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Abstract

Nivolumab 240 mg every 2 weeks is approved in China by the National Medical Product Agency for squamous cell carcinoma of the head and
neck and gastric cancer, based on population pharmacokinetic (PPK) analyses and benefit-risk assessment of safety/efficacy in solid tumors, including
Chinese and global populations. The aim of this assessment was to investigate exposure and risk for adverse events (AEs) with flat dosing compared
with weight-based dosing. Nivolumab 240-mg and 3-mg/kg every-2-week exposures in Chinese patients were simulated using PPK modeling, and AEs
in Chinese and pooled global populations were compared by dosing regimen, exposure, and weight. The 10-mg/kg every-2-week regimen was included
because it is known to be well tolerated. Predicted nivolumab exposure in Chinese patients receiving 240 mg every 2 weeks was ∼25% higher versus
3 mg/kg every 2 weeks, but ∼60% lower versus 10 mg/kg every 2 weeks. Grade 3/4 AE incidence in Chinese patients receiving nivolumab 3 mg/kg
every 2 weeks was similar with 240-mg every-2-week dosing and with patients from global populations treated with 3 or 10 mg/kg every 2 weeks.
There was no trend toward increased AE incidence with high versus low nivolumab exposure or in global patients of varying body weight receiving 3
or 10 mg/kg every 2 weeks. Objective response rates were similar in Chinese and global patients with squamous and nonsquamous NSCLC. Results
showed that benefit-risk profiles with nivolumab 240 mg every 2 weeks were similar to those of the 3-mg/kg every-2-week regimen in Chinese
patients and global populations, providing an alternative treatment option to Chinese patients.
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In clinical trials, nivolumab 3mg/kg every 2 weeks
demonstrated an overall survival benefit over stan-
dard of care across multiple tumor types.1–5 Most
monoclonal antibodies, including immune checkpoint
inhibitors, have been dosed based on body weight,
assuming that this may potentially reduce interpa-
tient variability in exposure and clinical response.6,7 A
major concern with flat dosing is that weight might
influence the safety profile, although efficacy is not
expected to be reduced, given higher exposure with flat
dosing.6,8 Monoclonal antibody clearance rises with
increasing body weight, yet the increment is less than
proportional.9 Therefore, patients with higher body
weight tend to have higher exposure with weight-based
dosing because of less than proportional increases
in clearance with increasing body weight. Conversely,
flat dosing results in decreased exposure as weight
increases.7 Exposure variability associatedwith flat dos-
ing may be acceptable, as many monoclonal antibodies
have selective modes of action with wide therapeutic
indexes.

The fully human immunoglobulin G4 monoclonal
antibody nivolumab has a wide therapeutic index, as

evidenced by efficacy in many malignancies and favor-
able safety profiles at doses from 0.1 to 10mg/kg every
2 weeks in early-phase, dose-ranging studies.10,11 Sim-
ilarly, nivolumab population pharmacokinetic (PPK)
and exposure-response (E-R) analyses revealed linear
pharmacokinetics (PK) with dose-proportional expo-
sure and relatively flat E-R relationships for efficacy
and safety across doses from 0.1 to 10mg/kg and
240mg every 2weeks.6,12 There were no clinicallymean-
ingful relationships between body weight or exposure
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quartiles and frequency or severity of adverse events
(AEs).6 Together, these data suggest that benefit-risk
profiles for nivolumab 3 mg/kg and 240 mg every 2
weeks would be similar, despite potentially increased
exposure variability with flat dosing.6,12 Potential ben-
efits of transitioning to flat dosing include improved
ease of use and administration and reduced health
care burden, dose-calculation errors, and waste.6,13

Nivolumab 240 mg every 2 weeks is approved for
multiple indications in the United States,14 European
Union,15 and Japan.16 Approvals were based on PPK
and E-R analyses demonstrating comparable exposure,
safety, and efficacy of 240mg with 3mg/kg every 2
weeks and on an acceptable safety profile of 10 mg/kg
every 2 weeks.6,12,17

The Chinese National Medical Product Agency
(NMPA) approved nivolumab 3 mg/kg every 2 weeks
for patients with non-small cell lung cancer (NSCLC)
on June 15, 2018, based on CheckMate 077 and 078.18

