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Abstract
Risankizumab is a humanized immunoglobulin (Ig) G1 monoclonal antibody developed and approved for the treatment of 
moderate-to-severe plaque psoriasis at a dose of 150 mg administered subcutaneously at weeks 0 and 4, and every 12 weeks 
thereafter. Ongoing trials are investigating the use of risankizumab in other inflammatory autoimmune diseases. Risanki-
zumab exhibits linear pharmacokinetics when administered intravenously (0.01 mg/kg–1200 mg) or subcutaneously (0.25 mg/
kg–300 mg), with a long terminal half-life of approximately 28 days. Following subcutaneous administration, peak plasma 
concentration was reached approximately 3–14 days after dosing, with an estimated bioavailability of 89%. Population 
pharmacokinetic analyses identified bodyweight, high titers of antidrug antibodies occurring in < 2% of evaluated subjects, 
baseline serum albumin, baseline high-sensitivity C-reactive protein, and baseline serum creatinine to be statistically cor-
related with risankizumab clearance, but none of them had a clinically meaningful impact on risankizumab efficacy in 
psoriasis patients following the clinical dosing regimen. Exposure–response analyses in psoriasis patients demonstrated that 
the maximum efficacy was achieved with the clinically approved regimen and there was no apparent correlation between 
risankizumab exposure and safety. A dedicated drug interaction cocktail study in patients with psoriasis demonstrated a lack 
of therapeutic protein–drug interaction potentials for risankizumab and various cytochrome P450 substrates. In this article, we 
review the clinical pharmacology data available to date for risankizumab, which supported the clinical development program 
and ultimately regulatory approvals for risankizumab in the treatment of patients with moderate-to-severe plaque psoriasis.
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1 Introduction

Interleukin (IL)-23 is a naturally occurring cytokine that 
is involved in inflammatory and immune responses. IL-23 
drives the development, differentiation, and function of T 
helper (Th) 17 cells, which produce IL-17-A and -F, as well 
as other proinflammatory cytokines, and plays a key role in 
driving some inflammatory autoimmune diseases, including 
psoriasis [1].

Psoriasis is a chronic debilitating immunologic disease 
characterized by marked inflammation and thickening of 
the epidermis that results in thick, scaly plaques involv-
ing the skin, which can negatively impact the psychosocial 

well-being of patients. Furthermore, patients with psoria-
sis are at higher risk of developing comorbidities, includ-
ing psoriatic arthritis, metabolic syndrome, cardiovascular 
disorders, or depression [2]. Psoriasis may be classified 
according to morphologic and clinical presentation: plaque 
psoriasis, guttate psoriasis, erythrodermic psoriasis (EP), 
generalized pustular psoriasis (GPP) and localized pustular 
psoriasis, and inverse or intertriginous psoriasis. Psoriasis 
is estimated to affect 2% of the population in the developed 
world [3], with plaque psoriasis being the most common 
form, affecting approximately 80–90% of patients, of whom 
20% experience moderate-to-severe disease [4]. Both GPP 
and EP are rare forms of psoriasis that can be difficult to 
treat and can be fatal; approximately 10% of patients with 
GPP have a preceding history of psoriasis [5], and EP preva-
lence among psoriatic patients is estimated to be from 1 to 
2.25% [6].

Biologics have emerged as a promising alternative treat-
ment option to conventional systemic therapies, such as 
methotrexate and retinoids, which have potential cumula-
tive toxicities for patients with psoriasis. IL-17 and IL-12/23 
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Risankizumab exhibits typical immunoglobulin (Ig) G1 
monoclonal antibody pharmacokinetic characteris-
tics with bi-exponential disposition, long elimination 
half-life (approximately 28 days), and linear pharma-
cokinetics when administered intravenously (0.01 mg/
kg–1200 mg) or subcutaneously (0.25 mg/kg–300 mg).

Bodyweight, high titers of antidrug antibodies, baseline 
serum albumin, baseline high-sensitivity C-reactive 
protein, and baseline serum creatinine were statistically 
correlated with risankizumab clearance in population 
pharmacokinetic analyses; however, exposure–response 
analyses demonstrated that these covariates had no 
clinically meaningful impact on risankizumab efficacy 
in psoriasis patients with the clinical dosing regimen 
of 150 mg administered at weeks 0 and 4, and every 
12 weeks thereafter.

The risankizumab clinical dosing regimen maximized 
efficacy as assessed by the Psoriasis Area and Severity 
Index (PASI) 90, PASI 100, and static Physicians Global 
Assessment 0/1 responses, with no apparent correlation 
between exposure and safety in patients with plaque 
psoriasis.

A therapeutic protein drug interaction study and popula-
tion pharmacokinetic analyses confirmed the expected 
lack of drug interaction potential for risankizumab as a 
perpetrator or a victim.

pharmacokinetics, immunogenicity, and exposure–response 
analyses for efficacy and safety that supported the full char-
acterization of the risankizumab clinical profile in psoriasis 
patients.

2  Clinical Studies

An overview of all studies conducted to date that are perti-
nent to risankizumab clinical pharmacology is presented in 
Table 1 (three phase I studies in healthy subjects and pso-
riasis patients) and Table 2 (seven phase II and III studies 
in patients with plaque psoriasis or GPP/EP); these studies 
evaluated the pharmacokinetics, immunogenicity, safety, 
and tolerability, and, in phase II and III studies, the efficacy 
of risankizumab. Population pharmacokinetic and expo-
sure–response analyses for efficacy and safety, as well as 
analyses for the impact of immunogenicity on pharmacoki-
netics, safety, and efficacy, were performed using combined 
data from these phase I, II, and III studies to support the 
overall characterization of risankizumab clinical pharmacol-
ogy, as well as the clinical dosing recommendation [12–15]. 
High-level results and conclusions from these studies and 
analyses are summarized in the following sections.

