{ Robert Baran
Roderick Hay
I! Eckart Haneke
Antonella Tosti
i with the collaboration of Blanca Maria Piraccini

|
1
J
1

Onychqmycosus

the current approach to
diagnosis and therapy

Martin Dunitz
Publishers

CFAD v. Anacor, IPR2015-01776 ANACOR EX. 2053 - 1/77



Onychomycosis .
the current approach to diagnosis and therapy

CFAD v. Anacor, IPR2015-01776 ANACOR EX. 2053 - 2/77



Robert Baran, MD

Nail Disease Center,
Cannes, France

Roderick Hay, MD

Professor of Cutaneous Medicine
St John's Institute of Dermatology
St Thomas® Hospital

London, U.K.

Eckart Haneke, MD
Professor and Director
Department of Dermatology
Ferdinand Sauerbruch Hospital
Wuppertal, Germany

Antonella Tosti, MD

Associate Professor of Dermatology
Department of Dermatology
University of Bologna

Bologna, Italy

Bianca Maria Piraccini, MD
Department of Dermatology
University of Bologna
Bologna, ltaly

Although every effort has been made to ensure that drug
doses and other information are presented accurately
in this publication, the ultimate responsibility rests with

| the prescribing physician. Neither the publishers nor the
authors can be held responsible for errars or for any
consequences arising from the use of information
contained herein.

©R. Baran 1999

First published in the United Kingdom in 1999 by

Martin Dunitz Ltd.

The Livery House

7-9 Pratt Street ]
London NW 1 OAE

Reprinted with corrections 2001

Graphic design by Atelier Hohne, Grafelfing, Germany
Printed and bound in Spain

All nghts reserved. No part of this publication may be re-
produced., stored in a retrieval system. or transmitted, in any
form or by any means, electronic, mechanical, photocopying.
recording or otherwise, without the prior permission of the
publisher or in accordance with the provisions of the
Copyright Act 1988, or under the terms of any licence per-

mitting limited copying issued by the Copyright Licensing !
Agency, 80 Tottenham Court Road, London W1P 9 HE.

A CIP catalogue record for this book is available from the
British Library

ISBN 1-86317-767-9

CFAD v. Anacor, IPR2015-01776 ANACOR EX. 2053 - 3/77



e R T e R AT D B A —
P e AR e T TR TR A R P R
' O pier, L ke P . WP £ " ' . el <t L LT e -

ERT et o S R et

Robert Baran
Roderick Hay
Eckart Haneke

Antonella Tosti
with the collaboration of Bianca Maria Piraccini

Onychomycosis
the current approach to diagnosis and therapy

Martin Dunitz Ltd.
Publishers

CFAD v. Anacor, IPR2015-01776 ANACOR EX. 2053 - 4/77



Contents

Preface S J 7 Review of current antifungal therapy 44 |

71  Topical treatment 44

1 Epidemiology 6 \ 7.1.1 Transungual drug delivery systems 44 |

7.1.2 Nail avulsion a7

2 Anatomy of the normal nail 107 total surgical 48

partial surgical 49

3 Clinical patterns correlated 1 chemical 50

with main routes of entry 12 7.2 Systemic treatment with new antifungal drugs 54

ltraconazole 54|

4 Clinical differential diagnosis 20] Fluconazole 57

Terbinafine 59|

Mpycological examination 28! 7.3.1 Treatment in the elderly 63—|

5.1 The proper ccllection of samples: | 73.2 in childhood 64‘

The "How" and "Where” 28 733 in pregnant women 64|

5.2 Microscopic examination 30 734 in immunocompromised patients 64

5.3 Culture 31 74 Rationale for a stepwise approach to therapy 66
5.4 Histopathological examination 34]

8 Preventive measures

6 Goals for the treatment of onychomycosis 40 \ 8.1 Reasons for prevention 70\
Mycological cure 40‘ 8.1.1 Genetic predisposition ﬂ
—Clearance of the nail plate 41 8.1.2 Reduced nail growth rate 711
Clinical measurement and assessment J 8.1.3 Underlying disease 71 I
‘_O‘[ responses 8.2 F’Vrevemion ﬁ

42‘

!
!

i
P

CFAD v. Anacor, IPR2015-01776 ANACOR EX. 2053 - 5/77

Index




Preface

This book is written by clinicians for clinicians.
In it the authors, who have an abiding interest
in all fields of nail pathology, have focused on
one of the commonest of nail disorders,
onychomycosis. The stepwise approach provi-
des a basis for identifying the most appropriate
cost-benefit considerations in the management
of fungal nail infection. Consideration of the
subject follows a logical path from clinical
expression through laboratory diagnosis to
therapy. The new classification of the clinical
appearances reflects the underfying nail patho-
logy and provides a rational explanation for the
pathogenesis and the response to treatment.
Compared with the situation ten years ago,
there is now a wide choice of treatment
options for patients with onychomycosis from
topical antifungal agents to nail surgery. The
development of new treatment regimens,
however, has had the greatest impact on the
success of therapy. This in turn has opened the
possibility of successful treatment to the
majority of patients with fungal nail infections,
particularly those caused by dermatophytes.
The result has been a major increase in the
numbers of patients with onychomycosis
presenting for treatment. We hope that this
book will provide an up to date review of this
common clinical problem which will be of
interest 1o a wide group of health professionals
including dermatologists, general practitioners,
practice nurses and chiropodists/podiatrists.

The authors
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Epidemiology

Onychomycoses are the most common of
nail diseases. They occur worldwide, but with
variable frequency depending on different
climatic, professional and socio-economic
conditions. One hundred years ago, they were
considered to be very rare, affecting mainly
those caring for children with tinea capitis, but
their prevalence has increased dramatically
during the last few decades (Table 1.1) [1].

Table 1.1
Proportion of onychomycoses to dermato-
mycoses (literature survey; from [1])

City and year %
Paris 1910 0.2
Munich 1913-1922 0.13
Berlin ~ 1919-1934 2
Munich 1938 2.6
Hamburg1938 28
Hamburg1949 10
Munich 1951 8.4
Berlin  1951-1956 171
Munich 1958 11.1
Brussels 1980 30

Approximately 1.5% to 15% of persons pre-
senting to a dermatologist have onychomycosis
[2, Klein, pers oral comm)]. Other estimates
suggest between 2% [3] and 23% [4]. There
are considerable differences in the prevalence:
a survey of 20,000 persons from North Malawi
found no onychomycosis though there was a
1.5 to 2.5% prevalence of dermatophytosis in
this population [B]; this is probably due to the
fact that many of the people do not wear shoes.
The frequency of onychomycosis in rural Zaire
was 0.89%, but 4% of men and 2.8% of
women in towns had fungal nail infections [6].
Large scale studies from Europe, the Middle
East and North America have revealed very
high rates of fungal nail infections (Table 1.2).
A prevalence of 27 % was found in coal
miners; heat, humidity and common shower
facilities were held responsible for this high
proportion [7]. In another study carried out

10 years later, 327 out of 1000 people from
the Ruhr area in Germany were found to have a
dermatophyte infection of their nails [8].

CFAD v. Anacor, IPR2015-01776 ANACOR EX. 2053 - 7/77

The frequency of onychomycosis increases with
age. Although these infections are very rare in
young children - two studies found 0.2%,
other studies have failed to find a single case
and the latest revealed an overall prevalence of
0.44% [16-20, 51] — they are common in
young adults and very common in the elderly
[19]. Among adolescents, young males are
more frequently affected than females; this is
probably due to a higher frequency of nail
damage due to sports and leisure activities
amongst male adolescents. A recent survey
among National Basketball Asscciation and
Women's National Basketball Association
(WNBA) teams found 89% of the players
suffered from onychomycosis during their
career [19al. A previous survey in Ohio, USA,
showed that approximately 14% of the general
population had fungal nail infection and 48% of
people >70 years [15].

Eighteen to 40% of all nail diseases are due to
fungal infections [21, 22] and approximately
30% of all dermatomycoses are nail infections

[2].

By far the most common pathogens are
dermatophytes. Virtually unknown in Western
Europe at the beginning of the 20th century
Trichophyton rubrum was probably introduced
from West Africa or Asia and has become the
most frequent pathogen in Western Europe,
North America, and Asia causing 50% to 75%
of all cases of onychomycosis [23, 24].

T rubrum and T mentagrophytes together
rmake up at least 80% of onychomycosis in
Central Europe [25]. Yeasts can be cultured
from 5% to 17% of cases with >70% of these
being Candida albicans [26]. Non-dermato-
phyte moulds are considered pathogenic in
less than 5% of cases [25, 27-30] and even
this proportion is debatable [31]. Scytalidium
dimidiatum, S. hyalinum and Scopulariopsis
brevicaulis though are generally accepted as
nail pathogens as well as some Aspergiflus,
Fusarium, Acremonium spp and Onychocola
canadensis [32]. However, there are con-
siderable variations according to geographical
location [33]: up to 50% of the onychomycosis
cases among Thai conscripts were due to
Seytalidium dimidiatum (Hendersonula
toruloidea) [34). In Saudi Arabia, most cases of
onychomycosis were due to Candlida albicans
with 204 of 243 culturally positive cases of
onychomycosis and 241 of 257 cases
secondary to paronychia [35]. However in one
study 60% of nails that had either been




Table 1.2
Prevalence of onychomycoses world-wide
Country Year publ  Prevalence [%] Subjects examined Authors
Germany 1965 27 Coal miners v
Britain 1966 2 3
East Germany 1966 13 4
USA 1972 >15-20 Estimate 9
Germany — Ruhr area 1974 327 1000 persons 8
Zaire {Congo) 1977 0.9 rural areas 4
28 urban areas - female 6
4.0 - male
Great Britain 1992 2.7 omnibus survey 10
Spain 1995 26 computer-assisted 11
telephone interview system
Greece 19956 2.5 fingernails 12
117 toenails
Finland 1995 84 all ages 19
; 1.3 adults
43 females
13 males
North Malawi 1996 0 20,000 rural area B
Great Britain 1996 1M 100 diabetics 13
Ontario, Canada 1997 6.9 14
Ohio, USA 1997 14 general population 15
Canada & USA 1997 0.44 2500 children and 50 20

adolescents under 18 years

negative on microscopy or had grown yeasts
yielded dermatophytes after nail avulsion [36].
This suggests that growth by contaminant
fungi may obscure the presence of the true
pathogen. Furthermore, a change in the pattern
of fungal pathogens has also been noted
during the last decade [37].

Toenails are about seven times more frequently
affected than fingernails. The reason for this is
probably the growth rate which is about three
times slower for toenails than fingernails [32].

The enormous increase in the prevalence of
onychomycosis has been attributed to various
factors. Increased and prolonged exposure to
fungal pathogens through communal bathing
and showering facilities, health spas, saunas,
and gyms, sports activities, wearing of
occlusive footwear, ageing of the population,

increasing numbers of diabetics, administration
of immunosuppressive and cytotoxic drugs,
and the AIDS epidemic are all thought to pre-
dispose to fungal nail infections [38, 39].
However, a series of investigations from France
showed that although the main fungal patho-
gen isolated from public sports facilities was

T mentagrophytes the fungi isolated from the
feet of the users were mostly 7. rubrum [40].
Another study from Wales also did not support
the assumption that frequent use of public
changing facilities is necessarily related to the
transmission of fungal infection. Instead, the
fact that a high proportion of parents was
affected suggested that they might act as the
source of infection [17]. Investigations of
families from ltaly, France and the USA suggest
that susceptibility to fungal nail infections,
particularly those due to 7 rubrum, might be
inherited as an autosomal dominant trait [41].
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Epidemiology

Damaged nails are more susceptible to
onychomycoses [3, 42]. This is supported by
the observation that dermatophytes can be
grown from normal toenails and dermatophyte
onycholysis of the big toenail may heal after
correction of an underlying foot deformity

[43. 44]. Tinea unguium was seen in 42% of
subjects with arterial circulatory disorders [45].
Nail changes alone were seen in 8%, and nail
and interdigital abnormalities in an additional
22% of vascular disease patients (controls 4%
and 0%, respectively). However, cultures were
positive in only 9% of patients and 1% of con-
trols [46] (Table 1.3). The role of diabetes melli-
tus is debatable [47]. There may not be an
increased incidence of dermatophyte infections

of the nail unit in diabetics but Candida infec-
tions may be more prevalent [48)]. However, for
some authorities [49], after controlling for age
and sex, the risk ratio in 55 diabetic subjects for
onychomycosis of the toes (present in 26.2%
of the samples) was 2.77 times greater than
that of normal individuals. The majority of
organisms implicated in causing onycho-
mycosis were dermatophytes (88 %), with
Candida species in 3% and non-dermatophyte
moulds accounting for 9% [49].

Psoriasis and hereditary palmoplantar
keratoses also appear to favour fungal nail
infections [8, 50-52].

Table 1.3
Frequency of onychomycoses and importance of predisposing diseases
Condition Number Onycho- Reference
examined mycosis [%
Abnormal toenails 72 43 3
Subungual hyperkeratoses 183 34 3
Podiatric 168 37 3
Impaired arterial circulation 112 42 45
Venous insufficiency 100 10 (30)  culture-proven (altered nails) 46
Diabetes mellitus 100 12 to 26 13 & 49
Psoriasis 100 14 dermatophytes 8
. 16 Candida spp
16 moulds
Psoriasis 120 35 all fungi
24 dermatophytes
16 Candida albicans 50
Psoriasis 78 27 all nails in psoriatics
23 normal appearing nails
30 altered nails 51
Psoriasis 561 13 all nails
(298 07 normal appearing nails)
(263 27 clinically abnormal nails) 14
Keratosis palmoplantaris b2
Old age (> 70 yrs) 48 15
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Anatomy of the normal nail

The nail unit lies immediately above the peri-
ostium of the distal phalanx and consists of a
keratinized product, the nail plate, and four
specialized epithelia : the proximal nail fold (or

o eponychium), the nail matrix, the nail bed and
the hyponychium (Fig 2.1) [1, 2].

s Nail plate

j...'i;—“j-j .5

The nail plate is a fully keratinized multilayered

o

o (¥

sheet of comnified cells. From the 15th week of
embryonic life, nail plate production occurs
continucusly and thereafter almost uniformly
throughout life [1]. The nail plate is almost
rectangular in shape and translucent. It appears
pink because of the blood vessels of the under-
lyving nail bed. The nail plate adheres tightly to

the nail bed, since the horny layer of the nail bed
partially contributes to the formation of the ven-
tral nail plate [3]. The nail plate has a somewhat

Fig 2.1
Sagittal section
through fingernail
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loose attachment, along its lateral borders [4].

Transverse section
through fingernail
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Proximally and laterally, the nail plate is
surrounded by the proximal and lateral folds,

whereas its distal margin is free. Detachment of
the nail plate from the underlying tissues occurs
at the hyponychium, which marks the separa-
tion of the nail from the digit. The nail plate's
free edge appears white due the presence of
air in the subungual space.This space frequent-
ly contains keratinous debris, especially in the

toenails.

10

The proximal part of the fingernails, especially
the thumbs, shows a whitish, opaque, half-
moon-shaped area, the lunula, which is the
visible portion of the nail matrix. The shape of
the lunula determines the shape of the free
edge of the nail plate.

More than 90% of fingernails show a thin distal
transverse white band, the onychocorneal
band, which marks the mast distal portion of
firm attachment of the nail plate to the nail bed
[B]. This area represents an important anatomi-
cal barrier against environmental and microbial
hazards.

In transverse sections, the nail plate consists

of three portions: dorsal nail plate, intermediate
nail plate and ventral nail plate [6]. The dorsal
and intermediate portions of the nail plate are
produced by the nail matrix and consist of hard
keratins. The intermediate nail plate, which is
produced by the distal matrix, represents % of
the whole nail thickness. The ventral portion of
the nail plate is produced by the nail bed and is
formed by soft keratins. The thickness of this
portion of the nail plate considerably increases
in nail bed disorders.

Nail matrix

The nail matrix consists of a proliferative
epithelium that keratinizes in the absence of a
granular layer. Maturation and differentiation of
nail matrix keratinocytes lead to the formation
of the superficial and intermediate layers of the
nail plate. The site of nail matrix keratinization
can be recognized in histological sections as an
eosinophilic band (keratogenous zone). In this
area, nail matrix keratinocytes show nuclear
fragmentation and condensation of cytoplasm.

In longitudinal sections the matrix consists of

a proximal (dorsal) and a distal (ventral) region.
Proximal nail matrix keratinocytes give rise to
the upper portion of the nail plate whereas
distal nail matrix keratinocytes produce its inter-
mediate portion.

The nail matrix epithelium contains melano-
cytes. Although nail matrix melanocytes are
usually quiescent, they may start to proeduce
melanin in a large number of physiological and
pathological conditions. This is more common
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in Black and Asian populations than in Caucasi-
ans. The nail growth rates range from 1.8 to
4.8 mm/month in fingernails and 1.3 t0 1.8
mm/menth in toenails. This gradually declines
with age [7]. Complete replacement of a finger-
nail requires 4 to 6 months and that of a toenail
12 to 18 months. Linear nail growth may also
increase in some physiological and pathological
circumstances and may be influenced by
drugs. The triazole derivatives itraconazole [8]
and fluconazole [9] have been reported to
enhance nail growth. Terbinafine may also
induce an increase of linear nail growth [10].

Hyponychium

The hyponychium is normally covered by the
nail plate’s free margin, but becomes visible in
nail biters or when the nail plate is cut very
short,

lts epithelium is similar to that of plantar or volar
skin and it keratinizes through the formation of
a granular layer. Comified hyponychial cells
accumulate in the subungual space, especially
in toenails.

Nail bed

Proximal nail fold

The nail bed epithelium consists of several cell
layers and extends from the lunula to the
hyponychium. Nail bed keratinization occurs in
the absence of a granular layer and gives rise
to the ventral nail plate. This corresponds to
about ' of the terminal nail thickness and it can
be recognized in histological sections because
of its mild eosinophilia.

The nail bed dermoepidermal architecture
shows a distinctive arrangement, with longi-
tudinal grooves and ridges extending from the
lunula to the hyponychium. The nail bed
capillaries run longitudinally along these nail
bed grooves.

