mber 999

e

CFAD v. Anacor, IPR2015-01776 ANACOR EX. 2158 - 1/7



British Journal of Dermatology

The British Journal of Dermatology is owned by and is the official organ of the British Association of Dermatologists.

EDITORS
s DR S.M.BREATHNACH

St Thomas’ Hospital, St John's Institute of Dermatology, Lambeth Palace Road, London SE1 7EH

DR N.H.COX

Cumberland Infirmary, Department of Dermatology, Newtown Road, Carlisle CA2 7HY

SUPPLEMENT EDITORS
DR D.]. GAWKRODGER

Department of Dermatology, Royal Hallamshire Hospital, Glossop Road, Sheffield S10 2]JF

DR N.H.COX

Cumberland Infirmary, Department of Dermatology, Newtown Road, Carlisle CA2 7HY

EDITORIAL ADVISORY BOARD

PROF. D.R.GARROD, Manchester
PROF. C.E.M.GRIFFITHS, Manchester
PROF. LM.LEIGH, London

ASSOCIATE EDITORS

DR D.J.EEDY, Craigavon
DR J.A.MCGRATH, London
DR C.S.MUNRO, Glasgow
DR G.M.MURPHY, Dublin

BOOK REVIEW EDITOR
PROF. R.M.MACKIE

PROF. J.L.REES, Newcastle-upon-Tyne
PROF. H.C.WILLIAMS, Nottingham

DR A.D.ORMEROD, Aberdeen
DR N.J.REYNOLDS, Newcastle-upon-Tyne
DR D.N.SLATER, Rotherham

Department of Dermatology, University of Glasgow G12 8QQ

SUBSCRIPTION INFORMATION. British Journal of Dermatology is
published monthly (2 volumes per annum) and the institutional
subscription prices for 1999 are £446.00 (Europe), £490.00 (overseas
except North America), $808.50 (U.S.A. and Canada). Personal rates
are £110.00 (Europe), £120.00 (overseas except North America) and
$198.00 (U.S.A. and Canada), in all cases post free. Subscribers in
Canada must add 7% to the subscription price, to allow for GST.
Subscribers in Europe must quote their VAT registration number
or state that they are not registered. Subscribers in the
following countries who are not VAT-registered must add VAT at the
appropriate rate: Belgium 6% (TVA/BTW), France 2.1% (TVA),
Germany 7%, (MWST), Spain 4% (IVA), the Netherlands 6% (BTW).
Subscriptions are run on a calendar year basis, starting with the first
issue of the year in all cases. Orders for current subscriptions and back
issues should be sent to Blackwell Science Ltd, Journal Subscriptions,
PO Box 88, Oxford OX2 ONE, UK. Tel: +44 1865 206180 or 206038,
Fax: +44 1865 206219, e-mail: jnl.orders@blacksci.co.uk; all
other business correspondence, including orders for offprints and
advertising space, should be addressed to Blackwell Science Ltd.,
Osney Mead, Oxford OX2 OEL (telephone no. +44 1865 206206,
Telex 83355 Medbok G, Fax +44 1865 721205).

DESPATCH. The Journal is despatched within the UK. by 2nd class
post, within Europe by air mail, to other continents by various forms of
air-speeded delivery: to the USA* by air freight for forwarding by
second-class post, to India by air freight for guaranteed local delivery,
and to all other countries by Accelerated Surface Post. Add to the cost
of regular subscription £24.00/$36.00 for air mail delivery outside
Europe.

*Periodicals postage paid at Rahway, NJ. Post Master, send address
changes to British Journal of Dermatology, c/o Mercury Airfreight
International Inc., 365 Blair Road, Avenel, NJ 07001, U.S.A.

COPYRIGHT AND PHOTOCOPYING © 1999 British Association of
Dermatologists. Authorization to photocopy for internal or personal
use or the internal or personal use of specific clients is granted by
British Association of Dermatology for libraries and other users regis-
tered with the Copyright Clearance Center (CCC) Transactional
Reporting Service, provided that the base fee of $14.00 per copy is
paid directly to CCC, 222 Rosewood Drive, Suite 910, Danvers, MA
01923, USA. This consent does not extend to other kinds of copying
such as copying for general distribution for advertising or promotion-
al purposes, for creating new collective works or for resale. Special
requests should be addressed to the Editor. The Blackwell Science logo
is a trade mark of Blackwell Science Ltd registered at the United
Kingdom Trade Marks Registry. British Journal of Dermatology 0366~
077X/99 $14.00.

