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Abstract
Tislelizumab, a humanized immunoglobulin G4 monoclonal antibody, is a pro-
grammed cell death protein 1 (PD- 1) inhibitor designed to minimize Fc gamma 
receptor binding on macrophages to limit antibody- dependent phagocytosis, a 
potential mechanism of resistance to anti– PD- 1 therapy. The pharmacokinetic 
(PK) profile of tislelizumab was analyzed with population PK modeling using 
14,473 observed serum concentration data points from 2596 cancer patients who 
received intravenous (i.v.) tislelizumab at 0.5– 10 mg/kg every 2 weeks or every 
3 weeks (q3w), or a 200 mg i.v. flat dose q3w in 12 clinical studies. Tislelizumab 
exhibited linear PK across the dose range tested. Baseline body weight, albumin, 
tumor size, tumor type, and presence of antidrug antibodies were identified as 
significant covariates on central clearance, whereas baseline body weight, sex, 
and age significantly affected central volume of distribution. Sensitivity analysis 
showed that these covariates did not have clinically relevant effects on tisleli-
zumab PK. Other covariates evaluated, including race (Asian vs. White), lactate 
dehydrogenase, estimated glomerular filtration rate, renal function categories, 
hepatic function measures and categories, Eastern Cooperative Oncology Group 
performance status, therapy (monotherapy vs. combination therapy), and line of 
therapy did not show a statistically significant impact on tislelizumab PK. These 
results support the use of tislelizumab 200 mg i.v. q3w without dose adjustment 
in a variety of patient subpopulations.

STUDY HIGHLIGHTS
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Tislelizumab is an antiprogrammed cell death protein 1 (PD- 1) antibody with 
antitumor activity and a tolerable safety profile in patients with various advanced 
or metastatic cancers.

http://www.psp-journal.com
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INTRODUCTION

The programmed cell death protein 1 (PD- 1)/programmed 
death- ligand 1 (PD- L1) axis plays a central role in sup-
pressing antitumor activity.1 Binding of PD- 1 to PD- L1 
on tumor cells downregulates cytotoxic T- cell responses. 
Blockade of this interaction with PD- 1/PD- L1 inhibi-
tor therapy releases T cells from the inhibitory effects of  
PD- 1, thereby inducing an antitumor immune response.2– 4 
In recent years, immunotherapy targeting the PD- 1/PD- L1  
pathway has become an important strategy for cancer 
treatments, and immune checkpoint inhibitors have dem-
onstrated substantial clinical benefits for cancer patients 
treated with mono-  or combination immunotherapies.5 
However, multiple mechanisms of primary and secondary 
resistance to PD- 1/PD- L1 pathway blockade exist, includ-
ing antibody clearance (CL) via antibody- dependent cellu-
lar phagocytosis (ADCP) through macrophage Fc gamma 
receptor (FcγR) binding.6

Tislelizumab (BGB- A317) is a humanized immuno-
globulin (Ig) G4 monoclonal antibody with high affinity 
and binding specificity for PD- 1.6,7 Tislelizumab was de-
signed to minimize FcγR binding on macrophages to limit 
ADCP.6,8 In preclinical studies, binding to FcγR on mac-
rophages has been shown to compromise the antitumor 
activity of PD- 1 antibodies through activation of antibody- 
dependent, macrophage- mediated killing of T effector 
cells.6 Tislelizumab demonstrated high target affinity and 
a slow dissociation rate from PD- 1 and showed a longer 
binding time, different binding orientation, and more 
complete blockade of PD- 1/PD- L1 interaction compared 
with pembrolizumab and nivolumab in preclinical mod-
els.9 Tislelizumab is being developed as a monotherapy 
and in combination with other therapies for the treatment 
of a broad array of both solid tumors and hematologic 
cancers.

Tislelizumab has shown robust antitumor activity and 
was generally well tolerated in patients with advanced tu-
mors,1,10 which led to conditional approvals in China for 
previously treated classical Hodgkin lymphoma (cHL),11 
previously treated urothelial carcinoma (UC),12 and 
previously treated hepatocellular carcinoma (HCC).13 
Full approvals have been granted in China for advanced 
squamous and nonsquamous non- small cell lung cancer 
(NSCLC) in combination with chemotherapy in the first- 
line setting and as a second-  or third- line treatment for 
patients with locally advanced or metastatic NSCLC.13– 15

To inform the clinical usage of tislelizumab, it is neces-
sary to better understand its pharmacokinetic (PK) prop-
erties across different patient populations and to ensure 
an appropriate dose is given to these populations. The aim 
of this analysis was to describe the PK of tislelizumab in 
patients with cancer and estimate typical values and inter-
patient variability in PK parameters. The study also aimed 
to evaluate the effect of patient demographics, pathophys-
iologic factors, immunogenicity, and organ function on 
tislelizumab PK to identify the clinical factors that might 
affect tislelizumab exposure in individual patients. In ad-
dition, we aimed to evaluate the impact of body weight 
(WT) distribution on flat dosing and WT- based dosing 
regimens for tislelizumab using a population PK (PopPK) 
simulation approach.

