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Summary

Background We evaluated antidrug antibody (ADA) development in patients with
chronic plaque psoriasis from three clinical trials of tildrakizumab, a humanized
anti-interleukin-23p19 monoclonal antibody (P05495, reSURFACE 1 and reSUR-
FACE 2).
Objectives To determine the effects of immunogenicity on the pharmacokinetics,
efficacy and safety of tildrakizumab.
Methods In 1400 (weeks 12–16) and 780 (weeks 52–64) evaluable patients ran-
domized to tildrakizumab 100 or 200 mg, treatment-emergent ADA-positive
(TE-POS) patients were identified and characterized for neutralizing antibodies
(NAbs). Pharmacokinetics, safety and efficacy were evaluated by ADA status.
Results In patients treated with tildrakizumab 100 or 200 mg continuously, < 7%
were inconclusive at 52–64 weeks. In long-term data through 52–64 weeks, the
incidence of TE-POS was 6�5% (100 mg) and 8�2% (200 mg) and the incidence of
TE-POS NAb-POS was 2�5% (100 mg) and 3�2% (200 mg). TE-POS NAb-POS
patients had modestly increased median tildrakizumab clearance (36�5%) com-
pared with ADA-NEG patients. Percentage Psoriasis Area and Severity Index
improvements in TE-POS NAb-POS vs. ADA-NEG patients on continuous treatment
through week 52 were 76% (n = 10) vs. 91% (n = 342) for 100 mg and 77% (n =
12) vs. 87% (n = 299) for 200 mg. The incidence of potential immunogenicity-
related adverse events did not indicate a clear trend in any positive ADA patient cat-
egory compared with ADA-NEG patients through weeks 52–64. The effects of ADA
on pharmacokinetics, efficacy and safety at 12–16 weeks were also summarized.
Conclusions ADA development with tildrakizumab treatment for 52–64 weeks was
low; around 3% of patients developed TE-POS NAb-POS ADAs and showed lower
serum concentrations and corresponding reduced efficacy. No relationship
between ADAs and safety was observed.

What’s already known about this topic?

• Unwanted immune responses – for example immunogenicity and antidrug anti-

bodies (ADAs) – have been observed with therapeutic monoclonal antibodies and

can affect efficacy and safety.

• Tildrakizumab is a humanized monoclonal antibody targeting interleukin-23 and is

currently approved for patients with plaque psoriasis.
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What does this study add?

• ADA development in tildrakizumab-treated patients with psoriasis over 52 weeks

was low.

• The small proportion of patients who had treatment-emergent ADAs and had neu-

tralizing antibodies experienced lower serum tildrakizumab concentrations and

reduced efficacy.

• No relationship between ADAs and safety events was observed.

Antidrug antibodies (ADAs) have been found in up to 30% of

patients treated with anti-tumour necrosis factor agents who

are not responding to treatment, and in another 50% who lose

clinical responses over time.1 These unwanted immune

responses (i.e. immunogenicity) can be due to molecular

structure, dosing regimen, patient characteristics and other

factors,2 and can affect not only clinical response, but also

safety issues including infusion reactions, serum sickness or

anaphylactic reactions.3

More recently, biologic therapies that target the interleukin

(IL)-23/IL-17 immunological pathway have been developed

and have demonstrated clinically important treatment effects

in patients with chronic plaque psoriasis.4–6 Tildrakizumab is

a high-affinity, humanized IgG1j monoclonal antibody target-

ing the IL-23p19 subunit of IL-23. Tildrakizumab, at doses of

100 mg and 200 mg administered at weeks 0 and 4 and every

12 weeks thereafter, has demonstrated efficacy and safety in

the treatment of moderate-to-severe chronic plaque psoriasis

in clinical trials. Recently, tildrakizumab has been approved

for use in the treatment of chronic plaque psoriasis by the

U.S. Food and Drug Administration (FDA) and the European

Medicines Agency (EMA).7–11

We evaluated immunogenicity with tildrakizumab in three

large, randomized controlled clinical studies (NCT01225731,

NCT01722331 and NCT01729754) both at the primary end

points (12–16 weeks) and at the end of the base periods (52–
64 weeks).7,8 Treatment interruptions were not studied.

