
Pharmacometrics

The Journal of Clinical Pharmacology
2019, 59(10) 1415–1424
C© 2019 The Authors.The Journal of Clin-
ical Pharmacology published by Wiley
Periodicals, Inc. on behalf of American
College of Clinical Pharmacology
DOI: 10.1002/jcph.1432

Model-Based Population Pharmacokinetic
Analysis of Nivolumab in Chinese Patients
With Previously Treated Advanced Solid
Tumors, Including Non–Small Cell Lung
Cancer

Jason Zhang, PhD1, Junliang Cai,MD2, Akintunde Bello, PhD1, Amit Roy, PhD1,
and Jennifer Sheng, PhD1

Abstract

Nivolumab is the first anti–programmed death-1 agent approved in China for treatment of locally advanced or metastatic non–small cell lung cancer
(NSCLC). Here, we characterize the population pharmacokinetics (PPK) of nivolumab monotherapy in Chinese patients with previously treated
advanced/recurrent solid tumors, including NSCLC and nasopharyngeal cancer (NPC), using data from 2 predominantly Chinese (CheckMate 077 and
078), and 5 global (MDX1106-01, CA209-003, and CheckMate 017, 057, and 063) studies. The PPK model was developed by reestimating parameters
of a prior global population model with Chinese patient data. Model reestimates showed nivolumab pharmacokinetics (PK) to be linear and dose
proportional. Race did not have a clinically meaningful effect on nivolumab clearance. Body weight, Asian race, sex, and performance status had
significant effects on clearance. Baseline clearance was 9% lower in the Asian versus the global population but not considered clinically relevant.
Change in time-varying clearance and predicted nivolumab exposures with 3 mg/kg every 2 weeks (Q2W) were similar in Chinese, non-Chinese Asian,
and non-Asian patients. In Chinese patients, the predicted nivolumab exposure with a 240-mg Q2W regimen was �25% higher than with 3 mg/kg
Q2W, but �62% lower than that of a previously evaluated, well-tolerated regimen of 10 mg/kg Q2W (global population). Differences in nivolumab
baseline clearance and exposures between patients with NPC and NSCLC were not clinically meaningful (<20%).Overall, PPK analysis demonstrated
that nivolumab was not sensitive to race when evaluated in Chinese and non-Asian patients and exhibited similar PK in NSCLC and NPC.
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Nivolumab, a programmed death-1 (PD-1) checkpoint
inhibitor, is approved as monotherapy for the treatment
of patients with metastatic non–small cell lung cancer
(NSCLC) and progression on or after platinum-based
chemotherapy in the United States,1 and adults with
locally advanced or metastatic NSCLC after prior
chemotherapy in the European Union.2 The initial
approval was granted for a body weight–based dosing
regimen of 3 mg/kg of nivolumab administered every
2 weeks (Q2W). This initial approval was based on
the global CheckMate 017 (NCT01642004) and Check-
Mate 057 (NCT01673867) studies in squamous cell
and nonsquamous cell advanced/metastatic NSCLC,
respectively, which demonstrated improved overall sur-
vival (OS) compared with docetaxel (75 mg/m2).1,3,4 In
a pooled 3-year follow-up analysis of CheckMate 017
and 057, nivolumab 3 mg/kg demonstrated long-term
OS benefit versus docetaxel, with estimated 3-year OS
rates of 17% versus 8%.5

In China, lung cancer is the leading cause of can-
cer death.6 The increasing incidence of lung cancer,
including NSCLC, highlights the current unmet need

for new treatments.6 Nivolumab monotherapy for the
treatment of advanced NSCLC has been evaluated
in 2 clinical studies in a predominantly Chinese pa-
tient population, CheckMate 077 (NCT02593786) and
CheckMate 078 (NCT02613507). The phase 1/2 open-
label CheckMate 077 study investigated the use of
nivolumab, including 3 mg/kg and 240 mg Q2W, in
Chinese patients with previously treated advanced or
recurrent solid tumors, comprising NSCLC, hepato-
cellular carcinoma, and nasopharyngeal carcinoma
(NPC).7 In this study, nivolumab was well tolerated,
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and its pharmacokinetic (PK) profile in Chinese pa-
tients was similar to that previously reported in a US
population.7,8 The open-label, randomized, phase 3
CheckMate 078 study evaluated nivolumab 3 mg/kg
Q2W versus docetaxel 75 mg/m2 every 3 weeks in a
predominantly Chinese patient population with ad-
vanced or metastatic NSCLC (squamous or nonsqua-
mous) and disease progression during or after 1 prior
platinum-based doublet chemotherapy regimen. Re-
sults showed an improved OS benefit for nivolumab
compared with docetaxel, with a hazard ratio of 0.68
(97.7% confidence interval [CI], 0.52-0.90; P = .0006),
which was consistent with the findings of the global
CheckMate 017 and 057 studies.3–5,9 In June 2018
nivolumab 3 mg/kg Q2W was approved as the first
PD-1 checkpoint inhibitor in China for the treatment
of locally advanced or metastatic NSCLC after prior
platinum-based chemotherapy in adult patients without
EGFR or ALK genomic tumor alterations.10