The nail bed epithelium is so adherent to the
nail plate that it remains attached to the under-
surface of the nail when this is avulsed.

The proximal nail plate is surrounded and
partially covered by the proximal nail fold,
which overlies about a quarter of the nail plate.
Adhesion between proximal nail fold and nail
plate is tight due to the presence of the cuticle,
which is firmly attached to the superficial nail
plate. The cuticle, which is continuously formed
by keratinization of the proximal nail plate,
consists of a thin layer of orthokeratotic cells.

The proximal nail fold consists of a dorsal
portion that is anatomically similar to the skin
of the dorsum of the digit and a ventral portion
that continues proximally with the proximal
matrix.
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Clinical patterns correlated

with main routes of entry
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A fungus gains entry to the nail by four main
routes, each resulting in different clinical
patterns of infection [1-2]. These are :

@ Via the distal subungual area and the
lateral nail groove (Fig 3.1) leading to distal
lateral subungual onychomycosis (DLSQO)

(Fig 3.2). The fungus invades the horny layer of
the hyponychium and/or the nail bed, then the
undersurface of the nail plate which becomes
opaque. This causes thickening of the horny
layer raising the free edge of the nail plate with
disruption of the normal nail plate-nail bed
attachment. The disease spreads proximally
against the stream of nail growth. Sometimes

a yellow brown discoloration is observed.

T rubrum is the most common fungal invader,
T mentagrophytes var. interdigitale is much
less common and Epidermophyton floccosum
is rare. In contrast to this form, DLSO may also
appear as primary onycholysis with a minimum
of hyperkeratosis especially in fingernails

(Fig 3.3). Primary onycholysis may be associ-
ated with the presence of Candida (Fig 3.4).
Overriding of the toes and repeated micro-
trauma of the nail against the shoes may create
an area of onycholysis favourable to the invasion
of microorganisms. In such cases, mixed infec-
tion due to T rubrum and Pseudomonas is not
exceptional (Fig 3.5) The clinical significance of
nail invasion or colonization by fungi which are
not normally pathogenic needs to be carefully
considered in the light of laboratory findings.

The nail bed infection in DLSO caused by

I rubrum is the result of the fungus spreading
from the plantar (Fig 3.6) [3] and palmar sur-
face of the feet and hands, a pattern seen in
the one-hand/two-foot tinea syndrome

(Fig 37) [4].

T mentagrophytes var. interdigitale produces
a chronic syndrome with episodic pruritic
vesicles in the skin of the plantar arch and in
the toewebs where scaling is also visible.
Intermittent vesicles, scaling of the heel and
thickening of the skin of the sole are often
visible. This syndrome can also be observed in
patients with superficial white onychomycosis
caused by the same fungus. Organisms such
as Scytalidium dimidiaturm which mimic the
pattern of disease caused by dermatophytes
produce the clinical pattern of DLSO but this is
often associated with onycholysis and, some-
times, paronychia in fingernails (Fig 3.8).

CFAD v. Anacor, IPR2015-01776 ANACOR EX. 2053 - 13/77

Fig 3.1
Distal lateral subungual onychomycosis

Fig 3.2
DLSO due to T rubrum

Fig 3.3
DLSO with onycholysis due to T rubrum




Fig 3.4 Fig 3.7
Candida onycholysis One-hand/two-foot syndrome

Fig 3.5 Fig 3.8 i
Mixed infection due to 7 rubrum DLSO due to Scytalidium dimidiatum il
and Pseudomonas with associated paronychia ':‘

Fig 3.6
Tinea pedis
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Clinical patterns correlated
with main routes of entry ;

@ Via the dorsal surface of the nail plate Fig 3.9

(Fig 3.9), producing superficial onychomycosis Superficial onychomycosis
(SO) (Fig 3.10). Superficial white onycho-
mycosis (SWO) is normally confined to the
toenails. The causative organisms produce the
clinical picture of small, white patches with
distinct edges on the dorsal nail plate. These
latter coalesce and may gradually cover the
whole nail. The chalky white surface becomes
roughened and the texture softer than normal.
T_mentagrophytes var. interdigitale is respon-
sible for more than 90% of the cases. Lesions
of SWO may range from minimal to extensive
and are part of a syndrome caused by

I_ mentagrophytes var. interdigitale that
includes interdigital tinea pedis and vesicular-
arch-type tinea pedis.

Superficial infections caused by non-dermato-
phyte moulds such as Aspergiilus terreus,
Fusarium oxysporum or Acremonium spp. are
more often seen in patients in tropical and sub-
tropical environments. Children presenting with
SWO may have Candida albicans infection .

Fig 3.10
Superficial white onychomycosis

Superficial black onychomycosis (SBO),

the counterpart of SWO is very rare. Cases
reported have been produced by 7 rubrum and
Seytalidium dimidiatum (Fig 3.11) [5, 6].

Fig 3.11
Superficial black onychomycosis
due to Seytalidium dimidiatum

Courtesy CE Meisel (Germany)
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@ Via the undersurface of the proximal
nail fold (Fig 3.12), which appears normal,
in proximal subungual onychomycosis (PSO)
(Fig 3.13).

This variety may affect finger as well as toe-
nails. The stratum corneum of the ventral
aspect of the proximal nail fold is the primary
site of the fungal invasion. When it reaches the
matrix, the fungus mainly invades the lower
portion of the nail plate and a white spot
appears beneath the cuticle and advances
distally.

This type of nail invasion is usually caused by

T rubrum. Exceptionally, T megninii, T schoen-
leinii or Epidermophyton floccosum have been
reported. Recently proximal subungual onycho-
mycosis without paronychia due to Candida
has been demonstrated [7].

A rapidly developing form of proximal white
subungual onychomycosis (PWSO) has been
recorded in patients with acquired immune
deficiency syndrome (AIDS) and this is now
recognized as a marker for immunodeficient
patients [8]. The infection, more frequent when
the CD4 (+) cell count is less than 450
cellsyfmm?, may spread to all the fingers (even
over the paronychium [9]) and toenails. This is
caused by preexisting tinea pedis due to

T rubram that predates immunosuppression.

Sormetimes, PSO due to 7. rubrum may extend
to the superficial nail plate producing a clinical
picture that resembles SWO. This is almost
exclusively seen in fingernails, but has also
been described in children who have thin toe-
nails [10].

@ PSO secondary to paronychia (Fig 3.14).
Paronychia is observed mainly in adult women
and affects particularly the index, middle finger
and thumb of the dominant hand. Frequent
manual work with carbohydrate-containing
foods and moisture, maceration, occlusion,
hyperhidrosis and acrocyanosis favour the
disease. Diabetes mellitus and other hormonal
disturbances and drugs such as corticosteroids,
cytotoxics and antibiotics may favour second-
ary Candida infection and exacerbate paronychia.
The first step in the development of chronic
paronychia is mechanical infection or chemical
trauma that produce cuticle damage. At that
time the epidermal barrier of the ventral aspect

Fig 3.12
Proximal subungual onychomycosis

Fig 3.13
Proximal subungual onychomycosis
due to T rubrum

Fig 3.14
Proximal subungual onychomycosis
with chronic paronychia

T

Courtesy S. Goettmann-Bonvallot (Paris)
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Clinical patterns correlated

with main routes of entry
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of the proximal nail fold is destroyed and the
area is suddenly exposed to a variety of
environmental hazards. Irritants and allergens
may then produce an inflammatory reaction of
the nail fold and nail matrix, which interferes
with the normal nail growth. Usually the nail
fold inflammation affects the lateral portion of
the matrix leading to nail plate deformity on the
same side, appearing as irregular transverse
ricdlging or a dark narrowv strip down cone or both
lateral borders of the nail.

The thickened free end of the erythematous
proximal nail fold becomes rounded, retracted
and loses the ability to form a cuticle, The
disease tends to run a protracted course
interrupted by subacute exacerbations due to
secondary Candida and bacterial infection with
formation of a small abscess in the space for-
med between the proximal nail fold and the nail
plate. Candiaa spp. and bacteria are frequently
isolated from beneath the proximal nail fold in
patients with chronic paronychia [11].

Depending on the major etiological factors
involved, chronic paronychia can be classified
into the following types [12] :

1. Contact allergy (topical drug ingredients,
rubber etc... )

2. Food hypersensitivity (a variety of immediate
contact dermatitis due to foods)

3. Candiida hypersensitivity (a similar reaction
to that suggested in some patients with
recurrent vaginitis)

4. Irritative reaction (irritative chronic paronychia
may subsequently acquire a secondary
hypersensitivity and chronic food hyper-
sensitivity paronychia and/or Candida hyper-
sensitivity paronychia may develop)

5. Candiida paronychia.

True Candida paronychia is uncommon in
temperate climates except in patients with
chronic mucocutaneous candidosis and HIV
infection. In this condition proximal nail fold
inflammation is usually associated with
proximal onycholysis or onychomycosis due
to Candlida which can be isolated both from
the proximal nail fold and clippings of the
affected nail plate.

In contrast to Candida infection, non-derma-
tophyte moulds such as Fusanum (Fig 3.15)
may produce subacute paronychia accom-
panied by proximal white onychomycosis

both in immunocompetent and in immuno-
compromised individuals [13]. Scopulariop-
sis brevicaulis (Fig 3.16) may be responsible
for identical features with a white or yellow
discoloration of the nail plate [14]. PSO may
also be associated with marked periungual
inflammation and black discoloration of the
lunula region due to Aspergillus niger [15].

6. Bacterial paronychia

The existence of chronic paronychia solely
attributable to bacteria is debatable, although
in some patients the only readily identifiable
aetiological agents are bacteria, usually Gram
negative forms.

Fig 3.15
Proximal subungual onychomycosis
due to Fusarium

Fig 3.16
Proximal subungual onychomycosis with
paronychia due to Scopulariopsis brevicaulis
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@ Endonyx onychomycosis (Fig 3.17).

A new form of invasion of the nail plate by
fungal elements has been described [16]. The
dermatophyte reaches the nail plate via the pulp
as in the DLSO type. Instead of infecting the
nail bed however, the fungus penetrates the
nail keratin where it forms milky white patches
without subungual hyperkeratosis or onycholy-
sis. Endonyx infection has been described with
T soudanense (Fig 3.18), but may also be due
to T violaceurn infection. Both dermatophytes

Fig 3.17
Endonyx onychomycosis

Fig 3.19

Development of total dystrophic onychomycosis

cause endothrix hair shaft invasion in tinea
capitis.

@ Total dystrophic onychomycosis (TDO)
(Fig 3.19).

Secondary TDO (Fig 3.20) represents the

most advanced form of all the types described
above. The nail crumbles and disappears,
leaving a thickened, abnormal nail bed retaining
keratotic nail debris.

Fig 3.18
Endonyx onychomycosis due to
Trichophyton soudanense
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Clinical patterns correlated

with main routes of entry

In the new form of total nail dystrophy ob-
served in patients with AIDS, infection appears
to have spread from under the proximal nail
fold (PSO) but this has not been established in
all cases. The dorsum of the nail plate may also
be involved. The term acute TDO might be
appropriate for this type of infection.

Contrary to secondary TDO, primary TDO is
observed only in patients suffering from chronic
mucocutaneous candidosis (CMC) (Fig 3.21)
or in other iImmunodeficiency states (see

Table 3.1) [17]. Candida invasion rapidly
involves all the tissues of the nail apparatus.
The thickening of the soft tissues results in a
swollen distal phalanx more bulbous than
clubbed. The nail plate is thickened, opaque
and yellow-brown in colour. Hyperkeratotic
areas secondary to Candida invasion may
develop in skin adjacent to the nail. Oral
candidosis Is generally present in these patients.
This syndrome, which usually occurs in child-
hood or infancy. recurs despite treatment.

Dual infection with dermatophytes may occur
in patients with CMC.

Fig 3.20
Secondary total dystrophic onychomycosis

Fig 3.21
Primary total dystrophic onychomycosis

Tal
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T
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Table 3.1
Subtypes of chronic mucocutaneous candidosis (CMC) @ [17] (with permission)

Type Pattern of inheritance Special clinical/immunaclogical features

CMC
Without endocrinopathy Recessive Childhood anset
(212050)* !
With endoctinopathy Recessive Childhood onset. Patients have the i 4
#(240300) polyendocrinopathy syndrome N
Without endocrinopathy Dominant Childhood onset ‘
(114580) ‘

Childhood onset
Associated with hypothyroidism

With endocrinopathy Dominant

Sporadic CMC None known Childhood onset :
CMC with keratitis None known Childhood onset. Associated with keratitis ‘ ".
Late-onset CMC § None known Onset in adult life |

Associated with thymoma

" McKusick numbers. _ # The main endocrine diseases seen with this 1
@ While originally severe CMC (e.g. Candida variety are hypo-parathyroidism and hypo- |
granuloma) was described in association adrenalism. |
with spectﬁp spbtypgs it is now apparent § Other late-onset types have been recorded
that extensive infection, including hyper- e.g. with systemic lupus erythematosus, but I
keratotic candidiasis and dermatophytosis, as they are usually associated with systemic |
is not specific to any oné variety. corticosteroid therapy, they have been |
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Clinical differential diagnosis

Pityriasis rubra pilaris

Courtesy R. Caputo (Milano)

Onychomycosis is so frequently encountered in
daily practice that any nail dystrophy, especially
one occurring in isolation, may be wrongly
diagnosed. In addition, some entirely different
dermatoses may cause similar nail alterations.
This is due to the fact that the nail apparatus
has a limited repertoire of reaction patterns
and the nail plate covers and hides the very
structures involved in the pathological process.

Some examples will be given [1, 2]:

@ Distal lateral subungual onychomycosis
with subungual hyperkeratosis.

This can be mimicked by several inflammatory
nail conditions, characterized by their pro-
tracted and recalcitrant courses.

Psoriasis (Fig 4.1) is the skin disease that
most often produces nail changes and can
mimic onychomycosis even histologically (see
p. 39), especially in the HIV-positive patient.

Fig 4.1
Psoriasis

Subungual keratosis can be isolated or
associated with onycholysis, leuconychia and
distal splinter haemorrhages. As distortion and
dystrophy of the nail plate may be seen in both
onychomycosis and psoriasis, it may be im-
possible to diagnose psoriasis restricted to the
nails on clinical grounds alone unless there is
extensive pitting and/or the oil drop sign.

Psoriatic nails are said to be more susceptible
to fungal infection (see ref. 49 on page 9).

Skin changes and nail features in Reiter’s
syndrome may be indistinguishable from
those of patients with psoriasis. However, a
brownish-red hue of the nail bed lesions may
suggest this condition.

Pityriasis rubra pilaris (Fig 4.2).

In adult acute onset type | pityriasis rubra
pilaris nail involvement usually presents as
distal subungual hyperkeratosis with moderate
thickening of the nail bed, splinter haemor-
rhages and longitudinal ridging.

Norwegian scabies (Fig 4.3)

The hyperkeratotic lesions are accompanied
by large, psoriasis-like accumulations of scales
under the nails and may resemble onycho-
mycosis due to 7 rubrum (Fig 4.4). The mites
survive in these dystrophic nails and later
colonize the skin, first around the nail plates.
From there, they extend proximally, This type of
scabies is most often seen in the old and
infirm, the mentally defective, AIDS patients
and during immunosuppression.

Fig 4.3
Norwegian scabies

CFAD v. Anacor, IPR2015-01776 ANACOR EX. 2053 - 21/77



Fig 4.4
Chronic dermatophytic disease due to
T rubrum

Fig 4.5
Darier's disease

Fig 4.6
Lichen planus

Fig 4.7
Chronic dermatitis

Darier's disease (Fig 4.5) I T

In typical cases the nails have longitudinal I 7 ‘,t..'.‘
subungual pink or white streaks or both, and l . {
distal wedge-shaped subungual keratoses. ' f

Lichen planus (Fig 4.6)

Usually there are a progressive thinning and |
fluting of the nail and marked subungual . | !l
hyperkeratosis may lift the nail plate. It may |

therefore be associated with onycholysis which
can sometimes be seen in isolation.

Chronic dermatitis (Fig 4.7). 3
The cause of nail changes is obvious when the | I
eczema has a periungual distribution. It may be |
difficult to recognize in atopic dermatitis, dis-

coid eczema etc.. The modifications of the nail

result from disturbances of the matrix. These .
may present as thickening, pitting and trans- 4
verse ridging sometimes leading to shedding of i
the nail. ‘ :j;‘
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Clinical differential diagnosis

Fig4.8

Actinic reticuloid erythroderma

: L i .
1

A

Fig 4.9

Familial pachyonychia congenita

Fig 4.10
Acrokeratosis paraneoplastica

™

Erythroderma (Fig 4.8).

In chronic erythroderma due to Sézary's syn-
drome, for example, nail changes are similar to
those found in patients with type | pityriasis
rubra pilaris.

Pachyonychia congenita (Fig 4.9)

This is a hereditary ectodermal dysplasia with
thickening of the nails which become yellow-
brown tubular, hard and barrel-shaped. They
project upward at their free edge while the

subungual tissue is filled with keratotic material.

The nail dystrophy appears usually within the
first 6 months of life but later occurrence has
been reported. Paronychia and onycholysis are
common as well as recurrent shedding of the
nail. Secondary Candida infection may occur.

Acrokeratosis paraneoplastica

(Bazex syndrome) (Fig 4.10)

It occurs in association with malignancy of the
upper respiratery or digestive tract. In severe
forms, the free edge is raised by subungual
hyperkeratosis. The lesions resemble advanced
psoriatic nail dystrophy and may progress to
complete loss of the diseased nails.
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@ Distal lateral subungual onychomycosis
with onycholysis

Onycholysis can appear in many different
conditions either dermatological such as
psoriasis (Fig 4.11), lichen planus (Fig 4.12)
and subungual tumours or systemic, including
thyroid disease, yellow nail syndrome

(Fig 4.13), etc. and may be produced by many
medications.

In fingernails, primary onycholysis is more
frequently associated with secondary invasion
by Candlida and/or Pseudomonas. It should

be differentiated from nail plate-nail bed
separation due to over zealous cleaning with an
orange stick, for example.

