
1 of 10Clinical and Translational Science, 2025; 18:e70223
https://doi.org/10.1111/cts.70223

Clinical and Translational Science

ARTICLE OPEN ACCESS

Alternative Dosing Regimens of Tislelizumab Using 
a Pharmacometrics Model-Based Approach
Ahsan Rizwan1   |  Hugh Giovinazzo1  |  Tian Yu1   |  Yuying Gao2   |  Kun Wang2  |  Fengyan Xu2   |  Ya Wan3  |  
Jun Wang4  |  Srikumar Sahasranaman1   |  Marcia Campbell5  |  Patrick Schnell6  |  Ramil Abdrashitov7  |  William D. Hanley1  |  
Nageshwar Budha1

1Clinical Pharmacology and Pharmacometrics, BeiGene USA, Inc., San Carlos, California, USA  |  2Pharmacometrics, Shanghai Qiangshi Information 
Technology Co., Ltd., Shanghai, China  |  3Scientific Programming, BeiGene (Shanghai) Co., Ltd., Shanghai, China  |  4Global Statistics and Data Sciences, 
BeiGene (Beijing), Co., Ltd., Beijing, China  |  5Regulatory Affairs, BeiGene (Canada) ULC, Toronto, Ontario, Canada  |  6Product Safety, BeiGene USA, Inc., 
Ridgefield, New Jersey, USA  |  7Clinical Development, BeiGene USA, Inc., Fulton, Maryland, USA

Correspondence: Nageshwar Budha (nageshwar.budha@beigene.com)

Received: 7 January 2025  |  Revised: 18 March 2025  |  Accepted: 31 March 2025

Funding: This study was sponsored by BeiGene, Ltd.

Keywords: alternative dose | anti–PD-1 | exposure–response | immunotherapy | pharmacokinetics | pharmacometrics | tislelizumab

ABSTRACT
Tislelizumab 200 mg once every 3 weeks (Q3W) is approved for the treatment of multiple cancers. We used a model-based ap-
proach to propose three alternative dosing regimens, 150 mg Q2W, 300 mg Q4W, and 400 mg Q6W, with the aims of providing 
flexible treatment regimens compatible with background chemotherapy and/or reducing infusion visits. A previously developed 
population pharmacokinetic model was used to simulate pharmacokinetic exposure of the alternative regimens. Regulatory 
guidance on alternative dosing was used to define pharmacokinetics-based criteria. Alternative doses were selected by simula-
tion, exposure matching, and comparison to the reference regimen of 200 mg Q3W. Deviations from pharmacokinetics-based cri-
teria were bridged using appropriate safety and efficacy references and exposure–response analyses. All three alternative dosing 
regimens produced comparable exposures versus 200 mg Q3W. Although simulated peak serum concentration (Cmax) at 300 mg 
Q4W and 400 mg Q6W was higher versus 200 mg Q3W, this was below the Cmax of the 5 mg/kg Q3W safety reference. And while 
the trough serum concentration (Ctrough) for 400 mg Q6W was slightly lower versus 200 mg Q3W, it was 10.7% higher than the 
2 mg/kg efficacy reference Ctrough, and therefore, within the concentration range in which a flat exposure–efficacy relationship of 
tislelizumab has been established. Tislelizumab regimens of 150 mg Q2W, 300 mg Q4W, and 400 mg Q6W are expected to result 
in similar safety and efficacy as 200 mg Q3W.

1   |   Introduction

Tislelizumab (BGB-A317) is a humanized immunoglobulin 
G4 monoclonal anti–programmed cell death protein-1 (PD-1) 
antibody that binds to PD-1 with high affinity and specific-
ity [1]. Engineered to minimize Fc gamma receptor 1 bind-
ing on macrophages, tislelizumab limits antibody-dependent 

cellular phagocytosis, a process that activates antibody-
dependent, macrophage-mediated killing of T effector cells 
and has been shown to compromise the antitumor activity of 
other anti–PD-1 monoclonal antibodies [1]. Tislelizumab is 
being developed for the treatment of patients with solid tumors 
as a monotherapy and/or in combination with other therapies 
and has been evaluated across a range of doses (0.5–10 mg/kg 
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intravenously once every 2 weeks [Q2W] or Q3W) in the phase I 
BGB-A317-001 study [2]. After demonstrating robust antitumor 
efficacy and a tolerable safety profile, tislelizumab—as mono-
therapy or in combination with chemotherapy at a fixed dose 
of 200 mg Q3W administered by intravenous infusion—received 
approval from the National Medical Products Administration 
in China for 13 indications, from the European Medicines 
Agency for six indications [3], and from the US Food and Drug 
Administration (FDA) for three indications [4]. Alternative dose 
regimens of tislelizumab are not currently approved by any reg-
ulatory agency yet.

Alternative dosing regimens of tislelizumab have the potential 
to provide flexible treatment options that are compatible with 
background chemotherapy and to reduce the number of infu-
sion visits for patients. Several alternative dosing regimens 
have been approved for other anti–PD-1 and anti–programmed 
death-ligand 1 (PD-L1) antibodies, such as pembrolizumab, 
nivolumab, and atezolizumab, using modeling and simulation-
based approaches [5–9].

