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Psoriasis is a chronic and debilitating inflammatory immune-mediated skin disorder.
Several cytokines including interleukin (IL)-23 were demonstrated to play a central
role in the pathogenesis of this disease. Treatment options for psoriasis range from
topical to systemic modalities, depending on the extent, anatomical locations involved
and functional impairment level. Targeting cytokines or their cognate receptors that
are involved in disease pathogenesis such as IL-12/23 (i.e., targeting the IL-12p40
subunit shared by these cytokines), IL-17A, IL-17F, IL-17RA, and TNF-a using biologic
agents emerged in recent years as a highly effective therapeutic option for patients with
moderate-to-severe disease. This review provides an overview of the important role of
IL-23 signaling in the pathogenesis of psoriasis. We describe in detail the available IL-23
inhibitors for chronic plaque psoriasis. The efficacy, pharmacokinetic properties, and the
safety profile of one of the most recent IL-23 biologic agents (tildrakizumab) are evaluated
and reviewed in depth.
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INTRODUCTION

Psoriasis is a T-cell mediated autoimmune inflammatory disease that primarily affects the skin but
can also affect the joints and other organs. The prevalence of psoriasis in the developed countries
is between ~1-5% (1), with the most common clinical form being the chronic plaque subtype.
The underlying etiology of psoriasis is multifactorial and is comprised of genetic predisposition,
immunologic, environmental, and endogenous factors (2). These factors ultimately affect various
components of innate and adaptive immunity to result in dysregulated keratinocyte proliferation
and the development of psoriatic lesions. Psoriasis is a heterogenous disease, where >80 genes and
alleles were described to increase disease susceptibility, including HLA-Cw6, PSOR1-15, CCHCRI,
CDSN along with the range of inflammatory molecules regulated by the TNF-a signaling pathway
in T helper (Th) cells (Figure 1) (3, 4).
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FIGURE 1 | Schematic representation of relevant cytokines and T helper cell subsets involved in the pathogenesis of psoriasis. Biologic therapies used to treat this
disease are indicated along with the signaling pathways targeting specific cytokines.
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THE ROLE OF INTERLEUKIN-23
SIGNALING IN THE PATHOGENESIS OF
PSORIASIS

IL-23 has been shown to play a fundamental role in the
pathogenesis of psoriasis (2). IL-23 is a heterodimeric cytokine
composed of two subunits p19 and p40 (Figure2). The p19
subunit is unique to the structure of IL-23, a 4-fold helical
core with a disulfide bond, which is attached to the p40
subunit (5, 6). The p40 subunit is shared with IL-12, where
it dimerizes with the p35 subunit (7). Genomic studies have
confirmed that IL-23p19 is found on chromosome 12q13.2; the
gene is composed of four exons and three introns, whereas,
IL-23p40 is located on chromosome 11ql.3, composed of eight
exons and seven introns (5-8). Antigen-presenting cells (APCs)
including Langerhans cells, macrophages, and tissue-resident or
recruited inflammatory myeloid CD11" dendritic cells (DC)
produce IL-23. Keratinocytes were also shown to produce mRNA
transcripts for IL-23p19 and IL-23p40 (9). Various immune
factors are involved in the expression of IL-23 by APCs including
lipopolysaccharides, CpG, and PolylI:C (10). These factors bind to
toll-like receptors (TLRs) to induce the activation of transcription
factors AP-1 and NF-kB, which then further leads to the
upregulation of IL-23 (11).

A key immunologic function of IL-23 is to drive the
differentiation process of naive T-helper (Th) cells into Th17
cells, primary producers of IL-17. Studies demonstrate that
the presence of IL-6, IL-1B, or TGF-B is not sufficient for
Th17 differentiation and that concomitant IL-23 stimulation is
essential. IL-23 inhibits the differentiation of regulatory T (Treg)
cells that produce IL-10 and inhibit inflammation, and thus
restrict Th17 differentiation (12, 13). IL-6, IL-1 B, and TGF-
p are essential for the expression of IL-17A, IL-17F, and IL-23
receptors (IL-23R) (6, 14). IL-23 binds to a receptor complex
to induce biological inflammatory responses (Figure2). The
receptor complex is comprised of two parts, IL-12RB1 and IL-23R

IL-23

/

L
Tildrakizumab <~ =

IL-23R

T3

FIGURE 2 | IL-23 and its receptor complex. IL-23 is a heterodimeric cytokine
composed of p40 and p19 subunits.

and is expressed by several immune cells including natural killer,
dendritic and memory T-cells, macrophages, and keratinocytes
(14-16). Upon binding to the receptor complex, specifically on
naive Th cells, IL-23 activates Signal Transducer and Activator of
Transcription (STAT3), which then dimerizes, translocates into
the nucleus and binds/transactivates the promoters of IL-17A and
IL-17F (17). IL-17 is an essential cytokine involved in linking T-
cell activation to neutrophil mobilization and activation of the
Th17 inflammatory pathway in several autoimmune conditions
including psoriasis (7, 8, 18). IL-23 and IL-12 together activate
Th17 and Thl cells that release IL-22 and TNF-a (19). IL-22 is
an effector cytokine of the Th17 lineage and works cooperatively
with IL-17A and IL-17F (20). Furthermore, IL-23 plays a role in
promoting differentiation of CD8' T cells into cytotoxic T 17
cells (Tc17). Tcl7 cells along with mast cells, neutrophils, and IL-
23R™ T cells further increase IL-17 production upon stimulation
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by IL-23 (21-24). Intriguingly, recent data from studies in mice
indicates that tissue-resident innate lymphoid 3 cells (ILC3) also
produce IL-17 and IL-22 cytokines in response to IL-23 signaling,
which contributes to dermal inflammation in psoriasis (25).

Thus, IL-23 stimulation and the expression of downstream
cytokines secreted by T cells, CD4™-T cells, regulatory T cells,
cytotoxic T cells, natural killer cells, type 3 innate lymphoid
cells, neutrophils, and mast cells are observed in psoriasis
(26). T-cell activation inhibitors are known to significantly
ameliorate psoriatic lesions, albeit, none are used for the
treatment of disease due to significant adverse effects (27—
30). Deregulation of genes related to the IL-23/Th17 signaling
axis increases the risk of developing psoriasis. Psoriatic skin
lesions have consistently demonstrated increased levels of IL-
23 (specifically IL-23p19 and p40 mRNAs), IL-17, IL-22, and
infiltration of epidermal Th17 cells as well as dermal Tc17 cells
(22, 31-33). IL-23 protein levels were also higher in psoriatic
skin, when compared to non-lesional skin (34). Intradermal
injection of IL-23 in murine skin models led to histological
changes consistent with psoriatic lesions. Consistent with this
finding, experimental imiquimod-induced psoriasis models are
dependent on IL-23 and IL-17 production (35-37). Blocking
of the IL-23/IL-17 signaling axis using anti-IL-23 antibodies
was shown to suppress the onset of psoriasis in experimental
animals (38). IL-23p19 and IL-17RA deficient mice showed
an amelioration in erythema, scaling, and skin thickening
(37). Injections of recombinant IL-23 into mice stimulated
epidermal hyperplasia and psoriasis plaques formation through
IL-17 and IL-22 signaling, which was not observed in IL-
17 and IL-22 deficient mice (39). IL-22 is known to directly
induce keratinocyte proliferation and migration (40). IL-17A
increases proliferation of keratinocytes and downregulates the
expression of molecules involved in their differentiation. IL-
17A and IL-22 interact with TNF-a to upregulate the expression
of IL-36, a cytokine that further augments the function of
Th17 cytokines creating a feedback loop observed in pustular
psoriasis (41).

As detailed above, IL-23 and IL-12 share the same p40 subunit
that binds to their receptor complexes to initiate an immune
response. IL-12 binds to CD4" T cells via the IL-12 receptor
complex, which triggers the differentiation of naive T cells into
Th1 cells. Thl cells release IFN-y and TNF-a. Together with IL-
23,1IL-12 increases the production of pro-inflammatory cytokines
involved in the pathogenesis of psoriasis (19).

In summary, in the pathogenesis of psoriasis, IL-6, IL-1p, and
TGEF-p initiate the differentiation of naive Th17 cells, alongside
IL-23, which is required for Th17 activation and maintenance,
and secretion of pro-inflammatory cytokines (Figure 1). IL-23 is
crucial for the survival and proliferation of Th17 cells, primary
producers of IL-17. IL-17 protein is observed at high levels in
blood and skin samples from psoriasis patients. IL-23 signaling
also leads to the release of IL-22, which together with IL-17,
further stimulates keratinocytes to produce chemokines and
antimicrobial peptides to recruit additional Th17 cells, therefore,
sustaining the inflammatory response (42, 43). Concomitantly,
IL-12 induces the differentiation of the Th1 cells and triggers the
release of IFN-y and TNF-a (7, 19, 22, 39, 41, 44-47).

TABLE 1 | Summary of status of approval for the treatment of psoriasis by Health
Canada, the Food and Drug Administration (FDA), and the European Medicines
Agency (EMA) of biologic agents presented in this review.

