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Abstract
Therapeutic IgG4 antibodies engage in Fab-arm exchange with endogenous 
human immunoglobulin G4 (IgG4) to form monovalent hybrid molecules. A 
mechanistic population model was developed to quantitatively characterize the 
dynamic Fab-arm exchange of tralokinumab, a human IgG4  monoclonal anti-
body currently being developed for the treatment of atopic dermatitis, with en-
dogenous IgG4 in healthy volunteers. The estimated pharmacokinetic parameters 
for IgG4 were similar to those of immunoglobulin G1 or immunoglobulin G2 in 
humans. However, the mechanistically modeled clearance of half molecules is 
21-fold higher, likely due to the loss of avidity for the neonatal Fc receptor. Half 
molecules of tralokinumab randomly associate with those of endogenous IgG4 to 
form monovalent hybrid molecules, which became the dominant form of traloki-
numab within 1 day postdose in healthy volunteers. As the potency of monova-
lent tralokinumab is comparable with that of bivalent tralokinumab, the IgG4 
Fab-arm exchange with endogenous IgG4 is not expected to affect the potency of 
neutralization of interleukin-13 in vivo.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Therapeutic immunoglobulin G4 (IgG4) antibodies engage in dynamic Fab-arm 
exchange with endogenous IgG4 to form monovalent hybrid molecules.
WHAT QUESTION DID THIS STUDY ADDRESS?
We developed a mechanistic pharmacokinetic (PK) model to characterize the in 
vivo Fab-arm exchange of tralokinumab, a monoclonal IgG4 antibody, with en-
dogenous IgG4 in healthy volunteers.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
Based on the mechanistic modeling, half molecule (~75  kD) is cleared 21-fold 
faster than IgG4. Half molecules of tralokinumab randomly associate with those 
of endogenous IgG4 to form monovalent hybrid molecules, which became the 
dominant form of tralokinumab within 1  day postdose. The IgG4 Fab-arm ex-
change is not expected to affect the in vivo neutralization of interleukin-13, as 
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INTRODUCTION

Tralokinumab (CAT-354) is a human immunoglobulin 
G4 (IgG4) monoclonal antibody currently being developed 
for the treatment of moderate to severe atopic dermatitis 
(AD).1 It potently and selectively neutralizes interleukin 
(IL)-13,2 a key cytokine associated with the severity of 
AD.3,4 In a randomized, double-blind, placebo-controlled 
phase IIb study (NCT02347176), a significant improve-
ment in Eczema Area and Severity Index (EASI) score 
was seen in adults with moderate to severe AD receiving 
300  mg tralokinumab every 2  weeks, and a greater per-
centage of participants achieved an Investigator's Global 
Assessment Response.1

As with some other therapeutic antibodies such as resli-
zumab, ibalizumab, and natalizumab,5–7 tralokinumab 
was engineered as an IgG4 to avoid potential complement 
activation and antigen cross-linking while retaining a long 
pharmacokinetic (PK) half-life.8–10 In healthy volunteers, 
the PK of tralokinumab was typical for an IgG, with mean 
systemic clearance (CL) of 0.188 L/d and a PK half-life of 
21.4 days.11 After tralokinumab entered clinical develop-
ment, it was reported that unlike other IgG subclasses, IgG4 
antibodies are in a dynamic Fab-arm exchange with each 
other.12 In vitro and animal studies further demonstrated 
that therapeutic IgG4 antibodies engaged in Fab-arm ex-
change with endogenous human IgG4, raising potential 
PK uncertainty concerns for these molecules.13 The mech-
anism of IgG4 Fab-arm exchange was further investigated 
by kinetic studies using a sensitive real-time fluorescence 
resonance energy transfer assay.14

To fully characterize the PK property of tralokinumab 
and the dynamic Fab-arm exchange of IgG4 in humans, 
serum PK samples collected from healthy volunteers 
receiving a single intravenous (i.v.) infusion of 150  mg 
tralokinumab were analyzed using three different immu-
noassays. A mechanistic Fab-arm exchange model was 
developed to describe the observed serum concentrations 
of intact (bivalent) tralokinumab, total (bivalent, half mol-
ecule, and monovalent hybrid) tralokinumab, and total 
IgG4 in healthy volunteers.

