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Little is known about the drug survival of second-line biologic therapies for psoriasis in routine clinical practice.
We assessed drug survival of second-line biologic therapies and estimated the risk of recurrent discontinuation
due to adverse events or ineffectiveness in psoriasis patients who had failed a first biologic and switched to a
second in a large, multicenter pharmacovigilance registry (n ¼ 1,239; adalimumab, n ¼ 538; etanercept, n ¼ 104;
ustekinumab, n ¼ 597). The overall drug survival rate in the first year after switching was 77% (95% confidence
interval ¼ 74e79%), falling to 58% (55e61%) in the third year. Female sex, multiple comorbidities, concomitant
therapy with cyclosporine, and a high Psoriasis Area and Severity Index at switching to the second-line biologic
were predictors of overall discontinuation (multivariable Cox proportional hazard model). Compared to ada-
limumab, patients receiving etanercept were more likely to discontinue therapy (hazard ratio ¼ 1.95, 95%
confidence interval ¼ 1.46e2.59), whereas patients receiving ustekinumab were more likely to persist (hazard
ratio ¼ 0.46; 95% confidence interval ¼ 0.37e0.58). Discontinuation of the first biologic because of adverse
events was associated with an increased rate of second drug discontinuation because of adverse events (hazard
ratio ¼ 2.48; 95% confidence interval ¼ 1.48e4.16). In conclusion, drug survival rates differed among biologics
and decreased over time; second-line discontinuation because of adverse events was more common among
those who discontinued first-line treatment for this reason. The results of this study should support clinical
decision making when choosing second-line biologic therapy for patients with psoriasis.
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INTRODUCTION
Biologic therapies have markedly improved the management
of moderate to severe psoriasis. The efficacy of these thera-
pies has been established in large randomized clinical trials,
with up to 88% of patients achieving at least a 75%
improvement in the Psoriasis Area Severity Index (Nast et al.,
2015; Reich et al., 2012). In addition, several prospective
cohort studies have also shown the effectiveness of these
therapies in routine clinical practice (Iskandar et al., 2017b;

Norlin et al., 2012; Strober et al., 2016; Zweegers et al.,
2016a).

Despite these impressive findings, approximately 11e35%
of patients fail their first biologic therapy during the first year
of treatment, either because of ineffectiveness or following
the development of adverse events (AEs) (Warren et al.,
2015). Switching biologic therapies on treatment failure is
common (Iskandar et al., 2017a; Leman and Burden, 2012;
Norlin et al., 2012), with several studies suggesting that
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initiating therapy with a second biologic is beneficial
(Clemmensen et al., 2011; Downs, 2010; Gottlieb et al.,
2012; Lecluse et al., 2009; Mazzotta et al., 2009; Ortonne
et al., 2011; Van Lümig et al., 2010). However, to date,
these studies have included relatively small numbers of pa-
tients (range ¼ 10e282 patients), which makes it difficult to
establish a substantive estimate of the risk of recurrent
discontinuation because of AEs or ineffectiveness. Further-
more, the optimal choice of the subsequent treatment in
those patients who fail or who are intolerant of the first-line
biologic treatment is not established (Mauskopf et al., 2014).

Drug survival is a comprehensive measure of drug effec-
tiveness, safety, and real-world utility (van den Reek et al.,
2015a). Several studies reported on drug survival with bio-
logic therapies among patients previously exposed to bio-
logic therapies. Four of these studies have reported only on
drug survival with tumor necrosis factor inhibitors (TNFIs)
(Brunasso et al., 2012; Gniadecki et al., 2011; Inzinger et al.,
2016; Menting et al., 2014), two studies involved the Danish
National Psoriasis Biologic Safety Registry Data (Gniadecki
et al., 2011, 2015), one study involved the PSOriasis Longi-
tudinal Assessment and Registry (Menter et al., 2016), and the
other studies reported data from either a single or a limited
number of dermatology centers (López-Ferrer et al., 2013;
Umezawa et al., 2013; van den Reek et al., 2015b; van
den Reek et al., 2014a; Zweegers et al., 2016b). The find-
ings from these studies differ markedly; for instance, Menting
et al. (2014) reported that drug survival did not differ signif-
icantly between biologic therapies among patients previously
exposed to biologics, whereas Gniadecki et al. (2015) found
that the survival of ustekinumab was equal to that of adali-
mumab and infliximab but superior to that of etanercept.
More recently, Menter et al. (2016) found that ustekinumab
had superior drug survival compared with infliximab, adali-
mumab, and etanercept. Moreover, none of these studies
took into consideration that the threshold for drug discon-
tinuation may change over time (Dávila-Seijo et al., 2016) or
investigated whether the reason for failing the first-line bio-
logic therapy is predictive of the clinical outcome in patients
receiving a second biologic. Furthermore, Menter et al.
(2016) included that patients who could have discontinued
their previous biologic therapy before enrollment into the
register; this has the potential to introduce a source of bias
due to left censorship.

