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Background Tildrakizumab is a high-affinity, humanised, IgG1 κ antibody targeting interleukin 23 p19 that represents
an evolving treatment strategy in chronic plaque psoriasis. Previous research suggested clinical improvement with
inhibition of interleukin 23 p19. We did two phase 3 trials to investigate whether tildrakizumab is superior to placebo
and etanercept in the treatment of chronic plaque psoriasis.
Methods We did two three-part, parallel group, double-blind, randomised controlled studies, reSURFACE 1 (at
118 sites in Australia, Canada, Japan, the UK, and the USA) and reSURFACE 2 (at 132 sites in Europe, Israel, and the
USA). Participants aged 18 years or older with moderate-to-severe chronic plaque psoriasis (body surface area
involvement ≥10%, Physician’s Global Assessment [PGA] score ≥3, and Psoriasis Area and Severity Index [PASI]
score ≥12) were randomised (via interactive voice and web response system) to tildrakizumab 200 mg, tildrakizumab
100 mg, or placebo in reSURFACE 1 (2:2:1), or to tildrakizumab 200 mg, tildrakizumab 100 mg, placebo, or etanercept
50 mg (2:2:1:2). Randomisation was done by region and stratified for bodyweight (≤90 kg or >90 kg) and previous
exposure to biologics therapy for psoriasis. Investigators, participants, and study personnel were blinded to group
allocation and remained blinded until completion of the studies. Assigned medication was identical in appearance
and packaging. Tildrakizumab was administered subcutaneously at weeks 0 and 4 during part 1 and at week 16
during part 2 (weeks 12 and 16 for participants re-randomised from placebo to tildrakizumab; etanercept was given
twice weekly in part 1 of reSURFACE 2 and once weekly during part 2). The co-primary endpoints were the proportion
of patients achieving PASI 75 and PGA response (score of 0 or 1 with ≥2 grade score reduction from baseline) at
week 12. Safety was assessed in the all-participants-as-treated population, and efficacy in the full-analysis set. These
trials are registered with ClinicalTrials.gov, numbers NCT01722331 (reSURFACE 1) and NCT01729754 (reSURFACE 2).
These studies are completed, but extension studies are ongoing.
Findings reSURFACE 1 ran from Dec 10, 2012, to Oct 28, 2015. reSURFACE 2 ran from Feb 12, 2013, to Sept 28, 2015.
In reSURFACE 1, 772 patients were randomly assigned, 308 to tildrakizumab 200 mg, 309 to tildrakizumab 100 mg,
and 155 to placebo. At week 12, 192 patients (62%) in the 200 mg group and 197 patients (64%) in the 100 mg group
achieved PASI 75, compared with 9 patients (6%) in the placebo group (p<0·0001 for comparisons of both tildrakizumab
groups vs placebo). 182 patients (59%) in the 200 mg group and 179 patients (58%) in the 100 mg group achieved PGA
responses, compared with 11 patients (7%) in the placebo group (p<0·0001 for comparisons of both tildrakizumab
groups vs placebo). In reSURFACE 2, 1090 patients were randomly assigned, 314 to tildrakizumab 200 mg, 307 to
tildrakizumab 100 mg, 156 to placebo, and 313 to etanercept. At week 12, 206 patients (66%) in the 200 mg group, and
188 patients (61%) in the 100 mg group achieved PASI 75, compared with 9 patients (6%) in the placebo group and
151 patients (48%) in the etanercept group (p<0·0001 for comparisons of both tildrakizumab groups vs placebo;
p<0·0001 for 200 mg vs etanercept and p=0·0010 for 100 mg vs etanercept). 186 patients (59%) in the 200 mg group, and
168 patients (55%) in the 100 mg group achieved a PGA response, compared with 7 patients (4%) in the placebo group
and 149 patients (48%) in the etanercept group (p<0·0001 for comparisons of both tildrakizumab groups vs placebo;
p=0·0031 for 200 mg vs etanercept and p=0·0663 for 100 mg vs etanercept). Serious adverse events were similar and low
in all groups in both trials. One patient died in reSURFACE 2, in the tildrakizumab 100 mg group; the patient had
alcoholic cardiomyopathy and steatohepatitis, and adjudication was unable to determine the cause of death.
Interpretation In two phase 3 trials, tildrakizumab 200 mg and 100 mg were efficacious compared with placebo and
etanercept and were well tolerated in the treatment of patients with moderate-to-severe chronic plaque psoriasis.
Funding Merck & Co.

Introduction
Chronic plaque psoriasis is an immune-mediated
disease with a prevalence of around 2% in Europe and
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North America.1 Symptoms include painful, pruritic,
well demarcated, scaly, and erythematous plaques, which
lead to detrimental physical effects and reduced
www.thelancet.com Vol 390 July 15, 2017
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Research in context
Evidence before this study
We searched PubMed with the terms “psoriasis”, “IL-23p19”,
“IL-12/23p40”, “IL-17”, “ustekinumab”, “briakinumab”,
“secukinumab”, “ixekizumab”, “guselkumab”, “tildrakizumab”,
“risankizumab”, “BI 655066”, “etanercept”, and “adalimumab”
for studies published in English on or before Oct 12, 2016, the
date of our final search. Antibodies targeting interleukins 12
and 23 p40 were an efficacious treatment for psoriasis in
several phase 3 studies. However, subsequent research
identified interleukin 23, rather than interleukin 12, as the more
important driver of psoriasis pathogenesis, leading to a focus
on specifically blocking the interleukin 23–interleukin–17
inflammatory pathway. Phase 1 and 2 studies have shown the
potential to treat psoriasis by specifically targeting
interleukin 23 with anti-interleukin 23 p19 antibodies, without
affecting interleukin 12 signalling.
Added value of this study
We report the results of two phase 3 studies of the
anti-interleukin 23 p19 treatment tildrakizumab, reSURFACE 1
and reSURFACE 2. With a combined population of

psychological wellbeing.2,3 Comorbid disorders associated
with psoriasis can limit social interactions, impair school
or work productivity, and lead to suicidality.2,4,5 Thus,
psoriasis can lead to substantial disability and reduced
quality of life.6
T-helper 17 (Th17) cells, the major effector cells present
in psoriatic lesions, stimulate activation and pro
liferation of surrounding keratinocytes and endothelial
cells via production of interleukin 17A and other proinflammatory cytokines.7 The introduction of biological
treatments, initially with anti-tumour necrosis factor α
(TNFα) agents, led to improved outcomes in psoriasis
when compared with previous treatments.8–11 Specific
targeting of interleukins 12 and 23 p40 with ustekinumab
resulted in further improved clinical outcomes.12,13
Subsequent research showed that interleukin 23 is a key
regulatory cytokine in psoriasis that stimulates
differentiation, proliferation, and survival of Th17 cells;
interleukin 12 is not. Specific targeting of the
interleukin 23–interleukin 17 inflammatory pathway
has become an effective therapeutic approach.14,15 Initial
phase 1 and 2 clinical studies16–20 have shown that
targeting interleukin 23 alone via antibodies directed
against the p19 subunit is at least as effective in the
treatment of psoriasis as is inhibition of both
interleukins 12 and 23.
Tildrakizumab is a high affinity, humanised IgG1 κ
monoclonal antibody that targets the p19 subunit of
interleukin 23. We did two large, randomised,
controlled, three-part, phase 3 studies, reSURFACE 1
and reSURFACE 2 to assess the efficacy, safety and
tolerability of tildrakizumab compared with placebo
and etanercept.
www.thelancet.com Vol 390 July 15, 2017

1862 patients with moderate-to-severe psoriasis, these data
provide evidence of efficacy and safety of tildrakizumab in the
largest psoriasis population (so far) treated with
anti-interleukin 23 p19 antibodies.
Implications of all the available evidence
Our results support the therapeutic potential of
anti-interleukin 23 p19 antibodies. No apparent reduction of
efficacy was noted with specific targeting of interleukin 23 and
sparing of interleukin 12, which is consistent with the
hypothesis that interleukin 23–interleukin 17 inflammatory
pathway is critical in pathogenesis of psoriasis. Adverse events,
including malignancy, cardiovascular events, serious infections,
and drug-related hypersensitivity were rare in this large patient
sample over 28 weeks. Open-label extension data showing
multi-year clinical experience in reSURFACE 1 and 2 are
forthcoming. These studies and additional randomised and
observational studies will help to further characterise the
efficacy profile of tildrakizumab and to further investigate
adverse events.

