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Abstract: Psoriasis is a common systemic inflammatory syndrome that affects numerous organs. It is most
evident on the skin, and hence garners the greatest attention. Historically, the treatments for psoriasis made
incremental advancements. Since the immunology of the disease has been better understood and the advent of
therapeutic monoclonal antibodies, a flood gate of new therapies has been opened. In this review, we discuss
the immunology of psoriasis and the recombinant therapies along with the newest therapies on the horizon.
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1. INTRODUCTION

Psoriasis is an inflammatory dysregulation that
affects about 2% of the population of the United
States, and has a strong genetic and
environmental pathogenesis. It affects multiple
organs systems, most visible being the skin.!
The Skin Associated Lymphoid Tissue (SALT)?
is a complex system to protect the skin by
producing inflammation. When this system
breaks down and becomes dysregulated,
inflammation can cause damage. Psoriasis has a
strong immunogenetic component. Psoriasis can
present in half of siblings when both parents
have psoriasis; in 16% of siblings when one
parent has psoriasis; and 8% of siblings when
neither parent has psoriasis.®> Amongst twins
with psoriasis, identical twins have a 70%
concordance rate and fraternal twins have a 20%
concordance rate. The genes most associated
with psoriasis are HLA-Cw6°, HCR*WWCC®
HLA-associated S gene’: these three loci are
collectively referred to as the psoriasis
susceptibility 1 locus (PSORS1), and reside on
50% of psoriasis cases. The initiating factor that
leads to the dysregulation of SALT is in
psoriasis has not been identified. However, a
bacterial hypothesis has been proposed, and
bacterial infections have been documented to
initiate psoriasis.. In the initial phase, antigen
presenting cells (APCs), in the presence of
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interferon y (IFNy), IL-6 and IL1J, migrate to
regional lymph nodes, and reside there. In the
lymph node, an antigen is presented to a naive T
Cell in the presence of IL12, IL23, and TNFa.
This converts the naive T Cell into either a
TH22, TH1, or TH17 cell. (Figure 1) These T
cells migrate back to the skin and reside in the
dermis, releasing different cytokines. These
cytokines have been a great target of biologics,
and hence therapy. The most commonly used
biologics target TNFa, and have been very
effective. However, one of the most important
pathways in the pathogenesis of psoriasis is
IL17, and hence a great deal of attention is paid
to IL17. In this review, the newest and next
generation medications will be discussed in the
therapeutics of psoriasis.

1.1. TNFa Antagonist

TNFa is found in high concentrations in
psoriatic plaques and patient serum. TNFa
increases angiogenesis and blood vessel
permeability of the skin, dendritic cell
maturation, and lymphocyte migration to the
regional lymphnodes.’The micaceous scales of
psoriasis are made under the influence of TNFa
induction of Kkeratinocyte proliferation and
increase in protease inhibitors.’® Therefore, the
neutralization of TNFa reverses both the
inflammatory and hyperkeratotic aspects of
psoriasis.

Page |5



Latest Therapeutics in Plaque Psoriasis: A Review

1 {Etanercept

Infliximab
CO< Adalimumab
Certolizumab

X f Apremilast
v § Ustekinumab
+ § Secukinumab

Ixekizumab
—{§Brodalumab

Guselkumab
Tildrakizumab
* Risankizumab

irikizumab

D{Tofacitinib

Figurel. Illustration of the immunopathologic pathways currently being targeted in the therapeutics of plaque
psoriasis. The Main cell involved is the TH17 cell. It releases TH17 under multiple different stimuli. To date, the
most effective therapies have been those targeting the IL17 levels and binding, and the IL23, which is involved

in stimulating IL17 release.
1.1.1.Etanercept

Background: Etanercept was approved by the
FDA in 2004 for plaque psoriasis. It is a 150
kDa recombinant fusion protein of human
soluble TNF receptor 2 and the Fc portion of
human 1gG1, as a monoclonal antibody.™ In
2008, the drug got a black box warning, due to
different serious infections.

