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Abstract

Objective: Camrelizumab, a programmed cell death 1 (PD-1) inhibitor, has been
approved for the treatment of relapsed or refractory classical Hodgkin lymphoma. The
aim of this study was to perform a population pharmacokinetics (PK) analysis of
camrelizumab to quantify the impact of patient characteristics on PK and to
investigate the appropriateness of flat dose in the dosing regimen.

Methods: A total of 3298 camrelizumab concentrations from 133 patients from four
studies were analyzed using nonlinear mixed effects modeling. Covariate model
building was conducted using stepwise forward addition and backward elimination.
Monte Carlo simulation was conducted to compare exposures of 200 mg and 3 mg/kg
every 2-week regimens.

Results: The PK of camrelizumab were adequately described by a two-compartment
model with parallel linear and nonlinear clearances. Baseline albumin had significant
effects on linear clearance, and weight had effects on inter-compartmental clearance.
Moreover, 200 mg and 3 mg/kg regimens provide similar exposure distributions with
no advantage to either dosing approach.

Conclusion: Population PK analysis provided an integrated evaluation of the impact
of albumin and weight on the PK of camrelizumab. It also provided evidence that
neither the flat-dose nor the weight-based dose regimen was advantageous over the

other for most patients with tumors.

K eywor ds. Camrelizumab; Programmed cell death 1 inhibitor; population

pharmacokinetics, Monte Carlo simulation; dosing regimen
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78 1lntroduction
79 The programmed cell death 1 (PD-1) pathway plays a critical role in maintaining
80  an immunosuppressive tumor microenvironment, and blockade of the PD-1 pathway
81  has become the key component of cancer immunotherapy. Camrelizumab (SHR-1210,
82 AiRuiKa™) is a humanized high-affinity 1gG4-kappa monoclonal antibody (mADb) to
83 PD-12 In May 2019, the Nationd Medical Products Administration of China
84  approved camrelizumab for the treatment of patients with relapsed or refractory
85 classical Hodgkin lymphoma® * Camrelizumab is also being investigated as a
86 treatment for other various malignancies, including gastric/gastroesophageal junction
87  cancer, hepatocellular carcinoma, and nasopharyngeal cancer.>”’
88 The pharmacokinetics (PK) characteristics of camrelizumab are consistent with
89  other typical 1gG4 antibodies.® Non-compartmental analysis indicated a half-life of 3
90 - 11 days from 1 mg/kg to 10 mg/kg after a single dose. While Cpax increased
91 proportionally with dose from 1 mgkg to 10 mg/kg, area under the
92  concentration-time curve (AUC) increased in a supralinear manner over the same
93 doserange? Inphase| clinical studies of 60 to 400 mg infusions of camrelizumab, the
94  coefficient of variation of AUC was more than 30%.° Therefore, it is necessary to
95 anayze the factors that affect PK properties of camrelizumab and to investigate the
96  effect of these factors on dosing regimen.™
97 Early clinical studies of camrelizumab employed bodyweight-based dosing
98  drategies of 1 mg/kg to 10 mg/kg every 2 weeks (Q2W) and compared 3 mg/kg with
99 a flat-dose regimen of 200 mg Q2W. Although the flat-dose was selected for the
100  subsequent expansion phase based on the PK and receptor occupancy data, the
101  relevance of body weight to the exposure of camrelizumab has not been established. A
102  dose adjustment of camrelizumab may be required when there is a large variation in
103  the weight of patients.” ™ Population PK analysis of data obtained in patients across

104  multiple trials was the most efficient approach to answer this question.*
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105 In this study, a population-PK model of camrelizumab was developed using
106  pooled data from four Phase | and Phase Il clinical trials to evaluate the impact of
107  covariates on exposure, to support dose recommendations in subpopulations, and to

108  assessthe adequacy of a weight-based dosing regimen.

109 2 Methods

110 2.1 Population-phar macokinetic Data

111 Data from three phase | and one phase Il clinical trials in patients with advanced
112 solid tumors, melanoma, or relapsed/refractory classical Hodgkin lymphoma were
113  pooled to conduct this population PK analysis (Table 1). A total of 133 patients were
114  enrolled in this analysis. The three phase 1 trials (SHR-1210-101, SHR-1210-102,
115 SHR-1210-103) and one phase 2 trial (SHR-1210-11-204) were registered at Chinese
116 Clinica Triad Registry (CTR20160175, CTR20160207, CTR20160248,
117 CTR20170500, respectively). All studies were carried out in accordance with
118  principles as defined in the Declaration of Helsinki (October 2013)*. The protocol
119 and all amendments were approved by the institutional review board and independent
120  ethics committee of each trial center. Informed consent was obtained from each
121  patient before enrollment.

