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Abstract: Plaque-type psoriasis is a common skin disorder. Tirbanibulin (KX01) is a new Src kinase
inhibitor with potent antiproliferative activity against keratinocytes and has been approved for
treatment of actinic keratosis. This Phase I study investigates the safety and activity of KX01 ointment
in patients with plaque-type psoriasis. We recruited 28 patients from two medical centers in Taiwan.
This study was performed in four stages. Double-blind treatments were randomized in stages I (KX01
0.01% + placebo, two rounds of two-week treatment) and II (KX01 0.1% + placebo, four weeks) and
open-labelled in stages III (KX01 1%, five days) and IV (KX01 1%, five days weekly for four weeks).
The safety, tolerability, KX01 concentration, target area score, physician global assessment, and
disease relapse were determined. Most treatment-emergent adverse events were mild-to-moderate
application site reactions. Three (50.0%) subjects from the stage IV group showed ≥50% reduction in
the target area score (TAS50), while two subjects (33.3%) showed a clinically meaningful improvement
in the physician global assessment score. KX01 0.01%, 0.1%, and 1% were safe and well-tolerated.
KX01 1% at four weeks showed a promising activity for the treatment of plaque-type psoriasis.

Keywords: KX01; tirbanibulin; psoriasis; clinical trial

1. Introduction

Plaque-type psoriasis, or psoriasis vulgaris, is a common chronic skin disorder mainly
characterized by inflamed plaques with scaling. Psoriasis affects approximately 1–3% of the
total population worldwide, with the chronic plaque psoriasis accounting for approximately
80–90% of all cases [1,2]. According to previous studies, over 7.5 million adults in the US
have psoriasis, with a prevalence of 1.4–3.6% in different ethnic populations [3,4]. Moreover,
the prevalence of psoriasis in Taiwan is approximately 0.19–0.24% [5,6]. The evidence
suggests that the prevalence of psoriasis may be increasing and occurs at all ages with no
predilection for sex [7–10].

Psoriasis is an immune-mediated disease with complex interactions between the
proliferative keratinocytes and the inflammatory responses [11–13]. Genetic, environmental,
and immunological factors may contribute to the observed differences in the prevalence of
psoriasis among populations. Additionally, these factors potentially induce psoriasis, and
affect disease course, associated comorbidities, skin responses, and treatment outcomes [7].
Although psoriasis is usually not life-threatening, it can have profound effects on the
physical, psychological, and social wellbeing [14].
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Three major types of treatments exist for psoriasis: topical therapy (vitamin D analogs,
corticosteroids, anthralin/dithranol, and topical retinoids), phototherapy (UV light ther-
apy), and systemic therapy (methotrexate, cyclosporine, biological agents, and small oral
molecules) [7,15–20]. Treatment is based on the severity of psoriasis at the time of pre-
sentation. Despite major advances in treatment efficacy of psoriasis, mainly due to the
introduction of biologics, about 80% of all patients with psoriasis are only treated topi-
cally [10]. Generally, topical treatment is given to patients with mild, localized, and stable
psoriasis, in addition to phototherapy for cases with an insufficient response [21]. Com-
pared to systemic treatment, the development of the topical treatment is lagging behind,
although some topicals with new modes of action have recently been approved by US Food
and Drug Administration (FDA) for psoriasis, including the aryl hydrocarbon receptor
agonist [22], and phosphodiesterase-4 inhibitor [23]. However, their effects were moderate,
and there is still a need for an alternative topical treatment for psoriasis.

Tirbanibulin, also referred to as KX2-391 or KX01, is a new Src kinase signaling inhibitor
that has potent antiproliferative activity against immortalized human keratinocytes [24].
Moreover, both in vitro and in vivo experiments have shown that KX01 arrests the cell
cycle and promotes apoptosis in cancer cells [24–28]. Pharmacological characterization has
demonstrated that KX01 inhibits tubulin polymerization and disrupts Src tyrosine kinase
signaling [24]. KX01 received FDA and EU marketing approvals in 2020 and 2021 for
the topical treatment of actinic keratosis on the face or scalp, with a five-day application
course [29–31]. From the preclinical data, KX01 has been shown to inhibit the growth of
human keratinocytes and promote apoptosis of the abnormal proliferating keratinocytes. In
addition, KX01 is able to inhibit angiogenesis and prevent T cell migration into the skin [32].
With these mechanisms, KX01 may have a therapeutic potential against psoriasis.

We hypothesized that a short course of KX01 ointment treatment may be safe and
effective in clearing psoriasis by promoting antiproliferative and pro-apoptotic effects
on actively dividing dysplastic keratinocytes. Therefore, we investigated the safety and
activity of KX01 in patients with plaque-type psoriasis in a Phase I clinical trial. The primary
objective of the study was to evaluate the safety and tolerability of three different strengths
of KX01 ointment in patients with plaque-type psoriasis. The secondary objective was
to gain evidence regarding the activity of three different strengths of KX01 ointment in
patients with plaque-type psoriasis.

2. Materials and Methods
2.1. Study Design

This Phase I multicenter, dose-escalation study was conducted in four stages at two
medical centers in Taiwan (National Taiwan University Hospital and China Medical Uni-
versity Hospital) between 2015 and 2021. We evaluated the safety, tolerability, and ac-
tivity of a topical administration of three different strengths of KX01 ointment in adults
(age ≥ 20 years) with plaque-type psoriasis. The treatments were randomized and double-
blinded in stages I and II, but open-labelled in stages III and IV (Figure 1a).

In stage I, eight subjects with one or two lesions of at least 16 cm2 but no more than
625 cm2 were randomly assigned to receive either KX01 (0.01% [0.1 mg/g], n = 6) or the
placebo (n = 2). Each subject received treatment twice daily for two weeks, followed by a
one-week wash-out, another two-week treatment period, and a two-week follow-up.

In stage II, eight subjects with a single lesion of at least 16 cm2 but no more than
625 cm2 were randomly assigned to receive either KX01 (0.1% [1.0 mg/g], n = 6) or the
placebo (n = 2). Each subject received the treatment twice daily for four weeks, followed by
a two-week follow-up period.

