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DISCLAIMER
Adherence to these guidelines will not

ensure successful treatment in every situation.
Furthermore, these guidelines should not be inter-
preted as setting a standard of care, nor should they
be deemed either inclusive of all proper methods of
care or exclusive of other methods of care reasonably
directed toward obtaining the same results. The
ultimate judgment regarding the propriety of any
specific therapy must be made by the physician and
the patient in light of all the circumstances presented
by the individual patient and the known variability
and biologic behavior of the disease. Furthermore,
the treatment dosages used in clinical trials may not
be effective in certain cases, and some patients may
require shorter intervals between doses and/or higher
treatment doses of a particular biologic agent. This
guideline reflects the best available data at the time
the guideline was prepared. The results of future
studies will likely require revisions to the recommen-
dations in this guideline to reflect new data.

SCOPE
This guideline will cover the use of biologic

agents in the treatment of psoriasis in adults; psori-
asis in the pediatric population will be covered in the
‘‘Guidelines of care for the management and treat-
ment of pediatric psoriasis’’ guideline. This guideline
will not cover the treatment of psoriatic arthritis
(PsA) in detail, its management is reviewed in detail
by the American College of Rheumatology and



Table I. Clinical questions

What are the efficacy, effectiveness, effect of switching,
and adverse effects of the following biologic drugs used as
monotherapy or in combination with other psoriasis
therapies to treat moderate-to-severe psoriasis in adults?

d Etanercept (FDA approval on April 30, 2004)
d Infliximab (FDA approval on September 27, 2006)
d Adalimumab (FDA approval on January 22, 2008)
d Certolizumab (FDA approval on May 27, 2018)
d Ustekinumab (FDA approval on September 25, 2009)
d Secukinumab (FDA approval on January 21, 2015)
d Ixekizumab (FDA approval on March 22, 2016)
d Brodalumab (FDA approval on February 15, 2017)
d Guselkumab (FDA approval on July 13, 2017)
d Tildrakizumab (FDA approval on March 21, 2018)
d Risankizumab (FDA approval pending)

FDA, US Food and Drug Administration.
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National Psoriasis Foundation treatment
guidelines.6,7

METHOD
A multidisciplinary WG of psoriasis experts con-

sisting of dermatologists (including private practi-
tioners), a rheumatologist, a cardiologist, and
representatives from a patient advocacy organization
was convened to update and expand on the previ-
ously published 2008 AAD psoriasis guideline.1 The
WG determined the scope of the guideline and
identified important clinical questions with regard
to biologic treatment of psoriasis (Table I). WG
members completed a disclosure of interests
that was periodically updated and reviewed for
potential relevant conflicts of interests throughout
the guideline development process.

An evidence-based model was used, and evi-
dence was obtained by using a search of the PubMed
and MEDLINE databases from January 1, 2008, to
December 31, 2017, for clinical questions addressed
in the previous version of this guideline published in
2008-2011, and for all newly identified clinical
questions. Searches were limited to publications in
the English language. Medical Subject Heading
(MeSH) terms used in various combinations in the
literature search included psoriasis (vulgaris, plaque,
guttate, erythrodermic, pustular, palmoplantar, in-
verse, nail ), biologic therapy (adalimumab, etaner-
cept, infliximab, secukinumab, ustekinumab,
brodalumab, tildrakizumab, guselkumab, risanki-
zumab, tofacitinib), biosimilar, cessation, interrup-
tion, failure ( primary, secondary), combination
therapy, antieTNF-a inhibitors, interleukin inhibi-
tors, therapy switch/alternate, and superior.
After removal of duplicate data, 354 articles were
retained for final review based on relevancy and the
highest level of available evidence for the outlined
clinical questions. Evidence tables were generated
for these studies and utilized by the WG in devel-
oping recommendations. The Academy’s prior pub-
lished guidelines on psoriasis were evaluated, as
were other current published guidelines on psoriasis.

The available evidence was evaluated by
using a unified system called the Strength of
Recommendation Taxonomy, which was developed
by editors of the US family medicine and primary
care journals (ie, American Family Physician,
Family Medicine, Journal of Family Practice, and
BMJ USA). Evidence was graded by using a 3-point
scale based on the quality of methodology
(eg, randomized controlled trial [RCT ], case-control
study, prospective or retrospective cohort study,
case series) and the overall focus of the study
(ie, diagnosis; treatment, prevention, and/or
screening; or prognosis) as follows:
I. Good-quality patient-oriented evidence (ie,

evidence measuring outcomes that matter
to patients: morbidity, mortality, symptom
improvement, cost reduction, and quality of life
[QOL]).

II. Limited-quality patient-oriented evidence.
III. Other evidence including consensus guidelines,

opinion, case studies, or disease-oriented evi-
dence (ie, evidence measuring intermediate,
physiologic, or surrogate end points that may
or may not reflect improvements in patient
outcomes).

Clinical recommendations were developed on the
basis of best available evidence, as summarized in
the tables in the guideline. These are ranked as
follows:
A. Recommendation based on consistent and good-

quality patient-oriented evidence.
B. Recommendation based on inconsistent or

limited-quality patient-oriented evidence.
C. Recommendation based on consensus, opinion,

case studies, or disease-oriented evidence.

In those situations inwhich documented evidence-
based data are not available, we have utilized expert
opinion to generate our clinical recommendations or
opted not to issue a recommendation.

This guideline has been developed in accordance
with the American Academy of Dermatology/AAD
Association Administrative Regulations for Evidence-
Based Clinical Practice Guidelines (May 2014),2

which includes the opportunity for review and
comment by the entire AAD membership and final



Table II. Strength of recommendations on the TNF-a inhibitor etanercept

Recommendation

No. Recommendation

Strength of

recommendation

1.1 Etanercept is recommended as a monotherapy treatment option in adult
patients with moderate-to-severe plaque psoriasis

A

1.2 The recommended starting dose of etanercept is 50 mg taken as a self-
administered subcutaneous injection twice weekly for 12 consecutive wk

A

1.3 The recommended maintenance dose of etanercept after the initial 12 wk is
50 mg once weekly. Etanercept administered at a dose of 50 mg twice
weekly is more efficacious than a dose of 50 mg once weekly and may be
required for better disease control in some patients

A

1.4 Etanercept is recommended as a monotherapy treatment option in adult
patients with moderate-to-severe plaque psoriasis affecting the scalp

A

1.5 Etanercept is recommended as a monotherapy treatment option for use in
adult patients with moderate-to-severe plaque psoriasis affecting the nails

A

1.6 Etanercept can be recommended as a monotherapy treatment option for
use in adult patients with other subtypes (pustular or erythrodermic) of
moderate-to-severe plaque psoriasis

B

1.7 Etanercept is recommended as a monotherapy treatment option in adult
patients with plaque psoriasis of any severity when associated with
significant psoriatic arthritis

A

1.8 Combination of etanercept and topicals, such as high-potency
corticosteroids with or without a vitamin D analogue, is recommended as
a treatment option to augment efficacy for the treatment of moderate-to-
severe plaque psoriasis

A

1.9 Etanercept may be combined with acitretin to augment efficacy for the
treatment of moderate-to-severe plaque psoriasis in adults

B

1.10 Combination of etanercept and methotrexate is recommended as a
treatment option to augment efficacy for the treatment of moderate-to-
severe plaque psoriasis in adults

B

1.11 Etanercept may be combined with apremilast to augment efficacy for the
treatment of moderate-to-severe plaque psoriasis in adults

C

1.12 Etanercept may be combined with cyclosporine to augment efficacy for the
treatment of moderate-to-severe plaque psoriasis in adults when clinically
indicated

C

1.13 Etanercept may be combined with narrowband ultraviolet phototherapy to
augment efficacy for the treatment of moderate-to-severe plaque
psoriasis in adults

B

TNF-a, Tumor necrosis factor-a.
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review and comment by the AAD Board of Directors.
Additionally, this guideline has been developed in
collaboration with the National Psoriasis
Foundation, and as part of the review process, the
National Psoriasis Foundation medical board
members provided their feedback. This guideline
will be considered current for a period of 5 years
from the date of publication unless reaffirmed,
updated, or retired before that time.

DEFINITION OF PSORIASIS
Psoriasis vulgaris is a chronic inflammatory skin

disease that classically presents with well-
demarcated, red plaques with silvery scale,
commonly involving the scalp, elbows, knees, and
presacral region, though any area of the skin may be
involved, including the palms, soles, nails, and
genitalia. Although the severity of psoriasis is defined
in part by the total body surface area (BSA) involved,
with involvement of less than 3% of BSA considered
mild, involvement of 3% to 10% of BSA considered
moderate, and involvement of greater than 10%
considered severe disease, psoriasis can be severe
irrespective of BSA when it has serious emotional
consequences or when it occurs in select locations,
including but not restricted to, the hands, feet, scalp,
face, or genital area, or when it causes intractable
pruritus. The Psoriasis Area Severity Index (PASI) is a
more specific means of quantifying the extent and
severity of psoriasis, as it takes into account not only
BSA but also the intensity of redness, scaling, and
plaque thickness, ultimately producing a score from



Table III. Level of evidence on the TNF-a inhibitor etanercept

Recommendation

Recommendation

No.

Level of

evidence Studies

Monotherapy for adults
Dosing range

d Start with 50 mg twice per wk for 12 wk
d Maintenance dose: 50 mg/wk; 50 mg twice
per wk may be required in some patients

1.1-1.3 I-III 10,11,14-20,22-34,51,56,61,72-75

Type of psoriasis
d Scalp
d Nail
d Pustular, erythrodermic, inverse

1.4
1.5
1.6

I
I-III
II-III

39

35-38,40

41-43,45,47,48,76

Monotherapy for psoriasis with psoriatic arthritis 1.7 I 77,78

Combination therapy
d Topical
d Acitretin
d Methotrexate
d Apremilast
d Cyclosporine
d Narrowband ultraviolet B phototherapy

1.8
1.9
1.10
1.11
1.12
1.13

I-II
I-II
I-II
II
II
II

50-54,79

55,56,59

60-62

63

64

67,68,80

TNF-a, Tumor necrosis factor-a.
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0 (no disease) to 72 (maximal disease severity). The
PASI is used for monitoring response to treatments in
clinical trials and as a research tool to judge the
severity of psoriasis. It is rarely utilized by dermatol-
ogists in clinical practice to guide management.

Psoriasis is an inflammatory, immune-mediated
condition involving cutaneous T cells, dendritic cells,
and keratinocytes, with subsequent release of a
variety of cytokines and other soluble mediators.
These chemical signals are responsible for keratino-
cyte hyperproliferation manifesting as characteristic
scaly plaques, and they also contribute to the
augmented inflammation underlying a number of
systemic disease associations, including metabolic
syndrome, cardiovascular disease, and PsA. To
inhibit the inflammation underpinning this condi-
tion, a number of topical and systemic medications
have been created with varying success. The term
biologic agents refers to engineered monoclonal
antibodies and fusion proteins that exert their
therapeutic actions by blocking specific cytokines
or cytokine receptors critical to psoriatic
inflammation.

INTRODUCTION
Psoriasis is a common inflammatory disease of

adults and children, affecting approximately 3.2% of
the population.3 Affected patients are frequently
undiagnosed, undertreated, or even untreated.4

Although skin involvement is often the most
prominent and solely recognized manifestation of
this disease, recognition of the condition as a chronic,
multisystem inflammatory disorder is imperative to
optimize management. Psoriasis follows a relapsing
course and can negatively affect QOL. Psoriasis is
associatedwith inflammatory arthritis, known as PsA,
which has a prevalence ranging from 25% to 30% in
psoriatic patients.5 PsA will not be reviewed in detail
in this guideline, as its management is reviewed in
detail by the American College of Rheumatology and
National Psoriasis Foundation treatment guidelines6,7

and the previously published guideline by the
American Academy of Dermatology.8

The majority of patients with mild-to-moderate
psoriasis are capable of adequately controlling dis-
ease solely with topical medications or photother-
apy. However, topical therapies used alone or
combined with phototherapy may be insufficient
for patients with moderate-to-severe disease.
Biologic agents, as monotherapy or combined with
other topical or systemic medications, have a high
benefit-to-risk ratio, and because of that, they are a
welcome addition to the armamentarium of psoriasis
management.

This section will review the use of biologic agents
in the treatment of adult psoriasis.

Efficacy can be defined as the performance of an
intervention under ideal and controlled circum-
stances, whereas effectiveness is defined as its per-
formance under real-world conditions.9



Table IV. Strength of recommendations on the TNF-a inhibitor infliximab

Recommendation

No. Recommendation

Strength of

recommendation

2.1 Infliximab is recommended as a monotherapy treatment option in adult
patients with moderate-to-severe plaque psoriasis

A

2.2 The recommended starting dose of infliximab is an infusion of 5 mg/kg
administered at wk 0, wk 2, and wk 6, and thereafter it is administered every
8 wks

A

2.3 Infliximab is recommended to be administered at a more frequent interval
(less than every 8 weeks and as frequently as every 4 weeks during the
maintenance phase) and/or at a higher dose up to 10 mg/kg for better
disease control in some adult patients

B

2.4 Infliximab can be recommended as a monotherapy treatment option in adult
patients with moderate-to-severe plaque psoriasis affecting the palms and
soles (plaque-type palmoplantar psoriasis)

B

2.5 Infliximab can be recommended as a monotherapy treatment option in adult
patients with moderate-to-severe plaque psoriasis affecting the nails

B

2.6 Infliximab can be recommended as a monotherapy treatment option in adult
patients with moderate-to-severe plaque psoriasis affecting the scalp

B

2.7 Infliximab may be recommended as a monotherapy treatment option in adult
patients with other subtypes (pustular or erythrodermic) of moderate-to-
severe plaque psoriasis

C

2.8 Infliximab is recommended as a monotherapy treatment option in adult
patients with plaque psoriasis of any severity when associated with
significant psoriatic arthritis. Infliximab also inhibits radiographically detected
damage of joints in patients with psoriatic arthritis

A

2.9 Combination of infliximab and topicals such as high-potency corticosteroids
with or without a vitamin D analogue can be recommended as a treatment
option to augment efficacy for the treatment of moderate-to-severe plaque
psoriasis in adults

B

2.10 Infliximab may be combined with acitretin to augment efficacy for the
treatment of moderate-to-severe plaque psoriasis in adults

C

2.11 Infliximab may be combined with methotrexate to possibly augment efficacy
for the treatment of moderate-to-severe plaque psoriasis in adults

B

2.12 Infliximab may be combined with apremilast to augment efficacy for the
treatment of moderate-to-severe plaque psoriasis in adults when clinically
indicated

C

TNF-a, Tumor necrosis factor-a.
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TNF-a INHIBITORS
Etanercept (FDA approval on April 30, 2004)

Etanercept is a recombinant human tumor necro-
sis factor-a (TNF-a) receptor protein fused with the
Fc portion of IgG1 that binds to soluble and
membrane-bound TNF-a and to tumor necrosis
factor-b.10,11 Etanercept is currently approved for
treatment of moderate-to-severe adult and pediatric
(in patients aged $4 years) plaque psoriasis, PsA,
rheumatoid arthritis, juvenile rheumatoid arthritis,
and ankylosing spondylitis. The approved dosing of
etanercept in psoriasis is 50 mg given subcutane-
ously twice weekly for the first 12 weeks followed by
50 mg once weekly thereafter.12 Multiple publica-
tions evaluating etanercept versus placebo, metho-
trexate, or other biologics have established the
efficacy of this drug in patients with moderate-to-
severe psoriasis.13-33 A pooled analysis based on 1
phase II and 2 phase III RCTs showed that at week
12, a greater proportion of patients receiving etaner-
cept, 50 mg twice weekly (49%), or etanercept,
50 mg weekly (33%), achieved a 75% improvement
on the PASI (PASI 75) compared with those receiving
placebo (3% [P\ .05]).11 At week 24, 44% of those
receiving 25 mg twice weekly and 59% of those
receiving 50 mg twice weekly achieved PASI 75
(Table II).33

Further reinforcing the efficacy of etanercept, in
the RCT reSURFACE 2, etanercept was compared
with tildrakizumab and placebo for the treatment of
moderate-to-severe psoriasis. After 12 weeks, the
percentages of patients who achieved PASI 75 were
66% in the group receiving tildrakizumab in a dose of
200 mg, 61% in those in the group receiving 100 mg



*10,11,14-20,22-43,45,47,48,50-56,59-64,67-80
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of tildrakizumab, and 48% in the group receiving
etanercept, compared with 6% in the placebo group.
Additionally, the rates of achieving a 90% improve-
ment on the PASI (PASI 90) were 37% in the group
receiving 200 mg of tildrakizumab, 39% in the group
receiving 100 mg of tildrakizumab, and 21% in the
group treated with etanercept, compared with 1% in
the placebo group.34

With regard to difficult-to-treat areas, several
clinical studies have provided evidence of
the efficacy of etanercept in scalp and nail psoria-
sis.35-38 An RCT with 124 patients with psoriasis and
scalp involvement found that at week 12, there was a
mean improvement in Psoriasis Scalp Severity
Involvement (PSSI) score of 86.8% in the etanercept
group compared with a 20.4% improvement in the
placebo group (P\.0001).39 A retrospective study of
nail psoriasis found that at 12 weeks, there was a
41.7% improvement in Nail Psoriasis Severity Index
(NAPSI) score in patients treated with etanercept.40

The efficacy of etanercept in treating other forms of
psoriasis such as pustular, erythrodermic, and
palmoplantar has been reported in some RCTs,41

although the vast majority of data have been
obtained from case series and reports.42-49

Biologic medications as monotherapy may not
always induce complete clearing in patients. When
clinically required, etanercept may be combined
with topical agents such as steroids and vitamin D
analogues.50-54

As with other biologic agents, etanercept may be
combined with systemic agents, such as acitretin, to
increase efficacy.55,56 The addition of acitretin might
allow the reduction of etanercept dosing and also
inhibit the development of cutaneous squamous cell
carcinoma (SCC) in susceptible patients based on its
efficacy for prevention of cutaneous SCC in other
high-risk groups (ie, patients with xeroderma pig-
mentosum, transplant recipients who are taking
immunosuppressive medication, and patients who
have received large numbers of psoralen and ultra-
violet A treatments).57-59

Etanercept may also be combined with metho-
trexate. This combination is well established in the
treatment of both rheumatoid arthritis and PsA.
Likewise, there are substantial and convincing data
documenting the safety and efficacy of this combi-
nation for patients with psoriasis.60-62 There are
limited data from a retrospective case series indi-
cating that apremilast could be combined with
etanercept to improve efficacy.63 However, the
long-term safety and efficacy of this combination is
unknown. Case series have shown that etanercept
may be combined with cyclosporine to improve
efficacy in the short term.64,65 Likewise, the
combination of etanercept with ultraviolet photo-
therapy increases efficacy,66,67 although the long-
term safety of this combination is not well studied. A
12-week, single-arm, open-label study evaluated the
combination of etanercept, 50 mg twice weekly, and
narrowband UV B (NB-UVB), 3 times weekly, in 86
patients. At week 12, 26.0% achieved a 100%
improvement in PASI score (PASI 100), 58.1%
achieved PASI 90, and 84.9% of patients achieved
PASI 75.68

Although antietanercept antibodies have been
detected in a small percentage of patients, a relation-
ship between antietanercept antibodies and loss of
efficacy has not been conclusively demonstrated
(see the section Primary and Secondary Treatment
Failure12,69-71 (Table III*).
Infliximab (FDA approval on September 27,
2006)

Infliximab is a chimeric monoclonal antibody
comprising a mouse variable region and human
IgG1-a constant region. Infliximab binds to both
the soluble and transmembrane TNF-a molecules,
neutralizing the effects of TNF-a.81 Infliximab is
approved in adults for the treatment of psoriasis,
PsA, rheumatoid arthritis, and ankylosing spondy-
litis. Additionally, it is FDA-approved for the treat-
ment of Crohn’s disease and ulcerative colitis in both
adults and children. Infliximab is administered intra-
venously at a dose of 5 mg/kg at weeks 0, 2, and 6
and thereafter every 8 weeks for psoriasis and PsA
(Table IV).82

Multiple RCTs evaluating infliximab versus pla-
cebo, methotrexate, or other biologics have estab-
lished the efficacy of this drug in patients with
moderate-to-severe psoriasis.13,81,83-88 In the pivotal
infliximab phase III study in moderate-to-severe
psoriasis, the rates of achievement of PASI 75 at
week 10were 75.5% and 70.3%, whereas PASI 90was
achieved by 45.2% and 37.1% in the groups receiving
infliximab, 5 mg/kg and 3 mg/kg, respectively (vs a
1.9% rate of achievement of PASI 75 and 0.5% rate of
achievement of PASI 90 with placebo [P\ .001]).84

Infliximab is efficacious in the treatment of plaque-
type palmoplantar and nail psoriasis.35,38,89-91 An RCT
treated 24 patients with palmoplantar plaque
psoriasis with infliximab, 5 mg/kg at the standard
dose interval, or placebo. At week 14, 33.3% and
66.7% of patients treated with infliximab achieved a
75% improvement in modified palmoplantar
psoriasis area and severity index (m-PPPASI) and
50% improvement in m-PPPASI, respectively,



Table V. Level of evidence on the TNF-a inhibitor infliximab

Recommendation

Recommendation

No.

Level of

evidence Studies

Monotherapy for adults
Dosing range

d 5 mg/kg at wk 0, wk 2, and wk 6, then every 8 wk
d Frequent dosing (at least every 8 wk during
maintenance phase) up to 10 mg/kg

2.1-2.3 I-III 51,81,83-88,112

Type of psoriasis
d Palmoplantar
d Nail
d Scalp
d Pustular, erythrodermic, or Inverse

2.4
2.5
2.6
2.7

I-II
I-II
II
II

89,92

35,38,90,91,93

94

42,43,96

Monotherapy for psoriasis with psoriatic arthritis 2.8 I-II 113-119

Combination therapy
d Topical
d Acitretin
d Methotrexate
d Apremilast

2.9
2.10
2.11
2.12

II
II-III
I-II
II

50,51

101,102

60,103

63

TNF-a, Tumor necrosis factor-a.
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compared with 8.3% for both a 75% improvement in
m-PPPASI (P = .317) and a 50% improvement in
m-PPPASI (P = .009) in the placebo group.92

Additionally, in a phase III RCT assessing nail
psoriasis, 373 patients with psoriasis were
randomized 4:1 to receive infliximab or placebo. At
weeks 10, 24, and 50, of the patients with baseline
nail psoriasis, 6.9%, 26.2%, and 44.7% in the
infliximab-treated group, respectively, had nail dis-
ease clearance versus 5.1% in the placebo group at
week 24 (P\.001).93 Infliximab is also efficacious in
the treatment of scalp psoriasis. A retrospective
cohort study found that after 4 weeks of treatment
with infliximab, patients showed a 74% mean
decrease in PSSI.94 There are multiple case series
and reports of rapid response to infliximab when it is
used to treat other variants of psoriasis such as
erythrodermic, generalized pustular, and palmoplan-
tar pustular psoriasis.42,43,95-100

Infliximab may be combined with topical steroids
and a vitamin D analogue to augment efficacy.
However, rigorous evidence supporting this combi-
nation is lacking and the perception of safety is
derived from informal observation and experi-
ence.13,50 Infliximab can be used in combination
with other systemic agents. Acitretin is considered
negligibly immunosuppressive and therefore may be
added to infliximab to increase efficacy.101,102 The
use of acitretin may also reduce the development of
cutaneous SCC in susceptible patients on the basis of
its efficacy for prevention of cutaneous SCC in other
high-risk groups.57-59 There are substantial and
convincing data evaluating the safety and efficacy
of the combination of methotrexate and infliximab in
patients with psoriasis, especially those participating
in studies on PsA, in which as many as 50% of the
enrolled subjects were also receiving metho-
trexate.60,103 Additionally, methotrexate reduces the
immunogenicity of infliximab (see the comment on
immunogenicity later). Because of the substantial
risk of antibodies to infliximab, a significant number
of patients will lose clinical response. Therefore, the
addition of methotrexate to infliximab should be
considered strongly for all patients. There are limited
data from a retrospective case series indicating that
apremilast may be combined with infliximab.63 The
long-term safety of this combination is unknown.
Data are also too limited to advise combination of
infliximab with other currently available biologic
therapies. Although efficacy may be augmented by
such a combination, the risk of significant adverse
events is unknown.

Infliximab may be combined with NB-UVB pho-
totherapy; however, no direct, well-designed study
supports either the short- or long-term efficacy or
safety of this combination. This recommendation is
primarily extrapolated from studies of other TNFa-
inhibitors used in combination with NB-UVB
phototherapy.

