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Abstract

Avadomide (CC-122) is a novel immunomodulatory drug that binds to cereblon,a member of the Cullin 4-RING E3 ubiquitin ligase complex.Avadomide
has multiple pharmacologic activities including potent immune modulation, antiangiogenic, antitumor, and antiproliferative activity and is being evaluated
as an oncology treatment for hematologic malignancies and advanced solid tumors. In vitro study has indicated that cytochrome P450 (CYP) 3A and
CYP1A2 appear to be the major enzymes involved in the oxidative metabolism of avadomide. The effects of CYP3A inhibition/induction and CYP1A2
inhibition on the pharmacokinetics of avadomide in healthy adult subjects were assessed in 3 parts of an open-label, nonrandomized, 2-period, single-
sequence crossover study. Following a single oral dose of 3 mg, avadomide exposure when coadministered with the CYP1A2 inhibitor fluvoxamine
was 154.81% and 107.59% of that when administered alone, for area under the plasma concentration-time curve from time 0 to infinity (AUC0-inf) and
maximum observed plasma concentration (Cmax), respectively. Avadomide exposures, when coadministered with the CYP3A inhibitor itraconazole,
were 100.0% and 93.64% of that when administered alone, for AUC0-inf and Cmax, respectively. Avadomide exposures when coadministered with the
CYP3A inducer rifampin were 62.83% and 88.17% of that when administered alone, for AUC0-inf and Cmax, respectively.Avadomide was well tolerated
when administered as a single oral dose of 3 mg alone or coadministered with fluvoxamine, itraconazole, or rifampin. These results should serve as
the basis for avadomide dose recommendations when it is coadministered with strong CYP3A and CYP1A2 inhibitors and with rifampin.
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Avadomide (CC-122) is a novel member of the im-
munomodulatory drug class that binds to cereblon,
a member of the Cullin 4-RING E3 ubiquitin ligase
complex.1 This binding redirects ubiquitin ligase ac-
tivities to several targets, promoting their degradation.
Among these are Aiolos and Ikaros, hematopoietic
transcriptional regulators critical to the function of
normal and malignant lymphoid cells.1 Avadomide
has multiple pharmacologic activities including potent
immune modulation, antiangiogenic, antitumor, and
antiproliferative activity. Due to these potent activities,
avadomide is being evaluated as an oncology treat-
ment for non-Hodgkin lymphoma, including diffuse
large B-cell lymphoma; chronic lymphocytic leukemia;
multiple myeloma; and/or advanced solid tumors, in-
cluding glioblastoma multiforme and hepatocellular
carcinoma.2

The pharmacokinetics (PK) of avadomide was pre-
viously evaluated in patients with advanced solid tu-
mors and hematologic malignancies as part of the
first-in-human study.2 Plasma avadomide exposure

increased in a dose-dependent manner across the 0.5-
to 3.5-mg dose range. The PK profile of avadomide was
characterized by rapid absorptionwith half-life ranging
from 7.7 to 27.9 hours, and the contribution of renal
excretion to the elimination pathway was demonstrated
based on the significant urinary recovery of avadomide
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(18% to 35% recovery of unchanged drug over
24 hours).2 Healthy adult subjects receiving a single oral
dose ranging from3 to 15mg avadomide showed a rapid
absorption profile (time to maximum observed plasma
concentration, tmax approximately 1 hour) and a mean
half-life of 7.6 to 8.9 hours.3 Single oral doses of up
to 15 mg avadomide were well tolerated by the healthy
subjects.3

The diseases for which avadomide is being developed
can requiremultiple medications for treatment and sup-
portive care; furthermore, these illnesses can manifest
later in life when treatment is also required for aging-
associated comorbidities. In vitro study using human
liver microsomes implicated cytochrome P450 (CYP)
3A4/5 and CYP1A2 as the major enzymes involved in
the oxidative metabolism of avadomide (data on file).
Therefore, the objective of this study was to evaluate
the effect of CYP3A inhibition and induction and
CYP1A2 inhibition on avadomide PK in healthy adult
subjects.

Methods
Study and Ethics
The study was approved by the institutional review
board of the participating center and was conducted in
accordance with the Declaration of Helsinki and the
International Council for Harmonisation Guidelines
for Good Clinical Practice. All subjects gave written
informed consent before performance of any study-
related procedures. CC-122-CP-006 (NCT03340662)
was an open-label study to evaluate the effect of food
(part 1) and CYP inhibition and induction (parts 2–4)
on the PK of avadomide as formulated capsules in
healthy adult subjects. Part 1 is not the focus of this arti-
cle. Subjects participated in 1 part only, and 19 subjects
each were enrolled in parts 2, 3, and 4, respectively.

Study Population
The main criteria for inclusion were being healthy male
and female subjects of nonchildbearing potential who
were between 18 and 55 years of age at the time of
signing the informed consent form and who had a
body mass index between 18 and 33 kg/m2 at screening.
Subjects must have been afebrile, with supine systolic
blood pressure �90 and �140 mm Hg, supine diastolic
blood pressure �50 and �90 mm Hg, pulse rate �40
and �110 beats per minute, and normal or clinically
acceptable 12-lead ECGs at screening.