In stage III, six subjects with a single lesion of at least 16 cm2 but no more than 100 cm2

were assigned a single-arm treatment of KX01 1% (10 mg/g) once daily for five consecutive
days, followed by a 23-day post-treatment follow-up.
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Figure 1. The study design and flow chart of the patient enrollment. (a) The study design. (b) Stage 
I: KX01 0.01% or placebo administered topically twice daily for two weeks, followed by one week 
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cally twice daily for four weeks. (d) Stage III: KX01 1% administered topically once daily over five 
consecutive days. (e) Stage IV, KX01 1% administered topically over four cycles of five-day treat-
ments followed by two days of rest each. 
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To assess the safety and tolerability of different strengths of the KX01 ointment in 

patients with the plaque-type psoriasis, local tolerability score, adverse events, laboratory 
assessments (including hematology, clinical chemistry, and urinalysis), vital signs, and a 
12-lead electrocardiogram (ECG) were evaluated for all subjects in each stage. We also 
evaluated the change from baseline to the end-of-treatment (EOT) in the target area score 
(TAS), which evaluates the target lesion’s erythema, plaque elevation, and scaling on a 
five-point scale [20,33]. In this study, TAS50 indicated a ≥50% reduction in the TAS from 
baseline to EOT. The physician global assessment (PGA) scoring is a standard measurement 
used in clinical trials, and the treatment success is defined as clear or almost clear 
[22,34,35]. A PGA score of 0 indicates a “clear” target lesion at the EOT, while a PGA of 1 
indicates an “almost clear” target lesion at the EOT, and at least a 2-grade improvement 
from the baseline score. Both TAS50 and a PGA score of 0 or 1 are considered as clinically 
meaningful responses. 

Between each stage, a collaborative review of the safety data was performed at the 
end of the follow-up period for each subject. The study then proceeded to the next stage 
when no major safety concerns, defined as ≥2 subjects in the KX01 group, with the Na-
tional Cancer Institute Common Terminology Final Criteria for Adverse Events (CTCAE) 
of grade 3 or higher, or severe adverse drug reactions were reported, and unanimous con-
sent was provided by the sponsor and principal investigator(s). 

The safety population included all randomized subjects who received at least one 
dose of the IMP. All safety and plasma KX01 concentration analyses were based on this 

Figure 1. The study design and flow chart of the patient enrollment. (a) The study design. (b) Stage I:
KX01 0.01% or placebo administered topically twice daily for two weeks, followed by one week of
wash-out, then twice daily for two weeks. (c) Stage II: KX01 0.1% or placebo administered topically
twice daily for four weeks. (d) Stage III: KX01 1% administered topically once daily over five
consecutive days. (e) Stage IV, KX01 1% administered topically over four cycles of five-day treatments
followed by two days of rest each.

In stage IV, six subjects with a single lesion of at least 16 cm2 but no more than
100 cm2 with moderate plaque-type psoriasis at baseline (defined as the physician global
assessment (PGA) score ≥3 and ≤5) were assigned a single-arm treatment of once-daily
KX01 1% (10 mg/g) ointment for up to four cycles. Each cycle consisted of five consecutive
days of treatment and two days of rest, followed by a four-week follow-up.
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2.2. Participant Eligibility

Main inclusion criteria of this trial were: (a) Male and female patients of ≥20 years
old with a confirmed diagnosis of chronic plaque-type psoriasis; (b) having a single lesion
of at least 16 cm2 but no more than 625 cm2 (≥16 cm2 and ≤625 cm2) in size for stages I
and II, and at least 16 cm2 but no more than 100 cm2 (≥16 cm2 and ≤100 cm2) in size for
stages III and IV; (c) not having a skin disorder other than the plaque psoriasis in the target
areas or severe forms of psoriasis; (d) able to discontinue use of any systemic medication or
therapy for psoriasis. Main exclusion criteria were: (a) history of hypersensitivity to the
investigational medicinal product (IMP) or to medicinal products with similar chemical
structures; (b) presence of a skin disorder other than psoriasis in the target areas to be
evaluated; (c) severe forms of psoriasis or forms of psoriasis other than plaque psoriasis;
(d) treatment with any systemic psoriasis medications within four weeks or any monoclonal
antibody within three months prior to the first administration of the IMP, respectively;
(e) drug-induced psoriasis and inability to discontinue the causal agent(s), or patient
using prescription or non-prescription systemic drugs; (f) a positive serum pregnancy test
or lactation.

2.3. Assessments and Statistical Analyses

To assess the safety and tolerability of different strengths of the KX01 ointment in
patients with the plaque-type psoriasis, local tolerability score, adverse events, laboratory
assessments (including hematology, clinical chemistry, and urinalysis), vital signs, and a
12-lead electrocardiogram (ECG) were evaluated for all subjects in each stage. We also
evaluated the change from baseline to the end-of-treatment (EOT) in the target area score
(TAS), which evaluates the target lesion’s erythema, plaque elevation, and scaling on a five-
point scale [20,33]. In this study, TAS50 indicated a ≥50% reduction in the TAS from baseline
to EOT. The physician global assessment (PGA) scoring is a standard measurement used in
clinical trials, and the treatment success is defined as clear or almost clear [22,34,35]. A PGA
score of 0 indicates a “clear” target lesion at the EOT, while a PGA of 1 indicates an “almost
clear” target lesion at the EOT, and at least a 2-grade improvement from the baseline score.
Both TAS50 and a PGA score of 0 or 1 are considered as clinically meaningful responses.

Between each stage, a collaborative review of the safety data was performed at the end
of the follow-up period for each subject. The study then proceeded to the next stage when
no major safety concerns, defined as ≥2 subjects in the KX01 group, with the National
Cancer Institute Common Terminology Final Criteria for Adverse Events (CTCAE) of grade
3 or higher, or severe adverse drug reactions were reported, and unanimous consent was
provided by the sponsor and principal investigator(s).

The safety population included all randomized subjects who received at least one dose
of the IMP. All safety and plasma KX01 concentration analyses were based on this safety
population. Safety was assessed based on the treatment-emergent adverse events (TEAEs)
and their severity, and the relationship to the study drug, serious adverse events, blood
chemistry, hematology, urine analysis, vital signs, ECG results, and physical examinations
at the predetermined visits according to the study protocol. Local tolerability was assessed
by the study subjects for the target lesion using a four-point rating scale as follows: 0, no
irritation; 1, mild irritation; 2, moderate irritation; and 3, severe irritation. A local tolerability
assessment was also performed by the investigator for each target area using the following
three-point scale: 0, poor; 1, good; and 2, excellent. For the determination of plasma KX01
concentrations, methods of sampling, handling, storing and discarding of samples were in
accordance with the practices of the central laboratory responsible for the measurement. The
KX01 plasma samples were prepared using K2EDTA as an anticoagulant and kept frozen
at −20 ◦C or colder prior to analysis. The KX01 concentrations were assessed using liquid
chromatography–mass spectroscopy/mass spectroscopy (LC-MS/MS), and the method
was validated with regard to selectivity, sensitivity, precision, accuracy, and stability.

The activity analysis population included subjects from the safety population with
at least one post-baseline TAS evaluation, without major protocol deviations. TAS and
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changes from the baseline were summarized as continuous variables. TAS was evaluated
on a five-point scale for individual signs of erythema, plaque elevation, and scaling as
follows: 0, absent; 1, mild; 2, moderate; 3, severe; and 4, very severe. The TAS 50 was
presented as a categorical variable.

