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Aims: In this exposure-response analysis, the dosing regimen for tildrakizumab, an
antibody for treating moderate-to-severe chronic plaque psoriasis, was determined
using data from 3 randomised controlled trials (P05495/NCT01225731: phase 2b,
n = 355; reSURFACE 1/NCT01722331: phase 3, n = 772; reSURFACE
2/NCT01729754: phase 3, n = 1090).

Methods: A maximum drug effect (E.) logistic-regression exposure-efficacy model
was used to describe the week 12 Psoriasis Area and Severity Index (PASI) responses
with average concentration of tildrakizumab during weeks 1-12 (C,¢12) as exposure
metric. The impact of covariates (e.g., body weight, region) was tested. Exposure-
safety, longitudinal pharmacokinetic-pharmacodynamic and risk-benefit analyses
were also conducted.

Results: At week 12, E, .« was estimated at 62.2, 37.9 and 14.6% of responders for
PASI75/90/100, respectively. Exposure-response curves plateaued at exposures
>5 pg mL~%. Heavier subjects had a lower response rate to placebo as measured by
PASI75/90/100 than lighter subjects. PASI100 placebo response was less in subjects
with higher baseline PASI score and older age. Simulated week 12 PASI75 increased
by <4% on increasing the dose from 100 to 200 mg every 12 weeks (Q12W). The
pharmacokinetic-pharmacodynamic model adequately described the time course of
PASI change after treatment in the entire population and in each subject. Risk-
benefit profiles were favourable for the 100- and 200-mg doses in different weight
subgroups.

Conclusions: Patients with moderate-to-severe psoriasis should receive 100-mg sub-
cutaneous tildrakizumab Q12W. Patients with high body weight (>90 kg) may benefit
from a higher dose (200-mg Q12W).
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This work is based on a pooled analysis of data from 3 randomised controlled trials: P05495 (NCT01225731: phase 2b, n = 355),*% reSURFACE 1 (NCT01722331: phase 3, n = 772)** and
reSURFACE 2 (NCT01729754: phase 3, n = 1090).* Primary results of these 3 trials have already been published. Dr Kerbusch, the corresponding author, has led the pooled analysis, and he can

be considered as the Pl for this paper.
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1 | INTRODUCTION

Psoriasis is a common, chronic, immune-mediated inflammatory dis-
ease affecting the skin and joints.> Plaque psoriasis is the most com-
mon type of psoriasis and has a detrimental effect on physical and
mental health.? It is characterised by inflammatory, red, raised
plaques, usually covered by grey or silvery-white scales.® The plaques
are often symmetrically distributed and most frequently occur on the
elbows, knees, scalp, lower back and in body folds.

Available systemic treatments for moderate-to-severe psoriasis
include tumour necrosis factor-a inhibitors (adalimumab, etanercept
and infliximab), interleukin (IL)-17 antagonists (secukinumab,
brodalumab and ixekizumab), an IL-12 and IL-23 antagonist
(ustekinumab), and a phosphodiesterase-4 inhibitor (apremilast).*>
Given the complex and chronic nature of psoriasis, the pursuit for
new therapeutic agents continues.

IL-12 and IL-23 play important roles in chronic plaque psoriasis®
and have a shared binding protein, p40.” Researchers have speculated
that blocking IL-12p40 could be an effective treatment strategy for
psoriasis, acting through control of the type 1 cytokine cascade and
IL-12/1L-23 production.® However, while the anti-IL-12/23p40 agent
briakinumab demonstrated robust efficacy in the treatment of
moderate-to-severe psoriasis, it had an untoward safety profile.” Con-
sequently, development of drugs shifted from targeting IL-12/23p40
to selective targeting of the IL-23-specific p19 subunit,’® leading to
approval of [L-23p19 antagonists such as guselkumab and
tildrakizumab for treating moderate-to-severe psoriasis.

Tildrakizumab is a high-affinity, humanised immunoglobulin G1x
(IgG1x) monoclonal antibody that specifically binds to IL-23p19; it
does not bind to 1L-12/23p40.1%12 Pharmacokinetics (PK), safety, bio-
availability and clinical activity of tildrakizumab were evaluated among
healthy subjects!? and in subjects with moderate-to-severe plaque-
type psoriasis'! in phase 1 studies. In phase 2b*® and phase 3'* clini-
cal trials, subcutaneous (SC) tildrakizumab was safe and efficacious in
the treatment of chronic plaque psoriasis. The relationship between
exposure and response (efficacy and safety) of tildrakizumab for the
treatment of chronic plaque psoriasis was evaluated using data from
these trials.

