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ABSTRACT
Objectives To evaluate efficacy and safety of 
the anti- interleukin- 23p19 monoclonal antibody 
tildrakizumab in patients with psoriatic arthritis (PsA).
Methods In this randomised, double- blind, 
placebo- controlled, phase IIb study, patients 
with active PsA were randomised 1:1:1:1:1 to 
tildrakizumab 200 mg every 4 weeks (Q4W); 
tildrakizumab 200, 100 or 20 mg Q12W; or placebo 
Q4W. Patients receiving tildrakizumab 20 mg or 
placebo switched to tildrakizumab 200 mg Q12W 
at W24; treatment continued to W52. The primary 
efficacy endpoint was proportion of patients with 
ACR20 response (≥20% improvement by American 
College of Rheumatology criteria) at W24. Secondary 
efficacy endpoints were assessed without adjustment 
for multiplicity. Safety was evaluated from 
treatment- emergent adverse events (TEAEs).
Results 391/500 patients screened were 
randomised and treated. At W24, 71.4%–79.5% 
of tildrakizumab- treated versus 50.6% of placebo- 
treated patients achieved ACR20 (all p<0.01). 
Patients receiving tildrakizumab versus placebo 
generally achieved higher rates of ACR50, Disease 
Activity Score in 28 joints with C reactive protein 
<3.2, minimal disease activity and 75%/90%/100% 
improvement from baseline Psoriasis Area and 
Severity Index responses at W24 and through W52. 
Improvement in dactylitis and enthesitis was not 
observed; results were mixed for other outcomes. 
Responses in patients switched to tildrakizumab 200 
mg at W24 were consistent with treatment from 
baseline. TEAEs and serious TEAEs occurred in 64.5% 
and 3.3%, respectively, of all patients through W52 
and were comparable among treatment arms.
Conclusions Tildrakizumab treatment significantly 
improved joint and skin manifestations of PsA 
other than dactylitis and enthesitis. Treatment was 
generally well tolerated through W52.  Clinicaltrials. 
gov NCT02980692.

INTRODUCTION
Psoriatic arthritis (PsA) is a chronic, progressive, 
inflammatory arthritis with estimated global 
prevalence of 0.2%–0.3%.1–4 Manifestations of 
PsA include musculoskeletal and skin disease 

activity; pain; fatigue; systemic inflammation 
and their effects on physical function, activi-
ties of daily living and health- related quality of 
life (QoL).3 5 6 Chronic joint inflammation and 

Key messages

What is already known about this subject?
 ► There is an unmet need for psoriatic arthritis 
(PsA) therapies that maximally address all 
clinical manifestations of the disease and 
improve patient quality of life.

 ► Interleukin (IL)-23 is a key regulatory cytokine 
in the pathogenesis of PsA, and the p19 subunit 
of IL-23 is an effective therapeutic target for 
PsA in clinical studies; tildrakizumab is a high- 
affinity anti- IL- 23p19 monoclonal antibody 
approved in the USA, Europe, Australia and 
Japan for treatment of plaque psoriasis.

What does this study add?
 ► This study demonstrates that tildrakizumab 
was superior to placebo in achieving ACR20 
(≥20% improvement by American College of 
Rheumatology criteria) and ACR50 responses, 
minimal disease activity; Disease Activity Score 
in 28 joints with C reactive protein <3.2 and 
≥75% improvement from baseline Psoriasis 
Area and Severity Index (PASI 75), PASI 90 and 
PASI 100 responses at week 24; response rates 
were sustained through week 52. Improvement 
in dactylitis and enthesitis was not observed, 
and results for other outcomes were mixed 
among patients receiving different doses of 
tildrakizumab.

 ► Tildrakizumab was generally well tolerated with 
no reports of uveitis, systemic fungal infections, 
inflammatory bowel disease, major adverse 
cardiac events or deaths through week 52.

How might this impact on clinical practice or 
future developments?

 ► These findings support the efficacy and safety 
of tildrakizumab in patients with PsA and the 
planned dosing schedules in the ongoing phase 
III clinical programme.
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potential joint damage from PsA can impose considerable 
economic burden.5 There is an unmet need for therapies 
that address all clinical manifestations of PsA and improve 
patient QoL.

Treatments for PsA include non- pharmacological thera-
pies, non- steroidal anti- inflammatory drugs, conventional 
systemic disease modifying antirheumatic drugs (csDMARDs; 
including methotrexate, sulfasalazine and leflunomide), biolog-
ical DMARDs (bDMARDs) and targeted synthetic DMARDs 
(including Janus- associated kinase and phosphodiesterase inhib-
itors).7–9 Treatment guidelines recommend csDMARDs before 
other therapies,8 bDMARDs targeting tumour necrosis factor α 
(TNFα) before csDMARDs,9 or either approach.7

Interleukin (IL)-23 is a key regulatory cytokine in PsA patho-
genesis.10 11 Targeting the IL-23/IL-12 p40 subunit with usteki-
numab was effective and generally well tolerated in PsA clinical 
trials.12 13 The anti- IL- 23p19 subunit antibody guselkumab, 
which targets IL-23 alone, was also effective and is approved in 
the USA for treatment of signs and symptoms of PsA.14–17 Neither 
agent provided incremental improvement over TNFα inhibitors. 
Tildrakizumab, a high- affinity anti- IL- 23p19 monoclonal anti-
body, is approved in the USA, Europe, Australia and Japan for 
treatment of plaque psoriasis.18–24 This phase IIb study evaluated 
tildrakizumab efficacy and safety in patients with PsA at week 24 
and through week 52 ( clinicaltrials. gov NCT02980692).