METHODS

Analysis dataset

This analysis was based on data from the following 
12 studies, in which patients were treated with tisleli-
zumab in a dose range of 0.5  mg/kg to 10  mg/kg every 
2 weeks (q2w) or every 3 weeks (q3w), or 200 mg q3w 

WHAT QUESTION DID THIS STUDY ADDRESS?
The analysis characterized tislelizumab pharmacokinetics (PK) and explored the 
effects of covariates on tislelizumab PK. The feasibility of a flat dose regimen was 
also assessed in comparison with simulated body weight– based dosing.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
The analysis shows that tislelizumab PK is linear across the dose range tested. 
Tislelizumab exposures are similar across various covariates, including body 
weight and tumor type, and clinical factors such as hepatic and renal status have 
no significant effect on tislelizumab PK. These results support the use of tisleli-
zumab 200 mg intravenously every 3 weeks without dose adjustment in a variety 
of patient subpopulations.
HOW MIGHT THIS CHANGE DRUG DISCOVERY, DEVELOPMENT, 
AND/OR THERAPEUTICS?
The model supports a flat dosing regimen for tislelizumab across multiple onco-
logic indications to provide a more practical clinical dose regimen.
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administered by intravenous (i.v.) infusion (Table  1): 
phase Ia/Ib BGB- A317- 001; phase I/II BGB- A317- 102; 
phase II BGB- A317- 203, BGB- A317- 204, BGB- A317- 205, 
BGB- A317- 206, BGB- A317- 208, BGB- A317- 209; phase III 
BGB- A317- 302, BGB- A317- 303, BGB- A317- 304, and BGB- 
A317- 307. Patients in the analysis had either solid tumors 
or cHL. All relevant institutional review boards/inde-
pendent ethics committees reviewed the protocols and 
amendments and approved the studies, which were car-
ried out in accordance with the International Conference 
on Harmonisation Good Clinical Practice Guideline, the 
principles of the Declaration of Helsinki, and local laws 
and regulations.

Patients were defined as evaluable for PopPK analysis if 
they had at least one adequately documented tislelizumab 
administration and a corresponding PK sample collection 
after the dose. Tislelizumab serum concentrations in the 
samples were quantified using validated bioanalytical 
assays using an enzyme- linked immunosorbent assay 
method. The lower limit of quantification for tislelizumab 
was 400 ng/ml. The antidrug antibody (ADA) binding 
assay employed the electrochemiluminescence immuno-
assay method to detect the presence of anti- tislelizumab 
antibodies in human serum.

A small percentage of postbaseline concentration data 
(0.358% [52/14,543]) were below the limit of quantifica-
tion and were therefore omitted from the PopPK dataset. 
Suspected data errors were identified by data examina-
tion prior to modeling and excluded from the subsequent 
PopPK analysis. Outliers were primarily evaluated by con-
ditional weighted residual (CWRES) error of the final base 
model, and observations for which |CWRES| were >5 were 
considered outliers. The PopPK analysis was performed 
with outliers omitted. Missing covariates were imputed if 
missing for ≤15% of the patients included in the analysis.

Modeling approach

The PopPK analysis was performed using the nonlin-
ear mixed- effects modeling approach with the first- 
order conditional estimation with interaction method 
in NONMEM. Model parameter estimation and evalua-
tion were implemented with NONMEM 7, Version 7.4.3 
(ICON Development Solutions, Ellicott City, MD) with 
GNU Fortran 95 Compiler (Version 4.6), Perl- Speaks- 
NONMEM Version 4.2 (Uppsala University, Sweden), and 
R 3.5.3 (R Foundation for Statistical Computing, Vienna, 
Austria).

Serum tislelizumab concentrations versus time pro-
files were evaluated to compare the PK results across 
studies and doses, and to identify potential outliers for 
exclusion. These graphical analyses and prior knowledge 

of tislelizumab PK16,17 provided initial direction for the 
structural model selection.

Base model and random- effects model 
development

Based on the known PK properties of tislelizumab,16,17 the 
default structural model is a three- compartment model 
with first- order elimination, as illustrated in Figure  1. 
Alternative model structures (e.g., one- compartment, 
two- compartment, and three- compartment models with 
time- varying CL) were also explored, as appropriate. The 
PopPK model was parameterized in terms of CL from the 
central compartment, volume of the central compartment 
(Vc), CL of distribution from the central to the periph-
eral compartments (Q2 and Q3), and volume of the pe-
ripheral compartments (V2 and V3). The final base model 
was chosen based on the objective function value (OFV), 
goodness- of- fit (GOF) plots, and reliability of model pa-
rameter estimates.

Assuming a log- normal distribution, the interindivid-
ual variability (IIV) on PK parameters was described by an 
exponential model (Equation 1):

θi = individual parameter value for the ith patient, θT = nat-
ural logarithm of the typical value of the parameter in the 
population, and ηi = interindividual random effect with a 
mean of 0 and variance of ω2.

Residual error was described using a combined addi-
tive and proportional error model (Equation 2):

C(t)ij =  jth observed serum concentration of individual i, 
Ĉ(t)ij  =  jth model- predicted value (serum concentration) 
for individual i, and εpij/εaij = normally distributed resid-
ual random errors with a mean of 0 and variances of σ12 
and σ22, respectively.

