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ABSTRACT

Introduction: Treating plaque psoriasis (PsO)
with guselkumab (GUS) promotes skin clear-
ance and is associated with improvements in
health-related quality of life (HRQoL), anxiety,
and depression. It is unclear whether improve-
ments in patient-reported outcomes are due to
resolution of skin symptoms or the direct result
of GUS treatment.

Methods: Two phase 3, placebo- and active-
comparator-controlled studies randomized
patients with moderate-to-severe PsO to GUS,
placebo (crossing over to GUS at week 16), or
adalimumab. Post hoc mediation analyses
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examined direct and indirect effects of GUS, ver-
sus adalimumab, on Dermatology Life Quality
Index (DLQI) or Hospital Anxiety and Depres-
sion Scale (HADS) after adjusting for indirect
effects mediated by skin clearance, evaluated
via Psoriasis Area and Severity Index (PASI), to
determine the direct effect of GUS on dermatol-
ogy HRQoL, depression, and anxiety.

Results: Compared with adalimumab, the
natural direct effect (NDE) of GUS on change in
DLQI from baseline was —2.04 (P<0.001), using
PASI improvement as a mediator, indicating
89.2% of the total treatment effect was due to
direct effects of GUS; using PASI 90 as a media-
tor, NDE of GUS was -1.43 (P<0.001), with
62.2% of the total treatment effect attributed
to direct effects of GUS. Compared with adali-
mumab, 25.5% of change in HADS anxiety score
was mediated through PASI improvement (NDE
-0.74; P=0.002), indicating 74.5% of the total
effect was independent of PASI improvement.
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Similarly, 24% of treatment effect was mediated
through PASI 90 (NDE -0.76; P=0.002). Com-
parable proportions of the total improvement in
HADS depression scores were due to direct and
indirect effects of GUS mediated through PASI
improvement (direct, 50.2%; indirect, 49.8%) or
PASI 90 (direct, 59.5%; indirect, 40.5%).
Conclusions: GUS-mediated improvements in
anxiety, depression, and overall HRQoL are not
solely mediated by resolution of PsO signs, sug-
gesting GUS use has a potential direct effect on
anxiety and depression.

Keywords: Anxiety; Depression; Guselkumab;
Health-related quality of life; Mediation analysis;
Psoriasis

Key Summary Points

Why carry out this study?

Treatment of plaque psoriasis with
guselkumab promotes skin clearance and
is associated with improvements in health-
related quality of life, anxiety, and depres-
sion.

This ad hoc analysis sought to determine the
direct effect of guselkumab on dermatology
health-related quality of life, depression, and
anxiety, after adjusting for indirect effects
mediated by skin clearance.

What was learned from the study?

Compared with adalimumab, <40% of
change in Dermatology Life Quality Index
(DLQI) was mediated through skin clearance
(as measured by Psoriasis Area and Severity
Index [PASI]), indicating that >60% of the
total effect of guselkumab was independent
of PASI improvement; approximately 50% of
the effect of guselkumab on change in Hos-
pital Anxiety and Depression Scale anxiety/
depression scores was independent of PASI
improvement.

Guselkumab-mediated improvements in
anxiety, depression, and overall health-
related quality of life are not solely mediated
by resolution of psoriasis signs, suggesting
guselkumab has a potential direct effect on
anxiety and depression.

INTRODUCTION

Plaque psoriasis (PsO) is a chronic, immune-
mediated inflammatory condition that mani-
fests in skin-related signs (e.g., scaling, redness,
and cracking) and symptoms (e.g., itch and
pain) of disease. Patients with PsO also dem-
onstrate impaired health-related quality of life
(HRQoL), which may include feelings of anxi-
ety or depression that, in turn, may negatively
impact social interactions or self-esteem [1-4].
The prevalence of anxiety and depression is typi-
cally higher in patients with PsO than among
the general population or among patients with
other dermatologic disorders [5-7].