Patients and methods

Clinical trial designs

This evaluation included three studies: P05495 (phase IIb; n =
355), reSURFACE 1 (phase III; n = 772) and reSURFACE 2

(phase III; n = 1090). P05495 was a three-part, randomized,

double-blind trial in adults with chronic plaque psoriasis. Par-

ticipants were randomized to receive subcutaneous tildrak-

izumab (5, 25, 100 or 200 mg) or placebo at weeks 0 and 4

(part 1; 16 weeks) and every 12 weeks thereafter until week

52 (part 2), with a 20-week washout (part 3).8 The two

phase III studies (reSURFACE 1 and reSURFACE 2) were per-

formed as a three-part, parallel-group, double-blinded ran-

domized controlled trial to assess the efficacy, safety and

tolerability of tildrakizumab compared with placebo and etan-

ercept. The phase III trials tested tildrakizumab 100 or 200

mg or placebo through 12 weeks in part 1, tildrakizumab 100

or 200 mg through 28 weeks in part 2, and 100 or 200 mg

in part 3 through the end of the base period of each trial: 64

weeks (reSURFACE 1) or 52 weeks (reSURFACE 2). reSUR-

FACE 2 additionally tested etanercept in parts 1 and 2 fol-

lowed by tildrakizumab 200 mg in part 3.7

Primary efficacy end points included ≥ 75% reduction in

Psoriasis Area and Severity Index (PASI 75) and Physician’s

Global Assessment (PGA) score of ‘clear’ or ‘minimal’ with at

least a 2-point reduction from baseline at week 12. PASI 75

was the primary end point in P05495, while PASI 75 and

PGA were coprimary end points for reSURFACE 1 and 2.

Details of the assays for tildrakizumab, antitildrakizumab

antibodies and neutralizing antibodies (NAbs) are provided in

Table S1 (see Supporting Information). As the two ADA assays

used in the phase IIb and III studies did not differ substantially

in execution and performance, and to be consistent in the

evaluation of results across assays, one uniform drug tolerance

level (6 lg mL�1) was utilized based on the assay used for

phase III. At tildrakizumab concentrations above 6 lg mL�1

the ADA assay was not able to detect 500 ng mL�1 of ADA-

positive control, hence 6 lg mL�1 was considered the drug

tolerance level of the assay.

Immunogenicity assessment strategy

Patients with at least one ADA sample result following dosing

with tildrakizumab were evaluable for the immunogenicity

analysis. Tildrakizumab can interfere with the ADA assay at

concentrations above the drug tolerance level of 6 lg mL�1,

leading to the potential for false-negative results. Therefore,

the immunogenicity status of an individual patient was catego-

rized as negative (ADA-NEG) if all pretreatment and postdose

samples tested negative in the ADA assay, and the concentra-

tion of tildrakizumab in the last postdose sample was less than

the drug tolerance level. Patients were characterized as incon-

clusive if they did not have any ADA-positive samples and the

tildrakizumab concentration in the last sample was at or above

the drug tolerance level. The inconclusive patients were desig-

nated in order to be transparent about the number of patients

who had the potential to have false-negative results in the

© 2019 The Authors. British Journal of Dermatology
published by John Wiley & Sons Ltd on behalf of British Association of Dermatologists.

British Journal of Dermatology (2020) 182, pp180–189

Immunogenicity with tildrakizumab, A.B. Kimball et al. 181



ADA assay. A description of how patients were categorized for

the immunogenicity assessment is provided in Table 1.

Primary end points were at week 16 (P05495) or week 12

(reSURFACE 1, reSURFACE 2); therefore, patients’ ADA status

was summarized through these respective end points. A sec-

ond summary was performed at the end of the base periods

to determine the patients’ ADA status based on data through

the last time point available: washout after week 52 for

P05495 and reSURFACE 2 or week 64 for reSURFACE 1. The

summary at the end of the base period was focused on

patients who were treated with tildrakizumab 100 or 200 mg

continuously in phase IIb and phase III, because this was the

proposed clinical treatment paradigm and it enabled evaluation

of the long-term effects of ADA on pharmacokinetics (PK),

efficacy and safety. Treatment interruptions were not studied.