Covariate model development

Following base model development, covariates likely to im-
pact tislelizumab PK were explored for a possible correlation 
with key tislelizumab post hoc PK parameters. The covari-
ates of interest tested for inclusion in the PopPK model were 
baseline WT, age, sex, race, estimated glomerular filtration 
rate (eGFR), alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), total bilirubin (TBIL), albumin, 
lactate dehydrogenase (LDH), baseline Eastern Cooperative 

(1)�i = exp
(

�T + �i
)

.

(2)C(t)ij = Ĉ(t)ij ×
(

1 + εpij
)

+ εaij.
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Oncology Group performance status (ECOG PS; 0 vs. ≥1), 
ADA status (negative vs. positive), tumor size at baseline 
([TUMSZ] for solid tumors; sum of products of perpendic-
ular diameters for cHL), and tumor type (TUMTP; gastric 
cancer [GC], cHL, other). Baseline categorical and continu-
ous covariates in the total population are summarized in 
Table 2 and presented by study in Tables S1 and S2.

The covariate effects of WT on PK parameters were 
tested as part of the base model development, whereas 
other covariates were tested after WT effects were incor-
porated in the base model. Once the base model was devel-
oped, covariate screening was conducted by examining the 
correlations between the other covariates and relevant PK 
parameters graphically, followed by linear regression (for 
continuous covariates) and analysis of variance testing (for 
categorical covariates) using R Version 3.5.3. These analy-
ses were conducted using the individual empirical Bayesian 
estimates (EBEs) of interindividual random effects of PK 
parameters (η values) obtained from the final base model. 
Only those covariates that showed a significant (p < 0.05) 
correlation with the relevant PK parameters that could be 
meaningfully explained from both clinical and scientific 
perspectives were examined further in covariate modeling 
using NONMEM. Covariates were selected using a step-
wise forward addition and backward elimination method 
based on a significance level of p  < 0.01 for the forward 
steps and p < 0.001 for the backward steps.

Model evaluation

After completion of model development, robustness of the 
final PopPK model was evaluated with multiple qualifica-
tion/validation methods, including diagnostic GOF plots, 

prediction- corrected visual predictive check (pcVPC),18 
numerical predictive check (NPC),19 nonparametric boot-
strap,20,21 and shrinkage assessments.22

Covariate sensitivity analysis

The covariate sensitivity analysis was performed for the 
final PopPK model to examine the influence of statistically 
significant covariates on the predicted exposure of tisleli-
zumab, including the area under the concentration- time 
curve at steady state (AUCss), the maximum concentration 
at steady state (Cmax,ss), and the minimum concentration at 
steady state (Cmin,ss) after the target dose of 200 mg q3w for 
30 weeks. Tornado plots were generated for different sce-
narios (10th and 90th values of continuous covariates or pos-
sible group of categorical covariates) to show the influence 
of each covariate on expected exposure compared with the 
reference value, which was set as the predicted exposure in 
a typical male patient with tumors except cHL and GC aged 
60 years, WT of 65 kg, albumin of 41 g/L, baseline tumor size 
of 63 mm, and ADA negative after the target dose.

PopPK model simulations

To predict the exposure of tislelizumab in the target patient 
population, the tislelizumab concentration- time profiles 
were simulated using the EBEs of individual PK parame-
ters based on the final PopPK model for all patients follow-
ing treatment with tislelizumab 200 mg q3w for 30 weeks. 
The predicted steady- state exposure metrics (AUCss, Cmax,ss, 
and Cmin,ss) were compared among covariate subgroups to 
evaluate the need for dose adjustment in patient subgroups 

F I G U R E  1  Population 
pharmacokinetic model diagram for 
tislelizumab

ke=elimination rate constant
k12=rate constant from central to peripheral 2
k21=rate constant from peripheral 2 to central
k13=rate constant from central to peripheral 3
k31=rate constant from peripheral 3 to central
CL=clearance
Q2=inter-compartmental clearance 2
Q3=inter-compartmental clearance 3
Vc=central volume
V2=peripheral volume 2
V3=peripheral volume 3
IV=intravenous

Ac=amount of drug in the central compartment
A2=amount of drug in the peripheral compartment 2
A3=amount of drug in the peripheral compartment 3
t=time

dAc = k21A2 + k31A3 – (ke + k12 + +k13)Acdt

The system is described by the following differential equations:

Peripheral
(V3)

Peripheral
(V2)

Central
(Vc)

dA2 = k12Ac – k21A2dt
dA3 = k13Ac – k31A3dt

k13=Q3/V

k12=Q2/V

k21=Q2/V

ke=CL/V

k31=Q3/V

IV Dose

c 3
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of interest, including age group (<65 years, 65– 75 years 
[≥65 and <75], ≥75 years), WT quartiles, sex, race (White, 
Asian, other), treatment- emergent ADAs (negative vs. pos-
itive), renal function categories (creatinine CL ≥90, 60– 89, 
30– 59, 15– 29, and <15 ml/min), hepatic function classified 
by National Cancer Institute Organ Dysfunction Working 
Group criteria (normal, mild, moderate, severe), line of 
therapy (first, second, third, and fourth or greater), ther-
apy (monotherapy, combination), and TUMTP (NSCLC, 
esophageal carcinoma, HCC, UC, GC, colorectal cancer, 
cHL, ovarian cancer, nasopharyngeal carcinoma, other). 
To evaluate the effect of WT distribution on WT- based ver-
sus flat dosing regimens, simulations were also performed 
for all patients following a 3 mg/kg q3w dose regimen.

