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Background: Little is known about the effectiveness and drug survival associated with apremilast under
real-world conditions.
ment of Dermatology and Venereology, Medical

raza; Department of Dermatology, Hietzing Hos-

Department of Dermatology and Venereology,

els-Grieskirchenc; Department of Dermatology,

rsity of Viennad; Department of Dermatology and

tate Hospital, Wiener Neustadte; Department of

nd Venereology, Kepler University Hospital, Linzf;

f Dermatology and Venereology, State Hospital of

stiftungg; Department of Dermatology, Venereol-

ology, Medical University of Innsbruckh; Depart-

atology and Venereology, Federal Academic

ital, Feldkirchi; Department of Dermatology and

tate Hospital, Klagenfurtj; Department of Derma-

ereology, University Hospital St. P€oltenk; Depart-
atology, Hospital of Elisabethinen, Linzl; and

edical Informatics, Statistics, and Documentation,

rsity of Graz.m

Psoriasis Registry Austria (PsoRA) was supported

research grants or educational grants from the

rmaceutical companies: AbbVie (2015-2020),

H (2019-2020), Almirall (2017-2020), Celgene

li Lilly (2015-2020), Janssen (2014-2016), Leo

-2020), Novartis (2019), Merck Sharp & Dohme

(2019-2020), and Pfizer (2008-2018).

st: Dr Wolf has received research grants, speaker

lting honoraria, and/or travel refunds from

n GmbH, Almirall, Celgene, Eli Lilly, Janssen,

Novartis, Merck Sharp & Dohme, Sandoz, and

er has received a travel grant from Novartis. Dr

ived research grants, speaker and/or consulting

/or travel refunds from AbbVie, Almirall, Celgene,

n, LEO Pharma, Mallinckrodt/Therakos, Novartis,

. Dr Hoetzenecker has received research grants

nd consulting honoraria from AbbVie, Amgen

all, Celgene, Eli Lilly, Janssen, Leo Pharma,

Bencard. Dr Ratzinger reports personal fees

personal fees from AbbVie, personal fees from

s and personal fees from Leo, personal fees from

nal fees from Pfizer; personal fees from Eli Lilly,

tis, Janssen, and Pfizer; and grants and personal

, outside the submitted work. Dr Prillinger has

received speaker and consulting honoraria from AbbVie, Eli

Lilly, Janssen, and Novartis and travel refunds from AbbVie,

Almirall, Celgene, Eli Lilly, Janssen, Leo Pharma, and Novartis. Dr

Sator has received research grants, speaker and/or consulting

honoraria, and/or travel refunds from AbbVie, Actelion, Amgen,

Almirall, Celgene, Eli Lilly, Janssen, Leo Pharma, Novartis, Merck

Sharp & Dohme, Sandoz, Maruho, ALK, Galderma, UCB, Gilead,

and Pfizer. Dr Skvara received honoria/travel refunds as speak-

er/consultant from AbbVie, Almirall, Celgene, Janssen, Leo, Lilly,

Novartis, Pfizer, and UCB. Dr Mlynek has received research

grants, speaker and/or consulting honoraria, and/or travel

refunds from AbbVie, Amgen GmbH, Almirall, Celgene, Eli Lilly,

Janssen, Leo Pharma, Novartis, and Pfizer. Dr Vujic has received

research grants, speaker and/or consulting honoraria, and/or

travel refunds from AbbVie, Amgen GmbH, Almirall, Celgene,

Eli Lilly, Janssen, Leo Pharma, Novartis, Merck Sharp & Dohme,

Sandoz, and Pfizer. Dr Saxinger has received speaker and

consulting honoraria from Almirall, AbbVie, and Novartis. Dr

K€olli has received travel refunds from Janssen, Celgene,

Almirall, and Pelpharma and consulting honoria from Novartis

and Lilly. Dr Sch€utz-Bergmayr has received speaker and

consulting honoria from AbbVie, Celgene, Lilly, Janssen, and

Novartis. Dr Weger has received speaker and/or consulting

honoraria and/or travel refunds from AbbVie, Amgen GmbHm

Almirall, Celgene, Eli Lilly, Janssen, Leo Pharma, Novartis, Merck

Sharp & Dohme, Sandoz, and Pfizer.

IRB approval status: The registry was approved by the ethics

committee of the Medical University of Graz (application

number 21-094 ex 09/10).

Accepted for publication October 18, 2020.

Correspondence to: Peter Wolf, MD, Department of Dermatology,

Medical University of Graz, Auenbruggerplatz 8, Graz, A-8036,

Austria. E-mail: peter.wolf@medunigraz.at.