Subjects were excluded if they had used CYP3A
and/or CYP1A2 inducers and/or inhibitors (including
St. John wort)4 within 30 days before the first dose
administration. Wide interindividual differences in
CYP1A2 expression and activity have been reported,5

and these differences could be explained by both genetic
and environmental factors.6 Functional impacts of

CYP1A2 polymorphism on the enzyme activity have
been investigated. The CYP1A2*1F allele (−163C>A
in intron 1) is commonly identified with high and
comparable frequencies across various populations7

and confers higher enzyme inducibility of CYP1A2
in smokers.8,9 CYP1A2*1K (−163C>A, −739T>G,
and −729C>T in intron 1) is associated with lower
CYP1A2 activity compared with the wild type in
nonsmokers.10 CYP1A2 more generally is highly in-
ducible at both the mRNA and protein levels by a
variety of chemicals, smoking, and several dietary
factors through the aromatic hydrocarbon receptor.11

To minimize the variability in CYP1A2 activity caused
by genetic and environmental factors, CYP1A2*1F ho-
mozygotes, CYP1A2*1K heterozygotes and homozy-
gotes, and smokers (>10 cigarettes per day, or the
equivalent in other tobacco products [self-reported])
were excluded from this study. In addition, subjects who
had a CYP3A4*22 allele were excluded.

Study Design and Treatment

Part 2: CYP3A Inhibition. This was an open-label,
nonrandomized, 2-period, single-sequence crossover
study to evaluate the effect of coadministration of
itraconazole (as oral solution), a strong CYP3A in-
hibitor, on avadomide PK in healthy adult subjects.
Period 1 (avadomide only) spanned days –1 to 4,
whereas period 2 (avadomide with itraconazole) sub-
sequently spanned days –1 to 7 (Figure S1A). Eligible
subjects checked in to the study center on day –1 of
period 1 and remained domiciled at the study center
through day 7 of period 2. All enrolled subjects received
the same dosing regimen under fasted conditions: a
single oral dose of 3 mg avadomide in the morning of
day 1 of period 1; once daily (QD) oral dose of 200 mg
itraconazole from days 1 to 3 of period 2; a single oral
dose of 3mg avadomide in themorning plus 1 oral dose
of 200 mg itraconazole on day 4 of period 2; and oral
doses of 200 mg itraconazole QD from days 5 to 6 of
period 2. There was a washout period of 5 days between
the dose on day 1 of period 1 and the first dose admin-
istration in period 2 (day 1 of period 2). Subjects were
discharged from the study center on day 7 of period 2 on
satisfactory safety review and on completion of study-
related procedures. The itraconazole dose, dosage form,
and duration used in this study were all based on the
published data review of Liu et al.12

Part 3: CYP1A2 Inhibition. This was an open-label,
nonrandomized, 2-period, single-sequence crossover
study to evaluate the effect of coadministration of
fluvoxamine, a strongCYP1A2 inhibitor, on avadomide
PK in healthy adult subjects. Period 1 (avadomide only)
spanned days –1 to 4; whereas period 2 (avadomide
with fluvoxamine) subsequently spanned days –1 to
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8 (Figure S1B). Eligible subjects checked in to the
study center on day –1 of period 1 and remained
domiciled there through day 8 of period 2. All enrolled
subjects received the same dosing regimen under fasted
conditions: a single oral dose of 3 mg avadomide in
the morning of day 1 of period 1; twice daily (BID)
oral doses of 50 mg fluvoxamine from days 1 to 4 of
period 2; a single oral dose of 3 mg avadomide in the
morning plus BID oral doses of 50 mg fluvoxamine
on day 5 of period 2; and BID oral doses of 50 mg
fluvoxamine on days 6 through 7 of period 2. There was
a washout period of 5 days between the dose on day 1
of period 1 and first dose administration in period 2
(day 1 of period 2). Subjects were discharged from the
study center on day 8 of period 2 on satisfactory safety
review and completion of study-related procedures. The
fluvoxamine dosage and duration that were employed
were based on published experiences showing effects
on CYP1A2 metabolism that are sufficiently large to
interpret.13,14

Part 4: CYP3A4 Induction. This was an open-label,
nonrandomized, 2-period, single-sequence crossover
study to evaluate the effect of coadministration of
rifampin, a strong CYP3A4 inducer, on avadomide
PK in healthy adult subjects. Period 1 (avadomide
only) spanned days –1 to 4; period 2 (avadomide with
rifampin) subsequently spanned days –1 to 13 (Figure
S1C). Eligible subjects checked in to the study center
on day –1 of period 1 and remained domiciled there
through day 13 of period 2. All enrolled subjects
received the same dosing regimen under fasted con-
ditions: a single oral dose of 3 mg avadomide in the
morning of day 1 of period 1; an oral dose of 600 mg
rifampinQD from days 1 through 9 of period 2; a single
oral dose of 3 mg avadomide in the morning plus a
single oral dose of 600 mg rifampin on day 10 of period
2; and an oral dose of 600 mg rifampin QD from days
11 through 12 of period 2. There was a washout period
of 5 days between the dose on day 1 of period 1 and the
first dose administration in period 2 (day 1 of period
2). Subjects were discharged from the study center on
day 13 of period 2 on satisfactory safety review and
completion of study-related procedures.

