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Abstract
Background  Tildrakizumab is an anti-interleukin-23p19 monoclonal antibody recently approved for the treatment of chronic 
plaque psoriasis.
Methods  This analysis characterizes the population pharmacokinetics of subcutaneous tildrakizumab and identifies covari-
ates influencing exposure in 2098 healthy volunteers and subjects with psoriasis. Tested covariates included body weight, 
formulation type, sex, age, race, serum albumin, creatinine clearance, Japanese origin, prior treatment with a biologic agent, 
subject status (subjects with psoriasis vs. healthy volunteers), and ethnicity.
Results  The pharmacokinetics was described by a one-compartment model with first-order absorption and elimination 
kinetics, and inter-individual variability on clearance, volume of distribution, and absorption rate constant. The pharma-
cokinetics was characterized by low clearance and limited volume of distribution. In subjects with psoriasis, the geometric 
mean clearance (coefficient of variation) was 0.32 L/day (38%), volume of distribution was 10.8 L (24%), and absorption 
and elimination half-life were 1.5 days (18%) and 23.4 days (23%), respectively, with an absorption lag time of 1.2 h. For the 
100-mg dose, steady-state area under the plasma concentration vs. time curve for one dosing interval and maximum plasma 
concentration were 305 µg*day/mL (41%) and 8.1 µg/mL (34%), respectively. Steady state was achieved by 16 weeks with 
the clinical regimen (dosing on week 0 and week 4 and every 12 weeks thereafter) with 1.1-fold accumulation in maximum 
plasma concentration. Healthy subjects had 31% higher bioavailability than subjects with psoriasis. Subjects with increased 
body weight had a lower area under the plasma concentration-time curve at steady state vs. those with lower body weight. 
The modeled exposures were contained within clinical comparability bounds for all covariates including body weight.
Conclusions  The pharmacokinetics of tildrakizumab behaves like a typical monoclonal antibody without requiring dosage 
adjustment.
Trial Registration  NCT01729754, NCT01225731, NCT01722331.
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1 � Background

Psoriasis is a debilitating chronic inflammatory autoimmune 
skin disease influenced by both genetic and geographic pre-
dispositions [1, 2]. The current treatments for moderate-to-
severe psoriasis include topical therapy and phototherapy, 
and small-molecule and biologic therapies. There is a 

significant unmet clinical need for novel effective psoria-
sis therapies owing to low patient satisfaction with existing 
therapies [3, 4].

Interleukin (IL)-23 has been identified as a key regula-
tory cytokine in the pathology of psoriasis responsible for 
stimulation of the differentiation, proliferation, and survival 
of T helper 17 cells [5, 6]. It is a heterodimer, and the first 
subunit (p40) is shared between IL-12 and IL-23, while the 
second subunit (p19) is specific to IL-23 alone [7, 8]. Spe-
cific blocking of IL-23, through the p19 subunit, has dem-
onstrated important clinical improvement in the treatment 
of psoriasis [9, 10].

Tildrakizumab is a humanized immunoglobulin G1/κ 
anti-IL-23p19 monoclonal antibody that was recently 
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Key Points 

Similar to other human monoclonal antibodies, the phar-
macokinetics of tildrakizumab is characterized by low 
clearance and limited volume of distribution.

Subjects with increased body weight had lower exposure 
than those with lower body weight.

All covariate effects (intrinsic and extrinsic factors, 
including body weight) resulted in exposures contained 
within the clinical comparability bounds.

Based on the pharmacokinetic analysis alone, no dosage 
adjustment is recommended for tildrakizumab based 
on body weight or any other covariate (possible dose 
adjustments warranted by patient characteristics influ-
encing pharmacodynamics/exposure-response are not 
the subject of this article and will be reported in a later 
publication).

(NCT01722331) and P011 (NCT01729754)]. Two of the 
phase I trials were conducted in healthy subjects and were 
included in the popPK analysis because they contained rich 
profiles (including pharmacokinetic samples collected in the 
tildrakizumab absorption phase) and a wider dose range. The 
other studies were performed in patients with moderate-to-
severe psoriasis. Only studies that included an active treat-
ment arm with subcutaneous drug administration were used 
in this pooled data analysis. All trials were conducted in 
accordance with the guidelines on Good Clinical Practice 
and with the ethical standards for human experimentation 
established by the Declaration of Helsinki. All subjects pro-
vided written informed consent prior to participation in the 
individual trials. Further details on enrollment criteria and 
study inclusion/exclusion criteria can be found in the indi-
vidual study publications [10–14].

