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Evaluating Potential Disease-Mediated Protein-Drug
Interactions in Patients With Moderate-to-Severe Plaque
Psoriasis Receiving Subcutaneous Guselkumab
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Amarnath Sharma'

This open-label, multicenter, phase | therapeutic protein-drug interaction study was designed to evaluate the potential effect
of guselkumab, a fully human anti-interleukin-23 immunoglobulin G1 lambda monoclonal antibody, on the pharmacokinetics
of a cocktail of representative cytochrome P450 (CYP) probe substrates (midazolam (CYP3A4), S-warfarin (CYP2G9), omepra-
zole (CYP2G19), dextromethorphan (CYP2D6), and caffeine (CYP1A2)). Fourteen participants with psoriasis received a single
subcutaneous dose of guselkumab 200 mg on day 8 and an oral probe cocktail on days 1, 15, and 36. Blood samples were
collected for measuring plasma concentrations of these probe substrates on days 1, 15, and 36. No consistent trends in ob-
served maximum plasma concentration and area under the curve from time 0 to infinity values of each probe CYP-substrate
before (day 1) and after guselkumab treatment (days 15 and 36) could be identified in each individual patient, suggesting
that the use of guselkumab in patients with psoriasis is unlikely to influence the systemic exposure of drugs metabolized
by CYP isozymes (CYP3A4, CYP2C9, CYP2G19, CYP2D6, and CYP1A2). The probe cocktail was generally well-tolerated when
administered in combination with guselkumab in patients with psoriasis.

Clinicaltrials.gov Identifiers: NCT02397382.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Therapeutic proteins (TPs) that modulate cytokine con-
centrations and activity can indirectly influence expres-
sion of cytochrome P450 (CYP) isoenzymes and may alter
CYP-mediated metabolism of concomitantly adminis-
trated small molecule drugs. An in vitro study1 and two
phase | studies®® were previously conducted to assess
if interleukin (IL)-23 modulates the expression or activ-
ity of multiple CYP isoenzymes (including CYP1A2, 2C9,
2C19, 2D6, and 3A4). These results suggest that potential
TP-drug interactions between guselkumab and drugs me-
tabolized by CYP450 could be low.

WHAT QUESTION DID THIS STUDY ADDRESS?

This phase | study evaluated whether treatment with
guselkumab, which selectively binds and inhibits IL-23,

Psoriasis is a chronic inflammatory disease affecting 1-3%
of the world’s popula’rion.4 Traditional systemic therapies
for psoriasis have not fully met patients’ needs.’ Highly ef-
fective antibody-based or fusion protein-based biologics
targeting key inflammatory mediators have been developed
for psoriasis treatment.® Based on their mechanisms of ac-
tion, biological psoriasis therapies can be classified as: (i)

affects CYP450 isoenzyme activity in patients with mod-
erate-to-severe psoriasis.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
Subcutaneous administration of guselkumab to pa-
tients with psoriasis has no effect on the pharmacokinet-
ics (PK) of the evaluated CYP substrates.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOL-
OGY OR TRANSLATIONAL SCIENCE?

These results suggest that guselkumab can be used
for the treatment of psoriasis without significant PK in-
teractions with drugs metabolized by CYP3A4, CYP2C9,
CYP2C19, CYP2D6, or CYP1A2.

T-cell modulating agents, (ii) tumor necrosis factor (TNF)-a
antagonists, (iii) interleukin (IL)-12/23 and/or IL-23 inhibitors,
and (iv) IL-17 inhibitors.*”

Guselkumab (Tremfya, Janssen Research & Development,
Spring House, PA) is a fully human immunoglobulin G1
lambda (IgG12) monoclonal antibody (mAb) that selectively
binds and inhibits IL-23, a critical driver of pathogenic T
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cells in chronic plaque psoriasis. Clinical trials have demon-
strated that guselkumab had favorable efficacy and safety
profiles for the treatment of moderate-to-severe plaque
psoriasis.® 10

As a fully human IgG1A mAb, guselkumab is expected
to be metabolized in the same manner as any other en-
dogenous IgG antibody (degraded into small peptides and
amino acids via catabolic pathways) and subject to similar
routes for elimination. Therefore, the likelihood of direct
therapeutic protein (TP)-drug interaction occurring during
co-administration of guselkumab and other concomitant
small molecule medications is assumed to be low. In line
with this, clinically relevant information has been published
about potential TP-drug interactions,'?™'® and supports
that mAbs do not elicit a direct effect on the metabolic/
clearance pathways of small molecular therapeutics.
However, the immunomodulatory properties of mAbs may
indirectly alter the clearance of certain small molecules
through noncatabolic hepatic metabolism pathways.'*'®

An in vitro study' using cryopreserved human hepatocytes
to assess whether IL-12 and/or IL-23 modulate the expres-
sion or activity of multiple cytochrome P450 (CYP) enzymes
(i.e., CYP1A2, CYP2B6, CYP2C9, CYP2C19, CYP2D6, and
CYP3A4) suggested that TP-drug interactions between
guselkumab and CYP450 substrates are unlikely. However,
in vitro studies may have limitations in predicting clinical in-
teractions between TPs and small molecule drugs..17

To confirm these findings, we conducted a phase | study
in patients with moderate-to-severe plaque psoriasis to
determine if blocking IL-23 with guselkumab for treat-
ment of psoriasis would clinically alter the metabolism of
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probe substrates metabolized by CYP isozymes (CYP3A4,
CYP2C9, CYP2C19, CYP2D6, or CYP1A2).

