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ABSTRACT

Solithromycin is a novel fluoroketolide antibiotic that is both a sub-
strate and time-dependent inhibitor of CYP3A. Solithromycin has
demonstrated efficacy in adults with community-acquired bacterial
pneumonia and has also been investigated in pediatric patients.
The objective of this study was to develop a framework for leverag-
ing physiologically based pharmacokinetic (PBPK) modeling to
predict CYP3A-mediated drug-drug interaction (DDI) potential in
the pediatric population using solithromycin as a case study. To
account for age, we performed in vitro metabolism and time-depen-
dent inhibition studies for solithromycin for CYP3A4, CYP3A5, and
CYP3A7. The PBPK model included CYP3A4 and CYP3A5 metabo-
lism and time-dependent inhibition, glomerular filtration, P-glyco-
protein transport, and enterohepatic recirculation. The average
fold error of simulated and observed plasma concentrations of soli-
thromycin in both adults (1966 plasma samples) and pediatric
patients from 4 days to 17.9 years (684 plasma samples) were
within 0.5- to 2.0-fold. The geometric mean ratios for the simulated
area under the concentration versus time curve (AUC) extrapolated
to infinity were within 0.75- to 1.25-fold of observed values in
healthy adults receiving solithromycin with midazolam or

ketoconazole. DDI potential was simulated in pediatric patients (1
month to 17 years of age) and adults. Solithromycin increased the
simulated midazolam AUC 4- to 6-fold, and ketoconazole increased
the simulated solithromycin AUC 1- to 2-fold in virtual subjects
ranging from 1 month to 65 years of age. This study presents a sys-
tematic approach for incorporating CYP3A in vitro data into adult
and pediatric PBPK models to predict pediatric CYP3A-mediated
DDI potential.

SIGNIFICANCE STATEMENT

Using solithromycin, this study presents a framework for investi-
gating and incorporating CYP3A4, CYP3A5, and CYP3A?7 in vitro
data into adult and pediatric physiologically based pharmacoki-
netic models to predict CYP3A-mediated DDI potential in adult and
pediatric subjects during drug development. In this study, minor
age-related differences in inhibitor concentration resulted in differ-
ences in the magnitude of the DDI. Therefore, age-related differ-
ences in DDI potential for substrates metabolized primarily by
CYP3A4 can be minimized by closely matching adult and pediatric
inhibitor concentrations.
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Introduction

Per the US Food and Drug Administration (FDA) guidance, drug
developers must perform in vitro studies to evaluate drug-drug interac-
tion (DDI) potential for an investigational drug product (https://www.
fda.gov/regulatory-information/search-fda-guidance-documents/clinical-
drug-interaction-studies-cytochrome-p450-enzyme-and-transporter-
mediated-drug-interactions). The FDA recommends routinely evaluating
CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, and
CYP3A4/5 toward metabolism of the investigational drug, as well as the
potential for inhibition of these drug-metabolizing enzymes in both a
reversible and time-dependent manner. Relevant in vitro results can be
incorporated within static and dynamic models, such as physiologically
based pharmacokinetic (PBPK) models, to inform the need for and to
guide the design of clinical DDI studies (https://www.fda.gov/
regulatory-information/search-fda-guidance-documents/vitro-drug-interact
ion-studiescytochrome-p450-enzyme-and-transporter-mediated-drug-intera
ctions; https://www.fda.gov/regulatoryinformation/search-fda-guidance-do
cuments/clinical-drug-interaction-studies-cytochrome-p450-enzyme-andtra
nsporter-mediated-drug-interactions) (US Food and Drug Administration,
2020). Clinical DDI studies are typically performed in healthy adults, and
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Using PBPK Modeling to Predict Pediatric CYP3A-Mediated DDIs

such studies are not routinely performed in pediatric patients for ethical
and practical reasons. It is often assumed that DDI potential is the same in
pediatric patients as in healthy adults. However, DDI potential may differ
in young children relative to adults due to developmental changes in
drug-metabolizing enzymes and transporters. In a systematic literature
review, fold interactions were compared between 31 pediatric studies and
33 adult studies for 24 drug pairs using clearance, steady-state plasma
concentrations, or area under the curve (AUC). Fold interactions were
higher (>1.25-fold) or lower (<0.8-fold) in pediatric patients compared to
adults for 10 and 8, respectively, out of these 33 cases (Salem et al.,
2013). By example, digoxin plus amiodarone and lamotrigine plus val-
proate resulted in a 2.18-fold higher and 0.58-fold lower exposure, respec-
tively, in pediatric patients compared with adults (Salem et al., 2013).
PBPK modeling can account for these developmental changes and can
predict DDI potential when pediatric DDI data are unavailable (Grimstein
et al., 2019; Lang et al., 2020; Zhang et al., 2020). The objective of this
study is to develop a framework for leveraging PBPK modeling to predict
metabolic DDI potential in pediatric patients and guide dose adjustments
during drug development using solithromycin as a case study.
Solithromycin is a novel fluoroketolide antibiotic that is both a sub-
strate and time-dependent inhibitor of CYP3A4 and thus inhibits its own
metabolism. Metabolism experiments using pooled human liver micro-
somes, CYP450 selective inhibitors, and single cDNA-expressed
CYP450s demonstrated that CYP3A4 is the major CYP450 enzyme
responsible for the metabolism of solithromycin. However, the contribu-
tion of CYP3AS was not explored. Using pooled human liver micro-
somes with midazolam as the CYP3A substrate, solithromycin was
reported to be a potent CYP3A time-dependent inhibitor with an inactiva-
tion rate constant (Ki,aer) and a concentration of half-maximal inactivation
(Kp of 0.022 minute™' and 0.038 pg/ml, respectively (Salerno et al.,
2017). However, recombinant studies with CYP3A4, CYP3AS, and
CYP3A7 were not performed. Solithromycin is also a P-glycoprotein
substrate with an efflux ratio above 10 in Caco-2 cells, which reduced to
unity in the presence of inhibitors (10 pM valspodar and 60 pM verapa-
mil) (https://www.fda.gov/advisory-committees/antimicrobial-drugs-advi
sory-committee-formerly-known-anti-infective-drugs-advisory-committee/
briefing-information-november-4-2016-meeting-antimicrobial-drugs-advis
ory-committee-amdac). Solithromycin undergoes biliary and urinary
excretion with 76.5% and 14.1% of the dose recovered in feces and
urine, respectively (MacLauchlin et al., 2018). We previously developed
a PBPK model for solithromycin in adults, but it did not include
CYP3A7, which may be important for predicting DDI potential in
infants. Therefore, we determined and incorporated metabolism and
time-dependent inhibition parameters for CYP3A4, CYP3AS, and
CYP3A7 into an adult and pediatric PBPK model for solithromycin to
characterize DDI potential across the pediatric age continuum.
Solithromycin (oral regimen: 800 mg on day 1 followed by 400 mg
on days 2-5 and switching from 400 mg intravenous daily to the oral
regimen) was noninferior to moxifloxacin for patients with moderately
severe community-acquired bacterial pneumonia (CABP) (Barrera
et al, 2016; File et al., 2016). However, solithromycin was not
approved by the FDA due to concerns of hepatotoxicity, since more
patients receiving intravenous-to-oral solithromycin experienced
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transient asymptomatic transaminitis (Buege et al., 2017). Phase 2 stud-
ies in healthy adult volunteers have been performed to assess the DDI
potential of solithromycin as a CYP3A inhibitor with midazolam, as
well as to assess the impact of the strong CYP3A inhibitor ketoconazole
on the pharmacokinetics (PK) of solithromycin. In addition, a phase 1
study was conducted in adolescents with suspected or confirmed bacte-
rial infection receiving oral capsules of solithromycin [12 mg/kg of
body weight (800 mg maximum) on day 1 and 6 mg/kg (400 mg maxi-
mum) on days 2-5] (Gonzalez et al., 2016). A follow-up phase 1, open-
label, multicenter PK and safety study was conducted in children (0-17
years) with suspected or confirmed bacterial infection receiving intrave-
nous and oral (capsules and suspension) solithromycin as add-on ther-
apy (Gonzalez et al., 2018). Using solithromycin as a case study, we
will present a guideline for conducting and integrating relevant experi-
mental studies into adult and pediatric PBPK models to predict pediatric
CYP3A mediated DDI potential during drug development.

Materials and Methods

High-Performance Liquid Chromatography-Tandem Mass Spectrom-
etry Analysis. High-performance liquid chromatography with tandem mass
spectrometry (HPLC/MS/MS) assay was developed for 6f-hydroxytestosterone
and the internal standard, 4-androsten-19-1al 3,17-dione (Sigma-Aldrich, St.
Louis, MO). The lower limit of quantification for the 6f-hydroxytestosterone
assay was 1 uM. The coefficient of variation for the intraday and interday preci-
sion was 11% and 7%, respectively (Salerno et al., 2021). Solithromycin was
provided at no cost by Melinta Therapeutics, Inc. A Thermo triple stage quadra-
polet Quantum Ultra triple-quadrupole mass spectrometer and Waters (Milford,
MA) Acquity Ultra Performance Liquid Chromatography charged surface hybrid
CI18 (1.7 pm, 3 mm x 100 mm) column was used for the solithromycin assay
with roxithromycin (Sigma-Aldrich, St. Louis, MO) as the internal standard. An
isocratic mobile phase consisted of 2% of 10 mM ammonium bicarbonate and
98% methanol delivered at 350 pl/min for 5 minutes. Calibration standard con-
centrations (1, 3.3, 10, 33, 100, 333, 1000, and 3333 nM solithromycin plus 0.5
UM roxithromycin) prepared in the same buffer as the experimental samples
were used for method validation. A positive mode electrospray ionization was
used. Solithromycin and roxithromycin eluted at 2.1 and 3.6 minutes, respec-
tively. The precursor to product ions monitored with corresponding collision
energies were 845.3 to 115.8 (36 V), 158.0 (35 V), 656.3 (34 V), 670.3 (29 V),
and 688.3 (25 V) for solithromycin and 837.5 to 116.1 (35 V), 158.1 (32 V), and
679.6 (19 V) for roxithromycin. The lower limit of quantification for the solithro-
mycin assay was 1 nM. The mean (range) accuracy was —5% (—15% to 11%).
The mean (range) intraday and interday CV was 7% (1%-14%) and 12%
(6%—18%), respectively.

Time-Dependent Inhibition of CYP3A Using Recombinant Enzymes.
Testosterone was purchased from Sigma-Aldrich (St. Louis, MO). Human
CYP3A4, CYP3AS, and CYP3A7 + reductase + cytochrome b5 reductase, 0.5
M phosphate buffer, pH 7.4, and NADPH Regenerating System Solutions A and
B were all purchased from Corning Life Sciences (Corning, NY). Experiments
were first performed to determine linear 6f-hydroxytestosterone formation
(Salerno et al., 2021). Time-dependent inhibition experiments for determination
of Ky and ki, Were performed in triplicate on two different days. CYP3A4 and
CYP3AS5 (200 pmol/ml) were preincubated with solithromycin (0, 0.355, 3.55,
10.7, 17.8, 35.5, and 355 pM) at 37°C for 5 minutes in 100 mM potassium phos-
phate pH 7.4 (200 pl reaction volume). For CYP3A7, 400 pmol/ml of CYP3A7
was preincubated with solithromycin (0, 35.5, 107, 178, 355, and 1065 uM). The
reactions were initiated by the addition of NADPH Regenerating System

ABBREVIATIONS: AFE, average fold error; AUC, area under the concentration versus time curve; AUC,_.., area under the concentration ver-
sus time curve extrapolated to infinity; AUC,.., area under the concentration versus time curve within a dosing interval; AUCq.04 s, area under
the concentration versus time curve from 0 to 24 hours at steady state; CABP, community-acquired bacterial pneumonia; CL, clearance; DDI,
drug-drug interaction; FDA, US Food and Drug Administration; HPLC/MS/MS, high-performance liquid chromatography with tandem mass spec-
trometry; K|, concentration of half-maximal inactivation; kinact, inactivation rate constant; Ky, concentration at half-maximal velocity; Kqps, pseudo
first-order rate constant of inactivation; P450, cytochrome P450; PBPK, physiologically based pharmacokinetic; Pi, input parameter; APKj,
change in the pharmacokinetic parameter estimate; PK, pharmacokinetics; PMA, postmenstrual age; PopPK, population PK; UGT1A1, uridine

diphosphate glucuronosyltransferase 1A1.
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Solutions A and B at a dilution of 1:20 and 1:100, respectively. The protein con-
tent in the reactions was 1.6 mg/ml. After 0, 2.5, 5, 10, 15, and 30 minutes for
CYP3A4 and CYP3AS and 0, 5, 15, 30, 45, and 60 minutes for CYP3A7, 10-pl
aliquots were diluted 10-fold into 90 pl of fresh buffer containing 100 mM potas-
sium phosphate pH 7.4 and NADPH regenerating system plus 250 pM testoster-
one. The secondary reactions were incubated at 37°C for 5 minutes for CYP3A4
and CYP3AS and 30 minutes for CYP3A7, and then reactions were stopped by
a 1:4 dilution into ice-cold acetonitrile containing 0.5 WM 4-androsten-19-1al
3,17-dione. The samples were centrifuged at 3500 rotations per minute for 10
minutes at 4°C, and the supernatant was removed, and 6f-hydroxy-testosterone
was measured to estimate remaining enzymatic activity.