RESULTS

Base model development

Of the model structures tested, a three- compartment 
model with first- order elimination from the central com-
partment and redistribution into the peripheral compart-
ments best characterized tislelizumab PK following i.v. 
administration. An Ω matrix with IIV on CL, Vc, V2, and 
V3 and covariance between CL and Vc was selected based 
on the model fitness as well as ETA correlation results. A 
combined additive and proportional error model was se-
lected based on model fitness.

An empirical model of time- varying CL was investi-
gated during the base model development. The relation-
ship was modeled as follows (Equations 3 and 4):

(3)CLi=CLT ×exp
(

Etime,i
)

×exp
(

�CL,i
)

T A B L E  2  Baseline covariates in the PopPK model development 
dataset

Categorical covariates Total, N = 2596

Sex

Male 1920 (74.0)

Female 676 (26.0)

Race

White 528 (20.3)

Asian 1991 (76.7)

Black/African American 10 (0.4)

Other 44 (1.7)

Missing 23 (0.9)

ECOG PS

0 819 (31.5)

1 1777 (68.5)

ADA

Negative 2136 (82.3)

Positive 432 (16.6)

Missing 28 (1.1)

Therapy

Monotherapy 2042 (78.7)

Combination 544 (21.0)

Missing 10 (0.4)

TUMTP

cHL 70 (2.7)

CRC 81 (3.1)

EC 373 (14.4)

GC 102 (3.9)

HCC 316 (12.2)

NPC 21 (0.8)

NSCLC 1151 (44.3)

OC 52 (2.0)

UC 151 (5.8)

Other 279 (10.7)

Line(s) of therapy

0 88 (3.4)

1 735 (28.3)

2 1076 (41.4)

3 185 (7.1)

≥4 49 (1.9)

Missing 423 (16.3)

Continuous covariates Total, N = 2596

Age, years 60.0 (18.0, 90.0)

Weight, kg 65.0 (31.9, 130)

Albumin, g/L 41.0 (17.0, 61.3)

ALT, U/L 18.0 (2.50, 340)

(Continues)

Continuous covariates Total, N = 2596

AST, U/L 22.0 (5.00, 338)

Bilirubin, μmol/L 9.30 (0.513, 96.0)

eGFR, ml/min/1.73 m2 94.9 (30.0, 162)

Creatinine, μmol/L 70.0 (21.5, 194)

LDH, U/L 207 (87.0, 6010)

TUMSZ, mm 63.3 (10, 408)

Note: Data are shown as n (%) for categorical covariates or median 
(minimum, maximum) for continuous covariates.
Abbreviations: ADA, antidrug antibodies; ALT, alanine aminotransferase; 
AST, aspartate aminotransferase; cHL, classical Hodgkin lymphoma; CRC, 
colorectal cancer; EC, esophageal carcinoma; ECOG PS, Eastern Cooperative 
Oncology Group performance status; eGFR, estimated glomerular filtration 
rate; GC, gastric cancer; HCC, hepatocellular carcinoma; LDH, lactate 
dehydrogenase; NPC, nasopharyngeal carcinoma; NSCLC, non- small cell 
lung cancer; OC, ovarian cancer; PopPK, population pharmacokinetic; 
TUMSZ, tumor size; TUMTP, tumor type; UC, urothelial bladder cancer.

T A B L E  2  (Continued)
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CLi = clearance for the ith patient, CLT = typical value of 
clearance in the population, ηCL,i = random interindivid-
ual effect for clearance, Etime  = time- varying clearance, 
Ttmax  = log maximum magnitude change in clearance, 
ηTmax = random interindividual effect for Tmax, T50 = time 
when half Tmax is achieved, and γ = sigmoid factor of time- 
varying clearance.

The results indicated that a time- varying sigmoid max-
imum effect (Emax)- type model of CL did not improve the 
model fit.

After the base model structure was established, the 
model was rerun excluding 18 outlier data points with 
|CWRES| >5 (nine of these outliers were from Study BGB- 
A317- 001 [2 mg/kg, n = 3; 5 mg/kg, n = 6]). Subsequently, 
given the previously known effect of WT on the CL and 
volumes of other antibodies and tislelizumab, the effects 
of baseline WT on CL, Vc, V2, and V3 were examined. The 
results indicated that adding the WT effect on all four pa-
rameters significantly improved the model fit (p  < 0.01; 
OFV decreased by 497). However, removing the WT effect 
from V2 and V3 resulted in a nonsignificant change in OFV 
(p = 0.876; increased by 0.264). Comparison of the IIV es-
timates between the base model and the corresponding 
model without the WT effects indicated that inclusion of 
WT as a covariate reduced the IIV (coefficient of variation 
[CV]) by 12.9% and 20.8% for CL and Vc, respectively.

Covariate model development

Based on an examination of PK parameter– covariate re-
lationships, the following had a statistical significance of 
p < 0.01 and were therefore included in the forward covar-
iate search in NONMEM: baseline age, sex, race, eGFR, 
albumin, AST, LDH, ECOG PS, ADA status, tumor size, 
and TUMTP on CL, and age, sex, and race on Vc.

