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Abstract
This analysis was conducted at HIP Health Plan of
New Jersey (a Northeastern group model health
maintenance organization) to determine the most
cost-effective therapy among the three currently
available oral antifungal drugs that are indicated for
the treatment of onychomycosis: griseofulvin, itra-
conazole, and terbinafine. Costs of an appropriate
and complete treatment regimen were calculated for
each of the three drugs based on average wholesale
price. Efficacy was determined by meta-analysis of
the published literature for those studies where
appropriate treatment regimens for onychomycosis
were put to use. Efficacy outcome measures were lim-
ited to mycologic cure rates in the more recalcitrant
cases of toenail onychomycosis. From these measures
of cost and efficacy, a cost/efficacy ratio was calcu-
lated for each drug by dividing the cost per treatment
by the weighted average mycological cure rate. This
ratio represents the cost per mycologically cured
infection. The final outcome measure (the cost per
mycologically cured infection) was $2,721.28,
$1,845.05, and $648.96, for griseofulvin, itracona-
zole, and terbinafine continuous therapies, respec-
tively. For itraconazole and terbinafine pulse therapy,
the costs were $855.88 and $388.50, respectively. For
both continuous and pulse therapy, terbinafine is
apparently the most cost-effective drug, followed by
itraconazole and then by griseofulvin. Terbinafine has
the fewest drug interactions and the highest treat-
ment success rate.
(Am J Man Care 1997;3:443-450)
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-~ THERAPEUTIC BACKGROUND -+

Onychomycosis is a fungal infection of the finger-
nails and toenails caused by dermatophytes, yeast,
and molds." Dermatophytes are found in approximate-
ly 90% of onychomycosis cases, with Trichophyton
rubrum and Trichophyton mentagrophytes accounting for
the vast majority of cases.”’ Yeasts and molds have
been estimated to account for fewer than 5% of ony-
chomycosis cases.” This estimate can vary in certain
climates and geographic locations.*’

Three antifungal drugs are indicated for the treat-
ment of nail fungus: griseofulvin, itraconazole
(Sporanox), and terbinafine (Lamisil).®

Griseofulvin

A multitude of griseofulvin products are on the mar-
ket. These are divided into two potency categories:
microsized and ultramicrosized. Because the ultramicro-
sized products have greater bioavailability than the
microsized ones, only two thirds as much of the ultrami-
crosized product is necessary to achieve equivalent activ-
ity. All griseofulvin products require at least 6 months of
therapy to treat nail fungus. Griseofulvin is indicated for
the treatment of nail fungus at dosages of 1,000 and 750
mg/day in divided doses for at least 24 weeks for micro-
sized and ulwamicrosized products, respectively.
However, ueatment lengths are typically in the range of
48 to 96 weeks. Griseofulvin generally does not elevate
serum transaminases. However, blood monitoring of
these enzymes is recommended when patients are treat-
ed for more than 3 months. Griseofulvin has no restric-
tions in immunocomprormised, hepatically impaired, or
renally impaired patients; and it is classified in FDA
pregnancy class C (ie, it is recommended that females of
childbearing age undergo a pregnancy test before start-
ing therapy; this product should not be administered to
pregnant women).’ Griseofulvin has no drug interactions
that alter antifungal activity and five object-drug-altering
interactions that affect the activity of coadministered
medications, and it has no consistent food interactions.®’
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Itraconazole

Itraconazole is indicated for the treatment of nail
fungus due to dermatophytes; the dosage is 100 mg
twice a day for 12 weeks. Itraconazole rarely elevates
serum transaminases, however, blood monitoring of
these enzymes is recommended with longer treat-
ment lengths. Itraconazole is not restricted in hepat-
ically or renally impaired patients, although caution
is recommended with the hepatically impaired; and
it is classified in FDA pregnancy class C. It has 3
drug interactions that alter antifungal activity and 22
object-drug-altering interactions, and it must be
taken with food.*” Itraconazole is found in the nail
plate after therapy is discontinued. Studies showed
that therapeutic nail concentrations were main-
tained for 6 months after stopping continuous (100

mg or 200 mg per day for 3 months) and pulse ther-
apies (200 mg twice daily for three or four cycles).* The
activity of itraconazole against nondermatophyte ony-
chomycosis has been studied to a lesser extent. Such
studies showed favorable responses against Candida
species'™" and molds (Fusarium species,” Scopular-iopsis
brevicaulis,’" and Aspergillus species™").