METHODS

Study design

In a randomized, single-dose, open-label PK study, 
30 male healthy volunteers received a 30-min i.v. infusion 
of 150  mg tralokinumab or a subcutaneous (s.c.) injec-
tion at the 150 or 300  mg dose level (n = 10 per group, 
NCT00638989). Blood samples were withdrawn predose, 
at the end of infusion or immediately following injec-
tion, and at various timepoints postdose up to Day 56 for 
PK evaluation. The study was conducted in accordance 
with the ethical principles set forth in the Declaration of 
Helsinki, the International Conference on Harmonisation 
Guidance for Good Clinical Practice, and the US Code of 
Federal Regulations Title 21.

Bioanalysis

Serum PK samples from participants receiving a single i.v. 
infusion of tralokinumab were analyzed using three dif-
ferent assays developed and validated by MedImmune.

A double-bridging immunoassay was used to quantify 
the intact (bivalent) tralokinumab in serum. Biotinylated 
CAT-375 (antibody against the idiotypic region of traloki-
numab) was used as both capturing and detecting reagent. 
The lower limit of quantitation of this double-bridging 
assay was 1.0  µg/ml, with ≤20% coefficient of varia-
tion (CV) for both intra-assay precision and interassay 
precision.

The second type of immunoassay was developed 
to measure the serum concentration of total traloki-
numab, which includes bivalent intact tralokinumab, 
half molecules, and monovalent hybrid with endoge-
nous IgG4. The bioassay was performed on a Gyrolab 
assay platform (Gyros AB), with biotinylated CAT-375 
captured on streptavidin-coated columns of the Gyros 
compact disc as the capture reagent, and a sheep anti-
human IgG4 antibody labeled with Alexa Fluor® 647 
(Invitrogen) as the detecting reagent. The assay has a 

the potency of monovalent tralokinumab is comparable with that of bivalent 
tralokinumab.
HOW MIGHT THIS CHANGE DRUG DISCOVERY, DEVELOPMENT, 
AND/OR THERAPEUTICS?
The mechanistic modeling approach facilitated evaluation of human PK predict-
ability of therapeutic IgG4. Variation in Fab-arm exchange related to interindi-
vidual differences in baseline endogenous IgG4 concentration was accounted for 
by the model.
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lower limit of quantification (LLOQ) of 0.30  µg/ml, 
with ≤20% CV for both intra-assay precision and inter-
assay precision.

The third assay quantified the total IgG4 in serum 
(Human IgG Subclass Kit, The Binding Site Group), in-
cluding bivalent tralokinumab, endogenous IgG4, the half 
molecules, and hybrid monovalent IgG4. This was a com-
mercial kit, with an LLOQ of 4 µg/ml with ≤2.5% CV for 
both intra-assay precision and interassay precision.

Mechanistic IgG4 Fab-arm exchange model

A mechanistic PK model was constructed to describe the 
disposition of intravenously administered tralokinumab, de 
novo production and degradation of endogenous IgG4, dis-
sociation of IgG4 to single-arm half molecules, and reasso-
ciation to form the monovalent hybrid molecule (Figure 3).

The double-bridging immunoassay quantified the in-
tact, bivalent tralokinumab ( ) in serum, the central com-
partment. The second immunoassay with anti-idiotypic 
capturing and sheep anti-human IgG4 detection format 
measured the total serum concentration of bivalent traloki-
numab ( ), dissociated single-arm molecule ( ), and 
monovalent hybrid IgG4 ( ). Lastly, the universal IgG4 
immunoassay detected all species in serum (     ).