2.2 � Population‑Pharmacokinetic Modeling 
Procedures

The popPK analysis was conducted using the non-linear 
mixed-effects modeling software NONMEM Version 7.3 
(ICON Plc, Dublin, Ireland) running under PsN (Perl speaks 
NONMEM) 4.2.0 [15]. Model selection was based on NON-
MEM objective function value, goodness-of-fit plots, suc-
cessful termination of the estimation and covariance rou-
tines, and the physiological plausibility and precision of the 
parameter estimates. The model was qualified for robustness 
and predictiveness with a non-parametric bootstrap [16] and 
a prediction-corrected visual predictive check [17], respec-
tively. Serum tildrakizumab concentrations below the limit 
of quantification were treated as missing values and were not 
included in the analysis.

2.3 � Analysis of Impact of Covariates 
on Pharmacokinetics

Continuous covariates of interest included baseline body 
weight (BW) (kg), age (years), serum albumin (g/L), and 
creatinine clearance (CrCL) calculated using the Cock-
roft–Gault formula (mL/min). Categorical covariates of 
interest included sex (male/female), race (White, Asian, 
other), ethnicity (non-Hispanic/Hispanic), Japanese origin 
(yes/no), previous therapy with biologic agents (yes/no), 
concomitant corticosteroid treatment (yes/no), formulation 
(lyophilized formulation from phase I and II studies vs. pre-
filled syringe from the phase III studies), and subject disease 
status (healthy/psoriatic). Missing covariates were indicated 
with a defined code (-99) in the data set. During the analy-
sis, missing continuous covariate data were replaced by the 
median value for the respective covariate. Missing categori-
cal values were replaced by the most frequent category of 
the respective covariate.

approved for the treatment of moderate-to-severe chronic 
plaque psoriasis. Two pivotal, double-blind, randomized 
phase III studies evaluated the efficacy and safety of tild-
rakizumab relative to placebo and etanercept (reSURFACE 
1 and reSURFACE 2, respectively) [10]. In these studies, 
tildrakizumab significantly improved skin clearance and 
patient Psoriasis Area Sensitivity Index 75 response relative 
to placebo and etanercept. Taken together, these results dem-
onstrate the utility of monoclonal antibodies that selectively 
target IL-23p19 in the treatment of psoriasis.

The purpose of this analysis was to characterize the 
population pharmacokinetics of tildrakizumab and identify 
the intrinsic and extrinsic factors (covariates) influencing 
its exposure in healthy volunteers and subjects with psoria-
sis across three phase I trials (P05776, P06306, and P009), 
one phase IIb trial (P05495), and two phase III trials (P010 
and P011). The model was then leveraged to support the 
assessment of clinical comparability bounds, clinical dose 
justification, and evaluation of the potential need for dose 
adjustments based on covariates.

2 � Methods

2.1 � Pharmacokinetic Studies

The population-pharmacokinetic (popPK) analysis was 
conducted on pharmacokinetic data obtained from a 
total of six studies (Table 1), including three phase I tri-
als [P05776, P06306, and P009], one phase IIb trial 
[P05495 (NCT01225731)], and two phase III trials [P010 



1061Population-PK Modeling of Tildrakizumab

An automated forward selection and backward elimina-
tion process as implemented in the PsN stepwise covari-
ate model (SCM) tool was used to identify significant 
covariates. In the forward step, covariates were added to 
the model one by one and retained if their inclusion con-
stituted a significant improvement of the model fit. Each 
covariate effect retained in the forward step was subse-
quently eliminated from the model in a stepwise manner, 
unless removal resulted in a significant degradation in the 
model fit. The criterion for forward inclusion was p < 0.01 
(change in objective function value of 6.63 for 1 degree of 
freedom). For backward elimination, a threshold of p < 0.001 
(change in objective function value of 10.8 for 1 degree of 
freedom) was applied. Continuous covariates were included 
via a power function after centering on the median (param-
eter = typical parameter × [covariate/median covariate]power). 
For categorical covariates, a fractional change model was 
applied [parameter = typical parameter × [(1 + factor)].