Recently, the FDA published guidance on the pharmacokinetics-
based criteria for approval of alternative dosing regimens for 
PD-1/PD-L1 inhibitors [10]. The clinical pharmacology charac-
teristics of tislelizumab, pharmacometrics-based analyses, and 
clinical evidence presented here collectively form the basis of 
proposing alternative doses of tislelizumab.

A population pharmacokinetic (popPK) model for tisleli-
zumab based on pharmacokinetic data from 2596 patients 
across 12 clinical studies of tislelizumab has been published 
previously [11, 12]. Pharmacokinetic data obtained after both 
Q2W and Q3W regimens were included in the model build-
ing. PopPK modeling of tislelizumab in patients with solid 
tumors and hematological cancer demonstrated that the phar-
macokinetic profile of tislelizumab is linear. The absence of 
covariate effects with clinical relevance supported a consis-
tent dosing regimen for tislelizumab and that dose adjust-
ment is not required for specific patient populations [11–13]. 
In clinical trials, tislelizumab did not have any dose-limiting 
toxicities up to 10 mg/kg Q2W [11–13]. Model-based anal-
yses have demonstrated that the pharmacokinetic profile of 
tislelizumab is similar across ethnicities and tumor types, 
and that tislelizumab demonstrated a relatively flat expo-
sure–response relationship across a broad range of exposures  
[11–13].

The popPK model was evaluated by external model validation 
against the pharmacokinetic profiles of patients receiving al-
ternative dosing regimens from the following clinical studies: 
BGB-A317-315 (tislelizumab adjuvant phase, 400 mg Q6W), 
BGB-A317-212 (tislelizumab 400 mg Q6W), and BGB-A317-
Fruquintinib-201 (tislelizumab 300 mg Q4W). The popPK 
model adequately described the central tendency and vari-
ability of the observed serum tislelizumab concentrations fol-
lowing intravenous administration of the alternative dosing 
regimens, indicating the model's robustness in the simulation 
of alternative dosing regimens [11–13]. This was followed by 
simulations in which the pharmacokinetic exposure parame-
ters for 150 mg Q2W, 300 mg Q4W, and 400 mg Q6W alterna-
tive dosing regimens were compared with the reference dosing 
regimen of 200 mg Q3W and with additional efficacy/safety  
references.

To further demonstrate the comparable efficacy and safety 
of the alternative dosing regimens to the approved reference 
dosing regimen of 200 mg Q3W, we conducted exposure–re-
sponse analyses using data from four clinical studies that en-
compassed an exposure range that covered the simulated 
exposures of the alternative doses and also included non-small 
cell lung cancer (NSCLC), esophageal squamous cell carci-
noma (ESCC), and gastric cancer (GC) as the indications of key  
interest.

In this study, we provide the results of a pharmacometrics-
based approach used to determine the proposed 150 mg Q2W, 
300 mg Q4W, and 400 mg Q6W alternative dosage regimens of 
tislelizumab. The simulated exposures were verified against 
the FDA guidance on alternative doses for anti–PD-(L)1 anti-
bodies. Additional clinical evidence has been provided where 
applicable.

Summary

•	 What is the current knowledge on the topic?
○	 Pharmacokinetic modeling supports a flat-dose reg-

imen for tislelizumab, an anti–PD-1 antibody, across 
multiple oncologic indications. No dose modifica-
tions of tislelizumab are needed based on intrin-
sic and extrinsic factors, and there is no clinically 
relevant dose or exposure dependency in terms of 
efficacy and safety measures for tislelizumab. The 
approved dose of tislelizumab is 200 mg once every 
3 weeks (Q3W).

•	 What question did this study address?
○	 Do the alternate regimens of tislelizumab, 150 mg 

Q2W, 300 mg Q4W, and 400 mg Q6W, meet the 
FDA's guidance on the pharmacokinetics-based cri-
teria for the approval of alternative dosing regimens 
for PD-1/PD-L1 inhibitors and/or have sufficient 
clinical data to support similar safety and efficacy 
compared with the 200 mg Q3W regimen?

•	 What does this study add to our knowledge?
○	 These analyses support the lack of a clinically rele-

vant dose or exposure dependency for tislelizumab 
in terms of objective response rate and safety meas-
ures among patients with advanced/metastatic solid 
tumors. The proposed 150 mg Q2W, 300 mg Q4W, 
and 400 mg Q6W alternative dosing regimens have 
similar safety and efficacy outcomes to the 200 mg 
Q3W regimen.

•	 How might this change clinical pharmacology or 
translational science?
○	 A model-based approach may be used to support 

approvals of alternate dosing regimens while main-
taining the same therapeutic benefit. The alternative 
dosing regimens of tislelizumab have the potential 
to offer patients flexible treatment options that are 
compatible with background chemotherapy, and/or 
reduce the number of infusion visits.
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2   |   Methods

2.1   |   Study Design and Procedures

All relevant institutional review boards/independent ethics 
committees reviewed the protocols and amendments and ap-
proved the studies, which were carried 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.