Traumatic onycholysis of the toenails may
present differently to that of fingernails.

The diagnosis is obvious when the nail plate—
nail bed separation appears after strenuous
exercise in new footwear, Occasionally,

a blackish hue may be the only presentation
and is often due to the second toe overriding
the big toe which results in subungual
haemorrhage (Fig 4.14). This is more common
in women. Patients with certain forms of
epidermolysis bullosa are more susceptible to
onycholysis.

Fig 4.11
Psoriasis

0%

Fig 4.12
Lichen planus

Courtesy S. Goettrnann-Bonvallot (Paris) -

1
Fig 4.13 |
Yellow nail syndrome |
- . | B
]

Fig 4.14
Repeated minor trauma
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Clinical differential diagnosis

@ Superficial white onychomycosis

Superficial friability can be produced by keratin
granulations due to nail varnish or the base
coat (Fig 4.15).

The psoriatic parakeratotic cells which usually
disappear from the nail surface, leaving pitting,
may be abnormally adherent to each other for
a long period (Fig 4.16) — producing white
superficial patches.

@ Proximal subungual onychomycosis

This type of fungal infection, which may
present with varied features (Fig 4.17), can be
mimicked by :

- Longitudinal leuconychia in Darier's disease
(Fig 4.18)

- Mild transverse leuconychia that may be
monodactylous (single trauma or liquid
nitrogen on the proximal nail fold), poly-
dactylous (excessive manicure), or it may be
due to repeated microtrauma to untrimmed
toenails (Fig 4.19).

- Psoriatic transverse leuconychia (Fig 4.20) is
often accompanied by pitting of the nail.

- Neurological disorders such as sympathetic
reflex dystrophy, C4 spinal cord injury, etc.

- Arsenic (Mees' bands), thallium and, much
more often, drug reactions due to cytotoxic
drugs.

@ Proximal subungual onychomycosis
with paronychia

It can be mimicked by any cause of paronychia
with subsequent nail dystrophy (Fig 4.21).

Fig 4.15
Nail varnish keratin granulations

ir

Fig 4.16
Psoriasis

ww._ﬁ
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Fig 4.17
Proximal subungual onychomycosis
due to Fusarium

Fig
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Fig 4.18
Darier’s disease

Fig 4.19
Mechanical transverse leuconychia

Fig 4.20
Transverse leuconychia due to psoriasis

Fig 4.21
Leukaemic paronychia

Courtesy H. A. Luscombe (USA)
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Clinical differential diagnosis

@ Fungal melanonychia (Fig 4.22-24)

Haematoma, subungual tumours, foreign
bodies. longitudinal melanonychia (Fig 4.23,
24 frictional melanonychia (Fig. 4.25) and
even malignant melanoma (Fig 4.26-28)
should be ruled out.

@ Bowen's disease and squamous
cell carcinoma

These malignant conditions may present as any
of the above mentionad diseases (Fig 4.29).

Fig 4.22 Fig
Fungal melanonychia due to Fric
Candida guilliermondii

Fig 4.23 ) Fig
Fungal melanonychia due to Acr
T. rubrum nigricans

Fig 4.24 ' Fig
T. rubrum nigricans onychomycosis Mz
presenting as longitudinal melanonychia
—_— =
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Fig 4.25 Fig 4.28
Frictional melanonychia Malignant melanoma

Fig 4.26 Fig 4.29 2
Acromelanoma Bowen'’s disease | B

Fig 4.27 i
Malignant melanoma i)
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Mycological examination

28

The clinical patterns seen in fungal nail disease
only provide a clue to the type of infection.
Though certain types of nail involvement are
characteristic of certain species, usually the
clinical appearance caused by one species of
fungus is indistinguishable from that caused by
another. Therefore, the diagnosis of onycho-
mycosis always requires laboratory confirmation.
Mycological diagnosis of onychomycosis is
based on detection of fungal elements in KOH
or tetraethyl ammonium hydroxide preparations
of the nail samples, histopathology and
identification of the responsible fungus by
culture [1-6]. This, however, may sometimes
be difficult since fungi are not always isolated
from nails due to their low number and viability.
False negative mycological results are quite
common especially when samples are taken
from a distal nail clipping. A negative mycology
does not therefore completely rule out
onychomycosis since direct microscopy may
be negative in up to 20% of cases and cultures
may fail to isolate a fungus in up to 30% of
cases. Recent treatment with topical anti-
fungals may increase the chance of a false
negative culture.

For this reason, when the clinical features
strongly suggest onychomycasis, it is advisable
to perform microscopic examination and
culture more than once if initial investigations
are negative. This is also recommended when
the KOH preparation is positive and cultures are
negative.

A glossary of terms is shown in Table 5.1.

Isolation of a fungus from a nail sample does
not, on the other hand, necessarily indicate
onychomycosis. Saprophytic fungi may colonize
the nail and may be cultured from nail samples.
Laboratory results should therefore always be
carefully evaluated and it is very important to
correlate the clinical with the mycological
findings. The clinician must always bear in
mind that some fungi such as yeasts and most
non-dermatophytic moulds are nail sapro-
phytes rather than pathogens.

A correct diagnosis of onychomycosis depends
on several factors including accuracy of speci-
men collection, expertise of the laboratory and
skill in the evaluation of the laboratory results.

5.1. The proper collection of samples:
The “How"” and “"Where”

Correct collection of the specimen is essential
in order to avoid false negative results as well
as to eliminate contaminants (Fig 5.1). The site
of specimen sampling depends on the clinical
type of onychomycosis. It is always important
to collect as much material as possible,

since the nail may contain only a few fungal
elements. Separate samples should be ob-
tained from fingernails and toenails. Since toe-
nail onychomycosis is frequently associated
with tinea pedis, it is best to collect samples for
mycology not only from the nails, but also from
the soles. The same rule applies for the palms
of patients with fingernail onychomycosis.

Table 5.1
Glossary

Conidia: asexual spores —\
Dematiaceous:  brown-black pigmented fungus

Dermatophytes: filamentous fungi specialized in the digestion of keratins

Floccose: fluffy, cottony

Hyphae: branching filaments formed by a chain of cells

Mycelium: mass of hyphae

Moulds: filamentous fungi

Phialide: a conidiogenous cell that produces a succession of conidia from its tip
Spores: reproductive cells

Yeasts: unicellular budding fungi
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e Distal subungual onychomycosis

Samples should be obtained from the nail bed
and ventral nail plate. It is very important to try
to collect material from the most proximal por-
tion of the affected nail bed. This is the area
most likely to contain viable fungi. The affected
nail bed is exposed by removing the overlying
onycholytic nail plate with a nail clipper; then
appropriate material is taken by scraping the
hyperkeratotic nail bed with a solid or disposa-
ble scalpel or a curette (Fig 5.2).

It is advisable, where possible, not to include
the distal nail plate in the sample, since it
frequently contains contaminants that may
obscure the growth of pathogenic fungi.

@ White superficial onychomycosis /
Black superficial onychomycosis

Samples should be obtained from the friable
areas of leuconychia (or melanonychia) of the
supetficial nail plate. Shallow shaving with a
disposable scalpel or gently scraping the
dorsum of the nail with a curette will provide
specimens for microscopy and culture

(Fig 5.3).

@ Proximal subungual onychomycosis

Samples should be obtained from the inter-
mediate nail plate. The affected nail plate is
exposed by perforating the proximal nail with a
disposable punch or an electric drill (Fig 5.4).
The latter procedure offers the advantage of
avoiding the necessity for anaesthesia and the
risk of bleeding. Scales are then abtained by
scraping the exposed nail plate with a dis-
posable scalpel.

@ Chronic paronychia

Samples can be taken from beneath the
proximal nail fold by passing a disposable loop
under the affected area of the fold, but the
presence of Candida alone should not be inter-
preted as an indication that it is the only factor
involved in causing the disease.

@ Endonyx onychomycosis

Viable fungi are present throughout the
whole thickness of the nail plate. Nail clippings
can therefore be used for mycology.

Fig 5.1
Growth of contaminants from a distal nail
clipping

Fig 5.2
Collection of specimens from a nail affected
by distal subungual onychomycosis.

Subungual scales are obtained with a curette
after removal of the onycholytic nail plate

h T

Fig 6.3
Collection of specimens from a nail

affected by white superficial onychomycosis.
The leuconychial area is directly scraped with
a curette
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5.2 Microscopic examination

After collection, specimens are placed in a Petri
dish or in a dark envelope or mailing pack and
sent to the laboratory. Immediate examination
is not mandatory since fungi remain viable in
nall specimens for several months.

Before examination, the nail material is divided
into small fragments; half of the sample is
usually used for direct microscopy and the
other half for culture, Thick materials need to be
pulverized; this can be achieved by crushing
the nail specimens with a hammer or using a
nail micronizer.

The nail material is placed on a glass slide with
a drop of 20-30% KOH. After applying a cover-
slip, gently heating the slide in a Bunsen flame
accelerates clearing the keratin with visualiza-
tion of the fungal elements. The coverslip is
then gently pushed down with a pencil to
flatten the scales. Screening should be carried
out as soon as possible to avoid deterioration
of the specimen.

Using 20% KOH in a vehicle of 60% water and
40% DMSO provides a more rapid method of
diagnosis of mycosis without heating, and the
specimen lasts longer for re-examination.

Identification of fungi may be facilitated by
adding a drop of Chlorazol Black E (Sigma),

a counter stain specific for chitin to the KOH
preparation. Only the fungal elements develop
a greenish blue colour and Chlorazol Black E
may help to differentiate these from artefacts.
Alternatively the hyphae can be stained with

a fluorochrome (calcofluor white) but this
requires a fluorescence microscope, It is, how-
ever, a very accurate method of screening nails.

The microscope Is set with the condenser in a
low position and the diaphragm shut down in
order to produce a dark background that con-
trasts with the light-refracting hyphae. The slide
is first screened at low power {10 x objective).
Details can be discermned using 40 x objective
Fungal hyphae appear as elongated branching,
septate, light-refracting structures that pass
across the horny cells (Fig 5.5). It is impossible
to differentiate non viable from viable fungi.
Fungal elements should be differentiated from
artefacts including lipid vesicles, air bubbles,

Fig 5.4

Collection of specimens in a case of proximal
subungual onychomycosis.

Scales are collected from the intermediate

nail after perforation of the nail plate with a
disposable punch

Fig 5.5
KOH preparation of a nail sample showing
refractial branching hyphae
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textile fibres and mosaic fungus. The latter is a
common artefact caused by lipid deposition at
the periphery of the host cells.

Microscopic examination can differentiate yeast
cells from dermatophyte hyphae and other
moulds, but species identification cannot be
made from wet mounts. However, Scopuiari-
opsis brevicaulis may be identified when thick-
walled. pigmented lemon-shaped spores are
seen (Fig 5.6}, and Scytalidium dimidiatum, or
S. hyahinum suspected by their narrow tortuous
hyphae.

Since different causative organisms (Table 5.2)
may require different therapies, reliable identifi-
cation of the causal agent is important and this
can only be made by culture.
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5.3. Culture

Half of the specimen should be set up for
culture even when microscopic examination is
negative.

In order to grow both dermatophytes and
non-dermatophytes it is always important to
inoculate the material into two different media :

1. Sabouraud glucose-agar with 0.05% chlor-
amphenicol that permits the growth of der-
matophytes, non-dermatophytes and yeasts.

2. Sabouraud glucose-agar with 0.05% chlor-
amphenicol and 0.4% cycloheximide
(Actidione®), which allows the growth of der-
matophytes, but inhibits the growth of yeasts
and most non-dermatophytic moulds.

Inoculation is made using a sterile needle and
10 to 20 pieces of specimen are gently pushed
into each medium. Cultures are incubated at
24-28°C. Non-dermatophytic moulds grow
faster than dermatophytes and produce well
formed colonies within 1 week. Colonies of
most dermatophytes are usually completely
differentiated in 2 weeks. A negative result is
the absence of growth after 3-6 weeks.

All plates should be kept for a minimum of

2 weeks in case mould or yeast growth
obscures that of a dermatophyte.

Identification of the fungi is based on growth
rate and the macroscopic and microscopic
appearance of the colony. For this purpose, a
small portion of the colony is selected by
pressing a strip of Sellotape onto the surface of
the culture. The tape is then placed on a slide
and stained with lactophenol cotton blue. Alter-
natively, pieces of colony can be teased out
with a sterile needle.

Media containing a phenol red pH indicator
that changes from yellow to red in the
presence of dermatophytes are also available
on the market (DTM) (Fig 5.7). These media
contain antibiotics and cycloheximide to inhibit
contaminant bacteria and fungi. However, some
contaminants can still grow in the medium and
produce a red discoloration that can be
erroneously interpreted as a sign of dermato-
phyte growth. Although routine use of these
media is not recommended, they can be help-
ful when laboratory facilities are not available.

Fig 5.6

KOH preparation of a Scopulariopsfs
brevicaulis nail infection.

Elongated branching hyphae together with
leron-shaped conidia characteristic of this

Fig 57 ‘ R
Proof of growth of dermatophytes (DTM).
In case of growth the medium changes its 4
colour to red |
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Table 5.2
Causative organisms of onychomycosis

Common

Dermatophytes T rubrum

Uncommon

Epidermophyton floccosun

T mentagrophytes var. interdigitale T soudanense

Moulds Scopulanopsis brevicaulis
Fusarium spp.

T violaceum

T mentagrophytes var. mentagrophytes
M. canis

T tonsurans

1. erinacer

T equinum

M. gypseum

Acremonium spp.
Aspergillus spp.
Seytalidium spp.
Onychocola canadens:s
Chaetomium globostim
Faecilomyces spp.

Yeasts Candlida albicans
Candlida parapsifosis
Dermatophytes T. mentagrophytes var. interdigitale -

T. rubrum - Within 2 weeks 7. rubrum forms
dome-shaped floccose white colonies with a
well defined dark red-brown to yellow reverse
(Fig5.8, 5.9).

Lactophenol cotton blue mounts of the colo-
nies show sparse club-shaped microconidia
along the sides of the hyphae.

Figb8

Trichophyton rubrum.

Macroscopic appearance of the colony and its
reverse (5.9) two weeks after inoculation

Within 2 weeks T interdigitale forms powdery
white colonies with a cream centre and a pale
to dark-brown reverse (Fig 5.10).

Lactophenol cotton blue mounts of the
colonies reveal abundant microconidia along
the sides and at the ends of branched hyphae
(Fig 5.11). Characteristic spiral hyphae may be
present.

Fig 5.9
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Non-dermatophytic moulds
Non-dermatophytic moulds are widespread in
the environment as soil and plant saprophytes,
and can frequently be found in the nails as
contaminants. Isolating a non-dermatophyte
mould from nail material does not necessarily
have any pathological significance and the
results of cultures should always be correlated
with the nail signs. In particular, non-dermato-
phytic moulds are commonly isolated from
toenails affected by traumatic onycholysis,
onychogryphosis and pachyonychia, where
they are present as saprophytes.

Laboratory diagnosis of non-dermatophyte
mould onychomycosis requires the following
criteria [7]:

- presence of hyphae in the KOH preparation;
sometimes these are irregular in shape or
are pigmented.

— growth of the fungus in at least five inocula
on the same plate.

— isolation of the same mould from three
consecutive nail samples,

Scopulariopsis brevicaulis — Scopulariopsis
brevicaulis grows in both media with and with-
out cycloheximide. Within 1 week it forms
brown colonies with powdery surfaces and
pale brown reverse (Fig 5.12).

Lactophenol cotton blue mounts of the
colonies reveal numerous branched conidio-
phores with chains of lemon-shaped conidia.

Fusarium spp. — Growth of Fusarium spp.
requires cycloheximide-free medium. Within
a week Fusarnium spp. produce flat colonies
which are pale pink or brownish in colour
(Fig 5.13).

Culture mounts in lactophenol cotton blue
show numerous sickle-shaped macroconidia
and elliptical and oval microconidia. These arise
from short phialidic cells in colonies of
Fusarium oxysporum, or long phialidic cells in
colonies of Fusarium solani.

Aspergillus spp. - Growth of Aspergilius
spp. requires cycloheximide-free medium.
The macroscopic appearance of the colonies
varies among the different species.

Lactophenol cotton blue mounts of the
colonies are diagnostic due to the typical
vesiculate heads, and conidial chains.

Fig 5.10

Trichophyton interdigitale.
Macroscopic appearance of the colony
2 weeks after inoculation

Fig 5.1

Lactophenol cotton blue mount of a colony of
Trichophyton interdigitale .

Abundant round microconidia along the sides
and at the ends of branched hyphae are shown

Figb.12

Scopulariopsis brevicaulis.
Macroscopic appearance of the colony
2 weeks after inoculation
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Acremonium spp. — Acremonium spp. grow
in media both with and without cycloheximide.
In eycloheximide-free medium Acremonium

forms white-pink velvety colonies within 1 week.

Lactophenol cotton blue mounts of the
colonies reveal elliptical conidia grouped at the
tips of long phialides. They can be confused
with Fusanum spp.

Scytalidium spp. - In cycloheximide-free
medium, Scytalidum spp. produce fast
growing colonies with an abundant aerial
mycelium that, in some cultures, fills a Petri
dish within a few days. Others are slower.
Colonies of Scytalidium dirmidiatum are initially
white and becorme black or dark brown in a
few days, while colonies of Seytalidium
hyalinum remain white or creamy in colour.

Lactophenol cotton blue mounts of the
colonies reveal the chains of arthrospores,
which are brown-walled in the colonies of
Scyralidium dimidiatum.

5.4. Histopathological examination

Unna was the first to give a detailed histo-
pathological description of favus infected nails
[8]. Particular histopathological patterns of
infection were described later [9-12]. Almost
all mycologists and most dermatologists would
agree that direct microscopy of KOH-cleared
specimens and mycological cultures are the
gold standard for the diagnosis of skin and
nail mycoses. However, histopathology has its
undoubted advantages and is sometimes
clearly superior to the routine mycological
diagnostic procedures. The result of histo-
pathological examinations is much faster than
culture - usually 3 days versus 3 weeks - and
histopathology is more often positive than
cultures [13-18]. It also shows whether there
are hyphae and/or spores, whether the fungal
organisms grow as Invasive filamentous
pathogens in the nail plate and/or in the sub-
ungual hyperkeratosis, and how the nail is
damaged by the pathogenic fungi [13, 19]. Itis
often the only means to differentiate ungual
psoriasis from onychomycosis.