The impact of PsO on HRQoL may be influ-
enced by a number of factors. Predictably, sever-
ity of PsO can contribute to impact on HRQoL
[8]; for example, depression is more common
in patients with more severe disease (5, 9, 10].
Severity of disease had traditionally been defined
by the percentage of affected body surface area
(BSA), but the location of psoriatic plaques on
the body can also have a substantial effect on
HRQoL [11]. For instance, PsO in certain loca-
tions, such as the face, genitals, or hands and/
or feet, has a disproportionately negative impact
on social interactions or self-esteem [11]. Fur-
ther, the relationship between PsO and anxiety/
depression may be reciprocal: while the signs
and symptoms of PsO may contribute to feel-
ings of depression and anxiety, stress may also
exacerbate PsO [5]. Given the multiple, poten-
tially interacting, factors that can contribute
to impaired HRQoL in patients with PsO, it
is important to determine how and to what
extent treatments directly or indirectly improve
HRQoL. In other words, do treatments improve
overall HRQoL through the indirect effects of
improving skin or can treatments directly affect
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mental health and other aspects of HRQoL
through direct action?

Treatment of PsO focuses on mitigating skin-
related manifestations of disease, with the expec-
tation that alleviating those signs and symptoms
will improve HRQoL [11]. This idea is supported
by the observed correlation between improve-
ment in clinical endpoints, such as Psoriasis Area
and Severity Index (PASI), and patient-reported
outcomes (PRO), such as the Dermatology Life
Quality Index (DLQI) and Hospital Anxiety and
Depression Scale (HADS) scores [4, 12-16]. How-
ever, studies have shown that even complete
clearance of PsO does not necessarily eliminate
decrements in skin-related HRQoL. For exam-
ple, in a pooled analysis of two phase 3 studies,
a notable proportion of patients who achieved
clear skin (PASI 100) still reported an impact of
disease on HRQoL, as measured by a PsO-specific
PRO [4]. Taken together, these observations sug-
gest that, while skin-related signs and symptoms
of PsO have a marked effect on daily life, other
tactors may also play a role in overall HRQoL.

Proinflammatory cytokines such as tumor
necrosis factor (TNF), interleukin (IL)-12, and
IL-23 are present in psoriatic lesions and play
a key role in the pathogenesis of PsO [17,
18]. There is also growing evidence for a link
between inflammatory pathways and mood
disorders [19-22]. Biologics targeting inflam-
matory cytokines have demonstrated efficacy
in evoking a clear skin response and have also
been associated with benefits to HRQoL, includ-
ing decreased anxiety and depression [12, 13,
23, 24].

Guselkumab (GUS), a monoclonal antibody
that targets the p19 subunit of IL-23, is approved
for the treatment of moderate to severe plaque
PsO [25]. Two phase 3 studies, VOYAGE 1 and
VOYAGE 2, confirmed the efficacy and safety of
GUS in patients with moderate to severe PsO
[23, 26]. In both studies, significantly greater
proportions of GUS-treated patients achieved
clear or nearly clear skin (an Investigator’s
Global Assessment [IGA] score of 0/1 or PASI 90
response) versus placebo or adalimumab. In
VOYAGE 2, which evaluated PRO using HADS, a
greater proportion of patients treated with GUS
had significantly improved HADS-anxiety and
HADS-depression scores versus patients treated

with placebo or adalimumab [13]. Whether
improvements in anxiety and depression are due
to resolution of skin-related signs and symptoms
of disease or the direct result of GUS treatment
deserves further examination.

This study sought to determine the direct
effect of GUS treatment on dermatology HRQoL,
depression, and anxiety after adjusting for the
indirect effect mediated by skin clearance (evalu-
ated via PASI) to better understand the direct
treatment effects of GUS on HRQoL in patients
with PsO.