Statistical methods

The proportion of patients with ADAs was determined using

the number of ADA-evaluable patients as the denominator.

Efficacy and safety tables were prepared for different categories

of patient immunogenicity status using the same methods as

described previously.7,8

Results

Patients included in the analysis

In P05495, there were 89 (100 mg) and 86 (200 mg) ADA-

evaluable patients in part 1, and 31 (100 mg) and 51 (200 mg)

on continuous therapy through week 52. In reSURFACE 1, there

were 308 (100 mg) and 305 (200 mg) ADA-evaluable patients

in part 1, and 135 (100 mg) and 160 (200 mg) patients on

continuous therapy through 64 weeks. In reSURFACE 2, the

numbers of ADA-evaluable patients were 303 (100 mg) and

309 (200 mg) in part 1, and 234 (100 mg) and 169 (200 mg)

in patients on continuous therapy through 52 weeks.

Antidrug antibody incidence

In patients treated with tildrakizumab 100 mg and 200 mg,

the proportions of treatment-emergent ADA-positive (TE-POS)

patients were 4�3% and 4�1% through 12–16 weeks (primary

end points) and 6�5% and 8�2% through 52–64 weeks,

respectively (Table 2). The proportions of patients who were

TE-POS NAb-POS were 0�6% for both doses through 12–16
weeks and 2�5% and 3�2% for 100 mg and 200 mg, respec-

tively, through 52–64 weeks.

Proportions of inconclusive patients

Through 12–16 weeks, the proportions of inconclusive patients

were 4�1% and 36�4% for patients on 100 mg and 200 mg,

respectively (Table 2). The higher proportion of inconclusive

patients in part 1 relative to the end of the base period was due

to the loading dose of tildrakizumab, which affected the inter-

pretability of the assay as described in the methods. In the phase

III trials, doses were given at weeks 0 and 4 (part 1) and every

12 weeks thereafter, and the primary end point was at week 12,

where the immunogenicity data were summarized. The predose

tildrakizumab concentrations at week 12 were higher than the

steady-state trough concentrations because they were collected

8 weeks after dosing at week 4, as opposed to 12 weeks after

dosing at steady state. Although there was a higher proportion

of inconclusive patients in the 200-mg dose group (36�4%) at
12–16 weeks, the proportions of patients who were TE-POS

were similar for both dose levels (4�3% for 100 mg and 4�1%
for 200 mg), suggesting that the results from the 200-mg group

may not have been biased by inconclusive patients. At the end

of the base portion of the trials (52–64 weeks), the proportions

of inconclusive patients were 2�0% and 6�6% for 100 mg and

200 mg continuously, respectively.

Table 1 Definitions of patients’ immunogenicity status

Patient status Definition

Antidrug antibody
negative (ADA-NEG)

All pretreatment and postdose
samples were negative in the ADA

assay and the drug concentration in
the last postdose sample was < 6

lg mL�1

Inconclusive All pretreatment and postdose

samples were negative in the ADA

assay and the drug concentration in
the last postdose sample was ≥ 6

lg mL�1. This category represents
patients who may have had drug

interference in the ADA assay
Treatment emergent

positive (TE-POS)

Pretreatment sample was negative

and at least one postdose sample
was positive in the ADA assay

(treatment induced positive)
Pretreatment and postdose samples

were both positive in the ADA
assay and the titre increased

postdose by ≥ 2-fold (treatment
boosted positive)

TE-POS NAb-POS Treatment emergent positive and at
least one sample was positive for

NAbs
TE-POS NAb-NEG Treatment emergent positive and

negative for NAbs
Nontreatment

emergent positive
(non-TE-POS)

Pretreatment sample was positive

and postdose samples were negative
in the ADA assay

Pretreatment and postdose samples
were positive in the ADA assay

with a < 2-fold increase in titre
postdose

Non-TE-POS NAb-
POS

Nontreatment emergent positive and
at least one sample was positive for

NAbs
Non-TE-POS NAb-

NEG

Nontreatment emergent positive and

negative for neutralizing antibodies

NAb, neutralizing antibody.

