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2. Summary statement of the proposal for inclusion, change or deletion

Currently, the WHO list of essential medicines only includes one topical azole drug,
cotrimoxazole and one systemic azole, fluconazole. Oral and intravenous azole
drugs are basic treatments for many fungal diseases - cutaneous, mucosal, chronic,
allergic and invasive. While fluconazole is active against yeast infections and is on
the EML, it has no activity against Aspergillus spp. and is inferior to itraconazole for
many indications. Itraconazole, currently available as generic drug in most
countries is the agent of choice for histoplasmosis, sporotrichosis, blastomycosis,
paracoccidioidomycosis, chromoblastomycosis, allergic  bronchopulmonary
aspergillosis, eosinophilic folliculitis in AIDS and an agent of choice for
onychomycosis, vulvovaginal candidiasis, chronic pulmonary aspergillosis,
coccidioidomycosis and many cutaneous fungal infections. For middle and low-
income countries itraconazole has some specific therapeutic merits - the
prophylaxis of fungal infections in neutropenia, invasive aspergillosis and some HIV
patients needing azole maintenance therapy after cryptococcal meningitis living in
Histoplasma or Talaromyces endemic. Multiple generic capsule forms of
itraconazole are available; oral solution and intravenous drug are still branded
products. Itraconazole has a tolerable toxicity profile, but numerous drug/drug
interactions requiring care in prescribing, notably with some anti-retrovirals (ARVs)
and rifampicin. Most high-income countries undertake therapeutic drug
monitoring of itraconazole serum/plasma levels for patients receiving itraconazole
for life-threatening infection and long-term therapy.

This application recommends inclusion of oral itraconazole capsules 100mg,
itraconazole oral suspension 10mg/mL and intravenous formulation 10mg/mL onto

both the adult and paediatric EML.
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3. Name of the focal point in WHO submitting or supporting the application

(where relevant)

* Dr Nicola Magrini

4. Name of the organization(s) consulted and/or supporting the application

¢ Global Action Fund for Fungal Infection, Rue de Berne 11, 1201 Geneva,
Switzerland, in association with the International Foundation for Dermatology,
London, UK, The Manchester University and the Medical Mycology Reference
Laboratory of the Instituto de Salud Carlos IIl.

v David W. Denning (ddenning@gaffi.org)
Roderick Hay (roderick.hay@ifd.org)

Juan Luis Rodriguez Tudela (jlrtudela@me.com)

Ana Alastruey (anaalastruey@isciii.es)

Sara Gago (sgago@isciii.es)

AN NN

Elizabeth Peers (empeers@gaffi.org)

5. International Non-proprietary Name (INN, generic name) of the medicine

* |traconazole

6. Formulation proposed for inclusion; including adult and paediatric
(if appropriate)
* Capsules 100mg
* Oral suspension 10mg/mL

* Intravenous formulation 10mg/ml
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7. International availability - sources

if possible manufacturers and trade names

Figure 1. Map showing countries where itraconazole is available. For more detail see

www.gaffi.org/why/burden-of-disease-maps/

. Unavailable
I Available
m No data

Figure 2. Map showing where itraconazole is listed on countries essential medicines

list. For more detail see www.gaffi.org/why/burden-of-disease-maps/

— ______ ltraconazole

.
I not isted
B Listed

Janssen Pharmaceutica (Johnson and Johnson) and affiliates sell Sporanox all over
the world, in all three formulations. Sandoz sell generic capsules in Europe,
Ecuador, Jamaica, Panama, South Africa, Taiwan, Trinidad and Tobago, USA and
Venezuela. Multiple other generic manufacturers produce itraconazole capsules: in
India they include Biospore (Biosciences), Candistat Cap (Merck), Canditral

(Glenmark), Fulcover (Saga Lab), Fungicap (PIL), Itaspor (Intas), Itra (East West),
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Itrazen (Kaizen Pharma), Itrole (Chemo) and ltzucia (United Biotech). An enhanced
absorption formulation (Lozanoc — Mayne Pharma) is also available in China, South

Korea and Europe.

8. Whether listing is requested as an individual medicine or as an example of a

therapeutic group

¢ Individual medicine under EML section 6.3 Antifungal medicines.

9. Information supporting the public health relevance

(epidemiological information on disease burden, assessment on current use, target
population)
The information provided in this section encompasses the clinical use of

itraconazole.

9.1. Vulvovaginal candidiasis

Thrush is common. About 70% of all premenopausal women develop thrush at
some point in their lives (1). By a mean age of 24 years, 60% of women had
suffered at least one episode of vulvovaginal candidiasis and 36% had at least one
episode a year and 3% had it ‘almost all the time’. Estimates suggest 88-158 million
(5-9%) women get 4 or more attacks of vulvovaginal candidosis annually across the
world. In these patients there is often a worse response to initial treatment and a
shorter time to relapse (1-3). There are no estimates of the frequency of chronic
vulvovaginal candidiasis (cVVC), but is less common than recurrent vulvovaginal
candidiasis (rVVC). There is a rising frequency of infections due to fluconazole
unresponsive species such as Candida glabrata (4).

Underlying problems and at risk patients include pregnancy, antibiotic use,
diabetes mellitus and cystic fibrosis. HIV-seropositive women are not more likely to
develop vaginal candidiasis than controls (5). Oestrogen status is important,
accounting for post-menopausal women having rVVC on hormone replacement
therapy (HRT)(6). Other risk factors such as corticosteroid use and frequent

antibiotic use should be identified. If sporadic risk factors can be identified
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9.2.

9.3.

9.4.

prophylactic antifungal treatment can be used at the time. In many cases, however,

the risk factors are persistent or cannot be identified (7).

Oropharyngeal candidiasis

Oral thrush in HIV/AIDS occurs in ~9.5 million people worldwide based on ~90% of
patients not taking but needing anti-retroviral therapy (8). At least another 1-4
million are affected who do not have HIV infection.

Underlying problems and at risk patients are those with HIV/AIDS, with declining
immunity as well as in leukaemia and following stem cell transplantation unless
prevented with antifungals. It is also common in newborns and patients on head
and neck radiotherapy (9, 10). Occasionally it affects asthmatics taking inhaled
steroids and other immunocompromised patients, such as those with chronic
mucocutaneous candidiasis (rare genetic disorder) caused by either the AIRE
mutation or a STAT1 mutation, and those with CARD9 immunodeficiency (11, 12).
Fluconazole is the most prescribed azole agent for this indication, but itraconazole

solution is effective in those with fluconazole resistant oral candidiasis (8).