Mechanism of Action: The mechanism of
action is binding soluble TNFa and acting as a
decoy sponge, adsorbing the soluble TNFa and

preventing them from binding functional
receptors. It is given as a subcutaneous
injection.

Dosing: Starting dosage is 50mg twice daily for
3 months and maintenance dose is 50mg weekly
thereafter. In pediatric patients 4-17, the doe is
weight based, with patients 138 Ibs and below
50mg weekly and those below 138 Ibs, .8mg/kg
weekly. Patients need to be evaluated for Th
prior to initiation of therapy.

Efficacy: In the United states, the patent has
been extended, but in Europe that is not the
case. In 2015, Samsung and Biogen introduced a
biosimilar version of Etanercept and named it
Benapali and Sandon and Novartis introduced
another biosimilar version called Erelzi.
Pregnancy category B. A 5-year pediatric and
adolescent study revealed that the most common
adverse effects were upper respiratory tract
infections (37%), nasopharyngitis (26%) and
headaches (21.5%). Risk of melanoma and non-
melanoma skin cancer risk is elevated.'?
Following patients till week 264, PASI 75 was
60-70% and PASI 90 was 30-40%.®
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1.1.2. Infliximab

Background: Infliximab was approved by the
FDA in 2006 for psoriasis. It is a 149kDa
recombinant fusion protein of mouse Fab and Fc
portion of human IgGl as a monoclonal
antibody.

Mechanism of Action: The target is TNFa. It is
an intravenous infusion that scavenges TNFa.

Dosage: In the induction phase, it is given at
5mg/kg on weeks 0, 2 and 6, and then
maintained at 5mg/kg every 8 weeks. Patients
need to be evaluated for Tb prior to initiation of
therapy.

Efficacy: The largest phase Il trial showed
that76% of patients on infliximab achieved
PASI 75, compared to only 2% of the
placebo.*Others corroborated the PASI 75 score
at 10 weeks: 79%" and 77%.°Pregnancy
Category B. Risk of melanoma and non-
melanoma skin cancer risk is elevated.*

1.1.3. Adalimumab

Background: Adalimumab is a fully humanized
monoclonal antibody FDA approved for
psoriasis in 2008.

Mechanism of Action: Fully humanized anti-
TNFa binds and neutralizes active TNFa.

Dosing: Adalimumab starter dose is 80mg day
1, 40mg day 8, 40mg day 22, then maintained
on 40mg every other week. Patients need to be
evaluated for Tb prior to initiation of therapy.
Pregnancy Category B.

Efficacy: In adults who were unresponsive to
other systemic therapies, after 12 weeks of
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adalimumab, 87% achieved PASI 75.% In a
larger 16 week study, patients who were non-
responders to etanercept achieved PASI 75 in
53.8-65.7% of patients.’® In children and
adolescents, 0.8mg/kg dosing of adalimumab
every 2 weeks was more efficacious than .1-
4Amg/kg methotrexate, yielding a PASI 75 of
58% and 32%, respectively at 16 weeks.™

1.1.4.Certolizumab

Background: Certolizumab is a chimeric
monoclonal human Fab against TNFa and
polyetheleneglycol (PEG). It is the only anti-
TNF antibody for psoriasis missing an Fc
portion.?

Mechanism of Action: It is FDA approved for
moderate-severe plaque psoriatic in 2018.

Dosing: The dose is 400mg subcutaneous
injections every two weeks for plaque psoriasis.
Patients need to be evaluated for Tb prior to
initiation of therapy.

Efficacy: PASI 90 was achieved at 12 weeks
with the 400mg dosage in 34% while only
27.1% of those on etanercept achieved PASI 90.
PASI 75 was maintained at 400mg every 2
weeks for 87.1%. The most common side effects
were nasopharyngitis.**Pregnancy Category B.
The Fc portion of antibodies are responsible for
mother to infant transmission of antibodies.
Since certolizumab lacks an Fc portion, that
might explain the low transmission of this drug
to infants in utero and through breast milk.?

