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Abstract
Background and Objectives  Risankizumab is a humanized anti-interleukin-23 monoclonal antibody in development for the 
treatment of several inflammatory diseases. This work characterized the pharmacokinetics of risankizumab and evaluated 
covariates that may affect its exposures using phase I and II trial data in subjects with psoriasis and Crohn’s disease.
Methods  Plasma concentration measurements from a phase I study and a phase II study in subjects with psoriasis (n = 157; 
single doses of 0.01–5 mg/kg intravenously, 0.25–1 mg/kg subcutaneously, and 18 mg subcutaneously, and multiple doses 
of 90 and 180 mg subcutaneously), and a phase II study in subjects with Crohn’s disease (n = 115; doses of 200 or 600 mg 
intravenously every 4 weeks followed by 180 mg subcutaneously every 8 weeks) were analyzed using non-linear mixed-
effects modeling. The model was qualified using bootstrap and simulation-based diagnostics.
Results  A two-compartment model with first-order absorption and elimination described the pharmacokinetics of risanki-
zumab. Considering the body weight and baseline albumin central tendency differences between disease populations, 
risankizumab clearance, steady-state volume of distribution, and terminal-phase elimination half-life were estimated to be 
approximately 0.35 L/day, 11.7 L, and 27 days, respectively, for a typical 90-kg subject with psoriasis with an albumin level 
of 42 g/L, and 0.31 L/day, 8.45 L, and 22 days, respectively, for a typical 65-kg subject with Crohn’s disease with an albumin 
level of 37 g/L. Risankizumab absolute subcutaneous bioavailability and absorption rate constant were 72% and 0.18 day−1, 
respectively. Inter-individual variability for clearance was 37%.
Conclusions  Risankizumab displayed pharmacokinetic characteristics typical for an IgG1 monoclonal antibody with no 
apparent target-mediated disposition. Accounting for the effects of body weight and baseline albumin explained the small 
differences in the pharmacokinetics of risankizumab between psoriasis and Crohn’s disease, with no further differences 
between the patient populations.

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s4026​2-018-0704-z) contains 
supplementary material, which is available to authorized users.
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Key Points 

A robust two-compartment model with dose- and time-
independent pharmacokinetic parameters was developed 
to characterize the disposition of risankizumab, an anti-
interleukin-23 monoclonal antibody, in subjects with 
plaque psoriasis and Crohn’s disease.

Of the factors evaluated (demographics, disease popula-
tion, laboratory values, and anti-drug antibody develop-
ment), only body weight and baseline albumin level were 
statistically correlated with risankizumab clearance. 
Body weight had a modest effect on risankizumab expo-
sure while albumin had no meaningful impact.

After accounting for differences in body weight and 
baseline albumin levels between psoriasis and Crohn’s 
disease patient populations, no significant differences 
in the pharmacokinetics of risankizumab were found 
between the populations.

1  Introduction

Interleukin (IL)-23 is a component of a complex cytokine 
network regulating the function of T helper 17 cells serving 
to protect against extracellular pathogens, but can also play 
a role in the pathogenesis of several autoimmune disorders 
[1–5]. Interleukin–23 and its downstream cytokine, IL-17, 
have been targeted using several therapeutic monoclonal 
antibodies (mAbs) for treating immune-mediated diseases, 
including psoriasis, psoriatic arthritis, and inflammatory 
bowel diseases, such as Crohn’s disease and ulcerative coli-
tis [6, 7]. Ustekinumab, an approved anti-IL-23/anti-IL-12 
mAb that binds to the p40 subunit of IL-23 (shared subunit 
of IL-12 and IL-23), has been shown to be efficacious in 
treating psoriasis, psoriatic arthritis, and Crohn’s disease [8]. 
Other IL-23 blockers include guselkumab, recently approved 
for treating psoriasis, [9] and tildrakizumab, [10] which is 
being developed for the same indication. Secukinumab and 
ixekizumab, both IL-17 inhibitors, were also efficacious 
against several autoimmune inflammatory disorders [11–14].

Risankizumab is a humanized IgG1 mAb with kappa 
light chains, targeting specifically the p19 subunit of IL-23 
[15]. By blocking IL-23 from binding to its receptor, risanki-
zumab inhibits IL-23-dependent cell signaling and the 
release of proinflammatory cytokines. In a phase I study in 
subjects with moderate-to-severe plaque psoriasis, a single 
dose of risankizumab resulted in substantial improvements 
in the Psoriasis Area and Severity Index (PASI) scores as 
early as the second week after dosing. In this study, 87% 
(27/31) and 71% (22/31) of the subjects who received any 