122 For the assessment of camrelizumab PK, serum samples were collected at
123  prespecified time points in each of the studies. An intensive sampling strategy was
124 employed in thefirst cycle of the three phase 1 trials (SHR-1210-101, SHR-1210-102,
125 SHR-1210-103). Subsequent cycles of the phase 1 trials and all cycles of the phase 2
126  trial (SHR-1210-204) employed a sparse sampling strategy. The details of the study
127 designineachtrial arelisted in Table 1.

128 Camrelizumab concentrations were measured by enzyme linked immunosorbent
129  assay using a calibration range of 157 - 10,000 ng/mL for the three phase 1 trials, and
130 180 - 10,000 ng/mL for the phase 2 trial.”®

131 Patients were defined as evaluable for PK analysis if they had =1 adequately
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132 dose and 21 corresponding concentration sample. Covariates with data missing
133  for >10% of the patients were not included in the analysis. The data of covariates with
134  data missing for <10% of the patients were imputed to the population median for

135 continuous covariates and values with higher frequency for categorical covariates.
136 2.2 Population PK Analyses

137 Population PK models were developed using a nonlinear mixed effect modeling
138 (NONMEM) approach, as implemented in the NONMEM software (version 7.4.0,
139 ICON Development Solutions, Ellicott City, MD, USA) using first-order conditional
140 estimation with interaction. Graphical and statistical analyses, including evaluation of
141 NONMEM outputs, were performed with Perl speaks NONMEM (PsN, version 4.7.0,
142  Department of Pharmaceutical Biosciences, Uppsala University, Sweden), R (version
143 3.4.1, R Foundation for Statistical Computing, Vienna, Austria), R packages Xpose
144  (version 4.5.3, Department of Pharmaceutica Biosciences, Uppsala University,
145 Sweden), and Pirana (version 2.9.7, Certara, Inc. Princeton, USA).

146 2.2.1 Base Modd

147 In the development of the structural PK model, the concentration-time data were
148 fitted to one- and two-compartment models with linear and nonlinear clearance
149  (CLnoniiner), and the suitability of the models was assessed. Nonlinear elimination
150 pathways were explored by incorporating CL described by Michaelis-Menten
151  kinetics (Eq. 1):

152 CLnonIinear = K::l-c' (Eq 1)
153 where CLoniear 1S the nonlinear elimination rate, V,, is the maximum elimination

154  rate, C is the camrelizumab concentration, and K, is the Michaelis-Menten constant,
155  the concentration at which 50% of the maximum elimination rate is reached.

156 Between-subject variability (BSV) was assumed to follow a log-normal
157  distribution and was therefore implemented into the model as follows' (Eq. 2):

158 P; = Py, X €M (Eq. 2)

159 where P; depicts the individual or post hoc value of the parameter for the ith
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160 individual, Py depicts the population mean for the parameter, and #; depicts the
161 empiricad Bayes estimate of BSV for the i" individual, sampled from a normal
162  distribution with a mean of zero and avariance of ®”.

163 Residual error was evaluated as a proportional or additive error, or as a

164  combination of both (Eg. 3).
165 Y = IPRED X (1 + Eproportional) + €additive (Eq 3)

166 where Y is the observed concentration, IPRED is the individual predicted
167  concentration, éproporiional 1S the proportional error component, and eagdiive 1S the
168 additive error component. Residual error components are sampled from a normal
169 distribution with a mean of zero and variance of ¢°.

170 The base model selection was based on Akaike's information criterion (AIC)™,
171  precision of parameter estimates, condition number, and goodness-of-fit plots.

172 2.2.2 Covariate model

173 A three-step approach was used for the covariate analysis. In the first step, the
174  relationship between PK parameters and covariates was screened by plotting the
175 individual empirical Bayes estimates for PK parameters versus potential covariates.
176  This was followed by linear regression for continuous covariates and analysis of
177  variance testing for categorical covariates. Only those covariates with a significant
178  effect (r>0.2, p<0.001) on the estimated PK variables, which could be meaningfully
179 explained from both a clinical and scientific perspective, were carried through to the
180 next stage.

