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Abstract
Background and Objectives MCLA-128 is a bispecific monoclonal antibody targeting the HER2 and HER3 receptors and is 
in development to overcome HER3-mediated resistance to anti-HER2 therapies. The aims of this analysis were to character-
ize the population pharmacokinetics of MCLA-128 in patients with various solid tumors, to evaluate patient-related factors 
that affect the disposition of MCLA-128, and to assess whether flat dosing is appropriate.
Methods MCLA-128 concentration data following intravenous administration were collected in a phase I/II clinical trial. 
Pharmacokinetic data were analyzed using non-linear mixed-effects modeling. Different compartmental models were evalu-
ated. Various body size parameters including body weight, body surface area, and fat-free mass were evaluated as covariates 
in addition to age, sex, HER2 status, and tumor burden.
Results In total, 1115 serum concentration measurements were available from 116 patients. The pharmacokinetics of MCLA-
128 was best described by a two-compartment model with linear and non-linear (Michaelis–Menten) clearance. Fat-free mass 
significantly affected the linear clearance and volume of distribution of the central compartment of MCLA-128, explaining 
8.4% and 5.6% of inter-individual variability, respectively. Tumor burden significantly affected the non-linear clearance capac-
ity. Simulations demonstrated that dosing based on body size parameters resulted in similar area under the plasma concentra-
tion-time curve for a dosing interval (AUC 0–τ), maximum and trough concentrations of MCLA-128, compared to flat dosing.
Conclusions This analysis demonstrated that the pharmacokinetics of MCLA-128 exhibits similar disposition characteristics to 
other therapeutic monoclonal antibodies and that a flat dose of MCLA-128 in patients with various solid tumors is appropriate.

1 Introduction

MCLA-128 is a full-length, humanized, immunoglobulin 
G1-bispecific monoclonal antibody with enhanced anti-
body-dependent cell-mediated cytotoxicity  (ADCC). It 

targets the HER2 and HER3 transmembrane receptor tyros-
ine kinases. The mechanism of action is expected to rely on 
direct inhibition of tumor growth by blocking HER2:HER3 
signaling and, via ADCC leading to elimination of tumor 
cells via recruitment of immune effector cells to tumor cells 
that have bound MCLA-128 [1, 2]. MCLA-128 is devel-
oped to overcome HER3-mediated resistance to epider-
mal growth factor receptor and HER2-targeted therapies 
in patients with HER2-overexpressing or HER2-amplified 
tumors.

Current HER2-targeted therapies are approved for HER2-
amplified breast and gastric cancers, either as a single agent 
or in combination with other anticancer drugs [3, 4]. A pro-
portion of patients treated with these therapies, however, 
show primary or acquired resistance [5, 6]. Resistance is 
often mediated by HER3 activation, either by upregulation 
of HER3 receptors in HER2-amplified tumors, or directly 
by the HER3 ligand, heregulin. Upregulation of HER3 in 
HER2-amplified tumors can result in ligand-independent 
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dimerization of HER3 with HER2 and enhanced cell sur-
vival [7]. Alternatively, heregulin, drives dimerization of 
HER3 with HER2, resulting in potent activation of the 
PI3K/AKT pathway leading to enhanced growth and sur-
vival of HER2-amplified tumors. Heregulin stimulation was 
shown to mediate resistance to trastuzumab and lapatinib 
therapy [7–9]. The targeting of HER2 and HER3 by MCLA-
128 could overcome this resistance. In vitro results have 
shown that MCLA-128 inhibits proliferation of HER2 over-
expressing and HER2-low cells stimulated with heregulin. 
It also shows significantly higher potency than lapatinib, 
trastuzumab alone, or the combination of trastuzumab and 
pertuzumab [1, 2]. In vivo MCLA-128 demonstrates potent 
anti-tumor activity in relevant xenograft models [10]. Previ-
ously, the pharmacokinetics of MCLA-128 in cynomolgus 
monkeys were described by a two-compartment model with 
linear and non-linear clearance from the central compart-
ment [10].

