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ABSTRACT

Introduction: Clinical trials have shown that
psoriasis patients who achieve complete skin
clearance are more likely to report no

impairment in health-related quality of life
(HRQoL) and no psoriasis symptoms versus
patients who achieve almost complete skin
clearance. However, real-world data are lacking.
The objective of this study was to estimate the
real-world proportion of moderate-to-severe
psoriasis patients on biologic treatment who
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achieved a Psoriasis Symptom Inventory (PSI)
total score of 0 (PSI 0; no symptoms) and a
Dermatology Life Quality Index (DLQI) score of
0/1 (DLQI 0/1; no impact on HRQoL), and to
study the relationship between patient-reported
symptoms and HRQoL versus physician-re-
ported psoriasis severity (Psoriasis Area and
Severity Index [PASI]).
Methods: The PSO-BIO-REAL study was a
multinational, prospective, real-world, non-in-
terventional study that included patients
aged C 18 years with moderate-to-severe plaque
psoriasis who had initiated biologic therapy
(either biologic-naı̈ve or had switched biologics
[biologic-experienced]). Psoriasis symptoms
were evaluated using the PSI, and HRQoL was
assessed using the DLQI. Assessments were
conducted at baseline and at 6 and 12 months
after initiating biologic treatment. Associations
between PSI and DLQI with PASI were evaluated
using Spearman correlation coefficients. Post-
hoc analyses evaluated individual PSI items and
the association to PASI response, DLQI and PSI
by index biologic.
Results: At 12 months, 25.5% of patients
achieved PSI 0, and 51.2% achieved DLQI 0/1,
with greater proportions achieving these scores
among biologic-naı̈ve than among biologic-ex-
perienced patients. There was a moderate-to-
strong correlation between PSI and DLQI scores
and PASI scores, with 64.8% of patients with
absolute PASI 0 and 19.4% with absolute PASI
[0 B 2 achieving PSI 0 (6 and 12 months
pooled). Achievement of response varied by
index biologic.
Conclusion: This study demonstrates that in a
real-world setting patients’ QoL improves with
skin clearance. The results also demonstrate
that the correlation between skin clearance and
improvements in HRQoL (DLQI) and psoriasis
symptoms (PSI) is not complete, which high-
lights the importance of considering both
patient- and physician-reported outcomes in
the assessment of psoriasis treatment outcomes.

Keywords: Biologic therapy; Complete skin
clearance; DLQI; Health-related quality of life;
Patient-reported outcomes; Plaque psoriasis;
Psoriasis symptom inventory; Real-world
evidence

Key Summary Points

Why carry out this study?

Plaque psoriasis has a substantial negative
impact on patients’ quality of life.

Clinical trials have demonstrated that the
achievement of complete skin clearance
versus almost complete skin clearance is
associated with clinically meaningful
differences in health-related quality of life
(HRQoL). However, real-world data are
lacking.

The primary objective of this study was to
evaluate complete skin clearance, and to
assess the impact of biologic treatment on
HRQoL and symptoms of psoriasis in real-
world settings

What was learned from the study?

Greater degrees of skin clearance were
associated with more substantial
improvements in HRQoL and with fewer
psoriasis symptoms.

The correlation between patient- and
physician-reported outcome measures was
not complete, emphasizing the
importance of considering both patient-
and physician-reported outcomes when
assessing treatment outcomes.

INTRODUCTION

Psoriasis is characterized by red scaling skin
plaques that, together with comorbidities, can
have a substantial negative impact on patients’
quality of life (QoL) due to physical dysfunc-
tion, psychological issues and social ramifica-
tions of the disease [1–3]. The negative impact
of moderate-to-severe psoriasis on QoL is often
similar to or greater than that of other major
medical conditions, including arthritis, dia-
betes, hypertension, heart disease and cancer
[4].
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A meaningful outcome of treatment for
patients with psoriasis is an avoidance of
impairment in their daily lives [5]. Modern
biologic therapies, such as interleukin-17 and
IL-23 inhibitors, make complete skin clearance,
as measured by the Psoriasis Area and Severity
Index (PASI), a desirable and achievable out-
come for patients with moderate-to-severe pso-
riasis [6]. Clinical trials have demonstrated that
the achievement of complete skin clearance
(PASI 100) versus almost complete skin clear-
ance (PASI 90 to\ 100, indicating 90 to\100%
improvement) is associated with clinically
meaningful differences in health-related QoL
(HRQoL) and burden of skin symptoms [5, 7, 8].
Patients with PASI 100 were more likely to
report that their overall psoriasis signs and
symptoms were not at all severe and that their
disease had no effect on their symptoms and
feelings, and they were also less likely to report
pain [5, 7, 8]. It therefore appears that patients
who achieve complete skin clearance and those
who achieve almost complete skin clearance
may represent distinct disease states, and their
psoriasis experiences and perceptions may differ
in meaningful ways [9].

