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versus high-potency topical corticosteroids in
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Background: Few cost-effectiveness analyses have been conducted on topical therapies for atopic dermatitis.

Objective: We sought to compare cost-effectiveness of high-potency topical corticosteroids (HPTCs) and
tacrolimus ointment for the treatment of moderate to severe atopic dermatitis for patients who are not
responsive to or not well controlled with mid-potency topical corticosteroids.

Methods: A Markov model represented the cyclic nature of atopic dermatitis. Clinical outcomes were
derived from published literature. “Efficacy” was defined as disease-controlled days on which patients
experienced a greater than 75% improvement in their disease. Resource use and changes in management
were on the basis of opinions of a physician panel; secondary treatment was an oral antibiotic with topical
corticosteroids. Sensitivity analyses were conducted for all variables.

Results: The model was sensitive to duration of continuous treatment with HPTCs. HPTCs, when limited
to 2-week treatment cycles, were associated with the highest total costs ($1682 per year) and the least
efficacy (185 disease-controlled days). HPTCs in 4-week treatment intervals and tacrolimus ointment were
similar in total costs and efficacy ($1317 vs $1323 for 194 vs 190 disease-controlled days, respectively).
Although primary drug costs were higher for patients treated with tacrolimus ointment, patients treated with
regimens of HPTCs incurred higher secondary drug costs.

Conclusion: In the base case analyses, tacrolimus ointment was more cost-effective than HPTCs admin-
istered in 2-week treatment cycles, and similar in cost-effectiveness to 4-week cycles of HPTCs. (J Am Acad

Dermatol 2003;48:553-63.)

topic dermatitis (AD) is a common skin dis-
order, causing inflammation and pruritus in
5% to 15% of adults and children in the
United States.’? Economic studies have shown the
financial impact of AD to be substantial. Treatment
of the pediatric AD population was estimated to be

$364 million in the United States in 1990, and $721
million in the United Kingdom in 1996.34 Our cost-
of-illness study from a third-party payer perspective
estimated expenditures of $0.9 to $3.8 billion for
nonelderly people with private insurance or Medic-
aid in the United States in 1998.5 AD has the potential
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Abbreviations used:

AD: atopic dermatitis
AWP: average wholesale price
DCDs:  disease-controlled days

DFDs:  disease-free days
HPTCs: high-potency topical corticosteroids
QALYs: quality-adjusted life years

to affect quality of life, schooling and productivity, and
out-of-pocket expenses. The annual costs per patient
were estimated at more than $4600 when medical,
hospital, direct, and indirect costs were considered.®

Historically, low-potency and mid-potency topi-
cal corticosteroids have been the most widely used
topical first-line therapies for AD.” However, in
moderate to severe AD, use of a high-potency top-
ical corticosteroid (HPTC) is often necessary. There
are concerns regarding the long-term chronic use of
HPTCs because of the increased risk of side effects
such as skin atrophy, infection, cataracts, glaucoma,
hypothalamic-pituitary-adrenal axis suppression,
and Cushing’s syndrome.5-1!

Additional therapies may include psoralen plus
ultraviolet A (PUVA), other UV, systemic corticoste-
roids, and cyclosporine. Because of the potential for
significant adverse effects, these generally are used
only in severe cases of AD that are unresponsive to
topical therapies.'?13

Tacrolimus ointment (Protopic, Fujisawa Health-
care Inc, Deerfield, IID is a new therapeutic option,
a topical immunomodulator indicated for the treat-
ment of moderate to severe AD. It has been shown
to be a safe and effective therapy for the treatment of
AD in adults and in children as young as 2 years.'415
In multicenter, phase III studies, tacrolimus oint-
ment demonstrated prolonged response and mini-
mal side effects.16:17

The objective of this study was to conduct a
computerized cost-effectiveness analysis of topical
therapies for the treatment of AD. Mathematic mod-
els are commonly used to assess the relative effec-
tiveness and cost-effectiveness of alternative treat-
ment strategies. The results may be used to guide
policy decisions, to inform clinicians, or to assist in
the design of future clinical studies.’® This study
compares 2 different treatment protocols with
HPTCs to tacrolimus ointment, each as a mono-
therapy, for the treatment of moderate to severe AD
in adult patients unresponsive to or not well con-
trolled with mid-potency topical corticosteroids.
Outcomes and costs are combined to assess relative
cost-effectiveness of treatment with HPTCs or ta-
crolimus.
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DESIGN AND METHODS
Markov model

This study was conducted according to published
standards for accepted methods in cost-effectiveness
studies.’®20 The analysis was conducted from the
third-party payer perspective during a 1-year period.
Published fee schedules and prices were used to
standardize all health care cost estimates.