METHODS
Study design
This phase IIb, randomised, double- blind, multidose, placebo- 
controlled, multicentre study was conducted at 74 sites 
(including hospital dermatology units, specialty clinics, private 
practices and research sites) in 8 countries. All patients provided 
written informed consent. In part 1 (weeks 0–24), patients were 
randomised 1:1:1:1:1 to receive subcutaneous tildrakizumab 
200 mg every 4 weeks (Q4W); tildrakizumab 200, 100 or 20 

mg every 12 weeks (Q12W) or placebo Q4W (online supple-
mental figure S1). At week 24, patients receiving tildrakizumab 
20 mg or placebo switched to tildrakizumab 200 mg Q12W. 
All treatments continued in part 2 (weeks 25–52, double- blind 
follow- up), followed by a 20- week washout period (to week 
72) or rollover to the long- term extension ( clinicaltrials. gov 
NCT03552276). This publication reports efficacy and safety 
outcomes for patients on treatment (through week 52).

All patients received study drug or placebo Q4W to maintain 
the blind through week 52; placebo was administered between 
tildrakizumab doses for patients receiving Q12W dosing. 
Randomised patients were stratified by prior anti- TNFα therapy 
use (yes/no; prior anti- TNFα use capped at 30% of total patients) 
and baseline body weight (≤90 kg/>90 kg). Randomisation was 
computer generated before the study; patients were allocated 
to treatment arms using an interactive voice recognition service 
(ICON Clinical Research, Dublin, Ireland). Patients without 
minimal response to treatment (<10% improvement from base-
line swollen joint count in 66 joints (SJC66) and tender joint 
count in 68 joints (TJC68)) at week 16 could adjust background 
medications per maximum permitted dosing.

Patients
Eligible patients were ≥18 years old, with a diagnosis of PsA by 
the Classification Criteria for Psoriatic Arthritis for ≥6 months25 
and had TJC68 ≥3 and SJC66 ≥3 according to an independent 
assessor. Allowed and prohibited medications are described in 
online supplemental methods.

Efficacy assessments
The primary efficacy endpoint was proportion of patients 
with an ACR20 response (≥20% improvement by Amer-
ican College of Rheumatology criteria) at week 24. 
Prespecified secondary endpoints included proportions 

Figure 1 Patient status to week 52. PBO, placebo; Q4W, every 4 weeks; Q12W, every 12 weeks; W, week.
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of patients achieving ACR20 at week 52 and ACR50, 
ACR70, Disease Activity Score in 28 joints with C reactive 
protein (DAS28- CRP) <3.2 and minimal disease activity 
(MDA) at weeks 24 and 52 or requiring background medi-
cation adjustment at week 24; and change from baseline 
in individual ACR components, Leeds Dactylitis Index 
(LDI; in patients with baseline LDI ≥1), Leeds Enthesitis 
Index (LEI; in patients with baseline LEI ≥1) and Health 
Assessment Questionnaire- Disability Index (HAQ- DI) at 
weeks 24 and 52. Patients achieved MDA if they met 5 
of 7 criteria—TJC68 ≤1, SJC66 ≤1, Psoriasis Area and 
Severity Index (PASI) ≤1 or body surface area (BSA) ≤3%, 
patient pain visual analogue scale (VAS) ≤15, patient 
global disease activity VAS ≤20, HAQ- DI ≤0.5 and tender 
entheseal points ≤1. Proportions of patients achieving 
75%/90%/100% improvement from baseline PASI (PASI 

75/90/100) for patients with measurable psoriasis (baseline 
affected BSA ≥3%) and PsA Impact of Disease (PsAID)26 
change from baseline at weeks 24 and 52 were exploratory 
efficacy endpoints. Post hoc analyses (online supplemental 
methods) included proportions of patients achieving very 
low disease activity (VLDA), Psoriatic Arthritis Disease 
Activity Score (PASDAS) <3.2, Disease Activity in Psoriatic 
Arthritis (DAPSA) remission (score 0–4), complete LDI/LEI 
resolution and minimum clinically important difference 
(MCID) change from baseline HAQ- DI (≥0.35) and PsAID 
(≥3) at weeks 24 and 52; DAPSA/PASDAS change from 
baseline; and median LDI/LEI.27 The TJC, SJC, LDI/LEI 
and PASI assessments were performed by an independent 
assessor. Other assessment details are summarised in online 
supplemental methods.

Table 1 Demographics and baseline clinical disease characteristics

TIL 200 mg
Q4W (n=78)

TIL 200 mg
Q12W (n=79)

TIL 100 mg
Q12W (n=77)

TIL 20→200 mg
Q12W (n=78)

PBO Q4W→TIL 200 
mg
Q12W (n=79)

Demographics

Age, years 50.1±13.3 49.3±11.2 49.2±11.9 47.2±13.4 48.1±13.3

Female, n (%) 46 (59.0) 37 (46.8) 47 (61.0) 41 (52.6) 44 (55.7)

Race, n (%)

  White 76 (97.4) 78 (98.7) 75 (97.4) 75 (96.2) 74 (93.7)

  Black or African American 0 0 1 (1.3) 1 (1.3) 3 (3.8)

  Other 2 (2.6) 1 (1.3) 1 (1.3) 2 (2.6) 2 (2.5)

Weight, kg 85.1±19.7 87.2±19.5 83.7±18.9 85.2±18.1 85.3±20.2

BMI, kg/m2 30.1±6.5 30.2±6.5 29.5±6.8 29.4±5.2 29.5±6.0

Baseline disease characteristics

Duration of PsA, years 7.5±8.5 6.2±7.2 7.0±6.6 6.6±6.7 6.3±6.1

Prior anti- TNFα therapy, n (%)* 18 (22.8) 17 (21.8) 19 (23.8) 19 (24.4) 18 (23.7)

Concomitant antirheumatic medications, n (%)

  Methotrexate† 44 (56.4) 47 (59.5) 49 (63.6) 42 (53.8) 47 (59.5)

   Dose, mg 16.5±5.3 15.0±3.8 14.3±4.8 16.7±5.5 16.9±5.0

  Leflunomide 2 (2.6) 3 (3.8) 2 (2.6) 5 (6.4) 3 (3.8)

