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Abstract
Objective-To compare the efficacy and toler-

ability of terbinafine and itraconazole in the treat-
ment oftoenail tinea unguium.
Design-Multicentre, double blind, parallel group

study.
Setting-17 university hospitals, one army

hospital, and five dermatology practices.
Patients-195 patients with clinically suspected

toenail tinea and growth of dermatophytes in base-
line culture; data on 86 patients in the terbinafine
group and 84 patients in the itraconazole group were
fully evaluated for efficacy.
Interventions-Daily dose of250 mg terbinafine or

200 mg itraconazole for 12 weeks, with follow up for
a further 40 weeks.
Main outcome measures-Mycological cure (neg-

ative results on microscopy and culture) and clinical
improvement (length and area of unaffected nail) at
week 52 or at discontinuation oftreatment.
Results-At the end of the study mycological cure

rates were 81% (70 out of 86) for terbinafine and 63%
(53 out of 84) for itraconazole (2P< 0.01). Negative
culture was achieved in 92% (79 out of 86) in
the terbinafine group and 67% (56 out of 84) in the
itraconazole group (2P<0.0001). Length of un-
affected nail was 9-44 mm in the terbinafine group
and 7 85mm in the itraconazole group (2P< 005).
Conclusion-Terbinafine is more effective than

itraconazole in the treatment of toenail tinea
infection.

Introduction
Dermatophyte nail infection is fairly common.

A computer search in the United Kingdom showed a
prevalence of 2-8% in men and 2-6% in women,' and
the prevalence of onychomycosis in an epidemiological
study in the United States was 2.2%.2 Topical anti-
fungal treatments for onychomycosis have been dis-
appointing,3 although the more recently developed
antifungal nail lacquers may be effective in less severe
cases.45 As soon as the fungus has spread to the nail
matrix, however, systemic treatment is imperative.6
Until recently only two systemic drugs were available
for treatment of tinea unguium-namely, griseofulvin
and ketoconazole. With griseofulvin the therapeutic
results were unsatisfactory in toenail infections7 and
ketoconazole is associated with the risk of hepatic
injury and drug interactions.8 Two new systemic
antimycotic agents have since been added to the
therapeutic arsenal: the allylamine terbinafine and
the triazole itraconazole. These drugs differ in their
chemical structure and in their mode of action,9 '0 but
their pharmacokinetics are similar. Both drugs persist
for weeks in the nail plate after treatment has been
stopped and treatment need not be continued for

several months until the infected nail plate has grown
out."-`' In addition, the primary fungicidal effect on
dermatophytes may be the reason for the convincing
effectiveness of short term treatment with terbin-
afine.'6 We investigated the efficacy of these two drugs
in what we believe to be the first double blind long term
comparison in the treatment of toenail tinea unguium,
the most recalcitrant dermatophyte infection.

Patients and methods
The study was performed in men and women aged

18 or over who had a clinical diagnosis of distal
subungual or proximal onychomycosis and a growth of
dermatophytes in a mycological culture up to 12 weeks
after the start of the treatment. Women of childbearing
age were asked to use a reliable contraceptive method
until four weeks after stopping taking the study drugs.
We excluded from the study pregnant or breast feeding
women and patients with pre-existing renal, hepatic,
or gastrointestinal disease, bacterial or yeast infections
of the nails or the periungual area, or psoriasis and
psoriatic changes of the toenails. All patients had
stopped taking systemic antifungal treatments three
months before giving samples for baseline mycological
culture; they had all stopped applying topical treat-
ments one month before. No patients received
systemic immunosuppressive treatments during the
study or in the two weeks before.

Patients were screened up to 12 weeks before the
start of the study treatment and those with clinically
suspected toenail tinea unguium and proved myco-
logical growth of dermatophytes entered the study.
The patients were randomly allocated to receive a
daily dose of either 250 mg terbinafine or 200 mg
itraconazole for 12 weeks. To keep the treatment
double blind the patients additionally took a placebo of
the comparative drug. Drugs were taken after dinner
to ensure good absorption of itraconazole. Patients
were followed up for an additional 40 weeks after the
end of treatment. They were assessed at weeks 2, 4, 8,
and 12 and then every eight weeks during the 40 weeks
offollow up.

