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WHAT IS ALREADY KNOWN ABOUT

• Anrukinzumab is an anti-IL13 antibody which
has been tested in healthy volunteers,
asthma and ulcerative colitis (UC) patients.
Its pharmacokinetics (PK) have not been

WHAT THIS STUDY ADDS

pharmacokinetics for a monoclonal antibody
in healthy volunteers, asthma patients and
UC patients using a single population PK
model. The results suggest that UC patients
have faster clearance for anrukinzumab than
asthma patients and healthy volunteers.
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THIS SUBJECT
AIMS
Anrukinzumab is an anti-IL13 monoclonal antibody. The goals of this study are
to characterize the pharmacokinetics of anrukinzumab in healthy volunteers
and different disease states and to identify covariates.
described before.

METHODS
A population pharmacokinetic (PK) model was developed in NONMEM, using
data from five clinical studies including healthy volunteers, asthma and
ulcerative colitis (UC) patients. Different dosing regimens including different
routes of administration were also included in the data.
• This is the first published analysis to compare

RESULTS
The PK of anrukinzumab were described by a two compartment model with first
order absorption and elimination. The population estimates (relative standard
error) of the volumes of distribution in the central (Vc) and peripheral (Vp)
compartments were 3.8 (4.6%) and 2.2 l (8.7%), respectively. In non-UC patients,
the population estimate of the systemic clearance (CL) and inter-
compartmental CL was 0.00732 l h–1 (4.9%) and 0.0224 l h–1 (15.4%). For
subcutaneous administration, the absorption rate constant was 0.012 h–1 (6.6%)
and bioavailability was nearly 100% in healthy and mild to moderate asthma
patients. Both V and CL increased with body weight. CL (but not V) decreased
with increasing baseline albumin concentrations. UC patients had an increased
CL of 72.3% (10.5%), after correction for differences in body weight and albu-
min. Moderate to severe asthma patients had decreased bioavailability com-
pared with other populations.
CONCLUSIONS
Anrukinzumab’s PK behave like a typical antibody. UC patients were identified
to have a faster CL of anrukinzumab than healthy volunteers and asthma
patients. This finding suggests a higher dose level may be required for this
population.
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Introduction

Interleukin-IL13 (IL-13) is a type 2 cytokine and plays a
critical role in regulating inflammatory immune
responses [1]. It has effects on many cell types including
B cells, monocytes, macrophages, epithelial cells, smooth
muscle cells and neurons [1]. Due to the pleiotropic
effects of IL-13, it has been indicated in the pathogenesis
of many diseases including asthma [2, 3], scleroderma [4]
as well as inflammatory bowel diseases [5, 6].

Anrukinzumab is a humanized anti-IL13 monoclonal
antibody (IgG1) that inhibits the downstream signal of
IL-13/IL-13Rα1 through a blocking interaction between
IL-13 and IL-4Ra. It does not inhibit the IL-13 interaction
with IL-13Rα1 or IL-13Rα2 [7, 8]. Anrukinzumab has been
tested in asthma and ulcerative colitis (UC) patients in
phase II studies. In addition, it has also been tested in
healthy volunteers during early development.

In drug development, doses are often chosen to achieve
targeted exposure that will provide the desired pharmaco-
logical effect. If disease states impact on pharmacokinetic
(PK) parameters and, consequently, exposure, different
doses may be needed in different indications. For example,
for infliximab, an anti-TNF antibody therapeutics, dosing rec-
ommendation for inflammatory bowel diseases (IBD) (5mg
kg–1 every 8weeks) is higher than for rheumatoid arthritis
(3mg kg–1 every 8weeks) [9]. The higher dose required for
infliximab in IBDmay be due to lower exposure than in other
diseases. However, this hypothesis cannot be supported by
published population PK models for infliximab for multiple
indications [10–13]. Clearance (CL) of infliximab in UC is
0.017 l h–1 [10] and CL in RA is 0.019 l h–1 [12] indicating
slightly higher CL than in UC. However, without a combined
analysis, it is difficult to determinewhether a small difference
is significant. CL in ankylosing spondylitis (0.0010–0.011 l h–1)
has been reported by another independent population PK
analysis and was lower than in both UC and RA [11, 13]. In
addition, there is no PK information available for infliximab
in healthy volunteers. Applying covariate analysis using a sin-
gle population PK model to incorporate all available PK data
from various disease states and healthy volunteers will pro-
vide a more robust answer to the impact of disease on CL.

