Expert
Opinion

1. Introduction
Therapeutic choices
Cost analysis
Discussion

Conclusion

o ovos W

Expert opinion

informa

healthcare

Review

A pharmacoeconomic analysis of
severe psoriasis therapy: a review
of treatment choices and cost
efficiency

Jonathan P Staidle, Tushar S Dabade & Steven R Feldman'
Witke Forest University School of Medicine, Medical Center Boulevard,
Department of Dermatology, Winston-Salem, NC, USA

Introduction: Psoriasis is a chronic, inflammatory disease afflicting 2% of the
US population; it results in significant morbidity. The annual healthcare costs
related to psoriasis are an estimated $11.3 billion and, with an expanding
biologic market, an updated costs analysis is needed.

Areas covered: Current treatments, including systemic agents (acitretin, cyclo-
sporine, methotrexate), phototherapies and all available biologics (adalimu-
mab, etanercept, infliximab, alefacept, ustekinumab) appropriate for severe
psoriasis are described mechanistically and with regard to their efficacy, qual-
ity-of-life improvements and side effects. A cost-efficacy model considering
US health-system-based annual costs, clinical and quality-of-life improve-
ments was created. Reported Psoriasis Area and Severity Index improvement
of 75% from baseline (PASI-75) scores, Dermatology Life Quality Index
(DLQI) improvements and estimated costs of medications are described.
Annual costs ranged from $1330 for methotrexate to $48,731 for high-
dose etanercept. The lowest cost per achieving DLQI minimally important
difference was from phototherapy; the highest was from alefacept. The
lowest costs per patient achieving PASI-75 was from methotrexate and the
highest was from alefacept.

Expert opinion: Phototherapies and methotrexate offer high efficacy for
their costs. Therapeutic approaches must be individualized for each patient
given all considerations described.
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1. Introduction

Psoriasis is a chronic, immune-mediated, inflammatory diseasc afflicting approxi-
mately 2% of the US population; it is the most prevalent autoimmune disease in
the US (1. Many patients suffering from psoriasis experience a significant impact
on both their health-related quality of life (HRQOL) and overall psychological
and emotional quality of life (QOL) j2-4. Patients have a decrease in their physical
and mental functioning comparable to that of patients with cancer, hypertension,
diabetes and depression ).

The annual healthcare costs related to psoriasis are now estimated at approxi-
mately $11.3 billion and the current costs associated with systemic psoriasis therapy
are increasing at a rate greater than that of general inflation [6.7). Since the approval
of biologics as a systemic treatment option for moderate-to-severe psoriasis and
psoriatic archritis, they have moved into the limelight as artractive, cost-effecrive
treatment choices [5-10]. However, the price of biologics is higher than more
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Article highlights.

 Therapeutic choices: All current therapies for
moderate-to-severe psoriasis are reviewed, with
descriptions of their mechanisms of action, clinical
trial efficacy and side-effect profiles.

« Cost analysis: An annual cost model and cost-efficacy
analysis was performed for all treatments using pooled
Psoriasis Area and Severity Index improvement of 75%
from baseline (PASI-75) and Dermatology Life Quality
index data.

This box summarizes key points contained in the article.

traditional systemics (e.g., cyclosporine, methotrexate [MTX]
or phototherapy), making treatment costs a crucial factor in
selecting an appropriate therapy (1.

Cost-effectiveness studies of systemic treatments for moder-
ate-to-severe psoriasis have recently been published f12-141.
These illustrate the rising costs of treating psoriasis bur are
limited in applicability because newer biologics have already
entered the marketplace. Different methods of both subjective
and objective evaluation have been used in clinical studies and
few head-to-head dlinical studies have been performed. The
majority of past review articles covered treatment efficacy
only with regard to quantitative results such as Psoriasis
Area and Severity Index (PASI) clearance and without
consideration of QOL measurements [11,15-16].

This study provides an economic review of the literature
comparing cost-effectiveness of the current Food and Drug
Administration (FDA) approved therapies for moderate-to-
severe psoriasis. A cost model is constructed based on the
US healthcare system costs, treatment efficacies and QOL
data reported in previous studies. Finally, the authors offer
an expert opinion proposing a strategy to treat psoriasis while
cognizant of the therapeutic and financial consequences.

2. Therapeutic choices

2.1 Introduction

A major factor in treating patients with psoriasis is categoriz-
ing them as having either mild-to-moderate (localized) or
moderate-to-severe (diffuse or generalized) disease. The
National Psoriasis Foundation (NPF) differentiates between
moderate and severe disease as affecting between 3 - 10%
and > 10% of the body surface, respectively. Nearly 25% of
all psoriasis patients have moderate-to-severe disease |1} This
level of severity is also further defined by physical disability
or by a severe impact on QOL 1171. The mainstay of treatment
for moderate-to-severe psoriasis is systemic therapy. This
includes older systemic choices, such as MTX and cyclospor-
ine, phototherapy (ultraviolet B light [UVB]. and ultraviolet
A light with psoralen [PUVA]), oral retinoids (such as acitre-
tin) and the newer biologic products including tumor necross
factor alpha (TNF-@) inhibitors (adalimumab, etanercepr,
infliximab), interleukin (IL)-12/23 inhibitors (ustekinumab)

and the T-cell modulator alefacept. In 2009, the FDA
removed efalizumab from the US market and it is not
included in our review [18].