However, data from controlled clinical trials
may not be generalizable to broader popula-
tions or real-world practice due to, for example,
strict inclusion and exclusion criteria being
unrepresentative of the patient populations
encountered in clinical practice [10]. The rela-
tionships between rates of complete skin clear-
ance, symptom improvement and HRQoL have
not been fully characterized in clinical practice
[7].

The Dermatology Life Quality Index (DLQI)
is a dermatology-specific HRQoL assessment
tool consisting of ten questions covering six
domains: symptoms and feelings, daily activi-
ties, leisure, work and school, personal rela-
tionships and bother with treatment, with an
overall potential score ranging from 0 (not
affected at all) to 30 (very much affected).
A DLQI score of 0/1 indicates no impact of
condition on HRQoL [11, 12]. The Psoriasis
Symptom Inventory (PSI) is a psoriasis-specific,
patient-reported measure of psoriasis symptom
severity developed by Amgen [13]. The PSI
quantifies patients’ perception of eight specific

psoriasis symptoms: itch, redness, scaling,
burning, stinging, cracking, flaking and pain
[13, 14]. Each symptom (or item) is scored from
0 (not at all) to 4 (very severe). The PSI total
score is the sum of the eight items and can
range from 0 to 32. Assessment and validation
of the PSI have shown strong internal consis-
tency, test–retest reliability and responsiveness
to changes in clinical studies [13, 15].

We report here the results from the large,
multinational, observational, PSOriasis Treated
with BIOlogics in REAL Life (PSO-BIO-REAL)
study, the primary objective of which was to
evaluate complete skin clearance and to assess
the impact of biologic treatment on HRQoL and
symptoms of psoriasis in real-world settings
(previously reported) [16]. The aim of the cur-
rent analysis was to assess the proportion of
patients with limited symptoms and experi-
encing no impact on their HRQoL according to
the PSI and DLQI, and to evaluate any associa-
tion between PASI and these patient-reported
outcomes (PROs).

All subjects provided informed consent to
participate in the study. The study received
approval from the relevant Institutional Review
Boards and was performed in accordance with
the Helsinki Declaration of 1964 and its later
amendments.

METHODS

The PSO-BIO-REAL study was a 12-month,
multinational, prospective, observational study
that included adult patients from five countries
(USA, France, Italy, Germany, UK), and its
methodology has been described previously
[16]. In brief, eligible patients were
aged C 18 years, diagnosed with moderate-to-
severe plaque psoriasis and either initiating
therapy with an approved biologic for the first
time (biologic-naı̈ve) or switching to a different
approved biologic (biologic-experienced). Study
assessments (PASI, static Physician’s Global
Assessment [sPGA), static Patient’s Global
Assessment [sPtGA], PSI, DLQI, treatment satis-
faction and global health status) were collected
at baseline and at follow-up visits at 6 and
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12 months following initiation of therapy with
the index biologic.

The primary outcome variable of this study
was the effectiveness of biologics, based on PASI
100 after 6 months following the initiation of a
biologic. Secondary outcome variables included
the PSI and DLQI outcomes.

This analysis descriptively quantified the
proportion of patients with PSI response (de-
fined as score B 8 on the total PSI scale, with a
score for no single item[1), PSI 0 (no disease
activity) and DLQI 0 or 0/1 (no effect on
patient’s life) at 6 and 12 months after treat-
ment initiation among all patients. Other
objectives were to describe the distribution of
treatment response according to PSI and DLQI
scores across the study population (biologic
naı̈ve or biologic experienced and according to
both absolute PASI response and relative PASI
improvement) and to evaluate any association
between clinical measures (PASI) and PROs (PSI
and DLQI) using Spearman’s correlation coeffi-
cient at 6 and 12 months. Post hoc analyses
evaluated individual PSI items according to

PASI response (pooled 6 and 12 months), and
DLQI and PSI per index biologic (at 6 and
12 months). In this analysis, the effectiveness in
treatment groups with C 30 patients was
reported at baseline and assessed until the end
of study or switch in biologic treatment. All
data were analyzed descriptively as observed; no
imputation method was used for missing val-
ues. For continuous measures, mean, standard
deviation (SD), minimum, median and maxi-
mum were used, and for ordinally data, number
and proportion were tabulated. In analyses by
the treatment that patients were either initiated
on or switched to at study initiation (index
biologic), we report number and proportion
switched at months 6 and 12, and have disre-
garded data after the switch to new treatment.
All quantitative analyses were conducted using
SAS version 9.4 (SAS Institute, Cary, NC, USA).