The aim of this report is to test whether PK parameters
of anrukinzumab differ between healthy individuals and
two populations (UC and asthma) representing major im-
mune mediated inflammatory diseases. A population PK
model using data from all the available clinical studies
was developed to address the question.
Methods

Clinical studies and PK assessment
Anrukinzumab has been tested in five clinical studies.
They were 1) a single dose escalation study with both
i.v. and s.c. route of administration ranging from 0.3mg
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kg–1 to 4mg kg–1 in mild to moderate asthma patients, 2)
a single dose escalation study with 0.3mg kg–1 to 4mg
kg–1 s.c. administration in healthy Japanese and non-
Japanese, 3) an allergen challenge study with two doses
of 2mg kg–1 s.c. administration in mild asthmatic patients,
4) a phase 2 efficacy study [18] in moderate to severe
asthma patients with multiple s.c. doses ranging from
0.2mg kg–1 to 2mg kg–1 and 5) biomarker study in moder-
ate to severe UC patients with i.v. administration ranging
from 200 to 600mgwith faecal calprotectin change at week
14 as the primary end point. Details of the clinical studies
are listed in Table 1. Available PK data from all the studies
were included in population PK model development.

All protocols and consent forms were reviewed and ap-
proved by the institutional review boards for each of the
study sites, and all subjects provided signed informed con-
sent. All studies were conducted in accordance with the
ethical standards of the Declaration of Helsinki.

The serum concentration of anrukinzumab was mea-
sured using the same validated ELISA assay in Phar-
maceutical Product Development (PPD, Richmond,
Virginia, USA) for all the studies. In this assay, recombi-
nant human IL-13 was used as the capturing agent and
horseradish peroxidase (HRP) conjugated mouse anti-
human IgG antibody was used as the detection agent.
The lower limit of quantification (LLOQ) was 31.2 ng
ml–1 for studies 1 and 2, whereas it was 50 ng ml–1 for
studies 3, 4 and 5.
Population PK model building
The population pharmacokinetic analysis was performed
with the non-linear mixed effects modelling software
NONMEM version 7.2. (ICON Development Solutions,
Ellicott City, MD, USA). The first order conditional estima-
tion method (FOCE) was used for estimation. Xpose
(version 4.4) and R (version 2.15.2) were used to visualize
the output and evaluate the models.

Anrukinzumab concentrations were logarithmically
transformed and fitted simultaneously. PK samples with
values below the limit of quantification were less than
2% of the total dataset, and therefore these
measurements were excluded from analysis. The inter-
individual variability (IIV) of pharmacokinetic
parameters was described using an exponential model:
PARi = PARpop � exp(ηi), where PARi is the empirical
parameter in the ith patient, PARpop is the estimated pop-
ulation typical value of the parameter and ηi (etai)is the
deviation from the population value for the ith patient.
The values of ηi were assumed to be normally distributed,
with a mean of 0 and variance of ω2 (i.e. η~N(0, ω2)) . For
some parameters, ω2 was fixed to 0 if ω2 was not estima-
ble. The residual variability was described by an additive
model (on the log-transformed data), but other residual
error models were also considered during model devel-
opment. Base model selection was based on assessment



