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ABSTRACT

Introduction: Tildrakizumab 200 mg/2 mL pre-
filled syringe is a new preparation of tildrak-
izumab that is developed to facilitate patients’
compliance. This phase I clinical trial compares
the local tolerability, safety, and subjects’ pre-
ferred method of administration of tildrak-
izumab when administered as a new single
200 mg/2 mL subcutaneous injection or as two
100 mg/1 mL subcutaneous injections in heal-
thy subjects.
Methods: Visual analogue scores were used to
self-assess injection site pain immediately
(\1 min) after each administration and at 1 h

and 48 h after each administration. Treatment
injection site reactions were assessed at 1 h and
48 h after each administration. Treatment safety
was monitored throughout the study period.
Subjects’ preferred method of administration
was assessed 4 weeks after the last administra-
tion (day 56).
Results: No statistically significant difference
in visual analogue scores and injection site
reactions was detected between the two treat-
ments. Treatment-emergent adverse events
were mild, and there were no deaths or serious
adverse events. Most subjects (61.5%) preferred
the treatment when administered as a single
200 mg/2 mL subcutaneous injection rather
than as two 100 mg/mL subcutaneous
injections.
Conclusions: Administration of 200 mg til-
drakizumab as a single 2 mL subcutaneous
injection was safe, well tolerated, and preferred
over two separate 100 mg/1 mL subcutaneous
injections by healthy subjects. Eudract No.
2020-000183-37.

Keywords: Biologics; Tildrakizumab; IL-23;
Tolerability; Psoriasis

Supplementary Information The online version
contains supplementary material available at https://
doi.org/10.1007/s13555-022-00789-9.

G. Kokolakis (&)
Psoriasis Research and Treatment Center,
Department of Dermatology, Venereology and
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Key Summary Points

Why carry out this study?

Tildrakizumab (TIL) is a humanized
monoclonal antibody approved for the
treatment of psoriasis at doses of 100 mg
and 200 mg as one or two separate
100 mg/1 mL injections, respectively.

To improve convenience for patients
treated with the 200 mg dose, we assessed
the local tolerability, safety, and preferred
method of administration (either a
200 mg/2 mL single subcutaneous (SC)
injection or two 100 mg/1 mL SC
injections) in healthy subjects.

What was learned from the study?

We found no statistically significant
difference in tolerability and safety
assessments between the two treatments.

Tildrakizumab administration as a single
200 mg/2 mL SC injection was preferred
by most subjects.

INTRODUCTION

Psoriasis is a chronic immune-mediated
inflammatory skin disease affecting approxi-
mately 3% of the population globally [1]. Pla-
que psoriasis is the most common form, which
clinically manifests as skin erythematosqua-
mous plaques that evolve as a consequence of
the underlying immunological phenomena [2].
Besides T-helper (Th)-1 differentiation of the
naı̈ve T cells, resulting in the production of Th-1
cytokines such as tumor necrosis factor alpha,
Th-17 differentiation plays the most prominent
role in the immunopathogenesis of the disease
[3]. In the latter case, interleukin (IL)-23 pro-
motes naı̈ve T cells to Th-17 differentiation and
therefore to release Th-17 cytokines, mainly
represented by the IL-17 family [4]. Antibodies
and molecules that selectively block these

pathways have revolutionized psoriasis therapy.
Recently, biologics targeting IL-23 or IL-17 have
shown remarkable efficacy along with favorable
safety profiles for the long-term management of
psoriasis [5, 6]. Tildrakizumab, a humanized
monoclonal antibody selectively targeting IL-23
via the p19 subunit, is approved for the treat-
ment of adults with moderate to severe plaque
psoriasis who are candidates for systemic ther-
apy [7]. The recommended tildrakizumab dose
is 100 mg by subcutaneous (SC) injection at
weeks 0 and 4 and every 12 weeks thereafter.
However, in Europe, the use of a 200 mg dose is
suggested for patients with certain characteris-
tics (e.g., high bodyweight) [7]. In clinical trials,
both doses of tildrakizumab have demonstrated
a similar sustained long-term efficacy for skin
manifestations as well as for patient quality of
life, with equal safety profiles [8, 9]. Recently,
the effectiveness and safety of tildrakizumab
across psoriatic disease manifestations has been
confirmed in real-life clinical practice in large
prospective cohort studies [10, 11]. Currently,
tildrakizumab is available as a single-use pre-
filled syringe (PFS) containing 100 mg of pro-
duct in 1 mL solution (100 mg/1 mL PFS) for SC
injection. Thus, the 200 mg dose is adminis-
tered as two separate 100 mg/1 mL SC injections
at different injection sites.