The objectives of this analysis are to characterize the 
population pharmacokinetics of MCLA-128 in patients with 
various solid tumors included in a phase I/II trial, identify 
patient-related factors that potentially influence the dispo-
sition of MCLA-128, and evaluate whether flat dosing of 
MCLA-128 would be appropriate. The first-in-human start-
ing dose of MCLA-128 was partly based on simulations 
performed using the preclinical pharmacokinetic model. 

Therefore, the appropriateness of animal-to-human phar-
macokinetic scaling was evaluated for MCLA-128.

2  Materials and Methods

2.1  Generation of MCLA‑128

MCLA-128 was engineered using proprietary CH3 tech-
nology, and comprises two identical common light chains 
and two different heavy chains (anti-HER2 and anti-HER3). 
ADCC enhancement was achieved by low fucose glycoengi-
neering using the  GlymaxX® technology [2]. MCLA-128 is 
added to a saline solution before administration.

2.2  Data

This analysis was performed on data from patients in a phase 
I/II clinical trial (NCT02912949) of MCLA-128. The pro-
tocol was approved by the ethics committees of seven par-
ticipating centers and all patients provided written informed 
consent before study entry. Data were pooled from the 
dose-escalation and dose-expansion cohorts. Patients in the 
dose-escalation cohorts were treated with flat doses ranging 
between 40 mg and 900 mg of MCLA-128, administered 
every 3 weeks (q3wk) and patients in the dose-expansion 
cohort were treated with a flat dose of 750 mg of MCLA-
128, administered q3wk. MCLA-128 was administered intra-
venously as a 1-h (dose levels ≤ 360 mg) or 2-h infusion 
(dose levels > 360 mg). Patients with advanced solid tumors 
were included in the dose-escalation cohorts. Patients 
with selected advanced solid tumors (HER2 + gastric, 
HER2 + breast, endometrium, esophagus-gastric junction, 
colon, and non-small-cell lung carcinoma) were included in 
the dose-expansion cohort.

For the assessment of MCLA-128 pharmacokinetics, 
serum samples were collected on day 1 of cycle 1 at pre-
dose, end of infusion, and 1, 2, 4, 8, and 24 h after end of 
infusion, any time on day 3 or 4, 8 and 15, and on day 1 
of cycle 2, 3, and 4 at pre-dose and end of infusion. Sam-
ples were shipped frozen on dry ice and stored at − 80 °C 
until analysis. MCLA-128 was quantified in serum using 
a validated electrochemiluminescence immunoassay, with 
a lower limit of quantification (LLOQ) of 50 ng/mL. The 
intra- and inter-assay precision and accuracy of the method 
were within the target limits of 25% at the lower limit of 
quantification and within 20% for all other concentrations. 
Selectivity of MCLA-128 from human serum was reproduc-
ible and acceptable.

Key Points 

MCLA-128 is a bispecific monoclonal antibody targeting 
HER2 and HER3 receptors and was evaluated in a phase 
I/II clinical trial in patients with various solid tumors.

Pharmacokinetics of MCLA-128 were described by 
a two-compartment model with linear and non-linear 
clearance and fat-free mass was identified to significantly 
affect clearance and volume of distribution of the central 
compartment.

Tumor burden was identified to significantly affect non-
linear clearance capacity of MCLA-128.

Regardless of the fat-free mass effect on the disposition 
of MCLA-128, flat dosing of MCLA-128 is appropriate 
in patients with solid tumors.

A previously published preclinical pharmacokinetic 
model for MCLA-128 was able to predict clinical expo-
sure to MCLA-128.
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2.3  Population Pharmacokinetic Analysis

2.3.1  Structural Model

Non-linear mixed-effects modeling was used for the popu-
lation pharmacokinetic analysis. The preclinical modeling 
analysis in cynomolgus monkeys identified a two-compart-
ment model with linear and non-linear (Michaelis–Menten) 
clearance from the central compartment to best describe 
pharmacokinetic data of MCLA-128 [10]. Such model struc-
tures have been well established for the pharmacokinetics 
of other monoclonal antibodies as well, where the linear 
clearance describes FcRn-mediated clearance of monoclonal 
antibodies and the non-linear clearance target-mediated drug 
disposition [11]. Therefore, a two-compartment model was 
used as a starting point for the structural model building of 
the population pharmacokinetic analysis and the following 
parameters were estimated: linear clearance (CL), intercom-
partmental clearance (Q), volumes of distribution of the cen-
tral and peripheral compartment (V1 and V2, respectively), 
the maximum elimination rate of the non-linear clearance 
(Vmax), and the Michaelis–Menten constant (Km). One- and 
two-compartment models with only linear clearance were 
also evaluated.