PK comparison of anrukinzumab among different populations
of the diagnostic plots, the objective function value (OFV)
change and relative standard error values.
Covariate model building
Since body weight (WT) is known as a covariate for anti-
body systemic clearance (CL) and volume of distribution
(V) [14], it was included in the base model before testing
additional covariates. When building the base model, the
exponent of WT on CL was tested as a fixed value of 0.75
or was estimated. Similarly, the exponent of WT on vol-
ume of central compartment (Vc) and volume of periph-
eral compartment (Vp) was tested as a fixed value of 1
or was estimated. Stepwise covariate modelling (SCM)
as implemented in PSN 3.5.4 was used for
systematically testing additional covariates where a for-
ward inclusion phase at P<0.005 was followed by a back-
ward elimination phase at P< 0.001. Both linear and
power models were tested for continuous covariates.
Model evaluation
First, model goodness-of-fit was evaluated by the
diagnostic plots including observed (DV) vs. population
predicted concentrations (PRED), observed vs. individual
predicted concentrations (IPRED), conditional weighted
residuals (CWRES) vs. PRED concentrations and CWERS
vs. time after dose. Next, the predictive performance of
the final model was evaluated using visual predictive
check (VPC, as implemented in PsN 3.5.4) comparing ob-
served data with simulations of a 1000 replicate dataset
stratified by treatment. In addition, a bootstrap was
performed in PsN 3.5.4 with 2000 samples to investigate
Table 1
Summary of clinical studies included in the analysis

Study Study description Population

1 Single dose escalation study Mild to moderate asthma

patients

2 Single dose escalation and PK comparison

between Japanese and non-Japanese

Healthy Japanese and non-Asian

3 Allergen challenge study Mild asthmatic patients

4 Asthma efficacy study Moderate to severe asthma patients

5 Biomarker study in UC UC patients
stability and accuracy of the parameter estimates and to
obtain a confidence interval for the parameters.

Model simulation
To show the impact of faster CL on the PK profile beyond
that caused by differences in body weight and albumin
level concentration, the final model was used to simulate
the PK profile in UC or WT and albumin matched non-UC
subjects with five 200mg i.v. doses of anrukinzumab
given on day 0, weeks 2, 4, 8 and 12 mimicking the dos-
ing frequency for the UC study (study 5). Simulations
were made based on the point estimates of the popula-
tion model. A total of 1000 subjects for each population
were included in the simulation. Covariates of these
1000 subjects were generated based on the empirical co-
variate distributions from the UC study. The median and
the 95% prediction intervals were calculated for each
population.
Results

Subject characteristics
Anrukinzumab serum concentration data from 255
subjects in five studies were pooled for the population
PK analysis. The detailed design for each study was
presented in Table 1. The pooled dataset included PK
data obtained from both s.c. and i.v. routes of admin-
istration, a wide doses range (0.2mg kg–1 to 600mg),
a flat and weight based dosing scheme, single dose
and multiple doses and most importantly different
populations including healthy volunteers, patients with
n Dosing regimen PK sampling schedule

Baseline IL-13
(ng ml

–1
)

(mean ± SEM)

37 3 mg kg
–1

i.v., 0.3,

1, 2, 4 mg kg
–1

s.c., single dose

Hour 0, 3, 6, 9, 12, 18, 24,

30, 36, 42, 48, 60 and 72,

day 4, 5, 6, 7, 14, 21, 28, 35,

42, 56, 70 and 84

0.24 ± 0.05

44 0.3, 1, 2, 4 mg kg
–1

s.c., single dose

Hour 0, 3, 6, 9, 12, 18, 24,

30, 36, 42, 48, 60 and 72,

day 4, 5, 6, 7, 14, 21, 28, 35,

42, 56, 70 and 84

0.16 ± 0.02

14 2 mg kg
–1

s.c., total 2

doses 1 week apart

Day 1, 8, 14, 21, 35, 56, 84,

112, 140 and 168

0.21 ± 0.03

97 0.2, 0.6 and 2mg kg
–1

s.c. on day 1, 8, 28,

56, and 84; 200mg

s.c. on day 1, 8, 28,

42, 56, 70 and 84.

Sparse sampling 0.24 ± 0.03

63 200, 400 and 600 mg

i.v.; Total five doses:

day 1, week 2, 4, 8

and 12.

