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Tildrakizumab efficacy, drug survival,
and safety are comparable in patients

with psoriasis with and without
metabolic syndrome: Long-term results
from 2 phase 3 randomized controlled
studies (reSURFACE 1 and reSURFACE 2)
Mark G. Lebwohl, MD,a Craig L. Leonardi, MD,b Nehal N. Mehta, MD, MSCE,c Alice B. Gottlieb, MD, PhD,d

Alan M. Mendelsohn, MD,e Jeff Parno, MS,e Stephen J. Rozzo, PhD,e and M. Alan Menter, MDf,g

New York, New York; St Louis, Missouri; Bethesda, MD; Princeton, New Jersey; and Dallas, Texas
Background: Data for the effect of metabolic syndrome (MetS) on the efficacy and safety of biologic
agents for psoriasis treatment are limited.
Objective: To evaluate long-term tildrakizumab efficacy, drug survival, and safety in patients with psoriasis
by baseline MetS status.
Methods: Post hoc analyses of up to 3 years of efficacy data and 5 years of safety data from the phase 3,
double-blind, randomized controlled reSURFACE 1 and 2 trial (NCT01722331 and NCT01729754) base and
extension studies were conducted for patients receiving continuous tildrakizumab 100 or 200 mg.
ment of Dermatology, Icahn School of Medicine

ai, New Yorka; Central Dermatology and Saint

y School of Medicineb; National Heart, Lung and

te, National Institutes of Health, Bethesdac;

f Dermatology, Icahn School of Medicine at

New Yorkd; Sun Pharmaceutical Industries, Inc,

vision of Dermatology, Baylor Scott & White,

xas A&M College of Medicine, Dallas.g

Funded by Merck Sharp and Dohme, a subsidiary

lworth, New Jersey. These analyses were funded

aceutical Industries, Inc.

bwohl is an employee of Mount Sinai; receives

s from AbbVie, Amgen, Arcutis, Boehringer

rmavant, Eli Lilly, Incyte, Janssen Research &

LLC, LEO Pharma, Ortho Dermatologics, Pfizer

is a consultant for Aditum Bio, Allergan, Almirall,

Avotres Therapeutics, BirchBioMed, Inc, BMD

hringer Ingelheim, Bristol Myers Squibb, Cara

Castle Biosciences, Corrona, Dermavant Sciences,

te International Dermatologic Education, Foun-

earch and Education in Dermatology, Inozyme

a Kirin, LEO Pharma, Meiji Seika Pharma, Menlo,

uroderm, Pfizer, Promius/Dr Reddy’s Labora-

Theravance, and Verrica. Dr Leonardi has served

t for and/or has been an investigator for and/or is

r bureaus for AbbVie, Actavis, Amgen, Boehringer

lgene, Coherus, Corrona, Dermira, Eli Lilly, Gal-

n, LEO Pharma, Merck, Novartis, Pfizer, Sandoz,

tae, and Wyeth. Dr Mehta is a full-time employee

rnment and has received support in the form of

National Institutes of Health from AbbVie,

sen, and Novartis. Dr Gottlieb has received

an advisory board member and consultant for

peutics, Beiersdorf, Boehringer Ingelheim, Bristol

Myers Squibb, Eli Lilly, Incyte, Janssen, LEO Pharma, Novartis,

Sun Pharmaceutical Industries, Inc, UCB, and XBiotech (only

stock options, which she has not used) and has received

research/educational grants from Boehringer Ingelheim, Incyte,

Janssen, Novartis, Sun Pharmaceutical Industries Ltd., UCB, and

XBiotech. Dr Mendelsohn is an employee of Sun Pharmaceu-

tical Industries, Inc, and has individual shares in Johnson and

Johnson and as part of retirement account/mutual funds.

Author Parno and Dr Rozzo are employees of Sun Pharmaceu-

tical Industries, Inc. Dr Menter has received grants and/or

honoraria as a consultant, investigator, and/or speaker for

AbbVie, Abbott Labs, Amgen, Anacor, Boehringer Ingelheim,

Celgene, Eli Lilly, Janssen Biotech, LEO Pharma, Merck & Co,

Novartis, Sienna, and UCB and has been on an advisory board

for AbbVie, Amgen, Boehringer Ingelheim, Eli Lilly, Janssen

Biotech, LEO Pharma, and Sienna.

IRB approval status: Reviewed and approved by local IRB boards at

each study site.

Data were presented as posters at the 28th European Academy of

Dermatology and Venerology Congress, Madrid, Spain, October

9-13, 2019.

Accepted for publication September 8, 2020.

Reprint requests: Mark G. Lebwohl, MD, Department of

Dermatology, Icahn School of Medicine at Mount Sinai, 5 East

98th St, New York, NY 10029. E-mail: lebwohl@aol.com.

Published online September 19, 2020.

0190-9622

� 2020 by the American Academy of Dermatology, Inc. Published

by Elsevier Inc. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

https://doi.org/10.1016/j.jaad.2020.09.047

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaad.2020.09.047&domain=pdf
mailto:lebwohl@aol.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jaad.2020.09.047


J AM ACAD DERMATOL

VOLUME 84, NUMBER 2
Lebwohl et al 399
Results: Of 338 (n = 124/214 in reSURFACE 1/2
) and 307 (n = 147/160 in reSURFACE 1/2) patients
continuously receiving tildrakizumab 100 and 200 mg, respectively, throughout the studies, 26/44 (21%/
21%) and 34/30 (23%/19%) met MetS criteria. Proportions of patients who achieved a 75% improvement in
the Psoriasis Area and Severity Index (PASI) in reSURFACE 1/2 were generally comparable among those
with versus without MetS at week 52 (tildrakizumab 100 mg, 85%/86% vs 86%/94%; tildrakizumab 200 mg,
76%/87% vs 76%/87%) and through week 148. Results were similar for responders with 90% and 100%
improvement in the PASI. Tildrakizumab’s safety profile did not vary by MetS status.
Limitations: Small sample size and post hoc analysis limit interpretation.
Conclusion: Long-term tildrakizumab efficacy and safety were comparable between patients with and
without MetS. ( J Am Acad Dermatol 2021;84:398-407.)

