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Background: CC-122 is a cereblon-modulating agent that exerts direct cell-autonomous
activity against malignant B cells and immunomodulatory effects. Herein, a population
pharmacokinetic (popPK) model of CC-122 was developed and the influence of demographic
and disease-related covariates on population pharmacokinetic parameters was assessed based
on data from three clinical studies of CC-122 (dose range, 0.5-15 mg) in healthy subjects
and cancer patients.

Methods: Nonlinear mixed effects modeling was employed in developing a population
pharmacokinetic model of CC-122 based on 298 patients from 3 clinical studies.

Results: The PK of CC-122 was adequately described with a two-compartment model with
first-order absorption and elimination. Tumor types were found to be significantly correlated
with apparent clearance (CL/F) and apparent volume of distribution of the central compart-
ment. Creatinine clearance was identified as a statistically significant covariate of CL/F. Sex
and body weight were statistically but not clinically relevant on V2/F.

Conclusion: In conclusion, the two-compartment model built can be used to adequately
describe the time course of the population pharmacokinetics of CC-122 and should serve as
the basis for dose adjustment decision-making of CC-122.
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Introduction
CC-122 is a cereblon-modulating agent that exerts direct cell-autonomous activity
against malignant B cells and immunomodulatory effects. Based on in vitro studies,
CC-122 exhibited multiple pharmacological activities, including antiproliferative
activity in diffuse large B cell lymphoma (DLBCL), mantle cell lymphoma (MCL),
follicular lymphoma (FL), chronic lymphocytic leukemia (CLL), and multiple
myeloma (MM) represented by multiple cell lines, antigrowth activity in hepato-
cellular carcinoma (HCC), and antiangiogenic activity by inhibition of endothelial
cell sprout formation, growth factor induced endothelial cell migration and inva-
sion, and hypoxia-inducible factor (HIF)-1a protein expression in vitro. The anti-
tumor activity of CC-122 was also shown in xenograft models of human myeloma,
glioblastoma, and human lymphoma.' Based on its antiproliferative and antitumor
activities, CC-122 is being investigated as an oncology treatment for non-Hodgkin
lymphoma (NHL), including DLBCL and FL; CLL; MM; and/or advanced solid
tumors, including glioblastoma multiforme (GBM) and HCC.*®

The pharmacokinetics (PK) properties of CC-122 have been characterized in
multiple studies. Healthy adult subjects receiving a single oral dose of CC-122 (3 to
15 mg) showed rapid absorption (time to maximum observed plasma concentration,
tmax approximately 1 hour). The terminal half-life was estimated to be 7.6-8.9
hours.” In a first-in-human study (in patients with cancer), CC-122 exposure
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increased in a dose-dependent manner from 0.5 to 3.5 mg.*
A dedicated human ['*C]-label study evaluating the meta-
bolism and excretion of CC-122 showed that parent CC-
122 was the predominant circulating component in plasma
and urine excretion was one of the major elimination
routes (data on file). In vitro study indicated that cyto-
chrome P450 (CYP) 3A and CYPIA2 appear to be the
major enzymes involved in the oxidative metabolism of
CC-122. Based on the metabolic profile, Ogasawara et al
assessed the drug—drug interaction potential of CC-122
when co-administered with CYP1A2 and CYP3A
modulators.® In a recent publication from an open-label,
single-dose study to evaluate the impact of renal impair-
ment on CC-122 pharmacokinetic disposition, Li et al
reported that following administration of a single oral
dose of 3 mg CC-122, renal impairment reduced both the
apparent total plasma clearance and renal clearance of CC-
122.°

In this article, a population PK model was developed to
CC-122
healthy subjects and patients with advanced solid tumors

characterize concentration—time profiles in
and hematological malignancies. In addition, the effects of
subject characteristics on CC-122 PK were investigated.