Biologic agent Approved by Approved by the Approved by the

health Canada Food and Drug European
(62) Administration Medicine

(63) Agency (64)

Ustekinumab Yes Yes Yes

Briakinumab No No No

Guselkumab Yes Yes Yes

Risankizumab Yes Yes Yes

Mirikizumab Trials ongoing Trials ongoing Trials ongoing

Tildrakizumab Under review Yes Under review

Etanercept Yes Yes Yes

Infliximab Yes Yes Yes

Adalimumab Yes Yes Yes

Certolizumab Yes Yes Yes

pegol

Golimumab (for Yes Yes Yes

psoriatic arthritis

only)

Secukinumab Yes Yes Yes

Ixekizumab Yes Yes Yes

Bimekizumab Under review Under review Under review

Brodalumab Yes Yes Yes

INHIBITION OF THE IL-12P40 SUBUNIT
SHARED BY THE IL-12/23 CYTOKINES
FOR THE TREATMENT OF PSORIASIS

The key role of IL-23 in the pathogenesis of psoriasis makes this
cytokine an intriguing therapeutic target (48-52). Clinical studies
have shown that inhibition of IL-23 effectively treats symptoms of
psoriasis, as several other key inflammatory cytokines including
IL-17, IL-22, TNF-a, and IL-36 are inhibited (2). Although, the
focus of this review is on IL-23 inhibition and particularly on
tildrakizumab (53-55), we briefly discuss inhibitors targeting
TNF-a, IL-17/IL-17RA, and IL-12/23. TNF-a inhibitors include
etanercept, infliximab, adalimumab, certolizumab pegol, and
golimumab (the latter used off-label to treat psoriasis) (56); IL-17
inhibitors include secukinumab, ixekizumab, and bimekizumab;
IL-17RA inhibitor-brodalumab (19, 57-61); Inhibitors of IL-
12p40 subunit, which affect the IL-12 and IL-23 signaling include
ustekinumab and briakinumab. The status of regulatory approval
by Health Canada, the U.S. Food and Drug Administration
(FDA), and the European Medicine Agency (EMA) for these
drugs is summarized in Table 1.

Ustekinumab

Discovery of elevated expression of the p40 subunit in psoriatic
lesions combined with biologic plausibility prompted the
development of targeted biologic therapies. The first agent was
an entirely humanized antibody, ustekinumab (48). Ustekinumab
targets IL-23 and IL-12 by neutralizing IL-23p40 to treat
chronic plaque psoriasis and psoriatic arthritis. Ustekinumab was
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approved by the FDA at the dose of 45 or 90 mg as an injection
depending on the patients weight. A randomized controlled
clinical trial demonstrated that ustekinumab demonstrated
superior efficacy than etanercept in treating psoriasis over a
12-week period (50). Two large randomized controlled clinical
trials with the total of 1,996 patients with moderate-to-severe
psoriasis demonstrated that ustekinumab 45 and 90 mg achieved
a 75% reduction in the psoriasis area and severity index (PASI;
PASI75) more significantly than the placebo (51, 52). Further
clinical trials have assessed the long-term safety and efficacy
of ustekinumab and have produced similar results (50, 65-67).
Specifically, one long-term study illustrated that 76.5 and 78.6%
of patients were demonstrating a PASI75 response after a 5-year
period of ustekinumab 45 and 90 mg treatment, respectively (65).
The adverse events (AEs) of this drug were studied across a 3-year
period demonstrating comparable findings between the placebo
vs. 45 and 90 mg doses of ustekinumab (50).

Briakinumab

Briakinumab is another entirely humanized antibody that was
developed to inhibit p40 subunit, however drug development
was discontinued (2). Initially, clinical trials suggested that this
agent was effective and safe (68, 69). A randomized controlled
study, where 347 chronic plaque psoriasis patients were given
briakinumab, etanercept, or placebo, showed that briakinumab
was superior to etanercept (68). Another randomized controlled,
double-blind clinical trial demonstrated that briakinumab was
more effective than methotrexate. However, concern about
increased occurrence of serious AEs including infections,
malignancies, and, importantly, cardiac events led to the
discontinuation of briakinumab’s development (40).

TARGETED INHIBITION OF IL-23
SIGNALING AS A RELIABLE SYSTEMIC
TREATMENT STRATEGY FOR PSORIASIS

Therapeutic agents specifically targeting IL-23p19 subunit
include guselkumab, tildrakizumab, risankizumab,
and mirikizumab.

Guselkumab

Guselkumab is a humanized IgG1 lambda monoclonal antibody
used to treat moderate-to-severe chronic plaque psoriasis (70).
The dosage is 100 mg administered at weeks 0, 4 and then every
8 weeks thereafter (71-73). An initial randomized controlled
trial with 24 participants at week 12 demonstrated a PASI75
response in guselkumab treated patients at a significantly higher
rate than in patients receiving a placebo (73). Two randomized
controlled trials (VOYAGE 1 and VOYAGE 2) compared the
efficacy and safety of guselkumab 100 mg, adalimumab (a TNEF-
a inhibitor), a commonly used biologic at that time for chronic
plaque psoriasis, and a placebo. In VOYAGE 1 trial, 73.3% of
patients using guselkumab achieved a PASI90 disease response at
week 16, when compared to 49.7% of patients using adalimumab.
VOYAGE 2 trial demonstrated a PASI90 response of 70 and
2% for guselkumab vs. placebo groups, respectively. Investigator

Global Assessment (IGA 0/1) improvement was also significantly
greater for the guselkumab compared to the adalimumab and
placebo groups, with 85 vs. 65.9% and 7% of patients achieving
IGA 0/1, respectively, at week 16. Both studies showcased the
long-term efficacy of guselkumab up to 48 weeks. AEs were
comparable across all groups (72, 74). Another randomized
controlled trial included patients receiving ustekinumab 45 or
90 mg at weeks 0 and 4. At week 16, patients with inadequate
responses to ustekinumab (defined as maintaining an IGA score
of >2) were re-randomized to receive guselkumab 100 mg or they
continued the same ustekinumab treatment. This trial illustrated
that at week 28, 48.1% of patients after switching to guselkumab
achieved a PASI90 response rate in comparison to 22.6% of
patients continuing to receive ustekinumab. IGA improvements
for the guselkumab vs. ustekinumab arms of the study were
observed in 31 and 14% of the patients, respectively, at week
28. Thus, guselkumab was shown to be a superior alternative for
ustekinumab in patients, who do not respond to IL-12/23 p40
inhibitor. However, 66.4% of patients receiving guselkumab had
an AE compared to 55.6% treated with ustekinumab; the most
frequent being common non-severe infections (75).

The systematic review and Bucher indirect comparison of
tildrakizumab and guselkumab demonstrated that one treatment
is not superior to the other, according to the results from
the reSURFACE 1/2, and VOYAGE 1/2 trials. There were no
statistically significant differences between the two biologic
agents in achieving PASI75 and 90 scores or serious AEs (76).
The rates of discontinuation at weeks 12 to 16 and 24 to 28 were
comparable between the drugs (76). The data for the outcomes of
the placebo groups for weeks 24 to 28 was imputed from weeks
12 to 16 due to the discontinuation of the placebo arm after week
16. The authors assumed that changes are not expected in the
placebo arm beyond weeks 12 to 16, which is a limitation of this
study design.

Risankizumab

Risankizumab is a human monoclonal antibody of IgG1 class that
also targets the IL-23p19 subunit for the treatment of psoriasis
(a dosing schedule of 150 mg at weeks 0, 4, and subsequently
every 12 weeks) (77). A phase III randomized controlled trial
compared the efficacy of risankizumab with adalimumab in
patients with moderate-to-severe chronic plaque psoriasis (78).
In total, 605 patients were enrolled in this study and randomized
to receive risankizumab or adalimumab. Seventy two percent
of patients in the risankizumab group achieved a PASI90 score
compared to 47% of patients in the adalimumab group at week
16. Subsequently, 66% of patients in the adalimumab group
were able to achieve a PASI90 score at week 44, after switching
to receive risankizumab treatment, while only 21% of patients,
who continued the treatment with adalimumab, achieved a
PASI90 score. AEs were similar across all groups. Two phase
IIT multicenter trials (ultIMMa-1 and ultIMMa-2) were further
conducted to compare risankizumab 150 mg vs. placebo vs.
ustekinumab (79). Both trials demonstrated risankizumab to be
more effective than the placebo and ustekinumab; ultIMMa-1
trial illustrated that 75.3% of patients achieved a PASI90 score at
week 16 using risankizumab compared to 4.9 and 42% of patients
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in the placebo and ustekinumab groups, respectively. At week 52,
82, and 56% of patients receiving risankizumab achieved PASI90
and PASI100 scores in the ultIMMa-1 trial, similar to 81 and
60%, respectively in the ultIMMa-2 trial. Treatment-emergent
AEs were consistent across all groups, most of which included
the upper respiratory tract infections (URTIs), fatigue, headache,
injection-site reaction, and dermatophyte infections. A 2-year
trial further assessed the efficacy and safety of continuous use
of risankizumab. Participants receiving risankizumab achieved a
PASI90 clearance at a significantly higher rate than the placebo
group: 73.2 vs. 2% of patients, respectively, at week 16. The rates
of AEs remained stable and were comparable to those observed in
the placebo arm over the 2 years (80). An immunohistochemical
analysis of 81 psoriasis patients treated with risankizumab for
4 weeks showed a significant decrease in immunohistochemical
marker staining associated with psoriasis including K16, Ki67,
CD3, and CDllc in 69% of patients receiving 180 mg dosing.
Similar molecular changes were observed in only 29% of patients
treated with ustekinumab (81).