2.2 Cyclosporine

Cydlosporine is an oral systemic therapy approved for use in
treating severe psoriasis. It is an immune-modulating drug,
acting to decrease the activity of T-cell function via inhibition
of calcineurin, a molecule that induces transcription factors
associated with the production of inflammatory cytokines.
Cyclosporine is given at doses of 3 - 5 mg/kg/day by mouth
(p.0.) and was reported to achieve a Psoriasis Area and Sever-
ity Index improvement of 75% from baseline (PASI-75) in
70% of patients approximately 12 weeks after induction of
therapy (19201 Long-term use of cyclosporine is associated
with nephrotoxicity, so it is best used in patients who are
experiencing acute flare-ups of their disease and need a short
course of therapy to suppress the discase 11421-221. When
remission or control of the exacerbation is achieved, cyclo-
sporine therapy is stopped and patients arc usually switched
to another form of systemic therapy, such as acitretin, for
maintenance (23].

2.3 Methotrexate

MTX was the first systemic agent used in the treatment of
psoriasis and it is still used today as an effective method for
inducing remission and for long-term maintenance therapy
for moderate-to-severe psoriasis. MTX is an immunosuppres-
sant that acts by competitively inhibiting dihydrofolate reduc-
tase, the enzyme that participates in the synthesis of folare,
which is needed in DNA, RNA and protein synthesis. It is
commonly administered in doses of 7.5 or 15 mg/week p.o [14].
Among patients using MTX as monotherapy with dose
increases as tolerated, 36 — 60% achieve a PASI-75 ar
16 weeks 120241, MTX is limited by its significant side-
effect profile, including hepatic and hematological toxicities.
It should also be avoided in women of childbearing age con-
sidering pregnancy because it is an abortifacient and causes
severe teratogenicity, including mental rerardation and cra-
niofacial defects. Consequently, strict laboratory monitoring
of both hepatic and hemartological parameters is essential,
including a liver biopsy after a toral cumulative dosage of
1.5 g is received [251.

2.4 Retinoids

2.4.1 Acitretin

Oral retinoids such as acitretin are often used as monotherapy
for patients with palmar/plantar, pustular or erythrodermic
psoriasis. Acitretin acts by binding to nuclear transcription
factors, which induces keratinocyte differentiation and
reduces epidermal hyperplasia. Acitretin is normally adminis-
tered as a daily dose of 25 mg, with approximately 30% of
patients achieving PASI-75 114). Although it can be used as
monotherapy to treat chronic plaque psoriasis at higher doses,
acitretin is more efficient when administered at lower doses in
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conjunction with UVB or PUVA. Also, the higher doses of
acitrerin required for monotherapy against plaque psoriasis
are limited by the side effects that arise at higher doses, includ-
ing itchy dry skin, dry mucus membranes and joint pains.
Another concern involving oral retinoids is that they are
highly reratogenic and should be avoided in women of child-
bearing age. If acitretin must be used, reports suggest that
pregnancy be avoided for at least 2 years following cessation
of treatment [12].

2.5 Phototherapy
2.5.1 Ultraviolet type B
Ultraviolet Type B (UVB) light is the oldest treatment for
moderate-to-severe psoriasis. It has also been the safest way
to maintain control of the disease with regard to long-
term therapeutic protocols. Phototherapy can be either broad-
band (BB; 280 - 315 nm) or narrowband (NB; 311 nm) and
it works to improve psoriatic symptoms through immuno-
modulatory mechanisms in the skin 261. This includes imme-
diate cytopathic effects and delayed immunosuppressive
effects 1277. NB-UVB appears to be more effective than BB-
UVB despite a broader safety profile in BB-UVB, especially
when dealing with severe disease [28]. The reported efficacy
of UVB therapy varies from 41% of patients and up to 80%
of patients achieving PASI-75 11929311, In cases where UVB
phototherapy is unsuccessful in controlling a patient’s psoria-
sis, it may be combined with other systemic therapies such as
the oral retinoid acitretin to increase efficacy 1321. This is a
safe, effective option except in women of childbearing age 133).
UVB therapy can be combined with topical tar or anthralin
for patients who have severe psoriatic plaques too thick to be
penctrated by UVB light alone (19]. Using UVB as monother-
apy or in combination with other topical or systemic agents is
safe and effective, but they can be inconvenient and expensive
for both patients and physicians. The standard treatment pro-
tocol requires patients to receive three or more sessions per
 week for 6 —= 12 weeks [341. Unfortunately, disincentives for
phototherapy on both the patient and physician side have
caused this method to decline in frequency in the US p3s1.
However, much of this temporal and financial inconvenience
can be alleviated by using home NB-UVB therapy [3¢1. Any
risk associated with the use of phototherapy includes acute
skin reactions similar to that of a sun-burn and a small possi-
bility of an increased risk of skin cancer over long-term,
although this risk has not been shown to be any more than
thar associated with normal sun exposure [12].

2.5.2 Ultraviolet type A with psoralen

Ultraviolet type A with psoralen (PUVA) therapy has the abil-
ity to clear psoriatic plaques with more success than NB-
UVB and also requires fewer treatment sessions with a higher
potential to induce long-term remission in patients, even
without maintenance therapy (2337). When psoralen is
exposed to UVA it enters an excited state and cross-links
with DNA, inhibiting DNA replication. It also has
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anti-inflammatory and immunosuppressive actions. Approxi-
mately 80 - 86% of patients receiving PUVA therapy achieve
PASI-75 19,38 Unlike UVB, however, patients receiving
PUVA therapy are at a significantly increased risk of having
both melanoma and non-melanoma skin cancer [39-421. The
acute phototoxicity patients may experience is also more

severe with PUVA than with UVB 2.