Trough and peak for all

doses, day 2, 4 and 7, week

14, 16, 18, 22, 26 and 30

1.29 ± 0.42

Br J Clin Pharmacol / 80:1 / 103



F. Hua et al.
different severity of asthma and UC patients. Baseline
characteristics and demographics of subjects included
in the analysis are summarized in Table 2. Since there
is no detailed information on the severity of the
asthma for individual patients in the database, the
severity of asthma was defined based on the study.
For study 1, the inclusion criteria required forced
expiratory volume (FEV1) to be>70% and the Asthma
control questionnaire (ACQ-5) score to be ≤1 at
baseline and thus were defined as mild to moderate.
For study 4, the inclusion criteria required FEV1 to be
between 55% and 80% and ACQ-5 ≥2 and thus were
defined moderate to severe. For study 5, UC patients
with a total Mayo score of 4–10 were included.
Base model
A two compartment structure model with first order
absorption and elimination described the data well.
Parameters in the structural model included CL, volume
of central compartment (Vc), volume of peripheral com-
partment (Vp), inter-compartmental CL (Q), absorption
rate constant (Ka) and absolute bioavailability (F). The
inter-individual variability was included for CL, Vc, Vp
and Ka parameters. Vc and Vp were assigned the same η
values and assumed full correlation. Covariance between
ηs for CL and V was included. F was constrained between
0 and 1 for s.c. administration. WT was included in the
base model as a covariate for CL, Vc and Vp. A fixed expo-
nent of 0.75 for CL and estimated exponent of Vc/Vp led
to the lowest OFV with a more stable model (covariance
Table 2
Demographics and baseline characteristics of subjects and route of
administration

Characteristics n = 255

Gender, n (%)

Male 165 (65)

Female 90 (35)

Race, n(%)

White 185 (73)

Black 31 (12)

Asian 30 (12)

Others 9 (3)

Age (years), median (mean ± SD) 37 (38 ± 13)

Weight (kg), median (mean ± SD) 81.3 (82.6 ± 18.7)

Disease state, n (%)

Healthy volunteers 44 (17)

Mild to moderate asthma 51 (20)

Moderate to severe asthma 97 (38)

Ulcerative colitis 63 (25)

Route of administration, n (%)

i.v. 71 (28)

s.c. 184 (72)
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step solved successfully). Comparing with fixing the
exponent for Vc/Vp to 1, estimation of the exponent for
Vc/Vp lowered OFV by 5.4. The parameter values for the
base model are listed in Table 3.

Plots of η for CL(η1) and V (η2) against various covari-
ates (Figure 1A) suggested that CL was elevated in UC
and moderate to severe asthma patients compared with
healthy volunteers and mild to moderate asthma
patients with the most increase observed for UC patients.
CL also showed a negative correlation with baseline albu-
min concentration.

Final model
A formal covariates testing was performed using SCM
from PsN as described in the Methods section. Age, base-
line IL-13, baseline albumin, gender, having UC, having
moderate to severe asthma or having mild to moderate
asthma were tested as covariates for CL and V. Since Vc
and Vp have the same η values, it suggested that the data
did not contain enough information to separate covari-
ate effects on these two parameters, and therefore the
covariate was only tested for Vc in SCM. Identified covar-
iates for Vc would have been added as covariates for Vp as
well in the final model, but there was no covariate iden-
tified for Vc in addition to WT. In addition, since visual in-
spection (Figure 1A) showed that ηs for both CL and V
were slightly elevated for moderate to severe asthma pa-
tients, it suggested that it could be due to the difference
in bioavailability. Therefore, having moderate to severe
asthma or having mild to moderate asthma were tested
as covariates for F. Since UC patients only received i.v. ad-
ministration, having UC was not tested as a covariate for
F. The covariate testing showed that baseline IL-13 was
not a significant covariate for either CL or V. In addition
to the pre-specified covariate effects of WT, the final
model included body weight, baseline albumin and UC
disease as covariates for CL and moderate to severe
asthma disease as a covariate for F. The ω on CL reduced
from 44.8% in the base model to 31.6 % in the final
model. CL for UC patients was elevated by 72.8% as com-
pared with the CL for non-UC subjects. ηs for CL and V
were plotted against various covariates for the final
model (Figure 1B) and no trend could be observed
suggesting the final model properly captured the
available covariates. The relationship between CL and
baseline Mayo score for UC patients was explored graph-
ically (Figure 2). Since no trend was observed based on
the plot, no further covariate analysis on Mayo score
was conducted.