Histopathology can be performed on nail
plate material preferably containing as much
subungual debris as possible and from nail

Fig 5.13

Fusarium solani.

Macroscopic appearence of the colony 1 week
after inoculation

biopsies. Routinely, PAS staining is sufficient for
the diagnosis, confirmation or exclusion of
onychomycosis in more than 90% of cases.
Enrichment of the specimen using the KONCPA
technique (KOH treated Nail Clippings stained
with PAS) may further enhance the sensitivity
of histopathology [20]. Additional stains like
Grocott's and Gridley's may be used; however,
they very rarely give a positive result when

PAS was negative. Fluorochromation using a
blancophore is even more specific; this
fluorescent dye specifically stains fungal cell
walls because of their chitin content [21].

The technicians require some experience to
produce good sections [18, 21, 22].

Nail plate material can be obtained by clipping
as much of the distal nail plate as possible.
This is sufficient in the case of distal-lateral
subungual onychomycaosis. For superficial
white onychomycosis, a layer of the dorsal sur-
face of the nail plate may be cut tangentially
from the nail using a #23 or #15 scalpel.
Proximal white subungual onychomycosis very
often demonstrates proximal onycholysis, thus
allowing the physician to take a punch biopsy
from the nail plate without prior anaesthesia.
The little nail disc may be cut into two halves,
one for histopathology, the other one for myco-
logical culture.

Nail biopsies are not commonly required to
make the diagnosis of distal subungual ony-
chomycosis, but may be the only means to
differentiate onychomycosis from nail psoriasis,
lichen planus, alopecia areata, nail eczema,
and other inflammatory nail disorders. Usually,
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a lateral longitudinal nail biopsy is taken yield-
ing a 2 mm wide block of tissue containing the
entire length of the nail plate with overlying
proximal nail fold, underlying matrix, nail bed,
hyponychium and adjacent skin of the tip of the
digit.

Histopathology of nail plate specimens varies
according to the clinical type of onycho-
mycosis, the severity of the nail changes and
the abundance of fungi in and under the nail.
As for mycological cultures, subungual
keratinous debris mostly contains more fungal
elements than the plate itself (Fig 5.14). The
histopathology of nail biopsies confirms the
findings in nail clippings. but also gives
information about the involverment of the soft
ungual tissues that are responsible for nail
growth, attachment to the nail bed and the
nail's appearance,

Distal lateral subungual onychomycosis.
Fungal hyphae are usually found in the nail
plate undersurface. Fine filaments are arranged
in a longitudinal direction, often remarkably
parallel which is a sign of a hitherto un-
disturbed nail growth. Depending on the
severity, they may be seen as slender, septate
hyphae in a compact nail plate or as thick,
septate elements showing shorter and longer
intersections as well as relatively large round
spores. The latter are seen to have a basophilic
content in H&E stains and are probably der-
matophyte arthrospores (Fig 5.15). Subungual
keratinous material may adhere to the nail plate
and contain very large amounts of spores and
short thick hyphae. They are able to invade the
nail plate causing splits as well as vertical and
branching defects in the deep nail plate layers.
Quite often, the thick subungual hyperkeratosis
appears papillomatous and contains large
globules of dried serum (Fig.5.14) as well as
intracorneal neutrophils morphologically

indistinguishable from Munro’s microabscesses.

Fungal filaments are also seen in close vicinity
to the serum although dermatophytes are
presumed not to grow in the presence of
serum. Subungual debris often contains huge
numbers of large, thick-walled, polyhedral
spores between horny cells; they may however
germinate and short thick filaments penetrate
the nail plate.

The clinical phenomenon of yellow longitudinal
streak which is often seen in dermatophytic
toenail infections shows abundant large,
extremely thick-walled spores and short

Fig 6.14a

Nail clippings from distal subungual
onychomycosis.

Undersurface of nail plate and subungual
hyperkeratosis containing abundant slender
hyphae of Trichophyton rubrum. PAS,
magnification 250 x

Fig 5.14b

Undersurface of nail plate containing
fungal filaments and spores.
Blancophore fluorochromation,
magnification 260 x

filaments compressed in a tube-like space
formed by the overlying nail plate and sub-
ungual keratin,

Longitudinal nail biopsies show essentially

the same type of alteration though to a very
variable degree. The nail bed develops
subungual hyperkeratosis that initially covers
the distal portion of the nail bed but progresses
proximally toward the matrix. It contains
abundant hyphae, quite often large amounts of
serum and often also pycnotic neutrophils and
a few lymphocytes. The neutrophils may form
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typical intracorneal spongiform abscesses
which, however, are usually situated within
predominantly orthokeratotic hyperkeratoses.
The more severe the onychomycosis the more
proximally these changes will have advanced.
The nail plate itself is only invaded in its lower
layers. The fungi are seen to lie in a longitudinal
parallel arrangement. The nail bed epithelium
may exhibit considerable spongiosis with
lymphocytic exocytosis but only few inter-
mingled neutrophils. There may be a dense
mononuclear inflammatory infiltrate in the
upper dermis with some accentuation peri-
vascularly. When distal subungual onycho-
mycosis secondarily progresses to total
dystrophic onychomycosis, nail bed and matrix
alterations become more pronounced. The
epithelium may become papillomatous, heavily
oedematous and infiltrated with neutrophils
and/or lymphocytes. Pseudobullous sub-
epithelial oedema may develop. The distal nail
plate breaks away but the proximal third under
the proximal nail fold usually remains more or
less intact.

Superficial white onychomycosis.

The same alterations are seen in nail biopsies
as in clippings or shave biopsies. Either chains
of regularly sized small spores accur in splits of
the nail plate surface or short hyphae and
spores have invaded the surface layers. There
is no inflammatory infiltrate in the nail bed
beneath the fungal invasion (Fig. 5.16).

Fig 5.15a

Huge masses of spores and few short
hyphae are seen in deep nail plate layers.
Undersurface of nail plate with fungi and serum
globules. PAS, magnification 100 x
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Fig 5.16b
Branched septate hyphae are seen in the nail
plate above the spores.

PAS, magnification 1000 x

|5 A,

Fig 6.15¢
Large spores are situated in a nail plate defect.
PAS, magnification 1000 x

Fig 5.16
Superficial white onychomycosis.
PAS, magnification 400 x
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Endonyx onychomycosis. This is usually due
to T soudanense infection. Large amounts of
hyphae are seen in the nail plate virtually with-
out involvemnent of the nail bed. Inflammatory
changes are practically absent (Fig.5.17) [23].

Proximal white subungual onycho-
mycosis. Punched nail plate usually shows a
compact nail plate without inflammatory cells.
The entire thickness of the plate may be
invaded by large amounts of fungal filaments
that are arranged longitudinally and in a parallel
manner. Almost total nail plate invasion was
also seen in a case of Candlida albicans
proximal onychomycosis in a new-born
(unpublished observation). Nail biopsies show
some fungal filaments in the stratum corneum
of the undersurface of the proximal nail fold.
From here, fungi may also invade the nail plate
surface (Fig 5.18) which may give rise to the
picture of superficial white onychomycosis
growing out from under the nail fold. There is
only a sparse inflammatory reaction to the
fungal infection of the eponychium. The
pathogens slowly progress toward the proximal
tip of the matrix. When the latter is reached the
relatively fast growing matrix cells differentiating
into onychocytes, will incorporate the fungi and
transport them distally while the nail plate
grows out. Part of the fungi further progress
along the matrix-nail plate junction in a distal
direction toward the nail bed. All along the
matrix, fungal elements are continuously in-
cluded in the growing nail plate and thus trans-
ported away from the epithelium. This is the
reason for amazingly little inflasnmatory
response to the infection in the matrix area, but
it also explains why in this particular form of
nail infection, fungi are found in all layers of the
nail plate. When the fungi arrive at the nail bed
they induce a reaction similar to that seen in
distal subungual onychomycosis with nail bed
hyperkeratosis and inflammation. Proximal
subungual onychomycosis due to Candida
albicans may also occur in chronic muco-
cutaneous candidosis [24].

Total dystrophic onychomycosis. Only
small nail plate fragments are left or irregular
hyperkeratoses overlie the nail field. Nail plate
remnants with keratotic debris show variable
amounts of fungal elements that are hap-
hazardly arranged. There are also inflammatory
cells and serum inclusions. Particularly in
chronic mucocutaneous candidosis, the orderly
nail structure is completely lost. The proximal

Fig 5.17
Endonyx onychomycosis.
PAS, magnification 250 x

Fig 5.18

Proximal subungual onychomycosis
exhibiting marked hyperkeratosis (HK) of
the ventral surface of the proximal nail fold (NF)
and fungal filaments in the nail plate (NP)
matrix (M). Grocott, magnification 100 x
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Fig 6.19a
Total dystrophic onychomycosis

secondary to distal subungual dermatophyte
infection. PAS, magnification 100 x
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nail fold has receded to form a short rim of tis-
sue. Matrix and nail bed are papillomatous and
hyperkeratotic with alternating hypergranulosis.
Fungal filaments and spores irregularly pene-
trate the hyperkeratoses (Fig. 5.19). Electron
microscopy shows Candlida spores and germ
tubes. The matrix and nail bed epithelia respond
with marked keratohyalin granule production
and composite keratohyalin granules are
abundant. Exocytosis of lymphocytes is evident
with many of them exhibiting convoluted
nuclei [25],

Nail destruction by fungi

Histopathological examination of nail material
also allows the degree of nail dystrophy due to
fungal invasion to be studied. A few spores
scattered in splits of subungual keratin are
probably just commensals. Large amounts of
fungal organisms, whether filaments or spores,
have to be considered pathogens. Commonly
spores and short thick hyphae are seen to lie in
spaces of nail or subungual keratin. They often
penetrate into the nail from beneath. The nail
keratin next to the holes formed by the fungi
often stains more eosinophilic indicating
chemical digestion. Very large amounts of fungi
penetrating the entire thickness of the nail plate
also reduce the mechanical resistance of the
plate (Fig. 5.19).

Determination of fungi

Histopathology can distinguish between
commensals and pathogens. however, it
cannot determine the fungal species. Long
slender hyphae are usually dermatophytes, but
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Fig 5.18b

Primary total dystrophic onychomycosis
in a patient with chronic mucocutaneous
candidosis. Grocott, magnification 250 x

Seytalidium dimidiatum and S. hyafinum look
the same. Short, branched, thick filaments are
probably non-dermatophyte moulds. Dermato-
phytes can form huge amounts of thick-walled
spores also resembling non-dermatophyte
moulds. Scoputariopsis brevicaulis usually forms
large polygonal spores. Candida albicans may
be identified by spores that form germ tubes.

Immunohistochemistry using antibodies
against pathogenetically relevant fungi as well
as flow cytometry have been used to identify
the pathogens of onychomycosis [26]. How-
ever, it has to be stressed that up to now, only
mycological cultures are able to reliably identify
the fungal pathogen.

Differential diagnosis

Psariasis and onychomycosis can be
indistinguishable on clinical and sometimes
even on histological grounds. They share the
same features although to different degrees.
Psoriasis of the nail has prominent para-
keratosis, subungual intracorneal leucocytes,
sometimes spongiform pustules, and the
characteristic pits. The latter may be seen to
contain parakeratosis when the pit is on the nail
plate surface still under the proximal nail fold.
Onychomycosis usually shows alternating
orthokeratosis and parakeratosis, abundant
neutrophils and Munro’s microabscesses, but
no pits (Table 5.3) [27]. The value of histopa-
thology both for the rapid diagnosis as well as
for the differentiation from ungual psoriasis has
recently been confirmed by three more groups
[28-30].



Table 6.3
Histopathological differentiation of onychomycosis and ungual psoriasis

Onychomycosis Psoriasis

usually abundant

Feature

only oceur in secondary “onycho-
mycotization” or as saprophytes

Fungal elements

rarely seen in sections
but very characteristic

Pits with parakeratosis absent

Intracorneal leucocytes and very frequent very frequent
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Munro's microabscesses

Spongiform pustules rare common, particularly in pustular ‘:'
psoriasis i
s
Spongiosis common common i
Exocytosis leucocytes, few lymphocytes leucocytes, few lymphocytes Y
5
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Goals for the treatment of onychomycosis ]

The desired end points in the treatment of ony-
chomycosis are both a negative mycology and
a normal looking nail. Consequently, the goals
are twofold:

1. mycological cure
2. clinical recovery of the nail

Fig 6.1
Linear nail growth in fingernails

L Lunula
[ M Matrix
| MH Matrix horn
| NP Nail plate

Fig 6.2

L Lunula

M Matrix

MH' Matrix horn
NP Nail'plate
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Mycological cure ‘

Eradication of the fungus is confirmed by KOH
examination (see p. 30) and culture {see p. 31).
In many treatment studies, entry criteria require
that all patients have a positive culture and
KOH, however the reproducibility of these
assesssments and their consistency through
the study is poor, for as many as one third of
those with a negative culture may have had
false negative results on retesting [1]. There-
fore. when sampling for microscopy and
culture during treatment, it is quite common
that there are discrepancies between KOH and
culture results for the following reasons : since
the killing rate of the fungi is far higher than the
disappearance of the hyphae at the distal end
of the nail plate which is dependent on the nail
growth rate, direct microscopy may still be
positive when cultures are negative. In addition,
standard microscopy cannot distinguish living
from dead filaments; therefore, some authors
suggest that it cannot be used to measure the
response of nails to antifungal drugs [2].
However, complete absence of fungal hyphae
in KOH examination is a definite proof for the
absence of a fungal infection.

Since the goal for the treatment of onycho-
mycosis is complete cure, this should be
defined according to two important but some-
times neglected parameters, the linear nail
growth and the possible preexisting condition
of the nail plate, discussed further on.

The fingernails grow 0.1 mm daily and the toe-
nails at half to one-third this rate (Fig 6.1, 2).
As the rate of linear nail growth decreases by
0.5% per year [3], elderly patients, who have a
relatively slow linear nail growth rate, are there-
fore particularly susceptible to fungal infection
[4]. Nail growth is also affected by other
physiological and environmental factors as
gender, right/left handedness, and environ-
mental temperature as well as by systemic and
cutaneous disease [5].




Patients with DLSO often have a decreased
growth rate of the nail compared with that of
controls. Consequently, the growth rate of the
nail plate should be considered in the patho-
genesis of onychomycaosis [6]. Nevertheless,

a recent investigation has questioned the
relationship between slow linear nail growth
rate and onychomycosis [7]. The mean rate of
linear nail growth in 30 patients previously
affected by onychomycosis was not signi-
ficantly different to that of the control patients.
Therefore, this study did not support the view
that slow growth of the nail was a predisposing
cause for fungal nail disease. Other factors
such as local abnormality of the nails, which
are more common in older patients, may be
responsible for the increased incidence of
onychomycosis in this group [8]. However
irrespective of the predisposing factors for
onychomycosis, it may be tempting to use anti-
fungals (or other drugs ) likely to increase the
rate of the linear nail growth since the rapid
achievement of a normal nail plate is desirable.

Clearance of the nail plate

Clearance of the nail plate is defined either by:

a) clinical cure with 100% clearance of signs,
or

b) clinical success, with a residual affected

nail area smaller than 10%. This corresponds

to residual onychomycosis but might
include previous nail dystrophy of unknown
aetiology.

Chronic trauma implies repeated minor injury
often unnoticed by the patient. A history of
nail trauma as a cause of nail dystrophy can
therefore be difficult to elicit and can be an
aggravating factor in treatment. Repeated
microtrauma to the toenail would be of little
importance were it not for the shoes of the

| fashion-conscious woman and its significance

for the sport’s enthusiast and in the elderly
where impaired ambulation may play a
prominent role [9].

Repeated microtrauma is thought to play a
major role in eliciting fungal invasion, especially
mould onychomycosis, It also produces a wide
range of nail abnormalities which will remain
after completion of the treatment of onycho-
mycaosis despite mycological cure, since the
fungal infection has affected a previously
damaged nail.

It follows from the statements expressed above
about the accuracy of the criteria commonly
used to assess recovery after drug therapy,
mycological and clinical cure, that although
these methods are simple and effective in
many instances, those interpreting the results
of clinical trials must be aware of these
potential pitfalls in assessment of response.
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Goals for the treatment of onychomycosis

Clinical measurement and
assessment of responses

It has been said that “the methodology” used
for the assessment of response is a "muddle,
llogical in almost all its aspects” [2].

To evaluate the effects of treatment, the
junction between normal and diseased nail bed
can be marked by cutting a wedge mark on
the surface of the nail (Fig 6.3.4). This notch
followed over timed intervals moves distally as
the nail grows; the junction of infected and
uninfected nail bed coincide if the treatment is
effective [10]. However, this method may be
difficult to carry out accurately in toenails where
irregular lacunae within the nail plate due to
onychomycosis may remain and delay
recovery.

To assess the speed and extent of the response
Hay et al. [11] used area instead of length,

to calculate a % rate of nail restitution. The
difficulty with area is that, unlike length, change
is non-linear because the proximal nail is
variously concealed by the folds and does not
correspond to the nail area beneath. This is not

Fig 6.3
Assessment of drug effectiveness

Is a superficial cut made on the normal plate adjacent
10 the onychomycotic border:

Is the distance from the proximal nall fold to the
onychomycotlc border (X)

solved by measuring changes in the area of
involved nail (instead of unaffected nail) since
this area can be altered by nail clipping [2].

Shuster has devised a new method [2] for
measuring nail response totally independent of
degree of involvement of the nail and the rate
of nail growth. The principle is as follows: in the
common distal onychomycosis, disease grows
proximally: if the causal fungi were to die
suddenly, the outward movement of disease
could be no faster than the growth rate of nail
and associated subungual keratin. In this
system the measure of therapeutic efficacy is a
dimensionless number, the ratio of the actual
rate of outward moverment of disease to the
maximal possible rate which is the underlying
rate of outward growth of nail:

disease movement
nail growth

a ratio in mm/mm for length, or mm?#mm? for
area.