2.6 Tumor necrosis factor alpha antagonists

2.6.1 introduction

The advent of biologics has expanded the treatment arma-
mentarium for psoriasis, but some of these treatments lack
long-term data available on efficacy. This information will
soon be revealed through daily practice registries or clinical
trials (431. The TNF-¢ inhibitors account for the majority of
FDA-approved biologic products available for treating
chronic severe plaque psoriasis but, although they have favor-
able safety profiles, they are not devoid of risk. Black-
box warnings have been issued for all approved TNF-o; inhib-
itors for their associated risk of serious infections, malignancy
and - in the case of infliximab specifically - T-cell lymphoma.
The majority of the safety data for TNF inhibitors, however,
comes from the rheumatoid arthritis, spondyloarthrits or
inflammatory bowel diseasc literature, which may not general-
ize to psoriasis patients. Apart from a different disease process,
patients in these studies often required concomirant immuno-
suppressive therapies, which may synergistically increase
infectious or malignancy risks (4. A recent meta-
analysis specifically of plaque psoriasis and psoriatic arthritis
trials found no increased risk of serious infections or cancer
with short-term use of TNF antagonists and the observed
small increased risk for overall infections may be duc to differ-
ences between treatrment versus placebo follow-up times [44].
Additionally for this class of drug, purified protein derivative
(PPD) skin tests are recommended for each of these agents at
the start of therapy [45-471.

2.6.2 Etanercept

Eranercept is a soluble dimeric fusion protein consisting of
two TNF receptors fused to the Fc portion of human immu-
noglobulin G (IgG) that prevents excess TNF from binding
and interacting with their cell-bound receprors, thereby acting
to comperitively inhibit TNF-mediated activity 451 Etaner-
cept is FDA-approved for the treatment of multiple
immune-mediated diseases including rheumatoid arthritis
(RA), psoriatic arthritis and moderate-to-severe plaque psori-
asis. This TNF-0. inhibitor shows variable efficacy ratings
with PASI-75 success rates ranging from 33% for a 50 mg/
week regimen to approximately 49 - 57% for the 50 mg
twice/week treatment regimen 143.48-501. The FDA-approved
dosing schedule of etanercept for psoriasis is a 50 mg
subcutaneous (SC) self-administered injection twice/week
for an initial induction period of 3 months, followed by
a 50% reduction to 25 mg administered twice weekly
{or 50 mg/week) for maintenance therapy.

Expert Opin. Pharmacother. (2011} 12(13)
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The most significant adverse effect noted with etanercept
therapy has been a temporary injection site reaction [52].
Some reports show exacerbation of congestive heart failure
and bone marrow suppression during therapy, but the actual
causal relationship with this agent has been inconclusive due
to the rarity of these events [52,53]. Patients are also ar greater
risk for developing antinuclear antibodies (ANA), but again
it is only in rare cases that patients develop clinical manifesta-
tions [531. There have also been extremely rare reports of CNS
demyelinating diseases associated with etanercept and with
regard to malignancy, a small number of cases of lymphoma
were reported to have occurred following induction of this
therapy between 1999 and 2000 [54561. However, despite
the reported cases of lymphoma, any increased risk for
malignancy in patients may be more closely tied to their
diagnosis of psoriasis than to etanercept [57.

2.6.3 Infliximab

Infliximab is a chimeric monoclonal antibody approved for
the treatment of chronic severe psoriasis in September of
2006. This agent binds specifically to soluble and
membrane-bound TNF-¢t and is administered by intravenous
(IV) infusion t46). The standard approved dosing for plaque
psoriasis involves induction with 5 mg/kg TV (400 mg daily
maximum) over 2 h ar weeks 0, 2 and 6, then subsequent
infusions every 8 weeks thereafter 46]. Infliximab has shown
one of the highest efficacy rates among the TNF-0, inhibitors,
with studies showing a combined weighted average of nearly
80% of patients achieving PASI-75 (5.13,58-59].

Among the most common adverse events occurring in
patients receiving infliximab therapy are infusion reactions,
headache, itching and myalgias. However, these events occur
ar no greater rate than those receiving placebo, with the excep-
tion of a reported incidence of infusion reactions occusring in
20% of patients treated with infliximab compared to 2% of
those treated with placebo (this included chills, headache,
flushing, nausea, dyspnea, injection-site infiltrations and rtaste
perversion) [5s]. As is the case with the other TNF-o¢ inhibi-
tors, rare incidents of latent TB reacrivation have occurred
with infliximab [60.61].

2.6.4 Adalimumab

Adalimumab is a fully human monoclonal antibody, another
form of a TNF-t inhibitor approved for psoriasis, which also
specifically binds to TNF-a., blocking its interaction with
TNF cell-surface receptors (471 In January of 2008, adalimu-
mab was approved for use in moderate-to-severe psoriasis.
The approved dosing regimen for this agent includes an
80 mg SC loading dose followed by 40 mg every other week
with a reported PASI-75 achieved in 53 - 80% of patients
receiving treatment [62-66).

Although the safety of adalimumab has been studied mosdy
in short-term clinical wials of 10 - 14 weeks, an cxtended
48-week study of patients treated for psoriasis showed similar
rates of adverse events as those seen in the shorter trials. The

most common adverse side effects include upper respiratory
infections and nasopharyngitis (66). Like other TNF-ot inhibi-
tors, the main concerns associated with adalimumab
therapy — aside from infection - include malignancy and the
development of ANA positivity. Also, cases of both dissemi-
nated and extrapulmonary infections have been reported,
most commonly in patients treated with doses of adalimumab
that were higher than the recommended dose [67].

2.7 T-cell modulators

2.7.1 Alefacept

In January 2003, alefacept became the first biologic agent
approved for the treatment of moderate-to-severe psoriasis.
Alefacept is a fusion protein that combines a portion of
human IgG and the binding site of a lymphocyte function-
associated antigen-3 (LFA-3). It binds CD2, its partner mol-
ecule on LFA-3, which is located on the surface of T-cells,
thereby inhibiting memory T-cell activation and prolifera-
tion [68.69). Alefacept is given in an intramuscular (IM) dose
of 15 mg once a week for 12 weeks, which can be repeated
after a therapy-free interval of 12 weeks as long as CD4"
counts are within a normal range. According to recent studies,
21% of patients receiving treatment with alefacept achieve
PASI-75 2 weeks after completing a 12-week trearment regi-
men of 15 mg/week 701 Recent evidence also suggests that
the efficacy of alefacept may increase with multiple courses
of therapy 7).

