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ABSTRACT

Introduction: This study outlined cemiplimab
intravenous (IV) dosing strategy to move from
body weight (BW)-based 3 mg/kg every-2-week
(Q2W) dosing in first-in-human study
(study 1423; NCT02383212) to fixed 350 mg
every-3-week (Q3W) dosing, utilizing popula-
tion pharmacokinetics (PopPK) modeling and
simulations, and supported by a limited dataset
from a phase 2 study (study 1540;
NCT02760498).
Methods: Cemiplimab concentration data from
a total of 505 patients were pooled from
study 1423 in advanced malignancies and

study 1540 in advanced cutaneous squamous
cell carcinoma (CSCC). All patients received
weight-based cemiplimab dose (1, 3, 10 mg/kg
Q2W or 3 mg/kg Q3W) except 4% who received
200 mg Q2W. A linear two-compartment PopPK
model incorporating covariates that improved
goodness-of-fit statistics was developed to
compare cemiplimab exposure at 350 mg Q3W
versus 3 mg/kg Q2W. Upon availability,
observed cemiplimab concentration at 350 mg
Q3W in study 1540 was then compared with
the simulated values.
Results: Post hoc estimates of cemiplimab
exposure and variability (505 patients; weight
range 30.9–156 kg; median 76.1 kg) at steady
state were found to be similar at 350 mg Q3W
and 3 mg/kg Q2W. Effect of BW on cemiplimab
exposure was described by exposure versus BW
plots and at extreme BW. Overlay of individual
observed cemiplimab concentrations in 51
patients with metastatic CSCC on simulated
concentration–time profiles in 2000 patients at
350 mg Q3W confirmed cemiplimab exposure
similarity and demonstrated the robustness of
dose optimization based on PopPK modeling
and simulations.
Conclusions: Cemiplimab 350 mg Q3W is
being further investigated in multiple
indications.
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Key Summary Points

Compared with body weight-based
dosing, fixed dosing offers the advantages
of increased convenience, easy
preparation, reduced risk of dosing errors,
minimized waste, and improved
compliance and patient adherence.

This study demonstrated selection of a
fixed 350 mg every-3-week (Q3W) dose of
cemiplimab using population
pharmacokinetics (PopPK) modeling and
simulations.

The selection was further supported by
observed data of cemiplimab at 350 mg
Q3W, which became available after PopPK
modeling and simulations.

These results supported approval of
cemiplimab 350 mg Q3W by the US FDA
(cemiplimab-rwlc) and by the European
Commission for treatment of patients
with metastatic cutaneous squamous cell
carcinoma (CSCC) or locally advanced
CSCC who are not candidates for curative
surgery or curative radiation.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide and graphical
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abstract, to facilitate understanding of the arti-
cle. To view digital features for this article go to
https://doi.org/10.6084/m9.figshare.13643165.

INTRODUCTION

Cemiplimab is a high-affinity, human, hinge-
stabilized immunoglobulin (Ig)G4 monoclonal
antibody (mAb) to the programmed cell death
(PD)-1 receptor that potently blocks the inter-
actions of PD-1 with PD-ligand 1 (PD-L1) and
PD-ligand 2 (PD-L2) [1]. Cemiplimab (cemi-
plimab-rwlc in the US) is approved for the
treatment of patients with metastatic or locally
advanced cutaneous squamous cell carcinoma
(mCSCC, laCSCC; collectively referred to as
advanced CSCC) who are not candidates for
curative surgery or curative radiation [2, 3]. It is
also approved in the US for patients with locally
advanced and metastatic basal cell carcinoma
(BCC), post hedgehog inhibitors (HHIs) or for
whom HHIs are not appropriate [2]. Cemi-
plimab-rwlc is also approved for the first-line
treatment of patients with advanced non-small
cell lung cancer (NSCLC) whose tumors have
high PD-L1 expression (tumor proportion score
C50%) and no epidermal growth factor recep-
tor, anaplastic lymphoma kinase or ROS1 aber-
rations, for patients with metastatic or locally
advanced tumors that are not candidates for
surgical resection or definitive chemoradiation
[2].

