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Abstract
Background Drug survival is a marker for treatment sustainability in chronic diseases such as psoriasis.

Objective The aim of these analyses was to assess survival of biologic treatments in the PSOriasis Longitudinal

Assessment and Registry (PSOLAR).

Methods PSOLAR is a large, prospective, international, disease-based registry of patients with psoriasis receiving (or

eligible for) systemic therapy in a real-world setting. Drug survival is defined as the time from initiation to discontinuation

(stop/switch) of biologic therapy on registry. The number of patients who discontinued each treatment and the duration

of therapy were recorded. Using Kaplan–Meier survival curves and Cox-regression analyses [hazard ratios (HR) and 95%

confidence intervals (CIs)], time to discontinuation was compared across cohorts undergoing first-, second- or third-line

treatment with ustekinumab, infliximab, adalimumab or etanercept.

Results As of the 2013 data cut, 12 095 patients with psoriasis were enrolled in PSOLAR. Of the 4000 patients initiat-

ing any new biologic therapy, approximately 3500 started a first-line, second-line or third-line biologic therapy during the

registry. Lack of effectiveness was the most common reason for discontinuation across biologic therapies. Based on the

multivariate analysis, significantly shorter times to discontinuation were observed for infliximab [HR (95%CI) = 2.73

(1.48–5.04), P = 0.0014]; adalimumab [4.16 (2.80–6.20), P < 0.0001]; and etanercept [4.91 (3.28–7.35) P < 0.0001] com-

pared with ustekinumab [reference treatment]) for first-line biologic use; results were similar for treatment effects for sec-

ond/third-line therapies. Although limited in power, analyses in patients with concurrent psoriatic arthritis confirmed by a

rheumatologist reflect observations in the overall psoriasis population.

Conclusion Drug survival was superior for ustekinumab compared with infliximab, adalimumab and etanercept in

patients with psoriasis. revised: 14 July 2015; Accepted: 6 January 2016
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Introduction
The introduction of biologic agents over the past decade has led

to a significant shift in the treatment paradigm for both psoriasis

and psoriatic arthritis (PsA), chronic disorders that invariably

require long-term therapy to maintain clinical response. The

trend towards long-term use of biologics for maintenance treat-

ment underscores the need to understand drug survival (i.e. how

long a patient stays on a given therapy). Drug survival can be

influenced by a range of factors,1 including safety, treatment

effectiveness (possibly relating to the development of antibodies

to individual drugs),2 side-effects, cost, convenience, quality-of-

life, access and other patient-oriented factors. Biologics have

been shown to be highly effective for the initial treatment of pso-

riasis; however, response may wane over time and lead to stop-

ping/switching of treatment.3 In fact, the most common reason

for discontinuing biologics is lack of effectiveness.3–6

Recent observational studies of treatment persistence have

reported variable results for tumour necrosis factor-alpha (TNF-

a) inhibitors, (infliximab, adalimumab and etanercept), ranging

from 40% to 80% after at least 1 year of treatment.7–9 Drug sur-

vival rates as high as 80% have been reported for etanercept and

ustekinumab through up to 5 years of treatment, and small

observational studies indicate that treatment with ustekinumab

has significantly longer survival compared with TNF-a
inhibitors.10–12 However, there are few evaluations of drug sur-

vival in large populations within real-world settings.4,5,13

PSOLAR (PSOriasis Longitudinal Assessment and Registry) is

a large international registry initially undertaken to address a

postmarketing commitment to capture safety outcomes for

infliximab and ustekinumab (Janssen Scientific Affairs, LLC,

Horsham, PA, USA). The disease-based design of the registry

also allows the capture of safety and clinical outcomes across a

spectrum of agents used to treat psoriasis (ustekinumab, inflix-

imab, adalimumab and etanercept). The purpose of this report

was to present results of analyses based solely on the longevity of

biologic therapies received in PSOLAR. Analyses of comparative

effectiveness for these treatments, a key element of drug survival,

is presented separately.14

Materials and methods
Details of the eligibility criteria and study design of PSOLAR have

been reported.15,16 Briefly, this multicentre, prospective, observa-

tional registry was developed to monitor safety outcomes in

approximately 12 000 patients receiving, or eligible to receive,

treatment with systemic therapies (including phototherapy) for

psoriasis. Registry data reported herein are based on data col-

lected from 20 June 2007 to 23 August 2013. Physicians pre-

scribed treatments as they would in their usual clinical routine;

