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tumors (6.4%, 95% CI: 2.6%, 12.8%). Pembrolizumab exposure in gastric cancer patients is 
comparable to that in patients with other types of tumors. 

This submission did not include immunogenicity results in patients with gastric cancer or 
gastroesophageal junction adenocarcinoma from studies KN012 and KN059.However, it provided an 
update immunogenicity report with data from multiple studies in nearly 3000 patients with melanoma, 
NSCLC or head and neck squamous cell carcinoma (HNSCC) evaluating anti-drug antibody (ADA) 
positive samples utilizing the latest generation of ADA and neutralizing anti-drug antibody (Nab) 
assays, and the immunogenicity incidence rate in 1289 evaluable patients is similar to that in the 
current pembrolizumab labeling.  Given the low incidence rate (2.1%) of ADA formation and the lack 
of effect of ADAs on the exposure, safety and efficacy of pembrolizumab, it is acceptable to not test 
immunogenicity in patients with gastric or gastroesophageal junction adenocarcinoma. 

Merck proposed modifications to the following labeling sections: Immunogenicity (section 6.2) and 
Clinical Pharmacology (section 12.3) to incorporate the latest immunogenicity and population PK 
results. 

1.1. Recommendations
The Office of Clinical Pharmacology has reviewed the information contained in Supplement 24 of 
BLA125514. This supplement is approvable. The proposed changes to the labeling section 6.2 are 
acceptable. The FDA recommends updating the labeling section 12.3 with the results using the 
population PK model which incorporated gastric cancer data from study KN012 and KN059.

1.2  Post Marketing Requirements or Commitments  

There are no postmarketing requirement (PMR) or postmarketing commitment (PMC) studies 
requested by the Office of Clinical Pharmacology. 
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2 KEY REVIEW QUESTIONS

2.1 IS THE PEMBROLIZUMAB PHARMACOKINETICS SIMILAR BETWEEN PATIENTS 
WITH GASTRIC CANCER AND PATIENTS WITH OTHER TURMORS? 

Yes, pharmacokinetics of pembrolizumab is similar between gastric cancer patients and patients with 
other types of tumors. 

In this submission, the applicant conducted an extension of the population PK analysis of 
pembrolizumab to gastric cancer population. An existing time-dependent population PK model in 
patients with melanoma or non-small cell lung cancer (NSCLC) was used as the starting point of the 
present analysis. Data from gastric cancer patients in studies KN059 and KN012 were added to the 
existing popPK dataset and the parameters from the existing model were re-estimated. The post-hoc 
parameter statistics are listed in Table 1, showing comparable parameter estimates between gastric 
cancer and other types of tumors. In addition, comparison of observed data also suggests comparable 
pembrolizumab exposures between gastric cancer and NSCLC following 200 mg Q3W pembrolizumab 
doses (Figure 1). Therefore, it is concluded that the PK of pembrolizumab is similar between gastric 
cancer patients and patients with other types of tumors. 

Table 1: Comparison of Population PK Parameter Geometric Mean (CV%) between Patients 
with Gastric Cancer and Patients with Other Types of Tumors

TDPK for Gastric Cancer TDPK for Other Tumors
CLss (mL/day 0.23 (36.1) 0.20 (40.3)
CL0 (mL/day) 0.29 (34.7) 0.25 (37.5)
Vss (L) 6.1 (19.7) 6.0 (20.6)
T1/2 (day) 15.7 (23.5) 17.4 (27.4)
Source: applicant’s analysis: extension of population pharmacokinetic analysis of pembrolizumab to 
gastric cancer population 

Figure 1: Comparison of Observed Pembrolizumab Exposures between Gastric Cancer and 
NSCLC

Note: data from the final population PK dataset (n=152 for NSCLC; n=256 for gastric cancer)
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2.2 DOES THE UPDATED IMMUNOGENICITY DATA SUPPORT THE USE OF 
PEMBROLIZUMAB IN PATIENTS WITH GASTRIC CANCER OR 
GASTROESOPHAGEAL JUNCTION ADENOCARCINOMA?

Yes, the available immunogenicity data from 2874 evaluable patients across multiple tumor types 
support the use of pembrolizumab in patients with gastric cancer or gastroesophageal junction 
adenocarcinoma. 

The applicant provided an updated immunogenicity report utilizing data from multiple studies: in 
patients with melanoma (KN001, KN002, KN00), NSCLC (KN001, KN010, KN024) or HNSCC 
(KN012, KN055). The updated report included an evaluation of anti-drug antibody (ADA) positive 
samples utilizing the latest generation of ADA and neutralizing anti-drug antibody (Nab) assays. The 
immunogenicity report did not include an evaluation of the rate of formation of ADAs in patients with 
gastric or gastroesophageal junction adenocarcinoma. 