In first-in-human (FIH; study 1423;
NCT02383212) and phase 2 (study 1540;
NCT02760498) studies, cemiplimab demon-
strated antitumor activity, durable responses,
and a safety profile similar to those described for
other anti–PD-1 therapies in patients with
advanced malignancies, including advanced
CSCC [4]. In these studies, the pharmacokinet-
ics (PK) of cemiplimab was linear and dose
proportional over a dose range of 1–10 mg/kg
administered intravenously (IV) every 2 weeks
(Q2W) [2]. As a human monoclonal antibody
directed against PD-1, a cell membrane target,
cemiplimab is expected to exhibit a saturable,
target-mediated elimination pathway leading to
non-linear PK at low concentrations [5]. The
observed linear PK is, therefore, suggestive of

saturation of the underlying target-mediated
pathways at the concentrations evaluated. A
weight-based 3 mg/kg Q2W IV dose regimen
that ensured maximum therapeutic effect at
target saturation across the whole patient pop-
ulation was initially recommended as the
phase 2 dose (RP2D).

Dosing of drugs with narrow safety margins,
as is often the case with chemotoxic agents, is
often based on body weight or body mass index
to reduce inter-patient variability in drug
exposure and to improve clinical efficacy while
limiting adverse events [6]. mAbs are target
specific, and as such, many have a considerable
therapeutic window due to high target speci-
ficity. Although body weight impacts the PK of
mAbs, the contribution of body weight to PK
variability is limited [6]. Therefore, further PK
evaluation has encouraged adoption of fixed
dosing with mAb therapies, which offers the
advantages of increased convenience, easy
preparation, reduced chance of dosing errors,
minimized waste, and improved compliance
[6–8]. In recent years, fixed dosing of mAbs has
become more common in multiple therapeutic
areas, including oncology [9–11]. In addition,
anti–PD-1 therapies, including nivolumab and
pembrolizumab, showed flat exposure–response
relationships for clinical efficacy and safety
endpoints, providing evidence for the limited
effect of variability in drug exposure on clinical
efficacy and/or safety at the tested dose levels
[12, 13]. Clinical efficacy of cemiplimab was
observed at the lowest tested dose level of 1 mg/
kg Q2W, while no dose-limiting toxicities were
observed at the highest tested dose level of
10 mg/kg Q2W, suggesting a wide therapeutic
window. In the FIH study 1423, cemiplimab
exposure and variability in exposure were sim-
ilar among patients with advanced malignan-
cies dosed with cemiplimab 200 mg Q2W
(n = 20) and a larger group dosed with cemi-
plimab 3 mg/kg Q2W, warranting cemiplimab
fixed dose options to be considered. Evaluation
of a fixed dose regimen for cemiplimab also
involved extended dosing with reduced dosing
frequency to further improve convenience and
patient adherence.

Population PK (PopPK) modeling, which
provides an integrated assessment of PK in
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patient populations, usually across multiple
studies, is an important tool to guide dose
selection and to support critical drug develop-
ment decisions [14–16].

This study aims to select an every-3-week
(Q3W) fixed dose regimen of cemiplimab with
similar exposure as the initial 3 mg/kg Q2W
RP2D. Dose selection was based on simulations
of cemiplimab exposure by a PopPK model with
linear and dose proportional PK using cemi-
plimab concentration in serum data collected in
studies 1423 and 1540, where the majority of
the patients were dosed at 3 mg/kg Q2W. A
fixed 350 mg Q3W dose regimen that generated
similar cemiplimab exposure at steady state
(AUC6wk,ss, area under the cemiplimab concen-
tration–time curve over 6 weeks at steady state;
Cmax,ss, maximum concentration at steady state;
Cmin,ss, minimum concentration at steady state)
as 3 mg/kg Q2W was retained. Observed cemi-
plimab exposure at 350 mg Q3W, which
became available in patients with mCSCC
(group 3 of study 1540), was compared to the
simulated cemiplimab exposure at 350 mg Q3W
and to that observed at 3 mg/kg Q2W.