Importantly, ethnic/racial differences may impact
risk–benefit profiles and dosing regimens of medi-
cations.11 Intrinsic factors, such as genetic and phys-
iologic characteristics, and extrinsic factors, such as
culture and environment, may ultimately contribute
to differences in drug exposures and therefore efficacy
and/or safety in distinct ethnic/racial groups.11–13 Such
differences must be taken into consideration when es-
tablishing prescribing information for different regions.
Two important factors are race and body weight; race
largely relates to intrinsic factors, which can affect
drug metabolism, whereas lower body weight can lead
to a decreased clearance and therefore greater drug
exposure.11,12,14 Body weight is particularly relevant for
Asian patients, including Chinese patients, who have
a lower mean body weight compared with non-Asian
races, especially when using a fixed dose of a ther-
apeutic agent.15,16 In addition to body weight–based
dosing regimens, use of fixed doses is also approved for
PD-1/programmed death ligand-1 inhibitors including
nivolumab (240 mg Q2W).1,2 As such, characterization
and evaluation of drug PK for various races is essential
to predict the exposure and ultimately mitigate the po-
tential risks associated with different drug exposures.17

These analyses evaluated the PK of nivolumab in
Chinese patients in comparison to other populations
via a population pharmacokinetic (PPK) modeling
approach. The objectives were (1) to compare
nivolumab 3-mg/kg Q2W clearance and exposures in
Chinese, non-Chinese Asian, and non-Asian patients;
(2) to compare predicted nivolumab 240-mg Q2W
and 3-mg/kg Q2W exposures in Chinese patients; and
(3) to evaluate the exposure measures of nivolumab
240-mg Q2W in Chinese patients versus a 10-mg/kg
Q2W dosing regimen in a global population. For this
analysis, data for Chinese patients were pooled from

the CheckMate 077 and CheckMate 078 studies. The
global population was pooled from the MDX1106-01
(NCT00441337), CA209-003 (NCT00730639),
CheckMate 017 (NCT01642004), CheckMate 057
(NCT01673867), and CheckMate 063 (NCT01721759)
studies; non-Chinese patients were also included from
the CheckMate 078 study.

Methods
Study Approvals and Informed Consent
All clinical studies referenced as data sources in this
manuscript were conducted in accordance with the
Declaration of Helsinki, the International Conference
on Harmonisation Guidelines for Good Clinical Prac-
tice, and local regulations. For all clinical studies, an
institutional review board or independent ethics com-
mittee at each site approved the protocol, consent form,
and any other written information provided to patients
or their legal representatives. All patients or their legal
representatives gave written informed consent prior to
study entry and provided consent for additional data
analyses following the initial clinical study.

Patient Populations
The Chinese population included in the PPK analyses
was from 2 clinical studies, CheckMate 078 and 077.
CheckMate 078 is a phase 3, open-label, randomized
multinational study assessing the efficacy and safety of
nivolumab (3 mg/kg Q2W) compared with docetaxel
(75 mg/m2 every 3 weeks) as second-line treatment
in a predominantly Chinese population (N = 504)
with advanced or metastatic NSCLC (squamous and
nonsquamous). CheckMate 077 is a phase 1/2 open-
label study, with a secondary objective of characterizing
the PK of nivolumab monotherapy (including 3-mg/kg
Q2W and 240-mg Q2W dosing regimens) in Chinese
patients (N = 35) with previously treated advanced or
recurrent solid tumors, comprising NSCLC (n = 10),
NPC (n = 23), and hepatocellular carcinoma (n = 2).
Additional information on the CheckMate 077 and 078
studies is provided in the supporting information in the
online version of this paper (section 1). Patient data
fromMDX-1106-01, CA209-003, CheckMate 017, 057,
and 063 global clinical studies were also included in the
PPK analysis (for further details, see Tables S1 and S2).