single dose of risankizumab [intravenous (IV) 0.01–5 mg/kg  
or subcutaneous (SC) 0.25 or 1 mg/kg] achieved a PASI 75 
response at week 12 and 24, respectively, compared with 
0/8 (0%) and 1/8 (13%) of the subjects who received pla-
cebo, respectively [16]. In a subsequent phase II study, 77% 
(64/83) of the subjects in the pooled 90- and 180-mg SC 
(administered at weeks 0, 4, and 16) risankizumab group 
achieved a PASI 90 response at week 12, compared with 
40% (16/40) of the subjects in the pooled 45- and 90-mg SC 
ustekinumab group [17]. In a phase II study in subjects with 
moderate-to-severe Crohn’s disease, 30.5% (25/82) of the 
subjects who received IV induction doses of 200 or 600 mg 
of risankizumab every 4 weeks achieved clinical remission 
at week 12 compared with 15.4% (6/39) who received pla-
cebo [18, 19]. These results, combined with the favorable 
safety profile of risankizumab supported further develop-
ment of risankizumab in larger phase III trials.

Risankizumab has recently completed three phase III 
studies in subjects with psoriasis and had the primary time-
point readout from a fourth phase III trial [20, 21]. The 
recent phase III trials confirmed the efficacy of a risanki-
zumab SC regimen of 150 mg administered at weeks 0 and 4 
and every 12 weeks thereafter in subjects with psoriasis and 
demonstrated the superior efficacy of risankizumab relative 
to both adalimumab and ustekinumab in the treatment of 
psoriasis. Risankizumab is also currently being evaluated in 
phase III clinical trials for the treatment of Crohn’s disease, 
[22–24] phase IIb/III trials for the treatment of ulcerative 
colitis, [25, 26] and phase IIb trials for the treatment of pso-
riatic arthritis [27, 28].

In the present analyses, pharmacokinetic data of risanki-
zumab from the subjects enrolled in the aforementioned 
phase I and II studies in psoriasis and Crohn’s disease were 
pooled and analyzed using a population approach. The aims 
were to (1) characterize the pharmacokinetics of risanki-
zumab, (2) determine the effect of clinically relevant patient-
specific covariates on risankizumab exposures, and (3) 
evaluate the consistency of the pharmacokinetics of risanki-
zumab between psoriasis and Crohn’s disease populations.

2 � Methods

2.1 � Clinical Studies

Studies included in the analyses were conducted in accord-
ance with Good Clinical Practice guidelines and the ethi-
cal principles that have their origin in the Declaration of 
Helsinki. The protocols and informed consent forms were 
approved by the institutional review boards or ethics com-
mittees and participants provided written informed consent 
before any study-related procedures were performed.
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Details of the study designs and eligibility criteria have 
been described elsewhere, [16–19] and a summary of the 
dosing regimens and pharmacokinetic sampling schemes is 
provided in Table 1. Briefly, Study 1 was a phase I, rand-
omized, placebo-controlled, first-in-human proof-of-concept 
study of single ascending doses of risankizumab in subjects 
with moderate-to-severe plaque psoriasis [16], Study 2 was 
a phase II, randomized, active-controlled (against usteki-
numab), dose-ranging study of multiple doses of risanki-
zumab in subjects with moderate-to-severe plaque psoriasis, 
[17] and Study 3 was a phase II, randomized, placebo-con-
trolled, three-period study of multiple doses of risankizumab 
in subjects with moderate-to-severe Crohn’s disease [18, 19].

2.2 � Bioanalysis

Plasma risankizumab concentrations were determined using 
a validated, enzyme-linked immunosorbent assay method 
performed at PPD Development LLC (Richmond, VA, USA). 
The assay detects free risankizumab using a polyclonal anti-
risankizumab antibody as a capture reagent and a bioti-
nylated anti-risankizumab idiotype antibody as the detec-
tion reagent. The method is applicable for the quantitation 
of risankizumab within a nominal range of 5–100 ng/mL,  
with a lower limit of quantification of 5 ng/mL. Plasma 
samples above the upper limit of quantitation were diluted 
and re-assayed. Across studies, overall precision was high 
(% coefficient of variation was < 16.9%) and bias was low 
(− 7.10 to 0.0576%).

A titer-based, acid dissociation-bridging electrochemilu-
minescence immunoassay with a disease population-specific 
cut-off point was developed for the detection of anti-drug 
antibodies (ADAs) against risankizumab in human plasma, 
as previously described in detail [17]. Samples were first 
analyzed in a screening assay, and positive samples were 
analyzed in a confirmatory assay. The ADA assay had a sen-
sitivity of 0.219 ng/mL and drug tolerance allowed detec-
tion of 0.7 ng/mL of a positive control in the presence of 
5 µg/mL of risankizumab. The positive samples from the 
confirmatory assay underwent serial dilutions to determine 
the ADA titer. The samples from Studies 2 and 3 were also 
further characterized in a validated, cell-based neutralizing 
anti-drug antibody (NAb) assay (via assessment of IL-23-in-
duced STAT3 phosphorylation), followed by a specificity 
assay (using a mAb against risankizumab as a positive con-
trol). The NAb assay was not conducted for Study 1.