METHODS

Data

Blood samples to measure cemiplimab concen-
trations in serum were collected in study 1423
at the first cycle prior to and at the end of
infusion, after 1, 4, 8, 24, 48, and 72 h, and after
8, 15, 29, and 43 days; on days 1, 15, 29, and 43
prior to and/or at the end of infusion for cycles
2–6. Blood samples in study 1540 were collected
at the first cycle on days 1, 15, 29, and 43 prior
to and/or at the end of infusion. Sampling was
also carried out for cycles 2–7, 9, and 11 on
day 1 prior to and/or at the end of infusion. The
last cemiplimab blood samples were collected at
the end of study visit and/or at follow-up visits.
A validated enzyme-linked immunosorbent
assay with a lower limit of quantification of
0.078 mg/L was used to measure functional
cemiplimab concentrations in serum.

The cemiplimab concentration data used for
PopPK modeling were collected from 396

patients with advanced malignancies, including
88 patients with lung cancer, 47 with breast
cancer, 35 with skin cancer, 28 with liver can-
cer, 24 with cervical cancer, 23 with colorectal
cancer, 21 with head and neck cancer, 19 with
central nervous system cancer, 13 with pancre-
atic cancer, 11 with ovarian cancer, 9 with soft
tissue sarcoma, 7 with cancer of the uterus, 6
with prostate cancer, 5 with bladder cancer, 4
with adrenal cancer, 4 with esophageal cancer,
3 with basal cell carcinoma, 3 with stomach
cancer, 2 with salivary gland cancer, 2 with
kidney cancer, 2 with nasopharyngeal cancer, 1
with paranasal sinus cancer, 1 with rectal can-
cer, 1 with gall bladder cancer, 1 with thyroid
cancer, 1 with anal cancer, 1 with advanced
solid tumor, and 34 with other cancers in
study 1423, and from 109 patients with
advanced CSCC in study 1540. In these studies,
cemiplimab was administered as a 30-min IV
infusion. Patients received either weight-based
dosing of cemiplimab (1, 3, 10 mg/kg Q2W or
3 mg/kg Q3W; 96% of patients) or fixed dosing
(200 mg Q2W; 4% of patients). In 505 patients
with advanced malignancies included in this
analysis, median age was 65 (range 27–96) years,
296 (58.6%) patients were male, 456 (90.3%)
patients were Caucasian, median body weight
was 76.1 kg (range 30.9–156 kg; 2.5th percentile
47.7 kg; 97.5th percentile 117 kg), and median
body mass index was 26.5 (range 14.8–56.3) kg/
m2. Duration of treatment was up to 48 weeks
in study 1423 and up to 96 weeks in study 1540,
or until the patient had unacceptable toxicity or
confirmed disease progression. The studies were
ongoing at the time of last sample collection
(September 6, 2017 for study 1423 and October
6, 2017 for study 1540).

The 350 mg Q3W dose regimen was initially
proposed on the basis of preliminary calcula-
tions of cemiplimab exposure in a typical
patient (body weight 75 kg). In the preliminary
evaluation, cemiplimab exposure generated by
three Q2W cemiplimab doses of 3 mg/kg, the
RP2D, over a typical 6-week treatment period
was first calculated. Then the estimated cemi-
plimab exposure over 6 weeks was used to
identify a Q3W dose administered twice in the
same 6-week timeframe. The cemiplimab expo-
sure generated by the preliminarily selected
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350 mg Q3W dose regimen was subsequently
simulated using PopPK modeling and simula-
tions and then confirmed by observed data in
patients from study 1540.

PopPK Model Development
and Simulations

The PopPK model was developed in three stages
by non-linear mixed-effects modeling using
NONMEM� (7.4, ICON Development Solutions,
Ellicott City, Maryland, USA) [17]. At stage 1, a
base model describing the PK of cemiplimab
without covariate considerations was created.
Various base model structures were evaluated,
including linear two-compartment models with
an empirical non-linear function describing
time-varying change in cemiplimab clearance.
At stage 2, a full covariate model, incorporating
all pre-specified covariate parameters, was
developed. The assessed covariates included
body weight, albumin concentration, creatinine
concentration, creatinine clearance, total
bilirubin concentration, tumor type (CSCC,
NSCLC, and others; mCSCC vs. laCSCC), and
disease characteristics (Eastern Cooperative
Oncology Group score 0, 1, or 2) at baseline. At
stage 3, a final PopPK model retaining the
covariates that improved goodness-of-fit was
established. The PopPK model was validated by
bootstrap methods and visual predictive checks.