The equilibrium dissociation constant (Kd) of IgG4 was 
fixed at 3.8 nM, a value determined in vitro at 37°C.15 As 
such, koff is imputed as kon⋅Kd, with the association rate 
constant kon to be estimated by modeling. The zero-order 
production rate of endogenous IgG4 is computed from 
steady-state constraints as

where eIgG4baseline
 and eHFbaseline represent the baseline con-

centrations of endogenous IgG4 ( ) and half molecules ( ) 
in serum, respectively. This equation was derived from eq. 1 
in the Supplement Materials under steady-state condition as-
sumption. Furthermore, as the half molecule concentration 
was not directly measured by these immunoassays, distribu-
tion parameters (peripheral volume of distribution ([Vp] and 
intercompartment clearance [Q]) of the half molecule were 
assumed to be the same as those of IgG4 to avoid model over-
parameterization. The differential equation system for the 
mechanistic model and initial conditions (including 
eHFbaseline) are provided in the Supplemental Material.

Data analysis

Serum concentration data of intact and total traloki-
numab and total IgG4 from all participants receiving a 

single i.v. administration of 150  mg tralokinumab were 
log-transformed and simultaneously modeled using the 
pharmacostatistical software package NONMEM (Version 
7.2; ICON). The first-order conditional estimation method 
with interaction, as implemented in NONMEM, was used 
for model development. An additive residual error model 
was used when the logarithm transformed concentra-
tion data were analyzed (it approximates a proportional 
residual error model in linear scale). Model stability and 
performance were assessed by bootstrapping and visual 
predictive check (VPC). Because of the small sample size, 
demographic covariate analysis was not conducted.

Intact IgG4 was used as the assay standard for the total 
IgG4 immunoassay, which detected the Fc component 
of a molecule. As such, molar concentration of the half 
molecule (  or ) was halved for computation of the total 
IgG4 concentration (ie, 1 nM of half molecule is associated 
with an assay signal equivalent to 0.5 nM of intact IgG4). 
Similarly, the predicted molar concentration of half-
tralokinumab ( ) from total tralokinumab assay was also 
halved. Molar concentration of the hybrid molecule ( ) 
was unadjusted for the calculation of total IgG4 (    

 ) while a scaling factor was introduced to account for 
potential variation in total tralokinumab assay (   ).

RESULTS

Subjects and data set

In a randomized, single-dose, open-label PK study, 
30  male healthy volunteers received a 30-min i.v. infu-
sion of 150 mg tralokinumab or an s.c. injection at the 150 
or 300 mg dose level (n = 10 per group). All participants 
received the intended dose (150  mg i.v., 150  mg s.c., or 
300 mg s.c.).11

Serum PK samples from 10 participants in the i.v. dose 
group were analyzed using three different immunoas-
says measuring intact tralokinumab, total tralokinumab, 
and total IgG4. The PK data set contained 424 quanti-
fiable tralokinumab or IgG4 concentration data points. 
The mean age of these 10 participants was 30 years, and 
the mean body weight was 78.7 kg. A majority (80%) of 
these participants were White. Baseline endogenous IgG4 
concentration was unquantifiable in one subject. In nine 
other healthy volunteers, the median endogenous IgG4 at 
baseline was 304 µg/ml (range, 58–1383 µg/ml).

Total tralokinumab PK data from s.c. dose groups were 
previously reported.11 Because of the potential flip-flop ki-
netics of intact tralokinumab, greater variability, and con-
founding absorption process, PK data from participants 
who received an s.c. injection of tralokinumab were not 
used for mechanistic model development.

ksyn =

(

CL

Vc
+ koff

)

⋅ eIgG4baseline
− kon ⋅ eHF

2
baseline
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PK profiles of tralokinumab and IgG4

Mean serum concentration–time profiles of tralokinumab 
and IgG4 as measured by three different immunoassays 
are shown in Figure 1. To facilitate interpretation of the 
assay results, bivalent intact tralokinumab, half molecule, 
monovalent hybrid tralokinumab, and endogenous IgG4 
are denoted hereafter as , , , and , respectively. 
The PK profile of total tralokinumab (   ) in nine 
participants with quantifiable endogenous IgG4 at base-
line was typical for IgG (Figure  1a). The mean concen-
tration of intact tralokinumab ( ), as determined by a 
double-bridging immunoassay, fell below the assay lower 

quantification limit (1.0 μg/ml) after Day 10. Serum con-
centrations of total IgG4 (     ) as measured by a 
universal IgG4 assay were much higher. However, the ob-
served tralokinumab and IgG4 profiles in one participant 
with unquantifiable endogenous IgG4 at baseline differed 
from those in other participants (Figure 1b).