2.4 � Model Evaluation

Parameter precision for the popPK model was evaluated 
using the standard errors calculated from the NONMEM 
covariance step, as well as a non-parametric bootstrap analy-
sis. A total of 1000 bootstrap replicates were generated by 
sampling randomly from the original data set with replace-
ment. The resampling was stratified by trial to ensure a suf-
ficient number of rich profiles in all the resampled data sets. 
Parameter estimates for each of the resampled data sets were 
obtained by fitting the final model. Non-parametric confi-
dence intervals of the parameter estimates were derived. The 
final model was then evaluated by a simulation-based, pre-
diction-corrected visual predictive check (as implemented 
in PsN).

2.5 � Simulations for Univariate and Multivariate 
Analysis

The range of tildrakizumab exposures assumed to result 
in no clinically important change in safety or efficacy was 
derived by the observed exposure range across 100- and 
200-mg dose regimens. The clinical comparability bounds 
relative to the clinical dose of 100 mg were determined to be 
0.7–2.7. Clinical comparability was defined by the observa-
tion that no marked differences in efficacy (Psoriasis Area 
Sensitivity Index response) and safety (adverse events) 
were seen in exposure split out by quartile for 100 mg and 
200 mg. Thus, bounds were defined by the median expo-
sure of the extreme quartiles. The median exposure of the 
lowest exposure quartile (Q1) of patients receiving 100 mg 
of tildrakizumab every 12 weeks and the median exposure 
of the highest exposure quartile (Q4) of patients receiving 
200 mg of tildrakizumab every 12 weeks were selected as 
boundaries. Average plasma concentration (Cavg) was cho-
sen as the exposure metric; it was expressed in relation to 
the median exposure of patients receiving 100 mg of tild-
rakizumab every 12 weeks (marketed dose). Thus, the lower 
bound median was set as Cavg Q1 100 mg/median Cavg 
100 mg (i.e., all patients receiving 100 mg) and the upper 
bound median was set as Cavg Q4 200 mg/median Cavg 
100 mg. If exposures of different subgroups or exposure 
ranges related to observed ranges of continuous covariates 
fell within the clinical comparability bounds, no dose adap-
tation was deemed necessary.

The univariate effect of covariates on exposure [i.e., area 
under the plasma concentration-time curve at steady state 
(AUC​ss)] for 100 mg of tildrakizumab administered every 
12 weeks was simulated by varying one covariate at a time 
while all other covariates were set to those of a typical sub-
ject. Exposures at the 5th and the 95th percentiles of the 

Table 1   Studies included in the 
population-pharmacokinetic 
analysis

BLQ below the limit of quantification, TIL tildrakizumab

Study Study treat-
ments (mg)

Total N/N evaluable Observations/evalu-
able observations

BLQ

P05776 [11] (phase I) TIL 50
TIL 200

34/31 352/340 23

P06306 [14] (phase I) TIL 50
TIL 200
TIL 400

53/53 648/648 54

P009 [12] (phase I) TIL 200 19/19 311/309 20
P05495 [13] (phase IIb) TIL 5

TIL 25
TIL 100
TIL 200

354/349 5690/4679 352

reSURFACE 1 [10] (phase III) TIL 100
TIL 200

763/763 6434/6329 1253

reSURFACE 2 [10] (phase III) TIL 100
TIL 200

883/883 5056/5016 1608
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study population’s values for continuous covariates, and at 
the different levels of the categorical covariates, were com-
pared with the exposure estimates for a typical subject and 
the range of exposures in the entire study population. The 
results were illustrated by a tornado plot.

To characterize differences in tildrakizumab pharmacoki-
netics between subpopulations (such as male/female, White/
Asian), exposures were calculated using the pharmacoki-
netic fixed-effect parameters and the subject-specific covari-
ates of all subjects receiving the 100-mg dose in a multivari-
ate analysis. Geometric mean ratios were computed between 
the different subpopulations, and the results were illustrated 
by a forest plot. By using the observed covariate distribu-
tions, it was assured that correlations between covariates 
were taken into consideration.

3 � Results

3.1 � Data Description and Subject Characteristics

The full pharmacokinetic analysis data set consisted of 2106 
subjects and 18,491 pharmacokinetic observations (Table 1). 
A total of 87 subjects were healthy volunteers and 2019 were 
patients with psoriasis. After exclusion of unevaluable data 
records (e.g., missing sampling times or concentrations), 
a total of 2098 subjects contributed 17,321 observation 
records. Of these, 3310 records were flagged as below the 
limit of quantification, and 44 outliers were identified by 
visual inspection for exclusion.