PK Data Collection
Plasma samples for measurement of avadomide were
collected at predose and 0.5, 1, 2, 3, 4, 6, 8, 12, 24, 48,
and 72 hours postdose of avadomide. Concentrations
of avadomide in plasma were measured using a vali-
dated liquid chromatography tandem mass spectrome-
try assay with good accuracy (percentage relative error
–5.67% to –1.67%) and precision (percentage coefficient
of variation �6.80%) based on the quality control
samples for the study. The lower limit of quantification

(LLOQ) was 1 ng/mL, and the calibration range was
1–400 ng/mL. Plasma samples for measurement of
itraconazole were collected at predose and 0.5, 1.5, 3,
6, 10, and 24 hours postdose of itraconazole. Con-
centrations of itraconazole in plasma were measured
using a validated liquid chromatography tandem mass
spectrometry assay with good accuracy (percentage
relative error –1.32% to 5.33%) and precision (per-
centage coefficient of variation �5.28%) based on the
quality control samples for the study. The LLOQ was
1 ng/mL, and the calibration range was 1–500 ng/mL.
Itraconazole levels were measured to obtain an in-
house PK dataset for this perpetrator compound.

Statistical Analyses of Pharmacokinetic Data
A total of 19 subjects were to be enrolled in each of
parts 2, 3, and 4. The goal was to have approximately
48 subjects (16 subjects in each part) complete the study
with sufficient evaluable plasma concentration data to
adequately characterize PK. Assuming an intrasubject
SD of 0.2 (obtained from prior studies with this com-
pound [data on file]), the true ratio between treatments
within (80% to 125%) and a no-effect boundary of
(66.7% to 150%), 16 subjects were to provide 79%power
to conclude that itraconazole, fluvoxamine, or rifampin
has no effect on the PK of avadomide.

Noncompartmental analyses were conducted with
Phoenix WinNonlin version 8.1 (Certara, Princeton,
New Jersey) to estimate maximum observed plasma
concentration (Cmax), tmax, area under the plasma
concentration-time curve (AUC) from time 0 to infinity
(AUC0-inf ), AUC from time 0 to the last time point
with a measurable plasma concentration (AUC0-t), ter-
minal elimination half-life (t½), apparent clearance and
apparent volume of distribution during the terminal
phase.

To assess the effect of itraconazole, fluvoxamine,
and rifampin on the PK of avadomide, an ANOVA
was performed on the natural log–transformed AUC0-t,
AUC0-inf , and Cmax. The ANOVA model included
treatment as fixed effect and subject as a random
effect. The ratio of geometric means between the
treatments (“coadministered drug+ avadomide”versus
“avadomide”) and its 90%CIs were calculated. For tmax,
Hodges-Lehman estimation was used for the median
difference.

A postdose concentration belowLLOQwas replaced
with a value 50% of the LLOQ for the computation of
geometric mean. If 50% ormore of the values are below
LLOQ at a time point, the descriptive statistics except
for the maximum were not calculated.

Safety Assessment
Safety was monitored throughout the study. Safety
evaluations included adverse event (AE) reporting,
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Table 1. Demographic and Baseline Characteristics of Enrolled Subjects

Part 2 Part 3 Part 4
Characteristics N = 19 N = 19 N = 19

Continuous variables, mean ± SD (range)
Age (y) 32.8 ± 10.37 (19–53) 34.6 ± 8.00 (22–48) 38.2 ± 9.43 (26–52)
Height (cm) 174.44 ± 7.450 (161.3–192.6) 176.35 ± 5.201 (166.6–185.7) 175.42 ± 10.168 (152.6–194.1)
Weight (kg) 83.67 ± 14.602 (49.7–106.7) 88.16 ± 10.972 (73.3–109.1) 84.41 ± 12.289 (62.6–111.6)
BMI (kg/m2) 27.48 ± 4.394 (18.5–32.6) 28.30 ± 2.889 (23.2–32.8) 27.38 ± 2.637 (19.8–30.9)

Categorical variables, N (%)
Sex
Male 18 (94.7) 18 (94.7) 18 (94.7)
Female 1 (5.3) 1 (5.3) 1 (5.3)

Race
Black 8 (42.1) 12 (63.2) 10 (52.6)
White 10 (52.6) 7 (36.8) 9 (47.4)
Other 1 (5.3) 0 0

Ethnicity
Hispanic or Latino 8 (42.1) 2 (10.5) 4 (21.1)
Not Hispanic or Latino 11 (57.9) 17 (89.5) 15 (78.9)

BMI indicates body mass index; N, number of subjects.

review of concomitant medications and procedures,
physical examinations, 12-lead ECG, vital sign mea-
surements, and clinical laboratory safety tests. All AEs
were recorded by the investigator from the time the
subject signed an informed consent form until at least
28 days after the last dose of the investigational product
(IP), as well as those serious AEs made known to the
investigator at any time thereafter that were suspected
of being related to IP. All concomitant medications
and procedures were reviewed and recorded from the
time the subject signed the informed consent form until
study completion.