2.3.2  Statistical Model

Inter-individual variability (IIV) was evaluated for each of 
the pharmacokinetic parameters using an exponential model:

where Pi is the individual parameter estimate for individual 
i , Pg is the covariate-scaled population parameter, and �i is 
the individual value of IIV for subject i , with � following 
a normal distribution N

(

0,�2
)

 . Off-diagonal elements of 
the variance–covariance matrix were evaluated to identify 
covariances between the individual random effects. Sub-
sequently, correlations between the random effects were 
derived from the covariances. To account for the difference 
between observed MCLA-128 concentrations and model-
predicted concentrations, a proportional and a combined 
proportional and additive residual error model were evalu-
ated. Data points below the LLOQ were imputed as LLOQ/2 
(0.025 mg/L) and additive residual variability was fixed to 
this value [12].

2.3.3  Covariate Analysis

Continuous (age, height, body weight, tumor burden, body 
surface area [BSA] and fat-free mass [FFM] at baseline) and 
categorical (sex and HER2 status) covariates were evalu-
ated for inclusion in the model. For continuous covariates, 

Pi = Pg × exp
(

�i
)

,

missing values were imputed by the median value. Body 
weight, BSA, and FFM were independently tested for their 
effect on CL, V1, and Vmax. BSA and FFM were calculated 
using the following equations [13]:

where WT is body weight in kilograms, HT is height in 
centimeters, and BMI is body mass index.

Additionally, the magnitude of target expression is 
expected to affect the capacity of target-mediated clear-
ance. Therefore, HER2 status, determined by fluorescence 
in situ hybridization, was evaluated as a covariate on Vmax 
in addition to tumor burden at baseline, defined as the sum 
of the longest diameters of the target lesions. Age and sex 
were evaluated on CL and V1. Because body size measures 
are influenced by sex, sex was only evaluated with body 
size covariates already included in the model. Continuous 
covariates were implemented using the following equation:

where Pg is the covariate-scaled population parameter, 
Ppop is the population parameter, �cov is the covariate effect 
parameter, and COV is the continuous covariate value. 
Dichotomous covariates were implemented as follows:

where �cov represents the fractional change in the population 
parameter and COVD is the dichotomous covariate. HER2 
status was missing for part of the population (33%). The 
effect of HER2 status on Vmax was therefore evaluated in 
two analyses: (1) an analysis including the subpopulation for 
whom HER2 status was available (n = 83) and (2) estimat-
ing a separate Vmax parameter for the missing group. The 
selected covariates were evaluated using a forward-inclusion 
and backward-elimination method. For forward inclusion, 
a significance level of p < 0.01 was used, corresponding to 
a decrease of objective function value (OFV) of  > 6.63. A 
significance level of p < 0.005 was set for backward elimina-
tion, corresponding to an increase of OFV of  > 7.88.

BSA =

√

WT × HT

3600

BMI = WT∕
(

HT

100

)2

FFMmen =
9.27 × 103 ×WT

6.68 × 103 + 216 × BMI

FFMwomen =
9.27 × 103 ×WT

8.78 × 103 + 244 × BMI

Pg = Ppop ×

(

COV

Median(COV)

)�cov

Pg = Ppop ×
(

�cov
)COVD
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2.3.4  Model Evaluations

Models were evaluated based on general goodness-of-fit 
plots, mechanistic plausibility, stability and precision of 
parameter estimates, and change in OFV where p < 0.01 was 
considered significant (OFV drop of > 6.63, with 1 degree 
of freedom). In addition, visual predictive checks (VPCs) 
were performed to evaluate the performance of the model. 
Parameter uncertainty was obtained from the default covari-
ance step in NONMEM and from the sampling importance 
resampling method [14].