Testing of the covariates one at a time using a stepwise 
forward addition method in NONMEM showed that the ef-
fect of albumin, tumor size, ADAs, TUMTP, and ECOG PS on 
CL, and sex and age on Vc were significant (p < 0.01). The full 
PopPK model included all significant covariate relationships. 
ECOG PS was removed in the backward elimination process.

Final PopPK model

The original dataset included 14,786 measurable serum 
samples from 2601 subjects. Of these data points, 2% 

(313/14,786) were excluded from the PK analysis. As a re-
sult, the final PopPK analysis dataset comprised 14,473 ob-
served serum concentrations from 2596 patients enrolled 
in 12 clinical studies of tislelizumab in cancer patients. A 
three- compartment model with first- order elimination 
from the central compartment and redistribution into the 
peripheral compartments best characterized tislelizumab 
PK following i.v. administration (Figure 1).

In the final PopPK model, baseline WT, age, sex, albu-
min, tumor size, TUMTP, and ADAs were identified as co-
variates with a statistically significant effect on the PK of 
tislelizumab, and the estimated covariate coefficients were 
well estimated (relative standard error ranging from 5.50% 
to 51.7%). The NONMEM code for the final PopPK model 
and output file are shown in the Supplementary Materials.

The final PopPK model included the following 
parameter– covariate relations (Equations 5 and 6):

CLi = clearance from the central compartment for the ith 
individual, Vci = volume of distribution of the central com-
partment for the ith individual, ηCL,i and ηVc = the interindi-
vidual random effects of clearance and Vc of the ith individual, 
WTi = body weight of the ith individual, ALBi = albumin of 
the ith individual, TUMSZi = tumor size of the ith individual, 
Agei = age of the ith individual, SEXi = sex of the ith individ-
ual, and TUMTPi = tumor type of the ith individual.

For a typical male patient (as described previously), 
the estimated CL was 0.15 L/day, Vc was 3.05 L, Q2 was  
0.74 L/day, V2 was 1.27 L, Q3 was 0.09 L/day, and V3 was 
2.10 L. IIVs of CL, Vc, V2, and V3 were 26.3%, 16.7%, 74.7%, 
and 99.9%, respectively.

A summary of covariate effects (evaluated for the 
10th and 90th percentiles of covariate distributions) on 
tislelizumab PK parameters (CL and Vc) are presented 
in Table S3. The steady- state volume of distribution was 
6.42 L, and the geometric mean elimination half- life was 
23.8 days with a CV of 31%. The time to reach 90% steady- 
state level was approximately 84 days (12 weeks).

The general GOF plots of the final PopPK model 
demonstrated good agreement between the predicted 
concentrations and the observed concentrations, and 

(4)Etime=
(

Tmax,i+�Tmax
)

×

Time
r

i

T
γ

50
+Time

r

i

.

(5)

CLi(L∕hr) = exp

(

−5.05 + 0.565 × log

(

WTi
65

)

−0.457

× log

(

ALBi
41

)

+ 0.0735 × log

(

TUMSZi
63

)

+ 0.111

×
(

ADAi=Positive
)

+0.069 ×
(

TUMTPi=GC
)

−0.216 ×
(

TUMTPi= cHL
)

+ �CL,i )

(6)

Vci(L)=exp(1.11+0.397)× log

(

WTi
65

)

−0.116

×
(

SEXi=Female
)

+0.0966× log

(

Agei
60

)

+�Vc,i.
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no apparent bias was observed in the residual plots over 
time and across predicted concentrations (Figures S1 and 
S2). Specifically, there was no trend between individual 
weighted residuals versus time up to approximately 3 years 
posttreatment (Figure S2), which indicated that the final 
model could describe the longitudinal observations well 
without the time- varying CL component. The distribution 
of IIV was centered at zero and was normally distributed 
for all parameters (Figure  S3). Pairwise correlations be-
tween the ηs showed a slight correlation between CL and 
Vc, which is consistent with the Ω matrix structure of the 
model (Figure S4).

The pcVPC plots (Figure  2, Figures  S5, S6, and S7) 
showed that the final PopPK model could adequately re-
produce the central tendency and variability of the tisleli-
zumab serum concentrations across different regimens, 
studies, and tumor types. The η- shrinkage for CL and Vc 
was low (15.9% and 15.7%, respectively), suggesting that 
their EBEs could be used to describe the relationships be-
tween CL or Vc and the relevant covariates (Table 3). The 
NPC showed that the percentage of observed data points 
outside the 90% prediction interval was 6.51%, suggesting 
that the final model adequately reproduced the distribu-
tion of the observed tislelizumab concentration data.