Oesophageal candidiasis

Candida oesophagitis affects an estimated ~2 million people as ~20% of HIV/AIDS
patients not on anti-retroviral therapy, and ~0.5% if on antiretroviral therapy
develop it. Other patients might increase the numbers by 10-20% (13). The risk in
HIV infection and AIDS is greatest when the CD4 count is below 100 x 106/l. Cancer
and neutropenic patients are at risk. There are rare reports of oesophageal
candidiasis in immunocompetent individuals after omeprazole therapy, suggesting
that hypochlorhydria favours colonization. Chronic mucocutaneous candidiasis
involves the oesophagus. Fluconazole is the most prescribed azole agent for this
indication, but itraconazole solution is effective in those with fluconazole resistant

oesophageal candidiasis (14).

Skin Infections
Skin infections caused by fungi are the 5™ commonest cause of human disease and
affect over 900 million people in the most recent estimate of the global burden of

disease (15). While Candida infections can involve skin surfaces in both healthy and
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immunocompromised patients the commonest skin infections are those caused by
dermatophyte or ringworm fungi and Malassezia, a yeast which can cause a
widespread superficial infection (16-19). The dermatophytes, in particular, cause a
significant burden of illness in children with some countries of sub-Saharan Africa
seeing prevalence rates as high as 35% in school children (20-22). Malassezia
infections are also seen in both healthy and immunocompromised patients and are
reported widely in those with HIV/AIDS. Immunological reactions to this fungus
leading to skin disease are also prevalent in HIV (16). Eosinophilic folliculitis, which

presents with intolerable itching is a common example seen in African settings (16).

9.5. Prophylaxis against fungal infection during neutropenia due to
haematological malignancy, aplastic anaemia and myelodysplasia
Neutropenic patients have high rates of both mucosal candidiasis and invasive
aspergillosis. Prior to the routine use of either/or antifungal prophylaxis and
empirical antifungal therapy, ~25% of patients would develop a fatal invasive
fungal infection, rising to 70% in those neutropenic for 30 days or more.
Itraconazole solution is very effective in the prevention of mucosal candidiasis and

partially effective in preventing invasive aspergillosis.

9.6. Acute invasive aspergillosis
Over 30 million people are at risk of invasive aspergillosis each year because of
corticosteroid or other therapies, and over 200,000 patients develop it annually
(13). The disease is common in people with acute leukaemia, stem cell and other
transplants (especially lung). Less commonly, invasive aspergillosis occurs in people
receiving corticosteroids for many reasons including chronic obstructive pulmonary
disease (>1.2% of admissions to hospital) and autoimmune disorders (such as
systemic lupus erythematosus) (23). Other significant risk factors include medical
intensive care (immunoparalysis following bacterial infection) (1.1-5.8%), liver
failure and severe burns (24). However, as some of these conditions are more
prevalent than haematological cancer and transplanted patients, the number of

individuals with invasive aspergillosis is probably twice as high as estimated.
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9.7.

9.8.

9.9.

Chronic pulmonary aspergillosis

Chronic pulmonary aspergillosis is a worldwide problem, estimated to affect over
three million people worldwide, of whom ~1.2 million have had tuberculosis (25).
Following pulmonary tuberculosis, 25-33% are left with residual cavitation in the
lung and of these 10-35% develop chronic pulmonary aspergillosis. Unpublished
data indicates an even higher frequency of the key marker of chronic pulmonary
aspergillosis (Aspergillus antibody) in smear negative tuberculosis, including HIV
positive patients. Underlying problems and at risk patients include pulmonary
tuberculosis, chronic obstructive pulmonary disease, sarcoidosis, allergic
bronchopulmonary aspergillosis, prior pneumothorax, prior lung cancer
(sometimes with lung radiotherapy or surgery) and asthma (including severe
asthma with fungal sensitization (SAFS)) (25). Most patients are not taking
corticosteroids or other immunosuppressant drugs and are not considered

immunocompromised (26).

Allergic bronchopulmonary aspergillosis (ABPA)

ABPA is seen worldwide affecting asthmatics and those with cystic fibrosis. ABPA is
uncommon in childhood. Frequency estimates vary from 0.7 to 4.1% of consecutive
asthma patients referred to a chest specialist, which suggests about 4.8 million
affected, amongst the ~200 million adults with asthma. ABPA tends to be found in
the worst affected asthmatics, and may be associated with status asthmaticus.

About 12-15% of adolescent and adult cystic fibrosis patients are affected (27, 28).

Blastomycosis

Blastomycosis caused by Blastomyces dermatitidis, is endemic to North America
and has been noted occasionally in Africa and India (29). Studies performed in the
USA showed that the incidence of this infection is between 0.5-7 per 100,000
people. Contact rates with the fungus are probably much higher. Most affected
patients are healthy adults, particularly middle aged men undertaking sports or
work in rural or wild areas. Immunocompromised patients are at increased risk of

severe disease (30).
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9.10. Sporotrichosis
Sporotrichosis caused by Sporothrix schenckii, has been reported worldwide with
most reported cases from Central and South America (Mexico, Colombia, Brazil,
Peru and part of China) (31, 32). Hyperendemic rural areas may have attack rates of
1 case per 1000 of the population. In northern India, ~30% of inhabitants in villages
where sporotrichosis had been reported had evidence of exposure to the organism
compared with 6% in villages without clinical cases. Occasionally point source
outbreaks occur, related to infected cats, moss used for planting and hay. Those at
risk patients include farmers, gardeners and forestry workers (32). Those affected
are usually healthy adults under the age of 30 but young children may also be
infected. S. schenckii most commonly enters the body through traumatic
implantation but a minority of patients do not recall any history of trauma. AIDS

may lead to disseminated sporotrichosis (33).

9.11. Histoplasmosis

Histoplasmosis is caused by Histoplasma capsulatum.

9.11.1. Histoplasmosis acute pulmonary
Exposure is common in the areas in which histoplasmosis is endemic. However
symptomatic disease is uncommon. Those at risk include cavers (spelunkers) and
those in the construction industry, doing excavation or demolishing or building new
buildings, cleaning chicken coops and heavy outdoor work (34). The organism
thrives in bat and bird guano. The larger the inoculum, the more severe the illness
is. Primary infection in immunocompromised patients, especially those with

advanced HIV infection and taking corticosteroids can be severe and fatal (31).