To determine the K; and kjn,e, first, the percent activity remaining was calcu-
lated according to eq. 1, where Ajjactivator 1S the enzymatic activity of the inacti-
vator, Ayenicle 1S the enzymatic activity of the vehicle control, Ty nappn is the O-
minute preincubation time, and T, nappn 1S the preincubation measured at dif-
ferent time intervals (Grimm et al., 2009).

- Ainactivator Ainactivator
% activity = 100 x [(7 at To, napPH — at Tyin, NADPH (D
Avenicte Avenicte

The natural log of the percent activity remaining was plotted against preincubation
time, and the negative slope, which is the pseudo first-order rate constant of inacti-
vation (Kps), was determined using linear regression within GraphPad Prism ver-
sion 8 (GraphPad Software, San Diego, CA). Finally, the Kps was determined for
solithromycin by performing nonlinear regression in GraphPad Prism version
8 according to eq. 2, where I is the inactivator (solithromycin) concentration.

K ;?U +>< N )
1+

Solithromycin CYP3A In Vitro Metabolism Using Recombinant
Enzymes. Pilot experiments were first performed to determine the linear range
of disappearance of solithromycin. CYP3A4 and CYP3AS (60 pmol/ml) were
incubated with 1 pM solithromycin in 100 mM potassium phosphate pH 7.4 plus
NADPH Regenerating System Solutions A and B at a dilution of 1:20 and
1:100, respectively, for 0, 2, 5, 10, 15, 30, and 60 minutes. CYP3A7 (100 pmol/
ml) was incubated with 1 uM and 10 uM of solithromycin for 0, 5, 10, 15, 20,
30, and 60 minutes. CYP3A7 (100 pmol/ml) was also incubated with 250 uM
testosterone for 0, 15, 30, and 60 minutes as a positive control. The reactions
were stopped by a 1:5 dilution into ice-cold methanol containing 0.5 UM roxi-
thromycin (or acetonitrile containing 0.5 pM 4-androsten-19-1al 3,17-dione),
centrifuged at 3500 rpm for 10 minutes at 4°C, and solithromycin and 6f-OH-
testosterone were measured in the supernatant by HPLC/MS/MS.

Metabolism experiments for determination of the maximal velocity (Viax)
and the concentration at half the maximal velocity (Ky;) were performed in tripli-
cate on three different days. CYP3A4 and CYP3AS5 (60 pmol/ml) were preincu-
bated with solithromycin (0.005, 0.01, 0.05, 0.1, 0.25, 0.5, 1, 2, 3, 4, 5 uM for
CYP3A4 and 0.01, 0.05, 0.1, 0.25, 0.5, 1, 2, 3, 4, 5, 10, 30 uM for CYP3AS) at
37°C for 5 minutes in 100 mM potassium phosphate pH 7.4 plus NADPH
Regenerating System Solutions A and B at a dilution of 1:20 and 1:100, respec-
tively (200 pl reaction volume). The third experiment for CYP3AS was con-
ducted at higher concentrations (30, 50, 100, 500 1000, 3700 uM) to further
characterize the V. The reactions were initiated by the addition of 12 pl (12
pmol) Corning Supersomes. Samples were collected at 0 minutes and 2 minutes
for CYP3A4 and 15 minutes for CYP3AS. Reactions were stopped by a 1:2 to
1:1000 dilution into ice-cold methanol to ensure concentrations were within the
assay range from 0.001 to 3.333 uM). The samples were centrifuged at 3500 rpm
for 10 minutes at 4°C, and the supernatant was removed, and then evaporated to
remove the methanol. Samples were resuspended in 98% methanol plus 2% of 10
mM ammonium bicarbonate containing 0.5 uM roxithromycin and then analyzed
by HPLC/MS/MS. Solithromycin metabolite formation was calculated by subtrac-
tion of concentrations at the final time from the initial time. Finally, the Ky; and
Vmax Were determined by nonlinear regression in GraphPad Prism 8 using the
Michaelis-Menten least-squares fit using eq. 3 where [S] is solithromycin concen-
tration (http://www.graphpad.com/guides/prism/7/statistics/index.htm).

Vmux * [S]
Ky + [§]
Adult Solithromycin PBPK Model Development and Evaluation. The

generic model structure implemented within PK-Sim includes 15 organs/tissues
and blood pool compartments (Supplemental Material). A whole-body adult

Kops =

Velocity = (3)

Salerno et al.

PBPK model was developed and evaluated in PK-Sim (version 9.0; Open Sys-
tems Pharmacology Suite) using plasma concentration data from 100 healthy sub-
jects and 22 patients with CABP (1966 plasma samples) (Supplemental Table 1)
(Salerno et al., 2017). A mean virtual individual was used for model development
based on demographics of the clinical study in healthy adults: a 44.7-year-old
Black American man with a weight of 85.6 kg and a height of 180.9 cm. The
model included glomerular filtration, CYP3A4 and CYP3AS metabolism, time-de-
pendent inhibition, P-glycoprotein transport, and enterohepatic recycling. The rela-
tive organ concentrations of P-glycoprotein and CYP3A were taken from the
built-in database query, thereby allowing one set of kinetic parameters to be used
in all organs (Meyer et al., 2012). In brief, PK-Sim uses a gene expression data-
base to determine protein abundances in the organ/tissue compartments, and cata-
Iytic activity is calculated in each organ/tissue using a global kinetic value.
Therefore, catalytic activity for P-glycoprotein and CYP3A will be accounted for
in any organ/tissue that expresses these proteins. Solithromycin was 78% to 84%
bound to adult human plasma, primarily to serum albumin, and the extent of pro-
tein binding was not concentration dependent. Therefore, protein binding was
mediated through albumin with a fraction unbound of 0.22. The partition coeffi-
cients for tissues and organs are deduced in PK-Sim from physicochemical proper-
ties including protein binding and lipophilicity. Tissue-to-plasma partition
coefficients predicted using the Berezhkovsky algorithm best characterized the
data and cellular permeability was calculated using the PK-Sim standard algo-
rithm (Berezhkovskiy, 2004; https://docs.open-systems-pharmacology.org/
working-with-pk-sim/pk-sim-documentation). The solithromycin CYP3A4/
CYP3AS Ky and K were corrected for protein binding based on the equation:
fraction of drug concentration unbound is equal to 1/(1 + C*107(0.072*1log
P? + 0.067*log P — 1.126), where C was the protein concentration (Hallifax
and Houston, 2006). Lipophilicity and P-glycoprotein V.« were manually
optimized using the intravenous data. Transcellular intestinal permeability and
the Weibull oral distribution properties (dissolution time of 90 minutes and dis-
solution shape of 1.50) were manually optimized using the oral data. All other
parameters were obtained from the literature or were experimentally generated
(Table 1).

Population simulations were performed with 100 virtual Black American sub-
jects with demographics from study CEO01-102 in healthy adults: 27% female
with a mean (range) age of 329 (20-55) years and a weight of 74.5
(61.4-90.3) kg. Population variability for P-glycoprotein was introduced using a
normal distribution with a 65% coefficient of variation (Harwood et al., 2013).
The PBPK model was evaluated by comparing the C,,.x, area under the concen-
tration versus time curve extrapolated to infinity (AUC(...) or during a dosing
interval (AUC,_,), and clearance (CL) between the observed data and the PBPK
model simulations on day 1 and at steady state following multiple daily dosing.
The relative accuracy was calculated as a ratio of mean predicted values over
mean observed values with a ratio assessed for the standard deviation (S.D.)

mean (predicted)

(Jiang et al., 2013; Johnson et al., 2014; Zhou et al., 2016).
S -~ sd (observed) 2 predicted) 2

Ratio for $D = \/(mean (()bserved)> *(sd (meun (predicted) X mean (observed)

“

The average fold error (AFE) was also calculated for each dosing regimen using
the simulated geometric mean according to eq. 5, where n is the sample size:

AFE = 100 Zositt) ©)
Model performance was assessed with a visual predictive check and by calculat-
ing the percentage of model-predicted concentrations and PK parameters falling
within 2-fold, 1.5-fold, and 1.33-fold predictive error.

Sensitivity Analysis. Sensitivity analysis was performed for a 45-year-old
male receiving 800 mg, oral administration, day 1 followed by 400 mg, oral
administration, days 2-5. In PK-Sim, the input parameter (Pi) is varied around the
value in the simulation by a small change, and a new simulation is performed,
keeping all other input values constant. The change in the PK parameter estimate
(APKj) is calculated as the difference between the values in the new simulation
and the original simulation. The sensitivity for the PK parameter to the input
parameter is calculated as the ratio of the relative change of that PK parameter
(APKj/PKj) and the relative variation of the input parameter (APi/Pi): (APKj/
APi)*(Pi/PKj) (https://docs.open-systems-pharmacology.org/working-with-pk-sim/
pk-sim-documentation). Parameters with sensitivity values <—0.5 or >0.5 were
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Final PBPK model parameters for solithromycin, ketoconazole, and midazolam

TABLE 1

847

Parameter Solithromycin Source Ketoconazole Source Midazolam Source
Molecular weight (g/mol) 845.01 a 531.44 (DrugBank.DrugBank 325.77 (DrugBank.DrugBank
5.0, 2018) 5.0, 2018)
Log P 4.04 a 244 b 2.76 b
Compound type Base a Base (DrugBank.DrugBank Base (DrugBank.DrugBank
5.0, 2018) 5.0, 2018)
pKa 9.44 a 2.90, 6.50 (DrugBank.DrugBank 6.57 (DrugBank.DrugBank
5.0, 2018) 5.0, 2018)
Solubility (mg/ml) 0.40 a 931 *107° (DrugBank.DrugBank 0.01 (DrugBank.DrugBank
5.0, 2018) 5.0, 2018)
Fraction unbound® 22% a 2% (100 mg) b 3% (DrugBank.DrugBank
1% (200, 400 mg) (DrugBank.DrugBank 5.0, 2018)
0.75% (800 mg) 5.0, 2018)
b
UGT1A1 Ky (uM) N/A N/A 22.3 (Bourcier et al., 2010) N/A N/A
UGTIA1 Vyax (mg/ N/A N/A 9366 b N/A N/A
protein/min)
CYP3A4 Ky (1M) 0.14 (e) c 235 (Hyland et al., 2003) 1.88 (Xiao et al., 2019)
CYP3A4 V,,ax (pmol/min/ 3.44 c 0.90 b 6.12 (Xiao et al., 2019)
pmol)
CYP3AS Ky (uM) 13.3 (e) ¢ N/A N/A N/A N/A
CYP3AS Vax (pmol/min/ 23.4 c N/A N/A N/A N/A
pmol)
CYP3A4 Kipaer (1/min) 0.08 c N/A N/A N/A N/A
CYP3A4 K; (uM) 0.41 (e) (TDI) c 0.0038 (Von Moltke et al., N/A N/A
(Competitive) 1996)
CYP3AS Kipaer (1/min) 0.03 c N/A N/A N/A N/A
CYP3AS K; (uM) 0.71 (e) (TDI) ¢ 0.109 (Gibbs et al., 1999) N/A N/A
(Noncompetitive)
P-glycoprotein Ky (LM) 45 (Pachot et al., N/A N/A N/A N/A
2003)
P-glycoprotein V. 1.24 b N/A N/A N/A N/A
(umol/L/min)
P-glycoprotein K; (ng/mL) N/A N/A 2.27 (Oishi et al., 2018) N/A N/A
Transcellular intestinal 8 * 107 b 3.14 * 1073 (adult) b 125%10°° b
permeability (cm/min) 2% 107 (pediatric) b

“Sponsor data on file.
"Optimized value.
“Experimentally derived.
“Based on adult data.

“Corrected for protein binding based on the equation: fraction of drug concentration unbound is equal to 1/(1+C*100(0.072*log P>+0.067*log P-1.126), where C was the protein concentra-

tion (Hallifax and Houston, 2006).