To investigate the association between skin
clearance and PROs, we analyzed the proportion
of patients achieving PSI 0 and DLQI scores of
0/1 according to PASI response categories. The
linear trend between PRO responses and PASI

Table 1 Baseline characteristics of patients enrolled in the PSO-BIO-REAL study

Characteristic Biologic-
naı̈vea(N = 509)

Biologic-
experiencedb

(N = 337)

Index biologicc Overall(N = 846)

Adalimumab
(n = 343)

Etanercept
(n = 143)

Ustekinumab
(n = 256)

Secukinumab
(n = 76)

Age, years, mean (SD) 45.7 (14.0) 50.0 (12.9) 46.4 (14.0) 49.4 (14.6) 46.0 (13.3) 50.8 (11.5) 47.4 (13.8)

Male, n (%) 321 (63.1) 214 (63.5) 207 (60.3) 98 (68.5) 158 (61.7) 52 (68.4) 535 (63.2)

White, n (%) 473 (92.9) 308 (91.4) 312 (91.0) 139 (97.2) 232 (90.6) 70 (92.1) 781 (92.3)

BMI, kg/m2, mean
(SD) (n = 830)

28.8 (6.8) 30.3 (6.7) 29.0 (6.7) 29.0 (6.7) 29.2 (6.8) 31.0 (5.7) 29.4 (6.8)

Duration of psoriasis,
years, mean (SD)

17.1 (13.3) 20.4 (12.8) 17.8 (12.9) 19.7 (14.7) 18.2 (13.1) 20.3 (12.7) 18.4 (13.2)

Psoriatic arthritis, yes,
n (%)

119 (23.4) 119 (35.3) 96 (28.0) 46 (32.2) 67 (26.2) 22 (28.9) 238 (28.1)

Prior biologic use,
n (%)

2 (0.4) 337 (100.0) 88 (25.7) 32 (22.4) 154 (60.2) 49 (64.5) 339 (40.1)

PASI, mean (SD) 14.38 (8.5) 14.18 (10.5) 13.9 (8.5) 14.0 (8.4) 13.8 (9.4) 16.6 (12.1) 14.3 (9.3)

PSI, mean (SD) 17.4 (7.7) 17.1 (7.8) 17.0 (7.6) 16.5 (7.6) 17.5 (7.6) 18.4 (7.99) 17.3 (7.8)

DLQI, mean (SD) 12.9 (7.6) 11.6 (7.7) 12.1 (7.3) 11.9 (7.4) 12.6 (7.8) 13.8 (8.4) 12.4 (7.6)

BMI Body mass index, DLQI Dermatology Life Quality Index, PASI Psoriasis Area and Severity Index, PSI Psoriasis Symptom Inventory, SD standard
deviation
a Subjects who were not exposed to biologic treatment prior to study enrolment
b Subjects who received biologic treatment prior to study enrolment but switched to a different biologic at study entry
c Two patients received certolizumab pegol and 26 patients received infliximab. Aggregated baseline characteristics for these patients have not been reported
separately by index biologic because of low numbers
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response categories was evaluated by applying
an adjusted logistic regression. The correlations
between PASI scores and PSI/DLQI scores were
evaluated with Spearman’s correlation coeffi-
cient [17, 18].

RESULTS

Baseline characteristics for all patients are
summarized in Table 1. In total, 846 patients
were enrolled in the study, of whom 60.2% were
biologic naı̈ve. Most patients were male
(63.2%), and the mean age was 47.4 (SD 13.8)
years. At baseline, the mean PASI score was 14.3
(SD 9.3). Both patient- and physician-measured
global assessments (sPtGA and sPGA],

respectively) suggested moderate-to-severe
symptoms, although patients reported greater
symptom severity than physicians. The mean
baseline PSI and DLQI scores were 17.3 (SD 7.8)
and 12.4 (SD 7.6), respectively.