2.1.1   |   Pharmacometric Analysis

2.1.1.1   |   External Model Validation and Selection 
of Doses for the Alternative Dosing Regimens.  The 
alternative dosing regimens of tislelizumab 150 mg Q2W, 
300 mg Q4W, and 400 mg Q6W administered intravenously 
were determined by performing simulations using the previ-
ously developed popPK model that was based on data from 
12 clinical studies [11, 12]. In accordance with FDA guid-
ance [10], the alternative dosing regimens were selected 
by exposure matching to the reference dosing regimen 
of 200 mg Q3W to ensure that the average serum concentra-
tion (Caverage) and trough serum concentration (Ctrough) fol-
lowing the alternative dosing regimen at steady state and/
or in the first least-common time interval were no more than 
20% lower compared with those of the reference dosing regi-
men; and the geometric mean of peak serum concentration at 
steady state (Cmax,ss) following the alternative dosing regimen 
did not increase more than 25% compared with that of the ref-
erence dosing regimen. The popPK model was externally val-
idated using pharmacokinetic data collected from studies 
BGB-A317-212 [14], BGB-A317-315 [15], and BGB-A317-201 
(validation dataset) in which alternative doses of tislelizumab 
were administered (Table  S1). Model parameter estimation 
and model evaluation were implemented with NONMEM 
7, version 7.5 (ICON Development Solutions, Ellicott City, 
Maryland, USA). Prediction-corrected visual predictive check 
(pcVPC) was used to show the time course of the predicted 
median and spread of concentrations (2.5th to 97.5th percen-
tile) versus the observed data. A total of 1000 trial replicates 
were simulated using the observed covariates and dose regi-
mens for each subject, the final model parameter estimates, 
simulated patient-specific random effects, and residual errors. 
The 95% prediction interval from the 1000 simulated trials 
of the median, 2.5th, and 97.5th percentiles of the concen-
tration–time profiles, normalized with dose and covariate 
effects, were overlaid with the corresponding observed data 
to assess the overall agreement of the model predictions  
(Figure S1).

2.1.1.2   |   Simulation of Exposures for Alternative Dos-
ing Regimens.  The pharmacokinetic profiles were simulated 
over the first least common dose interval (6 weeks for the 150 mg 
Q2W and 400 mg Q6W regimens and 12 weeks for the 300 mg 
Q4W regimen) and at steady state using the post hoc model 
individual pharmacokinetic parameters from the externally 
validated popPK model previously developed based on 12 
studies. The pharmacokinetic parameters that were generated 

for each patient are listed in Table S2 for reference. These were 
Cmax, Caverage, and Ctrough in the first least common multiple 
of the dosing interval relative to the 200 mg Q3W reference 
regimen and at steady state for 150 mg Q2W, 300 mg Q4W, 
and 400 mg Q6W  along with the reference dosing regimens 
for different simulation scenarios. Area under the concentra-
tion–time curves (AUCs) were calculated using the linear up/
log down variant of the trapezoidal rule using R software ver-
sion 4.2.3 (The R Foundation for Statistical Computing, Vienna, 
Austria). Caverage was calculated as the AUC over the respec-
tive time interval divided by the time of the interval. The aim 
of these comparisons was to ensure that the pharmacokinetic 
parameters of the alternative dosing regimens were in line with 
the pharmacokinetics-based criteria specified in the FDA guid-
ance on supporting alternative dosing regimens of anti–PD-(L)1 
treatments for patients with cancer [10].

Deviations from pharmacokinetics-based criteria were bridged 
using appropriate safety and efficacy references and supportive 
exposure–response analyses for efficacy and safety using a pool 
of four clinical studies that encompassed a range of tumor types 
and pharmacokinetic exposures. For the alternative dosing reg-
imens of 300 mg Q4W and 400 mg Q6W, appropriate safety and 
efficacy references were also used, as the Cmax,ss was expected 
to be higher than the reference regimen of 200 mg Q3W and 
to account for any exposure differences for the longer dosing 
intervals.

The 2 mg/kg Q3W dose was selected as the efficacy reference 
as previous evaluation of the exposure–response relationship of 
tislelizumab demonstrated similar efficacy and a flat exposure–
response relationship in the range of doses from 2 mg/kg and 
above [12]. The 5 mg/kg Q3W dose was selected as the safety 
reference because tislelizumab exposures at 5 mg/kg Q3W were 
higher than 400 mg Q6W, flat exposure–response relationships 
for safety endpoints, and also because clinical safety and toler-
ability data were available in a large number of patients in the 
BGB-A317-001 study (Table S1).