It is relevant to consider that abnormally long
intervals between infliximab infusions ([8 weeks)
can increase the risk of infusion reactions and loss of
efficacy owing to antibodies to infliximab.104-106

Infliximab has demonstrated the occurrence of
efficacy-limiting immunogenicity (ie, a relationship
between anti-infliximab antibodies, lowered serum



Table VI. Strength of recommendations on the TNF-a inhibitor adalimumab

Recommendation

No. Recommendation

Strength of

recommendation

3.1 Adalimumab is recommended as a monotherapy treatment option for adult patients
with moderate-to-severe plaque psoriasis

A

3.2 The recommended starting dose of adalimumab is 80 mg taken as 2 self-administered
subcutaneous 40-mg injections of the initial dose, followed by a 40-mg self-
administered subcutaneous injection 1 wk later, followed by 40 mg self-administered
every 2 wk thereafter

A

3.3 A maintenance dose of adalimumab 40 mg/wk is recommended for better disease
control in some patients

A

3.4 Adalimumab is recommended as a monotherapy treatment option for adult patients
with moderate-to-severe plaque psoriasis affecting the palms and soles (palmoplantar
psoriasis)

A

3.5 Adalimumab is recommended as a monotherapy treatment option in adult patients with
moderate-to-severe plaque psoriasis affecting the nails

A

3.6 Adalimumab can be recommended as a monotherapy treatment option in adult patients
with moderate-to-severe plaque psoriasis affecting the scalp

B

3.7 Adalimumab can be recommended as a monotherapy treatment option in adult patients
with other subtypes (pustular or erythrodermic) of moderate-to-severe psoriasis

B

3.8 Adalimumab is recommended as a monotherapy treatment option in adult patients with
plaque psoriasis of any severity when associated with psoriatic arthritis

A

3.9 Combination of adalimumab and topicals such as high-potency corticosteroids with or
without a vitamin D analogue can be recommended as a treatment option to augment
efficacy for the treatment of moderate-to-severe plaque psoriasis in adults

B

3.10 Adalimumab may be combined with acitretin to augment efficacy for the treatment of
moderate-to-severe plaque psoriasis in adults

C

3.11 Adalimumab may be combined with methotrexate to augment efficacy for the treatment
of moderate-to-severe plaque psoriasis in adults

B

3.12 Adalimumab may be combined with apremilast to augment efficacy for the treatment of
moderate-to-severe plaque psoriasis in adults

C

3.13 Adalimumab may be combined with cyclosporine to augment efficacy for the treatment
of moderate-to-severe plaque psoriasis in adults

C

3.14 Adalimumab may be combined with narrowband ultraviolet phototherapy to augment
efficacy for the treatment of moderate-to-severe plaque psoriasis in adults

B

TNF-a, Tumor necrosis factor-a.
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levels of the drug, and loss of efficacy (see the section
Primary and Treatment Secondary Failure).71,82,107-109

Additionally, immunogenicity is correlated with
infusion reactions to infliximab, which range from
mild, moderate, or severe to serious (\1% of
infusions).109-111 A retrospective study showed that
the use of acetaminophen, hydroxyzine, ranitidine,
and methylprednisolone right before administration
of infliximab, can reduce the number of infusion
reactions and could prolong drug survival (Table V).y
Adalimumab (FDA approval on January 22,
2008)

Adalimumab is a human antieTNF-amonoclonal
antibody. It binds to soluble and membrane-bound
TNF-a, inhibiting its interaction with TNF
y35,38,42,43,50,51,60,63,81,83-94,101-103,110,112-119
receptors.120 Adalimumab is currently approved for
10 indications (ie, psoriasis in adults, PsA, juvenile
idiopathic arthritis, ankylosing spondylitis, adult
rheumatoid arthritis, adult and pediatric Crohn’s
disease, ulcerative colitis, hidradenitis suppurativa,
and uveitis). Adalimumab dosing for psoriasis is
80 mg given subcutaneously initially, followed by
40 mg subcutaneously given the next week and at
2-week intervals thereafter.121 Multiple RCTs
evaluating adalimumab versus placebo, metho-
trexate, or other biologics have established the
efficacy of this drug in patients with moderate-to-
severe psoriasis (Table VI)51,120,122-126

The phase III RCT REVEAL assessed the efficacy of
adalimumab for the treatment of moderate-to-severe
plaque psoriasis, reporting that at week 16, PASI 75
was achieved by 71% and 7% of patients with
psoriasis treated with adalimumab versus with pla-
cebo and PASI 90 was achieved by 45% and 2% of
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those treated with adalimumab versus with placebo,
respectively. At week 40, the rates of achievement of
PASI 75 and PASI 90 among patients treated with
adalimumab were 67% and 40%, respectively.122,124

Two phase III RCTs (VOYAGE 1 and VOYAGE 2)
compared guselkumab with adalimumab or placebo
for the treatment of moderate-to-severe plaque pso-
riasis.127,128 In VOYAGE 1 and 2, at week 16, more
patients receiving guselkumab achieved PASI 75
than did patients receiving adalimumab or placebo
(in VOYAGE 1, 91.2% of those receiving guselkumab
vs 73.1% of those receiving antidrug antibodies vs
5.3% of those receiving placebo, and in VOYAGE 2,
86.3% of those receiving guselkumab vs 68.5% of
those receiving antidrug antibodies vs 8.1% of those
receiving placebo).127,128 Additionally, in VOYAGE
2, at week 16, the rates of achievement of PASI 90
were 70.0% versus 46.8% versus 2.4% for guselku-
mab, adalimumab, and placebo, respectively.128

Adalimumab is effective in the treatment of hand
and foot (palmoplantar) psoriasis.129,130 The
Randomized Controlled Evaluation of Adalimumab
in Treatment of Chronic Plaque Psoriasis of the
Hands and Feet (REACH) studied 72 patients (49
receiving adalimumab and 23 receiving placebo)
with plaque-type psoriasis with palmoplantar
involvement. At week 16, 30.6% of the
adalimumab-treated patients achieved a hand and
foot Physician Global Assessment score of clear or
almost clear compared with 4.3% of the placebo-
treated patients (P = .014).130 Several clinical studies
have shown that adalimumab is effective for nail and
scalp psoriasis.z Additionally, in several case series
adalimumab has been used successfully to treat
erythrodermic and generalized pustular
psoriasis.42,43,95

Adalimumab can be combined with topical ste-
roids and a topical vitamin D analogue to increase
response.13,50,133,134 Adalimumab can also be com-
bined with multiple systemic agents to increase
efficacy when necessary. Most of these recommen-
dations are based on systematic reviews and case
reports owing to the lack of clinical trials allowing
the combination of therapies, except in PsA, in which
case more than 50% of patients are maintained by
administration of prior systemic agents (eg, metho-
trexate). Although many of these systemic agents
have immunosuppressive effects, acitretin is consid-
ered to have a negligible effect on the immune
system and therefore, in palmoplantar psoriasis, is
frequently added to adalimumab to increase efficacy
without increasing immunosuppression.101,102,135,136
z35,38,90,130-132
Data have been collected regarding the safety and
efficacy of adalimumab combinedwithmethotrexate
in patients with psoriasis. A retrospective study
compared 203 patients with plaque psoriasis who
were receiving either acitretin, cyclosporine, inflix-
imab, or combination therapies (adalimumab, eta-
nercept, or infliximab plus methotrexate) versus 168
patients who were receiving methotrexate mono-
therapy. Patients taking acitretin, infliximab, adali-
mumab and methotrexate, etanercept and
methotrexate, and infliximab and methotrexate
were more likely to have clear or almost clear skin
compared with patients undergoing methotrexate
monotherapy.60 Additionally, methotrexate can have
the potential to reduce the immunogenicity of
adalimumab (see section on immunogenicity).
Combining adalimumab with apremilast has also
been reported in a case series and a case report; the
long-term efficacy and safety of this regimen are
unknown.63,137 Adalimumab may also be combined
with cyclosporine to increase treatment efficacy in
the short term according to limited data from case
reports and series.138-141 The combination of adali-
mumab with NB-UVB may accelerate and improve
the clearance of psoriatic lesions.142 In a 24-week,
open-label study, adult patients with moderate-to-
severe psoriasis received adalimumab, 40 mg every
other week, and NB-UVB phototherapy 3 times a
week for 12 weeks. At week 12, 19 patients (95%)
achieved PASI 75, 15 patients (75%) achieved PASI
90, and 11 patients (55%) achieved PASI 100.143 It is
important to consider that the long-term safety of this
combination, particularly relating to the risk of skin
cancer development, has not been well studied.144

Nevertheless, no new safety signals were observed
during the first 7 years of the ESPIRIT trial, a
prospective registry evaluating the long-term safety
and effectiveness of adalimumab for adult
patients with chronic plaque psoriasis.145-148

Furthermore, there are no new safety data from the
upcoming 9-year analysis from the ESPIRIT registry
(publication pending).

Adalimumab has demonstrated that efficacy-
limiting immunogenicityda relationship between
antiadalimumab antibodies that lowers serum levels
of the drug and leads to loss of efficacydoccurs (see
the section Primary and Treatment Secondary
Failure) (Table VII).x
Certolizumab (FDA approval on May 27, 2018)
Certolizumab is a humanized antigen-binding

fragment of a monoclonal antibody (50 kDa) that
x35,38,42,43,50,51,60,63,90,101,102,120-134,138-143,149-159



Table VII. Level of evidence on the TNF-a inhibitor adalimumab

Recommendation Recommendation No. Level of evidence Studies

Monotherapy for adults
Dosing range

d 80 mg during wk 1, followed by 40 mg at wk 2,
then 40 mg every 2 wk thereafter

d Maintenance dose: 40 mg/wk

3.1-3.3 I-II 51,120-128,151-154

Type of psoriasis
d Palmoplantar
d Nail
d Scalp
d Erythrodermic or Pustular

3.4
3.5
3.6
3.7

I
I-II
II
II

129,130

35,38,90,130-132

132

42,43

Monotherapy for psoriasis with psoriatic arthritis 3.8 I-II 155-159

Combination therapy
d Topical
d Acitretin
d Methotrexate
d Apremilast
d Cyclosporine
d Narrowband ultraviolet phototherapy

3.9
3.10
3.11
3.12
3.13
3.14

I-III
II-III
I
II

II-III
II

50,51,133,134

101,102

60

63

138-141

142,143

TNF-a, Tumor necrosis factor-a.

{52,55,60,61,63,68,102,134,143
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has been conjugated with a 40-kDa polyethylene
glycol moiety. It binds to TNF-a, blocking its
interaction with TNF receptors. The absence of the
Fc region prevents complement fixation and
antibody-mediated cytotoxicity. Additionally, it
obviates interaction with the neonatal Fc gamma
receptor, therefore minimizing its transfer across
the placenta. The polyethylene glycol moiety
increases the half-life of certolizumab to a value
similar to that of a whole antibody product.160,161

Certolizumab is FDA-approved for the treatment
of plaque psoriasis, PsA, Crohn’s disease, anky-
losing spondylitis, and rheumatoid arthritis. The
approved dosing for moderate-to-severe psoriasis
is 400 mg (given as 2 subcutaneous injections of
200 mg each) every other week. Another dosing
option may be considered for people who weigh
90 kg (198 pounds) or less: 400 mg (given as 2
injections of 200 mg each) initially and at week 2
and week 4, followed by a dose of 200 mg every
other week.

The phase III trials for the treatment of
moderate-to-severe psoriasis are now completed.
Several clinical studies have found certolizumab
to be an efficacious treatment for plaque
psoriasis.82,162,163 A phase II RCT treated 176
patients with moderate-to-severe psoriasis with
placebo or certolizumab (200 or 400 mg) every
other week until week 10. At week 12, 75% and 83%
of patients receiving certolizumab in a dose of
200 or 400 mg every other week, respectively,
achieved PASI 75 in contrast with 7% of patients in
the placebo group (P \ .001 for both treatment
arms vs placebo).82

Certolizumab is likely to have class characteristics
similar to those of other TNF-a inhibitors regarding
treatment combination, efficacy in difficult-to-treat
areas, and possibly, immunogenicity. Nevertheless,
there is no evidence available on these topics, and
these statements are based on extrapolation of data
from other TNF-a inhibitors.

General comments and special circumstances
Time frame to assess response to treatment

with TNF-a inhibitors
d Definitive response (positive or negative) to
treatment with most TNF-a inhibitors is best
ascertained after 12 to 16 weeks of continuous
therapy, except for infliximab, for which the best
time is after 8 to 10 weeks.10,20,82,84,123,126

Consider dose escalation, an increase in
frequency, or the addition of other modalities
(such as topical corticosteroids or vitamin D
analogues, methotrexate, acitretin, apremilast, or
NB-UVB) in partially responding patients.{ Partic-
ularly in infliximab, consider an increase in
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dosing frequency before an increase in dose in
terms of mg/kg (Table VIII).k

Patient weight and response to treatment
with TNF-a inhibitors
d Compared with lower-weight patients, over-
weight or obese patients are less likely to respond
to TNF-a inhibitors.151 Therefore, overweight and
obese patients frequently require a shorter dose
interval or higher doses to achieve a satisfactory
response. However, this effect is abrogated with
infliximab, for which weight-based dosing is
used.151 TNF-a-inhibitors may display better re-
sponses with doses higher than the FDA-
approved dose.21,120,152 In contrast, on the basis
of phase II studies and expert opinion, some
patients might tolerate and respond to dosing at
lower than the FDA-approved dose.

TNF-a inhibitors and risk of malignancy
d TNF inhibitors used as monotherapy in patients
with moderate-to-severe psoriasis are not associ-
ated with a risk of solid tumor or lymphoreticular
malignancy.198,199 However, the addition of other
immunosuppressant agents may alter the safety
profile of TNF inhibitors.198

d Patients with a history of solid tumor malignancy
who have failed other therapies such as ultravio-
let phototherapy, methotrexate, and/or acitretin
(if not contraindicated or impractical) may in
certain circumstances receive TNF-a inhibitors
without expectation of an increased risk of tumor
recurrence.200,201

HIV and hepatitis B and C infections
d Use caution in patients with pre-existing
immunosuppression-related conditions. Patients
with HIV may receive TNF-a inhibitors if they are
also receiving highly active antiretroviral therapy
(HAART) that has effectively normalized their
CD41 T-cell counts and they show no detectable
viral load, provided that they have no recent
history of opportunistic infection. Consultation
with the patient’s infectious disease provider is
advised before initiating therapy with TNF-a in-
hibitors in this setting (expert opinion). Note that
severe psoriasis can be a manifestation of poorly
controlled or poorly managed HIV infection and
that the use of HAART is likely to be an effective
treatment of psoriasis in such individuals.169-172

d Patients with a history of or currently active
hepatitis C may receive a TNF-a inhibitor for
the treatment of psoriasis.165-167 Concomitant
k30,31,51,60,63,73,75,78,102,108,113-119,153-159,164-197
management with an appropriate health care
provider is warranted.

d Patients with a history of or currently active
hepatitis B may receive a TNF-a inhibitor for
the treatment of psoriasis. However, the patient
should first be evaluated by an appropriate
health care professional and may require
concomitant treatment with an approved anti-
viral medication directed against hepatitis B. A
hepatitis B core antibody test in this setting is
recommended.168 Patients with a history of hep-
atitis B (confirmed resolved infection) do not
need to follow up with a specialist, but ongoing
monitoring with HB surface antigen, anti-HB
core antibody, and liver function tests should
be considered along with other ongoing moni-
toring tests owing to the potential risk of
reactivation.167,168

TNF-a inhibitors and IBD
d Patients with a history of concomitant inflamma-
tory bowel disease (IBD) might benefit from
TNF-a inhibitor therapy. In fact, adalimumab,
infliximab, and certolizumab are approved for
the treatment of IBD.199,202,203

TNF-a biosimilars. TNF-a biosimilars approved
by the FDA should be considered similar to the
reference branded version of the drug and there-
fore interchangeable. An interchangeable product
means that the FDA has concluded that it may be
substituted for the reference product without
consulting the prescriber. The aforementioned guide-
lines/recommendation should apply similarly to
biosimilar versions of TNF-a inhibitors.108,184-197
IL-12/IL-23 INHIBITORS
Ustekinumab (FDA approval on September 25,
2009)

Ustekinumab is a human monoclonal antibody
that binds with high specificity and affinity to the P40
subunit of both interleukin 12 (IL-12) and IL-23,
thereby suppressing IL-12e and IL-23emediated
inflammation associated with psoriasis.204

Ustekinumab is FDA-approved for the treatment of
moderate-to-severe plaque psoriasis in adults and
patients aged 12 to 17, PsA, and Crohn’s disease.205

The initial dose of ustekinumab for adult patients
weighing 100 kg or less is 45 mg administered
subcutaneously initially and 4 weeks thereafter,
followed by 45 mg administered subcutaneously
every 12 weeks. For patients weighing more than
100 kg, the dosage is 90 mg administered subcuta-
neously initially and 4 weeks later, followed by
90 mg administered subcutaneously every



Table VIII. Supplemental information for TNF-a inhibitors

Baseline monitoring
General screening

d CBC with differential
d Complete metabolic profile
d Referral for a chest radiograph for a positive TB test
d Referral to an infectious disease specialist should be considered on a case-by-case basis

TB test
d Pretreatment test for latent TB (PPD, T-Spot, or Quantiferon Gold)164

Hepatitis
d Serologic tests for hepatitis B and C (HB surface Ag, anti-HB surface Ab, anti-HB core Ab, and hepatitis C antibody
tests)165-168

HIV test
d Pretreatment test for HIV is considered at the treating practitioner’s discretion and depends on patient-specific risk
factors169-172

Ongoing monitoring
Parameters

d Specific assessment for infections (eg, tuberculosis, histoplasmosis), especially in those using TNF-a inhibitors plus
methotrexate173

d Screening for skin cancer, especially in those taking TNF-a-inhibitors and in high-risk patients (with a history of
cutaneous malignancy or UV phototherapy)174,175

d Yearly testing for latent TB (PPD, T-Spot, or Quantiferon Gold) should be done in patients at high risk (eg, patients who
are in contact with individuals with active TB because of travel, work, or a family relationship, and patients with
selected underlying medical conditions). For patients who are not at high risk, screening should be done at the
discretion of the dermatologist. This screening is particularly important for patients who are taking TNF- a inhibitors.
Further, the result of the Quantiferon Gold test can remain positive after treatment of latent TB. Caution should be
exercised when using the Quantiferon Gold test176,177

B An annual chest radiograph may be considered at the discretion of the treating dermatologist (expert opinion
[complete WG consensus was not achieved])

d CBC with differential and CMP are not supported by evidence and are to be assessed at the discretion of each
physicians’ criteria except in cases involving patients treated with infliximab, for whom it is recommended that liver
function tests be repeated every 3 mo after initiation, and if the result is normal, every 6-12 mo thereafter

Frequency
d A follow-up visit may be scheduled from quarterly to twice yearly depending on time of treatment, response, and
tolerability of medication

Adverse effects
d Multiple sclerosis (rare)
d Hepatotoxicity, especially with infliximab
d Drug-induced reversible lupus erythematosus without renal or CNS complications
d Exacerbation or new onset of CHF
d Cytopenia

Injection site reactions
d Mild: pruritic reaction178,179

d Moderate-to-severe: macular erythema to erythematous annular plaques198,199

Infusion reactions
Acute

d Occur during or within 24 h of infusion
d Mitigated and/or prevented by pretreatment with acetaminophen and diphenhydramine
d Infusion reaction severity categorized as mild, moderate, or severe
d Mild and moderate infusion reactions

B Usually consist of nausea, fever, erythema, and itching
B Resolve spontaneously after reduction of the infusion rate or temporary pause of the infusion

d Severe infusion reactions
B Occur immediately after the infusion has been started
B Are characterized by hypotension, chest tightness, respiratory distress, dyspnea, bronchospasm, laryngeal edema,

urticaria, or rash
B Require immediate discontinuation of the infusion

Continued
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Table VIII. Cont’d

Delayed
d Begin 1-14 d after infusion
d Usually consist of myalgia, arthralgia, headache, fever, rash, and fatigue
d Missing an infusion increases the chances of an infusion reaction. The next infusion should be done more slowly and
with appropriate pretreatment (ie, with antihistamines)

Contraindications
Relative

d Untreated hepatitis B infection
d History of lymphoreticular malignancy
d Active infection (including TB) or sepsis. Initiation of therapy in a patient with active infection should be done in
consultation with an infectious disease specialist

d For TNF-a inhibitor therapy, significant New York class III or IV CHF or pre-existing multiple sclerosis180

Absolute
d History of allergic reaction to therapeutic agent or vehicle

Temporary discontinuation and reinitiation of therapy
d Uncomplicated infections requiring systemic antibiotics do not necessarily require discontinuation of therapy and
should be determined by the treating physician

d Treatment can be restarted after full resolution of the symptoms and/or signs of infection and the completion of any
antibiotic course

d The necessity of repeating the loading doses upon restarting administration of the medication depends on disease
severity, as well as on the number of doses missed

d Consider repeating loading doses upon restarting administration of the medication if the patient is flaring and/or if
more than 3-4 half-lives have passed since the previous dose73,75,153,154

Miscellaneous
Pregnancy and lactation

d TNF-a inhibitors are safe in pregnancy and during lactation
d TNF-a inhibitors are safe in men attempting conception with their partners
d Because of drug delivery to the fetus, neonates and infants should be considered immunosuppressed for at least
1-3 mo (depending on the TNF inhibitor) postpartum in mothers who have been on TNF-inhibitors181

B There is a greater theoretical risk with use during the third trimester of pregnancy owing to transplacental
transfer of TNF-a inhibitors

d Exception: certolizumab pegol has shown minimal to no placental transfer
PsA

d All TNF-a inhibitors have long-established efficacy and FDA approval for PsA
B Improve the signs and symptoms of the disease
B Improve functional status and quality of life
B Inhibit progression of radiographically detected damage of joints

d Among the biologics TNF-a inhibitors should be considered as a preferred treatment option for patients with
concomitant PsA30,31,77,78,113-119,155-159,182,183

Biosimilars
d TNF-a biosimilars approved by the FDA should be considered similar to the reference branded version of the drug. The
aforementioned guidelines/recommendations should apply similarly to biosimilar versions of TNF-a inhibitors108,184-197

Supplemental information is expert consensus and not part of evidence-based recommendations.

Ab, Antibody; Ag, antigen; CBC, complete blood count; CHF, congestive heart failure; CNS, central nervous system; CMP, complete metabolic

panel; FDA, US Food and Drug Administration; HB, hepatitis B; PPD, purified protein derivative; PsA, psoriatic arthritis; TB, tuberculosis; TNF-a,

tumor necrosis factor-a; UV, ultraviolet.
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12 weeks.205 For patients aged 12 to 17 weighing less
than 60 kg the dose is 0.75 mg/kg. For adolescents
weighing 60 to 100 kg the dose is 45 mg, and for
those weighing more than 100 kg the dose is 90 mg.
The dosing frequency is the same as in adults
(Table IX).

Multiple RCTs evaluating ustekinumab versus
placebo or other biologics have established the
efficacy of this drug in patients with moderate-to-
severe psoriasis.204,206-216 The PASI 75 rate at week
12 in an RCT (PHOENIX 1) was 67.1% in patients
receiving ustekinumab in a dose of 45 mg, 66.4% in
patients receiving ustekinumab in a dose of 90 mg,
and 3.1% in the placebo group.207 The PASI 75 rate at
week 12 in the subsequent RCT (PHOENIX 2) was
66.7% in patients receiving ustekinumab in a dose of
45 mg, 75.7% in patients receiving ustekinumab in a
dose of 90 mg, and 3.7% in the placebo group.208



Table IX. Strength of recommendations on the IL-12/IL-23 antagonist ustekinumab

Recommendation

No. Recommendation

Strength of

recommendation

4.1 Ustekinumab is recommended as a monotherapy treatment option for use in adult
patients with moderate-to-severe plaque psoriasis

A

4.2 The recommended starting doses of ustekinumab are as follows:
(a) For patients weighing #100 kg, 45 mg administered subcutaneously initially and
4 wk later, followed by 45 mg administered subcutaneously every 12 wk
(b) For patients weighing[100 kg, 90 mg administered subcutaneously initially and
4 wk later, followed by 90 mg administered subcutaneously every 12 wk

A

4.3 The recommended alternate dosage for ustekinumab is administered at higher doses
(90 mg instead of 45 mg in patients weighing $100 kg) or at a greater frequency
of injection (eg, every 8 wk in its maintenance phase) for those with an inadequate
response to standard dosing

A

4.4 Ustekinumab can be used as monotherapy for adult patients with moderate-to-severe
plaque psoriasis affecting the palms and soles (plaque type palmoplantar psoriasis)

B

4.5 Ustekinumab can be recommended as a monotherapy treatment option for use in adult
patients with moderate-to-severe plaque psoriasis affecting the nails

B

4.6 Ustekinumab can be used as monotherapy for use in adult patients with moderate-to-
severe plaque psoriasis affecting the scalp

C

4.7 Ustekinumab can be used as monotherapy for use in adult patients with other subtypes
(palmoplantar, pustular, or erythrodermic) of moderate-to-severe plaque psoriasis.
There is limited evidence for its use in inverse and guttate psoriasis

C

4.8 Ustekinumab is recommended as a monotherapy treatment option for use in adult
patients with plaque psoriasis of any severity when associated with psoriatic arthritis

A

4.9 Combination of ustekinumab and topicals such as high-potency corticosteroids with or
without a vitamin D analogue can be recommended as a treatment option to augment
efficacy for the treatment of moderate-to-severe plaque psoriasis in adults

C

4.10 Ustekinumab may be combined with acitretin to augment efficacy for the treatment of
moderate-to-severe plaque psoriasis

B

4.11 Ustekinumab may be combined with methotrexate to augment efficacy for the
treatment of moderate-to-severe plaque psoriasis in adults

B

4.12 Ustekinumab may be combined with apremilast to augment efficacy for the treatment of
moderate-to-severe plaque psoriasis in adults

C

4.13 Ustekinumab may be combined with cyclosporine to augment efficacy for the treatment
of moderate-to-severe plaque psoriasis in adults

C

4.14 Ustekinumab may be combined with narrowband ultraviolet phototherapy to augment
efficacy for the treatment of moderate-to-severe plaque psoriasis in adults

B

IL-12/IL-23, Interleukin 12/interleukin 23.
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Additionally, CLEAR, which was an RCT
comparing secukinumab, 300 mg, with ustekinumab
at the label dose, found that at week 16, 79% of
secukinumab-treated patients achieved PASI 90
compared with 57.6% in the ustekinumab-treated
group.214,215,217 A phase III RCT, IXORA-S, compared
the efficacy of ixekizumab and ustekinumab at the
label doses. At week 12, PASI 90 was achieved by
72.8% of patients in the ixekizumab-treated group
and 42.2% of patients in the ustekinumab-treated
group, respectively.216

With regard to difficult-to-treat areas, several
studies and case series have shown that ustekinumab
is efficacious in the treatment of hand and foot
(either palmoplantar plaque or pustular),218-223

nail,35,90,224-226 and scalp psoriasis.227,228 An open-
label trial recruited 20 patients with moderate-to-
severe psoriasis of the palms and soles, 50% of whom
had pustules at baseline. After 16 weeks of treatment
with ustekinumab, 35% of the subjects achieved
clearance; 60% of them improved by 2 or more
points on the Palm-Sole Physician’s Global
Assessment Scale. Of those receiving the 90-mg
dose (based on weight), 67% achieved clearance
compared with 9% receiving 45 mg (P = .02).229 An
open-label uncontrolled study with 27 patients with
moderate-to-severe disease with nail involvement
found that the median rates of improvement in
NAPSI were 42.5% at week 16, 86.3% at week 28,
and 100.0% at week 40.230 The publications on
successful treatment of scalp psoriasis with usteki-
numab are primarily case reports. There are multiple



Table X. Level of evidence on the IL-22/IL-23 inhibitor ustekinumab

Recommendation Recommendation No. Level of evidence Studies

Monotherapy for adults
Dosage range

d 45 mg if patient weighs #100 kg, 90 mg if patient is
[100 kg. At wk 1 and wk 4, then every 12 wk

d 90 mg for patients #100 kg, or maintenance therapy
every 8 wk for patients with inadequate response

4.1-4.3 I, III 204-216,241,243

Types of psoriasis
d Palmoplantar
d Nail
d Scalp
d Palmoplantar, pustular, or erythrodermic

4.4
4.5
4.6
4.7

II-III
I-II
III
II-III

218,220,222,229

90,224-226,230,244

227

42,43,223,245

Monotherapy for psoriasis with psoriatic arthritis 4.8 I 246-250

Combination therapy
d Topical
d Acitretin
d Methotrexate
d Apremilast
d Cyclosporine
d Narrowband ultraviolet B phototherapy

4.9
4.10
4.11
4.12
4.13
4.14

II
II-III
I-II
II
III
I

51

101,102,238

238,239

63

238

240

IL-12/23, Interleukin 12/interleukin 23.