MYCOLOGICALAND CLINICALASSESSMENTS

At each visit nail clippings were taken and sent
to a central laboratory in Munster for mycological
investigation. This consisted of direct microscopy in
20% potassium hydroxide and culture on Sabouraud-
dextrose-agar (with chloramphenicol 0.05% and
actidione 0 5%) at room temperature for up to four
weeks. Clinical response to treatment was monitored
by observing the movement of a scratch at the border
between infected and normal areas on the patient's
most affected nail, excluding the little toe.'7 In ad-
dition, the nails were examined for onycholysis, hyper-
keratosis, brittleness, and paronychial inflammation
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by means of a four point scale (0=absent, 1 =mild,
2=moderate, 3=severe). The area of the affected nail
was assessed as 0, 0-30%, 30-60%, and more than 60%.
Adverse events were evaluated using standardised
questions at each visit. The following haematological
and biochemical laboratory values were evaluated
at the screening visit, at baseline, and at each visit
during treatment: packed cell volume, haemoglobin
concentration, erythrocyte and leucocyte counts,
erythrocyte indices, and concentrations of creatinine,
cholesterol, triglyceride, ry glutamyltransferase,
glutamic-oxaloacetic transaminase, glutamic-pyruvic
transaminase, alkaline phosphatase, bilirubin, and
potassium.
The study was approved by an independent ethics

committee and was performed according to the guide-
lines of the declaration of Helsinki. All patients gave
informed consent before they were recruited.

STATISTICS

The patients were randomly assigned to treatment
with either terbinafine or itraconazole according to a
computer generated randomisation schedule in the
order of obtaining informed consent. A restricted form
of randomisation was used to provide blocking over
time. All centres received multiple complete blocks of
length four; thus the assignments of each treatment
were balanced after each block.
Two populations were defined for evaluation of the

study. All the patients except two who did not have any
follow up visits were included in the analyses of drug
tolerance. All patients who completed the study as
planned and all those patients who stopped treatment
because of adverse events or ineffectiveness of treat-
ment were included in the analysis of efficacy. One last
result was used in patients who withdrew from the
study.
Sample size was calculated on the basis of the

assumption that at the end of the study the mycological
cure rate should be 75% in the terbinafine group and
50% in the itraconazole group. With a type I error of
0 05 and a type II error of 0-20 at least 132 patients
(2x 66) had to be included in the study to detect a
significant difference.
v The main measure of efficacy was mycological cure,
which was defined as negative results of microscopy
and no growth of dermatophytes in culture. The
treatment groups were compared by means of Fisher's
exact test for differences in mycological cure rates and
in percentages of negative cultures.

Secondary measures of efficacy were area of the
affected nail and the length of the unaffected nail.
Group differences in nail length were assessed by
Student's independent t test, and differences in the
area were compared by a X2 test according to the
percentage of nail affected. In addition, 95% confi-
dence intervals were calculated for group differences in
mycological cure rates and unaffected nail length.

Results
A total of 195 patients were recruited from 17

university hospitals and one army hospital and from
the practices of five dermatologists. Eleven patients in
each group were excluded from the evaluation of drug
efficacy because the protocol had not been followed,
mainly because they had not attended appointments
during the study. Three further patients in the itra-
conazole group were excluded because they had con-
comitant disease. Thus data on 86 patients in the
terbinafine group and 84 in the itraconazole group were
used to analyse efficacy.

Distribution of sex, age, height, and weight were
identical in both treatment groups. Sixty four per cent
of patients were men. The mean age was 49 years

(range 21-70), mean height 174 cm (range 153-193 cm),
and mean weight 75 kg (range 48-134 kg). Most
patients had severe onychomycosis with more than
60% of the toenail affected (table I). Fifty two of the
patients receiving terbinafine (60%) and 50 of those
taking itraconazole (60%) had previously been treated
with antimycotic drugs. Sixteen and 11 of them
respectively had been treated systemically, mainly
with griseofulvin, although three patients in the
terbinafine group and two in the intraconazole group
had been treated with terbinafine or itraconazole.
Previous antimycotic treatment had been successful in
only two patients in the terbinafine group and five
patients in the itraconazole group. In most cases (76
patients given terbinafine (88%) and 74 given itracon-
azole (88%)) the nail of the big toe was the index nail.

TABLE i-Area of nail plate clinically affected by dermatophyte
infection. Values are numbers (percentages) ofpatients

Terbinafine Itraconazole
(n=86) (n=84)

Baseline
Area of affected nail plate (0/o):
<30 0 7 (8)
30-60 30 (35) 27 (32)
>60 56 (65) 50 (60)

End ofstudy*
Area of affected nail plate (0/o):

0 42 (49) 30 (36)
<30 27 (31) 33 (39)
30-60 14 (16) 8 (10)
>60 3 (4) 13 (15)

*2P < 0-05 for terbinafine v itraconazole.