2.1.2   |   Exposure–Response Analysis

Pooled exposure–response analyses were conducted using 
four clinical studies that included 1536 patients with ESCC, 
NSCLC, GC, and other solid tumors to bridge the benefit-risk 
profile of tislelizumab for the proposed 150 mg Q2W, 300 mg 
Q4W, and 400 mg Q6W dosing regimens relative to the 200 mg 
Q3W reference regimen. The study pool of four clinical stud-
ies of tislelizumab monotherapy included two pivotal phase III 
studies, the BGB-A317-302 study in ESCC (N = 254) and the 
BGB-A317-303 study in NSCLC (N = 532), both of which used 
the dosing regimen of 200 mg Q3W, in addition to the phase 
IA/IB BGB-A317-001 study in solid tumors (N = 450) and the 
phase I/II BGB-A317-102 study in solid tumors (N = 300). 
Together, these studies encompassed a range of doses from 
0.5 mg/kg to 10 mg/kg (Q2W or Q3W) as well as the 200 mg 
Q3W dose (Table S1). A summary of patient characteristics and 
demographics is presented in Table S3; a summary of clinical 
characteristics by objective response rate (ORR) is presented 
in Table  S4 and a summary of ORR by tumor type in the 
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exposure–efficacy analysis dataset for patients with solid tu-
mors is presented in Table S5.

ORR was the efficacy endpoint in the exposure–response 
efficacy analysis, and the safety endpoints comprised any 
treatment-emergent adverse event (TEAE) of grade ≥ 3, 
immune-mediated TEAEs, TEAEs leading to treatment 
discontinuation, infusion-related reactions (IRRs), TEAEs 
leading to dose modification, TEAEs of special interest (com-
bination of immune mediated TEAEs and IRRs), and seri-
ous TEAEs.

Empirical Bayesian estimates of individual pharmacokinetic 
parameters for all of the tislelizumab-treated patients were 
derived from the popPK model previously described in Budha 
et  al., 2023 [11]. The model-predicted Caverage of the first dose 
(Cavg,dose1) was used as the primary exposure endpoint in the 
exposure–response efficacy analysis, while the model-predicted 
Cmax,ss was used as the primary exposure endpoint in the expo-
sure–response safety analysis.

The efficacy endpoint, ORR, and all safety endpoints were 
evaluated as binary outcomes (yes/no). Boxplots of tisleli-
zumab exposures stratified by each endpoint were generated. 
The probability of response versus exposure in tislelizumab-
treated patients was plotted, with probabilities calculated 
across sets of patients binned by exposure quantile. If an expo-
sure–response trend was observed, further analysis with lin-
ear logistic regression models was performed with exposure 
metrics and other baseline covariates as potential predictors 
of the probability of events using R statistical software ver-
sion 4.2.3.

2.1.3   |   Safety Analysis Using Clinical Cmax Cutoffs

Clinical data from the BGB-A317-001 study (N = 451) was used 
to assess whether the safety profile at the 150 mg Q2W, 300 mg 
Q4W, and 400 mg Q6W proposed dosing regimens would be 
comparable to the clinically evaluated safety profile in BGB-
A317-001. In this methodology, the predicted geometric mean 
Cmax for each alternative dosing regimen was used to categorize 
the incidence of selected TEAEs into two groups: patients with 
predicted Cmax,ss greater than and less than or equal to the pre-
dicted geometric mean Cmax.

3   |   Results

3.1   |   External Model Validation and Selection 
of Doses for the Alternative Dosing Regimens

Simulated pharmacokinetic exposures of the 300 mg Q4W and 
400 mg Q6W tislelizumab regimens were consistent with ob-
served data supporting the robustness of the model. The pcVPC 
plots showed that the observed median, 2.5th, and 97.5th per-
centiles of the concentration–time profiles were generally con-
tained within the simulation-based 95% confidence intervals for 
the corresponding model-predicted median in all validation pa-
tients (Figure S1). Therefore, the predictive performance of the 

model was considered satisfactory, with most of the observed 
data lying within the prediction intervals.

The 150 mg Q2W dosing regimen was determined via simula-
tions and exposure matching to the reference regimen as tis-
lelizumab at the dosing interval of Q2W was tested across a 
range of doses (0.5–10 mg/kg) in the phase I study, and those 
data were used to develop the popPK model. As shown in 
Figure 1a, the steady state peak concentrations were very sim-
ilar, and trough concentrations were maintained above that of 
the 200 mg Q3W reference. Overlays of the pharmacokinetic 
profiles for tislelizumab 300 mg Q4W and 400 mg Q6W dosing 
regimens with the 200 mg Q3W reference over the first com-
mon time interval and at steady state are shown in Figure 1b,c, 
respectively. The peak concentrations at these higher doses 
were greater than the 200 mg Q3W reference; however, they 
were lower than the 5 mg/kg dose of tislelizumab safety ref-
erence, tested clinically in approximately 355 patients (phase 
IA and phase IB of BGB-A317-001, Table  S1). Although the 
Ctrough of the longer dosing interval of 400 mg Q6W trended 
slightly lower than the 200 mg Q3W reference, it was main-
tained above the 2 mg/kg Q3W tislelizumab efficacy reference 
(Figure S2).