PK Samples and Quantification of Nivolumab
Concentrations
The nivolumab PPK analysis used nivolumab concen-
tration values from patients who received nivolumab
monotherapy—including patients who had �1 prior
line of therapy—and from global clinical studies, as
well as patients from CheckMate 077 and 078, who
were further classified by the nivolumab dosing regi-
men (240 mg Q2W, 3 mg/kg Q2W, 10 mg/kg Q2W)
and race (Chinese, non-Chinese Asian, non-Asian).
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Patients for whom no serum concentration data were
available were excluded from the analysis; nivolumab
serum concentration values were excluded if they were
below the lower limit of quantification or missing
the sample date/time. If the data of an associated
dose (dose amount, infusion duration) were missing,
information was imputed into the analysis data set
and not excluded to enable inclusion of PK samples
associated with subsequent doses. Missing covariates
were imputed using the median (continuous) or mode
(categorical) of the covariate variable if <10% of
the values were missing. Race, body weight, and base-
line estimated glomerular filtration rate (eGFR) were
the only covariates that had missing values, but those
were <1%. Serum concentrations could be considered
outliers and not included in the analysis if they were
not considered to be physiologically possible or poten-
tially affected by protocol deviations, such as improper
storage conditions. The PK samples collected were
analyzed for nivolumab serum concentrations by val-
idated ligand-binding enzyme-linked immunosorbent
assay (Immunochemistry Department [ICD] 316) or by
the validated electrochemiluminescence (ELC) assays
ICD 416 and 14BASM122V1. All 3 assays were cross
validated. PK samples for the MDX-1106-001 study
were analyzed using the ICD 316 assay. Some PK sam-
ples collected from the CA209-003 study were analyzed
using the ICD 316 assay, the remaining samples were
analyzed using the ELC ICD 416 assay. The ELC ICD
416 assaywas also used to analyze PK samples collected
from other global studies included in this analysis. The
nivolumabPK samples collected during theCheckMate
077 and 078 studies were analyzed at WuXi App Tec in
China using the validated ELC 14BASM122V1 assay,
which was cross validated with the ICD 416 assay.
Additional details on all 3 assays are provided in Table
S3.

PPK Analysis

PPK Model Development and Evaluation. Nivolumab
PK were characterized by a PPK model, developed by
reestimating the parameters of a previously reported
PPK model for nivolumab monotherapy. This updated
model includes data from the Chinese population of
the PPK analysis data set shown in Tables S1 and
S2.18 As described, the previous final model was de-
veloped by backward elimination of covariates one at
a time, removing statistically nonsignificant covariates
and confounding effects.18

The current PPK model involved a 2-compartment,
zero-order intravenous infusion and time-varying clear-
ance (sigmoidal function of the estimate of themaximal
change in clearance [Emax]), with a proportional resid-
ual errormodel and random effect on clearance, volume

of the central compartment, volume of the peripheral
compartment, Emax, and correlation of random effect
between clearance and volume of the central compart-
ment. The current model covariates were based on
the previously established nivolumab PPKmodel18 and
included the effects of baseline body weight, eGFR,
Eastern Cooperative Oncology Group performance
status (a scale to determine a patient’s health and
functional status ranging from 0 [fully active] to 5
[death]),19 sex, race, and tumor type on clearance. The
effects of baseline body weight and sex on volume
of the central compartment were also included. In
this analysis, NPC tumor type was added as a new
categorical covariate and tumor types besides NSCLC
and NPC were categorized as “other tumor types.”
Asian race and NPC were evaluated as categorical
covariates in the current PPK model.

Diagnostic plots of the current model are presented
as observed versus predicted population or individual
concentration (Figure S1). The prediction-corrected
visual predictive checks were performed with 500 sim-
ulated data sets obtained using parameter values from
the currentmodel for the patients dosedwith 3mg/kg or
240 mg Q2W for all concentrations after previous dose
(Figure S2A), and for trough concentrations after first
dose (Figure S2B).

The PPK analysis was performed using the NON-
MEMcomputer program (Version 7.2, ICONDevelop-
ment Solutions, Hanover, Maryland), compiled using
Intel Fortran, and diagnostic plots were prepared using
R software. Visual predictive checks and bootstrap
analysis were carried out through Perl Speaks NON-
MEM. The bootstrap analysis included resampling of
the PK data set for 1000 iterations to estimate the
95%CI of parameters.