  Leflunomide+prednisone/prednisolone 0 0 0 0 1 (1.3)

  Sulfasalazine 0 0 1 (1.3) 0 0

  Prednisolone 0 1 (1.3) 0 1 (1.3) 0

  Sulfasalazine+leflunomide 0 1 (1.3) 0 0 0

Swollen joint count 10.4±7.4 10.0±8.0 11.0±8.2 9.4±6.4 11.8±9.8

Tender joint count 16.6±11.9 19.5±13.9 21.3±14.8 19.0±13.0 19.7±14.7

PtGA 57.8±18.3 61.1±20.7 60.3±20.2 61.9±17.4 65.2±18.1

PGA 54.0±16.1 55.4±16.2 57.3±17.3 59.4±14.4 59.5±15.6

Patient pain assessment 55.4±19.1 59.6±23.5 59.2±22.1 60.9±19.7 64.2±20.4

HAQ- DI score 1.0±0.6 1.0±0.6 1.0±0.7 1.1±0.6 1.2±0.6

hsCRP, mg/dL 7.8±18.6 10.5±14.4 10.6±20.0 10.7±14.0 13.0±20.8

DAS28- CRP <3.2, n (%) 6 (7.7) 6 (7.6) 4 (5.2) 1 (1.3) 6 (7.6)

DAPSA 39.2±20.2 42.6±22.1 45.3±22.4 41.8±17.8 45.7±23.5

PASDAS 5.2±0.86 5.2±0.78 5.3±0.89 5.3±0.85 5.4±0.89

LEI‡ 3.1±1.7 2.8±1.7 3.2±1.8 3.1±1.7 2.8±1.8

LDI‡ 32.8±32.9 61.3±73.5 93.8±146.5 71.4±118.5 99.6±170.7

BSA, (%)§ 11.9±16.0 9.0±12.4 13.1±16.0 10.4±14.1 8.2±12.2

BSA ≥3%, n (%)§ 53 (67.9) 44 (55.7) 55 (71.4) 41 (52.6) 42 (53.2)

PASI¶ 7.6±9.8 6.2±7.4 8.8±9.5 6.6±7.0 5.0±6.5

PsAID score 5.1±1.8 5.3±2.1 5.5±2.1 5.6±1.9 5.7±1.6

Shown for randomised patients who received ≥1 dose of study drug; data shown as mean±SD unless otherwise noted.
*For prior anti- TNFα therapy, total patients analysed (N)=79, 78, 80, 78 and 76 for TIL 200 mg Q4W, TIL 200 mg Q12W, TIL 100 mg, TIL 20 mg and PBO, respectively.
†Patients receiving weekly oral methotrexate at baseline. No patients received concomitant methotrexate in combination with prednisone or prednisolone.
‡For patients with baseline scores ≥1; N=48, 43, 51, 55 and 43 for LEI; N=27, 21, 21, 19 and 25 for LDI.
§Body surface area with psoriasis lesions; BSA ≥3% indicates active psoriasis.
¶For analysis of baseline PASI, all patients were analysed, regardless of % BSA involved; N=75, 79, 76, 75 and 75 for TIL 200 mg Q4W, TIL 200 mg Q12W, TIL 100 mg, TIL 20 mg and PBO.
BMI, body mass index; BSA, body surface area; DAS28- CRP, Disease Activity Score in 28 joints with C reactive protein; HAQ- DI, Health Assessment Questionnaire- Disability Index; hsCRP, high sensitivity C reactive protein; 
LDI, Leeds Dactylitis Index; LEI, Leeds Enthesitis Index; PASI, Psoriasis Area and Severity Index; PBO, placebo; PGA, physician global assessment of disease activity; PsA, psoriatic arthritis; PsAID, PsA impact of disease; 
PtGA, patient global assessment of disease activity; Q4W, every 4 weeks; Q12W, every 12 weeks; TIL, tildrakizumab; TNF, tumour necrosis factor.

https://dx.doi.org/10.1136/annrheumdis-2020-219014
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Safety assessments
Safety endpoints included treatment- emergent adverse 
events (TEAEs), serious TEAEs and TEAEs of special and 
clinical interest. TEAEs were coded by Medical Dictionary 
of Regulatory Activities V.20.1 and defined as any AE occur-
ring or worsening on/after the day of first dose of study drug 
up to week 52 or on/before last dosing date if the patient 
discontinued treatment. TEAEs of special interest were 

severe infection, malignancy (including non- melanoma and 
melanoma skin cancer), confirmed major adverse cardiovas-
cular event (MACE) or drug- related hypersensitivity reac-
tion (details in online supplemental methods). TEAEs of 
clinical interest included any non- serious TEAE considered 
of special interest and reported to the sponsor similarly to 
a serious TEAE (details in online supplemental methods). 
Routine laboratory investigations and physical examinations 
were performed, and vital signs were monitored at screening 
and throughout the study. To ensure patient safety, an inde-
pendent data safety monitoring board routinely reviewed 
data and provided the sponsor with recommendations.

Statistical analyses
The number of patients enrolled was based on assumed ACR20 
response rates of 30%, 35% and 50% for placebo, tildrakizumab 
20 mg, and higher doses of tildrakizumab, respectively; a one- 
sided alpha=0.05; 80.7% power and a 5% dropout rate. All 
analyses were performed using SAS V.9.4 or later.28 Efficacy and 
safety analyses included all randomised patients who received 
≥1 dose of study drug or placebo (full analysis set). Statis-
tical comparison of ACR20/50/70, PASI 75/90/100 and MDA 
response rates between tildrakizumab arms versus placebo used 
the Cochran- Mantel- Haenszel test, stratified by prior anti- TNFα 
therapy use and baseline body weight. Two- sided 95% CIs and 
p values were calculated for each tildrakizumab treatment arm 
versus placebo. Non- response imputation (NRI) was used for 
patients who withdrew from the study or had incomplete data 
at week 52 unless otherwise specified. Patients who required 
adjustments to background medications were counted as non- 
responders for the primary analysis. Continuous endpoints were 
analysed by mixed- model repeated measure analysis with fixed 
effects of treatment, visit, treatment by visit interaction, prior 
anti- TNFα therapy use (yes/no), baseline bodyweight (≤90 
kg/>90 kg) and baseline value; missing data were imputed using 
NRI. For the primary endpoint of ACR20 response at week 24, 
Type I error was controlled using the Simes testing procedure 
(online supplemental methods); there was no multiplicity adjust-
ment for secondary endpoints. No formal hypothesis testing was 
performed for post hoc analyses.