3  Clinical Pharmacokinetics 
of Risankizumab

Risankizumab exhibits pharmacokinetic characteristics con-
sistent with typical IgG1 monoclonal antibodies, with no 
apparent target-mediated disposition following intravenous 
or subcutaneous administration. The role of intrinsic and 
extrinsic factors in the pharmacokinetics of risankizumab 
are detailed below.

3.1  Single‑Dose Pharmacokinetics

Single-dose pharmacokinetics of risankizumab were evalu-
ated in two studies, Study 1 in Caucasian, Japanese, and 
Chinese healthy volunteers, and Study 2 in patients with 
psoriasis following either intravenous or subcutaneous 
administrations across doses ranging from 0.01 to 5 mg/kg 
intravenously, 200 to 1200 mg intravenously, 0.25 to 1 mg/
kg subcutaneously, and 18 to 300 mg subcutaneously [13, 
16]. Intensive plasma samples for pharmacokinetic assess-
ment were collected in these studies.

In both single-dose studies, risankizumab pharmacoki-
netics were linear (dose-independent) in the evaluated dose 
ranges (Table 3). No apparent target-mediated disposition 
was observed. Risankizumab terminal elimination half-
life (t½) ranged from 18 to 34 days in healthy subjects and 
in patients with psoriasis across dose groups. The linear 

inhibitors, such as ustekinumab (a p40 IL-12/23 inhibitor) 
[7], guselkumab [8] and tildrakizumab (IL-23 inhibitors) 
[9], and brodalumab, ixekizumab, and secukinumab (IL-17 
inhibitors) [10], have demonstrated efficacy in treating this 
chronic disease.

Risankizumab is a humanized immunoglobulin (Ig) G1 
monoclonal antibody that selectively binds with high affinity 
(≤ 29 pM) to the p19 subunit of the human cytokine IL-23, 
and inhibits its interaction with the IL-23 receptor and the 
downstream IL-23-dependent cell signaling and proinflam-
matory effects. In contrast with ustekinumab, risankizumab 
does not bind to human IL-12, which shares the p40 subunit 
with IL-23 [11].

As of June 2019, risankizumab was approved in multiple 
countries and regions, including the United States, the Euro-
pean Union, Japan, Canada, Switzerland, and Brazil, for the 
treatment of patients with moderate-to-severe chronic plaque 
psoriasis. In addition, risankizumab was also approved in 
Japan for the treatment of psoriatic arthritis and GPP/EP.

This review provides an integrated summary of the clini-
cal pharmacology assessments of risankizumab, including 
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pharmacokinetic characteristics of risankizumab were not 
unexpected given that IL-23 is a soluble target expressed at 
low systemic concentrations, and target-mediated disposi-
tion would not be anticipated for the range of doses tested. 
Risankizumab peak plasma concentrations were achieved 
between 3 and 14 days (median values) following subcutane-
ous administration (Fig. 1; Table 3).

There was no apparent difference in risankizumab phar-
macokinetics between healthy subjects and patients with 
psoriasis [13, 16]. Risankizumab exposures were 22–31% 
higher in healthy Chinese and Japanese subjects compared 
with healthy Caucasian subjects; this small difference in 
exposure was a result of the fixed-dosing regimen and the 
lower body weight for Chinese and Japanese subjects com-
pared with Caucasian subjects [13].

3.2  Multiple‑Dose Pharmacokinetics

Multiple-dose pharmacokinetics of risankizumab were eval-
uated in one global phase II study and four global phase III 
studies in patients with moderate-to-severe plaque psoriasis, 
as well as two Japanese phase II/III studies in patients with 
moderate-to-severe plaque psoriasis (with or without pso-
riatic arthritis), GPP, or EP [17–22]. Serial intensive phar-
macokinetic samples were collected in the global phase II 
study, while in global phase III studies or Japanese phase II/
III studies, fewer pharmacokinetic samples were collected.

An approximately dose proportional increase in risanki-
zumab exposure was observed following repeated adminis-
tration of 90 and 180 mg subcutaneous doses in the global 
phase II study [17, 23], and between 75 and 150 mg subcu-
taneous doses in the Japanese phase II/III studies [13].

Following multiple dosing of risankizumab 150 mg sub-
cutaneously at weeks 0 and 4, and once every 12 weeks 
thereafter, in global phase III studies, steady-state risanki-
zumab plasma concentrations were approximately achieved 
by week 16. Risankizumab geometric mean trough plasma 
concentrations (Ctrough) at weeks 16 and 52 were 1.84 µg/mL 
and 1.52 µg/mL, respectively, based on pooled data across 
all four global phase III studies. There was no indication of 
time-dependent kinetics. A summary of risankizumab Ctrough 
across all phase III studies after administration of risanki-
zumab 150 mg subcutaneously at weeks 0 and 4, and every 
12 weeks thereafter, in patients with psoriasis is shown in 
Table 4.

Risankizumab geometric mean Ctrough values in Japanese 
patients with psoriasis, at weeks 16 and 52, were 2.06 µg/
mL and 1.64 µg/mL, respectively, based on pooled data of 
Japanese patients across all four global phase III and Japa-
nese phase II/III studies [13], approximating the exposures 
in non-Japanese subjects. In addition, risankizumab expo-
sures in Japanese patients with moderate-to-severe plaque 
psoriasis (with or without psoriatic arthritis) were compa-
rable with those with GPP or EP [13].

