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Abstract
Background and Objective Risankizumab is an anti-interleukin (IL)-23 monoclonal antibody being developed for treatment 
of moderate to severe plaque psoriasis. This study provided a comprehensive analysis of risankizumab pharmacokinetics in 
healthy subjects and patients with plaque psoriasis using data across phase I–III clinical trials.
Methods Plasma pharmacokinetic data from 1899 subjects, including 13,123 observations, who received single or multiple 
intravenous or subcutaneous doses of risankizumab (0.01–5 mg/kg intravenous [IV], 200–1200 mg IV, 0.25–1 mg/kg sub-
cutaneous [SC], and 18–300 mg SC) across the phase I–III clinical program were analyzed using a non-linear mixed-effects 
modeling approach. The developed model was qualified and the clinical relevance of covariates statistically correlated with 
risankizumab clearance (CL) was evaluated using simulation analyses.
Results Risankizumab pharmacokinetics were best described using a two-compartment model with first-order absorption 
and elimination. Risankizumab CL, volume of distribution at steady state (Vss), and terminal-phase elimination half-life 
(t½) were estimated to be approximately 0.31 L/day, 11.2 L, and 28 days, respectively, for a typical 90 kg psoriatic subject, 
approaching steady-state plasma exposures by week 16 of dosing. Absolute SC bioavailability (F) was 89%. Bodyweight, 
anti-drug antibody (ADA) titers ≥ 128 (detected in only 1% of ADA-evaluable subjects in phase III studies), baseline serum 
albumin, high-sensitivity C-reactive protein (hs-CRP), and serum creatinine were statistically correlated with risankizumab 
CL; however, they had no clinically relevant impact on exposure.
Conclusion Risankizumab is characterized by dose-proportional, bi-exponential disposition with no difference in exposure 
between healthy subjects and patients with psoriasis. None of the covariates identified as being statistically correlated with 
risankizumab CL has a clinically meaningful impact on its exposure with the proposed psoriasis clinical regimen of 150 mg 
administered SC at weeks 0 and 4, and every 12 weeks thereafter.
ClinicalTrials.gov Identifiers NCT01577550, NCT02054481, NCT02596217, NCT02684370, NCT02672852, NCT02684357, 
NCT02694523.
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1 Introduction

Plaque psoriasis is a chronic immune-mediated skin con-
dition with a prevalence of approximately 3% in the USA 
[1]. Psoriasis is characterized by marked inflammation and 
increased keratinocyte proliferation, leading to pruritic, 

often painful, demarcated, scaly, and erythematous skin 
lesions, which negatively impacts the quality of life of pso-
riatic patients. Furthermore, plaque psoriasis can be associ-
ated with other co-morbidities, including psoriatic arthritis, 
uveitis, and cardiometabolic diseases, among others [2].

The proinflammatory cytokine interleukin (IL)-23 has 
been demonstrated to play a crucial role in the pathogen-
esis of several autoimmune diseases, including psoriasis. 
IL-23 activates the T helper (Th) 17 cells, which in turn 
can stimulate and promote chronic tissue inflammation via 
various proinflammatory cytokines, including IL–17A [3]. 
As such, several therapies targeting IL-17 or IL-23 have 
been recently developed to block the IL-23/IL-17A axis 
for the treatment of several autoimmune disorders. Several 
anti-IL-23-antibodies (e.g., ustekinumab, guselkumab, and 
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Key Points 

Risankizumab displayed linear pharmacokinetics across 
the doses evaluated in the phase I–III clinical trials in 
psoriasis, and a two-compartment model with first-order 
absorption and elimination best described its pharma-
cokinetics.

Body weight, anti-drug antibody, and baseline levels of 
albumin, high-sensitivity C-reactive protein, and serum 
creatinine were identified to be statistically correlated 
with risankizumab clearance; however, none of these 
covariates had a clinically meaningful impact on risanki-
zumab exposures with the proposed psoriasis clinical 
regimen.

Risankizumab pharmacokinetics were similar between 
healthy subjects and patients with plaque psoriasis.

number of subjects included in the analyses and the longer 
duration of treatment in phase III clinical trials allows 
the potential impact of covariates on exposure to be more 
robustly assessed.

2  Methods

2.1  Study Population

Data from healthy volunteers and patients recruited in seven 
studies (one phase I study in healthy male volunteers, and 
six phase I–III studies in male and female patients with mod-
erate to severe plaque psoriasis), who received at least a 
single dose of risankizumab, were included in the analyses 
(Table 1). Subjects recruited in these studies received sin-
gle intravenous (IV) or SC dosing, or multiple SC dosing 
across the dose range of 0.01–5 mg/kg IV, 200–1200 mg 
IV, 0.25–1 mg/kg SC, and 18–300 mg SC. For SC admin-
istrations in patients, skin areas affected by psoriasis were 
not utilized. All studies were conducted in accordance with 
Good Clinical Practice guidelines and the ethical principles 
that have their origin in the Declaration of Helsinki. The 
protocols were approved by the ethics committee or institu-
tional review board at each site, and all participants provided 
written informed consent.

2.2  Bioanalyses

Blood samples for determination of risankizumab plasma 
concentrations, anti-drug antibody (ADA), and neutralizing 
antibody (NAb) assessments were obtained by venipuncture 
at the sampling timepoints shown in Table 1. The actual 
blood sample collection times were used in the population 
pharmacokinetic analyses. Plasma concentrations of free 
risankizumab, presence and titer of ADA, and presence of 
NAb were measured using validated assays as previously 
described [11, 12].