PPK Model Application. Individual baseline clearance
and time-dependent clearance were assessed and
compared across Chinese, non-Chinese Asian, and
non-Asian patients. The steady-state clearance, as a
percentage of baseline, was calculated per the following
formula: Steady-state clearance (% of baseline) =
exp(Emax) × 100%, where Emax was the estimate of the
maximal change in clearance. The maximal decrease
as a percentage of baseline was calculated as:
Maximal decrease (% of baseline) = (1 − exp[Emax]) ×
100%, where Emax was the estimate of the maximal
change in clearance. Covariate effects of <20% were
not considered clinically meaningful.

Nivolumab clearances expressed as a percentage of
typical values in Chinese, non-Chinese Asian, and non-
Asian groups were also compared to confirm that
the covariate effects included in the model adequately
described the clearance across these racially distinct
populations.
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To compare nivolumab exposures in Chinese, non-
Chinese Asian, and non-Asian groups, measures of
individual exposure with the nivolumab 3-mg/kg Q2W
body weight–based dosing regimen were obtained and
summarized from the current model for each patient
with available estimates of PKparameters of minimum,
maximum, and time-average of nivolumab concentra-
tions after the first dose (Cmin1, Cmax1, Cavg1) and at
steady state (Cminss, Cmaxss, Cavgss). The comparison of
the above-mentioned measures of predicted exposure
with nivolumab 3 mg/kg Q2W and clearance by race
was also evaluated. In Chinese patients from the Check-
Mate 077 and 078 studies, the terminal half-life at the
start of treatment (THALFβ) and steady state (THALFβss),
as well as the Cavgss range within weight distribution
according to treatment with 240-mg Q2W fixed-dose
regimen and 3-mg/kg Q2W body weight–based dosing
regimen, were also assessed.

In Chinese patients, predicted exposures for the
nivolumab 3-mg/kg Q2W body weight–based dosing
regimen and the 240-mg Q2W fixed-dose regimen were
compared. The predicted exposures for the 240-mg
Q2W fixed-dose regimen in Chinese patients were also
compared with those from the previously evaluated
and well-tolerated 10-mg/kg Q2W dosing regimen in
patients from theMDX-1106-01 andCA209-003 global
phase 1 clinical studies.

Results
Patient Population
Exposure with nivolumab monotherapy was evaluated
based on a total data set of 1200 patients, of whom 959
had previously treated advanced or metastatic NSCLC
(nonsquamous, n = 544; squamous, n = 415) and
23 had NPC. Patients were categorized by nivolumab
monotherapy treatment regimen and race into 3 patient
groups: Chinese, non-Chinese Asian, and non-Asian
patients (Table 1). The Chinese group included 289
patients with NSCLC, all 23 cases of NPC, and the
only 2 patients with hepatocellular carcinomawhowere
part of the data set. A total of 6945 concentration
records were available. A summary of the concentration
records by study and dosing regimen is provided in
Tables S4A and S4B. Select baseline characteristics
of Chinese patients from Checkmate 077 and 078 are
presented in Table S5.

Current PPK Model Development and Evaluation. The
previously developed final PPKmodel employed in this
analysis was updated with data from Chinese patients
and had the tumor type covariates revised from the
previously reported final PPK model for nivolumab
monotherapy to include both NSCLC and NPC tumor

Table 1. Patients Included in the PPK Analysis Data Set by Treatment
and Race/Ethnicity Category

Nivolumab
Treatment
Regimen

Chinese
(n = 314)

Non-Chinese
Asian (n = 21)

Non-Asian
(n = 865)

0.1 mg/kg 0 0 17
0.3 mg/kg 0 0 24
1 mg/kg 0 0 92
3 mg/kg 294 18 584
10 mg/kg 0 3 148
240 mg Q2W 20 0 0

PPK indicates population pharmacokinetic; Q2W, every 2 weeks.
Chinese patients are those with race/ethnicity specified as Chinese in studies
CheckMate 077 and 078, non-Chinese Asian patients are whose race are
Asian but ethnicity not specified as Chinese, non-Asian patients are those
with neither Asian nor Chinese race. The global population is the sum of all
non-Chinese Asian and non-Asian patients (n = 886).

types.18 The current model was as follows:

CLi = CLTV ×
(

BWi

BWTV

)CLBW

×
(

eGFRi

eGFRTV

)CLeGFR

× eCLSEX × eCLPS × eCLRAAA × eCLRAAS

× eCLNPC × eCLOTH

where i refers to the values of an individual subject,
C LT V was the typical value of clearance,CLNPC was the
effect of NPC tumor type on the change of clearance
relative to NSCLC (the reference tumor type), and
CLOTH was the change of clearance for the other tumor
types, including renal cancer carcinoma, melanoma,
colorectal cancer, prostate cancer, and hepatocellular
carcinoma, relative to NSCLC. Clearance values
are also indicated for Black (RAAA) and Asian races
(RAAS), as well as body weight (BW) and performance
status (PS). Additional information on covariates in the
PPK analysis data set, including numbers of patients
with each type of tumor, is provided in Table S6.