CheckMate 077 investigated nivolumab 3 mg/kg and
240 mg every 2 weeks in Chinese patients with previ-
ously treated advanced or recurrent solid tumors.19 On
September 29, 2019, the NMPA announced approval
of nivolumab 240 mg every 2 weeks for squamous cell
carcinoma of the head and neck.20 OnMarch 16, 2020,
the NMPA approved nivolumab 240 mg every 2 weeks
for third-line or later gastric cancer.21 For Chinese
patients, a potential challenge associated with a flat
dosing regimen of 240 mg every 2 weeks is the higher
exposure because of lower average body weight of the
Asian populations (58 kg) versus European and North
American populations (71 and 81 kg, respectively).22

Thus, the association of lower body weight with in-
creased exposure and potentially associated safety risks
may be more relevant for Chinese patients compared
withWestern populations.23 However, the efficacy is not
expected to be reduced given higher exposure with flat
dosing.6,8

A pooled PPK analysis of data from global studies
showed that the time-averaged steady-state exposure of
nivolumab 240 mg was consistent with 3 mg/kg every
2 weeks across multiple tumor types.24 In addition,
the overall benefit-risk analysis demonstrated that
exposures, safety, and efficacy of 240 mg relative
to 3 mg/kg every 2 weeks were similar across body
weights, exposure quartiles, and tumor types in
global populations.6 A PPK analysis developed for
Chinese patients demonstrated similar linear and dose-
proportional PK of nivolumab with time-dependent
clearance in both Chinese and non-Asian patients.19 In
this model, Asian race and tumor type did not have a
clinically meaningful impact on clearance together with
other covariates, including baseline body weight, esti-
mated glomerular filtration rate, Eastern Cooperative
Oncology Group performance status, and sex.19

Here, we report the totality of benefit-risk assess-
ment of 240mg every 2 weeks for Chinese patients, thus
providing additional nivolumab treatment options to
health care providers and patients. We compared expo-
sures of nivolumab 240 mg and 3 mg/kg every 2 weeks
in Chinese patients with advanced and metastatic solid
tumors. Importantly, we conducted extensive safety
analyses with a pooled global population from 7 studies
and a Chinese population from 2 studies, thus support-
ing the alternative dosing of 240 mg every 2 weeks for
Chinese patients. We also compared clinical efficacy in
Chinese patients with the pooled global population.

Methods
Analyses included predicted exposures calculated from
individual PK parameters determined from a previ-
ously developed PPK model19 and clinical safety and
efficacy data (Table 1) and predicted exposures calcu-
lated from individual PK parameters determined from
a previously developed PPK model19 and observed
concentrations. The PPK model was developed using
data from Chinese patients enrolled in CheckMate 077
and 078 and data from global patients in CheckMate
001, 003, 017, 057, and 063.19

Comparison of Nivolumab Exposures
The final PPK model developed for Chinese patients19

was used to simulate nivolumab PK, predict exposures
for Chinese patients receiving nivolumab 240 mg or
3 mg/kg every 2 weeks (CheckMate 077 and 078) and
patients from a pooled global population receiving
10 mg/kg every 2 weeks (CheckMate 001 and 003;
Table 1), and compare exposures between Chinese and
global populations. Predicted summary measures of
exposure were obtained for each patient for whom
maximum a posteriori individual Bayesian estimates of
PK parameters were available. The summary measures
included time-averaged concentration (Cavg1), trough
concentration (Cmin1), and peak concentration (Cmax1),
all during the first dosing interval, and steady-state
time-averaged concentration (Cavgss), trough concen-
tration (Cminss), and peak concentration (Cmaxss).

Comparison of Subgroup Safety Profiles
Safety analyses included the incidence of all-cause AEs,
serious AEs (SAEs), immune-mediated AEs (IMAEs),
and AEs leading to discontinuation (AEs-DC). Safety
profiles in Chinese patients receiving nivolumab 240
mg every 2 weeks (CheckMate 077) were compared
with Chinese patients receiving 3 mg/kg every 2 weeks
(CheckMate 077 and 078) and with global populations
receiving 3 or 10 mg/kg every 2 weeks (CheckMate 003,
017, 037, 057, 063, 066, and 067; Table 1).