The summary tabulations displayed the number of observations, mean, standard
deviation (SD), median, minimum, and maximum for the continuous variables, and the
number and percentage of subjects for the categorical variables. Statistical analyses were
performed using the SAS statistical software package version 9.4 or higher (SAS Institute,
Cary, NC, US). As this was an exploratory Phase I study with small subject numbers, the
study was not powered. No formal statistical tests were performed to compare the results.

3. Results
3.1. Patient Enrolment, Demography and Baseline Characteristics

A total of 28 subjects were enrolled in this study. In stage I, one (16.7%) of the six
subjects from the KX01 0.01% group withdrew from the study during the treatment period
due to the adverse event of a grade 3 generalized skin eruption that is likely unrelated to
the study drug based on clinical judgment. In stage II, two of the eight subjects, both from
the KX01 0.1% group, did not complete the study. One (16.7%) subject withdrew consent
to continue the study during the treatment period, and one (16.7%) subject withdrew due
to a drug-related grade 1 contact dermatitis during the follow-up period. In stage III, all
subjects completed the study. Similarly, all six subjects from stage IV completed all four
treatment cycles. The flow diagrams for each stage are shown in Figure 1.

In stage I, the mean age of the subjects were 55.48 years (Table 1). Most subjects (83.3%)
in the KX01 0.01% group and all subjects in the placebo group were male. In stage II,
the mean age of subjects in the KX01 0.1% group (49.21 years) was lower than that in the
placebo group (59.79 years). All subjects in both groups were male. In stage III, the mean
age of the subjects in the single-arm KX01 1% group was 49.53 years, and most (66.7%) were
male. Finally, in stage IV, the mean age of subjects in the single-arm KX01 1% group was
51.19 years, and most (83.3%) were male. All subjects in this study were Asian. Moreover,
most patients did not have a family history of psoriasis (50.0–87.5%) or a smoking habit
(66.7–87.5%). The median (min, max) TAS at baseline was evaluated to be 7.00 (4.00, 7.00),
7.50 (5.00, 9.00), 6.00 (4.00, 8.00), and 6.50 (5.00, 8.00) in stage I, II, III, and IV, respectively.
The median (min, max) PGA at baseline was 3.00 (2.00, 4.00), 4.00 (2.00, 5.00), 3.00 (2.00,
4.00), and 3.50 (3.00, 4.00) in stage I, II, III, and IV, respectively.

Table 1. Patient demographics and baseline characteristics (safety population).

Patients Stage I Stage II Stage III Stage IV

Parameter KX01 0.01% +
Placebo (N = 8)

KX01 0.1% + Placebo
(N= 8)

KX01 1%
(N = 6)

KX01 1%
(N = 6)

Age (years)
Mean (SD) 55.48 (17.14) 51.86 (18.14) 49.53 (16.43) 51.19 (9.31)

Median (Min, Max) 55.7 (33.4, 81.9) 52.5 (30.5, 80.1) 49.4 (27.8, 73.7) 51.3 (38.0, 63.0)

Sex, n (%)
Male 7 (87.5) 8 (100.0) 4 (66.7) 5 (83.3)

Female 1 (12.5) 0 (0) 2 (33.3) 1 (16.7)

Ethnic origin
Asian 8 (100.0) 8 (100.0) 6 (100.0) 6 (100.0)

BMI (kg/m2)
Mean (SD) 26.40 (4.04) 26.34 (4.39) 27.36 (2.54) 24.66 (3.98)

Median (Min, Max) 27.16 (19.8, 32.6) 26.64 (19.7, 32.2) 26.13 (25.3, 30.7) 25.10 (19.9, 30.9)
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Table 1. Cont.

Patients Stage I Stage II Stage III Stage IV

Family history of psoriasis
Yes 1 (12.5) 4 (50.0) 2 (33.3) 3 (50.0)
No 7 (87.5) 4 (50.0) 4 (66.7) 3 (50.0)

Smoking habit
Yes 1 (12.5) 1 (12.5) 1 (16.7) 2 (33.3)
No 7 (87.5) 7 (87.5) 5 (83.3) 4 (66.7)

Baseline total TAS
Mean (SD) 6.25 (1.06) 7.00 (1.51) 5.83 (1.60) 6.50 (1.38)

Median (Min, Max) 7.00 (4.00, 7.00) 7.50 (5.00, 9.00) 6.00 (4.00, 8.00) 6.50 (5.00, 8.00)

Baseline PGA
Mean (SD) 3.25 (0.75) 3.88 (1.13) 2.83 (0.75) 3.50 (0.55)

Median (Min, Max) 3.00 (2.00, 4.00) 4.00 (2.00, 5.00) 3.00 (2.00, 4.00) 3.50 (3.00, 4.00)

Abbreviations: SD, standard deviation; TAS, target area score; PGA, physician’s global assessment.

3.2. Safety

The safety summary of this study for patients with plaque-type psoriasis is shown in
Table 2. No severe adverse events (SAEs) or deaths were reported. A total of 23 TEAEs
were reported and are listed in Table 2. All TEAEs were assessed as grade 1 or 2, except
for toxic skin eruption, which occurred at grade 3 (unlikely to be drug-related) and led to
a treatment discontinuation during stage I. Among the TEAEs, 11 events in 10 patients
were reportedly related to the study drug treatment. They were mostly mild local reactions,
including contact dermatitis (one during stage II, one during stage III, and five during stage
IV), and more frequently observed in stage IV (Table 2). In addition, one patient in stage III
suffered from a transient exacerbation of psoriasis outside of the treatment area.

Table 2. Safety summary.