3.2   |   Simulation of Exposures for Alternative 
Dosing Regimens

3.2.1   |   150 mg Q2W

All pharmacokinetics-based criteria mentioned in the FDA 
guidance were met for the tislelizumab 150 mg Q2W dosing 
regimen. The Caverage and Ctrough were not lower than those 
of the 200 mg Q3W reference regimen, and the Cmax,ss was 
not higher than that of the 200 mg Q3W reference regimen  
(Table 1).

3.2.2   |   300 mg Q4W

For the 300 mg Q4W dosing regimen, Caverage and Ctrough met the 
prespecified pharmacokinetics-based criteria. Although Cmax 
was 6.4% higher than the recommended limit of 25%, it was 
18.7% lower when compared with the safety reference dosing 
regimen of 5 mg/kg Q3W (Table 2).

3.2.3   |   400 mg Q6W

For the 400 mg Q6W dosing regimen, Caverage met the pre-
specified pharmacokinetics-based criteria. However, Ctrough 
was 28.4% lower and Cmax,ss was 52.2% higher than the ref-
erence dosing regimen of 200 mg Q3W and did not meet the 
pharmacokinetics-based criteria of 20% and 25%, respectively 
(Table 3). As a result, Ctrough at steady state (Ctrough,ss) at 400 mg 
Q6W was compared with the Ctrough,ss of 2 mg/kg Q3W as an 
efficacy reference because it is within the dose range for which 
tislelizumab exposure–response has been shown to be flat. 
Similarly, Cmax,ss of the 400 mg Q6W dosing regimen was com-
pared with Cmax,ss of 5 mg/kg Q3W and 10 mg/kg Q2W as safety 
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FIGURE 1    |    Pharmacokinetic profiles (median and 90% prediction interval) for the 150 mg Q2W (a), 300 mg Q4W (b), and 400 mg Q6W (c) alter-
native dosing regimens compared with the tislelizumab 200 mg Q3W reference dosing regimen during early treatment and steady state. For each 
dosing regimen, pharmacokinetic profiles were simulated over the first least common dose interval and at steady state using the individual post hoc 
model parameters from the final popPK model previously developed based on 12 studies. The solid line represents the median and the shaded area 
represents the 90% prediction interval. popPK, population pharmacokinetic; Q2/3/4/6 W, once every 2/3/4/6 weeks.
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references. The safety references have previously been tested 
clinically in a large number of patients (phase IA and phase 
IB parts of the BGB-A317-001 study) and were well tolerated. 
Therefore, the higher Cmax,ss for the 400 mg Q6W regimen is 
unlikely to be associated with an unacceptable clinical safety 

profile. Results demonstrate that the 400 mg Q6W dosing regi-
men would maintain Ctrough,ss levels 10.7% higher than the 2 mg/
kg Q3W efficacy reference dosing regimen and the predicted 
Cmax,ss was well below those of the safety references of 5 mg/kg 
Q3W (25.1% lower) and 10 mg/kg Q2W (62.5% lower) (Table 3).

TABLE 1    |    Pharmacokinetic exposure metrics for the tislelizumab 150 mg Q2W dosing regimen compared with the 200 mg Q3W reference dosing 
regimen.

Exposure parameter

Test Reference

150 mg Q2Wa 200 mg Q3Wa,b Percentage differencec

First least common dose interval

Cmax,1-6w, μg/mL 77.4 (76.9, 78.0) 84.8 (84.2, 85.4) −8.7

Caverage,1-6w, μg/mL 36.1 (35.9, 36.4) 34.6 (34.4, 34.9) 4.4

Ctrough,6w, μg/mL 32.6 (32.2, 32.9) 25.0 (24.7, 25.3) 30.2

Steady state

Cmax,25-30w, μg/mL 102.5 (101.6, 103.4) 108.8 (107.9, 109.7) −5.8

Caverage,25-30w, μg/mL 66.8 (66.1, 67.5) 59.5 (58.9, 60.1) 12.3

Ctrough,24w, μg/mL 49.8 (49.2, 50.5) 39.2 (38.6, 39.7) 27.2

Abbreviations: Caverage,1-6w, average serum concentration at the first least common dose interval (1–6 weeks); Caverage,25-30w, average serum concentration at steady state 
(25–30 weeks); CI, confidence interval; Cmax,1-6w, peak serum concentration the first least common dose interval (1–6 weeks); Cmax,25-30w, peak serum concentration 
at steady state (25–30 weeks); Cmax,ss, peak serum concentration at steady state; Ctrough,6w, trough serum concentration the first least common dose interval (6 weeks); 
Ctrough,24w, through serum concentration at steady state (24 weeks); FDA, US Food and Drug Administration; GM, geometric mean; Q2/3W, once every 2/3 weeks.
aData are presented as GM [95% CI]. The back transformed GM and 95% CIs were calculated using natural log transformed values with 95% CIs obtained based on the 
t distribution.
bPer FDA guidance [10], the reference dosing regimen used for the comparison was the dosing regimen used to establish efficacy in the clinical trial(s) that served as 
the basis for approval of the original biologics licensing application.
cPercentage difference was calculated as ([GMtest—GMreference]/GMreference) × 100.