9.11.2. Disseminated histoplasmosis
In some localities in Latin America, disseminated histoplasmosis is the most
common opportunistic infection of newly presenting AIDS patients, and occurs
throughout the world at a lower frequency (30, 35, 36). Some patients present in
shock, requiring intensive care, most have less severe manifestations. Other risk
groups include those at extremes of age and immunosuppression for other reasons

(37).
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9.11.3. Chronic cavitary Histoplasmosis
Chronic cavitary pulmonary histoplasmosis is an unusual or rare complication of
histoplasmosis. At risk patients include patients with chronic pulmonary disease,

especially COPD is typical for chronic cavitary pulmonary histoplasmosis (36).

9.12. Coccidioidomycosis

Coccidioidomycosis caused by Coccidioides immitis and Coccidioides posadasii, is
restricted to the Americas. An estimated 150,000 infections occur annually in the
USA, and an unknown number in central and South America (38). Approximately
25,000 new, clinical cases of coccidioidomycosis are reported annually in the USA
leading to ~75 deaths per year. Occasional epidemics occur. Case numbers have
been rising in Arizona, possibly related to immigration to the state and building on
previously wild desert areas, with 7 cases per 100,000 persons in 1990, increasing
~75 cases per 100,000 persons in 2007 (39, 40). The most affected countries
outside the USA are Mexico, Guatemala, Brazil, Paraguay and Argentina (31).

Most patients with coccidioidomycosis are previously healthy. Dissemination is
more common in certain racial groups including Filipinos and African-Americans, as
well as men. Pregnancy (second or third trimester) increases the risk of
dissemination. Immunocompromised patients, especially those on corticosteroids
or with advanced HIV infection or AIDS, are at particular risk of dissemination.
Coccidioidal meningitis is a particularly devastating complication, affecting about

0.5% after primary infection and requiring life long antifungal therapy (39).

9.13. Paracoccidioidomycosis
Paracoccidioidomycosis causes by Paracoccidioides brasiliensis, is endemic to all
Latin America, especially Brazil. The largest number of cases has been reported in
Brazil, Venezuela, Argentina, Uruguay, Ecuador, Colombia, Peru and Paraguay.
Relatively few cases are reported from Bolivia or French Guiana. In Brazil there are
probably ~ 3,500 annually, so <10,000 worldwide (41). The incidence may be
declining because of changing agricultural practices and greater urbanization.
Males are affected much more frequently than females, although a similar sex
frequency is seen in pre-pubertal girls and post-menopausal women. Oestrogen

blocks the mould to yeast transition in the fungus, preventing infection. AIDS
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increases the risk of more severe infection. Smoking probably increases the risk of
chronic pulmonary disease. Many patients with pulmonary paracoccidioidomycosis

also have tuberculosis (31, 37).

9.14. Systemic Mycoses due to Talaromyces marneffei infection

(former name Penicilliosis)
Systemic Mycoses caused by Talaromyces marneffei (former known as
Penicilliosis), a genus shift very recently made from Penicillium marneffei, originate
from Southeast Asia, notably Thailand, Vietnam, Hong Kong, southern China,
Taiwan, India, Indonesia, Cambodia and Laos, unless laboratory acquired (42-45).
About 10% of AIDS patients in Hong Kong and ~30% of patients in N. Thailand
present with T. marneffei infections (46). Patient with AIDS and penicilliosis present

all over the world, following travel. Almost all patients present with have HIV
infection, with CD4+ counts <100 x106/L. It rarely occurs in other

immunocompromised patients (47).

9.15. Chromoblastomycosis
It is a cutaneous and subcutaneous mycosis characterized by the appearance of
proliferating chronic skin lesions following traumatic implantation of the fungus.
Sites most commonly affected are the lower limbs. Upper limbs and buttocks are
also frequently involved. Ear, face, neck and breasts have been reported
sporadically. Lesions start as nodule or papule that slowly enlarge becoming
verrucose and wart-like. Old lesions can be tumorous or cauliflower-like in
appearance. Lymphatic and haematogenous dissemination have been described
but they are infrequent. Many melanised (black fungi) fungal species can be the
etiologic agents of this disease. The most frequent are: Fonsecaea pedrosoi and
Cladophialophora carrionii. The highest prevalence of the disease is within a zone
between 30° latitude North and 30° latitude South, coinciding with most of the
tropical and subtropical climates. Chromo has no compulsory notification and so all
epidemiology data is derived from published case reports and surveys. Incidence

rates range from 1:6,800 (14/100,000) (Madagascar) to 1/ 8,625,000
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(0.012/100,000) (USA). In Brazil the estimate incidence rate for this disease is
3/100,000 (37).

Most of the reported cases occur in Latin America, the Caribbean, Asia, Africa and
Australia. Madagascar, Brazil, Mexico, Dominican Republic, Venezuela, India and

Southern China contribute with the majority of cases (48-55) .

9.16. Cryptococcal meningitis
An estimated 1 million people develop cryptococcal meningitis worldwide each
year, mostly AIDS-related. Cryptococcal meningitis is more common in sub-Saharan
Africa and tropical countries (Brazil, Thailand, Malaysia, Papua New Guinea, etc.)
(47, 56). In US, active population-based surveillance, conducted between 1992-
1994, showed cryptococcosis developed in 2-5% of HIV-infected persons per
annum (57). The annual incidence has declined following widespread use of
fluconazole and introduction of more effective combination antiretroviral
treatment. Among HIV-negative persons in US, average annual incidence has
remained almost constant at about 1 case per 100,000 population (58). In China,
only 15% of affected patients are HIV infected. In addition to AIDS, transplantation
and other immunocompromised patients are at increased risk (59). There is no

underlying disease present in some people, especially in the tropics (60).