Diagnostic plots for the current PPK model (Fig-
ure S1) showed that nivolumab PK were linear and
dose proportional, and were well characterized with
a 2-compartment model with zero-order infusion in
Chinese, non-Chinese Asian and non-Asian patients.
The prediction-corrected visual predictive check plots
(Figures S2A and S2B) show that the model adequately
characterized the trough data from the 5th to the 95th
percentiles: the solid and dashed lines representing the
5th, 50th, and 95th percentiles of the observed data
pass through the center of the respective 90% predic-
tion interval (shaded area) of the PK data. Thus, the
predictions of the model were considered appropriate
for its intended purpose. The model provided a good
fit of the data for the Chinese patient population in
both the 3-mg/kg and 240-mg Q2W dosing regimens.
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Figure 1. Effect of covariates on nivolumab clearance using the current PPK model.The effect of categorical covariates is presented as comparator to
reference; the effect of continuous covariates is presented as reference value (5th percentile, 95th percentile). The reference patient is a white/other
male weighing 80 kg with a baseline performance status of 0, eGFR of 90 mL/min/1.73 m2, and 2L+ NSCLC. Parameter estimate in reference patient
is considered 100% (vertical solid line), and dashed vertical lines are at 80% and 120% of this value. 2L+ indicates second line or later; AA, Black; CI,
confidence interval; eGFR, estimated glomerular filtration rate; NPC, nasopharyngeal carcinoma; NSCLC, non–small cell lung cancer; PPK, population
pharmacokinetics.

Parameter estimates for the currentmodel are presented
in Table S7.

Predicted Nivolumab Clearance in Chinese, Non-Chinese
Asian, and Non-Asian Patients. The magnitude of the ef-
fects of baseline covariates on nivolumab clearance and
volume of the central compartment, assessed using the
current PPK model, was within ±20% of the reference
values as assessed by 95%CI, with exception of body
weight (Figure 1). Importantly, neither race nor tumor
type (NPC) had a clinically relevant effect on nivolumab
clearance (<20%). For race, a 9% lower baseline clear-
ance for Asian versus non-Asian patients was observed
as statistically significant, but not clinically meaningful.
ForNPC tumor type, a 9% higher baseline clearance for
patients with NPC versus NSCLC was observed; how-
ever, the effect was not statistically significant (95%CI
included 1). It is notable that uncertainty is observed
due to the small sample size (n = 23) of patients with
NPC. Female patients appeared to have a lower clear-

ance and volume of the central compartment versus
male patients, whereas patients with Eastern Cooper-
ative Oncology Group PS > 0 versus PS = 0 exhibited
a 15% increase in nivolumab clearance; however, these
differences were unlikely to be clinically relevant.20

Additionally, the PPK analyses showed that the change
of time dependence of clearance in Chinese patients
was similar to that of non-Asian patients. Specifically,
a decrease of nivolumab clearance with time was seen
in the Chinese patient cohort, reaching a maximal
decrease of approximately 32% (Figure 2A). Changes
in nivolumab clearance occurred soon after treatment
initiation. The THALFβ andTHALFβss in Chinese patients
was 605.5 hours (25.2 days) and 861.8 hours (35.9 days),
respectively. The half-maximal change was reached at
approximately 2 months (time of half-maximal change
[t50] of 1380 hours). Predicted baseline clearance for
3 mg/kg Q2W nivolumab was 12% (10.2 mL/h) and
20% (9.2 mL/h) lower in Chinese and non-Chinese
Asian patients, respectively, than in non-Asian patients
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Figure 2. Predicted change in nivolumab clearance over time in (A) Chinese patients and predicted baseline clearance by (B) race/ethnicity. The
red line represents the clearance–time profile for a typical patient. Percentage difference in clearance was calculated using the following equation:
Percentage difference in clearance = 100 × ([CLt − CLt=0]/CLt=0). The box plots represent the median (bold line) and 25th to 75th percentiles of
the distribution.Whiskers represent the 5th and 95th percentiles of the distribution. CL indicates clearance; CLt, clearance at time t; CLt=0, baseline
clearance; GM, geometric mean.
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Figure 3. Comparison of baseline clearance in Chinese patients with
NPC and previously treated NSCLC.The box plots represent the median
(bold line), and 25th to 75th percentiles of the distribution. Whiskers
represent the 5th and 95th percentiles of the distribution. GM indicates
geometric mean; NPC, nasopharyngeal cancer; NSCLC, non–small cell
lung cancer.