TABLE 2    |    Pharmacokinetic exposure metrics for the tislelizumab 300 mg Q4W dosing regimen compared with the 200 mg Q3W reference dosing 
regimen and safety reference.

Exposure parameter

Test Reference Safety reference

300 mg Q4Wa 200 mg Q3Wa,b
Percentage 
differencec 5 mg/kg Q3Wa,d

Percentage 
differencec

First least common dose interval

Cmax,1–12w, μg/mL 131.2 (130.3, 132.2) 98.9 (98.2, 99.7) 32.7 159.9 (158.7, 161.2) −17.9

Caverage,1–12w, μg/mL 49.0 (48.6, 49.4) 42.1 (41.7, 42.4) 16.5 68.0 (67.4, 68.7) −28.0

Ctrough,12w, μg/mL 33.3 (32.8, 33.8) 33.5 (33.1, 34.0) −0.7 54.2 (53.5, 54.9) −38.6

Steady state

Cmax,25–36w, μg/mL 143.9 (142.8, 145.1) 109.5 (108.6, 110.4) 31.4 177.0 (175.6, 178.5) −18.7

Caverage,25–36w, μg/mL 67.4 (66.7, 68.1) 59.8 (59.2, 60.5) 12.6 96.8 (95.8, 97.8) −30.3

Ctrough,24w, μg/mL 39.2 (38.6, 39.8) 39.2 (38.6, 39.7) 0.1 63.3 (62.5, 64.2) −38.1

Abbreviations: Caverage,1–12w, average serum concentration at the first least common dose interval (1–12 weeks); Caverage,25–36w, average serum concentration at steady 
state (25–36 weeks); Cmax,1–12w, peak serum concentration at the first least common dose interval (1–12 weeks); Cmax,25–36w, peak serum concentration at steady state 
(25–36 weeks); Ctrough,12w, minimal serum concentration at the first least common dose interval (12 weeks); Ctrough,24w, minimal serum concentration at steady state 
(24 weeks); FDA, US Food and Drug Administration; GM, geometric mean; Q3/4W, once every 3/4 weeks.
aData are presented as GM [95% CI]. The back transformed GM and 95% CIs were calculated using natural log transformed values with 95% CIs obtained based on the 
t distribution.
bPer FDA guidance [10], the reference dosing regimen used for the comparison was the dosing regimen used to establish efficacy in the clinical trial(s) that served as 
the basis for approval of the original biologics licensing application.
cPercentage difference was calculated as ([GMtest—GMreference]/GMreference)×100.
dPer FDA guidance [10], the safety reference regimen used for comparison is the dosing regimen that was used in early clinical development to characterize the 
pharmacokinetics and efficacy of the product.
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3.3   |   Exposure–Response Analysis for Efficacy

In the pooled exposure–response analysis for efficacy, the me-
dian Cavg,dose1 values were similar between responders and 
non-responders in patients with solid tumors, as shown in 
the boxplots of exposure stratified by ORR binary response 
(Figure  2a). Consistent with these observations, the results 
from the exposure–response relationships for ORR, explored 
by plotting the probability of objective response versus the ex-
posure of tislelizumab (with probabilities calculated across sets 
of patients binned by exposure quantiles), showed that Cavg,dose1 
was not associated with the probability of objective response 
in tislelizumab-treated patients across solid tumor types in 
this pool, which included ESCC, NSCLC, and GC among oth-
ers (Figure S3). Finally, a logistic regression model was devel-
oped, and the result of the model, based on patients with solid 
tumors, showed no significant association between the ORR 
and Cavg,dose1 (p = 0.118) in the predicted exposure range of the 
150 mg Q2W, 300 mg Q4W, and 400 mg Q6W alternative dose 
regimens (Figure 2b).

3.4   |   Exposure–Response Analysis for Safety

TEAEs across the seven selected safety outcomes were gener-
ally consistent across each of the individual studies in the ex-
posure–response analysis dataset and when pooled across the 
four studies, both between tumor types and across the dosing 
range (Table 4). The probabilities of occurrence of the selected 
TEAE categories by quantiles of tislelizumab exposure (Cmax 
of the first dose [Cmax,dose1]) were explored. Similar ranges of 
tislelizumab exposure were observed in patients regardless of 
whether they experienced one of the selected TEAE categories 
or not (Figure  S4). There were no apparent relationships be-
tween tislelizumab exposure and any of the safety endpoints 
evaluated (including grade ≥ 3 TEAEs, immune-mediated 
TEAEs, TEAEs leading to treatment discontinuation or dose 
modification, TEAEs of special interest, and serious TEAEs) 
among tislelizumab-treated patients (Figure  S4); therefore, no 
logistic regression models were developed for these endpoints.