Trichophyton rubrum was identified as the pathogen in
83 patients in the terbinafine group (97%) and in 78 of
those in the itraconazole group (93%). Tmentagrophytes
was observed in two (2%) and six (70/6) patients
respectively. T violaceum was grown at baseline in
cultures from one patient in the terbinafine group.

Mycological cultures gave negative results after
treatment in 79 patients given terbinafine (92%) and 56
given itraconazole (67%) (95% confidence interval of
the difference (13-5% to 36-9%); 2P<0 0001). The
success rates in both groups, on the basis of the results
of culture, were about 50% of the final value after four
weeks, with a continued increase until study week 20
(fig 1). The mean time taken to achieve negative results
on culture was 8-5 (SD 6 6) weeks in the terbinafine
group and 11 -6 (9 1) weeks in the itraconazole group.
Because the disappearance of the hyphae from the nail
plate took more time than fungal viability, the myco-
logical cure rate increased more slowly (fig 2). Again
terbinafine proved to be superior to itraconazole, with
a mycological cure rate of81% (70 out of 86) compared
with 63% (53 out of84) at the end ofthe study (5-2% to
31-4%; 2P<0.01). Figure 3 shows the length of the
unaffected nail, which increased in the terbinafine
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FIG 1-Proportion of patients with mycological cure (negative results
forfungus on microscopy and culture) during study
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FIG 3-Increase in length ofunaffected nail during study

group from 1-3 mm to 9 4 mm and in the itraconazole
group from 1-2 mm to 7 9 mm (0-02 mm to 3-16 mm;
2P <005). The clinical response was also reflected
by the decrease of the affected area of the nail plate
(table I).
The mean global symptom score proved to be less

sensitive in differentiating between the two drugs than
the variables related to area and fell from 5-8 to 1-9 in
the terbinafine group and from 5-5 to 2-2 in the
itraconazole group.

ADVERSE EVENTS

During the study period of about 52 weeks, 75
adverse events were reported by 38 of the 95 patients
given terbinafine (40%) and 87 adverse events by 47 of
the 98 patients given itraconazole. Table II shows the
most common adverse events according to drug and
organ system. We believe that adverse events were
probably related to terbinafine and itraconazole in six
(6%) and nine (9%) patients, respectively.
Adverse events were the reason for discontinuation

of treatment in three patients receiving terbinafine and
four receiving itraconazole. One patient in each group
was withdrawn from the study because of increases in
liver enzyme activity; one patient given itraconazole
withdrew because of paraesthesia and the remaining

TABLE iI-Frequency of reporting of most common * adverse effects of
treatment during study

Terbinafine Itraconazole
group group

Headache 10 9
Dyspepsia 8 5
Diarrhoea 1 7
Taste disorders 4 3
Constipation 2 5
Influenza-like symptoms 4 2
Nausea 3 3
Abdominal pain 2 3
Fatigue 3 1

*Reported by at least three patients.

four patients were withdrawn because of gastro-
intestinal complaints.

Tolerability of treatment was assessed as good
or excellent by participating dermatologists for 81
patients in the terbinafine group (93%) and 78 patients
in the itraconazole group.

LABORATORY TESTS

The only significant differences in laboratory
variables between the groups were in y-glutamyltrans-
ferase and cholesterol concentrations. -y-glutamyl-
transferase concentrations were unchanged in the
itraconazole group, but there was a slight increase of
1I0 U/I in the terbinafine group. Cholesterol concen-
tration increased insignificantly by 0 16 mmolA with
terbinafine, but it decreased significantly by 0-67
mmol/l with itraconazole (2P<0-00001). The maxi-
mum cholesterol lowering effect of itraconazole was
observed after two weeks of treatment, and it was no
longer evident in the 14 patients with additional
laboratory tests after treatment within four weeks after
the end oftreatment.