2666-3287

� 2020 Published by Elsevier Inc on behalf of the American

Academy of Dermatology, Inc. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.jdin.2020.10.012

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jdin.2020.10.012&domain=pdf
mailto:peter.wolf@medunigraz.at
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jdin.2020.10.012


JAAD INT

VOLUME 2
Graier et al 63
Objective: To investigate the influence of patient and disease characteristics on drug survival associated
with apremilast and to elucidate clinical effectiveness with regard to the psoriasis area and severity index
(PASI) reduction.
Methods: This was an observational, retrospective, multicenter analysis from the Austrian Psoriasis
Registry.
Results: Data from 367 patients were eligible for analysis. The 12-month drug survival rate associated with
apremilast (ie, the proportion of patients on the drug) was 57.3% and decreased significantly in patients
younger than 40 years (relative hazard ratio = 1.49, P = .007918). Sex; concomitant arthritis; previous
biologic therapy; obesity; and palmoplantar, scalp, nail, and intertriginous involvement did not significantly
affect drug survival. At 12 months, the response rates in patients receiving apremilast per protocol with a
PASI of 50, 75, 90, and 100 were 80.0%, 56.4%, 38.2%, and 22.7%, respectively.
Limitations: Inclusion of a substantial number of patients with no record of absolute PASI at study entry
and lack of PASI reduction follow-up data of 103 patients (28.1%) after starting apremilast treatment.
Conclusion: Apremilast is a robust antipsoriatic drug for which the drug survival is not strongly influenced
by most patient- or disease-related factors except age. Drug survival is significantly shorter in patients
younger than 40 years. ( JAAD Int 2021;2:62-75.)

Key words: apremilast; drug survival; psoriasis.
CAPSULE SUMMARY

d Little is known about the effectiveness
and factors influencing the drug survival
of apremilast.

d Apremilast drug survival is not strongly
influenced by most patient or disease-
related factors. However, drug survival is
significantly shorter in patients younger
than 40 years of age.
INTRODUCTION
Since its introduction in

Europe in 2015, the antipsori-
atic drug apremilast has
become a valuable treatment
option for both moderate-to-
severe plaque psoriasis and
psoriatic arthritis.1-4 It is espe-
cially useful for patients in
whom the use of biologic
drugs is to be avoided (eg,
those with cancer, latent
tuberculosis infection, or
infective hepatitis)5-7 or in

those with psoriasis-related diseases such as palmo-
plantar pustulosis.8 However, little is known about
the drug survival associated with apremilast (ie, the
proportion of patients on apremilast treatment at
certain time points), effectiveness, and safety in real-
world patients.9-14 Biologic treatments for psoriasis
tend to perform more poorly in real-world settings
than in clinical trials. Therefore, it is important to
evaluate the long-term effectiveness and drug sur-
vival of small molecules such as apremilast.15-18

We use the term ‘‘drug survival’’ as it best reflects
real-life outcomes by encompassing many reasons
for treatment discontinuation that are both related
and unrelated to the drug performance, including
safety reasons19,20 (ie, adverse events), pregnancy,
complete remission or lack of improvement, denial
of reimbursement, availability of alternative
treatment options, increasing
expectations of physicians
and patients, or unconsid-
ered patient needs.21-23

Most biologics have similar
overall drug survival rates
(per drug within a certain
range), but the 12-month sur-
vival rates of apremilast range
widely by study, from 2.6% to
55.4%.24,25 Decreased bio-
logic drug survival is associ-
ated with female sex,
previous biologic exposure,
and obesity.26 For most biologics, metabolic condi-
tions (ie, hypertension, diabetes, and metabolic syn-
drome and its associated comorbidities) increase the
risk of treatment discontinuation, although this was
not the case for apremilast in a previous study.27

However, 1 study has shown that the risk of apremilast
discontinuation does increase in obese patients
receiving it [hazard ratio (HR): 1.2].25 The risk of
apremilast discontinuation also appears to increase in
patients with palmoplantar pustulosis suffering from
depression8 but not in patients with concomitant
psoriatic arthritis.28 Note, however, that most studies
of apremilast drug survival (except 1 study from Spain
with 377 patients)25 enrolled relatively few patients
(ie, 35, 94, and 138 patients) and were therefore
insufficiently powered to fully determine what pa-
rameters influence drug survival.8,28,29



Table I. Patient characteristics

Number of patients 367

Women (%) 138 (37.6)
Men (%) 229 (62.4)
Age (years), mean (SD) 50.0 (615.0)
Age\ 40 years (%) 103 (28.1)
Number (%) of patients
with psoriatic arthritis*

89 (24.3)

BMI, mean (SD) 28.5 (66.3)
PASI, mean (SD) 7.0 (66.4)
PASI (non-na€ıve), mean (SD) 8.0 (67.6)

BMI, Body mass index; PASI, psoriasis area and severity index; SD,

standard deviation.

*For 20 (5.4%) patients, presence and/or history of psoriatic

arthritis was unknown.

Table II. Prevalence of psoriatic arthritis*

Sex

Number (%) of patients

All Without arthritis With arthritis

Male 229 179 (78.2) 50 (21.8)
Female 138 99 (71.7) 39 (28.3)

*Prevalence numbers (percentages) of all patients (N = 367)

regarding concomitant arthritis and sex. A chi-square test

indicated no significant differences between patients with or

without psoriatic arthritis with respect to sex (P = .21).