181 In the second step, the identified covariates were added to the base model one at a
182 time. Significance was assessed using the likelihood ratio test, where the addition of
183 one parameter required a reduction in objective function value >3.84 (p<0.05)
184  obtained by NONMEM during the forward inclusion. All significant covariates were
185 included in the full model and additional covariates of borderline significance were
186 only included if the covariate was highly likely to be influential based on scientific

187  judgment.
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188 The final step involved a stepwise backward elimination process, starting with the
189  full model and removing each covariate one at atime. The covariate that was the least
190 ggnificant was removed and the process was repeated. The criterion for retention of a
191 covariate in the model was a change in likelihood ratio >6.63 for one parameter
192  (p<0.01) during the stepwise backward elimination stage.

193 Continuous covariates were evaluated using both a linear function and a power

194  function (Eg. 4 and 5). Categorical covariates were tested using (Eg. 6):

Cov;
195 P =0y x (146, % Cwﬂ‘::m) (Eq. 4)
Cov; 02
196 P, =0, x (Covmedm) (Eq. 5)
197 P, =0, X (1+6,°°") (Eg. 6)
198 where P; and Cov; are the parameter and covariate value for the ith individual,

199 respectively, Covimedian IS the median value for the covariate, 65 are the parameters to
200 beestimated, and 6, represents the typical value of a pharmacokinetic parameter in an
201  individua with the median value for the covariate.

202 The shrinkage derived from the final model was assessed for each BSV term, as
203  well asfor residual variability.

204 2.3 Modd evaluation

205 Goodness-of-fit plots were used for model evaluation including observed
206  concentration (DV) vs. population predicted concentration (PRED), DV vs. individual
207  predicted concentrations (IPRED), conditional weighted residuas (CWRES) vs.
208 PRED, and CWRES vs. time.

209 The PK parameters were estimated repeatedly by fitting the final model to 1000
210  bootstrap datasets, sampled from the original dataset with replacement™’. The median
211  values and 2.5%~97.5% of the population PK parameter estimates from these 1000
212  bootstrap datasets were compared with the point estimates from the final model.

213 The predictive performance of the final model was assessed using a visual
214  predictive check (VPC) approach, which compared the distribution of observed
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215  concentrations and model predictions. A total of 1000 simulated datasets were
216  generated using the final model.

217 2.4 Dosing regimen

218 Monte Carlo simulations, using the individual empirical Bayes PK parameters,
219 were used to evaluate the effect of body weight on the PK of camrelizumab when
220 administered at a dose of 200 mg Q2W and compared to the effects of a body
221  weight-adjusted dose of 3 mg/kg Q2W.

222 To predict camrelizumab PK in each dosing regimen group, 1000 virtual patients
223  were created by randomly drawing covariate values with replacement from the pooled
224 modeling data.

225 BSV and residual variability in the model were sampled from the established
226  digtributions, together with PK parameters and covariate relationships for each virtual
227  patient, which were in turn used to determine steady-state peak concentration (Crax.ss),
228 steady-state trough concentration (Crins), Steady-state average concentration
229  (Caeragess), and steady-state AUC (AUCss). Caveragess Was calculated as (Eq. 7):

(Eq.7)

AUCgs(mgxweeks/L)
dosing interval (weeks)

230 Caverage,ss =

231 where Chxss and Crinss Were determined from the concentration-time profile
232  using each individua’s pos-hoc estimated pharmacokinetic parameters. AUCs is AUC
233 inone dosing interval at steady state. Summary statistics (median, 5% — 95%) were

234  determined using R software.
235
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236 3 Results

237 3.1 Demographics

238 The dataset included 133 patients who provided a total of 3298 plasma
239  concentrations, of which 206 samples were excluded: 203 (6.16%) samples below the
240  limit of quantification and 3 (0.09%) samples with missed values. For covariates, no
241  data were missing. In total, 3092 observations (93.75%) were used in the population
242  PK analysis. A summary of patient demographics for the analysis dataset is presented
243  in Table 2. The patients presented various tumor types, and two-third of the patients
244  weremale.