The current FDA-recommended monitoring protocol for
alefacept involves checking CD4" and CD8" T-cell counts
on a weekly basis, because this agent does act to eliminate a
subset of T-cells 169 Therapy should be discontinued if
CD4* counts drop below 250 cells/pL for a period of 1 month
or more. As with the other biologic agents, there is some con-
cern for lymphopenia, malignancy and serious infections 168).
However, an analysis of clinical trials shows us that the safety
of alefacept was maintained over as many as nine courses of
therapy, although the number of subjects was limited (72.

2.8 Interleukin-12/interfeukin-23 inhibitors

2.8.1 Ustekinumab

Approved in September of 2009 for the trearment of moder-
ate-to-severe psoriasis, ustekinumab is the newest biologic
agent available to patients. This agent is a fully human mono-
clonal antibody that targets 11-23 (and IL-12), a key cytokine
in the immune response of psoriasis 73,741 IL-23 is associated
with the activation of IL-17-producing T cells. This subset of
cytokines is also pro-inflammatory in nature, inducing
epidermal proliferation [7578). Ustekinumab acts by binding
to the p40 subunit shared by IL-12 and 11-23, thereby
neutralizing their activity by blocking interactions with their
related receprors.

In two Phase III mulricenter, double-blind, randomized,
placebo-controlled tials -~ PHOENIX 1 and PHOENIX
2 — patients wich psoriasis showed reduction of their disease
severity for up to 76 weeks. These studies revealed comparable
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efficacy and safety data, with ustekinumab given as an SC
injection of 45 or 90 mg at time 0, week 4 and every 12 weeks
thereafter. PHOENIX 1 revealed that 67 and 66% of those
receiving therapy achieved PASI-75 at the 45 and 90 mg
doses, respectively, after 12 weeks of treatment [79]. Similarly,
66 and 75% of patients achieved PASI-75 at weck 12 at the
45 and 90 mg doses, respectively, in PHOENIX 2 (s0}. Uste-
kinumab is a novel biological agent and the 2-year safety data
are unknown at this point; most biologics require extensive
use before the full profile of adverse event possibilities are
illustrated (s11. The most commonly reported adverse events
include nasopharyngitis and upper respiratory tract infection;
there is a potentially increased incidence of malignancy in
patients being treated with ustekinumab (82,83

3. Cost analysis

3.1 Introduction

To determine the most cost-effective systemic trearment
within the US setting, we considered efficacy as determined
by the PASI-75 rating and the therapeutic effect on HRQOL.
Although the PASI-75 rating has been utilized for a long time
and is the most commonly used disease-centered measure of
treatment efficacy among systemic psoriasis therapies, derma-
tologists’ assessment of disease severity and patients’ assess-
ment of the same severity of psoriasis can be inconsistent.
Also, the PASI response as a measure for disease severity
may have lower accuracy than previously thought because of
this interobserver variability when assessing PASI scores [84.85].
QOL measurements may be a more effective way to follow
therapeutic response for psoriasis as compared to PASI
scores (86,87). We include both PASI response and a QOL out-
come measurement, the Dermarology Life Quality Index
(DLQI), in our analysis.

The PASI-75 is the percentage of patients who achieve
75% improvement in their PAS] compared to baseline. The
PASI combines the assessment of the severity of psoriatic
lesions and the area of the body affected into a single score
ranging from 0 (no disease) to 72 (maximal disease). The
DLQI is a simple, practical, patient-centered tool to measure
the effect of dermarologic disease and the efficacy of its treat-
ment on a patient’s QOL. It is a 10-item questionnaire to
assess any effect or limitation on topics including symptom
severity and feelings, daily activities, work and school, leisure,
personal relationships and treatment. Each patient chooses
among four choices per question: ‘not at all’, ‘a litde’, ‘a lot
or ‘very much’, which correspond with a score of 0, 1,
2 and 3, respectively. A score of 0 is given for questions that
are answered ‘not relevant’. Summing the scores for each
question gives the DLQI range from 0 to 30, where a higher
score corresponds to a more severe impairment of QOL [8s).
A S-point change in the DLQI total score represents the min-
imally important difference (MID) for patients with severe
psoriasis and is particularly important when assessing efficacy

regarding QOL.
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3.2 Research methods

To identify studies of efficacy, we conducted a literature
search on the National Library of Medicine (PubMed)
with MeSH terms ‘psoriasis’, ‘economics’ and ‘therapeutics’.
The search was limited to randomized control trials
(RCTs) and prior systematic reviews or meta-analysis of
RCTs published in English in the past 10 years. We also
manually searched the reference lists to find relevant cost-
effectiveness studies for review. Titles were screened to
identify the following therapies: phototherapy (PUVA, NB-
UVB, home UVB) systemic agents (acitretin, cyclosporine,
MTX) and biologic agents (adalimumab, alefacept, etaner-
cept, infliximab and ustekinumab). Articles that assessed
monotherapy treatment outcomes and cfficacy with respect
to PASI-75 and DLQI in moderate-to-severe psoriasis were
included. Those articles evaluating treatments for psoriatic
arthritis, or combined treatment protocols for psoriasis
were excluded.