Briefly, a validated enzyme-linked immunosorbent assay 
(ELISA) method was used to quantitatively determine the 
free risankizumab concentration in plasma within a nominal 
range of 5–100 ng/mL and with a lower limit of quantitation 
(LLOQ) of 5 ng/mL with inter-run precision (% coefficient 
of variation [%CV]) ≤ 5% across studies. Plasma samples 
above the upper limit of quantitation were diluted and re-
assayed. Testing for ADA was multi-tiered, with ADA titers 
being determined by serial dilution for subjects confirmed 
to be ADA positive. A titer-based acid dissociation bridg-
ing electrochemiluminescence (ECL) immunoassay with 
a psoriasis-specific cut-point was developed for the detec-
tion of antibodies against risankizumab in human plasma. 
In addition, a cell-based assay for assessment of NAb to 

tildrakizumab) have demonstrated efficacy in treatment of 
plaque psoriasis [4–6].

Risankizumab is a humanized IgG1 monoclonal antibody 
that selectively binds with picomolar affinity for the p19 sub-
unit of IL-23, preventing IL-23 from binding to its receptor 
[7]. Several risankizumab phase III clinical trials have now 
been completed and demonstrated rapid and durable clini-
cal improvement in patients with moderate to severe plaque 
psoriasis, with approximately 75% of patients experiencing 
near-complete or complete clearance of skin lesions (i.e., 
Psoriasis Area Severity Index [PASI]90/PASI100 response) 
at week 16 with a convenient regimen of a 150 mg subcu-
taneous (SC) dose administered at weeks 0 and 4 and every 
12 weeks thereafter [8–10].

Previously, we have characterized the population phar-
macokinetics of risankizumab using a relatively small 
dataset consisting of 157 patients with moderate to severe 
plaque psoriasis and 115 patients with Crohn’s disease 
across phase I and II studies [11]. In the present analy-
ses, pharmacokinetic data for risankizumab from healthy 
volunteers (n = 67) and patients with moderate to severe 
plaque psoriasis (n = 1844) across two phase I, one phase 
II, and four phase III clinical trials were analyzed simul-
taneously using a non-linear mixed-effects modeling 
approach. The objectives of the current analyses using 
this larger dataset were to characterize risankizumab phar-
macokinetics in the moderate to severe plaque psoriasis 
population, evaluate the differences (if any) in risanki-
zumab pharmacokinetics between healthy volunteers and 
psoriatic patients, and evaluate the impact of the relevant 
patient-specific covariates on risankizumab systemic 
exposures to inform dosing recommendations. The larger 
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risankizumab was developed and a psoriasis specific cut-
point with a 1% false-positive rate was established.

For subjects confirmed as ADA positive, and at the first 
dilution in the titer assay at which the ADAs were no longer 
detectable, titers were reported as < 1 and this was imputed 
in the analysis dataset with a value of 0.5 for testing the titer 
as a continuous covariate.

2.3  Population Pharmacokinetic Analyses

2.3.1  Software

The analysis utilized a non-linear mixed-effects modeling 
approach using  NONMEM® version 7.4.1 (ICON Develop-
ment Solutions, Ellicott City, MD, USA) compiled with the 
GNU Fortran compiler, version 4.8.3. Perl Speaks NON-
MEM (PsN; version 4.6.0; Uppsala University, Uppsala, 
Sweden [13]) and R (version 3.4.0; R Foundation for Statis-
tical Computing, Vienna, Austria) were used to assist with 
model development, evaluation, and simulation analyses.

2.3.2  Model Development

Model parameters were estimated using the first-order 
conditional estimation (FOCE) algorithm with interaction 
between inter-individual variability (IIV) and residual vari-
ability (FOCE with η–ε INTERACTION) as implemented 
in  NONMEM®. The structural, IIV, residual, and covariate 
models were developed in a stepwise manner. For model 
selection, the competing nested models were compared 
using the objective function value (OFV), where the differ-
ence in the OFV can serve as a likelihood ratio test approxi-
mately following a chi-squared distribution. Parameters of 
an alternative nested model were included if the fit improved 
significantly with p < 0.01.

One‐, two‐, and three‐compartment pharmacokinetic 
models, in addition to linear and non-linear models for 
elimination, were tested for the best description of risanki-
zumab disposition.

Except for the IIV on bioavailability (F) (described 
below), the IIV for other pharmacokinetic parameters was 
assumed to follow log-normal distributions and, hence, 
exponential random effects models were used for their char-
acterization (Eq. 1).

where θi,k is the estimate of the kth parameter for the ith sub-
ject, θk is the population estimate of the kth parameter, and 
ηi,k represents the individual deviation from θk, where ηi,k is 
assumed to arise from a normal distribution with a mean of 
0 and a variance of ωk

2: η ~ N (0, ωk
2). Inclusion of IIV on F 

was evaluated by estimating an additive model on the logit 
scale to ensure Fi is bound between 0 and 1 (Eq. 2).

(1)�i,k = �k × e�i,k ,

Additive, proportional residual error models, and a com-
bination of both, as shown in Eqs. (3–5), respectively, were 
evaluated for the best description of the residual error.

where Cij is the observed plasma concentration of the ith 
individual at time j, Ĉij is the corresponding model-predicted 
concentration, and ε1,ij and ε2,ij represent the proportional 
and additive residual random error, respectively, in the resid-
ual error models. Residual random errors were assumed to 
arise from independent normal distributions with a mean of 
0 and a variance of σn

2 where n represents 1 (proportional) 
or 2 (additive) model structures.