245 3.2 PopulationPhar macokinetic M odel

246 3.2.1 Base Modd

247 Two compartment models were found to better describe the camrelizumab
248  phramocokinetics than the one compartment model, resulting in a decrease of >300
249  pointsin AIC. Inclusion of first order and nonlinear elimination resulted in a further
250 decrease in AIC of 60 points compared with the linear model. The model was
251 parameterized by clearance of linear elimination (CLjinear), inter-compartmental
252  clearance (Q), distribution volume of central compartment (V1), distribution volume
253  of peripheral compartment (V2), Vm and K. The model structure is shown in Figure
254 1.

255 BSV was estimated for CLjinear, V1, and Vi, for the acceptable precision of
256  parameter estimates. The residual error was best described by a combined
257  proportional and additive error model.

258 3.2.2 Covariate Modéd

259 The covariates investigated included baseline age, weight, sex, race, creatinine
260 clearance, aspartate aminotransferase, alanine aminotransferase, total bilirubin,
261  albumin, hemoglobin, platelet count, and white blood cell (WBC) count. Initia
262  graphical screening showed significant effects of albumin, hemoglobin, platelets, and
263  WBC on CLipear, Weight on V3, and weight on Q (r > 0.2, p < 0. 001). When these
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264  covariates were tested in a forward inclusion step, the effects of albumin, platelets,
265 WABCs, and weight were significant (p < 0.05) and retained in the model. The effects
266  of WBCs and platelets on CLinear, and weight on V1, were excluded using a stepwise
267  backward elimination method (p > 0.01). After covariate screening, the effects of
268  abumin on CLiney and weight on Q were retained in the final model. The main steps
269 in the covariate model building from the base model to the final model are
270  summarized in Supplementary Materials Table S1.

271 The parameters of the final model are presented in Table 3. The final model is
272  listed below (Eq. 8):

(" CLjinear = 0.224 X (albumin/44)~1* x enCl

273 Q=0.433x (weight/61)133

274 V,, = 2.86 X e"Vm (Eq. 8)
K,, = 128

V, = 3.08 x eMV1

\ V, =2.88
275 Cljinear decreases with albumin, and a decrease from albumin 50 g/L to
276  albumin 25 g/L is associated with a 10.3% decrease in CLinea; BSV was reduced
277  from 57.0 to 50.8% for CLinea, indicating 10.8% of the BSV in CL inear Was explained
278 by abumin; Q exhibits alinear correlation with weight.

279 The shrinkages of both BSV and residual variability were less than 30%, which
280 indicates areliable estimate of the individual empirical Bayes PK parameter (Table 3).
281 3.3 Modd Evaluation

282 The goodness-of-fit for the final model (Figure. 2) showed a good agreement
283  between observed and predicted values. The scatterplots of DV vs. PRED and DV vs
284  IPRED showed random scatter around the identity line, indicating the absence of
285  systematic bias.

286 A non-parametric bootstrap with 1000 replicates was performed for the final

287  model, with 915 of the replicates successfully presenting the minimization step. The
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288  final model parameters and bootstrap results are presented in Table 3. Overall, the
289  population estimates for the final model were close to the median of the bootstrap
290 replicates and were within the 2.5 — 97.5 percentiles obtained from the bootstrap
291 analysis. The precision of these parameter estimates was also satisfactory. The 95%
292  Clsdid not contain any null values for any parameters.

293 The VPC showed that the median and 95% ClI of the observed data were in line
294  with those from the simulation-based predictions from the model for all strata (Figure.
295 3).

296 3.4 Simulations for Dosing Regimens

297 Summary statistics for the observed camrelizumab exposures across the 200 mg
298 and 3 mg/kg Q2W are presented in Table 4. The 2.5% — 97.5% of Cueagess fOr 3
299 mg/kg Q2W are from 12.81 to 113.87 ug/mL, which are similar to 200 mg Q2W
300 (15.28-112.08 pg/mL). The median Craxsss Cminsss @0 Caeragess Values for 200 mg

301  Q2W are higher than those for 3 mg/kg Q2W.
302
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303 4 Discussion

304 This is the first study to report a population PK model of camrelizumab in
305  subjects with advanced melanoma, advanced solid tumors, and relapsed or refractory
306 classical Hodgkin lymphoma. Camrelizumab PK were well described using a
307  two-compartment model with parallel first-order and Michaglis-Menten CL from the
308 centra compartment.