The parameter values for the final model are listed in
Table 3. Relative standard error (RSE) for all the fixed
effect and random effect parameters were all less than
20%. Diagnostic plots for the final model are shown in
Figure 3. There was no systematic bias or lack of fit as
indicated by these plots. The final model was also
evaluated by VPCs from 1000 simulations stratified by



Table 3
Parameters from the base and final models

Base model (OFV = �5829) Final model (OFV = �6099)

Parameter value RSE value RSE Bootstrap Median Bootstrap 95% CI

Fixed effect

CL CLpop• (WT/75)
0.75

• (ALB/4.3)
θ
albumin• (1 + θUC)

CLpop (l h
–1
) 0.00887 5.8% 0.00732 4.9% 0.00728 0.00670, 0.00777

θalbumin – – �1.07 4.9% �1.06 �1.43, �0.65

fθUC (for UC only) – – 0.728 10.5% 0.729 0.588, 0.900

Vc Vc,pop• (WT/75)
θ
WT

Vc,pop (l) 3.85 5.4% 3.81 4.6% 3.80 3.50, 4.10

θWT (for Vc and Vp) 0.841 4.7% 0.688 9.0% 0.689 0.578, 0.817

Q Qpop

Qpop (l h
–1
) 0.0222 11.7% 0.0224 15.4% 0.0222 0.0168, 0.0286

Ka Ka,pop

pop (h
–1
) 0.0109 7.6% 0.0119 6.6% 0.0119 0.0105, 0.0137

Vp Vp,pop• (WT/75)
θ
WT

Vp,pop (l) 2.27 8.1% 2.17 8.7% 2.16 1.84, 2.45

F Fpop• (1 + θSA)

Fpop 0.862 6.4% 0.973 6.0% 0.973 0.878, 1.000

θSA (for moderate to severe asthma) – �0.309 9.5% �0.306 �0.358, �0.248

Random effect

ω, CL 44.8% 5.5% 31.6% 5.2% 31.4% 28.1%, 34.6%

ω, Vc and Vp 28.7% 75.4% 26.5% 7.4% 26.3% 22.6%, 30.5%

ω, correlation of CL and (Vc and Vp) 0.655 8.6% 0.727 5.0% 0.731 0.652, 0.795

ω, Ka 55.6% 8.1% 54.0% 8.4% 53.6% 44.7%, 62.4%

Residual variability 23.5% 4.6% 23.5% 4.6% 23.4% 21.4%, 25.5%

ALB, albumin; CI, confidence interval; CL, systemic clearance; F, bioavailability; Ka, absorption rate; Q, inter-compartmental clearance; RSE, relative standard error, obtained from
NONMEM covariance step; PARpop, population typical value; Vc, volume of central compartment; Vp, volume of peripheral compartment.

PK comparison of anrukinzumab among different populations
dose. Representative plots from six treatment groups
from both i.v. and s.c. routes of administration and differ-
ent disease states are shown in Figure 4. For each of the
three percentiles, the observed and simulated data
agreed well. To validate the model further, 2000
bootstrap runs were performed. The median values and
95% confidence intervals (CIs) from the bootstrap esti-
mation are listed in Table 3. The bootstrap results were
very similar to the NONMEM estimates from the final
model, supporting the stability of the population PK
model. The significance of the included covariates was
further supported by the bootstrap analysis, as none of
the 95% CIs for the covariate effects included zero (if
the parameter value for covariate effect is zero, it
represents the null hypothesis). In the final model, the
half-life for non-UC subjects was 567 h (95% CI 548–586
h) and for UC patients, it was 328 h (95% CI 301–352 h).