9.17. Systemic candidiasis
Candidaemia occurs at a population rate of 2-18/100,000, so >300,000 cases are
predicted worldwide every year (13, 61-65). Candidaemia comprises about 40% of
all patients with invasive candidiasis, including intra-abdominal infection.
Underlying problems and at risk patients include prematurity, especially extremely
low birth weight infants, chemotherapy and neutropenia, critical care, pancreatitis
(17.5% rate), major trauma, burns, multiple antibiotics, renal dialysis or

dysfunction, central venous catheterisation (66).
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10.Treatment details and guideline

(dosage regimen, duration; reference to existing WHO and other clinical guidelines;

need for special diagnostics, treatment or monitoring facilities and skills)
Itraconazole is a first-line agent for the prevention and treatment of invasive and
allergic fungal infections. Itraconazole was initially synthesised in 1980 and has
broad spectrum antifungal activity. It was the first orally bioavailable triazole with
activity against medically important opportunistic filamentous fungi such as
Aspergillus spp (67) and is therefore used for the treatment of allergic and invasive
aspergillosis, superficial candidiasis, dermatophyte infections, sporotrichosis,
blastomycosis, histoplasmosis, penicilliosis and coccidioidomycosis (68-78).
ltraconazole is the treatment of choice for most cases of histoplasmosis,
sporotrichosis, penicilliosis (Talaromyces marneffei infection),
chromoblastomycosis and paracoccidioidomycosis, with excellent response rates.
Itraconazole is already recommended as a first line treatment in the 2014 WHO
Guidelines on skin and oral HIV-associated conditions in children and adults for
eosinophilic folliculitis and as second line therapy for tinea (dermatophyte
infections) (79). It is also recommend in national guidelines for different superficial
infections, for instance the UK guidelines for tinea capitis (80). Itraconazole also
forms part of the National Institute of Clinical Excellence (NICE) recommendations

for superficial mycoses requiring oral therapy (81, 82)

10.1. Structure and Formulations

The structure of itraconazole is shown in the Figure 1.

Figure 1. Structure of itraconazole.
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responsible for the spectrum of antifungal activity, potency and toxicity profile.
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Itraconazole is highly lipophilic, poorly soluble at physiological pH and extensively
protein-bound in circulation. There are three formulations that are available for
clinical use: capsules, an oral solution and an intravenous formulation. The original
capsule formulation is manufactured by Janssen and currently marketed as
Sporanox. The oral suspension and intravenous formulation, also originally
manufactured by Janssen, are both formulated with hydroxypropyl-B-cyclodextrin.
Cyclodextrins are carbohydrate ring structures (or glucose oligomers) produced by
the enzymatic degradation of starch (83). B-cyclodextrin is a by-product of starch
metabolism produced by Bacillus macerans and other bacteria (83). Cyclodextrins
form water-soluble complexes with lipophilic agents because they have
hydrophobic interiors with hydrophilic exteriors. Cyclodextrins are not necessarily
biologically innocuous: they cause osmotic diarrhoea and some cyclodextrins are
either nephrotoxic or accumulate with renal impairment (12, 84).

Oral itraconazole suspension has improved oral bioavailability that results in ~30 %
higher systemic drug exposure compared with itraconazole capsules (85). Improved
oral bioavailability and systemic drug exposure is associated with improved clinical
outcomes for patients with oropharyngeal candidiasis (86) and prevention of
invasive aspergillosis (87). Intravenous itraconazole is used for the treatment of life
threatening systemic mycoses and enables target concentrations of >0.5 mg/L to
be achieved in the first 48 hours of treatment (88).

Multiple other generic itraconazole formulations are currently available throughout
the world although the pharmacokinetics of these preparations remains largely
undefined. Use of generic formulations may not necessarily be bioequivalent,
partly because the criteria for bioequivalence adopted by the major regulatory

agencies are broad and established in male volunteers, not patients.

10.2. Drug Target, Mechanism of Action and Antifungal Resistance
The triazoles inhibit eukaryotic cytochrome p450 enzymes, a superfamily of
haemproteins involved in the synthesis and detoxification of compounds through
hydroxylation (89). In fungi, cytochrome p450 enzymes are critical for the
biosynthesis of cell membrane sterols. The major target for triazoles, the enzyme

14-a-demethylase is essential (synonyms: P450DM, ERG11, ERG16 and CYP51) is
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involved in the progressive removal of methyl groups from lanosterol as part of the
biosynthesis of ergosterol. Ergosterol is the predominant sterol in the fungal
membrane of most fungi, Pneumocystis being a major exception. Triazoles induce a
profound disruption in the normal balance of sterols (90, 91) leading to a decrease
in ergosterol content and an accumulation in methylated precursors (91).
Structural models of Cyp51 in C. albicans, A. fumigatus and C. neoformans show
the enzyme’s active site to be buried within the core of the protein. The floor of the
active site has a haem moiety (92-94). A highly conserved cysteine residue at
position 470 forms the axial thilate ligand (92). Additional conserved residues may
establish the redox potential of the haem moiety. In addition to the active site that
is common to the triazole antifungal class, itraconazole has a comparatively long
side chain. The terminal alkyl group of this side chain (see Figure 1) interacts with
residues in the substrate access channel that enables the triazole ring to be
brought into proximity with haem moiety at the base of the active site.
Itraconazole is initially recognised by a hydrophobic patch of amino acids on the
protein surface adjacent to the access channel before being partitioned down the
channel to the active site with the aid of a series of hydrophobic interactions (92).

The oxidative demethylation of the natural substrate catalysed by 14-
alphademethylase requires NADPH and molecular oxygen. This reaction is also
inhibited by carbon monoxide (CO) (95). The nitrogen atom (N4 in triazoles and N3
in the imidazoles) in the heterocyclic ring of the imidazoles and triazoles binds the
protohaem iron, which leads to exclusion of the oxygen that is required for the
oxidation reaction (96). The degree of enzyme inhibition is likely a function of the
strength of binding between the triazole and the enzyme and this is thought to be
largely mediated by the side arm that binds to the apoprotein (90). The large side
arm group of itraconazole may facilitate close and tight binding between the
triazole ring and the haem iron (97). Itraconazole binds to other cellular structures
and disrupts other biological processes in the fungal cell, as demonstrated by

alternative (non-CYP51A mediated) mechanisms of resistance.
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10.3. Mechanisms of resistance to Itraconazole

Most commonly, triazole resistance results from several point mutations in the
gene encoding the target protein Cyp51A, sometimes in combination with
increased CYP51A copy number. These changes are most studied in A. fumigatus.
However, a significant proportion of isolates with elevated itraconazole MICs lack
CYP51A mutations (98). Other resistance mechanisms such as efflux pumps are
described (98). Infection with a triazole-resistant strain may theoretically develop
via two potential mechanisms: in vivo selection within individuals with chronic
fungal infection who are exposed to triazoles for prolonged periods (months to
years); or, primary infection with environmental strains with acquired resistance
presumably resulting from widespread use of agricultural azole compounds. The
latter appears to be the case especially in the Netherlands and other countries in
continental Europe (99). Multiple resistance mechanisms have been documented in
isolates from single patients receiving long-term itraconazole (100).