#42,43,51,63,90,101,102,204-216,218,220,222-227,230,238-250
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reports of ustekinumab being used to successfully
treat other variants of psoriasis, such as erythroder-
mic,43 annular, and generalized pustular psoria-
sis.42,231-233 Nearly all of the reports involved case
series. The efficacy of ustekinumab for the treatment
of guttate (postinfectious) and inverse psoriasis is
unknown.

Ustekinumab had a higher drug survival rate than
TNF-a inhibitors did.234-237 Additionally, 1 study
found that biologic-naive patients and concomitant
treatment with methotrexate were positive predic-
tors of longer drug survival.234

When clinically required, ustekinumab may be
combined with topical corticosteroids and a vitamin
D analogue to augment efficacy. However, rigorous
prospective studies examining this combination are
unavailable and the perception of safety is derived
from informal observation and experience.13

Like TNF-a inhibitors, ustekinumab may be com-
bined with other systemic agents to increase treat-
ment efficacy.135,238 Acitretin is considered
negligibly immunosuppressive and may be added
to ustekinumab.101,102 On the basis of clinical expe-
rience with transplant patients,57-59 the use of aci-
tretin might also inhibit the development of
cutaneous SCC in susceptible patients. There are
substantial and convincing data evaluating the safety
and efficacy of the combination of methotrexate and
ustekinumab in patients with psoriasis, especially in
those participating in studies on PsA.238,239

Apremilast is a relatively new systemic agent, and
there are limited data from a retrospective case series
indicating that it may be combined with ustekinu-
mab.63 The long-term safety of this combination is
unknown. There are also limited data from case
reports and series indicating that ustekinumab may
be combined with cyclosporine.238 Ustekinumab has
been combined with NB-UVB phototherapy with
improved clinical response.240 Nevertheless, the
long-term safety of this combination is not well
studied. There is not enough evidence to recom-
mend a combination of ustekinumab with other
currently available biologic therapies. Although
efficacy may be augmented by such a combination,
there is an unknown level of risk of significant
adverse events.

Antibodies against ustekinumab are generated in
certain patients.204-208,241 Efficacy-limiting im-
munogenicityda relationship between antiusteki-
numab antibodies, lowered serum levels of drug,
and loss of efficacydoccurs (see the section Primary
and Secondary Treatment Failure) (Table X).#
General comments and special circumstances
Time frame to assess response to treatment

with IL-12/IL-23 inhibitors
d Definitive response (positive or negative) to treat-
ment with ustekinumab is best ascertained after
12 weeks of continuous therapy. Consider dose



**164,169-173,176,177,207,246-249,253-255

yy29,32,213,215,257-261
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escalation (eg, increasing dosing frequency to
every 8 weeks or increasing the dose from
45 mg to 90 mg) or the addition of other
modalities (such as topical corticosteroids or
vitamin D analogues, methotrexate, acitretin, or
ultraviolet light) in partially responding
patients.210,211,241,243

Patient weight and response to treatment
with IL-12/IL-23 inhibitors
d Like other biologic therapies, ustekinumab dis-
plays higher responses with higher doses.241

Overweight or obese patients often need the
higher dose (90 mg) of ustekinumab to achieve
the response of lower-weight patients taking the
45 mg dose.207,208,251 Additionally, serum concen-
trations of ustekinumab were also affected by
weight, with lower serum concentrations found in
heavier patients at each dose.252 However, some
patients might tolerate and respond to lower
dosing (eg, longer intervals of time between
doses).243

IL-12/IL-23 inhibitors and risk of malignancy
d There is no definitive evidence that ustekinumab
used as monotherapy for moderate-to-severe pso-
riasis increases the risk of solid tumor or lym-
phoreticular malignancy.

d Patients with a history of solid tumor malignancy
who have failed other therapies such as ultravio-
let phototherapy, methotrexate, and/or acitretin,
if not contraindicated or impractical, may in
certain circumstances receive ustekinumab
without expectation of an increased risk of tumor
recurrence.198

HIV and hepatitis B and C infections
d Use caution with patients with pre-existing
immunosuppression-related conditions. As long
as patients with HIV have no recent history of
opportunistic infection, they may receive usteki-
numab if they are also receiving highly active
antiretroviral therapy (HAART) that has effectively
normalized their CD41 T-cell counts and if they
show undetectable viral load. Consultation with
the patient’s infectious disease care provider is
advised before initiating ustekinumab therapy
(expert opinion). It also should be considered
that severe psoriasis may be a manifestation of
poorly controlled or poorly managed HIV infec-
tion and that the use of HAART is likely to be an
effective treatment of psoriasis in such individ-
uals.169-171,201

d In patients with a history of or currently active
hepatitis C, ustekinumab might be considered for
the treatment of psoriasis. Concomitant
management with an appropriate health care
provider is warranted.167,253,254

d In patients with currently active hepatitis B,
ustekinumab might be considered for the treat-
ment of psoriasis. However, the patient should
first be evaluated by an appropriate health care
professional and may require concomitant treat-
ment with an approved antiviral medication
directed against hepatitis B. A hepatitis B test
core antibody test in this setting is recommended.
Patients with a history of hepatitis B (confirmed
resolved infection) do not need to follow-up with
a specialist but require monitoring because of the
risk of reactivation.253,254

IL-12/IL-23 inhibitors in the setting of mul-
tiple sclerosis and IBD
d Patients with a history of concomitant multiple
sclerosis and/or IBD might benefit from usteki-
numab therapy. Ustekinumab is FDA-approved
for the treatment of Crohn’s disease (Table XI).**
IL-17 INHIBITORS
Secukinumab (FDA approval on January 21,
2015)

Secukinumab is a human IgG1 monoclonal
antibody that binds IL-17A. It is FDA-approved for
the treatment of adult plaque psoriasis, PsA, and
ankylosing spondylitis (Table XII).

The initial dose of secukinumab is 300 mg by
self-administered subcutaneous injection at weeks 0,
1, 2, 3, and 4 followed by 300 mg every 4 weeks.256

Multiple RCTs evaluating secukinumab versus
placebo have established the efficacy of this drug
in patients with moderate-to-severe psoriasis.yy In 2
phase III RCTs, ERASURE and FIXTURE, the per-
centage of patients who achieved PASI 75 at week 12
was higher with each secukinumab dose than with
placebo or etanercept: in the ERASURE study, the
rates were 81.6% with 300 mg of secukinumab,
71.6% with 150 mg of secukinumab, and 4.5% with
placebo; in the FIXTURE study, the rates were 77.1%
with 300 mg of secukinumab, 67.0% with 150 mg of
secukinumab, 44.0% with etanercept, and 4.9% with
placebo (P \ .001). The percentages of patients
achieving PASI 90 with secukinumab, 300 mg, versus
with placebo in the ERASURE and FIXTURE studies
were 59.2% versus 1.2% and 54.2% versus 1.5%,
respectively.29 Additionally, the percentage of pa-
tients achieving PASI 100 with secukinumab, 300 mg,
versus with placebo in the ERASURE and FIXTURE



Table XI. Supplemental information for IL-12/IL-23 inhibitors

Baseline monitoring
General screening

d CBC
d CMP
d Referral for chest radiography in cases with a positive TB test
d Referral to an infectious disease specialist should be considered on a case-by-case basis

TB test
d Pretreatment test for latent TB (PPD, Quantiferon Gold, T-Spot)164

Hepatitis
d Serologic tests for hepatitis B and C (HB surface Ag, anti-HB surface Ab, anti-HB core Ab, and hepatitis C antibody
tests)253,254

HIV test
d Pretreatment test for HIV is considered at the treating practitioner’s discretion and depends on patient-specific risk
factors169-172

Ongoing monitoring
Parameters

d Periodic history and physical examination, including screening for nonmelanoma skin cancer
d Screening for adverse effects (see later)
d Yearly testing for latent TB (PPD, T-Spot, or Quantiferon Gold) should be done in patients at high risk (eg, patients in
contact with individuals with active TB because of travel, work, or a family relationship, and patients with selected
underlying medical conditions). For patients who are not at high risk, screening should be done at the discretion of the
dermatologist. Further, the result of the Quantiferon Gold test can remain positive after treatment of latent TB. Caution
should be exercised when using the Quantiferon Gold test176,177

B An annual chest radiograph may be considered at the discretion of the treating dermatologist (expert opinion
[complete WG consensus was not achieved])

d CBC with differential and CMP are not supported by evidence and are to be assessed at the discretion of each
physician’s criteria except in cases involving patients treated with infliximab, for whom it is recommended that liver
function tests be repeated every 3 mo after initiation, and if the result is normal, every 6-12 mo thereafter

Frequency
d Follow-up visits can be scheduled from quarterly to twice yearly on the basis of time of treatment, response, and
tolerability of medication

Infections
d Overall, IL-12/IL-23 inhibitors are well tolerated. Combination of IL-12/IL-23 inhibitors with methotrexate can increase
the risk of infection173

d Serious opportunistic infections (eg, tuberculosis) are rarely observed in clinical trials or practice164

Adverse events
d Hypersensitivity reactions, including anaphylaxis and angioedema
Miscellaneous

Pregnancy and lactation
d The safety of IL-12/IL-23 inhibitors during pregnancy and lactation is uncertain
d Il-12/IL-23 inhibitors are acceptable for men attempting conception with their partner

Contraindications
Relative

d Untreated hepatitis B infection
d History of lymphoreticular malignancy
d Active infection (including TB) or sepsis. Initiation of therapy in patients with active infection should be done in
consultation with an infectious disease specialist

Absolute
d History of allergic reaction to therapeutic agent or vehicle

Temporary discontinuation and reinitiation of therapy
d Presence of febrile illness, especially illness requiring treatment. Treatment can be restarted after full resolution of the
symptoms/signs of infection and completion of any antibiotic course

d The necessity of repeating the loading doses depends on disease severity and the number of doses missed
d Consider repeating loading doses upon restarting administration of the medication if the patient is flaring and/or if
more than 3-4 half-lives have passed since the previous dose207

PsA

Continued

J AM ACAD DERMATOL

VOLUME 80, NUMBER 4
Menter et al 1049



Table XII. Strength of recommendations on the IL-17 antibody secukinumab

Recommendation

No. Recommendation

Strength of

recommendation

5.1 Secukinumab is recommended as a monotherapy treatment option in adult
patients with moderate-to-severe plaque psoriasis

A

5.2 The recommended starting dose of secukinumab is 300 mg by self-
administered subcutaneous injection at wk 0, wk 1, wk 2, wk 3, and wk 4,
followed by 300 mg every 4 wk

A

5.3 The recommended maintenance dose of secukinumab after the initial 12 wk
is 300 mg every 4 wk

A

5.4 Secukinumab is recommended at a dose of 300 mg, which is more effective
than 150 mg

A

5.5 Secukinumab can be recommended as a monotherapy treatment option in
adult patients with moderate-to-severe plaque psoriasis affecting the
head and neck, including the scalp

B

5.6 Secukinumab is recommended as a monotherapy treatment option in adult
patients with moderate-to-severe plaque psoriasis affecting the nails

A

5.7 Secukinumab is recommended as a monotherapy treatment option in adult
patients with moderate-to-severe palmoplantar plaque psoriasis

A

5.8 Secukinumab can be recommended as a monotherapy treatment option in
adult patients with moderate-to-severe palmoplantar pustulosis

B

5.9 Secukinumab can be used as monotherapy in adult patients with
erythrodermic psoriasis

C

5.10 Secukinumab may be used as monotherapy for adult patients with plaque
psoriasis when associated with psoriatic arthritis

A

IL-17, Interleukin 17.

Table XI. Cont’d

d Ustekinumab has established efficacy and FDA approval for the treatment of PsA; however, it does not have the label
for prevention of joint destruction as TNF-a inhibitors do246-249

d Ustekinumab is considered less effective than TNF-a inhibitors for PsA, and patients who are switched to ustekinumab
from a biologic therapy that is effective for PsA might develop worsening of their arthritis and other musculoskeletal
manifestations

Supplemental information is expert consensus and not part of the evidence-based recommendations.

Ab, Antibody; Ag, antigen; CBC, complete blood count; CMP, complete metabolic panel; FDA, US Food and Drug Administration; HB, hepatitis

B; IL-12/IL-23, interleukin 12/interleukin23; PPD, purified protein derivative; PsA, psoriatic arthritis; TB, tuberculosis; TNF-a, tumor necrosis

factor-a; UV, ultraviolet.
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studies was 24.1% versus 0% and 28.6% versus 0.8%,
respectively. The rates of infection were higher with
secukinumab than with placebo in both studies and
were similar to those with etanercept.

Additionally, CLEAR, the RCT comparing
secukinumab, 300 mg, with ustekinumab per the
labeled dosing, found greater efficacy with
secukinumab.214,215,217 At week 16, 79% of the
secukinumab-treated patients achieved PASI 90
compared with 57.6% in the ustekinumab-treated
group. Regarding secukinumab dosing, in several
RCTs, secukinumab showed greater efficacy at the
300-mg dose than at the 150-mg dose. The higher
dose seems to be equally safe. Nevertheless, a dose
of 150 mg may be acceptable for some pa-
tients.29,213,215,258-261 The response to secukinumab
was maintained in RCTs for up to 52 weeks with
continued dosing of every 4 weeks.257,260,261 An RCT
assessing the efficacy of dosing secukinumab as
needed after the initial course of 12 weeks found
such dosing to be less effective than continued every
4 weeks dosing.257

Secukinumab is also effective in head, neck, nail,
palmoplantar, erythrodermic, and generalized pus-
tular psoriasis.262-265 The higher (300-mg) dose may
be more effective in the treatment of these types of
psoriasis.

The RCT GESTURE was designed to assess the
efficacy of secukinumab in palmoplantar psoriasis in
patients with plaque psoriasis (palmoplantar pustu-
lar psoriasis was excluded). At week 16, both
secukinumab doses were superior to placebo;



Table XIII. Level of evidence on the IL-17 antibody secukinumab

Recommendation Recommendation No. Level of evidence Studies

Monotherapy for adults
Dose range

d 300 mg at wk 0, wk 1, wk 2, wk 3, and wk 4, then
every 4 wk

d Maintenance dose: 300 mg every 4 wk after
initial 12 wk

d Recommended effective dose: 300 mg vs
150 mg

5.1-5.4 I-II 29,32,213-215,257-261,267

Type of psoriasis
d Scalp
d Nails
d Palmoplantar psoriasis
d Palmoplantar pustulosis
d Erythrodermic

5.5
5.6
5.7
5.8
5.9

II
I
I

N/A
III

262

213

266

Expert opinion
264,265

Monotherapy for patients with psoriatic arthritis 5.10 I 261

IL-17, Interleukin 17.
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33.3% of subjects taking secukinumab, 300 mg,
22.1% of those taking secukinumab, 150 mg, and
1.5% taking placebo achieved a Palmoplantar
Investigator’s Global Assessment response of 0 or
1, respectively.266

Currently, there are no published reports of com-
bination of secukinumab with topical or systemic
therapies, but there is no reason to consider such
combination unsafe.

Neutralizing antisecukinumab antibodies have
been found rarely (in \0.4% of patients).
Nevertheless, they were not associated with loss of
efficacy (see the section Primary and Secondary
Treatment Failure) (Table XIII).zz

Ixekizumab (FDA approval on March 22, 2016)
Ixekizumab is a humanized IgG4 monoclonal

antibody that neutralizes IL-17A. It is FDA-
approved for the treatment of adults with
moderate-to-severe plaque psoriasis who are candi-
dates for systemic therapy or phototherapy and for
PsA. The initial dose of ixekizumab is 160 mg by self-
administered subcutaneous injection followed by
80 mg on weeks 2, 4, 6, 8, 10, and 12. The
maintenance dose of ixekizumab after the initial
12 weeks is 80 mg every 4 weeks.268 Nevertheless,
some patients may require an 80-mg dose every
2 weeks to maintain response to treatment (Table
XIV).269,270

Multiple RCTs evaluating ixekizumab versus pla-
cebo establish the efficacy of this drug in patients
with moderate-to-severe psoriasis.30,72,269-274 Data
zz29,32,213-215,256-267
from a phase III RCT (UNCOVER-3) showed that
after the 12-week induction phase, ixekizumab was
superior to placebo and etanercept in the treatment
of moderate-to-severe psoriasis. Patients were
treated with ixekizumab, 80 mg every 4 weeks,
etanercept, or placebo. At week 12, the percentages
of patients who achieved PASI 75 were as follows:
with ixekizumab every 4 weeks, 84.2%; with etaner-
cept, 53.4%; and with placebo, 7.3 %. Additionally,
the percentages of patients who achieved PASI 90
were as follows: with ixekizumab every 4 weeks,
65.3%; with etanercept, 25.7%; and with placebo,
3.1%. The percentages of patients who achieved
PASI 100 were as follows: with ixekizumab every
4 weeks, 35%; with etanercept, 7.3%; and with
placebo, 0%.30

A phase III RCT (IXORA-S) compared the efficacy
of ixekizumab and ustekinumab at the label doses.
At week 12, 72.8% versus 42.2% of patients achieved
PASI 90 in the ixekizumab- and ustekinumab-treated
groups, respectively.216

Ixekizumab was found to be efficacious in the
treatment of other forms of psoriasis such as
scalp, palmoplantar (nonpustular), nail, erythroder-
mic, inverse, and generalized pustular psoria-
sis.27,271,272,275,276 An RCT assessed the efficacy of
ixekizumab for scalp psoriasis. At week 20, patients
with scalp psoriasis who received ixekizumab in doses
of 25, 75, and 150 mg had an improvement from
baseline PSSI of 75.3%; (P = .001), 83.7% (P = .001),
and 82.2% (P \ .001), respectively, compared with
18.8% in the group receiving placebo. By week 48,
78.0% of patients with scalp psoriasis had complete
resolution of their lesions (PSSI, 0).275



Table XIV. Strength of recommendations on the IL-17 antagonist ixekizumab

Recommendation

No. Recommendation

Strength of

recommendation

6.1 Ixekizumab is recommended as a monotherapy treatment option for use in
adult patients with moderate-to-severe plaque psoriasis

A

6.2 The recommended starting dose of ixekizumab is 160 mg by self-
administered subcutaneous injection followed by 80 mg at wk 2, wk 4, wk
6, wk 8, wk 1, and wk 12

A

6.3 The recommended maintenance dose of ixekizumab after the initial 12 wk is
80 mg every 4 wk

A

6.4 Ixekizumab canbe recommended as amonotherapy treatment option in adult
patients with moderate-to-severe plaque psoriasis affecting the scalp

B

6.5 Ixekizumab can be recommended as a monotherapy treatment option in
adult patients with erythrodermic psoriasis

B

6.6 Ixekizumab can be recommended as a monotherapy treatment option in
adult patients with moderate-to-severe plaque psoriasis affecting the nails

B

6.7 Ixekizumab can be recommended as a monotherapy treatment option in
adult patients with generalized pustular psoriasis

B

6.8 Ixekizumab is recommended as a monotherapy treatment option in adult
patients with plaque psoriasis when associated with psoriatic arthritis

A

IL-17, Interleukin 17.
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The same RCT assessed the response to ixekizu-
mab in nail psoriasis.271,275 At week 20, patients with
nail psoriasis in the 75- and 150-mg groups had
significant improvement from baseline NAPSI (im-
provements of 63.8% [P = .003] and 52.6% [P = .009],
respectively, compared with �1.7% in the group
receiving placebo). By week 48, 51.0% of patients
with nail psoriasis showed complete resolution of
their lesions (NAPSI, 0).

An RCT assessed the efficacy of ixekizumab in
genital psoriasis; at 12 weeks, the ixekizumab-
treated patients showed a significant (73%) improve-
ment in the Static Physicians Global Assessment of
genitalia psoriasis compared with 8% in the placebo
group.277

Currently, there are no published reports of com-
bination of ixekizumab with topical or systemic
therapies, but there is no reason to consider such
combination unsafe.

The presence of neutralizing anti-ixekizumab
antibodies has been demonstrated. Neutralizing
antibodies were associated with reduced drug
concentrations and loss of efficacy (see the
section Primary and Secondary Treatment Failure
(Table XV).30,72,216,268-279

Brodalumab (FDA approval on February 15,
2017)

Brodalumab is a humanmonoclonal antibody that
binds to IL-17 receptor A and blocks the biologic
activities of IL-17A, IL-17F, IL-17A/F, and IL-17E (also
known as IL-25).
It is indicated for the treatment of moderate-to-
severe plaque psoriasis in adult patients who are
candidates for systemic therapy or phototherapy and
have failed to respond or lost response to other
systemic therapies. The dose of brodalumab is
210 mg by self-administered subcutaneous injection
on weeks 0, 1, and 2, followed by 210 mg every
2 weeks.280 Multiple RCTs evaluating brodalumab
versus placebo have established the efficacy of this
drug in patients with moderate-to-severe psoria-
sis.72,213,281-284 Two phase III studies (AMAGINE-2
and AMAGINE-3) showed that at week 12, PASI 75
was achieved by 86% and 67% of the patients
receiving brodalumab at the 210-mg dose and by
85% and 69% of those receiving the 140-mg dose of
brodalumab versus 8% and 6% of those receiving
placebo, respectively (P\ .001) (Table XVI).

The PASI 90 response rates at week 12 with
210 mg of brodalumab were higher than those with
ustekinumab (70% versus 47% [AMAGINE-2] and
69% versus 48% [AMAGINE-3], respectively).

The PASI 100 response rates at week 12 with
210 mg of brodalumab were higher than with
ustekinumab (44% versus 22% [AMAGINE-2] and
37% versus 19% [AMAGINE-3], respectively
[P \ .001]). The PASI 100 response rates with
140 mg of brodalumab were 26% in AMAGINE-2
and 27% in AMAGINE-3 (P = .007).

Brodalumab is effective in erythrodermic, nail,
scalp, and generalized pustular psoriasis.285

There is also evidence from RCT showing that
brodalumab is efficacious in the treatment of PsA.281
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However, at the time of writing of this guideline,
brodalumab has not been FDA-approved for the
treatment of PsA.

Currently, there are no published reports of com-
bination of brodalumab with topical or systemic
therapies, but there is no reason to consider such
combination unsafe.

The presence of antibrodalumab antibodies has
been demonstrated. However, no neutralizing anti-
bodies were detected (see the section Primary and
Secondary Treatment Failure) (Table XVII).72,213,280-285
xx29,164,169-173,176-179,206,256,261,263,268,278,279,286-290
General Comments and special circumstances
Time frame to assess response to treatment

with IL-17 inhibitors
d Definitive response (positive or negative) to treat-
ment with IL-17 antagonists is best ascertained
after 12 weeks of continuous therapy. Consider
dose escalation in partially responding pa-
tients.32,72,258,273,274,285 Consider the addition of
other modalities (such as topical corticosteroids,
methotrexate, or ultraviolet light) in partially
responding patients. Although there are no pub-
lished data supporting combination therapy for
the IL-17 inhibitors, there is no reason to consider
such combination unsafe.

d Given their similar mechanism of action, the
efficacies of all IL-17 antagonists are
comparable.256,263,268

IL-17 inhibitors and risk of malignancy
d There is no definitive evidence that IL-17 antag-
onists used as monotherapy for moderate-to-
severe psoriasis increase the risk of solid tumor
or lymphoreticular malignancy. Long-term safety
studies are necessary to more fully evaluate the
risk of malignancy related to IL-17 inhibitor use.

HIV and hepatitis B and C infections
d Use caution in patients with pre-existing
immunosuppression-related conditions (expert
opinion).

d Patients with a history of or currently active
hepatitis C may receive an IL-17 inhibitor for the
treatment of psoriasis.167 Concomitant manage-
ment with an appropriate health care provider is
warranted.

d Patients with a currently active hepatitis B may
receive an IL-17 inhibitor for the treatment of pso-
riasis. However, patients should first be evaluated
by an appropriate health care professional and may
require concomitant treatment with an approved
antiviral medication directed against hepatitis B. A
hepatitis B core antibody test in this setting is
recommended.167 Patientswith a history of hepatitis
B (confirmed resolved infection) do not need to
follow-up with a specialist but require monitoring
because of the risk of reactivation.

IL-17 inhibitors and infections
d Treatment with IL-17 inhibitors is associated with
increased risk of infection, particularly by muco-
cutaneous Candida infection.173

IL-17 inhibitors in the context of IBD
d Patients with a personal history of or active IBD
might experience reactivation or worsening of
their disease.286 Although the number of patients
presenting with this adverse effect in clinical trials
was relatively small, it is recommended that the
use of IL-17 inhibitors be avoided in patients with
a personal history of or active IBD.