The objectives of the exposure-response analyses and longitudi-
nal PK-pharmacodynamic (PD) model were: to quantify exposure
response for week 12 Psoriasis Area and Severity Index (PASI) end-
points; to examine the average concentration of tildrakizumab from
weeks 1 to 12 (C,12) of treatment and concentration of
tildrakizumab at week 12 (Cy,) as predictors for the exposure-
establish  the
tildrakizumab exposure range; to understand the impact of key sub-

response relationship and clinically  relevant
ject characteristics, especially body weight, on the exposure-response
relationship, and to compare projected PASI endpoints for 100- and
200-mg fixed-dose regimens (100- and 200-mg SC tildrakizumab
every 12 weeks [Q12W]) relative to alternative weight-based regi-
mens. In addition, the longitudinal population PK-PD of tildrakizumab-
associated changes in PASI responses and projected PASI response

(PASI responder defined by 75% [PASI75], 90% [PASI90] and 100%

What is already known about this subject

e The safety and efficacy of subcutaneous tildrakizumab, a
humanised anti-interleukin-23 p19-specific monoclonal
antibody, in the treatment of moderate-to-severe chronic
plague psoriasis were demonstrated in phase 2/3 clinical
trials. However, dose regimen justification for
tildrakizumab is warranted.

e High body mass index and weight gain are risk factors for
psoriasis, and weight loss may reduce disease symptoms.

e Clarity about the exposure-response relationship of
tildrakizumab in chronic plaque psoriasis is needed to
understand the impact of key subject characteristics,

especially body weight, on this relationship.

What this study adds

¢ In the exposure-response model, using week 12 Psoriasis
Area and Severity Index responses and average concen-
tration of tildrakizumab from weeks 1 to 12 as the expo-
sure metric, treatment responses plateaued at doses
2100 mg.

e These results indicate that patients with moderate-to-
severe psoriasis should receive a regimen of 100-mg sub-
cutaneous tildrakizumab every 12 weeks.

e Patients with high body weight (>90 kg) may benefit from

200-mg subcutaneous tildrakizumab every 12 weeks.

[PASI100] reductions in the PASI score) over time were characterised
for the proposed tildrakizumab regimens in the induction and mainte-

nance phases.

2 | METHODS

21 | Data

Pooled analyses were conducted using data from 3 randomised con-
trolled trials: PO5495 (NCT01225731: phase 2b, n = 355),13 reSUR-
FACE 1 (NCT01722331: phase 3, n = 772)* and reSURFACE
2 (NCT01729754: phase 3, n = 1090).** All 3 trials included subjects
aged 218 years with predominantly plaque psoriasis for 26 months, a
PASI score 212, psoriasis body surface area involvement 210% and a
Physician's Global Assessment of moderate-to-severe psoriasis at
baseline who were candidates for phototherapy or systemic therapy.
P05495, reSURFACE 1 and reSURFACE 2 were 3-part trials con-
ducted over 72, 64 and 52 weeks, respectively. In part 1 (weeks 0-16)
of P05495, subjects were randomised to receive tildrakizumab or pla-
cebo.®® In part 2 (weeks 16-52), subjects were rerandomised based
on responder status, and all subjects received active treatment. In part
3 (weeks 52-72), subjects discontinued treatment at week 52 and

were followed up for 20 weeks. In part 1 (weeks 0-12) of the
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TABLE 1  Comparison of the trial designs
Study Part 1
P05495 (phase 2b) Weeks 0-16
N =355 tildrakizumab or placebo

ER, PK-PD and safety analyses

reSURFACE 1 (phase 3) Weeks 0-12

N=772 tildrakizumab or placebo

ER, PK-PD and safety analyses
reSURFACE 2 (phase 3) Weeks 0-12
N =1090 tildrakizumab, etanercept or placebo

ER, PK-PD and safety analyses
(except patients on etanercept)

ER, exposure-response; PK-PD, pharmacokinetic-pharmacodynamic.

reSURFACE trials, subjects were randomised to receive tildrakizumab
or placebo (reSURFACE 1) or tildrakizumab, placebo or etanercept
(reSURFACE 2).1* In part 2 (weeks 12-28), subjects in the placebo
group were rerandomised to receive tildrakizumab. In part 3 (weeks
28-52 or 64), subjects were rerandomised at week 28 based on
responder status to receive tildrakizumab or placebo until week
64 (reSURFACE 1) or week 52 (reSURFACE 2).

Data for all subjects treated with tildrakizumab or placebo with
valid exposure and PD data (post-treatment PASI results) were
included in the exposure-response and PK-PD analyses. The PK-PD
dataset included the same subjects as the exposure-response dataset
and 16 additional subjects with baseline information: 15 subjects with
no postbaseline data, and 1 subject with 1 unscheduled postdose visit.
Subjects treated with etanercept in reSURFACE 2% were excluded.
Only data from part 1 of the reSURFACE trials** were included in the
exploratory exposure-safety analysis. A comparison of trial designs,
detailing which data were used in which analysis, is provided in
Table 1.

2.2 | Exposure-response analysis

221 | Priorexperience

In prior exposure-response analyses of week 16 data from P05495,*3
PASI75 could be modelled using a maximum drug effect (Eax) model.
Baseline PASI score, body weight, prior biological treatments, pres-
ence of psoriatic arthritis and region (Japan vs non-Japan) did not have
significant effects (P < .001) on model parameters. The current analy-

sis was developed further using this prior experience.