Key words: clinical research; dermatology; efficacy; interleukin 23; metabolic syndrome; psoriasis; safety;
tildrakizumab.
CAPSULE SUMMARY

d Limited data are available on the efficacy
and safety of biologics in patients with
psoriasis who have metabolic syndrome.

d Tildrakizumab efficacy was comparable
and durable in patients with psoriasis
with versus without metabolic syndrome
for up to 3 years; safety was consistent
with the known profile of tildrakizumab.
Psoriasis is a systemic in-
flammatory disease associ-
ated with comorbidities
such as psoriatic arthritis;
depression; obesity; cardio-
vascular (CV) disease (CVD);
and metabolic syndrome
(MetS),1-5 a combination
of risk factors including
hypertension, dyslipidemia,
increased fasting glucose,
and central obesity.6 Patients
with psoriasis have increased
prevalence of MetS (14%-

40%) and its components compared with the general
population,7-10 and MetS frequency increasesdwith
risk rates up to 98%dwith increasing severity of
psoriasis.11-13 Presence of MetS increases the risk of
CVand diabetic events and CVand all-causemortality
compared with individuals without MetS.6,14 In
patients with psoriasis, MetS is linked with reduced
Psoriasis Area and Severity Index (PASI) response
after treatment with most biologic or conventional
systemic therapies, such as fixed-dose antietumor
necrosis factor and antieinterleukin (IL) 17
agents.15,16 Consequently, many features of MetS
should be considered when selecting psoriasis
therapy.17,18

Tildrakizumab is a high-affinity, humanized,
immunoglobulin G1k, IL-23p19 monoclonal anti-
body.19 Tildrakizumab 100 mg is approved in the
United States, the European Union, Australia, and
Japan for the treatment of moderate to severe plaque
psoriasis.20-22 In tildrakizumabpsoriasis clinical trials,
patients treated with tildrakizumab versus placebo
had significantly greater improvement from baseline
PASI and Physician’s Global Assessment scores at
week 12.19,23 Tildrakizumab was well tolerated, with
low frequencies of serious
adverse events (SAEs) and
discontinuations due to
adverse events (AEs).19,24

We previously reported
tildrakizumab efficacy, drug
survival, and safety in
patients meeting National
Cholesterol Education
Program Adult Treatment
Panel (NCEP ATP) III criteria
for MetS compared with pa-
tients without MetS during
the base studies of 2 phase 3
clinical trials (reSURFACE 1/2 [NCT01722331/
NCT01729754]).25 These findings are now substanti-
ated up to 4 years for efficacy and 5 years for safety.
Here, we present complete tildrakizumab efficacy
data through up to 3 years and all reported safety data
through up to 5 years of tildrakizumab exposure,
stratified by MetS status, from the reSURFACE 1/2
base and extension studies.
MATERIALS AND METHODS
Study design

This was a post hoc analysis of 2 phase 3, 64-/52-
week, double-blind, randomized, placebo-controlled
studies (reSURFACE 1/2)19 with optional long-term
extension periods. Some patients who met prespeci-
fied efficacy criteria received more than 1 treatment
during the base studies (Supplemental Fig 1; available
viaMendeley at http://doi.org/10.17632/j5gd4ndd2g.
1). Patients completing the base studies with 50% or
greater improvement from baseline PASI score could
enter the long-term extensions receiving the same
tildrakizumab dose. This analysis included only
patientswho received the samedose of tildrakizumab

https://doi.org/10.17632/j5gd4ndd2g.1
https://doi.org/10.17632/j5gd4ndd2g.1


Abbreviations used:

AE: adverse event
BMI: body mass index
CV: cardiovascular
CVD: cardiovascular disease
IL: interleukin
MACE: major adverse cardiovascular

event
MedDRA SOC: Medical Dictionary for Regulatory

Activities System Organ Class
MetS: metabolic syndrome
NCEP ATP III: National Cholesterol Education

Programme Adult Treatment
Panel III

PASI: Psoriasis Area and Severity Index
PY: patient-years
SAE: serious adverse event
TEAE: treatment-emergent adverse event
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continuously throughout the base studies and into the
long-term extensions.

Local institutional review boards or ethics panels
reviewed and approved the protocols. The study
was conducted according to the principles of the
Declaration of Helsinki.26 All patients provided
informed consent.
Patients
The reSURFACE 1/2 inclusion and exclusion

criteria have been previously described.19 Briefly,
adults with moderate to severe chronic plaque pso-
riasis (body surface area involvement $10%,
Physician Global Assessment score $3, and PASI
score $12) were eligible.
Treatments and assessments
The reSURFACE 1/2 base study procedures have

been previously described.19 Tildrakizumab 100 or
200 mg was administered by subcutaneous injection
at week 0, at week 4, and every 12 weeks thereafter.
The PASI score was evaluated as scheduled during
the base studies and every 12 weeks through week
148. Patients were monitored for AEs throughout
treatment and for 20 weeks after the last dose of
tildrakizumab.

Retrospective clinical evaluation of baseline MetS
status was based on NCEP ATP III criteria.27 Waist
circumference was not measured in reSURFACE 1/2,
so body mass index (BMI)dwhich correlates well
with waist circumference and MetS status28-33dwas
used as a surrogate for the abdominal obesity
component of MetS. Patients meeting 3 or more of
the following 5 criteria were classified as having
MetS: BMI of greater than 30 kg/m2, triglyceride
levels of 150 mg/dl or greater, high-density lipopro-
tein cholesterol of less than 40 mg/dl for men or less
than 50 mg/dl for women, blood pressure of 130 mm
Hg or greater (systolic) and/or 85 mm Hg or greater
(diastolic), and fasting glucose of 110 mg/dl or
greater.

Tildrakizumab efficacy was assessed from the
proportions of patients achieving 75%, 90%, and
100% improvement from baseline PASI score (PASI
75, 90, and 100 response rates) and the percentage
median PASI change from baseline at weeks 52, 100,
and 148. Safety was evaluated from exposure-
adjusted rates (patients with events per 100 patient-
years [PY] of exposure) of treatment-emergent AEs
(TEAEs), tier 1 TEAEs, and SAEs by Medical
Dictionary for Regulatory Activities System Organ
Class (MedDRA SOC), stratified by tildrakizumab
dose and baseline MetS status. Tier 1 TEAEs included
infections reported as SAEs or requiring intravenous
antibiotics, malignancies, nonmelanoma skin cancer,
melanoma, confirmed major adverse CV events
(MACE) (comprising nonfatal myocardial infarction,
nonfatal stroke, and CV deaths confirmed as CV or
sudden), and drug-related hypersensitivity reactions.
Statistical analysis
Efficacy and safety analysis sets included all

patients in the post hoc analysis. Efficacy data
through treatment week 148 and all available safety
data through July 24/June 22, 2018, for reSURFACE 1/
2 were analyzed. Baseline characteristics were
summarized for patients with and without MetS
by treatment arm using descriptive statistics.
Proportions of PASI responders and absolute and
percent change from baseline in median PASI score
were compared between patients with and without
MetS by treatment arm. Missing data at a given visit
were imputed as nonresponse for PASI response
rates and using last observation carried forward
methodology for PASI scores. No formal hypothesis
testing was performed.
RESULTS
Patient population