The first cases of itraconazole resistance in A. fumigatus were reported in the
1990s and characterised in laboratory animal models of disseminated aspergillosis
(101). Until recently, the true incidence of triazole resistance has remained largely
undefined because many institutions do not routinely perform susceptibility testing
of clinical Aspergillus isolates. A rapid screening method has been devised that uses
an agar dilution technique (102). A range of molecular assays have been developed
that enable the direct detection of resistance from clinical samples (25). Resistant
clinical isolates of A. fumigatus have now been reported in Europe, the USA,
Canada, South America, China, Japan, India and Tanzania (see figure) (25, 99, 102-
111). Importantly, many isolates of Aspergillus fumigatus demonstrate cross-
resistance to other triazoles - this significantly limits therapeutic options and
essentially deprives patients of any effective orally bioavailable compounds (112).
MIC values for non-fumigatus species such as Aspergillus niger may be higher than
for Aspergillus fumigatus (113)—whether this translates to poorer clinical
outcomes is not known. Resistance also occurs in Candida spp., at a slightly lower
frequency than fluconazole, but is extremely rare in dermatophytes and endemic

fungi such as H. capsulatum.
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Figure 3. Map showing countries with itraconazole resistance described as of late

2014.

- Previously reported resistance
New reports

New reports in countries already reported

In vitro susceptibility breakpoints for itraconazole against Candida spp. for
mucocutaneous disease have been determined by the Clinical and Laboratory
Standards Institute (CLSI), and are as follows: susceptible <0.125mg/L, susceptible
dose-dependent 0.25-0.5 mg/L, and resistant >1mg/L. Breakpoints for itraconazole
against Aspergillus spp. have not yet been determined by CLSI. Recently, the
European Committee on Antimicrobial Susceptibility Testing (EUCAST) has set
breakpoints for itraconazole against Aspergillus spp. (113). These breakpoints are
based on epidemiologic cut-off values and not supported by extensive
pharmacodynamic or clinical data, neither of which is available. The current
breakpoints are designed to ensure isolates that have a defined genetic mutation in
CYP51 are classified as resistant. Breakpoints using EUCAST susceptibility testing
methodology for itraconazole against Aspergillus fumigatus are <1 mg/L
(susceptible), 2 mg/L (intermediate) and >2 mg/L (resistant) (113). The EUCAST
MICs for non wild-type isolates vary with the underlying mechanism are generally
>4 mg/L for the most commonly identified mutants (alterations at G54, G138,
M220, and the environmental phenotype TR-L98H). An in vitro pharmacodynamic
study suggests these resistance mechanisms cannot be overcome with dosage

escalation and higher systemic drug exposure (114).
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10.4. Pharmacokinetics (PK)

10.4.1. Population pharmacokinetics

As with the other triazoles, the pharmacokinetics of itraconazole are highly variable
(see for example (115, 116)). Some of this variability is related to erratic oral
bioavailability. Itraconazole exhibits non-linear (or saturable) pharmacokinetics
although this is not as well characterised as for voriconazole (117). Itraconazole
exhibits prolonged terminal clearance and accumulates slowly. The terminal half-
life is approximately 24 hours and the time to steady state may be as long as 14
days (116).

While these estimates are of dubious value for a nonlinear agent, they provide a
guide for the time taken to develop serum concentrations that are therapeutic and
non-toxic.

A number of population pharmacokinetic models have been developed to describe
the PK of itraconazole in various patient populations including bone marrow
transplant recipients, cystic fibrosis (118, 119) and HIV positive patients (120).
Some models have also estimated the pharmacokinetics of the bio-active
metabolite hydroxy-itraconazole. In the majority of cases, linear structural models
have been used - this is simply because most datasets do not enable robust
estimates for nonlinear pharmacokinetics to be obtained (i.e. a single fixed regimen
has been used making it difficult to characterise nonlinear pharmacokinetic
behaviour). The most significant consequence of nonlinear pharmacokinetics is the

rapid accumulation of drug in those patients with saturated clearance mechanisms.

10.4.2. Absorption

The absorption of itraconazole capsules is facilitated by an acidic environment,
which is the basis for recommendations for administration with food or acidic soft
drinks (121). The oral bioavailability of itraconazole capsules doubles when
administered after food (117, 122). Conversely, absorption is impaired by
coadministration with agents that reduce gastric acidity (e.g. proton pump
inhibitors) and in achlorhydria (or hypochlorhydria) that is frequently associated
with critical illness. There is no food effect with the oral suspension, and oral

bioavailability increases in the fasted state (123).
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10.4.3. Metabolism

Itraconazole is predominantly metabolised via the cytochrome p450 isoenzyme
CYP3A4 with the production of an active metabolite, hydroxyitraconazole.

Other metabolites include keto-itraconazole and N-dealkylitraconazole (124).
Hydroxy-itraconazole, the only biologically active metabolite has antifungal
potency that is comparable to the parent compound. Concentrations of hydroxy-

itraconazole are approximately double those of the parent compound (117).

10.4.4. Disposition
The volume of distribution is approximately 11 L/kg or 700-800 L for an average

adult (116). Such a large volume suggests extensive distribution into tissues.

10.4.5. Excretion

Systemically-available itraconazole undergoes extensive oxidative metabolism to
form a large number of metabolites, which are subsequently excreted in the bile
(116). Approximately 3-18% of itraconazole (non-absorbed) is passed unchanged in

the faeces and none is found in the urine (116, 125).

10.4.6. Tissue Pharmacokinetics

The penetration of itraconazole into non-inflamed aqueous compartments (e.g. CSF
and aqueous humour) is negligible (126, 127). In the presence of inflammation,
drug concentrations may be significantly higher. For example, itraconazole
concentrations in the aqueous humour of the inflamed eye increase from virtually
zero to ~50% of concomitant serum concentrations (127).