Methods

Study design and participants
Both reSURFACE 1 and reSURFACE 2 were
three-part, double-blind, randomised, placebo-controlled,
parallel-group studies. reSURFACE 1 was done from
Dec 10, 2012, to Oct 28, 2015 at 118 sites (including
hospital dermatology units, specialty clinics, private
practices, and research sites) in Australia, Canada, Japan,
the UK, and the USA. reSURFACE 2 was done from Feb
12, 2013, to Sept 28, 2015, at 132 sites in Austria, Belgium,
Canada, Czech Republic, Denmark, France, Germany,
Hungary, Italy, Israel, Netherlands, Poland, and the USA.
Trial designs are in the appendix.
Eligible participants were aged 18 years or older, had
moderate-to-severe chronic plaque psoriasis (body
surface area involvement ≥10%, Physician’s Global
Assessment [PGA] score ≥3, and Psoriasis Area and
Severity Index [PASI] score ≥12) at baseline, and were
candidates for phototherapy or systemic therapy (a full
list of inclusion criteria is in the appendix). Women could
not be pregnant and those of child-bearing potential had
to practise abstinence or use medically accepted
contraception methods. Exclusion criteria were active or
untreated latent tuberculosis; infection or recurrent
infection requiring antibiotic treatment within 2 weeks
of the study screening; severe infection requiring hospital
admission or intravenous antibiotics within 8 weeks of
the study; live viral or bacterial vaccination within 4 weeks
of the study; positive test for HIV, hepatitis B virus
infection, or hepatitis C virus infection; previous
malignancy (except for patients with successfully treated
basal cell carcinoma, squamous cell carcinoma of the
skin in situ, squamous cell carcinoma with no evidence

See Online for appendix
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reSURFACE 1
977 screened

205 not randomised
1 adverse event
7 lost to follow-up
189 screen failures
8 participants withdrew

772 randomised
Part 1
308 assigned to
tildrakizumab 200 mg

309 assigned to
tildrakizumab 100 mg

10 discontinued
5 adverse events
1 lost to follow-up
1 pregnancy
1 protocol violation
2 withdrawal by
participant

298 completed part 1

155 assigned to placebo*

9 discontinued
1 lack of efficacy
2 lost to follow-up
3 physician decision
3 withdrawal by
participant

9 discontinued
2 lack of efficacy
1 lost to follow-up
1 physician decision
1 progressive disease
1 protocol violation
3 withdrawal by
participant

300 completed part 1

146 completed part 1

Part 2
298 remained on
tildrakizumab 200 mg

299 remained on
tildrakizumab 100 mg

19 discontinued
3 adverse events
3 lack of efficacy
1 drug non-compliance
1 protocol violation
5 withdrawal by
participant
6 other

279 completed part 2

72 randomised to
tildrakizumab 200 mg

31 discontinued
11 lack of efficacy
3 lost to follow-up
1 drug non-compliance
2 physician decision
1 progressive disease
3 withdrawal by
participant
10 other

268 completed part 2

74 randomised to
tildrakizumab 100 mg

10 discontinued
1 adverse events
3 lack of efficacy
1 lost to follow-up
1 pregnancy
2 withdrawal by
participant
2 other

62 completed part 2

7 discontinued
3 lack of efficacy
1 lost to follow-up
2 withdrawal by
participant
1 other

67 completed part 2

Figure 1: reSURFACE 1 trial profile
*One patient did not receive study medication and was excluded from the full analysis set and all-participants-as-treated population.

of recurrence within 5 years, or carcinoma in situ of the
cervix that had been adequately treated); hospital
admission for an acute cardiovascular event, illness, or
surgery within 6 months of the trials; uncontrolled
hypertension (systolic blood pressure of ≥160 mm Hg or
diastolic blood pressure of ≥100 mm Hg at screening);
uncontrolled diabetes; and previous use of tildrakizumab
or other interleukin 23 and 17 pathway inhibitors (p40,
p19, and interleukin 17 antagonists) or etanercept (in
reSURFACE 2). A full list of inclusion criteria is in the
appendix. Local institutional review boards or ethics
panels reviewed and approved the protocols. All
participants provided written informed consent.

Randomisation and masking
In reSURFACE 1, participants were randomly assigned
(2:2:1) to tildrakizumab 200 mg, tildrakizumab 100 mg,
or placebo, then in part 2, those in the placebo group
278

were re-randomised (1:1) to either tildrakizumab 200 or
100 mg. In reSURFACE 2, participants were randomly
assigned (2:2:1:2) to tildrakizumab 200 mg, tildrakizumab
100 mg, placebo, or etanercept 50 mg. In part 2, the
placebo group was re-randomised (1:1) to tildrakizumab
200 mg or 100 mg. In part 3 of both studies, responders
(PASI ≥75) and partial responders (PASI ≥50 and
PASI <75) to tildrakizumab 200 mg and 100 mg were rerandomised at 28 weeks to continue the same treatment,
a different dose of tildrakizumab, or placebo (appendix).
Participants were enrolled by study investigators.
Randomisation was done on day 1. Parexel International,
the contract research organisation, generated computergenerated randomisation sequences, and an interactive
voice-response system and interactive web-response
system was used by Parexel to allocate participants to
groups. Randomised treatment assignments on day 1
were done by region (eg, North America, European Union,
www.thelancet.com Vol 390 July 15, 2017
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reSURFACE 2
1372 screened

282 not randomised
1 adverse event
14 lost to follow-up
234 screen failures
33 participants withdrew

1090 randomised
Part 1
314 assigned to
tildrakizumab 200 mg

307 assigned to
tildrakizumab 100 mg

14 discontinued
2 adverse events
1 lack of efficacy
1 lost to follow-up
1 drug non-compliance
2 protocol violation
5 withdrawal by
participant
2 other

300 completed part 1

156 assigned to placebo

12 discontinued
1 adverse events
2 lost to follow-up
1 pregnancy
1 protocol violation
7 withdrawal by
participant

295 completed part 1

313 assigned to
etanercept

24 discontinued
5 adverse events
3 lost to follow-up
4 physician decision
1 pregnancy
1 progressive disease
6 withdrawal by
participant
4 other

14 discontinued
2 adverse events
2 lack of efficacy
3 lost to follow-up
1 protocol violation
5 withdrawal by
participant
1 other