To improve convenience for patients treated
with a 200 mg dose, a 200 mg/2 mL PFS allow-
ing for the administration of this dose in one
injection was developed. In this context, the
phase I study described herein was specifically
designed to assess the local tolerability and
safety of the tildrakizumab 200 mg dose when
administered as a single 200 mg/2 mL SC injec-
tion or as two 100 mg/1 mL SC injections in
healthy subjects. Additionally, this study asses-
sed the subjects’ preferred method of adminis-
tration of the tildrakizumab 200 mg treatment
between the tested injection regimens.

METHODS

Study Design and Subjects

This was a phase I, open-label, randomized,
crossover study to assess the local tolerability of
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a new PFS preparation containing 200 mg/2 mL
of tildrakizumab when delivered as a single SC
injection in healthy subjects. The trial was
conducted in a single center (the Phase I Unit of
PRA Health Sciences) in Groningen (Nether-
lands). Potential participants were identified
and recruited via a database of volunteers held
by PRA Health Sciences. Healthy male and
female subjects aged 18–60 years with a body
mass index (BMI) between 18.0 and 30.0 kg/m2

and who were in good general health were eli-
gible for enrollment in this study. Subjects with
a history of latent or active tuberculosis or those
a positive test for human immunodeficiency
virus, hepatitis B, hepatitis C, or severe acute
respiratory syndrome coronavirus 2 were
excluded.

The study consisted of two 200 mg tildrak-
izumab treatments randomly allocated to sub-
jects in a 1:1 ratio according to a 2 9 2 Williams
design: (1) a treatment consisting of one SC
injection of 200 mg/2 mL administered in the
left or right arm or thigh or in the left or right
side of the abdomen or (2) a treatment con-
sisting of two SC injections of 100 mg/1 mL
each, which were administered in opposite arms
or thighs or in opposite sides of the abdomen
[12]. Subjects received either the one SC injec-
tion of 2 mL (day 1) followed by the two SC

injections of 1 mL (day 28) or the two SC
injections of 1 mL at day 1 followed by the one
SC injection of 2 mL at day 28 (Fig. 1). Within
the treatment arms, subjects were randomized
to administration in one of three anatomic sites
(arms, thighs, or abdomen). During each treat-
ment period, subjects were admitted to the
research site and monitored for 48 h after the
study drug administration. The study drug was
administered by an experienced, qualified, and
trained staff member following the instructions
for administration as specified in the Summary
of Product Characteristics. Four weeks after the
last administration of the study drug (day 56),
there was a safety follow-up visit. An additional
safety follow-up for adverse events of clinical
interest and serious adverse events was per-
formed through a follow-up phone call at day
147. The study (Eudract No. 2020-000183-37)
was conducted in conformance with good
clinical practice guidelines and the Helsinki
Declaration of 1964 and its later amendments.
The study protocol was approved by the inde-
pendent ethics committee Beoordeling Ethiek
Biomedisch Onderzoek in Assen, the Nether-
lands. All participants provided written
informed consent. Subjects received reasonable
compensation for participation in the study. In

Fig. 1 Study design. PFS pre-filled syringe
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addition, travel expenses were reimbursed based
on the travel distance.

Outcome Measures

Local tolerability endpoints assessed injection
site pain of treatment using a visual analogue
scale (VAS), where 0 refers to no pain and 10 to
the strongest pain visualized on a 0–100 mm
line, immediately (\ 1 min) as well as 1 h and
48 h after administration. Injection site reac-
tions (ISRs), including erythema, swelling, pru-
ritus, hemorrhage, fluid loss at the injection
site, and bruising, were assessed and evaluated
at 1 h and at 48 h after study drug administra-
tion to record all ISRs before participants were
discharged. The grading scale of each ISR ranged
from 0 = absent, 1 = mild (slightly, barely per-
ceptible), 2 = moderate (distinct presence), to
3 = severe (marked, intense). The location of
the ISR was described as at or just around the
application area (B 2 cm from the application
area) or distant ([ 2 cm from the application
area). For the two 1 mL injections, each
administration site (left or right) was assessed
and recorded separately. However, only the
worst score for each tolerability parameter
(worst pain score and worst severity of ISR) was
considered as the local tolerability score per
subject per time point for descriptive analysis.
Other objectives included the monitoring of
safety aspects (adverse effects, physical exami-
nation, vital signs, and clinical laboratory tests)
of the treatments, assessed throughout the
study from day 1 to day 56. Moreover, partici-
pants’ preference for method of administration
between the treatment arms was inquired about
4 weeks after the last administration (day 56).