Abbreviations used:

HR: hazard ratio
LOCF: last observation carried forward
PASI: psoriasis area and severity index
PP: per protocol
PsoRA: Psoriasis Registry Austria
SD: standard deviation
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Therefore, we aimed to evaluate the influence of
patient and disease characteristics on apremilast
drug survival and the effectiveness of apremilast in
reducing the extent and severity of psoriasis in a
large psoriasis registry.

METHODS
Analytical design

This study was an observational retrospective
multicenter analysis of clinical data extracted from
the Austrian Psoriasis Registry (PsoRA) on November
30, 2019. The design of this nationwide Austrian
database has been described previously.30-34

Detailed information about PsoRA is available at
www.psoriasisregistry.at. The registry defines 1 treat-
ment as the time from a patient’s allocation to a
specific therapy, followed by at least 1 visit, until the
last observation or discontinuation of treatment. For
every visit entered in the registry, the continuous
prescription of a drug has to be confirmed; otherwise,
the reason for treatment discontinuation has to be
entered. PsoRA also collects data on the psoriasis area
and severity index (PASI),which can be entered at the
start of treatment and at every recorded visit. This
allows the automatic calculation of the percent PASI
change from baseline, ranging from complete remis-
sion (PASI 100) to partial remission (PASI 90, PASI 75,
PASI 50, and PASI \50) to worsening. For patients
with amissing PASI at baseline (at treatment start), the
PASI reduction category can be manually entered at
each visit thereafter. The registry was approved by
the ethics committee of the Medical University of
Graz (application number 21-094 ex 09/10). The
present analysis was conducted in accordance with
the principles of the Declaration of Helsinki.

Data analysis and statistics
All patients[18 years of age who had psoriasis of

any clinical type started apremilast before November
2019 and had at least 1 follow-up visit were eligible
for this study, irrespective of previous systemic
treatment, psoriatic arthritis, or comorbidities. Drug
survival was calculated using Kaplan-Meier estimates
and log-rank tests. Patients were censored at the last
date of follow-up if the end of treatment had not
occurred until then. Relative HRs were calculated for
patient characteristics [sex, age at therapy start (\40
vs $40 years of age), body mass index (BMI, \30
vs $30), concomitant psoriatic arthritis, biologic
na€ıvety], and disease characteristics (palmar and/or
plantar, scalp, nail, or inverse involvement). For the
purposes of this analysis, patients with an unknown
history of concomitant arthritis were considered not
to have psoriatic arthritis.

The effectiveness of apremilast treatment was
evaluated in terms of the absolute change in PASI
and reduction in PASI. The change in PASI was
calculated and analyzed per protocol (PP) and per
last observation carried forward (LOCF) together
with worst-case analysis by considering all patients
with no follow-up as treatment failures (ie\PASI 50).
Patients included in the PP analysis received no
concomitant systemic therapy or phototherapy; for
those included in the LOCF analysis, we carried
forward their PASI score from the last visit at
discontinuing apremilast or starting concomitant
systemic therapy or phototherapy. The chi-square
test was used to test for differences in concomitant
psoriatic arthritis prevalence by sex and for differ-
ences in treatment discontinuation by age at treat-
ment start (\40 vs $40 years of age). Calculations
were performed using R 3.6.2 (www.r-project.org)
with the statistical analysis package survival 3.1-8.

http://www.psoriasisregistry.at
http://www.r-project.org


Table III. Psoriasis types

Psoriasis type Plaque Guttata Erythrodermic Pustular Palmar and/or plantar Inverse Nails Scalp

Plaque 322*
Guttata 11 16
Erythrodermic 4 1 4
Pustular 4 NA NA 10
Palmar and/or plantar 17 NA 1 10 41
Inverse 34 3 1 1 2 37
Nails 73 1 0 3 10 19 91
Scalp 69 3 0 1 2 18 35 74

NA, Not applicable.

*Numbers in bold represent the total numbers of patients with certain types of psoriasis. Some patients had more than one type of psoriasis

thus the total number of specific types of psoriasis exceeds the total number of patients (N = 367).

Fig 1. Distribution of psoriasis types. Distribution numbers (%) of patients regarding psoriasis
types and body site involvement (N = 367).
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RESULTS
General patient characteristics

At the time of data extraction, PsoRA contained
data on 4348 patients who had undergone a total of
7002 systemic treatments. A total of 367 patients,
including 138 (37.6%) women and 229 (62.4%) men,
had received apremilast and were eligible for this
analysis (Table I), and at least 1 follow-up visit had
been recorded for 264 (71.9%) patients. Concomitant
psoriatic arthritis was present in 89 (24.3%) patients
and of unknown status in 20 patients (5.4%) (Table
I). The prevalence of psoriatic arthritis did not differ
by sex (P = .21) (Table II). At the start of apremilast
treatment, the mean age (standard deviation, SD)
was 50.0 years 6 15.0, and a large proportion of
patients (28.1%) were \40 years of age (Table I).
Other characteristics of the patients at the start of
treatment, such as disease duration, weight, BMI,
and concomitant psoriatic arthritis, are summarized
in Table I. The most common psoriasis type was
plaque (322 patients, 87.7%). Nail psoriasis or
involvement was present in 91 (24.8%) patients,
and scalp psoriasis or involvement was present in
74 (20.2%) (Table III and Fig 1). Previous treatments
had been administered to 305 (83.1%) of patients, of
which UVB phototherapy (20.3%), fumaric acid
(19.6%), methotrexate (20.1%), and biologics
(15.5%) were most frequent (Table IV).