142 completed part 1

289 completed part 1

Part 2
300 remained on
tildrakizumab 200 mg*

294 remained on
tildrakizumab 100 mg

6 discontinued
2 adverse events
3 withdrawal by
participant
1 other

294 completed part 2

72 randomised to
tildrakizumab 200 mg

5 discontinued
2 lost to follow-up
1 pregnancy
2 withdrawal by
participant

289 completed part 2

3 discontinued
1 lost to follow-up
1 withdrawal by
participant
1 other

69 completed part 2

70 randomised to
tildrakizumab 100 mg*

289 remained on
etanercept

12 discontinued
2 adverse events
2 lack of efficacy
2 lost to follow-up
1 drug non-compliance
1 pregnancy
4 withdrawal by
participant

4 discontinued
1 adverse events
2 lack of efficacy
1 withdrawal by
participant

66 completed part 2

277 completed part 2

Figure 2: reSURFACE 2 trial profile
*In part 2, one patient in each of these groups did not receive study medication and were excluded from the full-analysis set and the all-participants-as-treated population.

and Japan) and stratified for bodyweight (≤90 kg or >90 kg)
and previous exposure to biologics therapy for psoriasis.
In reSURFACE 1, participants in Japan were also stratified
for psoriatic arthritis at baseline. In reSURFACE 2,
participants were also stratified for non-response to at
least one traditional systemic medication (ie, methotrexate,
cyclosporin, or phototherapy). A maximum of 40% of
randomised participants were permitted to have had
previous exposure to biologics. A maximum of 30% of
randomised participants were permitted to have a
diagnosis of psoriatic arthritis at baseline. Rerandomisation assignments at weeks 12 and 28 were done
by region and stratified by bodyweight (≤90 kg or >90 kg).
Investigators, participants, and study personnel were
blinded to group allocation and remained blinded until
completion of the studies. A double-masking technique
was used, in which tildrakizumab and its matching
placebo or etanercept and its matching placebo were were
www.thelancet.com Vol 390 July 15, 2017

identical in appearance and packaging. Additional
placebo doses were administered to maintain masking.
The team doing the analysis was blinded until the
database was locked.

Procedures
Tildrakizumab 200 mg and 100 mg doses given at baseline
and week 4 and subsequently every 12 weeks were
identified for phase 3 assessment after a phase 2b study,17
and an exposure–response model that further analysed
data from the phase 2b study. In reSURFACE 1,
participants were given tildrakizumab 200 mg,
tildrakizumab 100 mg, or placebo subcutaneously at
baseline and week 4. In part 2, tildrakizumab patients
received another dose at week 16; re-randomised placebo
patients received either tildrakizumab 200 or 100 mg at
weeks 12 and 16. In reSURFACE 2, participants received
tildrakizumab 200 mg, tildrakizumab 100 mg, placebo, or
279
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reSURFACE 1

Male

reSURFACE 2

Tildrakizumab
200 mg (n=308)

Tildrakizumab
100 mg (n=309)

Placebo (n=155)

Tildrakizumab
200 mg (n=314)

Tildrakizumab
100 mg (n=307)

Etanercept
(n=313)

226 (73%)

207 (67%)

100 (65%)

225 (72%)

220 (72%)

222 (71%)

Placebo (n=156)
112 (72%)

Age (years)

46·9 (13·2)

46·4 (13·1)

47·9 (13·5)

44·6 (13·6)

44·6 (13·6)

45·8 (14·0)

46·4 (12·2)

Age range (years)

18–76

18–82

19–76

19–80

19–80

19–81

20–76

Race
White

209 (68%)

217 (70%)

101 (65%)

284 (90%)

279 (91%)

289 (92%)

Asian

83 (27%)

70 (23%)

42 (27%)

14 (4%)

9 (3%)

10 (3%)

144 (92%)
3 (2%)

Other

16 (5%)

22 (7%)

12 (8%)

16 (5%)

19 (6%)

14 (4%)

9 (6%)

Weight (kg)

88·87 (24·09)

88·53 (23·87)

87·50 (26·04)

88·35 (21·23)

89·35 (22·12)

87·97 (21·48)

% body surface area

30·9 (17·79)

29·7 (17·44)

29·6 (17·28)

31·8 (17·16)

34·2 (18·44)

31·6 (16·58)

31·3 (14·75)

Psoriasis Area and Severity Index score

20·7 (8·51)

20·0 (7·85)

19·3 (7·07)

19·8 (7·52)

20·5 (7·63)

20·2 (7·36)

20 (7·57)

88·74 (22·73)

Previously treated with biologics

71 (23%)

71 (23%)

35 (23%)

38 (12%)

39 (13%)

37 (12%)

20 (13%)

Dermatology Life Quality Index

13·2 (6·87)

13·9 (6·68)

13·2 (7·25)

13·2 (7·03)

14·8 (7·24)

14·5 (7·20)

13·7 (6·98)

Previous medical conditions
Hypercholesterolaemia

18 (6%)

19 (6%)

9 (6%)

19 (6%)

19 (6%)

18 (6%)

8 (5%)

Hyperlipidaemia

29 (9%)

18 (6%)

10 (6%)

13 (4%)

17 (6%)

18 (6%)

9 (6%)

1 (<1%)

4 (1%)

1 (1%)

1 (<1%)

97 (31%)

85 (28%)

46 (30%)

76 (24%)

Obesity

25 (8%)

15 (5%)

10 (6%)

Type 2 diabetes mellitus

26 (8%)

21 (7%)

15 (10%)

Hypertriglyceridaemia
Hypertension

··

1 (<1%)

1 (1%)

76 (25%)

85 (27%)

41 (26%)

20 (6%)

23 (7%)

22 (7%)

16 (10%)

9 (3%)

9 (3%)

13 (4%)

8 (5%)

Data are n (%) or mean (SD), unless otherwise specified.

Table 1: Baseline Characteristics

etanercept 50 mg (etanercept 50 mg was given twice a
week). In part 2, tildrakizumab patients received their
doses at week 16. Etanercept patients received one dose
weekly; re-randomised placebo patients received
tildrakizumab 200 mg or 100 mg (at weeks 12 and 16). In
part 3 of both studies, participants received doses of
tildrakizumab or placebo until week 64 (reSURFACE 1) or
week 52 (reSURFACE 2). We focus in this Article on
efficacy and safety during the first 28 weeks of treatment
in patients who continued the same tildrakizumab dose
from baseline until the end of part 3—results for all other
patients will be reported separately.
Efficacy and safety measurements were done at baseline
and weeks, 4, 8, 12, 16, 22, and 28 in parts 1 and 2. In
part 3, efficacy was assessed at weeks 32, 36, 40, 46, and
52 in both studies, and efficacy and safety were assessed
at week 64 in reSURFACE 1. No interim analyses
were done. Safety was monitored by an external data
monitoring committee, which made recommendations to
the funder as appropriate. Changes to the study protocol
are detailed in the appendix.