the use of concomitant medications was not restricted. Data were

collected at enrolment and approximately every 6 months after

the initial visit. Most demographic and disease characteristics

were collected at enrolment and, again, at the time of any biologic

start on registry. Patients were asked at enrolment if they had a

concomitant diagnosis of PsA and if it had been confirmed by a

rheumatologist. Adverse events, disease assessments and psoriasis

medications were documented at interval visits. Per the study

design, start and stop dates were recorded and analysed uni-

formly for biologic agents administered during the registry.

The current analyses are based on a subset of PSOLAR

patients who initiated ustekinumab, infliximab, adalimumab,

and/or etanercept as first-, second- or third-line therapy during

the registry. While the patient cohorts within each line of ther-

apy were mutually exclusive, the same patients could be included

in more than one line of therapy, if they started more than one

biologic treatment over the course of their participation in the

registry. Therapy was considered ‘first-line’ for biologic-naive

patients who initiated their first biologic ever after enrolment in

PSOLAR. Second- and third-line therapies included patients
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who initiated their second and third biologic, respectively, after

enrolment; they could have initiated/discontinued their previous

biologic either before or after enrolment. Patients initiating

treatment on registry with a biologic to which they were previ-

ously exposed were not included in these analyses. For the first-,

second- and third-line biologic cohorts, duration of exposure

was defined as the time (days) between the date of administra-

tion of the first dose of the cohort-defining therapy and the ear-

lier date of the following: (i) discontinuation of biologic therapy,

(ii) initiation of new biologic therapy, (iii) withdrawal from the

registry or death or (iv) annual database cutoff (23 August

2013). The reasons for discontinuation were summarized for

each biologic agent.

Kaplan–Meier time-to-event analyses were conducted to esti-

mate time to treatment discontinuation. ‘Event’ was defined as

stopping or switching a biologic therapy. The ‘event date’ was

defined as the date of treatment discontinuation. A patient was

censored if that patient had not discontinued treatment at the

time of withdrawal from the registry, loss to follow-up, or the

date of annual data cut. In addition, Cox proportional hazard

regression analyses with adjustment for covariates collected

either at entry into the registry or prior to initiation of new ther-

apy (Table 1) were performed to compare time to discontinua-

tion of ustekinumab treatment with that of each anti-TNF

inhibitor. Adjusted hazard ratios (HRs), 95% confidence inter-

vals (95% CIs) and corresponding P-values (Wald Chi-square

test) were calculated for each clinical characteristic for compar-

ison between given treatment groups and a defined reference

group. Missing values for covariates in the Cox model were

imputed (i.e. mean for continuous factors and median for cate-

gorical factors).

Subgroup analyses for the three lines of therapy were also per-

formed for the PsA subpopulation (i.e. patients with PsA con-

firmed by a rheumatologist) at registry entry. These analyses did

not include patients who developed PsA during registry follow-

up, as these data were not systematically captured. The method-

ology for the PsA subgroup analyses mirrored that for all psoria-

sis patients.

Results

Overall psoriasis population
Baseline characteristics of the overall PSOLAR population have

been described previously.16

Among the subset of psoriasis patients who initiated any new

biologic agent on registry, a total of 4000 new treatment starts/

switches occurred (1833 for ustekinumab, 1303 for adalimumab,

537 for etanercept and 327 for infliximab); these totals include

all new starts (i.e. first-line through seventh-line starts/switches;

Table 2). Only the 1115 first-line, 1436 second-line and 922

third-line starts reported during PSOLAR are studied here. New

starts among bio-na€ıve patients were highest for adalimumab,

followed by ustekinumab, etanercept and infliximab; etanercept

was initiated most often as first-line therapy, ustekinumab and

adalimumab as second-line therapy and infliximab as third-line

therapy (Table 2).

The majority of patients were enrolled at North American

sites (79.2% for first-line therapy, 91.0% for second-line therapy

and 92.8% for third-line therapy). The proportion of patients

initiating first-line therapy from European sites (20.1%) was

higher compared with the proportions of second- and third-line

therapies (8.4% and 6.6% respectively); the remaining patients

were enrolled in Latin America (0.7%, 0.6% and 0.5%). Just over

half of all biologic starters were male (56.7%); mean age was

46.9 years and mean body mass index (BMI) was 30.4 (Table 3).