Subjects included in the final analysis dataset were pre-
dominantly Caucasian (80% of the overall population) and 
male (70.9% of the overall population), aged between 18 and 
82 years (mean age 44.9 years), with BW ranging between 
40.6 and 222.2 kg (mean BW 87.4 kg) and CrCL values 
between 33.3 and 395.7 mL/min (mean value 129.6 mL/
min). Subject characteristics were generally similar across 
the studies except for a greater proportion of Asian subjects, 
and, consequently, a lower mean BW in Study P06306 (eth-
nic sensitivity study).

3.2 � Pharmacokinetic Profile

The tildrakizumab concentration–time profiles stratified 
by dose for the phase I studies P05776, P06306, and P009 
appeared to decline in a monophasic manner, indicating the 
pharmacokinetics could be described by a one-component 
structural model. There was no evidence of target-mediated 
drug disposition based on visual inspection of the concen-
tration–time profiles. Dose-normalized concentrations were 
reasonably well super-imposed, suggesting tildrakizumab 
disposition was dose proportional within the range of tested 
doses (i.e., 5–400 mg).

The pharmacokinetic model was parameterized in terms 
of clearance (CL) and volume of distribution (V) with first-
order absorption and elimination, and inter-individual vari-
ability on CL, V, and absorption rate constant. The residual 
error structure was a combined proportional and additive 
model.

A significant difference in pharmacokinetics between 
healthy subjects and subjects with psoriasis was observed 
in both the raw data and initial models. Including the covari-
ate “subject status” on bioavailability (F) in the base model 
was necessary to obtain an acceptable fit. The difference 
between healthy subjects and subjects with psoriasis was 
partially explained by BW. Hence, BW was also included 
as a structural covariate on apparent CL and apparent V in 
the base model.

3.3 � Covariate Analysis

In addition to the BW effect on apparent CL and apparent 
V and the subject status effect (healthy subject vs. psoriatic 
subject) on F, the following covariates were included in the 
SCM: age, sex, race, ethnicity, serum albumin, CrCL, previ-
ous use of biologic agents on apparent CL; age, sex, race, 
ethnicity, CrCL on apparent V; formulation on both absorp-
tion rate constant and F. Concomitant medication was not 
evaluable because of the low number of subjects taking sys-
temic corticosteroids during a sufficiently long period (i.e., 
at least 8 weeks during the trial). In an alternative SCM, 
the covariate “race” (White/Asian/other) was exchanged for 
“Japanese” (yes/no). The SCM results are shown in Table 2 
and were identical for both SCMs apart from race and Japa-
nese not being tested in the respective other SCM.

3.4 � Final Model

The final model adequately described the data (Fig. 1). 
Parameter estimates are reported in Table 3. The pharma-
cokinetic profile was characterized by low CL and limited V. 
In addition to the NONMEM-reported parameter estimates, 
geometric means and coefficient of variation were calculated 
for CL, V, absorption rate constant, and derived pharmacoki-
netic parameters. In subjects with psoriasis, the geometric 
mean CL (coefficient of variation) was 0.32 L/day (38%), 
V was 10.8 L (24%), and absorption and elimination half-
life were 1.5 days (18%) and 23.4 days (23%), respectively, 
with an absorption lag time of 1.2 h. For both the 100- and 
200-mg doses, time to maximum plasma concentration was 
6.2 days (46%). Healthy subjects had 31% higher F than 
subjects with psoriasis. For the 100-mg dose, the steady-
state area under the plasma concentration vs. time curve for 
one dosing interval and maximum plasma concentration 
were 305 µg*day/mL (41%) and 8.1 µg/mL (34%), respec-
tively. The corresponding values for the 200-mg dose were 
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612 µg*day/mL (40%) and 16.3 µg/mL (33%), respectively. 
Steady state was achieved by 16 weeks with the clinical 
regimen (dosing on week 0 and week 4 and every 12 weeks 
thereafter) with 1.1-fold accumulation in maximum plasma 
concentration.

3.5 � Simulations Illustrating Magnitude of Covariate 
Effect

The isolated influence of each statistically significant covari-
ate on the exposure of tildrakizumab after treatment with 
the 100-mg dose was evaluated in univariate simulations. 
The effects of each covariate on exposure were calculated 
one at a time, with all other covariates fixed to their typical 
values (as estimated for the reference subject). Continuous 
covariates were evaluated at the 5th and 95th percentiles 
of the entire trial population. Categorical covariate effects 
were evaluated for each level. Tornado plots of the effects 
of significant covariates on tildrakizumab AUC​ss are shown 
in Fig. 2. Prediction intervals for each of the covariates were 
within the observed clinical range.

