** % and limited by the max-
imum of 100%, it is anticipated that the effect of abrocitinib on
digoxin concentrations would be modest with a maximum ~ 30%
increase in AUC assuming complete P-gp inhibition. Although
the impact of abrocitinib on digoxin pharmacokinetics has not
been formally evaluated, caution should be exercised when digoxin
and abrocitinib are co-administered.

The majority of DDI risks predicted by IC and inhibition
constant valued obtained in our i7 vitro studies did not manifest
in the subsequently conducted clinical pharmacokinetic studies.
This is not unexpected, as DDI risk thresholds according to reg-
ulatory guidelines are known to be conservative to limit false-
negative guidf:limf:s.16’32’45 In fact, a recent analysis suggested
that when using these criteria, ~ 30% of flagged DDIs are false-
positives.46 The discrepancy between preclinical and clinical re-
sults presented in this paper is in line with the growing notion
that phase I clinical studies using drug probes based on iz vitro
DDI risk assessments may be exposing human participants to
drugs unnecessarily.16 Therefore, assessment of endogenous bio-
markers for hepatic and/or renal drug transporters within sin-
gle or multiple ascending dose studies has the potential to help
identify false-positives in early clinical development, along with
the ability to assess DDI risk across a wide dose range. To our
knowledge, no ideal endogenous biomarkers for the assessment
of intestinal drug transporters (e.g., P-gp and BCRP) have been
identified.

Abrocitinib co-administered with a single oral dose of dabiga-
tran etexilate, rosuvastatin, or metformin was well-tolerated among
the small population of healthy volunteers enrolled in these stud-
ies. The rates of TEAEs were similar between the treatment peri-
ods within each study, and AEs were mild or moderate in severity.

Table 4 Pharmacokinetics of the endogenous biomarkers NMN and IBC following administration of a single dose of
metformin (500 mg) with and without the co-administration of abrocitinib (200 mg) in healthy adult participants

Metformin alone

Abrocitinib + metformin

Ratio of abrocitinib + metformin vs.

Pharmacokinetic parameter N=12° N=12° metformin alone AGm (90% Cl)
NMN

AUC,,, ng-hour/mL 159 (41) 171 (40) 1.08 (0.98-1.19)°

Cnaxs NE/ML 17.2 (40) 15.8 (42) 0.92 (0.79-1.07)

CL,, L/hour 31.9 (28) 31.2 (26)° 0.96 (0.89-1.05)°

Toaxe hour 0.50 (0.00-23.8) 0.50 (0.00-23.8)
IBC

AUC,,, ng-hour/mL 1187 (56) 1122 (52) 0.95 (0.85-1.05)°

Cnaxs NE/ML 59.7 (56) 56.6 (55) 0.95 (0.85-1.06)°

T .., hour 16.0 (0.00-23.8) 14.0 (0.00-23.8)

max’

AGm, adjusted geometric mean; AUC,,,,

confidence interval; CL, renal clearance; C__,

area under the plasma concentration-time profile from time O to the quantifiable concentration 24 hours post-dose; Cl,
maximum plasma concentration; IBC, isobutyryl- -carnitine; NMN, Nl-methylnicotinamide; T

max imeto C .

2Geometric mean (geometric % coefficient of variation) for all except median (range) for Tnax-

b
n=11.
°The 90% Cl contained within the acceptance interval of 80-125%.
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Limitations

Although study recruitment was open to both women and men,
these phase I clinical trials included men only. The literature
suggests that there are no substantial sex differences in intes-
tinal P-gp activity,” and thus an interaction of similar magni-
tude to what we observed in men with dabigatran ctexilate in
the presence of abrocitinib would be expected in women. Any
potential differences in BCRP, MATE1/2K, OAT3, or OCT1
activity by sex would not be of concern given the lack of clinical
DDIs observed with substrates of these transporters. As car-
riers of the SLC22A41 (OCT1) genotype associated with high
OCT]1 activity were shown to have approximately three-fold
higher plasma IBC concentrations compared to those with low
OCT1 activity,” there is a potential impact on the interpre-
tation of any DDI observed with OCT1 substrates. SLC22.41
genotype was not retrospectively assessed as part of the IBC ad
hoc analyses in the metformin study given that abrocitinib was
not shown to alter IBC exposure.

Due to study design limitations, these clinical pharmacoki-
netic analyses were conducted in an overtly healthy population.
Drug transporter DDI assessment with acute treatment in healthy
participants may not be generalizable to chronic treatment in pa-
tients with AD and comorbidities. Studies to determine whether
there are differences in transporter activity between healthy par-
ticipants and those with AD are lacking. However, in most cases,
drug transporter activity is reduced in the inflammatory state; thus,
assessment of potential transporter inhibition is likely to be more
sensitive in healthy volunteers.*®

CONCLUSIONS

Abrocitinib inhibited the clinical activity of P-gp, thereby in-
creasing the exposure of dabigatran. However, in discordance
with iz vitro data, abrocitinib did not clinically impact the ac-
tivity of BCRP, OAT3, OCT1, or MATEL/2K transporters, as
evidenced by a lack of change in exposure and/or CL_of rosu-
vastatin, metformin, NMN, or IBC. In these phase I clinical
studies, co-administration of abrocitinib with dabigatran etexi-
late, rosuvastatin, or metformin was well-tolerated with no clin-
ically significant safety issues in healthy adult participants. Our
findings also add to the body of evidence supporting the utility
of NMN and IBC as endogenous biomarkers for assessment of
transporter activity.

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical
Pharmacology & Therapeutics website (www.cpt-journal.com).
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