Category Stage I Stage II Stage III Stage IV
KX01 0.01% + Placebo (N = 8) KX01 0.1% + Placebo (N = 8) KX01 1% (N = 6) KX01 1% (N = 6)

E n (%) E n (%) E n (%) E n (%)

Overall adverse events 9 5 (62.5) 4 3 (37.5) 9 4 (66.7) 8 5 (83.3)
TEAEs 5 4 (50.0) 3 2 (25.0) 7 4 (66.7) 8 5 (83.3)

Related TEAEs 1 1 (12.5) 3 2 (25.0) 2 2 (33.3) 5 5 (83.3)
Serious TEAEs 0 0 (0.0) 0 0 (0.0) 0 0 (0.0) 0 0 (0.0)

Related serious TEAEs 0 0 (0.0) 0 0 (0.0) 0 0 (0.0) 0 0 (0.0)

Severity TEAEs
Grade 1 3 3 (37.5) 3 2 (25.0) 6 4 (66.7) 8 5 (83.3)
Grade 2 1 1 (12.5) 0 0 (0.0) 1 1 (16.7) 0 0 (0.0)
Grade 3 1 1 (12.5) 0 0 (0.0) 0 0 (0.0) 0 0 (0.0)

TEAE leading to treatment
discontinuation 1 1 (12.5) 1 1 (12.5) 0 0 (0.0) 0 0 (0.0)

IMP-related TEAEs
Pain of skin 1 1 (12.5) 1 1 (12.5) 1 1 (16.7) 0 0 (0.0)

Contact dermatitis 0 0 (0.0) 2 1 (12.5) 1 1 (16.7) 5 5 (83.3)

Any TEAEs
Eczema 1 1 (12.5) 0 0 (0.0) 0 0 (0.0) 0 0 (0.0)

Skin eruption 1 1 (12.5) 0 0 (0.0) 0 0 (0.0) 0 0 (0.0)
Pain of skin 1 1 (12.5) 1 1 (12.5) 1 1 (16.7) 0 0 (0.0)

Upper respiratory tract
infection 1 1 (12.5) 0 0 (0.0) 1 1 (16.7) 1 1 (16.7)

Oral herpes 0 0 (0.0) 0 0 (0.0) 1 1 (16.7) 0 0 (0.0)
Contusion 1 1 (12.5) 0 0 (0.0) 0 0 (0.0) 0 0 (0.0)

Contact dermatitis 0 0 (0.0) 2 2 (25.0) 1 1 (16.7) 5 5 (83.3)
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Table 2. Cont.

Category Stage I Stage II Stage III Stage IV
KX01 0.01% + Placebo (N = 8) KX01 0.1% + Placebo (N = 8) KX01 1% (N = 6) KX01 1% (N = 6)

E n (%) E n (%) E n (%) E n (%)

Flare-up of psoriasis 0 0 (0.0) 0 0 (0.0) 1 1 (16.7) 0 0 (0.0)
Blood bilirubin increase 0 0 (0.0) 0 0 (0.0) 1 1 (16.7) 0 0 (0.0)

Leukocytosis 0 0 (0.0) 0 0 (0.0) 0 0 (0.0) 1 1 (16.7)
Ligament sprain 0 0 (0.0) 0 0 (0.0) 0 0 (0.0) 1 1 (16.7)

Abbreviations: TEAE, treatment-emergent adverse events. E: number of adverse events; n: number of subjects
with adverse events.

For the subject-assessed local tolerability score, most subjects had no irritation (score 0)
at all visits, except for one subject on day one and two subjects on day 15 who had mild
irritation (score 1) from 0.01% KX01; two subjects who had mild irritation (score 2) on
day one and 29, respectively, from 0.1% KX01; one subject with mild irritation on days six
and 15 in stage III; and three subjects at visit three pre-dosing, two subjects at visit four
pre-dosing, and one subject at visit five pre-dosing with mild irritation in stage IV. For
the investigator-assessed local tolerability score, all subjects had either good (score 1) or
excellent (score 2) scores at all visits, except for two subjects who had poor scores (score
0) on day 15 in stage I and one subject who had a score of zero on day 29 in stage II. The
irritations were mostly transient and were spontaneously resolved.

In this Phase I study, no clinically significant changes from the baseline were observed
in the biochemical and hematological parameters, urinalysis, or vital signs. Abnormalities
were reported as adverse events in two subjects: one (16.7%) subject experienced an increase
in blood-conjugated bilirubin in stage III, while one (16.7%) subject experienced an upper
respiratory infection with leukocytosis in stage IV. Regarding the ECG, most subjects had
either normal or abnormal, not clinically significant (NCS), results. Abnormal clinically
significant (CS) ECG results were observed at all measured time points in one subject
(16.7%) with a medical history of coronary artery disease in stage II and stage III. Another
subject (16.7%) had abnormal CS ECG results at the time of screening, visit four, and visit
seven in stage IV.

3.3. KX01 Concentration

The mean KX01 concentration was below the lower limit of quantification (LLOQ) as
evaluated using a LC-MS/MS assay (LLOQ: 0.1 ng/mL) during the treatment in stages I
and II. For stage III and IV, the mean KX01 concentration was below LLOQ at baseline, and it
then slightly increased during treatment and at the EOT, then returned below LLOQ during
follow-up. The mean KX01 concentration appeared to be the highest (0.15125 ng/mL) at
the EOT of stage IV.

3.4. Clinical Activity against Psoriasis

Table 3 shows the efficacy data summary of this study. Most patients treated with
regimens in stages I to III did not meet the response criteria for TAS 50 and the PGA score.
One patient achieved TAS 50 but subsequently relapsed in stage II.

Table 3. Efficacy summary.

Patients Stage I Stage II Stage III Stage IV
KX01 0.01%

(N = 6)
Placebo
(N = 2)

KX01 0.1%
(N = 6) d

Placebo
(N = 2)

KX01 1%
(N = 6)

KX01 1%
(N = 6)

TAS 50 a

n 8 b 3 c 5 2 6 6
Yes 0 (0.0) 0 (0.0) 1 (0.0) 0 (0.0) 0 (0.0) 3 (50.0)
No 8 (100.0) 3 (100.0) 4 (80.0) 2 (100.0) 6 (100.0) 3 (50.0)
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Table 3. Cont.

Patients Stage I Stage II Stage III Stage IV
KX01 0.01%

(N = 6)
Placebo
(N = 2)

KX01 0.1%
(N = 6) d

Placebo
(N = 2)

KX01 1%
(N = 6)

KX01 1%
(N = 6)

PGA score of 0 or 1 and at
least a two-grade

improvement
n 8 3 5 2 6 6

Yes 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (33.3)
No 8 (100.0) 3 (100.0) 5 (100.0) 2 (100.0) 6 (100.0) 4 (66.7)

Disease relapse
n – 1 0 0 (0.0) 1 (33.3)

Relapse – 1 (100.0) 0 (0.0) 0 (0.0) 1 (33.3)
Non-relapse – 0 (0.0) 0 (0.0) 0 (0.0) 2 (66.7)

a TAS 50: ≥50% reduction in TAS score from baseline at EOT. N: patient number. n: lesion number. b Among the
6 patients, three patients had two lesions and three had one lesion at baseline. Among the three patients with
one lesion, one patient was not evaluable because of the lack of post-treatment assessment. c Among the two
patients, one patient had two lesions while one had one lesion. d The data of one patient was not available due
to discontinuation.

In stage IV, two (33.3%) subjects showed a PGA score of 0 or 1 with at least a two-grade
improvement from baseline at visit six/EOT. Furthermore, at least three (50.0%) subjects
showed a reduction in PGA score from the baseline at all measured time points. However,
no lesions showed a PGA score of 0 or 1 with at least a two-grade improvement either from
baseline to EOT or at all measured time points in stages I, II, and III.