METHODS

Study design

This was an open-label, multicenter, phase | drug inter-
action study (ClinicalTrials.gov identifier: NCT02397382)
designed to evaluate the potential effect of a single
subcutaneous (s.c.) dose of guselkumab 200 mg on
the pharmacokinetics (PK) of a cocktail of represen-
tative probe substrates of CYP isozymes (midazolam
(CYP3A4), S-warfarin (CYP2C9), omeprazole (CYP2C19),
dextromethorphan (CYP2D6), and caffeine (CYP1A2). All
participants were to receive a single s.c. dose of gusel-
kumab 200 mg on day 8 and an oral probe cocktail on
days 1, 15, and 36 (Figure 1). The 200-mg guselkumab
dose was selected because it was twofold higher than the
100-mg dose selected for the guselkumab phase Il pso-
riasis s;’[udies,s’9 and serum guselkumab concentrations
were expected to be maintained at a high level through
week 4. All components of the probe cocktail included in
this study were reported to be systemically cleared within
7 days after a single oral administration. Therefore, the
likelihood of systemic probe CYP-substrate exposures
carried over from previous probe cocktail administrations
(i.e., on day 15 following administrations on day 1, and on
day 36 following administrations on day 15) is low. The
day-15 visit (i.e., 1 week after guselkumab administra-
tion) was chosen because this time point was expected
to reflect the approximate time to reach the maximum

observed concentration (T _,) following guselkumab
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Figure 1 Study design.
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s.c. administration on day 8, which would allow time for
occurrence of any potential CYP isozyme induction or in-
hibition. The day-36 visit (i.e., 4 weeks after guselkumab
administration) was chosen because, based on the ter-
minal half-life (t,,) of ~ 18 days for guselkumab, serum
guselkumab concentrations would still be high enough
to provide additional time to detect any potential indi-
rect effect of guselkumab on CYP isozyme induction or
inhibition.

There was no formal hypothesis to be tested for this trial.
Therefore, no formal sample-size power calculation was
performed. Approximately 18 patients were planned to be
enrolled in this study such that at least 12 patients would
be anticipated to complete the day-40 assessments for the
PK of probe CYP-substrates. The total duration of study
participation was ~ 17 weeks, including a screening visit
up to 4 weeks prior to first probe cocktail administration, 4
inpatient visits during the study (1 each on days 1, 8, 15,
and 36), and study visits on days 64 and 92. The study was
conducted at seven investigational sites in the United States
from June 2015 to August 2016. It was conducted in ac-
cordance with applicable laws and regulations, the current
International Council for Harmonization guidelines for Good
Clinical Practices, and the Declaration of Helsinki. The study
protocol and amendments were reviewed and approved by
institutional review board/governing ethical bodies. Written
informed consent was obtained from all participants prior to
enroliment.

Patients

Eligible participants were men or women age > 18 years
with a diagnosis of moderate-to-severe plaque-type psori-
asis (with or without psoriatic arthritis) for at least 6 months
before day 1. Other key inclusion criteria were Psoriasis
Area and Severity Index (PASI) > 12, Investigator’s Global
Assessment (IGA) > 3, involved body surface area > 10%
at screening, and patients had to be candidates for photo-
therapy or systemic treatment for psoriasis (either naive or
history of previous treatment).

Patients were excluded if they had a history of or current
signs or symptoms of severe, progressive, or uncontrolled
renal, hepatic, cardiac, vascular, pulmonary, gastrointesti-
nal, endocrine, neurologic, hematologic, bleeding disorder,
rheumatologic, psychiatric, or metabolic disturbances;
had previously received guselkumab; had received any
anti-TNF therapy within the longer of 3 months or 5 half-
lives; had received any therapeutic agent directly targeted
to IL-17 or IL-23 within the last 6 months; had received
natalizumab, belimumab, or agents that modulate B cells
or T cells (e.g., rituximab, alemtuzumab, abatacept, or
visilizumab) within the last 12 months; had received any
systemic immunosuppressants (e.g., methotrexate, aza-
thioprine, cyclosporine, 6-thioguanine, mercaptopurine,
mycophenolate mofetil, or tacrolimus) or anakinra within
the last 4 weeks; had received phototherapy or any sys-
temic medications/treatments within the last 4 weeks or
topical medications/treatments within the last 2 weeks
that could affect psoriasis or IGA evaluations; had re-
ceived an experimental antibody or biologic therapy within
the last 6 months or any other experimental therapy or
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new investigational agent within the last 30 days or 5 half-
lives; had received omeprazole, esomeprazole, warfarin,
dextromethorphan, or midazolam within the last 2 weeks;
used medications that are known inhibitors or inducers
of CYP3A4, CYP2C9, CYP2C19, CYP2D6, or CYP1A2
within 1 month prior to baseline (except for oral cortico-
steroids); had consumed any foods or beverages known to
be inducers or inhibitors of CYP3A4, CYP2C9, CYP2C19,
CYP2D6, or CYP1A2 (such as grapefruit/grapefruit juice,
Seville oranges (e.g., marmalade), vegetables from the
mustard green family (e.g., kale, broccoli, watercress, col-
lard greens, kohlrabi, Brussel sprouts, mustard greens),
charcoal grilled meats, star fruit, and apple juice) within
96 hours prior to baseline; consumed caffeine containing
products within 48 hours prior to baseline; or consumed
alcohol within 72 hours prior to baseline. Of note, smok-
ers (< 20 cigarettes/day) were permitted in the study to be
more reflective of the population.