Subsequently, the effects of covariates, including demo-
graphics (age, body weight, sex, race, country), laboratory 
values measured at baseline (serum albumin, creatinine, 
aspartate aminotransferase, alanine transaminase, total bili-
rubin, high-sensitivity C-reactive protein [hs-CRP]), esti-
mated creatinine clearance at baseline, disease condition 
(healthy vs. psoriasis, baseline PASI score), immunogenicity 
of risankizumab (ADA titer, ADA- and NAb-positive/nega-
tive status irrespective of time, and time-dependent ADA 
and NAb status), and the difference in risankizumab drug 
supply between phase I and II studies versus phase III stud-
ies (changes related to cell bank and manufacturing batch 
scalability) were evaluated on model parameters as appro-
priate using the forward inclusion (α = 0.01) and backward 
elimination (α = 0.001) process implemented in PsN. Rela-
tionships between key model parameters and covariates were 
tested and included if significant in a multiplicative manner, 
as shown in Eq. (6).

where np is the number of continuous covariates, covi,p is 
the pth continuous covariate value in the ith subject,  refp is 
the reference value for the pth covariate (median was used 
except for bodyweight where 70 kg was used as a reference), 
θk,p is the exponent estimate for the power model character-
izing the effect of the pth continuous covariate on the kth 
parameter.

(2)Fi =
e(�F+�F,i)

1 + e(�F+�F,i)
,

(3)Cij = Ĉij × (1 + 𝜀1,ij)

(4)Cij = Ĉij + 𝜀2,ij

(5)Cij = Ĉij ×
(

1 + 𝜀1,ij
)

+ 𝜀2,ij.

(6)

�i,k = �k ×

(

np
∏

p=1

(

covi,p

refp

)�k,p

×

nq
∏

q=1

(

1 + �k,q,y
)

)

× e(�i,k),
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Similarly, nq is the number of categorical covariates, 
θk,q,y is the proportional difference estimate for the effect 
of the yth category of the qth categorical covariate on the 
kth parameter, where θk,q,y takes a value of 0 for the most 
frequent category. F was estimated separately to ascribe the 
difference in the risankizumab drug supplies between phase 
I–II studies versus phase III studies.

The effect of the time course of ADA titers  (ADAeff) was 
evaluated on risankizumab clearance (CL) using two alterna-
tive parameterizations. First, the effect of the ADA titer was 
assessed using a power function (Eq. 7).

where titer is the ADA titer and θCL,ADA is the estimated expo-
nent for the relationship between risankizumab CL and ADA 
titer normalized to 0.5 titer units (see Sect. 2.2). In the second 
parameterization, given that the  ADAeff (as shown in Eq. 7) 
was statistically significant, various ADA titer threshold val-
ues  (Titerthreshold) were evaluated using a proportional differ-
ence model to investigate if a better fit is obtained if the effect 
of ADA on risankizumab CL is included only when the ADA 
titer reaches a certain threshold value  (Titerthreshold; Eq. 8)

where θCL,Titer,threshold is the estimate of the proportional dif-
ference in CL once the ADA titer reaches the  Titerthreshold.

Finally, covariance between CL, central volume of distri-
bution (Vc), F, and absorption rate constant (ka) were evalu-
ated, and was reduced in a stepwise manner if the model was 
deemed unstable.

Once developed, the final model was used to predict the 
risankizumab plasma exposures (maximum concentration 
[Cmax], area under the concentration–time curve [AUC], and 
trough concentration [Ctrough]) in subjects with moderate to 
severe plaque psoriasis who received the phase III clinical 
regimen of 150 mg SC at weeks 0 and 4 and every 12 weeks 
thereafter using their actual dosing history and empirical 
Bayesian estimates of pharmacokinetic parameters.

2.3.3  Model Evaluation

Model evaluation was performed using goodness-of-fit plots, 
visual predictive checks (VPCs), and bootstrap analyses. 
For the VPCs, 1000 simulated replicates of the observed 
dataset for the same study designs were generated using 
 NONMEM®. The median and 5th and 95th percentiles of 
the simulated data representing the 90% prediction intervals 
along with the 95% confidence intervals (CIs) of the median 

(7)ADAeff =

{

1, if Titer = 0
(

Titer∕0.5

)𝜃CL,ADA
, ifTiter > 0

,

(8)

ADAeff =

{

1, if Titer < Titerthreshold
1 + 𝜃CL,Titer,threshold, if Titer ≥ Titerthreshold

,

and 5th and 95th percentiles were calculated and compared 
graphically with the observed data. For the bootstrap, 1000 
replicate datasets were generated from the original data-
set by randomly sampling subjects with replacement. The 
model was fit to each of these replicated datasets, and the 
medians and corresponding non-parametric 95% CIs (2.5th 
to 97.5th percentiles) were constructed for each parameter 
based on the successfully converging runs and compared to 
the parameter estimates of the final model.

2.3.4  Simulation Analyses for Evaluating the Impact 
of Covariates

To evaluate the clinical relevance of the identified statisti-
cally significant covariates, simulations were carried out to 
compare risankizumab steady-state Cmax, and AUC over a 
dosing interval (AUC τ) for the risankizumab dosing regi-
men of 150 mg SC at weeks 0 and 4 and every 12 weeks 
thereafter in a subset of typical patients, or the test group, 
relative to the reference group. For body weight, patients 
weighing ≤ 100 kg were considered the reference group, 
while patients weighing > 100 kg were considered the test 
group. The 100 kg body weight was the same body weight 
cut-off utilized in risankizumab phase III efficacy subgroup 
analyses. It is also the cut-off utilized clinically for the step-
dosing of ustekinumab, which was an active comparator in 
two of risankizumab phase III trials [4, 14]. For other con-
tinuous covariates, subjects within the 25th to 75th percen-
tiles of the covariate distribution in the dataset served as the 
reference group, while subjects below the 25th percentile 
or above the 75th percentile were two separate test groups. 
For categorical covariates, subjects with the most frequent 
category were considered the reference group, and the other 
categories were the test groups.