Terbinafine

Terbinafine is indicated for the treatment of nail
fungus due to dermatophytes at a dosage of 250 mg
every day for 6 and 12 weeks for fingernail and toe-
nail disease, respectively. Terbinafine rarely ele-
vates serum transaminases; however, blood
monitoring of these enzymes is recommended when
treatment length exceeds 9 weeks. Use of
terbinafine is restricted in hepatically
and renally impaired patients.
Terbinafine is classified in FDA
pregnancy class B (ie, the product

Table 1. Comparison of Adverse Experiences and Warnings or
Restrictions Associated with Griseofulvin, ltraconazole, and

Terbinafine*t :

labeling does not require a pregnancy
test before therapy begins). It has
three drug interactions that alter anti-
fungal activity and only one object-
drug-altering interaction, and it has no

Adverse Experience or Restriction __Griseofulvin
Serious Adverse Experiences
Albuminuria
Central nervous system:
peripheral neuropathy R FR
Central nervous system:
headache, dizziness R
Depression R
Dermatologic reactions
(urticaria) FR R
Elevated serum
transaminases R
Gynecomastia R
Hepatic function abnormal R FR
Hyperbilirubinemia
Hyperlipidemia R
Hypokalemia FR
Impotence FR
Leukopoenia R
Taste disturbance
Visual disturbances ,
Warnings/Restrictions
Renal function impairment
FDA pregnancy category C C
Lactation W/R
Children Caution
Hepatic function impairment Caution

Itraconazole _Terbinafine

food interactions.®” Terbinafine is
found in the nail plate after therapy is
discontinued. Studies showed that
therapeutic nail concentrations were
maintained for 3 months after stopping
shortened continuous therapy (250 mg
per day for 14 days).” Studies that eval-
uated the efficacy of terbinafine against
non-dermatophyte onychomycosis are
FR very limited. One study demonstrated a

favorable response of terbinafine
R against Candida species and the mold
R Scopulariopsis brevicaulis."

R Tables 1 and 2 list specific adverse
experience and drug interaction infor-
mation for the thiee agents.

R

R -~ MATERIALS AND METHODS -~

R

Efficacy Analysis

W/R Efficacy analysis will be discussed
B first because it is integral to the cost
WR analysis method used for griseofulvin.
WIR Efficacy of the three approved treat-

ment options (griseofulvin, itracona-

R=rare; FR=frequently reported; W/R=warnings/restrictions; C=caution.
*In general, all three drugs are well tolerated.
tData are from references 6 and 7

zole and terbinafine) was determined
by meta-analysis of the published
literature.
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A variety of efficacy end points are reported in the  analysis treatment regimens used in this analysis.
literature: (1) negative mycological culture on For itraconazole and terbinafine, a complete treat-
Sabouraud-dextrose agar; (2) negative microscopic ~ ment was defined as specified in the package insert
examination in 20% potassium hydroxide; and (3)  dosage recommendations for each drug for the treat-
clinical end points, including movement of a scratch ~ ment of toenail onychomycosis. Product average
at the border of the infected nail and normal nailand ~ wholesale price,” package quantity, and tablet
photographic and physical exams for onycholysis,  stzength were used to calculate the cost per milligram

hyperkeratosis, brittleness, leukony-
chia, paronychia and pachyonychia.

The meta-analysis distinguished
mycologic cure alone (items 1 and 2)
from the combination of mycologic and
clinical cure (items 1, 2, and 3). The
analysis was limited to mycologic cure
rate alone, because it is a more objective
measure than clinical cure and it was
more consistently reported.

The analysis was selective for toe-
nail onychomycosis only, because
treatment failure was more common
with toenail disease. In this way, the
most complete marginal difference in
cure rates was analyzed.

The meta-analysis inclusion criteria

were as follows: .

« Efficacy had to be defined by
mycologic cure (negative culture
and microscopy).

Efficacy results had to be available
by infection location (ie, toenail
only).

Studies had to include a compara-
tive agent treatment arm.
Treatment lengths were greater
than or equal to 24 weeks for grise-
ofulvin, 12 weeks for itraconazole
and terbinafine continuous therapy,
and 1 week per month for 4 months
for itraconazole and terbinafine
pulse therapy.

Itraconazole had to be dosed at 200
and 400 mg/day for continuous and
pulse therapy, respectively.
"Terbinafine had to be dosed at 250
and 500 mg/day for continuous and
pulse therapy, respectively.