Safety profiles were also compared using a high
versus low exposure threshold (32.4 μg/mL) calculated
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Table 1. Data Summary for Exposure, Safety, and Efficacy Analyses

Measure Patient Groups Tumor Type Patients, n

PPK Model19

Model used to predict exposures PPK model was characterized using data from 2
predominantly Chinese studies: (CheckMate 077
[NCT02593786] and 078 [NCT02613507]) and 5 global
studies (CheckMate 001 [NCT00441337], 003
[NCT00730639], 017 [NCT01642004], 057
[NCT01673867], and 063 [NCT01721759])

Solid tumors (including
melanoma and
NSCLC)

1200

Exposure
Compare predicted exposure with nivolumab
240 mg every 2 weeks in Chinese patients
versus nivolumab 3 mg/kg every 2 weeks in
Chinese patients versus nivolumab 10 mg/kg
every 2 weeks in global study patients

Data for patients treated with 10 mg/kg every 2 weeks
from global studies CheckMate 001 (NCT00441337) and
003 (NCT00730639)

Solid tumors (including
melanoma and
NSCLC)

148

Predicted 240-mg every-2-week data for Chinese patients
treated with nivolumab 240 mg every 2 weeks (n = 20)
or 3 mg/kg every 2 weeks (n = 294) from studies
CheckMate 077 (NCT02593786) and 078
(NCT02613507)

Solid tumors (including
NSCLC)

314

Safety
Safety in Chinese patients treated with 240 mg
every 2 weeks or with 3 mg/kg every 2 weeks
compared with global pooled study patients
treated with 3 mg/kg every 2 weeks or 10
mg/kg every 2 weeks

Chinese patients treated with 3 mg/kg every 2 weeks or
240 mg every 2 weeks from study CheckMate 077
(NCT02593786)

2L+ NSCLC 15/20

Chinese patients treated with 3 mg/kg every 2 weeks from
study CheckMate 078 (NCT02613507)

2L NSCLC 241

Global pooled population treated with 3 mg/kg every
2 weeks from CheckMate 003 (NCT00730639), 017
(NCT01642004), 037 (NCT01721746), 057
(NCT01673867), 063 (NCT01721759), 066
(NCT01721772), and 067 (NCT01844505)

2L+ NSCLC and
melanoma

1375

Global pooled population patients treated with 10 mg/kg
every 2 weeks from study CheckMate 001 and 003
(NCT00730639)

Solid tumors (including
2L+ NSCLC and
melanoma)

131

Safety by low versus high nivolumab exposure Patients treated with nivolumab 3 mg/kg every 2 weeks or
10 mg/kg every 2 weeks with exposure data available
from global studies CheckMate 003 (NCT00730639, all
indications), 017 (NCT01642004), 037 (NCT01721746),
057 (NCT01673867), 063 (NCT01721759), 066
(NCT01721772), and 067 (NCT01844505)

Solid tumors (including
2L+ NSCLC and
melanoma)

1423

Safety of patients treated with nivolumab 3 mg/kg
every 2 weeks by weight category

Patients treated with nivolumab 3 mg/kg every 2 weeks
from global studies CheckMate 003 (NCT00730639),
017 (NCT01642004), 037 (NCT01721746), 057
(NCT01673867), 063 (NCT01721759), 066
(NCT01721772), and 067 (NCT01844505)

2L+ NSCLC and
melanoma

1375

Safety of patients treated with nivolumab 3 mg/kg
every 2 weeks by exposure quartiles

Patients treated with nivolumab 3 mg/kg every 2 weeks
with exposure data available from global studies
CheckMate 003 (NCT00730639), 017 (NCT01642004),
037 (NCT01721746), 057 (NCT01673867), 063
(NCT01721759), 066 (NCT01721772), and 067
(NCT01844505)

2L+ NSCLC and
melanoma

1293

Efficacy
ORR in Chinese versus global SQ/NSQ NSCLC
patients treated with nivolumab 3 mg/kg every
2 weeks

Chinese population: randomized SQ/NSQ patients treated
with nivolumab 3 mg/kg every 2 weeks from China from
CheckMate 078 (NCT02613507)

2L NSCLC (SQ/NSQ) 99/143

Global population: randomized patients from CheckMate
017 (NCT01642004), SQ NSCLC, and CheckMate 057
(NCT01673867), NSQ NSCLC, treated with 3 mg/kg
every 2 weeks

2L NSCLC (SQ/NSQ) 135/292

2L, second line;2L+, second line or later;N/A,not available;NSCLC,non-small cell lung cancer;NSQ,nonsquamous;ORR,objective response rate; SQ,squamous.