Statistical Analyses

The 95% confidence interval for the between-
treatment difference in VAS score of pain at
each time point was analyzed by an analysis of
variance (ANOVA) model with treatment, per-
iod, and treatment sequence as fixed effects and
subject nested within treatment sequence as a
random effect.

The odds of having an ISR under the two
treatments at each time point was derived using
a genmod model with treatment and period as
fixed effects. The distribution of ISR severity
(absent, mild, moderate, or severe) between the
two treatments was provided per type of ISR,
overall and by treatment sequence, and by time
point of assessment. All local tolerability and
safety outcomes were analyzed in the safety
analysis set (all randomized subjects who
received at least one dose of the study drug).
The subjects’ preferred method of administra-
tion was analyzed using the per protocol anal-
ysis set (all randomized subjects who completed
the two study treatments without a major pro-
tocol deviation).

RESULTS

Study Population Disposition
and Characteristics

After screening a total of 99 subjects, 39 subjects
were evaluated as the per protocol analysis set
and 42 subjects as the safety analysis set. A total
of 26 male subjects and 16 female subjects with
a mean age [standard deviation (SD)] of 32.8
(13.5) years and a mean BMI (SD) of 24.1 (2.7)
kg/m2 were enrolled into the study, random-
ized, and received at least one tildrakizumab
dose. Three subjects discontinued due to non-
compliance with the protocol. The demo-
graphic and baseline characteristics of the
subjects are shown in Table 1.

Pain Intensity According to VAS

Immediately (\1 min) after study drug admin-
istration, 25 subjects (59.5%) reported a
VAS[0 mm after treatment with the new
200 mg/2 mL PFS, and 26 subjects (66.7%) did
so after treatment with the two separate
100 mg/1 mL SC injections. At 1 h after study
drug administration, the number of subjects
reporting a VAS[ 0 mm was approximately
halved to 13 subjects (31.0%) with the new
200 mg/2 mL PFS and 12 subjects (30.8%) with
the two separate 100 mg/1 mL SC injections. At
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48 h after study drug administration, only 2
subjects (5.1%) reported a VAS[0 mm (with a
highest VAS score of 2 mm on a scale of 0 to
100 mm), both after the two separate 100 mg/
1 mL SC injections. The last reported injection
site pain was on day 4, by only 1 subject after
administration of the two separate 100 mg/
1 mL SC injections. Immediately after adminis-
tration of the new 200 mg/2 mL PFS, the mean
(SD) VAS score was 6.6 mm (10.7). After 1 h, the
score had already reduced to 1.2 mm (2.5), and
48 h after drug administration there was no
reported injection site pain [mean VAS score
(SD) 0.0 mm (0.0)]. For subjects receiving two
separate 100 mg/1 mL SC injections, the mean
(SD) VAS score was 4.5 mm (5.2) immediately
after drug administration, 0.8 mm (1.4) after
1 h, and 0.1 mm (0.4) at 48 h after drug
administration. Overall, mean VAS scores were
low for both treatments at each of the sched-
uled time points (Table 2). Based on the applied
ANOVA model, no statistically significant dif-
ference in VAS scores was detected between the

two treatments at any of the scheduled time
points.

Injection Site Reactions

Two subjects (4.8%) receiving the new 200 mg/
2 mL PFS and two subjects (5.1%) receiving the
two separate 100 mg/1 mL SC injections expe-
rienced at least one ISR at 1 h after study drug
administration. At 48 h after study drug
administration, 5 subjects (11.9%) receiving the
new 200 mg/2 mL PFS and 4 subjects (10.3%)
receiving the two separate 100 mg/1 mL SC
injections had at least one ISR. Overall, the
number of subjects with ISRs was low for both
treatments at each of the scheduled time points
(Table 3). The observed ISRs included erythema,
swelling, and bruising. None of the subjects
reported pruritus, hemorrhage, or fluid loss at
the injection site. All ISRs were mild and B 2 cm
from the injection site. Based on the applied
genmod model, no statistically significant dif-
ference in the odds of having an ISR was

Table 1 Demographics and baseline characteristics

Variable Statistic Total
(N = 42)

Age (years) Mean (SD) 32.8 (13.5)

95% CI 28.6, 37.1

Sex, n (%) Female 16 (38.0)

Male 26 (62.0)

Race, n (%) White 41 (98.0)

White ? Asian 1 (2.0)

Ethnicity,

n (%)

Not Hispanic or

Latino

42 (100.0)

Weight (kg) Mean (SD) 76.4 (11.8)

95% CI 72.7, 80.0

BMI (kg/m2) Mean (SD) 24.1 (2.7)