PSI assessments were available for 603
patients at month 6 and 502 patients at month
12. At months 6 and 12, 22.6 and 25.5% of
patients, respectively, achieved PSI 0, and 58.5
and 65.5% of patients, respectively, were PSI
responders (Fig. 1a). A greater proportion of
biologic-naı̈ve patients achieved PSI 0 compared
with biologic-experienced patients (31.0 vs.
17.6% at month 12). At months 6 and 12, 603
and 508 patients, respectively, were available
for assessment of DLQI. Analysis of DLQI results
showed that 47.3 and 51.2% of patients
achieved DLQI 0/1 and that 31.0 and 34.4% of
patients achieved DLQI 0 at months 6 and 12,

Fig. 1 Achievement of PSI 0 (no disease activity) or PSI
response (a) and DLQI 0/DLQI 0/1 (no effect on
patient’s life) (b) at baseline and at 6 and 12 months
following treatment initiation, overall and by prior biologic
use (biologic naı̈ve and biologic experienced). Percentages
are based on the number of observed (not including
missing) patients. DLQI Dermatology Life Quality Index,
PSI Psoriasis Symptom Inventory

Fig. 2 Distribution of PASI categories and absolute PASI
scores in patients who achieved PSI 0/PSI response (a) and
DLQI 0/DLQI 0/1 (b) (pooled 6 and 12 months). PASI
Psoriasis Area and Severity Index
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Fig. 3 Proportions of patients achieving PSI 0 for each PSI item according to PASI response (pooled 6 and 12 months).
PASI Psoriasis Area and Severity Index, PSI Psoriasis Symptom Inventory
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respectively (Fig. 1b). A higher proportion of
biologic-naı̈ve patients achieved DLQI 0/1 ver-
sus biologic-experienced patients (54.6 vs.
46.1%, respectively, at month 12).

Patients were more likely to achieve PSI 0 if
they also achieved greater degrees of skin
clearance. This trend was seen for both absolute
PASI response and relative PASI improvement
(Fig. 2a). There was an increase in the propor-
tion of patients who achieved PSI 0 among
those with complete skin clearance (PASI 100,
64.8%) versus those with almost complete skin
clearance (PASI 90 to\100, 26.3%) at month 6.
For all items of the PSI score, a significant trend
in the correlations between the proportion of
patients with no symptoms and PASI response
was observed (Fig. 3). Patients were also more
likely to achieve DLQI 0/1 if they achieved
greater degrees of skin clearance (Fig. 2b), with a
similar increase observed between PASI 90
to\100 and PASI 100 (70.0 vs. 84.4%,
respectively).

Spearman’s rank correlation analysis was
performed to determine the relationship
between PASI scores and PSI and DLQI, at
months 6 and 12. All correlations were statisti-
cally significant and ranged between 0.58 and
0.68 (P\ 0.0001) (Table 2).

Achievement of PSI 0 in patients who con-
tinued their index biologic treatment to
months 6 and 12 ranged from 14.6% of those
on etanercept to 25.8% of those taking adali-
mumab at month 6, and from 22.9% (ustek-
inumab) to 29.9% (etanercept) at month 12.
The attainment of PSI response ranged from

45.5% of those on secukinumab to 68.0% of
those taking adalimumab at month 6 (Fig. 4a);
similar results were observed at 12 months, with
slightly higher proportions of patients achiev-
ing PSI response than at month 6. Achievement
of DLQI 0 and DLQI 0/1 ranged from 20.2% of
patients on etanercept to 36.9% of those taking
adalimumab for DLQI 0, and from 39.3%
(etanercept) to 53.0% (ustekinumab) for DLQI
0/1 at 6 months, again with slightly higher
proportions of responders at month 12 (Fig. 4b).
Data for patients who switched to another bio-
logic were excluded from this analysis after the
switch. The proportions of patients who swit-
ched to another treatment during the study
were 18.9% of those on etanercept, 15.2% of
those on adalimumab and 6.6% of those on
ustekinumab and secukinumab. Two biologics
were not evaluated due to low patient numbers
in both groups: infliximab (n = 26) and cer-
tolizumab pegol (n = 2).

DISCUSSION

The PSO-BIO-REAL study was an observational
study reporting on complete skin clearance and
PROs in psoriasis, which enrolled patients from
five countries who were initiating treatment
with a biologic, either for the first time or
switching from another biologic. This analysis
shows that patient QoL improved with skin
clearance, but that the correlation between PASI
response and PROs was not complete.