309 The final model is in line with known characteristics of antibody PK, where the
310 nonlinear pathway is thought to be related to clearance of the mAb via saturable
311 target-mediated mechanisms (such as receptor-mediated endocytosis), while the linear
312  component represents clearance pathways that are not saturable at therapeutic mAb
313  concentrations (such as Fc-mediated elimination)'®. The Michaelis-Menten constant
314 in the model is 1.38 ug/mL, indicating that at low camrelizumab concentrations
315 (<1.38 ug/mL), target-mediated elimination contributes a significant portion of the
316 tota CL. With increasing camrelizumab concentrations, the CL decreases
317 dramaticaly as the target-mediated elimination pathway becomes saturated. When
318 above the median of simulated concentration of 200 mg Q2W, the CL approaches that
319  of the first-order process, and the contribution from the nonlinear pathway becomes
320 negligible.

321 Our study also showed that camrelizumab CL decreased with increasing albumin
322 level. The impact of abumin on PK of mAbs has been previously reported for
323 infliximab, bevacizumab, ustekinumab, and pertuzumab.*® Because albumin and 1gG
324  share the same Fc receptor salvaging pathway, Fc receptor also binds and protects
325 abumin from intracellular catabolism, thereby playing an important role in the
326  homeostasis of both IgG and albumin.'® A higher albumin concentration could be an
327 indicator of an increased number of Fc receptor s and arelated reduction in the rate of
328  camrelizumab eimination.® Although albumin had a statistically significant impact
329  on Clijinear, Simulation analyses demonstrated that the magnitude of its effect on

330 camrelizumab exposure was limited (Figure 4). As albumin levels increased from 20
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331 to50 g/L, the median Cyinss increased from 61 to 78 pg/mL, which are comparable to
332 the 10 — 90% percentiles of the Cpinss (39 to 123 ug/mL). Therefore, a dose
333  adjustment for abumin is not warranted.

334 Therapeutic mAb dosing is usually based on body weight*. However, this dosing
335 paradigm has recently been re-evaluated because of the wide dose range for the
336 therapeutic efficacy and tolerability for camrelizumab. Flat dose is considered and
337 applied in the clinical settings due to increased convenience, elimination of wastage,
338  improved safety, and improved compliance.’Our study showed that only weight has
339 an impact on Q of camrelizumab, and it has little effect on camrelizumab exposure.
340 Meanwhile, the mean exposure profile for the 200 mg flat dose is essentialy similar
341 to that of the 3 mg/kg profile. Although patients with increased weight had lower
342  exposures with the 200 mg flat dose compared to the 3 mg/kg regimen, the
343  distribution of exposures obtained in these patients was within the range of exposures
344  from the prior clinical reports® It was demonstrated in this study that both
345 weight-based and fixed flat dosing are appropriate for camrelizumab, with neither
346  regimen providing a PK advantage over the other.

347 There are several limitations in this study. The study was based solely on
348  dose-exposure analysis and al patients were from China. Whether the results could be
349 applied to population of North American and European countries, remains to be
350 elucidated. In addition, comprehensive safety and efficacy data were lacking. Further
351 research including an exposure-response study is needed to inform clinical dosing

352  dtrategy.

353 5 Conclusions

354 In this study, a population PK model of camrelizumab was developed to quantify
355 the impact of patient characteristics on PK. The PK of camrelizumab were described
356 by atwo compartment model with parallel linear and nonlinear clearance from the
357 centra compartment. Although albumin levels and patient weight had statistically

358  dignificant impacts on the PK of camrelizumab, the magnitude was limited and dose
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359 adjustments were not required. Doses of 200 mg and 3 mg/kg provided similar
360 exposure distributions with no advantage to either dosing approach with respect to
361 controlling PK variability.
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Tables

Table 1. Summary of clinical studies used in this population-pharmacokinetic modeling study.

Study Dosing regimen I ndication Number of Number of Scheduled PK time points
subjects PK Samples
SHR-1210-101 1mg/kg, 3mg/kg, Advanced solid tumors 49 1140 Cycle 1: 30 min before and 0.1, 2, 6, 24, 48, 168, 336,
10mg/kg and 200mg, 504 h after end of infusion on day 1
Q2w Cycle 2 and subsequent cycles: 30 min before and 0.1
h after end of infusion on day 1 and 15.
SHR-1210-102 60mg, 200mg and Advanced Melanoma 36 986 Same as above
400mg, Q2W
SHR-1210-103 60mg, 200mg and Advanced solid tumors 36 1052 Same as above
400mg, Q2W
SHR-1210-11-204  200mg, Q2W Relapsed or refractory 12 120 Cycle 1: 30 min before and 0.1, 2 h after end of
classical Hodgkin infusion
lymphoma Cycle 2, Cycle 4 and Cycle 6: 30 min beforeand 0.1 h

after end of infusion
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Table 2. Baseline demographic and disease characteristics of 133 patients.