Outcomes
The main objectives of these studies were to assess the
efficacy of tildrakizumab 200 mg and 100 mg versus
placebo, and the safety and tolerability of tildrakizumab at
week 12 (Part 1). Our co-primary endpoints were the
proportion of participants achieving at least 75%
improvement in the Psoriasis Area and Severity Index
(PASI 75) and the proportion of participants achieving a
280

PGA score of “clear” or “minimal”, with at least a two-grade
reduction from baseline, at week 12. Protocol-defined key
secondary endpoints were PASI 90 and PASI 100 at
week 12 in both studies. In reSURFACE 2, PASI 75 and
PGA response at week 28 were also key secondary
endpoints. Dermatology Quality-of-Life Index at weeks 12
and 28 was a secondary endpoint (ie, proportion of patients
with score of 0 or 1) in both trials. PASI 75 in tildrakizumab
patients receiving continuous treatment from baseline to
the end of week 64 in reSURFACE 1 and week 52 in
reSURFACE 2 was also assessed as a secondary outcome.
Safety was assessed in the all-participants-as-treated
population, which included all randomised patients who
received at least one dose of part 1 or part 2 study
medication. Adverse events, laboratory tests, and vital
signs measurements were monitored. All deaths and
serious cardiovascular events were adjudicated by an
external clinical adjudication committee.

Statistical analysis
We specified full-analysis-set, intention-to-treat, and perprotocol patient populations in the study protocols. The
intention-to-treat population included all randomised
patients on the basis of the treatment assigned. The perprotocol population included patients in the full analysis
who met key eligibility and assessment criteria. The data
we present here are based on the full analysis set: the other
populations were used as supportive analyses (appendix).
For part 1, the full analysis set included all randomised
patients who received at least one dose of study
www.thelancet.com Vol 390 July 15, 2017

Articles

www.thelancet.com Vol 390 July 15, 2017

A

reSURFACE 1

100

Part 1

reSURFACE 2
Part 2

Part 1

Part 2

Part 1

Part 2

Responders (%)

80
60
40
20
0

B

reSURFACE 1

100

Part 1

reSURFACE 2
Part 2

80

Responders (%)

medication. For part 2, it included patients who completed
part 1, entered part 2, and received at least one dose
of study medication (for placebo patients who were
re-randomised, the full analysis set included patients who
entered part 2 and received at least one dose of study
medication). For part 3, the full analysis included all
patients who completed part 2, entered part 3, and
received at least one dose of study medication. The
primary and key secondary endpoints were analysed in
the full analysis set. Patients with missing data were
treated as non-responders (non-responder imputation
[NRI]). In other secondary analyses we used full-analysisset observed data (ie, no missing data imputation) for
prespecified analyses. We did additional post-hoc analyses
with NRI for secondary endpoints in parts 2 and 3.
We analysed the co-primary endpoints with the
Cochran-Mantel-Haenszel test, which was stratified by
bodyweight (≤90 kg or >90 kg) and previous exposure to
biologics for psoriasis. Each tildrakizumab dose was
compared with placebo. The study was considered
positive if the response rate of tildrakizumab was
superior to that of placebo at week 12 on both co-primary
endpoints on the basis of the full analysis set. The
percent differences in effect sizes reported here are
absolute differences.
A step-down multiplicity strategy was used (appendix).
For the primary hypothesis, PASI 75 and PGA at week 12
were tested for tildrakizumab 200 mg versus placebo,
followed by 100 mg versus placebo. For reSURFACE 1,
the primary endpoints were followed by PASI 90 at
week 12 (200 mg vs placebo), then PASI 90 at week 12
(100 mg vs placebo) and PASI 100 at week 12 (200 mg vs
placebo), then PASI 100 at week 12 (100 mg vs placebo).
For reSURFACE 2, the primary endpoints were followed
by PASI 90 at week 12 (200 mg vs placebo), then PASI 90
at week 12 (100 mg vs placebo), then PASI 75 and PGA at
week 12 (200 mg vs etanercept), then PASI 75 and PGA
at week 28 (200 mg vs etanercept), then PASI 100 at
week 12 (200 mg vs placebo), then PASI 75 and PGA at
week 12 (100 mg vs etanercept).
Key secondary endpoints were analysed in the same way
as the primary endpoints were, with comparisons to
placebo and etanercept. Dermatology Quality-of-Life Index
was also analysed with the Cochran-Mantel-Haenszel test,
on the basis of recorded data. In reSURFACE 2, for the
other secondary efficacy endpoints during part 2, analyses
were done in a similar manner as in part 1, in which
tildrakizumab 200 mg and tildrakizumab 100 mg were
each compared with etanercept. Descriptive summary
statistics by treatment are provided for participants who
were re-randomised from placebo to tildrakizumab 100 mg
or tildrakizumab 200 mg.
The planned sample sizes were driven by assessment
of safety: we planned to randomise 750 patients in
reSURFACE 1 and 1050 patients in reSURFACE 2. These
sample sizes provided (assuming a placebo rate of 10%
for both PASI 75 response and PGA response) more than

60
40
20
0

0

4

8

12

16

Weeks
Tildrakizumab 100 mg
Tildrakizumab 200 mg

22

28

0

4

Placebo → tildrakizumab 100 mg
Placebo → tildrakizumab 200 mg

8

12

16

22

28

Weeks
Etanercept

Figure 3: Proportion of patients achieving PASI 75 (A) and PGA “clear” or “minimal” with at least 2 grade
reduction (B) in reSURFACE 1 and reSURFACE 2
Full analysis set population included all randomised patients who received one or more dose of study medication;
in part 2, it included all patients who entered part 2 and received one or more doses of study medication. Data
presented are non-responder-imputed data. PGA=Physician’s Global Assessment. PASI 75=75% reduction in
Psoriasis Area and Severity Index score.

99% power to detect a 57% difference between
tildrakizumab and placebo in PASI 75 response and to
detect a 55% difference in PGA “clear” or “minimal” with
at least a two-grade reduction from baseline. Additionally,
a difference of 17% between a tildrakizumab dose and
etanercept for PASI 75 response rate was to be detected
with more than 98% power assuming an etanercept rate
of approximately 56%, and a difference of 20% between a
tildrakizumab dose and etanercept for PGA “clear” or
“minimal”, with at least a two-grade reduction from
baseline, could be detected with more than 99% power
assuming an etanercept rate of approximately 49%, with
a two-sided test at significance α level of 0·05. Assumed
effect sizes are based on the phase 2b study of
tildrakizumab.17 Power calculations were prespecified in
the study protocols before the start of the trials; power
calculations for PASI 100 for reSURFACE 1 and PASI 90
and PASI 100 for reSURFACE 2 were done during the
protocol amendments before the data were unmasked
(appendix). These trials are registered with ClinicalTrials.
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Tildrakizumab
200 mg (n=308)

Tildrakizumab
100 mg (n=309)

192 (62%)

197 (64%)

Placebo
(n=154)

PASI 75
n (%)
% difference
from placebo
(95% CI; p value)

56·6%
(49·6– 62·8;
p<0·0001)

58·0%
(51·0– 64·1;
p<0·0001)

9 (6%)
N/A

Clear or minimal PGA
n (%)
% difference
from placebo
(95% CI; p value)

182 (59%)
52·1%
(44·8–58·5;
p<0·0001)

179 (58%)
50·9%
(43·6– 57·4;
p<0·0001)

11 (7%)
N/A

PASI 90
n (%)

109 (35%)

107 (35%)

32·9%
(26·8–38·8;
p<0·0001)

32·1%
(25·9–38·0;
p<0·0001)

n (%)

43 (14%)

43 (14%)

% difference
from placebo
(95% CI; p value)

12·7%
(8·3–17·2;
p<0·0001)

12·7%
(8·0– 17·3;
p<0·0001)

% difference
from placebo
(95% CI; p value)

4 (3%)
N/A

PASI 100
2 (1%)
N/A

DLQI score 0 or 1
n (%)
% difference
from placebo
(95% CI; p value)

132 (44%)
38·9%
(31·9–45·4;
p<0·0001)

126 (42%)
36·1%
(29·3–42·5;
p<0·0001)

8 (5%)
N/A

The full-analysis-set population included all randomly assigned patients who
received at least one dose of study medication. % differences and 95% CIs were
calculated with the Miettinen-Nurminen method and stratified by bodyweight
(≤90 kg vs >90 kg) and previous exposure to biologic therapy for psoriasis
(yes vs no) with sample size weights. p values were calculated with the
Cochran-Mantel-Haenszel and stratified by bodyweight and exposure to biologic
therapies; p values were not adjusted for multiplicity. Non-responder imputation
was pre-specified and is shown for all data, except for DLQI, which were observed
data. PASI=Psoriasis Area and Severity Index. N/A=not applicable.
PGA=Physician’s Global Assessment. DLQI=Dermatology Life Quality Index.