Cytochrome P450 genotyping

A single blood sample was obtained at screening from each
patient to determine eligibility for the study. DNA samples
were genotyped forcommon polymorphismsin the CYP2C9,
CYP2C19, and CYP2D6 genes to identify poor metabolizers
to CYP2C9, CYP2C19, and CYP2D6 (Covance Laboratory,
Indianapolis, IN): for CYP2C9, patients were screened for
the presence of *2 and *3 alleles; for CYP2C19, patients
were screened for presence of *2, *3, and *4 alleles; and
for CYP2D6, patients were screened for the presence of *9,
*10, *17, *29, and *41 alleles. Genetically determined poor
metabolizers of CYP2C9, CYP2C19, or CYP2D6 substrates
(i.e., patients who did not have at least one functional allele
for CYP2C9, CYP2C19, and CYP2D6) were excluded from
participation because these patients had little or no cata-
lytic activity to metabolize probe substrates.

Interventions
Guselkumab was supplied as a sterile, preservative-free,
clear, colorless-to-light yellow solution assembled in a
1-mL single-use prefilled syringe assembled with a pas-
sive needle-guard. The formulation comprises 100 mg/mL
guselkumab, containing L-histidine, L-histidine monohydro-
chloride monohydrate, polysorbate-80, sucrose, and water
for injection at pH 5.8.'8

The probe cocktail consisted of oral doses of 0.03 mg/kg
midazolam, 10 mg warfarin (+ 10 mg vitamin K), 20 mg ome-
prazole, 30 mg dextromethorphan, and 100 mg caffeine.
The probe cocktail used in this study was expected to have
no mutual interactions among the individual medications.®

Drug administrations

Prior to each probe cocktail administration on days 1, 15,
and 36, patients were to have fasted overnight for at least
8 hours; however, water was permitted until 2 hours prior
to dosing. Each probe cocktail was to be administered
orally with a total of 240 mL water, which was used to
rinse the probe cocktail container prior to administration.
Two hours after probe cocktail administration, consump-
tion of nonprohibited food and beverages could resume.
All patients had to remain in a semi-supine position (~ 30°
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upper body elevation) for ~ 1 hour after ingesting the
probe cocktail. Patients had to remain seated during and
for a minimum of 4 hours after administration of the probe
cocktail. On Day 8, guselkumab was administered as a
single s.c. dose of 200 mg (2 injections, 100 mg each)
at a recommended injection-site (lower abdomen, upper
thigh, or upper arm).'®

PK sample collection

Blood samples were collected for analysis of plasma
concentrations of midazolam, S-warfarin, omeprazole, dex-
tromethorphan, and caffeine prior to administration of the
probe cocktail and at 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, and
24 hours following the administration of the probe cocktail on
days 1, 15, and 36. Additional blood samples were collected
for analysis of plasma concentrations of S-warfarin at 48, 72,
and 96 hours following each probe cocktail administration.
Blood samples for analysis of serum guselkumab concentra-
tions were collected prior to guselkumab administration on
day 8, prior to probe cocktail administrations on days 1, 15,
and 36, and on days 64 and 92.

Bioanalytical methods

Plasma samples were analyzed to determine concentrations
of midazolam, S-warfarin, omeprazole, dextromethorphan,
and caffeine using validated, specific, and sensitive liquid
chromatography-mass spectrometry/mass spectrometry
methods. The lower limits of quantitation (LLOQ) were 5,
20, 0.1, 0.05, and 1 ng/mL, respectively, for S-warfarin, caf-
feine, midazolam, dextromethorphan, and omeprazole;
the accuracy (%Bias) values across the assays were within
+ 12%; and the precision (percentage coefficients of varia-
tion (%CV)) values across the assays were < 7.3% (Frontage
Laboratories, Exton, PA). Serum guselkumab concentrations
were quantified using a validated electrochemiluminescence
immunoassay method. The lowest quantifiable concentration
for a sample was 0.01 pg/mL (LLOQ multiplied by the mini-
mum required dilution of 1:10).2°