The range between the 5th and 95th percentiles of BW 
distribution in all subjects who received 100 mg of tildraki-
zumab (129–56 kg) correlated to a + 54% to − 34% change 
in tildrakizumab AUC​ss. Healthy subjects had a 31% higher 
exposure than a subject with psoriasis when all other covar-
iates were held constant. Age resulted in + 9% and − 5% 
changes in exposure at the 5th and 95th percentiles of the 
age distribution. The range between the 5th and 95th per-
centiles of serum albumin distribution  (40–50 g/L) corre-
lated to a − 9% to + 9% change in exposure. Asian subjects 
had a 16% lower exposure compared with White subjects. 
Subjects of Hispanic ethnicity had a 15% lower exposure 
compared with non-Hispanic subjects. Women vs. men and 

non-Caucasians vs. Caucasians had 9% and 11% lower expo-
sure, respectively. The lyophilized formulation used in early 
development had a 5% lower exposure than the prefilled 
syringe (no effect on absorption). Of note, the formulation 
difference was small relative to the healthy subject/subject 
with psoriasis difference. The 5th and 95th percentiles of 
AUC​ss for the total studied population that received 100 mg 
of tildrakizumab were 167 and 536 µg*day/mL, i.e., − 50% 
to + 59% difference from the typical value of 337 µg day/
mL, respectively.

To evaluate the clinical relevance of intrinsic and extrin-
sic factors of clinical interest on the pharmacokinetics of 
tildrakizumab in the target population, individual model-
predicted exposure estimates for subjects with psoriasis in 
the phase IIb and phase III trials who received 100 mg of til-
drakizumab were stratified by covariates of clinical interest. 
Tildrakizumab exposure was summarized for demographic 
subgroups, and the geometric mean ratio of AUC​ss and the 
90% confidence interval (CI) for comparisons between sub-
groups was calculated. The respective reference subgroups 
were: age < 65 years, BW ≤ 90 kg, normal albumin levels 
(35–50 g/L), male, White, non-Hispanic, and non-Japanese. 
The results were illustrated by a forest plot (Fig. 3).

Of all the covariates tested, BW had the most signifi-
cant effect on AUC​ss (Fig. 3). The distribution of predicted 
AUC​ss values for 100- and 200-mg doses in subjects with 
psoriasis in different BW brackets were calculated (≤ 90 kg 
vs. > 90 kg) and displayed in box plots (Fig. 4). Steady-
state area under the curve geometric mean ratios (90% CI) 
for > 90 kg/≤ 90 kg subjects receiving 100 mg and 200 mg 
subcutaneously were 0.71 (0.69–0.74) and 0.70 (0.67–0.72), 
respectively. The higher BW (> 90 kg) AUC​ss value was 
contained within the prespecified clinical comparability 
bounds for tildrakizumab, but near the lower bound of 0.7. 
The effects of all remaining covariates also fell within the 
clinical comparability bounds.

4 � Discussion

The popPK analysis was conducted based on six clinical 
studies in various phases of development including three 
phase I trials, one phase IIb trial, and two phase III trials. 
Two of the phase I trials were conducted in healthy subjects. 
These were included in the popPK analysis as they contained 
rich profiles (including pharmacokinetic samples collected 
in the tildrakizumab absorption phase), a wider dose range, 
and, in Trial P06306, a direct comparison between equal 
cohorts of White, Chinese, and Japanese subjects. Only 
active arms and arms with subcutaneous drug administra-
tion were used.

The serum tildrakizumab concentrations were well 
described by a one-compartment model with first-order 

Table 2   Results of the final covariate evaluation after backward elim-
ination

CL/F apparent clearance, F bioavailability, HV healthy volunteers, 
KA absorption, pat. patients with psoriasis, V/F apparent volume of 
distribution

Covariate CL/F V/F KA F

Age Yes Yes – –
Body weight Yes Yes – –
Creatinine clearance Yes No – –
Serum albumin Yes – – –
Sex Yes Yes – –
Race/Japanese origin Yes No – –
Ethnicity Yes No – –
Formulation – – No Yes
Population (HV, pat.) – – – Yes
Previous biologic agents No – – –
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absorption kinetics. As there was no evidence of target-
mediated drug disposition based on visual inspection of 
individual concentration–time profiles, CL was described as 
linear first-order elimination. CL and V were in the expected 
range for therapeutic monoclonal antibodies.