Demographic, disease and treatment characteristics prior to

first-line therapy were comparable across treatment groups. The

duration of psoriasis ranged from 11.8 to 16.6 years, and the

percent body surface area (BSA) affected with psoriasis ranged

from 18.2 to 27.9. Although Physician’s Global Assessment

(PGA) scores were generally similar across biologic groups,

(mean score, 2.8), the proportion of patients with marked/severe

psoriasis (PGA 4/5) varied from 17.0% for etanercept to 26.6%

for ustekinumab (Table 3). Patient and disease characteristics

collected before initiating second- and third-line use of biologic

therapies (data not shown) were generally consistent with those

reported for first-line treatment, although the proportions of

patients receiving methotrexate (MTX) prior to first-and sec-

ond-line therapies (30.5% and 37.6% respectively) were lower

compared with third-line therapy (50.3%). During first-line

therapy, concomitant MTX use was reported in higher propor-

tions of patients receiving etanercept (46.6%) and adalimumab

(25.1%) compared with infliximab (13.8%) and ustekinumab

Table 1 Covariates in the multivariate analyses of predictors of
time to discontinuation

Collected at entry into
the registry

Collected prior to initiation
of new therapy

� Gender � Age*

� Ethnicity � Types of insurance

� Body mass index† � Prior biologic therapies used‡

� Familial psoriasis history � Reasons for discontinuation of
prior biologic‡

� Smoking status � Physician’s Global Assessment

� Alcohol use status � Concomitant methotrexate use

� Duration of psoriasis*

� Age at psoriasis diagnosis

� Diagnosis of psoriatic arthritis

� Study site/geographic region

� History of immunomodulator use

*The distribution of continuous variables was rescaled to facilitate clinical
interpretation (e.g. divided by 10 for age and by 5 for duration of psoriasis.
†Based upon National Heart, Lung and Blood Institute Obesity Education Ini-
tiative criteria: Underweight/normal = body mass index (BMI) <25, Over-
weight/obesity class I BMI ≥25 and <35 and Obesity class II–III = BMI ≥ 35.
‡For second- and third-line therapies only.
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(10.5%); proportions varied during second-line [adalimumab

(49.2%), etanercept (29.3%), infliximab (25.2%) and ustek-

inumab (20.0%)] and third-line [infliximab (36.6%), ustek-

inumab (34.5%), etanercept (19.5%) and adalimumab (6%)]

treatment.

During first-line therapy, the most common dose and dosing

interval was 45 mg every 12 weeks for ustekinumab (57.5%),

5 mg/kg every 8 weeks for infliximab (44.4%), 40 mg every

other week for adalimumab (80.9%), and 50 mg weekly (57.9%)

(Table 4). In addition, notable proportions of doses were given

as 90 mg every 12 weeks for ustekinumab, 5 mg/kg every

6 weeks for infliximab and 50 mg twice weekly for etanercept,

whereas smaller proportions were recorded at other doses and

intervals. Ustekinumab and infliximab were typically adminis-

tered at a physician’s office or hospital location (83.1% and

73.3% of doses respectively), while adalimumab and etanercept

were administered in such settings in a small minority of admin-

istrations (7.1% and 3.0% of doses, respectively). Generally simi-

lar dosing patterns were observed for each biologic agent when

prescribed as second- or third-line therapy (Table 4). The med-

Table 2 Summary of new starts for first- through seventh-lines of therapy included in the current analyses; patients with psoriasis
initiating new therapy during the registry

Ustekinumab Infliximab Adalimumab Etanercept Total

New therapy starts, N 1833 327 1303 537 4000

First-line therapy* 361 (19.7) 63 (19.3) 402 (30.9) 289 (53.8) 1115

Second-line therapy 566 (30.9) 93 (28.4) 622 (47.7) 155 (28.9) 1436

Third-line therapy 551 (30.1) 103 (31.5) 197 (15.1) 71 (13.2) 922

Fourth-line therapy 248 (13.5) 49 (15.0) 71 (5.4) 16 (3.0) 384

Fifth-line therapy 84 (4.6) 14 (4.3) 9 (0.7) 6 (1.1) 113

Sixth-line therapy 21 (1.1) 5 (1.5) 2 (0.2) 0 28

Seventh-line therapy 2 (0.1) 0 0 0 2

Data are presented as number of patients (%).
*For lines of therapy beyond first-line, the prior biologic may have been any of the four biologics included in these analyses or other biologics not approved for
psoriasis (golimumab), those no longer available for treating psoriasis (efalizumab and alefacept) or those received via participation in a clinical study but not
available for treatment of psoriasis (briakinumab).