Patient and public involvement
Patients and the public were not involved in study design, 
recruitment or dissemination of results, and patients were not 
asked to assess the burden of study participation.

RESULTS
Patients
From 19 April 2017, to 25 April 2018, 500 patients were 
screened, of whom 391 were randomised to tildrakizumab 
200 mg Q4W (n=78), tildrakizumab 200 mg Q12W (n=79), 
tildrakizumab 100 mg Q12W (n=77), tildrakizumab 20→200 
mg Q12W (n=78) and placebo Q4W→tildrakizumab 200 
mg Q12W (n=79) (figure 1). Overall, 331 (84.7%) patients 
completed part 1 and 315 (80.6%) completed part 2. By week 
52, 76 (19.4%) patients discontinued, most commonly due to 
lack of efficacy (9.5%) or withdrawn consent (3.3%). The last 
follow- up was on 5 October 2019.

Demographics were comparable between treatment arms 
(table 1). Of patients analysed, 91 (23.3%) were anti- TNFα 
therapy- experienced. Across treatment arms, mean duration 
of PsA was 6–7.5 years, 53%–71% of patients had moderate- 
to- severe psoriasis (BSA ≥3%) and >60% of patients were 

Figure 2 Response rates for (A) ACR20, (B) ACR50 and (C) ACR70 
through week 52. Supporting values shown in online supplemental 
table S3. Missing responses were imputed as non- responses. Shown for 
randomised patients who received ≥1 dose of study drug. TIL 200 mg 
Q4W, n=78; TIL 200 mg Q12W, n=79; TIL 100 mg Q12W, n=77; TIL 20 
mg Q12W→200 mg Q12W, n=78; PBO Q4W→TIL 200 mg Q12W, n=79. 
*p<0.05; †p<0.001; ‡p<0.0001 versus PBO; not adjusted for multiplicity, 
except ACR20 at week 24. P values were not analysed beyond week 24. 
ACR, American College of Rheumatology; PBO, placebo; Q4W, every 4 
weeks; Q12W, every 12 weeks; TIL, tildrakizumab.

https://dx.doi.org/10.1136/annrheumdis-2020-219014
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receiving csDMARDs with or without corticosteroids at base-
line (table 1). Baseline TJC68, patient global assessment (PtGA), 
physician global assessment (PGA) and patient pain assessment 
were lower among patients receiving tildrakizumab 200 mg 
Q4W versus other treatments. Less than half of patients had 
measurable dactylitis at baseline, and baseline LDI was higher 
among patients receiving tildrakizumab 100 mg Q12W and 
placebo Q4W→tildrakizumab 200 mg Q12W, and lower among 
patients receiving tildrakizumab 200 mg Q4W, compared with 
other treatments.

Efficacy
At week 24, a significantly higher proportion of patients 
receiving any dose of tildrakizumab achieved ACR20 (71.4%–
79.5%) relative to placebo- treated patients (50.6%) (figure 2A, 
table 2, all p≤0.0125), with more responders to tildrakizumab 

200 mg Q4W and 100 mg Q12W by week 8—after one dose of 
study medication.

The secondary endpoints, subgroup analyses and explor-
atory efficacy endpoints were not multiplicity controlled; 
nominal p values are provided for information only. At 
week 24, patients receiving tildrakizumab 200 mg (Q4W 
or Q12W) achieved higher rates of ACR50/70, DAS28- CRP 
<3.2 and MDA and greater improvement in PtGA, PGA, 
patient pain assessment and high- sensitivity CRP (hsCRP) 
level relative to placebo- treated patients (nominal p<0.05; 
table 2; figure 2B,C; figure 3A,B; proportions of patients 
with ≥20% improvement in ACR components over time 
online supplemental figure S2; change in patient pain assess-
ment over time online supplemental figure S3). Improvement 
in SJC66 was greater for patients receiving tildrakizumab 
200 mg Q4W but not Q12W, and improvements in TJC68 

Table 2 Efficacy outcomes at week 24
TIL 200 mg
Q4W (n=78)

TIL 200 mg
Q12W (n=79)

TIL 100 mg
Q12W (n=77)

TIL 20 mg
Q12W (n=78)

PBO
Q4W (n=79)

Primary efficacy endpoint

ACR20 79.5±4.6 (0.0001)* 77.2±4.7 (0.0006)* 71.4±5.2 (0.0088)* 73.1±5.0 (0.0041)* 50.6±5.6

Secondary efficacy endpoints and related analyses

  ACR50 52.6±5.7 (0.0002) 50.6±5.6 (0.0006) 45.5±5.7 (0.0059) 39.7±5.5 (0.0364) 24.1±4.8

  ACR70 28.2±5.1 (0.0040) 29.1±5.1 (0.0033) 22.1±4.7 (0.0550) 16.7±4.2 (0.2495) 10.1±3.4

ACR components

  TJC68, LSM CFB±SE −10.8±1.1 (0.1704) −11.8±1.1 (0.0448) −12.4±1.1 (0.0174) −10.7±1.1 (0.2037) −8.8±1.1

  SJC66, LSM CFB±SE −7.6±0.56 (0.0476) −7.2±0.56 (0.1149) −7.9±0.57 (0.0153) −6.8±0.56 (0.2916) −6.0±0.56

  PtGA, LSM CFB±SE –31.3±2.3 (0.0005) –30.9±2.3 (0.0007) –31.1±2.4 (0.0006) –26.9±2.3 (0.0321) –20.0±2.3

  PGA, LSM CFB±SE –32.7±2.1 (0.0002) –36.2±2.0 (<0.0001) –35.4±2.1 (<0.0001) –32.5±2.1 (0.0002) –21.9±2.1

  Patient pain assessment, LSM CFB±SE −31.7±2.7 (0.0029) −30.4±2.6 (0.0080) −30.3±2.7 (0.0091) −25.7±2.7 (0.1672) −20.6±2.6