Mirikizumab

More recently, mirikizumab, a humanized monoclonal 1gG4-
variant antibody, was developed as an IL-23 antagonist. This
biologic agent is currently being studied for its potential use
in psoriasis and Crohn’s disease/Ulcerative colitis patients. A
multicentre phase II randomized controlled trial assessed the
efficacy and safety of mirikizumab in treating moderate-to-
severe chronic plaque psoriasis. In total, 205 patients were
randomized into either a placebo vs. mirikizumab 30 mg, 100 mg,
or 300 mg groups, where injections were administered at weeks
0, 8, and then every 8 weeks thereafter. At week 16, 67 and
59% of patients in the mirikizumab 100 and 300 mg groups,
respectively, achieved a PASI90 score, compared to 0% in the
placebo group. AEs were similar across all groups. Hypertension
was observed in 5 patients receiving mirikizumab 100 mg and
300 mg groups, along with viral infections/URT1s, injection-site
pain and diarrhea, and were similar across all dosage groups.
Serious AEs included suicidal tendencies, observed once in both
placebo and mirikizumab groups, and alanine aminotransferase
and aspartate aminotransferase enzyme elevation >10 times of
the upper limit of normal, observed once in the mirikizumab
group. Further studies are required to demonstrate that this
biologic agent is an effective and safe therapeutic option for
psoriasis (82).

Tildrakizumab

Tildrakizumab is a high affinity humanized monoclonal IgG
kappa IL-23p19 antibody (83-94). Tildrakizumab (SCH-900222,
MKO03222) was developed by Merck, Sun Pharmaceutical
Industries and approved by the FDA in March 2018 for the
treatment of moderate-to-severe chronic plaque psoriasis in
adults (95-97). Tildrakizumab was the second IL-23p19 inhibitor
approved by the FDA after guselkumab (98). Tildrakizumab
binds to IL-23pl9 and inhibits its interaction with the IL-
23 receptor. The recommended dose is 100 mg administered
on 0, 4 weeks, and then every 12 weeks thereafter. However,
it is up to the physician’s discretion to escalate the dose to

200 mg, when necessary (99). Tildrakizumab is recommended
as the first line monotherapy for moderate-to-severe psoriasis
(100). This antibody is available in 1 mL syringes at 100 mg/ml
concentrations. The pre-filled syringes should be stored in a
refrigerator and left at room temperature for 30 min before use.

In 2015, a phase 1, randomized placebo-controlled trial
evaluated the efficacy of tildrakizumab in treating chronic plaque
psoriasis. This initial trial has demonstrated PASI75 score in
all subjects treated with intravenous tildrakizumab 3 and 10
mg/kg by day 196 in two out of the three parts of this
phase 1 trial (101). These successful results were followed by a
phase 2b trial assessing the safety and efficacy of subcutaneous
tildrakizumab in moderate-to-severe chronic plaque psoriasis
(102). Tildrakizumab’s efficacy and safety was superior to placebo,
maintaining response for 52 weeks of treatment and persisting
for 20 weeks after cessation. However, this trial was limited due
a small sample size, requiring a larger phase 3 trial assessing
the safety and tolerability of tildrakizumab. In 2017, the results
from two phase 3 trials were published. These studies illustrated
that tildrakizumab 100 and 200 mg doses are more effective and
well-tolerated compared to the placebo and etanercept in treating
moderate-to-severe chronic plaque psoriasis (103). However,
these trials were limited because comparisons with more effective
TNF-a inhibitors or ustekinumab have not been conducted.
The non-responders treated with tildrakizumab discontinued
therapy before part 3, which started at week 28 of the trial. This
resulted in lower dropout rates in these treatment arms within
28 weeks. The authors also noted that 12 weeks may have been
too early to assess the efficacy of tildrakizumab adequately. Thus,
in-between-treatment analyses for tildrakizumab 100 mg were
not conducted at several endpoints, including PASI75 and PGA
responses at 28 weeks. Currently, four other trials are ongoing
to assess the efficacy and safety of tildrakizumab. These include
the extension phase 3 reSURFACE 1 and reSURFACE 2, two
multinational, phase 2 trials, a multiple-dose phase 2b study in
patients with active psoriatic arthritis, and a phase 2a study in
patients with active ankylosing spondylitis or non-radiographic
axial spondylarthritis. The extensions of reSURFACE 1 and 2
are observational studies designed to further assess the efficacy
profile of tildrakizumab and its adverse events (103, 104).

EFFICACY OF TILDRAKIZUMAB IN THE
TREATMENT OF PSORIASIS: DETAILED
REVIEW OF CLINICAL TRIAL DATA

As highlighted above, a phase I, randomized controlled trial
with 77 subjects demonstrated a PASI75 response in participants
treated with the 3 and 10 mg/kg intravenous tildrakizumab
after 196 days from the first dose. This study also included a
histological, immunohistochemical, and gene expression analyses
of psoriatic skin following the treatments. Individuals treated
with 3 mg/kg and 10 mg/kg of intravenous tildrakizumab
experienced a resolution of thickened psoriatic skin lesions and
demonstrated reduced epidermal hyperplasia as well as a decrease
of vascular and inflammatory cell infiltrate parameters. All of
the groups had a significant reduction in the histopathological

Frontiers in Medicine | www.frontiersin.org

August 2021 | Volume 8 | Article 702776


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Ghazawi et al.

IL-23 Inhibitors in Treatment of Psoriasis

psoriasis severity score, a mean reduction of 67%. Proliferation
markers including Ki67 and keratin 16, apparent in psoriasis,
also normalized upon treatment, along with the inflammatory
infiltrating cells (epidermal CD4" and CD8*" T-cells, dermal
myeloid DCs, plasmacytoid DCs, and CD15" neutrophils).
Tildrakizumab treatment reduced and normalized the levels of
IL-19, IL-20, CCL20 ligands (CCL20 is overexpressed in psoriasis
and binds to Th17 chemokine receptors), and CXCLS8/IL-8
(overexpressed in psoriasis and binds to neutrophil CXCE1/2
receptors) in the lesional skin (101).

A phase II randomized controlled trial with 355 patients
affected by chronic plaque psoriasis demonstrated that
subcutaneous injections of tildrakizumab resulted in PASI75
clearance that was maintained through 1 year. The most
potent response was produced using the tildrakizumab 200 mg
treatment, where PASI75 clearance was achieved in 74.4% of
patients at week 16, compared to 66.3% in patients receiving
100mg dosing and 4.4% in the placebo group (102). Two
randomized controlled phase III trials (reSURFACE 1 and
reSURFACE 2) were conducted to compare the efficacy and
safety of tildrakizumab (n = 1,863 subjects). In part 1 of the
reSURFACE 1 trial, participants received tildrakizumab 100,
200 mg, or placebo treatments subcutaneously at 0 and 4 weeks.
In part 2, tildrakizumab treated patients received doses at week
16, and the placebo group patients were re-randomized to receive
either tildrakizumab 100 or 200 mg for weeks 12 and 16 doses.
In the reSURFACE 2 trial, during part 1 participants received
tildrakizumab 100, 200 mg, a placebo treatment, or etanercept
50 mg (50 mg twice a week for 12 weeks then 50 mg once weekly
for 16 weeks). In part 2 of this trial, tildrakizumab group patients
received doses at week 16, while the re-randomized placebo
group patients received tildrakizumab 100 or 200 mg for weeks
12 and 16 doses. In part 3 of both trials, responders and partial
responders (PASI > 75 and PASI >50 or PASI <75, respectively)
to tildrakizumab treatment were re-randomized to continue the
same regimen, an alternative tildrakizumab dosing, or a placebo
treatment for subsequent doses. Patients with missing data were
treated as non-responders and in these cases data imputation was
carried our. However, for secondary analyses, the full-analysis-set
observed data (i.e., all randomized participants who received one
or more doses of treatment and had baseline and one or more
post-baseline efficacy measurements) was conducted.

The results demonstrated at week 12, that tildrakizumab 100
and 200 mg treatments were significantly more effective than the
placebo and etanercept groups in achieving PASI75 clearance.
In the reSURFACE 2 trial, 61% and 66% of patients receiving
tildrakizumab 100 mg or 200 mg, respectively, achieved a PASI75
response score compared to 48, and 6% in etanercept and placebo
groups, respectively. AEs were similar and occurred at low
frequency across all groups (103).

Combined data from phase IIb and III trials demonstrated
that PASI75 was achieved using tildrakizumab 200mg (62-
74%), 100mg (61-64%), 25mg (59%), 5mg (24%) doses,
in comparison to a placebo and etanercept: 4-6 and 48%,
respectively at week 12. The phase III reSURFACE trials also
demonstrated that ~70% of tildrakizumab patients achieved a

Physician Global Assessment (PGA) score of clear or almost
clear. A review of phase II and III trial data using tildrakizumab
established that the most common AEs included common, non-
threatening infections.

Recently the data became available highlighting 5-year
efficacy and safety outcome based on long-term extension of
the reSURFACE 1 and 2 trails (105). The results highlighted
that patients who responded to tildrakizumab (i.e., achieved
PASI 75 at week 28) 100mg treatment demonstrated PASI
75/90/100 response at week 244 at the rate of 88.7, 65.9, and
32.8%, respectively. For the 200 mg treatment, responders at
week 28 continued to demonstrate clinical benefit at week
244 as 92.5% of patients achieved PASI75, while 69.5 and
40.8% of patients achieved PASI90 and PASI100 responses,
respectively. Subjects that demonstrated a partial response
to etanercept and non-responders were switched to receive
tildrakizumab 200 mg treatment. These patients benefitted and
achieved PASI75/90/100 and at rates of 81.3, 49.5, and 21.5%,
respectively. Five-year analysis of safety data was comparable
to findings of shorter time studies, where the most frequent
treatment related AE was nasopharyngitis. Several severe AEs
were observed in both tildrakizumab 100 mg and 200 mg groups
and were deemed not related to treatment (105). Hence, long-
term continuous dosing or switching from another biologic
agent could be part of the psoriasis management regimen
using tildrakizumab.