Simulations for each of the identified covariates of inter-
est were carried out separately while fixing other covariates 
to the reference value. To include parameter uncertainty in 
simulations, the fixed-effect parameters for each replicate 
were sampled from the variance–covariance matrix of the 
final pharmacokinetic model parameters, and the ETA dis-
tributions determined the individual subject pharmacoki-
netic parameters within a replicate. Cmax and AUC τ values 
over the interval between weeks 40 and 52 interval were 
calculated, and within each simulation replicate, the ratios 
of median Cmax and AUC τ values for each test group relative 
to the median Cmax and AUC τ of the reference group (nor-
malized exposure ratio) were calculated. This process was 
repeated 200 times and the median of the normalized expo-
sure ratios across the 200 replicates and the non-parametric 
95% CIs (2.5th and 97.5th percentiles of the ratios) were 
calculated and summarized graphically using a forest plot.
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3  Results

3.1  Data

A total of 15,660 risankizumab plasma concentration meas-
urements from 1911 subjects (1844 psoriasis patients and 
67 healthy subjects) were available for the analyses. After 
excluding measurements below the LLOQ, the majority of 
which were the measurements prior to the first risankizumab 
dose from all subjects as well as measurements during the 
long washout phase in single-dose studies, a total of 13,123 
plasma concentration measurements from 1899 subjects 
were included in the analyses. Exclusion of samples below 
the LLOQ led to exclusion of 12 subjects from the analyses, 
among whom seven subjects had only risankizumab concen-
tration measurements prior to the first risankizumab dose 
before dropping out from the trials.

The demographic and baseline characteristics of the sub-
jects from whom risankizumab concentrations were avail-
able are summarized in Table 2. Overall, the population was 
predominantly male (71%), had a median age of 47 years 
(range 18–85 years), and had a median body weight of 87 kg 
(range 43–193 kg).

3.2  Population Pharmacokinetic Model

The two-compartment model, parameterized using the 
ADVAN4 TRANS4 subroutine in  NONMEM® in terms of 
CL, Vc, peripheral volume of distribution (Vp), inter-com-
partmental clearance (Q), F, and ka best described risanki-
zumab pharmacokinetics. Including IIV terms on CL, Vc, 
ka, and F with correlation between CL and Vc significantly 
improved the model fit (statistically significant decrease 
in OFV; p < 0.01). Residual variability was best described 
using a proportional error model.

Among the covariate relationships evaluated, risanki-
zumab CL was found to have statistically significant cor-
relation with body weight, baseline serum albumin, serum 
creatinine, hs-CRP, and ADA titer; risankizumab Vc and 
Vp were both found to have statistically significant correla-
tion with body weight. Furthermore, different estimates for 
risankizumab F for the different drug supplies for phase I 
and II versus phase III studies significantly improved the 
model fit. A single variance was utilized for the IIV of SC 
bioavailability since the distribution of the IIV for phase 
I and II versus phase III was comparable after incorpora-
tion of this covariate as a fixed-effect parameter on SC 
bioavailability.

Presence of ADAs to risankizumab in patients with 
ADA titer values ≥ 128 ( Titerthreshold = 128 ) was found to 
affect risankizumab CL. The relationship was modeled in a 
time-varying fashion, with effect of ADAs on CL becoming 
detectable only when ADA titer levels are ≥ 128. Patients 

with ADA titer values of ≥ 128 were estimated to have an 
increase of risankizumab CL by 43%, on average; however, 
ADA titer values < 128 had no effects on risankizumab 
CL. Overall, a very small fraction of psoriasis subjects 
who received risankizumab in the phase II/III clinical trials 
(approximately 1% [6/598] of ADA-evaluable subjects who 
received the phase III clinical regimen over a 52-week time 
period in the UltIMMa-1 and UltIMMa-2 trials or approxi-
mately 1.5% [28/1807] of ADA-evaluable subjects who 
received any dose of risankizumab in all phase II/III trials) 
developed antibody titers ≥ 128. Other covariates such as 
age (18–85 years), sex, race (Asians vs. white plus others), 
and liver function markers (total bilirubin [3.0–57 µmol/L], 
alanine aminotransferase (ALT; 6.0–239 U/L], and aspartate 
aminotransferase [AST; 8.0–236 U/L]), and the emergence 
of NAbs did not correlate with risankizumab pharmacoki-
netic parameters.

The parameter estimates and their associated percentage 
relative standard errors from the final population pharma-
cokinetic model are provided in Table 3. For a typical 90 kg 
psoriasis patient, risankizumab plasma CL, Vc, Vp, volume 
of distribution at steady state (Vss), and elimination half-life 
(t½) values were estimated to be approximately 0.31 L/day, 
6.52 L, 4.67 L, 11.2 L, and 28 days, respectively. The abso-
lute SC bioavailability for the phase III clinical drug supply 
was 89%. The IIV for risankizumab CL, Vc, and ka was 24%, 
34%, and 63%, respectively.

3.3  Model Evaluation

The model adequately described the data as demonstrated 
with the goodness-of-fit plots (Fig. 1) where population and 
individual predictions showed lack of any bias when plotted 
against observed data, and with no obvious trends in plots 
of conditional weighted residuals versus population predic-
tions and time.