PK analyses

The PK parameters of each probe CYP-substrate follow-
ing each probe cocktail administration were calculated
from the plasma drug concentration over time data using
noncompartmental analyses?’ implemented in Phoenix
WinNonlin (version 6.3; Pharsight; a Certara Company, St.
Louis, MO). All calculations were based on actual sampling
times. For estimation of PK parameters, plasma concentra-
tions below the LLOQ were assigned a value of 0 if they
preceded the first quantifiable sample in the profile. Any
other values below the LLOQ were set to “missing.” The
area under the curve (AUC) values were calculated using a
combination of linear and logarithmic trapezoidal methods:
the linear trapezoidal method was used before T_ . and the
logarithmic trapezoidal rule was used after T__ . Linear re-
gression of the log-linear portion of the terminal phase was
used to estimate the terminal rate constant (1,). A minimum
of three data points at the terminal phase, not including the
maximum concentration (C_ ), were used in calculating
A,. Any measurable plasma concentration values occur-
ring after consecutive samples that were below the LLOQ
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at the terminal portion of the profile, were not used for the
estimation of A,. The calculated PK parameters for probe
CYP-substrates included, but were not limited to, C_ .,
Tax area under the curve from time 0 to infinity (AUC, ),

and t,,.

Statistical analysis

Descriptive statistics, including arithmetic mean and
standard deviation (SD), were used to summarize plasma
concentration-time data and derived PK parameters of
each probe CYP-substrate. Concentrations below LLOQ
were to be treated as zero in the summary statistics. For
the descriptive statistics, PK parameters, including C_ .,
Tax AUC, , and t, ,, were to be excluded if: (i) the dose
amount of the probe CYP-substrate could not be veri-
fied; (ii) the baseline (predose) concentration was > 10%
of the C, .. value; (iii) the concentration-time profiles were
abnormal; (iv) the concentration-time data points were in-
sufficient for noncompartmental analysis; and/or (v) the
probe CYP-substrate concentration values were iden-
tified as outliers using the Dixon test®? at a significance
level of 0.01. In addition, PK parameters of AUC, . and t,,,
were to be excluded from descriptive statistics if: (i) the
adjusted coefficient of determination (RQ) values of the
terminal data points were < 0.80; or (ii) the percentage of
extrapolated AUC after the last quantifiable plasma con-
centration (%AUC, ;) exceeded 25% of the AUC, ; value.
The geometric mean ratios (GMRs) of C_ .. and AUC, . were
calculated and the 90% confidence intervals (Cls) were
estimated for each probe CYP-substrate: day 15 (1 week
after guselkumab treatment) vs. day 1 (before guselkumab
treatment) and day 36 (4 weeks after guselkumab treat-
ment) vs. day 1. Only patients with available paired data
(both before and after guselkumab administration) were in-
cluded in the comparisons. The P values for exact median
tests?® were provided to evaluate the difference in median
T.ax Values between day-15/day-36 and day 1. Of note,
this was not a statistically powered study; therefore, the
results from the statistical analysis should be interpreted
with caution.

Clinical efficacy and safety evaluations

Efficacy assessments, such as IGA and PASI, were con-
ducted from the screening period through day 64 for all
patients who received at least one dose of guselkumab.
Safety assessments, such as type, incidence, and se-
verity of treatment-emergent adverse events (TEAEs),
injection-site reactions, vital sign measurements, clinical
laboratory test results, pulse oximetry, electrocardio-
gram, and physical examinations, were performed from
the screening period through day 92 (~ 12 weeks after
guselkumab administration) for all patients who received
at least 1 dose of probe cocktail or guselkumab.

RESULTS

Patient disposition and demographics

A total of 16 patients with moderate-to-severe psoria-
sis, genotyped to exclude poor metabolizers of CYP2C9,
CYP2C19, and CYP2D6 were enrolled and received
probe cocktail on day 1. Overall, patients had a mean age



Table 1 Patient disposition

Patients enrolled and treated, n

Patients received probe cocktail on day 1 16
Patients received guselkumab on day 8 14
Patients received probe cocktail on day 15 13
Patients received probe cocktail on day 36 12
Patients completed study 12

Reason for discontinuation, n (%)

Adverse event 1 (6.3)P
Death 0(0.0)
Lost to follow-up 1(6.3)*°
Noncompliance with study drug 0(0.0)
Physician decision (difficulty in blood draw) 1 (6.3)a'd
Pregnancy 1(6.3)*°
Protocol violation 0 (0.0)
Study terminated by sponsor 0 (0.0)
Technical problems 0 (0.0)
Withdrawal by patients 0(0.0)
Product quality complaint 0(0.0)
Other 0(0.0)

*The percentage is based on the total number of patients who were enrolled
and received probe cocktail administration on day 1.

PDiscontinued on day 17.

°Discontinued on day 87.

9Discontinued on day 7.

°Discontinued on day 20.

of 43 years (range 18-68 years), body weight of 96 kg
(range 58-150 kg), and body mass index of 35 kg/m?
(range 21-51 kg/m?). Among these patients, 14 received
guselkumab and 12 completed the study. Four patients
discontinued for various reasons (Table 1).