At present this scheme is not widely used but
it seems to underscore the unsatisfactory
nature of current methods of assessment of
nail recovery.
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Fig 6.4

Ye=4mm

Assessment of drug effectiveness

X s asuperficial cut made on the normal plate adjacent to the

onychomycotic berder

Y Is the distance from the proximal nall fold to the onychomycotic border (X)

XX I8 & superficlal cut Indicating the new onychomycotic border
YY Is the distance from the proximal nall fold to the new onychomycotic border
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7.1 Topical treatment

Historically, topical nail therapy has met with
little success, due in part to the absence of
effective topical products. This is regrettable
since there are potential candidates for topical
therapy such as for fungal infections where
potent systemic therapy is undesirable because
of toxic effects or drug interactions. In addition,
some patients may be unable or unwilling to
take oral drugs for the many months of therapy
required to ensure successful therapy.
especially when only a few nails are affected.
Therefore effective topical therapy directly
applied to the nail plate would be an attractive
alternative with the additional benefit of a
complete absence of systemic side-effects and
drug interactions. However, many of the con-
ventional formulations of the antifungal agents
(powders, solutions, creams, ocintments) are not
specifically adapted for use in the nails due to
insufficient adhesion of the base, leading to
insufficient penetration of the active ingredient
through the nail into the nail bed; they are also
not formulated to take account of the length of
time which would be required to permit the
growth of a healthy nail ; they also do not
remain in contact with the site of application for
long enough (they are readily removed by
rubbing, wiping, washing).

Fig 7.1

N
e/
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Schematic representation of transungual drug deli

Improvement of the conventional formulations
led to the development of an alcoholic solution
containing 28% tioconazole and undecylenic
acid, for instance, which has produced
moderate results [1]. Penetration of the drug,
lioconazole, through the plate is excellent, but
not matched by clinical efficacy.

7.1.1 Transungual drug delivery systems
(TUDDS)

A further step forward has been achieved with
the development of new vehicles in the form of
colourless nail lacquers derived from cosmetic
formulations. Two compounds, amorolfine and
ciclopirox, are currently used in a lacquer base
in several countries. These formulations fulfil
two essential prerequisites: first, the active
ingredient is in contact with the nail for long
periods. Second, through evaporation of the
solvents, the concentration of the active
ingredient in the remaining film reservoir
increases, thus providing the high concentra-
tion gradient essential for maximal penetration.

The amorolfine concentration in the film-forming
solution is 5%: solvent evaporation leaves a
film with a final amorolfine concentration of
19.8%. The ciclopirox concentration is 8% in
the nail lacquer, increasing to 34.8% (Fig 7.1).

Ciclopirox film () Film forming agent
Naillplate
Naillbed

Solvents
©" Ciclopirox




Fig 7.2
Ciclopirox.
Mecde of action

[ Impalrment ofithe metabolic activities and transport
mechanisms of the fungal cell

1 (protems nuclelc acrds)

Release can be optimized by selecting the
components of the lacquer formulation
(solvent, polymer, plasticizer) which help to
modulate the release of the drug and maintain
the antifungal at a high level in the nalil plate.
Because of the additional occluding properties
of these formulations, transungual water loss is
reduced thus enhancing mass transport of the
drug into and through the nail plate. Despite
fulfilling all necessary prerequisites, diffusion
may be disturbed in nails with fungal channels
and splits, particularly at the border between
the nail plate and the nail bed. This partially
explains why cure is not always achieved.

Amorolfine belongs to a new family of anti-
fungal drugs, the morpholines. Amorolfine
inhibits two steps in the pathway of ergosteral
biosynthesis namely the A14- reductase and
the A7.8- isomerase which plays an important
role in regulating membrane fluidity. This leads
to accumulation of abnormal sterols and
inhibits fungal growth. Amorolfine possesses a
broad antimycotic spectrum against fungi
pathogenic to plants and humans. In addition,

(phosphatases reduced uptake of; essentlal substrates)

it shows strong fungicidal activity which is
dependent on both concentration and time.
Amorolfine is fungicidal against yeasts,
dimorphic and dematiaceous fungi, but does
not appear to be active against Aspergillus,
Fusarium and Mucor.

Ciclopirox a hydroxy-pyridone derivative is
incorporated in a clear nail lacquer containing
poly (butyl hydrogen maleate, methoxyethylene)
(1:1), ethylacetate, and 2-propanal [1a].

In contrast to most antifungals, it does not
interfere with sterol biosynthesis (Fig 7.2). It
acts as a chelating agent and primarily affects

iron dependent mitochondrial enzymes(Fig 7.3).

Consequently, as ciclopirox also impairs
transport mechanisms into the fungal cell and
in growing cells, there is reduced synthesis of
macromolecules such as proteins and nucleic
acids. Ciclopirox is characterized by a com-
parably strong and broad fungicidal and
sporicidal activity against the whole spectrum
of human fungal pathogens at concentrations
close to MIC.
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Fig 7.3
Ciclopirox-iron (Fe**) complex

Its spectrum includes fungi such as Scyta-
lidium and Fusarium spp. which are resistant
to many other antifungals used in the treatment
of onychomycaosis. At therapeutically relevant
concentrations, the spectrum of activity covers,
in addition, gram-positive and gram-negative
bacteria.

TUDDS is a new method of delivery which
leads to penetration of mycotic nail keratin
more rapidly than healthy nails. However the
effectiveness of exclusively topical antimycotic
treatment depends on the type of onychomy-
cosis. PSO and TDO cannot be affected by
topical treatment. This is considered to be the
most appropriate therapy for SO. In the case of
DLSO the cure rate depends largely upon the
severity of nail infection. Where more than
609% of the nail plate is altered topical mono-
therapy is generally ineffective [2].

Clinical studies

In the framework of three large studies

714 patients with onychomycosis without
matrix involvement applied amorolfine nail
lacquer once weekly for 6 months (Fig 7.4.5).
Mycological cure including negative culture
and microscopy was achieved in 52.1% of the
424 toenail, and in 64.3% of the 98 fingernail
mycoses. Local adverse events, mostly skin
irritation, were reported in 6 patients (<19%) [3].

In an open multicentre study in 250 practices
5401 nails from 1239 patients were treated
with the 8% ciclopirox lacquer formulation
applied once daily to the affected nails over a
treatment period of up to 6 months (Fig 7.6,7).
The layer of lacquer was removed once weekly.

Fig 7.4
Onychomycosis sparing lunula
before treatment

Fig 756
Onychomycosis sparing lunula

after treatment with amorolfine nail lacquer for
6 months
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Fig 76
Onychomycosis of the great toenail
before treatment

Fig 7.7
Onychomycosis of the great toenail
after treatment with ciclopirox nail lacquer

Fig 7.8
Lateral nail disease

A cure was obtained in more than 50% of
cases with a 60% success rate for fingernails.
Only 2% of patients complained of periungual
burning and redness [4]. In a recent study [5]
it has been shown that under normal circum-
stances, one or two weekly applications of
ciclopirox was as efficient as the former daily
treatment.

In summary: topical treatment is suitable

for SWO and early DLSO. The responses of
patients with non extensive nail disease
involving multiple nails are usually not as good.
In addition, it is necessary to treat infected skin
sites separately.

7.1.2 Nail avulsion

Filing and trimming of the nail performed by
the patient are seldom helpful measures for
treating subungual onychomycosis. On the
other hand removal of as much diseased nail
as possible by a dermatologist or podiatrist is
helpful, but only as an adjunct to oral or topical
antifungals [6]. It is a logical approach to
eradicate the pathogen from lateral nail
disease [7] (Fig 7.8-10) and from onycholytic
pockets or canals (Fig 7.11) on the undersurface
of the nail, which are sometimes filled with
necrotic keratin and large compact amounts of
fungi (dermatophytoma) [8, 9] (Fig 7.12). These
factors are frequently responsible for the failure
of systemic antifungals. Additionally impaired
host immune response, inadequate absorption
or distribution of the drug and inactivation,
interaction or resistance to therapy may play a
part. As in the case of dermatophyte nail
infections, nail plate avulsion is also helpful in
treating onychomycosis caused by yeasts and
non-dermatophyte moulds [10-11].

It is mandatory to obtain a preoperative history
and perform a clinical examination to eliminate
contra-indications to local anaesthesia and/or
nail surgery. Adequate anaesthesia, haemo-
stasis and sterile techniques are prerequisites
to surgery.
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Total surgical nail avulsion [6,12]

Total nail avulsion can be carried out using
either a distal or a proximal approach. In the
usual technique for a distal approach (Fig 7.13)
a Freer elevator or a dental spatula is used to
detach the nail plate from the tissue to which it
adheres i.e. the proximal nail fold and the nail
bed. The operator proceeds by anterior-
posterior movements (in order not to injure the
longitudinal ridges of the nail bed). The detach-
ment is completed by firmly pushing the
instrument in the postero-lateral angles. Then,
one of the lateral edges is grasped with a
sturdy haemostat, in an upwards circular move-
ment to accomplish removal of the nail. The
proximal approach (Fig 7.14) for nail avulsion is
advised when the subungual distal area
adheres strongly to the nail plate and the
hyponychium can be injured by introducing the
spatula. The proximal nall fold is freed in the
usual manner. Then the spatula is used to
reflect the proximal nail fold, and is delicately
inserted under the base of the nail plate where
adherence is weak. The instrument is advanced
distally following the natural cleavage plane,
and this operation is repeated on the entire
width of the subungual region. After freeing the
last attachments, the nail plate is pulled out
easily. Incidental to removing the nail plate, it is
imperative that the nail bed and nail grooves be
debrided of subungual debris; this is best
accomplished by wiping the nail bed and nail
grooves with a gauze wrapped around the end
of a mosquito haemostat.

Fig 7.9
Lateral nail disease

Fig 710
Lateral nail disease

Courtesy G. Rodriguez (Colombia)
Acta Derm Venereol 1996; 73: 82-3
(with permission)

Fig 7.11
DLSO due to fungal leuconychia

Fig 7.12
Dermatophytoma
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Total surgical removal has to be discouraged: Fig-/13

the distal nail bed may shrink and become dis- Surgical nail removal.
located dorsally. In addition, the loss of counter- Distal avulsion
pressure produced by the removal of the nail
plate allows expansion of the distal soft tissue
and the distal edge of the regrowing nail then
embeds itself (Fig 7.15). This can be largely
overcome by using partial nail avulsion. How-
ever, in a small percentage of cases depending
on the degree of patient discomfort, for ;
example, when total surgical removal has been
decided, the patient should be instructed to
use a prosthetic nail on the regrowing nail plate
so that the width of the nail bed is maintained
and subsequent ingrowth is avoided [12].

Partial surgical nail avulsion [13]

Partial surgical nail avulsion for onychomycosis
can be performed under local anaesthesia in a

selected group of patients in whom the fungal Fig 714
infection is of limited extent. It permits the Surgical nail removal.
removal of the affected portion of the nail plate Proximal avulsion

in one session, even when the disease has
reached the buried region of the nail bed
beneath the proximal nail fold.

The diseased nail plate including a margin of
normal appearing nail is cut with an English nail
splitter or a double action bone rongeur, then
removed with sturdy forceps as for total avul-
sion. The digit is bandaged and postoperative
care is continued for a few days [14].

In DLSO, surgery consists of removing the
lateral or medial segment of the nail plate,
especially on the toes (Fig 7.16a, b, c). There-
fore enough normal nail is left to counteract the
upward forces exerted on the distal soft tissue

when walking and this will prevent the Fig 716
appearance of a distal nail wall. Risk of total nail avulsion.
Normal toe Toe after nail plate avulsion

Colnter-presstre efféot of thésnall il
plateifioldingidownidistalinalibed

Upward breeaure fnr ca.u-siﬁg 1

E UEYSPIEPEBIPICED ] upward (ifting of the distal nall bed
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Fig 7.16a In Candida onycholysis, thorough clipping

Surgery of distal lateral subungual away of as much of the detached nail as

onychomycosis possible facilitates the daily application of an
antifungal drug until nail growth is achieved

In proximal subungual onychomycosis
removal of the non-adherent base of the nail
plate is easy (Fig 7.18,19). The nail plate is
detached from the proximal nail fold. The lunula
region of the nail is then cut transversally with a
nail splitter by inserting the instrument beneath
the lateral edge of the nail. Leaving the distal
portion of the nail in place decreases dis-
comfort. As for DLSO, in any type of onycho-
mycosis treated surgically, the avulsed
segment must always include a margin of
normal nail.

(Fig 7.17). 1
|
|

) Recalcitrant Candida paronychia with
Fig 716b secondary nail plate invasion may be treated by
surgical excision of a crescent of thickened
proximal nail fold associated with partial
avulsion of the affected portion of the nail |
keratin [15] (Fig 7.20-22).

Surgery of distal lateral subungual
onychomycosis

Chemical avulsion

Chemical avulsion is a painless method

which has superseded partial surgical avulsion.
It may be repeated as often as necessary.

The formulation used is shown in Table 7.1

[186].
'ff ‘
Table 7.1
Fig 7.16¢ Urea ointment formulation
Surgery of distal lateral subungual
onychomycosis Urea 40 percent
! White beeswax (or paraffin) 5 percent
E Anhydrous lanolin 20 percent
i White petrolatum 25 percent
;’ Silica gel type H 10 percent

50
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Fig 717 Fig 718
Candida onycholysis Partial surgical nail avulsion in proximal subungual onychomycosis

7 i TR e

Fig 7.21
Fig 719 Treatment of recalcitrant chronic
Surgical nail removal paronychia

Fig 7.20 Fig 7.22
Treatment of recalcitrant chronic Treatment of recalcitrant chronic
paronychia paronychia

2|
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Urea cintment is applied to the nail plate after Fig 7.23

protecting the surrounding skin e.g. with Chemical avulsion with urea/bifonazole |
adhesive dressing. The entire distal digit is then AT : - -
wrapped for a week (Fig 7.23-25).

Urea ointment appears to act on the bond
between the nail keratin and the diseased nail
bed; it spares only the normal nail tissue.
Afterwards, blunt dissection using a nail
elevator and nail clipper leaves the remaining
portion of normal nail plate intact. Following
removal of the diseased part of the nail, topical
antifungal agents (imidazoles, tolnaftate,
haloprogin, ciclopiroxolamine) should be
applied for several months under occlusion,
especially if there is no associated systemic
therapy. Combination 20% urea and 10%
salicylic acid ointment has been suggested [17].

Some authors prefer using 50% potassium
iodide ointment in anhydrous lanolin plus 0.5%
iodochlorhydroxyquine instead of 40% urea for
keratinolysis [18].

A ready-made topical preparation containing
40% urea and 1% bifonazole is available

[19, 20]. This preparation is applied under
occlusion and the patient is asked to debride
the nails every day for 1-2 weeks, facilitating
removal of the diseased nail keratin within

1 or 2 weeks of this daily treatment. Then,

1% bifonazole cream is applied once a day for
2 menths to the whole nail area and rubbed
onto the nail bed. In some clinical trials, the
efficacy of this ointment has been demon-
strated provided that the instructions are
properly followed and that strict compliance by
the patient is ensured [19, 20]. However, such
treatment is difficult to apply in the elderly.
tedious when several digits are affected and/or
ineffective when the proximal portion of the nail
plate is invaded by fungal organisms beneath
the nail fold. Once again, the treatment is more
suitable for limited and early nail disease. The
unpleasant odour following use of urea oint-
ment, especially when left for 1 week, has lead
to the development of a new formulation still
under investigation, which may resolve most of
the problems due to the chemical keratinolysis.
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7.2 Systemic treatment with new
antifungal drugs

The efficacy of the new systemically active
antifungal drugs - itraconazole, fluconazole and
terbinafine - is clear (Table 7.2) but the
frequency and seriousness of side effects
should be an integral part of the decision on
the use of a rational treatment [1].

We have therefore extensively reviewed the
issue of safety, drug interactions, and the
spectrum of adverse events.

Itraconazole

Pharmacology. ltraconazole is a triazole anti-
fungal agent effective against dermatophytes,
yeasts and many pathogenic moulds. It is a
strong inhibitor of fungal ergosterol bio-
synthesis which is crucial for the correct func-
tioning of fungal lipid membranes. It has a high
affinity to fungal cytochrome P450 and only
weakly binds to mammalian cytochrome
P450-linked enzymes. ltraconazole has the
broadest in vitro action spectrum of all available
systemically active antifungal drugs [2]. In vitro
resistance to itraconazole is rare.

Pharmacokinetics (Fig 7.26, 27). ltraconazole
is a highly lipophilic substance and well ab-
sorbed from the gastrointestinal tract under acid
conditions. It should be given directly after a
meal. It is significantly better absorbed when ad-
ministered in a cyclodextrin formulation, used for
treatment of oropharyngeal candidosis in sev-
erely ill patients. ltraconazole is metabolized in
theliver to inactive metabolites, 40% of which are
excreted with the urine, the rest with faeces [B].

ltraconazole reaches the skin via passive
diffusion from the dermal capillaries, massive

Table 7.2
/n vitro minimal inhibitory concentrations [ug/ml] for dermatophytes
cuftured from onychomycoses (first line: T rubrum, T mentagrophytes,
T tonsurans, T. violaceum, T. soudanense, M. canis, E. floccosum [3],

second line: T rubrum, T. mentagrophytes [4])

Itraconazole Fluconazole Terbinafine
0068-05 T- 64 0.003 - 0.06
0.1 -2 64 - 1024 0.001 - 0.05
b4

excretion with sebum, and incorporation into
basal keratinocytes, but little is found in sweat.
Epidermis and nail concentrations are much
higher than plasma levels. ltraconazole shows
very strong binding to keratin, Redistribution of
itraconazole from stratum corneum and nail
into plasma is negligible. Nails take up and
concentrate itraconazole. It can be detected in
nail clippings as early as 7 days after the start
of treatment. Within 1 month, higher con-
centrations are reached in finger than in toe-
nails. Doubling the dose from 100 mg to

200 mg daily increased itraconazole nail con-
centrations seven to ten fold. High nail levels
are maintained for 6 to 9 months in finger and
toenails. Itraconazole nail concentrations
appear to parallel cure rates. The drug is also
found ta be concentrated at the major site of
infection, that is in the hyperkeratosis of the nail
bed. Nail clippings had 240 ng/g whereas sub-
ungual hyperkeratosis showed concentrations
of 567 ng/g [5.6].