Overall, three subjects achieved a clinically meaningful response during treatment;
none of them had a disease relapse at visit seven (two-week follow-up), while one (33.3%)
subject experienced a disease relapse at visit eight (four-week follow-up).

3.5. TAS and PGA Score Trend in Stage IV

The mean TAS of the total lesions in the single-arm KX01 1% group gradually de-
creased from baseline (6.50 [min, max: 5.0, 8.0]) during the treatment period, until visit
six/EOT (3.67 [min, max: 1.0, 6.0]), before it slightly increased again at the follow-up
visits (Figure 2a). Subjects tended to improve more on plaque elevation and scaling than
erythema in terms of TAS scoring (data not shown). The mean PGA scores in the single-arm
KX01 1% group consistently decreased from the baseline (3.50 [min, max: 3.0, 4.0]) to visit
six/EOT (2.17 [min, max: 1.0, 3.0]) (Figure 2b), and remained the same at 2.17 (min, max:
1.0, 3.0) at visit seven before slightly increasing to 2.50 (min, max: 0, 4.0) at visit eight
(four-week follow-up). All lesions in the single-arm KX01 1% group showed a PGA score
of 3 or 4 at baseline, which gradually decreased over time. Representative photographs of
patients who achieved TAS 50 in stage IV are presented in Figure 3.



Pharmaceutics 2022, 14, 2159 9 of 12Pharmaceutics 2022, 14, x  9 of 13 
 

 

  
(a) (b) 

Figure 2. (a) The TAS scores of the target lesions in the single-arm KX01 1% group in stage IV. (b) 
The PGA scores of the target lesions in the single-arm KX01 1% group in stage IV. 

 

  

Figure 3. Representative photographs of two participants treated with topical KX01 at stage IV. 

4. Discussion 
This Phase I dose-escalation study assesses the safety, tolerability, and activity of top-

ical KX01 in patients with plaque-type psoriasis. The study began with stages I and II to 
assess KX01 with a 0.01% and 0.1% dose strength, respectively. As no major safety con-
cerns were raised during stages I and II, stages III and IV were subsequently conducted 
to evaluate the safety and efficacy of a single-arm KX01 treatment at a higher dose strength 
of 1%. 

All four stages had different treatment regimens and did not raise any major safety 
concerns. No SAEs were reported in any of the stages, and only one TEAE was higher 
than grade 2 severity. All TEAEs were reported in the KX01 treatment groups. Two TEAEs 
led to treatment discontinuation in one (16.7%) patient with a grade 3 skin eruption that 
was likely related to the patient’s disease condition rather than the study drug treatment 
in stage I, and one (16.7%) patient with a grade 1 contact dermatitis in stage II. Although 

Figure 2. (a) The TAS scores of the target lesions in the single-arm KX01 1% group in stage IV. (b) The
PGA scores of the target lesions in the single-arm KX01 1% group in stage IV.

Pharmaceutics 2022, 14, x  9 of 13 
 

 

  
(a) (b) 

Figure 2. (a) The TAS scores of the target lesions in the single-arm KX01 1% group in stage IV. (b) 
The PGA scores of the target lesions in the single-arm KX01 1% group in stage IV. 

 

  

Figure 3. Representative photographs of two participants treated with topical KX01 at stage IV. 

4. Discussion 
This Phase I dose-escalation study assesses the safety, tolerability, and activity of top-

ical KX01 in patients with plaque-type psoriasis. The study began with stages I and II to 
assess KX01 with a 0.01% and 0.1% dose strength, respectively. As no major safety con-
cerns were raised during stages I and II, stages III and IV were subsequently conducted 
to evaluate the safety and efficacy of a single-arm KX01 treatment at a higher dose strength 
of 1%. 

All four stages had different treatment regimens and did not raise any major safety 
concerns. No SAEs were reported in any of the stages, and only one TEAE was higher 
than grade 2 severity. All TEAEs were reported in the KX01 treatment groups. Two TEAEs 
led to treatment discontinuation in one (16.7%) patient with a grade 3 skin eruption that 
was likely related to the patient’s disease condition rather than the study drug treatment 
in stage I, and one (16.7%) patient with a grade 1 contact dermatitis in stage II. Although 

Figure 3. Representative photographs of two participants treated with topical KX01 at stage IV.

4. Discussion

This Phase I dose-escalation study assesses the safety, tolerability, and activity of
topical KX01 in patients with plaque-type psoriasis. The study began with stages I and
II to assess KX01 with a 0.01% and 0.1% dose strength, respectively. As no major safety
concerns were raised during stages I and II, stages III and IV were subsequently conducted
to evaluate the safety and efficacy of a single-arm KX01 treatment at a higher dose strength
of 1%.

All four stages had different treatment regimens and did not raise any major safety
concerns. No SAEs were reported in any of the stages, and only one TEAE was higher
than grade 2 severity. All TEAEs were reported in the KX01 treatment groups. Two TEAEs
led to treatment discontinuation in one (16.7%) patient with a grade 3 skin eruption that
was likely related to the patient’s disease condition rather than the study drug treatment
in stage I, and one (16.7%) patient with a grade 1 contact dermatitis in stage II. Although
most treatment-related TEAEs were reported at the KX01 1% dose strength and four-
cycle treatment regimen in stage IV, these were mostly application site reactions (contact
dermatitis) that were mild and transient, and did not raise serious safety issues.
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These results are consistent with previous studies, thus showing that KX01 has accept-
able safety and tolerability in patients with actinic keratosis [29–31]. The favorable safety
profile of KX01 is supported by the absence of systemic or severe side effects, and minimal
systemic absorption. Nevertheless, KX01 caused mild and transient erythema that was
spontaneously resolved.

The KX01 0.01% dose from stage I and KX01 0.1% dose from stage II did not cause a
significant improvement of the lesions in terms of TAS and PGA scores.

The KX01 1% dose strength and treatment regimen from stage III showed an improve-
ment in the lesions, with decreased mean TAS and PGA scores from the baseline over time.
Among all stages of the study, the KX01 1% dose strength and treatment regimen from
stage IV showed the greatest improvement for the lesions in terms of TAS, TAS 50, and PGA
scores. A consistent reduction in the mean TAS, total TAS, and PGA scores of the lesions in
the KX01 1% group in stage IV was observed; three of the six patients achieved a clinically
meaningful response during treatment; no subjects experienced disease relapse at the first
follow-up visit (two-week follow-up); and one (33.3%) patient experienced disease relapse
at the last follow-up visit (four-week follow-up). The side effects of the steroid-containing
topical agents for psoriasis include skin atrophy, striate, hypertrichosis, folliculitis, skin
depigmentation, and dilated superficial blood vessels [16,22,36]. These side effects were
not observed in our Phase I study.