IL-17 inhibitors in the context of depression
and suicidal ideation
d Rare cases of suicidal ideation and completed
suicides have occurred during brodalumab treat-
ment, resulting in a boxed warning in the package
labeling. Therefore, brodalumab can be prescribed
by providers only through a restricted program
under a risk evaluation and mitigation strategy
called the SILIQ risk evaluation and mitigation
strategy program (SILIQ is a brand name for
brodalumab manufactured by Bausch Health,
Laval, Canada). Brodalumab should not be consid-
ered as a treatment option in patients with suicidal
ideation, recent suicidal behavior, or history of
suicidal ideation.263 A casual association between
treatment with brodalumab and increased risk of
suicidal ideation and behavior has not been estab-
lished (Table XVIII).xx
IL-23 INHIBITORS
Guselkumab (FDA approval on July 13, 2017)

Guselkumab is a fully human IgG1 lambda
monoclonal antibody that blocks the p19 subunit
of IL-23.291 Guselkumab is FDA-approved for
moderate-to-severe plaque psoriasis in adults.290 The
recommended dose is 100 mg at week 0, week 4, and
every 8 weeks thereafter.290 Multiple RCTs evaluating
guselkumab versus placebo plus an active comparator
(adalimumab) have established the efficacy of this
drug in adult patients with moderate-to-severe psoriasis
up to 52 weeks.292 A phase III RCT (VOYAGE 2)
compared guselkumab with adalimumab or placebo
for the treatment of moderate-to-severe psoriasis. At
week 16, a higher percentage of patients receiving
guselkumab achieved PASI 90 (70.0% vs 46.8% vs
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2.4%) than did patients receiving adalimumab and
placebo, respectively. Of nonresponders to adalimumab
who switched to guselkumab, 66.1% achieved PASI
90 at week 48.128 Guselkumab has also been shown
to improve responses in patients inadequately
responding to ustekinumab (Table XIX).125,127,128,292

Guselkumab is also effective in treating the scalp,
nail, and plaque-type palmoplantar psoriasis.127

Currently, no evidence supports combination of
guselkumab with topical or systemic therapies, but
there is no reason to consider such combination
unsafe.

The presence of antiguselkumab antibodies has
been demonstrated. Neutralizing antibodies have
also been found. However, antibodies to guselku-
mab were generally not associated with changes in
clinical response or development of injection-site
reactions (see the section Primary and Secondary
Treatment Failure) (Table XX).125,127,128,291-293
Tildrakizumab (FDA approval on March 21,
2018)

Tildrakizumab is a humanized IgG1, mono-
clonal antibody designed to selectively block IL-
23 by binding to the p19 subunit. Tildrakizumab is
FDA-approved for the treatment of moderate-to-
severe plaque psoriasis. The recommended dose is
100 mg given by in office physician-administered
subcutaneous injection at week 0 and week 4 and
every 12 weeks thereafter. In phase III clinical
trials for the treatment of adult moderate-to-severe
plaque psoriasis, tildrakizumab has been shown to
be effective at 100 mg or 200 mg at week 0 and 4
and every 12 weeks thereafter.34,294,295 In the
phase III RCT reSURFACE 2 study, 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, 66%
in the tildrakizumab, 200-mg, group and 61% in
the tildrakizumab, 100-mg, group achieved PASI
75, compared with 6% in the placebo group and
48% in the etanercept group.34 The percentages of
patients who achieved PASI 90 in reSUFACE 2 were
37% in the group treated with 200 mg of tildraki-
zumab, 39% in the group treated with 100 mg of
tildrakizumab, and 21% in the group treated with
etanercept compared with 1% in the placebo
group (Table XXI).34

Currently, there is no evidence to support combi-
nation of tildrakizumab with topical or systemic
therapies, but there is no reason to consider such
combination unsafe.

Neutralizing antibodies against tildrakizumab
have been reported. Their presence was associated
with lower serum concentrations of tildrakizumab
and reduced efficacy (Table XXII).34,294-296
Risankizumab (FDA approval pending as of
December 2017)

Risankizumab is a humanized IgG1 monoclonal
antibody that selectively inhibits IL-23 by binding to
the p19 subunit. As of December 2017, risankizumab
was not yet FDA-approved for the treatment of
moderate-to-severe plaque psoriasis. Risankizumab
has been shown to be effective in 2 phase II and III
trials (Table XXIII).297,298

An RCT assigned 166 patients to receive risanki-
zumab subcutaneously (a single 18-mg dose at week
0 or 90-mg or 180-mg doses at weeks 0, 4, and 16) or
ustekinumab (45 or 90 mg [depending on body
weight] at weeks 0, 4, and 16). At week 12, 77% of
patients receiving risankizumab (the 90-mg and 180-
mg groups pooled), as compared with 40% in the
ustekinumab-treated group, achieved PASI 90
(P \ .001); in contrast, 45% in the pooled groups
treated with 90 mg and 180 mg of risankizumab, as
compared with 18% in the ustekinumab-treated
group, achieved PASI 100.298

Currently, there is no evidence to support combi-
nation of risankizumab with topical or systemic
therapies, but there is no reason to consider such
combination unsafe.

There are no data available on antidrug
antibodies and their impact on risankizumab efficacy
(Table XXIV).297,299
General comments and special circumstances
Time frame to assess response to treatment

with IL-23 inhibitors
d Definitive response (positive or negative) to treat-
ment with IL-23 antagonists is best ascertained after
12 weeks of continuous therapy. Consider dose
escalation in partially responding pa-
tients.291,294,295,297 Consider the addition of other
modalities (such as topical corticosteroids or
vitamin D analogues, methotrexate, or ultraviolet
B light) in partially responding patients. Although
there arenopublisheddata supportingcombination
therapy for the IL-23 inhibitors, there is no reason to
consider such combination therapy unsafe.

IL-23 inhibitors and risk of malignancy
d The effect of guselkumab on solid tumor or
lymphoreticular malignancy, when used as mon-
otherapy for moderate-to-severe psoriasis, is un-
known. Large long-term follow-up studies are
necessary to more fully define the risk of cancer
associated with IL-23 inhibitors.



Table XV. Level of evidence on the IL-17 antagonist ixekizumab

Recommendation

Recommendation

No.

Level of

evidence Studies

Monotherapy for adult
Dosing range

d 160 mg at wk 0, then 80 mg every 2 wk until wk
12

d Maintenance dose 80 mg every 4 wk after wk 12

6.1-6.3 I-II 30,72,216,269-274

Type of psoriasis
d Scalp
d Erythrodermic
d Nail
d Pustular

6.4
6.5
6.6
6.7

I-II
I-II
I-II
I-II

271,272,275,276

272,273

27,271,272,275

272,273

Monotherapy for psoriasis with psoriatic arthritis 6.8 I 278,279

IL-17, Interleukin 17.

Table XVI. Strength of recommendations on the IL-17 antibody brodalumab

Recommendation

No. Recommendation

Strength of

recommendation

7.1 Brodalumab is recommended as a monotherapy treatment option in adult
patients with moderate-to-severe plaque psoriasis

A

7.2 Brodalumab can be used as monotherapy in adult patients with generalized
pustular psoriasis

B

7.3 The recommended dose of brodalumab is 210 mg by self-administered
subcutaneous injection at wk 0, wk 1, and wk 2 followed by 210 mg every
2 wk

A

Table XVII. Level of evidence on the IL-17 antibody brodalumab

Recommendation

Recommendation

No.

Level

of evidence Studies

Monotherapy for adults for plaque psoriasis, pustular
psoriasis, and dosing range (210 mg at 0, 1, and 2 wk,
and 210 mg every 2 wk thereafter)

7.1-7.3 I-II 72,213,281-285
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Immunosuppressed patients and patients
with HIV
d Use caution in patients with pre-existing
immunosuppression-related conditions (expert
opinion) (Table XXV).{{
ROLE OF THE DERMATOLOGIST
Even though the FDA-approved biologics are

an overall safe treatment option for psoriasis,
dermatologists should be aware of common adverse
{{164,169-173,176,177,207,256,278,281,288,290,291,299
events and monitoring recommendations.
Additionally, they should educate patients regarding
the increased risk of infections, as well as regarding
not discontinuing or modifying their treatment
without first seeking the advice of their dermatolo-
gist. These steps may help ensure initial treatment
success and its maintenance over time.
Dermatologists and health care providers, in gen-
eral, should encourage patients to remain up-to-date
with age-appropriate vaccines and cancer screening.
In addition, dermatologists must consider interacting
with appropriate medical colleagues to maximize
care for their patients with psoriasis.



Table XVIII. Supplemental information for IL-17 inhibitors

Baseline monitoring
General screening

d CBC
d CMP
d Referral for chest radiograph for positive TB test
d Referral to infectious disease specialist should be considered on a case-by-case basis

TB test
d Pretreatment test for latent TB (PPD or Quantiferon Gold)164

Hepatitis
d Serologic tests for hepatitis B and C (HB surface Ag, anti-HB surface Ab, anti-HB core Ab, and hepatitis C antibody tests)288,289

HIV test
d Pretreatment test for HIV should be considered at the treating practitioner’s discretion and depends on patient-specific
risk factors169-172

Medical history
d Evaluate for the history of IBD before starting administration of an IL-17 inhibitor286

Ongoing monitoring
Parameters

d Periodic history and physical examination, including screening for nonmelanoma skin cancer
d Specific assessment for infections
d Exacerbation/development of IBD
d Yearly testing for latent TB (PPD, T-Spot, or Quantiferon Gold) should be done in patients at high risk (eg, patients in
contact with individuals with active TB because of travel, work, or a family relationship, and patients with selected
medical conditions). For patients who are not at high risk, screening should be done at the discretion of the
dermatologist. Further, the result of the Quantiferon Gold test can remain positive after treatment of latent TB. Caution
should be exercised when using the Quantiferon Gold test176,177

B An annual chest radiograph may be considered at the discretion of the treating dermatologist (expert opinion
[complete WG consensus was not achieved])

d Periodic assessment of suicidal ideation is recommended for patients treated with brodalumab and might necessitate
more frequent follow-up visits

Frequency
d Follow-up visits can be scheduled from quarterly to twice yearly on the basis of time of treatment, response, and
tolerability of medication

d Periodic assessment for suicidal ideation is recommended for patients treated with brodalumab and might necessitate
more frequent follow-up visits

Adverse effects
d Rare cases of increased liver transaminases have occurred with secukinumab256,290

d There is also a small risk of IBD with IL-17 inhibitor use, necessitating care when used in that patient population286

d Rare cases of neutropenia have been reported with IL-17 inhibitors. Cases of hepatotoxicity have been observed
d Cases of suicidal ideation and completed suicides have occurred during brodalumab treatment, resulting in a boxed
warning in the package labeling. Therefore, brodalumab must be prescribed by providers through a restricted program
under a REMS called the SILIQ REMS program (SILIQ is a brand name for brodalumab manufactured by Bausch Health,
Laval, Canada)263

d Overall, IL-17 inhibitors are well tolerated. Treatment with IL-17 inhibitors is associated with increased risk of infection,
particularly risk of mucocutaneous Candida infection. The combination of IL-17 inhibitors with methotrexate can
increase the risk of infection173

Injection site reaction
d Injection site pain and injection site reaction (up to 20%) can occur with ixekizumab use
d Mild: pruritic reaction178,179

d Moderate-to-severe: macular erythema to erythematous annular plaques178,179

Contraindications
Relative

d Active history or currently active IBD
d Presence of suicidal ideation in patients on brodalumab
d Recent suicidal behavior or history of suicidal ideation in patients on brodalumab

Absolute
d History of allergic reaction to the therapeutic agents or vehicle

Continued
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Table XVIII. Cont’d

d Brodalumab and secukinumab are contraindicated in patients with IBD
Temporary discontinuation and reinitiation of therapy

d Presence of febrile illness, especially illness requiring antibiotic treatment. Treatment can be restarted after full
resolution of the symptoms/signs of infection and completion of any antibiotic course

d The necessity of repeating loading doses upon restarting administration of the medication depends on disease severity
and the number of doses missed

d Consider repeating doses upon restarting administration of the medication if the patient is flaring and/or if more than
3-4 half-lives have passed since the previous dose (extrapolated from Krueger et al206)

Miscellaneous
Pregnancy and lactation

d There are no studies on human pregnancy
d Animal studies with secukinumab have shown no harm to the developing fetus
d Animal studies with ixekizumab at higher doses than recommended have shown no harm to the developing fetus, but
higher neonatal deaths were observed

d Animal studies with brodalumab at higher doses than recommended have shown no harm to the developing fetus
d All IL-17 inhibitors are likely acceptable for men attempting conception with their partner
d The presence of IL-17 inhibitors in excreted human milk has not been studied

Psoriatic arthritis
d Secukinumab and ixekizumab are also efficacious and FDA-approved for the treatment of psoriatic
arthritis29,261,268,278,279

Supplemental information is expert consensus and not part of the evidence-based recommendations.

Ab, Antibody; Ag, antigen; CBC, complete blood count; CMP, complete metabolic panel; FDA, US Food and Drug Administration; HB, hepatitis

B; IBD, inflammatory bowel disease; IL-17, interleukin 17; PPD, purified protein derivative; PsA, psoriatic arthritis; REMS, risk evaluation and

mitigation strategy; TB, tuberculosis; TNF-a, tumor necrosis factor-a; UV, ultraviolet.

Table XIX. Strength of recommendations on the IL-23 inhibitor guselkumab

Recommendation

No. Recommendation

Strength of

recommendation

8.1 Guselkumab is recommended as a monotherapy
treatment option for use in adult patients with
moderate-to-severe plaque psoriasis

A

8.2 The recommended dose of guselkumab is 100 mg by
self-administered subcutaneous injection at wk 0,
wk 4, and every 8 wk thereafter

A

8.3 Guselkumab is recommended as a monotherapy
treatment option in adult patients with scalp, nail,
and plaque-type palmoplantar psoriasis

A
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ROLE OF PATIENT PREFERENCES
d Efficacy and safety data should be discussed with
patients to make a treatment decision regarding
initiation of a biologic or when considering
switching biologic treatments.

d In addition to disease severity, QOL assessment
should be considered and discussed with patients
before starting administration of or switching
biologic agents.

d Other factors that can affect patient preference
and should be discussed with patients,
include dosing schedule, cost, and route of
administration.
d Biologics with less frequent dosing schedule
(ie, every 8-12 weeks) may be preferred by
some patients over others with more frequent
dosing.
PRIMARY AND SECONDARY TREATMENT
FAILURE

Primary failure is defined as initial nonresponse to
treatment. Primary failure to respond to a TNF-
a-inhibitor does not preclude successful response
to a different TNF-a inhibitor. Nevertheless, it may
portend reduced efficacy with other TNF-a



Table XX. Level of evidence on the IL-23 inhibitor guselkumab

Recommendation

Recommendation

No.

Level of

evidence Studies

Monotherapy for adults
Dosing range

d 100 mg in wk 0 and wk 4, then every 8 wk
Types of psoriasis

d Scalp, nail, palmoplantar

8.1
8.2

8.3

I
I

I

125,127,128,291-293

125,127,128,291-293

127,128

Table XXI. Strength of recommendations on the IL-23 inhibitor tildrakizumab

Recommendation

No. Recommendation

Strength of

recommendation

9.1 Tildrakizumab is recommended as a monotherapy treatment
option in adult patients with moderate-to-severe plaque
psoriasis

A

9.2 The recommended dose is 100 mg given by in office
physician-administered subcutaneous injection
at wk 0 and wk 4 and every 12 wks thereafter

A

Table XXII. Level of evidence on the IL-23 inhibitor
tildrakizumab

Recommendation

Recommendation

No.

Level of

evidence Studies

Monotherapy
for adults

Dosage range
d 100 mg at
wk 0 and
wk 4, then
every
12 wk

9.1-9.2 I 34,294,295

kk71,149,150,202,208,210,242,301-307
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inhibitors.300 Regarding IL-12/IL-23 inhibitors, failure
of another biologic therapy does not preclude suc-
cessful response to ustekinumab.

All biologics approved for use with psoriasis may
lose efficacy in a patient who initially responds
favorably to this medication (secondary failure).
One reason for loss of efficacy may be attributed
to the presence of antidrug antibodies. The
concomitant use of methotrexate with biologic
agents in other immune-mediated diseases has
been shown to increase biologic drug survival.
Nevertheless, the reported use of methotrexate in
combination with biologics for the treatment of
psoriasis is limited, and there are no RCTs to make
a recommendation for combination therapy at this
time.kk

RESTARTING/RESUMING BIOLOGIC
TREATMENT AFTER DISCONTINUATION

The necessity of repeating the loading doses upon
restarting administration of the medication depends
on the disease severity and how many doses were
missed. Consider repeating the loading doses upon
restarting administration of the medication if the
patient is flaring and/or if more than 3 to 4 half-lives
have passed since the previous dose (see Table VI for
biologic agents’ half-lives). Retreatment after discon-
tinuation may result in a small percentage of patients
not being able to recapture their previous robust
level of response.73,75,153,154,207

SWITCHING BIOLOGIC TREATMENTS
If clinically needed, all other therapies for psori-

asis, including other biologics, may be switched with
a different biologic agent with the possibility of
improved efficacy, safety, and/or tolera-
bility.152,239,293,300,308-323 It is important to stress that
not all switches may result in improvement and that,
at this time, there are insufficient data to make more
specific recommendations.

There are no evidence-based studies on duration
of the interval between discontinuation of the



Table XXIII. Strength of recommendations on the IL-23 inhibitor risankizumab

Recommendation

No. Recommendation

Strength of

recommendation

10.1 Risankizumab is not FDA-approved but can be used as monotherapy in adult
patients with moderate-to-severe plaque psoriasis

B

10.2 The approved dose will likely be 150 mg given by self-administered
subcutaneous injection at wk 0, wk 4, and then every 12 wk

A

Table XXIV. Level of evidence on the IL-23
inhibitor risankizumab

Recommendation

Recommendation

No.

Level of

evidence Studies

Monotherapy for
adults

Dose range
d 150 mg at
wk 0 and
wk 4,
then every
12 wk

10.1-10.2 I 297,299
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previous medication and initiation of a biologic. This
may depend on the treatment that is being discon-
tinued, disease severity, and response to prior treat-
ment, as well as on expert opinion, and it should be
assessed on a case-by-case basis. Therefore, whereas
some experts will start administration of a new
biologic as soon as it is available for the patient,
others maywait for a period equal to asmany as 3 or 4
half-lives of the previous therapy before the transition
(see Table VI for biologic agents’ half-lives).

BIOLOGICS AND SURGERY
d On the basis of expert opinion, all biologics can
be continued through low-risk surgical proced-
ures in patients with psoriasis and PsA. Low-risk
surgical procedures are defined as surgical pro-
cedures without a break in sterile technique
during which the respiratory, gastrointestinal,
and genitourinary tracts are not entered. Moder-
ate- and high-risk surgical procedures include
surgical procedures during which the respiratory,
gastrointestinal, or genitourinary tract is entered
without the presence of contamination. These
also include surgical procedures during which
there is a major break in sterile technique, spillage
from the gastrointestinal tract, or an active infec-
tion or devitalized tissue (Table XXVI).

Moderate- and high-risk surgical procedures
require a case-by-case approach in collaboration
with the surgeon(s)/medical team. Risk assessment
should consider each patient’s individual risk factors
and comorbidities. If considered necessary, the
biologic agent could be discontinued approximately
3 to 4 half-lives before and until 1 to 2 weeks after
elective surgery if there are no postoperative com-
plications (Table XXVII).324

BIOLOGICS AND VACCINES
Inactivated or ‘‘dead’’ vaccines may be given

during treatment with all biologics. For administra-
tion of live vaccines, consultation with an infectious
disease specialist is recommended. Although there is
scarce evidence from case series suggesting that
varicella zoster, MMR (measles, mumps, and
rubella), and yellow fever vaccines could be admin-
istered while patients are also taking TNF-a inhibi-
tors,325 discontinuation of all biologic agents is
recommended before administration of a live vac-
cine. Experts differ on the length of discontinuation
before and after administration of live vaccinations.
Although some experts advise discontinuation of
biologics 2 to 3 half-lives before and after adminis-
tration of live vaccines, others advice discontinuation
of biologics 4 weeks before (or longer depending on
the half-life of the biologic) and until 1 to 2 weeks
after vaccination. These recommendations are based
on experts’ opinion (Table XXVIII).

PATIENT EDUCATION
The importance of education of patients with

psoriasis cannot be overemphasized. Psoriasis is a
complex, multisystem disease that affects the skin
and joints, has numerous comorbidities, and affects
not only health but also overall QOL. As such,
educating the patient regarding the etiology, comor-
bidities, treatment options, and lifestyle factors
associated with psoriasis optimizes shared decision
making and the patient-provider relationship and
enables whole person care. It also positively affects
patient satisfaction and adherence to treatment.
Education should be provided regardless of disease
severity and can be provided via verbal discussion,
pamphlets, and trusted Internet resources. Patients



Table XXV. Supplemental information for IL-23 inhibitors

Baseline monitoring
General screening

d CBC
d Complete metabolic profile
d Referral for chest radiograph for positive TB test
d Referral to infectious diseases specialist should be considered on a case-by-case basis

TB test
d Pretreatment test for latent TB (PPD or Quantiferon Gold) (extrapolated from Kamili and Menter164)

Hepatitis
d Serologic tests for hepatitis B and C (HB surface Ag, anti-HB surface Ab, anti-HB core Ab, and hepatitis C antibody
tests)288,299

HIV test
d Pretreatment test for HIV is considered at the treating practitioner’s discretion and depends on patient-specific risk
factors169-172

Ongoing monitoring
Parameters

d Periodic history and physical examination, including screening for nonmelanoma skin cancer
d Yearly testing for latent TB (PPD, T-Spot, or Quantiferon Gold) should be done in patients at high risk (eg, in patients in
contact with individuals with active TB because of travel, work, or a family relationship, and in patients with the
underlying medical condition). For patients who are not at high risk, screening should be done at the discretion of the
dermatologist. Further, the result of the Quantiferon Gold test can remain positive after treatment of latent TB. Caution
should be exercised when using the Quantiferon Gold test176,177

B An annual chest radiograph may be considered at the discretion of the treating dermatologist (expert opinion
[complete WG] consensus was not achieved)

d Screening for adverse effects (see later)
d Hepatitis B and C screening
d Evaluate for infections

Frequency
d Follow-up visits can be scheduled from quarterly to twice yearly on the basis of time of treatment, response, and
tolerability of medication

Infections
d Phase III studies indicate that both guselkumab and tildrakizumab are well tolerated. Nevertheless, there is an
increased risk of infection278,281

d Combination of IL-23 inhibitors with methotrexate can increase the risk of infection173

Adverse effects
d Rare cases of increased liver transaminase levels have occurred with use of IL-23 inhibitors256,290

d IL-23 inhibitors have demonstrated no unique adverse events of interest (extrapolated from Strober et al299)
Contraindications
Absolute

d History of allergic reaction to the therapeutic agents or vehicle
Temporary discontinuation and reinitiation of therapy

d Presence of febrile illness, especially illness requiring antibiotic treatment. Treatment can be restarted after full
resolution of the symptoms/signs of infection and the completion of any antibiotic course.

d The necessity of repeating loading doses upon restarting administration of the medication depends on disease severity
and the number of doses missed

d Consider repeating doses upon restarting administration of the medication if the patient is flaring and/or if more than
3-4 half-lives have passed since the previous dose (extrapolated from Leonardi et al207)

Miscellaneous
Pregnancy and lactation

d Safety during pregnancy for IL-23 inhibitors is unknown
d The presence of IL-23 inhibitors in secreted human milk has not been studied; however, antibodies are effectively
secreted during lactation and caution is recommended.

Supplemental information is expert consensus and not part of evidence-based recommendations.

Ab, Antibody; Ag, antigen; CBC, complete blood count; HB, hepatitis B; IBD, inflammatory bowel disease; IL-23, interleukin 23; PPD, purified

protein derivative; TB, tuberculosis.
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Table XXVI. Perioperative risk stratification

Low-risk surgery Moderate-risk surgery High-risk surgery

Endoscopic procedures (GI, GU, or respiratory) Urologic surgery Emergency surgery
Dermatologic procedure Thoracic or abdominal

surgery
Complicated thoracic or abdominal or
genitourinary operation

Breast biopsy/excision Head and neck surgery Surgical procedures on an infected area
Ophthalmologic procedure
Orthopedic surgery/joint replacement

GI, Gastrointestinal; GU, genitourinary.

Table XXVII. FDA-approved biologic agents for psoriasis and their doses

Biologic agent Loading dose Maintenance

Etanercept (Enbrel is a brand name for
etanercept manufactured by
Immunex Corp., Thousand Oaks, CA)

50-mg subcutaneous injection twice
weekly for 12 wk

50-mg subcutaneous injection once
per wk

Infliximab (Remicade is a brand name
for infliximab manufactured by
Janssen Biotech, Inc., Horsham, PA)

5-mg/kg IV infusion administered in wk
0, wk 2, and wk 6

5-mg/kg IV infusion administered every
8 wk*

Adalimumab (Humira is a brand name
for adalimumab manufactured by
AbbVie Inc., North Chicago, IL)

80-mg subcutaneous injection
(2 3 40 mg at the initial dose),
followed by a 40-mg subcutaneous
injection 1 wk later

40-mg subcutaneous injection every
2 wk

Certolizumab (Cimzia is a brand name
for certolizumab manufactured by
UCB, Inc., Smyrna, GA)

(a) 400 mg
(b) Alternative regime, for patients who
weigh\90 kg: 400 mg initially and
at wk 2 and wk 4

(a) 400 mg every other wk
(b) 200 mg every other wk

Ustekinumab (Stelara is a brand name
for ustekinumab manufactured by
Janssen Biotech, Inc., Horsham, PA)

(a) For patients weighing #100 kg:
45 mg administered subcutaneously
initially and 4 wk later

(b) For patients weighing[100 kg:
90 mg administered subcutaneously
initially and 4 wk later

(a) Patients #100 kg: 45 mg
administered subcutaneously every
12 wk

(b) Patients[100 kg: 90 mg
administered subcutaneously every
12 wk

Secukinumab (Cosentyx is a brand
name for secukinumab
manufactured by Novartis
Pharmaceuticals Corporation, East
Hanover, NJ)

300-mg subcutaneous injection at wk
0, wk 1, wk 2, wk 3, and wk 4

300-mg subcutaneous injection every
4 wk

Ixekizumab (Taltz is a brand name for
ixekizumab manufactured by Eli Lilly
and Company, Indianapolis, IN)

160-mg subcutaneous injection
followed by 80 mg on wk 2, wk 4, wk
6, wk 8, wk 10, and wk 12

80-mg subcutaneous injection every
4 wk

Brodalumab (Siliq is a brand name for
brodalumab manufactured by
Bausch Health, Laval, Canada)

210-mg subcutaneous injection on wk
0, wk 1, wk 2

210-mg subcutaneous injection every
2 wk

Guselkumab (Tremfya is a brand name
for guselkumab manufactured by
Janssen Biotech, Inc., Horsham, PA)

100-mg subcutaneous injection on wk
0 and wk 4 and every 8 wk thereafter

100-mg subcutaneous injection every
8 wk

Tildrakizumab (Ilumya is a brand name
for tilfrakizumab manufactured by
Sun Pharmaceutical Industries Inc.,
Cranbury, NJ)

100 mg administered subcutaneously
initially and 4 wk later

100 mg administered subcutaneously
every 12 wk

IV, Intravenous.