Patients with AD often transition through periods
of remission and relapse. This study applied a
Markov model?'22 chosen over a chronologically
structured decision analytic model because it is able
to represent more accurately the cyclic, recursive
nature of AD. Markov models simulate how patients
might experience periods of remission and recur-
rence, and treatment and response. In the Markov
model, patients are assigned to one of various states,
each representing a different situation with its own
costs and clinical results. Markov models have been
used to study the cost-effectiveness of treating pso-
riasis.?324

Model construction

The model was developed on the basis of input
from all physician authors, who are experienced in
the treatment of patients with AD. The model was
designed to compare 2 primary therapies, namely
HPTCs (Table D) administered using 2 different treat-
ment cycles and tacrolimus ointment (Fig 1). This
model examined an adult population because it fo-
cused on HPTCs, which normally are not used in
pediatric patients. The Markov model randomly as-
signed simulated patients to their treatment group.
Model software was used (DATA, Version 3.5, Tree-
age Software, Williamstown, Mass).

The base case Markov analysis was performed
using the initial data input from a literature review
and physician panel opinion. Subsequently, sensi-
tivity analyses were performed to determine the ef-
fect of changing certain variables in the model. In
the base case, the main differences between primary
treatments were their efficacy, drug costs, and limits
on duration of use. The safety profile of tacrolimus
ointment allowed for long-term use, whereas the
potential for side effects restricted the duration of
use of HPTCs either to 2 or 4 weeks of continuous
therapy. The regimen of the primary treatment
groups was intentionally similar with no crossover to
avoid bias.

Each treatment group incorporated 3 alternative
Markov states: (1) primary treatment in which pa-
tients were treated either with HPTCs or tacrolimus
ointment for 2 weeks at a time (up to a maximum of
2 or 4 consecutive weeks for treatment with HPTCs);
(2) secondary treatment in which patients were
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Table I. Class I/1l high-potency topical steroids and prices per gram

Available Mean AWP per

Topical steroid generically?* Sample branded name gramt
Amcinonide# No Cyclocort $1.15
Betamethasone Yes Diprosone/Diprolene $0.63

Augmented formulation No Diprolene AF $1.82
Clobetasol Yes Temovate $1.22
Desoximetasone§ Yes Topicort $1.23
Diflorasone No Psorcon $1.66
Fluocinonidet Yes Lidex $0.68
Halcinonide No Halog $1.48
Halobetasol No Ultravate $1.62
Mometasonet No Elocon $1.29

*Both branded and generic formulations were included in the meta-analysis.

1On the basis of average of generic and branded AWP.
$Only in ointment form to achieve high potency.
§Only in ointment and gel forms to achieve high potency.

treated with second-line therapies for 4 weeks at a
time; or (3) disease-controlled, prescription-free
treatment in which the disease was well controlled
and was not actively treated with prescription phar-
maceuticals for 4 weeks at a time.

After every 2 weeks of primary treatment, if pa-
tients experienced a greater than 75% improvement,
they transitioned to a disease-controlled, prescrip-
tion-free state. If they did not improve by 75% after
2 weeks, they would transition to secondary therapy
(patients in the HPTC 2-week group) or continue on
primary therapy for 2 more weeks (patients in the
HPTC 4-week or tacrolimus group). Patients on
4-week HPTC treatment who did not experience
greater than 75% improvement after 4 continuous
weeks of treatment were forced into secondary
treatment. At the end of 4 weeks, patients undergo-
ing tacrolimus treatment who were not improved by
75% received retreatment with tacrolimus in 2-week
intervals or transitioned to secondary therapy. Pa-
tients in the disease-controlled, prescription-free
state continued in that state, or relapsed and re-
turned to primary treatment. The probabilities of
patients transitioning to the various states, and the
time spent in each state, were calculated as de-
scribed below.