1048 The Journal of Clinical Pharmacology / Vol 61 No 8 2021

Table 2. Predicted Nivolumab Exposures for Chinese Patients Versus Global Populations Treated With Weight-Based or Flat Doses

Geometric Mean of Predicted Exposure,μg/mL (CV, %)a Difference in Geometric Mean, %b

Nivolumab
Exposure
Parameter

Chinese 240 mg
Q2W (n = 314)c

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

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

240 mg Q2We versus
10 mg/kg Q2W

240 mg Q2Wf versus
3 mg/kg Q2W

Cmin1 20.7 (24.1) 16.3 (23.4) 53.6 (27.5) −61 27
Cmax1 71.2 (18.9) 56.2 (13.8) 178.0 (25.2) −60 27
Cavg1 32.4 (18.3) 25.6 (17.5) 85.7 (22.0) −62 27
Cminss 78.3 (71.8) 62.0 (73.5) 206.0 (64.0) −62 26
Cmaxss 152.0 (44.7) 120.0 (44.8) 393.0 (39.6) −61 27
Cavgss 101.0 (58.1) 80.2 (61.5) 268.0 (52.3) −62 26

Cavg1, time-averaged nivolumab concentration during the first dosing interval; Cavgss, steady-state time-averaged nivolumab concentration;Cmax1, peak nivolumab
concentration during the first dosing interval; Cmaxss, steady-state peak nivolumab concentration; Cmin1, trough nivolumab concentration during the first dosing
interval; Cminss, steady-state trough nivolumab concentration; CV, geometric coefficient of variation; Q2W, every 2 weeks.
a
Geometric mean of predicted exposure,μg/mL (CV, %): unit of CV is in %, unit of geometric mean is in μg/mL.

b
Represents predicted data for patients receiving 10 mg/kg Q2W from global studies CheckMate 001 and 003.

c
Predicted data for all Chinese patients in CheckMate 077 and 078 receiving nivolumab 3 mg/kg (n = 294) or 240 mg Q2W (N = 20) as if they had been dosed
with 240 mg Q2W.
d
Predicted data for Chinese patients in CheckMate 077 and 078 receiving nivolumab 3 mg/kg Q2W.

e
Calculated as ([240 mg Q2W group − 10 mg/kg group]/10 mg/kg group) × 100.

f
Calculated as ([240 mg Q2W group − 3 mg/kg group]/3 mg/kg group) × 100.

from the predicted geometric mean of Cavg1 in Chinese
patients with NSCLC receiving 240 mg every 2 weeks
in CheckMate 077 and 078 using the PPK model.19

This threshold was then applied to the pooled global
populations to compare 3- and 10-mg/kg every-2-
week safety profiles between low- and high-exposure
subgroups.

In addition, in patients with NSCLC or melanoma
from global studies receiving second-line or later (2L+)
3 mg/kg every 2 weeks (CheckMate 003, 017, 037, 057,
063, 066, and 067), safety was assessed based on body
weight (<50, ≥50 to <70 kg, ≥70 to <90, ≥90 to<110,
and ≥110 kg) and Cavg1 quartiles.

Efficacy
Clinical efficacy was evaluated by investigator-assessed
objective response rate (ORR) in the Chinese popu-
lation with squamous/nonsquamous NSCLC (Check-
Mate 078; time to treatment failure [TTF] interim
analysis data) and compared with patients in global
studies with squamous (CheckMate 017) or nonsqua-
mous (CheckMate 057) NSCLC receiving nivolumab
3 mg/kg every 2 weeks (Table 1).

Results
Nivolumab Exposures
In Chinese patients, the geometric means of all pre-
dicted exposure metrics with 240-mg every-2-week dos-
ing were ∼25% higher versus 3 mg/kg every 2 weeks,
but ∼60% lower than exposures in the global 10-mg/kg
every-2-week cohort (Table 2).