Studies in both laboratory animals and humans consistently report very low
concentrations of itraconazole within the CSF (126, 128, 129). Despite this
observation, itraconazole clearly has clinically relevant antifungal activity within the
CNS. Both itraconazole and hydroxy-itraconazole penetrate the cerebral
parenchyma in laboratory animal models of fungal infection (130), but there is a
relative paucity of data compared with other agents. Much of the clinical efficacy of
itraconazole for CNS infections likely reflects adequate drug concentrations in the
cerebrum and meninges rather than the CSF. Itraconazole possesses high affinity to

keratin and accumulates in the stratum corneum or the skin (131). Dosages of 100-
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200 mg are associated with tissue concentrations in the sebum and stratum
corneum that exceed corresponding plasma concentrations by up to ten-fold.
Itraconazole concentrations persist in the skin for 3-4 weeks after cessation of
antifungal therapy (132). Both itraconazole and hydroxy-itraconazole penetrate
various subcompartments of the lung of healthy volunteers, including epithelial
lining fluid and pulmonary alveolar macrophages (PAMs) (133). Concentrations in
PAMs are 4-5 times higher than those achieved in serum, although the clinical

relevance of this finding is not known (133).

10.4.7. Drug-Drug Interactions

Drug-drug interactions with itraconazole occur via several different mechanisms
and are an important consideration for the safe and effective use of itraconazole.
Agents that inhibit gastric acid secretion, such as antacids, proton pump inhibitors
and H2-antagonists all reduce the absorption of itraconazole capsules—these
agents should be stopped if at all possible. At the very least, adequate absorption
should be verified and an alternative formulation or antifungal agent used if
concentrations are low or undetectable. ltraconazole metabolism is accelerated by
concomitant administration of rifampicin, phenytoin and carbamazepine, which
potentially results in an inability to achieve therapeutic serum concentrations
(134). Such a scenario is frequently seen in patients with chronic pulmonary
aspergillosis who also have atypical mycobacterial infection that requires a
rifampicin-containing regimen. In addition, many clinically significant interactions
relate to the suppression of CYP3A4 activity by itraconazole that leads to higher
exposures of agents that are metabolised via this route. For example, itraconazole
induced inhibition of vincristine metabolism may result in drug accumulation that
produces neurological impairment and SIADH (135). Itraconazole also prolongs the
action of benzodiazepines, digoxin, cyclosporine, tacrolimus, sirolimus, statins and
warfarin (136-139). Significant care must be exercised to avoid untoward effects
related to drug interactions.

Interactions between itraconazole and corticosteroids vary from compound to
compound. ltraconazole significantly increases methylprednisolone concentrations,

but interactions with prednisolone appear minor and do not result in suppression
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of the adrenal axis (140, 141). Interactions with inhaled steroids have also been
reported, in particular with budesonide and fluticasone and this may be an
important consideration for the treatment of allergic fungal disease (142). In a
small series of 25 patients receiving itraconazole and inhaled budesonide,
approximately 45% of patients developed clinically significant adrenal suppression

(143).

10.5. Pharmacodynamics

The pharmacodynamics of itraconazole have been characterised in a well-validated
rabbit model of invasive pulmonary aspergillosis (144). Concentrations of
itraconazole 6 mg/L (measured two hours post dose by bioassay) are associated
with near-maximal reduction in pulmonary fungal burden when estimated using
logio CFU/g lung (144). Similarly, a concentration of 3.72 mg/L is associated with
half- maximal reduction in fungal burden. The implication of these results for
humans are slightly difficult to interpret because the usual clinical measure of drug
exposure in clinical settings is a trough concentration measured using HPLC.

In clinical studies, steady-state trough concentrations of 0.25 mg/l (measured by
HPLC) were initially considered sufficient for the prevention of invasive fungal
infections in neutropenic patients (145). Subsequently, higher trough
concentrations of 0.5 mg/|l were proposed on the basis of minimum inhibitory
concentrations of itraconazole against Aspergillus spp. (146). Trough
concentrations > 0.5 mg/L are associated with improved clinical outcomes for
patients with mucocutaneous disease (147). Itraconazole concentrations of >5
mg/L (estimated using bioassay) are associated with improved survival of patients

with invasive aspergillosis (148).
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10.6. Clinical Use and Efficacy

The clinical uses and recommended regimens for itraconazole are summarised in

Table 1.

Table 1. Clinical indications and regimens of itraconazole

Diagnosis

Doses and length of treatment

Vulvovaginal candidiasis

200 mg twice daily for 1 day

Oropharyngeal candidiasis

200 mg daily for 1 week

Dermatophyte infections

Tinea corporis, tinea cruris and pityriasis
versicolor: 200 mg twice daily for 7 day;

Tinea pedis/manuum: 100 mg once daily for 30
days or 200 mg twice daily for 7 days;
Onychomycosis: 200 mg once daily for 3 months
or pulse therapy (200 mg twice daily for 7 days
repeated after 21 days).

Prophylaxis in HIV and
neutropenia due to
haematological malignancy
or bone-marrow

transplantation

200 mg daily, increased to 400 mg if proven low
circulating levels;

Oral solution 5 mg/kg daily in 2 divided doses
Continued until neutrophil count or CD4 count

recovers

Invasive aspergillosis

Intravenous 200 mg every 12 hours for 2 days,
then 200 mg once daily for maximum 12 days.
Oral 600mg three times daily for 4 days then
200mg twice daily.

Chronic pulmonary

aspergillosis

200 mg daily, usually life-long treatment required

Allergic bronchopulmonary

aspergillosis

200 mg twice daily for 4-6 months followed by 4-
6 months tapered dose, longer course if relapses

occur

Blastomycosis

200-400 mg for 8—12 months

Sporotrichosis

100-400 mg for 3-18 months
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Histoplasmosis Oral 200 mg three times daily for 3 days, then
200 mg once or twice daily;
Intravenous 200 mg every 12 hours for 2 days,

then 200 mg once daily for maximum 12 days

Coccidioidomycosis 200-600 mg daily for 8-12 months
Paracoccidioidomycosis 200 mg orally once a day for 6 months

Systemic mycoses due to Consolidation therapy in severe disease: 400 mg
Talaromyces marneffei daily for 10 weeks;

Mild to moderate disease: 400 mg/day as
monotherapy for 8 weeks then 200 mg daily until

CD4 count are >100/ulL for over 6 months

Chromoblastomycosis 200-400 mg/day until disappearance of lesions

Cryptococcosis 200-400 mg daily for 6-12 months (only in mild-
moderate pulmonary disease);

400-600 mg for maintenance/prophylaxis
following induction and consolidation therapy in

cryptococcal meningitis.