Two covariates were found to substantially influence 
AUC​ss: subject status (healthy subjects vs. subjects with 
psoriasis) and BW. Owing to the imbalance in the number 
of subjects between the healthy category and the psoria-
sis category (i.e., only ~ 90 healthy subjects in the healthy 
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Fig. 1   Goodness-of-fit plots for the final population-pharmacokinetic 
(PK) model for tildrakizumab. CWRES conditional weighted residu-
als, DV observation, IPRED individual predicted values, PRED pre-
dicted values, TAD time after dose. Note: Dots are individual data 

points; solid lines are smoothed loess lines. In the two plots of the 
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volunteer trials P05776 and P06306 out of ~ 2100 subjects 
in total), it was not possible to obtain an unbiased model fit 
without using subject status as a covariate in the model. The 
covariate BW explained some of the discrepancy between 
healthy subjects and subjects with psoriasis, but not all. 
Inclusion of BW as a covariate reduced the difference in F 
between healthy subjects and subjects with psoriasis from 71 
to 33%. Inclusion of all other covariates as described in the 
following paragraph only reduced the healthy vs. psoriatic 
difference in F by a further 2% to reach 31%.

Additional covariates were evaluated in a formal SCM 
procedure. Owing to the richness of the PK dataset, several 
covariates with small effects were identified as significant 
during the SCM: age, race (or alternatively, Japanese origin), 
ethnicity, sex, serum albumin, CrCL, and formulation. These 
covariates were associated with small effect sizes (race, eth-
nicity, age, sex, and formulation < 16% change in exposure). 
Covariates except BW and subject status had a very minor 
impact on diagnostic plots, and reductions in inter-individual 

variability were small (− 2% for inter-individual variability 
on CL and − 1% for inter-individual variability on V, com-
paring the base model with the final model). Residual errors 
remained unchanged.

The patient population with moderate-to-severe psoriasis 
is typically associated with a high BW. The median across 
phase IIb and III trials was found to be 86 kg with an exten-
sive range from 41 to 222 kg. In the popPK analysis, BW 
was included as a covariate on CL and V as part of the struc-
tural model, as allometric principles typically apply for mon-
oclonal antibodies. The popPK analysis demonstrated that 
drug CL and V increased with BW. Higher BW (> 90 kg) 
was associated with reduced exposure. Exposure for patients 
> 90 kg was found to be within the clinical comparability 
bounds, but near the lower bound. Hence, no dosage adjust-
ment is recommended based on BW.

No other covariates were found to have a clinically rel-
evant effect size on tildrakizumab exposure. Therefore, no 

Table 3   Parameter estimates of the final model for tildrakizumab

ADD additive residual error, ALAG absorption lag time, ALB serum albumin, BW body weight, CI confidence interval, CL clearance, CV coef-
ficient of variation, EPS epsilon (residual variability), F bioavailability, FML formulation, HV healthy volunteer, IIV inter-individual variability, 
KA absorption rate constant, PROP proportional residual error, RSE relative standard error, V volume of distribution
a Covariances: CL-V: 0.0397, CL-KA: − 0.0307, V-KA: − 0.0017

Parameters Estimates %RSE Bootstrap CI

CL (L/day) 0.297 1.1 0.290, 0.303
V (L) 10.7 1.1 10.4, 10.9
KA (1/day) 0.458 6.8 0.407, 0.533
ALAG (days) 0.0499 7.7 0.0398, 0.0565
CL_AGE 0.117 20 0.071, 0.166
CL_BW 1.01 3.5 0.937, 1.078
CL_ALB − 0.826 10 − 0.985, − 0.670
CL_SEX 0.0987 21 0.0591, 0.141
CL_RACE_ASIAN 0.188 10 0.155, 0.225
CL_RACE_OTHER 0.118 24 0.064, 0.183
CL_ETHNICTY​ 0.174 13 0.133, 0.221
F_HV 0.311 14 0.228, 0.394
F_FML − 0.0522 33 − 0.0858, − 0.0240
V_AGE 0.125 19 0.0796, 0.171
V_BW 0.758 4.8 0.688, 0.833
V_SEX 0.0691 29 0.0275, 0.111

Random effectsa Estimates (%CV) %RSE Bootstrap CI Shrinkage (%)

IIV on CL 0.0832 (29) 5.9 0.0732, 0.093 8.3
IIV on V 0.0455 (21) 15 0.0332, 0.0588 33
IIV on KA 0.469 (68) 17 0.325, 0.607 69

Residual errors Estimates %RSE Bootstrap CI

PROP 0.240 1.8 0.231, 0.249
ADD 3.18 14 2.34, 4.14
EPS 1 FIX – 10
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dosage adjustment is warranted on the basis of sex, age, race, 
ethnicity, and Japanese origin.