Results
Demographics and Other Baseline Characteristics
A total of 57 subjects were enrolled: 19 subjects each
in parts 2, 3, and 4, respectively. Fifty-five subjects
completed the study, and 1 subject each in parts
3 and 4 discontinued from the study. Demographic
and baseline characteristics data are summarized in
Table 1. Overall, demographic characteristics were sim-
ilar across study parts. There were 54 male subjects
(94.7%) and 3 female subjects (5.3%) enrolled in the
study. The mean age was 32.8–38.2 years (range 19–
53 years), and the mean body mass index was 27.38–
28.30 kg/m2 (range 18.5–32.8 kg/m2). The majority
of subjects were white (26 subjects [45.6%]) or black
(30 subjects [52.6%]). Fourteen subjects (24.6%) were
Hispanic or Latino.

Effect of the CYP3A Inhibitor Itraconazole on Avadomide
PK
Mean plasma avadomide concentration-versus-time
profiles from a single oral dose of 3 mg avadomide
when administered alone and when administered with

the CYP3A inhibitor itraconazole were well charac-
terized over the 72-hour postdose sampling interval
(Figure 1 and Table 2: geometric mean ratio of AUC0-t

to AUC0-inf was greater than 90%). The plasma PK
parameters of avadomide when administered alone and
when administered with itraconazole are summarized
in Table 2, and the statistical analyses of PKparameters
of avadomide are summarized in Table 3. The total
plasma avadomide exposure (AUC0-inf ) was the same
(707.8 h·ng/mL) when avadomide was administered
alone and when administered with itraconazole. The
plasma avadomide peak exposure (Cmax) was similar
when avadomide was administered alone and when
administered with itraconazole (geometric means of
70.77 and 66.27 ng/mL, respectively). The median tmax

was the same (1 hour) when avadomide was adminis-
tered alone and when administered with itraconazole
(Table 2). The total plasma exposure (AUC0-inf ) when
administered with itraconazole was 100.0% (90%CI
94.79% to 105.50%) of that when administered alone.
The plasma Cmax when administered with itraconazole
was 93.64% (90%CI 85.97% to 101.99%) of that when
administered alone (Table 3).

Because exposures were so similar between periods
1 and 2, they were used to informally check the within-
subject SD assumption described in the Materials and
Methods. The value for this SD was measured as
�0.15, indicating that the assumed value of 0.2 was
appropriate and somewhat conservative.

Mean plasma itraconazole concentration-versus-
time profiles after 3 days of dosing 200 mg itra-
conazole oral solution were characterized over the
24-hour postdose sampling interval (Figure S2). Ob-
served concentrations were in the range predicted to
provide significant inhibition of CYP3A.15
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Figure 1. Mean (± SD) plasma avadomide concentration-time profile from a single oral dose of 3 mg avadomide when administered alone (open
circles) and when administered with the CYP3A inhibitor itraconazole (closed circles), presented in linear (upper panel) and semilogarithmic (lower
panel) scales.

Effect of CYP1A2 Inhibitor Fluvoxamine on Avadomide
PK
Mean plasma avadomide concentration-versus-time
profiles from a single oral dose of 3 mg avadomide
when administered alone and when administered with
the CYP1A2 inhibitor fluvoxamine were well charac-
terized over the 72-hour postdose sampling interval
(Figure 2 and Table 2; geometric mean ratio of AUC0-t

to AUC0-inf was greater than 90%). The plasma PK
parameters of avadomide when administered alone
and when administered with fluvoxamine are summa-
rized in Table 2, and the statistical analyses of PK
parameters of avadomide are summarized in Table 4.
The total plasma avadomide exposure (AUC0-inf ) was
higher when avadomide was administered with fluvox-
amine than that when administered alone (geometric
means of 1095 and 718.3 h·ng/mL, respectively). The
plasma avadomide Cmax was similar when avadomide
was administered with fluvoxamine as compared with
that when administered alone (geometric means of

75.30 and 70.24 ng/mL, respectively). The median tmax

was similar when avadomide was administered with
fluvoxamine as compared with that when administered
alone (0.79 and 0.50 hours, respectively) (Table 2). The
total plasma exposure (AUC0-inf ) when administered
with fluvoxamine was 154.81% (90%CI 145.09% to
165.17%) of that when administered alone. The plasma
Cmax when administered with fluvoxamine was 107.59%
(90%CI: 96.61%–119.81%) of that when administered
alone (Table 4).