Noncompartmental analysis

Noncompartmental PK parameter values are summarized in 
Table 1. The CL of bivalent intact tralokinumab ( ) increased 
with baseline endogenous IgG4 concentration (Figure 2).

F I G U R E  1   Observed serum 
concentration–time profiles of bivalent 
intact tralokinumab, total tralokinumab, 
and total IgG4 in healthy volunteers. 
The assay lower limit of quantification 
was 1.0 µg/ml for intact tralokinumab, 
0.30 µg/ml for total tralokinumab, 
and 4 µg/ml for total IgG4. IgG4, 
immunoglobulin G4
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Mechanistic modeling of IgG4 Fab-
arm exchange

The structure of the IgG4 Fab-arm exchange model is 
shown in Figure 3. Upon i.v. administration, bivalent in-
tact tralokinumab  dissociates in blood to form half mol-
ecules  that randomly associate with other half molecules 
to form either intact tralokinumab or a monovalent hy-
brid IgG4 . Parameters kon and koff are the rate constants 
for association and dissociation of IgG4 molecules, respec-
tively. CL and CLhf are the systemic clearance of intact 
IgG4 and single-arm half molecules, respectively. In this 
diagram, the central compartment represents serum with 
a distribution volume (Vc). Peripheral tissue distribution 
of IgG4 and half molecules is characterized by Vp and Q. 
The de novo production of endogenous IgG4  is denoted 
by a zero-order input function ksyn.

Intact tralokinumab, total tralokinumab, and total IgG4 
data from 10 healthy volunteers were simultaneously mod-
eled using a population approach. Estimated population 
PK parameters, interindividual variability, and residuals 
are listed in Table 2. The estimated CL of half molecules 
is 20.9-fold higher than that of IgG4. Although one healthy 
volunteer had no quantifiable IgG4 at baseline, from pop-
ulation modeling the mechanistic model could be used to 
estimate the endogenous IgG4 concentration in this sub-
ject,  21.6  nM or 3.24  µg/ml, slightly below the LLOQ of 
total IgG4 assay (4.0  µg/ml). A scaling factor (0.685) was 
also incorporated in the model and estimated to account 
for monovalent hybrid and bivalent intact tralokinumab 
in the total tralokinumab assay.

Except for baseline IgG4 concentration, the interindi-
vidual PK variability was relatively small in healthy volun-
teers (15%–32% CV). Furthermore, the estimated residual 

variability of these three immunoassays (12%–16% CV) 
agreed well with the parameters from the assay validation 
criterion.

Model evaluation

Predominantly, the medians of PK and variance param-
eters from bootstrapping runs were close to the values 
originally estimated from the model (Table  2). Basic 
goodness-of-fit plots and individual/typical profiles of 
tralokinumab and IgG4 are presented in Figures  S1–S3. 
VPC plots are shown in Figure 4. Symbols represent the 

T A B L E  1   Noncompartmental pharmacokinetic parameter summary for tralokinumab and IgG4 in healthy volunteers receiving single 
intravenous infusion of 150 mg tralokinumab

Intact tralokinumab Total tralokinumab Total IgG4

With 
quantifiable 
IgG4baseline

No 
quantifiable 
IgG4baseline

With 
quantifiable 
IgG4baseline

No 
quantifiable 
IgG4baseline

With 
quantifiable 
IgG4baseline

No 
quantifiable 
IgG4baseline

n 9 1 9 1 9 1

Cmax (µg/ml) 56.9 (10.8) 54.4 60.2 (13.8) 41.0 706 (555) 65.0

AUCa (µg × d/ml) 81.2 (26.1) 190 951 (236) 367 29,900 (25,300)a 552a

CL (L/d) 2.02 (0.67) 0.79 0.166 (0.038) 0.409 NA NA

Vss (L) 5.35 (1.98) 3.64 4.46 (0.78) 8.26 NA NA

t1/2 (d) 3.93 (2.38) 3.63 20.5 (2.67) 16.6 NA NA

Note: Parameters are shown as mean (standard deviation).
Abbreviations: AUC, area under the concentration-time curve; CL, systemic clearance; Cmax, maximum observed concentration; IgG4, immunoglobulin 
G4; NA, not applicable given flat terminal phase (continuous endogenous IgG4 production); n, number of subjects; t1/2, half-life; Vss, steady-state volume of 
distribution.
aAUC from time zero to 56 days postdose.