Of 1000 replicates, 998 runs converged successfully in 
the bootstrap analyses. Based on the successful runs, the 
model parameters were precisely estimated as indicated by 
the 95% CIs, with negligible deviation from the original 
dataset estimates (Table 3). Furthermore, VPCs for com-
bined data across phase III studies with similar design (stud-
ies UltIMMa-1 and UltIMMa-2) for subjects who received 
the clinical regimen of risankizumab 150 mg SC at weeks 
0 and 4 and every 12 weeks thereafter demonstrate that the 
model was able to describe the central tendency and vari-
ability in the observed data well (Fig. 2).

3.4  Impact of Statistically Significant Covariates 
on Risankizumab Exposures

Based on the simulations using the developed model, 
subjects with body weight > 100 kg were predicted to 
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Table 2  Demographics and baseline characteristics of subjects who received risankizumab in each study

Characteristic Study All subjects

M16-513 1311.1 1311.2 UltIMMa-1 UltIMMa-2 IMMvent IMMhance

n 67 31 126 401 394 392 500 1911a

Country [n (%)]
 USA (USA, Canada) 20 (65) 81 (64) 239 (60) 291 (74) 202 (52) 354 (71) 1187 (62)
 Taiwan 37 (9) 37 (2)
 Korea 12 (18) 43 (11) 51 (10) 106 (6)
 Japan 36 (54) 39 (10) 13 (3) 88 (5)
 Europe 11 (35) 45 (36) 52 (13) 86 (22) 144 (37) 52 (10) 390 (20)
 China 19 (28)b 19 (1)
 Rest of world 28 (7) 17 (4) 9 (2) 30 (6) 84 (4)

Age (years)
 Mean (SD) 28.5 (6.47) 42.4 (10.5) 46.0 (13.9) 48.4 (13.4) 46.4 (13.6) 46.1 (13.8) 49.2 (13.3) 46.8 (13.8)
 Median 27 45 47 48 47 47 51 47
 Min–max 21–45 24–61 20–72 21–85 19–76 18–78 19–79 18–85

Body weight (kg)
 Mean (SD) 65.8 (10.1) 88.7 (18.9) 89.8 (19.0) 88.1 (22.3) 92.2 (21.2) 90.2 (24.3) 91.8 (22.9) 89.7 (22.6)
 Median 64.2 89.0 89.0 84.0 90.3 86.8 89.4 87.0
 Min–max 50.6–94.4 47.0–121 49.2–138 45.0–161 46.0–170 42.6–190 47.0–193 42.6–193

Body mass index (kg/m2)
 Mean (SD) 21.9 (2.37) 29.6 (5.79) 30.3 (5.61) 29.8 (6.81) 31.1 (6.75) 30.5 (8.04) 31.2 (7.11) 30.3 (7.16)
 Median 21.4 29.1 29.9 28.6 30.4 29.3 30.1 29.4
 Min–max 18.5–29.1 20.9–39.6 18.5–39.9 16.6–59.8 15.0–57.4 16.4–92.7 17.3–67.0 15.0–92.7

Sex [n (%)]
 Male 67 (100) 25 (81) 82 (65) 286 (71) 270 (69) 271 (69) 349 (70) 1350 (71)
 Female 6 (19) 44 (35) 115 (29) 124 (31) 121 (31) 151 (30) 561 (29)

Race [n (%)]
 White and others (including all 

categories except Asians)
12 (18) 31 (100) 124 (98) 289 (72) 362 (92) 338 (86) 422 (84) 1578 (83)

 Asian 55 (82) 2 (2) 112 (28) 32 (8) 54 (14) 78 (16) 333 (17)
hs-CRP (mg/L)
 Mean (SD) 0.5 (0.5) 4.8 (6.6) 4.4 (4.8) 6.0 (9.7) 5.7 (7.7) 6.7 (12.2) 6.5 (11.6) 5.9 (10.0)
 Median 0.4 3.3 2.6 2.9 3.1 2.7 3.3 2.8
 Min–max 0.1–2.3 0.3–34.4 0.2–30.0 0.2–78.8 0.2–79.7 0.2–103 0.2–131 0.1–131

Baseline PASI score
 Mean (SD) 18.5 (7.4) 18.7 (7.4) 20.6 (7.4) 20.0 (7.6) 20.0 (7.7) 20.0 (7.9) 20.0 (7.6)c

 Median 16.3 16.2 18.4 17.8 17.7 17.4 17.8c

 Min–max 10.5–43.4 11.9–61.0 12.0–54.7 12.0–60.3 12.0–50.4 12.0–63.4 10.5–63.4c

Total bilirubin (µmol/L)
 Mean (SD) 15.0 (5.0) 9.0 (6.0) 8.6 (4.7) 9.6 (5.5) 8.6 (5.2) 8.9 (4.6) 9.0 (5.3) 9.2 (5.2)
 Median 13.7 7.0 6.8 8.6 7.0 8.0 8.0 8.0
 Min–max 6.8–25.7 3.4–27.4 3.4–29.1 3.4–45.0 3.0–57.0 3.4–39.0 3.0–55.0 3.0–57.0

Serum albumin (g/L)
 Mean (SD) 45.7 (2.38) NA 42.2 (3.32) 44.6 (2.94) 44.0 (2.92) 44.7 (2.96) 44.2 (2.76) 44.3 (2.97)d

 Median 46.0 NA 42.0 45.0 44.0 45.0 44.0 44.0d

 Min–max 40.0–51.0 NA 34.0–51.0 34.0–58.0 35.0–52.0 35.0–53.0 34.0–51.0 34.0–58.0d