Of 1862 patients entering reSURFACE 1 (n = 772)
and 2 (n = 1090), 338 (n = 124/214 in reSURFACE 1/2,
respectively) and 307 (n = 147/160 in reSURFACE 1/
2, respectively) continuously received tildrakizumab
100 and 200 mg, respectively, throughout the base
studies and into the long-term extensions. Of these,
26/44 (21%/21%) patients receiving tildrakizumab
100 mg and 34/30 (23%/19%) receiving tildrakizu-
mab 200 mg in reSURFACE 1/2, respectively, met
criteria for MetS (Supplemental Figs 2 and 3; avail-
able via Mendeley at http://doi.org/10.17632/
j5gd4ndd2g.1).

https://doi.org/10.17632/j5gd4ndd2g.1
https://doi.org/10.17632/j5gd4ndd2g.1
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Patient demographics were similar to the base
study analysis.25 The majority of patients were
white and male (Table I). Patients with versus
without MetS had greater prevalence of pre-
existing CVD and diabetes and higher median
baseline weight and BMI (Table I).25 Proportions
of patients who discontinued study treatment
before week 148 were comparable for those with
versus without MetS in reSURFACE 1 (7.7% vs 11.2%
and 0% vs 5.4% for tildrakizumab 100 and 200 mg,
respectively) and reSURFACE 2 (15.9% vs 12.6% and
16.6% vs 12.4% for tildrakizumab 100 and 200 mg,
respectively). The most frequent reason for discon-
tinuation in both studies was withdrawal by patient;
2 patients with MetS receiving tildrakizumab 200
mg in reSURFACE 2 withdrew due to an AE
(Supplemental Figures 2 and 3); confirmed AEs
leading to study discontinuation after database lock
and cleaning are listed in Supplemental Table 1
(available via Mendeley at http://doi.org/10.17632/
j5gd4ndd2g.1).

Efficacy outcomes
In reSURFACE 1/2, PASI 75/90/100 response rates

in patients receiving tildrakizumab 100 and 200 mg
were generally comparable between those with and
without MetS at weeks 52, 100, and 148 (Fig 1 and
Supplemental Figs 4 and 5; available via Mendeley at
http://doi.org/10.17632/j5gd4ndd2g.1). The PASI 75
response rates at weeks 100 and 148 and the PASI 90
and 100 response rates at weeks 52, 100, and 148
were numerically lower among patients with versus
without MetS receiving tildrakizumab 200 mg in
reSURFACE 2 (Fig 1, B).

In both reSURFACE 1 and reSURFACE 2, median
PASI scores decreased from baseline through week
28 (end of base study part 2) and remained low
through week 148 in patients with or without
MetS (Supplemental Figs 6 and 7; available via
Mendeley at http://doi.org/10.17632/j5gd4ndd2g.
1). The percent decrease in median PASI score
from baseline to weeks 52, 100, and 148 was 83%
or greater for patients receiving tildrakizumab 100 or
200 mg with or without MetS in both studies and was
generally comparable between patients with versus
without MetS (Fig 2).

Safety
Across reSURFACE 1/2, exposure-adjusted rates of

TEAEs were 20.9 or less per 100 PY in patients with
or without MetS at baseline receiving tildrakizumab
100 or 200 mg. By MedDRA SOC, there were 15.4 or
fewer patients with infections and infestations, 6.7 or
fewer with metabolism and nutritional disorders, 5.0
or fewer with vascular disorders, 1.8 or fewer with
cardiac disorders, and 0.7 or fewer with endocrine
disorders per 100 PY among those with or without
MetS receiving either dose of tildrakizumab; meta-
bolic, vascular, and cardiac disorders were more
frequent in patients with versus without MetS.
Exposure-adjusted rates of tier 1 TEAEs were 2.1 or
less per 100 PY in patients with or without MetS
receiving tildrakizumab 100 or 200 mg and were
generally comparable between patients with and
without MetS (Table II). After adjustment for expo-
sure, themost frequent tier 1 TEAEs byMedDRA SOC
were serious infections and infestations in patients
without MetS receiving tildrakizumab 100 mg
(n = 11; 1.0/100 PY) and in patients with (n = 6;
2.1/100 PY) and without MetS (n = 11; 1.1/100 PY)
receiving tildrakizumab 200 mg; the most common
tier 1 TEAEs in patients with MetS receiving tildraki-
zumab 100 mg were malignancies (excluding
nonmelanoma skin cancer and melanoma) and
confirmed extended MACE (both n = 3; 1.0/100
PY) (Table II).

Through the base and extension studies, 25/70
(35.7%) versus 66/265 (24.9%) patients with versus
without MetS receiving tildrakizumab 100 mg re-
ported at least 1 SAE (exposure-adjusted rate, 8.5 vs
5.9 per 100 PY) (Table II). In patients receiving
tildrakizumab 200 mg, 29/64 (45.3%) versus 70/241
(29.0%) patients with versus without MetS reported
at least 1 SAE (10.3 vs 6.8 per 100 PY) (Table II). The
most commonly reported class of SAEs in patients
with versus without MetS receiving tildrakizumab
100 mg was gastrointestinal disorders (n = 5; 1.7/100
PY vs n = 8; 0.7/100 PY). In patients receiving
tildrakizumab 200 mg, the most commonly reported
class of SAEs in patients with versus without MetS
was infections and infestations (n = 6; 2.1/100 PY vs
n = 11; 1.1/100 PY) (Table II).

Diabetes mellitus was reported in 1 and 6 patients
with MetS receiving tildrakizumab 100 and 200 mg,
compared with 4 and 5 patients without MetS
receiving tildrakizumab 100 and 200 mg, respec-
tively. Myocardial infarction occurred in 1 patient
with MetS receiving tildrakizumab 100 mg, and acute
myocardial infarction occurred in 1 patient with MetS
and 2 patients without MetS receiving tildrakizumab
200 mg (Table II).