Population-predicted post hoc estimates of
concentration–time profiles upon multiple
dosing of cemiplimab at 3 mg/kg Q2W and
350 mg Q3W were generated on the basis of the
study patient population (505 patients; body
weight range 30.9–156 kg; median 76.1 kg)
using the final PopPK model with all retained
covariates for cemiplimab. In the PopPK model,
steady state was considered reached after
16 weeks of treatment. Exposure metrics at
steady state (Cmax,ss, Cmin,ss, and AUC6wk,ss) were
reported. AUC6wk,ss was estimated over a 6-week
treatment period at steady state to directly
compare cemiplimab exposure across the two
dosing regimens over a similar treatment per-
iod. The evaluated 6-week treatment period at
steady state covered three Q2W doses and two
Q3W doses of cemiplimab. These post hoc

estimates were compared in terms of overall
exposure (mean values) and variability in
exposure (standard deviation) and were used to
describe the effect of body weight on cemi-
plimab exposure with 3 mg/kg Q2W versus
350 mg Q3W dose regimens. In addition, sim-
ulations over a 24-week cemiplimab adminis-
tration period in 2000 typical patients with
advanced malignancies (body weight range
30.9–156 kg; median 76.1 kg) were performed to
generate the full cemiplimab concentra-
tion–time profiles for the two dose regimens.

Confirmation of Fixed Dose Selection

Upon selection of the 350 mg Q3W dose regi-
men on the basis of PopPK modeling and sim-
ulations, as described above, a third group of
patients with mCSCC in study 1540 were dosed
at 350 mg Q3W after completion of enrollment
in the first two groups (both dosed at 3 mg/kg
Q2W). As such, additional cemiplimab con-
centration data became available by October 10,
2018 in 53 patients who received cemiplimab
350 mg Q3W. An overlay of the individual
observed cemiplimab concentration data in 51
patients who received cemiplimab 350 mg Q3W
on the simulated concentration–time profiles of
the same dose regimen was performed to con-
firm accuracy of the PopPK modeling and sim-
ulations approach for dose selection. Data from
two patients who had received a lower first dose
of cemiplimab (216 mg and 240 mg, respec-
tively) were excluded.

Compliance with Ethics Guidelines

Studies were conducted in accordance with the
principles of the Declaration of Helsinki and the
International Conference on Harmonisation
Guidelines for Good Clinical Practice. The study
protocol was approved by ethics committees
(committee names and reference numbers are
available in the Supplementary Material).
Informed consent was obtained from all indi-
vidual participants included in the study. This
article does not contain any studies with ani-
mals performed by any of the authors.
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RESULTS

PopPK Model

A linear two-compartment PopPK model with
zero-order IV infusion rate and first-order elim-
ination rate described the PK of cemiplimab
well. Several covariates, including baseline body
weight, body mass index, albumin and IgG
concentrations in serum, significantly
improved the model (p\ 0.01). However, the
effect of these covariates on cemiplimab con-
centrations was found to be not clinically rele-
vant (impact of covariates on cemiplimab
exposure\20%; within the typical observed PK
variability of approximately 30%). The effect of
body weight is further described below on the
basis of simulated cemiplimab concentrations.
The PopPK model characteristics, including the
individual error model, and the individual PK
parameters, are described in detail in a separate
publication [17]. Key post hoc PK parameters
[mean (coefficient of variation)] of cemiplimab
in 505 patients at steady state predicted by the
final PopPK model included a volume of distri-
bution of 5.20 L (24.3%) and an elimination
half-life of 19.2 days (29.5%). Cemiplimab
clearance decreased by 34.6% from 0.33 L/day
(40.0%) after the first dose to 0.21 L/day (39.5%)
at steady state (Table 1).

Simulated Cemiplimab Concentrations
Supporting Fixed Dose Selection

Simulated cemiplimab concentration–time
profiles in 2000 typical patients indicate that at
steady state cemiplimab concentrations in
serum were similar with 350 mg Q3W versus
3 mg/kg Q2W dose regimens (Fig. 1). The mean
values for post hoc estimates of cemiplimab
exposure in 505 patients after the first dose and
at steady state are presented in Table 2. As
expected from the difference in dose regimens
(dose level and frequency), while cemiplimab
concentrations after the first dose were slightly
different, they were similar at steady state
(AUC6wk,ss, Cmax,ss, and Ctrough,ss). The variabil-
ity in exposure, as indicated by standard devia-
tions of exposure metrics at steady state, was
also similar with the two dose regimens. The
frequency distribution of post hoc estimates of
AUC6wk,ss at 3 mg/kg Q2W and 350 mg Q3W
(Fig. 2) indicated that weight-based dosing did
not reduce inter-patient variability in cemi-
plimab exposure, supporting the preference for
a fixed dose regimen. The 350 mg Q3W and
3 mg/kg Q2W dose regimens were expected to
generate similar cemiplimab exposures, as
demonstrated by overlapping frequency distri-
butions, similar median AUC6wk,ss values, and
similar range in exposure.