Table 2: Primary and secondary efficacy endpoints at 12 weeks in
reSURFACE1 part 1 (full analysis set)

gov, numbers NCT01722331 (reSURFACE 1) and
NCT01729754 (reSURFACE 2).

Role of the funding source
The study funder had roles in study design, data analysis,
and data interpretation. Safety data were reviewed at
regular intervals by an independent data monitoring
committee. All authors had full access to all study data
and final responsibility for the decision to submit for
publication.

Results
In reSURFACE 1, 772 patients were randomly assigned,
308 to tildrakizumab 200 mg, 309 to tildrakizumab
100 mg, and 155 to placebo (figure 1). 744 (96%) completed
part 1, all but one of whom continued into part 2.
676 participants (91%) completed part 2 (figure 1). In
reSURFACE 2, 1090 patients were randomly assigned,
314 to tildrakizumab 200 mg, 307 to tildrakizumab
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100 mg, 156 to placebo, and 313 to etanercept.
1026 participants (94%) completed part 1, all but one of
whom continued into part 2. 995 patients (97%) completed
part 2 (figure 2). Baseline demographic characteristics
were similar in all treatment groups (table 1).
A significantly higher proportion of patients in the
tildrakizumab groups than in the placebo groups
achieved PASI 75 response at week 12 in both studies
(p<0·0001; figure 3; tables 2, 3). Additionally, a
significantly higher proportion of patients in the
tildrakizumab groups than in the placebo groups
achieved a PGA score of “clear” or “minimal,” with at
least a 2-grade reduction from baseline at week 12
(p<0·0001; figure 3; tables 2, 3). Among patients
receiving tildrakizumab from baseline to week 28,
PASI 75 and PGA responses peaked at week 22 (figure 3).
Among patients who received placebo until week 12 and
were then re-randomised to tildrakizumab, PASI and
PGA improved until week 28, at which point efficacy was
similar to that in patients randomised to tildrakizumab
at baseline (table 4).
In reSURFACE 2, a significantly higher proportion of
patients in the tildrakizumab 200 mg group than in the
etanercept group achieved PASI 75 (p<0·0001) and PGA
(p=0·0031) responses at week 12 (table 3). Although a
higher proportion of patients in the tildrakizumab
100 mg group than in the etanercept group achieved
PASI 75 at week 12 (nominal unadjusted p<0·0001), the
proportion of patients achieving PGA responses did not
differ significantly between these groups at week 12
(table 3; appendix).
At week 12, the proportions of patients achieving
PASI 90 and PASI 100 were significantly higher in the
tildrakizumab groups than in the placebo groups in both
trials (p<0·0001 for all comparisons [p value for
tildrakizumab 100 mg vs placebo for PASI 100 at week 12
was not adjusted for multiplicity]; tables 2, 3). In both
studies 1, PASI 90 and 100 responses were higher for
both tildrakizumab doses at week 28 than at week 12
(tables 2, 4). Multiplicity-adjusted efficacy results are
presented in the appendix. The proportion of patients
achieving a Dermatology Life Quality Index score of 0 or
1 was also higher in the tildrakizumab groups than in the
etanercept groups (tables 3, 5). The appendix shows
representative photographic improvement in the
appearance of psoriasis plaques over 28 weeks.
In reSURFACE 1, in the tildrakizumab 200 mg group,
107 (94% [90% in NRI analysis]) of 114 responders at
week 28 maintained PASI 75, and 15 (40% [37% in NRI
analysis]) of 38 partial responders at week 28 achieved
PASI 75 in part 3. In the tildrakizumab 100 mg group, 100
(88% [85% in NRI analysis]) of 113 responders at week 28
maintained PASI 75, and 12 (75% [63% in NRI analysis])
of 16 partial responders achieved PASI 75 in part 3.
Meanwhile in reSURFACE 2, in the tildrakizumab 200 mg
group, 102 (97% [94% in NRI analysis]) of 105 responders
at week 28 maintained PASI 75, and 40 (67% [66% in NRI
www.thelancet.com Vol 390 July 15, 2017
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Tildrakizumab 200 mg (n=314)

Tildrakizumab 100 mg (n=307)

Placebo
(n=156)

Etanercept
(n=313)

PASI 75
n (%)

206 (66%)

188 (61%)

9 (6%)

151 (48%)

% difference from placebo (95% CI; p value)

59·8% (52·9 to 65·9; p<0·0001)

55·5% (48·3 to 61·8; p<0·0001)

N/A

N/A

% difference from etanercept (95% CI; p value)

17·4% (9·7 to 24·9; p<0·0001)

13·1 (5·3 to 20·7; p=0·001)

N/A

N/A

Clear or minimal PGA
n (%)

186 (59%)

168 (55%)

7 (4%)

149 (48%)

% difference from placebo (95% CI; p value)

54·7 (47·9 to 60·8; p<0·0001)

50·2 (43·2 to 56·5; p<0·0001)

N/A

N/A

% difference from etanercept (95% CI; p value)

11·7 (4·0 to 19·3; p=0·0031)

7·3 (–0·5 to 15·0; p=0·0663)

N/A

N/A

PASI 90
n (%)

115 (37%)

119 (39%)

2 (1%)

67 (21%)

% difference from placebo (95% CI; p value)

35·3% (29·2 to 41·1; p<0·0001)

37·5% (31·1 to 43·4; p<0·0001)

N/A

N/A

% difference from etanercept (95% CI; p value)

15·2% (8·3 to 22·1; p<0·0001)

17·4% (10·3 to 24·4; p<0·0001)

N/A

N/A

n (%)

37 (12%)

38 (12%)

% difference from placebo (95% CI; p value)

11·7% (7·8 to 16·0; p<0·0001)

12·4% (8·5 to 16·6; p<0·0001)

N/A

N/A

7·0% (2·8 to 11·6; p=0·0014)

7·6% (3·3 to 12·3; p=0·0006)

N/A

N/A

PASI 100

% difference from etanercept (95% CI; p value)

0

15 (5%)

DLQI
12 (8%)

108 (36%)

% difference from placebo (95% CI; p value)

n (%)

145 (47%)
39·3% (31·8 to 46·1; p<0·0001)

119 (40%)
32·1% (24·5 to 39·1; p<0·0001)

N/A

N/A

% difference from etanercept (95% CI; p value)

11·9% (4·1 to 19·5; p=0·0029)

4·8% (–2·9 to 12·5; p=0·2206)

N/A

N/A

The full-analysis-set population included all randomly assigned patients who received at least one dose of study medication. % differences and 95% CIs were calculated with
the Miettinen-Nurminen method and stratified by bodyweight (≤90 kg vs >90 kg) and previous exposure to biologic therapy for psoriasis (yes vs no) with sample size
weights. p values were calculated with the Cochran-Mantel-Haenszel (CMH) and stratified by bodyweight and exposure to biologic therapies; p values were not adjusted for
multiplicity. Non-responder imputation was pre-specified and is shown for all data, except for DLQI, for which observed data are shown. PASI=Psoriasis Area and Severity
Index. N/A=not applicable. PGA=Physician’s Global Assessment. DLQI=Dermatology Life Quality Index.