Furthermore, the impact of patient demographic and disease
characteristics on tildrakizumab efficacy was studied. PASI75 and
90 scores were achieved slightly more frequently (not reaching
statistical differences) in patients, who were <65 years of age, and
had a bodyweight of <90 kg, no evidence of arthritis, and no prior
biologic exposure. The efficacy of tildrakizumab did not differ
based on sex, race, and prior failure of conventional systemic
treatments (106). To further assess the efficacy of tildrakizumab
100 mg treatment on scalp, head and neck psoriasis disease
at week 28a post-hoc analysis was conducted using the data
from the reSURFACE 1 trial. A PASI head component score
(PASIh) (range 0.0-7.2) was used. Rapid, progressive reduction
in PASIh score was noted at week 28. Tildrakizumab’s efficacy
for scalp, head and neck clearance has shown to be similar
to secukinumab and adalimumab treatments, however, there
are no direct comparison studies available (107). A post-hoc
analysis also demonstrated that tildrakizumab treated patients
with PASI > 75 at week-28 maintained their improvement at
week 52, and >50% of the partial responders at week 28 improved
their PASI scores to more than 75 at week 52 (108). Gordon
et al. further evaluated supplementing dichotomous efficacy with
residual disease activity and found that disease activity was more
reliably estimated by PASI scores than PASI improvements by
percentages. At week 12, the median PASI score was 2.9 and the
response rate for PASI 90 was 36.9%, whereas, at week 28, the
median PASI was 1.7 and the response rate for PAST 90 was 51.9%
(109). Another post-hoc analysis assessed the time and predictors
leading to relapse in patients treated with tildrakizumab 100 and
200 mg. The median time to loss of PASI 75 from 28 weeks
was 142 and 172 days with 100 and 200 mg dosing, respectively.
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Increase in body mass index and an increase in disease duration
were associated with relapse (110).

COST EFFECTIVENESS

Tildrakizumab has been shown to be cost-effective. The
introduction of tildrakizumab with a 1% annual uptake over
5 years can potentially reduce the cost of treating psoriasis
patients based on the data from the United States. In a
population of 1,048 psoriasis patients treated with tildrakizumab,
the total health plan costs decreased by $964,763 over the
span of 5 years. Tildrakizumab is one of the most cost-
effective first-line psoriasis treatments. It has been shown
to be more cost-effective than risankizumab, secukinumab,
guselkumab, ixekizumab, adalimumab, ustekinumab, etanercept,
and certolizumab pegol (111-113).

PHARMACOKINETIC PROPERTIES OF
TILDRAKIZUMAB

The bioavailability of tildrakizumab is ~73-80% following
an injection (96). The half-life of tildrakizumab is ~20.2-
28.2 days, with the low volume of distribution of ~10.8L.
Intravenous administration of tildrakizumab 0.1, 0.5, 3, or 10
mg/kg produced mean half-life times of 29.4, 29.7, 26.9, and 24.6
days, respectively (104). Dosing with 100 mg of tildrakizumab
on weeks 0, 4, and every 12 weeks thereafter resulted in a
steady state achieved by week 16, where the mean steady-
state concentration ranged from 1.22 £ 0.94 to 1.47 £ 1.12
mcg/mL (99). Tildrakizumab is most likely cleared via catabolic
pathways that degrade this immunoglobulin into small peptides
and amino acids. However, the pharmacokinetic properties of
tildrakizumab and its use in geriatric, pediatric, breastfeeding, or
pregnant female populations have not been extensively studied
(96, 99). Other pharmacokinetic parameters including maximum
concentration and area under the curve of tildrakizumab increase
proportionally from doses of 50-200 mg. Increased body weight
resulted in lower area under the plasma concentration-time
curve at steady state (114). The pharmacokinetic properties of
tildrakizumab are similar to other monoclonal antibodies and do
not require dosage adjustments.

To better understand IL-23 pharmacokinetic parameters,
the degree of target suppression associated with clinical
efficacy, accelerator mass spectrometry was used to measure the
concentration of human recombinant [*C]-IL-23 in cynomolgus
monkeys. It was found that the predicted rank order of
reduction of free IL-23 was consistent with the reported
rank order of PASI100 scores in clinical efficacy trials; the
rankings were ustekinumab < tildrakizumab < guselkumab <
risankizumab (115).

It was also found that the pharmacokinetic factors such as
half-life, maximum concentration, drug exposure over time, and
median time to drug concentration were comparable across
different races and/or ethnicities including Chinese, Japanese and
Caucasian. The overall geometric mean area under the receiver
operating curve was 6.15, 6.05, and 6.32-day xpug/mL/mg for

Japanese, Caucasian and Chinese subjects, respectively, upon
treatment with tildrakizumab (116). Across all three populations,
10 mg/kg dosing was well-tolerated. Other studies demonstrated
that 50 mg of tildrakizumab dosing had a bioavailability of 80%
and 200 mg dosing had a bioavailability of 73% (101, 116-118).

The effect of tildrakizumab on cytochrome P450 metabolism
was studied in psoriasis patients, as changes in systemic
inflammation have been shown to alter cytochrome P450
metabolism. Tildrakizumab showed no clinically relevant effects
on the pharmacokinetic properties of the probe substrates. There
were also no changes in the IL-6 or high-sensitivity C-reactive
protein levels (119).

A few studies have assessed the immunogenicity of
tildrakizumab evaluating antidrug antibody (ADA) production.
Between 8 and 18% of patients tested positive for an ADA after a
treatment with tildrakizumab. Two of the studies demonstrated
decreased levels of tildrakizumab in patients with positive ADAs,
and another demonstrated a decrease in tildrakizumab half-life
in ~30% of subjects with ADAs. However, further studies are
required to understand the immunogenicity of tildrakizumab
and the relevance of antibody suppressants in ADA positive
patients (102, 116, 118). Finally, another study evaluating ADA
development in psoriasis patients established a dose-dependent
relationship, where 6.5 and 8.2% of treatment-emergent ADAs
occurred using tildrakizumab 100mg and 200mg dosing
regimens, respectively. Specifically, the incidence of treatment-
emergent ADA-positive neutralizing antibodies was 2.5 and
3.2% for tildrakizumab 100 and 200 mg, respectively. In patients
with a positive ADA, when compared to a negative ADA status,
the efficacy of tildrakizumab decreased. At week 52, the mean
PASI score improvement in treatment-emergent neutralizing
antibody-positive vs. ADA negative patients were 76% (n =
10) vs. 91% (n = 342) for the 100 mg of tildrakizumab dosing
regimen. Thus, participants with treatment-emergent ADAs
and neutralizing antibodies showed reduced efficacy and lower
serum levels of tildrakizumab (120).

SAFETY PROFILE OF TILDRAKIZUMAB

As highlighted by the data from clinical trials, tildrakizumab
is a reliable treatment leading to only minor AEs, including
an increased risk of nasopharyngitis/URTIs (99). To test safety,
29 healthy subjects were randomized to receive either 0.1,
0.5, 3, or 10 mg/kg doses of tildrakizumab, or a placebo
treatment intravenously. Of the subjects receiving intravenous
tildrakizumab, 83% reported at least one AE, 50% in 0.1 mg/kg;
100% in 0.5 mg/kg; 88% in 3 mg/kg; 100% in 10 mg/kg;
and 71% in the placebo groups. The most common AEs were
URTTs, headaches, injection-site reactions, and fatigue. Serious
AEs included upper airway obstruction observed in the placebo
group, and rhinal surgery observed in the 10 mg/kg treatment
group (117). In a different study, 37 healthy subjects were
randomized to receive 50 or 200 mg of tildrakizumab, or placebo
subcutaneously. Subcutaneous injections resulted in AEs in 65%
of participants; 64% in 50 mg; 57% in 200 mg; and 78% in the
placebo group. Common AEs included URTIs and headaches,
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and no serious AEs were observed (117). Also, while the product
monograph advises to evaluate patients for a possible latent
or active tuberculosis infection, as per the typical “biologic
classification,” because of the targeted nature of this treatment,
the risk of reactivating or increasing susceptibility to tuberculosis
remains low (121).

The incidence of serious gastrointestinal disorders, including
inflammatory bowel disease (Crohn’s disease and ulcerative
colitis), were assessed in detail using the data from phase IIb and
III trials (118, 122, 123). The post-hoc analysis based on 28 weeks
of clinical trial data concluded that tildrakizumab did not induce
or worsen inflammatory bowel disease in patients with psoriasis.
This is in contrast to the clinical trials using IL-17 and IL-
17RA inhibitors that demonstrated new cases and exacerbation
of inflammatory bowel disease in psoriasis and Crohn’s disease
patients (124).

Furthermore, as mentioned above the long-term safety and
tolerability of tildrakizumab has been evaluated using the data
from tildrakizumab clinical trials for up to 244 weeks (105).
Consistent with our review, frequencies of treatment-emergent
AEs, serious AEs, discontinuations due to AEs, major adverse
cardiovascular events, and severe infections were comparable
between tildrakizumab 100 mg, tildrakizumab 200 mg, placebo,
and etanercept groups in the reSURFACE 1 and 2 trials.
There were no AEs of inflammatory bowel disease or suicides
reported up to 244 weeks of tildrakizumab use. Candida skin
infections were infrequent with rates of 0.1, 0.3, 0.0, and 0.0%
for the tildrakizumab 100 mg, tildrakizumab 200 mg, placebo and
etanercept groups, respectively (105, 125).