2.3 � Population‑Pharmacokinetic Analyses

2.3.1 � Software, and Model Selection Criteria

The pharmacokinetic model was developed using a non-
linear mixed-effects modeling approach with NONMEM 

software (version 7.4.1; ICON Development Solutions, 
Ellicott City, MD, USA) [29]. Model parameters were esti-
mated using the first-order conditional estimation method 
with interaction between inter-individual variability (IIV) 
and residual variability (FOCE with η–ε interaction). The 
objective function value (OFV), a goodness-of-fit statistic, 
was used to compare the fits of nested models, where the dif-
ference in the OFV (ΔOFV) for models being compared can 
serve as a likelihood ratio test approximately following a chi-
squared distribution. A parsimonious approach was used for 
model development, and the  model with the least number 
of parameters that could adequately describe the data was 
selected. With the exception of the backward elimination 
process in the covariate search where α was set to 0.001, α 
was set to 0.01 for all other steps. Perl Speaks NONMEM 
(version 4.6.0) [30] and R (version 3.4.0) [31] were used to 
assist with developing and evaluating the model.

2.3.2 � Model Development

Based on visual examination of the data, a two-compartment 
model with a linear elimination process was selected as the 
starting model. The model (using the ADVAN4 subroutine 
in NONMEM) was parameterized in terms of clearance 
(CL), volumes of central (Vc) and peripheral (Vp) compart-
ments, inter-compartmental clearance (Q), absolute bio-
availability (F), and a first-order absorption rate constant 
(Ka). One- and three-compartment models, and non-linear 
saturable elimination of risankizumab were also evaluated 
during model development.

Inter-individual variabilities on CL, Vc, and Ka were 
assumed to follow log-normal distributions and exponential 
random-effects error models were used for their description 
(Eq. 1):

where θi,k is the estimate for the kth parameter for the ith 
subject, θk is the typical population estimate of the kth 
parameter, and ηi,k is the parameter for individual deviation 
from θk, and ηi,k was assumed to be normally distributed with 
a mean of 0 and a variance of �2

k
 : η ~ N (0, �2

k
).

Inter-individual variability was tested on all parameters, 
but only included in the model if its incorporation rendered 
a significant reduction in the OFV and the overall robustness 
of the model was not compromised. Additive, proportional, 
and combined error models (combined error model depicted 
in Eq. 2) were tested and compared for the best description 
of the residual unexplained variability.

where Cij is the observed risankizumab plasma concentra-
tion of the ith individual at time j, Ĉij is the corresponding 

(1)�i,k = �k ∗ e�i,k

(2)Cij = Ĉij ∗ (1 + 𝜀1,ij) + 𝜀2,ij
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model-predicted risankizumab concentration, and ε1,ij and 
ε2,ij represent the proportional and additive residual random 
errors, respectively. These residual random errors were 
assumed to be independently normally distributed with a 
mean of 0 and a variance of �2

n
 : ε ~ N (0, �2

n
 ), where n repre-

sents 1 (proportional) or 2 (additive) model structures in the 
combined error model.

Once the base model was developed, the well-established 
influence of body weight on the disposition of mAbs [32] 
was introduced into the model parameters (CL, Q, Vc, and 
Vp) and evaluated for its significance. The parameterization 
for the effect on CL as an example is depicted in Eq. (3):

where CL70kg is the typical population estimate of CL for a 
reference 70-kg individual, WT is the body weight (kg), and 
CLWT is the exponent estimate for the power model char-
acterizing the effect of body weight on CL. One exponent 
was estimated for both CL and Q, and another for Vc and Vp.

The effects of other covariates were investigated on the 
model parameters using the forward-inclusion (α = 0.01) and 
backward-elimination (α = 0.001) procedure as implemented 
using the automated stepwise covariates model building pro-
cedure in Pearl Speaks NONMEM. Relationships between 
key model parameters and continuous or categorical covari-
ates were tested and included in the model if significant in a 
multiplicative manner as shown in Eq. (4):

where np is the number of continuous covariates, covi,p is the 
pth continuous covariate value in the ith subject, medianp is 
the median value for the pth covariate, and θk,p is the expo-
nent estimate for the power model characterizing the effect 
of the pth continuous covariate on the kth parameter.

Similarly, nq is the number of categorical covariates and 
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.