There were 3 deaths in patients receiving tildra-
kizumab 100 mg: 1 (1.4%; 0.3 per 100 PY) patient
with MetS (unknown cause) and 2 (0.8%; 0.2 per
100 PY) patients without MetS (cardiac failure
chronic and completed suicide). Two deaths
occurred in patients receiving tildrakizumab
200 mg, both in patients without MetS (0.8%; 0.2
per 100 PY) (acute myocardial infarction and
completed suicide).

http://doi.org/10.17632/j5gd4ndd2g.1
http://doi.org/10.17632/j5gd4ndd2g.1
https://doi.org/10.17632/j5gd4ndd2g.1
https://doi.org/10.17632/j5gd4ndd2g.1
https://doi.org/10.17632/j5gd4ndd2g.1


Table I. Patient demographics and disease characteristics by trial, treatment group, and metabolic syndrome status

Patient Characteristics

reSURFACE 1 reSURFACE 2

TIL 100 mg TIL 200 mg TIL 100 mg TIL 200 mg

Without MetS

(n = 98)

With MetS

(n = 26)

Without MetS

(n = 113)

With MetS

(n = 34)

Without MetS

(n = 170)

With MetS

(n = 44)

Without MetS

(n = 130)

With MetS

(n = 30)

Age, y, mean 6 SD 46.1 6 14.0 49.1 6 12.7 46.2 6 13.5 50.7 6 11.0 43.2 6 13.2 45.9 6 12.7 44.5 6 13.2 48.7 6 12.4
Sex, male, n (%) 65 (66.3) 18 (69.2) 80 (70.8) 19 (55.9) 120 (70.6) 34 (77.3) 82 (63.1) 23 (76.7)
Race, white, n (%) 64 (65.3) 21 (80.8) 67 (59.3) 27 (79.4) 156 (91.8) 41 (93.2) 118 (90.8) 29 (96.7)
Weight at baseline, kg, mean 6 SD 80.8 6 18.1 106.4 6 29.6 81.7 6 17.5 111.8 6 32.2 82.6 6 17.0 106.9 6 21.7 82.0 6 17.8 108.2 6 17.6
BMI, kg/m2, mean 6 SD 27.9 6 6.0 35.6 6 8.5 28.3 6 5.8 38.5 6 8.3 27.5 6 5.3* 35.6 6 6.1 27.3 6 5.3 37.6 6 9.8
Body surface area, %, mean 6 SD 29.4 6 16.7 32.2 6 16.6 32.6 6 19.5 30.1 6 19.4 34.1 6 18.4 30.3 6 18.9 31.3 6 17.2 27.6 6 12.9
Disease duration, y, mean 6 SD 17.2 6 12.6 16.2 6 12.3 16.6 6 11.5 16.7 6 12.9 16.1 6 10.6 15.2 6 11.2 18.0 6 13.5 20.1 6 14.8
Baseline PASI score, mean 6 SD 19.9 6 7.1 20.5 6 7.1 21.5 6 9.3 20.6 6 9.7 19.6 6 6.9 20.8 6 8.8 19.5 6 7.2 19.2 6 6.3
Baseline PGA score, mean 6 SD 3.3 6 0.6 3.3 6 0.6 3.4 6 0.5 3.5 6 0.6 3.3 6 0.5 3.4 6 0.6 3.3 6 0.6y 3.4 6 0.6
CV disorders, n (%) 14 (14.3) 17 (65.4) 31 (27.4) 16 (47.1) 29 (17.1) 17 (38.6) 27 (20.8) 16 (53.3)
Diabetes, n (%) 8 (8.2) 8 (30.8) 11 (9.7) 8 (23.5) 5 (2.9) 7 (15.9) 11 (8.5) 7 (23.3)
Psoriatic arthritis, n (%) 16 (16.3) 5 (19.2) 19 (16.8) 9 (26.5) 24 (14.1) 11 (25.0) 17 (13.1) 4 (13.3)
Response to $1 traditional systemic medicine, n (%)z 22 (44.9) 5 (71.4) 40 (65.6) 8 (57.1) 111 (65.3) 24 (54.6) 80 (61.5) 17 (56.7)
Prior exposure to biologic therapy for psoriasis, n (%) 16 (16.3) 8 (30.8) 20 (17.7) 7 (20.6) 23 (13.5) 5 (11.4) 17 (13.1) 7 (23.3)

BMI, Body mass index; CV, cardiovascular; MetS, metabolic syndrome; PASI, Psoriasis Area and Severity Index; PGA, Physician’s Global Assessment; SD, standard deviation; TIL, tildrakizumab.

*n = 169.
yn = 129.
zFor reSURFACE1, percentages are based on the subset of patients who received methotrexate, cyclosporine, or phototherapy.
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Fig 2. Percent change in PASI score from baseline to weeks 52, 100, and 148 in patients with
and without MetS in reSURFACE 1 and reSURFACE 2. All patients who continuously received
the same dose of tildrakizumab and entered the extension studies, last observation carried
forward. MetS, Metabolic syndrome; PASI, Psoriasis Area and Severity Index; TIL,
tildrakizumab.
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received the same dose of tildrakizumab and entered the extension studies, nonresponder
imputation. MetS, Metabolic syndrome; PASI 75/90/100, 75%/90%/100% improvement from
baseline in Psoriasis Area and Severity Index score; TIL, tildrakizumab.
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DISCUSSION
In this post hoc analysis of long-term extension

data from reSURFACE 1/2, MetS status did not affect
tildrakizumab efficacy or safety in patients with
moderate to severe chronic plaque psoriasis. The
efficacies of tildrakizumab 100 and 200 mg were
comparable, without evidence of reduced drug sur-
vival, and were maintained over 148 weeks in
patients with versus without MetS. Despite the higher
prevalence of psoriatic arthritis, pre-existing CVD,



Table II. Exposure-adjusted rates of tier 1 TEAEs and SAEs by MetS status through up to 5 years of exposure

TEAEs and SAEs

TIL 100 mg TIL 200 mg

Without MetS

(n = 265; 1112.0 PY)

With MetS

(n = 70; 295.4 PY)

Without MetS

(n = 241; 1025.0 PY)

With MetS

(n = 64; 281.5 PY)

Tier 1 TEAEs, n (exposure-adjusted rate)*
Drug hypersensitivity 0 0 0 0
Serious infections and infestations 11 (1.0) 2 (0.7) 11 (1.1) 6 (2.1)
Malignancies (excluding NMSC and
melanoma)y

7 (0.6) 3 (1.0) 6 (0.6) 4 (1.4)

Melanomaz 2 (0.2) 0 0 0
NMSCx 2 (0.2) 1 (0.3) 5 (0.5) 1 (0.4)
Confirmed extended MACE 4 (0.4) 3 (1.0) 3 (0.3) 4 (1.4)

SAEs, MedDRA SOC, n (exposure-adjusted rate)*
All SAEs 66 (5.9) 25 (8.5) 70 (6.8) 29 (10.3)
Blood and lymphatic system disorders 0 0 2 (0.2) 0
Cardiac disorders 4 (0.4) 3 (1.0) 3 (0.3) 4 (1.4)
Ear and labyrinth disorders 1 (0.1) 0 0 0
Endocrine disorders 0 1 (0.3) 1 (0.1) 0
Eye disorders 0 0 0 1 (0.4)
Gastrointestinal disorders 8 (0.7) 5 (1.7) 6 (0.6) 1 (0.4)
General disorders and administration site
conditions