Table 3  Geometric mean (mean, %CV) of risankizumab plasma pharmacokinetic parameters following single IV doses ranging from 0.01 to 
5 mg/kg, and single SC doses of 0.25 or 1 mg/kg in subjects with moderate-to-severe psoriasis (Study 2)

Values in parentheses denote mean, %CV
AUC ∞ area under the plasma concentration–time curve over the time interval from time zero to infinity, CL clearance, CL/F apparent clearance, 
Cmax maximal plasma concentration, %CV percentage coefficient of variation, Tmax time to achieve maximum plasma concentration, t½ terminal 
elimination half-life, IV intravenous, SC subcutaneous
a Median (minimum–maximum)
b CL for IV doses, and CL/F for SC doses

Parameter Unit IV dose of risankizumab SC dose of risankizumab

0.01 mg/kg 0.05 mg/kg 0.25 mg/kg 1 mg/kg 3 mg/kg 5 mg/kg 0.25 mg/kg 1.0 mg/kg

[n = 3] [n = 3] [n = 3] [n = 3] [n = 3] [n = 3] [n = 6] [n = 7]

Cmax µg/mL 0.311 (0.311, 
9)

1.36 (1.4, 27) 5.95 (5.97, 
11)

12.3 (16.9, 
71)

66.2 (66.4, 9) 110 (110, 9) 0.886 (0.972, 
47)

4.76 (5.20, 
35)

Tmax
a day 0.083 (0.067–

0.083)
0.043 (0.042–
0.083)

0.094 
(0.083–0.17)

0.042 
(0.042–0.17)

0.083 (0.042–
0.083)

0.083 (0.042–
0.083)

13.5 (7.00–
14.1)

3.00 (2.00–
10.0)

AUC ∞ µg day/mL 2.93 (2.99, 
25)

15.7 (17.0, 
43)

85.1 (85.6, 
13)

167 (224, 68) 952 (955, 9) 1650 (1680, 
23)

40.4 (44.8, 
46)

177 (201, 45)

t½ day 19.4 (19.6, 
17)

22.5 (22.8, 
20)

22.0 (22.8, 
30)

27.7 (27.8, 
12)

17.9 (19.0, 
38)

22.8 (23.7, 
34)

23.0 (24.3, 
33)

26.1 (26.5, 
19)

CL or 
CL/Fb

L/day 0.325 (0.346, 
42)

0.328 (0.347, 
44)

0.280 (0.282, 
16)

0.557 (0.829, 
110)

0.273 (0.273, 
2)

0.231 (0.237, 
30)

0.534 (0.612, 
57)

0.367 (0.390, 
35)

AUC ∞/dose µg day/mL/
mg

3.08 (3.28, 
43)

3.05 (3.21, 
35)

3.57 (3.60, 
16)

1.79 (2.38, 
67)

3.67 (3.67, 2) 4.34 (4.44, 
25)

1.87 (2.15, 
58)

2.73 (2.92, 
43)
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3.3  Population Pharmacokinetics

The population pharmacokinetics of risankizumab were char-
acterized using data from a phase I study in healthy Cauca-
sian, Japanese, and Chinese subjects (Study 1), and a phase I 
study (Study 2), a phase II study (Study 3), and four phase III 
studies (Study 4, UltIMMa-1; Study 5, UltIMMa-2; Study 6, 
IMMhance; and Study 7, IMMvent) in patients with moder-
ate-to-severe plaque psoriasis, referred to as the global popu-
lation pharmacokinetic model [12]. These analyses included 
risankizumab pharmacokinetic data following single- and 
multiple-dose administration across doses ranging from 0.01 
to 5 mg/kg intravenously, 200 to 1200 mg intravenously, 0.25 
to 1 mg/kg subcutaneously, and 18 to 300 mg subcutaneously.

A total of 1899 adult male and female subjects who 
received at least one dose of risankizumab were included in 
the global population pharmacokinetic analyses [12]. A two-
compartment model with first-order absorption and elimi-
nation described the time course of risankizumab plasma 
concentrations well in both healthy subjects and patients 
with moderate-to-severe plaque psoriasis.

For a typical 90 kg individual (approximately the median 
bodyweight for patients with psoriasis recruited in the clini-
cal studies), risankizumab plasma clearance (CL), volume 
of distribution of the central (Vc) and peripheral (Vp) com-
partments, steady-state volume of distribution (Vss), and t½ 
were estimated to be 0.31 L/day, 6.52 L, 4.67 L, 11.2 L and 
28 days, respectively. The interindividual variability for 
risankizumab CL, Vc, and absorption rate constant (Ka) were 
24%, 34%, and 63%, respectively.

From the results of the covariate analyses, moderate-to-
severe psoriasis disease, baseline Psoriasis Area and Sever-
ity Index (PASI) score, presence of neutralizing antibodies 
(NAbs) to risankizumab, age, sex, race, liver function mark-
ers, country, and common concomitant medications were not 
statistically significant covariates for risankizumab pharma-
cokinetic parameters. Although baseline serum albumin, base-
line high-sensitivity C-reactive protein (hs-CRP), and base-
line serum creatinine were found to be statistically significant 
covariates for risankizumab CL, they had negligible impact on 
risankizumab exposure. Risankizumab exposures following 
the clinical regimen of 150 mg subcutaneously at weeks 0 and 
4, and every 12 weeks thereafter, in patients within the upper 
or lower 25th percentiles of covariate distribution of baseline 
serum albumin, baseline hs-CRP, and baseline serum creati-
nine were estimated to be well within the default equivalence 
boundaries of 0.8–1.25 relative to patients in the middle 50% 
of the covariate distribution for these factors.

Only two covariates were found to have more appreci-
able impact on risankizumab exposures: bodyweight and 
high antidrug antibody (ADA) titers (≥ 128). These are dis-
cussed in detail under the assessment of intrinsic factors (see 
Sects. 3.5.5, 3.5.6).