Serum creatinine (µmol/L)
 Mean (SD) 79.5 (11.4) 79.3 (14.9) 78.5 (14.8) 76.6 (16.3) 77.7 (17.0) 75.1 (15.2) 76.4 (17.1) 76.8 (16.2)
 Median 79.6 79.6 79.6 76.0 79.6 74.0 73.5 76.0
 Min–max 55.7–105 53.1–106 53.1–124 35.4–133 35.4–159 35.4–128 35.4–203 35.4–203
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have ~ 30% lower exposures (Cmax and AUC), on average, 
than subjects weighing ≤ 100 kg following administration 
of the clinical dosing regimen of 150 mg SC at weeks 0 
and 4 and every 12 weeks thereafter. ADAs to risankizumab 
did not have an effect on risankizumab CL or exposure in 
the majority of ADA-positive subjects, with the exception 
of few subjects (28 subjects, representing ~ 1.5% of all 
ADA-evaluable subjects (n = 1807) in phase III studies or 
32 subjects, representing ~ 1.7% of all ADA-evaluable sub-
jects (n = 1911) across all risankizumab doses evaluated in 
phase I–III studies) who developed ADA titer of ≥ 128 titer 
units, in which risankizumab CL was estimated to increase 
by 43% and AUC was estimated to decrease by 30%, on 
average. None of the other statistically significant covariates 

identified showed a meaningful impact on risankizumab 
exposures. Over the evaluated covariate ranges (serum 
albumin 34.0–58.0 g/L, baseline hs-CRP 0.1–131 mg/L, and 
serum creatinine 35.4–203 µmol/L), risankizumab exposures 
were estimated to be well within the default equivalence 
boundaries of 0.8–1.25 relative to the reference groups 
(Fig. 3).

4  Discussion

Risankizumab is an anti-IL-23 antibody being developed 
for the treatment of moderate to severe plaque psoriasis and 
other inflammatory diseases. In four phase III studies of 

ADA anti-drug antibody, hs-CRP high-sensitivity C-reactive protein, Max maximum, Min minimum, NA data not collected, NAb neutralizing 
antibody, PASI Psoriasis Area Severity Index, SD standard deviation
a Concentration data from 12 subjects were excluded as described in Sect. 3, leaving a total of 1899 subjects for the population pharmacokinetic 
analyses
b Subjects were enrolled in Korea
c n = 1844
d n = 1880
e Calculated based on the Cockcroft-Gault formula: creatinine clearance (mL/min) = [140 − AGE (y)] × body weight (kg)/[71.87 × serum creati-
nine (mg/dL)] × 0.84557 (if female)
f Summary calculated only among those subjects with an ADA titer ≥ 128. One subject in Study 1311.1 had a baseline ADA titer value of 128 
and a maximum ADA titer value of 256, and one subject in Study UltIMMa-2 had a baseline and maximum ADA titer of 128; these subjects are 
included in the table, but they are not treatment-emergent ADA positive

Table 2  (continued)

Characteristic Study All subjects

M16-513 1311.1 1311.2 UltIMMa-1 UltIMMa-2 IMMvent IMMhance

Creatinine  clearancee (mL/min)
 Mean (SD) 115 (18.3) 134 (40.3) 129 (39.2) 129 (47.6) 135 (45.4) 137 (52.7) 133 (47.0) 132 (46.9)
 Median 114 132 129 118 127 127 125 124
 Min–max 76.0–163 57.3–227 44.5–327 33.5–388 49.2–389 33.1–404 37.2–360 33.1–404

Aspartate aminotransferase (U/L)
 Mean (SD) 20.8 (5.5) 26.7 (12.4) 25.8 (12.8) 25.8 (12.7) 24.2 (12.4) 25.8 (20.8) 24.6 (11.9) 25.0 (14.4)
 Median 20.0 23.0 23.0 22.0 21.0 22.0 22.0 22.0
 Min–max 12.0–37.0 14.0–65.0 11.0–88.0 10.0–121 9.0–135 10.0–236 8.0–155 8.0–236

Alanine transaminase (U/L)
 Mean (SD) 20.6 (11.6) 30.2 (17.0) 29.2 (20.0) 29.3 (20.0) 27.8 (20.3) 30.3 (25.2) 27.5 (15.6) 28.4 (20.0)
 Median 16.0 28.0 24.0 23.0 23.0 23.5 24.0 23.0
 Min–max 7.0–59.0 10.0–72.0 6.0–115 6.0–128 7.0–239 6.0–229 7.0–112 6.0–239

Treatment-emergent ADA status (yes) 
[n (%)]

4 (6) 3 (10) 18 (14) 90 (22) 75 (19) 99 (25) 138 (27) 427 (22)

ADA titer ≥ 128 (nf) – 3 5 2 8 10 4 32
NAb treatment-emergent status (yes) 

[n (%)]
NA NA 4 (3) 52 (13) 41 (10) 56 (14) 85 (17) 238 (12)
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risankizumab in subjects with moderate to severe plaque 
psoriasis, almost half of the subjects achieved complete skin 
clearance (PASI 100) following risankizumab treatment, 
demonstrating a durable, superior efficacy to adalimumab 
[9] and ustekinumab [14]. Using data from two phase I, one 
phase II, and four phase III studies in healthy volunteers 
and moderate to severe plaque psoriasis patients (n = 1899), 
a population model characterizing risankizumab pharma-
cokinetics was developed and a variety of covariates were 
assessed for their impact on the pharmacokinetic variability, 
providing a robust comprehensive evaluation across a large 
pool of subjects.

A two-compartment model with first-order absorption 
and elimination best described the pharmacokinetics of 
risankizumab in healthy subjects and patients with psoriasis 
in these studies. Goodness-of-fit plots of the population- and 
individual-predicted risankizumab concentrations showed 
good agreement with the observed data, and no trends sug-
gesting bias were observed in the conditional weighted 
residual plots. Bootstrap analyses demonstrated the robust-
ness of the model and precision of its estimates, and VPCs 
demonstrated the predictive power of the model in capturing 
the central tendency and the variability in the observed data 
across the evaluated risankizumab doses.