The effect of body weight on cemiplimab
exposure with the two dose regimens was
described by post hoc estimates of cemiplimab
exposure by baseline body weight in 505

Table 1 Post hoc cemiplimab PK parameters in patients with solid tumors estimated by the final PopPK model (n = 505)

Parameter Mean (coefficient of variation)

t1/2,2/3wk (days) 12.5 (22.4%)

t1/2,ss (days) 19.2 (29.5%)

Baseline clearance (L/day) 0.33 (40.0%)

Clearance at steady state (L/day) 0.21 (39.5%)

Reduction in clearance (%) 34.6 (28.5%)

Volume of distribution (L) 5.20 (24.3%)

PK pharmacokinetics, PopPK population PK, t1/2,2/3wk elimination half-life of cemiplimab after first dose, t1/2,ss elimination
half-life of cemiplimab at steady state
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patients across the full body weight range of
30.9–156 kg (Fig. 3). Patients with higher body
weight showed a trend of higher cemiplimab
exposure with 3 mg/kg Q2W; the trend was
reversed for 350 mg Q3W. The same trend was
shown by post hoc estimates of cemiplimab
exposure at extreme body weights of 2.5th
percentile (47.7 kg) and 97.5th percentile
(117 kg) in Table 3.

Observed Cemiplimab Concentration
Data Supporting Fixed Dose Selection

An overlay of individual observed cemiplimab
concentrations in 51 patients who received
cemiplimab 350 mg Q3W and simulated con-
centration–time profiles from 2000 patients
dosed with cemiplimab 350 mg Q3W showed
comparable cemiplimab exposure (Fig. 4),
demonstrating the robustness of the PopPK
model in predicting cemiplimab exposure to
support dose selection. In summary, similarity

Fig. 1 Simulated cemiplimab concentration–time profiles
in patients with advanced malignancies (n = 2000). Plots
show the median (black line) and 95% CI (gray area) of
simulated cemiplimab concentration–time profiles from

2000 patients with advanced malignancies. CI confidence
interval, Q2W every 2 weeks, Q3W every 3 weeks

Table 2 Post hoc cemiplimab exposure estimates after first dose and at steady statea (n = 505)

After first dose At steady state

3 mg/kg Q2W 350 mg Q3W 3 mg/kg Q2W 350 mg Q3W

Cmax,2wk, mg/L 69.5

(16.1)

Cmax,3wk, mg/L 107

(26.3)

Cmax,ss, mg/L 135

(38.4)

Cmax,ss, mg/L 166

(46.1)

Ctrough,2wk, mg/L 18.9

(5.73)

Ctrough,3wk, mg/L 20.4

(7.61)

Ctrough,ss, mg/L 65.7

(28.1)

Ctrough,ss, mg/L 58.7

(28.0)

AUC0–6wk,

day 9 mg/L

1880

(520)

AUC0–6wk,

day 9 mg/L

2050

(606)

AUC6wk,ss,

day 9 mg/L

3710

(1330)

AUC6wk,ss,

day 9 mg/L

3800

(1410)

AUC0–6wk area under cemiplimab concentration–time curve integrated over 0–6 weeks, AUC6wk,ss area under cemiplimab
concentration–time curve over 6 weeks at steady state, Cmax,2/3wk maximum concentration after the first dose at week 2 or
week 3, Cmax,ss maximum concentration at steady state, Ctrough,2/3wk minimum concentration after the first dose at week 2 or
week 3, Ctrough,ss minimum concentration at steady state, Q2W every 2 weeks, Q3W every 3 weeks, SD standard deviation
a All data are presented as mean (± SD)
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in cemiplimab exposure at steady state was
confirmed by observed data at 3 mg/kg Q2W
and 350 mg Q3W in patients with advanced
CSCC in study 1540 (Table 4).