0 2 (0.7) 3 (0.3) 0

Hepatobiliary disorders 3 (0.3) 1 (0.3) 2 (0.2) 1 (0.4)
Infections and infestations 11 (1.0) 2 (0.7) 11 (1.1) 6 (2.1)
Injury, poisoning, and procedural
complications

8 (0.7) 1 (0.3) 7 (0.7) 2 (0.7)

Investigations 0 0 1 (0.1) 0
Metabolism and nutritional disorders 2 (0.2) 0 0 1 (0.4)
Musculoskeletal and connective tissue
disorders

3 (0.3) 3 (1.0) 8 (0.8) 2 (0.7)

Neoplasms: benign, malignant, and
unspecified

13 (1.2) 3 (1.0) 11 (1.1) 5 (1.8)

Pregnancy, puerperium, and perinatal
conditions

1 (0.1) 0 1 (0.1) 0

Product issues 0 0 1 (0.1) 0
Psychiatric disorders 3 (0.3) 1 (0.3) 2 (0.2) 0
Renal and urinary disorders 1 (0.1) 0 3 (0.3) 1 (0.4)
Reproductive system and breast disorders 1 (0.1) 0 1 (0.1) 1 (0.4)
Respiratory, thoracic, and mediastinal
disorders

1 (0.1) 1 (0.3) 3 (0.3) 2 (0.7)

Skin and subcutaneous tissue disorders 2 (0.2) 0 0 0
Vascular disorders 4 (0.4) 2 (0.7) 4 (0.4) 2 (0.7)

MACE, Major adverse cardiovascular event; MedDRA SOC, Medical Dictionary for Regulatory Activities System Organ Class; MetS, metabolic

syndrome; NMSC, nonmelanoma skin cancer; PY, patient-years; SAE, serious adverse event; TEAE, treatment-emergent adverse event; TIL,

tildrakizumab.

*Numbers in parentheses represent the number of patients with the event per 100 PY of exposure.
yIncluding preferred terms bladder cancer, breast cancer, clear cell renal cell carcinoma, colon cancer, endometrial cancer, lobular breast

carcinoma in situ, ovarian cancer, papillary thyroid cancer, prostate cancer, rectal adenocarcinoma, and thyroid cancer after database lock

and cleaning.
zIncluding preferred terms malignant melanoma and malignant melanoma in situ after database lock and cleaning.
xIncluding preferred terms basal cell carcinoma and Bowen’s disease after database lock and cleaning.
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and diabetes in patients with versus without baseline
MetS, rates of prespecified AEs of interest and
SAEs were similar regardless of MetS status. To our
knowledge, this is the longest study to date of both
the efficacy and safety of biologic treatment of
psoriasis in patients with concomitant MetS.
The pathogenetic mechanisms underlying the
relationship between obesity and psoriasis are not
fully defined. Proposed mechanisms include shared
underlying inflammatory pathways,34 including T
helper 1 and 17 cells35,36; dysregulation of adipocy-
tokine secretion35-38; and insulin resistance.8,35,38,39
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Adipocytokines may link psoriasis and comorbid-
ities,40 possibly by mediating cutaneous inflamma-
tion40-42; antieIL-17 therapies show limited positive
effects on adipocytokine levels.43

In patients with psoriasis treated with adalimu-
mab, MetS is associated with statistically significant
reduction in PASI response rates relative to patients
without MetS.16 Baseline MetS and obesity were
more frequent among nonresponders (PASI \50)
to secukinumab relative to responders (PASI[50).15

Patients with psoriasis with versus without MetS also
have lower drug survival after long-term treatment
with most biologics studied.44 Greater body weight
and high BMI are associated with lower efficacy
of many biologics.45,46 We previously reported a
modest association between body weight and tildra-
kizumab efficacy, with a trend toward lower efficacy
after 12 weeks among heavier versus lighter patients;
these differences dissipated at weeks 28 and 52.47

However, the current analysis detected no decrease
in tildrakizumab efficacy or drug survival despite
greater baseline mean body weight and BMI in
patients with versus without MetS.

The incidence of MACE is closely monitored in
studies of biologic therapies; to date, most are not
associated with increased MACE risk.48-51 Despite
evidence that anti-inflammatory therapies can
reduce incidence of CV events and associated
complications,52,53 adalimumab treatment for psori-
asis did not influence vascular inflammation
compared with phototherapy and placebo,54 and
ustekinumab treatment for 12 weeks only transiently
improved endothelial function.55 The IL-12/23 in-
hibitor briakinumab was withdrawn from develop-
ment because of MACE-related concerns; however,
other IL-12/23 inhibitors were used safely in psori-
asis.56 In this study, 39% to 65% of patients with MetS
had pre-existing CVD, and no increased incidence of
MACE was observed in patients with versus without
MetS over up to 5 years of treatment.

Despite controversy over ILs as biochemical
markers of diabetes pathogenesis,57,58 the rarity of
new-onset diabetes through up to 5 years of follow-
up in this analysis is consistent with observations of
positive correlation between IL-23 and fasting
glucose in patients with psoriasis and MetS.59 More
prospective studies are needed to elucidate the
association between IL-23 inhibition and fasting
glucose levels.

Short-term (ie, 12-16 weeks) treatment with tumor
necrosis factor antagonists and IL-17 and IL-12/23
inhibitors is generally well tolerated in patients with
moderate to severe psoriasis.48,49,60,61 However, risk
for serious infections (eg, lower respiratory tract
infections and skin/soft tissue infections) after
psoriasis treatment is well documented for some
biologic therapies.62-64 In this study, the incidence of
serious infections was low and comparable among
patients regardless of MetS status. Malignancy rates
were comparable to previous reports in patients with
psoriasis and numerically higher in patients with vs
without MetS, consistent with increased risk for
many cancers associated with MetS.65,66

Understanding the long-term safety profile of bio-
logic therapies, particularly with regard to CVD,
serious infections, and malignancies in patients
predisposed to these conditions, will be important
to decision making in psoriasis treatment.