Table IV. Previous treatments

Previous

systemic

treatment

Number (%) of patients

with previous systemic

treatment or not* Type of treatment

Number (%) of

administered treatmentsy

Yes 305 (83.1) Phototherapy UVB 87 (20.3)
PUVA 49 (11.4)

Conventional systemic Cyclosporine 6 (1.4)
Fumaric acid 84 (19.6)
Methotrexate 86 (20.1)
Retinoids 30 (7.0)

Biologics Adalimumab 16 (3.7)
Etanercept 19 (4.4)
Golimumab 1 (0.2)
Infliximab 2 (0.5)
Ixekizumab 1 (0.2)
Secukinumab 10 (2.3)
Ustekinumab 18 (4.2)

Other 19 (4.4)
Total number of treatments 428 (100)

No 62 (16.9) NA NA

NA, Not applicable; PUVA, psoralen plus ultraviolet A; UVB, ultraviolet B.

*Percentages of patients with (N = 305, 83.1%) and without (N = 62, 16.9%) therapy before starting apremilast.
yCertain patients received more than one previous treatment; thus the total number of specific treatment (N = 428) for psoriasis exceeds the

total number of patients who had received previous treatment.

Fig 2. Effectiveness of apremilast. A, Absolute PASI value (6 95% confidence interval) and (B)
mean PASI reduction score (6 95% confidence interval) plotted over time for patients analyzed
in PP (red line) and LOCF (blue line). LOCF, Last observation carried forward; PASI, psoriasis
area and severity index; PP, per protocol.
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Effectiveness
PASI values at the start of treatment were docu-

mented for 162 (44.1%) patients. Themean (SD) PASI
of those patients at treatment start was 6.48 (66.37)
(Fig 2 and Table V). In the PP analysis, the mean (SD)
PASI was 3.76 (65.58) at 3 months and improved to
2.84 (66.13) at 12 months. In the LOCF analysis, the
mean (SD) PASI was 5.04 (65.96) at 3 months and
did not improve much until 12 months and beyond
(until last observation) (Fig 2 and Table V).



Table V. Effectiveness of apremilast

Timepoint (months)

PASI, mean (SD) PASI reduction category, mean (SD)

PP LOCF PP LOCF

0 6.48 (6.37) 6.48 (6.37) NA NA
3 3.76 (5.58) 5.04 (5.96) 3.79 (1.33) 4.25 (1.26)
6 3.24 (5.02) 4.85 (5.94) 3.40 (1.46) 4.07 (1.48)
12 2.84 (6.13) 4.79 (6.21) 3.09 (1.54) 4.03 (1.54)
24 2.14 (4.15) 5.03 (6.43) 2.98 (1.50) 4.03 (1.58)
36 2.16 (4.50) 5.12 (6.46) 2.11 (1.14) 4.03 (1.62)
48 NA 5.12 (6.48) 2.39 (0.55) 4.04 (1.61)

LOCF, Last observation carried forward/worst-case scenario; NA, not applicable; PASI, psoriasis area and severity index; PP, per protocol; SD,

standard deviation. PASI reduction category is defined as follows: 5 (\50%), 4 (50% to\75%), 3 (75% to\90%), 2 (90% to\100%) and 1

(100%).

Fig 3. Achievement of skin goals. Relative number of PP (A) and LOCF/worst-case scenario (B)
patient treatment cycles in which a certain PASI improvement was achieved, plotted over time.
LOCF, Last observation carried forward; PASI, psoriasis area and severity index; PP, per
protocol.

Table VI. Achievement of treatment goals

Timepoint

(months)

Number of

patients (PP/LOCF)

Percentage of patients achieving a certain PASI reduction (PP/LOCF)

PASI 100 [PASI 90 [PASI 75 [PASI 50 \PASI 50 Increase of PASI

3 212/367 9.0/6.3 17.5/11.2 36.8/23.5 64.2/42.0 28.3/49.9 7.5/8.2
6 159/367 15.7/9.0 28.9/16.4 49.0/29.5 72.3/44.5 22.0/46.0 5.7/9.5
12 110/367 22.7/11.7 38.2/19.6 56.4/31.9 80.0/45.0 11.8/42.8 8.2/12.3
24 55/367 18.2/11.4 43.7/21.2 67.3/33.2 81.8/44.1 7.3/42.0 10.9/13.9
36 18/367 27.8/12.3 77.8/22.4 88.9/32.8 94.5/43.2 NA/42.8 5.6/14.2
48 2/367 NA/12.3 50.0/22.1 100/32.7 NA/43.1 NA/42.8 NA/14.2