DISCUSSION

On the basis of cemiplimab PK characteristics
and supported by PopPK modeling and simula-
tions, the fixed 350 mg Q3W dose regimen of
cemiplimab was selected to maintain cemi-
plimab concentration in serum similar to the
initial weight-based 3 mg/kg Q2W RP2D. These
PopPK modeling and simulations results, con-
firmed by observed cemiplimab concentration
in serum data in 51 patients with mCSCC from
study 1540, supported approval of the fixed
cemiplimab 350 mg Q3W dose regimen by the
US FDA (cemiplimab-rwlc) and the European
Commission [2, 3].

Cemiplimab potently blocks the interactions
of PD-1 with PD-L1 and PD-L2 [1]. This mech-
anism of action does not depend on direct
engagement of cemiplimab with tumor cells;
thus, substantial differences in PK are not
expected across different tumor types. Indeed,
for both the 3 mg/kg Q2W and 350 mg Q3W
dose regimens in this study, the cemiplimab
concentration data were similar in the overall
analysis set of patients with advanced malig-
nancies and the subset of patients with
advanced CSCC. Similarly, a study of pem-
brolizumab using pooled data from three clini-
cal trials in advanced melanoma, NSCLC, and
other solid tumor types showed that pem-
brolizumab concentrations were similar across
multiple oncology indications [18]. A PopPK
analysis for nivolumab indicated that tumor
type and burden had significant, but not clini-
cally relevant, effect on nivolumab clearance
[19].

Fig. 2 Distribution of post hoc cemiplimab AUC6wk,ss

estimates in patients with advanced malignancies
(n = 505). Plot shows the median (dashed line) and
density (shaded area) of cemiplimab AUC6wk,ss

distributions. AUC6wk,ss area under cemiplimab concen-
tration–time curve over 6 weeks at steady state, IV
intravenous, Q2W every 2 weeks, Q3W every 3 weeks
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In study 1423, cemiplimab exposure and
variability in exposure were similar among
patients with advanced malignancies dosed
with cemiplimab 200 mg Q2W (n = 20) versus a
larger patient population dosed with cemi-
plimab 3 mg/kg Q2W. In the present study,
cemiplimab 350 mg Q3W provided comparable

exposure and inter-patient variability in expo-
sure to 3 mg/kg Q2W. These results are consis-
tent with those from a review of dosing
strategies for mAbs, which showed that the
difference of variability in exposure between
weight-based and fixed dosing was generally
less than 20% [6]. These results are also

Fig. 3 Post hoc cemiplimab exposure estimates by baseline
body weight (n = 505). AUC6wk area under cemiplimab
concentration–time curve over 6 weeks, Ctrough,ss

minimum concentration at steady state, Q2W every
2 weeks, Q3W every 3 weeks

Table 3 Post hoc cemiplimab exposure estimates for extreme body weights at steady statea (n = 505)

Dose regimen Body weight, kg AUC6wk,ss, day 3 mg/L Cmax,ss, mg/L Cmin,ss, mg/L

3 mg/kg Q2W 47.7 (2.5th percentile) 2920 (± 1210) 116 (± 34.3) 51.4 (± 27.6)

3 mg/kg Q2W 117 (97.5th percentile) 4620 (± 1770) 158 (± 48.2) 90.3 (± 41.6)

350 mg Q3W 47.7 (2.5th percentile) 4770 (± 1980) 231 (± 60.8) 71.1 (± 43.0)

350 mg Q3W 117 (97.5th percentile) 3070 (± 1180) 122 (± 33.8) 53.9 (± 26.8)