In addition to the population pharmacokinetic analyses 
from global studies, risankizumab population pharmacoki-
netics were further characterized in the Asian population 
upon availability of the data from these trials; this analysis 
was an extension of the global pharmacokinetic model and 
confirmed the adequacy of the global population pharma-
cokinetic model for describing risankizumab exposure in 

Fig. 1  Risankizumab plasma concentration (geometric means) ver-
sus time profiles following IV and SC administration in subjects with 
moderate-to-severe psoriasis (Study 2). IV intravenous, SC subcutane-
ous

Table 4  Summary of risankizumab trough plasma concentrations (µg/mL) in patients with moderate-to-severe plaque psoriasis across all phase 
III studies

SC subcutaneous, %CV percentage coefficient of variation
a Subjects received a risankizumab dose at weeks 0 and 4, and every 12 weeks thereafter

Risankizumab 150 mg SC  groupa Geometric mean (arithmetic mean, %CV)

Week 4 Week 16 Week 28 Week 40 Week 52

[n = 1065] [n = 1057] [n = 1038] [n = 750] [n = 721]
Total across phase III studies 5.47 (5.89, 38) 1.84 (2.27, 60) 1.60 (1.98, 60) 1.57 (2.00, 75) 1.52 (1.94, 65)

[n = 177] [n = 175] [n = 173] [n = 166] [n = 156]
Japanese patients only across phase III 

studies
5.23 (5.65, 38) 1.70 (2.16, 71) 1.39 (1.78, 65) 1.46 (1.94, 89) 1.42 (1.85, 66)
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Asian (mainly Japanese) subjects. The impact of relevant 
patient-specific covariates on risankizumab systemic expo-
sures was re-assessed with the larger dataset including 
studies conducted in Japan, and was used to inform dosing 
recommendations and the comparability of risankizumab 
exposures across Japanese patients with plaque psoriasis, 
GPP, or EP, as well as between Japanese and non-Japanese 
patients with psoriasis enrolled across all global and Japa-
nese phase II/III clinical trials, referred to as the updated 
population pharmacokinetic model [13].

Based on the Asian population pharmacokinetic analyses, 
risankizumab plasma CL, Vss, and t½ were estimated to be 
approximately 0.24 L/day, 9.12 L, and 28 days, respectively, 
for a typical 70 kg patient with psoriasis, GPP or EP (70 kg 
was selected here because it approximates the median body-
weight in Japanese psoriasis patients). Risankizumab steady-
state exposures (maximum concentration [Cmax], area under 
the plasma concentration–time curve during a dosing inter-
val [AUC τ], and Ctrough) in Japanese subjects with moderate-
to-severe plaque psoriasis were comparable with those with 
GPP or EP. Consistent with the pharmacokinetic analysis 
from the phase I Asian pharmacokinetic study (Study 1), 
risankizumab steady-state exposures following administra-
tion of 150 mg subcutaneously in Japanese patients with 
psoriasis (moderate-to-severe plaque psoriasis, GPP, or EP) 
were approximately 17% higher than non-Japanese patients 
with moderate-to-severe plaque psoriasis, as a result of the 
median bodyweight difference [13].

Risankizumab mean (standard deviation) steady-state 
Cmax, AUC τ, and Ctrough values, estimated based on the popu-
lation pharmacokinetic modeling, are summarized in Table 5 
in non-Japanese and Japanese patients with psoriasis follow-
ing the clinical dosing regimen of 150 mg subcutaneously at 
weeks 0 and 4, and every 12 weeks thereafter.

3.4  Bioavailability of Subcutaneous Risankizumab

Results from cross-study population pharmacokinetic analy-
ses of risankizumab following intravenous and subcutaneous 
administrations showed that the population estimate for the 
absolute subcutaneous bioavailability of risankizumab was 
89% for the phase III clinical regimen in a typical patient 
with psoriasis (150 mg subcutaneously at weeks 0 and 4, 
and every 12 weeks thereafter), which is on the higher side 
of the range of 50–100% absolute bioavailability reported 
for other monoclonal antibodies [12, 24].

3.5  Effect of Intrinsic Factors

3.5.1  Renal and Hepatic Impairment

As an IgG1 monoclonal antibody, risankizumab is expected 
to be degraded into small peptides and amino acids via 

catabolic pathways, in a manner similar to endogenous IgG, 
and thus is not expected to undergo metabolism by hepatic 
metabolic enzymes or renal elimination. Therefore, no dedi-
cated studies were conducted to evaluate risankizumab phar-
macokinetics in patients with hepatic or renal impairment. 
Based on cross-study population pharmacokinetic analyses, 
hepatic function markers, including total bilirubin, aspar-
tate aminotransferase (AST), and alanine aminotransferase 
(ALT) levels were not correlated with risankizumab CL, and 
serum creatinine level or creatinine CL had no meaningful 
impact on risankizumab exposure [12].

3.5.2  Psoriasis Disease (Disease State)

From the cross-study population pharmacokinetic analyses, 
risankizumab pharmacokinetic parameters were similar 
in healthy subjects and patients with moderate-to-severe 
plaque psoriasis [12]. Risankizumab plasma exposures in 
Japanese patients with moderate-to-severe plaque psoriasis 
with concomitant psoriatic arthritis were comparable with 
those without concomitant psoriatic arthritis, while plasma 
exposures in Japanese patients with moderate-to-severe 
plaque psoriasis (with or without psoriatic arthritis) were 
comparable with those with GPP or EP [13].

3.5.3  Race/Ethnicity

After accounting for bodyweight differences, race/ethnicity 
did not have an impact on risankizumab CL [13]. This was 
demonstrated in the phase I study of risankizumab in Asian 
versus Caucasian subjects (bodyweight rather than race 
accounted for the apparent small difference in exposure), as 
well as in the population pharmacokinetic analyses (race or 
region/country was not a significant covariate).