2.2.2 | Exposure-response analysis: Efficacy

Two efficacy exposure metrics—C,g12 and Cip,—were considered.
C,vg12 Was calculated using individual PK parameters obtained from a
population PK model.® In brief, the PK of tildrakizumab was
described by a 1-compartment model with first-order absorption and
elimination kinetics. In subjects with psoriasis, tildrakizumab clearance
was 0.32 L/day and volume of distribution was 10.8 L. Raw-data
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Part 2 Part 3

Weeks 16-52
tildrakizumab

PK-PD analysis

Weeks 12-28
tildrakizumab

PK-PD analysis

Weeks 12-28
tildrakizumab

PK-PD analysis

Weeks 52-72
follow up, treatment discontinued

PK-PD analysis

Weeks 28-64
tildrakizumab or placebo

PK-PD analysis

Weeks 28-52
tildrakizumab or placebo

PK-PD analysis

concentration-time profiles declined in a monophasic manner, indicat-
ing a 1-compartmental model. There was no evidence of target-
mediated drug disposition. Steady-state was achieved by 16 weeks
with the clinical regimen, with 1.1-fold accumulation in maximum
plasma concentration. Body weight was identified as the most signifi-
cant covariate on the PK; both clearance and volume of distribution
increase in subjects with higher body weight.

PASI75, PASI90 and PASI100 responses at week 12 in each of
the 3 trials were used for the exposure-response analyses for effi-
cacy. Missing PASI values were imputed using the last observation
carried forward approach. An E,. logistic-regression exposure-
response model was used to describe week 12 PASI responses. The

conceptual model was as follows:

Emax X exposure;

logit(Pr;) = pl +
ogit(Pr;) = placebo response Exp(LECso) + exposure,

where i denotes subject, Pr denotes probability and LECs is the loga-
rithm of ECso; ECso is the drug concentration required to achieve
50% of the Eax.

The best exposure metric (C,yg12 Vs C12) was evaluated as a pre-
dictor of PASI response. If no clear choice was evident, C,g12 Was
selected. Alternative structural models included a sigmoid E.x rela-
tionship and a linear model, although the latter was deemed unlikely
based on a prior analysis of P05495 data.*®

Covariates were tested and were included in the final model if
they demonstrated a significant effect. Continuous covariates were
included in the exposure-response model using power equations after
centring on the median covariate value or a suitable representative
value. Categorical covariates, tested if 250 subjects belonged to each
category, were incorporated into the model as index variables as the
exponent of a parameter. Thus, the effect of continuous covariates
was modelled as follows:

Cov; ) Keov

0; = epop X (—COVpop

whereas the effect of categorical covariates was modelled as follows:
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0i = Opop X €XP(Kcov X Xi.)

where 0 is an exposure-response model parameter, Cov is a continu-
ous covariate, X is an indicator variable for a categorical covariate, i is
the index for subject, pop is an index denoting the typical value in the
population and k., is a coefficient describing the strength of the
covariate effect on the ER parameter.

Thus, the impact of covariates, including body weight, age, sex,
race, region (Japan vs non-Japan), presence of psoriatic arthritis,
prior biologic use, prior steroid use, disease duration, baseline PASI
and trial, on the exposure-response model was tested using a
forward addition (P < .01) and backward elimination (P < .001)
approach to develop the final model. If a certain covariate did not
have a significant effect in the forward step, it was not tested
further.

223 |

Exposure-response analysis: Safety

Adverse event (AE) data of the reSURFACE trials were used for

exposure-response analyses for safety. For the exploratory
exposure-safety analysis, endpoint probabilities binned by concentra-
tion quartiles and stratified by dose groups were calculated. AEs of
potential  interest included severe infections, infections
(nasopharyngitis and upper respiratory tract infections [URTIs]), malig-
nancies, nonmelanoma skin cancer, melanoma skin cancer, confirmed
extended major adverse cardiovascular event and drug-related

hypersensitivity.

224 |

Clinical comparability bounds

Clinical comparability bounds were determined for tildrakizumab
exposure as defined by C,yg12 (which is directly linearly correlated
with the area under the concentration-time curve [AUC]) relative to
the median exposure of the clinical dose of 100 mg SC. The 100- and
200-mg doses had similar (maximal) efficacy and (acceptable) safety

across the range of tildrakizumab exposure quartiles. Therefore, the

Elimination

Drug effect

Production

ktr

kout

|:| Placebo

median lowest quartile (Q1) exposure of the 100-mg dose and median
highest quartile (Q4) of the 200-mg dose were taken as clinical com-
parability bounds and expressed as fractions of the median exposure
of the therapeutic dose (100 mg); i.e., (median Q1 exposure 100 mg)/
(median exposure 100 mg) and (median Q4 exposure 200 mg)/
(median exposure 100 mg). Any exposures between these ratios
(multiples) of median exposure of the clinical dose of 100 mg are
expected to yield similar response associated with maximal efficacy

and acceptable safety.