AUC6wk,ss area under cemiplimab concentration–time curve over 6 weeks at steady state, Cmax,ss maximum concentration at
steady state, Cmin,ss minimum concentration at steady state, Q2W every 2 weeks, Q3W every 3 weeks, SD standard deviation
a All data are presented as mean (± SD) except body weight
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consistent with findings from a dosing strategy
study of pembrolizumab in patients with can-
cer, in which fixed (200 mg Q3W) and weight-
based (2 mg/kg Q3W) dose regimens were both
found appropriate [9]. A similar dosing strategy
was reported for nivolumab with a switch from
3 mg/kg Q2W to 240 mg Q2W [20]. A review of
fixed versus weight-based dosing in multiple
disease areas, including oncology, showed that
fixed and weight-based dosing approaches per-
formed similarly across the 12 mAbs investi-
gated [7]. Furthermore, previous studies of
anti–PD-1 therapies demonstrated a consider-
able therapeutic margin, as evidenced by rela-
tively flat exposure–response relationships, for
both clinical efficacy and safety, over a wide
dosing range, providing flexibility in dose
selection [12, 13]. In addition to changing from
weight-based to fixed dose, our optimization
also extended the dosing frequency from Q2W
to Q3W, with the intention to provide further

convenience to patients and physicians to
encourage treatment compliance.

In this study, similar overall variability in
cemiplimab exposure at 350 mg Q3W and
3 mg/kg Q2W was shown by PopPK simulations
in patients with extreme body weights and
across the full body weight range of
30.9–156 kg. As such, the lower-than-average
exposure in patients with high body weight at
350 mg Q3W was comparable to the lower-
than-average exposure in patients with low
body weight at 3 mg/kg Q2W. The lower-than-
average cemiplimab exposure with either dose
was insignificant and was therefore expected to
have minimal impact on clinical efficacy, con-
sidering that clinical efficacy was observed at a
dose level as low as 1 mg/kg Q2W in study 1423
and the exposure–response relationships are
generally flat in anti–PD-1 therapies including
cemiplimab over the concentration range stud-
ied [2, 12, 13]. Similarly, the higher-than-

Fig. 4 Overlay of observed and simulated cemiplimab
concentration–time profiles at 350 mg Q3W. Plot shows
the median (black line) and 95% CI (gray area) of
simulated cemiplimab concentration–time profiles in 2000
patients with advanced malignancies overlaid with
observed data (dots) from patients with advanced CSCC
in study 1540. Only individual PK data from patients who
were compliant with the cemiplimab 350 mg Q3W dosing

regimen are shown. Data from 51 out of 53 patients in
study 1540 group 3 are presented in this figure; data from
2 patients who had received a lower first dose of
cemiplimab (216 mg and 240 mg, respectively) were
excluded. CI confidence interval, CSCC cutaneous squa-
mous cell carcinoma, PK pharmacokinetics, Q3W every
3 weeks.
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average cemiplimab exposure in patients with
low body weight at 350 mg Q3W was compa-
rable to the higher-than-average exposure in
patients with high body weight at 3 mg/kg
Q2W. The safety profile of cemiplimab in
patients with higher-than-average cemiplimab
exposure with either dose was not expected to
show marked differences comparing to that in
patients with lower exposure, considering that
no dose-limiting toxicities were observed at a
dose level as high as 10 mg/kg Q2W in
study 1423 and the exposure–response rela-
tionships over the studied concentration range
are generally flat for anti–PD-1 therapies
including cemiplimab [2, 12, 13]. Indeed, sub-
sequent results in patients with mCSCC dosed
with cemiplimab 350 mg Q3W in group 3 of
study 1540 demonstrated antitumor activity
and a safety profile comparable to those in
patients in group 1 with mCSCC and in group 2
with laCSCC that received cemiplimab 3 mg/kg
Q2W [4, 21–23].

The validation of results generated by PopPK
modeling and simulations in this study was
limited by the availability of data from clinical
studies and can be further improved as more
data from ongoing cemiplimab studies become
available.

CONCLUSIONS

This study outlined the cemiplimab IV dosing
strategy to move from the body weight-based
3 mg/kg Q2W dosing in the FIH study to the
extended fixed 350 mg Q3W dosing based on
similarity in exposure, as demonstrated by
PopPK modeling and simulations and con-
firmed by a limited dataset from patients with
mCSCC in the 350 mg Q3W dose group in
study 1540. This similarity in cemiplimab
exposure, together with clinical efficacy and
safety findings, supported approval of cemi-
plimab 350 mg Q3W by the US FDA (cemi-
plimab-rwlc) and by the European Commission
for treatment of patients with mCSCC or
laCSCC who are not candidates for curative
surgery or curative radiation. The cemiplimab
IV 350 mg Q3W dose regimen is being further
investigated in multiple indications.
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