Table 3: Primary and secondary efficacy endpoints at 12 weeks in reSURFACE2 part 1 (full analysis set)

analysis]) of 60 partial responders at week 28 achieved
PASI 75 in part 3. In the tildrakizumab 100 mg group,
191 (94% [90% in NRI analysis]) of 204 responders at
week 28 maintained PASI 75, and 13 (68% [62% in NRI
analysis]) of 19 partial responders at week 28 achieved
PASI 75 in part 3 (appendix). Maintenance of response
over time in part 3 is detailed in the appendix.
Discontinuations because of adverse events were
infrequent (tables 6, 7). The most common adverse event
in both studies was nasopharyngitis. One patient
(receiving tildrakizumab 100 mg) died in reSURFACE 2
study on day 96: the patient had alcoholic cardiomyopathy
and steatohepatitis, although independent adjudication
was unable to determine the cause of death. This patient
completed part 1 of the study, but no part 2 dose was
recorded (the last active dose of study medication was on
day 30). The incidence of severe infections, malignancies,
and major adverse cardiovascular events were low and
similar across treatment groups (tables 6, 7). Malignancies
consisted mostly of non-melanoma skin cancer; no
patients had melanoma skin cancer.

Discussion
In these two phase 3, randomised, controlled clinical
studies, tildrakizumab was associated with significantly
higher proportions of patients with moderate-to-severe
chronic plaque psoriasis achieving PASI 75 and clear or
www.thelancet.com Vol 390 July 15, 2017

minimal PGAs than placebo. In reSURFACE 2,
tildrakizumab 200 mg was associated with significantly
higher proportions of patients achieving PASI 75 and
PGA responses at week 12 than was etanercept, an
effective anti-TNFα treatment for psoriasis.10,11,21
In both studies, results for PASI 75 and PGA for both
doses of tildrakizumab continued to improve to week 28.
Maximal efficacy for tildrakizumab was reached between
week 22 and week 28. Patients initially assigned to placebo
who were re-randomised to receive tildrakizumab 200 mg
or 100 mg improved from week 12 to week 28. At week 28,
these patients achieved similar levels of response as those
who received tildrakizumab continuously from baseline.
A higher proportion of patients who received either dose
of tildrakizumab than of patients who received placebo
achieved the more rigorous endpoints of PASI 90
(minimal) and PASI 100 (clear) in reSURFACE 1 and
reSURFACE 2 at week 12, although these were secondary
and not primary endpoints. These findings were
supported by a higher proportion of tildrakizumab
patients than of placebo or etanercept patients achieving a
Dermatology Life Quality Index score of 0 or 1 (indicating
no effect of psoriasis on quality of life). The results for
primary and secondary endpoints at week 12 and week 28
were similar for tildrakizumab 200 mg and 100 mg. In
nearly all PASI 75 responders at week 28 continuing the
same dose in part 3, PASI 75 responses with tildrakizumab
283
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Tildrakizumab Tildrakizumab Placebo→tildrakizumab Placebo→ tildrakizumab
200 mg (n=72)*
100 mg (n=74)*
100 mg
200 mg
(n=299)*
(n=298)*
PASI 75
Observed data

236 (82%)

229 (80%)

56 (86%)

54 (77%)

Non-responder
imputation

236 (79%)

229 (77%)

56 (78%)

54 (73%)

Clear or minimal PGA
Observed data

199 (69%)

188 (66%)

46 (71%)

53 (76%)

Non-responder
imputation

199 (67%)

188 (63%)

46 (64%)

53 (72%)

PASI 90
Observed data

170 (59%)

147 (52%)

34 (52%)

41 (59%)

Non-responder
imputation

170 (57%)

147 (49%)

34 (47%)

41 (55%)

Observed data

91 (32%)

67 (24%)

17 (26%)

22 (31%)

Non-responder
imputation

91 (31%)

67 (22%)

17 (24%)

22 (30%)

164 (57%)

152 (52%)

38 (56%)

37 (52%)

PASI 100

DLQI score 0 or 1
Observed data

Data are n (%). The full-analysis-set population included all patients entering part 2 who received at least one dose of
study medication. Non-responder imputation was pre-specified and is shown for key secondary outcomes. Observed
data were pre-specified for all other secondary outcomes. Post-hoc analyses for PASI 75, PGA, PASI 90, and PASI 100 at
week 28 (reSURFACE 1) were done with non-responder imputation. PASI=Psoriasis Area and Severity Index.
PGA=Physician’s Global Assessment. DLQI=Dermatology Life Quality Index. *Numbers shown include participants
with missing data.

Table 4: Secondary efficacy endpoints at 28 weeks in reSURFACE1 part 2 (full analysis set)