1.2. Cardiovascular Risk with TNF inhibitors

Psoriasis is known to be part of a metabolic
syndrome. Metabolic syndrome is associated
with higher cardiovascular incidents. Patients
with psoriasis have been shown to have higher
cardiovascular risks.?® A comparison of adults
receiving TNF inhibitors versus methotrexate
for psoriasis showed a cardiovascular risk of
1.45% for the TNF inhibitor group and 4.09%
for the methotrexate group. This indicates that
TNF  inhibition  reduces  cardiovascular
incidents.?

1.2.1.Phosphodiesterase
Inhibitor--Apremilast

type 4 (PDE4)

Background: Apremilast was FDA approved
for moderate to severe psoriasis in 2014.

Mechanism of Action: It is a small molecule
that blocks the signal transduction of
phosphodiesterase type 4, thereby increasing the
intracellular cAMP levels in inflammatory cells.
The elevated CcAMP results in reduced
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production TNFa, IL23, interferon (IFN) y and
an elevation of 1L10.”

Dosing: There is no need for Tb testing. The
dosage begins with 10mg QD day1, 10mg BID
day 2, 10mg in AM and 20mg in PM day 3,
20mg BID day 4, 20mg in AM and 30mg in
PM, and 30mg BID thereafter. The most
common side effect is Gl problems; the majority
subside after two weeks.

Efficacy: After 16 weeks of therapy, PASI 75
was achieved by 33% of apremilast-treated
patients versus 5% of the placebo group.?® There
is a slight increase of depression (.8% vs .4 in
placebo), and 12% of patients lost 5-10%
weight, compared to 5% of placebo-treated
patients having any weight loss. Furthermore,
apremilast is metabolized by CYP 450, and
inducers, like rifampin or phenytoin can reduce
drug levels.?” Pregnancy category C.

1.3.1L12/1L23 Antagonist
1.3.1. Ustekinumab

Background: IL12 is a heterodimer, and there
are two separate genes. The one that is hinged
by p40 is involved in psoriasis. IL12 is made by
Dendritic Cells (DC) amongst other cells, and
facilitate a TH1 profile. Monoclonal antibody
formation to the p40 subunit that binds
IL12/1L23 shows therapeutic efficacy in
psoriasis. There are two such compounds, first is
Ustekinumab, and the second is Briakinumab.
Briakinumab was discontinued in 2011 for
approval for psoriasis. Ustekinumab is a
humanized 1gGl monoclonal antibody of
148.6kDa, and is expressed in aSp2/0 murine
myeloma cell line. It was FDA approved for
moderate-to-severe psoriasis in 2009.

Mechanism of Action: It has high affinity and
specificity to the 40kDa p40 subunit of 1L12 and
IL23 heterodimeric proteins.

Dosing: It is a subcutaneous injection dosed by
body weight. Patients weighing 100kg or less
get 45mg doses, and those weighing greater than
100kg get 90mg doses. The intervals of
injections area at weeks 0, 4, and 12. The
maintenance injections are administered every
12 weeks. Patients need to be evaluated for Th
prior to initiation of therapy.

Efficacy: In a head to head study, ustekinumab
was more efficacious than etanercept. At the
twelfth week, 73.8% of 90mg ustekinumab
vs56.8% of etanercept 50mg twice weekly
achieved PASI 75.% The most common adverse
reaction of ustekinumab was nasopharyngitis (7-
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8%).% Five year follow up on 12,000 patients
did not show an increase in life-threatening
infections, cancer or mortality rate.*® This was
corroborated that ustekinumab does not increase
risk of malignancy in a 5-year study.*
Pregnancy Category B.

1.4.1L.23 p19 Antagonists

IL23 is an important inducer of IL17
upregulation, and therefore it plays a key role in
the pathogenesis of psoriasis.

1.4.1. Guselkumab

Background: Guselkumab is a monoclonal
antibody directed to IL23 pl19. It was FDA
approved for moderate to severe plaque
psoriasis inn 2017.

Mechanism of Action: Guselkumab targets the
pl9 protein, and is more specific for the Th17
cells, as opposed to the Thl cells, which are
important in certain infection control.*

Dosing: Guselkumab is started at 100mg
subcutaneous injections at week 0 and 4, then
once every 8 weeks. Patients need to be
evaluated for Tb prior to initiation of therapy.