Covariate sensitivity analysis

The covariate sensitivity analysis showed that WT was 
the most influential covariate on tislelizumab exposure 
(Figure 3). Compared with a typical patient with a WT of 

65 kg, patients with WT at the 10th and 90th percentiles of 
the overall population were expected to have 13.8%– 18.6% 
higher and 11.4%– 15.0% lower steady- state exposures 
(AUCss, Cmax,ss, and Cmin,ss), respectively. TUMTP had a 
modest effect on tislelizumab exposure: the steady- state 
exposures in cHL patients were up to 31.4% higher, and 
exposures in GC patients were 8.82% lower. The effects 
of albumin, tumor size, ADA status, age, and sex on ti-
slelizumab exposure were relatively small (3.27%– 10.8% 
for albumin, 2.81%– 10.1% for tumor size, 5.39%– 13.9% for 
ADAs, 0%– 1.48% for age, and 0%– 6.49% for sex). Overall, 
the differences in exposure due to these significant covari-
ates were within the overall variability of exposure in the 
cancer patient population, which was −38.1% to +55.8%, 
−28.9% to 47.3%, and −48.9% to 70.8% for the 5th to 95th 
percentiles relative to the typical values of AUCss, Cmax,ss, 
and Cmin,ss, respectively. Other covariates evaluated (in 
the covariate model development and/or post hoc covari-
ate analysis), including race, LDH, eGFR, renal function 
categories, hepatic function measures (AST, ALT, and 
TBIL) and categories, ECOG PS, therapy (monotherapy 
vs. combination therapy), and line of therapy did not show 
a statistically significant impact on the PK of tislelizumab.

PopPK model simulations

Simulations were performed to compare tislelizumab ex-
posure with the 200 mg q3w flat dose regimen and a hypo-
thetical 3 mg/kg q3w WT- based dose regimen to understand 
the effect of WT. The dose of 3 mg/kg was chosen for this 

F I G U R E  2  Prediction- corrected visual predictive check of tislelizumab serum concentration– time profiles across all studies in all 
patients from (a) 0– 105 days and (b) 0– 42 days. Black cross symbols are individual observed concentrations, solid red lines represent the 
median observed concentrations, and dashed red lines represent the 2.5th and 97.5th percentiles of the observed concentrations over time. 
Red shaded areas represent the 95% confidence interval (CI) of the predicted median concentrations, and the blue/purple shaded areas 
represent the 95% CI of the predicted 2.5th and 97.5th percentiles of the concentrations over time.
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comparison as it corresponds to a 200 mg dose for a 65 kg 
patient, which is the median WT in the analysis dataset 
(Table S2). The extent and variability of exposure from these 
dose regimens were simulated from post hoc estimates from 
2596 cancer patients included in the PopPK analysis.

The flat dose of 200 mg tislelizumab showed a high de-
gree of overlap in exposures with the hypothetical 3 mg/kg  
dose after a single dose and at steady state (Figure S8).

The model- predicted average concentrations after the 
first tislelizumab dose (Cavg1) with 3 mg/kg q3w and 200 mg 
q3w across the WT range are presented in Figure 4a, and 
their distributions across tumor types are presented in 
Figure 4b. Despite the higher predicted exposures in patients 
with lower WT receiving the flat dosing regimen, tisleli-
zumab exposures across the WT range were well below the 
median exposure observed with tislelizumab 10 mg/kg q2w, 
the clinically established safe and tolerable dose.1 Moreover, 
the distribution of average concentration after the first dose 
(Cavg1) and average concentration at steady state (Cavg,ss) fol-
lowing a tislelizumab 200 mg flat dose overlapped with the 
distribution with a 3 mg/kg dose (Figure 4b).

Moderate differences in the geometric mean sim-
ulated exposures were observed across TUMTP (up to 
34.8% for cHL and 13.6% for GC; Table  S4), WT quar-
tiles (within ±17.5%), renal function categories (within 
±18.5%), and hepatic function categories (within 
±15.4%) compared with the overall population geomet-
ric mean, and between White and Asian (up to 21.1%), 
ADA negative and positive status (up to 20.5%), and 
male and female (up to 19.0%). Small differences were 
observed in the geometric mean simulated exposures 
by age (<4% for adults <65 years of age, elderly patients 
65– 75 years of age, and elderly patients ≥75 years of age), 
type of therapy (<9% for monotherapy and combination 
therapy), and line of therapy (<7%) relative to the overall 
variability of exposures.

DISCUSSION

Tislelizumab PK  was confirmed as linear in the tested 
dose range (0.5 to 10  mg/kg and 200 mg) and can be 

T A B L E  3  Summary of final PopPK parameters

Parameter Parameter description
Estimate  
(% RSE)

Median (95% CI) from 
bootstrapping

Shrinkage 
(%)

exp(θ1)*24 CL (L/day) 0.153 (0.816) 0.154 (0.151, 0.157) 15.9

θ7 Influence of WT on CL 0.565 (5.95) 0.562 (0.491, 0.631) – 

θ10 Influence of ALB on CL −0.457 (11.2) −0.443 (−0.648, −0.229) – 

θ11 Influence of TUMSZ on CL 0.0735 (10.4) 0.0757 (0.056, 0.0953) – 

θ13 Influence of ADA on CL 0.111 (13.8) 0.110 (0.0783, 0.146) - 

θ14 Influence of TUMTP of GC on CL 0.069 (48.2) 0.0778 (−0.00319, 0.161) - 

θ15 Influence of TUMTP of cHL on CL −0.216 (17.1) −0.215 (−0.294, −0.137) - 

exp(θ2) Central volume, Vc (L) 3.05 (0.498) 3.05 (3.02, 3.08) 15.7

θ8 Influence of WT on Vc 0.397 (5.50) 0.395 (0.354, 0.437) - 

θ9 Influence of sex on Vc −0.116 (8.30) −0.116 (−0.135, −0.0997) - 

θ12 Influence of age on Vc 0.0966 (51.7) 0.0957 (0.0602, 0.132) - 

exp(θ3)*24 Intercompartmental clearance, Q2 (L/day) 0.740 (4.55) 0.746 (0.616, 0.944) - 