were maintained until the end of part 3. Among patients
who were only partial responders to tildrakizumab at week
28 and continued on the same dose, the PASI 75 response
rate improved until the end of part 3 in both studies.
Previous research suggested that Th17 cells are crucial
mediators of autoimmunity, and several biologic
treatments targeting the interleukin 23–interleukin 17
inflammatory pathway were subsequently developed or
are in development for the treatment of autoimmune
disorders, including psoriasis.22 The anti-interleukin 17A
antibodies secukinumab and ixekizumab are approved for
clinical use. Phase 3 evidence suggests that interleukin 17A
antibodies have impressive efficacy.23,24 Ustekinumab is an
antibody for the interleukin 12 and 23 p40 subunit and
was among the first successful treatments targeting the
interleukin 23–interleukin 17 pathway. Ustekinumab’s
clinical effects in psoriasis have been linked to the role of
interleukins 12 and 23 in the development or expansion of
Th1 and Th17 cells. The relative contribution of interleukin
12 blockade to the therapeutic effect, however, is
controversial,25 and biologic activities of interleukin 23 are
emerging that might contribute to psoriasis beyond
effects on Th17 cells.26 The rationale for the use of selective
interleukin 23 p19 blockers, such as tildrakizumab, is that
interleukin 23 rather than interleukin 12 is a key driver of
T-cell and non T-cell pathology in psoriasis and that a
more pronounced inhibition of this pathway will lead to
an improved risk–benefit profile.
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Human disease association data and preclinical studies
later suggested that interleukin 23 rather than
interleukin 12 is the primary driver of psoriasis, thus
leading to the development of interleukin 23
p19 antibodies.22,27–29 Our phase 3 data support previous
evidence from phase 2 studies of tildrakizumab, and
suggest no reduction in efficacy when interleukin 23 is
selectively blocked and interleukin 12 is spared.17,19
Additional interleukin 23 p19 antibodies in development
include risankizumab and guselkumab, the latter of which
has shown strong efficacy in patients with moderate-tosevere chronic plaque psoriasis in a phase 2 study.18
PASI 75 was achieved by approximately 80% of patients
receiving the two highest doses of guselkumab (100 and
200 mg) at week 16, which is higher than the 66% and 74%
reported with tildrakizumab 100 mg and 200 mg,
respectively, at week 16 in the phase 2 study of
tildrakizumab.17,18 In the VOYAGE-1 and VOYAGE-2
phase 3 studies of guselkumab 100 mg (administered at
weeks 0, 4, and then every 8 weeks) in patients with
moderate-to-severe chronic plaque psoriasis, 91% and 86%
of patients achieved PASI 75 at week 16, respectively.
PASI 75 proportions were not substantially different at
week 24 compared with week 16.30,31 In the reSURFACE
studies, PASI 75 was achieved with either dose of
tildrakizumab in around 60% of patients at week 12, which
improved to roughly 75% at week 28. The safety and
tolerability profile of tildrakizumab and guselkumab in the
phase 3 studies was generally similar. However,
interpretation of the comparison of effect sizes across
separate trials with variations in study designs and dosing
intervals should be done with caution, because such
comparisons lack the scientific rigour and validity of headto-head trials. Further research will be needed to assess the
benefits and risks of each treatment for individual patients.
Although the availability of effective medications for
patients with psoriasis has improved since the
introduction of biologics, drugs must be assessed on the
basis of both benefits and potential risks to individual
patients. Novel treatments with combined high efficacy
and little to no safety and tolerability risks will be
important to achieve therapeutic goals. A previous
phase 2 study17 of tildrakizumab did not show safety
concerns in a sample of 355 patients with chronic plaque
psoriasis. The reSURFACE 1 and 2 studies provide
further support for an encouraging safety profile for
tildrakizumab. In both studies, the proportions of patients
with serious adverse events or who discontinued because
of adverse events were low and similar between treatment
groups. The most common adverse event was
nasopharyngitis. Injection-site erythema was among the
most common adverse events in reSURFACE 2; many of
these adverse events were recorded in the etanercept
group. No significant differences were noted between
treatment groups for adverse events of special interest,
such as severe infections, malignancies, confirmed major
adverse cardiac events, and drug-related hypersensitivity.
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Tildrakizumab 200
mg (n=299)*

Tildrakizumab 100
mg (n=294)*

Placebo→tildrakizumab
200 mg (n=72)*

Placebo→tildrakizumab
100 mg (n=69)*

Etanercept
(n=289)*

PASI 75 (NRI)
n (%)

217 (73%)

216 (73%)

% difference from etanercept
(95% CI; p value)

19·2% (11·5–26·7;
p<0·0001)

20·1% (12·4–27·6;
p<0·0001)

50 (69%)
N/A

38 (55%)

155 (54%)

N/A

N/A

Clear or minimal PGA (NRI)
n (%)

207 (69%)

% difference from etanercept
(95% CI; p value)

24·1% (16·2–31·7;
p<0·0001)

190 (65%)
19·6% (11·7 to 27·3;
p<0·0001)

46 (64%)
N/A

33 (48%)
N/A

131 (45%)
N/A

PASI 90 (OD)
n (%)

169 (58%)

161 (56%)

% difference from Etanercept
(95% CI; p value)

27·1% (19·1, 34·7;
p<0·0001)

24·9% (17·0–32·6;
p<0·0001)

169 (57%)

161 (55%)

33 (49%)
N/A

26 (39%)
N/A

85 (31%)
N/A

PASI 90 (NRI)
n (%)
% difference from etanercept
(95% CI; p value)

27·3% (19·5–34·7;
p<0·0001)

25·5% (17·6–33·0;
p<0·0001)

79 (27%)

66 (23%)

33 (46%)
N/A

26 (38%)
N/A

85 (29%)
N/A

PASI 100 (OD)
n (%)
% difference from etanercept
(95% CI; p value)

15·7% (9·4–22·1;
p<0·0001)

11·7% (5·6–17·9;
p=0·0002)

13 (19%)
N/A

9 (14%)
N/A

31 (11%)
N/A

PASI 100 (NRI)
n (%)

79 (26%)

% difference from etanercept
(95% CI; p value)

15·7% (9·6–22·0;
p=0·0001)

66 (22%)
11·8% (5·9–17·9;
p<0·0001)

13 (18%)
N/A

9 (13%)
N/A

31 (11%)
N/A

DLQI score 0 or 1 (OD)
n (%)
% difference from etanercept
(95% CI; p value)

193 (65%)
25·7% (17·7–33·4;
p<0·0001)

157 (54%)
15·0% (6·9–22·9;
p=0·0003)

39 (57%)

26 (38%)

111 (39%)

N/A

N/A

N/A

The full-analysis-set population included all patients entering part 2 who received at least one dose of study medication. NRI was pre-specified and is shown for key
secondary outcomes. OD were pre-specified for all other secondary outcomes. % differences and 95% CIs were calculated with the Miettinen-Nurminen method and stratified
by bodyweight (≤90 kg vs >90 kg) and previous exposure to biologic therapy for psoriasis (yes vs no) with sample size weights. p values were calculated with the
Cochran-Mantel-Haenszel and stratified by bodyweight and exposure to biologic therapies; p values were not adjusted for multiplicity. Post-hoc analyses for PASI 90 and
PASI 100 at week 28 were done with NRI. PASI=Psoriasis Area and Severity Index. NRI=non-responder imputation. N/A=not applicable. PGA=Physician’s Global Assessment.
OD=observed data. DLQI=Dermatology Life Quality Index. *Numbers shown include participants with missing data.

Table 5: Secondary efficacy endpoints at 28 weeks in reSURFACE2 part 2 (full analysis set)

The interleukin 23–interleukin 17 inflammatory path
way not only mediates autoimmune pathology, but also is
important for resistance to infection, particularly re
sistance against microbes and fungi such as Candida.32–35
Candida infections have been reported to be more
common in patients taking anti-interleukin 17A antibodies
than in those taking etanercept or ustekinumab.36 A
pooled analysis37 of secukinumab studies showed a risk of
candida infections of 2·56 cases per 100 patient-years for
any dose and 3·55 cases per 100 patient-years for high
doses—ie, a dose-related increase. Candida infections in
the reSURFACE trials were infrequent, suggesting that
interleukin 23 p19 neutralisation with tildrakizumab is
not associated with the same risk of fungal infection as
anti-interleukin 17 antibodies.
Inflammatory bowel disease is another issue of
interest. Previous evidence suggests that targeting of
interleukin 23 is therapeutic in inflammatory bowel
disease, whereas neutralisation of interleukins 17A or
www.thelancet.com Vol 390 July 15, 2017

17RA has either no effect or exacerbates the disease.24,38–42
No cases of new-onset inflammatory bowel disease or
exacerbations of pre-existing disease were reported in the
reSURFACE studies, although the number of patients
with inflammatory bowel disease in the study was low.
Further research is needed to better characterise the
effect of selective neutralisation of interleukin 23 on
inflammatory bowel disease.
Brodalumab, an anti-interleukin 17RA antibody, has
shown efficacy in psoriasis, but suicidal ideation and
behaviour have been noted (although a causal
relationship has not been confirmed).43 This adverse
event has not been reported with other treatments that
target the interleukin 23–interleukin 17 pathway, and was
not recorded in our studies of tildrakizumab.44,45 Major
adverse cardiovascular events are of interest because they
are associated with the interleukins 12 and 23 p40
antibody briakinumab.46 Such events were rare in the
reSURFACE trials. Although patients in the reSURFACE
285