Model simulation
To illustrate the impact of faster CL on exposure in UC
patients, simulation of exposure for subjects with or
without UC was performed with covariate matched pop-
ulation and the only difference between the two popula-
tions was CL. Median and 95% prediction interval are
plotted in Figure 5. The PK profiles showed reduced ex-
posure in UC patients compared with non-UC subjects
when the same dose of anrukinzumab was administered.
Discussion

A population PK model was created for anrukinzumab,
an anti-IL13 monoclonal antibody with data from five
clinical trials conducted in different disease states includ-
ing healthy volunteers, asthma patients and UC patients.
A two compartment model with first order absorption
and elimination described all the available PK data for
anrukinzumab well. The population estimates of the Vc
and Vp compartments were 3.8 and 2.2 l, respectively.
The Vc was very close to plasma volume and both param-
eters were within the typical range for monoclonal
antibodies [14]. The mean CL of all the non-UC patients
was 0.20 l day–1 (i.e. 0.00732 l per h), which was very
similar to the typical CL of endogenous IgG of 0.21 l
day–1 and within the reported typical range of 0.2–0.5 l
day–1 for monoclonal antibodies [14]. Both CL and V in-
creased with body weight, which is often observed with
other therapeutic monoclonal antibodies [14] and is
Br J Clin Pharmacol / 80:1 / 105



Figure 1
Relationship between selected covariates and pharmacokinetic parameters in the base model (A) and the final model (B). The solid red line is a smooth
curve fit of the data computed by loess. In the boxplots on the right, the thick line shows median, box shows the first and the third quartiles, and the bars
show 1.5 *interquartile range. CL, clearance; V, total volume of distribution; BIL13, serum baseline IL-13 level; HV, healthy volunteers; mAsthma, mild to
moderate asthma patients; sAsthma, moderate to severe asthma patients; UC, ulcerative colitis patients

F. Hua et al.
consistent with the mechanism of metabolism for mono-
clonal antibodies. The half-life for non-UC subjects was
567 h (95% confidence interval 548–586 h). Overall, the
PK properties of anrukinazumab are consistent with a
typical monoclonal antibody.

Albumin was also identified as a covariate for CL
which has been reported before for other monoclonal
antibodies [10, 15]. Since both IgG and albumin have a
similar degradation mechanism, where binding to FcRn
protects them from degradation [16, 17], it is reasonable
to expect that the CL of albumin and IgG are correlated
and consequently, albumin concentration is a covariate
for monoclonal antibody CL. Age and gender were not
identified as covariates for CL or V.
106 / 80:1 / Br J Clin Pharmacol
Moderate to severe asthma was identified as a covar-
iate for bioavailability. It was not expected that asthma
disease would impact on the bioavailability of the drug.
However, since the entire moderate to severe asthma
patient data were from a multicentre phase 2 study with
s.c. injection, the decreased bioavailability could due to
inaccurate dose administration. Sparse PK sampling was
used for that study. Therefore PK characterization heavily
relied on the population PK model where PK information
from other studies was used.

UC disease was identified as a significant covariate
with an estimated 73% higher CL in this population.
This is consistent with the results from non-
compartmental analysis of PK data [18]. Within the UC



Figure 2
Relationship between baseline Mayo score and CL for ulcerative colitis
patients. In the boxplot, the thick line shows median, box shows the
first and the third quartiles, and the bars show 1.5 *interquartile range.

Figure 3
Goodness-of-fit plots for the final model. A) Observed vs. population
predicted serum anrukinzumab concentrations on a log scale. B) Ob-
served vs. individual predicted serum anrukinzumab concentrations
on log scale. C) Conditional weighted residual vs. population predicted
serum anrukinzumab concentrations. D) Conditional weighted residual
vs. time after dose (h). The broken blue line represents the line of iden-
tity in panels A and B and the zero line in panels C and D. The broken
red line represents a smooth curve fit of the data. DV, observed concen-
tration; PRED, predicted concentration; IPRED, individual predicted
concentration; CWRES, conditional weighted residual