exp(θ4) Peripheral volume, V2 (L) 1.27 (2.02) 1.27 (1.14, 1.43) 55.8

exp(θ5)*24 Intercompartmental clearance, Q3 (L/day) 0.092 (3.23) 0.0923 (0.0796, 0.104) - 

exp(θ6) Peripheral volume, V3 (L) 2.10 (3.89) 2.06 (1.81, 2.30) 44.4

ω2 CL,Vc Covariance (CL, Vc) 0.020 (6.43) 0.0198 (0.0167, 0.0227) - 

Interindividual 
variability  
(% RSE)

CL 26.3 (1.84) 26.4 (25.2, 27.7) - 

Vc 16.7 (2.05) 16.7 (15.8, 17.6) - 

V2 74.7 (1.88) 76.3 (65.0, 86.8) - 

V3 99.9 (4.06) 97.3 (85.7, 110) - 

σp Proportional residual error (%) 12.6 (1.08) 12.6 (12.0, 13.2) 17.8

σa Additive residual error (μg/ml) 2.09 (9.31) 2.06 (1.79, 2.33) 17.8

Abbreviations: ADA, antidrug antibodies; ALB, albumin; cHL, classical Hodgkin lymphoma; CI, confidence interval; CL, clearance; GC, gastric cancer;  
PopPK, population pharmacokinetic; Q2 and Q3, CL of distribution from the central to the peripheral compartments; RSE, relative standard error; TUMSZ, 
tumor size; TUMTP, tumor type; Vc, volume of distribution in central compartment; V2 and V3, volume of the peripheral compartment; WT, body weight.
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adequately described by a three- compartment disposi-
tion model with linear CL. The final PopPK model well 
described tislelizumab PK following i.v. administration, 

as assessed by diagnostic GOF plots, individual fits, 
pcVPC, NPC, shrinkage, and nonparametric bootstrap 
results.

F I G U R E  3  Sensitivity analysis plot comparing the effect of covariates on tislelizumab steady- state exposure for (a) AUCss, (b) Cmax,ss, and 
(c) Cmin,ss. The black vertical line refers to the predicted exposure (AUCss, Cmax,ss, and Cmin,ss) of tislelizumab in a typical patient after 200 mg 
every 3 weeks for 30 weeks (reference values). All percentage values shown in each plot are the relative changes in exposure relative to the 
reference value. The black shaded bar with values at each end shows the 5th to 95th percentile exposure range across the study population. Each 
blue shaded bar represents the magnitude of influence of the respective covariate on the exposure. The length of each bar represents the range 
of predicted tislelizumab exposure between the high/low or possible values of the covariate (indicated at each end of the bar). The covariates 
shown in each plot are ordered from the most influential covariate at the top to the least influential covariate at the bottom. ADA, antidrug 
antibody; ALB, albumin; AUCss, area under curve at steady state; Cmax,ss, maximum concentration at steady state; Cmin,ss, trough concentration at 
steady state; cHL, classical Hodgkin lymphoma; GC, gastric cancer; TUMSZ, tumor size; TUMTP, tumor type; WT, body weight.
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ALB 34 g/L (-8.19%) 47 g/L (+6.43%)

TUMSZ 136 mm (-5.5%) 23 mm (+7.69%)
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Similar to other Ig G monoclonal antibodies, tisleli-
zumab has a low CL (0.15 L/day), limited volume of 
distribution (6.42 L at steady state), mainly within the 
extracellular fluid, and the derived elimination half- life 
is 23.8 days.23 Tislelizumab had low IIV on PK param-
eters, which were in the typical range for monoclo-
nal antibodies.23 Although other marketed anti– PD- 1 
monoclonal antibodies, such as pembrolizumab and 
nivolumab, demonstrate a reduction in CL during the 
treatment period, as described by time- varying CL,24,25 
this phenomenon was minimal with tislelizumab based 
on our current pool of data from 12 clinical studies. 
Although there is no clear mechanistic understanding 
of the time- varying CL, it was hypothesized that the 
decrease in CL during the course of treatment may be 

associated with improvement in disease status.24,25 A 
model allowing baseline covariates to vary over time 
(time- varying covariate model) provided a better fit to 
the atezolizumab (an anti– PD- L1 antibody) PK data 
than a model with empirical time- varying Emax CL func-
tion. These results supported the hypothesis that vari-
ation in atezolizumab CL over time is associated with 
a patient's disease status, as shown with other check-
point inhibitors.26 It was also reported that individual 
patient pembrolizumab CL, by incorporating the im-
pact of on- treatment covariates (albumin, tumor size, 
etc.), can decrease initially and later increase during 
the treatment period depending on how the disease 
progresses, as opposed to either decrease or increase 
only as limited by the Emax model.27 Nevertheless, it 