The impacts of ADAs and NAb on risankizumab CL were 
evaluated as binary covariates (a flag for ADA or NAb-pos-
itive or -negative subjects, where subjects developing anti-
bodies are flagged at all timepoints irrespective of the time 
of the antibody detection), as well as time-varying covariates 
(ADA titer values as a continuous variable or the time course 
of binary ADA or NAb positivity status with last observation 
carried forward imputation). Furthermore, patient popula-
tion (i.e., psoriasis vs. Crohn’s disease), age, sex, and labo-
ratory values measured at baseline, including C-reactive 

(3)CL = CL70kg ∗
(

WT∕70

)CLWT

(4)

�i,k = �k ∗

(

np
∏

p=1

(

covi,p

medianp

)�k,p

∗

nq
∏

q=1

(

1 + �k,q,y
)

)

∗ e(�i,k)

protein, serum albumin, alanine transaminase, aspartate 
transaminase, serum creatinine, as well as estimated cre-
atinine clearance, were evaluated on risankizumab CL. Dis-
ease, age, and sex were tested on Vc, whereas the latter two 
covariates were tested on Ka. After covariate selection was 
finalized, covariance between CL and Vc was evaluated using 
the OMEGA BLOCK statement in NONMEM.

2.3.3 � Model Evaluation

Goodness-of-fit plots were used to evaluate the adequacy 
of the model in predicting observed data. Non-parametric 
bootstrap analysis was used to evaluate the model robust-
ness, precision, and bias of parameter estimates. Using the 
original dataset, 1000 replicate datasets were generated 
by randomly sampling subjects with replacement. Model 
parameters were then estimated using the bootstrap data-
sets. The medians and the corresponding non-parametric 
95% confidence intervals (2.5th–97.5th percentiles) were 
constructed for each parameter based on the successfully 
converging runs.

A visual predictive check was used to assess the predic-
tive performance of the model. The final model parameters 
were used to simulate 1000 replicates of the observed data 
using NONMEM. The 95% confidence intervals of the 
median, 5th, and 95th percentiles of the simulated data rep-
resenting the 90% prediction intervals were calculated and 
compared graphically with the observed data.

2.3.4 � Simulations

The finalized pharmacokinetic model was used to simulate 
the risankizumab plasma concentration–time profiles for 
doses being evaluated for the respective indications: SC 
150 mg at weeks 0 and 4, and every 12 weeks thereafter for 
psoriasis, [33–36] and an induction regimen of IV 600 mg at 
weeks 0, 4, and 8 followed by a maintenance regimen of SC 
180 mg, every 8 weeks starting week 12 for Crohn’s disease. 
For each of the patient populations, pharmacokinetic profiles 
for 100,000 virtual subjects were simulated. Covariates for 
these subjects were sampled from distributions characterized 
by descriptive statistics of the respective observed covariates 
in each of the populations.

3 � Results

3.1 � Data, Patient Demographics, and Baseline 
Characteristics

Risankizumab plasma concentrations below the lower limit 
of quantification (169 out of 3000 samples; 5.63%) were 
excluded from the analyses, leaving 2831 measurements 
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from 272 individuals, of whom, 157 (57.7%) were subjects 
with psoriasis who had a median baseline PASI score of 
16.2 (10.5–61), and 115 (42.3%) were subjects with Crohn’s 
disease who had a median baseline Crohn’s Disease Activ-
ity Index Score of 297 (109–518). A total of 152 (55.9%) 
subjects were male and 120 (44.1%) were female. Overall, 
subjects were predominantly white (n = 242; 89.0%), with 
a median (range) age of 43 years (19–74 years), and body 
weight of 79 kg (36–138 kg). A summary of the demograph-
ics and baseline characteristics is provided in Table 2.

3.2 � Population‑Pharmacokinetic Model

The starting model was a two-compartment model with F 
and Ka for SC administration and with IIV included on CL, 
Vc, and Ka. One- and three-compartment models and the 
addition of a non-linear elimination process were not found 
to be superior relative to a two-compartment model with 
only a linear elimination component.

Further inclusion of IIV on the peripheral compartment 
Vp rendered a reduction in the OFV by 178 points, while 
including IIV on Q compromised the model robustness. 
Residual variability was best described by a proportional 
error model. Inclusion of body weight (normalized to 70 kg) 
as a covariate on CL and Vc led to a reduction in the OFV by 

84 points, and a further reduction by 73 points was achieved 
by including body weight as a covariate on Q and Vp (using 
the same exponents for CL and Vc, respectively).

In addition to body weight, only baseline serum albumin 
was identified as a significant covariate for risankizumab 
CL during the covariate forward-selection and backward-
elimination search process [ΔOFV = − 56; results of the 
univariate inclusion of the covariates are shown in the table 
in the Electronic Supplementary Material (ESM)]. Finally, 
introducing a correlation between CL and Vc reduced the 
OFV by 135 points. Parameter estimates from the final pop-
ulation-pharmacokinetic model along with their associated 
relative standard errors are provided in Table 3.