Moreover, comparisons of risankizumab plasma expo-
sures in psoriasis patients across various ethnic/racial 

Table 5  Comparison of risankizumab steady-state exposures between 
non-Japanese and Japanese (at a 150 mg SC dose) patients with pso-
riasis (mean [SD] and median)

Ctrough plasma concentration at the end of the dosing interval, SC sub-
cutaneous, SD standard deviation, Cmax maximal plasma concentra-
tion, AUC τ area under the plasma concentration–time curve during a 
dosing interval, Ctrough trough plasma concentrations

Parameter Population

Non-Japanese (phase 
III) [n = 1130]

Japanese [n = 102]

Cmax (µg/mL) 12.4 (3.29)
12.2

14.5 (3.44)
14.5

AUC τ (µg·day/mL) 494 (176)
481

559 (194)
522

Ctrough (µg/mL) 2.02 (1.18)
1.82

2.22 (1.26)
1.90
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groups, including Korean, Taiwanese, Japanese, and non-
Asian patients, were conducted based on data from phase III 
studies following the proposed clinical regimen of 150 mg 
subcutaneously at weeks 0 and 4, and every 12 weeks there-
after. In general, exposures to risankizumab were compa-
rable across all groups, and Asian race or ethnicity had no 
clinically relevant impact on risankizumab pharmacokinetics 
(Table 5).

3.5.4  Age and Sex

Based on the cross-study population pharmacokinetic anal-
yses, risankizumab pharmacokinetic parameters were not 
impacted by age (range 18–85 years) or sex in adult patients 
with plaque psoriasis [12].

3.5.5  Body Weight

Similar to other IgG1 monoclonal antibodies, bodyweight 
was correlated with risankizumab CL, with an increase in 
bodyweight associated with an increase in CL [12]. Patients 
with psoriasis with a bodyweight > 100 kg are estimated to 
have approximately 30% lower exposures compared with 
subjects weighing ≤ 100 kg; however, this difference is not 
clinically relevant for any major impact on efficacy or safety 
(see Sect. 4) [14].

3.5.6  Antidrug Antibodies and Neutralizing Antibodies

As summarized later in Sect. 5, the potential impact of 
ADAs on risankizumab exposure, efficacy, and safety were 
extensively evaluated.

Overall, immunogenicity to risankizumab did not have a 
clinically relevant impact on risankizumab plasma exposure, 
efficacy (as assessed by PASI 90 at week 16), or safety (as 
assessed for hypersensitivity and injection-site reactions) 
in psoriasis patients. Only a very small fraction of psoria-
sis patients 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 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) developed high titer ADAs (≥ 128), and, only in these 
subjects with high ADA titers, risankizumab exposures were 
estimated, on average, to be 30% lower than ADA-negative 
subjects or subjects with relatively lower ADA titers (< 128) 
[12]. This modest difference in risankizumab exposure is 
not considered to have a major impact on efficacy because 
the 150 mg dosing regimen provides exposures that are well 
within the plateau of response (see Sects. 4, 5) [14].

3.6  Effect of Extrinsic Factors

3.6.1  Risankizumab as a Perpetrator for Drug–Drug 
Interaction (DDI)

Patients with psoriasis and other immune-mediated inflam-
matory diseases may have comorbidities that require treat-
ment with other medications that are metabolized through 
cytochrome P450 (CYP) enzymes. Therapeutic proteins that 
modulate cytokine levels are suggested to potentially result 
in interactions with drugs that are sensitive substrates of 
CYP enzymes because some elevated cytokines can down-
regulate the transcription of CYP genes and reduce the 
metabolism of such drugs. As such, certain therapeutic pro-
teins impacting cytokine levels can reverse cytokine-medi-
ated suppression of CYPs, resulting in increased CL and 
decreased exposures of sensitive CYP substrates compared 
with prior treatment. A dedicated drug interaction study 
(Study 8) was conducted for risankizumab in patients with 
moderate-to-severe plaque psoriasis to assess the effect of 
repeated administration of risankizumab on the pharmacoki-
netics of CYP-sensitive probe substrates. Repeated admin-
istration of risankizumab 150 mg subcutaneously at weeks 
0, 4, 8, and 12 (more frequent administration resulting in 
higher risankizumab exposure than the clinical regimen) had 
no effect on the exposures of probe substrates of CYP1A2 
(caffeine 100 mg), CYP2C9 (warfarin 10 mg), CYP2C19 
(omeprazole 20 mg), CYP2D6 (metoprolol 50 mg), and 
CYP3A (midazolam 2 mg) in patients with moderate-to-
severe plaque psoriasis (n = 21) [25]. The 90% confidence 
intervals for the ratios of the probe substrates Cmax and 
AUC when administered 6 days following the fourth dose of 
risankizumab 150 mg subcutaneously every 4 weeks versus 
when these substrates were administered prior to initiating 
risankizumab treatment were within the default no-effect 
boundaries of 0.8–1.25 (with the exception of the lower 90% 
confidence bound for omeprazole Cmax ratio, which extended 
slightly below 0.8). Therefore, no dosage adjustments are 
needed for drugs that are substrates of these CYP enzymes 
when administered concomitantly with risankizumab in 
patients with moderate-to-severe psoriasis [25].

3.6.2  Risankizumab as a Victim for DDIs

Because risankizumab is not expected to undergo metabo-
lism by CYP enzymes, it is not expected to be a victim of 
drug–drug interactions (DDIs) with substrates/inhibitors/
inducers of drug metabolizing enzymes. Consistent with 
this, in the cross-study population pharmacokinetic analyses, 
none of the evaluated medications (metformin, atorvastatin, 
lisinopril, amlodipine, ibuprofen, acetylsalicylate, and levo-
thyroxine) that were concomitantly administered by some 
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patients during risankizumab phase III clinical trials were 
found to significantly affect risankizumab CL [12].