Table 3 Demographics and disease characteristics prior to first-line therapy; patients with psoriasis initiating new therapy during the
registry

Ustekinumab Infliximab Adalimumab Etanercept All

Patients initiating first-line therapy 361 63 402 289 1115

Age (years), N
Mean � SD

361
46.7 � 14.41

63
49.9 � 14.16

402
47.3 � 13.84

289
46.0 � 14.89

1115
46.9 � 14.33

Gender, N
Male

361
204 (56.5)

63
39 (61.9)

402
230 (57.2)

289
159 (55.0)

1115
632 (56.7)

Race, N
White

361
324 (89.8)

63
59 (93.7)

402
307 (76.4)

289
232 (80.3)

1115
922 (82.7)

BMI (kg/m2), N
Mean � SD

357
29.5 � 6.54

62
31.3 � 7.42

400
31.1 � 7.05

287
30.14 � 7.68

1106
30.4 � 7.11

Years since psoriasis diagnosis, N*
Mean � SD

359
16.4 � 13.44

61
16.6 � 12.43

399
11.8 � 11.69

289
12.9 � 12.90

1108
13.9 � 21.79

Percent BSA, N
Mean � (SD)

356
22.6 � 21.61

61
27.9 � 23.59

398
20.1 � 22.40

286
18.2 � 19.84

1101
20.9 � 21.68

PGA score, N
Mean � SD
PGA = 4/5†

350
2.9 � 0.98
93 (26.6)

60
2.8 � 0.96
14 (23.3)

382
2.8 � 1.07
80 (21.0)

276
2.6 � 1.07
47 (17.0)

1068
2.8 � 1.04
234 (21.9)

Prior therapy, N*
Phototherapy
Immunomodulators
Methotrexate
Cyclosporine

361
182 (50.4)
166 (46.0)
123 (34.1)
70 (19.4)

63
34 (54.0)
33 (52.4)
22 (34.9)
11 (17.5)

402
151 (37.6)
145 (36.1)
118 (29.4)
42 (10.4)

289
115 (39.8)
100 (34.6)
77 (26.6)
26 (9.0)

1115
482 (43.2)
444 (39.8)
340 (30.5)
149 (13.4)

Data are presented as number of patients (%), unless otherwise indicated.
*Duration of psoriasis and prior therapy were collected at entry into the registry.
†PGA score of 4 or 5 indicates marked or severe psoriasis.
BMI, body mass index; BSA, body surface area; covered with psoriasis, 1 hand is �1%; PGA, Physician’s Global Assessment; SD, standard deviation.

© 2016 The Authors. Journal of the European Academy of Dermatology and Venereology published by John Wiley & Sons Ltd
on behalf of European Academy of Dermatology and Venereology.

JEADV 2016, 30, 1148–1158

Drug survival of biologic therapy in PSOLAR 1151



ian duration of registry follow-up varied among biologics, possi-

bly due to differences in approval dates, regional market avail-

ability and prescribing tendencies (Table 5).

For first-line users who discontinued biologic therapy, med-

ian duration of treatment was 676 days for infliximab, 613 days

for ustekinumab, 569 days for adalimumab and 565 days for

etanercept (Table 6). In addition, ustekinumab was received for

621 days and 510, 446 and 317 days for adalimumab, infliximab

and etanercept, respectively, for second-line therapy; corre-

sponding days for third-line therapy were 592, 457, 416 and

337 days. Across all three lines of therapy, numerically lower

proportions of patients discontinued ustekinumab compared

with each anti-TNF agent (Table 7). For first-line use, 8.6% of

patients discontinued ustekinumab compared with 25.4% (in-

fliximab), 37.6% (adalimumab) and 43.9% (etanercept)

(Table 7). Trends were generally similar for second-line and

third-line therapies, although the proportions of patients who

discontinued treatment were numerically higher than those for

first-line therapy. The most common reason for discontinuing

treatment was lack of effectiveness for each treatment cohort

and for each line of therapy (Table 7).