Psoriasis is associated with the metabolic syndrome and
portends a higher risk of cardiovascular disease (126). A post-
hoc analysis of the tildrakizumab trials demonstrated that the
efficacy, safety, and drug survival were comparable and similar in
psoriasis patients with or without a metabolic syndrome (127). A
recent study demonstrated that the cardiometabolic risk factors
for patients receiving tildrakizumab 100 mg or 200 mg doses
differed at week 52 and 64 compared to the baseline. To evaluate
cardiometabolic risk, fasting serum glucose, low/high-density
lipoprotein-cholesterol, total cholesterol, triglyceride levels, body
weight, and blood pressure were studied (128). It was confirmed
that patients with psoriasis treated with tildrakizumab 100 or
200 mg doses up to 3 years were not susceptible to increased
cardiovascular risk (129).

Another important consideration is the use of tildrakizumab
during pregnancy. A recent consensus paper regarding the
management of chronic plaque psoriasis with biologic therapies
in women of child-bearing potential stated that tildrakizumab
could be transported across the placenta and there is a possibility
that it can be present in breast milk. A post-hoc analysis of
clinical trials analyzed 14 women who received tildrakizumab
and became pregnant. The outcomes included 6 cases of fetal
loss (2 spontaneous and 4 elective abortions) and 8 live births.
There were no congenital anomalies observed. This study
does not demonstrate a clear association, as it is unknown
whether tildrakizumab led to the spontaneous abortions in
the aforementioned 2 cases. It is worth noting that ~10-
15% of all natural pregnancies end in recognized spontaneous

abortions (130). Hence, 2/14 spontaneous abortion rate is
comparable to that in the general population. Nevertheless,
female patients should use contraceptive measures, when treated
with tildrakizumab and should refrain from using this biologic
agent if pregnant until more data becomes available (131). To our
knowledge, there are no studies conducted evaluating the safety
of tildrakizumab during breast feeding. Due to tildrakizumab’s
large molecular structure, it is unlikely to be absorbed by
the infant and is likely to be metabolized by the infants
gastrointestinal tract (132, 133).

The safety profile of tildrakizumab was also assessed using a
cynomolgus monkey model. Cynomolgus monkeys were treated
with 100 mg/kg of tildrakizumab every 2 weeks up to 9 months
and the drug was found to be well-tolerated at systemic exposures
approximately 90 times higher than what is recommended for
human patients. Treatment with tildrakizumab 100 mg/kg in
pregnant monkeys did not lead to embryofetal developmental
abnormalities (134).

Tildrakizumab is contraindicated in patients with a previous
serious hypersensitivity to this drug or to any of the excipients.
If a hypersensitivity reaction occurs, use should be discontinued.
The use of live vaccines should also be restricted. Prior to
initiating tildrakizumab, age-appropriate immunizations should
be completed according to the immunization guidelines (99).

COMPARING EFFICACY AND SAFETY
PROFILES OF TILDRAKIZUMAB

There are no direct head-to-head comparison clinical studies
evaluating the efficacy and safety of tildrakizumab to other
biologic agents aside from etanercept, as presented earlier.
In Tables 2-4 and Table 1 in Appendix, we compared the
efficacy/safety of tildrakizumab in treating psoriasis with clinical
trials conducted using other biologic agents: IL-23 inhibitors
[i.e., guselkumab (72, 74), risankizumab (79), mirikizumab (82)],
IL-23/12p40 inhibitor [ie., ustekinumab (51, 52)], IL-17/IL-
17 receptor inhibitors [i.e., secukinumab (135), ixekizumab
(123), brodalumab (136), and bimekizumab (137)], and TNF-a
inhibitors [i.e., etanercept, infliximab (138), adalimumab (139),
certolizumab pegol (140), and golimumab (141)]. We indicated
PASI75, 90, and 100 scores, PGA measures, common adverse
and serious AEs from each pivotal clinical trial and compared
demographic parameters of the study population.

A recent systematic review of IL-17, IL-17RA, IL-12/23,
and IL-23 inhibitors demonstrated that tildrakizumab 100
and 200 mg dosing ranked higher than guselkumab 100 mg,
ustekinumab 45 mg, and brodalumab 140 mg dosing in achieving
a PASI75 response short-term (142). However, this review had
several limitations including the lack of detail on randomization
sequence generation, allocation concealment, and blinding in
the trials, most of the analyses were indirect comparisons,
and the medical histories of patients were not accounted
for. Tildrakizumab 100 and 200mg treatments ranked the
lowest for short-term risk of AEs but ranked higher than
risankizumab 150mg in short-term risk of serious AEs. One
study compared the safety profiles of tildrakizumab, guselkumab,
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TABLE 2 | Summary of the demographic data of patients enrolled in clinical trials testing the efficacy of IL-23, IL-23/12, IL-17, IL-17RA, and TNF-a inhibitors.

References Phase Biologic Dosing scheme Endpoint Total Age Male Weight BMI Disease % body
week (n) (years) (%) (kg) (kg/m A 2) duration surface
(years)
Resurface 1 (103) (dosing 3 Tildrakizumab 100 mg, week 0, 4 12 309 46.4 67 88.5 29.7
scheme summary only from
part 1)
Tildrakizumab 200 mg, week 0, 4 12 308 46.9 73 88.9 30.9
Placebo 12 154 47.9 65 87.5 29.6
Resurface 2 (103) (dosing 3 Tildrakizumab 100 mg, week 0, 4 12 307 44.6 72 89.4 34.2
scheme summary only from
part 1)
Tildrakizumab 200 mg, week 0, 4 12 314 44.6 72 88.4 31.8
Etanercept 50mg, week 0, 4 12 313 45.8 71 88 31.6
Placebo 12 156 46.4 72 88.7 31.3
Papp et al. (102) 2b  Tildrakizumab  5mg, week 0, 4 12 42 43.2 74 28.9
Tildrakizumab ~ 25mg week 0, 4 12 92 46.3 65 28.5
Tildrakizumab 100 mg week 0.4 12 89 45.5 85 29
Tildrakizumab 200 mg week 0, 4 12 86 43.2 76 28.5
Placebo 12 46 45.9 83 29.5
Kopp et al. (101) 1 Tildrakizumab 3 mg/kg-weeks 0, 4 28 7 52.7 100 90.27
Tildrakizumab 10 mg/kg-weeks 0, 4 28 6 46.2 67 94.25
Placebo 28 20 455 80 102.46
Voyage 1 (72) 3 Guselkumab 100 mg-week 0, 4 16 329 439 729 29.7 17.9 28.3
Placebo 16 174 449 684 28.9 17.6 25.8
Voyage 2 (74) 3 Guselkumab 100 mg-week 0, 4 16 496 43.7 70.4 29.6 17.9 28.5
Placebo 16 248 433  69.8 29.6 17.9 28
UltiMMa-1 (79) 3 Risankizumab 150 mg-week 0, 4 16 304 48.3 70 87.8 26.2
Placebo 16 102 49.3 77 88.8 27.9
UltiIMMa-2 (79) 3 Risankizumab 150 mg-week 0, 4 16 294 46.2 69 92.2 26.2
Placebo 16 98 46.3 68 92.2 23.9
Reich et al. (82) 2 Mirikizumab 100 mg-week 0, 8 16 51 46 69 86.4 18.6 26.5
Mirikizumab 300 mg-week O, 8 16 51 475 71 87.9 18.1 21.3
Placebo 16 52 46 81 89.1 18 26.4
Phoenix-1 (51) 3 Ustekinumab 90 mg-week 0, 4 12 256 46.2 67.6 93.8 19.6 25.2
Placebo 12 255 44.8 71.8 94.2 20.4 27.7
Phoenix-2 (52) 3 Ustekinumab 90 mg-week 0, 4 12 411 46.6 66.7 91.5 20.3 271
Placebo 12 410 47 69 91.1 20.8 26.1
FIXTURE (135) 3 Secukinumab 150 mg-weeks 0-4 then 12 327 45.4 72.2 83.6 17.3 34.5
every 4 weeks thereafter
Secukinumab 300 mg-weeks 0-4 then 12 327 44.5 68.5 83 15.8 34.3
every 4 weeks thereafter
Placebo 12 326 441 72.7 82 16.6 35.2
Etanercept 50 mg-weeks 0-4 then 12 326 43.8 71.2 84.6 16.4 33.6
every 4 weeks thereafter
UNCOVER-1 (123) 3 Ixekizumab 160mg x 1, 80 mg (g2w) 12 433 45 67.2 92 20 27
Ixekizumab 160mg x 1, 80 mg (g4w) 12 432 46 66.9 92 19 28
Placebo 12 431 46 70.3 92 20 27
AMAGINE-1 (136) 3 Brodalumab 140mg gq2w 12 219 46 74 90.6 19 27.4
Brodalumab 210mg g2w 12 222 46 73 91.4 20 251
Placebo 12 220 47 73 90.4 21 26.9
BE ABLE 1 (137) 2b Bimekizumab 160 mg g4w 12 40 43.4 65.1 91.6 15.9 24
Bimekizumab 320 mg g4w 12 43 42.6 74.4 86.9 15.9 24
Placebo 12 42 46.7 595 88.8 15 255
(Continued)
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TABLE 2 | Continued

References Phase Biologic Dosing scheme Endpoint Total Age Male Weight BMI Disease % body
week (n) (years) (%) (kg) (kg/m A 2) duration surface
(years)
EXPRESS Il (138) Infliximab 5 mg/kg 14 314 44.5 65 92.2 191 28.7
Placebo 14 208 44.4 69.2 91.1 17.8 28.4
REVEAL (139) 3 Adalimumab 40 mg g2w 15 814 441 67.1 92.3 18.1 25.8
Placebo 15 398 454 64.6 941 18.4 25.6
CIMPACT (140) 3 Certolizumab ~ 200mg g2w 16 165 46.7 68.5 89.7 19.5 28.1
pegol
Placebo 16 57 46.5 59.6 93.7 18.9 24.3
GO-VIBRANT (141) 3 Golimumab 2 mg/kg, weeks 0, 4 then 16 241 45.7 53.1 6.2
every 8 weeks thereafter
Placebo 16 239 46.7 50.6 5.3

and risankizumab using phase III clinical trials. The biologic
treatments evaluated did not show any significant safety concerns
and the overall safety profiles were comparable. The most
common AE amongst all evaluated biologic agents was the
occurrence of nasopharyngitis/URTTs (143).