This Journal is included in the aponis service, whereby copies
of individual articles can be printed out from compact discs
(CD-ROM) on demand. An explanatory leaflet giving further details of
the scheme is available from the publishers on request.

The publisher’s policy is to use acid-free permanent paper, to the draft
standard ISO/DIS/9706, made from sustainable forests using
chlorine-free pulp. The paper used in this Journal has an ECO-CHECK
4-star rating.

Cover picture: The feet of an entire family with onychomycosis:
See pp 1-4. Photograph courtesy of Dr D.T.Roberts, Department of
Dermatology, Southern General Hospital, Glasgow, UK.

ABC

Typeset and printed by the Alden Group, Oxford: al

CFAD v. Anacor, IPR2015-01776 ANACOR EX. 2158 - 2/7



British Journal of Dermatology
Volume 141, Supplement 56, November 1999

CONTENTS

\Y Introduction B.E.ELEWSKI AND H.OGAWA

1 Onychomycosis: current treatment and future challenges D.T.ROBERTS

5 L.I.ON. Study: efficacy and tolerability of continuous terbinafine (Lamisil®)
compared to intermittent itraconazole in the treatment of toenail
onychomycosis B.SIGURGEIRSSON, S.BILLSTEIN, T.RANTANEN, T.RUZICKA, E.DI
FONZO, B.J.VERMEER, M.].D.GOODFIELD AND E.G.V.EVANS FOR THE L.I.ON. STUDY

GROUP

15 Long-term outcomes in the treatment of toenail onychomycosis
C.DE CUYPER AND P.H.F.B.HINDRYCKX

21  Terbinafine: tolerability in general medical practice p.r.0’SULLIVAN
26  Drug interactions of the newer oral antifungal agents u.1.xATZ

33  Resistance of Candida species to antifungal agents used in the treatment of
onychomycosis: a review of current problems E.G.V.EVANS

36  Therapeutic potential of terbinafine in subcutaneous and systemic
mycoses R.J.HAY

CFAD v. Anacor, IPR2015-01776 ANACOR EX. 2158 - 3/7



|

{
|

T S—— -~

This material may be protected by Copyright law (Title 17 U.S. Code)

British Journal of Dermatology 1999; 141 (Suppl. 56): 1-4

Onychomycosis: current treatment and future challenges

Summary

D.T.ROBERTS

Department of Dermatology, Southern General Hospital, 1345 Govan Road, Glasgow, G51 4TE UK.
E-mail: d.t.roberts@clinmed.gla.ac.uk

Onychomycosis is a fungal infection of the nails, more often of the toenails. It is a common condition,
with an estimated overall prevalence of 3—10% in European populations. Dermatophytes, especially
Trichophyton rubrum and Trichophyton mentagrophytes, are the usual pathogens. Some 50% of infected
patients fail to seek medical advice. Medically confirmed onychomycosis should be treated. This
recommendation is based on several disease-specific considerations: cosmetic and functional
disability, lack of spontaneous remission, impairment of health and wellbeing in elderly patients
and the need to reduce contamination in communal bathing places. Current treatments for
onychomycosis include oral antifungal agents such as terbinafine (Lamisil®) and itraconazole
(Sporanox®). They offer significantly improved rates of cure, shorter treatment regimens and a
lower level of adverse events than was previously the case. Comparative studies have shown that
terbinafine is more effective than griseofulvin, fluconazole or itraconazole in the treatment of this
condition, providing a cure rate of 70—80% and an excellent tolerability profile. Terbinafine is also
the most cost-effective agent. However, several problems remain that will provide future challenges
in the treatment of onychomycosis, not least the consistent treatment failure rate of 20%. In many of
these cases, surgery may need to precede drug therapy in order to maximise the prospects of clinical
and mycological cure. In addition, duration of treatment also needs to be more closely adjusted to the
individual case by prior identification of severity and extent of toenail infection, and combined oral
and topical therapy also requires further investigation.