METHODS
VOYAGE 1 and VOYAGE 2 Study Designs

VOYAGE 1 and VOYAGE 2 were phase 3, ran-
domized, double-blinded, placebo- and active-
comparator-controlled studies of GUS; study
designs for both trials have been reported in
detail, elsewhere [23, 26]. Both studies enrolled
adults (=218 years of age) with moderate-to-
severe plaque PsO for at least 6 months (defined
as IGA score>3, PASI score>12, and BSA involve-
ment>10%) and who were candidates for pho-
totherapy or systemic therapy. In VOYAGE 1
(N=837) and VOYAGE 2 (N=992), patients
were randomized to GUS 100 mg administered
via subcutaneous injection (SC) at weeks O
and 4, then every 8 weeks (q8w); or placebo at
weeks 0, 4, and 12, followed by GUS 100 mg SC
at weeks 16 and 20, then q8w; or adalimumab
80 mg SC at week 0, 40 mg at week 1, then
40 mg every 2 weeks. Through week 24, the
study designs for VOYAGE 1 and VOYAGE 2 were
identical. In VOYAGE 1, patients randomized to
adalimumab continued to receive adalimumab
every 2 weeks through week 47, then crossed
over, at week 52, to received open-label GUS
100 mg q8w through week 252. In VOYAGE 2,
PASI 90 responders at week 28 entered a rand-
omized withdrawal and GUS re-treatment period
(weeks 28-72), and then received open-label
GUS (weeks 76-252).

In both VOYAGE 1 and VOYAGE 2, the copri-
mary endpoints were the proportion of patients
reaching a >90% improvement in PASI (PASI 90)
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and the proportion of patients achieving an IGA
score of 0/1; primary results have been reported
elsewhere [23, 26]. Impact of PsO on HRQoL,
evaluated using DLQI, was a secondary end-
point in both studies [23, 26]. DLQI is a dez-
matology-specific instrument designed to assess
the impact of the disease on a patient’s HRQoL;
scores range from O to 30, with higher scores
indicating more impact of disease [27]. In addi-
tion, in VOYAGE 2, the emotional impact of PsO
was measured using HADS to assess symptoms
of anxiety and depression. HADS consists of two
subscales, one for anxiety and one for depres-
sion, with scores ranging from O to 21. Higher
scores indicate more severe symptoms, with
scores 28 indicating anxiety or depression [28].

Ethical Approval

This article is based on data from previously con-
ducted studies, VOYAGE 1 (NCT02207231) and
VOYAGE 2 (NCT 02207244), which were con-
ducted in accordance with the Declaration of
Helsinki and were consistent with good clinical
practices and regulatory requirements. Patients
provided written informed consent prior to
enrollment in either trial.

Mediation Analysis Scenarios

Post hoc mediation analyses to examine the
direct and indirect effects of GUS treatment on
DLQI were performed after adjusting for the
indirect effects mediated by PASI, a clinician-
reported measure of skin-related signs of PsO,
using pooled data from VOYAGE 1 and VOY-
AGE 2 (Fig. 1a). The mediation analysis involved
fitting two models: (1) a mediation model for
modeling the mediator variable, given the treat-
ment and covariates, and (2) an outcomes model
for modeling the outcome of interest (e.g.,
DLQI), given the treatment, mediator variable,
and covariates. Variables used in these media-
tion analyses included covariates (age, gender,
body mass index, PsO duration, comorbidity of
known psoriatic arthritis with joint pain, DLQI
score at baseline, and IGA score at baseline), out-
come (change from baseline in absolute DLQI
score at week 24), mediator variables (absolute

PASI improvement versus baseline or PASI 90
response at week 24), and treatment (GUS ver-
sus adalimumab).

In addition, mediation analyses were per-
formed to examine the direct and indirect effects
of GUS treatment on HADS after adjusting for
the indirect effects mediated by PASI using data
from VOYAGE 2 (Fig. 1b). The mediation anal-
ysis involved fitting two models: (1) a media-
tion model for modeling the mediator variable,
given the treatment and covariates, and (2) an
outcomes model for modeling the outcome of
interest (e.g., HADS score), given the treatment,
mediator variable, and covariates. Variables used
in these mediation analyses included covariates
(age, gender, body mass index, PsO duration,
HADS scores at baseline, PASI at baseline, and
race), outcome (change from baseline in abso-
lute HADS score at week 24), mediator variables
(absolute PASI improvement versus baseline at
week 24 or PASI 90 response at week 24), and
treatment (GUS versus adalimumab).