*Time interval can be modified and dose per kg can be increased according to the patient’s response.
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Table XXVIII. Half-lives of biologic agents

Biologic agent Approximate half-life, d

Etanercept 3.5
Infliximab 10
Adalimumab 14
Certolizumab 14
Ustekinumab 21
Secukinumab 27
Ixekizumab 13
Brodalumab 11
Guselkumab 18
Tildrakizumab 23
Risankizumab 11
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should be made aware of psoriasis support groups,
such as the National Psoriasis Foundation (www.
psoriasis.org) and the International Federation for
Psoriasis (www.IPFA-pso.org). Patients should also
be aware of the side effect profile of prescribed
therapies and have input in the treatment plan.
Although biologic agents have shown tremendous
efficacy and safety in clinical trials, pharmacovigi-
lance is fundamental, and dermatologists serve a key
role in the potential prevention and detection of
adverse events over time. Repetition of key concepts
during follow-up visits reinforces patient knowledge
over time.

PEDIATRIC CONSIDERATIONS
Children are affected by psoriasis and its comor-

bidities. There is limited evidence for the treatment
of pediatric patients with biologic agents. Etanercept
is the only biologic approved for plaque psoriasis in
children aged 4 to 17, whereas ustekinumab is
approved for plaque psoriasis in adolescents aged
12 to 17. Because the pediatric population has a
unique physiology and social considerations relative
to adults, the care of children with psoriasis will be
reviewed in a document titled ‘‘Guidelines of Care
for the Management of Psoriasis in Pediatric
Patients,’’ which is the pediatric section of these
guidelines.

GAPS IN RESEARCH
Significant knowledge regarding psoriasis and

advancement in psoriasis treatment have been
gained over the past 30 years. Despite this, in review
of the currently available highest level of evidence,
the expertWG acknowledges that much has yet to be
learned. The advent of newmedications with unique
mechanisms of action affords significant opportu-
nities for better disease control with minimal toxicity.
Nevertheless, there is still limited evidence regarding
long term-adverse events, impacts on future comor-
bidities, pediatric treatment, pregnancy and lacta-
tion, and treatment combination for many of the
newer biologic agents. There is also an important
need to identify biomarkers that can potentially
predict the appropriate biologic agent for individual
patients.
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REFERENCES

1. Menter A, Gottlieb A, Feldman SR, et al. Guidelines of care for

the management of psoriasis and psoriatic arthritis: section 1.

Overview of psoriasis and guidelines of care for the

treatment of psoriasis with biologics. J Am Acad Dermatol.

2008;58(5):826-850.

2. American Academy of Dermatology. Evidence-based clinical

practice guidelines. Available at: https://www.aad.org/forms/

policies/uploads/ar/ar%20evidence-based%20clinical%20

practice%20%20guidelines.pdf. Accessed March 1, 2018.

3. Rachakonda TD, Schupp CW, Armstrong AW. Psoriasis

prevalence among adults in the United States. J Am Acad

Dermatol. 2014;70(3):512-516.

4. Kurd SK, Gelfand JM. The prevalence of previously diagnosed

and undiagnosed psoriasis in US adults: results from NHANES

2003-2004. J Am Acad Dermatol. 2009;60(2):218-224.

5. Mease PJ, Gladman DD, Papp KA, et al. Prevalence of

rheumatologist-diagnosed psoriatic arthritis in patients with

psoriasis in European/North American dermatology clinics. J

Am Acad Dermatol. 2013;69(5):729-735.

6. Singh JA, Guyatt G, Ogdie A, et al. Special article: 2018

American College of Rheumatology/National Psoriasis Foun-

dation guideline for the treatment of psoriatic arthritis.

Arthritis Care Res (Hoboken). 2019;71(1):2-29.

7. Kimball AB, Gladman D, Gelfand JM, et al. National Psoriasis

Foundation clinical consensus on psoriasis comorbidities and

recommendations for screening. J Am Acad Dermatol. 2008;

58(6):1031-1042.

8. American Academy of Dermatology Work G, Menter A,

Korman NJ, Elmets CA, et al. Guidelines of care for the

management of psoriasis and psoriatic arthritis: section 6.

Guidelines of care for the treatment of psoriasis and psoriatic

arthritis: case-based presentations and evidence-based con-

clusions. J Am Acad Dermatol. 2011;65(1):137-174.

9. Revicki DA, Frank L. Pharmacoeconomic evaluation in the

real world. Effectiveness versus efficacy studies. Pharmacoe-

conomics. 1999;15(5):423-434.

10. Gottlieb AB, Matheson RT, Lowe N, et al. A randomized trial

of etanercept as monotherapy for psoriasis. Arch Dermatol.

2003;139(12):1627-1632. discussion 1632.

11. Gordon K, Korman N, Frankel E, et al. Efficacy of etanercept in

an integrated multistudy database of patients with psoriasis.

J Am Acad Dermatol. 2006;54(3 Suppl 2):S101-S111.

12. Sevrain M, Richard MA, Barnetche T, et al. Treatment for

palmoplantar pustular psoriasis: systematic literature review,

evidence-based recommendations and expert opinion. J Eur

Acad Dermatol Venereol. 2014;28(Suppl 5):13-16.

13. Strober B, Bissonnette R, Fiorentino D, et al. Comparative

effectiveness of biological therapy in the Psoriasis

http://www.psoriasis.org
http://www.psoriasis.org
http://www.IPFA-pso.org
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref1
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref1
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref1
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref1
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref1
https://www.aad.org/forms/policies/uploads/ar/ar%20evidence-based%20clinical%20practice%20%20guidelines.pdf
https://www.aad.org/forms/policies/uploads/ar/ar%20evidence-based%20clinical%20practice%20%20guidelines.pdf
https://www.aad.org/forms/policies/uploads/ar/ar%20evidence-based%20clinical%20practice%20%20guidelines.pdf
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref3
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref3
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref3
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref4
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref4
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref4
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref5
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref5
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref5
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref5
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref6
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref6
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref6
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref6
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref7
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref7
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref7
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref7
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref8
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref8
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref8
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref8
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref8
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref8
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref9
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref9
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref9
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref10
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref10
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref10
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref11
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref11
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref11
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref12
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref12
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref12
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref12
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref13
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref13


J AM ACAD DERMATOL

VOLUME 80, NUMBER 4
Menter et al 1063
Longitudinal Assessment and Registry (PSOLAR) Study. Br J

Dermatol. 2016;175:72-73.

14. Papp KA, Tyring S, Lahfa M, et al. A global phase III

randomized controlled trial of etanercept in psoriasis: safety,

efficacy, and effect of dose reduction. Br J Dermatol. 2005;

152(6):1304-1312.

15. Gottlieb AB, Leonardi C, Kerdel F, Mehlis S, Olds M,

Williams DA. Efficacy and safety of briakinumab vs.

etanercept and placebo in patients with moderate to

severe chronic plaque psoriasis. Br J Dermatol. 2011;165(3):

652-660.

16. Leonardi C, Strober B, Gottlieb AB, et al. Long-term safety

and efficacy of etanercept in patients with psoriasis: an open-

label study. J Drugs Dermatol. 2010;9(8):928-937.

17. Lucka TC, Pathirana D, Sammain A, et al. Efficacy of systemic

therapies for moderate-to-severe psoriasis: a systematic

review and meta-analysis of long-term treatment. J Eur

Acad Dermatol Venereol. 2012;26(11):1331-1344.

18. 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(11):2641-2648.

19. Poulin Y, Langley RG, Teixeira HD, Martel MJ, Cheung S.

Biologics in the treatment of psoriasis: clinical and economic

overview. J Cutan Med Surg. 2009;13(Suppl 2):S49-S57.

20. Puig L, Lopez A, Vilarrasa E, Garcia I. Efficacy of biologics in

the treatment of moderate-to-severe plaque psoriasis: a

systematic review and meta-analysis of randomized

controlled trials with different time points. J Eur Acad

Dermatol Venereol. 2014;28(12):1633-1653.

21. Puig L. Dose escalation may be effective in patients with

psoriasis after treatment failure or suboptimal response, but

switching to adalimumab is the most cost-effective measure

in different scenarios. Br J Dermatol. 2013;168(3):674-676.

22. Sterry W, Ortonne JP, Kirkham B, et al. Comparison of two

etanercept regimens for treatment of psoriasis and psoriatic

arthritis: PRESTA randomised double blind multicentre trial.

BMJ. 2010;340:c147.

23. Strober BE, Crowley JJ, Yamauchi PS, Olds M, Williams DA.

Efficacy and safety results from a phase III, randomized

controlled trial comparing the safety and efficacy of briaki-

numab with etanercept and placebo in patients with mod-

erate to severe chronic plaque psoriasis. Br J Dermatol. 2011;

165(3):661-668.

24. Cassano N, Loconsole F, Miracapillo A, et al. Treatment of

psoriasis with different dosage regimens of etanercept:

preliminary results from the Talpharanta Plastic Study Group.

Int J Immunopathol Pharmacol. 2010;23(3):797-802.

25. Strohal R, Chimenti S, Vena GA, Girolomoni G. Etanercept

provides an effective, safe and flexible short- and long-term

treatment regimen for moderate-to-severe psoriasis: a sys-

tematic review of current evidence. J Dermatolog Treat. 2013;

24(3):199-208.

26. Tyring S, Gordon KB, Poulin Y, et al. Long-term safety and

efficacy of 50 mg of etanercept twice weekly in patients with

psoriasis. Arch Dermatol. 2007;143(6):719-726.

27. van de Kerkhof P, Guenther L, Gottlieb AB, et al. Ixekizumab

treatment improves fingernail psoriasis in patients with

moderate-to-severe psoriasis: results from the randomized,

controlled and open-label phases of UNCOVER-3. J Eur Acad

Dermatol Venereol. 2017;31(3):477-482.

28. Vender R, Lynde C, Gilbert M, Ho V, Sapra S, Poulin-

Costello M. One-year, multicenter, open-label, single-arm

study evaluating the safety and effectiveness of etanercept

for the treatment of moderate-to-severe plaque psoriasis in
a Canadian population. J Cutan Med Surg. 2013;17(2):129-

138.

29. Langley RG, Elewski BE, Lebwohl M, et al. Secukinumab in

plaque psoriasiseresults of two phase 3 trials. N Engl J Med.

2014;371(4):326-338.

30. Griffiths CE, Reich K, Lebwohl M, et al. Comparison of

ixekizumab with etanercept or placebo in moderate-to-

severe psoriasis (UNCOVER-2 and UNCOVER-3): results from

two phase 3 randomised trials. Lancet. 2015;386(9993):541-551.

31. Bachelez H, van de Kerkhof PC, Strohal R, et al. Tofacitinib

versus etanercept or placebo in moderate-to-severe chronic

plaque psoriasis: a phase 3 randomised non-inferiority trial.

Lancet. 2015;386(9993):552-561.

32. Ryoo JY, Yang HJ, Ji E, Yoo BK. Meta-analysis of the efficacy

and safety of secukinumab for the treatment of plaque

psoriasis. Ann Pharmacother. 2016;50(5):341-351.

33. Leonardi CL, Powers JL, Matheson RT, et al. Etanercept as

monotherapy in patients with psoriasis. N Engl J Med. 2003;

349(21):2014-2022.

34. 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(10091):276-288.

35. De Simone C, Amerio P, Amoruso G, et al. Immunogenicity of

anti-TNFalpha therapy in psoriasis: a clinical issue? Expert

Opin Biol Ther. 2013;13(12):1673-1682.

36. Ortonne JP, Paul C, Berardesca E, et al. A 24-week random-

ized clinical trial investigating the efficacy and safety of two

doses of etanercept in nail psoriasis. Br J Dermatol. 2013;

168(5):1080-1087.

37. Luger TA, Barker J, Lambert J, et al. Sustained improvement

in joint pain and nail symptoms with etanercept therapy in

patients with moderate-to-severe psoriasis. J Eur Acad

Dermatol Venereol. 2009;23(8):896-904.

38. Saraceno R, Pietroleonardo L, Mazzotta A, Zangrilli A,

Bianchi L, Chimenti S. TNF-alpha antagonists and nail psori-

asis: an open, 24-week, prospective cohort study in adult

patients with psoriasis. Expert Opin Biol Ther. 2013;13(4):469-

473.

39. Bagel J, Lynde C, Tyring S, Kricorian G, Shi Y, Klekotka P.

Moderate to severe plaque psoriasis with scalp involvement:

a randomized, double-blind, placebo-controlled study of

etanercept. J Am Acad Dermatol. 2012;67(1):86-92.

40. Kyriakou A, Patsatsi A, Sotiriadis D. Anti-TNF agents and nail

psoriasis: a single-center, retrospective, comparative study. J

Dermatolog Treat. 2013;24(3):162-168.

41. Menter A, Warren RB, Langley RG, et al. Efficacy of ixekizumab

compared to etanercept and placebo in patients with

moderate-to-severe plaque psoriasis and non-pustular pal-

moplantar involvement: results from three phase 3 trials

(UNCOVER-1, UNCOVER-2 and UNCOVER-3). J Eur Acad

Dermatol Venereol. 2017;31(10):1686-1692.

42. Levin EC, Debbaneh M, Koo J, Liao W. Biologic therapy in

erythrodermic and pustular psoriasis. J Drugs Dermatol. 2014;

13(3):342-354.

43. Viguier M, Pages C, Aubin F, et al. Efficacy and safety of

biologics in erythrodermic psoriasis: a multicentre, retrospec-

tive study. Br J Dermatol. 2012;167(2):417-423.

44. Romero-Mate A, Garcia-Donoso C, Martinez-Moran C, Her-

nandez-Nunez A, Borbujo J. Long-term management of

erythrodermic psoriasis with anti-TNF agents. Dermatol On-

line J. 2010;16(6):15.

45. Rosenbach M, Hsu S, Korman NJ, et al. Treatment of

erythrodermic psoriasis: from the medical board of the

http://refhub.elsevier.com/S0190-9622(18)33001-9/sref13
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref13
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref14
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref14
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref14
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref14
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref15
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref15
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref15
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref15
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref15
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref16
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref16
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref16
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref17
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref17
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref17
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref17
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref18
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref18
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref18
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref18
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref19
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref19
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref19
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref20
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref20
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref20
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref20
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref20
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref21
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref21
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref21
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref21
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref22
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref22
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref22
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref22
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref23
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref23
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref23
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref23
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref23
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref23
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref24
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref24
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref24
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref24
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref25
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref25
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref25
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref25
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref25
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref26
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref26
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref26
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref27
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref27
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref27
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref27
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref27
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref28
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref28
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref28
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref28
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref28
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref28
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref29
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref29
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref29
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref30
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref30
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref30
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref30
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref31
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref31
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref31
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref31
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref32
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref32
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref32
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref33
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref33
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref33
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref34
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref34
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref34
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref34
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref34
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref35
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref35
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref35
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref36
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref36
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref36
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref36
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref37
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref37
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref37
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref37
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref38
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref38
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref38
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref38
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref38
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref39
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref39
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref39
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref39
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref40
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref40
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref40
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref41
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref41
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref41
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref41
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref41
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref41
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref42
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref42
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref42
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref43
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref43
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref43
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref44
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref44
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref44
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref44
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref45
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref45


J AM ACAD DERMATOL

APRIL 2019
1064 Menter et al
National Psoriasis Foundation. J Am Acad Dermatol. 2010;

62(4):655-662.

46. Fialova J, Vojackova N, Vanousova D, Hercogova J. Juvenile

generalized pustular psoriasis treated with etanercept. Der-

matol Ther. 2014;27(2):105-108.

47. Floristan U, Feltes R, Ramirez P, Alonso ML, De Lucas R.

Recalcitrant palmoplantar pustular psoriasis treated with

etanercept. Pediatr Dermatol. 2011;28(3):349-350.

48. Bissonnette R, Poulin Y, Bolduc C, et al. Etanercept in the

treatment of palmoplantar pustulosis. J Drugs Dermatol.

2008;7(10):940-946.

49. Weinberg JM. Successful treatment of recalcitrant palmo-

plantar psoriasis with etanercept. Cutis. 2003;72(5):396-398.

50. Feldman SR, Koo JY, Johnson LA, Preston NJ. Clobetasol

propionate spray 0.05% add-on therapy to a stable regimen

of biologic treatment in patients with moderate to very

severe plaque psoriasis. Cutis. 2009;84(4 Suppl):25-32.

51. Strober BE, Bissonnette R, Fiorentino D, et al. Comparative

effectiveness of biologic agents for the treatment of psoriasis

in a real-world setting: results from a large, prospective,

observational study (Psoriasis Longitudinal Assessment and

Registry [PSOLAR]). J Am Acad Dermatol. 2016;74(5):851-

861.e854.

52. Kircik LH. Topical calcipotriene 0.005% and betamethasone

dipropionate 0.064% maintains efficacy of etanercept after

step-down dose in patients with moderate-to-severe plaque

psoriasis: results of an open label trial. J Drugs Dermatol.

2011;10(8):878-882.

53. Lebwohl MG, Kircik L, Callis Duffin K, et al. A randomized

study to evaluate the efficacy and safety of adding

topical therapy to etanercept in patients with moderate

to severe plaque psoriasis. J Am Acad Dermatol. 2013;

69(3):385-392.

54. Strohal R, Puig L, Chouela E, et al. The efficacy and safety of

etanercept when used with as-needed adjunctive topical

therapy in a randomised, double-blind study in subjects with

moderate-to-severe psoriasis (the PRISTINE trial). J Dermato-

log Treat. 2013;24(3):169-178.

55. Lee JH, Youn JI, Kim TY, et al. A multicenter, randomized,

open-label pilot trial assessing the efficacy and safety of

etanercept 50 mg twice weekly followed by etanercept 25

mg twice weekly, the combination of etanercept 25 mg

twice weekly and acitretin, and acitretin alone in patients

with moderate to severe psoriasis. BMC Dermatol. 2016;16(1):

11.

56. Gisondi P, Del Giglio M, Cotena C, Girolomoni G. Combining

etanercept and acitretin in the therapy of chronic plaque

psoriasis: a 24-week, randomized, controlled, investigator-

blinded pilot trial. Br J Dermatol. 2008;158(6):1345-1349.

57. Moon TE, Levine N, Cartmel B, Bangert JL. Retinoids in

prevention of skin cancer. Cancer Lett. 1997;114(1-2):203-205.

58. Bettoli V, Zauli S, Virgili A. Retinoids in the chemoprevention

of non-melanoma skin cancers: why, when and how. J

Dermatolog Treat. 2013;24(3):235-237.

59. Nijsten TE, Stern RS. Oral retinoid use reduces cutaneous

squamous cell carcinoma risk in patients with psoriasis

treated with psoralen-UVA: a nested cohort study. J Am

Acad Dermatol. 2003;49(4):644-650.

60. Takeshita J, Wang S, Shin DB, et al. Comparative effectiveness

of less commonly used systemic monotherapies and com-

mon combination therapies for moderate to severe psoriasis

in the clinical setting. J Am Acad Dermatol. 2014;71(6):1167-

1175.

61. Gottlieb AB, Langley RG, Strober BE, et al. A randomized,

double-blind, placebo-controlled study to evaluate the
addition of methotrexate to etanercept in patients with

moderate to severe plaque psoriasis. Br J Dermatol. 2012;

167(3):649-657.

62. Zachariae C, Mork NJ, Reunala T, et al. The combination of

etanercept and methotrexate increases the effectiveness of

treatment in active psoriasis despite inadequate effect of

methotrexate therapy. Acta Derm Venereol. 2008;88(5):495-501.

63. AbuHilal M, Walsh S, Shear N. Use of apremilast in combina-

tion with other therapies for treatment of chronic plaque

psoriasis: a retrospective study. J Cutan Med Surg. 2016;20(4):

313-316.

64. Lee EJ, Shin MK, Kim NI. A clinical trial of combination

therapy with etanercept and low dose cyclosporine for the

treatment of refractory psoriasis. Ann Dermatol. 2010;22(2):

138-142.

65. D’Angelo S, Cutro MS, Lubrano E, et al. Combination therapy

with ciclosporin and etanercept in patients with psoriatic

arthritis. Ann Rheum Dis. 2010;69(5):934-935.

66. Park KK, Swan J, Koo J. Effective treatment of etanercept and

phototherapy-resistant psoriasis using the excimer laser.

Dermatol Online J. 2012;18(3):2.

67. De Simone C, D’Agostino M, Capizzi R, Capponi A, Venier A,

Caldarola G. Combined treatment with etanercept 50 mg

once weekly and narrow-band ultraviolet B phototherapy in

chronic plaque psoriasis. Eur J Dermatol. 2011;21(4):568-572.

68. Kircik L, Bagel J, Korman N, et al. Utilization of narrow-band

ultraviolet light B therapy and etanercept for the treatment

of psoriasis (UNITE): efficacy, safety, and patient-reported

outcomes. J Drugs Dermatol. 2008;7(3):245-253.

69. Jamnitski A, Krieckaert CL, Nurmohamed MT, et al. Patients

non-responding to etanercept obtain lower etanercept

concentrations compared with responding patients. Ann

Rheum Dis. 2012;71(1):88-91.

70. de Vries MK, van der Horst-Bruinsma IE, Nurmohamed MT,

et al. Immunogenicity does not influence treatment with

etanercept in patients with ankylosing spondylitis. Ann

Rheum Dis. 2009;68(4):531-535.

71. Thomas SS, Borazan N, Barroso N, et al. Comparative

immunogenicity of TNF inhibitors: impact on clinical efficacy

and tolerability in the management of autoimmune diseases.

A systematic review and meta-analysis. BioDrugs. 2015;29(4):

241-258.

72. de Carvalho AV, Duquia RP, Horta BL, Bonamigo RR. Efficacy

of immunobiologic and small molecule inhibitor drugs for

psoriasis: a systematic review and meta-analysis of random-

ized clinical trials. Drugs R D. 2017;17(1):29-51.

73. Ortonne JP, Taieb A, Ormerod AD, et al. Patients with

moderate-to-severe psoriasis recapture clinical response

during re-treatment with etanercept. Br J Dermatol. 2009;

161(5):1190-1195.

74. Elewski B, Leonardi C, Gottlieb AB, et al. Comparison of

clinical and pharmacokinetic profiles of etanercept 25 mg

twice weekly and 50 mg once weekly in patients with

psoriasis. Br J Dermatol. 2007;156(1):138-142.

75. Gordon KB, Gottlieb AB, Leonardi CL, et al. Clinical response

in patients with psoriasis discontinued from and then

reinitiated on etanercept therapy. J Dermatolog Treat. 2006;

17(1):9-17.

76. Mazzotta A, Esposito M, Costanzo A, Chimenti S. Efficacy and

safety of etanercept in psoriasis after switching from other

treatments: an observational study. Am J Clin Dermatol. 2009;

10(5):319-324.

77. Mease PJ, Kivitz AJ, Burch FX, et al. Etanercept treatment of

psoriatic arthritis: safety, efficacy, and effect on disease

progression. Arthritis Rheum. 2004;50(7):2264-2272.

http://refhub.elsevier.com/S0190-9622(18)33001-9/sref45
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref45
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref46
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref46
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref46
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref47
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref47
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref47
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref48
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref48
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref48
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref49
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref49
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref50
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref50
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref50
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref50
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref51
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref51
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref51
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref51
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref51
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref51
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref52
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref52
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref52
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref52
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref52
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref53
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref53
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref53
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref53
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref53
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref54
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref54
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref54
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref54
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref54
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref55
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref55
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref55
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref55
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref55
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref55
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref55
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref56
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref56
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref56
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref56
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref57
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref57
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref58
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref58
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref58
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref59
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref59
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref59
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref59
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref60
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref60
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref60
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref60
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref60
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref61
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref61
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref61
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref61
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref61
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref62
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref62
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref62
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref62
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref63
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref63
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref63
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref63
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref64
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref64
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref64
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref64
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref65
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref65
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref65
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref66
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref66
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref66
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref67
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref67
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref67
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref67
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref68
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref68
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref68
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref68
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref69
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref69
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref69
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref69
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref70
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref70
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref70
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref70
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref71
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref71
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref71
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref71
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref71
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref72
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref72
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref72
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref72
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref73
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref73
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref73
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref73
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref74
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref74
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref74
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref74
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref75
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref75
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref75
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref75
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref76
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref76
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref76
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref76
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref77
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref77
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref77


J AM ACAD DERMATOL

VOLUME 80, NUMBER 4
Menter et al 1065
78. Mease PJ, Goffe BS, Metz J, VanderStoep A, Finck B,

Burge DJ. Etanercept in the treatment of psoriatic arthritis

and psoriasis: a randomised trial. Lancet. 2000;356(9227):

385-390.

79. Puig L, Camacho F, Garcia-Patos V, Fernandez-Diaz ML,

Marquina A, Garcia-Calvo C. Long-term (1 year) efficacy of

etanercept in moderate-to-severe psoriasis. Results of a

multicentric observational study in Spain. Eur J Dermatol.

2015;25(5):410-417.

80. Gambichler T, Tigges C, Scola N, et al. Etanercept plus

narrowband ultraviolet B phototherapy of psoriasis is more

effective than etanercept monotherapy at 6 weeks. Br J

Dermatol. 2011;164(6):1383-1386.