23

| PK-PD analyses

Prior experience of developing an indirect-effect PK-PD model
using data from P05495'® demonstrated a good fit with a model
similar to that developed by Salinger et al.*® Other indirect

response models'”'*8

were also considered but did not perform as
well. Thus, the longitudinal PASI reduction data were described by
an indirect-effect longitudinal PK-PD model (Figure 1) that used
the concentration-related suppression of plaque formation with a
placebo effect on plaque degradation, representing the healing pro-
cess. Transit compartments were used to describe the delay of
PASI response to the treatment. Covariates with significant effects
in the exposure-response analysis were also tested in the PK-PD
analysis. The goodness-of-fit was assessed by standard diagnostic

residual plots. Details of the PK-PD model are provided in the

Appendix.
24 | Applications
24.1 | Simulations

Simulations were used to characterise the PASI response based on
population parameters from the PK-PD/exposure-response models
and sampled covariates from the phase 2/3 clinical trial populations.
This

variability and parameter uncertainty.

approach incorporated PK-PD/exposure-response model

FIGURE 1 Longitudinal pharmacokinetic-
pharmacodynamic model. CL V™1, clearance over
volume; Cp, predicted concentration-time course
from the population pharmacokinetic model using
post hoc parameters; ka, absorption rate constant;
kin, zero-order constant for production of the
response; kout, first-order rate constant for loss
of the response; ktr, transit rate constant; Lag1-3,
PASI transit compartments 1-3; PASI, Psoriasis
Area and Severity Index

Healing
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Exposure-response simulations were used to assess advan-
tages, if any, of the weight-based tildrakizumab regimens (<90 kg
or >90 kg) over 100- and 200-mg fixed-dose regimens in terms of
week 12 PASI response in the general population and different
subject subsets. Simulations included the PK fixed-effect parame-
ters, PK parameter interindividual variability, subject subset-specific
covariates and uncertainties in the exposure-response model
parameters. These simulations were performed by simulating
10,000 trials with 10,000 subjects per arm. The impact of body
weight, dose regimens (25, 100, 200 and 400 mg Q12W) and
region (Japan vs non-Japan) on week 12 PASI response was
assessed.

In the PK-PD model simulations, tildrakizumab regimens were
compared in different subject subgroups, throughout induction and
maintenance. Each simulation included 400 subjects and 100 trial rep-
licates; each trial replicate included fixed-effect model uncertainty.
PASI 75/90/100 response rates at weeks 12, 28 and 52 were
summarised (median, 5™ percentile and 95" percentile).

242 | Integrated risk-benefit analysis

In an integrated risk-benefit analysis, the most frequently occurring
AEs relative to the PASI75 responder rate at week 28 for the
100- or 200-mg tildrakizumab doses were compared in different
weight subgroups. The percentage of subjects with infections/
infestations was paired with the corresponding PASI75 response
rate and plotted in a horizontal bar chart to show the risk-benefit
of alternate dosing regimen options from parts 1 and 2 of the
reSURFACE trials.

25 | Software

Exposure-response models were developed in R version 3.2.3 (www.
r-project.org). The longitudinal PK-PD model was developed in the
nonlinear mixed effects software NONMEM version 7.2 (ICON
Development Solutions, Ellicott City, MD, USA). Simulations were

performed in R.

TABLE 2

PASI75
5.42(3.74,7.72)
62.16 (58.73, 65.41)
0.36 (0.22,0.61)
8.40 (5.84, 11.94)
3.77 (2.48, 5.56)

Model parameter

Placebo response at 90 kg (%)
Ermnax (%)

ECso (ng mL™?)

Placebo response at 56 kg (%)
Placebo response at 131 kg® (%)
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2.6 | Ethics

All  concerned Independent Ethics Committees (IECs), Ethical
Review Committees (ERCs), or Institutional Review Boards (IRBs)
reviewed and approved the protocols and applicable amendments.
These studies conformed to recognised standards. All subjects
signed written informed consent. The studies followed the
principles of good clinical practice. All drugs/molecular targets
IUPHAR/BPS Guide to PHARMACOLOGY

nomenclature classification.'? Key protein targets and ligands in

conform to the

this article are hyperlinked to corresponding entries in http://www.
guidetopharmacology.org, the common portal for data from the
IUPHAR/BPS Guide to PHARMACOLOGY.

3 | RESULTS

3.1 | Exposure-efficacy response
Both exposure metrics were equally predictive for PASI response,
supporting interchangeability of exposure metrics. However, Cyyg12
was chosen based on the theoretical grounds that C,.g12, but not Cy,
reflects the full exposure of the dosing interval during which
continuous target engagement may be important to achieve PASI
response.

Thus, the exposure-response base model developed to assess

week 12 PASI response was as follows:

Emax X Cavgi2,i

logit(Pr;) = placebo response +
git(Pr) ECs0 + Cavg12i

Model parameters for week 12 PASI response are summarised in
Table 2. E,.x was estimated at 62.2% for the PASI75 response, at
37.9% for the PASI?0 response and at 14.6% for the PASI100
response, and ECso estimates were 0.36, 0.46 and 0.55 pg mL™%,
respectively (Table 2). For a typical 90-kg subject, the placebo
response rate was 5.42% for PASI75. Lower placebo response was
observed in heavier subjects and higher placebo response was

observed in subjects with lower body weight. Treatment response

Estimate (90% confidence interval) for exposure-response model parameters (based on week 12 PASI response)

PASI100?