In both scenarios, estimates from the medi-
ation analysis included control direct effect
(independent treatment effect on the outcome
when the mediator is set to a fixed level), natural
direct effect (NDE; effect on the outcome after
adjusting for the indirect effect exerted by the
mediator), natural indirect effect (NIE; treatment
effect on the outcome that is influenced by the
mediator variable), and total effect (total treat-
ment effect on the outcome=NDE+ NIE).

RESULTS
Direct and Indirect Effects on DLQI

Compared with adalimumab, the NDE of GUS
on change in DLQI score from baseline was
—2.04 (95% CI-2.55,-1.53; P<0.001) using PASI
improvement as the mediator; 89.2% of the total
effect was attributed to a direct effect of GUS
treatment. When PASI 90 response was used
as the mediator, the NDE of GUS on change in
DLQI was —1.43 (95% CI-1.95,-0.91; P<0.001),
with 62.2% of the total effect attributed to a
direct effect of GUS treatment (Table 1).
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A. Using data from VOYAGE 1 and VOYAGE 2

Covariates

Treatment

Mediator
(PASI at Week 24)

Qutcome

(GUS or ADA)

B. Using data from VOYAGE 2

(DLQI at
Week 24)

Covariates

Treatment

Mediator
(PASI at Week 24)

Outcome

(GUS or ADA)

Fig.1 Causal diagram of the mediation analyses. These
models allow for exposure—mediator interactions. The nat-
ural direct effect is independent of the treatment effect on
the outcome that is beyond its effect on the mediator; nat-
ural indirect effect is the treatment effect on the outcome
that is mediated (explained) by its effect on the media-

Direct and Indirect Effects on Anxiety

The NDE of GUS on change in HADS anxiety
score mediated through PASI improvement was
-0.74 (95% CI -1.22, -0.27; P=0.002), com-
pared with adalimumab; 74.5% of the total
effect at week 24 was independent of PASI
improvement and 25.5% of the change in anxi-
ety was mediated through PASI improvement
(Table 2). Similarly, when PASI 90 was used as
the mediator, the NDE of GUS (versus adali-
mumab) on change in HADS anxiety score was

(HADS at
Week 24)

tor. Models evaluated treatment effect on DLQI adjust-
ing for PASI (a) and treatment effect on HADS (anxiety
and depression) adjusting for PASI (b). GUS guselkumab,
ADA adalimumab, PASI Psoriasis Area and Severity Index,
DLQIDermatology Life Quality Index, HADSHospital
Anxiety and Depression Scale

-0.76 (95% CI -1.24, -0.28; P=0.002), with
76.0% of the total effect on anxiety due to a
direct effect of GUS (Table 2).

Direct and Indirect Effects on Depression

The direct effect of GUS on change in HADS
depression score was more modest than the
direct effect of GUS on HADS anxiety score
(Table 3). Compared with adalimumab, the
NDE of GUS on change in HADS depression
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Table 1 Mediation analysis of change from baseline in DLQI score at week 24 in patients from VOYAGE 1 and VOY-

AGE2

Effect GUS versus ADA: estimated (95% CI) P value®

With PASI improvement as a mediator
Control direct effect” —2.08(-2.58,—-1.59) <0.001
Natural direct effect —2.04(-2.55,-1.53) <0.001
Natural indirect effect —0.25(-0.38,-0.12) <0.001
Total effect -229(-2.81,-1.76) <0.001
Percent indirect effect* 10.8%
Percent direct effect? 89.2%