Our cost-effectiveness model was constructed based on a
previous base case analysis applied to a continuous treatment
regimen for cach therapy for 1 year 1131, Cost-effectiveness
ratios were determined with respect to consensus DLQI
and PASI-75 scores. We included the costs of medication,
office visits, laboratory tests and monitoring procedures.
The frequency of these variables were based on both clinical
experience and published manufacturer’s guidelines [6489.901.
There is variability in the guidelines for laboratory moni-
toring; the analysis included only rests recommended
by the FDA. Treatment costs were assessed from the perspec-
tive of third-party payers by use of the medications’ average
wholesale price (AWP), with phototherapy  treatments
based on medicare fee schedule and prior reports for
equipment [91,92).

When calculating medication costs we assumed a patient
weight of 80 kg and, for infliximab, assumed the entire vial
of medication was used during treatment. Costs for infliximab
were based on a 3-h infusion time. Monitoring costs for MTX
included a liver biopsy to present the highest potential cost for
this therapy; however, this procedure would be performed less
than annually. As most patients with moderate-to-severe pso-
riasis are established patients within dermatology offices, the
model assessed the cost for only maintenance therapy, thus
prices for loading doses were not included and office visits
were calculated as level 3 return visits. Phototherapy costs
did include a three-times-per-week-for-10-weeks regimen pre-
ceding a weekly treatment for the remainder of the year. Pric-
ing of outpatient office visits, laborarory testing, infusions and
other laboratory and monitoring tests was determined using
the 2010 Medicare National Median Physician Reimburse-
ment schedule and Clinical Laborarory Fee schedule (Table 1
and Table 2) 1931. We used Current Procedural Technology
(CPT) codes to search for prices of laboratory tests and proce-
dures 194]. All costs were calculared in US dollars and addi-
tional direct costs, such as hospital costs or other costs
associated with adverse side effects of medication and indirect

Expert Opin. Pharmacother. 2011) 12(13)
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Table 1. Laboratory and procedure costs in $2010.

Item/CPT code* Medicare
Reimbursement ($)
R3 visit/99213 66.74
Nurse visit/99211 19.54
Eye exam/92012 75.96
Fundus photographs/92250 68.95
Liver biopsy/47000 321.53
IV Infusion up to 1 hr/96365 67.48
IV Infusion each additional hour/96366 21.02
CXR/71020 30.97
PPD/86580 7.01
Creatinine/82565 9.92
CBC with differential/85025 15.05
Absolute CD4/CD8 cell count/86360 90.94
BMP/80048 16.38
CMP/80053 20.46
AST/84450 10.01
ALT/84460 10.24
Hepatic function panel/80076 15.81
Magnesium/83735 12.97
Potassium/84132 8.89
Triglycerides/84478 11.13
Cholesterol/82465 8.43
Blood urea ntrogen/84520 7.64
Uric acid/84550 8.74
UVB/96910 69.00
PUVA/96912 89.00

Relevant monitoring costs for maintenance therapy of established patients are
in Table 1, with induction dosages and extra hospital costs associated with
adverse drug reactions excluded. Pricing is based on the 2010 Medicare
National Median Physician Reimbursement/Fee Schedule and Clinical
Laboratory Fee Schedule {93).

*From the American Medical Association website [94].

ALT: Alanine transaminase; AST: Aspartate transaminase; BMP: Basic metabolic
profile; CBC: Complete blood count; CMP: Comprehensive metabolic profile;
CPT: Current Procedural Terminology; IV: Intravenous; PPD: Purified protein
derivative; R3: Level 3 return visit.

costs such as time away from work, were not included. Data
were analyzed using Microsoft Excel.

Previously, cost-effectiveness ratios of treatments relative to
placebo evaluated RCT's that assessed the efficacy of biologics
as a means for treatment comparison. The cost-effectiveness
ratio was calculated as the cost difference berween therapy
and placebo divided by the mean DLQI improvement differ-
ence between therapy and placebo. A similar ratio was calcu-
lated using the PASI-75 rating, dividing total treatment cost
of therapy by the percentage of patients achieving PASI-75.
Details are described further elsewhere 131 The difference
berween the two constructed ratios is that the DLQI calcula-
tion involved multiplication of the ratic by 5, which gives
the DLQ! MID improvement. This study uses similar cost-
effectiveness calculations to all other systemic agents used in
the treatment of moderate-to-severe psoriasis (adalimumab,
alefacept, etanercepy, infliximab, PUVA, UVB and ustekinu-
mab) to determine a cost-effectiveness ratio and make relative
comparisons :between medications. Relatively higher and

lower doses were used for etanercept calculations to display
the range of PASI-75 scores reported with moderate-to-severe
psoriasis.

3.3 Results

The annual costs for systemic treatments of severe psoriasis
ranged from $1330 for MTX 15 mg weekly to $48,731 for
high-dose (HD) ctanercept (50 mg SC twice weekly). Photo-
therapy costs ranged from $2768 for home phototherapy to
$7697 for PUVA, with UVB costing $6676 annually. Annual
costs of biologics ranged from $19,114 per year for infusions
of infliximab to $48,731 for high-dose etanercept. The annual
cost of the newest FDA-approved biologic, ustekinumab, was
lower than all other biologic agents except for infliximab
(Table 3). On average, phototherapies cost an estimated
$5713, oral systemics $11,029 and biologics $26,708 per
year for maintenance regimens.

Mean DLQI improvements for biologic agents ranged
from 4.9 for alefacept to 9.7 for infliximab. Mean photother-
apy DLQI improvements were 8.5 for NB-UVB. PUVA,
acitretin, cyclosporine and MTX did not have reported
DLQI score estimates for monotherapy (Table 4).

The percentage of patients achieving PASL-75 ranged
from 21% (alefacept) to + 80% (PUVA, infliximab). Acitretin
(30%), low-dose (LD) etanercept (33%), home UVB (41%),
MTX (36 - 60%), NB-UVB (42 -~ 80%), HD etanercept
(49 - 57%), ustckinumab (67%), adalimumab (53 - 80%)
and cyclosporine (70%) PASI-75 scores fell within this
range (Table 4).