2.3.5  Software

Non-linear mixed-effects modeling was performed using 
NONMEM (version 7.3.0, ICON Development Solutions, 
Ellicott City, MD, USA) and Perl-speaks-NONMEM (ver-
sion 4.4.8) [15, 16]. All models were estimated using the 
first-order conditional estimation method with η–ε interac-
tion. Pirana (version 2.9.2) was used as graphical user inter-
face [17]. Data handling, graphical evaluation, and simula-
tions were performed using R (version 3.3.1) [18].

2.4  Simulations

To evaluate whether flat dosing of MCLA-128 is appropri-
ate for this patient population, simulations were performed. 
First, the combinations of body weight, height, sex, and 
tumor burden for the simulation dataset were randomly sam-
pled (with replacement) from the original dataset (n = 116), 
with even proportions of male and female subjects. The com-
binations of weight, height, and sex values were sampled 
as fixed combinations, to preclude sampling of irrational 
weight, height, and sex combinations. Tumor burden was 
not correlated with tumor type or sex. Subsequently, con-
centration–time profiles of MCLA-128 were simulated for 
patients receiving a 750-mg flat dose, 420 mg/m2, 11 mg/kg, 
and 17 mg/kg of FFM MCLA-128 administered once q3wk 
in an intravenous infusion of 2 h, using the final model. The 
weight-based dosages were rounded and chosen such that 
the median BSA, weight, and FFM in the study population 
(1.78 m2, 68.2 kg and 43.1 kg FFM) corresponded to a flat 
dose of 750 mg. Each simulation dataset consisted of 3000 
patients (n = 1000 per dose group). The area under the con-
centration-time curve for a dosing interval (AUC 0–τ), maxi-
mum concentration (Cmax), average concentration (Cave), and 
trough concentrations (Ctrough) on day 21 were assessed and 
compared between the flat, BSA-based, and weight-based 
dosing groups. Simulated negative concentrations were fixed 
to 0.001 mg/L.

Additional simulations were performed to evaluate the 
translational and predictive performance of the previously 
developed preclinical pharmacokinetic model, which was 

based on data from cynomolgus monkeys and for this pur-
pose allometrically scaled to humans [10]. A VPC was 
performed using the original clinical dataset including only 
observations and dose records of patients who received 
the 750-mg flat dose of MCLA-128. The mean and range 
of the simulated exposures (n = 100 per patient), defined 
by AUC 0–last timepoint was compared to the observed AUC 
0–last timepoint, using a non-compartmental analysis.

3  Results

3.1  Data

Pharmacokinetic data were available for 116 patients. Of 
these 116 patients, 93 patients received a dose of 750 mg 
q3wk. The remaining patients received 40 mg (n = 1), 
80 mg (n = 2), 160 mg (n = 1), 240, 360, and 480 mg (each 
n = 3), 600 mg (n = 7), and 900 mg (n = 3) of MCLA-
128. In total, 1115 observations, with a median [range] 
of 10 [1–10] observations per patient, were included in 
the analysis. Overall, 22 of the 1115 observations (2%) 
were below the LLOQ and fixed to a value of 0.025 mg/L 
(LLOQ/2). Patient demographics are depicted in Table 1. 
Height was missing for one female patient with a rela-
tive high weight and one male patient with a relative low 
weight; therefore, the median height of the population 
(164 cm) was imputed, instead of median height per sex 
group.

3.2  Pharmacokinetic Model

A two-compartment model with parallel linear and non-lin-
ear clearances from the central compartment best described 
the data (adding a second compartment to a one-compart-
ment model with linear clearance decreased OFV by 4059 
points and adding non-linear clearance to a two-compart-
ment model with linear clearance decreased the OFV by 
384 points). The non-linear clearance was described using 
Michaelis–Menten kinetics. The final model structure was 
defined by the following differential equations:

where CL represents the linear clearance, Q is the intercom-
partmental clearance, V1 is the volume of distribution in the 
central compartment, V2 is the volume of distribution in the 
peripheral compartment, A1 is the amount of drug in the 
central compartment, Vmax is the maximum elimination rate, 