Kwm, Michaelis-Menten constant; N/A, not applicable; P-gp, P-glycoprotein; TDI, time-dependent inhibition; Kj: inhibition constant; kj,,.: maximal inactivation rate constant; V,,x: maximal

rate of metabolism.

reported for the steady-state half-life. A sensitivity value —0.5 or 0.5 indicates that
a 5% increase of the parameter leads to a 10% decrease or increase of the PK

parameter value, respectively.
Solithromycin DDI Predictions in Healthy Adult Volunteers. The soli-

thromycin and midazolam PBPK models were comodeled based on the previ-
ously described drug properties, which included CYP3A4 and CYP3AS time-
dependent inhibition (Supplemental Material; Table 1). Healthy adults (21-54
years of age) received oral solithromycin (400 mg on days 3-7 in one period and
800 mg day 3 followed by 400 mg on days 47 in another period) in combina-
tion with oral midazolam 0.075 mg/kg given on days 1, 3, and 7 of each period
(sponsor data on file). Simulations were also performed and compared with
observed data in healthy adults receiving solithromycin in combination with
ketoconazole incorporating CYP3A4 and CYP3AS time-dependent inhibition by
solithromycin, in addition to CYP3A4 and P-glycoprotein reversible inhibition
by ketoconazole (Supplemental Material; Table 1). Healthy adults (23-54 years
of age) received a single oral dose of solithromycin (400 mg on day 1), a 5-day
washout period, 4 days of oral ketoconazole (400 mg alone on days 7-10), and
then 400 mg oral solithromycin plus ketoconazole on day 11. We calculated the
geometric mean ratio for Cp,,x and AUC_., along with the associated 90% con-
fidence interval for the drug combinations (solithromycin plus ketoconazole or

solithromycin plus midazolam) relative to solithromycin or midazolam alone.
Pediatric PBPK Model Development and Evaluation. A virtual 32-year-

old White male was scaled to a virtual 7.56-year-old child based on the mean
pediatric solithromycin data using anthropomorphic and ontogeny functions.
Clearance was scaled using the PK-Sim default sigmoidal maturation equations,
where A is the relative activity at a postmenstrual age (PMA) in weeks, Ags is

the PMA in weeks at 50% activity compared with an adult, and n is the Hill coef-
ficient (eq. 6) (PK-Sim, 2017). Variability in the ontogeny was also introduced by
simulating a virtual population with 10000 individuals and then fitting the geo-
metric mean and geometric S.D. around all of the fitted parameters (PK-Sim,
2017). CYP3AS has an ontogeny factor of 1 for all ages (Stevens et al., 2003).
The ontogeny function for CYP3A4 in the liver (eq. 7) was derived using the
following literature data: mRNA expression data and testosterone and dehydoe-
piandrosterone hydroxylation activity obtained from human livers in fetuses
1440 weeks, children 1 day to 9 years, and adult donors for transplantation
(Lacroix et al., 1997); formation of amprenavir metabolites in human liver micro-
somes obtained from a fetus, neonate at 1 day, neonate at 2 days, infant at 1
month, infant at 3 months, and an adult (Tréluyer et al., 2003); and CYP3A4
expression levels in 77 fetal and pediatric liver microsome samples from 217 to
287 estimated gestational age and 3 to 6 months postnatal age (Stevens et al.,
2003). The ontogeny function for CYP3A4 in the intestine (eq. 8) was based
upon duodenal biopsies and surgical sections collected in 104 pediatric patients
ranging from 2 weeks to 17 years as well as 11 fetuses. CYP3A4 expression was
assessed by Western blotting and by immunohistochemistry as well as the rate of
formation of 6f3-hydroxytestosterone from testosterone (Johnson et al., 2001).
The ontogeny function for CYP3A4 within PK-Sim had 50% activity com-
pared with adults at 73.019 weeks PMA (0.63 years postnatal age). This value is
comparable, albeit slightly lower than the value of 108 weeks postmenstrual age
(1.3 years postnatal age) in the ontogeny function derived by Salem, et al.
(2014). In brief, Salem, et al. (2014) developed an ontogeny function for CYP3A
based on in vivo pharmacokinetic data for midazolam reported in the literature
adjusting for critically ill pediatric subjects receiving mechanical ventilation.
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TABLE 2

Time-dependent inhibition and Michaelis-Menten kinetic parameters.
Data are presented as the mean (95% confidence interval) fitted using GraphPad Prism version 8.0 based on triplicates from two different dates for time-dependent
inhibition parameters and from three different dates for Michaelis-Mentin parameters.

Enzyme Kinact K Km Vinax
1/min g/l umM pmol/min/pmol CYP3A
CYP3A4 0.084 (0.078, 0.092) 1.49 (0.96, 2.26) 0.60 (462, 781) 3.44 (3.21, 3.71)
CYP3AS 0.029 (0.026, 0.032) 2.61 (1.52, 4.15) 57.8 (41.8, 87.8) 23.4 (18.7, 32.0)
Another CYP3A ontogeny function was developed by Upreti, et al. (2016) based PMAI2T
on human clinical data reported in the literature for sufentanil with 50% activity CYP3A4 ontogeny factor in intestine = (8)

1.237 1.237
compared with adults at 0.10 years. 74.055" "+ PMA

The default ontogeny function for CYP3A7 (eq. 9) in PK-Sim was derived
using the following literature data: mRNA expression data and testosterone and PAAZTSIS
dehydroepiandrosterone hydroxylation activity obtained from human livers in CYP3A7 ontogeny factor = 1 — T +0.0253 9)
fetuses 1440 weeks, children 1 day to 9 years, and adult donors for transplanta- 48.051 +PMAYS13
tion (Lacroix et al., 1997); and CYP3A7 expression levels in 77 fetal and pediat-
ric liver microsome samples from 217 to 287 estimated gestational age and 3 to 2067
6 months postnatal age (Stevens et al., 2003). The ontogeny function for UGT1AL ontogeny factor = I; é"g (10)
CYP3A7 is shown in eq. 3, although not needed in this study because solithro- 50.7547°" + PMA20-67
mycin was not a significant substrate for CYP3A7.

The ontogeny function for uridine diphosphate glucuronosyltransferase 1A1
(UGT1AL1) (eq. 10) was derived using liver bilirubin glucuronidation data toward P — glycoprotein expression(fmol/ug membrane protein) at age (vears)
eight substrates in fetal term and adult postmortem (less than 5 hours after death) 0.41 * Ageojg
liver samples (Burchell et al., 1989). In another study, bilirubin UDP-glycuronyl- =0.15 + 204078 T AogdTE
transferase activities were assessed in 70 liver samples obtained from 30 new- ’ 8¢

borns, 20 of which were premature, as well as 21 infants, 5 children, and 14 an
adults (Onishi et al., 1979).

P-glycoprotein expression was calculated as a function of postnatal age and o
then normalized to mean adult expression based upon data quantified using 69 Albumin ontogeny factor = PMA (12)
human pediatric and 41 adult livers (eq. 10) (Prasad et al., 2016). This ontogeny 21.533324 4+ PMA324

function for P-glycoprotein expression was applied to both the liver and intestine.

Prhott?in bindling to albumin was scaled according to the default ontogeny factor The intrinsic CL (CL,) for CYP3A4 and CYP3AS5 were normalized with
within PK-Sim (eq. 12). respect to the nominal specific content of the corresponding P450 in native
PMA" human liver microsomes, which was 108 and 1.0 pmol P450/mg microsomal

= Aos'+ PMA" ©)  Lrotein for CYP3A4 and CYP3AS, respectively (Rodrigues, 1999). The CLiy

per organ (pl/min/organ) is the sum of the V,,./Ky of each P450 (pl/min/pumol

P450) multiplied by the reference concentration (umol P450/L organ), relative

PMA33L expression, ontogeny factor, and organ volume (L). The reference concentration
73.019°1 1 ppgasa3l () is the molar concentration of the protein in the organ with the highest enzyme
contribution (typically the liver) and expression in other organs is scaled by their

CYP3A4 ontogeny factor in liver =

>

B

10

-
L

Solithromycin (mg/L)
Solithromycin (mg/L)
o

0.01 1

0.001 T T T T T T T T 0.001 T T T T T T T 1
0 24 48 72 96 120 144 168 192 0 6 12 18 24 30 36 42 48

Time (hr) Time (hr)

Fig. 1. Population simulations depicting solithromycin concentration (mg/L) versus time in hours (hr) after first dose after solithromycin intravenous administration in
healthy adults. Population simulations were performed for 100 virtual subjects using a Black American population with demographics from study CE01-102 for healthy
subjects: 27% female with a mean (range) age of 32.9 (20-55) years and a weight of 74.5 (61.4-90.3) kg. (A) 400 mg intravenously daily X 7 days administered over a
60-minute infusion; (B) 800 mg intravenous single dose administered over a 40-minute infusion. The solid gray re 1(E)n is the 90% prediction interval, the solid black line

is the simulated geometric mean, and black dots are observed data from subject. The AFE was calculated as 10\» "Elos(Gencd) | where the predicted values were the simu-
lated geometric mean values and n was the sample size. The AFE was 1.0 and 0.7 for the 400 mg intravenous and 800 mg intravenous plots, respectively.
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TABLE 3

Comparison of Cp,x and AUC,._, in adults for solithromycin between observed data and PBPK model simulations.
Data are presented as the mean + S.D. Overall, 50%, 60%, and 85% of simulated C,,,, or AUC values were within 1.33-, 1.5-, and 2.0-fold of the observed values
reported in adults.

Cinax AUC,.. or AUCy.q
Dosing Regimen Day Observed Simulated Ratio Observed Simulated Ratio
(ug/mL) (ug/ml) (ug*h/ml) (ug*h/ml)
400 mg i.v., 60-minute infusion, daily for 7 days 7 22+ 044 2.7+095 12+05 13 +4.38 15 + 16 12+13
800 mg i.v., 40-minute infusion, single dose 1 2.9 +0.54 5.4 +0.68 1.9+04 19 +4.79 13 £ 6.63 0.70 = 0.39
200 mg oral daily for 7 days 1 0.11 + 0.05 0.23 +0.03 21+1.0 0.84 + 0.41 1.4 +0.23 1.72 + 0.88
7 0.25 = 0.08 0.27 = 0.09 1.1 £0.5 23 +£0.77 1912 0.83 = 0.59
400 mg oral daily for 7 days 1 0.58 = 0.37 0.48 = 0.06 0.8 0.5 4.8 £3.1 3.0x0.5 0.63 = 0.42
7 1.1 £0.52 1.2 £0.94 1.1 £1.0 13+£74 13+ 16 1.0+14
600 mg oral daily for 7 days 1 0.86 + 0.53 0.72 + 0.09 0.84 + 0.53 7.7 +4.6 48+13 0.63 + 0.41
7 1.5 £ 0.40 3015 2413 18 +5.6 54 + 34 3.0+20
800 mg oral, day 1, 400 mg oral, day 2-5 1 15055 1.1 £0.17 0.71 £ 0.28 21 +9.4¢ 10 +9.2¢ 0.53 £ 045
5 1.2 £ 0.36 1.2 +0.93 1.0 = 0.86 1772 13+ 16 0.80 = 1.0

“Data are reported as the area under the concentration versus time curve from 0 to infinity (AUC,). The ratio was calculated as the ratio of mean predicted values over mean observed val-
ues =+ the ratio for the S.D. as described previously (Jiang et al., 2013; Johnson et al., 2014; Zhou et al., 2016).

relative expression. CYP3A4 is mainly expressed in the liver of human adults,
some in the gastrointestinal tract, and minor amounts are expressed in almost all
other tissues. Hence, the relative expression of CYP3A4 is 100% in the liver
(with a reference concentration of 4.32 umol/L) and 7% in the intestine. For
example, the CL;,; for CYP3A4 in adult liver would be calculated as 61.4 pl/min
(5.73 pmol/min/umol CYP3A4 x 4.32 pmol/L x 2.48 L liver), since the ontog-
eny factor and relative expression are both 1 for CYP3A4 in adult liver. Simi-
larly, the CL;,, for CYP3A4 in adult small intestine would be calculated as 1.32
w/min (5.73 pmol/min/umol CYP3A4 x 432 pmol/L x 0.07 x 0.76 L
intestine).

The solithromycin pediatric PBPK model was evaluated using a total of 684
plasma samples available from 96 pediatric patients ranging from 4 days to 17.9
years after excluding 96 samples below the lower limit of quantification. These
data were derived from two phase 1 studies, the first of which was conducted in
adolescents with suspected or confirmed bacterial infection receiving oral capsu-
les of solithromycin (12 mg/kg of body weight [800 mg maximum] on day 1
and 6 mg/kg [400 mg maximum] on days 2-5) (Gonzalez et al., 2016). A fol-
low-up phase 1, open-label, multicenter PK and safety study was conducted in
children (0-17 years) with suspected or confirmed bacterial infection receiving
intravenous and oral administration (capsules and suspension) solithromycin as
add-on therapy (Gonzalez et al., 2018). A virtual population of 100 pediatric sub-
jects (4 days to 17.9 years of age) was used for model evaluation. Pediatric simu-
lations were performed for these 100 virtual pediatric subjects receiving
intravenous, oral suspension, and oral capsules of solithromycin. The solithromy-
cin oral suspension was modeled as a solution (e.g., instantaneous dissolution),
whereas the oral capsules were modeled using the Weibull function as fit using
the adult data. Solithromycin plasma concentration data were normalized by
dose and time relative to the last drug administration since dose, because admin-
istration differed slightly for each individual. We also compared weight-normal-
ized CL values from the PBPK simulation to the individual empirical Bayesian
post hoc parameter estimates based on a published population PK (PopPK)
model developed using plasma data from these same 96 children. The PopPK

model was a 2-compartment model with linear elimination and first-order absorp-
tion with a oral absorption lag time. Significant covariates included weight and a
sigmoidal maturation function for PMA on CL and weight on the volume of dis-
tribution (V). Modeling time-dependent inhibition did not improve the model fits
in these pediatric patients using a PopPK approach (Gonzalez et al., 2018).