PK comparison of anrukinzumab among different populations
population, the relationship between CL and Mayo
score was explored graphically (Figure 2). There was
no support for the hypothesis that different levels of
clinical disease severity would have different CLs across
the investigated UC population. Baseline serum IL-13 was
elevated further in UC patients compared with asthma
patients who had slightly elevated baseline IL-13 com-
pared with healthy volunteers (Table 1). However, the
PK for anukinzumab were dose proportional in all the
studies (data not shown) including the initial single dose
escalation study with a relatively low dose (0.3mg kg–1).
In addition baseline IL-13 level was not a significant co-
variate for the CL of anukinzumab in the covariate test.
Altogether, this evidence suggests that increased CL in
UC patients is not likely due to target mediated drug
disposition. Although most of the previous experience
in healthy volunteers and asthma patients with
anrukinzumab are with the s.c. route of administration,
there was one cohort of i.v. administration included in
the single dose escalation study (Table 1, study 1). In that
study, there was no significant difference in CL between
i.v. and s.c. administration, suggesting that the i.v. route
is not the reason for the faster CL observed for UC pa-
tients. No anti-anrukinzumab antibody (ADA) has been
reported by using the quasi-quantitative ELISA assay in
any of the studies so that it is unlikely that ADAs contrib-
ute to the difference in CL. In the UC study, mesalamine
was the only permitted concomitant medication for
which no impact on CL has been reported so far. Metho-
trexate, steroid and anti-TNF therapies were required to
be stopped 7days, 30 days and five half-lives before
study randomization, respectively. Therefore, it is also un-
likely that the concomitant medications contributed to
the difference observed in CL. An alternative explanation
for the increased CL may be disease related (but IL-13
independent). Although the disease-related mechanisms
impacting on CL could not be determined, potential expla-
nations include increased inflammation state and intestinal
CL [19]. For infliximab, inflammation has been shown to be
related to the CL of the drug [10, 12, 20]. Increased intes-
tinal CL of antibody has been reported for UC and Crohn’s
disease [21]. However, it is unclear whether the increased
intestinal CL is significant enough to impact on systemic
antibody CL.

There is one precaution for the IL-13 measurement.
Although the same assay for IL-13 was used for all the
studies, the test was run at a different laboratory for the
UC study whereas the same laboratory was used for all
the other studies. During the re-validation of the IL-13
assay for the UC study, the LLOQ for the assay was
increased due to matrix interference with UC serum sam-
ples. This increase in LLOQ resulted in three subjects (5%)
receiving active treatment in the study with no detect-
able IL-13 at baseline in the UC study. The samples with
no detectable baseline IL-13 were excluded from the
covariate analysis. Since the majority of the baseline
values were detectable, the few missing samples should
not have had an impact on the conclusion that baseline
IL-13 was not a significant covariate.

In conclusion, a population PK model for anrukinzumab
has identified several covariates for PK parameters. Particu-
larly, having UC disease was identified as a significant covar-
iate, associated with increased CL. This is, as far as we know,
the first time a population PK modelling with covariate
testing approach to compare antibody PK parameters in
healthy volunteers, asthma patients and UC patients has
been conducted. An increasing number of monoclonal
antibodies are being investigated for the treatment of UC
and other inflammatory diseases. While this is the only
example we are aware of that UC disease impacts on CL
Br J Clin Pharmacol / 80:1 / 107



Figure 4
Visual predictive check for the final model stratified by dose. Examples
included are A) 200mg i.v. (study 5, UC patients), B) 400 mg i.v. (study 5,
UC patients), C) 600 mg i.v. (study 5, UC patients), D) 0.6 mg kg–1 s.c.
(study 4, moderate to severe asthma patients), E) 3 mg kg–1 i.v. (study
1, mild to moderate asthma patients) and F) 4 mg kg–1 s.c. (studies 1
and 2, healthy volunteers and mild to moderate asthma patients). The
circles show the observed data. The solid red lines represent the me-
dian of the observed data. The broken red lines represent the 5th and
95th percentiles of the observed data. The solid black lines represent
the simulated median and the orange shaded area represents its 95%
confidence interval. The broken black lines represent the 5th and 95th

percentiles based on simulation and the blue shaded areas around
the broken black lines represent their the 95% confidence interval,
respectively

Figure 5
Concentration vs. time profiles of anrukinzumab given as multiple i.v.
200 mg doses to UC patients or non-UC subjects. The broken lines show
median profiles and the shaded areas show 95% prediction interval. ,
UC; ,non-UC

F. Hua et al.
through a TMDD independent mechanism, it would be
interesting to see if disease related changes in CL are a
general phenomenon for monoclonal antibodies. If con-
firmed, dose adjustment might be needed to treat different
diseases.
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