d
(

A1

)

d(t)
= −

CL

V1

× A1 −
Vmax × C1

Km + C1

−
Q

V1

× A1 +
Q

V2

× A2

d(A2)

d(t)
=

Q

V1

× A1 −
Q

V2

× A2
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C1 is the drug concentration in the central compartment, 
Km is the drug concentration at which half the drug targets 
are occupied, and A2 is the amount in the peripheral com-
partment. A combined proportional and additive residual 
error model described residual variability best. Body size 
parameters of body weight, BSA, and FFM were all, uni-
variately, identified as significant covariates affecting CL 
and V1, where FFM provided the best model fit and led to an 
OFV drop of 131. Fat-free mass explained 8.4% of IIV in CL 
and 5.6% of IIV in V1. After implementation of sex-specific 
FFM in the model, sex had no significant additional impact 
on the pharmacokinetic parameters of MCLA-128. Observed 
sex differences in concentration–time curves were thus 
explained by the sex-specific differences in FFM (median 
of 58.7 kg FFM in men vs 39.8 kg FFM in women). In addi-
tion, age and HER2 status had no significant effect on the 
pharmacokinetics of MCLA-128. Tumor burden was identi-
fied to significantly affect the non-linear clearance capacity, 
explaining 4.7% of IIV in Vmax (OFV drop of 10 points). 
The parameter estimates of the final model are depicted 
in Table 2. The 95% confidence intervals of the sampling 
importance resampling indicated that parameter estimates 
were precise. In addition, the VPC, stratified on the different 

dose groups demonstrated a good model fit across the dose 
range evaluated (Fig. 1). 

3.3  Simulations

Simulations of the final model with flat, body weight-based, 
BSA-based, and FFM-based doses demonstrated compara-
ble values of AUC 0−τ, Cmax, Cave, and Ctrough concentrations 
and comparable coefficients of variation (Table 3). In addi-
tion, the different dosing strategies demonstrate comparable 
Ctrough concentrations over different weight groups (Fig. 2), 
indicating that weight, FFM- or BSA-based dosing does not 
substantially lower variability in exposure between patients, 
compared to flat dosing of MCLA-128. Moreover, the effect 
of body size parameters on CL and V1 on exposure param-
eters is minimal. Approximately 3% of the simulated con-
centrations were below zero and fixed to 0.001 mg/L. 

In addition, to obtain some insight into the expected 
pharmacological activity after a flat dose of 750 mg given 
q3wk, target receptor occupancies (RO) were predicted for 
the mean serum peak and trough concentrations of MCLA-
128 (222.7 and 1.40 mg/L, respectively) based on the dis-
sociation constants for HER2 (0.467  mg/L) and HER3 
(0.292 mg/L). [2] This resulted in predicted RO percentages 
of 99.8% and 99.9% at Cmax and 75% and 82.8% for HER2 
and HER3 at Ctrough, respectively.

The simulations performed with the preclinical phar-
macokinetic model, scaled from cynomolgus monkeys to 
humans, were compared to the observed pharmacokinetic 
data in a VPC (Fig. 3, left panel). Observations were slightly 
overpredicted using the preclinical model. In addition, high 
variability was observed at the lower concentrations. In the 
clinical pharmacokinetic model, IIV on Vmax was included, 
to account for the differences in HER2 or HER3 expression 
between patients. Including IIV on Vmax in the preclinical 
model showed a better prediction of the lower concentrations 
observed in patients (Fig. 3, right panel). In addition, the 
observed AUC 0–last timepoint was in the range of the simulated 
AUC 0–last timepoint (n = 100) for 92% of patients.