LOCF, Last observation carried forward; NA, not applicable; PASI, psoriasis area and severity index; PP, per protocol.
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In the PP analysis, the mean (SD) PASI reduction
score was 3.79 (61.33) at 3 months, which improved
to 3.09 (61.54) at 12 months. In the LOCF analysis,
the PASI reduction score was 4.25 (61.26) at
3 months, which improved slightly to 4.03 (61.54)
at 12 months (Fig 2 and Table V). Three months after



Fig 4. Drug survival of apremilast. Relative drug survival rates (6 95% confidence intervals) of
apremilast (N = 367) with regard to different factors possibly influencing survival, using Kaplan-
Meier estimates and log-rank tests.
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the start of treatment, 9.0% of patients in the PP
analysis had achieved a complete remission of pso-
riatic plaques and 36.8% had achieved a PASI 75
reduction (Fig 3 and Table VI). After the first
treatment year, complete remission was observed
in 22.7% of patients and partial remission (PASI 75)
was observed in 56.4% of patients in the PP analysis
(Fig 3 and Table VI).

Drug survival
The overall drug survival rate at 12 months was

57.3%, and the median survival was 15.7 months
(Fig 4 and Table VIII). Five patients (1.4%) tempo-
rarily paused apremilast treatment (for up to several
weeks) mainly to observe whether or not psoriasis
would reoccur. Most of the patient characteristics
(female sex, concomitant psoriatic arthritis, BMI, and
biologic na€ıvety) and disease characteristics (scalp,
nail, inverse or palmar, and/or plantar involvement)
analyzed were not significantly associated with an
increased risk of drug discontinuation (Figs 4 and 5
and Table VIII). However, an age \40 years at
treatment start was significantly associated with an
increased risk of treatment discontinuation [relative
HR (CI): 1.493 (1.111-2.007), P = .007918) (Fig 4 and
Table VIII)]. An analysis for confounding factors
revealed that a significantly higher proportion of
patients \40 years at treatment start suffered from
inverse (48.7% vs 7.2%, P = .004) and scalp (33.0% vs
15.2%, P = .000127) involvement (Table IX). In



Table VII. Drug survival with regard to different characteristics

Characteristics

Drug survival rates [percentage (CI)] for a specific drug*
Median drug

survival (CI)3 months 6 months 12 months

Patient characteristics
Sex
Male 88.2 (83.1-91.8) 74.2 (67.6-79.6) 56.0 (48.4-62.9) 14.1 (11.5-20-3)
Female 83.0 (75.5-88.3) 74.1 (65.7-80.8) 59.1 (49.8-67.3) 16.8 (12.0-27.5)

Arthritis
No 88.3 (83.6-91.7) 75.0 (69.0-80.1) 56.4 (49.4-62.8) 14.8 (11.9-17.4)
Yes 79.2 (69.1-86.4) 74.0 (63.2-82.1) 61.9 (49.9-71.8) 21.4 (11.8-31-1)

Age at therapy start
$40 years 87.8 (83.2-91.3) 76.7 (70.9-81.6) 62.6 (55.8-68.6) 18.2 (14.5-25.2)
\40 years 81.9 (72.8-88.2) 67.4 (56.9-75.9) 44.0 (3.3-54.2) 9.9 (7.1-15.8)

BMI
\30 78.4 (64.4-87.4) 66.3 (51.5-77.5) 55.9 (41.0-68.4) 14.5 (7.1-23.4)
$30 81.8 (58.5-92.8) 77.0 (53.2-89.7) 66.3 (41.8-82.5) 21.9 (6.5-NA)

Biologic na€ıvety
No 76.2 (67.6-82.8) 65.5 (56.2-73.3) 52.5 (42.8-61.4) 13.1 (7.3-16.8)
Yes 91.4 (86.9-94.3) 78.6 (72.5-83.5) 59.6 (52.3-66.2) 17.4 (12.9-25.2)

Disease characteristics
Palmar and/or plantar involvement
No 86.4 (82.1-89.7) 74.3 (68.9-78.8) 57.5 (51.3-63.1) 15.7 (12.8-19.1)
Yes 82.5 (66.7-91.3) 71.2 (53.9-83.0) 54.0 (35.6-69.2) 15.0 (8.1-35.9)

Scalp involvement
No 86.9 (82.4-90.4) 75.0 (69.4-79.8) 57.4 (50.9-63.4) 15.8 (12.4-22.8)
Yes 83.1 (72.2-90.1) 70.7 (58.2-80.0) 56.6 (43.4-67.9) 15.1 (7.2-21.8)