Discussion
Both drugs were equally well tolerated, but terbina-

fine proved to be significantly more effective in terms
of clinical improvement and in the eradication of
fungal pathogens. The mycological cure rate after 12
weeks of terbinafine treatment and a total observation
time of one year was 81% (70 out of 86 patients).
This corresponds well with the results of former
trials, in which longer treatment times of 24 to
48 weeks resulted in cure rates of 82% to 88%
after 48 weeks.' 1 The mycological cure rate of 63%
(53 out of 84 patients) in the itraconazole group was
lower than the 79% (15 out of 19 patients) reported
recently.'5 However, the results in that trial were based
on only 19 evaluable patients, and three false negative
results on culture could increase the cure rate from the
63% seen in our trial to the 79% reported by Willemsen
etal."
We know of only one published report of a clinical

trial comparing terbinafine and itraconazole in
onychomycosis.21 Although treatment durations and
doses were similar to those in our study, it was an open
comparison with only 53 patients and a shorter follow
up time, which failed to show significant differences
between the treatments. In contrast, we found that
terbinafine was more effective than itraconazole. This
corresponds to the favourable results of terbinafine in
comparison with itraconazole in the treatment of tinea
pedis, another dermatophyte infection.22 Recently
itraconazole interval treatment (three to four cycles of
treatment for one week every month at a dose of200 mg
twice daily) was recommended for the treatment of
onychomycosis. There are almost no clinical data
published about this new modality. However,
published nail concentrations of itraconazole are no
higher than with conventional treatment as investi-
gated in our study23 Hence our conclusions probably
apply to itraconazole interval treatment as well.

DIFFERENCE IN EFFICACY

The most likely explanation for the better efficacy of
terbinafine is the higher antimycotic activity of terbina-
fine against dermatophytes,"90 as both drugs rapidly
penetrate the nail plate and nail concentrations lie
within the same range." 15 It cannot be ruled out that
the fungicidal mode of action of terbinafine has also
some clinical relevance. This issue is controversial, but
it is in accordance with our finding of a shorter time to
obtain negative culture results with terbinafine.
We believe that previous systemic treatment does

not account for the efficacy of the two agents or

BMJ VOLUME 311 7 OCTOBER 1995 921



Key messages

* Tinea unguium has a prevalence of2-3% in the adult population
* Severe toenail onychomycosis that affects the matrix of the nail is almost
incurable with topical antifungal agents and older systemic antifungal agents
are ineffective and poorly tolerated
* This study showed that 12 weeks of treatment with a daily dose of
250 mg terbinafine or 200 mg itraconazole was well tolerated and effective
in treating severe toenail tinea
* Itraconazole lowered serum cholesterol concentrations, which suggests
that sterol inhibition is not completely fungus specific
* Terbinafine had a higher efficacy in terms of eradication of the fungus
and improvement in clinical symptoms

their differences in efficacy. Firstly, less than 20%
of the patients in each group had previously taken
systemic antimycotic drugs. Most had been treated
with griseofulvin, which does not persist in the nail
plate and must therefore be given until a clinical
cure is achieved. Secondly, only five patients overall
had been previously treated with terbinafine or
itraconazole. Finally, to exclude any possible influence
of previous treatment with antimycotic agents, we
requested that dermatophytes should be present and
growing in the screening culture before patients could
be included in the study.

ADVERSE EFFECTS

The number of adverse events was fairly high in both
groups, but even with placebo, similar figures have
been obtained in other studies with diligent question-
ing on adverse events and comprehensive patient
information about potential side effects.3 14192024 The
above reasons can also explain the implausibly high
frequency of dysgeusia in four patients taking
terbinafine and three taking itraconazole. Reversible
taste disturbances are usually a rare side effect of
terbinafine, with an approximate incidence of 1 per 800
people,25 and they have not yet been observed with
itraconazole treatment.

Biochemical tests showed a significant effect of
terbinafine on -y-glutamyltransferase, but the median
change was only 1 U/1, and other liver related variables
either remained unchanged or were significantly de-
creased. These findings suggest that there is little risk
of relevant hepatotoxicity with either drug.
The cholesterol lowering effect of itraconazole was

surprising because it was not recorded in the product
information. However, the difference between the two
treatments as well as the comparison of values at
baseline and after treatment was highly significant
(2P< 0.00001). Serum cholesterol concentration de-
creased with itraconazole treatment in 81% of patients.
The observed decrease was certainly clinically relevant
and in the range ofthat which is seen with lipid lowering
drugs such as fibrates.'6 Interestingly, a recently
published comparison between itraconazole and
griseofulvin in tinea unguium also found a significant
decrease in cholesterol concentrations in the itracon-
azole group.24 These findings suggest that the
inhibition of sterol synthesis by itraconazole is not
completely fungus specific, and the clinical impli-
cations have to be carefully considered.

CONCLUSIONS

We have shown that with the availability of
terbinafine and itraconazole, therapeutic nihilism is no
longer indicated in patients with severe toenail tinea.
Both drugs are well tolerated and highly effective, but
terbinafine is therapeutically superior.
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