4  Discussion

The pharmacokinetics of MCLA-128 were best described 
by a two-compartment model with parallel linear and non-
linear clearance from the central compartment. The esti-
mated parameters of the final model were in accordance with 
the general pharmacokinetic characteristics of therapeutic 
monoclonal antibodies as previously described [11, 19]. The 
following median (range) values were reported for mono-
clonal antibodies: 3.1 L (2.4–5.5) and 2.8 L (1.3–6.8) for V1 
and V2, respectively, and 0.013 L/h (0.003–0.223) for CL. 
Estimations for Vmax and Km varied widely among different 

Table 1  Demographics and characteristics of patients included in the 
analysis at study entry

BSA body surface area, FFM fat-free mass [12]

n = 116
Median [range]

Age (years) 59 [25–83]
Weight (kg) 68.2 [40.2–112]
Height (cm) 164 [147–199]
BSA  (m2) 1.78 [1.30–2.33]
FFM (kg) 43.1 [28.6–72.45]
Sum of lesions (mm) 70.0 [12.0–266]

Number of patients (%)

Sex
 Female 76 (65.5)
 Male 40 (34.5)

HER2 status
 Positive 34 (29.3)
 Negative 49 (42.2)
 Unknown 33 (28.5)

Tumor type
 Breast 17 (14.7)
 Colorectal 9 (7.8)
 Endometrium 13 (11.2)
 Gastric 25 (21.5)
 Lung 8 (6.9)
 Ovarian 36 (31)
 Others 8 (6.9)
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monoclonal antibodies, with Vmax values ranging from 0.004 
to 4.38 mg/h and Km values between 0.033 and 74 mg/L 
[11]. The Michaelis–Menten estimates for MCLA-128 were 
within this wide range. The estimate of Km (0.211 mg/L) is 
also comparable to the dissociation constants for HER2 and 
HER3, 0.467 mg/L and 0.292 mg/L, respectively [2]. These 
findings confirm the plausibility of the parameter estimates.

Tumor burden was identified as a significant covariate 
affecting Vmax. Similar results have been identified previ-
ously for trastuzumab [20]. HER2 status, sex, and age 
were not identified to significantly impact the disposition 
of MCLA-128. HER3 receptor expression data were not 
available, possibly explaining why HER2 status alone was 
not identified as a covariate affecting non-linear clearance 
capacity. However, HER3 expression is often low [1]. The 
maximum non-linear clearance capacity depends on the 
amount of target that is expressed, depending on both HER2 
status and tumor size. Because tumor burden is a more vari-
able covariate than HER2 status, tumor burden could be a 
better determinant of the maximum non-linear clearance 
capacity, possibly explaining why tumor burden significantly 
affected Vmax and HER2 expression did not.

Body size measurements (body weight, BSA, and FFM) 
affected linear CL and V1, where inclusion of FFM led to 
the best model fit. From a physiological point of view, FFM 

is also expected to be more closely related to the distribu-
tion and linear elimination of monoclonal antibodies than 
total body weight. Distribution of monoclonal antibodies 
is mainly limited to blood plasma and extracellular fluids, 
owing to their size and hydrophilic character. It has been 
demonstrated that blood volume correlates better with FFM 
or lean body weight than with total body weight because 
blood volume does not proportionally increase with body 
weight [21]. Monoclonal antibodies are metabolized via pro-
teolytic catabolism and intracellular degradation after bind-
ing to the target. Proteolytic catabolism is mediated via the 
FcRn receptor and is a linear process at therapeutic concen-
trations of monoclonal antibodies [19, 22]. Proteolytic catab-
olism of immunoglobulin G antibodies takes place in the 
skin, muscle, liver, and gut tissue [19] and is thus expected 
to be more closely related to FFM than measures relying 
on total body weight and size. The estimated effect of FFM 
on CL and V1 was relatively high, with exponents of 1.2 
and 0.8, respectively. However, simulations demonstrated 
that exposure measures (AUC 0–τ, Cmax, Cave, and Ctrough) and 
variability in exposure measures were comparable between 
flat dosing and body size-based dosing strategies. Therefore, 
there appears no rationale for body size-based dosing over 
flat dosing of MCLA-128 from an exposure perspective, 
which is in agreement with the findings for other therapeutic 

Table 2  Model parameters 
and evaluation of parameter 
uncertainty using sampling 
importance resampling (SIR)