© 2019 The Authors. British Journal of Dermatology
published by John Wiley & Sons Ltd on behalf of British Association of Dermatologists.

British Journal of Dermatology (2020) 182, pp180–189

182 Immunogenicity with tildrakizumab, A.B. Kimball et al.



Maximum postdose titre values of all patients on

tildrakizumab through 12–16 weeks and 52–64 weeks

The maximum postdose titres for evaluable positive patients

were summarized for each immunogenicity patient category.

TE-POS NAb-POS patients showed the highest median post-

dose titres (64) through 12–16 weeks, whereas the median

titre for other positive categories was ≤ 2, suggesting a

relationship between developing TE-POS NAb-POS ADAs and

higher postdose titre responses. In patients completing 52–
64 weeks of treatment, a similar trend was observed: the

median postdose titre value for TE-POS NAb-POS patients

was 32, whereas the median value for the other positive

categories was 1 (Fig. 1). Note that titres were summarized

for all evaluable patients at the end of the base period,

rather than only those on 100 mg or 200 mg continu-

ously.

Effect of antidrug antibodies on tildrakizumab

pharmacokinetics through 52–64 weeks

The TE-POS NAb-POS subgroup experienced decreased mean

(Fig. 2a, c) and individual (Fig. 2b, d) tildrakizumab concen-

trations and a modest increase (36�5%) in median drug clear-

ance (Fig. 3), compared with ADA-NEG patients who were on

100 mg or 200 mg continuously through weeks 52–64. Patients
in other positive ADA categories and inconclusive patients were

generally similar to ADA-NEG patients with regard to mean til-

drakizumab concentrations and clearance. The population PK

analysis did not test ADA status as a covariate. An estimate of the

typical population clearance (approximating the median popula-

tion value) was 0�297 L per day across the phase I, phase IIb

and phase III trials. The geometric mean (coefficient of varia-

tion) clearance in patients with psoriasis in the phase IIb and

phase III studies was 0�32 L per day (38%).12

Table 2 Antidrug antibody (ADA) incidence in patients treated with tildrakizumab 100 mg or 200 mg through weeks 12–16 and weeks 52–64 in

P05495, reSURFACE 1 and reSURFACE 2

Total evaluablea,b ADA-NEGc Inconclusivec

Non-TE-POSc TE-POSc

ADA positive NAb positive ADA positive NAb positive

Immunogenicity summary through weeks 12–16 for patients treated with 100 mg in part 1d

700 603 (86�1) 29 (4�1) 38 (5�4) 5 (0�7) 30 (4�3) 4 (0�6)
Immunogenicity summary through weeks 12–16 for patients treated with 200 mg in part 1d

700 374 (53�4) 255 (36�4) 42 (6�0) 6 (0�9) 29 (4�1) 4 (0�6)
Immunogenicity summary through weeks 52–64 for patients treated with 100 mg continuouslye

400 342 (85�5) 8 (2�0) 24 (6�0) 3 (0�8) 26 (6�5) 10 (2�5)
Immunogenicity summary through weeks 52–64 for patients treated with 200 mg continuouslye

380 299 (78�7) 25 (6�6) 25 (6�6) 4 (1�1) 31 (8�2) 12 (3�2)

The data are given as n (%). NEG, negative; TE-POS, treatment emergent ADA positive; NAb, neutralizing antibody. aIncludes patients treated

with the listed dose of tildrakizumab (100 mg or 200 mg) in parts 1, 2 and 3 of reSURFACE 1 and reSURFACE 2 or in parts 1 and 2 of

P05495. bIncludes patients with at least one ADA sample available after treatment with tildrakizumab. cDenominator is the total number of

evaluable patients. dIn P05495, part 1 ended at week 16; in reSURFACE 1 and reSURFACE 2, part 1 ended at week 12. eIn P05495, the trial

ended at week 52; in reSURFACE 1 and reSURFACE 2, the base portions of the trials ended at weeks 64 and 52, respectively.
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emergent positive; NAb-NEG, neutralizing antibody negative; NAb-POS, neutralizing antibody positive.
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Individual profiles from ADA-positive patients showed that

patients who had reduced PK often had detectable ADAs at

multiple time points; in some patients these were identified as

early as week 4. The effects of ADAs on PK through 12–16
weeks are shown in Figure S1 (see Supporting Information).