  HAQ- DI, LSM CFB±SE –0.3±0.05 (0.1829) –0.3±0.05 (0.0420) –0.3±0.05 (0.0467) –0.2±0.05 (0.7267) –0.2±0.05

   Improvement ≥0.35†‡ 5.9±2.9 5.9±2.9 1.7±1.7 7.4±3.2 5.6±2.7

  hsCRP, mg/L, LSM CFB±SE§ −4.4±1.1 (0.0003) −2.8±1.0 (0.0098) −3.6±1.0 (0.0019) −2.4±1.1 (0.0245) 0.79±1.0

  DAS28- CRP <3.2 59.0±5.6 (0.0003) 64.6±5.4 (<0.0001) 58.4±5.6 (0.0005) 53.9±5.6 (0.0034) 30.4±5.2

  MDA 33.3±5.3 (<0.0001) 34.2±5.3 (<0.0001) 28.6±5.2 (0.0004) 19.2±4.5 (0.0172) 6.3±2.7

   Tender joint count ≤1 30.8±5.2 (0.0107) 30.4±5.2 (0.0152) 18.2±4.4 (0.4556) 20.5±4.6 (0.2939) 13.9±3.9

   Swollen joint count ≤1 53.9±5.6 (0.0006) 55.7±5.6 (0.0002) 57.1±5.6 (0.0002) 50.0±5.7 (0.0030) 26.6±5.0

   VLDA† 15.4±4.1 16.5±4.2 6.5±2.8 6.4±2.8 1.3±1.3

  LDI, LSM CFB±SE¶ −46.7±6.5 (0.1983) −45.4±7.3 (0.1750) −45.2±7.2 (0.1692) −45.6±7.7 (0.1950) −58.5±6.8

   LDI, median (Q1, Q3)†, ¶ 16.6 (3.1, 28.6) 21.5 (0, 28.3) 19.4 (6.0, 32.1) 10.5 (0.03, 33.8) 3.6 (0, 26.3)

  LEI, LSM CFB±SE** −1.8±0.23 (0.1196) −1.6±0.25 (0.3496) −1.8±0.23 (0.1541) −1.6±0.22 (0.4778) −1.3±0.25

   LEI, median (Q1, Q3)†, ** 0 (0, 2.0) 0 (0, 2.0) 1.0 (0, 2.0) 1.0 (0, 3.0) 1.0 (0, 2.0)

   LDI/LEI=0†, †† – 11.1±10.5 14.3±9.4 12.5±8.3 17.7±9.3

  Background medication adjustment required, n (%) 1 (1.3) 0 0 0 1 (1.3)

Other exploratory and post hoc analyses

  DAPSA, LSM CFB±SE† –25.1±1.8 –25.5±1.8 –27.0±1.8 –23.1±1.8 –19.3±1.8

  PASDAS, LSM CFB±SE† –1.5±0.1 –1.5±0.1 –1.5±0.1 –1.4±0.1 –1.0±0.1

  PsAID, LSM CFB±SE –2.1±0.2 (0.0048) –2.3±0.2 (0.0002) –2.2±0.2 (0.0010) –2.0±0.2 (0.0131) –1.3±0.2

   Decrease by ≥3† 30.8±5.2 31.7±5.2 32.5±5.3 37.2±5.5 29.1±5.1

Data are shown as response rate (%)±SE unless otherwise noted; numbers in parentheses indicate p values unless otherwise noted. Missing responses were imputed as non- responses.
Some post hoc analyses are grouped with the related secondary endpoint for ease of reading.
*Statistically significant. P values for other comparisons are not multiplicity- controlled and are presented for informational purposes only.
†Post hoc analysis; no formal hypothesis testing was performed.
‡Improvement in HAQ- DI scores was assessed in patients with baseline HAQ- DI score ≥0.35; tildrakizumab 200 mg Q4W, n=68; tildrakizumab 200 mg Q12W, n=68; tildrakizumab 100 mg Q12W, n=58; tildrakizumab 
20 mg Q12W, n=68; placebo Q4W, n=72.
§hsCRP change from baseline reported for tildrakizumab 200 mg Q4W, n=71; tildrakizumab 200 mg Q12W, n=76; tildrakizumab 100 mg Q12W, n=73; tildrakizumab 20 mg Q12W, n=71; placebo Q4W, n=74.
¶LDI change from baseline is reported in patients with baseline LDI ≥1; tildrakizumab 200 mg Q4W, n=27; tildrakizumab 200 mg Q12W, n=21; tildrakizumab 100 mg Q12W, n=21; tildrakizumab 20 mg Q12W, n=19; 
placebo Q4W, n=25.
**LEI change from baseline is reported in patients with baseline LEI ≥1; tildrakizumab 200 mg Q4W, n=48; tildrakizumab 200 mg Q12W, n=43; tildrakizumab 100 mg Q12W, n=51; tildrakizumab 20 mg Q12W, n=55; 
placebo Q4W, n=43.
††Complete resolution for both LDI and LEI is reported in patients with both LDI and LEI ≥1 at baseline; tildrakizumab 200 mg Q4W, n=0; tildrakizumab 200 mg Q12W, n=9; tildrakizumab 100 mg Q12W, n=14; 
tildrakizumab 20 mg Q12W, n=16; placebo Q4W, n=17.
ACR, American College of Rheumatology response criteria; DAPSA, disease activity in psoriatic arthritis; DAS28- CRP, Disease Activity Score in 28 joints with C reactive protein; HAQ- DI, Health Assessment Questionnaire- 
Disability Index; LDI, Leeds Dactylitis Index; LEI, Leeds Enthesitis Index; LSM, least squares mean; MDA, minimal disease activity; PASDAS, psoriatic arthritis disease activity score; PBO, placebo; PGA, physician’s global 
assessment; PsAID, psoriatic arthritis impact of disease; PtGA, patient’s general assessment; Q1, 25th percentile; Q3, 75th percentile; Q4W, every 4 weeks; Q12W, every 12 weeks; SJC66, swollen joint count in 66 joints; 
TIL, tildrakizumab; TJC68, tender joint count in 68 joints; VLDA, very low disease activity.
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and HAQ- DI were greater for patients receiving tildraki-
zumab 200 mg Q12W but not Q4W, relative to placebo- 
treated patients (nominal p<0.05). Patients receiving 
tildrakizumab 100 mg Q12W versus placebo achieved higher 
rates or greater improvement in the same outcomes except 
ACR70; patients receiving tildrakizumab 20 mg Q12W 
achieved higher rates of ACR50, DAS28- CRP <3.2 and 
MDA and greater improvement in PtGA, PGA and hsCRP 
level, but not other measures, relative to placebo- treated 
patients (nominal p<0.05). Responses were maintained 
through week 52, and patients who switched from placebo 
or tildrakizumab 20 mg to tildrakizumab 200 mg Q12W 
at week 24 had similar responses as patients treated from 
baseline (figures 2–3, online supplemental table S1, online 
supplemental figure S3). Improvement in LDI and LEI at 
week 24 was not observed following any dose of tildraki-
zumab versus placebo (table 2, online supplemental figure 
S4). Only two patients required adjustment of background 
medication (table 2).