Nail involvement
No 86.5 (81.8-90.1) 74.0 (68.2-79.0) 58.8 (52.2-64.8) 15.9 (13.1-21.9)
Yes 85.2 (75.9-91.1) 74.7 (63.8-82.8) 52.1 (39.5-63.2) 12.9 (9.5-21.8)

Inverse involvement
No 87.1 (82.9-90.4) 74.7 (69.4-79.2) 57.6 (51.4-63.2) 15.8 (12.9-21.4)
Yes 78.0 (60.8-88.4) 69.1 (51.1-81.6) 54.7 (35.9-70.1) 15.7 (6.4-NA)

Overall survival per drug 86.2 (82.1-89.4) 74.1 (69.1-78.5) 57.3 (51.5-62.6) 15.7 (12.8-20.3)

CI, Confidence interval; NA, not applicable.

*Percentages (confidence interval) of drug survival at 12 months (N = 367).
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addition, a higher percentage of patients $40 years
had psoriatic arthritis (29.2% vs 11.7%, P = .001).
Reasons for treatment discontinuation
Treatment was stopped early in 195 (53.1%)

patients (Table X). In an analysis by the number of
stopped treatments, the most common reasons for
treatment discontinuation were primary therapeutic
failure (ie, no skin improvement at all, 32.3%), side
effects (31.3%), and secondary loss of efficacy (ie,
relapse after initial skin improvement, 20.5%) (Table
X). In an analysis by patient number, gastrointestinal
symptoms (8.7%) were the most frequently occur-
ring side effects with regard to the total patient
number. Eleven patients (2.9%), including 5 women
and 6 men, stopped treatment because of depression
(including potential signs of depression such as
dysthymia, energy loss, and sleeping changes)
(Table XI). Ten of those patients (90.9%) were
[40 years of age. One patient in whom depression
had been previously diagnosed reported suicidal
ideation. Other common side effects leading to
treatment discontinuation were headache (2.1%)
and infection (1.1%). Seven (1.9%) patients discon-
tinued treatment due to $2 side effects (Table XI).
An analysis of the reason for treatment discontinua-
tion (ie, primary and secondary treatment failure,
side effects, patient request, denial of reimburse-
ment) with regard to patients age (\40 vs$40 years
at treatment start) revealed no differences (Table
XII).

Most patients who discontinued apremilast treat-
ment were subsequently treated with biologics
(61.6%). Those most frequently used were ustekinu-
mab (29.2%), ixekizumab (11.3%), and secukinumab
(10.3%) (Table XIII).
DISCUSSION
This analysis of 367 patients is one of the largest

registry-based studies of effectiveness and drug



Fig 5. Drug survival regarding body site involvement. Relative drug survival rates (6 95%
confidence intervals) of apremilast (N = 367) with regard to the involvement of body sites that
possibly influence survival, using Kaplan-Meier estimates and log-rank tests.

Table VIII. Risk ratios for apremilast discontinuation

Risk factor Relative risk (CI) P value

Female sex 0.885 (0.662-1.182) .4077
Concomitant psoriatic arthritis 1.095 (0.777-1.542) .6046
Age\40 years at start of treatment 1.493 (1.111-2.007) .007918*
BMI $30 0.576 (0.294-1.128) .1075
Previous biologic treatment 1.269 (0.949-1.696) .1083
Palmar and/or plantar involvement 0.986 (0.627-1.551) .9526
Scalp involvement 1.228 (0.872-1.729) .2396
Nail involvement 1.143 (0.821-1.593) .4288
Inverse involvement 0.989 (0.616-1.590) .9662

BMI, Body mass index; CI, confidence interval.

*Significant P values are in bold.
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survival in patients treated with apremilast. Our
analysis of treatment sequences helped us to evaluate
the role of apremilast in psoriasis treatment. UVB-
phototherapy (20.3%) and PUVA (11.4%), as well as
fumaric acid (19.6%) and methotrexate (20.1%) as
traditional systemic agents were the most frequently
administered treatments before apremilast (Table IV);
biologic therapy (61.6%) was the most frequently
administered treatment after apremilast discontinua-
tion (Table XIII).

As shown by PP analysis, apremilast was clinically
effective when evaluated in terms of PASI reduction.
At 3 months after treatment start, PASI 100 had been
achieved in 9.0% of patients, PASI 90 in 17.5%, PASI
75 in 36.8%, and PASI 50 in 64.2% (Table VI). At 12
months, the rates had increased to PASI 100 in 22.7%,
PASI 90 in 38.2%, PASI 75 in 56.4%, and PASI 50 in
80.0% (Table VI). Similar findings for PASI 75 and
PASI 90 responses at 3 and 12 months were recently
reported from Spanish and Italian cohorts.25,35

However, in our LOCF/worst-case scenario analysis,
the clinical effectiveness of apremilast plateaued at 3
to 6 months after treatment start (Figs 2 and 3), in
accordance with recently published guidelines



Table IX. Patient and disease characteristics regarding age

Characteristics

Number (%) of patients/mean value (SD)