Effect of CYP3A4 Inducer Rifampin on Avadomide PK
Mean plasma avadomide concentration-versus-time
profiles from a single oral dose of 3 mg avadomide
administered alone and when administered with the
CYP3A4 inducer rifampin were well characterized over
the 72-hour postdose sampling interval (Figure 3 and
Table 2: geometric mean ratio of AUC0-t to AUC0-inf

was greater than 90%). The plasma PK parameters
of avadomide when administered alone and when
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Table 2. Summary of Plasma Avadomide Pharmacokinetic Parameters by Treatment

Geometric Mean (Geometric CV%)

Part 2 Part 3 Part 4

PK
Parameters

Avadomide
Alone

(N = 19)

Avadomide With
Itraconazole
(N = 19)

Avadomide
Alone

(N = 18)

Avadomide With
Fluvoxamine
(N = 18)

Avadomide
Alone

(N = 19)

Avadomide With
Rifampin
(N = 18)

AUC0-t (h·ng/mL) 675.4 (25.9) 679.1 (22.2) 675.2 (23.8) 1066 (19.5) 687.4 (28) 430.1 (20.1)
AUC0-inf (h·ng/mL) 707.8 (24.5) 707.8 (19.9) 718.3 (22) 1095 (19) 732.7 (25.3) 460.5 (21)
Cmax (ng/mL) 70.77 (23.1) 66.27 (24.5) 70.24 (18.9) 75.30 (28) 74.77 (30.3) 65.99 (27.4)
tmax (h) 1 (0.5, 4) 1 (0.5, 4) 0.5 (0.5, 3) 0.79 (0.5, 3) 0.55 (0.5, 2) 0.53 (0.5, 2.62)
t½ (h) 8.935 (17.5) 8.791 (18.2) 9.163 (13.6) 13.74 (11.1) 9.29 (18.2) 6.084 (13.4)
CL/F (L/h) 4.238 (24.5) 4.238 (19.9) 4.176 (22) 2.739 (19) 4.094 (25.3) 6.514 (21)
Vz/F (L) 54.67 (17.1) 53.78 (18.6) 55.25 (20.3) 54.27 (21.9) 54.95 (21.3) 57.29 (18.9)

AUC0-inf indicates area under the plasma concentration-time curve from time 0 to infinity; AUC0-t, area under the plasma concentration-time curve from time
0 to the last time point with a measurable plasma concentration; CL/F, apparent clearance; Cmax, maximum observed plasma concentration; CV%, percentage
coefficient of variation;N, number of subjects; PK, pharmacokinetic; t½, terminal elimination half-life; tmax, time to maximum observed plasma concentration; Vz/F,
apparent volume of distribution during the terminal phase.
Median (min, max) data are presented.
N = 19.

Table 3. Statistical Analysis of Pharmacokinetic Parameters of Avadomide: AUCs and Cmax of Avadomide When Administered Alone and
With Itraconazole

Parameter Treatment N
Geometric
LS Means

Treatment
Comparison

Ratio of
Geometric
LS Means

90%CI
of the Ratio

Intrasubject
CV%

AUC0-t (h·ng/mL) avadomide + itraconazole 19 679.1 avadomide + itraconazole/
avadomide

100.54 (94.54, 106.93) 11.0

avadomide 19 675.4
AUC0-inf (h·ng/mL) avadomide + itraconazole 19 707.8 avadomide + itraconazole/

avadomide
100.00 (94.79, 105.50) 9.5

avadomide 19 707.8
Cmax (ng/mL) avadomide + itraconazole 19 66.27 avadomide + itraconazole/

avadomide
93.64 (85.97, 101.99) 15.3

avadomide 19 70.77

AUC0-inf indicates area under the plasma concentration-time curve from time 0 to infinity; AUC0-t, area under the plasma concentration-time curve from time
0 to the last time point with a measurable plasma concentration; Cmax, maximum observed plasma concentration; CV%, percentage coefficient of variation; LS,
least squares; MSE, mean square error; N, number of subjects.
The estimates are from ANOVA with the natural log-transformed PK parameters as the dependent variable, treatment as fixed effects, and subject as a random
effect. Intrasubject CV% = Square root of [exp(MSE of ANOVA) – 1] × 100.

administered with the CYP3A4 inducer rifampin are
summarized in Table 2, and the statistical analyses
of PK parameters of avadomide are summarized
in Table 5. The total plasma avadomide exposure
(AUC0-inf ) was lower when avadomide was adminis-
tered with rifampin than that when it was administered
alone (geometric means of 460.5 and 732.7 h·ng/mL,
respectively). The plasma avadomide Cmax was lower
when avadomide was administered with rifampin than
when it was administered alone (geometric means of
65.99 and 74.77 ng/mL, respectively). The median tmax

was similar when avadomide was administered with
rifampin as compared with that when administered
alone (0.53 and 0.55 hours, respectively) (Table 2).
The total plasma exposure (AUC0-inf ) when it was

administered with rifampin was 62.83% (90%CI
59.41% to 66.45%) of that when it was administered
alone. The plasma Cmax when it was administered with
rifampin was 88.17% (90%CI 80.10% to 97.07%) of
that when administered alone (Table 5).