As expected, greater degrees of skin clearance
were associated with more substantial
improvements in HRQoL and burden of skin
symptoms, as measured by DLQI and PSI.
Importantly, the analysis showed that attain-
ment of complete skin clearance is associated
with a considerably larger proportion of
patients achieving symptom resolution than
almost complete skin clearance. From patients’
perspectives, this may indicate that the symp-
tom burden is greater for patients who have
only partially cleared skin, even for PASI 90 and
above, compared with complete clearance, and
therefore highlights the importance of achiev-
ing complete skin clearance. These observations
are consistent with the findings of previous

Table 2 Spearman correlation between Psoriasis Area and
Severity Index and Dermatology Life Quality Index and
Psoriasis Symptom Inventory, respectively

Assessment time DLQI (n = 672) PSI (n = 672)

Month 6 0.58 0.64

Month 12 0.63 0.68

All correlations were statistically significant (P\ 0.0001)
q = 0.00–0.19 is a very weak association; q = 0.20–0.39 is
a weak association; q = 0.40–0.59 is a moderate associa-
tion; q = 0.60–0.79 is a strong association; q = 0.80–1.0
is a very strong association [16, 17]
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clinical and observational studies, which
demonstrated that attainment of PSI 0 or DLQI
0/1 was significantly higher among patients
who achieved complete skin clearance (defined
as PASI 100 or sPGA 0) compared with those
who achieved almost complete skin clearance
(PASI 75 to\100 or sPGA 1) [5, 7–9, 19]. In
addition, patients with complete skin clearance

had fewer signs and symptoms of psoriasis and
were more likely to report no impact of psoriasis
on HRQoL compared with patients who had
almost complete skin clearance [5, 7–9, 19].

A significant proportion of patients who
continued their index biologic treatment
throughout the course of the study failed to
achieve complete DLQI or PSI response,

Fig. 4 Achievement of PSI 0/PSI response (a) and DLQI
0/DLQI 0/1 (b) at 6 and 12 months by index biologic.
Note: Two biologics are not illustrated due to low patient

numbers in both groups: infliximab (n = 26) and cer-
tolizumab pegol (n = 2). DLQI Dermatology Life Quality
Index, PSI Psoriasis Symptom Inventory
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suggesting that there remains a need for more
efficacious therapeutics for the treatment of all
symptoms of psoriasis. Since enrollment into
this study was completed in 2015, it did not
include newer biologics such as brodalumab,
ixekizumab, guselkumab, tildrakizumab and
risankizumab. Several of these newer biologics
have higher rates of efficacy compared with the
older biologics, such as etanercept and ustek-
inumab, with patients more likely to achieve
complete skin clearance [19–27]. Thus, real-
world rates of complete skin clearance and,
therefore, perhaps these PROs, may have
improved since completion of this study.

A limitation of this study may be that the
rates of patients achieving PSI 0 and DLQI 0/1
were analyzed as observed, which may have
overestimated the response rates, as patients
that had discontinued the study were not
included in the analysis. The rates of patients
achieving PSI 0/responder status and DLQI 0 or
0/1 were also higher at 12 months than at
6 months, which may have been due to fewer
patients being observed at 12 months than at
6 months. Due to their design, in randomized
controlled trials (RCTs), a non-responder
imputation method is most often possible,
which is a more conservative approach than
that of observed analyses. Thus, the PSI and
DLQI rates from this real-world study cannot be
directly compared to those from RCTs due to
differences in statistical analysis methodologies.

The correlation between PASI and both PSI
and DLQI was not complete. Failure to achieve a
complete association between all clinical mea-
sures and PROs may, to some degree, reflect that
physician-reported measures may not suffi-
ciently assess the impact of therapeutics on
patient HRQoL [11]. The failure of patients in
this study to achieve PSI 0, or DLQI 0 or 0/1,
even with complete skin clearance (PASI 100 or
absolute PASI 0), suggests that physician-re-
ported skin clearance may not always mean that
all aspects of the disease, such as HRQoL and
subjective measures of symptoms, have been
fully resolved. These additional elements cap-
tured by the PROs represent important insights
in the evaluation of patients.

CONCLUSIONS

In this large, prospective, real-world study, only
one in four patients experienced no symptoms
of their psoriasis (PSI 0) while approximately
one-half of the patients had no impact on their
HRQoL (DLQI 0/1). Greater degrees of skin
clearance were associated with more substantial
improvements in HRQoL and with fewer psori-
asis symptoms. Of note, complete skin clear-
ance was associated with much higher rates of
PSI/DLQI scores of 0, even compared with
almost complete skin clearance. There was not a
complete correlation between patient- and
physician-reported outcome measures, empha-
sizing the importance of considering both PROs
and physician-reported outcomes when assess-
ing treatment outcomes.
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