Systemic candidiasis 100-200 mg daily
10.6.1. Prevention of invasive fungal infections in immunocompromised
patients

Oral itraconazole is licensed for the prevention of fungal infection in the presence
of HIV or prolonged neutropenia where invasive mould infections are likely
(fluconazole, the commonly used alternative oral agent, is not active against
Aspergillus spp.). The safety and efficacy of itraconazole for the prevention of
invasive fungal infections has been extensively studied. Much of the early clinical
experience was inconclusive because the trials were not powered to detect any
difference in mortality. Nevertheless, a meta-analysis of 3,597 patients from 13
clinical trials demonstrated that oral itraconazole, given as suspension, prevents
invasive fungal infections and is also associated with decreased fungal associated
mortality (87). Importantly, the protective benefit of itraconazole is likely related to

the greater systemic drug exposure that is achieved with the oral suspension - the
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protective benefit is only present with the use of itraconazole suspension as
opposed to the capsule formulation. More recently, there have been a number of
well-designed and appropriately powered clinical trials comparing itraconazole
with fluconazole (149, 150). These trials suggest that itraconazole is an effective
agent for preventing mould infections, but those adverse events including
gastrointestinal intolerance and deranged liver function tests are frequently seen.
Children and adults with chronic granulomatous disease are routinely given long-
term itraconazole to prevent the most common cause of death, invasive

aspergillosis.

10.6.2. Acute invasive aspergillosis
Invasive aspergillosis remains a significant public health problem. The development
of itraconazole was a significant advance for the management of invasive
aspergillosis because it provided an orally bioavailable alternative to amphotericin
B deoxycholate. There are only limited data supporting the use of itraconazole for
primary treatment of invasive aspergillosis, and no randomised clinical trials.
Itraconazole 600 mg/day for 4 days followed by 400 mg/day appears effective for
treatment of invasive aspergillosis (148) although diagnostic criteria and criteria for
clinical response have changed over the past 20 years making comparisons with
current agents somewhat difficult. ltraconazole (i.v. followed by oral capsules) is
effective as salvage therapy for invasive pulmonary aspergillosis in a variety of
clinical settings including profoundly immunocompromised patients, chronic

granulomatous disease and AIDS (68).

10.6.3. Chronic pulmonary aspergillosis

Chronic pulmonary aspergillosis is a debilitating infection with 75-80% five-year
mortality (151). The pathogenesis is distinct from acute invasive disease and
involves the infection of pre-existing cavities by Aspergillus spp, with subsequent
slow destruction of the lung with either cavity expansion or fibrosis. Patients
frequently require life-long antifungal therapy. Itraconazole is frequently used as a
first-line agent (151). Capsules or oral suspension can be used; the limitations of
these formulations include difficulties in achieving therapeutic drug concentrations

and poor tolerability, respectively. Resistance to itraconazole has been
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documented following long-term therapy, and this usually mandates use of an

alternative antifungal agent (108).

10.6.4. Dermatophyte infections

Prolonged or intermittent courses of oral itraconazole are used in the treatment of
widespread cutaneous, hair and nail infections. Itraconazole can be used for
dermatophyte infections, although it has been largely superseded by newer agents
such as terbinafine (152-154). Only griseofulvin is included in the list of WHO
essential medicines. Itraconazole is recommended as first line therapy for HIV-
associated eosinophilic folliculitis and as second line therapy for tinea
(dermatophyte infections) (155). It is equivalent to terbinafine in the treatment of

onychomycosis (80).

10.6.5. Endemic Fungi

Itraconazole is a first-line agent for the treatment of many endemic mycoses
including blastomycosis, sporotrichosis, histoplasmosis, paracoccidioidomycosis
and coccidioidomycosis. Doses of 200-600 mg daily for 8-12 months are used in the
majority of cases (see table 1) (72, 78). A loading dose is used in some specific
circumstances (e.g. disseminated histoplasmosis) (71). Itraconazole is a first line
agent for the treatment of histoplasmosis caused by Histoplasma capsulatum and
capsulatum var. duboisii.

Sporothrix spp. isolates are highly susceptible to itraconazole (75). Itraconazole is a
first-line agent for the treatment of both localised and disseminated sporotrichosis.
Prolonged oral therapy (typically 3-18 months) of itraconazole 100-400 mg daily is
effective in 80-95% of patients (76).

Similarly, itraconazole is the treatment of choice for pulmonary and disseminated
blastomycosis caused by Blastomyces dermatitidis. Treatment regimens of 200-400
mg for 8-12 months are effective in up to 90% of patients. Patients with severe
disseminated disease or CNS disease should be initially treated with amphotericin B
deoxycholate for 1-2 weeks followed by itraconazole 400 mg for at least 12

months (69).
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For Paracoccidioidomycosis, itraconazole has been extensively used, and recently
demonstrated in a large retrospective series to provide 35% higher cure rate than
cotrimoxazole (156).

Itraconazole is a first-line agent for the treatment of coccidioidomycosis and has
equivalent efficacy equal to fluconazole. Itraconazole may be superior for the
treatment of skeletal lesions (71). Dosages of 100-400 mg daily have been used for
up to many months or years. Long-term therapy is necessary for chronic cavitary

pulmonary coccidioidomycosis and coccidioidal meningitis.

10.6.6. Cryptococcal meningitis

Itraconazole has potent in vitro activity against Cryptococcus neoformans, and is
effective in laboratory animal models of cryptococcal meningitis (126). The efficacy
of itraconazole for the prevention of cryptococcal meningitis in patients with AIDS
has been studied in Thailand where there are additional concerns regarding
Talaromyces (Penicillium) marneffei (157). In this context, itraconazole appears
effective, although it is not widely used for this indication. Itraconazole is not used
for induction therapy (polyenes alone or in combination with flucytosine are
generally used for this purpose), although there is some evidence that itraconazole
200 mg b.i.d-200 mg t.i.d (depending on serum concentrations) can be used for this
indication (158).

Similarly, itraconazole is generally not used for consolidation therapy. A trial
comparing fluconazole and itraconazole (both 200mg daily) for consolidation
therapy was stopped early because of the higher rate of relapse in the itraconazole
arm (23 vs. 4%; p=0.006) (159). In contrast, however, itraconazole 200 mg bid
following a loading dose of 600 mg/day for three days has been used successfully
for this indication in another clinical trial (160).