Cost Analysis

A cost-per-treatment analysis was
completed for the three drugs. Parity
was maintained between the cost anal-
ysis treatment regimens (dose and
length of treatment) and the efficacy

Table 2. Comparison of Drug and Food Interactions Associated
with Griseofulvin, Itraconazole, and Terbinafine*t

Coadministered

Drug or Food Griseofulvin  Itraconazole  Terbinafine
Acetohexamide MO

Astemizole MO
Barbiturates/phenobarbital YO

Calcium channel blockers 10
Chlorpropamide PO

Cisapride 10

Cyclosporine VO MO YO
Digoxin PO

Glimepiride 12O

Glipizide O

Glyburide MO

H- antagonists WA NA
Lovastatin PO

Midazolam . MO

Oral contraceptives YO

Phenytoin MOA

Protease inhibitors 0

Quinidine MO

Rinfampin WA YA
Salicylates YO

Simvastatin MO

Tacrolimus PO

Terfenadine A0 PA
Tolazamide PO

Tolbutamide 20

Triazolam MO

Warfarin ¥O MO

Must be taken with food Yes

A=increase levels/activity; W=decrease levels/activity; O=coadministered drug;
A=antifungal

*There are 1, 5, and 22 object-drug interactions for terbinafine, griseofulvin, and itra-
conazole, respectively

tData are from references 6 and 7.
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for each product. This cost was multiplied by the mil-
ligrams of drug per day required for treatment and by
the required treatment length in days to arrive at the
cost per standard treatment.

The same cost analysis method was used to calcu-
Iate the cost per standard pulse therapy for the two
newer agents: terbinafine and itraconazole. (Pulse
therapy is currently investigational and has not
received FDA approval for treatment of onychomyco-
sis. Limited data are available on this treatment regi-
men.) With pulse therapy, patients were treated with
double the normal dose of each agent for 1 week per
month for a period of 4 months. This translates into a
total of 28 days of therapy.”"”

Studies that evaluated the efficacy of griseofulvin
for the treatment of toenail onychomycosis utilized a
wide range of doses (from 500 to 1,000 mg/day) and
treatment lengths (from 24 to 96 weeks).**** Thus, it
is difficult to select a single treatment regimen to
establish the cost of griseofulvin therapy for this con-
dition. Selection of any single regimen will result in
either an underestimation or an overestimation of cost
compared with the actual variety of costs and regi-
mens associated with efficacy results. Therefore, we
decided that the calculation of cost should attempt to
approximate the varied literature regimens as closely
as possible. A method was formulated that used a
weighted average of the actual treatment lengths and

dosages used in the original studies. In this way, the
extracted griseofulvin efficacy parameter (the weight-
ed average mycological cure rate from all included
studies) is appropriately matched to its composite cost
counterpait (the weighted average cost per treatment
from all included studies).

The cost per treatment for each study was calculat-
ed separately by multiplying each study’s dosage and
treatment length by the 1996 Redbook average cost per
milligram for all oral solid griseofulvin products.”” Then,
a weighted average was taken of the various study-
dependent costs per treatment (the weighted average
accounts for the number of patients in each study). In
this way, a fair balance was maintained in the numera-
tor and denominator of the final cost/efficacy analysis,
because both parameters used actual study data.
Weighted average cost-per-treatment calculations were
not necessary for itraconazole and terbinafine, because
studies of these drugs used consistent dosage regimens.

A final cost/efficacy ratio was calculated for each of
the three drugs. For griseofulvin, the weighted aver-
age cost per treatment was divided by the weighted
average mycologic cure rate. For itraconazole and
terbinafine, each drug’s cost per standard continuous
treatment regimen was divided by its weighted aver-
age mycologic cure rate. Additional ratios were calcu-
lated for itraconazole and terbinafine pulse therapy in
the same manner.

Table 3. Cost per Complete Treatment Regimen for ltraconazole and Terbinafine

Cost per Cost per Required Required Cost per
Package Tablet or Unit milligram milligrams Length of Standard
Drug Product AWP  Quantity Milliliter Strength (mg)  per day per day Treatment (days) Treatment
Continuous Therapy
Terbinafine
250 mg (30%) $169 20 30 $5 64 250 $0.023 250 90 $507.60
Terbinafine
250 mg (100%) $546 00 100 $5 46 250 $0 022 250 90 $491.40
ltraconazole
100 mg $168.12 30 $5.60 100 $0.056 200 90 $1,008.72
4-Month Pulse ;
Therapy
Terbinafine
250 mg (305) $169.20 30 $5.64 250 $0.023 500 28 $315.84
Terbinatine
25 mg (100%) $546.00 100 $5.46 250 $0.022 500 28 $305.76
ltraconazole
100 mg $168 12 30 $5 60 100 $0 056 400 28 $627.65
*AWP=average wholesale price Data are from reference 17
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-~ RESULIS -

Table 3 provides data on the cost of appropriate
continuous therapy and pulse therapy for itracona-
zole and terbinafine. Table 4 provides data on the
weighted average cost of appropriate continuous
therapy for griseofulvin. The costs per appropriate
continuous treatment regimen were $998.98
(weighted average), $1,008.72, and $499.50 (average
for package sizes of 30 and 100) for griseofulvin, itra-
conazole and terbinafine, respectively. The costs for
4-month pulse therapy were $627.65 and $310.80
(average for package sizes of 30 and 100) for itra-
conazole and terbinafine, respectively.