Table 3  Fixed and random effects parameter estimates for the risankizumab final population pharmacokinetic model

ADA anti-drug antibody, CI confidence interval, CL clearance, F bioavailability, IIV inter-individual variability, ka absorption rate constant, Q 
inter-compartmental clearance, SC subcutaneous, Vc central volume of distribution, Vp peripheral volume of distribution, %CV percentage coef-
ficient of variation, %RSE percentage relative standard error
a %RSE was estimated as the standard error of the estimate divided by the population estimate multiplied by 100
b Based on 998/1000 successful bootstrap runs
c Estimate was back transformed from the logit scale (estimate on the logit scale was 0.896)
d Estimate was back transformed from the logit scale (estimate on the logit scale was 2.09)
e %CV = SQRT [exp(ω2) − 1] × 100
f The estimates are provided in logit domain

Parameter Population estimate %RSEa Bootstrap median (95% CI)b

Pharmacokinetic parameters
 CL (L/day) 0.243 1.8 0.239 (0.217–0.263)
 Vc (L) 4.86 3.8 4.70 (3.95–5.53)
 ka  (day−1) 0.229 4.8 0.223 (0.179–0.296)
 Q (L/day) 0.656 3.7 0.656 (0.540–0.783)
 Vp (L) 4.25 2.0 4.24 (3.85–4.65)
 Absolute SC bioavailability of formulation used in phase I and II  studiesc 0.710 11.1 0.698 (0.624–0.781)
 Absolute SC bioavailability of formulation used in phase III  studiesd 0.890 7.2 0.877 (0.791–0.960)
 Exponent for the effect of body weight on risankizumab CL 0.933 3.3 0.931 (0.862–0.995)
 Exponent for the effect of body weight on risankizumab Vc 1.17 7.2 1.17 (0.979–1.35)
 Exponent for the effect of serum albumin on risankizumab CL − 0.715 10.6 − 0.713 (− 0.886 to –0.516)
 Exponent for the effect of serum creatinine on risankizumab CL − 0.253 10.2 − 0.255 (− 0.308 to –0.203)
 Exponent for the effect of C-reactive protein on risankizumab CL 0.044 10.5 0.043 (0.034–0.054)
 Exponent for the effect of body weight on risankizumab Vp 0.377 12.0 0.382 (0.245–0.520)
 Proportional increase in CL for an ADA titer ≥ 128 0.428 5.1 0.432 (0.287–0.766)

Inter-individual correlation and residual variability
 IIV for CL (%CV)e 24 3.6 0.053 (0.038–0.067)
 IIV for Vc (%CV)e 34 6.6 0.109 (0.052–0.158)
 IIV for ka (%CV)e 63 5.5 0.315 (0.129–0.578)
 Variance of IIV for Ff; (additive error model in logit domain) 0.492 16.9 0.454 (0.269–0.795)
 Covariance between IIV CL and IIV Vc (% correlation) 39 8.1 0.028 (− 0.003 to 0.051)
 Proportional residual error (%CV) 19 0.68 0.036 (0.033–0.039)
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Risankizumab displayed linear pharmacokinetics across 
doses evaluated in the clinical studies included in the analy-
ses (0.01–5 mg/kg IV, 200–1200 mg IV, 0.25–1 mg/kg SC, 
and 18–300 mg SC). This is consistent with pharmacokinet-
ics of other monoclonal antibodies directed against soluble 
targets without apparent target-mediated drug disposition 
[15, 16]. The t½ was estimated to be approximately 28 days, 
similar to the t½ of a typical IgG1 antibody [16–18]. Risanki-
zumab CL and Vss for a typical 90 kg psoriasis patient 
were 0.31 L/day and 11.2 L, respectively. IIV (%CV) for 
risankizumab CL, Vc, and ka were 24%, 34%, and 63%, 
respectively. These pharmacokinetic parameters and their 

variability were consistent with our previous analyses for 
risankizumab based on data from phase I and II studies, 
confirming the previously characterized pharmacokinetic 
attributes of risankizumab [11, 19]. The absolute SC bio-
availability of risankizumab drug supply used in phase III 
studies was estimated to be 89%. The estimated SC bioavail-
ability for the drug supply used in phase I and II studies was 
also high (71%) and the difference in estimated SC bioavail-
ability should be interpreted with caution because of the 
(1) cross-study comparison pooling IV and SC data across 
multiple studies; (2) availability of IV data from a relatively 
small sample size and at different dose levels in the phase I 

Fig. 1  Goodness-of-fit plots for the final risankizumab population 
pharmacokinetic model. Diagnostic plots of the final risankizumab 
final pharmacokinetic model. a Observed versus individual predicted 
risankizumab plasma concentrations; b observed versus popula-
tion predicted risankizumab plasma concentrations; c conditional 

weighted residuals versus population predicted risankizumab plasma 
concentrations; d conditional weighted residuals versus time since 
first risankizumab dose. Solid lines represent lines of identity in a and 
b and zero conditional residuals in c and d 
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study; (3) relatively small number of subjects in phase I/II 
trials (12%) compared with phase III trials (88%); and (4) 
the sparse sampling for the majority of studies that assessed 
the SC route of administration.

Following SC dosing of the risankizumab clinical regi-
men (150 mg at weeks 0 and 4 and every 12 weeks thereaf-
ter), the steady-state plasma concentrations of risankizumab 
were approximately achieved by week 16. The mean ± stand-
ard deviation model-predicted risankizumab Ctrough were 
2.48 ± 1.35 µg/mL at week 16 and 1.91 ± 1.17 µg/mL at 
week 52.