Table 2. Predicted Exposures With Nivolumab 3 mg/kg Q2W by
Race/Ethnicity

Chinese (n = 294)a Non-Asian (n = 584)

Predicted
Exposure
(µg/mL)

Geometric
Mean CV (%)

Geometric
Mean CV (%)

Difference in
Geometric
Means (%)

Cmin1 16.3 23.4 17.2 29.3 −5.2
Cmax1 56.2 13.8 61.3 59.6 −8.3
Cavg1 25.6 17.5 27.5 23.1 −6.9
Cminss 62.0 73.5 65.9 79.3 −5.9
Cmaxss 120.0 44.8 129.0 56.1 −7.0
Cavgss 80.2 61.5 85.6 65.0 −6.3

Cavg1 indicates postdose 1 time-averaged serum concentration; Cavgss, time-
averaged serum concentration at steady state; Cmax1, postdose 1 peak
serum concentration;Cmaxss, peak serum concentration at steady state;Cmin1,
postdose 1 trough serum concentration; Cminss, trough serum concentration
at steady state; CV, coefficient of variation; NPC, nasopharyngeal carcinoma;
NSCLC, non–small cell lung cancer; Q2W, every 2 weeks.
aRepresents Chinese patients receiving 3 mg/kg only; includes 6 patients with
NPC and 288 patients with NSCLC.

(11.6 mL/h; Figure 2B). Furthermore, the predicted
baseline clearance of nivolumab was similar between
patients withNPC and previously treatedNSCLC, with
a <3% difference (Figure 3).

Predicted Nivolumab 3-mg/kg Q2W Exposures in Chinese,
Non-Chinese Asian, and Non-Asian Patients. The overall
differences in geometric means for all exposure mea-
sures were <10% lower for Chinese compared with
non-Asian patients (eg, geometric mean Cavg1 was
25.6 µg/mL and 27.5 µg/mL in Chinese and non-Asian
patients, respectively; Table 2).

Predicted Nivolumab 240-mg Q2W and 3-mg/kg Q2W
Exposures in Chinese Patients. Simulation-based pre-
dicted nivolumab exposure in Chinese patients showed

Table 3. Predicted Exposures With Nivolumab 240 mg Q2W or
3 mg/kg Q2W in Chinese Patients

Chinese 240 mg Q2W
(n = 314)a

Chinese 3 mg/kg Q2W
(n = 294)b

Predicted
Exposure
(µg/mL)

Geometric
Mean CV (%)

Geometric
Mean CV (%)

Difference in
Geometric
Means (%)

Cmin1 20.7 24.1 16.3 23.4 27.0
Cmax1 71.2 18.9 56.2 13.8 27.0
Cavg1 32.4 18.3 25.6 17.5 27.0
Cminss 78.3 71.8 62.0 73.5 26.0
Cmaxss 152.0 44.7 120.0 44.8 27.0
Cavgss 101.0 58.1 80.2 61.5 26.0

Cavg1 indicates postdose 1 time-averaged serum concentration; Cavgss, time-
averaged serum concentration at steady state; Cmax1, postdose 1 peak
serum concentration;Cmaxss, peak serum concentration at steady state;Cmin1,
postdose 1 trough serum concentration; Cminss, trough serum concentration
at steady state; CV, coefficient of variation; Q2W, every 2 weeks.
aPredicted data for all Chinese patients in CheckMate 077 and 078 receiving
nivolumab 3 mg/kg (n = 294) or 240 mg Q2W (n = 20) doses.
bPredicted data for Chinese patients in CheckMate 077 and 078 receiving
nivolumab 3-mg/kg Q2W (n = 294) dose only.