Materials and Methods

Clinical Study Data

Subjects from studies CC-122-CP-002 (Part 1), CC-122-
CP-005 and CC-122-ST-001 (NCT01421524) were
included in population PK analyses. Study CC-122-CP
-002 part 1 was a Phase 1 study to evaluate safety, toler-
ability, and PK of CC-122 following single oral doses in
healthy adult subjects. Study CC-122-CP-005 was a phase
1, open-label, single-dose study to assess the pharmacoki-
netics of CC-122 in subjects with mild, moderate, and
severe renal impairment and matched healthy subjects.
CC-122-ST-001 was a phase la/b, open-label, dose-
finding study to assess safety, tolerability, PK, and preli-
minary efficacy of CC-122 in advanced solid tumors,
NHL, MM, or advanced unresectable solid tumors, includ-
ing in patients who have progressed on (or cannot tolerate)
standard therapy or for whom no standard anticancer ther-
apy exists.

The studies were conducted in accordance with the
ethical principles of Good Clinical Practice. All subjects
gave written informed consent prior to enrollment. The
studies were approved by the institutional review boards
(Supplementary Table 1) of the participating center and

were conducted according to the Declaration of Helsinki
and the ICH Guidelines for Good Clinical Practice.

Bioanalytical Methods

CC-122 is a chiral racemic mix of its enantiomers (S-CC-122
and R-CC-122). Both achiral method (used in CC-122-CP-002
and CC-122-CP-005 studies) and chiral method (used in CC-
122-ST-001 study) were validated to determine the concentra-
tions of CC-122 orits R and S enantiomers in K3EDTA human
plasma utilizing liquid chromatography—tandem mass spectro-
metry (LC-MS/MS) technology. Human plasma samples were
spiked with stable '*C-labeled CC-122 as an internal standard
(IS). CC-122 and [*C5]-CC-122 (IS) were then extracted by
solid phase extraction using a Tomtec Quadra 4 SPE system
with Waters Oasis p-Elution HLB plate (30 pm). CC-122 and
['3C5]-CC-122 from plasma samples were eluted from HLB
plate with ACN:H,O:formic acid/25:75:0.1 (v:v:v). For achiral
assay, the samples were injected for LC-MS/MS analysis
using a Phenomenex Synergi Polar-RP analytical column
(80A, 50%2.0 mm, 4um) and mobile phases of A (0.1% formic
acid in H,O) and B (0.1% formic acid in acetonitrile). For
chiral assay, the samples were injected for LC-MS/MS on
a Phenomenex Synergi Polar-RP analytical column (80A,
30x2.0 mm, 4pm) coupled with a ChiralTech Chiral-AGP
(150%3.0 mm, Sum) and mobile phases of A (10mM ammo-
nium formate with 0.005% acetic acid in water) and
B (Methanol). Positive ions were measured in the multiple
reaction monitoring (MRM) mode (m/z = 287.1 -> 176.1 for
CC-122 and its enantiomers and m/z = 292.1 -> 176.1 for IS
and its enantiomers) using an API 4000 or AB Sciex QTRAP
5500
a TurbolonSpray source. The lower limit of quantification
(LLOQ) were 1.0 ng/mL for CC-122 and 0.5 ng/mL for
R-CC-122 and S-CC-122. The calibration ranges were 1.0 to
400.0 ng/mL for achiral assay and 0.5 to 200.0 ng/mL for chiral
assay.

tandem mass spectrometer equipped with

Structural Population Pharmacokinetic
Model

The population PK analysis was conducted using
NONMEM Version 7.3 with the first-order conditional
estimation (FOCE) (ICON Development Solutions,
Ellicott City, MD). Perl-speaks-NONMEM (PsN Version
4.6.0) was used to assess the PK model and the results
were further analyzed by R (Version 3.5.1).

As a starting point, prior knowledge of CC-122 dis-
position and graphical examination of the raw data were
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leveraged to select the most appropriate model.
Accordingly, CC-122 PK was best described by a one- or
two-compartment model, as supported by the PK sampling
frequency, with first-order absorption and a lag time.
Assuming a log-normal distribution for interindividual
variability (IIV) in PK parameters, IIV was modeled
using an exponential random-effect model to ensure posi-
tive PK parameters. Assuming a log-normal distribution of
residual variability (RV) in concentration data, additive
error models after logarithmically transforming the model
predictions were used to describe the residual variability.