A systematic review on the rapidity of onset of action for IL-17
and IL-23 inhibitors for psoriasis demonstrated that the time to
onset of action for brodalumab was 2.1-2.6, and 2.2-2.3 weeks
for ixekizumab, which were quicker than tildrakizumab (5.6-
5.7 weeks), secukinumab (3.0-4.3 weeks), and guselkumab (3.8
weeks) (144). The onset of action was defined by the weighted
mean time needed for 25 and 50% of patients to achieve a PASI90
score. A network meta-analysis compared the efficacy of biologic
therapies for psoriasis using PASI75, 90, and 100 responses.
Specifically, 62 randomized controlled trials were evaluated, and
it was determined that tildrakizumab, adalimumab, brodalumab,
certolizumab pegol, guselkumab, risankizumab, secukinumab,
and ustekinumab were comparable with respect to short-term
efficacy and tolerability in comparison to the placebo and
methotrexate at 10-16 weeks (145), however, this analysis did
not include data beyond 16 weeks of treatment. This study
also calculated the numbers needed to treat to benefit/harm
(NNTB/NNTH) as the reciprocal of the corresponding risk; thus,
the NNTB/NNTH for tildrakizumab vs. placebo was 3 (95%
CI: 2-4) and non-significant for tildrakizumab vs. adalimumab
in achieving PASI90 clearance during weeks 10-16. Similarly,
another Bayesian and Frequentist network meta-analyses using
32 phase III clinical trials demonstrated that brodalumab and
ixekizumab had the quickest treatment effects based on PASI75
response at weeks 2, 4, and 8 as well as based on PASI90 and
PASI100 scores at weeks 2, 4, 8, and 12. The PASI score changes
of tildrakizumab were negligible for the initial 2 weeks of therapy
(146). The speed of onset and level of skin improvement between
ixekizumab and guselkumab, tildrakizumab, and risankizumab
in patients with moderate-to-severe plaque psoriasis were also
compared. Matched adjusted indirect comparisons demonstrated
that ixekizumab was superior to guselkumab, tildrakizumab, and
risankizumab short term (week 2-12) with respect to the onset
and clinical efficacy (147). A study comparing the speed of onset

and level of improvement between ixekizumab, tildrakizumab,
guselkumab, and risankizumab further demonstrated that
ixekizumab provided a quicker onset of response and clinical
benefit than the IL-23 inhibitors using matched adjusted indirect
comparisons from clinical trials (147). Ixekizumab showed
favorable results over tildrakizumab based on the data from
weeks 2-12 evaluating PASIs 75, 90, and 100 scores. A network
meta-analysis comparing the efficacy and safety of risankizumab,
guselkumab, tildrakizumab, and ustekinumab to treat moderate-
to-severe psoriasis also illustrated that risankizumab 90 and
180mg doses were more effective than tildrakizumab 5, 25,
100, and 200 mg treatment (148). This study used indirect
comparisons and the surface under the cumulative ranking
curve. The safety was comparable between all IL-23 inhibitors
and placebo.

Another network meta-analysis compared the efficacy and
safety of systemic agents including tildrakizumab, guselkumab
as well as 1L-12/23 and TNF-a (149). The study demonstrated
that at class level, all of the interventions including tildrakizumab
were significantly more effective than the placebo at reaching
PASI90 clearance for chronic plaque psoriasis. However,
there was significant difference between the anti-IL-17 agents
(brodalumab, ixekizumab, and secukinumab), tildrakizumab and
guselkumab when comparing the PASI90 scores. Results from
the ranking analysis for quality of life with the surface under
the cumulative ranking curve demonstrated that tildrakizumab
was inferior to ixekizumab, guselkumab, ustekinumab, and
superior to etancercept. Ranking analysis for PGA 0/1 further
suggested that tildrakizumab was superior to ixekizumab,
secukinnumab, brodalumab, ustekinumab, but was inferior to
certolizumab. Ranking analysis for PASI75 further demonstrated
that tildrakizumab was superior to ustekinumab but inferior
to ixekinumab, secukinumab, and brodlumab. Following the
placebo treatment, tildrakizumab demonstrated the best safety
profile with regards to the number of adverse events, followed by
guselkumab and certolizumab. This network meta-analysis also
found no significant differences in serious adverse events between
tildrakizumab and other IL-23, IL-17, and 12/23 inhibitors.
However, the authors indicated that the number of studies
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TABLE 3 | Summary of AEs and serious AEs that occurred in clinical trials evaluating the efficacy and safety of IL-23, IL-23/12, IL-17, and TNF-a inhibitors.

References Biologic Dose Sample Week >/=1AEs Common AE types listed >/=1SAEs Common SAE types
Size # reported % reported % listed

Resurface 1 Tildrakizumab 100 mg 309 12 47 8%Nasopharyngitis; 3% URTIs; 1% 2 <1% severe infection; <1%

(103) psoriasis confirmed major adverse
cardiovascular events

200mg 308 12 42 2% discontinued use; 6% 3 <1% severe infection; <1%
nasopharyngitis; 5% URTIs Drug-related hypersensitivity
Placebo n/a 1564 12 48 1% discontinued use; 5% 1
nasopharyngitis; 6% URTIs; 5%
psoriasis

Resurface 2 Tildrakizumab 100 mg 307 12 44 1% discontinued use; 1% injection 1 <1% death; <1%

(103) site erythema; 13% nasopharyngitis malignancies; <1%
non-melanoma skin cancer;
<1% drug-related
hypersensitivity

200 mg 314 12 49 1% discontinued use; 1% injection 2 <1% severe infections <1%
site erythema; 11% nasopharyngitis malignancies; <1%
non-melanoma skin cancer
Etanercept 50mg 313 12 54 2% discontinued use; 1% injection 2 1% severe infections; 1%
site erythema; 8% nasopharyngitis drug-related hypersensitivity
Placebo 156 12 55 1% discontinued use; 1% injection 3 1% severe infections; 1%
site erythema; 11% nasopharyngitis drug-related hypersensitivity
Papp et al. Tildrakizumab ~ 5mg 42 16 71 2% discontinued use 0
(102)
Tildrakizumab 25 mg 92 16 61 2% discontinued use; 1% injection 1 1% bacterial arthritis
site reaction
Tildrakizumab 100 mg 89 16 65 1% discontinued use; 1% serious 1 1% death
infections
Tildrakizumab 200 mg 86 16 63 1% discontinued use 2 1% ovarian cyst; 1%
lymphoedema
Placebo 46 16 69 1% discontinued use; 1% injection 0
site reaction
Kopp et al. Tildrakizumab 3 mg/kg 6 16 71 14% headache; 14% cough; 14%
(101) nasopharyngitis; 14% arthralgia; 14%
back pain; 14% hypertension
Tildrakizumab 10 mg/kg 5 16 33
Placebo 20 16 75 15% headache; 15% cough; 10% Only 1 serious AE
nasopharyngitis; 15% arthralgia; 5% (convulsions) was deemed
back pain; 5% hypertension; 15% possibly related to
URTI; 5% oropharyngeal pain; 10% tildrakizumab
fatigue; 5% pruritis; 15% sinusitis;
10% psoriasis
Voyage 1 Guselkumab 100 mg 329 16 51.70 9.1% nasopharyngitis; 7.6% URTIs; 2.40 0.3% NMSC; 0.3% MACE
(72) 1.8% injection-site erythema; 3.6%
headache; 3.3% arthralgia; 1.5%
pruritis; 1.8% back pain
Placebo 174 16 49.40 9.8% nasopharyngitis; 5.2% URTIs; 1.70
4% headache; 1.7% arthralgia; 5.7%
pruritis; 1.1% back pain
Voyage 2 Guselkumab 100 mg 496 16 47.60 7.1% nasopharyngitis; 5.1% 1.60 0.2% serious infections
(74) headache; 3.2% URTIs; 21.5%
infections
Placebo 248 16 44.80 6.5% nasopharyngitis; 2.8% 1.20 0.4% serious infections
headache; 4% URTIs; 18.5%
infections
UIIMMA-1 Risankizumab 150 mg 304 16 49.7 24.7% infections; 4.3 0.3% serious infection;
(79) 0.3% malignancies
Placebo 102 16 51 16.7% infections 7.8% 1% malignancies

(Continued)
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TABLE 3 | Continued

References Biologic Dose Sample Week >/=1AEs Common AE types listed >/=1SAEs Common SAE types
Size # reported % reported % listed
UIMMA-2 Risankizumab 150 mg 294 16 45.6 19% infections 4.40 1% severe infections; 0.3%
(79) malignancies; 0.3% deaths
Placebo 98 16 45.9 9.2% infections