Safety
Nivolumab 240 mg and 3 mg/kg every 2 weeks were
well tolerated in Chinese patients with solid tumors.
The incidence of grade 3/4 all-cause AEs was 10.0%
in Chinese patients receiving nivolumab 240 mg every
2 weeks (CheckMate 077; n = 20) and 6.7% and
43.2% in Chinese patients receiving 3 mg/kg every
2 weeks in CheckMate 077 (n = 15) and 078 (n = 241),
respectively (Table 3). It is important to note the limited
patient numbers in CheckMate 077 (n = 15) when
comparing results with CheckMate 078 (n = 241). The
incidence of grade 3/4 all-cause AEs was numerically
lower in Chinese patients versus global studies receiving
nivolumab 3 mg/kg (45.5%) or 10 mg/kg every 2 weeks
(50.4%).

In the global population of patients with 2L+
NSCLC or melanoma, high nivolumab Cavg1 (≥32.4
μg/mL) was not associated with an increased incidence
of any-grade or grade 3 to 5 all-cause AEs, SAEs,
or AEs-DC versus low Cavg1 (Table 4). In the body
weight subgroup analyses in patients with solid tumors
receiving nivolumab 3 mg/kg every 2 weeks, lower body
weight was not associated with an increased incidence
of any-grade or grade 3/4 AEs; patients in the <50-
kg subgroup had numerically more all-cause grade 5
AEs (Table 5). In the exposure quartile analyses in
patients from global studies with 2L+ NSCLC or
melanoma receiving nivolumab 3 mg/kg every 2 weeks,
the incidence of any-grade or grade 3 to 4 AEs was
similar across quartiles (Table 6). Overall, nivolumab
safety profiles in Chinese patients were similar across
regimens and consistent with patients from global
studies.
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Table 3. Comparison of Safety in Chinese Versus Global Patients Treated With Nivolumab Weight-Based or Flat Doses

CheckMate 077a CheckMate 078 Global Pooled Populationb

Patients With an
Event, n (%)

Chinese 240 mg
Q2W (n = 20)

Chinese 3 mg/kg
Q2W (n = 15)

Chinese 2L NSCLC
3 mg/kg Q2W (n = 241)

3 mg/kg Q2W
(n = 1375)

10 mg/kg Q2W
(n = 131)

All-cause AEs
Any grade 18 (90.0) 15 (100.0) 236 (97.9) 1346 (97.9) 131 (100.0)
Grade 3/4 2 (10.0) 1 (6.7) 104 (43.2) 626 (45.5) 66 (50.4)
Grade 5 0 4 (26.7) 10 (4.1) 96 (7.0) 18 (13.7)

All-cause SAEs
Any grade 6 (30.0) 5 (33.3) 88 (36.5) 641 (46.6) 73 (55.7)
Grade 3/4 2 (10.0) 0 50 (20.7) 435 (31.6) 49 (37.4)

All-cause AEs-DC
Any grade 2 (10.0) 2 (13.3) 40 (16.6) 220 (16.0) 28 (21.4)
Grade 3/4 1 (50.0) 0 29 (12.0) 152 (11.1) 17 (13.0)

2L, second line; AE, adverse event; AEs-DC, adverse events leading to discontinuation; NSCLC, non-small cell lung cancer; Q2W, every 2 weeks; SAE, serious
adverse event.
a
One patient had an AE of unknown grade.

b
The global pooled population included patients from studies CheckMate 003, 017, 037, 057, 063, 066, and 067.

Table 4. All-Cause AEs by Nivolumab Exposure for Patients Receiving
Nivolumab 3 mg/kg or 10 mg/kg Every 2 Weeks

Patients With an
Event, n (%)

Low Cavg1
a

(n = 983)
High Cavg1

a

(n = 440)
Totalb

(n = 1423)

All-cause AEs
Any grade 963 (98.0) 433 (98.4) 1396 (98.1)
Grade 3/4 466 (47.4) 191 (43.4) 657 (46.2)
Grade 5 81 (8.2) 24 (5.5) 105 (7.4)

All-cause SAEs
Any grade 485 (49.3) 185 (42.0) 670 (47.1)
Grade 3/4 328 (33.4) 132 (30.0) 460 (32.3)

All-cause AEs-DC
Any grade 165 (16.8) 70 (15.9) 235 (16.5)
Grade 3/4 115 (11.7) 45 (10.2) 160 (11.2)

AE, adverse event; AEs-DC, adverse events leading to discontinuation; Cavg1,
time-averaged nivolumab concentration during the first dosing interval; SAE,
serious adverse event.
a
The cutoff value of 32.4 μg/mL was determined from the geometric mean
of average concentration during the first dosing interval (Cavg1) predicted for
Chinese patients when administered 240 mg every 2 weeks.
b
Includes studies CheckMate 003, 017, 037, 057, 063, 066, and 067.