Safety
In part 2, 4 of 19 subjects (21.1%) reported at least 1
treatment-emergent AE (TEAE). Two subjects (10.5%)
reported 2 TEAEs following administration of avado-
mide alone, and 2 subjects (10.5%) reported 2 TEAEs
following administration of avadomide plus itracona-
zole. No subjects reported TEAEs after receiving itra-
conazole alone. None of the TEAEs reported were
suspected of being related to the IP.
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Figure 2. Mean (± SD) plasma avadomide concentration-time profile from a single oral dose of 3 mg avadomide when administered alone (open
circles) and when administered with the CYP1A2 inhibitor fluvoxamine (closed circles), presented in linear (upper panel) and semilogarithmic (lower
panel) scales.

In part 3, 12 of 19 subjects (63.2%) reported at least
1 TEAE. Seven subjects (38.9%) reported 9 TEAEs
following administration of avadomide plus fluvoxam-
ine, 6 subjects (31.6%) reported 11 TEAEs following
administration of fluvoxamine alone, and 3 subjects
(15.8%) reported 7 TEAEs following administration of
avadomide alone. Treatment-emergent AEs suspected
of being related to the IP were reported by 5 subjects
(26.3%).

In part 4, 4 of 19 subjects (21.1%) reported at least
1 TEAE. Four subjects (22.2%) reported 5 TEAEs fol-
lowing administration of rifampin alone, and 1 subject
(5.6%) reported 1 TEAE following administration of
avadomide plus rifampin. No subjects reported TEAEs
after receiving avadomide alone. Treatment-emergent
AEs suspected of being related to the IP were reported
by 1 subject (5.3%).

Overall, the most frequently reported TEAE was
diarrhea (4 subjects, 7.0%), followed by infrequent
bowel movements (3 subjects, 5.3%), and back pain (3

subjects, 5.3%). All other TEAEs were reported by 1
or 2 subjects each and had resolved by the end of the
study. All TEAEs were mild in severity except for 1
moderate TEAE of vomiting experienced by 1 subject
following administration of avadomide alone in part
3. The moderate TEAE of vomiting was considered
related to the IP. One subject (part 3) discontinued the
study due to a mild AE of syncope deemed by the
investigator as possibly related to fluvoxamine. There
were no serious AEs or deaths reported during the
study.

One subject in part 3 experienced mild TEAEs of
increased blood creatinine and proteinuria on day 8 of
period 2 that the investigator considered clinically sig-
nificant. Neither TEAE was suspected of being related
to the IP. Blood creatinine and urine protein returned
to within reference range on day 12, and both TEAEs
were considered resolved. No other subject had a
clinical laboratory safety result, vital signmeasurement,
12-lead ECG result, or physical examination finding
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Table 4. Statistical Analysis of Pharmacokinetic Parameters of Avadomide: AUCs and Cmax of Avadomide When Administered Alone and With
Fluvoxamine

Parameter Treatment N
Geometric
LS Means

Treatment
Comparison

Ratio of
Geometric
LS Means

90%CI
of the Ratio

Intrasubject
CV%

AUC0-t (h·ng/mL) avadomide + fluvoxamine 18 1069 avadomide + fluvoxamine/
avadomide

160.35 (148.90,
172.69)

12.5

avadomide 18 666.6
AUC0-inf (h·ng/mL) avadomide + fluvoxamine 18 1098 avadomide + fluvoxamine/

avadomide
154.81 (145.09,

165.17)
10.9

avadomide 18 709.0
Cmax (ng/mL) avadomide + fluvoxamine 18 75.57 avadomide + fluvoxamine/

avadomide
107.59 (96.61, 119.81) 18.9

avadomide 19 70.24

AUC0-inf indicates area under the plasma concentration-time curve from time 0 to infinity; AUC0-t, area under the plasma concentration-time curve from time
0 to the last time point with a measurable plasma concentration; Cmax, maximum observed plasma concentration; CV%, percentage coefficient of variation; LS,
least squares; MSE, mean square error; N, number of subjects; PK, pharmacokinetic.
The estimates are from ANOVA with the natural log-transformed PK parameters as the dependent variable, treatment as fixed effects, and subject as a random
effect. Intrasubject CV% = Square root of [exp(MSE of ANOVA) – 1] × 100.

that was considered clinically significant. There were
no treatment-related trends in clinical laboratory safety
test results, vital sign measurements, or 12-lead ECG
results.

Discussion
The study was designed based on results of in vitro
experiments, using pooled human liver microsomes
treated with multiple reversible and irreversible chem-
ical inhibitors and monoclonal antibodies, suggesting
CYP3A4/5 and CYP1A2 to be the major isozymes
involved in oxidative metabolism of avadomide. Effects
on plasma avadomide concentrations of CYP3A in-
hibition, CYP1A2 inhibition, and CYP3A4 induction
were evaluated in healthy subjects using a nonran-
domized, single sequence, 2-period, crossover design
in which avadomide PK was measured after admin-
istration alone and concomitantly with perpetrators.
A single sequence, with avadomide being administered
alone in the first period, was employed to minimize
carryover effects and longer study duration associated
with prolongedwashout of the perpetrator compounds.
The avadomide dose used in this study (single 3-mg
oral dose) was appropriate from a safety perspective
because single doses up to 15 mg were well tolerated in
healthy subjects.3 In addition, this dose level is directly
relevant to potential clinical usage because it is tested
in ongoing cancer studies.2 Because the accumulation
ratios are low in patients (ranging from 0.7 to 1.5),2 PK
findings using single doses of 3 mg plausibly apply to
chronic dosing at similar levels.