The effects observed through 12–16 weeks were similar to the

effects observed for the full duration of the trials, in that TE-

POS NAb-POS patients showed a decrease in mean and indi-

vidual tildrakizumab concentrations, whereas other categories

were generally comparable with the ADA-NEG patients.

Effect of antidrug antibodies on efficacy end points at

week 12 for treatment-emergent-positive patients vs.

negative and inconclusive patients (pooled analysis)

Two separate approaches were used to evaluate a potential

effect of ADAs on efficacy. In the first analysis, the proportions

of TE-POS patients (TE-POS NAb-POS and TE-POS NAb-NEG

combined) vs. ADA-NEG and inconclusive patients (com-

bined) were compared with the proportions of patients in

each combined category achieving primary and secondary effi-

cacy end points at week 12. This assessment included the lar-

gest number of patients (around 1300).

The proportions of patients who received tildrakizumab

100 mg or 200 mg in the first 12 weeks of the trials, who

were categorized as TE-POS for ADAs and who also achieved

PASI 75, PASI 90, PASI 100 or PGA ‘clear’ or ‘minimal’

response at 12 weeks, were similar to the proportions of

ADA-NEG and inconclusive patients combined (Table 3).

Effect of patients’ immunogenicity status on percentage

Psoriasis Area and Severity Index improvement through

12–16 weeks and 52–64 weeks (nonpooled analysis)

In the second analysis examining potential effects of ADAs on

efficacy, percentage PASI improvement by ADA patient
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Fig 2. Effect of antidrug antibodies (ADAs) on tildrakizumab (MK-3222) concentrations for patients treated with 100 mg or 200 mg continuously for

52–64 weeks. (a) Mean concentration–time profiles for patients treated with 100 mg. (b) Individual concentration–time profiles for patients treated

with 100 mg. (c) Mean concentration–time profiles for patients treated with 200 mg. (d) Individual concentration–time profiles for patients treated
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category was summarized without pooling. At week 12, the

percentage PASI improvements for TE-POS NAb-POS patients

compared with ADA-NEG patients were 62% (n = 4) vs. 75%

(n = 603) for the 100-mg group and 38% (n = 4) vs. 76% (n

= 374) for the 200-mg group (Fig. 4 and Table 4).

To investigate the longer-term effects of ADAs on PASI,

patients who were on 100 mg or 200 mg continuously

through weeks 52–64 were separated for analysis, as discussed

in the methods section. At week 52, PASI improvement for

TE-POS NAb-POS patients compared with ADA-NEG patients

was 76% (n = 10) vs. 91% (n = 342) for 100 mg continu-

ously and 77% (n = 12) vs. 87% (n = 299) for 200 mg con-

tinuously (Fig. 4 and Table 5).

At both week 12 and week 52, TE-POS NAb-POS patients

trended towards lower PASI improvement. Other ADA-positive

patient categories and inconclusive patients were comparable

with ADA-NEG patients (Tables 4 and 5). Although inconclusive

patients could potentially demonstrate false-negative ADA sam-

ples, the observed mean percentage PASI improvement in this

group was not reduced. In addition, testing positive for NAbs

was not always related to decreased clinical response, as non-TE-

POS NAb-POS patients and ADA-NEG patients showed similar til-

drakizumab levels and PASI improvements.

Effect of immunogenicity on safety in part 1 (pooled

analysis)

In the placebo-controlled part 1 periods of each study, TE-POS

patients (TE-POS NAb-POS and TE-POS NAb-NEG combined)

were compared with ADA-NEG and inconclusive patients

(combined). For the patients randomized to 100 mg in part

1, incidences of one or more AEs, one or more serious AEs

and drug-related AEs were similar in the TE-POS group com-

pared with the ADA-NEG and inconclusive combined groups
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POS, treatment emergent positive; NAb-NEG, neutralizing antibody negative; NAb-POS, neutralizing antibody positive.