Because the model aimed to compare the cost-
effectiveness of treatment with HPTCs and tacroli-
mus ointment, crossover among primary treatment
assignments was not permitted. Furthermore, there
were more data on outcomes of each treatment as a
monotherapy; for use in combination, outcome data
were lacking.

Costs of treatment
Because the study was conducted from the third-
party payer perspective, the analysis focused on

prescription drug and physician costs. It did not
address costs related to over-the-counter medica-
tions because the third-party payer generally would
not incur these costs. The analysis did not include
direct, nonmedical costs such as transportation ex-
penses, nor did it address indirect costs (eg, produc-
tivity, time lost seeking treatment, quality of life). In
addition, the costs of long-term side effects and
adverse events were not included because the anal-
ysis was limited to 1 year.

Treatment outcomes

Cost-effectiveness analysis requires the identifica-
tion and selection of a measurement of treatment
efficacy. For example, in quality of life studies, a
widely accepted measure is quality-adjusted life
years. However, there are inconsistent standards re-
garding the measurement and reporting of treatment
efficacy in AD. Some studies have defined “efficacy”
using disease-free days.?> However, in a chronic,
relapsing, and remitting disease such as AD, the
term “disease-free” is subjective and can be mislead-
ing.

This study defined “treatment success” (ie, effi-
cacy of treatment) using the disease-controlled day
(DCD). DCDs represented days in which patients
did not require primary prescription topical therapy.
The study considered patients to be disease-con-
trolled if they achieved a greater than 75% improve-
ment on the basis of physician global assessment of
disease.

In the base case model of this study, DCDs were
accumulated only in the disease-controlled, pre-
scription-free state. However, control of the disease
also could have occurred during primary or second-
ary therapy. The impact of intratreatment DCDs on
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Fig 1. Markov model and comparative treatment regimens for cost-effectiveness analysis.
Model examined random assignment of 1 of 3 primary therapy protocols for patients with
moderate to severe atopic dermatitis who had failed treatment with mid-potency topical
steroids. For high-potency topical corticosteroid (HPTC), 2 different scenarios were modeled:
1 limiting treatment to 2-week intervals and 1 allowing 4 consecutive weeks. Patients on
tacrolimus ointment could be treated continuously, indefinitely. On any of 3 primary treat-
ments, patients could achieve success at end of 2 weeks and transition into disease-controlled
state. Only patients assigned to 4-week HPTC or to tacrolimus ointment therapy could
transition into second 2-week primary treatment period if needed. At end of 4 continuous
weeks of treatment, patients receiving HPTC therapy who did not achieve disease-controlled
state were converted to secondary treatment for 4 weeks; patients receiving tacrolimus
ointment could continue primary therapy (in 2-week intervals) until disease-controlled or
transitioned to secondary treatment. See Table II for transition probabilities. Patients in
disease-controlled, treatment-free state continued in remission, or relapsed back to primary
treatment (evaluated every 4 weeks). In base case, secondary treatment did not lead to
treatment success, so patients returned to primary treatment; however, allowing secondary
treatment to lead to treatment success (dashed lines) was studied in sensitivity analysis (Fig 2).

overall cost-effectiveness was analyzed through a
sensitivity analysis.

Model variables

Resource use and changes in management
were on the basis of the opinion of the physician
panel. Sensitivity analyses were performed for
each variable to assess the impact of that variable

on cost-effectiveness ratios and the overall model
(Table ID).