P value\40 years (N = 103) $40 years (N = 264)

Patient characteristics

.403
Sex
Male 68 (66.0) 161 (61.0)
Female 35 (34.0) 103 (39.0)

Arthritis
No 91 (88.3) 187 (70.8) .001*
Yes 12 (11.7) 77 (29.2)

PASI at therapy start 6.9 (5.5) 7.0 (6.7) .929
BMI 26.6 (7.5) 29.3 (5.6) .095
Biologic na€ıvety
No 69 (67.0%) 172 (65.2) .807
Yes 34 (33.0) 92 (34.8)

Disease characteristics
Palmar and/or plantar involvement
No 94 (91.3) 232 (87.9) .368
Yes 9 (8.7) 32 (12.1)

Scalp involvement
No 69 (67.0) 224 (84.8) .000127*
Yes 34 (33.0) 40 (15.2)

Nail involvement
No 77 (74.8) 199 (75.4) 1.000
Yes 26 (25.2) 65 (24.6)

Inverse involvement
No 19 (51.3) 245 (92.8) .004*
Yes 18 (48.7) 19 (7.2)

BMI, Body mass index; PASI, psoriasis area and severity index; SD, standard deviation.

*Significant P values are in bold. N = 367

Table X. Reason for drug discontinuation*

Reason for treatment

discontinuation

Number (%) of discontinued

treatment cycles per stopped/

per total treatments

Remission
Complete NA
None 43 (22.1/11.7)
Partial 20 (10.3/5.5)
No and partial 63 (32.3/17.2)

Loss of efficacy 40 (20.5/10.9)
Denial of
reimbursement

2 (1.0/0.5)

Patient request 13 (6.6/3.5)
Pregnancy NA
Side Effect 61 (31.3/16.6)
Other 16 (8.2/4.4)
All 195 (100/53.1)

NA, Not applicable.

*Total number of patients and treatments (N = 367).

Table XI. Reason for treatment discontinuation
due to side effects*

Type of side effect

Number (%) of discontinued

treatments* (per total number

of stopped treatmentsy/
per total treatmentsz)

Depression 11 (5.6/2.9)
Gastrointestinal
symptoms

32 (16.3/8.7)

Headache 8 (4.1/2.1)
Infection 4 (2.0/1.1)
Liver toxicity 1 (0.5/0.3)
Kidney toxicity 1 (0.5/0.3)
Neurological
symptoms

2 (1.0/0.5)

Sleep disorder 2 (1.0/0.5)
Rash 1 (0.5/0.3)
Skin cancer 1 (0.5/0.3)
Other cancer 1 (0.5/0.3)
Other 5 (2.5/1.3)

*Number of patients (N = 61) who discontinued apremilast due to

side effects (N = 69).
yTotal number of stopped treatments (N = 195).
zTotal number of patients and treatments (N = 367). Note that

treatment was stopped due to 2 side effects in 6 patients and due

to 3 side effects in 1 patient.
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suggesting that drug effectiveness should be evalu-
ated at 16 weeks after the start of treatment.5

Overall, the drug survival rate at 12 months in our
study was 57.3%. This is in the upper range of



Table XII. Reason for treatment discontinuation regarding age

Reason for treatment discontinuation

Number (%) of discontinued treatment cycles per stopped stopped/per total treatments*

\40 years $40 years

Remission
Complete NA NA
None 13 (19.4/12.6) 30 (23.4/11.3)
Partial 9 (13.4/8.7) 11 (8.6/4.2)
No and partial 22 (32.8/21.3) 41 (32.9/15.5)

Loss of efficacy 15 (22.4/14.6) 25 (19.5/9.5)
Denial of reimbursement 1 (1.5/0.9) 1 (0.8/0.4)
Patient request 5 (7.5/4.8) 8 (6.3/3.0)
Pregnancy NA NA
Side Effect 20 (29.9/19.4) 41 (32.0/15.5)
Other 4 (6.0/3.9) 12 (9.4/4.5)
All 67/103 128/264

NA, Not applicable.

*Prevalence numbers (percentages) of all patients (N = 367) regarding the reason for treatment discontinuation in patients\ or $40 years

of age at the start of therapy. The chi-square test indicates no significant differences in patients with or without psoriatic arthritis regarding

sex (P = .21).

Table XIII. Treatments after apremilast discontinuation

Treatment

discontinuation

Number (%)

of patients

with systemic

treatment or not* Type of treatment Number (%) of treatments

Yes 195 (53.1) Phototherapy UVB 1 (0.5)
PUVA 2 (1.0)

Conventional
systemic

Fumaric acid 4 (2.1)
Methotrexate 12 (6.2)
Retinoids 3 (1.5)

Biologics Adalimumab 9 (4.6)
Brodalumab 6 (3.1)
Etanercept 4 (2.1)
Guselkumab 7 (3.6)
Ixekizumab 22 (11.3)
Risankizumab 3 (1.5)
Secukinumab 20 (10.3)
Tildrakizumab 1 (0.5)
Ustekinumab 57 (29.2)
All biologics 120 (61.6)

Other 1 (0.5)
No treatment specified 43 (22.1)

No 172 (46.9) NA NA

NA, Not applicable; PUVA, psoralen plus ultraviolet A; UVB, ultraviolet B.