Reich et al. Mirikizumab 100 mg 51 16 47 25% infections; 20% URTIs; 4%

(82) injection site pain; 6% hypertension
2% diarrhea

Mirikizumab 300mg 51 16 47 25% infections; 9% URTIs; 4% 2
injection-site pain; 4% hypertension;
6% diarrhea
Placebo 52 16 48 23% infections; 7% URTIs; 2% 2
injection-site pain; 2% diarrhea
Phoenix-1 Ustekinumab ~ 90mg 256 12 51.4 6.3% URTls; 8.2% nasopharyngitis; 1.6 25.9% infections; 0.8%
(51) 2.4% arthralgia; 5.1% headache serious infections
Placebo 255 12 48.2 6.3% URTls; 8.6% nasopharyngitis; 0.8 26.7% infections; 0.4%
2.7% arthralgia; 2.4% headache serious infections

Phoenix-2 Ustekinumab 90 mg 411 12 47.9 2.4% arthralgia; 1% cough; 4.6% 1.20% 22.4% infection; 0.2%

(52) headache; 1.5% injection-site serious infection; 0.2% skin
erythema; 3.4% URTI; 6.8% cancer; 0.2% CV event
nasopharyngitis

Placebo 410 12 49.8 2.9% arthralgia; 1.7% cough; 4.1% 2% 20% infections; 0.5%
headache; 0.2% injection-site serious infections; 0.2%
erythema; 7.1% nasopharyngitis; cutaneous cancer; 0.2%
3.4% URTls non-cutaneous cancer

FIXTURE Secukinumab 150 mg 327 12 58.4 13.8% NP; 4.9% Headache; 3.7% 2.10% 30.9% infections

(135) diarrhea; 3.7% pruritis; 4.3%
arthralgia; 3.1% URTI; 2.4% back
pain; 1.5% cough; 3.1%
hypertension; 1.8% nausea; 1.5%
oropharyngeal pain

Secukinumab  300mg 323 12 55.5 10.7% NP; 9.2% Headache; 5.2% 1.20% 26.7% infections
diarrhea; 2.5% pruritis; 1.5%
arthralgia; 2.1% URTI; 2.5% back
pain; 3.4% cough; 1.5%
hypertension; 2.5% nausea; 2.8%
oropharyngeal pain
Etanercept 50 mg 323 12 57.6 11.1% NP; 7.1% Headache; 3.4% 0.90% 24.5% infections
diarrhea; 2.5% pruritis; 3.7%
arthralgia; 2.2% URTI; 2.8% back
pain; 1.2% cough; 1.5%
hypertension; 1.2% nausea; 1.2%
oropharyngeal pain
Placebo 324 12 49.8 8% NP; 7% Headache; 1.8% 1.80% 19.3% infections
diarrhea; 3.4% pruritis; 3.1%
arthralgia; 0.9% URTI; 1.8% back
pain; 1.2% cough; 1.2%
hypertension; 2.1% nausea; 2.1%
oropharyngeal pain

UNCOVER-  Ixekizumab 160mg x 1,167 12 58.4 9.5% nasopharyngitis;4.4% URTI; 1.7 27% infections; 0.1%

1t03 1,80mg x 10% injection site reaction; 2.5% cancer; 0.2% nonmelanoma

(123) q2w Arthralgia; 4.4% headache skin cancer; 0.1% Chron’s

disease
Ixekizumab ~ 160mg x 1,161 12 58.8 9% nasopharyngitis; 3.9% URTI; 2.2 27.4% infections; 0.2%
1,80mg x 7.7% injection site reaction; 1.9% Mace; 0.1% Crohn’s
q4w arthralgia; 4.3% headache disease; 0.2% cancer; 0.1%
non-Melanoma skin cancer
Placebo 791 12 46.78 8.7% nasopharyngitis; 3.5% URT, 1.5 22.9% infections; 0.1%

one point 1% injection site reaction;
2.1% arthralgia; 2.9% headache

Mace; 0.1% cancer; 0.1%
non-Melanoma skin cancer

(Continued)
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TABLE 3 | Continued

References Biologic Dose Sample Week >/=1AEs Common AE types listed >/=1SAEs Common SAE types
Size # reported % reported % listed
AMAGINE-1  Brodalumab 140 g2w 219 12 57.5 0.5% depression; 1.4% injection site 2.7 0.9% serious infectious
(136) reaction; 0.5% neutropenia; 9.1% episode
nasopharyngitis; 8.2% URTI; 5.5%
headache
Brodalumab 210 g2w 222 12 59 0.5% depression; 0.5% injection site 1.8 0.5% serious infectious
reaction; 9.5% nasopharyngitis; 8.1% episode
URTI; 5% headache
Placebo 220 12 50.9 0.5% depression; 10% 1.4
nasopharyngitis; 6.4% URTI; 3.2%
headache
BE ABLE 1 Bimekizumab 160 mg 40 12 56.8 7% nasopharyngitis; 4.7% URTI; 7% 0
(137) g4w glutamy! transferase increase; 2.3%
hypertension 2.3%; respiratory tract
infection; 4.7% tonsillitis; 2.3% rhinitis
Bimekizumab 320 mg 43 12 60.5 14% nasopharyngitis; 4.7% URTI, 0
g4w 2.3% arthralgia; 2.3% glutamyl
transferase increase; 2.3% respiratory
tract infection; 4.7% neutropenia
Placebo 42 12 35.7 4.8% nasopharyngitis; 2.4% URTI; 2.4
2.4% glutamyl transferase increase;
2.4% rhinitis; 7.1% hypertension;
2.4% respiratory tract infection
EXPRESS Il Infliximab 5 mg/kg 314 14 68.8 13.4% URTI; 12.1% headache; 5.1% 2.9 30.9% infections
(138) pharyngitis; 3.8% nausea; 4.5% pain;
6.4% sinusitis; 2.9% pruritis; 1.9%
coughing; 2.9% rhinitis; 2.2%
hypertension; 1.6% psoriasis
Placebo 208 14 56 14% URTI; 5.3% headache; 3.4% 2.4 30% infections
pharyngitis; 3.9% nausea; 4.3% pain;
1.4% sinusitis; 4.3% Pruritis; 1.4%
coughing; 0.5% rhinitis; 3.9%
hypertension; 4.8% psoriasis
REVEAL Adalimumab 40mg 814 15 62.2 28.9% infections; 7.2% URTI; 5.3% 1.8 0.6% serious infection;
(139) nasopharyngitis; 4.9% headache 0.2% malignancies; 0.5%
non-melanoma skin cancer;
Placebo 398 15 55.5 22.4 infections; 3.5% URTI; 6.5% 1.8 1% serious infection; 0,3%
nasopharyngitis; 3.8% headache malignancy; 0.3%
non-melanoma skin cancer
CIMPACT Certolizumab 200 mg 165 12 47.3 8.5% nasopharyngitis; 3.6% URTI; 0.6 26.7% infection and
(140) pegol 0.6% depression infestations
Placebo 57 12 56.1 8.8% nasopharyngitis; 10.5% URTI 8.8 28.1% infection and
infestations
GO- Golimumab 2 mg/kg 241 24 46.3 0.4% demyelinating events; 0.8% 2.9 45% infections; 0.4%
VIBRANT injection site reaction serious infections
(141)
Placebo 239 24 40.6 3.3 0.8% serious infections;

0.8% malignancies; 0.8%
deaths; 15.5% infections

included for tildrakizumab was low, thus this conclusions should
be interpreted with caution.

Also, Armstrong et al. recently published an additional
network meta-analysis assessing the short and long-term efficacy
of biologic treatments in managing moderate-to-severe chronic
plaque psoriasis (150). This analysis demonstrates that the
short-term PASI90 and 100 response rates (10-16 weeks after

study initiation) were higher for ixekizumab, risankizumab, and
brodalumab compared to tildrakizumab 200 mg and 100 mg,
guselkumab and secukinumab. Guselkumab and secukinumab
also had significantly higher response rates compared to
tildrakizumab 100 and 200 mg. This analysis did not present data
for the long-term efficacy of tildrakiuzmb which was denoted as
48-52 weeks after study initiation.
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TABLE 4 | Summary of PASI75, 90, and 100 responses evaluating biologic agents in Phase Il clinical trials for IL-23, IL-23/12, IL-17, and TNF-a inhibitors.

Biologic Dose PASI 75 PASI 90 PAS 100

Tildrakizumab (103) 100 mg 64% at 12 wks 80% at 28 wks 35% at 12 wks 52% at 28 wks 14% at 12 wks 24% at 28 wks
200 mg 62% at 12 wks 82% at 28 wks 35% at 12 wks 59% at 28 wks 14% at 12 wks 32% at 28 wks

Tildrakizumab (103) 100mg 61% at 12 wks 73% at 28 wks 39% at 12 wks 56% at 28 wks 12% at 12 wks 23% at 28 wks
200mg 66% at 12 wks 73% at 28 wks 37% at 12 wks 58% at 28 wks 12% at 12 wks 27% at 28 wks

Guselkumab (72) 100mg 91.2% at 16 wks 73.3% at 16 wks 37.4% at 16 wks

Guselkumab (74) 100mg 86.3% at 16 wks 70% at 16 wks 34.1% at 16 wks

Risanzikumab (79) 150mg 86.8% at 12 wks 75.3% at 16 wks 35.9% at 16 wks

Risanzikumab (79) 150mg 88.8% at 12 wks 74.8% at 16 wks 50.7% at 16 wks

Mirikizumab (82) 100mg 78% at 16 wks 59% at 16 wks 31% at 16 wks

Mirikizumalb (82) 300mg 75% at 16 wks 67% at 16 wks 31% at 16 wks

Ustekinumab (51) 90 mg 66.4% at 12wks  78.6% at 28 wks  36.7% at 12 wks ~ 55.6% at 28 wks  10.9% at 12 wks ~ 29.2% at 28 wks