Solithromycin Plus Midazolam Pediatric Simulations. We focused on
intravenous solithromycin to rule out the confounding effect of oral formulation
(capsules vs. oral suspension) for solithromycin and any age-related differences
in absorption. Since the inhibitor concentration influences the magnitude of the
DDI, we simulated intravenous doses (60-minute infusion) for solithromycin
from ages from 1 month to 17 years of age that achieved similar AUC,4 ¢ as
the simulated healthy adult population receiving 400 mg intravenous daily (400
mg maximum). Since there were only two neonates who received solithromy-
cin, we focused on term infants >1 month of age. Dosing simulations were
performed for 500 virtual subjects in each age group (1 month to <6 months, 6
months to <2 years, 2 years to <6 years, 6 years to <12 years, 12 to 17 years
of age, and 18 to 65 years of age). Midazolam dosing was based upon the rec-
ommended intravenous starting dose in the package insert for sedation, anxiol-
ysis, and amnesia prior to procedure in pediatric patients >6 months and
healthy adults <60 years of age, as well as the loading dose for sedation/anxioly-
sis/amnesia in critical care settings for non-neonatal infants between 1 and 6
months (https://online.lexi.com/lco/action/login?reauth; Lexicomp, 2020). We sim-
ulated a single dose of midazolam administered alone (day 1) and on the last day
of solithromycin daily dosing for 5 days (day 6). The geometric mean ratio and
associated 90% confidence interval for midazolam AUC,_,, and C,,,, were calcu-
lated for midazolam plus solithromycin relative to midazolam alone. Since the
P-glycoprotein ontogeny function is based on protein quantification and not func-
tional data, we simulated the DDI with and without the incorporation of the P-gly-
coprotein ontogeny function in children <6 years of age.

Solithromycin Plus Ketoconazole Pediatric Simulations. Ketoconazole
oral dosing in pediatric patients =2 years and adults were based upon recommen-
dations in the package insert: 3.3 mg/kg once daily (200-mg maximum) and 200
mg, oral administration, once daily, respectively (Teva, 2014; Lexicomp, 2020).

TABLE 4

Comparison of adult DDI simulations and observed data for solithromycin plus midazolam or ketoconazole.

Geometric Mean [90% CI]

Cax Ratio Geometric Mean [90% CI] AUC,... Ratio

Treatment Group

Observed Simulated Observed Simulated

Solithromycin (400 mg daily x 5 days) plus midazolam®
Solithromycin (800 mg x 1, 400 mg daily x 4 days) plus midazolam”
Solithromycin (400 mg) plus Ketoconazole (400 mg)“

2.45 [2.16-2.77]
245 [2.16-2.77]
1.56 [1.39-1.76]

2.82 [2.72-2.93]
3.09 [2.97-3.21]
1.91 [1.88-1.95]

8.96 [7.82-10.3]
9.09 [7.92-10.4]
2.55 [2.24-2.91]

9.77 [7.76-12.3]
13.8 [10.7-17.7]
2.30 [2.25-2.36]

“Midazolam 0.075 mg/kg, oral, on days 1, 3, and 7 and solithromycin 400 mg once daily (oral) on days 3 to 7. The ratio was calculated for midazolam on day 7 compared with day 1.
"Midazolam 0.075 mg/kg (oral) on days 1, 3, and 7 and solithromycin 800 mg (oral) on day 3 followed by 400 mg once daily (oral) on days 4 to 7. The ratio was calculated for midazolam

on day 7 compared with day 1.

“Solithromycin 400 mg (oral) on day 1 followed by a 5-day washout period, and then 4 days of ketoconazole 400 mg (oral; days 7-10), with solithromycin and ketoconazole oral adminis-
tration (400 mg each) on day 11. The ratio was calculated for solithromycin on day 11 compared with day 1.
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Fig. 2. Population simulations for solithromycin depicting concentration versus
time in hours (hr) after the first dose of solithromycin intravenous administration
in pediatric patients. Pediatric population simulations for 100 virtual White Amer-
ican subjects from 4 days to 17.9 years of age receiving 1 mg/kg intravenous sol-
ithromycin. The solid gray region is the 90% prediction interval, the solid black
line is the simulated arithmetic mean line, and the black dots are observed data
from pediatric subjects. Solithromycin plasma concentration data were normalized
by dose and time relative to the last drug administration since dose and adminis-
tration differed slightly for each individual.

Given the lack of information in children <2 years of age, we simulated ketoco-
nazole dosing in this population that would result in similar AUC.,4 as the sim-
ulated children and adults receiving 3.3 mg/kg or 200 mg, oral daily, respectively.
Solithromycin intravenous dosing in pediatric patients (60-minute infusion) were
used that achieved similar AUC 4 as in observed and simulated healthy adults
receiving 400-mg intravenously daily (400-mg maximum). We simulated solithro-
mycin administered intravenously alone for 5 days and after 5 days of dosing in
combination with oral ketoconazole. The geometric mean ratio and associated
90% confidence interval for solithromycin AUC( s and C.x at steady state
(Cinax.ss) Were calculated for solithromycin plus ketoconazole administered con-
currently for 5 days, relative to solithromycin administered alone for 5 days. Since
the P-glycoprotein ontogeny function is based on protein quantification and not
functional data, we simulated the DDI with and without the incorporation of the
P-glycoprotein ontogeny function in children <6 years of age.

Results

Time-Dependent Inhibition of CYP3A Using Recombinant
Enzymes. The time-dependent inhibition parameters (ki,,; and Ky) for
CYP3A4 and CYP3AS are presented in Table 2, and in Supplemental
Figs. 1 and 2. CYP3A7 was not a significant time-dependent inhibitor
at concentrations up to 150 pg/ml for preincubation times up to 60
minutes (Supplemental Fig. 3). Reversible inhibition of CYP3A7 was
observed at solithromycin concentrations >300 pg/ml, but time-depend-
ent inhibition was not observed (Supplemental Fig. 3). Preincubation
times beyond 60 minutes could not be explored because of the loss of
recombinant enzyme activity associated with longer incubation times.
Additionally, greater dilutions could not be implemented, since the max-
imum quantity of CYP3A7 was added in the preincubation reaction,
and the remaining velocity was approaching the lower limit of detection
for 6f-hydroxy-testosterone. Therefore, CYP3A7 time-dependent inhi-
bition parameters could not be generated, and deemed clinically insig-

nificant, for solithromycin.
Solithromycin CYP3A In Vitro Metabolism Using Recombi-

nant Enzymes. Pilot experiments demonstrated that CYP3A4 and
CYP3AS solithromycin metabolite formation, assessed by disappear-
ance of solithromycin, was in the linear stage up to 10 and 60 minutes,
respectively (Supplemental Fig. 4). Kinetic parameters could not be
determined for CYP3A?7, since no disappearance of solithromycin was

Salerno et al.

detected up to 60 minutes for 1 pM and 10 pM solithromycin
(Supplemental Fig. 4). Michaelis-Menten kinetic parameters for
CYP3A4 and CYP3AS are presented in Table 2 (Supplemental Figs. 5
and 6). For CYP3AS, the V. could not adequately be assessed
because of the high Ky, and the influence of time-dependent inhibition

at concentrations >30 pM (Supplemental Fig. 6; Table 2).
Adult Solithromycin PBPK Model Evaluation. The final model

parameters for solithromycin, ketoconazole, and midazolam are shown
in Table 1. The solithromycin PBPK model was evaluated using con-
centration versus time data from 100 healthy subjects and 22 patients
with CABP (1966 plasma samples) from phase 1 and phase 2 studies
(Fig. 1 and Supplemental Fig. 7) (Salerno et al., 2017). There were
50%, 60%, and 85% of simulated PK parameters (Cp,x and AUC,._,)
within 1.33-, 1.5-, and 2.0-fold of the observed values reported in adults
(Table 3). There were 45%, 64%, and 91% of simulated CL or CL/F
values within 1.33-, 1.5-, and 2.0-fold of the observed CL or CL/F val-
ues reported in adults (Supplemental Table 2). Finally, 89%, 56%, and
44% of the AFE values comparing observed and simulated concentra-
tions across all adult and pediatric dosing regimens were within
2.0-fold, 1.5-fold, and 1.33-fold, respectively (Supplemental Table 3).
Adult Solithromycin DDI Predictions in Healthy Volunteers.
The geometric mean ratio (90% confidence interval) for C,,, and
AUCy_, for oral midazolam (0.075 mg/kg) plus oral solithromycin
(400 mg daily for 5 days or 800 mg day 1 followed by 400 mg daily
for 4 days) relative to oral midazolam alone were similar between the
simulations and the observed data collected from phase 1 studies in
healthy adult volunteers (Table 4). Furthermore, the geometric mean
ratio (90% confidence interval) for C,,,x and AUC. ., after a single dose
of 400 mg oral solithromycin with 5 days of oral ketoconazole dosing rel-
ative to a single dose of 400 mg oral solithromycin alone were compara-
ble between the simulations and the observed data (Table 4). In
particular, all of the mean simulated versus observed fold ratios for C,,.x

and AUC,_,, were within 1.5-fold (Table 4).
Sensitivity Analysis. The most sensitive parameters for the steady-

state half-life in a virtual adult receiving the oral regimen of solithromy-
cin was the liver volume, the relative expression of CYP3A4 in liver,
lipophilicity, CYP3A4 time-dependent inhibition and metabolism
parameters (Kys, Vinaxs Kinaco K1), and the CYP3A4 ontogeny factor and
the CYP3A4 half-life in the liver.

Pediatric Solithromycin PBPK Model Evaluation. The simu-

lated plasma concentrations in pediatric patients receiving intravenous
solithromycin and oral suspension were slightly overpredicting the
observed plasma concentrations and variability. The AFE comparing
observed and simulated concentrations for the pediatric intravenous for-
mulation, oral suspension, and oral capsules were 0.61, 0.83, and 0.56
(Figs. 2 and 3). Underprediction of the variability may be associated
with differences in the virtual pediatric population within PK-Sim and
the patient population with suspected or confirmed bacterial infection.
The day 1 weight-normalized CL from the PBPK simulation were simi-
lar to the individual empirical Bayesian post hoc parameter estimates
from the published PopPK model for all ages except 2 to <6 year old
children (Supplemental Table 4) (Gonzalez et al., 2018).
Solithromycin Plus Midazolam DDI Simulations. The simulated
age- and weight-based solithromycin intravenous doses (60-minute infu-
sion) resulted in comparable solithromycin exposure but higher variabil-
ity when compared with the mean + S.D. AUCy 4 value (13 + 4.38
mg*h/L) reported in healthy adults receiving 400 mg intravenously
daily for 7 days (Fig. 4; Table 3). The simulated solithromycin AUC,.
2455 Was generally the same across age groups, albeit slightly higher in
pediatric patients to adults overall and highest and most variable in
infants from 1 to <6 months and adolescents from 12 to <18 years of
age (Fig. 4). The geometric mean AUC,. ., ratio and associated 90%
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Fig. 3. Population simulations depicting concentration versus
time in hours (hr) after the first dose of solithromycin oral
administration (capsules or suspension) in pediatric patients.
(A) Population simulations for 100 White American virtual
infants and children from 4 days to 12 years of age receiving
1 mg/kg oral solithromycin as a suspension. (B) Population

Dose Corrected Solithromycin (mg/L/mg/kg)

851

simulations for 100 White American virtual children and ado-
lescents from 6 to 17 years of age receiving 1 mg/kg oral sol-
ithromycin as a capsule. The solid gray region is the 90%
prediction interval, the solid black line is the simulated arith-
metic mean, and the black dots are observed data from pediat-
ric subjects. Solithromycin plasma concentration data were
normalized by dose and time relative to the last drug adminis-
tration since dose and administration differed for each
individual.

0.1

0.01

0.0011

Dose Corrected Solithromycin (mg/L/mg/kg)

12 24 36 48 60 72 84 9% 108 120

Time (hr)

0.0001
0

confidence interval for midazolam with solithromycin relative to mid-
azolam alone was slightly higher in simulated pediatric patients relative
to simulated adults. Therefore, the proposed dose adjustment for mid-
azolam, when given in combination with solithromycin, is approxi-

mately 9-fold lower in pediatric patients (Fig. 5; Table 5).
Solithromycin Plus Ketoconazole DDI Simulations. The simu-

lated median ketoconazole AUCy 44 Was generally the same across age
groups using the recommended dosing, but the mean was higher in simu-
lated infants from 1 to <6 months of age due to higher variability (Fig. 4).
The geometric mean AUC,, ratio and associated 90% confidence interval
for solithromycin with ketoconazole relative to solithromycin alone was
similar between virtual pediatric patients =6 months of age and adults, but
higher in infants from 1 to <6 months of age. Therefore, the proposed
dose adjustment for solithromycin when given in combination with ketoco-
nazole is approximately 2-fold lower in infants <6 months of age and
approximately 1.4-fold lower in ages =6 months (Fig. 5; Table 5).