95% CI 23.3, 24.9

BMI body mass index, CI confidence interval, N number
of subjects in the analysis set, % 100 9 (n/N), SD stan-
dard deviation

Table 2 Summary of VAS scores by treatment and time
point in the safety analysis set

Time point Statistic 1 3 200 mg/
2 mL new PFS
(N = 42)

2 3 100 mg/
1 mL PFS
(N = 39)

Day

1,\ 1 min

Mean

(SD)

6.6 (10.7) 4.5 (5.2)

95% CI 3.2, 9.9 2.8, 6.2

Day 1, 1 h Mean

(SD)

1.2 (2.5) 0.8 (1.4)

95% CI 0.4, 2.0 0.3, 1.2

Day 3, 48 h Mean

(SD)

0.0 (0.0) 0.1 (0.4)

95% CI – 0.0, 0.2

For the treatment with 2 9 100 mg/1 mL PFS, each
administration site was assessed and recorded separately;
the worst pain score was used for descriptive statistics
CI confidence interval, N number of subjects exposed
within the treatment, PFS pre-filled syringe, SD standard
deviation
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detected between the two treatments at any of
the scheduled time points. The few ISRs repor-
ted at 48 h were reported as being resolved
within 1 week after study drug administration
(n = 4), within 2 weeks (n = 3), or within
3 weeks (n = 2).

Subjects’ Preferred Method
of Administration

At 4 weeks after the last study drug administra-
tion, most subjects (61.5%) indicated that they
preferred the new 200 mg/2 mL SC injection
over the two separate 100 mg/1 mL SC injec-
tions. The remaining subjects (38.5%) indicated
that they preferred the two separate 100 mg/
1 mL SC injections over the single 200 mg/2 mL
SC injection (Fig. 2).

Safety

Thirteen out of 42 subjects (31.0%) reported 26
treatment-emergent adverse events (TEAEs)
after administration of the new 200 mg/2 mL
PFS. Fourteen subjects (35.9%) reported 23
TEAEs after administration of the two separate
100 mg/1 mL SC injections. Based on a bivariate
distribution analysis, 7 out of 42 subjects
(16.7%) reported at least one TEAE after
administration of the new 200 mg/2 mL PFS but
not after the two separate 100 mg/1 mL SC
injections. Eight subjects (19.0%) reported at
least one TEAE after administration of the two
separate 100 mg/1 mL SC injections but not
after the new 200 mg/2 mL PFS. Six subjects
(14.3%) reported at least one TEAE after
administration of both treatments. Thus, there
was no meaningful difference in the percentage
of reported TEAEs between treatments. More-
over, all TEAEs were assessed as mild and were

Table 3 Number and percentage of subjects with ISRs by treatment and time point in the safety analysis set

Number of subjects with Time point 1 3 200 mg/2 mL
new PFS (N = 42)

2 3 100 mg/1 mL
PFS (N = 39)

p value

At least 1 ISR Day 1, 1 h 2 (4.8) 2 (5.1) p = 0.969

Day 3, 48 h 5 (11.9) 4 (10.3) p = 0.804

Erythema Day 1, 1 h 1 (2.4) – –

Day 3, 48 h 4 (9.5) – –

Swelling Day 1, 1 h 1 (2.4) 2 (5.1) –

Day 3, 48 h – 1 (2.6) –

Pruritus Day 1, 1 h – – –

Day 3, 48 h – – –

Hemorrhage Day 1, 1 h – – –

Day 3, 48 h – – –

Fluid loss at the

injection site

Day 1, 1 h – – –

Day 3, 48 h – – –

Bruising Day 1, 1 h – – –

Day 3, 48 h 2 (4.8) 4 (10.3) –

ISR injection site reaction, N number of subjects exposed within the treatment, n number of subjects in each category, %
100 9 (n/N)
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resolved by the end of the study. The most
common TEAEs were injection site pain, injec-
tion site bruising, headache, injection site ery-
thema, injection site swelling, abdominal pain,
diarrhea, and flatulence. A summary of all
TEAEs reported in the study is provided in
Supplementary Table 1.