81. Gottlieb AB, Masud S, Ramamurthi R, et al. Pharmacodynamic

and pharmacokinetic response to anti-tumor necrosis factor-

alpha monoclonal antibody (infliximab) treatment of mod-

erate to severe psoriasis vulgaris. J Am Acad Dermatol. 2003;

48(1):68-75.

82. Reich K, Ortonne JP, Gottlieb AB, et al. Successful treatment

of moderate to severe plaque psoriasis with the PEGylated

Fab’ certolizumab pegol: results of a phase II randomized,

placebo-controlled trial with a re-treatment extension. Br J

Dermatol. 2012;167(1):180-190.

83. Chaudhari U, Romano P, Mulcahy LD, Dooley LT, Baker DG,

Gottlieb AB. Efficacy and safety of infliximab monotherapy

for plaque-type psoriasis: a randomised trial. Lancet. 2001;

357(9271):1842-1847.

84. Menter A, Feldman SR, Weinstein GD, et al. A randomized

comparison of continuous vs. intermittent infliximab main-

tenance regimens over 1 year in the treatment of moderate-

to-severe plaque psoriasis. J Am Acad Dermatol. 2007;56(1):31

e31-15.

85. Barker J, Hoffmann M, Wozel G, et al. Efficacy and safety of

infliximab vs. methotrexate in patients with moderate-to-

severe plaque psoriasis: results of an open-label, active-

controlled, randomized trial (RESTORE1). Br J Dermatol. 2011;

165(5):1109-1117.

86. de Vries AC, Thio HB, de Kort WJ, et al. A prospective

randomized controlled trial comparing infliximab and

etanercept in patients with moderate-to-severe chronic

plaque-type psoriasis: the Psoriasis Infliximab vs. Etanercept

Comparison Evaluation (PIECE) study. Br J Dermatol. 2017;

176(3):624-633.

87. Yang HZ, Wang K, Jin HZ, et al. Infliximab monotherapy for

Chinese patients with moderate to severe plaque psoriasis: a

randomized, double-blind, placebo-controlled multicenter

trial. Chin Med J (Engl). 2012;125(11):1845-1851.

88. Reich K, Wozel G, Zheng H, van Hoogstraten HJ, Flint L,

Barker J. Efficacy and safety of infliximab as continuous or

intermittent therapy in patients with moderate-to-severe

plaque psoriasis: results of a randomized, long-term exten-

sion trial (RESTORE2). Br J Dermatol. 2013;168(6):1325-1334.

89. Di Lernia V, Guareschi E. Successful treatment of hand and

foot psoriasis with infliximab. Dermatol Online J. 2010;16(7):8.

90. Kyriakou A, Patsatsi A, Sotiriadis D. Biologic agents in nail

psoriasis: efficacy data and considerations. Expert Opin Biol

Ther. 2013;13(12):1707-1714.

91. Rigopoulos D, Gregoriou S, Stratigos A, et al. Evaluation of

the efficacy and safety of infliximab on psoriatic nails: an

unblinded, nonrandomized, open-label study. Br J Dermatol.

2008;159(2):453-456.

92. Bissonnette R, Poulin Y, Guenther L, Lynde CW, Bolduc C,

Nigen S. Treatment of palmoplantar psoriasis with infliximab:

a randomized, double-blind placebo-controlled study. J Eur

Acad Dermatol Venereol. 2011;25(12):1402-1408.
93. Rich P, Griffiths CE, Reich K, et al. Baseline nail disease in

patients with moderate to severe psoriasis and response to

treatment with infliximab during 1 year. J Am Acad Dermatol.

2008;58(2):224-231.

94. Fotiadou C, Lazaridou E, Sotiriou E, Kyrgidis A, Apalla Z,

Ioannides D. Scalp psoriasis and biologic agents: a retro-

spective, comparative study from a tertiary psoriasis referral

centre. J Eur Acad Dermatol Venereol. 2016;30(12):2091-2096.

95. Viguier M, Aubin F, Delaporte E, et al. Efficacy and safety of

tumor necrosis factor inhibitors in acute generalized pustular

psoriasis. Arch Dermatol. 2012;148(12):1423-1425.

96. Poulalhon N, Begon E, Lebbe C, et al. A follow-up study in 28

patients treated with infliximab for severe recalcitrant pso-

riasis: evidence for efficacy and high incidence of biological

autoimmunity. Br J Dermatol. 2007;156(2):329-336.

97. Takahashi MD, Castro LG, Romiti R. Infliximab, as sole or

combined therapy, induces rapid clearing of erythrodermic

psoriasis. Br J Dermatol. 2007;157(4):828-831.

98. Heikkila H, Ranki A, Cajanus S, Karvonen SL. Infliximab

combined with methotrexate as long-term treatment for

erythrodermic psoriasis. Arch Dermatol. 2005;141(12):1607-

1610.

99. Sheth N, Greenblatt DT, Acland K, Barker J, Teixeira F.

Generalized pustular psoriasis of pregnancy treated with

infliximab. Clin Exp Dermatol. 2009;34(4):521-522.

100. Yawalkar N, Hunger RE. Successful treatment of recalcitrant

palmoplantar pustular psoriasis with sequential use of

infliximab and adalimumab. Dermatology. 2009;218(1):79-

83.

101. Armstrong AW, Bagel J, Van Voorhees AS, Robertson AD,

Yamauchi PS. Combining biologic therapies with other

systemic treatments in psoriasis: evidence-based, best-

practice recommendations from the Medical Board of the

National Psoriasis Foundation. JAMA Dermatol. 2015;151(4):

432-438.

102. Smith EC, Riddle C, Menter MA, Lebwohl M. Combining

systemic retinoids with biologic agents for moderate to

severe psoriasis. Int J Dermatol. 2008;47(5):514-518.

103. Dalaker M, Bonesronning JH. Long-term maintenance treat-

ment of moderate-to-severe plaque psoriasis with infliximab

in combination with methotrexate or azathioprine in a

retrospective cohort. J Eur Acad Dermatol Venereol. 2009;

23(3):277-282.

104. Duron C, Goutte M, Pereira B, Bommelaer G, Buisson A.

Factors influencing acute infusion reactions in inflammatory

bowel disease patients treated with infliximab in the era of

scheduled maintenance therapy. Eur J Gastroenterol Hepatol.

2015;27(6):705-711.

105. Steenholdt C, Svenson M, Bendtzen K, Thomsen OO,

Brynskov J, Ainsworth MA. Severe infusion reactions to

infliximab: aetiology, immunogenicity and risk factors in

patients with inflammatory bowel disease. Aliment Pharma-

col Ther. 2011;34(1):51-58.

106. Lee LY, Sanderson JD, Irving PM. Anti-infliximab antibodies in

inflammatory bowel disease: prevalence, infusion reactions,

immunosuppression and response, a meta-analysis. Eur J

Gastroenterol Hepatol. 2012;24(9):1078-1085.

107. Cassinotti A, Travis S. Incidence and clinical significance of

immunogenicity to infliximab in Crohn’s disease: a critical

systematic review. Inflamm Bowel Dis. 2009;15(8):1264-

1275.

108. Ben-Horin S, Yavzori M, Benhar I, et al. Cross-immunogenicity:

antibodies to infliximab in Remicade-treated patients with

IBD similarly recognise the biosimilar Remsima. Gut. 2016;

65(7):1132-1138.

http://refhub.elsevier.com/S0190-9622(18)33001-9/sref78
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref78
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref78
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref78
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref79
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref79
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref79
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref79
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref79
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref80
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref80
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref80
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref80
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref81
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref81
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref81
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref81
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref81
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref82
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref82
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref82
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref82
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref82
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref83
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref83
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref83
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref83
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref84
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref84
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref84
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref84
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref84
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref85
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref85
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref85
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref85
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref85
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref86
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref86
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref86
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref86
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref86
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref86
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref87
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref87
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref87
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref87
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref88
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref88
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref88
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref88
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref88
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref89
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref89
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref90
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref90
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref90
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref91
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref91
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref91
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref91
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref92
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref92
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref92
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref92
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref93
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref93
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref93
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref93
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref94
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref94
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref94
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref94
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref95
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref95
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref95
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref96
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref96
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref96
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref96
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref97
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref97
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref97
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref98
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref98
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref98
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref98
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref99
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref99
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref99
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref100
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref100
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref100
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref100
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref101
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref101
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref101
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref101
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref101
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref101
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref102
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref102
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref102
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref103
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref103
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref103
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref103
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref103
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref104
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref104
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref104
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref104
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref104
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref105
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref105
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref105
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref105
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref105
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref106
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref106
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref106
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref106
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref107
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref107
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref107
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref107
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref108
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref108
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref108
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref108


J AM ACAD DERMATOL

APRIL 2019
1066 Menter et al
109. Baert F, Noman M, Vermeire S, et al. Influence of immuno-

genicity on the long-term efficacy of infliximab in Crohn’s

disease. N Engl J Med. 2003;348(7):601-608.

110. Bartoli F, Bruni C, Cometi L, et al. Premedication prevents

infusion reactions and improves retention rate during

infliximab treatment. Clin Rheumatol. 2016;35(11):2841-2845.

111. Choquette D, Faraawi R, Chow A, Rodrigues J, Bensen WJ,

Nantel F. Incidence and management of infusion reactions to

infliximab in a prospective real-world community registry. J

Rheumatol. 2015;42(7):1105-1111.

112. Gottlieb AB, Evans R, Li S, et al. Infliximab induction therapy

for patients with severe plaque-type psoriasis: a randomized,

double-blind, placebo-controlled trial. J Am Acad Dermatol.

2004;51(4):534-542.

113. Antoni CE, Kavanaugh A, Kirkham B, et al. Sustained benefits

of infliximab therapy for dermatologic and articular manifes-

tations of psoriatic arthritis: results from the infliximab

multinational psoriatic arthritis controlled trial (IMPACT).

Arthritis Rheum. 2005;52(4):1227-1236.

114. Antoni C, Krueger GG, de Vlam K, et al. Infliximab improves

signs and symptoms of psoriatic arthritis: results of the

IMPACT 2 trial. Ann Rheum Dis. 2005;64(8):1150-1157.

115. Kavanaugh A, Antoni CE, Gladman D, et al. The Infliximab

Multinational Psoriatic Arthritis Controlled Trial (IMPACT):

results of radiographic analyses after 1 year. Ann Rheum Dis.

2006;65(8):1038-1043.

116. Kavanaugh A, Krueger GG, Beutler A, et al. Infliximab

maintains a high degree of clinical response in patients

with active psoriatic arthritis through 1 year of treatment:

results from the IMPACT 2 trial. Ann Rheum Dis. 2007;66(4):

498-505.

117. van der Heijde D, Kavanaugh A, Gladman DD, et al. Infliximab

inhibits progression of radiographic damage in patients with

active psoriatic arthritis through one year of treatment:

results from the induction and maintenance psoriatic arthritis

clinical trial 2. Arthritis Rheum. 2007;56(8):2698-2707.

118. Antoni CE, Kavanaugh A, van der Heijde D, et al. Two-year

efficacy and safety of infliximab treatment in patients with

active psoriatic arthritis: findings of the Infliximab Multina-

tional Psoriatic Arthritis Controlled Trial (IMPACT). J Rheuma-

tol. 2008;35(5):869-876.

119. Gladman DD. Adalimumab, etanercept and infliximab are

equally effective treatments for patients with psoriatic

arthritis. Nat Clin Pract Rheumatol. 2008;4(10):510-511.

120. Gordon KB, Langley RG, Leonardi C, et al. Clinical response to

adalimumab treatment in patients with moderate to severe

psoriasis: double-blind, randomized controlled trial and

open-label extension study. J Am Acad Dermatol. 2006;

55(4):598-606.

121. Patel T, Gordon KB. Adalimumab: efficacy and safety in

psoriasis and rheumatoid arthritis. Dermatol Ther. 2004;17(5):

427-431.

122. Menter A, Tyring SK, Gordon K, et al. Adalimumab therapy for

moderate to severe psoriasis: a randomized, controlled phase

III trial. J Am Acad Dermatol. 2008;58(1):106-115.

123. Asahina A, Nakagawa H, Etoh T, Ohtsuki M,

Adalimumab MSG. Adalimumab in Japanese patients with

moderate to severe chronic plaque psoriasis: efficacy and

safety results from a phase II/III randomized controlled study.

J Dermatol. 2010;37(4):299-310.

124. Gordon K, Papp K, Poulin Y, Gu Y, Rozzo S, Sasso EH. Long-

term efficacy and safety of adalimumab in patients with

moderate to severe psoriasis treated continuously over 3

years: results from an open-label extension study for patients

from REVEAL. J Am Acad Dermatol. 2012;66(2):241-251.
125. Gordon KB, Duffin KC, Bissonnette R, et al. A phase 2 trial of

guselkumab versus adalimumab for plaque psoriasis. N Engl J

Med. 2015;373(2):136-144.

126. Saurat JH, Stingl G, Dubertret L, et al. Efficacy and safety

results from the randomized controlled comparative

study of adalimumab vs. methotrexate vs. placebo in

patients with psoriasis (CHAMPION). Br J Dermatol. 2008;

158(3):558-566.

127. Blauvelt A, Papp KA, Griffiths CE, et al. Efficacy and safety of

guselkumab, an anti-interleukin-23 monoclonal antibody,

compared with adalimumab for the continuous treatment

of patients with moderate to severe psoriasis: results from

the phase III, double-blinded, placebo- and active

comparator-controlled VOYAGE 1 trial. J Am Acad Dermatol.

2017;76(3):405-417.

128. Reich K, Armstrong AW, Foley P, et al. Efficacy and safety of

guselkumab, an anti-interleukin-23 monoclonal antibody,

compared with adalimumab for the treatment of patients

with moderate to severe psoriasis with randomized with-

drawal and retreatment: results from the phase III, double-

blind, placebo- and active comparator-controlled VOYAGE 2

trial. J Am Acad Dermatol. 2017;76(3):418-431.

129. Leonardi C, Langley RG, Papp K, et al. Adalimumab for

treatment of moderate to severe chronic plaque psoriasis of

the hands and feet: efficacy and safety results from REACH, a

randomized, placebo-controlled, double-blind trial. Arch

Dermatol. 2011;147(4):429-436.

130. Poulin Y, Crowley JJ, Langley RG, Unnebrink K, Goldblum OM,

Valdecantos WC. Efficacy of adalimumab across subgroups of

patients with moderate-to-severe chronic plaque psoriasis of

the hands and/or feet: post hoc analysis of REACH. J Eur Acad

Dermatol Venereol. 2014;28(7):882-890.

131. Rigopoulos D, Gregoriou S, Lazaridou E, et al. Treatment of

nail psoriasis with adalimumab: an open label unblinded

study. J Eur Acad Dermatol Venereol. 2010;24(5):530-534.

132. Thaci D, Unnebrink K, Sundaram M, Sood S, Yamaguchi Y.

Adalimumab for the treatment of moderate to severe pso-

riasis: subanalysis of effects on scalp and nails in the BELIEVE

study. J Eur Acad Dermatol Venereol. 2015;29(2):353-360.

133. Karakawa M, Komine M, Kishimoto M, et al. Effects of

maxacalcitol ointment on skin lesions in patients with

psoriasis receiving treatment with adalimumab. J Dermatol.

2016;43(11):1354-1357.

134. Thaci D, Ortonne JP, Chimenti S, et al. A phase IIIb,

multicentre, randomized, double-blind, vehicle-controlled

study of the efficacy and safety of adalimumab with and

without calcipotriol/betamethasone topical treatment in

patients with moderate to severe psoriasis: the BELIEVE

study. Br J Dermatol. 2010;163(2):402-411.

135. Cather JC, Menter A. Combining traditional agents and

biologics for the treatment of psoriasis. Semin Cutan Med

Surg. 2005;24(1):37-45.

136. Gallo E, Llamas-Velasco M, Dauden E, Garcia-Diez A. Re-

fractory generalized pustular psoriasis responsive to a com-

bination of adalimumab and acitretin. Int J Dermatol. 2013;

52(12):1610-1611.

137. Danesh MJ, Beroukhim K, Nguyen C, Levin E, Koo J.

Apremilast and adalimumab: a novel combination therapy

for recalcitrant psoriasis. Dermatol Online J. 2015;21(6).

138. Cohen Barak E, Kerner M, Rozenman D, Ziv M. Combination

therapy of cyclosporine and anti-tumor necrosis factor alpha

in psoriasis: a case series of 10 patients. Dermatol Ther. 2015;

28(3):126-130.

139. Nakamizo S, Miyachi Y, Kabashima K. Addition of cyclo-

sporine to adalimumab improved psoriasis and adalimumab-

http://refhub.elsevier.com/S0190-9622(18)33001-9/sref109
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref109
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref109
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref110
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref110
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref110
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref111
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref111
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref111
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref111
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref112
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref112
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref112
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref112
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref113
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref113
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref113
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref113
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref113
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref114
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref114
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref114
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref115
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref115
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref115
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref115
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref116
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref116
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref116
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref116
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref116
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref117
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref117
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref117
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref117
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref117
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref118
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref118
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref118
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref118
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref118
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref119
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref119
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref119
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref120
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref120
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref120
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref120
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref120
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref121
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref121
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref121
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref122
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref122
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref122
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref123
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref123
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref123
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref123
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref123
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref124
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref124
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref124
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref124
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref124
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref125
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref125
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref125
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref126
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref126
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref126
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref126
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref126
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref127
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref127
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref127
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref127
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref127
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref127
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref127
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref128
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref128
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref128
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref128
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref128
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref128
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref128
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref129
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref129
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref129
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref129
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref129
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref130
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref130
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref130
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref130
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref130
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref131
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref131
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref131
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref132
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref132
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref132
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref132
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref133
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref133
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref133
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref133
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref134
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref134
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref134
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref134
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref134
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref134
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref135
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref135
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref135
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref136
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref136
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref136
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref136
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref137
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref137
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref137
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref138
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref138
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref138
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref138
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref139
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref139


J AM ACAD DERMATOL

VOLUME 80, NUMBER 4
Menter et al 1067
induced injection site reaction. Indian J Dermatol. 2014;59(5):

522-523.

140. Philipp S, Wilsmann-Theis D, Weyergraf A, et al. Combination

of adalimumab with traditional systemic antipsoriatic drugs -

a report of 39 cases. J Dtsch Dermatol Ges. 2012;10(11):821-

837.

141. Karanikolas GN, Koukli EM, Katsalira A, et al. Adalimumab or

cyclosporine as monotherapy and in combination in severe

psoriatic arthritis: results from a prospective 12-month non-

randomized unblinded clinical trial. J Rheumatol. 2011;38(11):

2466-2474.

142. Wolf P, Hofer A, Weger W, Posch-Fabian T, Gruber-

Wackernagel A, Legat FJ. 311 nm ultraviolet B-accelerated

response of psoriatic lesions in adalimumab-treated patients.

Photodermatol Photoimmunol Photomed. 2011;27(4):186-189.

143. Bagel J. Adalimumab plus narrowband ultraviolet B light

phototherapy for the treatment of moderate to severe

psoriasis. J Drugs Dermatol. 2011;10(4):366-371.

144. van Lumig PP, Menting SP, van den Reek JM, et al. An

increased risk of non-melanoma skin cancer during TNF-

inhibitor treatment in psoriasis patients compared to rheu-

matoid arthritis patients probably relates to disease-related

factors. J Eur Acad Dermatol Venereol. 2015;29(4):752-760.

145. Menter A, Thaci D, Wu JJ, et al. Long-term safety and

effectiveness of adalimumab for moderate to severe psori-

asis: results from 7-year interim analysis of the ESPRIT

registry. Dermatol Ther (Heidelb). 2017;7(3):365-381.

146. Papp KA, Strober B, Augustin M, et al. PSOLAR: design, utility,

and preliminary results of a prospective, international,

disease-based registry of patients with psoriasis who are

receiving, or are candidates for, conventional systemic

treatments or biologic agents. J Drugs Dermatol. 2012;

11(10):1210-1217.

147. Dommasch ED, Abuabara K, Shin DB, Nguyen J, Troxel AB,

Gelfand JM. The risk of infection and malignancy with tumor

necrosis factor antagonists in adults with psoriatic disease: a

systematic review and meta-analysis of randomized

controlled trials. J Am Acad Dermatol. 2011;64(6):1035-1050.

148. Burmester GR, Mease P, Dijkmans BA, et al. Adalimumab

safety and mortality rates from global clinical trials of six

immune-mediated inflammatory diseases. Ann Rheum Dis.

2009;68(12):1863-1869.

149. Bartelds GM, Wijbrandts CA, Nurmohamed MT, et al. Clinical

response to adalimumab: relationship to anti-adalimumab

antibodies and serum adalimumab concentrations in rheu-

matoid arthritis. Ann Rheum Dis. 2007;66(7):921-926.

150. Bartelds GM, Wolbink GJ, Stapel S, et al. High levels of human

anti-human antibodies to adalimumab in a patient not

responding to adalimumab treatment. Ann Rheum Dis.

2006;65(9):1249-1250.

151. Prussick R, Unnebrink K, Valdecantos WC. Efficacy of adali-

mumab compared with methotrexate or placebo stratified

by baseline BMI in a randomized placebo-controlled trial in

patients with psoriasis. J Drugs Dermatol. 2015;14(8):864-868.

152. Martyn-Simmons CL, Green L, Ash G, Groves RW, Smith CH,

Barker JN. Adalimumab for psoriasis patients who are non-

responders to etanercept: open-label prospective evaluation.

J Eur Acad Dermatol Venereol. 2009;23(12):1394-1397.

153. Gordon KB, Gottlieb AB, Langely RG, et al. Adalimumab

retreatment successfully restores clinical response and

health-related quality of life in patients with moderate to

severe psoriasis who undergo therapy interruption. J Eur

Acad Dermatol Venereol. 2015;29(4):767-776.

154. Papp K, Crowley J, Ortonne JP, et al. Adalimumab for

moderate to severe chronic plaque psoriasis: efficacy
and safety of retreatment and disease recurrence

following withdrawal from therapy. Br J Dermatol.

2011;164(2):434-441.

155. Mease PJ, Gladman DD, Ritchlin CT, et al. Adalimumab for the

treatment of patients with moderately to severely active

psoriatic arthritis: results of a double-blind, randomized,

placebo-controlled trial. Arthritis Rheum. 2005;52(10):3279-

3289.

156. Van den Bosch F, Manger B, Goupille P, et al. Effectiveness of

adalimumab in treating patients with active psoriatic arthritis

and predictors of good clinical responses for arthritis, skin

and nail lesions. Ann Rheum Dis. 2010;69(2):394-399.

157. Mease PJ, Ory P, Sharp JT, et al. Adalimumab for long-term

treatment of psoriatic arthritis: 2-year data from the Adali-

mumab Effectiveness in Psoriatic Arthritis Trial (ADEPT). Ann

Rheum Dis. 2009;68(5):702-709.

158. Gladman DD, Mease PJ, Ritchlin CT, et al. Adalimumab for

long-term treatment of psoriatic arthritis: forty-eight week

data from the adalimumab effectiveness in psoriatic arthritis

trial. Arthritis Rheum. 2007;56(2):476-488.

159. Gladman DD, Mease PJ, Cifaldi MA, Perdok RJ, Sasso E,

Medich J. Adalimumab improves joint-related and skin-

related functional impairment in patients with psoriatic

arthritis: patient-reported outcomes of the Adalimumab

Effectiveness in Psoriatic Arthritis Trial. Ann Rheum Dis.

2007;66(2):163-168.

160. Delgado Frias E, Diaz Gonzalez JF. [Certolizumab pegol].

Reumatol Clin. 2011;6S3:S7-S11.

161. Chimenti MS, Saraceno R, Chiricozzi A, Giunta A, Chimenti S,

Perricone R. Profile of certolizumab and its potential in the

treatment of psoriatic arthritis. Drug Des Devel Ther. 2013;7:

339-348.

162. Mease PJ, Fleischmann R, Deodhar AA, et al. Effect of

certolizumab pegol on signs and symptoms in patients

with psoriatic arthritis: 24-week results of a phase 3

double-blind randomised placebo-controlled study (RAPID-

PsA). Ann Rheum Dis. 2014;73(1):48-55.

163. Dattola A, Cannizzaro MV, Mazzeo M, Bianchi L. Certolizumab

pegol in the treatment of psoriasis and psoriatic arthritis:

preliminary real-life data. Dermatol Ther (Heidelb). 2017;7(4):

485-492.

164. Kamili Q, Menter A. Atypical presentation of histoplasmosis in

a patient with psoriasis and psoriatic arthritis on infliximab

therapy. J Drugs Dermatol. 2010;9(1):57-60.

165. Costa L, Caso F, Atteno M, et al. Long-term safety of anti-TNF-

alpha in PsA patients with concomitant HCV infection: a

retrospective observational multicenter study on 15 patients.

Clin Rheumatol. 2014;33(2):273-276.

166. Pompili M, Biolato M, Miele L, Grieco A. Tumor necrosis

factor-alpha inhibitors and chronic hepatitis C: a compre-

hensive literature review. World J Gastroenterol. 2013;19(44):

7867-7873.

167. Snast I, Atzmony L, Braun M, Hodak E, Pavlovsky L. Risk for

hepatitis B and C virus reactivation in patients with psoriasis

on biologic therapies: a retrospective cohort study and

systematic review of the literature. J Am Acad Dermatol.

2017;77(1):88-97 e85.

168. Abramson A, Menter A, Perrillo R. Psoriasis, hepatitis B, and

the tumor necrosis factor-alpha inhibitory agents: a review

and recommendations for management. J Am Acad Derma-

tol. 2012;67(6):1349-1361.