the geometric mean estimates of exposure to be ap-
proximately 25% higher with the 240-mg Q2W fixed
dose than with 3 mg/kg Q2W for all 6 measures of
individual nivolumab exposure (Table 3). For exam-
ple, the geometric mean Cavg1 was 32.4 µg/mL versus
25.6 µg/mL for the 240-mg Q2W fixed dose versus
3mg/kgQ2W inChinese patients (Table 3). Themedian
and 90% prediction intervals (5th to 95th percentile)
for the simulated nivolumab Cavg1 by dosing regimen in
Chinese patients (240 mg Q2W and 3 mg/kg Q2W) are
presented in Figure 4. Figure S3 presents the Cavgss of
both dosing regimens versus the baseline body weight
of Chinese patients. There was a trend for higher Cavgss

with 240 mg dosing versus 3 mg/kg for baseline body
weights up to approximately 80 kg.

Predicted Exposures of Nivolumab 240-mg Q2W in Chinese
Patients Versus 10-mg/kg Q2W Dosing Regimen in the Global
Population. The predicted exposure with nivolumab
240-mg Q2W fixed dosing in Chinese patients was ap-
proximately 60% to 62% lower than with the nivolumab
10-mg/kg Q2W regimen in the global population for all
6 measures of nivolumab exposure assessed (Table 4).
For instance, the geometric mean Cavg1 was 32.4 µg/mL
for the 240-mg Q2W fixed dose in Chinese patients,
compared with 85.7 µg/mL for the 10-mg/kg body
weight–based dose in the global population (Table 4).
The median and 90% prediction intervals (5th to 95th
percentile) for the simulated nivolumab Cavg1 by dosing
regimen in Chinese patients (240 mg Q2W and 3 mg/kg
Q2W) and in a global population (10 mg/kg) is pre-
sented in Figure 4.
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Figure 4. Distribution of predicted nivolumab exposures (Cavg1) with 240 mg Q2W and 3 mg/kg Q2W in Chinese patients and 10 mg/kg Q2W in
the global population. The box plots represent the median (bold line), and 25th to 75th percentiles of the distribution. Whiskers represent the 5th
and 95th percentiles of the distribution. Cavg indicates time-averaged nivolumab concentration; Cavg1, first postdose time-averaged serum nivolumab
concentration; GM, geometric mean; Q2W, every 2 weeks.

Table 4. Predicted Exposures With Nivolumab 240 mg Q2W in
Chinese Patients and 10 mg/kg Q2W in the Global Population

Chinese Patients
240 mg Q2W
(n = 314)a

Global Population
10 mg/kg Q2W
(n = 148)b

Predicted
Exposure
(µg/mL)

Geometric
Mean CV (%)

Geometric
Mean CV (%)

Difference in
Geometric
Means (%)

Cmin1 20.7 24.1 53.6 27.5 −61.0
Cmax1 71.2 18.9 178.0 25.2 −60.0
Cavg1 32.4 18.3 85.7 22.0 −62.0
Cminss 78.3 71.8 206.0 64.0 −62.0
Cmaxss 152.0 44.7 393.0 39.6 −61.0
Cavgss 101.0 58.1 268.0 52.3 −62.0

Cavg1 indicates postdose 1 time-averaged serum concentration; Cavgss, time-
averaged serum concentration at steady-state; Cmax1, postdose 1 peak serum
concentration; Cmaxss, peak serum concentration at steady state; Cmin1,
postdose 1 trough serum concentration; Cminss, trough serum concentration
at steady state; CV, coefficient of variation; Q2W, every 2 weeks.
aPredicted data for all Chinese patients in CheckMate 077 and 078 receiving
nivolumab 3-mg/kg (n = 294) or 240-mg Q2W (n = 20) doses.
bPredicted data for global patients receiving 10 mg/kg Q2W from global
studies MDX-1106-01 and CA209-003.

Discussion
The previous final PPK model used to develop the
current model used in this analysis had been estab-
lished for nivolumab treatment of solid tumors using
data from a global population of 1895 patients who
received 0.3 to 10.0 mg/kg nivolumab across 11 clinical
studies.18 Estimates from this model indicated that
nivolumab exhibited linear PK (0.1–20.0 mg/kg) with
time-varying clearance. As patients with cancer often
exhibit higher rates of protein turnover,21 it is hypoth-
esized that the decrease in nivolumab clearance over

timemay reflect improved disease status.17,18 In fact, the
magnitude of the change in drug clearance has been
correlated to Response Evaluation Criteria in Solid
Tumors (v1.1) objective response status: patients who
exhibited a complete/partial response had the largest
decrease in clearance over time.17 Results from this
model also showed that covariate effects on nivolumab
PK, including renal and mild hepatic impairment, were
not clinically relevant (<20% cutoff value), whereas
nivolumab clearance and volume of distribution in the
central compartment increased with body weight.18