To study effects of CYP3A inhibition, itraconazole
oral solution was used. Itraconazole is accepted by
the United States Food and Drug Administration as

a strong in vivo CYP3A inhibitor and clinical perpe-
trator. The oral solution formulation was chosen for
its good bioavailability under fasted conditions and
its higher systemic exposure than that of the capsule
formulation.12 The itraconazole dosing regimen in this
study, although not achieving steady state, provided
sufficient degree and persistence of CYP3A inhibition
to probe avadomide PK based both on published data
review12 and on the known plasma avadomide t½ (with-
out CYP inhibition) in healthy subjects (�8 hours).3

Sustained and sufficient15 plasma itraconazole concen-
trations over the 24 hours followingmultiple doses were
confirmed (Figure S2). Avadomide exposures when
administered with itraconazole were approximately
100.0% and 93.64%, for AUC0-inf and Cmax, respec-
tively, of those when it was administered alone. Given
these findings, coadministration with strong CYP3A
inhibitors is not expected to have clinically relevant
effects on plasma avadomide exposures.

Fluvoxamine (oral tablet) was used as the CYP1A2
perpetrator because it is a strong inhibitor by Food and
Drug Administration criteria, has good bioavailability
under fasted conditions, and provides deep CYP1A2
inhibition after short dosing regimens.14 The dose and
duration of fluvoxamine in this study, although not
quite achieving steady state, are considered to produce
sufficient degree and persistence of CYP1A2 inhibition
to probe avadomide PK based both on published
data13,14 and on plasma avadomide t½ (without CYP
inhibition) in healthy subjects.3 In this study avadomide
exposures when it was coadministered with fluvoxam-
ine were 154.81% and 107.59%, for AUC0-inf and Cmax,
respectively, of those observed when it was admin-
istered alone. The larger impact on AUC than Cmax

suggests that fluvoxamine mainly contributes to the
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Figure 3. Mean (± SD) plasma avadomide concentration-time profile from a single oral dose of 3 mg avadomide when administered alone (open
circles) and when administered with the CYP3A inducer rifampin (closed circles), presented in linear (upper panel) and semilogarithmic (lower panel)
scales.

inhibition of avadomide clearance by hepatic CYP1A2
and, to a lesser extent, the inhibition of intestinal
CYP1A2, supported by the finding that fluvoxamine
coadministration prolonged avadomide t½ by 50% and
decreased apparent clearance by 34% with less pro-
nounced increases in tmax and Cmax.

Rifampin (oral capsule) was used as a CYP3A4
perpetrator because it is a well-documented strong
CYP3A4 inducer.16 Rifampin, when administered as a
dose of 600 mg QD for 10 days, was anticipated to in-
duce CYP3A4 and used to evaluate the effect of strong
CYP3A4 induction on the PK of avadomide. Avado-
mide exposures when administered with the CYP3A4
inducer rifampinwere 62.83% and 88.17%, forAUC0-inf

and Cmax, respectively, of those observed when admin-
istered alone. This contrasted with the essentially nil
effect of the CYP3A inhibitor itraconazole. Similar
findings of discordance betweenCYP3A inhibition and
induction have been reported for several drugs, in-
cluding ixazomib,17 tivozanib,18 and vandetanib19; this

contrast has 1 of 2 possible main explanations. First,
the induction of CYP3A-mediated metabolism by ri-
fampin might cause a significant increase in clearance
of avadomide, although the contribution of CYP3A to
avadomide clearance is small at baseline. In the case
of vandetabib such a regime was confirmed by direct
measurement of large increases in plasma concentra-
tions of CYP3A4-related metabolites under conditions
of induction.19 Second, rifampin could induce other
pregnane X receptor-dependent drug-metabolizing en-
zymes and transporters.20,21 Specifically, rifampin in-
duces not only CYP3A4 expression but also intestinal
P-glycoprotein (P-gp)22 and CYP1A2 in vivo, sup-
ported by the finding that the rifampin produced a
15% increase in conversion of caffeine to paraxanthine
mediated by CYP1A2 in healthy subjects.23 Avado-
mide is a weak substrate for P-gp (data on file). The
decrease in avadomide exposure by the coadministra-
tion of rifampin might thus be explained by mild-
moderate induction of these other pharmacokinetically
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Table 5. Statistical Analysis of Pharmacokinetic Parameters of Avadomide: AUCs and Cmax of Avadomide When Administered Alone and
With Rifampin