Serum samples were assayed for the presence ADAs using a validated electrochemiluminescence 
(ECL) immunoassay on the MesoScale Discovery (MSD) platform. Bioanalysis of pembrolizumab 
ADAs was carried out using the  

 All samples 
were assessed utilizing either the first generation assay developed by  in studies KN001, 
KN002, KN006, KN010 and KN012 or subsequent 2nd generation assay developed by  

 in studies KN001, KN006, KN010, KN012, KN024 and KN055. The drug 
tolerance level for the ADA assay was improved from μg/mL in the first generation  assay to 

 μg/mL in the second generation  assay. In the subset of patients using the  assay and 
treated with the 2 mg/kg regimen, 569 out of 706 patients (80.6%) circulating drug levels in the last 
postdose sample were below the drug tolerance level while all (100%) of the patients receiving the 
fixed 200 mg dose (N=185) had a drug concentration in the last postdose sample below the drug 
tolerance level. Refer to the immunogenicity assay review by the Office of Biological Products for 
details regarding additional improvements to the immunogenicity assessment of pembrolizumab.

The observed incidence of treatment emergent ADA in 1289 evaluable patients based on a pooled 
analysis of melanoma, NSCLC and HNSCC patients is 2.1% (27 out of 1289). The remainder of the 
1289 evaluable patients includes 12 with non-treatment emergent positive ADA (0.9%) and 1250 
(97%) with negative ADA immunogenicity status.  From the 27 treatment emergent patients, 6 patients 
had antibodies with neutralizing capacity, for an overall incidence of 0.5% (6 out of 1289). The 
applicant also included additional analyses to determine the potential effect of treatment emergent ADA 
on exposure, safety and efficacy. For all of the 27 ADA positive patients, the exposure of 
pembrolizumab was similar to that for other patients treated with the same regimen. Furthermore, 
patients with treatment emergent ADAs did not have an increased risk of adverse events associated 
with neutralizing antibodies (e.g. anaphylaxis, urticaria, angioedema) or injection site reactions.  Also 
there was no observable relationship between tumor size and patients with or without treatment 
emergent neutralizing antibody formation. 
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2.4 RESULTS OF SPONSOR’S ANALYSIS
2.5 EXTENSION OF POPULATION PK ANALYSIS OF PEMBROLIZUMAB TO GASTRIC 

CANCER POPULATION
The objectives of this population PK analysis were to assess the pembrolizumab PK in the gastric 
cancer population and compare it to other tumor indications. The present analysis was built on an 
existing time-dependent population PK model in patients with melanoma or NSCLC for 
pembrolizumab. PK data from 292 gastric cancer patients in studies KN012 and KN059 were added to 
this dataset and the parameters from the existing model were re-estimated. The results show that the 
existing population PK model can adequately describe pembrolizumab PK data in gastric cancer 
patients, as shown in the goodness-of-fit plots (Figure 2). Overall, no major differences in PK 
parameter estimates were identified among tumor types (Table 2). Although the median of post-hoc 
estimate of pembrolizumab baseline clearance in gastric cancer is slightly higher than that in melanoma 
and NSCLC, confidence intervals are overlapping with each other. Overall, the PK parameter estimates 
(CL, Vc, and t1/2) are in a similar range in gastric cancer patients compared to other indications (

Figure 3). The observed differences are not considered clinically relevant. 

Figure 2: Goodness of Fit Plots for the Updated Model

Note: Black dots are gastric cancer individual data, Grey dots are individual data for other indications, solid lines 
are smooth lines. In the two plots of the first row, bold dashed lines are lines of identity, whilst in the two plots 
of the second row dashed lines represent zero line.
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Source: Sponsor’s study report 04HPCS - Extension of population pharmacokinetic analysis of 
pembrolizumab to gastric cancer population, Appendix 4 on page 209
Table 2: Comparison of Population Pharmacokinetic Parameters of Pembrolizumab (MK-3475) 
from the Previous Model with Non-Gastric Cancer versus Updated Model Including Gastric 
Cancer Patients

The Previous Model N=2993
[Ref. 5.4.5.3: 04M52F]

Update Model N=3285
(292 gastric cancer out of 3285)

Parts and Studies 
included in the 
analysis

Melanoma/NSCLC; A, A1, A2, B1, B2, 
B3, C, D, F1, F2 and F3 from KN001, 
KN002, KN006, KN010, KN024

Melanoma/NSCLC; A, A1,
A2, B1, B2, B3, C, D and F1, F2, 

and F3 from KN001, KN002, 
KN006, KN010, KN024

Gastric; KN012, KN059

Data cut-off date KN001V01; 26-July-2013
KN001V02; 18-April-2014
KN001V04; 23-January-2015
KN002V01; 12-May-2014
KN006V02; 3-March-2015
KN010V01; 30-September-2015
KN024V01; 09-May- 2016