Data from tacrolimus ointment clinical trials indi-
cated that 80% of patients, if given the choice, would
continue therapy indefinitely;?° therefore, this pa-
tient preference, along with the published efficacy
rates, were incorporated into the model in determin-
ing whether a patient would continue tacrolimus or
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Variable

Base case value

Sources

Transition probabilities
Probability of successful treatment
HPTCs at 2 wk
HPTCs at 4 wk
Tacrolimus at 2 wk
Tacrolimus at 4 wk
Secondary treatment at 4 wk
Relapse rate after disease improvement for topical HPTCs
Relapse rate after disease improvement for tacrolimus
Continue on tacrolimus after 4 wk
Primary treatment dosing assumptions
Dosing per week
Physician visits

Cost assumptions
HPTCs
Tacrolimus
Secondary treatment

Physician-related

52%
64%
36%
52%

0%
50%
50%
80%

17.5 g wk

1 visit with every change in
Markov state (see text for
exceptions)

$44.80/ 2 wk ($1.28/ g)
$65.80/ 2 wk ($1.88/ g)
$128.10/ 2 wk

Literature, physician panel
Literature, physician panel
Tacrolimus clinical trial data
Tacrolimus clinical trial data
Assumption

Assumption

Assumption

Tacrolimus clinical trial data

Tacrolimus clinical trial data
Assumption

Mean AWP of HPTCs
Tacrolimus AWP
Assumption based on 2-wk cost

$59.00 per visit

of concomitant midpotency
topical steroids and oral
antibiotics

Median fee schedule for CPT
code 99213

CPT, Current Procedural Terminology.

move to one of the other clinical states (Table ID. In
clinical practice, patients could have continued to
use lesser amounts of tacrolimus or HPTCs to pre-
vent relapse. This model did not account for such
prophylaxis regimens. Instead, patients were as-
signed to: continue therapy; convert to secondary
therapy; or enter a disease-controlled, prescription-
free state.

Transition probabilities represented the likeli-
hood of patients maintaining their current state or
moving from one state to another. Probabilities were
assigned using information from phase III clinical
trials of tacrolimus ointment, the medical literature,
and consultation with the physician panel.

Topical corticosteroids. Efficacy data were de-
rived from a meta-analysis of the medical literature
on class I/II HPTCs used to treat AD and other
dermatitis conditions (Table III). A search on MED-
LINE was conducted, which identified all articles of
class I/I1 HPTCs for the treatment of AD, using both
generic and brand names as search terms. Articles
were excluded if they: (1) did not use a physician
global assessment of disease; (2) did not have a
minimum of 2-week outcome data; or (3) only ex-
amined pediatric patients. Two articles that did not
include efficacy at the 75% threshold were included
on the basis of interpolations of reported data. Effi-

cacy data were estimated by calculating the
weighted average efficacy across all eligible studies.

On the basis of the meta-analysis, the base case
value for successful treatment at the end of 2 weeks
of treatment was 61% across class /11 HPTCs.27-34
The physician panel estimated the initial efficacy of
HPTCs to result in 75% of patients achieving the
disease-controlled state after 4 weeks of treatment,
an estimate in line with the limited information on
2-, 3-, and 4-week efficacy reported in the literature.

However, the physician panel did not believe
HPTCs maintained this degree of efficacy through-
out the course of the 52-week study period. The
progressive decrease in response after use of corti-
costeroids during extended periods (sometimes mis-
labeled as tachyphylaxis) was incorporated into the
model by decreasing HPTC efficacy to account for
repeated use.?> The physician panel estimated the
4-week efficacy of HPTCs in achieving the disease-
controlled state to be 75% at the initiation of the
study, declining to 50% efficacy at the end of the
study (a 33% decline in efficacy during 52 weeks).
Incorporating this effect would require adding sub-
stantial complexity to the computerized model. In-
stead, to simulate a decline in efficacy during the
year, the overall efficacy of HPTCs both at 2- and
4-week intervals was reduced by 15% (a more con-
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Table III. Selected literature with data on topical corticosteroid efficacy*

Patients with

No. of patients >75%

Reference Active ingredient Class in study improvement
Bickers2? Amcinonide Il 16 75%
Bickers27 Halcinonide Il 13 77%
Delescluse and van der Endt28t Betamethasone | 44 61%
Guenther et al?® Halcinonide Il 12 67%
Johansson and Stiger3° Diflorasone I 36 42%
Lawless and Stubbs3't Diflorasone | 161 49%
Lupton et al32 Halcinonide Il 214 64%
Maloney et al33 Clobetasol I 41 54%
Marchesi et al34 Mometasone Il 30 90%
Marchesi et al34 Betamethasone | 30 97%
Total patients 597 61%

*References met criteria listed in “Methods” section.

tPercent of patients achieving 75% improvement was interpolated from reported data.

servative approach than reducing efficacy by 16.6%
using a purely mathematic approach). Therefore,
the model applied efficacy rates for HPTCs of 52%
and 64% after 2 and 4 weeks of treatment, respec-
tively.