F I G U R E  2   Correlations of systemic clearance of intact 
tralokinumab with baseline endogenous IgG4. The dotted curves 
represent 95th percentile confidence limits. CL, systemic clearance; 
IgG4, immunoglobulin G4
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observed serum concentrations. The assay LLOQ was 
1.0 μg/ml for intact tralokinumab. Concentrations below 
the LLOQ were not plotted. The shaded bands in VPC 
plots for nine participants with quantifiable baseline IgG4 
concentrations reflect the interindividual and residual 
variability (Figure 4a). As there was only one subject with 
unquantifiable endogenous IgG4 at baseline, the shaded 
bands in Figure 4b only correspond to residual variability 
of assays.

DISCUSSION

IL-13 is secreted predominantly by cluster of differentiation 
4+ (CD4+) T helper-2 (Th2) cells, which may play a central 
role in the pathogenesis of AD.3,4,16–18 Tralokinumab is a 
recombinant fully human monoclonal antibody that po-
tently and specifically neutralizes IL-13. It was engineered 
as an IgG4 antibody to avoid complement system activation 
and sensitization of mast cells. In vitro and in vivo animal 
studies demonstrated potent inhibition of IL-13 induced 
effects and no evidence of drug-related toxicity.2 With a 
3-week half-life, the PK of tralokinumab was typical for an 
IgG in healthy volunteers.11 A phase II clinical trial dem-
onstrated that tralokinumab treatment achieved clinically 
significant improvements in EASI scores in adults with 
moderate to severe AD.1

When tralokinumab had just entered clinical develop-
ment, it became known that IgG4 molecules engaged in 
a dynamic Fab-arm exchange.12 In this process, bivalent 
IgG4 molecules dissociate to form half molecules, which 
then randomly combine with other half molecules to form 
monovalent hybrid IgG4. Such IgG4 Fab-arm exchange was 
further characterized in vitro and in animal studies, with 

kinetic models built to delineate the random dissociation–
association process.13,14  There had been concerns, how-
ever, with the implications of IgG4 Fab-arm exchange for 
clinical efficacy and human PK predictability of therapeu-
tic IgG4 molecules.13 In this investigation, three different 
immunoassays were deployed to analyze PK samples from 
healthy volunteers receiving a single 150 mg intravenous 
infusion of tralokinumab. A mechanistic population PK 
model was developed to characterize the in vivo Fab-arm 
exchange of tralokinumab with endogenous IgG4 in hu-
mans (Figure 3).

The PK profile of total tralokinumab (bivalent, half 
molecule, and monovalent) was typical for an IgG 
(Figure 1a), with a mean CL of 0.166 L/d and an elim-
ination half-life of 20.5  days from noncompartmen-
tal analysis (Table  1). The faster clearance of bivalent 
tralokinumab, as measured by a double-bridging im-
munoassay, reflected the conversion/Fab-arm exchange 
into monovalent molecules. Serendipitously, one of 
these 10 subjects had no quantifiable endogenous IgG4 
at baseline, and the PK profiles in this subject were dra-
matically different from others (Figure 1b). The appar-
ent CL of bivalent intact tralokinumab increased with 
baseline endogenous IgG4, reflecting augmented forma-
tion of hybrid monovalent IgG4 in subjects with high en-
dogenous IgG4 (Figure 2).