To obtain a DLQI MID, costs ranged from $3032 for NB-
UVB to $59,564 for alefacept, with home UVB, infliximab,
adalimumab, ustckinumab, LD etanercept and HD etaner-
cept lying within this range (lowest to highest cost). Annual
cost-efficacy ratio per patient to achieve PASIL-75 ranged
from $657 — 1094 for MTX to $124,800 for alefacept, with
phototherapies being relatively cost-effective based on cost
per PASI-75 ratio (Figure 1).

4. Discussion

When choosing the best therapy for a patient, the physician
must consider therapeutic efficacy, cost effectiveness, safety
profiles and - in particular — the treatment impact on QOL
and patient preference (50} Comparisons of costs and quality
of life - crucial elements particularly with the increasing use
of biologics - are not completely accomplished by observing
PASI-75 scores alone. Recognition of this resulted in reported
measures of QOL such as the DLQI, which is better docu-
mented in the newer studies of biologic therapies compared
to older studies of pre-biologic systemic agents and photother-
apy. The DLQI questionnaire is easy to use with patients and
has high internal and external consistency [95.96). Changes in
the DLQI correlate well with patients’ clinical outcomes and
reductions in the DLQI correlate with decreases in patients’
PASI score 1971.
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Table 2. Annual monitoring guidelines for systemic
psoriasis therapy.*

Therapy Office Lab work Other direct

visits costs
Acitretin 6 R3s 4 LFTs, lipids None
Alefacept 6 R3s 24 CD4 counts None
Adalimumab 4 R3s 1 PPD None
Cyclosporine 7 R3s 6 CMPs, CDPs, None

LFTs, Mg, K
Etanercept 4 R3s 1 PPD None
infliximab 4 R3s 1 PPD 7 infusions
PUVA 4 R3s None 2 Eye Exams,
1 Fundoscopy

Methotrexate 6 R3s 6 CDPs, LFTs 1 Liver Biopsy*
NB-UVB 4 R3s None None
Home NB-UVB 4 R3s None None
Ustekinumab 4 R3s 1 PPD None

*Because of variability in guidelfines for laboratory monitoring during
treatment with each therapy, we list only the monitoring tests recommended
by the FDA for each agent [113].

Liver biopsy may be done every 2 years, but we have included it here to
estimate the highest total cost possible with methotrexate therapy.

CD4 count: T cell CD4™ count; CDP: Complete blood count with differential;
CMP: Comprehensive metabolic profile; K: Potassium level; LFT: Liver function
tests; Mg: Magnesium level; PPD: Tuberculin skin test; R3: Level 3 return visit.

This analysis first reviews annual treatment costs, which
demonstrates the vast difference between older therapies,
such as oral systemics and phototherapies and newer biolog-
ics. While other incentives or purchasing factors may change
the costs of medications, the general differences are approxi-
mately two- to five-fold between older treatments and biolog-
ics. Although the cost analysis has the highest reliability
among the models done in this study, integrating efficacy
and DLQI is also important.

The cost-efficacy ratios for patients to achieve a DLQI
MID and PASI-75 find phototherapy (home UVB, outpa-
tient NB-UVB and PUVA) and methotrexate to be relati-
vely inexpensive, efficacious agents for moderate-to-severe
psoriasis. Phototherapy was the most cost-effective measure
when both parameters were available. Although side effect
profiles were not directly assessed, NB-UVB adverse events
are relatively minor compared to other systemic agents and
include sun-burns and a long-term risk of skin cancer, but
not significantly increased risks as cormpared to that of normal
sun exposure. This highlights its importance as a first-line
treatment for moderate-to-severe psoriasis. Even with the lim-
itations of comparisons across studies, the magnitude of the
difference berween phototherapy and MTX on the one
hand and biologics on the other make the cost effectivencss
differences quite clear.

MTX did reveal itself to be the most cost-ctfective medica-
tion from our study in terms of PASI-75 data. However, sig-
nificant adverse effects associated with long-term MTX use
can limit its considerarion as a first-line choice. Past studies

Staidle, Dabade & Feldman

on cost-effectiveness have also shown home UVB therapy to
be the single most cost-effective therapy for eligible patients
when considering the safety, efficacy and cost of therapy (6l.
Home therapy has similar effectiveness to traditional UVB
phototherapy in educated patients [98,99].

When comparing the biologics, infliximab appears to be
the most cost-effective method for treating moderate-to-severe
psoriasis, but the newest therapeurtic choice, ustekinumab, is
not far behind and is more convenient as it does not require
IV infusions. The relative differences between most TNF
inhibitors is not large, however, thus contracting cost
differences or even the limitations of the accuracy of relative
effectiveness could affect the order of cost-effectiveness of
these drugs.

Four head-to-head clinical identified
comparing systemic psoriasis therapies, MTX vs. cyclosporine,
home vs. outpatient NB-UVB, MTX vs. adalimumab and
ustekinumab vs. etanercept, of which cost comparisons have
been published based on the first two [2031,100-101). Efficacy
data of these studies were incorporated in our analysis as appro-
priate. Opmeer er al’s economic analysis of MTX vs. cyclo-
sporine (102] paralleled their 16-week head-to-head clinical
trial and described direct and indirect costs for both the trial
period as well as the 36 weeks following (1 year in total). Sim-
ilar to this analysis, methotrexate was less expensive in their
monotherapy treatment phase ($1593 vs. $2144, MTX vs.
cyclosporine). Their analysis differed in their incorporation
of indirect costs (which were higher for MTX), a higher num-
ber of patient visits, lower doses of cyclosporine and incorpo-
ration of other treatment modalities after the treatment phase
for the remainder of the year. At the I-year point, MTX was
still less costly than cyclosporine; however, it was only
marginally so and there were no PASI scores to evaluate efficacy
at the 1-year mark [102).