Covariate SHR-1210-101 SHR-1210-102 SHR-1210-103 SHR-1210-11-204 Total
Number of patients 49 (36.8%) 36 (27.1%) 36 (27.1%) 12 (9.0%) 133 (100%)
Number of PK Samples 1140 (34.6%) 986 (29.9%) 1052 (31.9%) 120 (3.6%) 3298 (100%)
Age (years) 47 (23 - 69) 52 (29 - 68) 54.5 (35- 65) 28.5 (21 - 50) 50 (21 - 69)
Weight (kg) 56.5 (36.8 - 72.1) 64 (41 - 90) 65.5 (47 - 91) 63 (42 - 86) 61 (36.8 - 91)
Sex
Male 37 (75.5%) 17 (47.2%) 28 (77.8%) 6 (50%) 88 (66.2%)
Female 12 (24.5%) 19 (52.8%) 8 (22.2%) 6 (50%) 45 (33.8%)
Race

Han 49 (100%) 34 (94.4%) 34 (94.4%) 11 (91.7%) 128 (96.2%)

Others 0 (100%) 2 (5.6%) 2 (5.6%) 1(8.3%) 5 (3.8%)
Creatinine clearance (mL/min) 89.07 (51.5-159.0) 108.33(52.8-178.7) 101.1(61.3-160.9) 136.93(110.7-210.8) 100.69 (51.5- 210.8)
Aspartate aminotransferase (U/L) 15.4 (6.4 - 72.8) 235(13-82) 21 (12 - 49) 19 (13- 38) 21.7 (8- 115.4)
Alanine aminotransferase (U/L) 22.9(8-115.4) 16 (5- 88) 15 (7 - 55) 13(5-54) 15(5- 88)
Total bilirubin (umol/L) 8.3(5.1-20.6) 11.45(5.9-24.1) 9.8(4.9-223) 11.25(8.4-24.2) 9.7 (4.9-24.2)
Albumin (g/L) 43.2 (29.7 - 50.4) 45.3 (32.7-52.5) 44.1 (38.2 - 50.2) 41.7 (35.3-48.1) 44 (29.7 - 52.5)
Tumor

Nasopharyngeal carcinoma 31 (63.3%) / 3 (8.3%) / 34 (25.6%)

Lung cancer 18 (36.7%) / 3 (8.3%) / 21 (15.8%)

Melanoma / 36 (100%) / / 36 (27.1%)

Esophageal cancer / / 14 (38.9%) / 14 (10.1%)

Gastric cancer / / 5 (13.9%) / 5 (3.8%)

Classical Hodgkin lymphoma / / / 12 (100%) 12 (9.0%)

Others / / 11 (30.6%) / 11 (8.2%)
Co-administration

Monotherapy 48 (98.0%) 33 (91.7%) 36 (100%) 12 (100%) 129 (97.0%)

Combination therapy 1 (2%) 3(8.3%) / / 4 (3%)
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Parameters Base model Final model

Parameter estimates Shrinkage Parameter estimates Shrinkage  Bootstrap

(%CV) (%) (%CV) (%) Median (2.5% - 97.5%)
CLjinear (L/day) 0.242 (2.7) / 0.231 (6.2) / 0.23 (0.20 - 0.26)
Vm (mg/day) 2.86 (3) / 2.94 (7.5) / 3.00 (2.26 - 3.71)
Km (mg/L) 1.28 (1.4) / 1.38(13) / 1.40 (0.91 - 2.76)
V(L) 3.08 (2.7) / 3.07 (3.7) / 3.08 (2.77 - 3.33)
Q (L/day) 0.385 (3.8) / 0.414 (6.7) / 0.41(0.34-0.51)

Table 3. Population-pharmacokinetic parameter estimates and bootstrap evaluation.
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Vs (L) 2.88(2.8)
albumin on CLjinear /
weight on Q /
Between subject variability
CLjinear (%0) 57.0 (8.6)
Vm (%) 48.3 (8.7)
V1 (%) 40.2 (6.7)
Residual variability
proportional error (%) 29.4 (1.7)
additive error (mg/L) 0.0812 (3.2)