The Fab-arm exchange of tralokinumab with endoge-
nous IgG4 in healthy volunteers was adequately described 
by a mechanistic PK model (Figure 3). The structure and 
variance parameter estimates from the population model 
were close to the medians of bootstrapping (Table 2), and 
there was no apparent trend in conditional weighted re-
siduals when plotted against population predicted con-
centrations or time (Figure S1). In VPC plots, the observed 

F I G U R E  3   Mechanistic model 
structure for IgG4 Fab-arm exchange in 
humans. CL, systemic clearance; CLhf, 
clearance of half IgG4 molecules; IgG4, 
immunoglobulin G4; koff, dissociation 
rate constant of IgG4 molecules; 
kon, association rate constant of 
IgG4 molecules; ksyn, de novo production 
of endogenous IgG4; Q, intercompartment 
clearance; Vc, central volume of 
distribution; Vp, peripheral volume of 
distribution
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concentrations were evenly distributed across the simu-
lated median curves and enclosed within the shaded 5th–
95th percentile range (Figure 4).

The population estimates of PK parameters for IgG4 
were similar to those of immunoglobulin G1 (IgG1) or im-
munoglobulin G2 (IgG2) in humans, with a typical CL of 
0.151 L/d. However, the estimated CL of half molecules is 
21-fold higher (Table 2). The low CL of IgG by the reticulo-
endothelial system is due to neonatal Fc receptor (FcRn)–
mediated intracellular recycling of endocytosed IgG. The 
effective FcRn-mediated recycling requires bivalency of 
the Fc dimer to decelerate the dissociation in the endo-
some.19 Without such avidity effect, the monomeric form 
of Fc fused with nonspecific Fab fragment was cleared 

30-fold faster than keyhole limpet hemocyanin–derived 
antibody in mice.15 As such, the estimated substantially 
faster clearance of IgG4 half molecules in healthy volun-
teers may be associated with the loss of avidity for FcRn in 
endosomes, resulting in enhanced intracellular degrada-
tion in lysosomes. The smaller molecular size of IgG4 half 
molecules may also contributed to the rapid clearance, as 
demonstrated in studies of antibody fragments in FcRn 
knockout mice.20

The observed rapid decline of intact (bivalent) traloki-
numab concentration in serum is according to the model 
due to its dissociation to half molecules with subsequent 
hybrid molecule formation. The Kd of IgG4 was fixed to 
3.8 nM, as determined by in vitro monitoring of Förster 
resonance energy transfer (FRET) assay signals.14 From 
mechanistic modeling, the estimated association rate con-
stant kon was 0.260  nM−1  d−1, corresponding to a koff of 
0.988 d−1 or a dissociation half-life of 0.70 days for IgG4 in 
humans (Table 2). The koff of IgG4 from the in vitro FRET 
assay was 1.2 × 10−3 s−1 (1.7 d−1).14 The slower dissociation 
of IgG4 in vivo compared with the in vitro system could be 
attributed to the variation in local redox potentials.

One subject had no quantifiable endogenous IgG4 con-
centration at baseline. The estimated CL of IgG4 at 0.149 
L/d from mechanistic modeling was not much different 
from that in other subjects. After the faster clearance of 
half molecules and endogenous IgG4-dependent forma-
tion of hybrid molecules were taken into account, the in-
terindividual variability in the CL and Vc of IgG4 were low 
in healthy volunteers (15% CV for CL and 17% CV for Vc). 
On the contrary, the endogenous IgG4 was highly variable 
among these subjects (91% CV).

Circulating IL-13 is a monomeric Th2 cytokine with 
a molecular weight of approximately 15  kD. As such, 
the avidity effect is irrelevant in the neutralization of IL-
13 signaling by tralokinumab. Indeed, from reporter gene 
assay or an in vitro assay using human umbilical vein en-
dothelial cells, the bioactivity of tralokinumab was not 
impacted by the Fab exchange.2,21 Extensive preclinical 
and clinical studies have demonstrated potent and spe-
cific IL-13 neutralizing activity of tralokinumab. Despite 
the dynamic Fab-arm exchange with endogenous IgG4, 
in the absence of target-mediated clearance, the reported 
PK half-lives of therapeutic IgG4 were 3–4 weeks, similar 
to those of IgG1 and IgG2.11,22,23 Based on overall evalua-
tion of PK, in vitro potency, and clinical efficacy, the Fab-
arm exchange of tralokinumab with endogenous IgG4 is 
not expected to affect its potential use for the treatment 
of AD. Given the smaller molecular size, the periph-
eral distribution, in particular the intercompartmental 
clearance of the half molecules, could be different from 
IgG4.23 In the absence of half-molecule PK data, distribu-
tion parameter values (Vp and Q) of half molecules were 