Table 5 reports the efficacy results and Table 6
repoits the cost/efficacy resules for griseofulvin, itra-
conazole, and terbinafine. For continuous therapy, the
mycologic cure rates and number of patients included
in the analysis were 36.7% (n = 262), 54.7% (n = 293),
and 77.0% (n = 289) for griseofulvin, itraconazole, and
terbinafine, respectively. For pulse therapy, the cure
rates were 73.3% (n = 45) and 80% (n = 20) for itra-
conazole and terbinafine, respectively. The cost per
mycologically cured infection (final outcome measure)
was $2,721.28, $1,845.05, and $648.96 for griseofulvin,
itraconazole, and terbinafine continuous therapies,
respectively. For itraconazole and terbinafine pulse
therapies, the cost per mycologically cured infection
was $855.88 and $388.50, respectively.

The cost per complete treatment regimen along
with the cost per mycologically cured infection for
each therapy are shown in Figure 1 in rank order.

ment. Moreover, cases of elevated serum transaminases
are transient and reversible on discontinuation of thera-
py. Therefore, the costs associated with treatment of
adverse experiences should not significantly alter the
marginal cost differences between treatments.

The Costs Associated With Laboratory Testing of
Serum Transaminases

Baseline testing of serum transaminases is 1ec-
ommended for all three treatments, and subsequent
testing is recommended when treatment exceeds 1
month in a continuous regimen. Product labeling
for itraconazole and terbinafine states that hepatic
enzyme test values should be monitored periodical-
ly in all patients receiving continuous treatment for
more than 1 month. However, there are no specific
guidelines for the frequency of such monitoring in
patients receiving either pulse or continuous thera-
py. Therefore, the frequency of monitoring should
be expected to vary from provider to provider.

It is possible that griseofulvin therapy would require
additional tests because of its more lengthy treatment
regimen. 'Therefore, costs for such testing may increase
the marginal difference between griseofulvin and the
other two agents. No alteration in marginal costs
between itraconazole and tetbinafine would be expect-
ed because of their similar testing requirements when
comparing pulse therapy to pulse therapy or continuous
therapy to continuous therapy. Depending on the indi-
vidual provider, it is possible that only baseline labora-
tory monitoring would be done for pulse therapy.
Therefore, when comparing pulse therapy with one

- DISCUSSION -+
) This study did not Table 4. Weighted Average Cost per Treatment for Griseofulvin
directly measure and
include all potential out- ‘
for tents receiv- No. of Cost per Dosaget Length of Cost per
?Omes Or patients v Reference Patients Milligram* (mg/day) Treatment (w) Treatment*
ing each of the three : -
. Davies et al* 31 $0.0029 1,000 96 $1,959 75
treatment regimens. The
3 . f 24
followmg outcomes were Davies et al 13 $0.0029 1,000 96 $1,959.75
not measured: Faergemann et al'® 41 $0.0029 500 52 $530.76
Hofmanr{ et al* 88 $0.0029 1,000 48 $979.87
The Costs Associated Svejgaard” 7 $0 0029 1,000 48 $979.87
W‘th Adverse Exper- Kortingeral® 72 $0.0029 550 72 $808.40
iences for Each Drug .
Walsoe et al 10 $0 0029 500 24 $244.97
Although these costs )
were not measured, Table 1 Weighted average 62.4 $998.98
ShOWS. that serious adverse *Average of all oral solid griseofulvin products Data are from reference 17
experiences are rare and tRegular-microsized griseofulvin equivalents
transient for each treat- *Average cost per milligram x dosage x length of treatment in weeks x 7
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agent to continuous therapy with another, it should  quent laboratory costs will be incurred for a continu-
be recognized that there may be cases where subse-  ous regimen and not for a pulse regimen.

Costs of Treatment Failure (Relapse),
Necessitating a Second Treatment

The number of required second treat-
ments should be 1elated to the cure rates for
the initial treatments. Because terbinafine’s

Table 5. Meta-Analysis Efficacy Results (Toenail Disease Only) cure rate is already higher than that of itra-
conazole, and because a terbinafine treat-

Percent Mycologic Cure Rate (No. of Patients) ment is less expensive than an itraconazole

Reference Griseofulvin Itraconazole Terbinafine treatment, one should expect only a further
Continuous Therapy widening of the marginal cost differences

Arenas et al” 96 (23) 100 (17) that have already been established and no
Brautigam et al”’ 63 (84) 81 (86) change in the ranking of these two agents.
De Backer et al® 45.8(186) 73 0(186) Griseofulvin’s cure rate is the lowest.