Ustekinumab (52) 90 mg 75.7% at 12wks ~ 78.5% at 28 wks  50.9% at 12 wks ~ 54.3% at 28 wks  18.2% at 12 wks  29.5% at 28 wks

Secukinumab (135) 150mg 67% at 12 wks 41.9% at 12 wks 14.4% at 12 wks

Secukinumab (135) 300mg 77.1% at 12 wks 54.2% at 12 wks 24.1% at 12 wks

Ixekizumab (123) 160mg 92w 89.1% at 12 wks 70.9% at 12 wks 35.3% at 12 wks

Ixekizumab (123) 160mg g4w  82.6% at 12 wks 64.6% at 12 wks 33.6% at 12 wks

Brodalumab (136) 140mg 60.3% at 12 wks 42.5% at 12 wks 23.3% at 12 wks

Brodalumab (136) 210mg 83.3% at 12 wks 70.3% at 12 wks 41.9% at 12 wks

Bimekizumab (137) 160mg 81.4% at 12 wks 67.4% at 12 wks 27.9% at 12 wks

Bimekizumab (137) 320mg 93.1% at 12 wks 79.1% at 12 wks 55.8% at 12 wks

Etanercept (135) 50mg 44% at 12 wks 20.7% at 12 wks 4.3% at 12 wks

Infliximab (138) 5 mg/kg 75.5% at 10 wks 45.2% at 10 wks

Adalimumab (139) 40 mg 37% at 12 wks 14% at 12 wks

Certolizumab pegol (140) 200mg 61.3% at 12 wks 31.2% at 12 wks

Golimumab (141) 2 mg/kg 59.2% at 14 wks 39.3% at 14 wks 16.8% at 14 wks

OFF-LABEL USE OF IL-23 INHIBITORS
INCLUDING TILDRAKIZUMAB

IL-23 inhibitors are indicated in conditions other than the
moderate-to-severe psoriasis and have been used off label.
Guselkumab is approved for the treatment of psoriatic arthritis
(PsA), while risankizumab have shown efficacy in treating this
disease based on conducted trials (151, 152). IL-23 induces the
production of IL-17, which is involved in the inflammatory
pathogenesis of psoriatic arthritis (152). However, a 2018 phase
II randomized controlled trial demonstrated that risankizumab
did not show clinically significant improvements in treating
ankylosing spondylitis (153). Guselkumab has been reported
as a second- or third-line therapy for HS in 16 cases (154).
Guselkumab has also been shown to be effective in patients
with alopecia secondary to psoriasis. A case report demonstrated
hair regrowth and improvements in areas of psoriatic erythema
upon treatment with guselkumab 100 mg (155). In a randomized
controlled trial, guselkumab was also shown to improve the
palmoplantar pustulosis in 49 patients (156). Phase II and III
randomized controlled trials are also being conducted to assess
the efficacy of guselkumab for the treatment of inflammatory
bowel disease. Notably, two randomized controlled trials along
with the transcriptome-wide-RNA-sequence profiling analysis
have demonstrated risankizumab to be an effective therapy for

Crohn’s Disease. Mirikizumab was also shown to be effective
and safe in managing ulcerative colitis and Crohn’s Disease
(157, 158). Risankizumab treatment was recently shown to result
in a significant improvement in the treatment of pyoderma
gangrenosum at the dose of 150 mg every 8 weeks (159).
Although the focus of this paper is not on the off
label uses of tildrakizumab, Table 5 summarizes case studies
that utilized tildrakizumab off label, demonstrating potential
benefits in other clinical settings. Subcutaneous injections of
tildrakizumab 100 mg at weeks 0, 4 and then every 12 week
thereafter were reported to improve ulceration in a patient with
refractory pyoderma gangrenosum and polymyalgia rheumatica
with no recorded AEs (160). Tildrakizumab was also effective
in treating a case of PASH syndrome, a rare inflammatory
condition characterized by pyoderma gangrenosum, acne, and
hidradenitis suppurativa (HS). Specifically, tildrakizumab 100 mg
administered at weeks 0 and 4 resulted in a significant reduction
in abscess and nodule counts (161). Similar to guselkumab,
tildrakizumab was shown to be effective in treating HS in 5
patients. Specifically, 100mg of tildrakizumab was injected in
5 HS patients at weeks 0 and 4, followed by tildrakizumab
200 mg treatment every 4 weeks thereafter. All patients showed
significant improvements in abscess and nodule counts; 4
patients had improvements in the Dermatology Life Quality
Index (DLQI), and three patients experienced a reduction
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TABLE 5 | Clinical cases reported in the literature discussing the off label uses of tildrakizumab.

Case Report Sample  Condition Tildrakizumab dosage and Outcome Adverse events
Size regimen
John and Sinclair (160) 1 Refractory pyoderma Tildrakizumab 100 mg; weeks 0, Re-epithelialisation of ulceration, None
gangrenosum of the penis and 4, every 12 weeks thereafter complete resolution
polymyalgia rheumatica
Kok et al. (161) 1 Pyoderma gangrenosum, acne Tildrakizumab 100 mg; weeks 0, Clinical improvement, abscess None
and hidradenitis suppurativa 4, the tildrakizumab 200 mg and nodule count of 5 compared
(PASH) every 4 weeks thereafter to 68 baseline, DLQI score of 19
compared to 26 baselines
Kok et al. (162) 5 Moderate- to-severe hidradenitis  Tildrakizumab 100 mg; weeks 0, All patients demonstrated an None
suppurativa 4, the tildrakizumab 200 mg improvement, mean reduction of
every 4 weeks thereafter 16.8 (P = 0.04) in abscess and
nodule count; four patients had
DLQI improvement, DLQI, mean
difference = 8.0, P = 0.46; Three
patients had reduction in VAS,
mean difference = 1.2, P = 0.64
Ismail et al. (163) 1 15-year history of Tildrakizumab 100 mg, weeks 0, Improvements in facial plaques None
treatment-resistant lupus 4,and 16
erythematosus tumidus
Ismail and Sinclair (164) 1 9-month history of Tildrakizumab 100 mg, weeks 0, complete healing of erosions, None
biopsy-proven, severe erosive 4,and 16 with residual fine reticular
oral lichen planus striations
Kerkemeyer et al. (165) 1 15-year history of pruritic Tildrakizumab 100 mg, weeks 0, Reduction in itch; significant None
lichenoid papules and plaques 4,and 16 improvement, near-complete
clinical resolution after 3 doses
Jerjen et al. (166) 1 3-month history of rapidly Tildrakizumab 100 mg; weeks 0, 55% reduction in Vitiligo Area None
progressive vitiligo 4,12, then 3-month intervals Scoring Index, 90%
repigmentation in affected areas
Ismail et al. (167) 1 Psoriatic nail dystrophy and Tildrakizumab 100 mg, weeks 0, Significant improvement; patient None
psoriatic arthritis 4,and 16 noticed reduced time for arthritic
pain to ease in the morning
Kerkemeyer and 10 Alopecia areata Tildrakizumab 100 mg, weeks 0, 2 patients had a partial response  Mild; Upper

Sinclair (168)

Trindade de Carvalho
etal. (169)

Recalcitrant lichen planopilaris
and frontal fibrosing alopecia

4,and 16

Tildrakizumab 100 mg; weeks 0,
4, every 12 weeks thereafter

(16-99%); 8 patients had no
response; 1 patient with- drew
due to no response

Remission and clinical
improvements maintained at 13
months

respiratory tract
infection, acne

None

in pain symptoms (162). Tildrakizumab was also recently
subcutaneously injected for the treatment-resistant lesions of
lupus tumidus on the face. Two doses of Tildrakizumab 100 mg
significantly improved the facial plaques (163). Another patient
with erosive oral lichen planus was treated with tildrakizumab
100 mg injections at weeks 0 and 4, which significantly improved
this disease (164). Similarly, near complete resolution of lesions
was observed in a patient with recalcitrant lichen planus
pemphigoides upon treatment with tildrakizumab 100 mg at
weeks 0, 4, and 16 (165). Tildrakizumab has also been employed
to induce repigmentation of acrofacial vitiligo. A patient with
rapidly progressive vitiligo was treated with tildrakizumab
100mg at weeks 0, 4, and 12, resulting in a significant
repigmentation and improvement of DLQI scores (166). A case of
psoriatic nail dystrophy and psoriatic arthritis was also reported,
demonstrating a significant improvement in both conditions
using tildrakizumab injections at weeks 0 and 4 (167). Treatment
of alopecia areata with tildrakizumab 100 mg administered at

weeks 0, 4, and 16 has also been reported. Nine patients with
alopecia areata were treated with tildrakizumab 100 mg, where
2 patients had a partial response (16-99% improvement) with
2 patients experiencing AEs including URTIs and acne (168).
Finally, a patient with recalcitrant lichen planopilaris and frontal
fibrosing alopecia demonstrated significant improvement after 4
doses of tildrakizumab 100 mg at weeks 0, 4, and subsequently
every 12 weeks. Disease remission was maintained for 13
months (169).

CONCLUSION

Tildrakizumab is a promising biologic that can be used to
treat moderate-to-severe chronic plaque psoriasis. The IL-23
inhibitory mechanism of tildrakizumab plays a central role in
hindering the pathogenesis of psoriasis. The reSURFACE trials
and the post-hoc analyses have demonstrated that tildrakizumab
is a reliable biologic therapy. Further head-to-head trials are
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needed to confirm its efficacy in comparison to other newer
biologic agents. Data is also emerging on the oft-label use of IL-23
inhibitors making them likely suitable for the treatment of other
debilitating skin diseases.
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