Using a one-at-a-time elimination of covariate relation-
ships from the final model, body weight and serum albumin 
appeared to explain 26 and 19%, respectively, of the vari-
ance estimate for inter-subject variability in risankizumab 
CL. Additionally, body weight appeared to explain 65 and 
24% of the variance estimate for inter-subject variability for 
risankizumab Vc and  Vp respectively.

Based on the population-pharmacokinetic model and 
considering the body weight central tendency differ-
ences between disease populations, risankizumab CL, 
Vc, Vp, steady-state volume of distribution (Vc + Vp), and 
terminal-phase elimination half-life were estimated to be 

Table 2   Demographics and baseline characteristics of the subjects included in the risankizumab population-pharmacokinetic analysis

Subjects who did not receive at least a single risankizumab dose (treated with either placebo or ustekinumab) were not included in the analyses
ADAs anti-drug antibodies, CDAI Crohn’s Disease Activity Index, NA not applicable, PASI Psoriasis Area and Severity Index
a Disease severity scores (PASI and CDAI) have been summarized for the relevant populations only

Characteristic Study 1 (n = 31) Study 2 (n = 126) Study 3 (n = 115) Overall (n = 272)

Population Psoriasis Psoriasis Crohn’s disease
Sex, n (%)
 Male 25 (80.7) 82 (65.1) 45 (39.1) 152 (55.9)
 Female 6 (19.3) 44 (34.9) 70 (60.9) 120 (44.1)

Race, n (%)
 White 28 (90.3) 117 (92.9) 97 (84.3) 242 (89.0)
 Black 2 (6.5) 4 (3.1) 1 (0.9) 7 (2.6)
 Hispanic 0 (0.0) 2 (1.6) 17 (14.8) 19 (7.0)
 Asian 1 (3.2) 1 (0.8) 0 (0.0) 2 (0.7)
 American Indian/Alaska Native 0 (0.0) 2 (1.6) 0 (0.0) 2 (0.7)

Age, year, median (range) 45 (24–61) 47 (20–72) 35 (19–74) 42.5 (19–74)
Body weight, kg, median (range) 89 (47–121) 89 (49–138) 66 (36–126) 79 (36–138)
Treatment-emergent ADAs, n (%)
 No 28 (90.3) 108 (85.7) 106 (92.2) 242 (89.0)
 Yes 3 (9.7) 18 (14.3) 9 (7.8) 30 (11.0)

Albumin, g/L, median (range) NA 42 (34–51) 37 (24–46) 40 (24–51)
C-reactive protein, mg/L, median (range) 3.3 (0.3–34.4) 2.6 (0.2–30.0) 10.0 (0.2–146.0) 4.3 (0.2–146.0)
Baseline PASI score, median (range) 16.3 (10.5–43.4) 16.2 (11.9–61) NA 16.2 (10.5–61)a

Baseline CDAI score, median (range) NA NA 297 (109–518) 297 (109–518)a
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approximately 0.35 L/day, 7.26, 4.39, 11.7 L, and 27 days, 
respectively, for a typical 90-kg subject with psoriasis with 
an albumin level of 42 g/L, and 0.31 L/day, 5.26, 3.19, 
8.45 L, and 22 days, respectively, for a typical 65-kg subject 
with Crohn’s disease with an albumin level of 37 g/L. The 
coefficient of variations for risankizumab CL, Vc, Vp, and Ka 
were 37, 55, 35, and 80%, respectively.

3.3 � Model Evaluation

Figure 1 shows the goodness-of-fit-plots of the final model. 
The population predictions did not show a systematic bias 
across the evaluated concentration range and individual pre-
dictions adequately described the observed data (Fig. 1a, b 
and Fig. 1a, b of the ESM). Conditional weighted residuals 
were reasonably homogenously scattered around the null 
ordinates when plotted against the population predictions 
and time with no obvious trends in either plot (Fig. 1c, d).

Out of 1000 replicates in the bootstrap analysis, 989 
runs converged successfully. Based on the successful runs, 
parameters were precisely estimated as indicated by the 95% 
confidence intervals, with negligible deviation from the orig-
inal dataset estimates (Table 3). Visual predictive checks 
for the final model stratified by dose level and population 
(subjects with psoriasis or Crohn’s disease) are presented 
in Figs. 2 and 3, respectively. These figures demonstrate the 
adequate predictive performance of the pharmacokinetic 
model.

3.4 � Simulations

Figures 2 and 3 of the ESM illustrate the model-predicted 
concentrations and the inter-individual variability expected 
for the doses investigated in phase III trials in subjects with 
psoriasis (150 mg at weeks 0 and 4 and every 12 weeks 
thereafter) and the Crohn’s disease efficacious regimen 
based on phase II (induction regimen of IV 600 mg at 
weeks 0, 4, and 8 followed by a maintenance regimen of SC 
180 mg every 8 weeks starting at week 12). In subjects with 
psoriasis, the mean ± standard deviation model-predicted 
risankizumab trough plasma concentrations were 1.72 ± 1.11 
and 1.36 ± 0.923 µg/mL at weeks 16 and 52, respectively. 
Risankizumab area under the curve at steady state (weeks 
40–52) was predicted to be 344 ± 151 µg·day/mL.