Exposure to guselkumab

A total of 14 patients received a single s.c. administration of
guselkumab 200 mg on day 8. The mean serum guselkumab
concentrations were 15.47 pg/mL (range 7.47-23.77 pg/mL;
N = 14) on day 15 and 5.69 pg/mL (range 0.01-11.03 pg/mL;
N =12) on day 36, indicating that patients were exposed to
guselkumab when receiving the CYP probe cocktail. Serum
guselkumab concentrations were still quantifiable (mean:
0.53 pg/mL (range 0.01-1.34 pg/mL) on day 92. Of note, the
t,, of guselkumab is ~ 18 days in patients with psoriasis.?*

PKs of probe CYP450 substrates

Mean plasma concentration-time profiles for each probe
CYP-substrate following probe cocktail administrations
on day 1 (1 week prior to guselkumab treatment), and on
days 15 and 36 (1 and 4 weeks, respectively, after gusel-
kumab treatment) are plotted on a semilogarithmic scale in
Figure 2. Descriptive statistics for the derived PK param-
eters of each probe CYP-substrate before and after probe
cocktail administrations are summarized in Table 2. Of note,
among the 16 patients who received probe cocktail on day
1, 3 patients received an unverified dose of midazolam on
day 1; 2 patients received unverified doses for midazolam
on day 15; and 1 patient received an unverified dose of mid-
azolam on day 36. PK parameters of midazolam from these
patients were, therefore, excluded from the analyses. In
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addition, PK parameters for any probe CYP-substrate were
excluded from the analyses if the parameters met any of the
exclusion criteria described in the Methods section.

Overall, the mean plasma concentration-time profiles be-
fore and after guselkumab treatment were superimposed for
each individual probe CYP-substrate, and the estimated PK
parameters for each individual probe CYP-substrate were
also generally comparable before and after guselkumab
treatment. Of note, the interpatient variability in PK parame-
ters of omeprazole was moderate-to-large (%CV up to 53%
for C,. and 68% for AUC, ). The interpatient variability in
PK parameters of dextromethorphan were even larger (% CV
for C_,,and AUC, . were > 100%). Nevertheless, considering
interpatient variability in PK, the plasma concentration-time
profiles and estimated PK parameters for omeprazole and
dextromethorphan were generally comparable before and
after guselkumab treatment.

The GMRs (day-15/day-1 and day-36/day-1) with 90%
Cls for exposure parameters (C_ . and AUC, ) of each
probe CYP-substrate are summarized in Table 3. Of note,
only patients with available paired data (i.e., both days 1 and
15, or days 1 and 36) were included in the comparisons.
The GMRs for C_ . and AUC, , of midazolam, S-warfarin,
omeprazole, and caffeine ranged from 0.90-1.14 and
0.96-1.19, respectively. These ratios indicate that changes
in C.x and AUC, ; values of these probe CYP-substrates
were within £ 20% before and after guselkumab treatment.
The GMRs for C__, and AUC, ; of dextromethorphan for day-
36/day-1 were 1.33 (90% CI 0.55-3.18) and 1.24 (90% CI
0.46 — 3.31), respectively. The numerically higher C__. and
AUC, , values of dextromethorphan on day 36 vs. day 1 were
likely attributed to the large interpatient variability in PK of
dextromethorphan (i.e., %CV for C__ and AUC, ;> 100%).
The mean T __ values of midazolam, S-warfarin, omepra-
zole, dextromethorphan, and caffeine was not affected by
guselkumab treatment (all P values of exact median test?®
for the difference in median T, between day 15 and day 1,
or day 36 and day 1 were > 0.05; data on file).

No consistent trends could be identified for each individ-
ual AUC, ; values of each probe CYP-substrate, including
dextromethorphan, before (day 1) and after guselkumab
treatment (days 15 and 36; Figure 3). Similarly, no consis-
tent trend could be identified for individual C_ . values of
each probe CYP-substrate, including dextromethorphan,

before and after guselkumab treatment (data on file).

Clinical efficacy

The PASI and IGA data from this study indicated that
the majority of patients experienced substantial clinical
improvement in their psoriasis after a single s.c. adminis-
tration of guselkumab 200 mg (Table 4). On day 64 (i.e.,
8 weeks following guselkumab administration), 9 of 12 pa-
tients (75.0%) achieved at least 75% improvement in PASI
score from baseline (PASI 75) and 8 of 11 patients (72.7%)
achieved an IGA score of clear (0) or minimal (1).