In the current analysis, the parameters of the pre-
viously developed model18 were reestimated using data
from 2 clinical studies in predominantly Chinese pop-
ulations and 5 global clinical studies. Overall, the
parameters evaluated here were consistent with previ-
ous estimates.18 Additionally, the current PPK model
showed that nivolumab PK was linear and dose pro-
portional in Chinese patients and non-Asian patients,
and that the effect of covariates was aligned with
that previously observed in a global population and
in a time-varying model.18 Body weight was found to
have a statistically significant effect on clearance and
volume of the second compartment. Themechanism of
nivolumab elimination and the significant relationship
between body weight and nivolumab clearance in the
current PPK model is consistent with evaluations from
the previous PPK analysis.18 Importantly, race did
not have a clinically meaningful impact on clearance
in this study, indicating that nivolumab PK is not
sensitive to race. Similarly, NPC tumor type had no
impact on clearance, although this result should be
interpreted with caution due to the small NPC sample
size. However, these findings are in agreement with
our prior population model study, which also found
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that tumor type (including advanced NSCLC, renal
cell carcinoma, and melanoma) had no clinical effect
on nivolumab clearance.18 Moreover, the nivolumab
baseline clearance in Chinese patients was only ap-
proximately 12% lower than that in non-Asian patients
and not considered clinically meaningful. The time-
varying clearance of nivolumab was evident in the
Chinese population, namely, for the maximal decrease
of approximately 32%, which was similar to that of
non-Asian patients.

Additionally, nivolumab exposure measures both
after the first dose (Cmin1, Cmax1, Cavg1), and at steady
state (Cminss, Cmaxss, Cavgss) with the approved 3-mg/kg
Q2Wdosing regimenwere similar amongChinese, non-
ChineseAsian, and non-Asian patients, confirming that
nivolumab PK is not sensitive to race.

Given the use of a fixed-dosing regimen across
various cancer immunotherapeutic antibodies22–25 and
its recognized advantages (improved administration
and reduced prescription errors),26 this analysis also
compared exposure of a fixed dose with the approved
body weight–based nivolumab regimen of 3 mg/kg.
Despite the fixed dose of 240mgQ2W showing approx-
imately 25% higher nivolumab exposure versus the 3-
mg/kg Q2W regimen in Chinese patients, the predicted
exposure of this same fixed regimen in Chinese patients
was approximately 62% lower than that of the well-
tolerated nivolumab 10-mg/kg Q2W regimen in the
global population.27 Based on the predicted exposures
and the finding that race/ethnicity was not a clinically
meaningful covariate of nivolumab PPK, it is antici-
pated that nivolumab fixed dosing would be a suitable
approach for Chinese patients.

Limitations of this analysis include the small number
of patients in CheckMate 077, which may impact data
interpretation; in particular, the low number of patients
with NPC (n = 23) makes the interpretation of tumor
type effect on clearance difficult. In addition, it is
noted that the coefficient of variation across exposure
measures was generally higher at steady state than
after the first dosing interval. Variability in exposure
is a result of variability in clearance, Emax, volume of
the central compartment, and volume of distribution
of peripheral compartment. Factors contributing to
the difference include higher variability in steady-state
clearance than baseline clearance and the higher impact
of clearance on steady-state exposure than on the first
dosing interval, due to accumulation in exposure.

Conclusions
In summary, the findings from these analyses demon-
strate that, similar to non-Asian patients, nivolumab
PK was linear and dose proportional with time-
dependent clearance in Chinese patients. Race and

tumor type did not have a clinically meaningful im-
pact on nivolumab clearance, in the presence of other
covariates. The predicted exposures with the approved
3-mg/kg Q2W regimen were similar among Chinese,
non-Chinese Asian, and non-Asian patients. Although
the predicted exposure with a 240-mg Q2W fixed
dose was approximately 25% higher than that with
the 3-mg/kg Q2W body weight–based regimen in Chi-
nese patients, it was still markedly (60%-62%) lower
than that observed with the previously evaluated and
well-tolerated nivolumab 10-mg/kg Q2W regimen in a
global population.27 Overall, these results indicate that
nivolumab is not sensitive to race differences and ex-
hibits similar exposures in Chinese, non-Chinese Asian,
and non-Asian patients.
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