Onychomycosis comes from the Greek onyx, a nail, and
mykes, a fungus. It is the term used to describe a fungal
' infection of the nails caused predominently (in about
i 90% of cases) by anthropophilic dermatophytes:
' Trichophyton rubrum and Trichophyton mentagrophytes
i are the usual pathogens. Yeast and non-dermatophyte
' mould infections are much less common. Toenails are
mo"e often affected than fingernails by a ratio of about

i
4
| lﬂfectlon usually begins in the toe clefts, with sub-
i sequent spread to the hyponychium and thence into the
' distal area of the nail bed. The whole width of the nail
!, may be affected, but involvement of the lateral edges is
. more frequently seen. Subsequent spread of infection is
| proximal towards the posterior nail fold and medially to
. encompass the whole nail bed. The nail can become
8rossly thickened, sometimes completely broken. Invol-
Vement of the nail plate leads ultimately to complete
destruction of the nail, a process that can take several
Years from initial infection.

Onychomycosis is common. Prevalence studies?
have suggested that 3% of the population in developed

© 1999 British Association of Dermatologists

countries are affected. Both studies also showed that
almost 50% of infected patients had never sought
medical advice, and that among those who had, few
had been prescribed systemic therapy. More recently,
smaller mycologically controlled studies® have suggested
a prevalence approaching 10%. These data suggest that
onychomycosis would constitute a significant healthcare
challenge, both logistically and financially, if treatment —
systemic and/or topical — were to be made available to
all sufferers.

Why onychomycosis should be treated

An excellent case can be made out for treating
mycologically confirmed onychomycosis, based on four
disease-specific considerations. First, fingernail infection
results in increasing cosmetic and functional disability.
Second, the well-documented lack of spontaneous
remission totally invalidates any ‘wait and watch’
policy. Third, no improvement in the contamination
levels of communal bathing places can be envisaged
unless the general pool of infection is reduced. Last,

1
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family members can fall easy victim to transmission
from an infected parent or sib (Fig. 1).

To these disease-specific considerations can be added
several general, but in some ways more important,
reasons. Onychomycosis becomes more common with
age, and can impair the quality of life and wellbeing of
elderly persons. In those with intercurrent diabetes
mellitus or significant peripheral vascular disease,
the presence of onychomycosis can aggravate manage-
ment. In these and similar cases it may be more cost
effective to treat the initial disease than the later
complications.

Currently available drug therapy

The medical management of onychomycosis has
improved considerably over the last 10 years. Oral
antifungal agents now available offer significantly
increased rates of cure, shorter treatment regimens
and a lower level of adverse events. Terbinafine
(Lamisil®) and itraconazole (Sporanox®) are now
available in many countries, and are generally con-
sidered to be the treatments of choice for this condition.
Is there any evidence to suggest that one or other of
these agents has greater efficacy?

In vitro evidence

Table 1, compiled from data collected in several
studies,*® shows mean inhibitory concentration
(MIC) and mean fungicidal concentration (MFC)
values and peak nail concentrations for terbinafine
and itraconazole (and for several other drugs where
values are available). The MIC values for both agents are
low. The MFC value for itraconazole, though still low,
is two orders of magnitude higher than that for terbi-
nafine. The relevance of these figures relates to the data
in the third column on peak nail concentrations, which
for maximum efficacy should be consistently higher
than the MFC value. This status is comfortably achieved
by terbinafine, but is not always achieved by either
itraconazole or fluconazole. Nails affected by dermato-
phyte infection are not kinetically homogenous, so this
difference may be crucially important.