Table 3 Effect of antidrug antibodies (ADAs) on efficacy end points at week 12 in treatment-emergent-positive patients compared with negative

and inconclusive (combined) patients

Tildrakizumab treatment in part 1 TE-POS, N Responders, n (%) ADA-NEG and inconclusive, N Responders, n (%)

PASI 75
100 mg 30 18 (60.0) 632 396 (62�7)
200 mg 29 20 (69.0) 629 409 (65�0)
PASI 90

100 mg 30 11 (36.7) 632 231 (36�6)
200 mg 29 9 (31.0) 629 234 (37�2)
PASI 100
100 mg 30 3 (10.0) 632 87 (13�8)
200 mg 29 3 (10.3) 629 81 (12�9)
PGA ‘clear’ or ‘minimal’

100 mg 30 17 (56.7) 632 364 (57�6)
200 mg 29 19 (65.5) 629 378 (60�1)

TE-POS, treatment emergent ADA positive; NEG, negative; PASI, Psoriasis Area and Severity Index; PASI 75; ≥ 75% improvement in PASI;

PGA, Physician’s Global Assessment.
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(Table 6). For patients randomized to 200 mg in part 1, inci-

dences of patients with one or more AEs were somewhat

higher for the TE-POS group than for the ADA-NEG and

inconclusive combined group (62% vs. 48�3%), but were sim-

ilar for both serious AEs (0% vs. 2�2%, respectively) and

drug-related AEs (14% vs.14�1%, respectively). No TE-POS

patients in either the 100-mg or 200-mg groups discontinued

due to an AE.

Effect of immunogenicity on immunogenicity-related

safety through 52–64 weeks (nonpooled analysis)

The potential of ADAs to affect specific immunogenicity-

related safety events in the phase IIb and phase III studies fol-

lowing continuous dosing with 100 mg or 200 mg through

52–64 weeks was additionally summarized for each ADA

patient category without pooling. Drug-related hypersensitivity

was observed in one of 50 (2%) TE-POS NAb-NEG patients,

in two of 812 (0�2%) ADA-NEG patients and in one of 41

(2%) inconclusive patients. Anaphylaxis was not observed in

any patient.

The incidence of injection-site reactions was similar in the

non-TE-POS NAb-NEG, TE-POS NAb-POS and inconclusive

subgroups: three of 47 (6%), two of 31 (6%) and two of 41

(5%), respectively, compared with the ADA-NEG category: 49

of 812 (6�0%). The incidence in TE-POS NAb-NEG patients

(five of 50, 10%) was somewhat higher than in ADA-NEG

patients. Overall, the incidence of potential immunogenicity-

related AEs showed no clear trend in any positive ADA patient

category or the inconclusive category compared with ADA-

NEG patients (Table S2; see Supporting Information).

Discussion

In this integrated analysis of three randomized controlled clin-

ical trials, we observed treatment-emergent antibodies in
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Fig 4. Effect of antidrug antibodies (ADAs) on percentage Psoriasis Area and Severity Index (PASI) improvement through week 12 or week 52.

(a) Percentage PASI improvement through week 12 for patients treated with 100 mg in part 1. (b) Percentage PASI improvement through weeks

52–64 for patients treated with 100 mg continuously in parts 1, 2 and 3. (c) Percentage PASI improvement through week 12 for patients treated

with 200 mg in part 1. (d) Percentage PASI improvement through weeks 52–64 for patients treated with 200 mg continuously in parts 1, 2 and

3. Continuous treatment with tildrakizumab means that patients treated with placebo or etanercept and then tildrakizumab were not included in

the analysis. NAb, neutralizing antibodies.

© 2019 The Authors. British Journal of Dermatology
published by John Wiley & Sons Ltd on behalf of British Association of Dermatologists.