Efficacy
ORR with nivolumab 3 mg/kg every 2 weeks in
Chinese patients from CheckMate 078 (TTF analysis
population) was 22.2% for squamous and 15.4% for
nonsquamous NSCLC. In global patients receiving
nivolumab 3 mg/kg every 2 weeks, ORR was 20.0% for
squamous and 19.2% for nonsquamous NSCLC from
CheckMate 017 and 057, respectively. In addition, the
95% confidence intervals were overlapping between
ORR data sets (Table 7).

Discussion
There has been a recent trend to switch programmed
death-1/programmed death ligand 1 (PD-1/PD-L1)

checkpoint inhibitors from body weight-based to flat
dosing or to obtain the flat-dosing label at the time of
indication approval. This advancement may result from
the accumulated clinical experience and understanding
of safety profiles of PD-1/PD-L1 inhibitors, the lack of
reaching a maximum tolerated dose in phase 1 dose-
escalation studies, and PPK modeling and relatively
flat E-R relationships. Model-informed strategies are
innovative approaches to supporting dosing changes,
as direct evidence of safety and efficacy may not be
required. Per the US Food andDrug Administration E-
R guidance, the totality of PPK and E-R analyses can
be used to support a new dose not studied in the pivotal
clinical trials.25,26

The higher Cavg1 with nivolumab 240 mg versus 3
mg/kg every 2 weeks is largely attributed to the lower
average body weight (58 kg) in Asian patients versus
global populations (80 kg). With higher exposure, there
is concern that flat dosing could result in more AEs in
Chinese patients than with body weight-based dosing.
We found that nivolumab exposure in Chinese patients
receiving 240 mg every 2 weeks was ∼25% higher than
in Chinese patients receiving 3 mg/kg every 2 weeks but
was ∼60% lower than in patients from global studies
receiving 10 mg/kg every 2 weeks, the dose with the
highest exposure during clinical development that was
well tolerated.10,11 Of note, 10 mg/kg every 2 weeks
was not administered to Chinese patients in this study.
However, our previous PPK analyses demonstrated
that race (Chinese or Asian versus non-Asian) was
not a clinically meaningful covariate for nivolumab
exposures,19 which is consistent with observations of
other immuno-oncology drugs,27 and there were also
similar distributions of PK parameters across different
races.28 Even in studies in which flat dosing in an Asian
population may be associated with higher exposure,
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Table 5. All-Cause AEs by Weight Category in Global Patients Receiving Nivolumab 3 mg/kg Every 2 Weeks

Weight Category (kg)

Patients With an
Event, n (%)

<50
(n = 47)

≥50 to <70
(n = 428)

≥70 to <90
(n = 602)

≥90 to <110
(n = 232)

≥110
(n = 66)

Totala

(n = 1375)

All-cause AEs
Any grade 47 (100.0) 415 (97.0) 589 (97.8) 229 (98.7) 66 (100.0) 1346 (97.9)
Grade 3/4b 21 (44.7) 194 (45.3) 276 (45.8) 104 (44.8) 31 (47.0) 626 (45.5)
Grade 5b 7 (14.9) 28 (6.5) 44 (7.3) 14 (6.0) 3 (4.5) 96 (7.0)

All-cause SAEs
Any grade 28 (59.6) 203 (47.4) 270 (44.9) 105 (45.3) 35 (53.0) 641 (46.6)
Grade 3/4b 13 (27.7) 144 (33.6) 182 (30.2) 71 (30.6) 25 (37.9) 435 (31.6)

All-cause AEs-DC
Any grade 8 (17.0) 65 (15.2) 95 (15.8) 41 (17.7) 11 (16.7) 220 (16.0)
Grade 3/4b 5 (10.6) 46 (10.7) 67 (11.1) 28 (12.1) 6 (9.1) 152 (11.1)

AE, adverse event; AEs-DC, adverse events leading to discontinuation; CI, confidence interval; CTC, Common Terminology Criteria; SAE, serious adverse event.
a
Includes studies CheckMate 003, 017, 037, 057, 063, 066, and 067.

b
Worst CTC Grade.