4  Exposure Response Analyses for Efficacy

4.1  Phase I and II Studies

The exposure–response relationships between model-
estimated risankizumab weeks 0–16 average plasma con-
centrations (Cavg) and the observed percentage of sub-
jects achieving PASI 90, PASI 100, or static Physicians 
Global Assessment (sPGA) clear or almost clear (sPGA 
0/1) responses at week 16 in the phase II study (Study 3) 
were evaluated using quartile plots in which subjects were 
binned into quartiles based on risankizumab plasma Cavg 
levels [14]. The analyses indicated that while the percent-
age of subjects achieving PASI 90 or sPGA 0/1 at week 16 
appeared to have plateaued at the third quartile of risanki-
zumab exposure (median Cavg of 3.97 μg/mL), the highest 
quartile of exposure (median Cavg of 7.88 μg/mL) clearly 
showed a higher percentage of subjects achieving the com-
plete CL of PASI score (i.e. PASI 100). The median weeks 
0–16 Cavg value with the proposed phase III clinical dos-
ing regimen (150 mg subcutaneously at weeks 0 and 4, and 
every 12 weeks thereafter) was 7.32 μg/mL, which is similar 
to the median risankizumab Cavg value in the fourth exposure 
quartile in the phase II study. These results support that the 
regimen selected for phase III trials was adequate to maxi-
mize risankizumab efficacy in patients with psoriasis.

4.2  Phase II and III Studies

Non-linear regression analyses were conducted using maxi-
mum effect (Emax) models to describe the relationships 
between risankizumab plasma exposure (Cavg) and the 
probability of achieving PASI 75, PASI 90, PASI 100, and 
sPGA 0/1 responses at weeks 16 and 52 using combined data 
from phase II (Study 3) and phase III studies (UltIMMa-1, 
UltIMMa-2, IMMhance, and IMMvent) [14].

The estimated half maximal effective concentration 
 (EC50) values to achieve PASI 75, PASI 90, PASI 100, 
and sPGA 0/1 responses at week 16 (0.20, 0.44, 2.4, and 
0.43 µg/mL, respectively) and week 52 (0.30, 0.96, 2.88, 
and 0.71 µg/mL, respectively) were significantly lower than 
the estimated Cavg value over weeks 0–16 (median value: 
7.32 µg/mL) and weeks 40–52 (median value: 5.42 µg/mL) 
for the risankizumab clinical regimen (150 mg subcutane-
ously at weeks 0 and 4, and every 12 weeks thereafter). At 
the median risankizumab Cavg associated with the proposed 
clinical regimen, the estimated probabilities for PASI 75, 
PASI 90, PASI 100, and sPGA 0/1 responses were 92%, 
77%, 49%, and 87%, respectively, at week 16, and 95%, 85%, 

61%, and 88%, respectively, at week 52 based on the expo-
sure–response models [14]. These probabilities were at the 
estimated plateau for each response. These results confirmed 
that the clinical regimen maximized the efficacy of risanki-
zumab, as measured by the PASI and sPGA endpoints in 
patients with psoriasis.

In the covariate analyses, hs-CRP was a statistically sig-
nificant covariate for risankizumab  EC50, but had a negli-
gible estimated effect on efficacy at the clinical regimen. 
Subjects with higher baseline hs-CRP levels were predicted 
to result in a slightly lower (≤ 6%) probability of achieving 
PASI or sPGA endpoints at week 16, which could be related 
to the higher inflammatory burden in subjects with higher 
values of baseline hs-CRP. Asian race was a statistically 
significant covariate for risankizumab  EC50 for PASI 100 
response at week 16, but not for any other response level. 
No covariates were statistically significant at week 52 [14].

Other covariates, including demographic variables (body 
weight, BMI, age, sex and race), baseline disease charac-
teristics (baseline PASI score) and comorbidities (presence 
of psoriatic arthritis), immunogenicity (treatment-emergent 
ADA-or NAb-positive status), and prior therapies were 
not statistically significant covariates for the relationship 
between risankizumab exposure and efficacy in psoriasis 
[14].

The model-estimated exposure–response relationships 
for PASI 90, PASI 100, and sPGA 0/1 responses at week 
16 were at the plateau of response for exposures observed 
with subjects with bodyweight ≤ 100 kg and those with 
bodyweight > 100 kg or > 120 kg following administration 
of risankizumab 150 mg subcutaneously at weeks 0 and 4, 
and every 12 weeks thereafter [14]. This further supported 
the lack of differences in efficacy in subjects with higher 
bodyweight who experienced relatively lower risankizumab 
exposure levels. These results were consistent with observed 
efficacy data in phase III trials; the placebo-adjusted PASI 
90 responses were 72.1% and 69.2%, while the sPGA0/1 
responses were 77.5% and 80.0%, in patients with body-
weight ≤ 100 kg and > 100 kg, respectively [14].

Overall, these analyses indicated that the 150 mg subcu-
taneous dose of risankizumab at weeks 0 and 4, and every 
12 weeks thereafter, maximized the efficacy in patients with 
psoriasis across the entire expected bodyweight range in this 
population [14].

The relationship between risankizumab exposures and 
key efficacy variables in Japanese patients with moderate-
to-severe plaque psoriasis following treatment with either 
75 or 150 mg subcutaneous doses at weeks 0 and 4, and 
every 12 weeks thereafter, were also characterized [15]. The 
exposure–efficacy relationships in Japanese patients were 
consistent with the population enrolled in global phase III 
trials. A plateau of efficacy at week 16 was demonstrated 
with a risankizumab 150 mg subcutaneous dose providing 
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PASI 90 and sPGA 0/1 response probabilities of 77%, and 
88%, respectively. These exposure–response analyses indi-
cated that a risankizumab 150 mg dose maximized effi-
cacy, including PASI 100 response (probability of 31%) in 
Japanese patients with plaque psoriasis [15]. Risankizumab 
exposures for the 75 mg dose were suboptimal for PASI 100 
response (probability of 21%) and other efficacy responses, 
particularly in heavier patients.