With PASI 90 response as a mediator
Control direct effect (PASI 90: non-responder) —2.44 (-3.34,—1.55) <0.001
Control direct effect (PASI 90: responder) —0.66 (—1.24,-0.07) 0.029
Natural direct effect —1.43(-1.95,-0.91) <0.001
Natural indirect effect -0.87 (-1.14,-0.61) <0.001
Total effect —2.30 (—4.65,0.04) 0.054
Percent indirect effect* 37.8%
Percent direct effect? 62.2%

The higher the DLQI score, the more health-related QoL was impaired
DLQIDermatology Life Qliality Index, GUS guselkumab, AD.A adalimumab, CI confidence interval, PASI Psoriasis Area and

Severity Index, QoL quality of life
*P value compares GUS versus ADA

®Level of mediator at which the controlled direct effect was estimated was 17.60 (median PASI improvement at week 24)

“Percent indirect effect = natural indirect effect/total effect

dPercent direct effect = natural direct effect/total effect

score, as mediated through PASI improvement,
was —0.29 (95% CI -0.76, 0.19; P=0.24); simi-
lar proportions of the total effect on depres-
sion at week 24 could be attributed to a direct
treatment effect of GUS (50.2%) and an effect
mediated through PASI improvement (49.8%).
The NDE of GUS, mediated through PASI 90
response, was -0.34 (95% CI -0.82, 0.15;
P=0.17), with 59.5% of the total effect on
HADS depression score resulting from a direct
effect of GUS.

DISCUSSIONS

This study sought to determine the direct effect
of GUS on HRQoL, independent of any ben-
efits mediated through skin clearance using
mediation analysis. Here, mediation analysis
of pooled data from VOYAGE 1 and VOYAGE 2
showed a significant, direct effect of GUS treat-
ment versus adalimumab, on dermatology-spe-
cific HRQoL (measure by DLQI) after adjusting
for the indirect effect mediated through PASI
improvement or PASI 90 response. This sig-
nificant independent treatment effect of GUS
indicates that GUS confers additional benefits
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Table 2 Mediation analysis of change from baseline in HADS anxiety score at week 24 in VOYAGE 2 patients

Effect GUS vs ADA: estimate (95% CI) Pvalue®

With PASI improvement as the mediator®®9
Control direct effect® -0.75 (- 1.23,-0.27) 0.002
Natural direct effect -0.74 (-1.22,-0.27) 0.002
Natural indirect effect —0.25 (- 0.40,—0.11) 0.0005
Total effect —1.00 (- 1.47,-0.52) 0.00004
Percent indirect effect’ 25.5%
Percent direct effect® 74.5%

With PASI 90 response as the mediator®
Control direct effect (PAST 90: non-responder)® —-0.70 (- 1.49, 0.08) 0.078
Control direct effect (PASI 90: responder)’ —0.80 (- 1.40,—0.20) 0.009
Natural direct effect —0.76 (- 1.24,-0.28) 0.002
Natural indirect effect -0.24 (- 0.39,-0.09) 0.002
Total effect —1.00 (- 1.47,-0.53) 0.000033
Percent indirect effect’ 24.0%
Percent direct effect® 76.0%

The higher the HADS score, the worse the anxiety

HADSHospital Anxiety and Depression Scale, GUS guselkumab, 4D.A adalimumab, CIconfidence interval, PASI Psoriasis
Area and Severity Index, DLQI Dermatology Life Qu;?dity Index, QoL quality of life

*P value compares GUS versus ADA
bThe higher the PASI score, the worse the health condition

“The delta method was used to estimate standard error and confidence intervals

dpASI improvement at week 24 = PASI total score at baseline — PASI total score at week 24