Tacrolimus ointment. Efficacy data for tacroli-
mus ointment were obtained from pivotal clinical
trials.’%17:3¢ Because data at week 4 were not col-
lected, the week-4 efficacy rate was interpolated
from week-2 and week-6 efficacy rates. The efficacy
rate for patients using tacrolimus ointment was esti-
mated at 36% in week 2 and 52% in week 4.

Secondary treatment. According to the physi-
cian panel, patients who failed HPTCs or tacrolimus
ointment could be prescribed a variety of secondary
therapies. Patients often were treated with mid-po-
tency topical corticosteroids to minimize exacerba-
tions and flares, and oral antibiotics to minimize
infections. However, a number of management op-
tions could be used, including psoralen-UVA, sys-
temic steroids, and systemic immunosuppressives.

This model used the common regimen of mid-
potency topical corticosteroids and oral antibiotics
to estimate secondary costs in the base case. The
base case value for the cost of 2 weeks of secondary
treatment was set at $128.10 (cephalexin [Keftab],
$96.88; mid-potency topical corticosteroids, $31.22
[average of branded and generic formulations of
triamcinolone acetonide, fluticasone propionate, hy-
drocortisone valerate, and mometasone furoate
{cream formulation only to meet mid-potency re-
quirement})).

Because secondary treatment options and costs
varied greatly, the impact of second-line costs was
examined by a sensitivity analysis. Furthermore, be-
cause of the variability across secondary treatments,
the base case model assumed that secondary treat-

ments did not achieve the disease-controlled state.
This assumption regarding secondary treatment ef-
ficacy rates was also examined through sensitivity
analysis.

Relapse rate after treatment success

Few data existed on relapse rates after successful
treatment. In one study, 50% of patients with AD
who were well controlled after topical treatment
relapsed in about 30 days when left untreated.3” For
this analysis, the relapse rate after the disease-con-
trolled, prescription-free state was set at 50% after 4
weeks, with half of all patients continuing to be
controlled whereas the other half were retreated
with the primary therapy. Variations in relapse rate
were subjected to a sensitivity analysis.

Primary treatment dosing assumptions

Long-term studies with tacrolimus ointment indi-
cated that patients were typically treated at a mean
daily dose of 2.5 g per day.?° In the base case, the
model assumed that both tacrolimus ointment and
HPTC groups used the same number of grams per
day (equivalent to 17.5 g per week).

Other cost assumptions

Costs for primary topical therapies were on the
basis of a published average wholesale price
(AWP).38 The HPTC group was composed of only
class I/1I corticosteroids, including both generic and
branded formulations (Table D). A total of 10 topical
corticosteroids (on the basis of their active ingredi-
ents) were included in this category; the model
tested the average AWP for each active ingredient
individually (range: $0.63 to $1.82 per gram), along
with the average AWP across the entire class of
steroids ($1.28 per gram). The cost per gram of
tacrolimus ointment was on the basis of the cost of
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Table IV. Results of cost-effectiveness analysis in base case

HPTCs in HPTCs in
2-week 4-week Tacrolimus
cycles cycles ointment
Total costs* $1682 $1317 $1323
Primary drug costs $304 $366 $727
Secondary treatment costs $787 $509 $162
Physician costs $591 $443 $434
Total efficacy (in DCD) 185 194 190
Average cost-effectiveness in $/DCDt $9.08 $6.80 $6.97

*Total costs may not sum because of rounding; primary drug costs are based on the average cost of all formulations; secondary treatment costs
are for midpotency topical corticosteroids and oral antibiotics; see text for further details.
tIncremental cost-effectiveness ratios are not meaningful in the base case because none of the therapies provides additional DCDs at additional

cost; each regimen that provides additional DCDs does so at a lesser cost.

the 2 marketed sizes of the 2 different concentrations
($1.88 per gram).