0.45 (0.15, 1.51)
14.63 (11.23, 17.93)
0.55(0.21, 1.37)
0.73 (0.24, 2.51)
0.30(0.09, 1.04)

PASI90

1.65 (0.86, 3.09)
37.89 (34.04, 41.73)
0.46 (0.25, 0.86)
3.15(1.67,5.77)
0.97 (0.49, 1.89)

ECso, drug concentration needed to achieve 50% of the maximum drug effect; E,.x, maximum drug effect; PASI, Psoriasis Area and Severity Index.
2PASI100 model parameters were centred to a baseline PASI score of 18. Subjects with higher baseline PASI responses had lower PASI100 placebo
responses. Note that no baseline effect was detected for PASI75 and PASI90; therefore, responses were considered valid across all baseline PASI scores

and did not require centring.

bBody weight levels (56 kg and 131 kg) represent the 5th and 95th percentiles, respectively.
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FIGURE 2 Week 12 PASI exposure-response relationships. C,.g12, average concentrations from weeks 1 to 12; Cl, confidence interval; PASI,
Psoriasis Area and Severity Index. Blue points are PASI response probabilities (error bars: 95% exact Cls) corresponding to average concentrations
(Cavg12), stratified by concentration decile. The blue lines (stair-steps) represent the cumulative distribution of pharmacokinetic values and the
location of each decile. The multicolour points represent individual subject response with (PASI response = yes; top) and without (PASI

response = no; bottom) an event. The red line represents the model fit, with shading indicating 95% Cls

plateaued at tildrakizumab doses 2100 mg Q12W. Exposure-
response curves flattened markedly after exposure of >5 pg mL~?
(Figure 2).

Baseline body weight on placebo response was the only signifi-
cant (predefined significance level of P < .001) covariate in the week
12 PASI75 and PASI9?0 models. Baseline PASI on placebo response
was the only significant covariate in the PASI100 response model.

TABLE 3

Response Subgroup Omg 25 mg 100 mg 200 mg

PASI75 <90 kg 7 58 68 70
>90 kg 5 44 57 60
>120 kg 4 34 50 53
>135 kg 3 31 47 51
>150 kg 3 28 44 48
Non-Japan 6 51 63 65
Japan 7 59 69 71

PASI90 <90 kg 2 29 41 44
>90 kg 1 17 27 30
>120 kg 1 10 19 22
>135 kg 1 9 17 20
>150 kg 1 7 15 18
Non-Japan 2 23 35 37
Japan 3 31 43 46

PASI100 <90 kg 1 9 14 16
>90 kg 0 5 9 11
>120 kg 0 3 7 8
>135 kg 0 3 6
>150 kg 0 2
Non-Japan 1 7 12 14
Japan 1 8 13 15

Data are presented as % of subjects.
PASI, Psoriasis Area and Severity Index.

Because body weight was a significant covariate for both PASI75 and
PASI90, it was also included in the PASI100 model, although its
impact on the model was marginally significant (P = .0031). Age also
had a marginally significant impact on the placebo response of
PASI100 (P = .0262) and was also included in the final model.
Exposure-efficacy response simulations showed the magnitude
of negative correlation between body weight and placebo response

Week 12 PASI response by tildrakizumab dose and by weight and region subgroups (exposure-response simulations)

Difference between Difference between

400 mg 200- and 100-mg groups 400- and 200- mg groups
71 2 1
62 3 2
55 4 2
53 4 2
51 4 2
67 2 1
72 2 1
45 3 2
32 3 2
24 3 2
22 3 2
20 3 2
39 3 2
47 3 2
17 2 1
12 2 1
9 1 1
1 1
7 1 1
15 2 1
16 2 1
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for the week 12 PASI responses (Table 3). PASI100 placebo response
was less in subjects with higher baseline PASI scores and older age.
Among all subpopulations (by body weight and region), modelled
PASI75 increased by <4% when the tildrakizumab dose was increased
from 100 to 200 mg Q12W (Table 3). The proportion of PASI75
responders increased only by <2% in the 400-mg Q12W group com-
pared with the 200-mg tildrakizumab Q12W group. In contrast, when
the dose was reduced from 100 to 25 mg Q12W, modelled PASI75
decreased by 10, 16 and 16% in subjects weighing <90, >120
and > 135 kg, respectively.

Japanese subjects had better PASI response than non-Japanese
subjects (Table 3).

No discernible trend of PASI responses by exposure (C,yg12) quar-
tiles was evident (Table 4). Subjects in the corresponding quartiles of

the 100- and 200-mg groups had similar PASI response rates.

3.2 | Exposure-safety response

The number of AEs observed and AE rates in the 100- and 200-mg
tildrakizumab groups were generally similar to those in the placebo
groups in part 1 of the reSURFACE trials,** although the rate of URTIs
was slightly higher in the tildrakizumab groups than in the placebo
group (Table 4). No trend in AEs by exposure quartiles during weeks
0 to 12 was observed despite a wide C,yg12 range (Table 4).