T A B L E  2   Population pharmacokinetic structure and variance 
parameters estimated from mechanistic modeling

Parameter
Original 
estimate

Bootstrap (n = 711)a

Median 95% CI

CL (L/d) 0.151 0.151 0.102–0.185

Vc (L) 2.94 2.95 2.63–3.28

Q (L/d) 0.559 0.547 0.514–0.588

Vp (L) 3.18 3.20 2.58–4.07

CLhf/CL 20.9 20.8 10.0–43.7

IgG4baseline (nM) 2330 2290 1280–4,320

IgG4baseline,ID10 (nM) 21.6 20.9 20.1–21.7

kon (nM−1d−1) 0.260 0.260 0.226–0.283

Kd (nM) 3.8 fixedb – –

Scaling factor (hybrid) 0.685 0.680 0.633–0.735

Interindividual variabilityc

ηCL 15.0 13.4 2.0–20.1

ηVc 17.1 15.8 7.1–23.3

ηVp 32.4 32.5 0.3–43.3

ηIgG4baseline 91.2 86.0 57.9–108

Residual variabilityc

Intact tralokinumab 
assay

12.2 12.1 10.1–14.7

Total tralokinumab 
assay

15.0 15.0 11.7–19.0

Total IgG4 assay 15.5 15.3 12.6–18.4

Note: Scaling factor (hybrid), a parameter to account for assay signals of 
bivalent and monovalent tralokinumab in the total tralokinumab assay.
Abbreviations: CI, confidence interval; CL, clearance; CLhf/CL, ratio of 
half molecule clearance and IgG4 clearance; IgG4, immunoglobulin G4; 
IgG4baseline, serum level of endogenous IgG4 at baseline; Kd, equilibrium 
dissociation constant of IgG4; kon, association rate constant of half 
molecules; Q, intercompartmental clearance; Vc, central volume of 
distribution; Vp, peripheral volume of distribution.
aAmong 1000 bootstrapping runs, 711 converged with a number of 
significant figures ≥2.
bFixed to a value as determined by Förster resonance energy transfer assay.15

cShown as percent coefficient of variation (%CV).
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assumed the same as IgG4 to avoid model overparame-
terization. Although the overall data fitting was reason-
ably well, this assumption poses a main limitation of the 
mechanistic model.

In summary, a mechanistic model was developed to 
characterize the Fab-arm exchange of tralokinumab with 
endogenous IgG4 in healthy volunteers. Upon i.v. ad-
ministration, bivalent tralokinumab dissociates into half 
molecules with a dissociation half-life of 0.7  days. The 
clearance of half molecules is 21-fold higher than IgG4, 
due to less efficient FcRn-mediated intracellular recycling. 
Half molecules of tralokinumab randomly associate with 
those of endogenous IgG4 to form monovalent hybrid 
molecules, which became the dominant form of traloki-
numab within 1  day post-i.v. administration in healthy 
volunteers. As the potency of monovalent tralokinumab 

is comparable with that of bivalent tralokinumab, the 
IgG4 Fab-arm exchange with endogenous IgG4 is not ex-
pected to affect the potency of in vivo neutralization of 
IL-13 in patients with asthma.
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F I G U R E  4   Visual predictive check 
for IgG4 Fab-arm exchange model: 
symbols, observed concentrations; solid 
curve, median of 1000 simulated profiles; 
and shaded area, range between the 5th 
and 95th percentiles. The assay lower 
limits of quantification were 1.0 µg/ml for 
intact tralokinumab, 0.30 µg/ml for total 
tralokinumab, and 4 µg/ml for total IgG4
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