169. Vittorio Luigi De Socio G, Simonetti S, Stagni G. Clinical

improvement of psoriasis in an AIDS patient effectively

treated with combination antiretroviral therapy. Scand J

Infect Dis. 2006;38(1):74-75.

http://refhub.elsevier.com/S0190-9622(18)33001-9/sref139
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref139
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref140
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref140
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref140
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref140
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref141
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref141
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref141
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref141
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref141
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref142
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref142
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref142
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref142
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref143
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref143
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref143
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref144
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref144
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref144
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref144
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref144
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref145
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref145
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref145
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref145
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref146
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref146
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref146
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref146
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref146
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref146
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref147
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref147
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref147
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref147
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref147
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref148
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref148
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref148
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref148
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref149
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref149
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref149
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref149
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref150
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref150
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref150
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref150
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref151
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref151
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref151
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref151
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref152
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref152
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref152
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref152
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref153
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref153
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref153
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref153
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref153
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref154
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref154
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref154
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref154
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref154
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref155
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref155
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref155
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref155
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref155
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref156
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref156
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref156
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref156
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref157
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref157
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref157
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref157
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref158
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref158
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref158
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref158
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref159
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref159
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref159
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref159
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref159
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref159
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref160
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref160
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref161
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref161
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref161
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref161
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref162
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref162
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref162
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref162
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref162
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref163
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref163
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref163
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref163
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref164
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref164
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref164
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref165
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref165
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref165
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref165
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref166
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref166
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref166
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref166
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref167
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref167
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref167
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref167
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref167
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref168
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref168
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref168
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref168
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref169
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref169
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref169
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref169


J AM ACAD DERMATOL

APRIL 2019
1068 Menter et al
170. Chiricozzi A, Saraceno R, Cannizzaro MV, Nistico SP,

Chimenti S, Giunta A. Complete resolution of erythrodermic

psoriasis in an HIV and HCV patient unresponsive to

antipsoriatic treatments after highly active antiretroviral

therapy (ritonavir, atazanavir, emtricitabine, tenofovir).

Dermatology. 2012;225(4):333-337.

171. Duvic M, Johnson TM, Rapini RP, Freese T, Brewton G, Rios A.

Acquired immunodeficiency syndrome-associated psoriasis

and Reiter’s syndrome. Arch Dermatol. 1987;123(12):1622-

1632.

172. Reveille JD, Conant MA, Duvic M. Human immunodeficiency

virus-associated psoriasis, psoriatic arthritis, and Reiter’s

syndrome: a disease continuum? Arthritis Rheum. 1990;

33(10):1574-1578.

173. Davila-Seijo P, Dauden E, Descalzo MA, et al. Infections in

moderate to severe psoriasis patients treated with biological

drugs compared to classic systemic drugs: findings from the

BIOBADADERM registry. J Invest Dermatol. 2017;137(2):313-

321.

174. Peleva E, Exton LS, Kelley K, Kleyn CE, Mason KJ, Smith CH.

Risk of cancer in patients with psoriasis on biological

therapies: a systematic review. Br J Dermatol. 2018;178(1):

103-113.

175. Asgari MM, Ray GT, Geier JL, Quesenberry CP. Malignancy

rates in a large cohort of patients with systemically treated

psoriasis in a managed care population. J Am Acad Dermatol.

2017;76(4):632-638.

176. Ndzi EN, Nkenfou CN, Gwom LC, Fainguem N, Fokam J,

Pefura Y. The pros and cons of the QuantiFERON test for the

diagnosis of tuberculosis, prediction of disease progression,

and treatment monitoring. Int J Mycobacteriol. 2016;5(2):177-

184.

177. Gamsky TE, Lum T, Hung-Fan M, Green JA. Cumulative false-

positive QuantiFERON-TB interferon-gamma release assay

results. Ann Am Thorac Soc. 2016;13(5):660-665.

178. Maggi E, Vultaggio A, Matucci A. Acute infusion reactions

induced by monoclonal antibody therapy. Expert Rev Clin

Immunol. 2011;7(1):55-63.

179. Lichtenstein L, Ron Y, Kivity S, et al. Infliximab-related

infusion reactions: systematic review. J Crohns Colitis. 2015;

9(9):806-815.

180. TNF neutralization in MS: results of a randomized,

placebo-controlled multicenter study. The Lenercept Mul-

tiple Sclerosis Study Group and The University of British

Columbia MS/MRI Analysis Group. Neurology. 1999;53(3):

457-465.

181. Heller MM, Wu JJ, Murase JE. Fatal case of disseminated BCG

infection after vaccination of an infant with in utero exposure

to infliximab. J Am Acad Dermatol. 2011;65(4):870.

182. McEwen A, West R, McRobbie H. Motives for smoking and

their correlates in clients attending Stop Smoking treatment

services. Nicotine Tob Res. 2008;10(5):843-850.

183. Saad AA, Symmons DP, Noyce PR, Ashcroft DM. Risks and

benefits of tumor necrosis factor-alpha inhibitors in the

management of psoriatic arthritis: systematic review and

metaanalysis of randomized controlled trials. J Rheumatol.

2008;35(5):883-890.

184. Gu N, Yi S, Kim TE, et al. Comparative pharmacokinetics and

tolerability of branded etanercept (25 mg) and its biosimilar

(25 mg): a randomized, open-label, single-dose, two-

sequence, crossover study in healthy Korean male volun-

teers. Clin Ther. 2011;33(12):2029-2037.

185. Chen WC, Huang CH, Sheu CC, et al. Long-acting beta2-

agonists versus long-acting muscarinic antagonists in

patients with stable COPD: a systematic review and meta-
analysis of randomized controlled trials. Respirology. 2017;

22(7):1313-1319.

186. Griffiths CEM, Thaci D, Gerdes S, et al. The EGALITY study: a

confirmatory, randomized, double-blind study comparing

the efficacy, safety and immunogenicity of GP2015, a pro-

posed etanercept biosimilar, vs. the originator product in

patients with moderate-to-severe chronic plaque-type psori-

asis. Br J Dermatol. 2017;176(4):928-938.

187. Hofmann HP, Kronthaler U, Fritsch C, et al. Characterization

and non-clinical assessment of the proposed etanercept

biosimilar GP2015 with originator etanercept (Enbrel(R)).

Expert Opin Biol Ther. 2016;16(10):1185-1195.

188. Cho IH, Lee N, Song D, et al. Evaluation of the structural,

physicochemical, and biological characteristics of SB4, a

biosimilar of etanercept. MAbs. 2016;8(6):1136-1155.

189. Gerdes S, Thaci D, Griffiths CEM, et al. Multiple switches

between GP2015, an etanercept biosimilar, with originator

product do not impact efficacy, safety and immunogenicity

in patients with chronic plaque-type psoriasis: 30-week

results from the phase 3, confirmatory EGALITY study. J Eur

Acad Dermatol Venereol. 2018;32(3):420-427.

190. Jacobs I, Petersel D, Isakov L, Lula S, Lea Sewell K. Biosimilars

for the treatment of chronic inflammatory diseases: a

systematic review of published evidence. BioDrugs. 2016;

30(6):525-570.

191. Papp K, Bachelez H, Costanzo A, et al. Clinical similarity of the

biosimilar ABP 501 compared with adalimumab after single

transition: long-term results from a randomized controlled,

double-blind, 52-week, phase III trial in patients with

moderate-to-severe plaque psoriasis. Br J Dermatol. 2017;

177(6):1562-1574.

192. Papp K, Bachelez H, Costanzo A, et al. Clinical similarity of

biosimilar ABP 501 to adalimumab in the treatment of

patients with moderate to severe plaque psoriasis: a ran-

domized, double-blind, multicenter, phase III study. J Am

Acad Dermatol. 2017;76(6):1093-1102.

193. Dapavo P, Vujic I, Fierro MT, Quaglino P, Sanlorenzo M. The

infliximab biosimilar in the treatment of moderate to severe

plaque psoriasis. J Am Acad Dermatol. 2016;75(4):736-739.

194. Park SH, Kim YH, Lee JH, et al. Post-marketing study of

biosimilar infliximab (CT-P13) to evaluate its safety and

efficacy in Korea. Expert Rev Gastroenterol Hepatol. 2015;

9(Suppl 1):35-44.

195. Tichy M, Kopova R, Sternbersky J. First experience with

therapy of severe forms of psoriasis with biosimilar inflix-

imab. J Eur Acad Dermatol Venereol. 2016;30(3):491-493.

196. Benucci M, Gobbi FL, Bandinelli F, et al. Safety, efficacy

and immunogenicity of switching from innovator to

biosimilar infliximab in patients with spondyloarthritis:

a 6-month real-life observational study. Immunol Res. 2017;

65(1):419-422.

197. Jorgensen KK, Olsen IC, Goll GL, et al. Switching from

originator infliximab to biosimilar CT-P13 compared

with maintained treatment with originator infliximab

(NOR-SWITCH): a 52-week, randomised, double-blind,

non-inferiority trial. Lancet. 2017;389(10086):2304-2316.

198. Fiorentino D, Ho V, Lebwohl MG, et al. Risk of malignancy

with systemic psoriasis treatment in the Psoriasis

Longitudinal Assessment Registry. J Am Acad Dermatol.

2017;77(5):845-854 e845.

199. Haynes K, Beukelman T, Curtis JR, et al. Tumor necrosis factor

alpha inhibitor therapy and cancer risk in chronic immune-

mediated diseases. Arthritis Rheum. 2013;65(1):48-58.

200. Patel S, Patel T, Kerdel FA. The risk of malignancy or

progression of existing malignancy in patients with psoriasis

http://refhub.elsevier.com/S0190-9622(18)33001-9/sref170
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref170
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref170
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref170
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref170
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref170
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref171
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref171
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref171
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref171
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref172
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref172
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref172
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref172
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref173
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref173
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref173
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref173
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref173
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref174
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref174
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref174
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref174
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref175
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref175
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref175
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref175
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref176
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref176
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref176
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref176
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref176
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref177
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref177
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref177
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref178
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref178
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref178
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref179
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref179
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref179
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref180
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref180
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref180
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref180
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref180
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref181
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref181
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref181
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref182
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref182
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref182
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref183
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref183
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref183
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref183
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref183
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref184
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref184
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref184
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref184
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref184
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref185
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref185
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref185
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref185
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref185
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref186
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref186
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref186
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref186
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref186
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref186
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref187
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref187
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref187
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref187
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref188
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref188
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref188
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref189
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref189
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref189
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref189
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref189
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref189
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref190
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref190
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref190
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref190
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref191
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref191
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref191
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref191
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref191
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref191
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref192
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref192
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref192
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref192
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref192
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref193
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref193
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref193
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref194
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref194
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref194
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref194
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref195
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref195
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref195
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref196
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref196
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref196
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref196
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref196
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref197
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref197
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref197
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref197
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref197
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref198
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref198
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref198
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref198
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref199
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref199
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref199
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref200
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref200


J AM ACAD DERMATOL

VOLUME 80, NUMBER 4
Menter et al 1069
treated with biologics: case report and review of the

literature. Int J Dermatol. 2016;55(5):487-493.

201. Shelton E, Laharie D, Scott FI, et al. Cancer recurrence

following immune-suppressive therapies in patients with

immune-mediated diseases: a systematic review and meta-

analysis. Gastroenterology. 2016;151(1):97-109 e104.

202. Adalimumab [package insert]. North Chicago, IL: Abbvie; 2017.

Accessed from: https://www.rxabbvie.com/pdf/humira.pdf.

Accessed October 15, 2017.

203. US Food and Drug Administration. Infliximab packet insert;

2018. https://www.accessdata.fda.gov/drugsatfda_docs/label/

2018/103772s5385lbl.pdf. Accessed March 1, 2018.

204. Kauffman CL, Aria N, Toichi E, et al. A phase I study evaluating

the safety, pharmacokinetics, and clinical response of a

human IL-12 p40 antibody in subjects with plaque psoriasis.

J Invest Dermatol. 2004;123(6):1037-1044.

205. Wan J, Wang S, Haynes K, Denburg MR, Shin DB, Gelfand JM.

Risk of moderate to advanced kidney disease in patients with

psoriasis: population based cohort study. BMJ. 2013;347:

f5961.

206. Krueger GG, Langley RG, Leonardi C, et al. A human

interleukin-12/23 monoclonal antibody for the treatment of

psoriasis. N Engl J Med. 2007;356(6):580-592.

207. Leonardi CL, Kimball AB, Papp KA, et al. Efficacy and safety of

ustekinumab, a human interleukin-12/23 monoclonal anti-

body, in patients with psoriasis: 76-week results from a

randomised, double-blind, placebo-controlled trial (PHOENIX

1). Lancet. 2008;371(9625):1665-1674.

208. Papp KA, Langley RG, Lebwohl M, et al. Efficacy and safety of

ustekinumab, a human interleukin-12/23 monoclonal anti-

body, in patients with psoriasis: 52-week results from a

randomised, double-blind, placebo-controlled trial (PHOENIX

2). Lancet. 2008;371(9625):1675-1684.

209. Griffiths CE, Strober BE, van de Kerkhof P, et al. Comparison

of ustekinumab and etanercept for moderate-to-severe pso-

riasis. N Engl J Med. 2010;362(2):118-128.

210. Tsai TF, Ho JC, Song M, et al. Efficacy and safety of

ustekinumab for the treatment of moderate-to-severe pso-

riasis: a phase III, randomized, placebo-controlled trial in

Taiwanese and Korean patients (PEARL). J Dermatol Sci. 2011;

63(3):154-163.

211. Igarashi A, Kato T, Kato M, Song M, Nakagawa H, Japanese

Ustekinumab Study Group. Efficacy and safety of ustekinu-

mab in Japanese patients with moderate-to-severe plaque-

type psoriasis: long-term results from a phase 2/3 clinical

trial. J Dermatol. 2012;39(3):242-252.

212. Zhu X, Zheng M, Song M, et al. Efficacy and safety of

ustekinumab in Chinese patients with moderate to severe

plaque-type psoriasis: results from a phase 3 clinical trial

(LOTUS). J Drugs Dermatol. 2013;12(2):166-174.

213. Lebwohl M, Strober B, Menter A, et al. Phase 3 studies

comparing brodalumab with ustekinumab in psoriasis. N

Engl J Med. 2015;373(14):1318-1328.

214. Blauvelt A, Reich K, Tsai TF, et al. Secukinumab is superior

to ustekinumab in clearing skin of subjects with

moderate-to-severe plaque psoriasis up to 1 year: results

from the CLEAR study. J Am Acad Dermatol. 2017;76(1):

60-69.e69.

215. Thaci D, Blauvelt A, Reich K, et al. Secukinumab is superior to

ustekinumab in clearing skin of subjects with moderate to

severe plaque psoriasis: CLEAR, a randomized controlled trial.

J Am Acad Dermatol. 2015;73(3):400-409.

216. Reich K, Pinter A, Lacour JP, et al. Comparison of ixekizumab

with ustekinumab in moderate-to-severe psoriasis: 24-week
results from IXORA-S, a phase III study. Br J Dermatol. 2017;

177(4):1014-1023.

217. Papp KA, Leonardi CL, Blauvelt A, et al. Ixekizumab

treatment for psoriasis: integrated efficacy analysis of three

double-blinded, controlled studies (UNCOVER-1, UNCOVER-2,

UNCOVER-3). Br J Dermatol. 2018;178(3):674-681.

218. Buder V, Herberger K, Jacobi A, Augustin M, Radtke MA.

Ustekinumab in the treatment of palmoplantar pustular

psoriasis - a case series of nine patients. J Dtsch Dermatol

Ges. 2016;14(11):1108-1113.

219. Bertelsen T, Kragballe K, Johansen C, Iversen L. Efficacy of

ustekinumab in palmoplantar pustulosis and palmoplantar

pustular psoriasis. Int J Dermatol. 2014;53(10):e464-e466.

220. Morales-Munera C, Vilarrasa E, Puig L. Efficacy of ustekinu-

mab in refractory palmoplantar pustular psoriasis. Br J

Dermatol. 2013;168(4):820-824.

221. Pinto-Almeida T, Torres T, Sanches M, Selores M. Treatment

of palmoplantar pustulosis with ustekinumab--the impor-

tance of interfering with the IL23/Th17 pathway. Eur J

Dermatol. 2013;23(6):916-917.

222. Bulai Livideanu C, Lahfa M, Mazereeuw-Hautier J, Paul C.

Efficacy of ustekinumab in palmoplantar psoriasis. Derma-

tology. 2010;221(4):321-323.

223. Gerdes S, Franke J, Domm S, Mrowietz U. Ustekinumab in the

treatment of palmoplantar pustulosis. Br J Dermatol. 2010;

163(5):1116-1118.

224. Rigopoulos D, Gregoriou S, Makris M, Ioannides D. Efficacy of

ustekinumab in nail psoriasis and improvement in nail-

associated quality of life in a population treated with

ustekinumab for cutaneous psoriasis: an open prospective

unblinded study. Dermatology. 2011;223(4):325-329.

225. Vitiello M, Tosti A, Abuchar A, Zaiac M, Kerdel FA. Ustekinu-

mab for the treatment of nail psoriasis in heavily treated

psoriatic patients. Int J Dermatol. 2013;52(3):358-362.

226. Rich P, Bourcier M, Sofen H, et al. Ustekinumab improves nail

disease in patients with moderate-to-severe psoriasis: results

from PHOENIX 1. Br J Dermatol. 2014;170(2):398-407.

227. Papadavid E, Ferra D, Koumaki D, et al. Ustekinumab induces

fast response and maintenance of very severe refractory

scalp psoriasis: results in two Greek patients from the

psoriasis hospital-based clinic. Dermatology. 2014;228(2):

107-111.

228. Di Cesare A, Fargnoli MC, Peris K. Rapid response of scalp

psoriasis to ustekinumab. Eur J Dermatol. 2011;21(6):993-994.

229. Au SC, Goldminz AM, Kim N, et al. Investigator-initiated,

open-label trial of ustekinumab for the treatment of

moderate-to-severe palmoplantar psoriasis. J Dermatolog

Treat. 2013;24(3):179-187.

230. Patsatsi A, Kyriakou A, Sotiriadis D. Ustekinumab in nail

psoriasis: an open-label, uncontrolled, nonrandomized study.

J Dermatolog Treat. 2013;24(2):96-100.

231. Schnabel V, Broekaert SMC, Schon MP, Mossner R. Clearance

of annular pustular psoriasis with ustekinumab. Eur J

Dermatol. 2017;27(3):296-297.

232. Storan ER, O’Gorman SM, Markham T. Generalized pustular

psoriasis treated with ustekinumab. Clin Exp Dermatol. 2016;

41(6):689-690.

233. Dauden E, Santiago-et-Sanchez-Mateos D, Sotomayor-

Lopez E, Garcia-Diez A. Ustekinumab: effective in a patient

with severe recalcitrant generalized pustular psoriasis. Br J

Dermatol. 2010;163(6):1346-1347.

234. Shalom G, Cohen AD, Ziv M, et al. Biologic drug survival in

Israeli psoriasis patients. J Am Acad Dermatol. 2017;76(4):662-

669.e661.

http://refhub.elsevier.com/S0190-9622(18)33001-9/sref200
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref200
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref201
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref201
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref201
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref201
https://www.rxabbvie.com/pdf/humira.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/103772s5385lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/103772s5385lbl.pdf
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref204
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref204
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref204
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref204
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref205
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref205
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref205
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref205
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref206
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref206
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref206
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref207
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref207
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref207
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref207
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref207
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref208
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref208
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref208
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref208
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref208
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref209
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref209
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref209
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref210
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref210
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref210
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref210
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref210
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref211
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref211
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref211
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref211
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref211
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref212
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref212
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref212
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref212
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref213
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref213
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref213
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref214
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref214
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref214
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref214
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref214
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref215
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref215
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref215
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref215
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref216
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref216
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref216
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref216
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref217
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref217
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref217
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref217
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref218
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref218
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref218
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref218
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref219
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref219
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref219
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref220
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref220
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref220
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref221
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref221
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref221
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref221
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref222
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref222
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref222
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref223
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref223
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref223
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref224
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref224
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref224
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref224
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref224
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref225
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref225
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref225
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref226
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref226
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref226
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref227
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref227
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref227
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref227
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref227
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref228
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref228
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref229
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref229
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref229
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref229
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref230
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref230
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref230
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref231
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref231
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref231
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref232
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref232
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref232
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref233
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref233
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref233
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref233
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref234
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref234
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref234


J AM ACAD DERMATOL

APRIL 2019
1070 Menter et al
235. Egeberg A, Ottosen MB, Gniadecki R, et al. Safety, efficacy

and drug survival of biologics and biosimilars for moderate-

to-severe plaque psoriasis. Br J Dermatol. 2018;178(2):509-

519.

236. Marinas JE, Kim WB, Shahbaz A, Qiang JK, Greaves S, Yeung J.

Survival rates of biological therapies for psoriasis treatment

in real-world clinical practice: a Canadian multicentre retro-

spective study. Australas J Dermatol. 2018;59(1):e11-e14.

237. Davila-Seijo P, Dauden E, Carretero G, et al. Survival of classic

and biological systemic drugs in psoriasis: results of the

BIOBADADERM registry and critical analysis. J Eur Acad

Dermatol Venereol. 2016;30(11):1942-1950.

238. Heinecke GM, Luber AJ, Levitt JO, Lebwohl MG. Combination

use of ustekinumab with other systemic therapies: a retro-

spective study in a tertiary referral center. J Drugs Dermatol.

2013;12(10):1098-1102.

239. Reich K, Puig L, Paul C, et al. One-year safety and efficacy of

ustekinumab and results of dose adjustment after switching

from inadequate methotrexate treatment: the TRANSIT ran-

domized trial in moderate-to-severe plaque psoriasis. Br J

Dermatol. 2014;170(2):435-444.

240. Wolf P, Weger W, Legat FJ, et al. Treatment with 311-nm

ultraviolet B enhanced response of psoriatic lesions in

ustekinumab-treated patients: a randomized intraindividual

trial. Br J Dermatol. 2012;166(1):147-153.

241. Langley RG, Lebwohl M, Krueger GG, et al. Long-term efficacy

and safety of ustekinumab, with and without dosing

adjustment, in patients with moderate-to-severe psoriasis:

results from the PHOENIX 2 study through 5 years of follow-

up. Br J Dermatol. 2015;172(5):1371-1383.

242. Jullien D, Prinz JC, Nestle FO. Immunogenicity of biotherapy

used in psoriasis: the science behind the scenes. J Invest

Dermatol. 2015;135(1):31-38.

243. Blauvelt A, Ferris LK, Yamauchi PS, et al. Extension of

ustekinumab maintenance dosing interval in moderate-to-

severe psoriasis: results of a phase IIIb, randomized, double-

blinded, active-controlled, multicentre study (PSTELLAR). Br J

Dermatol. 2017;177(6):1552-1561.

244. Bardazzi F, Antonucci VA, Tengattini V, Odorici G, Balestri R,

Patrizi A. A 36-week retrospective open trial comparing the

efficacy of biological therapies in nail psoriasis. J Dtsch

Dermatol Ges. 2013;11(11):1065-1070.

245. Campos MA, Varela P, Baptista A, Moreira AI. Inverse psoriasis

treated with ustekinumab. BMJ Case Rep. 2016;2016.

246. McInnes IB, Kavanaugh A, Gottlieb AB, et al. Efficacy and

safety of ustekinumab in patients with active psoriatic

arthritis: 1 year results of the phase 3, multicentre, double-

blind, placebo-controlled PSUMMIT 1 trial. Lancet. 2013;

382(9894):780-789.

247. Gottlieb A, Menter A, Mendelsohn A, et al. Ustekinumab, a

human interleukin 12/23 monoclonal antibody, for psoriatic

arthritis: randomised, double-blind, placebo-controlled,

crossover trial. Lancet. 2009;373(9664):633-640.

248. Kavanaugh A, Menter A, Mendelsohn A, Shen YK, Lee S,

Gottlieb AB. Effect of ustekinumab on physical function and

health-related quality of life in patients with psoriatic

arthritis: a randomized, placebo-controlled, phase II trial.

Curr Med Res Opin. 2010;26(10):2385-2392.

249. Kavanaugh A, Ritchlin C, Rahman P, et al. Ustekinumab, an

anti-IL-12/23 p40 monoclonal antibody, inhibits radiographic

progression in patients with active psoriatic arthritis: results

of an integrated analysis of radiographic data from the phase

3, multicentre, randomised, double-blind, placebo-controlled

PSUMMIT-1 and PSUMMIT-2 trials. Ann Rheum Dis. 2014;73(6):

1000-1006.
250. Wallis DE, Waldron NM, Korendowych E. Ustekinumab for

resistant psoriatic arthritis. J Rheumatol. 2013;40(2):207.

251. Al-Mutairi N, Nour T. The effect of weight reduction on

treatment outcomes in obese patients with psoriasis on

biologic therapy: a randomized controlled prospective trial.

Expert Opin Biol Ther. 2014;14(6):749-756.

252. Lebwohl M, Yeilding N, Szapary P, et al. Impact of weight on

the efficacy and safety of ustekinumab in patients with

moderate to severe psoriasis: rationale for dosing recom-

mendations. J Am Acad Dermatol. 2010;63(4):571-579.

253. Chiu HY, Chen CH, Wu MS, Cheng YP, Tsai TF. The safety

profile of ustekinumab in the treatment of patients with

psoriasis and concurrent hepatitis B or C. Br J Dermatol. 2013;

169(6):1295-1303.