3.3 | Clinical comparability bounds

Based on the observed lack of dependence on exposure in safety and
PASI response (Table 4), the clinical comparability bounds for C,yg12
expressed as ratios were defined by the median of the lowest expo-
sure quartile for the 100-mg group (4.4 pg mL™Y) and the median of
the highest exposure quartile for the 200-mg group (17.3 pg mL™Y)
relative to the median exposure of the 100-mg dose (6.4 pg mL™Y).
Thus, the clinical comparability bounds were 0.7-2.7. Overall, 86.9
and 84.8% of subjects in the analysis had C,,g12 concentrations within

the clinical comparability bounds at the 100- and 200-mg dose,

respectively.

34 | Longitudinal PK-PD model

In the longitudinal PK-PD model, the maximum placebo response was
estimated at 19%, and E, .« was set to 100% reduction from baseline
in the PASI response (Table 5). The drug concentration needed to
achieve ECso was 0.25 pg mL™%, similar to the ECso from the
exposure-efficacy modelling. Goodness-of-fit plots for the final model
are shown in Figure 3.

This model adequately described the time course of PASI change
after treatment in the entire population and in each subject. More
importantly, the model described PASI75 and PASI90 responder prob-
abilities without bias across dose regimens. Across all time points
between 12 and 72 weeks, 11.5% of the simulated probabilities were
below the 90% confidence interval (Cl) of actual responder probabili-
ties and 12.8% were above. However, the model underpredicted the
PASI100 response rates.

PK-PD simulations illustrated PASI responses over time for alter-
native regimens and in different subject subgroups. Treatment with
the 200-mg dose Q12W throughout the trial period resulted in
increased week 52 PASI75, PASI90 and PASI100 responses of
7, 10 and 8%, respectively, as compared with the 100-mg dose. The
benefit of increasing the dose to 200 mg in partial responders at
28 weeks was also investigated: PASI75 response rates increased by
15% at week 52 among subjects with dose increase, defined as sub-
jects who received 100 mg tildrakizumab and had a partial response
at 28 weeks but subsequently received 200 mg tildrakizumab instead
of continuing the 100-mg dose. However, at a population level, com-
pared with subjects who received 100 mg tildrakizumab throughout
PASI75, PASI90 and PASI100

increased by 2, 1 and 0% at week 52, respectively, after a dose

the simulation, responses only
increase in partial responders at 28 weeks to the 200-mg dose
(Table 6), due to the fact that partial responders only constituted a
small portion of the overall population.

TABLE 5 Longitudinal pharmacokinetic-pharmacodynamic model parameters
Parameter Variable Estimate RSE Between-subject variability
Placebo response (PASI reduction from baseline) Pimax 19% 7.0% 199%
Maximum tildrakizumab effect (PASI reduction from Ermax 100% - -
baseline)
Potency (ug mL™%) ECso 0.25 4.8% 183%
Healing time (wk) t1/ kout 4.2 2.6% 86%
Drug effect onset (wk) 3 X tqyo ktr 1.7 4.0% 98%
Placebo response at 131 kg (%)? - 23% - -
Placebo response at 56 kg (%)? - 14% - -

ECsg, drug concentration needed to achieve 50% of the maximum drug effect; E,.., maximum drug effect; kout, first-order rate constant for the loss of the
response; ktr, transit rate constant; PASI, Psoriasis Area and Severity Index; P.x, maximum placebo response; RSE, relative standard error; t; 5, half-life.
?Body weight levels (56 and 131 kg) represent the 5th and 95th percentiles, respectively.
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FIGURE 3 Goodness-of-fit plots for the final ©
pharmacokinetic-pharmacodynamic model. N © -
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TABLE 6 Impact of dose increase to 200 mg in partial responders at week 28
Response Time (wk) 100 mg 200 mg 100/200 mg dose Difference between100 mg and 100/200 mg
PASI75 12 571 60.1 56.4 -0.7
PASI75 28 73.5 79.8 72.9 -0.6
PASI75 52 77.8 84.4 79.6 1.8
PASI90 12 35.4 38.9 34.9 -0.5
PASI90 28 50.2 58.3 49.8 -04
PASI90 52 57.6 67.5 58.7 1.1
PASI100 12 9.0 11.5 8.8 -0.2
PASI100 28 12.3 17.8 12.2 -0.1
PASI100 52 16.0 23.5 15.7 -0.3

PASI, Psoriasis Area and Severity Index. Data are presented as % of subjects.
Expected percentage of subjects with PASI response, by regimen, with mean differences between the 100-mg and 100-/200-mg regimens. The 100-mg
regimen means that all responders and partial responders received 100 mg over weeks 0-52, and week 28 nonresponders were discontinued and counted
as nonresponders thereafter. The 200-mg regimen has a similar description as the 100-mg regimen, except with a different dose. The 100-/200-mg regi-
men means that all subjects started off with 100 mg, partial responders were switched to 200 mg at 28 weeks and nonresponders were discontinued and
counted as nonresponders thereafter. No difference between 100 mg vs 100/200 mg is expected at weeks 12 and 28; however, results are presented for
completeness. Times selected at 12, 28 and 52 weeks to reflect landmark time points in the phase 3 trials.