Rapid appearance, concentration, and per-
sistence of itraconazole in the nail plate were
the rationale for the development of inter-
mittent treatment with daily pulses of itra-
conazole 200 mg twice daily for one week per
month for two to three times [7].

Adverse effects. ltraconazole is generally
well tolerated. Adverse effects mainly involve
gastrointestinal symptoms and skin alterations.
Nausea, vomiting, abdominal pain, and
diarrhoea occur in about 10%. Asymptomatic
increase of liver enzymes is observed in 1 to
2%, but serious liver disease is rare. Ventricular
fibrillation has been described due to itra-
conazole-induced hypokalaemia. Headaches
were observed in 2.3%, and dizziness in

1.4%. A single case of thrombocytopenia and
leukopenia has been described.

A case of acute generalized pustulosis has

also been described, but the most frequent skin
abnormalities are rashes with a frequency
below 3%. Oedema is rare and may be due to
interaction with nifedipine [2].

Drug interactions. Although less than
ketoconazole, itraconazole has been shown to
interact with a number of drugs. Some drugs
decrease itraconazole levels dramatically by
reducing its absorption from the Gl tract
(antacids, H, receptor blockers) or increasing
and accelerating itraconazole biodegradation
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Fig 7.26

Fig 727
ltraconazole content in the distal nail plate (100 mg o.d. for 3 months)

mean ITR conc. (ng/g)
1000

therapy

Penetration pathways in the nail of the new oral antifungal drugs

follow-up

wee - tOBNAIl CONC.
= fingernail conc.

{particularly rifampicin, phenytoin, and others).
ltraconazole increases drug levels or activity of
H,-antagonists such as terfenadine and aste-
mizole, phenytoin, oral antidiabetic substances,
oral anticoagulants, hypnotic agents, methyl-
prednisolone, cyclosporin, digoxin, hypolipidae-
mic substances, etc [8]. Acute rhabdomyaolysis
has been induced by a lovastatin-itraconazole

interaction. Uveitis was caused by itraconazole-
induced high levels of rifabutin. Amaurosis and
vomiting occurred under digoxin treatment.

It may enhance toxicity of anticancer drugs,

but it was also shown to reverse multidrug
resistance in acute leukaemias. The levels of
antipyrine and possibly oral contraceptives may
be lowered by itraconazole (Table 7.3).
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Table 7.3
Drug interactions with the new antifungal drugs [8,9]

ltraconazole Fluconazole Terbinafine

Drugs increasing levels of antimycotic

Hydrochlorothiazide Cimetidine
Other thiazide diuretics? |

Drugs decreasing levels of antimycotic y

Rifampicin Rifampicin Rifampicin
Isoniazid Phenobarbital |
Phenytoin ;

Phenobarbitone
Carbamazepine
H,-antagonists
Antacids
Didanosine (due to its high pH buffer y
in the Lablet formulation)
Anticholinergic drugs

Drugs whose activity or levels may be increased

Phenytoin Warfarin® Warfarin
Warfarin Phenytoin* Nortriptyline
H,-antagonists H,-antagonists ?* Nicotinamide
Terfenadine Astemizole
Astemizole Terfenadine
Digoxin Midazolam™
e Alprazolam Triazolam™
i Triazolam Nortriptyline
| Midazolam Theophyline
Felodipine Rifabutin*
Fluoxetine Zidovudine
Nifedipine Cyclosporin A*
Corticosteroids
Methylprednisolone
Cyclosporin A
Cisapride
Zidovudine
Protease inhibitors
| Busulfan
| Vincristine
Oral antidiabetic drugs (sulphonyl urea)
Tolbutamide
Glibenclamide
Glipizide
Lovastatin
Simvastatin
Quinidine

Drugs that may be decreased in activity/safety

Oral contraceptives? Oral contraceptives?
Antipyrine

" Drug interactions are usually less severe with fluconazole than with itraconazole
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Precautions. Due to its interaction with many
other drugs metabolized by cytochrome
PAB0-linked enzymes, itraconazole should be
used cautiously in elderly patients who are
often on multidrug therapy.

ltraconazole rarely causes hepatic reactions.
A baseline liver function test is only re-
commended in patients with a history of liver
disease, potentially hepatotoxic drugs and
excessive alcohol consumption.

Itraconazole dosing. ltraconazole is given
either as a 200 mg dose once daily [10] for

3 months or, preferably, as a pulse therapy with
intermittent dosing of 200 mg itraconazole
twice daily for 1 week each month over a
period of 2 months for fingernail and three
months for toenail fungal infections.

Itraconazole in onychomycosis

(Fig 7.28, 29). Since itraconazole is rapidly
distributed to the nails, then accumulated, con-
centrated and retained in the nails for many
months, intermittent treatment using a dose of
200 mg twice daily over 1 week per month
was instituted giving the same good results
while reducing the amount of drug given as
well as the drug cost by 50% [11]. Intermittent
treatment is well tolerated, safe, as effective as
continuous therapy with 200 mg daily, and
less expensive [12]. Relapse rates are appro-
ximately 10% [13]. A combination of
itraconazole with ciclopirox nail lacquer in very
severe cases clearly surpasses the results of
systemic monotherapy [14].

Fluconazole

Pharmacology. Fluconazole is a bis-triazole
antifungal agent effective against systemic and
superficial mycoses. It is an inhibitor of fungal
lanosterol 14a-demethylase which is a
cytochrome P450-dependent enzyme [15].
Fluconazole has particularly been used to treat
yeast infections but is also very active against
dermatophyte infections [16] (Table 7.2).
However, its in vitro activity is relatively low and
in vitro tests do not reliably predict the clinical
value of fluconazole for dermatophyte
infections. It can inhibit germ tube formation of
C. albicans spores in remarkably low concen-
trations [Haneke, unpublished]. Its efficacy
depends on the daily dose, on corresponding
plasma and tissue levels, the susceptibility of

Fig 7.28
Onychomycosis before treatment

v’{«i» ros : '7

Fig 7.29
Onychomycosis after treatment
with itraconazole

the fungi and, above all, on the immune
competence of the patient.

Resistance to fluconazole has been observed
[17], mainly in AIDS patients with candidosis
[18]. The mechanism may be reduced azole
uptake which appears to be fluconazole-speci-
fic, or through an increased fungal cytochrome
P450 level which counteracts the effect of all
azole antifungals. Other mechanisms include
increased efflux of drug from the cell or altered
cell membrane biosynthesis.

Pharmacokinetics [19, 20]. Fluconazole is a
hydrophilic and relatively keratinophilic sub-
stance (Table 7.4). Its bioavailability is over 90 %
and it is neither dependent on gastric pH nor
the presence of food, antacids, or histamine
H,-receptor antagonists. It reaches the stratum
corneum and the nails by diffusion from dermal
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vessels. It is excreted with sweat, but is virtually Fluconazole undergoes extensive tubular
absent from sebum. It is retained and con- reabsorption and consequently has a long
centrated in stratum corneum [21] and nails elimination half-life permitting once daily
[22]. Itis 2 to 3 times more slowly eliminated dosing.

from stratum corneum than from plasma.
Higher levels are reached in healthy nails than
in fungus infected nails and these remain
detectable for 3 to 6 months after the end of
treatment [22]. The concentrations reached are
well above the MICs of most dermatophytes.

In children fluconazole appears to have a
shorter plasma half-life and a larger volume of
distribution than in adult patients [18].

Table 7.4

Pharmacology and pharmacokinetic properties of itraconazole, fluconazole and terbinafine
;: Itraconazole Fluconazole Terbinafine
b Chemistry triazole bis-triazole allylamine
& lipophilic, N hydrophilic, lipophilic, N
lL highly keratinophilic keratinophilic strongly keratinophilic
" Pharmacology

58

Actlion mechanism

inhibition of ergosterol
synthesis

(lanosterol-demethylase)

inhibition of ergosterol
synthesis

(lanosterol-demethylase)

inhibition of ergosterol
synthesis
(squalene-epoxidase)

Cytachrome P450

dependent yes yes no

Effect of human

sterol biosynthesis  weak almost none none

Resistance

development very rare rare not reported

Pharmacokinetics

Absorption requires acid pH independent of pH independent of
and food intake food intake

Peak plasma 289 ng/ml, 4.7 h reached after 3 hours after 2 hours

concentrations after 200 mg

Plasma protein

binding >99% 12% >98%

Melabolism in liver  extensive virtually none exlensive

Excretion 40% urine, completely with urine 80% with urine

Diffusion 1o skin

rest with faeces

capillary vessels,
excretion with sebum,
incorporation in basal
cells

capillaries,excretion with

sweat, incorporation in
basal cells

capillaries, excretion
with sebum, weakly
with sweat, incorpor-
ation in basal cells

Drug in hails concentration and rapid appearance, rapic appearance,
persistence for 6 (o concentration, concentration,
9 months, persistence for persistence for

concentration in
subungual keratoses

3 to 6 months

3 to 6 months
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Adverse effects. In dosages up to 400 mg/
day given for at least 7 days, the incidence of
adverse effects was 16%. However, at least
one third of these patients had AIDS, and it is
not clear what was due to the disease, con-
comitant medication, or fluconazole. Half of the
side effects are gastrointestinal complaints:
nausea 3.7 %, abdominal pain 1.7 %, vomiting
1.7%, diarrhoea 1.5%. Headache and skin rash
were the other most frequent untoward effects
with 1.9% and 1.8%, respectively. Discon-
tinuation of treatment was necessary in 1.5%.
Asymptomatic elevations of liver enzymes are
estimated to occur in less than 5%. One patient
with pre-existing hepatic disease developed
hepatitis that resolved after withdrawal of
fluconazole. Other isolated events have been
fatal acute hepatic necrosis, agranulocytosis,
seizures, adrenal insufficiency, thrombo-
cytopenia. High doses of fluconazole during
pregnancy have been related to congenital
anomalies.

Serious dermatological adverse effects include
Lyell's syndrome and Stevens-Johnson
syndrome including one death in an AIDS
patient; the true cause is, however, obscured
by the serious iliness and the concomitant
multidrug therapy. A fixed drug eruption consi-
dered to be a localized form of toxic epidermal
necrolysis, has been described once. Drug
rashes appear to be particularly frequent in
AIDS patients. Eleven of 26 Mycosis Study
Group Centres in the USA reported a total of
33 patients with severe, reversible alopecia;
29 of 33 patients (88%) received at least

400 mg of fluconazole daily for an average of
1 month.

Drug interactions. Fluconazole inhibits
fungal cytochrome P450 associated enzymes,
but mammalian cytochrome P450 is also
affected in doses >200 mg/day. Fluconazole
plasma levels are considerably decreased
when rifampicin is given concomitantly.
Fluconazole increases drug levels and
intensifies the action of many other drugs [18].
Theophylline clearance may be decreased
(Table 7.3).

Fluconazole dosing. Fluconazole is given in a
dose of 50 to 100 mg/day for skin mycoses.
For onychomycoses, a once-weekly dose of
300 mg is recommended. Treatment duration
is 6 months for toenails and three months for
fingernails.

Fluconazole in onychomycosis. Fluconazole
has been shown to be retained and con-
centrated in keratinous structures [23] which is
the rationale for intermittent dosing. It is given
once a week. Because of its rapid penetration
into the nail a one-day administration per week
is sufficient. It was shown that fluconazole was
present in cured nails in high concentrations

3 and 6 months after the end of treatment and
the concentrations were higher than those of
itraconazole and terbinafine [23].

Several studies have shown promising results
using 150 mg orally once weekly over 6 to
12 months [24-27], but for better results

300 mg once weekly for 6 months is required
[25]. A traditional regimen of 100 mg/day for
6 months gave however a success rate of
80%, and a similar dose given every other day
was also successful, even in patients who
either did not respond to, or did not tolerate
griseofulvin [27]. Fluconazole has also been
combined with nail removal using urea.

Terbinafine

Pharmacology. Terbinafine is the first orally
active allylamine antifungal. It is a specific
inhibitor of fungal squalene epoxidase which
blocks ergosterol synthesis that is necessary for
the integrity of the fungal cell membrane [28].
Its activity against Candida appears to be
species-dependent with fungicidal action
against C. parapsrlosis, but it is fungistatic
against C. albicans. It is also active against
some non-dermatophyte moulds [29].

Pharmacokinetics. Terbinafine is well
absorbed from the gastrointestinal tract. Its bio-
availability is usually over 70% [29]. Terbinafine
is highly lipophilic, strongly binds to plasma
proteins in a non-specific manner, and is
keratinophilic (Table 74). It is accumulated in
the adipose tissue giving a depot effect and
slow elimination from the body. The nail is
reached by diffusion from the dermal vessels
and incorporation into basal keratinocytes.
Terbinafine appears in the homy layer within
24 hours after the first dose attaining therapeu-
tically active concentrations in skin, nails, hair
and sebum. Terbinafine reaches the nail via nail
bed and matrix by diffusion and via the matrix
by incorporation into the growing onychocytes
[30]. After 7 days, drug concentrations were
0.43 ng/g in peripheral nail clippings exceeding
minimal inhibitory concentrations of most
dermatophytes 10 to 100 times [31].
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Terbinafine is slowly eliminated from nails aflter
discontinuation of treatment. Almost half of the
drug concentration is still retained for 90 days
at levels higher than the MIC values of most
nail pathogens by a factor of 5 to 50 times.
The long-term accumulation of terbinafine
enables a relatively short period of treatment
for eradication of fungal nail infections.

Terbinafine biotransformation is reduced
in hepatic disease and the terminal half-life
increases in renal insufficiency [29].

Adverse effects. Adverse effects are rare and
mostly slight and transient. Gastrointestinal
(incidence 5.2%), cutaneous (2.7%), and
central nervous system side effects (1.2%)
prevail. A postmarketing study of 9879 patients
revealed that 14.5% of patients reported some
medical events, 49% of which were thought to
be possibly or probably related to terbinafine.
Less than 1% were serious and only 5 of these
were related to treatment [32]. Gastrointestinal
symptoms include irritation, dyspepsia, nausea,
vomiting, diarrhoea, cramps, gastric fullness,
and nausea. Taste alterations, typically
occurring 5 to 8 weeks after starting oral
terbinafine are experienced by 0.12 to 0.6% of
patients, mainly as hypogeusia, ageusia,
cacogeusia and metallic taste. The taste dis-
turbance usually resclves within 4 months after
withdrawal. Smell disturbance, discoloration
[33] and burning of the tongue appear to be

rare. Headache, dizziness, lack of concentration,

sleeplessness, and other central nervous
system effects occur in about 1.2%. Green
vision was recently observed.

Skin side effects include rashes, urticaria,
serum sickness-like reaction, pruritus, eczema,
erthroderma, and development or exacerbation
of psoriasis (Table 7.5).

Serious side effects are rare, but may be life-
threatening. Decreased numbers of blood cells
and agranulocytosis are rare as is terbinafine-
induced hepatic disease [34]. Renal impair-
ment due to terbinafine appears to be ex-
ceptional. Severe adverse effects affecting the
skin include acute generalized exanthematous
pustulosis, severe erythema multiforme,
Stevens-Johnson syndrome [35], and toxic
epidermal necrolysis [36]. In patients with ony-
chomycosis, the German medical profession
drug advisory board therefore recommends
first considering a topical treatment and pre-
scribing oral terbinafine treatment only after a
very careful risk-benefit consideration [37].
Other authorities do not take this view.

Drug interactions. Interactions with other
drugs are remarkably rare, probably because
terbinafine does not have a high affinity for liver
microsome cytochrome P450 enzymes

(Table 7.3). Cimetidine may increase terbinafine
levels and rifampicin and phenobarbitone were
found to decrease them. Terbinafine decreases
cyclosporin A levels in blood possibly by
inducing a metabolic degradation of cyclo-
sporin A; however, this does not require a dose
adjustment.

Precautions. Although routine laboratory
monitoring is probably not necessary in
patients without a history of liver disease and
haematological disorders it is wise to have a
baseline liver function test and blood count in
patients at risk, especially when there is a
history of hepatitis, heavy drinking, blood
dyscrasias, etc.

Terbinafine dosing. Terbinafine is given in a
dose of 250 mg per day in adults. A treatment
duration of 6 weeks is deemed sufficient for
fingernail and of 12 weeks for toenail fungal
infections.

Terbinafine in onychomycosis (Fig 7.30,31).
Initially terbinafine was given as long as the
affected nails took to regrow healthy. Because
of the good results and its persistence in the
nail for 3 months after the end of therapy the
treatment period was shortened. Cure rates
were 71% and 79% after 12 and 24 weeks of
treatment, respectively [38]. Early studies
suggested clearance rates of 95% for fingernail
and 82% for toenail onychomycosis. Pro-
longation of terbinafine treatment duration from
3 to 6 months did not improve the mycological
cure rate and clinical cure rates [39]. A follow-
up examination of 22 patients of this study

27 years later revealed that nearly half of the
patients had a clinical and mycological cure.

A double-blind comparison with griseofulvin
showed 79% complete cures with 3 months’
terbinafine compared to 39% for griseofulvin
after 3 months of treatment for fingernail
mycoses [40]. A 24-week course of terbinafine
was also significantly more effective than a
48-week course of griseofulvin in toenail
dermatophytosis.

The first study comparing itraconazole 200 mg
daily with terbinafine 250 mg daily, did not
show significantly different cure rates [41)].
However the follow-up period of this study was
only 6 months. Another comparative study of
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250 mg terbinafine daily for 12 weeks versus
itraconazole 200 mg daily for 12 weeks
showed terbinafine to be superior after a
follow-up period of 40 weeks [42]. In toenail
onychomycosis caused by dermatophytes,

a double-blind comparative trial of terbinafine
250 mg/day versus itraconazole 200 mg/day
(186 patients in each group) showed at week
48 that terbinafine produced higher rates of
clinical and mycological cure than did itra-
conazole [43]. Two studies have shown that
terbinafine given as weekly pulses of 500 mg
daily once a month is as effective as
continuous treatment with 2560 mg daily and
itraconazole pulse therapy [44].