Table 6. All-Cause AEs by Cavg1 Quartilesa for Global Patients Receiving Nivolumab 3 mg/kg Every 2 Weeks

Nivolumab Cavg1 Quartile

Patients With an
Event, n (%)

Q1 <24.6 μg/mL
(n = 328)

Q2 ≥24.6 to
<28 μg/mL
(n = 321)

Q3 ≥28 to
<32.1 μg/mL
(n = 319)

Q4 ≥32.1 μg/mL
(n = 325)

Totalb

(n = 1293)

All-cause AEs
Any grade 323 (98.5) 313 (97.5) 312 (97.8) 318 (97.8) 1266 (97.9)
Grade 3/4 165 (50.3) 147 (45.8) 145 (45.5) 135 (41.5) 592 (45.8)
Grade 5 40 (12.2) 26 (8.1) 15 (4.7) 6 (1.8) 87 (6.7)

All-cause SAEs
Any grade 192 (58.5) 147 (45.8) 139 (43.6) 120 (36.9) 598 (46.2)
Grade 3/4 123 (37.5) 104 (32.4) 96 (30.1) 89 (27.4) 412 (31.9)

All-cause AEs-DC
Any grade 58 (17.7) 54 (16.8) 49 (15.4) 46 (14.2) 207 (16.0)
Grade 3/4 47 (14.3) 34 (10.6) 30 (9.4) 32 (9.8) 143 (11.1)

AE, adverse event; AEs-DC, adverse events leading to discontinuation; Cavg1, time-averaged nivolumab concentration during the first dosing interval; Q1, first
quartile; Q2, second quartile; Q3, third quartile; Q4, fourth quartile; SAE, serious adverse event.
a
Subgroup analyses of safety were performed based on quartiles of time-averaged serum concentration during the first dosing interval (Cavg1) predicted from
the population pharmacokinetics model and were restricted to patients with exposure data in the global studies.
b
Includes studies CheckMate 003, 017, 037, 057, 063, 066, and 067.

there may not be a significant impact on safety. In a
Japanese population, exposure of nivolumab 240 mg
every 2 weeks was 37% higher versus 3 mg/kg every
2 weeks; however, predicted safety profiles between
doses differed by <2% across tumors for AEs-DC, AEs
grade 3+, and IMAEs grade 2+.29

CheckMate 078 demonstrated similar safety in Chi-
nese and global populations receiving 3 mg/kg every
2 weeks. Therefore, safety in Chinese patients was
expected to be similar to that in global populations
receiving 10 mg/kg every 2 weeks. Despite higher ex-
posure in Chinese patients, the 240-mg every-2-week
regimen is expected to be well tolerated. Safety of
the 240-mg every-2-week dose in Chinese patients was
supported by results from CheckMate 077, in which

both nivolumab 240mg and 3mg/kg every 2 weeks were
well tolerated in Chinese patients, with no new safety
signals or increased occurrence of AEs. With evidence
of similar safety profiles between Chinese and global
populations, high versus low exposures were compared
in global populations of patients with 2L+ NSCLC or
melanoma. In the global population, high Cavg1 was not
associated with an increased incidence of AEs versus
low Cavg1, similar to results showing no significant as-
sociation between nivolumab Cavg1 and AEs in patients
with squamous/nonsquamous NSCLC.12

A review of nivolumab safety by body weight re-
vealed similar safety in global populations with similar
body weight (≥50 to 70 kg) to the average weight
of Chinese patients (57-66 kg), as well as to higher
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Table 7. Nivolumab Efficacy in Patients With NSCLC Treated With Nivolumab 3 mg/kg Every 2 Weeks or Docetaxel

CheckMate 078 (Chinese
TTF Population, SQ NSCLC)

CheckMate 017 (All
Randomized, SQ NSCLC)

CheckMate 078 (Chinese
TTF Population, NSQ
NSCLC)

CheckMate 057 (All
Randomized, NSQ NSCLC)

Nivolumab
(n = 99)

Docetaxel
(n = 50)

Nivolumab
(n = 135)

Docetaxel
(n = 137)

Nivolumab
(n = 143)

Docetaxel
(n = 71)