Similarly, in subjects with Crohn’s disease, the 
mean ± standard deviation model-predicted risanki-
zumab trough plasma concentrations were 33.9 ± 18.1 and 
3.29 ± 2.32 µg/mL at weeks 12 (induction phase) and 52 
(maintenance phase), respectively. Risankizumab area under 
the curve at steady state (weeks 44–52) was predicted to be 
433 ± 206 µg·day/mL.

Based on the simulations, and considering the identi-
fied statistically significant covariates (Fig. 4), body weight 
had a modest effect on risankizumab exposures for both 
populations, where relatively heavier subjects with body 
weights > 100 kg for psoriasis and > 80 kg for subjects with 
Crohn’s disease were estimated to have 25 and 27% lower 
areas under the curve, respectively, compared with relatively 
lighter subjects. When comparing exposures of subjects with 

Table 3   Fixed- and random-effects parameter estimates for the risankizumab final population-pharmacokinetic model, and results of the boot-
strap evaluation analysis

CI confidence interval, RSE relative standard error, SC subcutaneous
a Based on 989/1000 successful bootstrap runs
b IIV values are expressed in terms of coefficients of variation (%CV). %CV = SQRT

[

exp(�2) − 1
]

∗ 100

Parameter Estimate (%RSE) Bootstrap mediana (95% CI)

Clearance (CL; L/day) 0.30 (3) 0.30 (0.27–0.33)
Central volume of distribution (Vc; L) 5.66 (7) 5.67 (4.22–7.68)
Inter-compartmental CL (Q; L/day) 0.33 (7) 0.32 (0.26–0.42)
Peripheral volume of distribution (Vp; L) 3.43 (5) 3.40 (2.73–3.95)
Absorption rate constant (Ka; day−1) 0.18 (8) 0.18 (0.12–0.33)
Absolute SC bioavailability (F) 0.72 (2) 0.72 (0.63–0.82)
Exponent for the effect of body weight on risankizumab CL parameters (CL and Q) (CLWT) 0.93 (10) 0.92 (0.73–1.11)
Exponent for the effect of body weight on risankizumab volume of distribution parameters (Vc 

and Vp)
0.99 (11) 0.97 (0.78–1.18)

Exponent for the effect of serum albumin on risankizumab CL − 1.54 (8) − 1.51 (− 1.84 to − 1.18)
Inter-individual variability for CL (IIV CL; %)b 37 (4) 37 (32–42)
Inter-individual variability for volume of central compartment (IIV Vc; %)b 55 (6) 55 (42–66)
Inter-individual variability for volume of peripheral compartment (IIV Vp; %)b 35 (5) 35 (13–55)
Inter-individual variability for absorption rate constant (IIV Ka; %)b 80 (5) 78 (37–137)
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albumin levels less than or higher than the 25th and 75th 
percentiles, respectively, of the observed albumin levels to 
exposures in subjects with albumin levels between these lim-
its, albumin showed no meaningful impact. This was evident 
from the 95% confidence intervals largely overlapping with 
the default 0.8–1.25 equivalence boundaries for both patient 
populations.

4 � Discussion

Risankizumab, an anti-IL-23 mAb, is currently being 
developed for several immune-mediated inflammatory dis-
eases, such as psoriasis and Crohn’s disease, where it has 
shown promising results. In four registration phase III stud-
ies in subjects with moderate-to-severe plaque psoriasis, 
risankizumab met all endpoints, almost half of the subjects 

Fig. 1   Goodness-of-fit plots for the final population-pharmacokinetic 
model of risankizumab. a Population-predicted vs. observed risanki-
zumab plasma concentrations; b individual-predicted vs. observed 

risankizumab plasma concentrations; c conditional weighted residuals 
vs. population-predicted concentrations; and d conditional weighted 
residuals vs. time after first dose
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achieved complete skin CL (PASI 100) and risankizumab 
demonstrated superior efficacy over adalimumab and usteki-
numab [20, 21]. In a proof-of-concept study in subjects with 
Crohn’s disease who mostly did not respond to prior tumor 
necrosis factor antagonist therapy, treatment with risanki-
zumab resulted in significantly higher remission rates com-
pared with placebo [18, 19]. The current report summarizes 
the population pharmacokinetics of risankizumab in subjects 
with psoriasis and Crohn’s disease using data from phase I 
and II clinical trials.