DISCUSSION

Tildrakizumab is a biologic humanized mono-
clonal antibody against the p19 subunit of IL-23
that is approved at doses of 100 mg and 200 mg
for patients with moderate-to-severe plaque
psoriasis. Individual variables such as body
weight can affect the efficacy of biologic treat-
ments; thus, a higher dosing should be consid-
ered for patients with certain characteristics
[13]. Tildrakizumab is the only IL-23p19 inhi-
bitor with approved dose individualization for
adaptation to such real-life clinical challenges
[7]. However, the 200 mg dose of tildrakizumab
is administered in the form of two 100 mg/1 mL
SC injections. To facilitate the administration of

the dose of 200 mg, increasing patient conve-
nience and treatment adherence, a PFS of
200 mg/mL has been developed. The primary
objective of this phase I, open-label, random-
ized, crossover study was to verify if the injec-
tion of a larger volume of the newly developed
tildrakizumab, a 200 mg/2 mL PFS (2 mL versus
1 mL), at a single site would influence tolera-
bility and safety when compared with the
approved 100 mg/1 mL PFS.

We found that the mean VAS scores used to
assess pain in the injection site and the number
of subjects with ISRs were low for both treat-
ments at each of the scheduled time points.
There were no statistically significant differ-
ences between the two treatments in the injec-
tion site pain, self-assessed by subjects or based
on the odds of having an ISR, showing that the
tolerability of the new PFS was comparable to
that of two separate 100 mg/1 mL SC injections.
Indeed, all ISRs were mild and B 2 cm from the
injection site and quickly resolved sponta-
neously. Delivery volume is a factor contribut-
ing to SC injection site pain [14], and high
injection volumes are typically associated with

Fig. 2 Subjects’ preferred method of administration (per protocol population). PFS pre-filled syringe
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increased patient discomfort and sometimes
pain at the site of administration, with less
injection site pain reported where reduced vol-
ume is possible [14]. However, in line with our
findings, other approved biological treatments
have shown good tolerability when delivered
using a single 2 mL injection. A single 2 mL SC
injection of tralokinumab IL-13-neutralising
human IgG4 monoclonal antibody used in
patients with asthma was also well tolerated by
healthy adults and presented a lower overall
incidence of ISRs (9.6% through week 16)
compared with the two separate SC injections
[15, 16].

In this study, the incidence of TEAEs was
low, and no substantial differences were found
between the two treatments. Our results are in
agreement with the results from a 5-year effi-
cacy and safety outcome based on the long-term
extension of the reSURFACE 1 and 2 trials,
which demonstrated a reassuring safety profile
of the 200 mg tildrakizumab dose, equal to that
of the 100 mg dose [17]. The safety profile of
tildrakizumab delivered by the new single
200 mg/2 mL PFS in this study showed no new
or unexpected safety signals over 147 days,
consistent with the safety reported previously
[17–19]. No deaths occurred during the study,
and all TEAEs were assessed as mild. The use of
the 2 mL PFS did not result in any specific safety
findings; in particular, 19.0% of subjects repor-
ted at least one TEAE after administration of the
two separate 100 mg/1 mL SC injections, but
not after the new 200 mg/2 mL PFS.

Moreover, this study shows that the new
single PFS containing 200 mg/2 mL tildrak-
izumab was also rated as the preferred method
of administration over the two separate 100 mg/
1 mL SC injections by most subjects (61.5%).
This result is plausibly a reflection of the
enhanced convenience and ease of use of the
new 200 mg/2 mL PFS compared to having two
injections of 100 mg/1 mL, which may enhance
patient adherence [20]. Also, patient prefer-
ences when choosing treatments for psoriasis
include dosing- and frequency-related variables
among the most important treatment attributes
[21]. However, data also show that smaller vol-
umes of subcutaneously administered
methotrexate in rheumatoid arthritis patients

resulted in a higher preference and improved
local tolerability [22]. Thus, the lower injection
volume of 2 9 100 mg/mL may explain the fact
that a minority of the participants in this study
preferred the two injections over the new single
PFS injection.

Limitations of the study include the
involvement of healthy subjects, which may
have affected the results. However, the inclu-
sion of healthy subjects in the trial as opposed
to psoriasis subjects might have allowed a
clearer interpretation of the trial results, since
psoriasis subjects have confounding factors
resulting from changes in disease state and/or
the use of concomitant medications, all of
which must be considered in the data analysis
and interpretation. Published phase I tolerabil-
ity data for other biologics such as the human
monoclonal antibody tralokinumab given as
single 2 mL injection or 2 9 1 mL injections
were also collected in healthy subjects [15].
Moreover, the mean BMI of healthy subjects in
this study was lower (24.1) compared to that
reported in psoriasis studies (29.8–30.0) [23],
which may have an impact on the transferabil-
ity of the data.

CONCLUSIONS

Taken together, the administration of tildrak-
izumab as a single 200 mg/2 mL SC injection
appears to be well tolerated and safe. Further-
more, these findings suggest that a single til-
drakizumab SC injection of 200 mg/2 mL is the
favored method of administration and thus
may improve patient convenience and adher-
ence to treatment.
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