4.3  Exposure–Response Analyses for Safety

The exposure–response relationships for safety were per-
formed using pooled data from subjects recruited across the 
four phase III studies (UltIMMa-1, UltIMMa-2, IMMhance, 
and IMMvent). The exposure–response relationships were 
evaluated for the safety events of interest (any adverse event 
[AE], serious AE [SAE], infection, and serious infection) 
through the first 16 weeks (weeks 0–16; placebo-controlled 
period), as well as through the first 52 weeks (weeks 0–52 
for UltIMMa-1, UltIMMa-2 and IMMhance, and weeks 
0–44 for IMMvent).

There was no apparent relationship between risankizumab 
exposure and any AE, SAE, infections, or any serious infec-
tions across the first 16 weeks or up to 52 weeks’ duration 
using pooled data from all four phase III trials of risanki-
zumab in subjects with plaque psoriasis [14]. Extension of 
the analyses later with the Japanese phase II/III studies in 
patients with plaque psoriasis, GPP, and EP provided con-
sistent results [15].

5  Immunogenicity

Immunogenicity of risankizumab was assessed across all 
phase I, II, and III studies. Plasma samples were analyzed 
for the presence of ADAs and NAbs to risankizumab using 
validated assays. Briefly, immunogenicity of risankizumab 
was first assessed using a three-tiered approach, including 
screening, confirmation, and titration. The confirmed posi-
tive samples were then evaluated in the NAb assay to detect 
the presence of NAb. The incidence of ADAs (treatment-
emergent) to risankizumab was defined when a subject was 
(1) ADA-negative or missing assessment at baseline (prior 
to the first risankizumab dose) and became ADA-positive at 
one or more time points post baseline; or (2) ADA-positive 
at baseline and showed a fourfold (based on two dilution 
steps at the titer determination stage) or greater increase in 
titer values relative to baseline, or a titer value of ≥ 2 in at 
least one post-dose sample if the baseline titer value was 
< 1 (in this case, a fourfold increment over the midpoint of 
0.5 was used).

It is noteworthy that the detection of ADA formation is 
highly dependent on the sensitivity and specificity of the 

assay. Additionally, the observed incidence of ADA (includ-
ing NAb) positivity in an assay may be influenced by sev-
eral factors, including assay methodology, sample handling, 
timing of sample collection, concomitant medications, and 
underlying disease. For these reasons, comparison of the 
ADA incidence to risankizumab in the clinical studies listed 
above, with the incidence of antibodies for other products, 
can be misleading [26].

For subjects who received the clinical regimen of risanki-
zumab in psoriasis (150 mg at weeks 0 and 4, and every 
12 weeks thereafter) in phase III trials, the ADA and NAb 
incidence (treatment-emergent) to risankizumab was 24% 
and 14%, respectively, over 52 weeks’ duration (based on 
1079 evaluable subjects). The median time to appearance of 
ADA was 16 weeks across studies. The median ADA titer 
values were low and ranged from 1 to 4.5 across visits and 
studies; a very limited number of subjects (approximately 
1% of ADA-evaluable subjects over a 52-week period of 
risankizumab treatment in phase III trials) had ADA titer 
values ≥ 128.

Across all global phase III studies of risankizumab in 
subjects with moderate-to-severe psoriasis, the ADA and 
NAb incidence to risankizumab were comparable among 
subjects who received risankizumab from week 0, or those 
who underwent placebo withdrawal after an initial treatment 
with risankizumab (with or without retreatment with risanki-
zumab). Additionally, the ADA or NAb incidence to risanki-
zumab was comparable across Japanese and non-Japanese 
subjects with psoriasis (plaque psoriasis, GPP, or EP) or 
psoriatic arthritis (Table 6).

Across phase II and III studies, immunogenicity to 
risankizumab did not have a clinically relevant impact on 
the risankizumab plasma exposures, efficacy (as assessed 
by sPGA 0/1 and PASI 90 response at weeks 16 and 52), 
or safety (as assessed for hypersensitivity and injection-site 
reactions) of risankizumab [12–15]. The analyses of the 
clinical impact of immunogenicity based on global data are 
further summarized below.

5.1  Assessment of the Effect of Immunogenicity 
on Risankizumab Plasma Exposures

Based on intersubject comparison using pooled data across 
all four phase III studies, risankizumab Ctrough (central ten-
dency and distribution) were comparable between subjects 
who were ADA-positive and those who were ADA-negative 
over time (Fig. 2). From the intrasubject comparison across 
all phase III studies; the median value of the ratio of risanki-
zumab steady-state Ctrough after versus before the appearance 
of ADA was 0.98 for subjects who received risankizumab 
from week 0, and 1.18 for subjects who switched from pla-
cebo to risankizumab at week 16.
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From the population pharmacokinetic analyses [12], 
ADAs to risankizumab did not have an effect on risanki-
zumab CL or exposure in the majority of ADA-positive sub-
jects, with the exception of a few subjects (approximately 
1% of ADA-evaluable subjects over a 52-week period of 
risankizumab treatment in phase III studies) who developed 
an ADA titer ≥ 128 titer units, in which risankizumab CL 
was estimated to increase by 43% and steady-state AUC τ was 
estimated to decrease by 30%, on average.

Overall, these results indicate that the development of 
ADAs to risankizumab does not result in a clinically relevant 
impact on risankizumab exposure.