A two-compartment model with first-order absorption 
and elimination processes, with body weight and baseline 
albumin levels as the only identified statistically significant 
covariates, adequately characterized the pharmacokinetics 
of risankizumab as demonstrated by model diagnostics. 
Population- and individual-predicted risankizumab con-
centrations vs. the observed data suggested good model fits 
(Fig. 1a, b). Residual error model diagnostics showed no 
systematic trends and consistent distributions of the con-
ditional weighted residuals vs. both risankizumab popula-
tion predictions and time scales (Fig. 1c, d, respectively). 
Bootstrap analysis demonstrated the robustness of the model 
(Table 3). Furthermore, non-parametric 95% confidence 

intervals showed high precision of the estimates, and medi-
ans were consistent with estimates based on the original 
dataset. Visual predictive checks demonstrated the predic-
tive ability of the model to capture both the central tendency 
and the variability in the observed data across the evaluated 
risankizumab doses in subjects with psoriasis and Crohn’s 
disease (Figs. 2 and 3, respectively).

Risankizumab displayed linear and dose- and time-inde-
pendent pharmacokinetic characteristics across the dose 
range evaluated in the phase I and II studies included in 
these analyses. Based on body weight and albumin differ-
ences between psoriasis and Crohn’s disease populations 
(subjects with psoriasis were relatively heavier with higher 
baseline albumin levels, Table 2), risankizumab CL, steady-
state volume of distribution (Vc + Vp), and terminal-phase 
elimination half-life were estimated to be approximately 
0.35 L/day, 11.7 L, and 27 days, respectively, for a typical 
90-kg subject with psoriasis with an albumin level of 42 g/L, 
and 0.312 L/day, 8.45 L, and 22 days, respectively, for a 
typical 65-kg subject with Crohn’s disease with an albumin 
level of 37 g/L. These values are consistent with values typi-
cally reported for IgG mAbs with no target-mediated dis-
position [32]. Furthermore, estimated elimination half-lives 

Fig. 2   Visual predictive check for the phase II psoriasis study using 
the final model. Solid lines represent the medians of the observed 
data; dashed lines represent the 5th and 95th percentiles of the 
observed data, together encompassing the 90% prediction interval; 

the shaded regions represent the 95% confidence intervals of the cor-
responding simulated percentiles (purple for the median and blue for 
the 5th and 95th percentiles); the arrows indicate the timings of the 
doses. SC subcutaneous, Wk week
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were consistent with the elimination half-life estimates 
(20–28 days) based on non-compartmental analyses of the 
psoriasis phase I data [16]. Absolute SC bioavailability of 

risankizumab was estimated to be 72%, and the first-order 
absorption rate constant following SC administration was 

Fig. 3   Visual predictive check for the phase II Crohn’s disease 
study using the final model. Solid lines represent the medians of the 
observed data; dashed lines represent the 5th and 95th percentiles of 
the observed data, together encompassing the 90% prediction inter-
val; the shaded regions represent the 95% confidence intervals of the 

corresponding simulated percentiles (purple for the median and blue 
for the 5th and 95th percentiles); the arrows indicate the timings of 
the doses. IV intravenous, SC subcutaneous, q4w every 4 weeks, q8w 
every 8 weeks

Fig. 4   Effect of statistically significant covariates on risankizumab 
simulated exposures in subjects with psoriasis (left) and Crohn’s dis-
ease (right). Points represent medians and error bars represent 95% 
confidence intervals of the exposure ratios relative to the reference 

values across 200 simulation replicates, each with 500 virtual sub-
jects. AUC​ area under the curve, Cmax maximum plasma concentra-
tion
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estimated to be 0.18 day−1, corresponding to an estimated 
mean absorption time of approximately 6 days.

A number of patient-specific covariates, including age, 
body weight, sex, various laboratory values (C–reactive 
protein, serum albumin, alanine transaminase, aspartate 
transaminase, serum creatinine), immunogenicity towards 
risankizumab, as well as disease populations (psoriasis vs. 
Crohn’s disease) were evaluated for their effects on the dis-
position of risankizumab. As previously noted, only body 
weight and baseline albumin levels were correlated to the 
pharmacokinetic parameters of risankizumab, and explained 
the small differences between the patient populations. The 
exponents describing the effect of body weight on risanki-
zumab CL and central volume of distribution in the model 
were estimated to be 0.93 and 0.99, respectively. Similar 
relationships and exponents between body weight and phar-
macokinetic parameters have also been reported for other 
therapeutic mAbs, such as ustekinumab, [37] daclizumab, 
[38] secukinumab, [39] and guselkumab [40]. This body 
weight effect translates into modest effects on risankizumab 
exposure as illustrated in Fig. 4. Risankizumab CL was 
found to be inversely correlated with baseline serum albumin 
levels, albeit with no meaningful impact on the exposures 
in subjects with relatively low and high levels (Fig. 4). The 
correlation of albumin levels and CL of mAbs is well docu-
mented [41, 42]. High albumin levels can be indicative of 
higher expression levels of the neonatal Fc receptors (FcRn), 
which offer both albumin and immunoglobulins a protec-
tive mechanism against lysosomal catabolism by recycling 
them across the plasma membrane back to the circulatory 
system [32, 43]. Another potential reason for the inverse 
correlation could be loss of proteins in general (including 
albumin or therapeutic antibodies) as a result of leakage into 
the lumen of the large intestine through ulcerated intestinal 
mucosa in subjects with inflammatory bowel disease [44]. 
However, given that no further difference in the pharmacoki-
netic parameters of risankizumab was estimated between 
psoriasis and Crohn’s disease patient populations across the 
evaluated studies when disease population was tested as a 
covariate, there is no evidence to suggest that intestinal leak-
age has a meaningful impact on risankizumab CL in subjects 
with Crohn’s disease.