Subgroup analysis by prior anti- TNFα therapy experi-
ence was performed for ACR20/50/70 response rates. Week 
24 response rates were numerically lower in anti- TNFα-
experienced versus anti- TNFα-naïve patients within each 
treatment arm, but the ACR20/50/70 treatment response 
pattern was generally similar regardless of prior anti- TNFα 
therapy (online supplemental figure S5). ACR20 response 
rates by country are shown in online supplemental table S2; 
lower proportions of patients receiving tildrakizumab 200 
mg or placebo achieved ACR20 response in the USA and 
Spain relative to other countries.

In exploratory and post hoc analyses, greater proportions 
of patients with measurable psoriasis at baseline (BSA ≥3%) 
achieved PASI 75/90/100 at week 24 following treatment 
with tildrakizumab (any dose) versus placebo, with sustained 
response through week 52 (figure 4). Impact of PsA on 
patients’ lives, assessed via PsAID, decreased for patients 
receiving tildrakizumab (all doses) versus placebo (table 2); 
improvement was sustained through week 52 (online supple-
mental table S1). The proportion of patients with VLDA was 
numerically greater for tildrakizumab 200 mg Q4W and 
Q12W versus placebo by week 24 (figure 3C, table 2); no 
hypothesis testing was performed. Tildrakizumab treatment 
did not increase combined LDI/LEI resolution (table 2) rela-
tive to placebo at week 24. At week 52, ≥50% of patients 
with baseline LEI ≥1 had LEI resolution (online supplemental 
table S1). DAPSA and PASDAS scores numerically decreased 
and proportions of patients achieving DAPSA remission and 
PASDAS <3.2 were numerically larger following treatment 
with tildrakizumab versus placebo at week 24 and through 
week 52 (table 2, figure 5, online supplemental table S1); no 
hypothesis testing was performed. Proportions of patients 
achieving MCID from baseline HAQ- DI and PsAID at week 
24 appeared similar among treatment arms (table 2).

Safety
There were no deaths through study week 52. Of 391 patients 
analysed, 1 (0.3%) patient discontinued due to a TEAE (hyper-
tension, tildrakizumab 200 mg Q12W). Across all treatment 
arms, 252 (64.5%) patients had a TEAE, most frequently 
nasopharyngitis (8.4%) and upper respiratory tract infection 
(6.4%) (table 3). Two (0.5%) patients had a fungal skin infec-
tion (candida, both tildrakizumab 200 mg Q4W). Most TEAEs, 
including infections, were mild and comparable among treatment 

arms. During weeks 25–52, one patient (0.3%) was diagnosed 
with malignancy (intraductal proliferative breast lesion, tildraki-
zumab 20→200 mg Q12W).

Serious TEAEs were observed in nine (3.3%) patients. One 
serious infection (chronic tonsillitis) was reported during the 
first 24 weeks (tildrakizumab 20 mg Q12W). One case each 

Figure 3 MDA responders (A) over time, (B) responders for each MDA 
subcomponent at week 24 and (C) VLDA responders by treatment and 
time point. Supporting values shown in online supplemental table S4. 
Shown for randomised patients who received ≥1 dose of study drug. 
Error bars represent 95% CI. Missing responses were imputed as non- 
responses. Proportion of responders shown as % in (B). TIL 200 mg 
Q4W, n=78; TIL 200 mg Q12W, n=79; TIL 100 mg Q12W, n=77; TIL 20 
mg Q12W→200 mg Q12W, n=78; PBO Q4W→TIL 200 mg Q12W, n=79 
except for tender entheseal points ≤1 in (B) (TIL 200 mg Q4W, n=76; TIL 
100 mg Q12W, n=76; PBO Q4W→TIL 200 mg Q12W, n=78).*p<0.05; 
†p<0.001; ‡p<0.0001 versus PBO; not adjusted for multiplicity. P values 
were not analysed beyond week 24. BSA, body surface area; HAQ- DI, 
Health Assessment Questionnaire- Disability Index; MDA, Minimum 
Disease Activity; PASI, Psoriasis Area and Severity Index; PBO, placebo; 
PtGA, patients global assessment; Q4W, every 4 weeks; Q12W, every 12 
weeks; TIL, tildrakizumab; VAS, visual analogue scale; VLDA, very low 
disease activity.
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of pyelonephritis and urinary tract infection were reported as 
TEAEs of special interest in the same patient (tildrakizumab 100 
mg Q12W) (table 3). There were no reports of systemic candi-
diasis, uveitis, inflammatory bowel disease, MACE, suicidality 
or deaths, and no changes in laboratory parameters considered 
serious TEAEs, from baseline through week 24 or week 25 
through 52.