5.2  Assessment of the Effect of Immunogenicity 
on Risankizumab Efficacy

The PASI 90 and sPGA  0/1 responses were compared 
between ADA-positive and ADA-negative subjects, as well 
as NAb-positive and NAb-negative subjects, using pooled 
data across phase III studies (Table 7; with week 16 com-
parisons using a placebo-controlled population and an 
ustekinumab-controlled population, and week 52 compari-
sons using an ustekinumab-controlled population). PASI 90 
and sPGA 0/1 responses at weeks 16 and 52 were compara-
ble between subjects who were ADA- or NAb-positive and 
those who were ADA- or NAb-negative. Additionally, in 
exposure–response analyses, the ADA and NAb status (posi-
tive or negative) was not found to be a significant covariate 
for the efficacy endpoints PASI 75, PASI 90, PASI 100, or 
sPGA0/1 at week 16 or 52 [14, 15]. While the percentages 
of responders appeared to be numerically lower in subjects 
with high ADA titers (> 128) than the rest of the evaluated 
population (with the limitation of the extremely low sample 
size of patients with high ADA titer that precludes meaning-
ful assessment of a percentage of responders), some subjects 

with high ADA titers still showed and maintained PASI 75, 
PASI 90, or sPGA 0/1 responses (Table 7).

5.3  Effect of Immunogenicity on Risankizumab 
Safety

The incidence of hypersensitivity reaction and injection site 
reaction across up to 52 weeks of risankizumab exposure 
were comparable among ADA-positive and ADA-negative 
subjects (Table 8). These results indicate that immunogenic-
ity to risankizumab has no clinically relevant impact on the 
safety of risankizumab assessed by hypersensitivity reaction 
and injection-site reaction.

6  Conclusions

The clinical pharmacology of risankizumab has been well-
characterized using data from phase I, II, and III studies in 
healthy subjects and psoriasis patients following single- and 
multiple-dose administrations. These data provided quanti-
tative understanding of the in vivo disposition of risanki-
zumab, the exposure–response relationship between risanki-
zumab and downstream efficacy and safety, the intrinsic and 
extrinsic factors that had no major clinically meaningful 
impact regardless of their statistical significance, the lack 
of DDI potential of risankizumab and concomitant medica-
tions, and the lack of clinical impact by ADAs that devel-
oped in subjects who received risankizumab. Together, these 
clinical pharmacology data support the risankizumab dosing 
regimen of 150 mg subcutaneously at weeks 0 and 4, and 
every 12 weeks thereafter, for the treatment of moderate-to-
severe plaque psoriasis.

Table 6  Comparison of incidence of antidrug antibodies (anti-
risankizumab antibodies) and neutralizing antibodies to risankizumab 
over up to 52  weeks’ duration in Japanese and non-Japanese sub-

jects with moderate-to-severe plaque psoriasis, GPP, EP, or psoriatic 
arthritis in global phase III or Japanese phase II/III studies

Evaluable subjects: subjects with at least one reportable assessment at any time in the study post-baseline
NAb were assessed only when the ADA assessment was confirmed positive
ADA antidrug antibody (anti-risankizumab antibody), NAb neutralizing antibody, SC subcutaneously, GPP generalized pustular psoriasis, EP 
erythrodermic psoriasis
a Based on 211 evaluable Japanese subjects as NAb was not assessed in Study 10

Population Japanese subjects who received at least one 
dose of risankizumab 75–150 mg SC

Non-Japanese subjects who received 
at least one dose of risankizumab 
75–150 mg SC

Plaque psoriasis, 
GPP, or EP

Psoriatic arthritis Plaque psoriasis Psoriatic arthritis

Evaluable subjects (n) 228 11 1322 129
ADA incidence (treatment-emergent) [n (%)] 54 (23.7) 1 (9.1) 296 (22.4) 16 (12.4)
NAb incidence (treatment-emergent) [n (%)] 23 (10.9)a 0 (0) 177 (13.4) 0 (0)
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Fig. 2  Comparison of risankizumab plasma concentrations (µg/mL) 
by antidrug antibody status. SC subcutaneous. In the box plots, the 
solid square and the horizontal bar within each box represents the 
geometric mean and the median values, respectively. The other sym-
bols (*, +, x, #) represent risankizumab concentration values for each 
individual subject. The risankizumab 150  mg SC group included 

subjects who received risankizumab from week 0, i.e. 150  mg SC 
at weeks 0 and 4, and every 12 weeks thereafter, using pooled data 
across all four phase III studies. The placebo to risankizumab 150 mg 
SC group included subjects who received placebo at weeks 0 and 4, 
and then switched to risankizumab at week 16

Table 7  PASI and sPGA0/1 responses by ADA status at weeks 16 and 52 in subjects treated with risankizumab 150 mg SC at weeks 0 and 4, 
and every 12 weeks thereafter in global phase III studies

Data are expressed as n (%)
There were additional subjects who developed treatment-emergent ADA response with ADA titers ≥ 128 in phase III studies; however, these 
subjects did not receive the proposed clinical regimen of risankizumab (150 mg SC at weeks 0 and 4, and every 12 weeks thereafter), and hence 
were not included in this analysis
ADA antidrug antibody, NRI non-responder imputation, PASI Psoriasis Area and Severity Index, sPGA static Physicians Global Assessment, SC 
subcutaneous

Efficacy 
response 
(NRI)

Week 16 (placebo-controlled) [n = 1000] Week 52 (ustekinumab-controlled) [n = 598]

ADA-
negative 
[n = 819]

ADA-positive with 
ADA titer < 128 
[n = 174]

ADA-positive with 
ADA titer ≥128 
[n = 7]

ADA-
negative 
[n = 456]

ADA-positive with 
ADA titer < 128 
[n = 136]

ADA-positive with 
ADA titer ≥128 
[N = 6]

PASI 75 735 (89.7) 155 (89.1) 5 (71.4) 414 (90.8) 130 (95.6) 4 (66.7)
PASI 90 610 (74.5) 131 (75.3) 2 (28.6) 377 (82.7) 106 (77.9) 3 (50.0)
PASI 100 372 (45.4) 76 (43.7) 1 (14.3) 270 (59.2) 75 (55.1) 1 (16.7)
sPGA 0/1 695 (84.9) 150 (86.2) 4 (57.1) 385 (84.4) 120 (88.2) 2 (33.3)
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