Nivolumab
(n = 292)

Docetaxel
(n = 290)

ORRa 22.2 0.0 20.0 8.8 15.4 7.0 19.2 12.4
(95%CI) (14.5-31.7) (0.0-7.1) (13.6-27.7) (4.6-14.8) (9.9-22.4) (2.3-15.7) (14.8-24.2) (8.8-16.8)
Responders, n 22 0 27 12 22 5 56 36

CI, confidence interval; NSCLC, non-small cell lung cancer; NSQ, nonsquamous; ORR, objective response rate; SQ, squamous; TTF, time to treatment failure.
a
Investigator-assessed.

body weight groups. In subgroup analyses of safety by
body weight and exposure quartiles in global patients
with solid tumors receiving nivolumab 3 mg/kg every
2 weeks, lower body weight and higher exposure were
not associated with increased AEs. Importantly, safety
was generally consistent in Chinese patients receiving
nivolumab 3mg/kg every 2 weeks (CheckMate 078) and
global patients receiving 3 or 10 mg/kg every 2 weeks
(CheckMate 017 and 057).

The consistency of various safety subgroup analyses
between and within Chinese and global populations
and safety experience with nivolumab at doses from 0.1
to 10 mg/kg every 2 weeks in global populations pro-
vided confidence that the 240-mg every-2-week regimen
would be safe and tolerable in the Chinese population.
Previous E-R safety and efficacy relationships in global
studies were relatively flat over exposures from 0.1 to
10 mg/kg every 2 weeks, indicating a wide therapeutic
margin that was comparable across tumor types.6,10,30

The benefit-risk profiles for nivolumab 240 mg and
3 mg/kg every 2 weeks were also predicted to be
similar based on safety and efficacy findings. From an
efficacy perspective, ORR was comparable in Chinese
and global populations with squamous/nonsquamous
NSCLC receiving nivolumab 3 mg/kg every 2 weeks.
Given the similarity between Chinese and global pop-
ulations, E-R efficacy and safety analyses were not
conducted specifically for Chinese patients.

A limitation of our study was the small number (n
= 20) of Chinese patients receiving nivolumab 240 mg
every 2 weeks in the all-cause AE analysis. In addition,
a limitation of the assessment between 3 mg/kg and 240
mg every 2 weeks was that it was not conducted in the
context of a randomized study; however, it was guided
and informed by well-characterized E-R analyses.
Another limitation is lack of direct data/analyses of
nivolumab safety at doses from 0.1 to 10 mg/kg in
Chinese patients.

CheckMate 078 provided evidence of the clinical
benefit of nivolumab in Chinese patients. Based on
our results, we predict that safety in Chinese patients

with higher nivolumab exposure is comparable to that
observed in a global patient population. In addition,
given the tolerability of nivolumab 10 mg/kg every 2
weeks in the global population, nivolumab 240 mg
every 2 weeks is expected to be well tolerated in Chinese
patients.

The nivolumab flat-dosing regimen provides a new
treatment option that is potentially more convenient
for both patients and health care providers. The recent
NMPA approvals of nivolumab flat-dosing regimens
across indications reflect a commitment in China to
improving physician and patient experiences while re-
ceiving nivolumab therapy. In addition, nivolumab PK
generally seems to demonstrate tolerability regardless
of a patient’s race, as similar exposures have been
reported for Chinese, non-Chinese Asian, and non-
Asian patients. This suggests that the conclusions about
benefit-risk with nivolumab flat dosing in this study
could be more broadly applicable to both Chinese and
non-Chinese populations. In addition, nivolumab PK
is similar in Chinese and non-Chinese Asian patients,
suggesting the nivolumab flat-dosing option is tolerable
regardless of a patient’s race.

Conclusions
Based on PPK modeling for exposures, extensive
safety subgroup analyses, and efficacy comparison, the
benefit-risk profile of nivolumab 240mg every 2 weeks
is anticipated to be similar to 3mg/kg every 2 weeks in
Chinese patients with solid tumors, whichwas the scien-
tific and clinical basis forNMPAapproval of 240mg ev-
ery 2 weeks in China. Nivolumab 240 mg every 2 weeks
represents an alternative dosing option, along with 3
mg/kg every 2 weeks, providing convenience and flex-
ibility for Chinese health care providers and patients.
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