These post hoc analyses were not powered to
assess statistical differences between MetS-based
subgroups, and populations were not matched for
smoking history and other potential cofactors.
Relatively few patients had MetS, and very few met
3 or more risk factors for MetS when BMI was
excluded; therefore, further stratification (eg, by
weight) or evaluation of the effect of weight only
on differences in treatment efficacy and safety be-
tween patients with and without MetS was not
feasible. By study design, patients who underwent
dose escalation or de-escalationwere not included in
this analysis. Further analyses of these populations
could strengthen the reported findings. These study
limitations may temper our observations and suggest
that further prospective studies are needed to sup-
port these findings.
CONCLUSIONS
The efficacy of tildrakizumab 100 and 200 mg was

comparable and maintained without evidence of
reduced durability of response through 148 weeks of
treatmentddespite higher weightdin patients with
versus without MetS. Safety outcomes over a 5-year
period were comparable regardless of MetS status
and consistent with the known safety profile of
tildrakizumab; no difference in the incidence of
CV events or worsening diabetes was observ-
edddespite higher risk for CV events, diabetes,
and obesity-related eventsdbetween patients with
and without MetS across tildrakizumab doses.

The authors would like to thank the patients who took
part in this study. Studies were funded by Merck Sharp and
Dohme, a subsidiary of Merck, Kenilworth, NJ. These
analyses were funded by Sun Pharmaceutical Industries,
Inc. Medical writing support was provided by Judith M.
Phillips, DVM, PhD, of AlphaBioCom, LLC, and was
funded by Sun Pharmaceutical Industries, Inc.

REFERENCES

1. de Oliveira M, de Oliveria Rocha B, Duarte G. Psoriasis: classical

and emerging comorbidities. An Bras Dermatol. 2015;90:9-20.

http://refhub.elsevier.com/S0190-9622(20)32637-2/sref1
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref1


J AM ACAD DERMATOL

FEBRUARY 2021
406 Lebwohl et al
2. Naldi L, Mercuri SR. Epidemiology of comorbidities in psoriasis.

Dermatol Ther. 2010;23:114-118.

3. Takeshita J, Grewal S, Langan SM, et al. Psoriasis and comorbid

diseases: implications for management. J Am Acad Dermatol.

2017;76:393-403.

4. Menter MA, Armstrong AW, Gordon KB, Wu JJ. Common and

not-so-common comorbidities of psoriasis. Semin Cutan Med

Surg. 2018;37:S48-S51.

5. Gisondi P, Tessari G, Conti A, et al. Prevalence of metabolic

syndrome in patients with psoriasis: a hospital-based case-

control study. Br J Dermatol. 2007;157:68-73.

6. Alberti KG, Eckel RH, Grundy SM, et al. Harmonizing the

metabolic syndrome: a joint interim statement of the Inter-

national Diabetes Federation Task Force on Epidemiology and

Prevention; National Heart, Lung, and Blood Institute; Amer-

ican Heart Association; World Heart Federation; International

Atherosclerosis Society; and International Association for the

Study of Obesity. Circulation. 2009;120:1640-1645.

7. Fernandez-Armenteros JM, Gomez-Arbones X, Buti-Soler M,

et al. Psoriasis, metabolic syndrome and cardiovascular risk

factors. A population-based study. J Eur Acad Dermatol

Venereol. 2019;33:128-135.

8. Singh S, Young P, Armstrong AW. An update on psoriasis and

metabolic syndrome: a meta-analysis of observational studies.

PLoS One. 2017;12:e0181039.

9. Carvalho AV, Romiti R, Souza CD, Paschoal RS, Milman LM,

Meneghello LP. Psoriasis comorbidities: complications and

benefits of immunobiological treatment. An Bras Dermatol.

2016;91:781-789.

10. Armstrong AW, Harskamp CT, Armstrong EJ. Psoriasis

and metabolic syndrome: a systematic review and meta-

analysis of observational studies. J Am Acad Dermatol. 2013;

68:654-662.

11. Ryan C, Kirby B. Psoriasis is a systemic disease with multiple

cardiovascular and metabolic comorbidities. Dermatol Clin.

2015;33:41-55.

12. Voiculescu VM, Lupu M, Papagheorghe L, Giurcaneanu C,

Micu E. Psoriasis and metabolic syndromedscientific evidence

and therapeutic implications. J Med Life. 2014;7:468-471.

13. Langan SM, Seminara NM, Shin DB, et al. Prevalence of

metabolic syndrome in patients with psoriasis: a population-

based study in the United Kingdom. J Invest Dermatol. 2012;

132:556-562.

14. Malik S, Wong ND, Franklin SS, et al. Impact of the metabolic

syndrome on mortality from coronary heart disease, cardio-

vascular disease, and all causes in United States adults.

Circulation. 2004;110:1245-1250.

15. Pinter A, Gerdes S, Papavassilis C, Reinhardt M. Characteriza-

tion of responder groups to secukinumab treatment in

moderate to severe plaque psoriasis. J Dermatolog Treat.

2019:1-7.

16. Talamonti M, Galluzzo M, Bernardini N, et al. Psoriasis Area and

Severity Index response in moderate-severe psoriatic patients

switched to adalimumab: results from the OPPSA study. J Eur

Acad Dermatol Venereol. 2018;32:1737-1744.

17. Kaushik SB, Lebwohl MG. Psoriasis: which therapy for which

patient: focus on special populations and chronic infections. J

Am Acad Dermatol. 2019;80:43-53.

18. Kaushik SB, Lebwohl MG. Psoriasis: which therapy for which

patient: psoriasis comorbidities and preferred systemic agents.

J Am Acad Dermatol. 2019;80:27-40.

19. Reich K, Papp KA, Blauvelt A, et al. Tildrakizumab versus

placebo or etanercept for chronic plaque psoriasis (reSURFACE

1 and reSURFACE 2): results from two randomised controlled,

phase 3 trials. Lancet. 2017;390:276-288.
20. ILUMYA� (tildrakizumab-asmn) Injection, for Subcutaneous Use.

Full Prescribing Information. Cranbury, NJ: Sun Pharmaceutical

Industries; 2018.

21. Ilumetri 100 mg Solution for Injection in Pre-Filled Syringe

(tildrakizumab). Summary of Product Characteristics. Barcelona,

Spain: Almirall; 2018.

22. ILUMYA� 100 mg/1 mL Solution for Injection (tildrakizumab).

Australian Product Information. Macquarie Park, NSW,

Australia: Sun Pharma ANZ Pty Ltd; 2018.

23. Papp K, Thaci D, Reich K, et al. Tildrakizumab (MK-3222), an

anti-interleukin-23p19 monoclonal antibody, improves psori-

asis in a phase IIb randomized placebo-controlled trial. Br J

Dermatol. 2015;173:930-939.

24. Blauvelt A, Reich K, Papp KA, et al. Safety of tildrakizumab for

moderate-to-severe plaque psoriasis: pooled analysis of three

randomized controlled trials. Br J Dermatol. 2018;179:615-622.