Koek ef al. similarly published a cost-effectiveness analysis
of their home versus outpatient phototherapy trial in the
Netherlands (PLUTO study) 31991 In their cost analysis
they followed patients both during their treatment period
and afterwards for 1 year, included direct and indirect costs
(time lost from work, etc.) and allowed for treatment variabil-
ity. By 17.6 weeks, patients had an estimated €727 vs.
€464 direct medical costs for home and outpatient
phototherapy, respectively, and, by 1 year after trial’s end,
€1151 vs. €864. Their costs for home phototherapy equip-
ment use, which were estimated based on equipment rental
invoice tariffs (and hypothesized by the authors as more
expensive than actual costs), made home phototherapy esti-
mates higher than our analysis. Home phototherapy equip-
ment usage costs were more expensive than outpaticnt

studies were

usage, which was the reverse of our cstimate. Indirect costs
in their analysis, however, evened out the financial burden
of the therapies. Koek ez al.’s economic condlusions aligned
with our study showing both home and outpatient NV-
UVB treatments as relatively cost-effective. They prefer
home phototherapy over outpatient, citing patient preference

Expert Opin. Pharmacother. (2011) 12(13)
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Table 3. Comparison of annual treatments costs in $2010 for moderate-to-severe psoriasis.

Therapy Dose and frequency Medication Lab/monitoring Office visit Total annual
cost, $* costs, $* cost, $* cost, $
Acitretin 25 mg/day 21005 329 402 21736
Alefacept Two 12-week courses, 15 mg IM weekly 26208 2183 402 28793
Adalimumab 40 mg SC eow 23774 7 268 24049
Cyclosporine 400 mg/day 8916 636 469 10021
(5 mg/kg/d)
Etanercept 50 mg SC weekly 24228 7 268 24503
50 mg SC twice weekly 48456 7 268 48731
Infliximab 5 mg/kg/day IV; 400 mg daily maximum, 18072 774 268 19114
every 8 weeks
PUVA 3x/week for 10 weeks, then weekly 6408 221 1068 7697
Methotrexate 15 mg/week 394 534 402 1330
NB-UVB 3x/week for 10 weeks, then weekly 4968 0 1708 6676
Home NB-UVB 3x/week for 10 weeks, then weekly 2500 0 268 2768
Ustekinumab 45 mg SC every 3 months 22382 7 268 22657

*Medication costs based on brand-name AWP for 2010; PUVA, UVB costs based on national 2010 Medicare Fee Schedule; Home phototherapy cost includes full
cost of one photatherapy unit {this typically would be distributed over multiple years); costs in US dolfars [91,92].
*otal lab/monitaring and office visit costs based on data from the 2010 Medicare National Median Physician Reimbursement and Laboratory Fee Schedules (93],
AWP: Average wholesale price; eow: Every other week; IM: Intramuscular; IV: Intravenous infusion; NB-UVB: Narrowband ultraviolet B light therapy, PUVA:

Psoralen with ultraviolet A light therapy; SC: Subcutaneous injection.

Table 4. Efficacies of active treatment as measured by
DLQI and PASI-75.*

Therapy Mean unit DLQl % of Patients

improvement achieving

[ref. no.} PASI-75 [ref. no.]
Acitretin 25 mg/day - 30 [14]
Alefacept 15 mg/iweek 4.9 [13] 21 [114]
IM for 12 weeks
Adalimumab 40 mg 9.5 [13] 53 - 80 [63-65]
SC eow
Cyclosporine - 70 [19]
5 mg/kg/day
Etanercept 25 mg 7 (13] 33 [43,48-49]
twice weekly
Etanercept 50 mg 7.5 [13] 49 - 57 [48,49,115]
twice weekly
Infliximab 5 mg/kg/d, 9.7 [13] 80 [13]
every 8 weeks
PUVA 3 - 4 times/week - 80 ~ 86 [19,38]
Methotrexate - 36 - 60 [20,24)
15 mgiweeek
NB-UVB 3 times/week 8.5 {116] 42 - 80 [19,29-31]
Home NB-UVB 8.5 {116) 41 [31]
3 times/week
Ustekinumab 45 mg 8.01117] 67 {79,801

SC at start, 1 month,
then g 3 months

*DLQI improvement and PASI-75 success rates reflect approximately 12-week
treatment durations (range 10 — 16 weeks; light therapies, approximately

30 sessions: MTX, 16 weeks). Note variation between trials exists making
comparisons rough estimates.

DLQE Dermatology Life Quality Index; eow: Every other week;

IM: Intramuscular injection; NB-UVB: Narrowband ultraviolet B light therapy.
PASI75; Psoriasis Area and Severity Index reduction of 75% from baseline;
PUVA: Psoralen with ultraviolet A light therapy; SC: Subcutaneous injection.

for the modality. Key differences, pardculacy in the
frequencies of therapy and time frame considered, prevent
additional direct cost comparisons between our study
and theirs.

Our review provides cost-effectiveness data on all current
US FDA-approved systemic treatment options for moderate-
to-severe psoriasts, including ustekinumab, the most recently
added biologic. As with any pharmacocconomic analysis,
this study is challenged by the newer treatment options thar
may soon become approved and available. This includes
another TNF-o. inhibitor (golimumab) and a new class of
immune-modulating drugs that act to inhibit cell signaling
cascades mediated by the Janus-Kinase/Signal Transducer
and Activator of Transcription (JAK/STAT) class of proteins.
Compared to this author’s past studics on cost-effectiveness,
we include an assessment of each agent with respect to both
PASI-75 scores and DLQI improvement.