Discussion

Although phenotyping studies for CYP3A4 are routinely performed
for new investigational drugs, the role of CYP3A?7 is rarely investigated,
since CYP3A7 is minimally expressed in adults (https://www.fda.gov/

12 24 36 48 60 72 84 96 108 120

Time (hr)

regulatory-information/search-fda-guidance-documents/vitro-drug-intera
ction-studiescytochrome-p450-enzyme-and-transporter-mediated-drug-in
teractions) (https://www.fda.gov/regulatory-information/search-fda-guid
ancedocuments/clinical-drug-interaction-studies-cytochrome-p450-enzym
e-and-transporter-mediated-druginteractions) (US Food and Drug
Administration, 2020). However, CYP3A7 is the predominantly
expressed CYP3A isoenzyme in fetal tissue and newborns, and
CYP3A7 played a critical role in the CYP3A-mediated DDI between sil-
denafil plus fluconazole in neonates (Salerno et al., 2021). Therefore, the
objective of this study was to leverage solithromycin as a case study to
suggest a framework for investigating and incorporating CYP3A into
adult and pediatric PBPK models to predict pediatric CYP3A mediated
DDI potential during drug development. As demonstrated in this study,
adult and pediatric PBPK models can be developed incorporating rele-
vant CYP3A parameters, evaluated using adult and pediatric PK and
adult DDI data, and then dosing can be simulated in pediatric patients
receiving CYP3A drug combinations (Fig. 6). This approach can be
applied to guide DDI assessment throughout drug development for other
CYP3A drugs likely to be coadministered to pediatric patients.

We evaluated CYP3A4, CYP3AS5, and CYP3A7 metabolism and
time-dependent inhibition, and incorporated parameters for CYP3A4
and CYP3AS5 into a published adult PBPK model for solithromycin
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Fig. 4. Simulated solithromycin and ketoconazole daily steady-state area under the concentration versus time curve from 0 to 24 hours (AUC.4,) stratified by age
group. Dosing was simulated in 500 virtual individuals between the ages of 1 and <6 months, 0.5 to <2 years, 2 to <6 years, 6 to <12 years, 12 to <18 years, and 18
to 65 years. The boxplots display the median (interquartile range), the upper whiskers are the 75" percentile to 1.5 times the interquartile range, the lower whisker is
the 25™ percentile subtract 1.5 times the interquartile range, and observations outside the whiskers are represented as black dots. (A) The simulated solithromycin daily
AUC 24,5 based on the age- and weight-based intravenous solithromycin dosing for 5 days as presented in Table 5. The red dot is the arithmetic mean for each age
group. The black horizontal line refers to the mean daily AUC.,4 s value observed in healthy adults whom received 400 mg intravenously for 7 days, in which the
reported mean * S.D. was 13 + 4.38 mg*h/L (sponsor data on file). (B) The simulated ketoconazole daily AUC.,4 s based on the age- and weight-based oral ketoco-

nazole dosing for 5 days as presented in Table 5.

A
18 to 65 years

12 to <18 years
6 to <12 years
2 to <6 years

0.5 to <2 years

| H]

1 to <6 months

1 2 383 4 5 6 7 8 9 10 11
Midazolam plus Solithromycin AUC,_,, Ratio

B

18 to 65 years i i - i
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6 to <12 years : i —— ‘
2 to <6 years E E HH

0.5to <2 years{ wh
1 to <6 months E E —a— 1
0.80 1.00 1.25 1.50 1.75 2.00

Solithromycin plus Ketoconazole AUC,_»4 s Ratio

Fig. 5. Forest plots of the geometric mean fold ratios for the simulated AUC of
midazolam with and without solithromycin and of solithromycin with and without
ketoconazole, stratified by age groups. Dosing was simulated in 500 virtual indi-
viduals in each age category (1 to <6 months, 0.5 to <2 years, 2 to <6 years, 6
to <12 years, 12 to <18 years, and 18 to 65 years) according to the age- and
weight-based dosing presented in Table 5. The vertical blue line corresponds to a
ratio of 1.00 and the dotted vertical lines refer to the equivalence range of 0.80
to 1.25. (A) Virtual individuals received a single intravenous dose of midazolam
alone and on the last date after 5 days of daily solithromycin intravenous dosing.
The geometric mean ratio and 90% confidence interval of the AUC .. was calcu-
lated for a group of virtual individuals receiving midazolam plus solithromycin
relative to a group of virtual individuals receiving midazolam alone. (B) Virtual
individuals received 5 days of solithromycin intravenous dosing alone as well as
in combination with 5 days of oral ketoconazole dosing. The geometric mean
ratio and 90% confidence interval of the AUC.,4 s Was calculated for the group
of patients receiving solithromycin plus ketoconazole relative to a group receiv-
ing of virtual individuals solithromycin alone.

(Salerno et al., 2017). Using recombinant enzymes, we reported a
higher kjn.¢ and Ky for CYP3A4 than prior studies with human liver
microsomes (0.084 minute™ ' vs. 0.022 minute ' and 0.34 pg/ml after
protein binding correction vs. 0.038 pg/ml) (Salerno et al., 2017). There
may be altered activity and expression between recombinant enzymes
and human liver microsomes. In addition, we investigated solithromycin
concentrations =300 pg/ml and used the NADPH regenerating system
and testosterone as the probe substrate; whereas, the sponsor investi-
gated solithromycin =0.3 pg/ml and used NADPH and midazolam as
the probe substrate (sponsor data on file). Interestingly, solithromycin
was not a substrate or time-dependent inhibitor for CYP3A7 at the con-
centrations (=900 pg/ml) and times (60 minutes) investigated in this
study. In contrast, CYP3A7 has been reported to have activity for mid-
azolam, tacrolimus, clarithromycin, and alprazolam (Lacroix et al.,
1997; Williams et al., 2002; Kamdem et al., 2005; Takahiro et al.,
2015; Li and Lampe, 2019). Although substrate specificity can overlap
for the CYP3A family, CYP3A7 generally has lower catalytic activity
than CYP3A4 (Williams et al., 2002).

The solithromycin PBPK model included CYP3A4 and CYP3AS
metabolism and time-dependent inhibition, glomerular filtration, and P-
glycoprotein transport and enterohepatic recirculation. The AFE of simu-
lated versus observed concentrations and simulated PK parameters were
all within 2-fold of observed values in healthy subjects and patients with
CABP, except for the 200 mg, oral, administration day 1 Cy,, and the
600 mg, oral administration, daily day 7 AUC, (Supplemental Tables 2
and 3; Table 3). However, solithromycin regimens that demonstrated effi-
cacy for CABP (800 mg on day 1 followed by 400 mg on days 2-5
orally and 400 mg intravenously daily) were well characterized (Barrera
et al., 2016; File et al., 2016). In addition, simulated geometric mean
ratios for midazolam with and without solithromycin and solithromycin
with and without ketoconazole for C,,,, and AUC,, were within 1.5-fold
of values reported in healthy adults from phase II DDI studies (Table 4).

The adult solithromycin PBPK model was scaled to pediatric patients
from O to 17 years of age. The weight-normalized day 1 CL for the
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TABLE 5

Simulated dosing and DDI potential stratified by age group for solithromycin in combination with midazolam and ketoconazole.

Solithromycin Simulated Midazolam

Solithromycin plus
Ketoconazole
AUC .24 ¢ Fold

Midazolam plus

Ketoconazole Simulated Solithromycin

Age Group Dose” Simulated Dose Dose” AUC.. Fold Change® Change”
1 to <6 months 3.25 mg/kg i.v. 0.05 mg/kg i.v. 3.3 mg/kg oral daily 9.7 (8.9, 10.6) 1.8 (1.8, 1.9)
1 to <6 months, no 3.25 mg/kg i.v. 0.05 mg/kg i.v. 3.3 mg/kg oral daily 9.7 (8.9, 10.5) 1.8 (1.7, 2.0)
P-glycoprotein
ontogeny function
0.5 to <2 years 6 mg/kg i.v. 0.05 mg/kg i.v. 4 mg/kg oral daily 6.6 (5.9,7.3) 1.2 (1.2, 1.3)
0.5 to <2 years, no 6 mg/kg i.v. 0.05 mg/kg i.v. 4 mg/kg oral daily 6.6 (5.9, 7.3) 1.2 (1.2, 1.3)
P-glycoprotein
ontogeny function
2 to <6 years 7 mg/kg i.v. 0.05 mg/kg i.v. 3.3 mg/kg oral daily 9.3 (8.3, 10.4) 1.5 (1.4, 1.5)
2 to <6 years, no P- 7 mg/kg i.v. 0.05 mg/kg i.v. 3.3 mg/kg oral daily 9.3 (8.3, 10.4) 1.5 (14, 1.6)
glycoprotein
ontogeny function
6 to <12 years 6 mg/kg i.v. 0.025 mg/kg i.v. 3.3 mg/kg oral daily 9.4 (8.5, 10.5) 1.5 (1.4, 1.6)
12 to <18 years 5.5 mg/kg i.v. 0.5 mg i.v. 3.3 mg/kg oral daily 9.5 (8.5, 10.5) 1.2(1.2,1.2)
18-65 years 400 mg i.v. 0.5 mg i.v. 200 mg oral daily 6.8 (6.2, 7.6) 14 (14, 1.4)

“The maximum simulated solithromycin dose was 400 mg.
"The maximum simulated ketoconazole dose was 200 mg.

“The fold-change values are presented as the geometric mean (90% confidence interval) for midazolam based on 500 simulations in each age group receiving midazolam plus solithromycin

for 5 days relative to midazolam alone for 5 days.

“The fold-change values are presented as the geometric mean (90% confidence interval) for solithromycin based on 500 simulations in each age group receiving solithromycin plus ketoco-

nazole for 5 days relative to solithromycin alone for 5 days.
Abbreviations: intravenous: i.v.

PBPK simulations were similar to the individual empirical Bayesian post
hoc parameter estimates from a published PopPK model developed using
data for these children (Supplemental Table 4) (Gonzalez et al., 2018).
However, our steady-state CL and simulated age- and weight-based dos-
ing for intravenous solithromycin were lower than the PopPK model rec-
ommendations (8 mg/kg intravenously daily) (Table 5) (Gonzalez et al.,
2018). The final PopPK model included weight and a sigmoidal matura-
tion function for PMA on CL, but time-dependent inhibition was not
included (Gonzalez et al., 2018). The differences in steady-state CL and
suggested dosing between the PopPK and PBPK models are primarily
due to the inclusion of time-dependent inhibition in our PBPK model.

To evaluate CYP3A mediated DDI potential for solithromycin, adult
and pediatric PBPK models were developed for the CYP3A probe sub-
strate, midazolam, as well as the strong CYP3A inhibitor, ketoconazole.
After scaling the adult oral ketoconazole PBPK model to pediatric
patients, the plasma concentrations were overpredicted (Supplemental
Material). Oral absorption of ketoconazole is highly affected by the
presence of food in the gastrointestinal tract and by gastric acidity,
which may differ in children with candidiasis relative to healthy adults
(Van Tyle, 1984). The intragastric pH is elevated in neonates, and a
study in neonates reported that gastric pH above 2.5 and continuous
oral feeding resulted in insufficient ketoconazole absorption in preterm
infants during the first week of life (Van Den Anker et al., 1994; Kearns
et al., 2003). Formulation also plays a role as children (2 to 12.5 years
of age) receiving ketoconazole suspension had mean plasma concentra-
tions 1.6 to 4 times higher than children receiving crushed tablets in
applesauce (Ginsburg et al., 1983). After reducing the transcellular
intestinal permeability, simulated exposures were similar to observed
data in children with candidiasis. Of note, the optimized transcellular
intestinal permeability for ketoconazole is significantly greater than the
predicted value (2.39 *10~® cm/min) in PK-Sim based on its physio-
chemical properties. It is likely that the aqueous solubility of ketocona-
zole is significantly improved when formulated with the excipients in
the tablet, which might in part explain this discrepancy. Ketoconazole
has not been systematically studied in children under 2 years of age, so
dosing was simulated to achieve similar AUC; relative to adults receiv-
ing 200-mg tablets oral daily as well as children =2 years of age

receiving 3.3 mg/kg per day ketoconazole (Fig. 4; Table 5). Consistent
with allometric principles, our simulations suggest that a slightly higher
weight-based dosage (4 mg/kg per day) should be given to young chil-
dren between 0.5 and 2 years of age (Anderson and Holford, 2013).

Interestingly, the differences in DDI potential simulated across age
cohorts for midazolam plus solithromycin and solithromycin plus keto-
conazole reflect differences in inhibitor concentrations (Figs. 4 and 5).
For example, due to the high variability in solithromycin and ketocona-
zole concentrations between 1 and <6 months of age, exposures were
highest and resulted in the highest AUC ratios with and without inhibition
in this age group. This study suggests that, as long as the inhibitor con-
centrations are closely matched to adult concentrations, DDI potential for
drug primarily metabolized through CYP3A4 should be similar between
pediatric subjects >1 month of age and adults. However, the exposure-
response relationship and drug concentrations can differ between pediatric
and adult patients due to differences in disease progression and treatment
response, such as for drugs involved in the treatment of gastroesophageal
reflux disorder in infancy, neonatal bacterial conjunctivitis, type 2 diabe-
tes, oncology products, major depression disorder, as well as attention-
deficit hyperactivity disorder (Sun et al., 2018). Additionally, DDI poten-
tial may differ in neonates for other CYP3A substrates metabolized by
CYP3A7, since CYP3A7 has greater expression in neonates and gener-
ally has lower catalytic activity than CYP3A4.