Safety and tolerability

The probe cocktail was generally well-tolerated when ad-
ministered alone or in combination with guselkumab to
patients with psoriasis. A total of 10 patients reported at
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Figure 2 Arithmetic mean (x SD) plasma concentration-time profiles of: (a) midazolam, (b) S-warfarin, (c) omeprazole, (d)
dextromethorphan, and (e) caffeine before and after treatment with guselkumab. SD, standard deviation

least 1 TEAE: 4 patients who received probe cocktail only
(after day 1 but before receiving guselkumab on day 8), 1
patient who received guselkumab only (received gusel-
kumab on day 8 but before receiving probe cocktail on day
15), and 5 patients who received probe cocktail after re-
ceiving guselkumab (after receiving probe cocktail on day
15; data on file). The rate of TEAEs reported during the pe-
riod of treatment with probe cocktail in combination with
guselkumab (38.5%) was slightly higher than that for treat-
ment with probe cocktail alone (25.0%); overall, there was
no pattern suggestive of a meaningful difference in TEAEs
between treatment with probe cocktail alone and in combi-
nation with guselkumab. The majority of TEAEs were mild
or moderate in intensity. No clinically significant changes
were observed for vital signs, electrocardiogram, physical
examinations, and/or laboratory parameters.

DISCUSSION

The formation of CYP450 enzymes can be altered by in-
creased levels of certain cytokines (e.g., IL-1, IL-6, IL-10,
TNFa, and interferon) during chronic inflammation.'® For
example, sirukumab, which targets IL-6 directly, and tocili-
zumab, which targets the IL-6 cell surface receptor, could
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reverse suppression of CYP enzyme activity in vitro or in
vivo. In patients with rheumatoid arthritis, effects of siru-
kumab on midazolam (CYP3A4-substrate), omeprazole
(CYP2C19-substrate), and S-warfarin (CYP2C9-substrate)
were observed,16 and effects of tocilizumab on simvastatin
(CYP3A4-substrate) and omeprazole (CYP2C19-substrate)
were also reported.”® Consequently, TP-drug interaction
studies are important for determining the effects of ther-
apeutic monoclonal antibodies that target or modulate
cytokines on CYP enzymes.'?2% Although recent studies
reported that tildrakizumab and risankizumab (other IL-
23p19 inhibitors) did not have any clinically meaningful
effects on CYP metabolism,?® the implication of these
study results to guselkumab is questionable because
guselkumab has different binding affinity to the p19 sub-
unit of human IL-23, distinct PK profile, and different
dosing regimen when compared with tildrakizumab and
risankizumab.26-28

This study was conducted in patients with psoriasis to
evaluate whether blocking IL-23p19 with guselkumab would
alter the metabolism of probe substrates for CYP isozymes.
Although a single-dose of guselkumab was used, the dose
selected (200 mg) was twofold higher than the therapeutic
dose level (100 mg) approved in patients with psoriasis.18
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Day 1 (1 week before initiating

Day 15 (1 week after initiating

Day 36 (4 weeks after initiating

Substrate/parameter guselkumab) guselkumab guselkumab)
Midazolam

N 13 1 1

C e NG/ML 13.2 (7.0) 14.6 (6.8) 15.2 (8.0)

Toaxe hOUr 1.0 (0.5; 3.0) 0.5(0.5; 1.1) 1.0 (0.5; 1.6)

AUC, ;. ng-hour/mL 49.8 (24.0) 51.2 (22.9) 51.5 (23.1)

t,,,, hour 7.3(1.9) 7.4 (2.7) 7.0 (2.0)
S-Warfarin

N 16 13 12

Conax: NG/mL 582.9 (159.7) 618.7 (132.7) 540.0 (142.5)

Tnaxe NOUF 1.8 (0.5; 3.0) 1.5 (0.5; 4.0) 1.6 (0.5; 3.1)

AUC, ;, ng-hour/mL 18398.2 (6037.8)* 20774.2 (5871.5) 19522.5 (5726.0)°

ty,, hour 34.1 (7.1)% 36.1 (6.7) 36.4 (6.7)°
Omeprazole

N 15 12 1

Cnaxe NG/ML 350.6 (132.6) 331.3 (130.8) 330.9 (175.5)

Toax hOUr 2.8(1.5;4.1) 3.0 (1.5; 4.0) 3.0(2.0;7.7)

AUGC, ;, ng-hour/mL 1029.9 (686.6)° 952.8 (646.8)° 795.6 (369.7)¢

t, 5, hour 1.4 (0.6)° 1.3 (0.5)° 1.2 (0.3)¢
Dextromethorphan

N 15 12 1

C nax: NG/mL 1.8 (2.0) 21(2.7) 2.5(3.3)

Tnaxe NOUr 3.0 (1.0; 4.1) 3.2(1.5;6.3) 3.1 (1.5; 4.0)

AUC, ., ng-hour/mL 23.0 (29.6)° 17.2 21.7) 26.4 (33.8)°

ty,, hour 6.5 (1.1)° 6.6 (1.0)f 6.9 (1.2)°
Caffeine

N 16 13 11

Cnaxe NG/ML 2096.3 (533.5) 2166.2 (358.9) 2183.6 (499.9)

Tnaxe NOUr 1.5 (0.5; 4.0) 1.5 (0.5; 4.0) 1.0 (0.5; 3.0)

AUC, ;, ng-hour/mL 22766.7 (12312.0) 21019.2 (8215.7)° 20856.9 (7874.5)

t,,, hour 6.4 (1.9) 6.2 (1.9)° 6.5 (2.5)
AUC, , area under the plasma concentration versus time curve from time 0 to infinity with extrapolation of the terminal phase; C,_ .., maximum observed

plasma concentration; PK, pharmacokinetic; SD, standard deviation; ty /0, terminal half-life; T,