Generally, the safety profile of tislelizumab is consistent with 
the anti–PD-1 therapeutic class, with a relatively low rate of 
treatment-related grade ≥ 3 toxicity. There was a slight trend 
for a relationship between tislelizumab exposure and the prob-
ability of IRRs. Therefore, an exposure–response logistic re-
gression model for IRRs with Cmax,ss was developed based on 
tislelizumab-treated patients, which showed a significant asso-
ciation between the IRRs and Cmax,ss. An imbalance in the in-
cidence of IRRs between BGB-A317-001 and the other studies 
included in the pool appeared to be contributing to the observed 
positive exposure–response relationship; the BGB-A317-001 
study evaluated higher doses (5 and 10 mg/kg), while the 
other studies included in the analysis evaluated a single dose 
(200 mg Q3W) and reported a lower incidence of IRRs. To ad-
dress the issue of confounding, an exposure–response analysis 
was conducted using only data from BGB-A317-001. The result 
showed no significant association between the IRRs and Cmax,ss 
(p = 0.0727; Figure  S5). Therefore, the relationship between 
IRRs and tislelizumab exposures is not clinically meaningful.

FIGURE 2    |    Exposure–response analysis between tislelizumab ex-
posure and ORR (a) and the predicted probability of patients achieving 
an objective response (b) in the context of the exposures of the 200 mg 
Q3W, 150 mg Q2W, 300 mg Q4W, and 400 mg Q6W dosing regimens. In 
panel a, open blue circles represent the model-predicted exposure met-
rics. The median is represented by the horizontal black line in the mid-
dle of each box. The lower and upper ends of the box plot represent the 
25th and 75th percentiles (the lower and upper quartiles, respectively). 
The bars extend to the most extreme data point, which is no more than 
1.5 × IQR from the box. The dashed red horizontal line represents the 
median value in the BGB-A317-001, BGB-A317-102, BGB-A317-302, and 
BGB-A317-303 studies. Tislelizumab exposure was normalized to a dose 
of 200 mg. The means (SD) of normalized Cavg,dose1 are 29.4 (5.48) μg/
mL and 29.7 (5.64) μg/mL for the groups categorized as “No” and “Yes” 
respectively. In panel b, open blue circles reflect the observed events. 
The filled black symbols are the observed probability of events, and the 
error bars are SE [sqrt (P*(1-P)/N)] for quantiles (at 100 × (1/4)th percen-
tiles) of exposures (plotted at the median value within each quantile). 
The blue line is the model-predicted probability. The blue line and light 
blue shaded area are the median and 95% prediction interval based on 
the 1000 bootstrap samples of the model. The horizontal box plots rep-
resent the exposure values of 200 mg Q3W, 150 mg Q2W, 300 mg Q4W, 
and 400 mg Q6W. The lower and upper ends of the box plot represent the 
25th and 75th percentile (the lower and upper quartiles, respectively). 
The bars extend to the most extreme data point, which is no more than 
1.5 × IQR from the box. Cavg,dose1, average serum concentration of the 
first dose; IQR, interquartile range; N, number of patients; ORR, objec-
tive response rate; P, probability; Q2/3/4/6 W, once every 2/3/4/6 weeks; 
SD, standard deviation; SE, standard error; sqrt, square root.
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3.5   |   Additional Safety Analysis Using Clinical 
Cmax Cutoffs

Overall, the safety profiles were comparable and consistent be-
tween patients with a Cmax,ss greater than the predicted geomet-
ric mean Cmax for the 150 mg Q2W, 300 mg Q4W, and 400 mg 
Q6W dosing regimens and patients with a Cmax,ss less than or 
equal to the predicted geometric mean Cmax. Therefore, this 
safety analysis did not show any clinically meaningful differ-
ence in the safety profiles between the two exposure groups for 
any of the alternative dose regimens (Table S6).

4   |   Discussion

The clinical pharmacologic profile of tislelizumab has been 
extensively evaluated, supported by robust pharmcokinetic 
characterization and an extensive understanding of exposure–
efficacy and exposure–safety relationships from multiple clin-
ical trials across a wide range of tumor types and multiple 
dosing regimens. Using a pharmacometrics-based approach, 
we investigated whether alternative dosing regimens of tisleli-
zumab at 150 mg Q2W, 300 mg Q4W, and 400 mg Q6W met 
pre-specified pharmacokinetic criteria compared with the ref-
erence regimen of 200 mg Q3W. Based on this analysis and 
supportive clinical data, the tislelizumab dosing regimens of 
150 mg Q2W, 300 mg Q4W, and 400 mg Q6W are expected to 
result in similar safety and efficacy as the tislelizumab 200 mg 
Q3W reference regimen.