British Journal of Dermatology (2020) 182, pp180–189

186 Immunogenicity with tildrakizumab, A.B. Kimball et al.



around 4% of 1400 evaluable patients receiving tildrakizumab

over 12–16 weeks and around 7% of 780 evaluable patients

with continuous use for 52–64 weeks. ADA development was

observed across all clinical trials, although most ADA-positive

patients did not have clinical effects. A small proportion of

patients were TE-POS NAb-POS (0�6% at 12–16 weeks and

around 3% at 52–64 weeks). This subgroup experienced a

modest decrease in tildrakizumab PK and a reduction in

clinical response as measured by PASI score mean reductions

of 10–15% relative to ADA-NEG patients at 52 weeks. No

association was observed between tildrakizumab ADA develop-

ment and the occurrence of AEs.

Biologic medications that target the IL-23/IL-17 axis

demonstrate a wide range of immunogenicity. Although anal-

yses of ADA development in individual studies are affected by

factors such as sample handling, the assay platforms, charac-

teristics of the assays and underlying disease, we observed that

ADA development with tildrakizumab was in the range

observed for other monoclonal antibodies targeting IL-23/IL-

17. Among patients taking the IL-12/23 and IL-23 antagonists

ustekinumab and guselkumab, approximately 6% were

observed to develop ADAs.13,14 For guselkumab, lower trough

levels were observed in a portion of ADA-positive patients.14

In the IL-17 and IL-17 receptor antagonists, a wider range

was observed: less than 1% of patients on secukinumab devel-

oped antibodies in up to 52 weeks of treatment, 22% of

patients on ixekizumab developed ADAs over 60 weeks of

treatment, and 3% of patients on the IL-17 receptor antagonist

brodalumab developed ADAs.15–17 For patients treated with

ixekizumab, higher antibody titres were associated with

decreasing drug concentrations and clinical response.16

In our analysis, TE-POS NAb-POS patients showed the high-

est postdose titres. These patients demonstrated a decrease in

mean tildrakizumab concentrations and a modest increase in

median drug clearance compared with ADA-NEG patients.

Table 4 Effect of antidrug antibodies (ADAs) on percentage Psoriasis

Area and Severity Index (PASI) improvement at week 12 in patients

on tildrakizumab 100 mg or 200 mg by ADA patient category

Dose (mg) ADA patient category N

Mean % PASI

improvement
at week 12

100 Inconclusive 29 80
ADA-NEG 603 75

Non-TE-POS NAb-NEG 33 76
Non-TE-POS NAb-POS 5 68

TE-POS NAb-NEG 24 79
TE-POS NAb-POS 4 62

200 Inconclusive 255 79
ADA-NEG 374 76

Non-TE-POS NAb-NEG 35 81
Non-TE-POS NAb-POS 6 88

TE-POS NAb-NEG 25 81
TE-POS NAb-POS 4 38

TE, treatment-emergent ADA; NAb, neutralizing antibodies; POS,

positive; NEG, negative.

Table 5 Effect of antidrug antibodies (ADAs) on percentage Psoriasis

Area and Severity Index (PASI) improvement at week 52 in patients

treated continuously with tildrakizumab 100 mg or 200 mg by ADA

patient category

Dose (mg)a ADA patient category N

Mean % PASI

improvement
at week 52

100 Inconclusive 8 86
ADA-NEG 342 91

Non-TE-POS NAb-NEG 21 93
Non-TE-POS NAb-POS 3 83

TE-POS NAb-NEG 16 96
TE-POS NAb-POS 10 76

200 Inconclusive 25 88
ADA-NEG 299 87

Non-TE-POS NAb-NEG 21 94
Non-TE-POS NAb-POS 4 93

TE-POS NAb-NEG 19 91
TE-POS NAb-POS 12 77

TE, treatment-emergent ADA; NAb, neutralizing antibodies; POS,

positive; NEG, negative. aPatients were treated with the indicated

dose continuously in parts 1, 2 and 3; does not include patients

treated with placebo or etanercept and who were later treated

with tildrakizumab.