“The level of mediator at which the controlled direct effect was estimated was 17.10 (median PASI improvement at week 24)

fPercent indirect effect = natural indirect effects/total effect

8Percent direct effect = natural direct effect/total effect

BPASI 90 non-responders had < 90% improvement in PASI from baseline
IPASI 90 responder had > 90% improvement in PASI from baseline

to HRQoL, beyond those derived through
improvement in skin appearance, as measured
by PASI. Indeed, significant improvements
in fatigue have been reported in GUS-treated
patients, as measured by a short-form survey
(SE-36), compared with patients who received
adalimumab [29]. A direct effect of GUS on
HRQoL is supported by results from a previ-
ous mediation analysis that demonstrated an
effect of GUS on fatigue that was independent

of improvement in clinical outcomes measures
in patients with psoriatic arthritis [30].
Determining the direct effect of GUS on
depression, beyond that associated with skin
improvement, is important. Specifically, VOY-
AGE 2 collected PRO data using HADS, a meas-
ure of general depression and anxiety. In VOY-
AGE 2, the observed decrease in anxiety was
not related to PASI 90 response alone, whereas
the observed decrease in depression was more
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Table 3 Mediation analysis of change from baseline in HADS depression score at week 24 in VOYAGE 2 patients

Effect GUS vs ADA: Estimate (95% CI) Pvalue®

With PASI improvement as the mediator®®d
Control Direct Effect® —0.29 (-0.77,0.20) 0.24
Natural Direct Effect -0.29 (- 0.76,0.19) 0.24
Natural Indirect Effect —0.28 (- 0.43,-0.13) 0.00022
Total Effect —0.57 (- 1.04,—0.09) 0.019
Percent indirect effect 49.8%
Percent direct effect® 50.2%

With PASI 90 response as the mediator™
Control direct effect (PASI 90: non-responder)” -0.33 (- 1.12,0.46) 0.41
Control direct effect (PASI 90: responder)’ —-0.35(-0.95,0.26) 0.26
Natural direct effect —0.34 (- 0.82,0.15) 0.17
Natural indirect effect —0.23 (- 0.38,-0.08) 0.0024
Total effect ~0.57 (- 1.04, - 0.09) 0.019
Percent indirect effect! 40.5%
Percent direct effect® 59.5%

HADSHospital Anxiety and Depression Scale, GUS guselkumab, 4DA4 adalimumab, CI confidence interval, PASI Psoriasis
Area and Severity Index, DLQI Dermatology Life Quality Index, QoL quality of life

The higher the HADS score, the worse the depression
*P value compares GUS versus ADA
bThe higher the PASI score, the worse the health condition

‘Delta method was used to estimate the standard error and confidence interval

4pASI improvement at week 24 = PASI total score at baseline—PASI total score at week 24

“The level of mediator at which the controlled direct effect is estimated is 17.10 (median PASI improvement at week 24)

fPercent indirect effect = natural indirect effects/total effect

8Percent direct effect = natural direct effect/total effect

BPASI 90 non-responders had < 90% improvement in PASI from baseline
PASI 90 responder had > 90% improvement in PASI from baseline

strongly influenced by PASI improvement. After
adjustment for the indirect effect mediated
through PASI improvement or PASI 90 response,
the NDE of GUS compared to adalimumab on
anxiety was substantial (approximately 75%).
The direct treatment effect of GUS on depression
was not as robust as its effect on anxiety, with
a moderate effect (approximately 50%) when
adjusted for the indirect effect of change in PASI
or PASI 90 response. Thus, GUS exerted an effect

on anxiety and depression beyond its impact on
skin clearance, although its direct effect on anxi-
ety was more marked than its direct effect on
depression.

There is growing evidence for a link
between mood disorders, such as depression
and anxiety, and inflammatory cytokines;
these pathways present potential mechanisms
through which GUS might exert a direct
effect on mood-related QoL. High proportions
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of inflammatory molecules are reported in
patients with major depressive disorder [19,
20] and meta-analyses of clinically depressed
patients have identified significantly elevated
levels of TNFa, C-reactive protein (CRP),
IL-1, and IL-6 compared to controls [21, 22].
Similarly, increased levels of TNFa, CRP, IL-2,
and IL-6 were observed in meta-analyses of
patients with panic disorders versus healthy
controls [31]. Conversely, reduced depression
and anxiety symptoms have been observed
in patients treated with drugs/antibodies that
inhibit inflammatory cytokines (e.g., IL-1, IL-6,
and TNFa) [19, 32]. Further, inflammatory
cytokines may affect neuropsychiatric
function by activating the enzymes involved
in the synthesis or metabolism of serotonin or
dopamine or by modulating the receptors for
these neurotransmitters, by activating pathways
that promote excitotoxicity or oxidative
stress, or by impairing neuroplasticity and
antidepressant response via reduction of brain-
derived neurotrophic factor (BDNF) [19, 20].
Thus, it is possible that, by targeting IL-23, GUS
may also affect the pathways that contribute to
mood disorders, such as anxiety and depression,
and hence impact HRQoL in patients with PsO
through a mechanism that is unrelated to skin
clearance.