The development of ADAs has been observed to affect the 
CL of several mAbs [37, 45–47]. Across the three studies 
included in these analyses, 11% of the subjects developed 
ADAs following risankizumab administration. Based on the 
observed risankizumab plasma concentration data, no clear 
or consistent impact of ADA development on exposure to 
risankizumab was discernible in this relatively small dataset. 
This was further tested quantitatively by evaluating ADAs as 
a time-varying covariate for correlation with risankizumab 
CL in the population-pharmacokinetic model, which in turn 
confirmed a lack of a statistically significant effect of ADAs 

on the disposition of risankizumab. Data from the larger 
ongoing phase III trials across indications will be more con-
clusive for the assessment of the potential impact of ADA 
or NAb development on risankizumab exposures.The unex-
plained IIV in CL and volume of distribution parameters for 
risankizumab was comparable to that of other therapeutic 
mAbs (coefficients of variation estimates were 37 and 55%, 
respectively).

The efficacy of risankizumab was evaluated following 
multiple-dose administration of SC 90 mg and 180 mg at 
weeks 0, 4, and 16 in the phase II study in subjects with 
psoriasis (Study 2). In this study, both doses demonstrated 
efficacy at week 12, where 73% of the subjects in the 
90-mg dose group and 81% of the subjects in the 180-mg 
dose group achieved PASI 90, respectively [17]. Expo-
sure–response analyses of the data from this study suggested 
that a fixed-dose regimen irrespective of body weight for 
phase III evaluation would provide adequate exposures and 
comparable efficacy across the expected body weight range 
for this patient population (data on file, AbbVie). Phase III 
studies in subjects with moderate-to-severe psoriasis that 
evaluated SC risankizumab 150 mg administered at weeks 
0, 4, and every 12 weeks thereafter have recently concluded 
and reports of the phase III pharmacokinetic and expo-
sure–response results in subjects with psoriasis are forth-
coming. Figure 1 of the ESM shows the predicted risanki-
zumab plasma concentrations following administration of 
the phase III regimen based on the phase I–II population-
pharmacokinetic model described in this report.

Similarly, in the phase II study in subjects with Crohn’s 
disease (Study 3), both risankizumab IV 200 mg and risanki-
zumab IV 600 mg every 4 weeks over 12–24 weeks of induc-
tion therapy showed improvement in clinical remission at 
week 12 [10/41 (24%) and 15/41 (37%) of subjects, respec-
tively] compared with placebo [6/39 (15%)]. In this study, 
risankizumab showed a favorable safety profile; the most 
common adverse event was nausea and the most common 
serious adverse event was worsening of underlying Crohn’s 
disease. No association was observed between risankizumab 
dose and the incidence of adverse events [18]. Detailed 
reports of the exposure–response analyses of the Crohn’s 
disease phase IIb trials are planned.

This is the first report to present the population pharma-
cokinetics of risankizumab, currently in the late stage of 
development for several inflammatory diseases. This analy-
sis provides quantitative assessments of the pharmacokinetic 
characteristics of risankizumab in subjects with psoriasis or 
Crohn’s disease and characterizes the impact of patient char-
acteristics on exposure to risankizumab. This analysis also 
presents the foundation for assessing the correlation between 
exposure to risankizumab and the efficacy of risankizumab 
in psoriasis and Crohn’s disease. The findings based on this 
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analysis warrant further confirmation using data from large, 
phase III clinical trials.

5 � Conclusions

The pharmacokinetics of risankizumab were described 
using a two-compartment model with linear absorption, 
distribution, and elimination processes within the range of 
doses tested in subjects with psoriasis and Crohn’s disease. 
Accounting for the effects of body weight and baseline albu-
min explained the small differences in the pharmacokinetics 
of risankizumab between psoriasis and Crohn’s disease, with 
no further differences between the patient populations.
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