In conclusion, we present a framework for incorporating CYP3A
parameters to predict pediatric CYP3A mediated DDI potential during
drug development. However, there are some notable limitations that
warrant further discussion. First, we were unable to determine the true
Vimax for CYP3AS because of the high Ky; and the influence of time-
dependent inhibition at higher solithromycin concentrations. Solithro-
mycin steady-state half-life was not sensitive to CYP3AS5, which can
also be expected due to the high Ky value. Second, the lack of signifi-
cant metabolism of solithromycin by CYP3A7 made it difficult to eval-
uate the role of CYP3A7 in CYP3A mediated DDI potential in
neonates. Since we cannot predict in advance whether a drug will be a
CYP3A7 substrate, CYP3A7 metabolism should still be explored if the
investigational drug is likely to be given to infants. Another limitation is
with respect to the ontogeny function for P-glycoprotein. We evaluated
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Determine if the investigational drug is a substrate or inhibitor of the drug
metabolizing enzymes: CYP1A2, 2B6, 2C8, 2C9, 2C19, 2D6, and 3A4/5

A4

Is the investigational drug a CYP3A substrate that is likely to be administered to
infants?
Yes No
Determine relevant in-vitro Refer to the latest FDA in-vitro and
parameters for CYP3A7 clinical DDI guidance documents
A4
Develop and evaluate an adult Refine model using available adult
model with and without inhibition «— PK data with and without inhibition
A4
Develop and evaluate a pediatric Refine model using pediatric PK data
model with and without inhibition with and/or without inhibition
A 4
Determine optimal dosing in adult and pediatric patients receiving the investigational
drug in combination with CYP3A inhibitors

Fig. 6. Approach for leveraging experimental data and PBPK modeling to predict DDIs mediated via CYP3A inhibition in adults and pediatric patients during drug development.
We have proposed a framework for conducting and integrating relevant experimental studies into adult and pediatric PBPK models to predict pediatric CYP3A mediated DDI
potential during drug development. Although in vitro studies for CYP3A4 and CYP3AS are routinely performed to evaluate metabolism and drug interaction potential for new
investigational drugs, in vitro studies for CYP3A7 are rarely performed since CYP3A7 is minimally expressed in adults (https://www.fda.gov/regulatory-information/
search-fdaguidance-documents/vitro-drug-interaction-studies-cytochrome-p450-enzyme-and-transportermediated-drug-interactions;  https://www.fda.gov/regulatory-information/searc
h-fda-guidance-documents/clinical-drug-interaction-studies-cytochrome-p450-enzyme-and-transporter-mediated-drug-interactions). However, CYP3A7 is the predominantly
expressed CYP3A isoenzyme in fetal tissue and newborns, and we have previously demonstrated that CYP3A7 was integral for evaluating CYP3A mediated DDIs in infants <2
months of age using the CYP3A substrate, sildenafil, as an example (Salerno et al., 2021). Therefore, we recommend determining whether a drug is a substrate and/or inhibitor
of CYP3A7 if this drug is likely to be administered concurrently to infants with other CYP3A inhibitors/inducers or CYP3A7 substrates, respectively. These in vitro parameters
can be incorporated into an adult PBPK model developed and evaluated using clinical PK data and DDI data collected in healthy adults. The adult DDI PBPK model can be
scaled to pediatric patients and evaluated using available pediatric PK data with and/or without drug inhibition. We recommend extensively evaluating the victim and perpetrator
pediatric PBPK models using pediatric PK data for the drugs administered separately prior to comodeling and simulated the DDI in pediatric patients. Finally, dosing recommen-
dations with and without drug inhibitors can be simulated across the pediatric age continuum and provided within the product labeling. The advantage of this approach is that it
does not require pediatric clinical DDI data since such studies are rarely performed unless children receive the drug combinations per standard of care. However, as clinical data
becomes available in pediatric patients receiving the drug combinations per standard of care, the dosing recommendations can be further refined using opportunistic PK data.

the DDI simulations with and without incorporation of an ontogeny
function for P-glycoprotein expression with a mean + S.D. age at which
50% of adult expression is reached at 2.94 + 1.33 years (Prasad et al.,
2016). This ontogeny function is based upon P-glycoprotein protein frag-
ment quantification data in pediatric and adult liver tissues and may not
be a true indication of P-glycoprotein function. Furthermore, the CYP3A
ontogeny function implemented in the simulations may also influence the
results as one study reported that the predicted ivabradine and metabolite
AUC with ketoconazole relative to control were 2-fold lower and 1.3-
fold higher in the youngest children (0.5-1 year old) compared with
adults using ontogeny functions derived by Salem, et al. (2014) and
Upreti, et al. (2016), respectively (Lang et al., 2020). However, the
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Supplementary Methods
PK-Sim® Basic Model Structure

The generic model structure implemented within PK-Sim® includes the following 15
organs/tissues and blood pool compartments: adipose tissue, brain, bone, gonads, heart, kidneys,
large intestine, small intestine, liver, lung, muscle, pancreas, skin, spleen, stomach, arterial
blood, venous blood, and portal vein blood. The alimentary canal from the stomach to the rectum
is divided into 12 compartments and a mucosal compartment was added to each luminal segment
of the intestine (Thelen et al., 2011). Each organ/tissue can further be described by the following
sub-compartments: blood cells, interstitial space, intracellular space, and plasma. The portal vein,

arterial blood, and venous blood compartments contain blood cells and plasma.
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Expression Database

PK-Sim® uses gene expression data to estimate tissue specific protein abundances and to
determine catalytic rate constants for relevant enzymes or transporters affecting drug
distribution. Relative protein abundance can be set according to available expression data while
catalytic parameters are described by a global kinetic rate constant. The PK-Sim® library
includes large-scale gene-expression data from publicly available sources, which were
downloaded, processed, stored and customized such that they can be directly utilized in PBPK
model building (Meyer et al., 2012). This method enables direct estimation of in vivo enzyme
and transporter activity based on data-based inclusion of tissue-specific protein abundance and
significantly reduces the number of free model parameters needed. A summary of the expression
data relevant within this manuscript is described below, and the full human gene expression

database is found at: https://github.com/Open-Systems-Pharmacology/Suite/releases/tag/v9.1.



https://github.com/Open-Systems-Pharmacology/Suite/releases/tag/v9.1
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CYP3ADS5 Expression
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AADAC Expression
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UGT1A1 Expression
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P-glycoprotein Expression
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OATP1B1 Expression
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Adult ketoconazole and midazolam PBPK model development and evaluation

PK data for ketoconazole and midazolam model development and evaluation were
digitized from the literature using Plot Digitizer Version 2.6.8 (Supplemental Table 5).
Ketoconazole undergoes oxidation by CYP3A into its major metabolite (M2) along with five
other minor metabolites (M3, M6, M7, M8, and M13) (Fitch et al., 2009). Since parameters were

not available to describe CYP3A4 CL of ketoconazole, the Ky and Vax were initially obtained



from a study describing voriconazole CYP3A4 CL (Hyland et al., 2003). Ketoconazole also
undergoes glucuronide conjugation by UDP-glucurosyltransferase 1A4 (UGT1A4) (Bourcier et
al., 2010). Protein binding for ketoconazole is concentration dependent (93% at 50 pg/mL and
91% at 25 pg/mL based on equilibrium dialysis), which may contribute to the non-linear kinetics
for ketoconazole (Van Tyle, 1984; Huang et al., 1986). Ketoconazole also binds to blood cells
resulting in ~1% free drug in plasma (DrugBank, 2020; Van Tyle, 1984). Therefore, protein
binding to albumin was manually optimized based on the administered dose, and CYP3A4 V nax
and UGT1A4 Vnax Were optimized using parameter optimization (Table 1). The Poulin and Theil
method was used to calculate partition coefficients and the charge dependent Schmitt normalized
to PK-Sim® method was used to calculate cellular permeability (Poulin and Theil, 2000; Open
Systems Pharmacology Suite community, 2018). Population simulations based on 100 virtual
subjects (white American population from 18 to 46 years of age) receiving 100, 200, 400, and
800 mg PO ketoconazole were performed and were evaluated by visually comparing the
simulated mean and associated 90% prediction interval with the observed data from the
literature. The mean simulated and observed area under the concentration versus time curve from
0 to 8 hours (AUC,.g) or area under the concentration versus time curve extrapolated to infinity
(AUCy.,), and the maximal concentration (Crax) Were also compared, with a 2-fold ratio (0.5 to
2-fold ratio) considered acceptable. CYP3A4 competitive inhibition was included based on the
formation of 1°-hydroxymidazolam in human liver microsomes from four human donors (Von
Moltke et al., 1996). CYP3A5 non-competitive inhibition was included based 1°-
hydroxymidazolam formation in c-DNA expressed CYP3A5 microsomal preparations (Gibbs et

al., 1999). P-glycoprotein inhibition was included based on a PBPK model that estimated the in-



vivo inhibition constant (K,) for renal P-glycoprotein to describe the clinical DDI between
ketoconazole and fesoterodine in healthy adult subjects (Oishi et al., 2018).

The adult PBPK model for midazolam included key drug properties described in Table 1.
Protein binding is approximately 97% to human plasma albumin in adults as well as pediatric
patients greater than 1 year of age. Studies in human liver microsomes indicate the midazolam is
primarily metabolized by CYP3A4 (U.S. Food and Drug Administraiton (FDA), 2017; Xiao et
al., 2019). Lipophilicity and transcellular intestinal permeability were optimized using both the
IV and PO data with the Monte Carlo algorithm. Partition coefficients were calculated using the
Rodgers and Rowland method and cellular permeability was calculated using the PK-Sim®
Standard method (Rodgers and Rowland, 2006; Open Systems Pharmacology Suite community,
2018). Population simulations based on 100 virtual subjects (white American population from 18
to 46 years of age) receiving a 2 mg IV infusion over 30 minutes and 15 mg PO midazolam were
performed and visually compared with observed data. The simulated versus observed mean
AUC,.,, and Cnax Were also compared, with a 2-fold range considered acceptable. To validate
ketoconazole as a CYP3A inhibitor, we simulated the CYP3A mediated DDI between
ketoconazole and midazolam in adults and compared with observed data obtained in the

literature from clinical studies (Supplemental Table 6).

Individual level concentration versus time data was not available for pediatric patients
receiving ketoconazole, so simulated PK parameters were compared with observed PK
parameters in children receiving PO ketoconazole from the literature. Population simulations
were performed for 100 virtual subjects (5 months to 14 years) receiving 9 mg/kg PO
ketoconazole daily for 2 weeks, and the Cnax and the daily steady-state AUC steady-state (AUC,.

24.5s) Was compared with data from 26 children with candidiasis whom received an average



(range) daily dosage of PO ketoconazole of 9 (6-13) mg/kg (Pietrogrande et al., 1983; Bardare et
al., 1984). Population simulations were also performed for 100 virtual subjects from 2 to 12.5
years of age receiving a single 5 mg/kg suspension, and the Cy,ax and AUCy., was compared with
12 children with PO candidiasis and superficial dermatophytoses whom received 5 mg/kg
ketoconazole suspension (Ginsburg et al., 1983). The transcellular intestinal permeability for
ketoconazole was decreased to 2*10™ cm/min (fraction absorbed of 0.80) in order to capture the
observed AUC and Cyax in pediatric patients.

Population simulations for midazolam were performed for 100 virtual subjects with
similar ages, doses, and formulations as described in the study population reported in the
literature (Supplemental Table 5). The midazolam pediatric PBPK model was evaluated by
comparing the CL and V to values reported in pediatric patients from 2 days to 16.2 years
receiving IV midazolam (Jacqz-Aigrain et al., 1990; Nahara et al., 2000; Reed et al., 2001). We
also compared the AUCy... and Cnax to values reported in pediatric patients from 0.5 to <16 years
receiving a single PO dose (0.25 mg/kg, 0.5 mg/kg, and 1.0 mg/kg) of midazolam (Reed et al.,
2001). Acceptance criteria was for the simulated CL, V, AUCy., and Cax to be within 0.5-2-fold

of the observed PK parameters.
Supplementary Results
Ketoconazole and Midazolam Adult PBPK Model

Ketoconazole population simulations were performed in virtual adults receiving single
PO doses (100, 200, 400, and 800 mg) of ketoconazole and visually compared with digitized
mean observed data in healthy adults (Supplemental Figure 8). Ketoconazole population
simulations were also performed in virtual adults receiving 200 mg PO daily and 400 mg PO

daily multiple dosing administration, and resulted in reasonable agreement with the digitized



mean data observed in healthy adults (Supplemental Figure 9). Furthermore, the simulated versus
observed AUCy.gand Cnax in 10 adult patients with fungal disease receiving a single 100 mg dose
of ketoconazole was 5.30 versus 5.73 ug*h/mL and 1.70 versus 1.60 pg/mL, respectively (Brass
et al., 1982). The simulated versus observed AUC,., reported in healthy volunteers receiving a
single dose of 200 mg and 400 mg ketoconazole was 23.84 versus 17.55 pg*h/mL and 47.8
versus 40.9 pg*h/mL, respectively (Daneshmend et al., 1981). The simulated versus observed
Cmax In healthy volunteers receiving a single dose of 200 mg ketoconazole was 5.04 versus 3.60
pag/mL and for a single 400 mg dose of ketoconazole was 10.1 versus 6.5 pg/mL, respectively
(Daneshmend et al., 1981). Midazolam population simulations were performed for a single dose
of 15 mg PO and a single 2 mg 1V (30-minute infusion), and resulted in reasonable agreement
with the digitized mean data observed in healthy adults (Supplemental Figure 10). Furthermore,
the simulated versus observed mean AUC., and Cpmax for 15 mg PO midazolam (one hour post
meal) was 184 versus 184 ng*hr/mL and 41 versus 48 ng/mL, respectively, based on a study
conducted in 18 healthy volunteers (Bornemann et al., 1986). Additionally, the simulated versus
observed mean AUC., and Cax for 2 mg IV midazolam was 69.61 versus 84.76 ng*hr/mL and
48.40 versus 45.68 ng/mL, respectively, based on a study in 27 healthy adult volunteers (Pentikis

etal., 2007).