254. Navarro R, Vilarrasa E, Herranz P, et al. Safety and effective-

ness of ustekinumab and antitumour necrosis factor therapy

in patients with psoriasis and chronic viral hepatitis B or C: a

retrospective, multicentre study in a clinical setting. Br J

Dermatol. 2013;168(3):609-616.

255. Papp K, Gottlieb AB, Naldi L, et al. WITHDRAWN: experience

with ustekinumab in patients with psoriasis enrolled in a

large, multicenter, prospective, disease-based registry (Pso-

riasis Longitudinal Assessment and Registry [PSOLAR]). J Am

Acad Dermatol. 2015.

256. Secukinumab [package insert]. Accesed from: https://www.

pharma.us.novartis.com/sites/www.pharma.us.novartis.com/

files/cosentyx.pdf; 2017. Accessed October 15, 2017.

257. Mrowietz U, Leonardi CL, Girolomoni G, et al. Secukinumab

retreatment-as-needed versus fixed-interval maintenance

regimen for moderate to severe plaque psoriasis: a random-

ized, double-blind, noninferiority trial (SCULPTURE). J Am

Acad Dermatol. 2015;73(1):27-36.e21.

258. Papp KA, Langley RG, Sigurgeirsson B, et al. Efficacy and

safety of secukinumab in the treatment of moderate-to-

severe plaque psoriasis: a randomized, double-blind,

placebo-controlled phase II dose-ranging study. Br J Derma-

tol. 2013;168(2):412-421.

259. Rich P, Sigurgeirsson B, Thaci D, et al. Secukinumab induction

and maintenance therapy in moderate-to-severe plaque

psoriasis: a randomized, double-blind, placebo-controlled,

phase II regimen-finding study. Br J Dermatol. 2013;168(2):

402-411.

260. Ohtsuki M, Morita A, Abe M, et al. Secukinumab efficacy

and safety in Japanese patients with moderate-to-severe

plaque psoriasis: subanalysis from ERASURE, a randomized,

placebo-controlled, phase 3 study. J Dermatol. 2014;41(12):

1039-1046.

261. Gottlieb AB, Langley RG, Philipp S, et al. Secukinumab

improves physical function in subjects with plaque psoriasis

and psoriatic arthritis: results from two randomized, phase 3

trials. J Drugs Dermatol. 2015;14(8):821-833.

262. Kircik L, Fowler J, Weiss J, Meng X, Guana A, Nyirady J.

Efficacy of secukinumab for moderate-to-severe head and

neck psoriasis over 52 weeks: pooled analysis of four phase 3

studies. Dermatol Ther (Heidelb). 2016;6(4):627-638.

263. Polesie S, Lidholm AG. Secukinumab in the Treatment of

Generalized Pustular Psoriasis: a case report. Acta Derm

Venereol. 2017;97(1):124-125.

264. Weng HJ, Wang TS, Tsai TF. Clinical experience of secukinu-

mab in the treatment of erythrodermic psoriasis: a case

series. Br J Dermatol. 2018;178(6):1439-1440.

265. Mugheddu C, Atzori L, Lappi A, Pau M, Murgia S,

Rongioletti F. Successful secukinumab treatment of general-

ized pustular psoriasis and erythrodermic psoriasis. J Eur

Acad Dermatol Venereol. 2017;31(9):e420-e421.

http://refhub.elsevier.com/S0190-9622(18)33001-9/sref235
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref235
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref235
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref235
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref236
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref236
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref236
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref236
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref237
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref237
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref237
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref237
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref238
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref238
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref238
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref238
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref239
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref239
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref239
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref239
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref239
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref240
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref240
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref240
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref240
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref241
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref241
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref241
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref241
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref241
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref242
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref242
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref242
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref243
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref243
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref243
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref243
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref243
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref244
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref244
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref244
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref244
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref245
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref245
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref246
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref246
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref246
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref246
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref246
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref247
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref247
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref247
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref247
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref248
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref248
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref248
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref248
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref248
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref249
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref249
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref249
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref249
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref249
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref249
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref249
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref250
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref250
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref251
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref251
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref251
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref251
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref252
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref252
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref252
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref252
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref253
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref253
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref253
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref253
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref254
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref254
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref254
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref254
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref254
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref255
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref255
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref255
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref255
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref255
https://www.pharma.us.novartis.com/sites/www.pharma.us.novartis.com/files/cosentyx.pdf
https://www.pharma.us.novartis.com/sites/www.pharma.us.novartis.com/files/cosentyx.pdf
https://www.pharma.us.novartis.com/sites/www.pharma.us.novartis.com/files/cosentyx.pdf
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref257
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref257
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref257
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref257
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref257
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref258
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref258
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref258
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref258
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref258
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref259
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref259
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref259
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref259
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref259
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref260
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref260
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref260
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref260
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref260
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref261
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref261
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref261
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref261
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref262
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref262
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref262
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref262
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref263
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref263
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref263
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref264
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref264
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref264
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref265
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref265
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref265
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref265


J AM ACAD DERMATOL

VOLUME 80, NUMBER 4
Menter et al 1071
266. Gottlieb A, Sullivan J, van Doorn M, et al. Secukinumab shows

significant efficacy in palmoplantar psoriasis: results from

GESTURE, a randomized controlled trial. J Am Acad Dermatol.

2017;76(1):70-80.

267. Papp KA, Lebwohl MG. Onset of action of biologics in

patients with moderate-to-severe psoriasis. J Drugs Dermatol.

2017;17(3):247-250.

268. Ixekizumab [package insert]. Accesed from: http://uspl.lilly.

com/taltz/taltz.html#pi; 2017. Accessed January 16, 2018.

269. Gordon KB, Leonardi CL, Lebwohl M, et al. A 52-week, open-

label study of the efficacy and safety of ixekizumab, an anti-

interleukin-17A monoclonal antibody, in patients with

chronic plaque psoriasis. J Am Acad Dermatol. 2014;71(6):

1176-1182.

270. Gordon KB, Blauvelt A, Papp KA, et al. Phase 3 Trials of

ixekizumab in moderate-to-severe plaque psoriasis. N Engl J

Med. 2016;375(4):345-356.

271. Leonardi C, Matheson R, Zachariae C, et al. Anti-interleukin-

17 monoclonal antibody ixekizumab in chronic plaque pso-

riasis. N Engl J Med. 2012;366(13):1190-1199.

272. Saeki H, Nakagawa H, Ishii T, et al. Efficacy and safety of

open-label ixekizumab treatment in Japanese patients with

moderate-to-severe plaque psoriasis, erythrodermic psoriasis

and generalized pustular psoriasis. J Eur Acad Dermatol

Venereol. 2015;29(6):1148-1155.

273. Saeki H, Nakagawa H, Nakajo K, et al. Efficacy and safety of

ixekizumab treatment for Japanese patients with moderate

to severe plaque psoriasis, erythrodermic psoriasis and

generalized pustular psoriasis: results from a 52-week,

open-label, phase 3 study (UNCOVER-J). J Dermatol. 2017;

44(4):355-362.

274. Blauvelt A, Gooderham M, Iversen L, et al. Efficacy and safety

of ixekizumab for the treatment of moderate-to-severe

plaque psoriasis: results through 108 weeks of a randomized,

controlled phase 3 clinical trial (UNCOVER-3). J Am Acad

Dermatol. 2017;77(5):855-862.

275. Langley RG, Rich P, Menter A, et al. Improvement of scalp and

nail lesions with ixekizumab in a phase 2 trial in patients with

chronic plaque psoriasis. J Eur Acad Dermatol Venereol. 2015;

29(9):1763-1770.

276. Reich K, Leonardi C, Lebwohl M, et al. Sustained response

with ixekizumab treatment of moderate-to-severe psoriasis

with scalp involvement: results from three phase 3 trials

(UNCOVER-1, UNCOVER-2, UNCOVER-3). J Dermatolog Treat.

2017;28(4):282-287.

277. Ryan C, Menter A, Guenther L, et al. Efficacy and safety of

ixekizumab in a randomized, double-blinded, placebo

controlled, phase 3b clinical trial in patients with moderate-

to-severe genital psoriasis. Presentation at Winter Clinical

Dermatology Conference, Kaanapali, HI, USA. Jan 12-17, 2018.

278. van der Heijde D, Gladman DD, Kishimoto M, et al. Efficacy

and safety of ixekizumab in patients with active psoriatic

arthritis: 52-week results from a phase III study (SPIRIT-P1). J

Rheumatol. 2018;45(3):367-377.

279. Nash P, Kirkham B, Okada M, et al. Ixekizumab for the

treatment of patients with active psoriatic arthritis and an

inadequate response to tumour necrosis factor inhibitors:

results from the 24-week randomised, double-blind, placebo-

controlled period of the SPIRIT-P2 phase 3 trial. Lancet. 2017;

389(10086):2317-2327.

280. Tan J, Stacey D, Barankin B, et al. Support needed to involve

psoriasis patients in treatment decisions: survey of derma-

tologists. J Cutan Med Surg. 2011;15(4):192-200.

281. Nakagawa H, Niiro H, Ootaki K, Japanese Brodalumab Study

Group. Brodalumab, a human anti-interleukin-17-receptor
antibody in the treatment of Japanese patients with

moderate-to-severe plaque psoriasis: efficacy and safety

results from a phase II randomized controlled study. J

Dermatol Sci. 2016;81(1):44-52.

282. Papp KA, Leonardi C, Menter A, et al. Brodalumab, an anti-

interleukin-17-receptor antibody for psoriasis. N Engl J Med.

2012;366(13):1181-1189.

283. Papp K, Menter A, Strober B, et al. Efficacy and safety of

brodalumab in subpopulations of patients with difficult-to-

treat moderate-to-severe plaque psoriasis. J Am Acad Der-

matol. 2015;72(3):436-439.e431.

284. Chen Y, Qian T, Zhang D, Yan H, Hao F. Clinical efficacy and

safety of anti-IL-17 agents for the treatment of patients with

psoriasis. Immunotherapy. 2015;7(9):1023-1037.

285. Yamasaki K, Nakagawa H, Kubo Y, Ootaki K, Japanese

Brodalumab Study Group. Efficacy and safety of brodalumab

in patients with generalized pustular psoriasis and psoriatic

erythroderma: results from a 52-week, open-label study. Br J

Dermatol. 2017;176(3):741-751.

286. Reich K, Leonardi C, Langley RG, et al. Inflammatory bowel

disease among patients with psoriasis treated with ixeki-

zumab: a presentation of adjudicated data from an inte-

grated database of 7 randomized controlled and

uncontrolled trials. J Am Acad Dermatol. 2017;76(3):441-

448.e442.

287. Brodalumab [package insert]. https://www.accessdata.fda.

gov/drugsatfda_docs/label/2017/761032lbl.pdf. Accessed

October 22, 2018.

288. Sanz-Bueno J, Vanaclocha F, Garcia-Doval I, et al. Risk of

reactivation of hepatitis B virus infection in psoriasis patients

treated with biologics: a retrospective analysis of 20 cases

from the BIOBADADERM database. Actas Dermosifiliogr. 2015;

106(6):477-482.

289. Kamata M, Tada Y. Safety of biologics in psoriasis. J Dermatol.

2018;45(3):279-286.

290. Sommer DM, Jenisch S, Suchan M, Christophers E,

Weichenthal M. Increased prevalence of the metabolic syn-

drome in patients with moderate to severe psoriasis. Arch

Dermatol Res. 2006;298(7):321-328.

291. Sofen H, Smith S, Matheson RT, et al. Guselkumab (an IL-23-

specific mAb) demonstrates clinical and molecular response

in patients with moderate-to-severe psoriasis. J Allergy Clin

Immunol. 2014;133(4):1032-1040.

292. Langley RG, Tsai TF, Flavin S, et al. Efficacy and safety of

guselkumab in patients with psoriasis who have an inade-

quate response to ustekinumab: results of the randomized,

double-blind, phase III NAVIGATE trial. Br J Dermatol. 2018;

178(1):114-123.

293. Honda H, Umezawa Y, Kikuchi S, et al. Switching of biologics

in psoriasis: reasons and results. J Dermatol. 2017;44(9):1015-

1019.

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

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

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

Dermatol. 2015;173(4):930-939.

295. Kopp T, Riedl E, Bangert C, et al. Clinical improvement in

psoriasis with specific targeting of interleukin-23. Nature.

2015;521(7551):222-226.

296. Food and Drug Administration. Tildrakizumab package

insert. Availalte at: https://www.accessdata.fda.gov/

drugsatfda_docs/label/2018/761067s000lbl.pdf. Accessed

May 28, 2018.

297. Krueger JG, Ferris LK, Menter A, et al. Anti-IL-23A mAb BI

655066 for treatment of moderate-to-severe psoriasis: safety,

efficacy, pharmacokinetics, and biomarker results of a single-

http://refhub.elsevier.com/S0190-9622(18)33001-9/sref266
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref266
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref266
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref266
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref267
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref267
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref267
http://uspl.lilly.com/taltz/taltz.html#pi
http://uspl.lilly.com/taltz/taltz.html#pi
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref269
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref269
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref269
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref269
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref269
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref270
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref270
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref270
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref271
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref271
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref271
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref272
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref272
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref272
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref272
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref272
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref273
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref273
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref273
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref273
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref273
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref273
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref274
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref274
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref274
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref274
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref274
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref275
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref275
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref275
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref275
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref276
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref276
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref276
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref276
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref276
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref278
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref278
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref278
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref278
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref279
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref279
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref279
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref279
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref279
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref279
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref280
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref280
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref280
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref281
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref281
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref281
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref281
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref281
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref281
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref282
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref282
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref282
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref283
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref283
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref283
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref283
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref284
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref284
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref284
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref285
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref285
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref285
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref285
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref285
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref286
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref286
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref286
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref286
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref286
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref286
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/761032lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/761032lbl.pdf
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref288
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref288
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref288
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref288
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref288
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref289
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref289
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref290
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref290
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref290
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref290
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref291
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref291
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref291
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref291
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref292
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref292
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref292
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref292
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref292
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref293
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref293
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref293
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref294
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref294
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref294
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref294
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref295
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref295
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref295
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/761067s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/761067s000lbl.pdf
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref297
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref297
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref297


J AM ACAD DERMATOL

APRIL 2019
1072 Menter et al
rising-dose, randomized, double-blind, placebo-controlled

trial. J Allergy Clin Immunol. 2015;136(1):116-124.e117.

298. Papp KA, Blauvelt A, Bukhalo M, et al. Risankizumab versus

ustekinumab for moderate-to-severe plaque psoriasis. N Engl

J Med. 2017;376(16):1551-1560.

299. Strober B, Leonardi C, Papp KA, et al. Short- and long-term

safety outcomes with ixekizumab from 7 clinical trials in

psoriasis: etanercept comparisons and integrated data. J Am

Acad Dermatol. 2017;76(3):432-440.e417.

300. Yamauchi PS, Bissonnette R, Teixeira HD, Valdecantos WC.

Systematic review of efficacy of anti-tumor necrosis factor

(TNF) therapy in patients with psoriasis previously treated

with a different anti-TNF agent. J Am Acad Dermatol. 2016;

75(3):612-618.e616.

301. Magis Q, Jullien D, Gaudy-Marqueste C, et al. Predictors of

long-term drug survival for infliximab in psoriasis. J Eur Acad

Dermatol Venereol. 2017;31(1):96-101.

302. Hsu L, Snodgrass BT, Armstrong AW. Antidrug antibodies in

psoriasis: a systematic review. Br J Dermatol. 2014;170(2):261-

273.

303. Strik AS, van den Brink GR, Ponsioen C, Mathot R,

Lowenberg M, D’Haens GR. Suppression of anti-drug anti-

bodies to infliximab or adalimumab with the addition of an

immunomodulator in patients with inflammatory bowel

disease. Aliment Pharmacol Ther. 2017;45(8):1128-1134.

304. Lie E, Kristensen LE, Forsblad-d’Elia H, et al. The effect of

comedication with conventional synthetic disease modifying

antirheumatic drugs on TNF inhibitor drug survival in

patients with ankylosing spondylitis and undifferentiated

spondyloarthritis: results from a nationwide prospective

study. Ann Rheum Dis. 2015;74(6):970-978.

305. Lecluse LL, Driessen RJ, Spuls PI, et al. Extent and clinical

consequences of antibody formation against adalimumab in

patients with plaque psoriasis. Arch Dermatol. 2010;146(2):

127-132.

306. West RL, Zelinkova Z, Wolbink GJ, Kuipers EJ, Stokkers PC,

van der Woude CJ. Immunogenicity negatively influences the

outcome of adalimumab treatment in Crohn’s disease.

Aliment Pharmacol Ther. 2008;28(9):1122-1126.

307. Krieckaert CL, Bartelds GM, Lems WF, Wolbink GJ. The effect

of immunomodulators on the immunogenicity of TNF-

blocking therapeutic monoclonal antibodies: a review.

Arthritis Res Ther. 2010;12(5):217.

308. Ayala F, Lambert J, Group TS. Efficacy, tolerability and safety

of switching from etanercept to infliximab for the treatment

of moderate-to-severe psoriasis: a multicenter, open-label

trial (TANGO). J Dermatolog Treat. 2015;26(4):304-311.

309. Gottlieb AB, Kalb RE, Blauvelt A, et al. The efficacy and safety

of infliximab in patients with plaque psoriasis who had an

inadequate response to etanercept: results of a prospective,

multicenter, open-label study. J Am Acad Dermatol. 2012;

67(4):642-650.

310. Bissonnette R, Bolduc C, Poulin Y, Guenther L, Lynde CW,

Maari C. Efficacy and safety of adalimumab in patients with

plaque psoriasis who have shown an unsatisfactory response

to etanercept. J Am Acad Dermatol. 2010;63(2):228-234.

311. Ortonne JP, Chimenti S, Reich K, et al. Efficacy and safety of

adalimumab in patients with psoriasis previously treated

with anti-tumour necrosis factor agents: subanalysis of

BELIEVE. J Eur Acad Dermatol Venereol. 2011;25(9):1012-1020.

312. Papp K, Ho V, Teixeira HD, Guerette B, Chen K, Lynde C.

Efficacy and safety of adalimumab when added to
inadequate therapy for the treatment of psoriasis: results of

PRIDE, an open-label, multicentre, phase IIIb study. J Eur Acad

Dermatol Venereol. 2012;26(8):1007-1013.

313. Papp KA, Armstrong AW, Reich K, Karunaratne M,

Valdecantos W. Adalimumab efficacy in patients with psori-

asis who received or did not respond to prior systemic

therapy: a pooled post hoc analysis of results from three

double-blind, placebo-controlled clinical trials. Am J Clin

Dermatol. 2016;17(1):79-86.

314. Sator P, Richter L, Saxinger W, Vasiljevic M, Stingl G.

Adalimumab in the treatment of moderate-to-severe chronic

plaque psoriasis in patients switching from other biologics. J

Eur Acad Dermatol Venereol. 2015;29(9):1742-1749.

315. Van Lumig PP, Lecluse LL, Driessen RJ, et al. Switching from

etanercept to adalimumab is effective and safe: results in 30

patients with psoriasis with primary failure, secondary failure

or intolerance to etanercept. Br J Dermatol. 2010;163(4):838-

846.

316. Woolf RT, Smith CH, Robertson K, Barker JN. Switching to

adalimumab in patients with moderate to severe psoriasis

who have failed on etanercept: a retrospective case cohort

study. Br J Dermatol. 2010;163(4):889-892.

317. Yamauchi PS, Mau N. Adalimumab treats psoriasis in patients

previously treated with etanercept: a case series. J Am Acad

Dermatol. 2009;61(1):158-160.

318. Strober BE, Poulin Y, Kerdel FA, et al. Switching to adalimu-

mab for psoriasis patients with a suboptimal response to

etanercept, methotrexate, or phototherapy: efficacy and

safety results from an open-label study. J Am Acad Dermatol.

2011;64(4):671-681.

319. Ganzetti G, Campanati A, Bettacchi A, et al. Switching from a

biological therapy to another biologic agent in psoriatic

patients: the experience of PsOMarche group. G Ital Dermatol

Venereol. 2018;153(1):5-10.

320. Jimenez PL, Perez JAS, Acosta EH, Fernandez MVM,

Crehuet PF, Martin-Neda FG. Efficacy comparison of usteki-

numab between anti-tumor necrosis factor-alpha drug-naive

and anti-tumor necrosis factor-alpha drug-resistant psoriasis

patients. J Am Acad Dermatol. 2017;76(6):Ab118-Ab118.

321. Papp K, Gottlieb AB, Naldi L, et al. Safety surveillance for

ustekinumab and other psoriasis treatments from the Psori-

asis Longitudinal Assessment and Registry (PSOLAR). J Drugs

Dermatol. 2015;14(7):706-714.

322. Blauvelt A, Papp KA, Griffiths CEM, et al. Efficacy and safety of

switching to ixekizumab in etanercept non-responders: a

subanalysis from two phase III randomized clinical trials in

moderate-to-severe plaque psoriasis (UNCOVER-2 and -3).

Am J Clin Dermatol. 2017;18(2):273-280.

323. Gottlieb AB, Lacour JP, Korman N, et al. Treatment outcomes

with ixekizumab in patients with moderate-to-severe psori-

asis who have or have not received prior biological therapies:

an integrated analysis of two phase III randomized studies. J

Eur Acad Dermatol Venereol. 2017;31(4):679-685.

324. Choi YM, Debbaneh M, Weinberg JM, et al. From the Medical

Board of the National Psoriasis Foundation: perioperative

management of systemic immunomodulatory agents in

patients with psoriasis and psoriatic arthritis. J Am Acad

Dermatol. 2016;75(4):798-805.e797.

325. Huber F, Ehrensperger B, Hatz C, Chappuis F, Buhler S,

Eperon G. Safety of live vaccines on immunosuppressive or

immunomodulatory therapy-a retrospective study in three

Swiss travel clinics. J Travel Med. 2018;25(1).

http://refhub.elsevier.com/S0190-9622(18)33001-9/sref297
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref297
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref298
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref298
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref298
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref299
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref299
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref299
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref299
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref300
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref300
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref300
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref300
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref300
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref301
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref301
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref301
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref302
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref302
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref302
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref303
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref303
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref303
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref303
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref303
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref304
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref304
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref304
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref304
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref304
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref304
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref305
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref305
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref305
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref305
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref306
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref306
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref306
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref306
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref307
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref307
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref307
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref307
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref308
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref308
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref308
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref308
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref309
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref309
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref309
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref309
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref309
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref310
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref310
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref310
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref310
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref311
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref311
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref311
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref311
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref312
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref312
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref312
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref312
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref312
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref313
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref313
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref313
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref313
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref313
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref313
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref314
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref314
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref314
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref314
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref315
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref315
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref315
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref315
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref315
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref316
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref316
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref316
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref316
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref317
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref317
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref317
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref318
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref318
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref318
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref318
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref318
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref319
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref319
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref319
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref319
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref320
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref320
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref320
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref320
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref320
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref321
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref321
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref321
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref321
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref322
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref322
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref322
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref322
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref322
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref323
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref323
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref323
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref323
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref323
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref324
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref324
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref324
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref324
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref324
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref325
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref325
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref325
http://refhub.elsevier.com/S0190-9622(18)33001-9/sref325

	Joint AAD-NPF guidelines of care for the management and treatment of psoriasis with biologics
	WG members listed alphabetically
	Disclaimer
	Scope
	Method
	Definition of psoriasis
	Introduction
	TNF-α inhibitors
	Etanercept (FDA approval on April 30, 2004)
	Infliximab (FDA approval on September 27, 2006)
	Adalimumab (FDA approval on January 22, 2008)
	Certolizumab (FDA approval on May 27, 2018)
	General comments and special circumstances
	Time frame to assess response to treatment with TNF-α inhibitors
	Patient weight and response to treatment with TNF-α inhibitors
	TNF-α inhibitors and risk of malignancy
	HIV and hepatitis B and C infections
	TNF-α inhibitors and IBD

	TNF-α biosimilars

	IL-12/IL-23 inhibitors
	Ustekinumab (FDA approval on September 25, 2009)
	General comments and special circumstances
	Time frame to assess response to treatment with IL-12/IL-23 inhibitors
	Patient weight and response to treatment with IL-12/IL-23 inhibitors
	IL-12/IL-23 inhibitors and risk of malignancy
	HIV and hepatitis B and C infections
	IL-12/IL-23 inhibitors in the setting of multiple sclerosis and IBD


	IL-17 inhibitors
	Secukinumab (FDA approval on January 21, 2015)
	Ixekizumab (FDA approval on March 22, 2016)
	Brodalumab (FDA approval on February 15, 2017)
	General Comments and special circumstances
	Time frame to assess response to treatment with IL-17 inhibitors
	IL-17 inhibitors and risk of malignancy
	HIV and hepatitis B and C infections
	IL-17 inhibitors and infections
	IL-17 inhibitors in the context of IBD
	IL-17 inhibitors in the context of depression and suicidal ideation


	IL-23 inhibitors
	Guselkumab (FDA approval on July 13, 2017)
	Tildrakizumab (FDA approval on March 21, 2018)
	Risankizumab (FDA approval pending as of December 2017)
	General comments and special circumstances
	Time frame to assess response to treatment with IL-23 inhibitors
	IL-23 inhibitors and risk of malignancy
	Immunosuppressed patients and patients with HIV


	Role of the dermatologist
	Role of patient preferences
	Primary and secondary treatment failure
	Restarting/resuming biologic treatment after discontinuation
	Switching biologic treatments
	Biologics and surgery
	Biologics and vaccines
	Patient education
	Pediatric considerations
	Gaps in research
	References