As the study design and characteristics of each drug are different, direct comparison
of the clinical activity and safety of KX01 with that of other drugs for psoriasis is difficult.
Overall, the clinical activity of KX01 for the treatment of psoriasis in this study is similar
to that of 6–12 weeks of treatment with the topical vitamin D analogs alone with success
rates ranging from 4–40% [15,16]. Owing to the disease characteristics and pathogenesis of
psoriasis, patients often relapse after stopping their treatment. Patients with psoriasis who
received KX01 1% had similar relapse rates to those treated with vitamin D and steroids in
previous studies. The relapse rates ranged from 42 to 81% after eight post-treatment weeks
for vitamin D and from 23 to 35% for steroids [15].

Our study has limitations. First, as this was a preliminary exploratory Phase I study,
it had a small subject sample size and was not powered. No formal statistical tests to
compare the results were performed. Second, the unequal distribution between KX01 and
placebo groups in stage I and stage II (3:1 ratio for KX01: placebo) might have limited the
interpretation of data when assessing the absolute activity or efficacy of KX01. Third, the
four stages in the study differed in more than one variable, including the escalating dose
strength and treatment regimen, which might make the exact attribution of any observed
effects of different stages to a particular variable challenging. Finally, there was no direct
comparison with the currently available topical agents for psoriasis. Therefore, despite the
encouraging preliminary activities observed in this Phase I study, further research with a
larger sample size or against an active comparator arm is warranted to verify the safety
and efficacy of KX01 treatment in patients with plaque-type psoriasis.

5. Conclusions

In conclusion, this study demonstrates that KX01 of 0.01%, 0.1%, and 1% dose-strength
ointments was safe and well-tolerated. Most reported TEAEs were mild. No SAEs were
reported, and no clinically meaningful abnormalities were observed in any other safety
assessments in this study.

A dose of KX01 1% ointment once daily, five days per week for four weeks, showed
the most promising clinical activity in plaque-type psoriasis in terms of the TAS, PGA score,
and disease relapse.

Author Contributions: Methodology, J.-B.H., T.-F.T., P.-Y.W., A.Q., Y.-W.H. and K.-C.T.; formal
analysis, J.-B.H., T.-F.T., A.Q., Y.-W.H. and. C.-Y.L.; investigation, J.-B.H., T.-F.T., P.-Y.W. and C.-Y.L.;
project administration, J.-B.H., T.-F.T., P.-Y.W., K.-C.T. and C.-Y.L.; resources, J.-B.H., T.-F.T., P.-Y.W.
and A.Q.; writing—original draft preparation, J.-B.H., T.-F.T., A.Q. and C.-Y.L.; writing—review and



Pharmaceutics 2022, 14, 2159 11 of 12

editing, J.-B.H., T.-F.T., P.-Y.W., A.Q., Y.-W.H., C.-Y.L., W.-K.C., J.F. and D.L.C. All authors have read
and agreed to the published version of the manuscript.

Funding: This study was sponsored by PharmaEssentia Corp. and received no external funding.

Institutional Review Board Statement: The study was approved by the National Taiwan University
Hospital Research Ethics Committee (NTUH REC 201412079MSD; approved on 23 March 2015).

Informed Consent Statement: Written informed consent was obtained from the patient(s) to publish
this paper.

Data Availability Statement: Access to data will be provided in a secured analysis environment to
external researchers who have been approved by PharmaEssentia Corporation, depending on the
nature of the request, the merit of the research proposed, the availability of the data, and the intended
use of the data. To gain access, approved requestors may need to sign a data sharing agreement.

Acknowledgments: The authors thank the patients, their families, and the study investigators for
taking part in this study. In addition to the authors, the following investigators and researchers
participated in this study: Chih-Chieh Chan, Nien-Feng Chang Liao, Hsin-Yiin Hsieh, Sandy Chen,
Sophia Lin, and Robert Ma. The authors also would like to thank Ko-Chung Lin and Ching-Leou
Teng for their support of this study.

Conflicts of Interest: TFT has conducted clinical trials or received honoraria for serving as a con-
sultant for AbbVie, AnaptysBio, Boehringer Ingelheim, Bristol-Myers Squibb, Celgene, Eli Lilly,
Galderma, GSK-Stiefel, Janssen-Cilag, Leo-Pharma, Merck, Novartis, Pfizer Inc., PharmaEssentia,
and UCB Pharma. AQ, KCT, CYL, and TFT own stocks in PharmaEssentia. WKC, JF, and DLC own
stocks in Athenex. INC. The other authors have no conflicts of interest to declare.

References
1. Michalek, I.M.; Loring, B.; John, S.M. A systematic review of worldwide epidemiology of psoriasis. J. Eur. Acad. Dermatol. Venereol.

2017, 31, 205–212. [CrossRef] [PubMed]
2. Kim, W.B.; Jerome, D.; Yeung, J. Diagnosis and management of psoriasis. Can. Fam. Physician 2017, 63, 278–285. [PubMed]
3. Rachakonda, T.D.; Schupp, C.W.; Armstrong, A.W. Psoriasis prevalence among adults in the United States. J. Am. Acad. Dermatol.

2014, 70, 512–516. [CrossRef]
4. Armstrong, A.W.; Mehta, M.D.; Schupp, C.W.; Gondo, G.C.; Bell, S.J.; Griffiths, C.E.M. Psoriasis prevalence in adults in the United

States. JAMA Dermatol. 2021, 157, 940–946. [CrossRef] [PubMed]
5. Chang, Y.T.; Chen, T.J.; Liu, P.C.; Chen, Y.C.; Chen, Y.J.; Huang, Y.L.; Jih, J.S.; Chen, C.C.; Lee, D.D.; Wang, W.J.; et al. Epidemiolog-

ical study of psoriasis in the national health insurance database in Taiwan. Acta Derm. Venereol. 2009, 89, 262–266. [CrossRef]
[PubMed]

6. Tsai, T.F.; Wang, T.S.; Hung, S.T.; Tsai, P.I.; Schenkel, B.; Zhang, M.; Tang, C.H. Epidemiology and comorbidities of psoriasis
patients in a national database in Taiwan. J. Dermatol. Sci. 2011, 63, 40–46. [CrossRef] [PubMed]

7. World Health Organization. Global Report on Psoriasis. Available online: https://apps.who.int/iris/handle/10665/204417
(accessed on 30 May 2022).