Table 6 Effect of antidrug antibodies (ADAs) on adverse events in

treatment-emergent-positive patients compared with negative and

inconclusive (combined) patients in the placebo-controlled safety pool

Tildrakizumab

100 mg 200 mg
100 or
200 mg

Treatment emergent positive
Patients in

population

30 (100) 29 (100) 59 (100)

With one or more

adverse events

15 (50) 18 (62) 33 (56)

With serious

adverse events

1 (3) 0 1 (2)

With drug-related
adverse eventsa

3 (10) 4 (14) 7 (12)

ADA-negative and inconclusive
Patients in

population

632 (100) 629 (100) 1261 (100)

With one or more

adverse events

308 (49) 304 (48) 612 (48)

With serious

adverse events

9 (1) 14 (2) 23 (2)

With drug-related

adverse eventsa
96 (15) 89 (14) 185 (15)

Data are presented as n (%). aDetermined by the investigator to

be related to the drug.
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Patients in other positive ADA categories were generally simi-

lar to ADA-NEG patients with regard to mean tildrakizumab

concentrations and drug clearance. We observed that ADAs

were often detectable at multiple time points in patients with

reduced tildrakizumab concentrations. Inconclusive patients

had mean tildrakizumab concentration profiles and clearance

values similar to ADA-NEG patients, demonstrating no impact

on PK in this subgroup (Fig. 2).

No effects on PASI or PGA responses at week 12 were

observed for TE-POS patients when NAb-POS and NAb-

NEG patients were pooled. However, in the nonpooled

analysis, TE-POS NAb-POS patients showed a reduction in

mean PASI improvement compared with ADA-NEG patients.

These reductions were by 13% and 38% at week 12 and

by 15% and 10% at week 52, for doses of 100 mg and

200 mg, respectively. Inconclusive patients showed a simi-

lar mean PASI improvement to ADA-NEG patients at both

week 12 and week 52 (Tables 4 and 5). Other studies

have similarly shown the importance of looking at sub-

groups of TE-POS patients to identify clinically relevant

effects.18–20 However, only 3% of patients following long-

term treatment were TE-POS NAb-POS, which should be

noted with regard to the interpretation of clinical effects

from ADAs in this analysis.

The effects of ADAs were more pronounced on PK than

clinical response. The reductions in exposure due to ADAs

may not have been sufficiently extensive or prolonged to have

a pronounced effect on efficacy. The exposure–response and

PK–pharmacodynamic models for tildrakizumab estimated

EC50 values at 0�36 lg mL�1 (90% confidence interval 0�22–
0�61) and 0�25 lg mL�1, respectively, implying that at these

exposure levels at least half of the maximum effect in PASI 75

can be expected.21 The finding that the effects of ADAs on PK

are more sensitive than the effects on clinical response has also

been observed with other biologics.22–24

ADA development was not associated with an increase in

serious AEs or discontinuation from treatment. Overall, the

incidence of potential immunogenicity-related AEs showed no

clear trend in inconclusive patients or any positive ADA

patient category compared with ADA-NEG patients (Table S2;

see Supporting Information). This is similar to results with

other IL-23/IL-17 biologics.

The high proportion of inconclusive patients on short-term

treatment with tildrakizumab 200 mg is a limitation related to

the low drug tolerability level of the ADA assay (6 lg mL�1).

A more drug-tolerant ADA assay would have yielded a lower

proportion of inconclusive patients. However, examples have

shown that while sensitive ADA assays with high drug toler-

ance may detect a higher incidence of ADAs, the additional

incidence is not generally correlated with additional effects on

PK, efficacy and safety.20,25 The inconclusive patients in the

phase II–III programme consistently showed PK, efficacy and

safety data that were similar to those in ADA-NEG patients

(Fig. 2, Tables 4 and 5 and Table S2; see Supporting Informa-

tion). Thus, although the ADA assay performance was

ambiguous for the inconclusive patients, no clinically relevant

effects were observed. Another limitation is that effects of

treatment interruptions on ADA development were not evalu-

ated.

In summary, this analysis included a robust dataset of evalu-

able patients, particularly for the 100-mg dose, which was

recently approved by the FDA and EMA for treatment of

chronic plaque psoriasis. TE-POS NAb-POS patients, who rep-

resented a small proportion (3%) of the patient population,

experienced a modest decrease in tildrakizumab PK, correlat-

ing with a 10–15% reduction in clinical response at week 52.

No apparent association between the development of antibod-

ies to tildrakizumab and the occurrence of AEs was observed.
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