25. Lebwohl MG, Leonardi CL, Mehta NN, et al. Tildrakizumab

efficacy and safety are not altered by metabolic syndrome

status in patients with psoriasis: post hoc analysis of 2 phase 3

randomized controlled studies (reSURFACE 1 and reSURFACE

2). J Am Acad Dermatol. 2020;82:519-522.

26. World Medical Association. World Medical Association Decla-

ration of Helsinki. Ethical principles for medical research

involving human subjects. Bull World Health Organ. 2001;79:

373-374.

27. National Cholesterol Education Program. Expert panel on

detection, evaluation, and treatment of high blood cholesterol

in adults. Third report of the National Cholesterol Education

Program (NCEP) Expert panel on detection, evaluation, and

treatment of high blood cholesterol in adults (adult treatment

panel III) final report. Circulation. 2002;106:3143-3421.

28. Chinedu SN, Ogunlana OO, Azuh DE, et al. Correlation

between body mass index and waist circumference in nigerian

adults: implication as indicators of health status. J Public

Health Res. 2013;2:e16.

29. Dalton M, Cameron AJ, Zimmet PZ, et al. Waist circumference,

waist-hip ratio and body mass index and their correlation with

cardiovascular disease risk factors in Australian adults. J Intern

Med. 2003;254:555-563.

30. Gierach M, Gierach J, Ewertowska M, Arndt A, Junik R. Corre-

lation between body mass index and waist circumference in

patients with metabolic syndrome. ISRN Endocrinol. 2014;2014:

514589.

31. Guan X, Sun G, Zheng L, Hu W, Li W, Sun Y. Associations

between metabolic risk factors and body mass index, waist

circumference, waist-to-height ratio and waist-to-hip ratio in a

Chinese rural population. J Diabetes Investig. 2016;7:601-606.

32. Kobo O, Leiba R, Avizohar O, Karban A. Normal body mass

index (BMI) can rule out metabolic syndrome: an Israeli cohort

study. Medicine (Baltimore). 2019;98:e14712.

33. Wilmet G, Verlinde R, Vandevoorde J, Carnol L, Devroey D.

Correlation between body mass index and abdominal circum-

ference in Belgian adults: a cross-sectional study. Rom J Intern

Med. 2017;55:28-35.

34. Gottlieb AB, Chao C, Dann F. Psoriasis comorbidities. J

Dermatolog Treat. 2008;19:5-21.

35. Gelfand JM, Yeung H. Metabolic syndrome in patients with

psoriatic disease. J Rheumatol Suppl. 2012;89:24-28.

36. Azfar RS, Gelfand JM. Psoriasis and metabolic disease: epide-

miology and pathophysiology. Curr Opin Rheumatol. 2008;20:

416-422.

37. Davidovici BB, Sattar N, Prinz J, et al. Psoriasis and systemic

inflammatory diseases: potential mechanistic links between

skin disease and co-morbid conditions. J Invest Dermatol.

2010;130:1785-1796.

http://refhub.elsevier.com/S0190-9622(20)32637-2/sref2
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref2
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref3
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref3
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref3
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref4
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref4
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref4
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref5
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref5
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref5
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref6
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref6
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref6
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref6
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref6
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref6
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref6
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref7
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref7
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref7
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref7
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref8
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref8
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref8
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref9
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref9
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref9
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref9
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref10
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref10
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref10
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref10
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref11
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref11
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref11
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref12
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref12
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref12
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref12
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref13
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref13
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref13
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref13
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref14
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref14
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref14
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref14
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref15
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref15
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref15
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref15
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref16
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref16
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref16
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref16
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref17
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref17
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref17
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref18
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref18
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref18
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref19
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref19
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref19
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref19
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref20
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref20
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref20
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref21
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref21
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref21
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref22
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref22
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref22
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref23
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref23
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref23
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref23
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref24
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref24
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref24
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref25
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref25
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref25
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref25
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref25
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref26
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref26
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref26
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref26
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref27
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref27
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref27
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref27
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref27
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref27
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref28
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref28
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref28
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref28
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref29
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref29
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref29
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref29
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref30
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref30
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref30
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref30
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref31
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref31
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref31
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref31
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref32
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref32
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref32
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref33
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref33
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref33
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref33
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref34
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref34
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref35
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref35
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref36
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref36
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref36
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref37
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref37
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref37
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref37


J AM ACAD DERMATOL

VOLUME 84, NUMBER 2
Lebwohl et al 407
38. Ouchi N, Parker JL, Lugus JJ, Walsh K. Adipokines in

inflammation and metabolic disease. Nat Rev Immunol. 2011;

11:85-97.

39. Alsufyani MA, Golant AK, Lebwohl M. Psoriasis and the

metabolic syndrome. Dermatol Ther. 2010;23:137-143.

40. Gerdes S, Rostami-Yazdi M, Mrowietz U. Adipokines and

psoriasis. Exp Dermatol. 2011;20:81-87.

41. Lynch M, Ahern T, Sweeney CM, et al. Adipokines, psoriasis,

systemic inflammation, and endothelial dysfunction. Int J

Dermatol. 2017;56:1103-1118.

42. Jensen P, Skov L. Psoriasis and obesity. Dermatology. 2016;232:

633-639.

43. Fassio A, Gatti D, Gisondi P, et al. Effects of secukinumab on

serum adipocytokines: preliminary data. Reumatismo. 2017;69:

105-110.

44. Jacobi A, Rustenbach SJ, Augustin M. Comorbidity as a

predictor for drug survival of biologic therapy in patients

with psoriasis. Int J Dermatol. 2016;55:296-302.

45. Puig L. Obesity and psoriasis: body weight and body mass

index influence the response to biological treatment. J Eur

Acad Dermatol Venereol. 2011;25:1007-1011.

46. Menter A, Gordon KB, Leonardi CL, Gu Y, Goldblum OM.

Efficacy and safety of adalimumab across subgroups of

patients with moderate to severe psoriasis. J Am Acad

Dermatol. 2010;63:448-456.

47. Leonardi C, Menter A, Draelos Z, et al. Impact of body weight

on efficacy of tildrakizumab in moderate to severe plaque

psoriasis. J Am Acad Dermatol. 2019;81:AB76.

48. Rungapiromnan W, Yiu ZZN, Warren RB, Griffiths CEM,

Ashcroft DM. Impact of biologic therapies on risk of major

adverse cardiovascular events in patients with psoriasis:

systematic review and meta-analysis of randomized controlled

trials. Br J Dermatol. 2017;176:890-901.