Efficacy: At 16 weeks, PASI 90 was achieved
by73.3% onguselkumab, while only 49.7% on
adalimumab.®® Furthermore, 66.1% of those not
responding to adalimumab, when switched to
guselkumab, achieved PASI 90 at 48
weeks.**Pregnancy category not assigned.

1.4.2. Tildrakizumab

Background: Tildrakizumab was approved for
adults with moderate to severe plaque psoriasis
by the FDA in 2018. Patients need to be
evaluated for Tb prior to initiation of therapy.

Mechanism of Action: Tildrakizumab is a
monoclonal antibody directed to I1L23 p19

Dosing: A subcutaneous injection of 100mg at
week 0, 4 and every 12 weeks thereafter.
Patients need to be evaluated for Th prior to
initiation of therapy.

Efficacy: PASI 90 was seen in 37% at week 12,
and 54% at week 28.*The efficacy is not fully
realized till week 28. Pregnancy category not
assigned. PASI 100 was seen in 12-14%.*

1.4.3.Risankizumab

Risankizumab is a monoclonal antibody directed
to IL23 p19 in phase Il clinical trials, and not
yet FDA approved for psoriasis. It is one of the
most promising of psoriasis treatments to come.
Its dosing will be week 0, week 4 and every four
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months from then on. A study with ustekinumab
showed that at 12 weeks, 78.6% of those
receiving risankizumab attained PASI 90, while
only 40% of ustekinumab treated group
achieved PASI 90.%

1.4.4. Mirikizumab

Mirikizumab is a humanized monoclonal 1gG4xk
against IL23. It is in clinical trials and not yet
approved for psoriasis. Its dosing regimen is
more often than the other IL23 inhibitors.
Results are pending.

1.5.1L17 Antagonist

L17 is a family of molecules, including IL17A,
IL17B, IL17C, IL17D, IL17E (I1L25) and IL17F.
IL17 A and F have the highest homology.IL17
is an important pro-inflammatory cytokine
released by T Cells, especially in response to
IL23. IL17 is upregulated in psoriasis.*’

1.5.1. Secukinumab

Background: Secukinumab is a recombinant
human monoclonal IgG1/k antibody, weighing
151kDa. It is expressed in Chinese Hamster
Ovary (CHO) cell system.

Mechanism of Action: Secukinumab binds
IL17A and neutralizes the cytokine.

Dosing: Secukinumab is a subcutaneous
injection administered by weight. For those less
than 60 kg, the dose is 150mg and those
weighing greater than 60kg, the dose is 300mg
on weeks 0, 1, 2, 3, and 4. The maintenance
dose is 300mg every 4 weeks.*®Patients need to
be evaluated for Tb prior to initiation of therapy.

Efficacy: The 300mg dose is superior to the
150mg dose, and both doses are more
efficacious than etanercept? and ustekinumab.*®
At week 12, 300mg secukinumab dosage gave
PASI 75 to 81.6% of patients, and at week 52,
74.3% were at PASI 75.°° In a head to head
study with ustekinumab, 300mg secukinumab
had PASI 74 at 4 weeks for 50% of patients,
while ustekinumab showed it in 20.6%.
Furthermore, at 16 weeks, secukinumab
achieved PASI 90 in 76% of patients, while
67.7% of ustekinumab patients achieved PASI
90. Interestingly, PASI 100 was achieved in
46% of secukinumab and 36%  of
ustekinumab.*

The most common adverse event of
secukinumab is nasopharyngitis (11.4-12.3%)
and mucocutaneous candidiasis. It is not
efficacious for inflammatory bowel disease, and
can exacerbate Crohn’s disease.*’There is also a
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higher rate of mucocutaneous candidiasis.
Pregnancy Category B.

1.5.2. Ixekizumab

Background: Ixekizumab is a
monoclonal antibody to IL17A.