Physician visits were applied each time a patient
transitioned between one Markov state and another,
except that no physician visit was obtained when
patients entered the disease-controlled, prescrip-
tion-free state. Patients who used tacrolimus oint-
ment had a physician visit every 4 weeks unless the
previous rule applied. Physician-related costs were
determined from median physician charges for Cur-
rent Procedural Terminology code 99213 for an es-
tablished patient office visit for all physician visits;
managed care organizations typically reimburse pro-
viders close to the 50th percentile of charges.

Authorship and responsibilities

All authors contributed to the design of the study
and interpretation of the results. K. B. T. provided
the computerization of the Markov model and the
output of results. The sponsor reviewed and ap-
proved the final version of the manuscript.

RESULTS
Base case model results

Total costs, duration of time per disease state,
total DCDs, and average and incremental cost-effec-
tiveness ratios were calculated using the model un-
der base case assumptions (Table IV).

Total annual costs

Total health care costs (including physician visits
and prescription medications) for treatment of mod-
erate to severe AD were highest for patients in the
2-week HPTC group ($1682), but similar between
patients in the 4-week HPTC group and those
treated with tacrolimus ointment (Table IV). With
4-week HPTC therapy, the total cost during 52
weeks ranged from $1133 (using betamethasone) to
$1470 (using augmented betamethasone). At an av-
erage cost of HPTCs, the total estimated cost was

$1317; with tacrolimus ointment, total costs were
$1323.

Primary drug costs were higher for patients
treated with tacrolimus ointment ($727 vs $366 for
patients in the 4-week HPTC group) for 2 reasons:
(1 higher cost per gram; and (2) longer duration of
continued treatment. In contrast, secondary treat-
ment costs were lower in patients undergoing ta-
crolimus ointment treatment ($162 vs $509) because
patients treated with HPTCs more often required
secondary treatment because they did not continue
on primary therapy. As would be predicted, patients
using 2-week HPTCs had even higher secondary
treatment costs.

Duration of time within Markov states

The duration of time spent in primary treatment
was considerably higher in the tacrolimus ointment
treatment group (42% of the year) versus either 4- or
2-week HPTC groups (31% and 26%, respectively).
However, the patients undergoing HPTC treatment
spent significantly more time in the secondary treat-
ment state (15% and 23%) compared with the tacroli-
mus group (5%). Time spent in the disease-con-
trolled, prescription-free state was nearly equal
between the 2 treatment groups (54% for 4-week
HPTCs; 51% for 2-week HPTCs; 53% for tacrolimus
ointment). The total number of DCDs were 194 with
4-week HPTCs, 190 with tacrolimus ointment, and
185 with 2-week HPTCs.

Cost-effectiveness ratios

The average cost-effectiveness ratio was most
costly for 2-week HPTCs at $9.08/DCD. The cost-
effectiveness ratio for 4-week HPTC therapy using
the average AWP was $6.80, and ranged from $5.85/
DCD to $7.59/DCD depending on the specific agent.
Overall costs per DCD for tacrolimus ointment were
within the range of the cost-effectiveness for 4-week
HPTC therapy ($6.97/DCD), and tacrolimus oint-
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ment was more cost-effective compared with 4 of
the 10 individual HPTC agents (halcinonide, halobe-
tasol, diflorasone, and betamethasone augmented
formulation; data not shown).

Incremental cost-effectiveness ratios are not
meaningful in the base case because none of the
therapies provides additional DCDs at additional
cost; each regimen that provides additional DCDs
does so at a lesser cost. Because the simulated pa-
tients had failed medium-potency topical corticoste-
roids, it would not be clinically reasonable to calcu-
late the cost-effectiveness of no therapy (e,
nonprescription treatment) as a comparator for in-
cremental cost-effectiveness ratios.

Sensitivity analyses

The different cost-effectiveness of the 2 HPTC
regimens indicates that cost-effectiveness ratios
were sensitive to the duration of continuous therapy
allowed with HPTCs. Comparing 4-week HPTCs and
tacrolimus, the model was sensitive to the relapse
rate of patients being treated with tacrolimus oint-
ment, and the costs and efficacy rate of secondary
treatment. Adjusting for DCDs that occurred during
the primary treatment periods was slightly favorable
to tacrolimus ointment cost-effectiveness (data not
shown).