Add additive, CI confidence interval, CL linear clearance, CV coefficient of variation, FFM fat-free mass, 
Km Michaelis–Menten constant, concentration at which 50% of the target is occupied, OFV objective func-
tion value, Prop. proportional, Q intercompartmental clearance, RSE relative standard error, SD standard 
deviation, SoL sum of target  lesions (tumor burden), V1 volume of distribution central compartment, V2 
volume of distribution peripheral compartment, Vmax maximum non-linear clearance capacity

Parameter Base model
OFV 7575

Covariate model
OFV 7435

SIR results

Estimates (RSE %) 
[shrinkage %]

Estimates (RSE %) 
[shrinkage %]

[95% CI]

CL (L/h) 0.0322 (4) 0.0304 (4) [0.0284, 0.0327]
V1 (L) 3.66 (2) 3.52 (2) [3.37, 3.68]
Q (L/h) 0.0256 (10) 0.0254 (9) [0.0215, 0.030]
V2 (L) 1.69 (7) 1.63 (7) [1.42, 1.84]
Vmax (mg/h) 0.122 (11) 0.114 (16) [0.0851, 0.152]
Km (mg/L) 0.26 (31) 0.211 (34) [0.115, 0.359]
FFM on CL – 1.19 (13) [0.905, 1.49]
FFM on V1 – 0.71 (12) [0.534, 0.884]
SoL on Vmax – 0.447 (32) [0.183, 0.731]
Between-subject variability
 �

CL
 (CV %) 46.9 (10) [2] 37.9 (7) [3] [33.0, 43.8]

 �
V
1
 (CV %) 26.6 (6) [4] 21.0 (8) [6] [18.1, 24.7]

 �
Vmax

(CV %) 66.9 (16) [28] 63.1 (14) [30] [48.9, 79.5]
 Correlation �

CL
∼ �

V
1

a 0.70 0.55 [0.45, 0.59]
Residual unexplained variability
 Prop. error (CV %) 18.9 (7) 18.7 (3) [17.8, 19.6]
 Add error (SD mg/L) 0.025 fixed 0.025 fixed –
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monoclonal antibodies in oncology. [23] The predictions for 
expected HER2 and HER3 RO after a fixed dose of 750 mg 
of MCLA-128 indicate that full RO is expected at Cmax and 
that relevant pharmacological activity can still be assumed 
at the end of a 3-week dosing interval (75% RO for HER2 
and 82.8% for HER3).

The observed concentration–time data of the patients in 
the clinical trial were used to evaluate the predictive value 

of the preclinical model [10]. The preclinical model slightly 
overpredicted the observed concentrations of MCLA-128 
in patients receiving 750 mg q3wk. Disposition of mono-
clonal antibodies is affected by the amount of target expres-
sion via target-mediated drug disposition. The preclinical 
model was based on data from healthy cynomolgus monkeys 
that expressed endogenous HER2 receptors. Tumor-bear-
ing patients are expected to express more HER2 or HER3 

Fig. 1  Visual predictive 
check (VPC) for MCLA-128 
concentrations plotted on a 
log-scale, stratified on dose. 
Open circles are observed 
MCLA-128 concentrations in 
the first cycle of patients receiv-
ing MCLA-128 every 3 weeks, 
the solid line represents the 
median of the observed data, 
the dashed lines represent the 
5th and 95th percentiles of the 
observed data, the shaded areas 
represent the 95% confidence 
interval of the simulated median 
(dark blue) and 5th and 95th 
percentile (light blue) concen-
trations (n = 500). For dose 
groups including three or fewer 
patients, only the observed 
concentrations and the 95% con-
fidence interval of the simulated 
median are depicted

Table 3  Comparison of exposure variables between different dosing strategies (n = 1000/dosing group)

AUC 0–τ area under the plasma concentration-time curve for a dosing interval, BSA body surface area, Cave average concentration, Cmax maximum 
concentration, Ctrough trough concentration, CV coefficient of variation, dgM difference in geometric mean, FFM fat-free mass, gMean geometric 
mean, Flat vs BSA flat dosing vs BSA-based dosing, Flat vs. FFM flat dosing vs FFM-based dosing, Flat vs WT flat dosing vs WT-based dosing, 
WT body weight