*Percentages of patients starting with another treatment after apremilast discontinuation. Certain patients received more than one biologic

treatment after apremilast discontinuation, therefore the total number of biologics (N = 129) exceeds the total number of patients who had

received a biologic (N = 120).
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previously published results (Table VII), which vary
widely due to presumed differences in the method-
ical approaches used by the groups reporting them.
For instance, lower 12-month survival rates were
detected in insurance claims databases from France
(30.7%) and the United States (2.6%)24,36 and in the
Slovenian psoriasis registry (20.0%).13 However,
rates similar to ours were seen in retrospective
observational studies from Spain (54.9%)25 and
Japan (53.4%),28 although the apremilast-treated
cohorts in most of those studies were smaller than
ours.
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Furthermore, our analysis indicates that apremi-
last is a robust antipsoriatic drug for which drug
survival is not strongly influenced by most patient or
disease-related factors (Figs 4, 5, and Tables VII,
VIII). For instance, previous studies of biologics
identified female sex as an independent risk factor
for treatment discontinuation; however, this was not
the case for apremilast in our study. Moreover, the
drug survival of apremilast was not influenced by
previous biologic exposure, obesity, concomitant
psoriatic arthritis, or clinical psoriasis type in our
study (Figs 4, 5, and Tables VII, VIII). However, drug
survival was significantly influenced by the age at
treatment start. When compared with patients aged
$40 years, those\40 years at the start of treatment
had an increased risk of treatment discontinuation
(relative HR: 1.49, P = .007918) (Fig 4 and Table VIII)
and had a significantly higher rate of inverse (48.7%
vs 7.2%) and scalp (33.0% vs 15.2%) involvement
(Table IX). However, a statistical subgroup analysis
of a potential interaction between age and psoriasis
type would have been underpowered, and there-
fore, we did not perform this investigation. Although
data on the effects of age on biologic and non-
biologic drug survival are limited,26 it is well known
that younger patients place more importance on
clinical efficacy than do older patients, as this
enables the former group to lead normal working
lives, feel comfortable being in public, be less
burdened in partnerships and have normal sex
lives23; therefore, younger patients may be tempted
to discontinue apremilast more quickly for a lack of
effectiveness. Furthermore, the increased inverse
and scalp involvement in younger patients may
have additionally contributed to worse drug survival
in patients \40 years old (Table IX). Moreover, a
significantly higher percentage of patients$40 years
of age had psoriatic arthritis (29.2% vs 11.7%), which
possibly contributed to prolonged drug survival in
this group, as increased drug survival was previously
observed for patients with psoriatic arthritis and
biologic treatment.26 Overall, the age-dependent
decrease in drug survival among conventional sys-
temic therapies in younger patients was described in
a retrospective database analysis for psoriasis pa-
tients receiving acitretin (HR: 0.992 per year) and
methotrexate (HR: 0.99 per year) in Israel.37

The main reasons for drug discontinuation in our
analysis were primary treatment failure (32.3%),
secondary loss of efficacy (20.5%), and side effects
(31.3%) (Table X). While the observed rates of
primary and secondary treatment failure are in the
ranges of previously published results, the rate of
drug discontinuation due to side effects is higher
(31.3% vs 5.1-26.9%).25,28,38-43 Gastrointestinal
symptoms (8.7%) were the most common side
effects, followed by headache (2.1%) and infection
(1.1%) (Table XI). Eleven patients (2.9%) stopped
apremilast because of signs of depression, beginning
depression, or worsening depression, and 1 patient
reported suicidal ideation. When we compared the
treatment discontinuation rates for apremilast in this
analysis with those in previously reported studies,
we observed similar rates of discontinuation due to
depression and headache44,45 but a lower rate of
discontinuation due to gastrointestinal symptoms in
our study (8.7% vs 13.0-19.2%).44,45
Limitations
No PASI follow-up data were available for 28.1%

of patients after the start of apremilast (Fig 2, B). Our
analysis of effectiveness included a substantial num-
ber of patients who had no record of absolute PASI at
therapy start (Fig 2, A). However, a much higher
proportion of patients had documented PASI reduc-
tion values throughout our follow-up period (Fig 2,
B).
CONCLUSIONS
Apremilast is a robust antipsoriatic drug for which

the drug survival is not strongly influenced by the
psoriasis subtype; female sex; obesity; psoriatic
arthritis; previous biologic exposure; or palmoplan-
tar, nail, scalp, and inverse involvement. However,
drug survival is decreased in patients \40 years of
age. Furthermore, apremilast seems to be an effec-
tive treatment option, although it does not target a
specific cytokine or receptor. However, factors
predicting the therapeutic response remain to be
identified.
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