DISCUSSION
Significantly greater proportions of patients receiving all tildraki-
zumab doses versus placebo achieved the primary endpoint 
of ACR20 at week 24. Among patients with prior anti- TNFα 
therapy, ACR20/50/70 treatment difference versus placebo was 
not apparent for all tildrakizumab dose arms, although there 
were relatively few such patients (n=17–19 per treatment arm). 
At week 24, PASI 75, 90 and 100 response rates were higher 
following treatment with all tildrakizumab doses versus placebo.

Definitive comparisons between the present results and other 
clinical studies cannot be made due to differences in trial design, 
study population and placebo response rates. However, propor-
tions of ACR20/50/70 responders among patients receiving 
tildrakizumab 200 mg (Q4W and Q12W) were also numeri-
cally higher compared with previous trials of biologicals for PsA 
treatment.12–16 29–33 PASI 75/90/100 response rates were consis-
tent with those reported in previous trials for tildrakizumab in 
psoriasis.22

MDA responses assess efficacy across the spectrum of PsA 
manifestations and are strongly associated with significant 
improvements in health- related QoL and productivity, making 
MDA an increasingly important treatment target in randomised 
PsA trials.34 In this study, significantly more patients receiving 
tildrakizumab versus placebo achieved MDA by week 24. 
PASDAS and DAPSA—additional established composite indices 
for measuring PsA disease activity27 35 36—were added as post 
hoc efficacy measures based on increasing recognition of their 

Figure 4 Response rates for (A) PASI 75, (B) PASI 90 and (C) PASI 100 
through week 52 across treatment and time point. Supporting values 
shown in online supplemental table S6. Response rates were calculated 
in randomised patients who received ≥1 dose of study drug with BSA 
≥3% at baseline. Error bars represent 95% CI. Missing responses were 
imputed as non- responses. TIL 200 mg Q4W, n=53; TIL 200 mg Q12W, 
n=44; TIL 100 mg Q12W, n=55; TIL 20 mg Q12W→200 mg Q12W, 
n=41; PBO Q4W→TIL 200 mg Q12W, n=42. P values are based on 
Cochran- Mantel- Haenszel test (with prior anti- TNF use and baseline 
weight as stratification factors). *p<0.05; †p<0.001; ‡p<0.0001 versus 
PBO; not adjusted for multiplicity. P values were not analysed beyond 
week 24. BSA, body surface area; PASI, Psoriasis Area and Severity 
Index; PBO, placebo; Q4W, every 4 weeks; Q12W, every 12 weeks; TIL, 
tildrakizumab; TNF, tumour necrosis factor.

Figure 5 Proportion of patients in remission based on (A) DAPSA, 
proportion of patients with PASDAS <3.2 (B), and change from 
baseline DAPSA (C) and PASDAS (D). Supporting values shown in 
online supplemental table S5. Missing responses were imputed as non- 
responses. DAPSA remission was defined as a score between 0 and 4. 
TIL 200 mg Q4W, n=78; TIL 200 mg Q12W, n=79; TIL 100 mg Q12W, 
n=77; TIL 20 mg Q12W→200 mg Q12W, n=78; PBO Q4W→TIL 200 mg 
Q12W, n=79. P values not analysed. DAPSA, Disease Activity in Psoriatic 
Arthritis; LS, least squares; PASDAS, Psoriatic Arthritis Disease Activity 
Score; PBO, placebo; Q4W, every 4 weeks; Q12W, every 12 weeks; TIL, 
tildrakizumab.
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utility. Although statistical significance was not assessed for 
post hoc analyses, proportions of tildrakizumab- treated patients 
achieving DAPSA remission and PASDAS <3.2 at week 24 were 
higher relative to placebo- treated patients.

Tildrakizumab was generally well tolerated through week 
52. Overall, safety findings were similar to the safety profile in 
phase III trials of tildrakizumab for treatment of plaque psori-
asis (reSURFACE 1 and reSURFACE 2).22 There were no deaths 
or reports of systemic candidiasis, inflammatory bowel disease, 
MACE, or significantly increased liver enzymes through week 
52.

Aberrant activation of the IL-23/IL-17 cytokine system 
is critical in the pathogenesis of PsA.37 IL-23 is thought to 
promote joint degeneration by inducing osteoclastogenesis 
and osteoclast- mediated activation of nuclear factor of acti-
vated T cells that regulate expression of genes facilitating 
pathological bone resorption (eg, matrix metallopeptidase 
9).38 39 The efficacy and safety findings reported here may 
be attributed to selective antagonism of IL-23 by tildraki-
zumab. A plausible mechanism of action of tildrakizumab 
is inhibition of the IL-23- induced kinase signalling system 
resulting in reduced Th17 cell proliferation and downreg-
ulation of the Th17 cell- secreted inflammatory cytokines 
such as IL-17 and IL-22.10 37 39–41 By selectively targeting 
IL- 23p19, tildrakizumab blocks IL-23- mediated signal-
ling10 11 40 without targeting the p40 subunit common to 
both IL-23 and IL-12 (eg, ustekinumab). Tildrakizumab may 
thus circumvent potential adverse effects on cell immunity 
by sparing IL-12 function.22 42 43