Therapeutic antibodies are cleared by catabolism in 
a variety of tissues and are too large to pass through the 
glomerular basement membrane of the kidney [18, 19]. 
Therefore, no major changes in tildrakizumab exposure 
were anticipated in the setting of renal impairment. In the 
popPK model, CrCL was assessed for impact on tildraki-
zumab pharmacokinetics across phase I, IIb, and III trials, 
as it provides a good approximation of renal function. Most 
observed CrCL values were within the normal or mildly 
impaired renal function range. In the popPK model, CrCL 
was found to have a minor effect on tildrakizumab CL with 
the extremes of CrCL (range 33.26–395.73 mL/min) cor-
related to a − 16% to + 16% change in CL. The covariate 
effect is physiologically unlikely and more likely describing 
a correlative effect with age, sex, and BW, also included as 
covariates in the popPK model.

The mechanism of the relationship between albumin 
and CL of monoclonal antibodies has been described [20]. 
Albumin and antibodies are protected from lysosomal deg-
radation by the same neonatal Fc receptor recycling system, 
although they interact with different binding sites. Fac-
tors that affect the capacity of neonatal Fc receptor recy-
cling influence levels of albumin and immunoglobulin G 

antibodies in a similar manner; therefore, serum levels of 
albumin and immunoglobulin G antibodies increase and 
decrease concomitantly. Albumin was detected as a signifi-
cant covariate in the popPK model but was found to not have 
a clinically significant impact on tildrakizumab exposure, as 
the magnitude of the effect fell within the clinical compara-
bility bounds. Therefore, no dose adjustments are warranted 
on the basis of albumin. The normal range of serum albumin 
is defined as 35–50 g/L. It was not possible to assess the 
effect of low albumin levels on CL, as only two subjects in 
the 100-mg dose group and two subjects in the 200-mg dose 
group had serum albumin levels below the normal range. 
Hence, exposures of subjects in the normal range were com-
pared to the few available subjects above the normal range 
(> 50 g/L).

Biologic agents, such as tildrakizumab, do not undergo 
typical metabolism or use transporter pathways that are rel-
evant to small molecules. The lack of overlapping pathways 
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is expected to limit the potential for pharmacokinetic-based 
interactions. Therefore, concomitant small-molecule medi-
cations are not anticipated to affect the pharmacokinetics of 
tildrakizumab. Concomitant use of systemic corticosteroids 
and prior treatment of psoriasis with a biologic agent were 
considered as potential covariates on the pharmacokinetics 
of tildrakizumab in the popPK analysis. However, concomi-
tant corticosteroids could not be formally tested as a covari-
ate in the popPK model because the predefined minimum 
of 50 subjects treated with systemic corticosteroids for at 
least 8 weeks was not met. Prior treatment of psoriasis with 
a biologic agent was tested but did not have a statistically 
significant influence on tildrakizumab exposure.

The effects of immunogenicity on tildrakizumab were 
summarized separately and not specifically assessed in the 
popPK model. It was observed that immunogenicity only 
had a modest impact on tildrakizumab pharmacokinetics. 
In subjects treated with either 100 or 200 mg tildrakizumab 
through weeks 52–64, approximately 7% developed anti-
bodies to tildrakizumab and approximately 3% had neutral-
izing antibodies. Subjects who developed neutralizing anti-
bodies showed a 36.5% increase in tildrakizumab median 
CL and reduced efficacy relative to subjects without anti-
bodies [21].

5 � Conclusions

These popPK findings indicate that the pharmacokinetics 
of tildrakizumab is characterized by low CL and limited V. 
Based on pharmacokinetic data only, there is no need for 

dosage adjustment for the tested intrinsic and extrinsic fac-
tors. BW had an effect on exposure, which, however, was 
contained within the clinical bounds for comparable efficacy 
and safety.
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