For first-line therapy, Kaplan–Meier survival curves

showed the time to discontinuation was longer for ustek-

inumab compared with each TNF-a inhibitor (Fig. 1a). Sim-

ilar results were observed among second- and third-line

therapies. Also, the survival curves for the TNF-a inhibitor

groups initiating second- and third-line therapies declined

more rapidly compared with ustekinumab and were overlap-

ping (Fig. 1b,c).

Multivariate analysis revealed significantly shorter times to

discontinuation of first-line use of infliximab, adalimumab

and etanercept compared with ustekinumab (reference treat-

ment); the same was true for second- and third-line biologic

therapy (Table 8). Factors significantly affecting time to treat-

ment discontinuation varied across first-, second- and third-

line lines of therapy. For first-line therapy only, concomitant

MTX use was independently associated with a shorter time to

discontinuation of biologic therapy compared with no use of

MTX. Additional factors associated with time to discontinua-

tion of biologic therapy included gender (i.e. lower likelihood

of stopping/switching for males for first- and third-line bio-

logic therapy) and geographical differences (e.g. lower likeli-

Table 4 Most common maintenance doses and dose frequencies by treatment for first-, second- and third-line therapies; doses in
patients with psoriasis initiating new therapy during the registry

Ustekinumab Infliximab Adalimumab Etanercept

First-line therapy, N
Dose
Frequency
n (%)

1412
45 mg*
Every 12 weeks
812 (57.5)

270
5 mg/kg
Every 8 weeks†
120 (44.4)

1274
40 mg
Every other week
1031 (80.9)

1002
50 mg
Weekly‡
580 (57.9)

Second-line therapy, N
Dose
Frequency
n (%)

2081
45 mg*
Every 12 weeks
956 (45.9)

281
5 mg/kg
Every 8 weeks†
104 (37.0)

2113
40 mg
Every other week
1743 (82.5)

397
50 mg
Weekly‡
195 (49.1)

Third-line therapy, N
Dose
Frequency
n (%)

2040
45 mg*
Every 12 weeks
803 (39.4)

358
5 mg/kg
Every 8 weeks†
115 (32.1)

621
40 mg
Every other week
487 (78.4)

177
50 mg
Twice Weekly‡
92 (52.0)

Data are reported as number of doses administered (%). N = total number of administrations for each line of therapy.
*In addition, a large proportion of 90-mg doses of ustekinumab every 12 weeks were administered, including 375/1412 (26.6%) during first-line therapy, 733/
2081 (35.2%) during second-line therapy and 780/2040 (38.2%) during third-line therapy.
†Infliximab 5 mg/kg was administered every 6 weeks (35/270 [13.0%]) and at ‘other’ dosing intervals (32/270 (11.9%) during first-line therapy; corresponding
frequencies were 41/281 (14.6%) and 48/281 (17.1%) during second-line therapy and 55/358 (15.4%) and 62/358 (17.3%) during third-line therapy.
‡A large proportion of etanercept 50-mg doses were administered twice weekly during first-line therapy [375/1002 (37.4%)] and second-line therapy [170/397
(42.8%)] and weekly during third-line therapy (76/177 [42.9%]).

Table 5 Median duration of registry follow-up until stop/switch for first-line, second-line and third-line treatments; patients with psoriasis
initiating new therapy during the registry

Ustekinumab Infliximab Adalimumab Etanercept All

First-line therapy starts, N

Median, Years

361

1.98

63

2.73

402

2.70

289

3.08

1115

2.50

Second-line therapy starts, N

Median, Years

566

2.88

93

3.04

622

3.77

155

3.15

1436

3.24

Third-line therapy starts, N

Median, Years

551

3.49

103

3.34

197

3.92

71

3.22

922

3.52
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hood of discontinuing treatment in Europe vs. North Amer-

ica) for first-line therapy and higher likelihood in Latin Amer-

ica vs. North America for second-line therapy). Other

significant covariates (i.e. age, alcohol use and discontinuation

due to insurance) are listed in Table 8. The remaining covari-

ates evaluated (listed in Table 1, but not Table 8) were not

found to be significantly associated with drug survival. Of

note, the presence of PsA did not significantly affect time to

discontinuation for first-line (HR: 0.886, CI: 0.90, 1.138,

P = 0.3445), second-line (HR: 0.878, CI: 0.722, 1.068,

P = 0.1928) or third-line (HR: 1.064, CI: 0.832, 1.360,

P = 0.6234) therapies. Results presented here represent the

imputed model, in which there were very few patients with

missing data (except for age at diagnosis of psoriasis; Table 8).