A limitation from our retrospective methodology is that
treatment efficacy data were gathered from several differenc
clinical trials. As a result, when comparing different cohorts
there is no method of standardizing study/patient character-
istics across multiple trials and caution must be taken when
comparing or extrapolating from PASI or DLQI scores.
The study did not include indirect costs and solely addressed
the cost from the payer perspective. Although this is the
case, interpretation of the data is less likely to be altered
given that the variations in medication costs are often high
berween classes of medications. If the employer is both the
payer and inconvenienced by lost time at work the indirect
costs may influence the cost-analysis in very high hourly
wage jobs.

In actual practice, medications may be used in various
combinations or altered based on patient responses,
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Figure 1. Cost-effectiveness ratios, 2010 US$. Cost-efficacy ratios are extracted from (A) PASI-75 and (B) DLQI assessments of
different studies and should be understood as rough estimates. Consensus efficacies were used; ranges are shown when
appropriate. DLQI MID represents a 5-point change in the DLQI total score. This is calculated by multiplying the cost
effectiveness ratio for DLQI improvement by 5 [13]. Therapeutic schedule is for 1 year with: acitretin 25 mg/day; alefacept
15 mg/week IM for 12 weeks; adalimumab 40 mg SC eow; cyclosporine 5 mg/kg/day; etanercept 50 mg/week; etanercept
50 mg twice weekly; infliximab 5 mg/kg/day IV; 400 mg daily maximum, every 8 weeks; PUVA 3x/week for 10 weeks, then
weekly; methotrexate 15 mg/week; NB-UVB 3 x/week for 10 weeks, then weekly; home NB-UVB 3x/week for 10 weeks, then
weekly; ustekinumab 45 mg SC every 3 months.

DLOI MID: Dermatology Life Quality Index minimally important difference; DLOE Dermatology Life Quality Index; eow: Every other week; IM: Intrarnuscular
injection; NB-UVEB: Narrowband ultraviolet B light therapy; PASI-75: Psoriasis Area and Severity index reduction of 75% from baseline; PUVA: Psoralen with
ultraviolet A light therapy; SC: Subcutaneous injection.
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comorbidities and adverse events, which was not illustrated.
Qur costs are estimated for maintenance therapy over
1 year; however, PASI-75 scores were available only in the
3 — 4 month range with slight vartations in dosing. If a med-
ication has increasing (such as alefacepr) or decreasing efficacy
after longer time periods this would not be reflected. Also,
dosing variations between maintenance therapy and those in
clinical trials may influence cost-efficacy ratos. For this rea-
son, ranges are shown when appropriate and conclusions are
drawn only from large differences. Additionally, the cost anal-
ysis may not apply directly in non-US settings, such as
national health systems, as it is based on US cost data. How-
ever, given large variation among drug cost in the US market,
the general medication cost principles of the study may be
considered in other markets.

5. Conclusion

The costs of weating psoriasis are increasing and as a result
the economics of psoriasis will continue to be an important
focus of discussion [103,104). Patients, physicians and insurers
are now faced with a wider array of therapeutc choices
that vary widely in costs. The implications for the parient
are in many rcalms - both as they relate to psoriasis and
its comorbidities, and as indirect and direct personal finan-
cial burdens [105,106]. Choosing a treatment regimen that pro-
vides the most value for its cost will provide savings in
healthcare expenditures and, in an age of healthcare dollar
scrutiny, shift financial resources appropriately 107,108 To
do so requires a full understanding by both the physi-
cian and parient of the safety, efficacy and cost considera-
tions of the many systemic treatment options for severe
psoriasis patients.

Ultimately, the best guide for treatment is through
patient education and an individual patient’s preferences.
Patients may interpret the side-effect profiles, advantages
and disadvantages differendy, so there is no single best
agent for all patients, especially as they may also lie any-
where along the moderate-to-severe spectrum (90}, Also,
the role of pharmacogenetics should always be considered,
because patients will respond differently to certain treatment
regimens [109,110]. If patients are to play a role in controlling
the cost of treatment, then reasonable incentives should be
in place to encourage them to use safe, effective, low-cost
ultraviolet light treatment methods over biologic treatments.

In many cases, the incentive structures do just the
opposite [92,111].

6. Expert opinion

Previous cost-effectiveness articles published in Expert Opin-
ions in Pharmacotherapy have reported that phototherapy is a
safe, effective and cost-effective form of treatment for
moderate-to-severe psoriasis, especially when used as home
therapy. Today, in light of current biologic options available
on the menu of systemic psoriasis therapies, phototherapy is
still among the most cost-cffective ways to treat chronic,
severe psoriasis. We find this to be true even when considering
QOL data by means of the DLQI in addition to PASI scores.
The DLQI shows us that the cost of phototherapy per patient
to achieve an estimated DLQI MID is far lower than any
other currently FDA-approved agent for moderate-to-severe
psoriasis, including the new biologics.

Regardless of these large series trials and this study data pre-
sented, patient care must be individualized to truly achieve
individualized safe, low-cost, high-efficacy therapy. During
the course of treatment patients’ responses vary. One person
may achieve clearance with phototherapy and topical crearss,
whereas another may develop joint symproms and require an
agent for his/her psoriatic arthritis. By anticipating potential
transitions, educating patients and sharing resources (such as
the National Psoriasis Foundation) with patients early in
treatment, patient satisfaction and sense of control over their
disease improves {1121 The difficultics of explaining to the
patient the treatment pros, cons and adjustments then
becomes less challenging, finding the most appropriate agent
becomes a team approach and the most appropriate regimen
for cach patient can be more easily identified. Keeping this
in mind, large-scale review analyses such as this one can serve
as an educated starting point for these discussions.
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