Study limitations included high placebo response rates, 
confounding interpretation of results. Due to small numbers 
of patients in each subgroup, post hoc analyses detected no 
meaningful relationship between ACR20 placebo response 
at week 24 and patient baseline characteristics, background 
medication use, or country; however, placebo response 
rates were numerically lower in the USA and Spain relative 
to other countries. Per recent analyses, placebo response 
rates have increased over time in clinical trials across 
several disease states including rheumatoid arthritis, with 
no definitive explanation44–46; speculated causes in the 
rheumatoid arthritis study included expectation bias; ther-
apeutic improvements resulting in a limited pool of eligible 
patients, possibly leading to recruitment during transient 
disease flares; and greater recruitment in resource- poor 
countries.44 Although placebo response was higher than 
expected, treatment difference and, therefore, statistical 
power were preserved. Relatively few patients with dactylitis 
or enthesitis were included, and baseline dactylitis in partic-
ular was not balanced among treatment arms, so the study 
was not powered to detect statistically significant differences 
in related endpoints. This is planned for attention in the 
phase III programme. The study was also not powered to 
differentiate tildrakizumab 100 and 200 mg doses. Mixed 
dose effects were observed. Patients treated with tildraki-
zumab 20 mg Q12W achieved greater improvement rela-
tive to placebo- treated patients for some efficacy measures, 
although response rates and improvement were smaller 
compared with patients receiving higher doses. Among 
patients receiving tildrakizumab 200 mg, Q4W dosing was 
not consistently superior to Q12W dosing. Patients receiving 
tildrakizumab 100 mg had numerically lower rates of ACR 
responses but numerically greater improvement in some 
component measures relative to those treated with tildraki-
zumab 200 mg. These findings were generally consistent 

Th
ro

ug
h 

w
ee

k 
24

Th
ro

ug
h 

w
ee

k 
52

TI
L 

20
0 

m
g

Q
4W

(n
=

78
)

TI
L 

20
0 

m
g

Q
12

W
(n

=
79

)

TI
L 

10
0 

m
g

Q
12

W
(n

=
77

)

TI
L 

20
 m

g
Q

12
W

(n
=

78
)

PB
O

Q
4W

(n
=

79
)

TI
L 

20
0 

m
g

Q
4W

(n
=

78
)

TI
L 

20
0 

m
g

Q
12

W
(n

=
79

)

TI
L 

10
0 

m
g

Q
12

W
(n

=
77

)

TI
L 

20
 m

g
→

20
0 

m
g

Q
12

W
(n

=
78

)

PB
O
→

TI
L 

20
0 

m
g

Q
12

W
(n

=
79

)

AS
T 

in
cr

ea
se

d
0

1 
(1

.3
)

1 
(1

.3
)

0
1 

(1
.3

)
2 

(2
.6

)
1 

(1
.3

)
1 

(1
.3

)
2 

(2
.6

)
5 

(6
.3

)

Bl
oo

d 
pr

es
su

re
 in

cr
ea

se
d

1 
(1

.3
)

0
2 

(2
.6

)
0

0
2 

(2
.6

)
0

4 
(5

.2
)

0
0

G
am

m
a-

 gl
ut

am
yl

 tr
an

sf
er

as
e 

in
cr

ea
se

d
1 

(1
.3

)
1 

(1
.3

)
3 

(3
.9

)
0

1 
(1

.3
)

1 
(1

.3
)

1 
(1

.3
)

4 
(5

.2
)

1 
(1

.3
)

2 
(2

.5
)

Ar
th

ra
lg

ia
2 

(2
.6

)
0

0
3 

(3
.8

)
0

4 
(5

.1
)

0
0

4 
(5

.1
)

0

Ba
ck

 p
ai

n
2 

(2
.6

)
0

2 
(2

.6
)

1 
(1

.3
)

2 
(2

.5
)

4 
(5

.1
)

0
2 

(2
.6

)
1 

(1
.3

)
2 

(2
.5

)

Da
ta

 s
ho

w
n 

ar
e 

n 
(%

) f
or

 ra
nd

om
is

ed
 p

at
ie

nt
s 

w
ho

 re
ce

iv
ed

 ≥
1 

do
se

 o
f s

tu
dy

 d
ru

g.
*A

Es
 o

f s
pe

ci
al

 in
te

re
st

 w
er

e 
m

aj
or

 a
dv

er
se

 c
ar

di
ac

 e
ve

nt
s, 

m
al

ig
na

nc
ie

s 
an

d 
se

ve
re

 in
fe

ct
io

ns
.

AL
T, 

al
an

in
e 

am
in

ot
ra

ns
fe

ra
se

; A
ST

, a
sp

ar
ta

te
 a

m
in

ot
ra

ns
fe

ra
se

; P
BO

, p
la

ce
bo

; Q
4W

, e
ve

ry
 4

 w
ee

ks
; Q

12
W

, e
ve

ry
 1

2 
w

ee
ks

; T
EA

E,
 tr

ea
tm

en
t-

 em
er

ge
nt

 a
dv

er
se

 e
ve

nt
; T

IL
, t

ild
ra

ki
zu

m
ab

.

Ta
bl

e 
3 

Co
nt

in
ue

d



1156 Mease PJ, et al. Ann Rheum Dis 2021;80:1147–1157. doi:10.1136/annrheumdis-2020-219014

Psoriatic arthritis

with the small numbers of patients and the expected tildraki-
zumab dose–response relationship. Optimal dosing of 
tildrakizumab in patients with PsA is planned for investiga-
tion in the phase III programme.

CONCLUSION
These findings demonstrate that treatment with tildraki-
zumab 200 or 100 mg was more effective than placebo for 
rates of ACR20/50, DAS28- CRP, MDA and PASI 75/90/100 
responses as well as improvement in physical function; 
effects were smaller for tildrakizumab 20 mg relative to 
higher doses. Tildrakizumab was well tolerated through 52 
weeks of treatment. These results support tildrakizumab 
phase III clinical development in PsA.
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