Ketoconazole and Midazolam Pediatric PBPK Model

After scaling the adult PO ketoconazole PBPK model to pediatric patients from 0.42 to
14 years of age, the AUC and Cax Was over-predicted by 2-3-fold. For example, the simulated
versus observed mean AUCy.24ssand Crax for the 9 mg/kg PO daily ketoconazole dose in infants
and children 5 months to 14 years of age was 69.1 versus 32.7 ug*h/mL and 14.6 versus 4.9

pg/mL, respectively. Likewise, the simulated versus observed AUC,., and Cpax for the 5 mg/kg



PO single dose in children 2 to 12 years of age was 38.7 versus 15.3 pg*h/mL and 7.9 versus 4.4
pg/mL, respectively. Reducing the transcellular intestinal permeability approximately 10-fold
from the adult permeability value resulted in similar AUC and C.x values as reported in 26
infants and children (0.42 to 14 years of age) with candidiasis (Pietrogrande et al., 1983; Bardare
et al., 1984) and 12 children with PO candidiasis and superficial dermatophytoses (Ginsburg et
al., 1983) (Supplemental Table 7).

The adult 1V and PO midazolam PBPK model was scaled to pediatric patients ranging
from 2 days to 16 years of age. The mean CL and volume of distribution at steady-state (Vss) for
the pediatric midazolam PBPK model were within 0.67-1.27-fold to values reported in pediatric
patients from 2 days to 16.2 years receiving IV midazolam except for the V in children from 12
to <16 years (Jacqz-Aigrain et al., 1990; Nahara et al., 2000; Reed et al., 2001) (Supplemental
Table 8). The AUCy...and Crax Were generally within 0.5-2-fold of values reported in pediatric
patients from 0.5 to <16 years receiving a single PO dose of midazolam (Reed et al., 2001)

(Supplemental Table 9).
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Supplementary Tables and Figures

Supplemental Table 1. Clinical data used for physiologically-based pharmacokinetic (PBPK) model development.

CEO01-102 CEO1-121 CEO1-110 CEO01-114 (Rodvold CEO01-200
Study (Still et al., 2011) (Sponsor data on file) | (Sponsor data on file) etal., 2012) (Oldach et al., 2013)
Trial phase 1 1 1 1 2
Number of Adult
Subjects 25 30 14 31 65°
200, 400, and 600 | 400 mg daily x 7 days; | 800 mg on day 1, 400 800 mg on day 1, 400
Regimen mg daily for 7 days 800mg single-dose mg daily x 4 days 400 mg daily x 5 days mg daily x 4 days
Formulation® PO [\ PO PO PO
% Female 27% 23% 54% 19% 57%
Age (years) 32.9 (20-55) 44.6 (23-59) 34.2 (21-43) 33.6 (19-46) 56.0 (25-87)
Weight (kg) 74.5 (61.4-90.3) 82.75 (66-102) 76.2 (61.5-95.6) 82.2 (58.1-97) N/A
Plasma Samples 676 801 356 31 102

Formulation: capsule (PO) or Intravenous suspension (IV). 2Pharmacokinetic (PK) data was available for 22 of these subjects. Data presented as the average

(range).




Supplemental Table 2. Comparison of adult clearance values for solithromycin between the observed data and the simulated PBPK

model.

CL/For CL on Day 1 (L/h)

CL/F or CL after multiple doses (L/h)

Observed data | PBPK model Observed data PBPK model
Dosing Regimen Mean SD Mean SD Ratio | SD Mean SD Mean | SD | Ratio | SD
200 mg PO daily 267 140 132 22 0.5 0.3 102 60 116 26 1.1 | 0.7
400 mg PO daily 103 141 125 22 1.2 1.7 96 198 77 48 08 | 1.7
600 mg PO daily 131 178 119 24 0.9 1.2 35 11 26 31 0.7 | 0.9
800 mg PO day 1,
400 mg PO day 2-5 61 54 111 33 1.8 1.7 32 13 75 34 23 | 1.8
400 mg 1V daily 70 17 70 10 1.0 0.3 34 13 50 26 15 | 0.9
800 mg IV day 1 42 8 66 14 1.6 0.4 N/A N/A N/A N/A | N/A | N/A

The ratio was calculated as the ratio of mean predicted values over mean observed values with a ratio for the standard deviation as

described previously (Jiang et al., 2013; Johnson et al., 2014; Zhou et al., 2016). There were 45%, 64%, and 91% of simulated CL or

CL/F values within 1.33, 1.5, and 2.0-fold of the observed CL or CL/F values. Abbreviations: CL/F: clearance following oral

administration; CL.: clearance; PBPK: physiologically-based pharmacokinetic model; SD: standard deviation; PO: oral




Supplemental Table 3. Average fold errors for the solithromycin physiologically-based

pharmacokinetic (PBPK) model.

Population Dosing and Administration Average Fold Error
Healthy Adults 200 mg PO daily 1.43
Healthy Adults 400 mg PO daily 1.00
Healthy Adults 600 mg PO daily 2.23
Healthy Adults 800 mg PO day 1, 400 mg PO day 2-5 0.78
Healthy Adults 400 mg 1V daily 0.97
Healthy Adults 800 mg IV day 1 0.63

Pediatric Patients IV Formulation 0.61
Pediatric Patients Oral Suspension 0.83
Pediatric Patients Oral Capsules 0.56

The adult model was evaluated using plasma concentration data from 100 healthy subjects and
22 patients with community acquired bacterial pneumonia (CABP) (1,966 plasma samples) as
described previously (Supplemental Table 1) (Salerno et al., 2017). The solithromycin pediatric
PBPK model was evaluated using 684 plasma concentration data available from 96 pediatric
patients ranging from 4 days to 17.9 years. The pediatric concentration data was normalized to a
1 mg/kg dose. The average fold error was calculated for each dosing regimen according to the

equation where predicted is the simulated geometric mean value for adults and the arithmetic

AW redicted
mean value for pediatric subjects: IO(H) % 108 (Gpsoned) . Overall, 89%, 56%, and 44% of the

average fold error values comparing observed and simulated concentrations across all adult and

pediatric dosing regimens were within 2.0-fold, 1.5-fold, and 1.33-fold, respectively.




Supplemental Table 4. Comparison of the population pharmacokinetic (PopPK) and physiologically-based pharmacokinetic (PBPK)

model weight-normalized clearance estimates.

Cohort PopPK estimates' PBPK Simulated PBPK Simulated
CL (L/h/kg) CL day 1 (L/h/kg) CL day 5 (L/h/kg)
12 to 17 years (1V) 0.78 (0.19-2.00) 0.88 (0.20-1.63) 0.62 (0.08-1.55)
6 to <12 years (1V) 1.20 (0.43-2.50) 1.14 (0.14, 2.07) 0.85 (0.07, 1.93)
2 to <6 years (1V) 0.53 (0.18-2.40) 1.37 (0.43-2.26) 0.96 (0.08-2.11)
Ot<2years(V) | 087(028140) | g25VER 02 (0 0008 | 052 yers: 096 (006189

Clearance values are reported as the median (range).

YIndividual empirical Bayesian post-hoc parameter estimates were obtained based on a published population pharmacokinetic (PopPK)
model developed using plasma data from these 96 children (780 plasma samples). The structural model was a 2-compartment model
with linear elimination and first-order absorption with an oral absorption lag time. Significant covariates included body weight and a
sigmoidal maturation function for post-menstrual age on clearance and weight on the volume of distribution. Modeling time-
dependent inhibition did not improve the model fits in these pediatric patients so only one individual clearance value was reported per

subject (Gonzalez et al., 2018). Abbreviations: IV: intravenous; CL.: clearance.



Supplemental Table 5. Clinical data for ketoconazole and midazolam physiologically-based

pharmacokinetic (PBPK) model development and evaluation.

N, Population® Study Drug Dose and Administration Reference
23 healthy males 200 mg PO tablet, suspension, and
20 (18-2 Sy) cars Ketoconazole | solution, fasted; 400 mg PO solution, | (Huang et al., 1986)
Y 800 mg PO solution; single dose
6 gfﬁ&y :;arlles Ketoconazole 200 mg and 400 mg PO tablet, single, | (Daneshmend et al.,
Y administered with standard breakfast 1981)
Healthy adults Ketoconazole 100 mg, 200 me 409 mg tablet, 200 (Van Tyle, 1984)
mg solution, single dose
8 Healthy males 200 mg tablets PO twice daily for 3 (Daneshmend et al.,
Ketoconazole days, fasted on day 1, breakfast
25 (21-46) years 1983)
allowed on day 5
12(31 12;;1_‘[2116}/) adeilrts Ketoconazole 200 mg tablet, fasting, orange juice, (Mannisto et al.,
y standard breakfast, single dose 1982)
21 healthy adults .
31.2 (20-45) years | Ketoconazole 200 mg PO tablets daily for 7 days, (Tiseo et al., 1998)

fasted

26 children with

daily doses ranged from 3-13 mg/kg

(Pietrogrande et al.,

candidiasis Ketoconazole | (suspension or tablet) for 7 days to 18 | 1983; Bardare et al.,
(0.42-14 years) months 1984)
12 children Ketoconazole 5 mg/kg crushed tablets or (Ginsburg et al.,
6 (2-12.5) years suspension, fasted, single dose 1983)
27 healthy adults Midazolam 2 mg 1V over 30 minutes, single (Pentikis et al.,
27.6 (18-51) years 6 mg PO, single dose 2007)
9 healthy adults . . (Veldhorst-Janssen
34.1 (25-55) years Midazolam 2.5 mg IV bolus, single dose etal., 2011)
5 males . 5, 15 and 30 pg/kg IV bolus, single .
22.4 + 6.4 years” Midazolam 15, 50 and 100 pg/kg PO, single dose (Misaka etal., 2010)
18 healthy adults . . (Bornemann et al.,
32 (19-46) years Midazolam 15 mg PO, single dose 1986)
18 healthy males . : .
27 (20-44) years® Midazolam 7.5 mg PO, single dose (Juif et al., 2017)
14 healthy adults . . .
27.2 (19-46) years Midazolam 2 mg PO syrup, single dose (Winter et al., 2013)
18 healthy adults Midazolam 0.075 mg/kg PO, single dose (Ma et al., 2006)

31 (21-49) years®




9 healthy adults

2 mg 1V, single dose

(Tsunoda et al.,

26 (19-41) years Midazolam 6 mg PO, single dose 1999)
87 children from 0.25, 0.5, or 1 mg/kg (40 mg
6 months to < 16 Midazolam maximum) oral syrup and (Reed et al., 2001)
years of age 0.15 mg/Kkg single 1V bolus dose
10 critically ill
neonates 2-10 post- (Jacqz-Aigrain et al
natal days and 37 Midazolam 0.2 mg/kg single 1V bolus dose 1990) N
34-41 weeks
gestational age
23 critically ill
children . 49-385 pg/kg/hr IV continuous
3.6 years (8 days- Midazolam infusion for 0.3-10.9 hours (Nahara et al., 2000)
16.2 years)

aAge presented as mean (range), mean + standard deviation®, or median (range)® as presented in

the original publication.

Abbreviations: N: number of subjects; IV: intravenous; PO: oral




Supplemental Table 6. Adult drug-drug interaction (DDI) predictions for midazolam plus

ketoconazole.