146kDa

Mechanism of Action: It binds and neutralizes
IL17A

Dosing: Patients need to be screened for Th
prior to starting. The initial loading dose is
160mg, and then 80mg every 2 weeks for the
first 12 weeks. Then the dose is switched to
80mg every 4 weeks. Patients need to be
evaluated for Tb prior to initiation of therapy.

Efficacy: At the above dosage, after 12 weeks,
89.7%ixekizumab patients achieved PASI 75,
while only 41.6% of etanercept 50 mg twice
weekly.** However, at 60 weeks of treatment,
73.8% of ixekizumab maintained PASI 75.%
Rate of mucocutaneous candidiasis was 3.4%,
inflammatory bowel disease was .3%, and grade
% neutropenia was .3%. 2°Pregnancy status is
pending. An extensive study of IL17
antagonists’ role in inflammatory bowel disease
(IBD) was undertaken, and concluded that IBD
is rare in IL17 antagonist treated patients.*®

1.6.1L17A and IL17F Antagonists

Background: ALX-0761/M1095 is a nanobody
targeting IL17A/F and bimekizumab is a
humanized monoclonal 1gG1 antibody targeting
IL17A/F. Both are not yet FDA approved. Only
initial studies have been completed, which
showed 56% PASI 100 in a small study.*

1.7.1L17 Receptor Antagonist
1.7.1.Brodalumab

Background: Brodalumab is a monoclonal
IgG2k antibody.

Mechanism of Action: Brodalumab is an
inhibitory antibody, binding the I1L17 receptor A
(IL17RA). This blocks IL17A, IL17F, IL17A/F,
IL17C and IL17E

Dosing: It is a subcutaneous injection of 210mg
administered on weeks 0, 1, 2, and then Q 2
weeks. Patients need to be evaluated for Th
prior to initiation of therapy.

Efficacy: Due to a risk of suicide, a Risk
Evaluation and Mitigation Strategy (REMS)
program is required, in which prescribers and
pharmacies are registered with the program and
the patient needs to consent to taking the
medicine. At 12 weeks, 86% of patients on
brodalumab achieved PASI 75. Forty four
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percent achieved PASI 100, while only 22% of
those on ustekinumab.*” At the highest doses,
PASI 100 was achieved in 60%.*Crohn’s
disease may be aggravated by brodalumab, and
those patients would avoid this drug. Adverse
effects included mucocutaneous candidiasis,
serious infections and depression were similar to
that of ustekinumab, while Crohn’s was .1% vs
0 in ustekinumab. Four deaths occurred on
brodalumab, one stroke, and two cardiac arrest
and one in a motor vehicle accident.
2Pregnancy category not assigned.

1.8.JAK Inhibitor
1.8.1. Tofacitinib

Tofacitinib is a JAK1 and JAK 3 inhibitor. The
JAK/STAT pathway takes extracellular
information and transmits it to the nucleus.
Tofacitinib blocks this process. It is FDA
approved for psoriatic arthritis and in phase 1l
trials for plaque psoriasis. A 16 week study of
29 plaque psoriasis patients, 75% taking
tofacitinib 10mg BID achieved PASI 75, while
0% of the placebo did.*® Pregnancy status is C.
Patients need to be evaluated for Th prior to
initiation of therapy.

2. CONCLUSION

The immunopathology of psoriasis has given
specific targets for therapeutics. The first
biologic in the U.S was against CD2, which is
present on activated T cells, however, the low
efficacy of the anti-CD-2 therapy opened the
way to the anti-TNF monoclonal antibodies. The
anti-TNFs made PASI 75 an easily achievable
goal. However, they came with certain side
effects of immunosuppression. As the IL17
pathway and the cytokines involved in the
secretion of IL17 became better elucidated, the
anti-1L12/23 injectable proved more efficacious,
while have less side effects. This has blossomed
into direct medications that either block 1L17
from contacting its receptor or all together
neutralizing IL17A. The near future promises
known intracellular compounds like the JAK
inhibitors, but in the horizon are potential
blockers of other cytokines that play a role in
the pathogenesis of psoriasis, namely [L36%,
and improvements in reaching current targets,
i.e., IL17 or IL23 with reduced frequency of
dosing and greater binding ability.
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