Based on the simulations conducted using the population 
pharmacokinetic model, subjects with psoriasis with body 

weight > 100 kg were predicted to have 30% lower exposures 
than subjects weighing ≤ 100 kg following administration of 
the clinical dosing regimen of 150 mg SC at weeks 0 and 4 
and every 12 weeks thereafter. This difference in exposure 
was interpreted to be not clinically relevant as suggested 
by the comparable PASI 90 and static Physicians Global 
Assessment (sPGA) 0/1 responses at week 16 (co-primary 
endpoints) for subjects with body weight ≤ 100 kg ver-
sus > 100 kg using the pooled data across phase III studies 
in psoriasis patients [20]. In addition, exposure–response 
analyses indicated that the clinical regimen of risankizumab 
150 mg SC at weeks 0 and 4 and every 12 weeks thereafter 
achieved the plateau of efficacy for the evaluated endpoints 

Fig. 2  Visual predictive checks across phase III studies in patients 
with psoriasis who received risankizumab 150 mg subcutaneously at 
weeks 0 and 4 and every 12  weeks thereafter using the final popu-
lation pharmacokinetic model. The gray dots represent observed 
data, the lines represent observed median (solid black) and observed 

5%/95% percentiles (dashed) encompassing the 90% prediction inter-
val, and the shaded regions represent the 95% confidence intervals 
for the simulated median (purple) and simulated 5%/95% percentiles 
(blue)

Fig. 3  Impact of covariates on 
risankizumab exposures. Points 
and squares represent median 
values and error bars represent 
95% confidence intervals of 
the normalized exposure ratios 
across 200 simulation repli-
cates. The vertical black dashed 
line shows an exposure ratio 
of 1 relative to the reference 
group, and the shaded area 
represents the 0.8–1.25 default 
equivalence boundaries. ADA 
antidrug antibody, AUC  area 
under the concentration–time 
curve between weeks 40 and 
52, Cmax maximum concentra-
tion, hs–CRP high-sensitivity 
C-reactive protein
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(PASI 90, PASI 100, and sPGA 0/1) at weeks 16 and 52 
across the entire body weight range evaluated in subjects 
with psoriasis [20]. Detailed reports of these analyses are 
forthcoming.

ADAs had no effects on risankizumab CL/exposure for 
the majority (98.5%) of evaluated subjects with psoriasis. 
Only for subjects with high ADA titers ≥ 128 (approximately 
1% [6/598] of ADA-evaluable subjects who received the 
phase III clinical regimen over a 52-week time period in the 
UltIMMa-1 and UltIMMa-2 trials or approximately 1.5% 
[28/1807] of ADA-evaluable subjects who received any dose 
of risankizumab in all phase II/III trials), risankizumab CL 
was estimated to increase by 43% (relative to ADA-negative 
subjects or those with ADA titers < 128), which translated 
to a 30% decrease in the risankizumab AUC, on average. An 
impact of ADAs (whether evaluated as a categorical or con-
tinuous covariate based on titer) on risankizumab CL was 
not detected in our previous analysis [11], which included 
two of the studies (a single-dose phase I study and a phase II 
study) analyzed herein. The present analyses had increased 
statistical power to detect a small effect with the much larger 
sample size and longer duration of the phase III trials. NAb-
positive status (time varying or time independent) was not 
a significant predictor for risankizumab CL. Overall, the 
impact of ADA was interpreted to be not clinically relevant 
for short-term efficacy (week 16) or long-term (week 52) 
maintenance of efficacy (PASI 90 and sPGA 0/1), as sug-
gested by subgroup analyses for ADA-positive versus ADA-
negative subjects in phase III trials. Detailed reports of these 
analyses are forthcoming.

Other covariates identified to be statistically correlated 
with risankizumab CL (baseline levels of albumin, hs-CRP, 
and serum creatinine) had no clinically meaningful impact 
on risankizumab exposures since risankizumab exposures 
were predicted to be within the default 80–125% equivalence 
boundaries for patients with extremes of covariate values 
(less than 25th percentile or greater than 75th percentile) 
in phase III clinical trials. While a robust hypothesis for the 
reason of the shallow and clinically non-relevant correlation 
between serum creatinine and risankizumab CL has not been 
established, creatinine CL has been reported to have statisti-
cally significant, and also clinically irrelevant, associations 
with CL of other mAbs targeting IL-23 such as usetkinumab 
and guselkumab [21, 22].

We have previously reported a summary of population 
pharmacokinetic analyses of risankizumab based on data 
from phase I and II studies [11]. The current analyses include 
additional data from phase III trials in psoriasis patients as 
well as data from healthy volunteers and confirm the previ-
ously reported pharmacokinetic attributes of risankizumab 
in a larger patient pool. In the current analyses, risankizumab 
pharmacokinetic and immunogenicity data from phase III 
trials over an up to 1 year duration were included to provide 

a robust assessment of the impact of immunogenicity on 
risankizumab CL. Additionally, due to a larger sample size, 
the current analyses also provide a robust assessment of the 
impact of various patient-specific covariates on the disposi-
tion of risankizumab.

5  Conclusions

A population pharmacokinetic model was developed using 
phase I–III data from healthy subjects and patients with 
moderate to severe plaque psoriasis. Risankizumab dis-
played linear pharmacokinetics over the range of doses 
evaluated in this analysis. None of the covariates identified 
as being statistically significantly correlated with risanki-
zumab pharmacokinetic parameters were predicted to be 
clinically relevant based on lack of meaningful impact on 
risankizumab exposures for the proposed clinical regimen 
for treatment of moderate to severe plaque psoriasis.
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