A rmore recent multicentre European study
compared continuous terbinafine at 2560 mg
daily for 3 or 4 months against pulsed
itraconazole at 400 mg daily for 1 week
repeated monthly for 3 or 4 months. At follow-
up 56 weeks later there were significantly more
patients in mycological remission amongst
those taking terbinafine for both 3 and

4 months compared to those on the 3 or

4 pulse regimen of itraconazole [45].

Fig 7.30
Onychomycosis due to 7. rubrum
before treatment

Although its in vitro activity against Scopu-
lariopsis brevicaulis is high, its clinical efficacy
is unpredictable. Candida parapsilosis nail
infections were effectively treated whereas

C. albicans required 500 mg per day and a
longer duration of treatment. Combined treat-
ment using atraumatic removal of the diseased
nail plate allows clinicians to use shorter
courses of therapy. We have shown that a
combination of terbinafine with topical
application of amorolfine nail lacquer increased
the overall cure rate [46].

Pharmaco-economic aspects of oral
onychomycosis treatment. The cost of
treatment of cnychomycoses is far more than
just the cost of the drug. Treatment duration,
physician consultations, administrative cost,
mycology and laboratory examinations are

all factors, and cure, as well as relapse rates are
further important aspects. Depending on the
method used to calculate cost-benefit, both
terbinafine and itraconazole have been
suggested to be the most cost-effective
systemic drugs [47].

Fig 7.31
Onychomycosis at 6 months, following
1 month's treatment with terbinafine
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7.3.1 Treatment in the elderly

In this type of patient, treatment must be
individualized. It will depend on the patient’s
needs, physical condition, the site of the lesions
(fingers or toes), any associated pathology
(which might be multiple), the type of ony-
chomycosis (onychogryphosis, for example)
and the possibility of underlying vascular
impairment. In elderly patients with trophic
disorders of the legs, repeated isolation of
Candlidla ciferri from toenails was recently
reported [1]. Onyehocola canadensis, often
involving all the toenails with a yellowish,
slightly hyperkeratotic and markedly friable
dystrophy, is probably also underestimated as
an agent of onychomycosis in elderly indi-
viduals with arteriovenous problems associated
with leg ulcers, because of the slow growth of
the fungi in culture and the necessity for a sub-
culture for identification [2]. Finally, the clinico-
pathological spectrum of foot disease may be
related to wearing improperly fitting shoes.

Table 7.6

Adverse events of currently used systemic antifungals

Itraconazole

A patient in good health can be treated in the
same manner as a young adult. Nevertheless

the management of finger and toenail diseases
requires different considerations. The latter may

require less medication but more chiropody.

This may involve the abrasion of hyperkeratotic

nails by means of a specially designed electric
file with a pear-shaped, carbide bit.

It might be advisible to refrain from additional
systemic treatment in patients who may
already be taking several medications. How-
ever, if the patient is both insistent and
distressed by the disease, one could consider
a weekly dose of fluconazole (300 mg).

With this exception, these patients should
receive only local treatment such as chemical
nail avulsion, which carries no risk to the
ischaemic toe or antifungal nail lacquers [3].
Both offer an improvement in terms of patient
compliance and results may alse be improved
as both approaches involve the use of
assistance of a third person to apply properly
the treatment.

Fluconazole Terbinafine

Overall incidence  10-15 %

Gastrointestinal Nausea, vomiting,
abdominal pain,
diarrhoea, asymptomatic
increase of liver enzymes

Skin Rash, oedema, urticaria,
generalized pustulosis

CNS Headache, dizziness

Other Hypokalaemia,
thrombocytopenia plus
leukopenia, drug
interactions

10-15 % 10-15%

Nausea, vomiting, Nausea, vomiting,
abdominal pain, dyspepsia, diarrhoes,
diarrhoea, asymptomatic  cramps, sickness, tasle
increase of liver enzymes alterations

Rash, Stevens-Johnson  Rash, urticaria, serum-
syndrome, toxic sickness-like reaction,
epidermal necrolysis, eczema, erythroderma,
fixed drug eruption Stevens-Johnson
syndrome, toxic
epidermal necrolysis

Headache, dizziness,
sleeplessness, green
vision

Headache, seizure

Agranulocytosis, Pancytopenia
thrombocytopenia,
adrenal insufficiency,

congenital anomalies
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7.3.2 Treatment in childhood [4-5]

Children with onychomycosis should be
carefully examined for concomitant tinea capitis
and tinea pedis. Their parents and siblings
should also be checked for onychomycosis and
tinea pedis.

Topical formulations, using transungual anti-
fungal delivery system and bifonazole in a 40%
urea cream are suitable first treatment options.
If systemic treatrent is necessary, as in adults,
it will require 6 weeks of continuous terbinafine
therapy for the fingers and 3 months for the
toes. The dose suggested would be 250 mg/
day when the weight exceeds 40 kg; 125 mg/
day at a weight of 20 to 40 kg and 62.5 mg/
daily for children weighing less than 20 kg.
With itraconazole pulsed therapy (2 weeks over
2 months for fingernails and 3 weeks over

3 months for toenails, the doses suggested
would be 200 mg/twice daily when the weight
exceeds 50 kg ; 200 mg/day at a weight of

40 to 50 kg ; 100 mg/day at a weight of 20 to
40 kg and 5 mg/kg daily for children weighing
less than 20 kg; an oral solution is available

(3 mg/kg/day) [6].

Intermittent therapy with fluconazole requires a
weekly 3 to 6 mg/kg single dose for 12-16
weeks for fingernails, 18-26 weeks for the toe-
nails (a suspension is available).

As none of these antifungals is approved for
use in dermatophyte onychomycoses in
children in all countries, clinical judgement is
needed to assess the potential benefits and
risks to the patient. In onychomycosis, some
advise carrying out blood tests every 8 weeks
including electrolyte levels (itraconazole, fluco-
nazole); liver function tests (all drugs) and com-
plete blood count with a differential (all drugs)

[5].

7.3.3 Treatment in pregnant women

There is only limited experience in the use of
itraconazole in pregnancy, but it can penetrate
the blood-placenta barrier. Due to its
lipophilicity, it is excreted in breast-milk and
breast-feeding women are therefore advised
not to take this drug.

Fluconazole has been associated with con-
genital anomalies and should therefore not be
given to pregnant women.

There is no evidence of an interaction between
oral terbinafine and oral contraceptives, and
oral terbinafine does not appear to affect the
outcome of pregnancy [7]. Clinical experience
with terbinafine during pregnancy is, however,
minimal.

According to FDA pregnancy categories, these
new systemic antifungal agents have been
classified as follows: itraconazole and fluco-
nazole belong to category C and terbinafine to
category B. However, it is generally prudent

to avoid using any of these drugs in pregnant
women.

7.3.4 Treatment in immunocompromised
patients

Onychomycaosis is frequently seen in HIV-
infected patients, and several studies have
reported prevalence rates of up to 12% [8]. In
AIDS patients onychomycosis can be observed
without evidence of dermatophytosis else-
where on the skin [9]. Onychomycosis com-
monly appears when the CD4 cell count is less
than 450 cells/mm?® [10]. Tinea unguium corre-
lates with disease progression. Generalized
chronic dermatophytosis has been reported in
subjects with CD4 lymphocyte counts of less
than 200/mm? [11].

The same fungal infections commonly seen in |
the HIV-negative population are also seen

among HIV-positive individuals, and the same
effective antifungal agents are generally useful
although relapse rates are higher [12]. Besides
physical discomfort, fungal nail infection can

cause profound emotional distress for patients

with HIV infection and serve as a daily reminder

of a disease that might otherwise still be
asymptomatic.

CFAD v. Anacor, IPR2015-01776 ANACOR EX. 2053 - 65/77



Onychomycosis due to dermatophytes is
frequent and 7. rubrum is the most commonly
isolated arganism which may even involve

) periungual tissues. PSO represents 90% of the
= cases of onychomycosis in AIDS.

In immunosuppressed patients, onycho-
mycoses due to non-dermatophytes account
for only a small proportion of the cases.
Fusarnum spp. may be dangerous in neutro-
penic patients because the toenail can be a
possible portal of entry for systemic infection
which can be rapidly fatal despite institution of
amphotericin B therapy [13] which has the

" highest in vitro activity and should be currently
i considered as the treatment of choice[14].

Immunocompromised patients present special
therapeutic problems ranging from failure to
eradicate the organism completely, toxicity, and
replacement of the most commaon Candida
species with others more resistant to treatment
& such as Candida glabrata [15). The develop-
ment of yeast resistance in immunocompromi-
sed patients is beginning to prove a significant
) difficulty, especially in AIDS cases [16]. In addi-

tion, these patients tend to have more severe
cisease with frequent recurrences [17].
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7.4 Rationale for a stepwise approach
to therapy

Besides the five main considerations for
choosing a drug (efficacy, safety, cost, com-
pliance, and availability [1]), choice of treatment
(Fig 7.32) depends on many factors including
patient’s age and preference, infecting fungus,
number of nails affected, degree of nail involve-
ment, whether toenails or fingernails are
infected, and whether other drugs are taken

[2]. In order to improve on efficacy, some
investigators still suggest that one manage-
ment approach would be to check mycological
status six months after the start of systemic

Fig 7.32
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therapy and then to repeat treatment for those
with positive results with the same antifungal
(terbinafine [3-4] or itraconzole [5]), or with
fluconazole after a course of terbinafine [6].
However, by following such strategies we
probably move away from one of the
considerations of great importance nowadays,
i.e. cost effectiveness [7].

Sequential pulse therapy for fingernail ony-
chomycosis, with itraconazole (200 mg twice
daily for one week), was followed 3 weeks later
by a pulse of terbinafine (25 mg twice daily for
one week). Patients were evaluated 4 months
from the start of treatment, and if necessary it
was supplemented with another pulse of itra-
conazole only. All patients were cured [7al.

It is important to recognize that fungal invasion
of certain sites e.g. the lunula, the lateral edge
of the nail and the subungual area {which may
lead to extensive onycholysis) may affect
recovery. Therefore, a rationale for a staged-
therapy approach in treating enychomycosis is
suggested [7b] (Fig 7.33).

Early infections with involvement of the distal %
of the nail plate of up to two to four digits may
be treated with topical monotherapy using the
nail lacquers that act as transungual drug
delivery systems. The shorter the length of nail
plate invasion, the better the treatment
response. Such treatment of distal subungual
onychomycosis at the beginning of the fungal
invasive process solves the problem of
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retaining the active agent in contact with the
substrate for long enough to produce the
desired antifungal action. Should there be no
significant clinical success after a period of six
months, a short course with systemic anti-
fungal agents should be added.

Topical monotherapy is ineffective in more
extensive infections including those with the
local factors already mentioned, i.e. where the
nail plate is no longer in contact with the sub-
ungual tissue (as this interrupts the transport of
the drug from the nail into the nail bed).
Equally, this drawback is also encountered with
the new systemic antifungal drugs which
usually penetrate the nail via the nail bed,
thereby interrupting the transport process of
the drug from the nail bed into the ventral nail
plate (Fig 7.34). Even though these drugs still
enter the nail keratin through the matrix, the
clinical and mycological response may be
diminished. One potential solution to the
management of these more extensive infec-
tions involves using antifungal nail lacquer and
oral therapy with one of the newer drugs e.g.
terbinafine [8], itraconazole [9] or fluconazole
from the start. The use of combined topical and
systemic therapy may be expensive, but since
the cure rate is higher, the overall cost of
therapy is reduced. In countries where this is
not an issue, it is a logical clinical choice in some
infections.

This combination is potentially beneficial since
topical treatment may eradicate fungal foci in
the nail plate and systemic antifungals treat the
nail bed and tinea pedis which usually pre-
cedes onychomycosis. Chemical or partial
surgical nail avulsion may also be used to sup-
plement the treatment to eliminate the factors

Fig 7.34
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encouraging chronicity such as the develop-
ment of irregularities of the nail bed. Such a
combination also minimizes the risk of adverse
effects from systemic drugs which might have
to be given for a long period.

Antifungal combinations may increase the e
magnitude and rate of microbial killing in vivo, I
shorten the total duration of therapy, prevent

the emergence of drug resistance, expand the

spectrum of activity, and decrease drug-related !
toxicity by using lower doses of systemic anti- !
fungals [10, 11, 12]. hy

Biochemical studies have identified a number
of potential targets for antifungal chemo-
therapy, including cell wall synthesis,
membrane sterol biosynthesis (Fig 7.35),
nucleic acid synthesis, metabolic inhibition and
macromolecular biosynthesis [11]. The
inhibition of cell wall synthesis would be, in
theory, highly specific since only fungal cells
build their cell wall with chitin and glucan.
Since the modern systemic azoles and allylami-
nes as well as the topical amorolfine act very
specifically on the ergosterol biosynthesis in the
cell membrane, as a rational partner for combi-
nation therapy one may prefer to combine the
new systemic drugs with ciclopirox which acts
by a completely different mechanism (Fig 7.36).
As vet there is no suitable preparation of the
new cell wall antogonists such as the echino-
candins, currently in development.
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Fig 7.36
Potentlal targets of antifu ngal agents (after A. F’olak)
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Other therapeutic problems

1) Isolated onycholysis associated with
Candida spp.

2) Chronic paronychia
3) Non-dermatophyte moulds

Onycholysis associated with Candida spp.
[13]

Isolated onycholysis associated with Candida
spp. often coexists with bacterial infection
(Pseudomonas or Proteus) [14]. The nail has to
be trimmed back as far as possible (local ana-
esthesia may be required for anxious patients),
the nail bed should be debrided with a piece of
gauze wrapped around a stick. A topical agent
such as ciclopirox or clotrimazole must be
applied daily. However, unless there is morpho-
logical or histological evidence of nail plate
invasion, the fungi are generally found colon-
izing the ventral nail plate and onycholysis must
be managed separately.

Chronic paronychia

The proper treatment of chronic paronychia
cannot be generalized since it requires the
identification of different aetiological factors
responsible for the condition [13, 15].
Patients need precise counselling about the
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environmental hazards that may exacerbate
their condition, such as "wet occupation”
(e.g. kitchen work) and microtrauma.

Patients with irritative chronic paronychia or
with contact allergy, food hypersensitivity, or
Candida hypersensitivity greatly improve with
the daily application of potent topical steroids.
In severe cases intralesional injections or
systemic steroids can be used.

[f Candida is present a topical imidazole
derivative or ciclopirox cream can supplement
the steroid treatment. Solutions are a preferable
treatment, as they penetrate to the site of
infection better. Systemic antifungals are not
more useful, except in true Candida paronychia
infection.

Chronic paronychia can be considered cured
only when the cuticle has completely regrown.

In recalcitrant cases of chronic paronychia due
to foreign bodies (in hairdressers for example)
a crescent of thickened nail fold may be
excised under regional block anaesthesia.
Complete healing by secondary intention and
restoration of the proximal nail fold with
adherent cuticle takes place in less than one
month.

Non-dermatophyte moulds

SWO caused by non-dermatophyte moulds
may respond to abrasion of the nail surface
followed by topical therapy with imidazole
agents, amorolfine or ciclopirox.

In the other clinical patterns, non-dermatophyte
moulds are most likely to be contaminating
organisms in enychomycasis due to dermato-
phytes, secondary to the dermatophyte.
Removal of the other fungi does not influence
the outcome of treatment [16].

DLSO associated with only non-dermatophyte
moulds such as Aspergiifus spp., Fusarium
spp., Sytalidium spp., Scopulariopsis brevi-
caulis and Alternaria spp. may respond

to intermittent itraconazole therapy [17] or to
systemic terbinafine [18]. However best results
may be obtained when systemic antifungals
may be associated with topical treatment
preceded by surgical or chemical nail avulsion
[19].




Table 7.6
Causes of failure of onychomycosis treatment (After poster 187 AAD 1998, modified) [20].

1. Poor compliance
2. Misdiagnosis
- laboratory tests neglected
- dual pathology
- bacterial association [14]
3. Dietary mistakes (itraconazole and

ketoconazole intake)

- reduced gastric acidity/achlorhydria
(for example in AIDS or neutropenia
patients) should be compensated by
intake with acidic fruit juice

- empty stomach, since resorption of these
drugs (as well as griseofulvin) are influ-

enced by presence of fat-containing meal.

- Trichophyton rubrum nigricans [20]

- development of yeast resistance in
immunocompromised patients as well
as replacement of the most common
Candida spp with others more resistant
to treatment [22].

Bioavailability of drug interactions

(see text)

Local factors

- reduced linear nail growth

- wearing improperly fitted shoes

Systemic factors

- peripheral circulation impairment
- endocrine diseases (diabetes, Cushing)

4. Clinical variants
- extensive onycholysis

- lateral nail fungal infection

- dermatophytoma
- paronychia

5. Mycological variants

- presence of arthroconidia with thicker cell

walls [20]
- dematiaceous fungi

- ageing with multiple associated factors

9. Host response

- Endogenous immunologic factors
AIDS, CMCC
Chronic dermatophytosis

- Exogenous immunologic factors
Immunosuppressive therapy
(transplant patients)
Chemotherapy
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Preventive Measures

Fig 8.1
Genetic predisposition to T rubrum

There is an excellent therapeutic response to
terbinafine (82% clinical cure or with minimal
residual lesions and 82% mycological cure
after 2 years) [1-3]. However, in some patients
with onychomycosis, treated with the new
systemic antifungals, the long term results are
somewhat disappointing, but definitely better
with terbinafine [3a], especially in patients
followed for 5 vears after initiation of original
treatment with terbinafine or itraconazole [3b].

A study reports on the 3 year follow-up of a
group of 47 "cured’ patients with toenail ony-
chomycosis. They were treated with a 4 month
course of either terbinafine or itraconazole.
Relapses were more comman in patients
treated with pulsed itraconazole {36.3 %) than
in patients treated with continuous (16.6%) or
intermittent {16.3%) terbinafine [4]. This was
confirmed in a double blind comparative trial of
terbinafine 250 mg/day versus itraconazole
200 mg/day for 12 weeks [5].