Goodness of fit, scientific plausibility, log-likelihood
ratio test, and visual predictive check (VPC) plot were

used to evaluate the model.

Covariate Analysis
Covariates were incorporated into the model to explain the
variabilities of the CC-122 PK. Based on the biological
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understanding, the following factors were investigated: age,
body mass index (BMI), weight, sex, serum albumin, alanine
aminotransferase, aspartate aminotransferase, bilirubin, crea-
tinine clearance and tumor type. Graphical examination for
observable trends was used to assist in determining the rela-
tionship between the parameter and the covariate (Figure 1).
The median (continuous) or most prevalent (categori-
cal) covariate values were used as the reference popula-
tion. The stepwise covariate model (SCM) building tool of
PsN was employed for development of the CC-122 cov-
ariate model, which implemented forward selection (p <
0.01) and backward elimination (p<0.001) of covariates
for the CC-122 pop PK model and was previously used in
other publication.'® A fixed set of PK parameter-covariate
relations is defined in the SCM; predefined shapes for the
parameter-covariate relations for continuous covariates

include the following:
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Figure | Graphical examinations of observable trends between relevant popPK parameters and covariates. Box plot of apparent clearance (CL/F, A) and apparent volume of
distribution of the central compartment (V2/F, B) of CC-122 by tumor types. (C) Scatter plot of apparent clearance (CL/F) vs creatine clearance (CLcr). (D) Scatter plot of
apparent volume of distribution of the central compartment (V2/F) vs body weight. (E) Box plot of apparent volume of distribution of the central compartment (V2/F) by sex.

Individual estimates of CL/F and V2/F were obtained from the base model.

Abbreviations: DLBCL, diffuse large B cell lymphoma; PCNSL, primary CNS lymphoma; other ST, other solid tumor; NHL, non-Hodgkin lymphoma; HCC, hepatocellular

carcinoma; GBM, glioblastoma multiforme; MM, multiple myeloma.
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Linear equation : P = 0 * (1 + 0., * (COV; — COV,,))
(D

cov;
Ccov,,

Power equation : P = 6 % < > * Ocop 2)

where P is the typical value of a PK parameter in the
population after adjusting values of covariates individual
subject, 0 is the typical value of PK parameter, 0., is the
coefficient or the effect of the covariate, COV; is the
covariate value for individual subject, and COV,, is the
median value of covariates in the study population.

Categorical covariates were included in the model as
below:

P=0x (1 + ecov * Zind,k) (3)

where Z;,qx is an indicator variable representing 1 or 0
from a binary covariate and 0., is the coefficient for the
effect of the covariate.

Model Performance

Nonparametric bootstrap resampling and VPC were used to
assess the performance of the final CC-122 pop PK model. To
implement the nonparametric bootstrap, firstly, new datasets
were created using resampling with replacement. Then, the
new datasets were re-fitted to the popPK model and the corre-
sponding parameters were generated for each dataset. One
thousand bootstrap replicates were conducted and the median
and non-parametric 95% confidence interval (CI) of these
parameters were calculated and summarized.

The VPC was used to assess the agreement between
observations and model predictions. One thousand
simulations using the fixed and random parameters of
the model were performed. The 95% prediction inter-
vals for the 5th, 50th, and 95th percentiles of simulated
data were compared to the corresponding observed
data.