F I G U R E  4  Simulated tislelizumab Cavg1 and Cavg,ss distribution across (a) body weight and (b) tumor types. (a) Simulated tislelizumab 
Cavg1 and Cavg,ss across body weight in patients across tumor types given 3 mg/kg q3w and 200 mg q3w (observed median body weight 65 kg 
from all patients). (b) Simulated tislelizumab Cavg1 and Cavg,ss distribution in patients across tumor types given 200 mg q3w and 3 mg/kg q3w. 
Cavg1, model- predicted average concentration after the first dose; Cavg,ss, model- predicted average concentration at steady state; P, percentile; 
Q2W, every 2 weeks; Q3W, every 3 weeks.
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needs to be acknowledged that time- varying CL is sub-
ject to survivorship bias, as PK samples were collected 
from a decreasing number of cancer patients over time 
and may be biased toward patients who remained in 
the study longer due to baseline disease characteristics, 
potentially better disease control, or nature of disease 
type with longer progression time. Therefore, varia-
tion in CL depends on a complex interplay of factors 
(treatment effect, course of disease, and patient char-
acteristics). However, even for current marketed anti– 
PD- 1/PD- L1 antibodies with observed time- varying CL, 
the magnitude of reduction in CL is relatively small 
(<25%).25– 27 Therefore, it is deemed not clinically rele-
vant and does not warrant any clinical action in terms 
of dose modification.

Given the prior knowledge of the effects of WT on 
monoclonal antibody CL and volumes of distribution,28 
the covariate effects of WT on PK parameters were tested 
first and incorporated into the base PopPK model. The 
exponents of WT effect on CL and volume of distribu-
tion were 0.565 and 0.397, respectively. In line with most 
monoclonal antibodies that perform similarly between 
WT- based dosing and flat dosing when the exponent is 
<0.5 or ~0.5,29 both regimens provided comparable PK ex-
posures, supporting flat dosing of tislelizumab.

Baseline albumin and ADA status were identified 
as statistically significant covariates on CL with other 
disease- related covariates, including baseline tumor 
size and TUMTP. TUMTP had a modest effect on tisleli-
zumab exposure: the steady- state exposures in cHL and 
GC patients were up to 31.4% higher and 8.82% lower, 
respectively, compared with those in other cancer pa-
tients. These differences are small relative to the over-
all variability and hence are considered clinically not 
relevant. The effects of albumin, tumor size, and ADA 
status on tislelizumab exposure were also small relative 
to the variability (−38.1% to 55.8%) in the whole pop-
ulation. Baseline tumor size was associated with in-
creasing CL, for example, patients with smaller tumor 
size had 7.69% higher exposure. ADA- positive patients 
had 13.9% lower exposure than ADA- negative patients, 
likely due to the higher CL caused by the formation of 
ADAs. However, this difference was relatively small 
compared with the overall variability and was not clin-
ically significant. Sex and age were identified as signif-
icant covariates for Vc: females had a slightly decreased 
Vc compared with males, and the simulated exposures in 
elderly subjects were up to 4% lower relative to those in 
adults <65 years of age. In addition, none of the hepatic 
or renal function– related covariates (TBIL, ALT, AST, 
eGFR) had significant effects on tislelizumab PK, and 
hence no dose adjustment is needed for patients with 
renal or hepatic impairment.

Overall, based on the flat exposure– response rela-
tionships observed for efficacy and safety end points 
(data not shown), tislelizumab exposure variations of 
approximately ±20% in magnitude across WT quartiles, 
age groups, sex, race, ADAs, renal function categories, 
hepatic function categories, TUMTP, therapy, and line 
of therapy were not deemed clinically meaningful at 
the dose of 200 mg q3w. This dose of tislelizumab, a 
regimen tested in all 12 clinical trials that formed the 
basis of the PopPK analysis, was selected based on the 
findings from study BGB- A317- 001 that the PK, ef-
ficacy, and safety profiles were comparable between 
2  mg/kg and 5  mg/kg dose levels, including the fixed 
dose of 200 mg q3w.1 Of note, this dose is the same as 
that recommended for pembrolizumab in the treatment 
of cancers, including cHL and GC.30 A flat exposure– 
response (efficacy, safety) relationship has been ob-
served with tislelizumab. Therefore, dose adjustment of 
tislelizumab is not required for any special populations. 
Simulations of the extent and variability of exposure 
produced by tislelizumab showed that the PK profile 
of tislelizumab following flat doses of 200 mg q3w was 
comparable with the WT- based regimen (3 mg/kg q3w), 
thereby confirming that WT- based dosing does not con-
fer additional advantages over the 200 mg q3w flat dose 
regimen.

CONCLUSION

PopPK modeling of tislelizumab in patients with solid tu-
mors and hematological cancer demonstrates that tisleli-
zumab PK is linear. The absence of covariate effects with 
clinical relevance supports a consistent dosing regimen 
for tislelizumab. Simulations with the flat dose regimen 
and WT- based dosing regimen showed comparable PK 
exposures with similar variabilities, indicating that a flat 
dose regimen of 200 mg q3w is appropriate in a variety of 
patient subpopulations.
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