In vivo evidence

This is conventionally based on two comparisons of
efficacy: mycological cure rates at completion of the
study and relapse rates at long-term follow-up. Nails
have no power of regeneration, and must therefore be

© 1999 British Association of Dermatologists, British Journal of Dermatology, 141 (Suppl. 56):

Table 1. Minimum inhibitory concentration (MIC) and minimum
fungicidal concentration (MFC) values (in wg/mL), and peik naj
levels (in pg/g) of five agents used orally in the treatment of
dermatophyte infection. Not all values are provided. Dat. from
references 4-8 Courtesy of Dr Neil Ryder, Novartis Research
Institute, Vienna, Austria

—

Peak nail
Agent MIC MEC conceriiration
Griseofulvin 0-5-2-0 na nr
Ketoconazole 0:04-6-0 na nr
Itraconazole 0-08 0-6 0-5-1-0
Fluconazole 6-:25-200 na 80
Terbinafine 0-004 0-:004 0-5-1-5

na: Not applicable as these drugs are fungistatic only, nr: not reported

given the time to grow out completely if cure (absence of
relapse) is to be properly assessed. For a toenail the time
span can be 12—18 months. Thus a follow-up time of
12 months from the start of a study is desirab'e, but
12 months from cessation of treatment may be even
better. Beyond 2 years it is difficult to distinguish
between relapse and reinfection.

Comparative studies have shown that terbinafine is
more effective than griseofulvin, fluconazole and
itraconazole in the treatment of fungal nail infections.
Griseofulvin has a low cure rate and high relapse rate
in toenail disease, coupled with a more significant adverse
event profile than newer agents. Three studies” !
comparing griseofulvin with terbinafine have shown
consistent advantages for terbinafine in terms of
mycological and clinical cure rates, increase in length
of the unaffected nail and number of adverse events.

Fluconazole has been less well evaluated than either
terbinafine or itraconazole in onychomycosis, 21d the
optimum dose and duration of treatment remain
uncertain. To date, only one study (V. Havu, personal
communication) has directly compared the efficacy of
terbinafine with fluconazole. The results in terms of
negative microscopy at week 60 were statistically in
favour of terbinafine. The doses of fluconazol~ used
in this study were probably too low, but the higher
doses needed would tend to increase terbinafine’s
advantage in terms of cost-effectiveness.

Terbinafine at a dose of 250 mg daily has been shown
to be more effective than continuous itraconazole
200 mg daily in two studies in toenail infection In @
double-blind study'?'> over 3 months and with @
follow-up extending to 52 weeks, Brdutigam et al.
showed that the mycological cure rate for terbi 1fine

1-4
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Figure 1. The feet of an entire family (mother, father, and two children)
with onychomycosis. In this case there is no doubt that one family
member was responsible for infecting the others.

was 81%, significantly better than the 63% seen in
. the itraconazole group, P<0-01. Mean time to first
nezative culture was 8:52 weeks for terbinafine,
compared to 11-64 weeks for itraconazole, P<0-05.
At the end of the follow-up period there was an overall
greater percentage of cures in the terbinafine group,
and a smaller percentage of unchanged or deteriorated
nails. In another double-blind study'* over 3 months
* with a follow-up of 48 weeks, De Backer et al. recorded
a mycological cure rate of 73% with terbinafine, com-
pared to only 45:8% with itraconazole, P<0-0001
(Fiz. 2). At the end of the study, 76-1% of the terbinafine
group had normal nails (or minimal signs), compared to
58:1% in the itraconazole group: failure of treatment
- was 12:8% and 29:1%, respectively, both findings
significantly in favour of terbinafine, P<0-001. These
findings, showing terbinafine to be the more effective
agent, are in keeping with the in vitro data.
Itraconazole is now more usually given in an inter-
mittent fashion, at a dose of 400 mg daily for 7 days
each month for 3 or 4 months. An open randomised
study'” in 63 patients compared continuous (250 mg/
day) and intermittent (500 mg/day for 7 days each
month) terbinafine with intermittent itraconazole
(400 mg/day for 7 days each month) over 16 weeks.
Mycological cure rates 6 months after completion of
therapy were 94-1%, 80% and 75-5%, respectively. In
batients where mycological cure was achieved without
nail deformities, there was a significant difference
between the cure rates in favour of continuous
terbinafine over intermittent itraconazole, P<0-05.
The results of the L.I.ON. (Lamisil® vs. Itraconazole in
ONychomycosis) study, which compared terbinafine