8. Boehncke, W.-H.; Schön, M.P. Psoriasis. Lancet 2015, 386, 983–994. [CrossRef]
9. Parisi, R.; Iskandar, I.Y.K.; Kontopantelis, E.; Augustin, M.; Griffiths, C.E.M.; Ashcroft, D.M.; Global Psoriasis Atlas. National,

regional, and worldwide epidemiology of psoriasis: Systematic analysis and modelling study. BMJ 2020, 369, m1590. [CrossRef]
10. Wang, T.S.; Hsieh, C.F.; Tsai, T.F. Epidemiology of psoriatic disease and current treatment patterns from 2003 to 2013: A nationwide,

population-based observational study in Taiwan. J. Dermatol. Sci. 2016, 84, 340–345. [CrossRef] [PubMed]
11. Lowes, M.A.; Suárez-Fariñas, M.; Krueger, J.G. Immunology of psoriasis. Annu. Rev. Immunol. 2014, 32, 227–255. [CrossRef]
12. Albanesi, C.; Madonna, S.; Gisondi, P.; Girolomoni, G. The interplay between keratinocytes and immune cells in the pathogenesis

of psoriasis. Front. Immunol. 2018, 9, 1549. [CrossRef]
13. Rendon, A.; Schäkel, K. Psoriasis pathogenesis and treatment. Int. J. Mol. Sci. 2019, 20, 1475. [CrossRef] [PubMed]
14. Tsai, T.; Ho, J.; Chen, Y.; Hsiao, P.; Lee, W.; Chi, C.; Lan, C.; Hui, R.C.; Lin, Y.; Yang, K.; et al. Health-related quality of life among

patients with moderate-to-severe plaque psoriasis in Taiwan. Dermatol. Sin. 2018, 36, 190–195. [CrossRef]
15. Samarasekera, E.J.; Sawyer, L.; Wonderling, D.; Tucker, R.; Smith, C.H. Topical therapies for the treatment of plaque psoriasis:

Systematic review and network meta-analyses. Br. J. Dermatol. 2013, 168, 954–967. [CrossRef]
16. Devaux, S.; Castela, A.; Archier, E.; Gallini, A.; Joly, P.; Misery, L.; Aractingi, S.; Aubin, F.; Bachelez, H.; Cribier, B.; et al. Topical

vitamin D analogues alone or in association with topical steroids for psoriasis: A systematic review. J. Eur. Acad. Dermatol.
Venereol. 2012, 26 (Suppl. 3), 52–60. [CrossRef] [PubMed]

17. Weger, W. Current status and new developments in the treatment of psoriasis and psoriatic arthritis with biological agents. Br. J.
Pharmacol. 2010, 160, 810–820. [CrossRef] [PubMed]

http://doi.org/10.1111/jdv.13854
http://www.ncbi.nlm.nih.gov/pubmed/27573025
http://www.ncbi.nlm.nih.gov/pubmed/28404701
http://doi.org/10.1016/j.jaad.2013.11.013
http://doi.org/10.1001/jamadermatol.2021.2007
http://www.ncbi.nlm.nih.gov/pubmed/34190957
http://doi.org/10.2340/00015555-0642
http://www.ncbi.nlm.nih.gov/pubmed/19479122
http://doi.org/10.1016/j.jdermsci.2011.03.002
http://www.ncbi.nlm.nih.gov/pubmed/21543188
https://apps.who.int/iris/handle/10665/204417
http://doi.org/10.1016/S0140-6736(14)61909-7
http://doi.org/10.1136/bmj.m1590
http://doi.org/10.1016/j.jdermsci.2016.08.535
http://www.ncbi.nlm.nih.gov/pubmed/27576765
http://doi.org/10.1146/annurev-immunol-032713-120225
http://doi.org/10.3389/fimmu.2018.01549
http://doi.org/10.3390/ijms20061475
http://www.ncbi.nlm.nih.gov/pubmed/30909615
http://doi.org/10.1016/j.dsi.2018.06.006
http://doi.org/10.1111/bjd.12276
http://doi.org/10.1111/j.1468-3083.2012.04524.x
http://www.ncbi.nlm.nih.gov/pubmed/22512681
http://doi.org/10.1111/j.1476-5381.2010.00702.x
http://www.ncbi.nlm.nih.gov/pubmed/20590580


Pharmaceutics 2022, 14, 2159 12 of 12

18. Strober, B.; Stein Gold, L.; Bissonnette, R.; Armstrong, A.W.; Kircik, L.; Tyring, S.K.; Piscitelli, S.C.; Brown, P.M.; Rubenstein,
D.S.; Tallman, A.M.; et al. One-year safety and efficacy of tapinarof cream for the treatment of plaque psoriasis: Results from the
PSOARING 3 trial. J. Am. Acad. Dermatol. 2022, 87, 800–806. [CrossRef]

19. Lebwohl, M.G.; Papp, K.A.; Stein Gold, L.; Gooderham, M.J.; Kircik, L.H.; Draelos, Z.D.; Kempers, S.E.; Zirwas, M.; Smith, K.;
Osborne, D.W.; et al. ARQ. 151 201 Study investigators. Trial of Roflumilast cream for chronic plaque psoriasis. New Engl. J. Med.
2020, 383, 229–239. [CrossRef] [PubMed]

20. Weinstein, G.D.; Krueger, G.G.; Lowe, N.J.; Duvic, M.; Friedman, D.J.; Jegasothy, B.V.; Jorizzo, J.L.; Shmunes, E.; Tschen, E.H.;
Lew-Kaya, D.A.; et al. Tazarotene gel, a new retinoid, for topical therapy of psoriasis: Vehicle-controlled study of safety, efficacy,
and duration of therapeutic effect. J. Am. Acad. Dermatol. 1997, 37, 85–92. [CrossRef]

21. Tsai, T.-F.; Lee, C.-H.; Huang, Y.-H.; Chi, C.-C.; Chang, Y.-T.; Wong, T.-W.; Yang, C.-H.; Wang, L.F. Taiwanese Dermatological
Association consensus statement on management of psoriasis. Dermatol. Sin. 2017, 35, 66–77. [CrossRef]

22. Kragballe, K.; Austad, J.; Barnes, L.; Bibby, A.; De La Brassinne, M.; Cambazard, F.; Fleming, C.; Heikkilä, H.; Jolliffe, D.;
Peyri, J.; et al. A 52-week randomized safety study of a calcipotriol/betamethasone dipropionate two-compound product
(Dovobet/Daivobet/Taclonex) in the treatment of psoriasis vulgaris. Br. J. Dermatol. 2006, 154, 1155–1160. [CrossRef] [PubMed]