Observed Values

Simulated Values

: H AUCO-oo Cmax AUCO-oo Cmax
Dosing Regimen Fold Fold Fold Fold Reference
midazolam 7.5 mg PO +
400 mg PO daily 15.9 4.1 7.8 3.8 (Olkkola et al., 1994)
ketoconazole x 4 days®
2 mg 1V midazolam
bolus = 200 mg 5.0 N/A 3.2 N/A (Tsunoda et al., 1999)
ketoconazole x 3 days”
6 mg PO midazolam +
200 mg ketoconazole x 3 13.6 4.2 8.6 4.0 (Tsunoda et al., 1999)
days”
10 mg PO midazolam +
200 mg PO ketoconazole 6.6 3.0 5.6 34 (Lam et al., 2003)
daily x 12 days*
0.075 mg/kg midazolam
+ 400 mg ketoconazole x 9.5 2.4 9.1 4.0 (Chung et al., 2006)

10 days®

Nine healthy adult volunteers received oral ketoconazole (400 mg daily) or placebo for 4 days,

and then a single dose of 7.5 mg oral midazolam was administered on day 4 (Olkkola et al.,

1994).

®Nine healthy individuals received single doses of 2 mg intravenous or 6 mg oral midazolam

alone and then single doses of 2 mg intravenous or 6 mg oral midazolam after 3 daily doses of

200 mg oral ketoconazole (Tsunoda et al., 1999).

“Forty healthy subjects received single 10 mg oral midazolam solutions before and after 12 daily

doses of 200 mg ketoconazole (Lam et al., 2003).

Nineteen subjects received single oral doses of 0.075 mg/kg midazolam before and after 10

daily doses of 400 mg oral ketoconazole (Chung et al., 2006).




Data is presented as the mean fold change for midazolam plus ketoconazole relative to
midazolam alone based on simulations using a mean individual (32 year-old white American
male, weight of 81 kg, height of 178 cm, body mass index of 25.48 kg/m?). Abbreviations:
AUC,..: area under the curve from zero to infinity; Cnax: maximal concentration; PO: oral; IV:

intravenous.



Supplemental Table 7. Ketoconazole pediatric physiologically-based pharmacokinetic (PBPK) model evaluation.

Dosing Regimen Age N
Range AUC (pg*h/mL) Crnax (Mg/mL)

Simulated | Observed Simulated Observed

9 mg/kg PO daily, tablets or

suspension (Pietrogrande et 0.42-14 33.5 32.7 5.7 4.9
5 mg/kg PO single, suspension | 5 1o g 23 6 15.3 41 4.4
(Ginsburg et al., 1983) years | (4.1-70.3) | (2.6-36.4) | (0.8-9.3) | (0.3-8.8)

Data presented as the mean (range). AUC: area under the concentration versus time curve from 0 to 24 hours at steady-state for
multiple dosing or 0 to infinity for single dose administration, Cnax, maximal concentration. Abbreviations: GA: gestational age; PNA:

post-natal age.



Supplemental Table 8. Midazolam pediatric pharmacokinetic (PK) parameters for children receiving intravenous midazolam.

Reference Age Range CL (L/h/kg) V (L/kg)
Simulated Observed | Simulated Observed
(Jacqz-Aigrain et al., 1990) | . éfff)y " Z{';QG | 008002 | 012007 | 0701 | 09%04
(Reed et al., 2001) 0.5to < 2 years 0.57+0.20 | 068+£038 | 28+10 22+05
(Reed et al., 2001) 2to <12 years 0.65+0.20 | 060+£023| 26%11 2514
(Reed et al., 2001) 12 to < 16 years 0.48+0.14 | 0.56+0.23 1.3+04 3.6+15
(Nahara et al., 2000) 8 days — 16.2 years 0.08to1.12 | 0.1to3.1 0.6to5.1 0.2t0 3.5

Data is presented as the mean (xstandard deviation) for all studies except for (Nahara et al., 2000), where the data was presented as the
range. Abbreviations: CL.: clearance; V: volume of distribution; L: liters; h: hour; kg: kilogram; PNA: post-natal age; GA: gestational

age.



Supplemental Table 9. Midazolam pediatric physiologically-based pharmacokinetic (PBPK) model predictions for children receiving

oral midazolam.

Dosing Regimen and
Reference Age Range AUCo- (ng*h/mL) Cmax (Ng/mML)

Simulated Observed Simulated Observed

0.25 mg/kg PO single
(Reed et al., 2001) 0.5to<16years | 278 =160 137 + 86 64 + 41 56 + 30

0.5 mg/kg PO single
(Reed et al., 2001) 0.5to<16years | 388275 | 356 320 77+54 123+ 76

1.0 mg/kg PO single
(Reed et al., 2001) 0.5to<16years | 563 +375 | 684 =581 87 + 63 186 + 99

Data is presented as the mean + standard deviation. Abbreviations: AUC,...: area under the concentration versus time curve from 0 to

infinity; Cmax: maximal concentration: PO: oral.



Supplemental Figure 1. Cytochrome P450 3A4 (CYP3A4) time-dependent inhibition.
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CYP3A4 (200 pmol/mL) was pre-incubated at 37 degrees Celsius with solithromycin (0, 0.3, 3, 9, 15, 30, and 300 pug/mL) for 0, 2.5,
5, 10, 15, and 30 minutes, and then diluted 10-fold into fresh buffer containing 250 UM testosterone and incubated at 37 degrees
Celsius for five minutes. Remaining enzymatic activity was measured by the formation of 6B-hydroxy-testosterone using a validated
high-performance liquid chromatography-tandem mass spectrometry (HPLC/MS/MS) assay. Each data point represents the mean of
duplicates and data from two independent experiments are shown. The negative slope of the natural log of the percent activity
remaining at each pre-incubation time, the pseudo first-order rate constant of inactivation (Kops), was plotted against solithromycin

concentration.



Supplemental Figure 2. Cytochrome P450 3A5 (CYP3AS5) time-dependent inhibition.
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CYP3AS5 (200 pmol/mL) was pre-incubated at 37 degrees Celsius with solithromycin (0, 0.3, 3, 9, 15, 30, and 300 pug/mL) for 0, 2.5,
5, 10, 15, and 30 minutes, and then diluted 10 fold into fresh buffer containing 250 UM testosterone and incubated at 37 degrees
Celsius for five minutes. Remaining enzymatic activity was measured by the formation of 63-hydroxy-testosterone using a validated
high-performance liquid chromatography-tandem mass spectrometry (HPLC/MS/MS) assay. Each data point represents the mean of
duplicates and data from two independent experiments are shown. The negative slope of the natural log of the percent activity

remaining at each pre-incubation time, the pseudo first-order rate constant of inactivation (Kqys), was plotted against solithromycin

concentration.



Supplemental Figure 3. Cytochrome P450 3A7 (CYP3A7) time-dependent inhibition.
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CYP3AT (400 pmol/mL) was pre-incubated at 37 degrees Celsius with solithromycin (0, 30, 90, 150, 300, and 900 ug/mL). After 0, 5,
15, 30, 45, and 60 minutes, the pre-incubations were diluted 10 fold into fresh buffer containing 250 UM testosterone and incubated at
37 degrees Celsius for 30 minutes. Remaining enzymatic activity was measured by the formation of 63-hydroxy-testosterone using a
validated high-performance liquid chromatography-tandem mass spectrometry (HPLC/MS/MS) assay. Velocity for formation of 6B-

hydroxy-testosterone versus time are shown with the mean and standard error of triplicates from a single experiment.



Supplemental Figure 4. CYP3A4/5/7 time linearity for solithromycin metabolite formation.
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Pilot experiments were first performed to determine the linear range of disappearance of solithromycin. (A) 60 pmol/mL of
cytochrome P450 (CYP) 3A4 and CYP3AS5 were incubated with 1 uM solithromycin in 100 mM potassium phosphate pH 7.4 plus
NADPH Regenerating System Solutions A and B at a dilution of 1:20 and 1:100, respectively, for 0, 2, 5, 10, 15, 30, and 60 minutes.
Data is presented as the mean and standard deviation from a single experiment. (B) For CYP3A7, 100 pmol/mL were incubated with 1
MM and 10 uM solithromycin for 0, 5, 10, 15, 20, 30, and 60 minutes. Data is presented as the mean and standard deviation from a
single experiment. (C) CYP3A7 was also incubated with 250 puM testosterone for 0, 15, 30, and 60 minutes as a positive control. Data

is presented as triplicate samples. The reactions were stopped by a 1:5 dilution into ice-cold methanol containing 0.5 uM



roxithromycin (or 1:4 dilution into acetonitrile containing 0.5 UM 4-androsten-19-1al 3,17-dione), centrifuged at 3500 rpm for 10
minutes at 4 degrees Celsius, and solithromycin and 6B-OH-testosterone were measured in the supernatant by high-performance liquid

chromatography-tandem mass spectrometry (HPLC/MS/MS).



Supplemental Figure 5. Cytochrome P450 3A4 (CYP3A4) rate of metabolism (velocity) as a function of solithromycin

concentration.
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CYP3A4 (60 pmol/mL) was incubated with solithromycin (0.005, 0.01, 0.05, 0.1, 0.25, 0.5, 1, 2, 3, 4, 5 uM) for 2 minutes in order to
determine the concentration at half-maximal velocity (Ky)/maximal velocity (Vmax). Data is presented as the mean of triplicates from

three individual experiments.



Supplemental Figure 6. Cytochrome P450 3A5 (CYP3ADS) rate of metabolism (velocity) as a
function of solithromycin concentration.
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(A) CYP3AS5 (60 pmol/mL) was incubated with solithromycin (0.01, 0.05, 0.1, 0.25, 0.5, 1, 2, 3,
4,5, 10, 30 uM) at 37 degrees Celsius for 15 minutes. Data is presented as the mean of triplicates
from two individual experiments. (B) The third experiment for CYP3AS5 was conducted at higher

concentrations (50 to 3700 uM) to further characterize the maximal velocity (Vmax), however,



activity starts to decrease >30 UM due to time-dependent inhibition so values beyond 30 uM

were not included in determination of concentration at half-maximal velocity (Km)/Vmax-



Supplemental Figure 7. Population simulations for oral solithromycin in healthy adults.
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Population simulations were performed for 100 virtual subjects using a Black American population with demographics from study
CEO01-102 for healthy subjects: 27% female with a mean (range) age of 32.9 (20-55) years and a weight of 74.5 (61.4-90.3) kg. A: 200
mg oral (PO) daily x 7 days; B: 400 mg PO daily x 7 days; C: 600 mg PO daily x 7 days; D: 800 mg PO on day 1,400 mg PO daily on
days 2-5. The solid grey region is the 90% prediction interval, the solid black line is the geometric mean, and the colored dots are

1\ predicted i
observations stratified by individual. The average fold error (AFE) was calculated as 10(5) 2108 (Gpserved) , Where the predicted values
g

were the simulated geometric mean values and n was the sample size. The AFE was 1.7, 1.1, 2.0 and 0.8 for the 200 mg, 400 mg, 600

mg PO daily and 800 mg followed by 400 mg PO plots, respectively.



Supplemental Figure 8. Population simulations for 100 mg, 200 mg, 400 mg, 800 mg oral single dose ketoconazole in adults.
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Population simulations based on 100 virtual subjects (white American population from 18 to 46 years of age) receiving 100, 200, 400,

and 800 mg PO ketoconazole were performed. Single dose (A=100 mg PO, B=200 mg PO, C=400 mg PO, D=800 mg PO)



administration. The solid grey region is the 90% prediction interval, the solid black line is the mean, and the colored dots are the mean
observations stratified by study. Observed data in orange is from healthy adults receiving a single dose of the oral solution of
ketoconazole (Van Tyle, 1984). For the 200 mg PO simulation, the observed data in blue is from adults receiving the suspension,
purple is from adults receiving the tablet, and green is adults receiving the solution formulation of ketoconazole (Huang et al., 1986).
For the 400 mg PO simulation, the observed data in green is from adults receiving the solution (Huang et al., 1986) and the observed

data in blue is from adults receiving the tablet formulation of ketoconazole (Daneshmend et al., 1981).



Supplemental Figure 9. Population simulations for 200 mg and 400 mg oral multiple dose ketoconazole in adults.
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Population simulations based on 100 virtual subjects (white American population from 18 to 46 years of age) receiving 100, 200, 400,
and 800 mg PO ketoconazole were performed. Multiple dose (A=200 mg daily x 7 days=A; B=400 mg daily x 5 days) administration.

The solid grey region is the 90% prediction interval, the solid black line is the mean, and the colored dots are the mean observations



from clinical studies: 200 mg tablets once daily fasted for 7 days (Tiseo et al., 1998) and 400 mg once daily for 5 days (Olkkola et al.,

1994).



Supplemental Figure 10. Population simulations for midazolam in adults.
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Population simulations based on 100 virtual subjects (white American population from 18 to 46 years of age) were performed. A: 15
mg oral (PO) midazolam single dose; B: 2 mg intravenous (IV) intravenous single dose. The solid grey region is the 90% prediction

interval, the solid black line is the mean, and the colored dots are the mean observations from clinical studies. A: observed data in



healthy adults following a 15 mg oral tablet dose under fasting conditions (orange), one hour before a meal (blue), with a meal
(purple), and one-hour after a meal (green) (Bornemann et al., 1986). B: observed data from healthy adults receiving 2 mg IV

midazolam over a 30 minute infusion, blue (Pentikis et al., 2007) and orange (Tsunoda et al., 1999).