Probability of relapsing from the disease-
controlled state. In the base case model, 50% of
patients who achieved disease control with either
primary therapy remained in remission at the end of
4 weeks. A sensitivity analysis varying the probabil-
ity of remaining disease-controlled from 0% to 100%
simultaneously across treatment groups revealed
nearly no impact on the incremental cost-effective-
ness of the treatments. However, according to the
physician panel, the anticipated relapse rates of the
treatment groups were unlikely to be equivalent.
The panel believed the probability of relapsing from
the disease-controlled state was higher if the patient
had most recently been treated with corticosteroids
rather than tacrolimus ointment. A sensitivity analy-
sis varying the probability that tacrolimus ointment
had a longer-lasting effect (while keeping that of
HPTCs constant) demonstrated that higher rates of
continuation in the disease-controlled state after ta-
crolimus ointment treatment yielded correspond-
ingly better cost-effectiveness ratios (data not
shown).

Cost and efficacy of secondary treatment.
The base case cost of 2 weeks of secondary treat-
ment was set at $128.10. Because of the wide range
of possible secondary treatments, the base case ef-
ficacy rate for secondary treatments was set at 0%
(ie, the secondary treatment did not yield any addi-
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tional DCDs). For the comparison of 4-week HPTC
and tacrolimus therapies, a 2-way sensitivity analysis
was conducted varying the cost of secondary treat-
ment from $0 to $300 per 2 weeks while varying the
efficacy rate of secondary treatment from 0% to
100%. The analysis revealed that a combination of
high costs and low efficacy of secondary treatment
yielded poorer cost-effectiveness ratios for HPTCs
compared with tacrolimus ointment (Fig 2). This was
expected because patients using HPTCs spent more
time using secondary therapy than did patients re-
ceiving tacrolimus ointment.

DISCUSSION

AD has a profound financial impact on patients,
families, and society as a whole.3-® Most health care
systems currently place great importance not only
on the efficacy of an intervention, but also its cost.
Cost-effectiveness analyses are becoming increas-
ingly important to allow patients, physicians, and
payers to evaluate trade-offs between clinical effi-
cacy and financial impacts.

Our study finds that tacrolimus ointment is more
cost-effective if class I/Il HPTC use is restricted to
2-week intervals. Tacrolimus ointment reduces time
and costs associated with secondary therapy, physi-
cian costs, and total costs, thereby offsetting the
higher costs of the tacrolimus itself. Total efficacy as
measured by DCDs also is higher.

If HPTC therapy is prolonged to 4-week treat-
ment intervals, tacrolimus ointment is similar in cost-
effectiveness. The cost-effectiveness ratios of
4-week HPTCs range from $5.85/DCD to
$7.59/DCD, and tacrolimus ointment yields a cost-
effectiveness ratio of $6.97/DCD. The average cost-
effectiveness ratio for tacrolimus ointment is slightly
higher than that on the basis of the average AWP of
the entire group of HPTCs ($6.80); however, tacroli-
mus ointment has better cost-effectiveness ratios
than 4 of the 10 agents in the class shown in Table I.

We find that under base case assumptions, total
DCDs are similar among patients assigned to HPTCs
or to tacrolimus ointment. From the third-party per-
spective, total costs for patients treated with tacroli-
mus ointment are lower than for patients undergo-
ing 2-week HPTC treatment, and similar to patients
undergoing 4-week HPTC treatment. Although ta-
crolimus ointment generally is more expensive than
most HPTCs on a per-gram basis, patients who are
treated with tacrolimus ointment are able to main-
tain primary therapy and avoid costly secondary
treatments.