Subjects with body weight > 90 kg receiving 200 mg
tildrakizumab had similar PASI75, PASI90 and PASI100 responses as
those with body weight < 90 kg receiving 100 mg tildrakizumab. How-
ever, among subjects with very high body weight (>120 kg), despite
receiving 200 mg tildrakizumab, fewer were PASI75, PASI?0 and
PASI100 responders than in the subgroup with body weight < 90 kg
receiving 100 mg tildrakizumab. PASI response rates up to 52 weeks
were marginally higher (<3%) in Japanese subjects than in the overall

subject population, whereas the rates were slightly lower (<5%) in

diabetic subjects than in all subjects with psoriasis (data not shown).
Response rates for diabetic subjects with psoriasis were similar to

those of the subject subpopulation >90 kg.

3.5 | Integrated risk-benefit analysis

Safety events were generally similar between the 100- and 200-mg
groups in parts 1 and 2 of the reSURFACE trials, even in those with
high body weight. However, in Part 3, subjects from the 100-mg



KERBUSCH ET AL.

BRITISH
1804 PHARMACOLOGICAL
] SOCIETY
o

200 mg
Q 36% 77%
o
;’ Parts 1 and 2,
% >90kg
[
-
c
o
>
w 100 mg
36% 76%
Parts 1 and 2,
<90 kg

100 80 60 40 20 0 20 40 60 80 100

Infections/Infestations (%) PASI75 (%)

FIGURE 4 Risk-benefit analysis of the week 28 PASI75
response. PASI, Psoriasis Area and Severity Index

group who were switched to the 200-mg dose at week 28 had 55%
infections/infestations, while partial responders who continued on
the 100-mg dose had 30% infections/infestations. This difference also
persisted in subjects with body weight > 90 kg or > 120 kg.

The risk of adverse events in the system organ class of infections
and infestations in parts 1 and 2 of the clinical trials relative to the
PASI75 responder rate at week 28 for subjects <90 kg receiving
100 mg tildrakizumab was similar to that for subjects >90 kg receiving
200 mg tildrakizumab (Figure 4).

4 | DISCUSSION

4.1 | Exposure-response analyses

Both the 100- and 200-mg SC tildrakizumab regimens were deemed
clinically viable. In the exposure-response model, which described
week 12 PASI75, PASI90 and PASI100 responses using C,yg12 as the
prespecified exposure metric, treatment responses plateaued at
tildrakizumab doses 2100 mg, indicating that patients with moderate-
to-severe psoriasis should receive a regimen of 100 mg SC
tildrakizumab at weeks 0 and 4 and subsequently every 12 weeks.
Results of the exposure-efficacy response simulations that
included body weight indicated that psoriatic patients with body
weight >90 kg may benefit from a higher dose of tildrakizumab
(200 mg; 2 100-mg SC injections) at weeks O and 4 and subse-
quently every 12 weeks. In the underlying population PK model
providing post hoc parameters for the current analysis,*> high body
weight was associated with decreased tildrakizumab exposure. Spe-
cifically, extremes in body weight (range: 40.6-222.2 kg) were posi-
tively correlated to a —53 to +163% change in clearance and to
a —43 to +107% change in volume of distribution compared with
subjects with median body weight (85 kg). In addition to the PK
effect, body weight also impacted placebo PASI responses, which
has important clinical implications given the association between
obesity and psoriasis. Indeed, higher body mass index?® and weight
gain?° are risk factors for psoriasis, and weight loss may reduce dis-

ease symptoms.?+2?

In a previous study, the PK of tildrakizumab was similar in Japa-
nese, Caucasian and Chinese subjects matched by age, sex, height,
body weight and body mass index.?® Furthermore, in the present
study, the Japan region had no impact on the PASI response as a
covariate. However, marginally higher PASI responses were observed
in Japanese subjects because of body weight differences, which
affected tildrakizumab PK and placebo response. Similarly, body
weight differences may also result in lower response in diabetic
subjects.

Overall, tildrakizumab was well tolerated. Numbers and rates of
AEs were generally comparable between the tildrakizumab and pla-
cebo groups, except for slightly more URTIs (~2%) in the tildrakizumab
groups. No consistent trend was observed in AEs between O and
12 weeks of treatment across exposure quartiles, starting from the
lowest exposure quartile of the 100-mg group to the highest exposure

quartile of the 200-mg group.

4.2 | Longitudinal PK-PD analyses

An indirect-effect PK-PD model with drug suppression of plaque for-
mation and placebo-induced healing rate was used to characterise
longitudinal PASI reduction over 72 weeks. The ECso was estimated
at 0.25 pg mL~2, similar to the exposure-response model. Administer-
ing the 200- vs 100-mg dose throughout the trial period increased the
week 52 PASI75 response rates by 7% and PASI90 response rates by
10%. Thus, 200 mg did provide an advantage over 100 mg in certain
patients. Among partial responders that switched from the 100-mg to
the 200-mg dose, the PASI75 response rates were increased by 15%
at week 52. However, the net impact on the overall population was
an increase of 2% because the fraction of partial responders was rela-
tively small. Starting subjects with high body weight (>90 kg) on
200 mg tildrakizumab corrected the PASI response to match subjects
with lower body weight (<90 kg) who received 100 mg tildrakizumab;
however, this scenario did not hold true for subjects with very high
body weight (>120 or >150 kg).