49. Bilal J, Berlinberg A, Bhattacharjee S, Trost J, Riaz IB,

Kurtzman DJB. A systematic review and meta-analysis of the

efficacy and safety of the interleukin (IL)-12/23 and IL-17

inhibitors ustekinumab, secukinumab, ixekizumab, brodalu-

mab, guselkumab and tildrakizumab for the treatment of

moderate to severe plaque psoriasis. J Dermatolog Treat. 2018;

29:569-578.

50. Bissonnette R, Kerdel F, Naldi L, et al. Evaluation of risk of

major adverse cardiovascular events with biologic therapy in

patients with psoriasis. J Drugs Dermatol. 2017;16:1002-1013.

51. Ryan C, Leonardi CL, Krueger JG, et al. Association between

biologic therapies for chronic plaque psoriasis and cardiovas-

cular events: a meta-analysis of randomized controlled trials.

JAMA. 2011;306:864-871.

52. Lee JL, Sinnathurai P, Buchbinder R, Hill C, Lassere M, March L.

Biologics and cardiovascular events in inflammatory arthritis: a

prospective national cohort study. Arthritis Res Ther. 2018;20:

171.

53. No DJ, Amin M, Egeberg A, Wu JJ. The role of biologic therapy

for psoriasis in cardiovascular risk reduction. Cutis. 2017;99:78-

79.
54. Mehta NN, Shin DB, Joshi AA, et al. Effect of 2 psoriasis

treatments on vascular inflammation and novel inflammatory

cardiovascular biomarkers: a randomized placebo-controlled

trial. Circ Cardiovasc Imaging. 2018;11:e007394.

55. Gelfand JM, Shin DB, Alavi A, et al. A phase IV, randomized,

double-blind, placebo-controlled crossover study of the ef-

fects of ustekinumab on vascular inflammation in psoriasis

(the VIP-U trial). J Invest Dermatol. 2020;140:85-93.

56. Caiazzo G, Fabbrocini G, Di Caprio R, et al. Psoriasis,

cardiovascular events, and biologics: lights and shadows.

Front Immunol. 2018;9:1668.

57. Roohi A, Tabrizi M, Abbasi F, et al. Serum IL-17, IL-23, and TGF-

beta levels in type 1 and type 2 diabetic patients and age-

matched healthy controls. Biomed Res Int. 2014;2014:718946.

58. Fatima N, Faisal SM, Zubair S, Siddiqui SS, Moin S, Owais M.

Emerging role of interleukins IL-23/IL-17 axis and biochemical

markers in the pathogenesis of type 2 diabetes: association

with age and gender in human subjects. Int J Biol Macromol.

2017;105:1279-1288.

59. Brito-Luna MJ, Villanueva-Quintero DG, Sandoval-

Talamantes AK, et al. Correlation of IL-12, IL-22, and IL-23 in

patients with psoriasis and metabolic syndrome. Preliminary

report. Cytokine. 2016;85:130-136.

60. Yiu ZZN, Exton LS, Jabbar-Lopez Z, et al. Risk of serious

infections in patients with psoriasis on biologic therapies: a

systematic review and meta-analysis. J Invest Dermatol. 2016;

136:1584-1591.

61. Nast A, Jacobs A, Rosumeck S, Werner RN. Efficacy and safety

of systemic long-term treatments for moderate-to-severe

psoriasis: a systematic review and meta-analysis. J Invest

Dermatol. 2015;135:2641-2648.

62. Warren RB, Smith CH, Yiu ZZN, et al. Differential drug survival

of biologic therapies for the treatment of psoriasis: a pro-

spective observational cohort study from the British Associa-

tion of Dermatologists Biologic Interventions Register

(BADBIR). J Invest Dermatol. 2015;135:2632-2640.

63. Yiu ZZN, Ashcroft DM, Evans I, et al. Infliximab is associated

with an increased risk of serious infection in patients with

psoriasis in the U.K. and Republic of Ireland: results from the

British Association of Dermatologists Biologic Interventions

Register (BADBIR). Br J Dermatol. 2019;180:329-337.

64. Yiu ZZN, Smith CH, Ashcroft DM, et al. Risk of serious infection

in patients with psoriasis receiving biologic therapies: a

prospective cohort study from the British Association of

Dermatologists Biologic Interventions Register (BADBIR). J

Invest Dermatol. 2018;138:534-541.

65. Esposito K, Chiodini P, Colao A, Lenzi A, Giugliano D. Metabolic

syndrome and risk of cancer: a systematic review and meta-

analysis. Diabetes Care. 2012;35:2402-2411.

66. Kimball AB, Schenfeld J, Accortt NA, Anthony MS, Rothman KJ,

Pariser D. Incidence rates of malignancies and hospitalized

infectious events in patients with psoriasis with or without

treatment and a general population in the U.S.A.: 2005-09. Br J

Dermatol. 2014;170:366-373.

http://refhub.elsevier.com/S0190-9622(20)32637-2/sref38
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref38
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref38
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref39
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref39
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref40
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref40
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref41
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref41
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref41
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref42
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref42
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref43
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref43
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref43
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref44
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref44
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref44
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref45
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref45
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref45
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref46
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref46
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref46
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref46
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref47
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref47
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref47
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref48
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref48
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref48
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref48
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref48
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref49
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref49
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref49
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref49
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref49
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref49
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref49
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref50
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref50
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref50
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref51
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref51
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref51
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref51
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref52
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref52
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref52
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref52
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref53
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref53
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref53
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref54
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref54
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref54
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref54
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref55
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref55
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref55
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref55
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref56
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref56
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref56
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref57
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref57
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref57
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref58
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref58
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref58
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref58
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref58
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref59
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref59
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref59
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref59
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref60
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref60
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref60
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref60
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref61
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref61
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref61
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref61
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref62
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref62
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref62
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref62
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref62
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref63
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref63
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref63
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref63
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref63
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref64
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref64
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref64
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref64
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref64
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref65
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref65
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref65
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref66
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref66
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref66
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref66
http://refhub.elsevier.com/S0190-9622(20)32637-2/sref66

	Tildrakizumab efficacy, drug survival, and safety are comparable in patients with psoriasis with and without metabolic synd ...
	Materials and methods
	Study design
	Patients
	Treatments and assessments
	Statistical analysis

	Results
	Patient population
	Efficacy outcomes
	Safety

	Discussion
	Conclusions
	References