Median (minimum, maximum) is reported for T__

max’

time to reach the maximum observed plasma concentration.
arithmetic mean (SD) is reported for other PK parameters.

an =14; on = 11;°n =13; 9n= 7:°n=12; fn= 9; 9n = 10. Patients were excluded from midazolam analysis because of unverified midazolam dose; patients were
excluded from s-warfarin analysis because of the percentage of extrapolated AUC after the last quantifiable plasma concentration (%AUC,; .,) exceeded
25% of the AUC,  value; patients were excluded from omeprazole analysis because of (i) insufficient data points; (ii) R? < 0.80; and/or (jii) concentration

values were outliers identified using Dixon test; patients were excluded from dextromethorphan analysis because of (i) insufficient data points; (ii) abnormal

PK profile; and/or R? < 0.80; patients were excluded from caffeine analysis because of (i) %AUC,

(632 ng/mL)is >10% of C ..

A sufficiently high level of serum concentration was main-
tained through week 4. Therefore, the activity of IL-23 ligand
would be fully blocked during the 4-week study period,
which is deemed to be adequate to restore the activities of
CYP-enzymes. Effects of cytokines on CYP-enzymes were
evident following 24-48 hours of incubation of human he-
patocytes with known influential cytokines.?® Overall, results
from this exploratory TP-drug interaction study demonstrate
that there were no clinically relevant changes in systemic
exposure (C .. and AUC, ) of midazolam, S-warfarin, ome-
prazole, dextromethorphan, and caffeine (probe substrates
of CYP3A4, CYP2C9, CYP2C19, CYP2D6, and CYP1A2,
respectively) after a single s.c. dose of guselkumab. These
results confirm in vitro findings that IL-23 inhibition does
not modulate the expression or activity of multiple CYP450
enzymes,1 and indicate that drug interactions between

> 25% of the AUC, . value, and (ii) predose concentration

inf,ex inf

guselkumab and substrates of various CYP enzymes are
unlikely in patients with psoriasis. Our findings also suggest
that the metabolic activity of CYP3A4, CYP2C9, CYP2C19,
CYP2D6, and CYP1A2 was not affected by the decreased
inflammation associated with improvement in disease
achieved by blocking IL-23 in patients with psoriasis.
Dextromethorphan, a substrate of CYP2D6 (and also
CYP3A4), has been widely used as a probe substrate for
the measurement of CYP2D6 activity, as assessed by dex-
tromethorphan exposure in plasma, or metabolic ratios
of dextromethorphan to dextrorphan (its major metab-
olite) in urine or plasma.®® Due to the large sample size
required and the low correlation of urinary metabolic ratio
of dextromethorphan to dextrorphan with oral clearance of
dex‘fromethorphan,31 urine samples were not collected in
this study. Large interpatient variability in PK parameters

www.cts-journal.com
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Table 3 GMRs with 90% Cls of exposure parameters of probe CYP450 substrates after treatment with guselkumab

Day 15/day 1 Day 36/day 1
Substrate Parameter n® GMR (90% CI) n?® GMR (90% CI)
Midazolam C ax (Ng/mL) 1 1.11 (0.75-1.65) 1 1.14 (0.77-1.69)
AUC, ; (ng-hour/mL) 1 1.01 (0.70-1.45) 11 1.04 (0.75-1.44)
S-warfarin Cpax (NQ/ML) 13 1.07 (0.90-1.27) 12 0.90 (0.74-1.11)
AUC,  (ng-hour/mL) 13 1.12 (0.90-1.40) 11 1.05 (0.82-1.36)
Omeprazole C ax (NG/mL) 12 0.96 (0.72-1.28) 11 0.96 (0.67-1.36)
AUC, ; (ng-hour/mL) 10 0.96 (0.61-1.52) 6 1.19 (0.75-1.90)
Dextromethorphan C ax (NG/mL) 12 1.06 (0.46-2.43) 1 1.33 (0.55-3.18)
AUC, ; (ng-hour/mL) 8 1.13 (0.56-2.28) 8 1.24 (0.46-3.31)
Caffeine C ax (NQ/mL) 13 1.07 (0.94-1.22) 1 1.06 (0.89-1.26)
AUC, ; (ng-hour/mL) 12 1.00 (0.77-1.31) 11 1.02 (0.77-1.35)

AUC,,, area under the plasma concentration versus time curve from time 0 to infinity with extrapolation of the terminal phase; Cl, confidence interval; C__ .,
maximum observed plasma concentration; GMR, geometric mean ratio.
#Only patients with paired data were included in the comparison (i.e., patients who had both day 1 and day 15 pharmacokinetic (PK) parameters were in-

cluded in comparison of day 15/day 1 and patients who had both day 1 and day 36 PK parameters were included in comparison of day 36/day 1).