Results

Summary of Analysis Dataset

A total of 298 subjects were included in the final population
PK analysis dataset. Demographic characteristics of these
subjects are shown in Table 1. The subjects had a median
(range) age (years) of 59.5 (20.0-91.0) years and body weight
(kg) of 74.5 (39.8-159.0). The median (range) creatinine
clearance (CLcr), a marker associated with renal function,
was 94.4 (9.0, 321.2) mL/min. And, 73.8% subjects were
cancer patients. Eight tumor types were included in the

analyses, including DLBCL (n=60), PCNSL (n=5), NHL
(n=30), HCC (n=27), GBM (n=44), MM (n=29), brain cancer
(n=6) and other solid tumor (n=19). Among these, DLBCL
(20.1%), GBM (14.8%) and NHL (10.1%) were relatively
prevalent.

Structural Population Pharmacokinetic
Model

A population PK analysis was performed based on rich and
sparse plasma concentration data (Figure 2). The two-
compartment model with first-order absorption was preferred
over the one-compartment model due to better minimization,
more reliable parameter estimates and decreasing OFV
(AOFV: —749). In addition, incorporating a lag time improved
the model fitting by

(AOFV: —491).
During model development, it was noted that the per-

significantly decreasing OFV

ipheral compartment volume of distribution (V3) estima-
tion was primarily dependent upon rich PK samples from
healthy subjects (CP-002 and CP-005 studies). When
pooled together with patient trial (ST-001), the V3 infor-
mation was likely diluted, resulting a high degree of
uncertainties (%RSE>100%). Thus, in the final model,
V3 was fixed to 10 L, which was estimated from healthy
subjects with good precision (%oRSE <30%).

According to goodness-of-fit and statistical criteria, the
two-compartment model with first-order absorption and elim-
ination and absorption lag time was selected as the structural
model (Figure 3). Log-transformation of concentrations
allowed better estimates of parameters and results from the
analysis were more stable interindividual variability on appar-
ent clearance (CL/F), apparent central compartment volume of
distribution (V2/F), intercompartment clearance (Q) and first-
order absorption rate constant (K,) were estimated.

Final Pharmacokinetic Model
All proposed covariates were included in covariate model
development using the SCM building tool of PsN. The output
of SCM-building log file indicated that inclusion of tumor
type and CLcr into CL/F and inclusion of tumor type, sex and
body weight into V2/F significantly improved the model fit.
A linear equation between V2/F and body weight values and
a linear equation between CL/F and CLecr significantly
improved the model fit compared to power equation.

The PK parameters from the final population PK model
for CC-122 are presented in Table 2. Most of the PK para-
meters for the final model were estimated with good
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Table 1 Demographic and Baseline Characteristics of 298 Subjects from CC-122-CP-002, CC-122-CP-005 and CC-122-ST-001 Studies

Subject Median (Range)
Continuous Variables CC-122-CP-002 | CC-122-CP-005 | CC-122-ST-001 Total
Count 30 48 220 298
Age (years) 32.5 (20-60) 58.5 (26-75) 62 (25-91) 59.5 (20.0-91.0)
Height (cm) 171 (158-199) 173 (151-186) 168 (142-193) 168 (142-199)
Weight (kg) 75.8 (52.9-95) 79.1 (57.7-126.0) 73 (39.8-159.0) 74.5 (39.8-159.0)
BMI (kg/m?) 26.0 (19.3-31.5) 27.3 (19.7-37.1) 25.9 (15.3-54.9) 25.9 (15.3-54.9)
Creatinine clearance (mL/min) 107.0 (76.3—-171.0) 90.6 (9.0-152.0) 92.1 (35.3-321.2) 94.4 (9.0-321.2)
Serum albumin (g/L) 45 (40-52) 31 (33-48) 38 (14-42,900) 40 (14-42,900)
Alanine aminotransferase (U/L) 15.0 (8.0-36.0) 15.5 (6.046.0) 27.0 (7.0-227.0) 22.0 (6.0-227.0)
Aspartate aminotransferase (U/L) 16.5 (9.0-25.0) 19.0 (7.0-36.0) 25.0 (7.0-205.0) 22.0 (7.0-205.0)
Bilirubin (umol/L) 9.0 (4.4-18.5) 7.7 (34-222) 8.6 (1.7-85.5) 8.5 (1.7-85.5)
Categorical Variables N (%)
Sex CC-122-CP-002 | CC-122-CP-005 | CC-122-ST-001 Total
Male 25 (83.3) 27 (56.3) 133 (60.5) 185 (62.1)
Female 5(le7) 21 (43.7) 87 (39.5) 113 (37.9)
Tumor Healthy 78 (26.2)
DLBCL 60 (20.1)
PCNSL 5(1.7)
Other solid tumor 19 (6.4)
NHL 30 (lo.1)
HCC 27 (9.1)
GBM 44 (14.8)
MM 29 (9.7)
Brain cancer 6 (2.0)