Table 6 Summary of median days on first-, second- and third-line therapy; patients with psoriasis who initiated and discontinued new
therapy during the registry

Ustekinumab Infliximab Adalimumab Etanercept

First-line therapy
All patients, N
Days on therapy

Discontinued, n (%)
Days on therapy

361
613 (448–894)
31 (8.6)
316 (199–589)

63
676 (309–1034)
16 (25.4)
305 (188 – 758)

402
569 (239–894)
151 (37.6)
258 (129–537)

289
565 (246–1024)
127 (43.9)
215 (120–413)

Second-line therapy
All patients, N
Days on therapy

Discontinued, n (%)
Days on therapy

566
621 (365–947)
106 (18.7)
302 (183–490)

93
446 (213–779)
51 (54.8)
316 (162–821)

622
510 (230–981)
250 (40.2)
244 (127–475)

155
317 (121–738)
75 (48.4)
153 (53–281)

Third-line therapy
All patients, N
Days on therapy

Discontinued, n (%)
Days on therapy

551
592 (323–985)
129 (23.4)
287 (155–476)

103
416 (242–769)
49 (47.6)
312 (172–513)

197
457 (185–841)
90 (45.7)
204 (95–414)

71
337 (128–679)
35 (49.3)
166 (74–309)

Days on therapy are presented as median (interquartile range).

Table 7 Proportion of patients who discontinued and reasons for discontinuation of first-, second- and third-line therapy; patients with
psoriasis initiating new therapy during the registry

Ustekinumab Infliximab Adalimumab Etanercept

First-line therapy, N
Number (%) discontinued
Reasons for discontinuation
Lack of effectiveness
Patient choice
Insurance/reimbursement
Other
Adverse event

361
31 (8.6)

12 (38.7)
5 (16.1)
5 (16.1)
4 (12.9)
2 (6.5)

63
16 (25.4)

9 (56.3)
-
1 (6.3)
1 (6.3)
5 (31.3)

402
151 (37.6)

61 (40.4)
38 (25.2)
23 (15.2)
25 (16.6)
15 (9.9)

289
127 (43.9)

65 (51.2)
16 (12.6)
16 (12.6)
23 (18.1)
11 (8.7)

Second-line therapy, N
Number (%) discontinued
Reasons for discontinuation
Lack of effectiveness
Other
Patient choice
Insurance/reimbursement
Adverse event

566
106 (18.7)

53 (50.0)
18 (17.0)
16 (15.1)
6 (5.7)
4 (3.8)

93
51 (54.8)

17 (33.3)
11 (21.6)
3 (5.9)
4 (7.8)
14 (27.5)

622
250 (40.2)

121 (48.4)
30 (12.0)
33 (13.2)
26 (10.4)
25 (10.0)

155
75 (48.4)

36 (48.0)
7 (9.3)
12 (16.0)
14 (18.7)
8 (10.7)

Third-line therapy, N
Number (%) discontinued
Reasons for discontinuation
Lack of effectiveness
Patient choice
Other
Insurance/reimbursement
Adverse event

551
129 (23.4)

73 (56.6)
15 (11.6)
13 (10.1)
12 (9.3)
6 (4.7)

103
49 (47.6)

25 (51.0)
5 (10.2)
7 (14.3)
2 (4.1)
8 (16.3)

197
90 (45.7)

46 (51.1)
11 (12.2)
10 (11.1)
9 (10.0)
8 (8.9)

71
35 (49.3)

24 (68.6)
5 (14.3)
4 (11.4)
-
3 (8.6)

Data are listed in ascending order based on first-line ustekinumab therapy.
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Psoriatic arthritis subgroup
While 119 of the 1115 psoriasis patients (10.6%) starting first-

line therapy reported a concurrent diagnosis of PsA confirmed

by a rheumatologist, corresponding proportions for second- and

third-line therapies were 192/1436 (13.4%) and 141/922

(15.3%). A total of 539 new biologic starts (first- through sev-

enth-line) were identified in the PsA subgroup (Table S1).