Parameter Treatment N
Geometric
LS Means

Treatment
Comparison

Ratio of
Geometric
LS Means

90%CI of
the Ratio

Intrasubject
CV%

AUC0-t (h·ng/mL) avadomide + rifampin 18 428.5 avadomide + rifampin
/avadomide

62.34 (58.20, 66.77) 11.9

avadomide 19 687.4
AUC0-inf (h·ng/mL) avadomide + rifampin 18 460.3 avadomide + rifampin

/avadomide
62.83 (59.41, 66.45) 9.7

avadomide 19 732.7
Cmax (ng/mL) avadomide + rifampin 18 65.93 avadomide + rifampin

/avadomide
88.17 (80.10, 97.07) 16.8

avadomide 19 74.77

AUC0-inf indicates area under the plasma concentration-time curve from time 0 to infinity; AUC0-t, area under the plasma concentration-time curve from time
0 to the last time point with a measurable plasma concentration; Cmax, maximum observed plasma concentration; CV%, percentage coefficient of variation; LS,
least squares; MSE, mean square error; N, number of subjects; PK, pharmacokinetic.
The estimates are from ANOVA with the natural log-transformed PK parameters as the dependent variable, treatment as fixed effects, and subject as a random
effect. Intrasubject CV% = Square root of [exp(MSE of ANOVA) – 1] × 100.

important molecules. Indeed, the observed avadomide
effects could also result from a combination of both
processes. This seems to apply to ixazomib, whose
PK was well reconciled by a physiologically based PK
model incorporating a minor contribution of CYP3A
to overall clearance, strong induction of CYP3A4, and
moderate induction of intestinal P-gp.17

Safety assessment indicated that avadomide,
administered as a single oral dose of 3 mg alone or
coadministered with itraconazole, fluvoxamine, or
rifampin, was well tolerated by the healthy subjects in
this study. No new observed or suspected risks were
suggested by the study results. Coadministration with
perpetrators caused only a slight increase in avadomide
Cmax, and all observed avadomide concentrations
fell within the range where little to no risk of QT
prolongation was demonstrated.3

Avadomide is a novel member of the immunomod-
ulatory drug class, which includes thalidomide,
lenalidomide, pomalidomide, and structurally related
compounds. These molecules have similar molecular
structures; however, their often subtle chemical
differences alter not only their substrate specificities24

but also their PK profiles. For example, lenalidomide
is not subject to significant CYP-based or conjugative
metabolism and is instead eliminated mostly through
renal excretion of the unchanged drug25; in contrast,
pomalidomide is primarily metabolized by CYP1A2
and CYP3A, with a low fraction excreted in urine
as unchanged drug.26 Pomalidomide exposures when
administered with the CYP3A inhibitor ketocona-
zole were 118.8% and 107.3%, for AUC and Cmax,
respectively, of that when administered alone.27 Poma-
lidomide exposures when administered with the
CYP3A4 inducer carbamazepine were 79.7% and

75.0%, for AUC and Cmax, respectively, of that when
administered alone.27 These modest changes are not
considered clinically relevant. Pomalidomide exposures
when coadministered with the CYP1A2 inhibitor
fluvoxamine were 225.1% and 123.7% of that when
administered alone for AUC and Cmax, respectively.28

Avadomide seems to have elimination and drug-
drug interaction profiles intermediate between those
of lenalidomide and pomalidomide. Similarly to the
latter, avadomide is metabolized mainly by CYP3A
and CYP1A2 in vitro (data on file), and inhibition
of CYP1A2 but not CYP3A increased the exposure—
the effect of CYP1A2 inhibition on exposure being
somewhat smaller for avadomide than for pomalido-
mide (AUC, 154.81% versus 225.1% of that when
administered alone). Somewhat similarly to lenalido-
mide, however, renal excretion plays a moderate role in
avadomide elimination (18% to 35% urinary recovery
over 24 hours).2

Conclusion
In summary, this study demonstrated that avadomide
exposures, when administered with the CYP1A2 in-
hibitor fluvoxamine, were 154.81% and 107.59%, for
AUC0-inf and Cmax, respectively, of that when adminis-
tered alone. Avadomide exposures when administered
with the CYP3A inhibitor itraconazole were 100.0%
and 93.64%, for AUC0-inf and Cmax, respectively, of
that when administered alone. Avadomide exposures
when administered with the CYP3A4 inducer rifampin
were 62.83% and 88.17%, for AUC0-inf and Cmax,
respectively, of that when administered alone. Gen-
eralization of the rifampin results to other medica-
tions may require further study of the mechanism by
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which rifampin exerts its effect on avadomide levels;
specifically, CYP3A4 induction alone may not explain
the effects given the lack of effect of itraconazole, a
strong CYP3A inhibitor. Avadomide, administered as
a single oral dose of 3 mg alone or coadministered
with fluvoxamine, itraconazole, or rifampin, was well
tolerated in healthy subjects. These results should serve
as the basis for avadomide dose recommendations
when coadministeredwith strongCYP3AandCYP1A2
inhibitors and with rifampin.
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