Mediation analysis can be used to estimate
the direct and indirect treatment effects on
an outcome of interest while adjusting for
other mediators in the causal pathway of
the treatment effect. This mediation analysis
used the methodology from Valeri and
VanderWeele, which allows for interaction
between the treatment and mediator (i.e.,
exposure-mediator interaction) [33]. Mediation
analysis clarifies the relationship between
treatment and PRO and, by characterizing
the extent to which a mediator contributes
to overall treatment effect, may suggest the
contribution of pathways not captured by
other clinical assessments [33]. Mediation
analyses are well established in psychology but
their use in the clinical dermatology setting
is more limited [34]. A mediation analysis in
patients with atopic dermatitis concluded that
the direct effect of treatment with a topical
phosphodiesterase 4 inhibitor on QoL was

largely mediated through its alleviation of
pruritus [35]. In patients with PsO, a mediation
analysis identified stigmatization and negative
self-image as key drivers in the relationship
between skin lesions and depression [36]. The
mediation analysis described here suggests that
GUS treatment impacts HRQoL in patients
with PsO, in part, through a mechanism that is
independent of skin clearance. Taken together,
these studies suggest that further application
of mediation analyses in dermatology will
broaden the field’s understanding of complex,
multifactorial diseases.

Using combined data from two phase 3
studies provided a large data set from which to
build the models used in these analyses. The
similarities between the study designs in VOY-
AGE 1 and VOYAGE 2 facilitated pooling these
data. However, the results from these analyses
are limited by the patient populations enrolled
in the VOYAGE studies and, therefore, extrapo-
lation to other patient populations (e.g., those
with mild PsO) may not be appropriate. This
analysis was possible because the VOYAGE
studies collected both clinical and PRO data.
The findings from these analyses justify the
importance of including PRO in future study
designs and protocols. While several PRO tools
exist, HADS is a widely available and well-val-
idated measure of anxiety and depression in
patients with PsO, which makes it a useful end-
point for future studies. Of note, these analyses
focused on evaluation of HRQoL measures at a
particular time point, week 28. To understand
the cumulative direct and indirect effects of
GUS on patient outcomes, the longitudinal
impact of PsO on physiological, psychologi-
cal, and social factors will need to be clarified.
The VOYAGE studies did not include evalua-
tion of alexithymia, which has been associated
with PsO, particularly in those with anxiety
and depression [37]. Further examination of
alexithymia and neuroinflammation may be
helpful in clarifying the interaction between
depression, anxiety, and alexithymia in PsO.
Additionally, while the focus of this analysis
was to evaluate treatment effects of GUS on
HADS after adjusting for clinician-reported out-
comes based on PASI, other factors that could
be related to improvement in HADS, such as

A\ Adis



2586

Dermatol Ther (Heidelb) (2024) 14:2577-2589

improvements in sexual or social life, should
be investigated further.

CONCLUSIONS

These mediation analyses reveal that GUS-medi-
ated improvements in anxiety, depression, and
overall HRQoL cannot be explained solely by
the resolution of PsO signs, as assessed by PASI,
suggesting a direct, physiological effect of GUS
on anxiety and depression. The mechanism of
the direct effect of GUS on anxiety and depres-
sion, beyond its role in skin clearance, warrants
additional research.
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