Demographic and disease characteristics of the PsA subgroup

were comparable across first-, second- and third-line therapies

and varied from those of the overall psoriasis population

(Table S2). Specifically, patients in the PsA subgroup were older,

had been diagnosed with psoriasis for a longer period of time,

and had more severe psoriasis (i.e. higher %BSA and higher

mean PGA score) compared with the overall psoriasis group;

higher proportions of patients had received phototherapy and

immunomodulators as well.

The patterns for most common dose and dosing interval for

each biologic agent in the PsA subgroup were generally compara-

ble to those in the overall psoriasis population (Table S3). As in

the overall psoriasis population, the median duration of registry

follow-up in the PsA subgroup varied across treatment groups

(Table S4) and median days on therapy for each line of therapy

were generally higher in the ustekinumab group compared with

the other treatment groups (Table S5). As in the overall psoriasis

population, the proportion of patients in the PsA subgroup who

discontinued therapy was lower for patients treated with ustek-

inumab compared with each anti-TNF agent across the first-, sec-

ond- and third-line cohorts (Table S6, Fig. S1).

Multivariate analyses showed that comparisons of drug sur-

vival did not reach statistical significance for infliximab, adali-

mumab or etanercept for first-line therapy; however, the

comparison between ustekinumab and all three biologics for sec-

ond-line therapy and between ustekinumab and etanercept for

third-line therapy showed significantly better survival in the PsA

subgroup (Table S7). Again, other significant predictors affecting

time to treatment discontinuation varied across first-, second-

and third-line lines of therapy in the PsA subgroup, and the

evaluation was limited by cohort sizes (Table S7).

Discussion
In this analysis of PSOLAR, the drug survival of biologics for the

treatment of psoriasis was evaluated, while considering whether

patients initiated treatment as first-, second- or third-line ther-

apy. Based on multiple measures, including proportion of

patients who discontinued therapy and time to discontinuation,

ustekinumab had better drug survival compared with TNF-a
inhibitors among patients with psoriasis across all three lines of

therapy and generally among those with concurrent PsA across

second- and third-line therapies. This is in keeping with the

recently published results from another registry of 3523 bionaive

patients (BADBIR), which also found that ustekinumab had the

highest drug survival compared with infliximab, adalimumab

and etanercept.17 Importantly, our evaluation included a large

number of patients who initiated a new biologic therapy at, or

after, enrolment in PSOLAR. While each biologic was most fre-

quently administered at a dosage consistent with the product

labels,18–21 dosing was maximized in some patients. We believe

the findings presented here represent patterns of treatment and

drug survival in real-world dermatologic practice.
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The Kaplan–Meier survival curves generated from these anal-

yses showed ustekinumab had the longest time to discontinua-

tion compared with the other biologics; results were generally

comparable to those from other studies that included ustek-

inumab and TNF-a inhibitors.4,5,10,12,22 The overall decline in

drug survival observed within each treatment cohort among

patients receiving second- or third-line therapies relative to first-

line therapy suggests that discontinuation of prior biologic ther-

apies may be predictive of lower drug survival with subsequent

biologics, as reported elsewhere.3,4,12,23,24 This suggests that

patients who discontinued one or more biologic may have more

refractory disease or perhaps alterations in their immune system

related to prior therapy. The common trend towards initially

steeper curves followed by a flattening over time may reflect a

well-motivated group of patients who adapted to initial chal-

lenges and were less likely to discontinue therapy later. Declining

drug survival may also, in part, be related to treatment effective-

ness, which was slightly diminished in patients receiving biolog-

ics as later-line therapy compared with those receiving their first

biologic.