23. Papp, K.; Reich, K.; Leonardi, C.L.; Kircik, L.; Chimenti, S.; Langley, R.G.; Hu, C.; Stevens, R.M.; Day, R.M.; Gordon, K.B.; et al.
Apremilast, an oral phosphodiesterase 4 (PDE4) inhibitor, in patients with moderate to severe plaque psoriasis: Results of a phase
III, randomized, controlled trial (Efficacy and Safety Trial Evaluating the Effects of Apremilast in Psoriasis [ESTEEM] 1). J. Am.
Acad. Dermatol. 2015, 73, 37–49. [CrossRef]

24. Smolinski, M.P.; Bu, Y.; Clements, J.; Gelman, I.H.; Hegab, T.; Cutler, D.L.; Fang, J.W.S.; Fetterly, G.; Kwan, R.; Barnett, A.; et al.
Discovery of novel dual mechanism of action Src signaling and tubulin polymerization inhibitors (KX2-391 and KX2-361). J. Med.
Chem. 2018, 61, 4704–4719. [CrossRef]

25. Liu, T.; Hu, W.; Dalton, H.J.; Choi, H.J.; Huang, J.; Kang, Y.; Pradeep, S.; Miyake, T.; Song, J.H.; Wen, Y.; et al. Targeting SRC and
tubulin in mucinous ovarian carcinoma. Clin. Cancer Res. 2013, 19, 6532–6543. [CrossRef]

26. Anbalagan, M.; Carrier, L.; Glodowski, S.; Hangauer, D.; Shan, B.; Rowan, B.G. KX-01, a novel Src kinase inhibitor directed
toward the peptide substrate site, synergizes with tamoxifen in estrogen receptor alpha positive breast cancer. Breast Cancer Res.
Treat. 2012, 132, 391–409. [CrossRef] [PubMed]

27. Kim, S.; Min, A.; Lee, K.-H.; Yang, Y.; Kim, T.-Y.; Lim, J.M.; Park, S.J.; Nam, H.-J.; Kim, J.E.; Song, S.-H.; et al. Antitumor Effect of
KX-01 through Inhibiting Src Family Kinases and Mitosis. Cancer Res. Treat. 2017, 49, 643–655. [CrossRef]

28. Anbalagan, M.; Ali, A.; Jones, R.K.; Marsden, C.G.; Sheng, M.; Carrier, L.; Bu, Y.; Hangauer, D.; Rowan, B.G. Peptidomimetic
Src/pretubulin inhibitor KX-01 alone and in combination with paclitaxel suppresses growth, metastasis in human ER/PR/HER2-
negative tumor xenografts. Mol. Cancer Ther. 2012, 11, 1936–1947. [CrossRef]

29. Blauvelt, A.; Kempers, S.; Lain, E.; Schlesinger, T.; Tyring, S.; Forman, S.; Ablon, G.; Martin, G.; Wang, H.; Cutler, D.L.; et al. Phase
3 trials of tirbanibulin ointment for actinic keratosis. N. Engl. J. Med. 2021, 384, 512–520. [CrossRef] [PubMed]

30. Kempers, S.; DuBois, J.; Forman, S.; Poon, A.; Cutler, E.; Wang, H.; Cutler, D.; Fang, J.; Kwan, R. Tirbanibulin ointment 1% as a
novel treatment for actinic keratosis: Phase 1 and 2 results. J. Drugs Dermatol. 2020, 19, 1093–1100. [CrossRef] [PubMed]

31. Yavel, R.; Overcash, J.S.; Cutler, D.; Fang, J.; Zhi, J. Phase 1 maximal use pharmacokinetic study of tirbanibulin ointment 1% in
subjects with actinic keratosis. Clin. Pharmacol. Drug Dev. 2022, 11, 397–405. [CrossRef] [PubMed]

32. Athenex. Global Investigator’s Brochure, 3rd ed.; Athenex: Buffalo, NY, USA, 2017.
33. Patel, R.V.; Tsui, C.L. Evaluating psoriasis: A review of the assessments most commonly used in clinical trials. Psoriasis Forum J.

Psoriasis Psoriatic Arthritis 2011, 17, 259–266. [CrossRef]
34. Pascoe, V.L.; Enamandram, M.; Corey, K.C.; Cheng, C.E.; Javorsky, E.J.; Sung, S.M.; Donahue, K.R.; Kimball, A.B. Using the

physician global assessment in a clinical setting to measure and track patient outcomes. JAMA Dermatol. 2015, 151, 375–381.
[CrossRef]

35. Robinson, A.; Kardos, M.; Kimball, A.B. Physician global assessment (PGA) and psoriasis area and severity index (PASI): Why do
both? A systematic analysis of randomized controlled trials of biologic agents for moderate to severe plaque psoriasis. J. Am.
Acad. Dermatol. 2012, 66, 369–375. [CrossRef]

36. Traulsen, J.; Hughes-Formella, B.J. The atrophogenic potential and dermal tolerance of calcipotriol/betamethasone dipropionate
ointment compared with betamethasone dipropionate ointment. Dermatology 2003, 207, 166–172. [CrossRef]

http://doi.org/10.1016/j.jaad.2022.06.1171
http://doi.org/10.1056/NEJMoa2000073
http://www.ncbi.nlm.nih.gov/pubmed/32668113
http://doi.org/10.1016/S0190-9622(97)70216-0
http://doi.org/10.1016/j.dsi.2017.01.002
http://doi.org/10.1111/j.1365-2133.2006.07236.x
http://www.ncbi.nlm.nih.gov/pubmed/16704648
http://doi.org/10.1016/j.jaad.2015.03.049
http://doi.org/10.1021/acs.jmedchem.8b00164
http://doi.org/10.1158/1078-0432.CCR-13-1305
http://doi.org/10.1007/s10549-011-1513-3
http://www.ncbi.nlm.nih.gov/pubmed/21509526
http://doi.org/10.4143/crt.2016.168
http://doi.org/10.1158/1535-7163.MCT-12-0146
http://doi.org/10.1056/NEJMoa2024040
http://www.ncbi.nlm.nih.gov/pubmed/33567191
http://doi.org/10.36849/JDD.2020.5576
http://www.ncbi.nlm.nih.gov/pubmed/33196758
http://doi.org/10.1002/cpdd.1041
http://www.ncbi.nlm.nih.gov/pubmed/34783452
http://doi.org/10.1177/247553031117a00403
http://doi.org/10.1001/jamadermatol.2014.3513
http://doi.org/10.1016/j.jaad.2011.01.022
http://doi.org/10.1159/000071788

	Introduction 
	Materials and Methods 
	Study Design 
	Participant Eligibility 
	Assessments and Statistical Analyses 

	Results 
	Patient Enrolment, Demography and Baseline Characteristics 
	Safety 
	KX01 Concentration 
	Clinical Activity against Psoriasis 
	TAS and PGA Score Trend in Stage IV 

	Discussion 
	Conclusions 
	References