(a) (b) (c)
Midazolam (CYP3A4) S-warfarin (CYP2C9) Omeprazole (CYP2C19)
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Figure 3 Individual AUC, ; of: (a) midazolam, (b) S-warfarin, (c) omeprazole, (d) dextromethorphan, and (e) caffeine before and after

treatment with guselkumab. AUC, area under the curve; AUC, ;, AUC from time 0 to infinity with extrapolation of the terminal phase.

of dextromethorphan has been reported, with CV% of (37-56%) in metabolic ratios,** which would further compli-
plasma AUC values over 100% in extensive metabolizers, cate the assessment of CYP2D6-related drug interactions
which might be related to the high interpatient variability in using this probe substrate. The large interpatient variabil-
CYP2D6 hepatic intrinsic clearance (~ 60-70% CV% among ity in dextromethorphan PK observed in this study (CV%
extensive metabolizers).33 Dextromethorphan has also been ~115-130% for C_,, and AUC, ) was consistent with litera-

max n
reported to exhibit moderate-to-large intrapatient variability ture reports cited above.
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Day 19 (1 week + 4 days after
initiating guselkumab)

Day 40 (4 weeks + 4 days after
initiating guselkumab)

Day 64 (8 weeks after
initiating guselkumab)

Patients with PASI data 13
available, n

PASI 100 responders 0(0.0)

PASI 90 responders 1(7.7)

PASI 75 responders 1(7.7)

PASI 50 responders 5(38.5)

Patients with IGA data 13
available, n

IGA 0 responders 0(0.0)

IGA 0/1 responders 1(7.7)

IGA < 2 responders 7 (53.8)

12 12
1(8.3) 2 (16.7)
1(8.3) 5(41.7)
2 (16.7) 9 (75.0)
9 (75.0) 11 (91.7)
11 11
1(9.9) 1(9.)
4(36.4) 8 (72.7)
9 (81.8) 11 (100.0)

Values are n (%) unless otherwise indicated.

IGA, Investigator’s Global Assessment; IGA 0 responders, patients achieving an IGA score of cleared (0); IGA0/1 responders, patients achieving an IGA score
of cleared (0) or minimal (1); PASI, Psoriasis Area and Severity Index; PASI 50/75/90/100 responders, patients achieving > 50%/75%/90%/100% improvement

in PASI score from baseline.

Because increased cytokine levels may downregulate
CYPs, blockade of cytokines may enhance CYP activity
and consequently lead to reduction in systemic exposure of
drugs metabolized by CYPs. In this study, however, the sys-
temic exposure of dextromethorphan following guselkumab
treatment seemed to be higher rather than lower. This cannot
be explained by inhibition of the potentially downregulating
effect of IL-23 on CYPs by guselkumab. The numerically
higher mean C__ and AUC, values of dextromethorphan
at 4 weeks following guselkumab treatment were more
likely attributable to the large interpatient and intrapatient
variability in the PK of dextromethorphan. Regardless of the
numeric differences in the geometric mean values of C__
and AUC, , for dextromethorphan before and after treatment
with guselkumab, no consistent trend could be identified for
the individual C_ .. and AUC,  values of dextromethorphan
before and after guselkumab treatment, further demonstrat-
ing that systemic exposure of dextromethorphan was not
affected by treatment with guselkumab.

Based on the prespecified criteria, some PK parame-
ters were excluded from statistical analyses (Table S1).
Additional sensitivity analyses were conducted to include all
paired PK parameters, including the outliers for omeprazole
and dextromethorphan, in the statistical comparison. The
results from the sensitivity analysis (data on file) were similar
to those presented from the original analysis. With the inclu-
sion of the outliers, the GMRs were slightly closer to 1, but
the 90% Cls were slightly larger.

The efficacy of guselkumab for treatment of psoriasis
observed in this study was expected and comparable to
published results.®® The probe cocktail of CYP substrates
was generally well-tolerated when administered alone or in
combination with guselkumab. In two large-scale phase llI
studies (N = 1,721) with up to 156 weeks of follow-up, the
rates of serious infections, infections requiring treatment,
malignancies, and major adverse cardiovascular events
were low and stable with increased duration of exposure to
guselkumab over time.°

Compared with the in vitro study,' this phase | study is
more informative in predicting clinically relevant interactions

between guselkumab and small molecule drugs. However,
this exploratory study had the limitation of small sample size,
which may not be sufficient to definitively assess a poten-
tially downregulating effect of IL-23 on dextromethorphan
(CYP2D6 substrate) by guselkumab. Drug-drug interaction
studies with a cocktail of substrates are generally not pow-
ered to use the strict bioequivalence criteria to determine
the presence or absence of drug-drug interactions for all
evaluated exposure parameters of each component of the
cocktail.®

Based on the findings from this study, drug interactions
between guselkumab and substrates of various CYP en-
zymes are unlikely. Consequently, dose adjustment for
concomitant CYP substrates in patients treated with gusel-
kumab does not seem to be necessary.

Supporting Information. Supplementary information accompa-
nies this paper on the Clinical and Translational Science website (www.
cts-journal.com).
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