Japanese psoriasis subjects had marginally better response rates
(<3%) and diabetic psoriasis subjects had marginally lower response
rates (<5%) than the overall population, presumably due to body
weight differences. It therefore appears that Japanese subjects and
diabetic subjects are not markedly different from the reference
population.

4.3 | Risk-benefit profile

Overall, subjects <90 kg who received the 100-mg dose and subjects
>90 kg who received the 200-mg dose had similar risk-benefit pro-
files over a 28-week treatment period, suggesting that patients with
moderate-to-severe psoriasis with body weight <90 kg should receive
a 100-mg SC Q12W tildrakizumab regimen (1 100-mg injection),
whereas those >90 kg may benefit from a dose of 200 mg (2 100-mg

injections).
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44 | Strengths and limitations

The large sample size, robust methodology of primary phase 2 and
3 trials and rigorous analysis as per the predecided statistical analy-
sis plan are the strengths of this study. Nevertheless, it must be
noted that the exposure-response model was based on data at
12 weeks, a relatively short period of treatment, during which all
efficacy or safety responses may not be evident. Integrated risk-
benefit analysis evaluated the risk vs benefits of the treatment at
28 weeks. The PASI100 probabilities were generally underpredicted
in the PK-PD model. Despite this limitation, the PASI PK-PD model
brings into play all dose changes, washout profiles, the entire
0-72-week PASI time course and the continuum of PASI responses
and provides a robust evaluation of the overall profile of
tildrakizumab that can be used to make inferences for dose
recommendations.

The simulations from the PK-PD model were based on an induc-
tion and maintenance treatment phase. However, subject drop-out
was not taken into account, and therefore the simulations are not true
trial simulations. Nonetheless, the simulation-based dose recommen-
dation is valid and appropriate because dropout rates were low and

similar across dose groups.

5 | CONCLUSIONS

High body weight (>90 kg) was correlated with decreased
tildrakizumab exposure and decreased PASI response. A 100-mg SC
Q12W dose regimen was found to be efficacious for subjects with
moderate-to-severe psoriasis and a body weight <90 kg, whereas a
200-mg SC dose may be beneficial for subjects with high body weight
(>90 kg). Results of the integrated risk-benefit analysis support the
use of a tildrakizumab SC regimen of 100 mg (one 100-mg injection)
Q12W vs 200 mg (two 100-mg injections) Q12W in patients with
moderate-to-severe psoriasis with a body weight <90 kg vs >90 kg,
respectively.
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APPENDIX
Details of the pharmacokinetic-pharmacodynamic model
d (PTR1y)/dt=kin; X (1—Drug;) —ktr; x PTR1;

d (PTR2ij)/dt = ktl’i X PTRlij —ktri X PTR21,~

d (PTR3;) /dt = ktr; x PTR2; —ktr; x PTR3;
d (PASIy) /dt = ktr; x PTR3; —kout; x PASI; X (1 + Placeboy)
Drug; = Emax X Cpj/ (Cp; + EC50;)
Placebojj = Praxi

where i denotes subject, P,y is the maximum placebo response and j
denotes time. The plaque formation rate is represented by kin. PASI is
the fraction of baseline, which ranges from 0 to 1. The plaque degra-
dation rate is represented by kout. The variables PTR1, PTR2 and
PTR3 reference 3 sequential PASI transit compartments, each with
transit rate ktr. The drug effect is a standard E,,.x model, where Cpj; is
the prediction from the population pharmacokinetic model using
post hoc parameters. The placebo effect is an initial increase in
healing. The initial conditions of the above differential equations are
as follows:

PTR1(0) = kin /ktr
PTR2(0) = kin /ktr
PTR3(0) = kin /ktr

PASI(0)=1

The formation rate kin was set equal to the degradation rate kout,
to put the system into steady-state at baseline.

Subject-specific parameters (Pryax ECso, kout and ktr) were mod-
elled as log-normally distributed with a diagonal covariance matrix. No
variability was put on E.,; it was not possible to estimate subject-
specific variability on both P.x and Enax.

The residual error model was as follows:
logit (PASImU) = logit (PAS',,) +&jj

Where PASIm refers to the measured PASI value, and the residual
error (gj) is normally distributed with mean 0. Both PASIm and PASI
were truncated to be between 0.01 and 0.99, to enable use of the
logit-transform, which was needed to describe the skewed PASI distri-
bution, with frequent data measurements near O.

The goodness-of-fit was assessed by standard diagnostic residual

plots:

e Histograms of interindividual variability (ETA) estimates with mean
0 and variance »?

e Pairwise plots of individual ETA estimates

e Box-plots of ETAs vs dose and trial

e Population and individual predictions vs observations

e Weighted residuals vs time and population predictions
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