Multivariate analyses validated the finding of better treatment

survival with ustekinumab based on significant differences in

time to discontinuation between ustekinumab and each TNF-a
inhibitor during first-, second- and third-line therapy. Also,

male gender was favourably associated with drug survival, as

documented in other studies.9,12,25,26 Of note, patients receiving

MTX were significantly more likely to discontinue biologic treat-

ment compared with those without concomitant MTX use in

bionaive (i.e. first-line therapy), but not in biologic-experienced,

patients; the reason for these findings is unclear. Also, MTX

usage increased with each subsequent line of therapy. As anti-

body formation has been shown to diminish response to some

biologic therapies,2 it is possible that MTX was used more often

with subsequent therapies to prevent antibody formation and

potentially increase effectiveness. Finally, it is noteworthy that

the presence of PsA was not significantly associated with treat-

ment discontinuation in our analyses.

Lack of response was the most common reason observed

for discontinuation of treatment in PSOLAR, which is in

keeping with prior reports.3–6 The proportions of patients

who discontinued treatment due to lack of effectiveness in

PSOLAR tended to be somewhat higher with second- and

third-line biologic use, although the numbers are not large

enough to draw definitive conclusions. Other factors that

could lead to discontinuation of treatment include lack of tol-

erability, development of an adverse event requiring cessation

of treatment, or lack of access (e.g. change or loss of health

insurance). Moreover, factors related to dosing interval or

convenience of administration may influence drug survival.

For example, both infliximab and ustekinumab are generally

administered by a health care provider, which could, in turn,

promote better adherence to the prescribed treatment regimen;T
ab
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however, infliximab was not associated with better drug sur-

vival on a consistent basis.

In the current analyses, the proportion of first-line users of

biologics with concomitant PsA was somewhat lower compared

with second- and third-line therapy (10.6%, 13.4% and 15.3%,

respectively), suggesting that patients with PsA may be more

likely to be treated with sequential biologics. This is in keeping

with other reports that indicated response to treatment may be

reduced in bio-experienced patients with PsA and rheumatoid

arthritis, often leading to a switch in treatment to achieve a bet-

ter response.27–30 Consistent with overall psoriasis patients, the

proportion of confirmed PsA patients who discontinued treat-

ment was lower and the time to discontinuation was longer for

the ustekinumab cohort compared with the infliximab, adali-

mumab and etanercept groups. While the power of the analysis

was limited by smaller cohort sizes in the confirmed PsA sub-

group, the hazard ratios for drug survival for ustekinumab com-

pared with the TNF-a inhibitors were notably favourable for all

comparisons (except for first-line use) among PsA patients.

Therefore, taking into account the limitations of the analysis, the

overall findings suggest that drug survival for ustekinumab in

patients with concurrent PsA reflect observations among the

overall psoriasis population.

Our analyses were designed to reduce the impact of prior expo-

sure to other biologic treatments on the evaluation of drug sur-

vival. Specifically, the cohorts were defined by whether newly

initiated treatments represented first-, second- or third-line bio-

logic use, which may have prevented potential biases and con-

founding factors associated with an analysis of all new users.

However, the results reported herein may be subject to limitations

inherent to observational studies, such as lack of randomization

of patients to different biologic agents as well as various factors

that affect patient access to therapy. Limitations with regard to

data capture include that dose escalation data were not consis-

tently available for all biologic cohorts preventing stratification

based on this factor, the number of patients with Psoriasis Area

and Severity Index data was too small to allow meaningful inter-

pretation, and specific details with regard to dose and duration of

MTX usage were not available. Also, the numbers of patients initi-

ating ustekinumab and adalimumab in our analyses were higher

than those for etanercept and infliximab. The large majority of

patients received ustekinumab and infliximab in a medical setting

while adalimumab and etanercept were self-administered in most

cases. Finally, the subset of PsA patients was limited to only those

who were diagnosed before entering the registry.

In conclusion, our results indicate that drug survival of ustek-

inumab is better than that of TNF-a inhibitors for both bio-

logic-naive and biologic-experienced patients with psoriasis.

Findings among patients with a concurrent diagnosis of PsA

were limited by population size, but they suggest no difference

from those reported for all psoriasis patients, which supports the

sustainability of chronic therapy with ustekinumab for both con-

ditions. Additional studies of comparative effectiveness and

quality of life among biologics in PSOLAR will help evaluate the

reasons for differences in drug survival reported here.
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among patients with confirmed psoriatic arthritis initiating any
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(b) second-line therapy and (c) third-line therapy.
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