Therefore, a further widening of cost differ-

Davies et al* 29 (31) .
Davi - w6 01 ences would be expected between griseo-
t al™ 1.
avies eta 6 a3 fulvin and the other two agents.
Faergmann et al™ 45 (41)
Hofmann et al® 62 (88) The Costs Associated With Drug
Korting et al® 10 (72) Interactions
. » A review of Table 2 reveals that the
Svejgaard et al 0

. number of potential drug interactions with

Walsoe et al” 10 (10) R
Weichted A 367262 54.7(293 270 (289 itraconazole (n = 24) greatly exceeds the
eighted Average 7(262) 7(293) 0(289) numbers with terbinafine (n = 4) and grise-
4-Month Pulse Therapy ofulvin (n = 5). Therefore, if one assigns an
Tosti et al® 75 (20) 80 (20) equal chance for the occurrence of each
De Doncker et al 72 25) drug interaction, there shpulq be a greater
. frequency of events with itraconazole.

Weighted Average 73.3 (45) 80 (20)

Terbinafine has the fewest drug interac-
tions of the drugs studied.
Although an extensive

cost impact analysis of drug
interactions was not com-
pleted, one would only

Table 6. Cost/Efficacy Analysis Results ..
expect the  positions of

) N b Pulse Th terbinafine and griseoful-
. . _ Continuous Therapy 4-Month Pulse Therapy vin to be strengthened and
Variable Griseofulvin  Hraconazole Terbinafine Itraconazole Terbinafine .. =
o the position of itraconazole
Cost per standar .
to be weakened, gi
treatment $998.98* $1,008.72 $499 50t $627 65 $310.80t . > given the
) relative numbers of poten-
H 0, . - .
Efficacy (% tial drug interactions for
cure rate; 7 h d ) Th . d
weighted average) 36.7 54.7 77 0 733 80 cach drug. lhe associate
, . costs and necessary treat-
Cost/efficacy ratio* d ‘
(cost per mycolo- ments ne_eued to counter-
gically cured act the different types of
infection) $2,721.28 $1,845.05 $648 96 $855.88 $388.50 drug interactions would
likely vary. In general, itra-
*Weighted average cost per treatment CO.naZOIC would ‘pr‘obab'ly
tAverage for package sizes of 30 and 100 gain ground on griseofulvin
#See “Discussion” section for study limitations when teatment failures
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are considered and the reverse when drug interaction
costs are considered. However, these opposing effects
on the marginal difference between griseofulvin and
itraconazole would likely be insignificant relative to
the large existing cost difference between these two
agents, with no effect on their ranked positions.

- CONCLUSION --

The data suggest that terbinafine is the most cost-
effective drug for both continuous and pulse thera-
pies. This ranking of terbinafine would not likely be
altered if a complete outcomes analysis was complet-
ed, as discussed above.

"Treatment regimens and efficacy outcomes incor-
porated into this study were limited to the more recal-
citrant cases of toenail onychomycosis. For fingernail
onychomycosis, there is improved efficacy for all
treatments, but only terbinafine has been document-
ed to eradicate the fungus when a shorter therapy (6
weeks) is used.”

Terbinafine has the lowest warning grade for use in
pregnancy. However, the amount of experience in
pregnant patients is limited with all of the drugs stud-
ied, and caution 1s still advised in all. cases. Use of
terbinafine is restricted in patients with renal or hepat-
ic impairment. Use of itraconazole is not restricted in
the renally or hepatically impaired. However, caution
is advised with hepatically impaired patients, which

seems prudent based on itraconazole’s extensive elim-
ination by cytochrome p450-3A4. Use of griseofulvin
is not restricted in either patient subgroup; therefore,
griseofulvin is the safer choice in these patients.

It should be noted that widespread use of
terbinafine or itraconazole has the potential to pro-
duce a major negative impact on the financial health
of a health plan. It is estimated that up to 10% of the
population has onychomycosis and are potential can-
didates for drug therapy. Thus, a health plan with
200,000 membeis could face expenses of $9-$10 mil-
lion if all potential patients receive treatment. Steps
should be taken to ensure that only appropriate
patients are treated by establishing presciibing guide-
lines that identify the most severe cases. If strict con-
trols are not established and these drugs are used in
milder cases, for cosmetic reasons, a severe financial
drain could result.
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