Articles

Part 1

≥1 adverse events*

Part 2

Tildrakizumab
200 mg (n=308)

Tildrakizumab
100 mg
(n=309)

Placebo
N=154 n (%)

Tildrakizumab
200 mg →
tildrakizumab
200 mg (n=298)

Tildrakizumab
100 mg →
tildrakizumab
100 mg (n=300)

Placebo →
tildrakizumab
200 mg (n=72)

Placebo →
tildrakizumab
100 mg (n=74)

130 (42%)

146 (47%)

74 (48%)

118 (40%)

133 (44%)

29 (40%)

31 (42%)

Serious adverse events

8 (3%)

5 (2%)

1 (1%)

7 (2%)

6 (2%)

1 (1%)

1 (1%)

Deaths

0

0

0

0

0

0

0

Discontinued because of
adverse events

5 (2%)

0

1 (1%)

3 (1%)

1 (<1%)

0

0

Most common adverse events
Nasopharyngitis

20 (6%)

24 (8%)

8 (5%)

12 (4%)

20 (7%)

5 (7%)

4 (5%)

Upper respiratory tract
infection

15 (5%)

10 (3%)

9 (6%)

20 (7%)

13 (4%)

0

3 (4%)

3 (1%)

8 (5%)

0

0

0

0

Psoriasis

0

Adverse events of special interest
Severe infections†

1 (<1%)

1 (<1%)

0

1 (<1%)

2 (1%)

0

0

Malignancies‡

0

0

0

2 (1%)

1 (<1%)

0

1 (1%)

Non-melanoma skin
cancer

0

0

0

1 (<1%)

1 (<1%)

0

1 (1%)

Confirmed major adverse
cardiovascular events§

0

1 (<1%)

0

0

0

0

0

Drug-related
hypersensitivity reactions

1 (<1%)

0

0

0

0

0

0

Data are n (%). *Participants who took at least one dose of part 1 study drug; based on the treatment actually received. †Infection meeting the regulatory definition of a serious
adverse event, or any infection requiring intravenous antibiotics, irrespective of whether it was reported as a serious adverse event, as per the regulatory definition. ‡Excluding
carcinoma in situ of the cervix. §Includes non-fatal myocardial infarction, non-fatal stroke, and cardiovascular deaths that are confirmed as “cardiovascular” or “sudden”.

Table 6: Summary of adverse events in reSURFACE 1

Part 1
Tildrakizumab
200 mg
(n=314)
≥1 adverse events*

Part 2
Tildrakizumab
100 mg
(n=307)

Placebo
(n=156)

Etanercept
(n=313)

Tildrakizumab
200 mg→
tildrakizumab
200 mg (n=299)

Tildrakizumab
100 mg→
tildrakizumab
100 mg (n=294)

Etanercept→
etanercept
(n=289)

Placebo→
tildrakizumab
200 mg
(n=72)

Placebo→
tildrakizumab
100 mg (n=69)

155 (49%)

136 (44%)

86 (55%)

169 (54%)

135 (45%)

135 (46%)

164 (57%)

31 (43%)

Serious adverse events

6 (2%)

4 (1%)

4 (3%)

7 (2%)

6 (2%)

9 (3%)

14 (5%)

2 (3%)

37 (54%)
1 (1%)

Deaths†

0

1 (<1%)

0

0

0

0

0

0

0

Discontinued because of adverse
events

3 (1%)

3 (1%)

2 (1%)

6 (2%)

1 (<1%)

1 (<1%)

3 (1%)

0

1 (1%)

0

0

3 (4%)

8 (12%)

Most common adverse events
Injection site erythema
Nasopharyngitis
Upper respiratory tract infection

2 (1%)

2 (1%)

1 (1%)

27 (9%)

1 (<1%)

3 (1%)

3 (1%)

35 (11%)

41 (13%)

12 (8%)

36 (12%)

43 (14%)

23 (8%)

34 (12%)

6 (2%)

5 (2%)

7 (2%)

0

0

0

0

0

0

Severe infections‡

1 (<1%)

Malignancies§

1 (<1%)

0

1 (1%)

0

2 (1%)

1 (<1%)

3 (1%)

0

0

1 (<1%)

0

1 (<1%)

0

0

3 (1%)

1 (1%)

Non-melanoma skin cancer

1 (1%)

1 (<1%)

1 (<1%)

0

1 (<1%)

0

0

1 (<1%)

1 (1%)

1 (1%)

Confirmed major adverse
cardiovascular events¶

0

0

0

0

0

0

0

0

0

Drug-related hypersensitivity
reactions

0

1 (<1%)

1 (1%)

0

0

0

0

0

2 (3%)

Adverse events of special interest

Data are n (%). *Participants who took at least one dose of part 1 study drug; based on the treatment actually received. †A patient on tildrakizumab 100 mg died; the patient had alcoholic cardiomyopathy and
steatohepatitis, although adjudication was unable to determine the cause of death. ‡Infection meeting the regulatory definition of a serious adverse event, or any infection requiring intravenous antibiotics,
irrespective of whether it was reported as a serious adverse event, as per the regulatory definition. §Excluding carcinoma in situ of the cervix. ¶Includes non-fatal myocardial infarction, non-fatal stroke,
and cardiovascular deaths that are confirmed as “cardiovascular” or “sudden”.

Table 7: Summary of adverse events in reSURFACE 2
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trials had fewer cardiovascular risk factors (eg, obesity,
diabetes mellitus, and hypercholesterolaemia) than those
in the briakinumab trial, the cardiovascular risk factors
in our trials were generally similar (with the exception of
a lower proportion of patients with obesity) to those in
patients with severe psoriasis who were included in a
large population-based study.47 This similarity suggests
that our population is generally reflective of patients with
moderate-to-severe psoriasis, although a more rigorous
assessment in patients with greater cardiovascular risk
factors would provide more definitive evidence of the
cardiovascular safety of tildrakizumab.
Our trials had several limitations. Etanercept was a
commonly used active comparator in psoriasis trials at the
time these studies were initiated,23,24 but comparisons with
newer, more effective anti-TNFα therapies or ustekinumab
might have been more informative for assessment of the
therapeutic benefits of tildrakizumab. Additionally, by
design, non-responders in the tildrakizumab groups
discontinued treatment before part 3: therefore, dropout
in these treatment arms was low because patients had
already demonstrated response to tildrakizumab within
28 weeks of treatment. Finally, in view of improvements
in PASI 75 PGA response in patients who continued
treatment until week 28, the 12 week timepoint that was
chosen for the primary efficacy endpoints might have
been too early to assess adequately the efficacy potential of
tildrakizumab. Specifically, tildrakizumab 100 mg was not
significantly more effective than etanercept at week 12
(several weeks before peak efficacy with tildrakizumab)
for PGA response. Therefore, between-treatment stat
istical testing for superiority of tildrakizumab 100 mg was
not done for several endpoints, including PASI 75 and
PGA response at week 28.
Even in this revolutionary era of highly effective
psoriasis therapies, patients with moderate-to-severe
disease usually need to be treated for decades. These
patients are still in need of long-term persistent efficacy
and drugs with robust long-term safety. The refinement
of therapies that increasingly narrow the range of
biological effects to only those desired, including
antibodies specifically antagonising interleukin 23 such
as tildrakizumab, continues to provide momentum
towards these long-term goals.
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