Therefore, a number of clinically important questions
remain unanswered. First, drug survival with second-line
biologic therapies in routine clinical practice needs further
exploration. In doing so, the effect of the increasing number
of biologics available to treat psoriasis in recent years and
their effect on the threshold for drug discontinuation need to
be considered (Dávila-Seijo et al., 2016). In addition, the risk
of recurrent discontinuation because of AEs or ineffectiveness
and whether the reason for failing a first biologic is predictive
of failure of a second is unknown and warrants investigation.

The British Association of Dermatologists Biologic In-
terventions Register (BADBIR) is a UK and Republic of Ireland
prospective, longitudinal pharmacovigilance register. This
represents an ideal resource to assess real-world drug survival
with second-line biologic therapies for psoriasis because of
its large size, a rigorous data collection process, inclusion of

clinically relevant covariates, and high external validity
through participation of 153 dermatology centers (Burden
et al., 2012). In this cohort study, we examined the
comparative drug survival with second-line use of adalimu-
mab, etanercept, and ustekinumab and identified clinically
relevant risk factors for drug discontinuation. We also esti-
mated the risk of recurrent discontinuation because of AEs or
ineffectiveness.

RESULTS
From a prospective cohort of 6,109 biologic-naı̈ve patients
with psoriasis, we identified a total of 1,239 (adalimumab,
n ¼ 538; etanercept, n ¼ 104; ustekinumab, n ¼ 597) who
failed their first biologic therapy and were switched to a
second while under follow-up in the BADBIR (Figure 1).
Overall, 1,181 (95%) of these patients failed first-line TNFIs,
and 47 (4%) and 11 (1%) patients failed first-line ustekinu-
mab or other biologics, respectively (see Supplementary
Table S1 online). Patients who failed first-line TNFIs were
switched to second-line ustekinumab (50%), adalimumab
(42%), and etanercept (8%); 89% and 46% of patients failing
first-line ustekinumab and other biologics were switched to
second-line adalimumab and etanercept, respectively (see
Supplementary Table S1). In total, 941 (76%) of those patients
who were switched to second-line biologics discontinued the
first biologic because of ineffectiveness, whereas 154 (12%)
and 144 (12%) patients discontinued the first biologic
because of the development of AEs or for other reasons,
respectively (see Supplementary Table S2 online).

At the time of switching to a second biologic, the mean �
standard deviation age of patients was 46.3 � 12.8 years,
with 42% female. The mean PASI and Dermatology Life
Quality Index were 12.4 � 9.8 and 13.3 � 13.7, respectively.
Overall, 285 (23%) patients reported having psoriatic arthritis
(PsA), and 70% reported having one or more comorbidities
other than PsA. Baseline (at the time of switching)
demographic and disease characteristics are summarized in
Table 1.

Drug survival with second-line biologic therapies

Drug survival data for second-line biologic therapies were
available for a mean � standard deviation, total follow-up,
and range of follow-up time of 2.7 � 1.6; 2,405.7; and
0.5e7.8 person-years, respectively, with a mean � standard
deviation follow-up time for patients receiving adalimumab
of 3.2 � 1.7 years, those receiving etanercept of 2.7 � 1.6
years, and those receiving ustekinumab of 2.3�1.3 years.
Over the time frame of the study, 457 of 1,239 patients (37%)
discontinued their second biologic therapy.

Kaplan-Meier survival analyses (Table 2) found an
overall survival rate of 77% (95% confidence interval
[CI] ¼ 74e79%) one year after switching, falling to 58%
(55e61%) at 3 years. For individual biologics, the 1-year
survival rate for ustekinumab was 85% (82e87%), for ada-
limumab was 74% (70e77%), and for etanercept was 49%
(39e58%), falling to 73% (68e77%), 50% (46e55%), and
25% (14e37%), respectively, at 3 years (Figure 2a). One year
after starting therapy with second-line biologics, 15%
(13e17%) of patients discontinued therapy because of inef-
fectiveness, 5% (4e7%) because of AEs, and 3% (2e4%) for
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