Abbreviations: DLBCL, diffuse large B cell lymphoma; PCNSL, primary CNS lymphoma; NHL, non-Hodgkin lymphoma; HCC, hepatocellular carcinoma; GBM,

glioblastoma multiforme; MM, multiple myeloma.

precision (relatively narrow 95% CI from 1000 bootstrap
runs). The final model suggested that CL/F was dependent
on tumor type (Table 2; Figure 1A) and CLcr (Table 2;
Figure 1C). The CL/F in cancer patients were 34.8%
(DLBCL), 30.3% (PCNSL), 89.3% (NHL), 109.2% (HCC),
107.9% (GBM), 120.0% (MM), 131.6% (brain tumor) and
73.7% (other solid tumors) of healthy subjects (Figure 4A).
Due to the small CL/F difference in NHL, HCC and GBM
cohorts compared with healthy subjects and relatively limited
number of patients but large variabilities in brain cancer
(n=6) cohort, effects of these tumor types were not incorpo-
rated in the model to ensure stability (fix to 0).

CLcr was positively correlated with CL/F, which was
described by a linear equation (Table 2). The CL/F in
subjects with 60 to 90 mL/hr and less than 60 mL/hr
CLcr was 69.3% and 50.2% of the subjects with greater
than 90 mL/hr (Figure 4A), respectively, indicating that
renal function failure impaired the clearance of CC-122,
which was consistent with previous finding.” Due to the

limited number of patients in less than 30 mL/min cate-
gory (n=5), no further analysis was conducted.

The apparent volume of distribution (V2/F) was associated
with tumor types (Figure 1B), body weight (Figure 1D), and
sex (Figure 1E). Body weight was positively correlated with
V2/F, which was described by a linear equation in the model
(Table 2). Male subjects tended to have higher V2/F (26.8%
higher) compared to females. Cancer patients consistently
showed higher V2/F, with 3.3% to 57.8% increase compared
to healthy subjects (Figure 4B). However, due to the small
difference (3.3%) in other solid tumor cohort, effect of this
tumor type (other solid tumor) was not included in the final
model (fix to 0).

In addition, no clinically meaningful effect on the PK of
CC-122 was observed including age (20 to 91 years), BMI
(15.3 to 54.9 kg/m2), serum albumin (14—42,900 g/L), alanine
aminotransferase (6.0 to 227.0 U/L), aspartate aminotransfer-
ase (7.0-205.0 U/L) and total bilirubin (1.7-85.5 umol/L) in
the population PK analysis.

Clinical Pharmacology: Advances and Applications 2021:13

http: 6 5

Dove:


http://www.dovepress.com
http://www.dovepress.com

Cheng et al

Dove

801

601

401

201

Concentration/Dose (ng/mL/mg)

STUDY

ST-001
~ CP-002
- CP-005

40 60

Time after dose
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Figure 3 The population pharmacokinetic model of CC-122. The model comprises two-compartment with first-order absorption incorporating a lag time and first-order

elimination.