750 mg
gMean (CV %)

420 mg/m2

gMean (CV %)
11 mg/kg 
gMean (CV %)

17 mg/kg FFM 
gMean (CV %)

% dgM Flat 
vs. BSA

% dgM Flat 
vs. WT

% dgM 
Flat vs. 
FFM

Ctrough (mg/L) 1.40 (134) 1.46 (127) 1.46 (129) 1.78 (120) 4.29 4.29 27.1
Cave (mg/L) 37.4 (43) 38.0 (36) 38.3 (37) 41.4 (33) 1.60 2.41 10.6
Cmax (mg/L) 222.7 (30) 226.1 (25) 228.3 (28) 245.5 (25) 1.52 2.49 10.2
AUC 0–τ (mg h/mL) 18.9 (43) 19.1 (36) 19.3 (37) 20.9 (33) 1.53 2.43 10.6
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Fig. 2  Boxplots depict 
simulated MCLA-128 trough 
concentrations (Ctrough) for dif-
ferent weight groups and dosing 
strategies: flat dosing (750 mg), 
body surface area (BSA)-based 
dosing (420 mg/m2), body 
weight (WT)-based dosing 
(11 mg/kg), and fat-free mass 
(FFM)-based dosing (17 mg/
kg) with n = 1000 per dosing 
strategy

Fig. 3  Visual predictive check 
for MCLA-128 concentrations 
over time. The shaded blue area 
is the 95% prediction interval 
of simulated concentrations 
(n = 1000) using the preclinical 
pharmacokinetic model (left 
panel) and the preclinical 
pharmacokinetic model with 
inter-individual variability (IIV) 
on the maximum elimination 
rate of the non-linear clearance 
(Vmax) (right panel), patients 
received a dose regimen of a 
MCLA-128 750-mg flat dose 
administered every 3 weeks; 
open circles are observed 
MCLA-128 concentrations in 
the first cycle of patients partici-
pating in the 750-mg cohort of 
the clinical trial
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receptors, indicating greater and more variable non-linear 
clearance capacity, potentially leading to lower concentra-
tions of MCLA-128 in humans. Though the estimate of Vmax 
in the preclinical model was higher compared with the clini-
cal model (0.500 mg/h vs 0.114 mg/h), the variability in the 
clinical Vmax was much higher. Including this variability in 
the preclinical model demonstrated that the overprediction 
of observed MCLA-128 concentrations can be attributed to 
variability in target expression between patients included 
in the trial.

To extrapolate the preclinical model, the preclinical CL, 
Q, Vmax, V1, and V2 parameters were allometrically scaled 
using a fixed exponent value of 0.75 for CL, Q and Vmax 
and a value of 1 for V1 and V2. These exponents were fixed 
because the weight range of the cynomolgus monkeys was 
narrow and did not allow for appropriate estimation of the 
exponent value, this might also have contributed to the slight 
discrepancy between the predicted MCLA-128 concentra-
tions from preclinical data and the observed concentration 
in the clinical trial. However, this post hoc evaluation of the 
preclinical model showed that very reasonable and useful 
estimates of human exposure can be obtained from cynomol-
gus monkey data to support initial dose selection for these 
types of monoclonal antibodies.

Data on the generation of anti-drug antibodies were not 
available at the time of analysis and, therefore, not accounted 
for in the analysis. However, it can be expected that exclud-
ing the formation of anti-drug antibodies from the model did 
not affect our results, as only pharmacokinetic data of the 
first treatment cycle were included in the analysis.

5  Conclusions

A pharmacokinetic model was developed that adequately 
described the pharmacokinetic characteristics of MCLA-
128 over a range of doses. Fat-free mass was found to sig-
nificantly affect CL and V1 and explained part of the IIV in 
these parameters. However, simulations demonstrated that 
the impact of body size parameters on the disposition of 
MCLA-128 was minimal and that flat dosing of 750 mg of 
MCLA-128 q3wk is expected to provide relevant pharmaco-
logical activity in patients with solid tumors. It contributes 
to the existing evidence that flat dosing is to be preferred for 
anticancer monoclonal antibodies.
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