In another study of 88 patients, 36 weeks after
cessation of 12 weeks’ itraconazole (continuous
or pulse) therapy, total clinical cure was achie-
ved in 35% of these patients with 93% nega-
tive culture. At a follow-up at week 104 the
total clinical cure was 39%, with negative cul-
ture in 57%. Younger patients showed
significantly better clinical cure rates at week
36 than older patients. This could be due to the
faster nail growth in young people [6]. A group
of patients treated with 250 mg terbinafine
daily for 3 to 6 months was followed for
approximately 2% years. Although some
patients changed status from cured to not
cured and vice versa, nearly half of the patients

had a clinical cure after 1 year and a clinical
and mycological cure after 2% vyears [7].

Moreover, Epstein investigated howv often oral
treatment of toenail onychomycosis does
produce a disease-free nail and concludes that
this goal is achieved with standard courses of
terbinafine in approximately 35%-50% of
patients. For itraconazole, the relevant disease-
free nail rate was about 25%-40%. He also
stated that disease reappearance is an impor-
tant issue and that corresponding data are
unfortunately still missing [8].

This statement leads spontaneously to the
question as to whether efficacious prophylactic
treatment is necessary and possible. In this
context the application of the new topical
transungual drug delivery systems should be
investigated since systemic treatment for pro-
phylactic use cannot be justified due to possible
side effects, drug interactions and high costs.

8.1 Reasons for prevention

These studies suggest that the long term out-
look for some patients receiving treatment for
fungal nail disease Is unsatisfactory because of
treatment failure, relapse or reinfection.

Failure of treatment of onychomycosis may be
due to reinfection or to incomplete eradication
of the eriginal fungus with treatment (recur-
rence) (See Table 7.6). Although in most cases
it is virtually impossible ta distinguish rein-
fections from true relapses. Failures that occur
within 1 year after interruption of treatment are
more likely to be recurrences, whereas failures
that occur later are probably reinfections.

The latter probably accounts for about % of
relapses [2]. This raises the question as to why
patients with onychomycosis are so easily
reinfected. Susceptibility to onychomycosis
depends on several factors, including genetic
predisposition, reduced nail growth rate and
underlying disease.

8.1.1 Genetic predisposition

Tnchophyton rubrum onychomycosis
frequently occurs in several members of the
same family in different generations (Fig 8. 1).
Tnchophytorn rubrum infection, however, is rare
in persons marrying into infected families.
suggesting a genetic predisposition rather than
an intrafamilial transmission of the infection. It is
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associated with atopy, for instance [9].
Pedigree studies suggest an autosomal
dominant inheritance [10]. According to Zaias,
predisposed individuals acquire Trichophyton
rubrum infection in early childhood from their
infected parents. The infection remains
localized to the plantar region for many years
without being noticed by the patient. Nail
invasion, which usually begins in adult life, is
possibly favoured by local factors such as redu-
ced nail growth rate and trauma. Genetic pre-
disposition to 7 rubrum invasion may possibly
be linked to biochemical abnormalities in the
keratins. A genetic susceptibility to infection by
T concentricurn (tinea imbricata) has also been
suggested.

Gender has a role in determining the risk that
an individual will develop onychomycosis

[11. 12]. In one survey, the risk of males having
onychomycosis was 84.3% greater than for
females of the same age [11].

8.1.2 Reduced nail growth rate

It has been suggested that onychomycosis
affects the toenails of elderly individuals
because of slow growth rate [13], a hypothesis
which is still debatable (see p. 41).

8.1.3 Underlying disease
Nail diseases

Onycholysis and nail bed hyperkeratosis may
favour nail invasion by fungi. This explains why
onychomycosis is quite common in patients
with traumatic nail dystrophies or nail bed
psoriasis [14].

Dermatological diseases

Dermatophyte infection is often observed in
patients with palmoplantar keratoderma or
ichthyosis [15, 18].

Systemic disease

Peripheral vascular disorders and diabetes
mellitus have frequently been reported to pre-
dispose to onychomycosis [17]. However, recent
epidemiological data are against the association
between onychomycosis and diabetes [18],
althcugh the majority of patients in this study
had type | diabetes mellitus, affecting a younger
age group who are less prone to onycho-
mycosis. Other endocrine diseases (Cushing's
syndrome [19], metabolic disorders, peripheral
neuropathies and lymphoma [20]) have also
been considered as predisposing factors.

Immunosuppression clearly predisposes to
onychomycosis, and nail invasion by yeasts is
almost exclusively seen in patients with
impaired immune function.

Patients with HIV infection are more commonly
affected by onychomycosis than healthy
individuals [21]. In these patients onycho-
mycosis is frequently caused by fungi that do
not usually invade nails of immunocompetent
individuals, such as Candida spp. and
Fusarium spp. In some cases nail infection may
represent the portal of entry for a disseminated
infection. Proximal subungual onychomycosis
due to 7 rubrum is often observed in HIV-
positive patients, where it is considered to be a
negative prognostic feature. For this reason,
patients with 7 rubrum proximal subungual
onychomycosis should be examined for the
presence of underlying immunosuppression.

8.2 Prevention

Since relapses of onychomycosis are frequent,
consideration should be given to prevention of
reccurrences in patients who have been cured.
High rates of infections have been associated
with working conditions where:

- workers are required to wear heavy duty
shoes which create a confined, damp and
warm atmosphere that facilitates the develop-
ment of fungal and bacterial infections.

- industries do not provide sufficient
information to workers about the importance of
foot hygiene.

- jobs necessitate the use of communal
showers, which can lead to recurrent fungal
contamination.

Collective preventive measures

These are generally ineffective because they

are difficult to apply and/or not adhered to .

Ideally the following situations are desirable

[22]:

- tiled shower floors should be inclined to allow -
sufficient drainage and non-stagnation of bl
wastewater (7richophyton rubrum survives
25 days in stagnant water at 23-25°C). l
- wooden shower-floor grids should be

replaced by plastic ones to limit the adhesion
of scales shed by infected feet.

— floors of communal showers must be
washed and disinfected at least once daily with,
for example, sodium hypochlorite, if possible
after use by each group of workers.
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Table 8.1
Individuals at risk

Preventive Measures

Armed forces, police
Athletes
Dustmen

Employees of indoor swimming pools

Excavation workers

Mine workers
Rubber-industry workers
Sewer workers

Steel and furnace workers
Wood-cutters

72

Individual preventive measures, have to be
added to the collective preventive measures.

There is no evidence that disinfecting shoes
and socks, though logical, atfects the course or
relapse rate of onychomycosis. It is, however,
important to treat recurrent tinea pedis at the
earliest opportunity. In individuals at risk for
tinea pedis (Table 8.1} it is important to limit
spread in shower rooms by providing dis-
posable slippers and by careful foot hygiene
including drying web spaces after showering.
Tolnaftate [23], fenticonazole [24], ciclopiroxol-

amine and bifonazole powder [26] have all
been used prophylactically to prevent recurrent
tinea pedis. A weekly application of terbinatine
cream in the nail area [26], between the toes
and on the soles of the feet would also be
expected to be very effective in preventing
reinfection in those individuals who appear to
be particularly susceptible to onychomycosis.

Finally, long-term intermittent therapy might
prevent the re-establishment of tinea pedis and
limit the risk of nail reinfection. Periodic use of
transungual antifungal drug delivery systems,
which are retained in nail keratin after discon-
tinuation of therapy, appsars to be a logical and
safe method for preventing recurrences hbut this
needs confirmation in a large population.
Howvever it is doubtful if such approaches are
practicable in the majority of patients and good
foot hygiene at home or in the work place
coupled with early treatment of recurrent tinea
pedis may provide the best solution.
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Acremonium spp, culture 34
acrokeratosis paraneoplastica 22
acromelanoma 27
actinic reticuloid erythroderma, nail
changes 22
AIDS, onychomycosis in 64-5
proximal white subungual 15
total dystrophic 18
see also HIV-positivity
amorolfine 45
lacquer 44
clinical study 46
terbinafine combination 61
anatomy of normal nail 10-11
antifungal therapy 44-69
biochemical targets 66, 67
in children 64
choice of treatment 66-7
in elderly 63
failure
causes 69
long-term 70
and ‘other’ therapeutic problems 68
in pregnancy 64
systemic 54-61
fluconazole 57-9
itraconazole 54-7
penetration pathways 55
pharmaco-economic aspects 61
terbinafine 59-61
topical 44-563
avulsion 47-52
conventional agents,
not adapted
transungual drug delivery
systems 44-7
See also preventive measures;
treatment
Aspergillus, culture 33
avulsion 47-
chemical 50, 52
for elderly patient 63
surgical
partial 49-560, 51
total 48-9

Bazex syndrome 22
bifonazole, in urea avulsion
preparation 52

for children 64
biopsy of nail, for histopathology 34-5
black onychomycosis

superficial 14

see also superficial onychomycosis
Bowen's disease, melanonychia in 27
breast milk, drug excretion in 64

Candida albicans 6 ,
superficial white onychomycosis
from 14

Candida ciferri, infection in elderly 63

Candida guilhermondi, melanonychia

from 26

Candida onycholysis 13
and antifungal therapy 68
partial avulsion for 50, 51

Candlida paronychia 16
partial avulsion for 50, 51

Candida spp
drug sensitivity, terbinafine 61
in immunocompromised
patients 65
see also chronic cutaneous
candidosis (CMC)

candidosis see chronic cutaneous

candidosis (CMC)

children
antifungal therapy 64
chronic cutaneous candidosis
in 18,19
chronic cutaneous candidosis
(CMC) 18, 19
ciclopirox 45-6
lacquer 44
clinical study 46-7
itraconazole combination 57
culture 31-4
dermatophytes 32, 33
media 31
non-dermatophytic moulds 33-4

Darier's disease, nail involvement 21
leuconychia 24, 25
dermatitis, chronic,
nail involvement 21
dermatophytoma 48
diabetes, and onychomycosis 8, 71
diagnosis see differential diagnosis;
mycological diagnosis
differential diagnosis 20-7
distal lateral subungual
onychomycosis
with hyperkeratosis 20-2
with onycholysis 23
fungal melanonychia 26, 27
histopathological 38, 39
proximal subungual
onychomycosis 24-5
superficial white onychomycosis 24
distal lateral subungual
onychomycosis (DLSO) 12-13, 48
differential diagnoses
with hyperkeratosis 20-2
with onycholysis 23
from non-dermatophyte moulds,
and antifungal therapy 68
histopathological examination 35-6
sampling for 34
partial avulsion for 47, 49, 50
sample collection for mycology 29
topical treatment 46
see also proximal subungual
onychornycosis (PSO)
dystrophic onychomycosis see total
dystrophic onychomycosis (TDO})

elderly, antifungal therapy in 63

endonyx onychomyeosis 17
histopathological examination 37
sample collection for mycology 29

epidemiology 6-9

erythroderma, nail changes 22

fluconazole 57-9
adverse effects 59, 63
in children 64
clinical aspects 59
drug interactions 56, 59
gninlmum inhibitory concentrations

4
pharmacology/pharmacokinetics
57-8

in pregnancy 64
frictional melanonychia 27
fungal melanonychia. differential
diagnoses 26, 27
Fusarium spp
culture 33, 34
in immunocompromised patients 65
proximal subungual
onychomycosis/paronychia from 16

gender, and onychomycosis 71
genetics, and onychomycosis 70-1
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griseofulvin, vs terbinafine 60
growth rate of nail 11, 40
and onychomycosis 41

Hendersonula toruloidea see
Scytalidium dimidiatum
HIV-positivity, and
onychomycosis 64-5, 71

see also AIDS, onychomycosis in
hyperkeratosis

and onychomycosis 71

subungual,

differential diagnoses 20-2
hyponychium, nermal 10. 11

immunocompromised patients,
onychomycosis in 64-5

see also AIDS, onychomycosis in;

HIV-pasitivity
immunosuppression, and proximal
subungual onychomycasis in 15
itraconazole 54-7

adverse effects 54, 63

in children 64

clinical considerations 57

drug interactions 54, 56

long-term results 70

minimum inhibitory

concentrations 54 .

pharmacology/pharmacokinetics

54, 55, 568

in pregnancy 64

vs terbinafine 60-1

keratin granulations, nail varnish 24
keratogenous zone 10

keratosis palmoplantaris,

and onychomycosis 8

KONCPA technique 34

laboratory examination see
mycological examination
lacquers see transungual drug delivery
systems (TUDDS)
lateral subungual onychomycosis
see distal lateral subungual
anychomycosis (DLSO)
leuconychia, as onychomycosis
differential diagnosis 24, 25
leukaemic paronychia 25
lichen planus

onycholysis in 23

subungual hyperkeratosis in 21
lunula, normal 10

media, culture 31

melanocytes, of nail matrix 10-11
melanomas 27

melanonychia, differential diagnoses
26. 27

microtrauma see trauma, nailplate
moulds, non-dermatophyte
and amifungal therapy 68
culture 33-
superficial onychomycosis from 14
mycological diagnosis 28-39
culture 31-4
dermatophytes 32, 33
media 31
non-dermatophytic moulds 33-4
false negative/positive results 28
histopathological examination 34-9
microscopic examination 30
principle 28
sample collection 28-9

Sl
3




nail avulsion see avulsion

nail unit, normal anatormy 10-11
nail varnish keratin granulations 24
Norwegian scabies 20

one-hand/two-foot syndrome 12, 13
onychocorneal band 10
Onychocola canadensss, infection in
elderly 63
onycholysis
Candida 13
and antifungal therapy 68
partial avulsion for 50, 51
and onychomycosis 71
distal lateral subungual 12, 23

pachyonychia congenita 22
paronychia 16
and antifungal therapy 68
leukaemic 25
partial avulsion for 5O, 571
sample collection for mycology 29
paronychia (continued)
in subungual onychomycosis
13,18
pityriasis rubra pilaris,
nail involvement 20
predisposing factors in anychomycosis
diseases 8, 71
genetics 70-1
pregnancy, antifungal therapy in 64
prevalence of onychomycosis 6, 7
preventive measures 71-2
proximal subungual onychomycosis
(PSO) 15-16
differential diagnoses 24-5
histopathological examination 37
partial avulsion for 50, 51
sample collection
for histopathology 34
for mycology 29
7 rubrum, in HIV patients 71
see also distal lateral subungual
onychomycosis (DLSO)
Pseudomonas, T rubrum mixed
infection 12, 13
psoriasis
histopathological
differentiation 38, 39
leuconychia in 24, 25
onycholysis in 23
and onychomycosis 8, 20
parakeratotic cell adherence 24

Reiter's syndrome, differentiation 20

Sabouraud media 31

scabies, Norwegian 20

Scopularnopsis brevicaulis 6
culture 3
rnicroscopic appearance 30, 31
proxirmal subungual cnychomycosis
from 16

Seytalidium dimidiatum 6
distal lateral subungual
onychomycosis from 12, 13
superficial black onychomycosis
from 14

Seytalidium hyalinum 6

Seyiandium spp, culture 34

stains, histopathological 34

sterol biosynthesis,

antifungal action on 67

subungual onychomycosis see distal

lateral subungual onychomycosis

{DLSQ); proximal subungual ony-

chomycosis (PSO}

superficial onychomycosis (5Q) 14
black 14
histopathological examination,
sampling for 34
sample collection for mycology 29
white 14
differential diagnoses 24
from non-dermatophyte moulds,
and antifungal therapy 68
histepathological examination 36

terbinafine 59-61
adverse effects 60, 63
in children 64
clinical aspects 60-1
drug interactions 56, 60
long-term results 70
minimum inhibitory
concentrations b4
pharmacology/pharmacokinetics
58, 59-80

in pregnancy 64

in prevention of recurrence 72
therapy see antifungal therapy;
treatment
tinea pedis 13

topical treatment see transungual drug

delivery systems (TUDDS)
total dystrophic onychomycosis
[TDO) 17-18
histopathological examination 37-8
transungual drug delivery systerns
(TUDDS) 44-7, 66-7
agents 45-6
clinical studies 46-7
effectiveness, and onychomycosis
type 46
for elderly patient 63
in prevention of recurrence 72
principle 44-5
schematic 44
trauma, nailplate 41
frictional melanonychia 27
microtrauma
leuconychia from 24, 25
and onychomycosis 12
onycholysis and 23
paronychia and 15
treatment
goals
mycological cure 40-1
nail plate clearance 41
response assessment 42-3
see also antifungal therapy
Trchophyton mentagrophytes 6
var interdigitale
culture 32, 33
plantar infection 12
n superficial white
onychomycosis 14
Trichophyton rubrum 6, 7
culture 32
in immunocompromised
patients 65
infection
distal lateral subungual
onychomycosis 12
genetic predisposition 70-1
and HIV positivity 71
proximal subungual
onychomycosis 15
Trichophyton rubrum nigiicans 26
Trchophyton soudanense, endonyx
onychomycasis from 17

urea ointment
avuision with 52
bifonazole combination 52, 64
farmulation 50

vascular disorders,
and onychomycosis 8, 71

white onychomycosis,
see under superficial onychomycosis
1SQO)

vellow nail syndrome 23
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Onychomycosis is one of the most common of all nail
diseases and its diagnosis and management is a challenge
which confronts dermatologists and primary care physicians
as well as other health professionals such as chiropodists/
podiatrists. The rapid advance in the development of
successful therapies for onychomycosis in recent years has
meant that there is an increasing need for accurate
diagnosis coupled with the selection of appropriate treat-
ments for a number of different conditions.

This book has been written by a team of authors who have
a specialist interest in nail disease and fungal infection.
The approach to the subject follows a logical sequence from
clinical diagnosis to laboratory procedures and therapy.
The presence of fungi in nails is not necessarily indicative
of infection and the process of assessing the relevance of
different fungi in nail dystrophy forms a key part of the
diagnosis. It is the intention of the authors that this bock
will provide a simple guide which will allow those treating
nail disease to identify genuine fungal infections amongst
the many different causes of nail dystrophy and to chose
the most appropriate method of treatment for each patient.
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