The final population PK model of CC-122 was also
evaluated using VPC with 1000 simulations (Figure 5).
The 5th, 50th and 95th percentiles of the observed con-
centration data at each time point were generally contained
within the respective 95% CI of the simulated data. There
was a good agreement in the time course and central
tendency between distributions of observed and simulated
concentration data, with no obvious bias. Goodness-of-fit
plots indicated that the final model fitted well to the
observed data (Figure 6). The distribution of conditional
weighted residuals (CWRES) was homogeneously and
evenly distributed around zero across the population pre-

dicted concentrations or sampling times, suggesting no

obvious bias in the predictions of high and low concentra-
tions of CC-122. Taken together, CC-122 concentrations
were well characterized by the final population PK model.

Discussion and Conclusions

CC-122 concentration—time data from doses of 0.5 mg to
15 mg administered daily to healthy subjects (CC-122-CP
-002 and CC-122-CP-005) and patients with advanced
solid tumors, NHL, MM, or advanced unresectable solid
tumors (CC-122-ST-001) were adequately described by
a two-compartment model with first-order absorption
incorporating a lag time and first-order elimination.
Tumor types and CLcr were identified as statistically
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Table 2 Population Pharmacokinetic Parameter Estimates of CC-122 from the Final Model

Parameter Parameter Estimates RSE% Bootstrap Median (95% CI)*
Fixed Effect
TVCL/F 3.63 35 3.55 (3.24 to 3.82)
TVV2/F 36.2 5.7 36.2 (35.06 to 39.68)
TVQIF 1.38 49.9 1.38 (1.05 to 1.64)
TVV3/F 10 Fix 10 Fix
TVKa 4.14 20.5 4.14 (3.50 to 5.10)
TVALAG 0.246 0.6 0.246 (0.242 to 0.248)
Tumor type (DLBCL) on CL/F° —0.647 1.3 —0.647 (—0.774 to —0.519)
Tumor type (PCNSL) on CL/F® —0.692 36.7 —0.692 (—0.908 to —0.076)
Tumor type (other solid tumor) on CL/F® —0.364 16.5 —0.364 (—0.438 to —0.251)
Tumor type (MM) on CL/F® 0.309 748 0.309 (0.051 to 0.650)
CLcr on CL/F° 0.007 65 0.007 (0.004 to 0.008)
Body weight on V2/F° 0.009 47 0.009 (0.006 to 0.011)
Sex on V2/F° —-0.179 41.6 —0.179 (-0.247 to —0.120)
Tumor type (DLBCL) on V2/F° 0.476 29.2 0.474 (0.247 to 0.634)
Tumor type (PCNSL) on V2/F¢ 0.846 522 0.846 (0.088 to 2.23)
Tumor type (NHL) on V2/F° 0.344 384 0.344 (0.170 to 0.509)
Tumor type (HCC) on V2/F° 0.521 29.9 0.521 (0.316 to 0.675)
Tumor type (GBM) on V2/F° 0.480 36.9 0.480 (0.221 to 0.704)
Tumor type (MM) on V2/F° 0.682 86.4 0.662 (0.389 to 0.870)
Tumor type (brain cancer) on V2/F° 0415 56.1 0.415 (0.019 to 1.04)
Random Effects
Interindividual variability
CV%, CL/F 52.2% 14.4 0.261 (0.168 to 0.308)
CV%, V2/F 26.1% 315 0.068 (0.029 to 0.097)
CV%, Ka 143.2% 323 2.05 (1.60 to 2.75)
CV%, Q 98.1% 335 0.962 (0.145 to 1.50)
Residual Variability
o” (Log additive) 0.092 10.3 0.092 (0.069 to 0.113)

Notes: “Bootstrap confidence interval values are taken from bootstrap calculation (978 successful out of a total of

1000 bootstrap replicates).