11.6
175

4.5
4.5

2.9 (3.6)
-1.98 (24.2)
1.22 (26.9)

50.8 (9)
495 (9)
40.7 (7)

29.3(3)
0.0827 (32)

13
18

4.5
4.5

2.91 (2.35 - 3.35)
-1.93 (-2.94 - -0.89)
1.18 (0.31 - 2.28)

50.2 (32.7 - 68.9)
47.8 (29.4 - 70.9)
39.0 (17.0 - 70.68)

28.9 (23.8 - 33.9)
0.0823 (0.0293-0.112)

CLinear, Clearance of linear elimination; Vp,, maximum elimination rate; Ky, Michaelis-Menten constant; V, distribution volume of central compartment

Q, inter-compartmental clearance; V», distribution volume of peripheral compartment;
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Table 4. Predicted summary statistics of camrelizumab exposure metrics.

3mg/kg every 2 weeks 200mg every 2 weeks

Median 2.5%-97.5% Median 2.5%-97.5%
Chnax, ss (ng/mL) 89.55 39.27-195.41 96.40 47.26-190.36
Conin, ss (Lg/mL) 23.11 1.22-92.70 26.13 1.78-90.96
Caverage, ss (/ML )* 41.27 12.81-113.87 45.48 15.28-112.08

Crnax.ss, Steady-state peak concentration; Crinss, Steady-state trough concentration; Caveragess, Steady-state
average concentration.

AUCgs(mgxweeks/L)
dosing interval (weeks)

*
Caverage,ss -
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Figurelegends

Figure 1. Modd Structure.

ko, infusion rate; ko3, elimination rate from central compartment to peripheral compartment; ks, elimination
rate from peripheral compartment to central compartment; Kiinear, linear elimination rate; CLinea, Clearance of
linear elimination; Q, inter-compartmental clearance; Vi, apparent distribution volume of central
compartment; V,, apparent distribution volume of peripheral compartment; Knoniinear, NONliNear elimination
rate; C,, concentration of central compartment; Vi, maximum elimination rate; Ky, Michaelis-Menten
constant.

Figure 2. Goodness-of-fit plots of the final population-phar macokinetic model.
The red line represents the locally weighted scatterplot smoothing line.

Figure 3. Visual predictive check.

Circles represent observed data. Lines represent the 5% (dashed), 50% (solid), and 95% (dashed) percentiles
of the observed data. Shaded areas represent nonparametric 95% confidence intervals about the 5% (light
blue), 50% (light red), and 95% (light blue) percentiles for the corresponding model -predicted percentiles.

Figure 4. Sensitivity plots comparing effect of covariates on steady state exposure.

(@ Cuin; (b) Crax; (€) Caverage- Vertical reference lines represent typical steady-state exposure value of a
62-kg patient with albumin of 44 g/L receiving 200 mg of camrelizumab every 2 weeks. The top barsin each
plot represent the 5% — 95% exposure values across the entire population. The labels at each of the lower
bars indicate range of the covariate values. The length of each bar describes the impact of that particular
covariate on the observed PK parameter.
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C.in Range (2.2 pg/mL) (85.8 ug/mL)

Albumin 35 g/L (13.7 pg/mL) 50 g/L (40.8 ug/mL)
Weight 40 kg (26.4 ng/mL) 100 kg (31.0 pug/mL)
| | | | | |
0 20 40 60 80 100

C,i, at steady state (ug/mL)
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Cax RANQE

Albumin

Weight

(52.2 ug/mL) (176.6 pg/mL)

35 g/L (82.7 ug/mL) 50 g/L (109.4 pg/mL)

40 kg (95.9 pg/mL) H 100 kg (100.1 pg/mL)

I I I | I I I I
40 60 80 100 120 140 160 180

Cax at steady state (ug/mL)
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Caverage RANGE  (16.3 pg/mL) (80.9 pg/mL)

Albumin

Weight

35 g/L (29.0 ug/mL) 50 g/L (49.5 ug/mL)

40 kg (41.5 pg/mL) 100 kg (41.6 pug/mL)

I I I I I I I I
10 20 30 40 50 60 70 30

Caverage at Steady state (ug/mL)
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