The annual mean expenditure per patient deter-
mined by this model is consistent with data found in
our retrospective patient database study. In the da-
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Fig 2. Two-way sensitivity analysis of change in cost and efficacy rate of secondary treatment
on cost-effectiveness (C/E) of primary treatments; comparison between 4-week high-potency
topical corticosteroid (HPTC) and continuous tacrolimus ointment therapy. Base case value for
cost of 2 weeks of secondary treatment was $128.10 and efficacy of secondary treatment in
achieving disease-controlled state was set at 0. Two-way sensitivity analysis was conducted
varying cost of secondary treatment from $0 to $300 and efficacy rate from 0% to 100%. When
cost of and clearance rate from secondary treatment intersects at point above line, tacrolimus
ointment has better C/E ratio; conversely, for points below line, 4-week HPTCs has better C/E

ratio.

tabase study, which included patients with AD of
differing disease severities, annual mean expendi-
ture in 1997 and 1998 were estimated at $580 per
patient in the private-insurance population and
$1250 per patient in a Medicaid population.5 In this
article, the model examines only patients with mod-
erate to severe AD and finds that their annual mean
expenditures ranged from $1317 to $1682 for the
topical corticosteroid treatment group and $1323 for
the tacrolimus ointment treatment group. As ex-
pected, the adult patients in our model, with greater
severity of disease, have higher annual costs of treat-
ment than do patients of all ages and severities in a
large database.> Our model is limited to adult pa-
tients because pediatric patients typically are not
treated with HPTCs.

Topical corticosteroids in the past have been con-
sidered the mainstay of treatment for AD. Unfortu-
nately, quantifying the effectiveness of topical corti-
costeroid therapy is challenging. There are no
standards in study design or definitions of end
points. Furthermore, because duration of therapy is
restricted because of concerns of side effects, obser-
vation periods can vary significantly, often being as
short as 1 or 2 weeks.

In contrast to the rigorous studies of tacrolimus

ointment that report patient safety, efficacy, and
quality of life during several months,417.26 the lack
of quality data on HPTCs made it challenging to
conduct a comparative cost-effectiveness analysis.
Head-to-head clinical efficacy data were unavail-
able, and a number of assumptions had to be made.
To overcome the lack of consistently defined end
points, we quantified treatment efficacy by using
DCDs.

To ensure the rigor of our model and results,
several sensitivity analyses were performed. For ex-
ample, many treatments can be used as second-line
therapies for patients with moderate to severe AD.
In the base case, secondary treatment cost was set as
a common regimen of a mid-potency topical corti-
costeroid and an oral antibiotic. This cost assump-
tion is conservative, as there are a number of expen-
sive secondary treatments used in treating patients
with AD (eg, phototherapy). As a result of the wide
range of second-line therapies, efficacy rates for
secondary treatment were set to 0 under base case
assumptions. In a sensitivity analysis, a combination
of low costs and high efficacy for secondary treat-
ment caused topical corticosteroid treatment to be
more cost-effective. Conversely, expensive second-
ary therapies resulted in better cost-effectiveness for
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tacrolimus therapy because patients who received
tacrolimus used less secondary treatment.

We also used conservative assumptions for other
variables. Under base case assumptions, relapse
rates for HPTCs and tacrolimus ointment were set
equally at 50%. However, the physician panel be-
lieved relapse after tacrolimus treatment to be lower
than relapse associated with topical corticosteroid
use. Incorporating the panel’s opinion would have
benefitted the outcome of tacrolimus ointment. Fur-
thermore, the base case model did not account for
the possibility of DCDs during primary therapy. In-
corporating intratreatment DCDs was slightly favor-
able to tacrolimus ointment cost-effectiveness be-
cause patients receiving tacrolimus remain in
primary treatment for longer durations throughout
the study period.

Costs not examined in this study included direct,
nonmedical costs and indirect costs. Also, the model
did not incorporate costs of side effects nor did it
address long-term side effects. These costs were not
included in the analysis because of the time period
of the analysis (52 weeks), and the complexity of
estimating the frequency, severity, and costs associ-
ated with these events. In general, these omissions
were conservative, biased in favor of HPTCs for
which concerns of side effects are greater.

The cost-effectiveness of tacrolimus ointment var-
ies with practice patterns. Tacrolimus ointment is
more cost-effective in situations in which: (1) treat-
ment with HPTCs is limited to shorter durations; (2)
higher-cost HPTCs are used as an alternative to ta-
crolimus; (3) secondary treatments are of higher cost
or lesser efficacy; and (4) there are lower relapse
rates after tacrolimus ointment therapy compared
with HPTCs. Physicians may examine their own reg-
imens and use our sensitivity analyses to estimate
the cost-effectiveness of tacrolimus in their practices.
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