OCL(L/h) = 3.63 % (1 4 0.007 + (CLer — 94.42)) + (1 — 0.647) (fDLBCL) (1 — 0.692) (ifPCNSL) + (1 — 0.364)(ifOtherSolidTumor) (1 + 0.309) (ifMM).
. %(L) =362 (1 +0.009 % (BW — 74.5)) % (1 — 0.179)(iffemale) * (1 + 0.476) (ifDLBCL) (1 + 0.846)(ifPCNSL) * (1 -+ 0.344) (i#NHL) * (1 + 0.521) (ifHCC)

* (14 0.480)(ifGBM) * (1 + 0.682)(ifMM ) * (1 + 0.415)(ifBrainCancer)

Abbreviations: ALAG, absorption lag time; Cl, confidence interval; CL/F, apparent clearance; Ka, absorption rate constant; Q/F, apparent intercompartmental clearance;
TV, typical value; V2/F, apparent volume of distribution of central compartment; V3/F apparent volume of distribution of peripheral compartment; CLcr, creatinine clearance;
DLBCL, diffuse large B cell lymphoma; PCNSL, primary CNS lymphoma; NHL, non-Hodgkin lymphoma; HCC, hepatocellular carcinoma; GBM, glioblastoma multiforme;

MM, multiple myeloma; CV%, coefficient of variation; %RSE, relative standard error.

significant covariates on apparent clearance (CL/F). Body
weight, sex and tumor types were found statistically sig-
nificant on apparent central volume of distribution (V2/F).

Tumor types were found to exert distinct effects on CL/
F (Figures 1A and 4A). To find out the likely reason of
tumor types on CL/F, we conducted a series of analyses
based on the PK properties of CC-122. Since the clearance
of CC-122 was associated with renal route,” we firstly
investigated whether tumor patients had renal deficiencies
because literatures have revealed that tumor patients (eg,

MM) were seen with renal failure.'""'?> However, analyses
showed that overall tumor patients showed no obvious
difference with regard to renal function (CLcr) compared
to healthy subjects (Figure 7A), suggesting that renal
function may not play a role here.

Next, we examined the CC-122 metabolic profile. In
vitro study has indicated that cytochrome P450 (CYP) 3A
and CYP1A2 appear to be the major enzymes involved in
the oxidative metabolism of CC-122. Ogasawara et al
reported that following co-administering with CYP3A and
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Figure 4 Forest plot of significant covariates on apparent clearance (CL/F, A) and apparent volume of distribution of the central compartment (V2/F, B) of CC-122. Data are
shown as median (90% confidence interval). (A) References are healthy subject (tumor type) and creatinine clearance (CLcr) 290 mL/min (CLcr). (B) References are healthy
subject (tumor type), male (gender) and second tertile of body weight at baseline (Body weight). First, second and third tertile of body weight at baseline are 39.8-68.0 kg,

68.2-81.6 kg and 81.9-159.0 kg, respectively.
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Figure 5 Visual predictive check for plasma CC-122 concentration (log transform) vs time profiles. Circles represent observed data. Lines represent the 5th (solid blue),
50th (solid red), and 95th (solid blue) percentiles of the observed data. Shaded areas represent nonparametric 90% confidence intervals about the 5th (blue), 50th (red), and

95th (blue) percentiles for the corresponding model-predicted percentiles.

CYP1A2 modulators, the exposure and clearance of CC-
122 were altered.® Therefore, it was reasonable to investi-
gate the major enzyme activities among tumor patients and
non-tumor subjects. However, with a lack of specific
enzyme expression data, we used liver function indices
(eg, AST, ALT, bilirubin) to represent the overall hepatic
activities. By graphical examination, except for HCC (liver
cancer), other tumors had comparable AST, ALT and bilir-
ubin levels as compared to non-tumor patients (Figure 7B—
D). Given that HCC is a liver cancer, it was not surprising
to observe a decrease in liver function. In fact, it has been
reported that CYP enzyme activities were down regulated in

tumor tissue samples (eg HCC),'>™!* which was the major
enzyme to metabolize CC-122. However, in contrast to the
above observation, HCC patients showed slightly higher
CL/F (9%) as compared to healthy subjects though reduced
liver function was anticipated, suggesting the existence of
other confounding factors rather than liver functions. For
other tumor types, no discernible difference was identified
with regard to liver functions. However, this interpretation
needs to be cautious because liver function indices (eg AST,
ALT, bilirubin) may not accurately represent actual CYP
enzyme activities. More data are needed to precisely
address this hypothesis.
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Figure 6 Goodness-of-fit plots of the final population pharmacokinetic model of CC-122. The black line represents the identity line or zero line. The red line represents the
locally weighted scatterplot smoothing line. (A) Observed concentration vs individual predicted concentration. (B) Observed concentration vs population predicted
concentration. (C) Conditional weighted residual vs population predictions. (D) Conditional weighted residual vs time.