PV

|

MANAGEMENT OF ONYCHOMYCOSIS 3

Treatment Follow-up

100[—

Terbinafine

Itraconazole

Patients showing negative
mycology %

| ] | | ] | ]
0 4 8 12 24 36 48
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Figure 2. Mycological cure rates (determined by negative mycology on
culture) during treatment with either terbinafine 250 mg daily or
itraconazole 200 mg daily for 12 weeks and subsequently over a
follow-up period extending to 48 weeks. The difference at 48 weeks
between terbinafine (I) (73% culture negative) and itraconazole (O)
(45-8% culture negative) is significant, P<0-0001. After de Backer
et al.**

250mg/day for 12 or 16 weeks with intermittent
itraconazole 400 mg/day for 7 days every 4 weeks for
12 or 16 weeks, are presented later in this supplement.

For the present it seems reasonable to conclude that
terbinafine, taken at a dose of 250mg daily for
3 months, is the most effective currently available
treatment for onychomycosis, with a cure rate of 70—
80% and an excellent tolerability profile.

Reasons for a continuing failure rate

Despite the high cure rates that can now be achieved,
some 20% of patients still fail to benefit from therapy.
Leaving aside inadequate compliance, the usual reasons
are dermatophyte resistance; inadequate drug absorp-
tion into the affected area, often associated with the
presence of a dermatophytoma; lack of any nail growth;
and immunosupression. It seems likely that the majority
of treatment failures are related to kinetic problems
within the affected nail that prevent adequate penetra-
tion of drug into the fungal mass or dermatophytoma.
Surgical removal of such areas prior to drug therapy
may be the answer. In general, physicians need to identify
these patients early in the treatment cycle, to ensure
that they receive treatment appropriate to their needs.

Dystrophic nails that yield non-dermatophyte
moulds in culture are unlikely to respond adequately
to treatment if the moulds are secondary pathogens of
previously damaged nail. However, the commonest
cause of previous nail damage is primary dermatophyte

© 1999 British Association of Dermatologists, British Journal of Dermatology, 141 (Suppl 56): 1-4
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infection, which will respond, leading to outgrowth
of saprophytic moulds and restoration of the nail to
normal. Thus, improvement in cure rates is likely to
follow a better understanding of treatment failure rather
than manipulation of drugs and drug regimens.

Economic considerations

Effective treatment for onychomycosis has three
aspects: rapid onset of action, sustained effect and a
favourable adverse events profile. But economic con-
siderations cannot be ignored, and several studies have
attempted to evaluate the cost-effectiveness of the
available agents. Einarson et al. compared terbinafine,
ketoconazole and griseofulvin, and showed that terbi-
nafine was the most cost-effective, providing the highest
percentage success rate in both toenail and fingernail
infection, and the greatest number of disease-free
days.'® Meta-analysis of data from 12 European coun-
tries and Canada, undertaken by the same group,
confirmed the findings.’” In the USA, a comparison of
the costs of treatment with terbinafine, griseofulvin,
itraconazole and ketoconazole — including on this
occasion costs related to adverse events and relapses
as well as the drug acquisition and clinical and labora-
tory costs — showed once again that terbinafine was the
most cost-effective.®

Future challenges

There are several issues in the treatment of onycho-
mycosis that remain to be overcome. First, the con-
sistent failure rate of some 20% in all studies needs to
be addressed. As suggested above, the most frequent
explanation is likely to be kinetic: patients with a fungal
mass effectively impenetrable to an antifungal agent need
to be offered surgery before medical treatment. Second,
the duration of treatment needs to be more closely
adjusted to the individual case. Perhaps some 40% of
those with toenail infection require only 6 weeks of
treatment, but the challenge is to identify this population
prior to therapy. Third, the combination of oral and topical
therapy has hardly been investigated, and may be the
route by which the duration of systemic therapy can be
reduced. Last, there is the challenge to produce the ideal
drug, one with a 100% cure rate and no adverse events!

Conflict of interest: Dr Roberts and his department have
carried out drug studies for, given advice to and received
educational funding from Novartis Pharma, Janssen
Pharmaceuticals and Pfizer.
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