KN001V01; 26-July-2013
KN001V02; 18-April-2014
KN001V04; 23-January-2015
KN002V01; 12-May-2014
KN006V02; 3-March-2015
KN010V01; 30-September-2015
KN024V01; 09-May- 2016
KN012V04; 26-April-2016
KN059V01; 16-January-2017

Parameter Value %RSE %CV Value %RSE %CV
CL (L/day) 0.281 1.84 31.4 0.282 1.84 31.4
Vc (L) 3.53 0.9244 19.3 3.56 0.826 19.2
Q (L/day) 0.889 4.04 31.4 0.883 3.75 31.4
Vp (L) 2.75 4.47 19.3 2.76 4.00 19.2
α for CL and Q 0.534 5.66 0.535 5.33
α for Vc and Vp 0.514 4.61 0.505 4.19
IMAX -0.218 8.26 79.5 -0.218 7.79 79.3
TI50 (day) 65.5 10.3 65.1 9.85
Hill 2.99 6.79 2.96 5.32
Albumin on CL -0.849 6.677 -0.904 5.78
Bilirubin on CL -0.0488 28.5 -0.0457 27.1
BSLD on CL 0.0933 9.17 0.0898 9.57
eGFR on CL 0.123 17.4 0.125 19.3
Gender on CL -0.162 6.98 -0.161 6.97
Baseline ECOG on CL -0.0697 17.5 -0.0702 16.3
Albumin on Vc -0.233 16 -0.257 14.4
Gender on Vc -0.131 7.44 -0.136 6.89
Cancer type (NSCLC vs 
others) on Vc

-0.059 16.7 -0.0671 13.8

Residual error -0.249 1.85 -0.246 1.81
Presented population parameter estimates exclude effects of covariates; therefore apply to a hypothetical typical patient
with average characteristics. CL: clearance; Vc: central volume of distribution; Q: intercompartmental clearance; Vp:
peripheral volume of distribution; IMAX: maximum effect of time on CL; TI50: time at which 50% of maximum effect
on clearance has been achieved; %RSE: relative standard error (%); %CV: coefficient of variation of between-subject
distribution of parameters; NA: not applicable.
Reviewed per SOP-QP2-005

Source: Sponsor’s study report 04HPCS - Extension of population pharmacokinetic analysis of 
pembrolizumab to gastric cancer population, Table 5 on page 24
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Figure 3: Individual Posthoc PK Parameters (CL, Vc, t1/2) between Gastric Cancer, Melanoma, 
NSCLC, HNSCC and other Cancer Patients

Source: Sponsor’s study report 04HPCS - Extension of population pharmacokinetic analysis of 
pembrolizumab to gastric cancer population, Figure 2 on page 26
FDA Reviewer’s Comments: The previously developed time-dependent PK model can adequately 
describe pembrolizumab in gastric cancer patients. Pembrolizumab popPK parameters were 
demonstrated to be comparable between gastric cancer and other tumor patients. 

2.6 UPDATE TO TIME-DEPENDENT POPULATION PHARMACOKINETIC ANALYSIS 
OF EXPOSURE TO PEMBROLIZUMAB (MK-3475) USING A POOLED PROTOCOL 
001, 002, 006, 010, AND 024 DATASET

The objective of this analysis was to update the existing time-dependent population PK model, which 
was developed using data from KN001, -002, -006, and -010, by incorporating data from study KN024. 
KN024 is a randomized open-label Phase III trial of pembrolizumab (200 mg Q3W fixed dose) versus 
platinum based chemotherapy in previously untreated NSCLC patients with PD-L1 expression ≥ 50%. 
Data from 1221 subjects in KN001, 419 subjects in KN002, 548 subjects in KN006, 653 subjects in 
KN010, and 152 subjects in KN024 for a total N=2993 was pooled together and included in the 
analysis. The time-dependent PK structural model in the present analysis was the same as that in the 
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previously developed model. A similar list of baseline covariates as in prior analyses was re-assessed in 
the updated time-dependent PK model using a stepwise selection procedure. Results show that the 
updated time-dependent PK model can adequately characterize PK data from all 5 studies (Figure 4). 
Overall, the population PK parameter estimates including the magnitude of parameter-covariate 
relationships are similar between the previously developed time-dependent PK model and updated 
model in this analysis (Table 3). This update has no clinically relevant impact on prior PK or PK/PD 
conclusions regarding dose.
Figure 4: Goodness of Fit Plots for the Updated Time-Dependent PK Model
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