Abbreviations: CWRES, conditional weighted residuals; DV, observed value; IPRED, individual predicted values; PRED, predicted values; TIME, time after first dose (hour).

Noteworthily, the multiple pretreat regimens in cancer
patients which possibly include the concomitant use of CYP
enzyme modulators may also play a role here. However, the
lack of data prevented further analysis to be conducted.
Notably, the impact of tumor on clearance was also reported
in other compounds, including cabozantinib'® and fedratinib.'”
From these publications, the authors examined multiple rele-
vant factors but failed to identify an exact cause due to the
comorbid nature of tumor patients and lack of adequate
information.

Renal clearance was known to be one of the major elimina-
tion routes for CC-122. From a renal impairment clinical
study,” Li et al showed that following administration of
a single oral dose of 3 mg CC-122, renal impairment reduced
the apparent total plasma clearance and increased the exposure
in subjects with mild, moderate, and severe renal insufficiency
compared to normal renal function, respectively. In line with
the above finding, we herein showed that creatine clearance
(CLcr) was strongly correlated with CL/F (Figures 1C
and 4A).

Tumor type was found to be correlated with apparent
volume of distribution (V2/F) (Figures 1B and 4B). V2/F
was associated with drug distribution. These data poten-
tially suggested that effect of disease may lead to deeper
tissue/organ distribution of the drug, which was consistent
with the drug’s action on tumor cells. Similar observation
was seen in pomalidomide.'”

Body weight (a range from 39.8 to 159.0 kg) was identified
as a statistical covariate onV2/F. Physiologically, increasing
body weight was postulated to be in parallel with increasing
extracellular fluids,'” the space where CC-122 was likely to
distribute into through diffusion. However, further examina-
tion of the forest plot (Figure 4B) indicated that the magnitude
of body weight on V2/F changes were within £ 30% of
reference cohort. Given the minimal effect, body weight was
unlikely to exert any clinical relevance to CC-122.

Sex was found to impact V2/F (Figures 1E and 4B).
There are many possible reasons for sex differences, such

18,19

as gastric pH and protein binding, which may partly

explain the finding. The resulting difference of V2/F
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Figure 7 Box plot of baseline creatinine clearance (Clcr, A) aspartate aminotransferase (AST, B) alanine aminotransferase (ALT, C) and bilirubin (BILI, D) by tumor types.

The number of subjects were presented.

Abbreviations: DLBCL, diffuse large B cell lymphoma; PCNSL, primary CNS lymphoma; other ST, other solid tumor; NHL, non-Hodgkin lymphoma; HCC, hepatocellular

carcinoma; GBM, glioblastoma multiforme; MM, multiple myeloma.

between male and female was small (<30%) and therefore
this finding was not considered to be clinically significant.

In summary, PK of CC-122 in non-tumor subjects and
patients with advanced solid tumors, NHL, MM, or advanced
unresectable solid tumors was adequately characterized by
a two-compartment model with first-order absorption incor-
porating a lag time and first-order elimination model. The
tumor types had significant effect on CL/F and V2/F.
Creatinine clearance was a statistically significant covariate
on CL/F. Body weight and sex were statistically but not clini-
cally relevant covariates on V2/F. No other clinically mean-
ingful covariates were identified. Based upon the above
analyses, patients with renal deficiency may warrant dose
adjustment as compared to normal renal function patients. In
addition, the indication-specific PK property findings are likely
to inform further clinical development of CC-122 with regard
to dose selection.
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