As observed clinical pharmacokinetic data after alternative 
dosing regimens were available from three clinical studies, the 
12-study tislelizumab popPK model, previously developed using 
the Q2W and Q3W regimens, was used to describe the observed 
pharmacokinetic profiles of the external datasets and verified 

using pcVPC. The predictive performance of the tislelizumab 
popPK model was satisfactory, with most of the observed data 
lying within the prediction intervals. Therefore, the pharma-
cokinetics parameters for the 150 mg Q2W, 300 mg Q4W, and 
400 mg Q6W dosing regimens could be simulated using this 
model and pharmacokinetic exposure parameters compared 
with the reference dosing regimen of 200 mg Q3W.

Per FDA guidance, pharmacokinetic parameters for the 150 mg 
Q2W regimen met all pharmacokinetics-based criteria. Both 
geometric means of Caverage and Ctrough at the steady state and 
in the first least common time interval were no more than 
20% lower compared to those of the reference dosing regimen. 
Additionally, the geometric mean of steady state and Cmax did 
not increase more than 25% compared to that of the reference 
200 mg Q3W dosing regimen.

For the 300 mg Q4W regimen, all pharmacokinetics-based cri-
teria in comparison with the 200 mg Q3W reference regimen 
were met, except for the Cmax,ss, which was 31.4% higher than 
that of the reference regimen. Although Cmax was 6.4% higher 
than the recommended limit of 25%, it was 18.7% lower when 
compared with the safety reference of 5 mg/kg Q3W. The 5 mg/
kg Q3W safety reference has been tested clinically in approxi-
mately 355 patients (phase IA and phase IB of BGB-A317-001) 
and was demonstrated to be well tolerated. Therefore, the higher 
Cmax,ss for the 300 mg Q4W regimen is unlikely to be associated 
with an unacceptable clinical safety profile.

For the proposed tislelizumab 400 mg Q6W dosing regimen, 
pharmacokinetics-based criteria for the primary efficacy pa-
rameter of Caverage were met. The Ctrough,ss for the 400 mg Q6W 
dosing regimen was lower than the 200 mg Q3W reference regi-
men (28.4% vs. the guidance limit of 20.0%); however, the estab-
lished flat exposure–response relationship of tislelizumab over 

TABLE 4    |    Summary of selected safety outcomes in the exposure–response dataset.

Safety endpoints, 
n (%)

BGB-A317-001 
(n = 450 patients 

with solid tumors)

BGB-A317-102 
(n = 300 patients 

with solid tumors)

BGB-A317-302 
(n = 254 patients 

with ESCC)

BGB-A317-303 
(n = 532 

patients with 
NSCLC)

Overall 
(N = 1536)

Grade ≥ 3 TEAEs 207 (46.0) 137 (45.7) 123 (48.4) 230 (43.2) 697 (45.4)

Immune-mediated 
TEAEs

131 (29.1) 89 (29.7) 87 (34.3) 186 (35.0) 493 (32.1)

TEAEs leading 
to treatment 
discontinuation

39 (8.7) 34 (11.3) 49 (19.3) 65 (12.2) 187 (12.2)

Infusion-related 
reactions

55 (12.2) 7 (2.3) 11 (4.3) 4 (0.8) 77 (5.0)

TEAEs leading to 
dose modification

129 (28.7) 94 (31.3) 59 (23.2) 142 (26.7) 424 (27.6)

TEAEs of special 
interest

156 (34.7) 89 (29.7) 90 (35.4) 188 (35.3) 523 (34.0)

Serious TEAEs 169 (37.6) 85 (28.3) 109 (42.9) 189 (35.5) 552 (35.9)

Abbreviations: ESCC, esophageal squamous cell carcinoma; NSCLC, non-small cell lung cancer; TEAE, treatment-emergent adverse event.
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a wide range of exposures supports the expectation that 400 mg 
Q6W will produce similar efficacy to the 200 mg Q3W reference 
regimen. In addition, the Cmax,ss for the 400 mg Q6W dosing reg-
imen was higher than that of the 200 mg Q3W reference regi-
men (52.2% vs. the guidance limit of 25.0%); however, it was well 
below the clinically evaluated safety references of 5 mg/kg Q3W 
(25.1% lower) and 10 mg/kg Q2W (62.5% lower). Taken together, 
the safety data for tislelizumab up to 10 mg/kg Q2W, the observed 
clinical safety data from the BGB-A317-315 and BGB-A317-212 
studies [14, 15], and additional safety assessment of the 400 mg 
Q6W regimen using clinical Cmax cutoffs, provide adequate safety 
margins for the higher Cmax with the 400 mg Q6W regimen.

In conclusion, the modeling and simulation results, along with 
the lack of an exposure–response relationship and the clinical 
safety data from studies evaluating alternative dosing regimens 
of tislelizumab, indicate that the 150 mg Q2W, 300 mg Q4W, and 
400 mg Q6W regimens are expected to result in similar safety 
and efficacy as the 200 mg Q3W reference regimen, and may be 
used interchangeably for the indications for which the dosing 
regimen of 200 mg Q3W is approved. While maintaining the 
same therapeutic benefit across regimens, the alternative dos-
ing regimens of tislelizumab have the potential to offer patients 
flexible treatment options that are compatible with background 
chemotherapy, and to reduce the number of infusion visits.
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