Collectively, therefore, itraconazole is not used as first-line agent for either
induction or maintenance therapy for cryptococcal meningitis (161). The potential
reasons that may account for suboptimal clinical outcomes despite demonstrated
in vitro and in vivo activity include sub-therapeutic systemic drug exposure,
suboptimal penetration into the CSF, reduced in vitro susceptibility of some

isolates and the use of relatively low dosages (e.g. 200 mg/day) (158). In the HIV
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setting, there are fewer drug interactions with fluconazole, but in areas endemic

for histoplasmosis and penicilliosis, itraconazole would be a preferred choice.

10.6.7. Systemic mycoses due to Talaromyces Marneffei
Disseminated infections caused by T. marneffei (Penicilliosis) in HIV-positive
patients with AIDS is usually treated with amphotericin B deoxycholate (0.6 mg/kg)
for 2 weeks followed by oral itraconazole 400 mg per day for 10 weeks. For mild
disease itraconazole 400 mg/day as monotherapy for 8 weeks can be used,
followed by maintenance therapy with 200 mg per day to prevent relapse until CD4
count are >100/ulL for over 6 months (79). Treatment with itraconazole alone has
also been shown to be effective for all forms of infection, but is associated with a
marginally higher rate of relapse (77). Itraconazole is erratically absorbed in
patients with AIDS patients who have variable gastric pH (162). Furthermore, there
is limited information on the pharmacokinetics of generic formations of

itraconazole that are widely used in South East Asia.

10.6.8. Allergic Fungal Syndromes (asthma and ABPA)

Itraconazole is increasingly used for the treatment of allergic bronchopulmonary
aspergillosis (ABPA) and severe asthma with fungal sensitisation (SAFS) (163, 164).
Two randomised placebo controlled studies demonstrated significant benefits of
itraconazole, and a further placebo-controlled study in SAFS also demonstrated
benefit (28). Relapse following discontinuation of itraconazole is common.
Itraconazole acts partly as a corticosteroid-sparing agent, although some patients
have major interactions of inhaled corticosteroids, leading to adrenal insufficiency
subsequently.

The role of antifungals in allergic fungal sinusitis is minor, reserved only for
recalcitrant and recurrent disease, with data based on collected series of

problematic patients.
10.7. Use in Special Populations

10.7.1. Neonates and Children
There are relatively limited data describing the use of itraconazole use in infants

and older children. A single intravenous or oral dose of itraconazole solution of 2.5
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mg/kg/day in children aged 7 months-17 years is well tolerated, but results in
considerable variability in drug exposure and trough concentrations <0.5 mg/L
measured using HPLC (165). An oral dosage of 5 mg/kg/day results in lower
concentrations in infants compared with children > 2 years of age (166). Oral
itraconazole solution given 2.5 mg/kg/twice daily is effective for treatment of
oropharyngeal candidiasis in HIV positive children (167), and for prevention of

invasive fungal infection in children with neutropenia (168).

10.7.2. Renal Insufficiency
Limited data are available on the use of oral itraconazole in patients with renal
impairment. A PK study using a single 200 mg dose of i.v. itraconazole in 19
patients with renal impairment (uraemia: n=7; haemodialysis: n=7; and continuous
ambulatory peritoneal dialysis: n=5) suggested no significant effect of
haemodialysis or peritoneal dialysis on the pharmacokinetics of itraconazole (169).
In moderate to severe uraemia (mean creatinine clearance of 13 mL/min/1.73 mz)
AUCs were slightly reduced compared with estimates obtained from patients with
normal renal function. Renal accumulation of cyclodextrin is seen in laboratory
animal studies (12). Therefore, use of the i.v. formulation is not recommended in
setting of renal impairment although the clinical implications of cyclodextrin

accumulation in humans are considered minor.

10.7.3. Hepatic Insufficiency

ltraconazole is predominantly hepatically metabolized. Patients with impaired
hepatic function receiving itraconazole require assiduous monitoring. A PK study
using a single oral dose of 100 mg daily in cirrhotic subjects demonstrates a
statistically significant reduction in the mean Cmax (47%) and a two-fold increase in
the elimination half-life (37 + 17 hours vs. 16 + 5 hours) compared with healthy
volunteers (170). Drug exposure quantified in terms of the AUC is comparable.
Consideration should be given to the prolonged elimination half-life of itraconazole
in cirrhotic patients in the setting of other medications undergoing hepatic

metabolism.
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10.8. Adverse Events and Toxicodynamics

Toxicodynamic relationships have recently been described (171). A mean serum
concentration of 17.1 mg/L (measured by bioassay) splits a population of patients
into two groups each with a high and low probability of toxicity. Thus, a mean
concentration of 17.1 mg/L provides a useful upper limit for therapeutic drug
monitoring and can be used to minimise the probability of toxicity.

ltraconazole is generally reasonably well tolerated, although this is dependent on
the formulation that is used. The adverse events from 9065 patients enrolled in all

clinical studies published 1987-2008 are summarised in Table 2.

Table 2. Data published between 1987 to 2008 about frequency of adverse effects

with itraconazole.

Adverse effect Cumulativ Percentag
e data e
n =9065

Gastrointestinal

Gl upset’ 1658 18.3

Abnormal Liver function test’ 416 4.6

Structural liver change 1 0.01
Renal

Renal impairment® 43 0.47

Polyuria/urinary frequency 7 0.07

Metabolic disorders

Hypokalaemia 202 2.2
Hypertriglyceridaemia/hypercholesterolaemi 18 0.20
a

Hypomagnesaemia 14 0.14
Hyponatraemia 10 0.11
Hyperkalaemia 8 0.09
Elevated uric acid 7 0.07

Cutaneous
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Rash/pruritus 250 2.76
Alopecia 19 0.20
Site reactions/vasculitis 4 0.04
Steven-Johnson syndrome 2 0.02
Hirsuitism 1 0.01
Photosensitivity 1 0.01
Diaphoresis 1 0.01
Psychiatric/neurological
Headache 111 1.22
Cognitive/mood/sleep disturbance’ 24 0.26
Dizziness 22 0.24
Taste disturbance 15 0.16
Seizure 8 0.09
Tinnitus 4 0.04
Visual disturbance’ 4 0.04
Peripheral neuropathy 2 0.02
Tremor 1 0.01
Leg weakness 1 0.01
Cardiovascular
Hypotension 87 0.96
Peripheral oedema 39 0.43
Dyspnoea 35 0.38
Hypertension 23 0.25
Arrhythmia/palpitations 21 0.23
Haematological
Leukocytopenia 71 0.78
Anaemia 52 0.57
Thromobocytopenia 15 0.16
Eosinophilia 2 0.02
Endocrine
Hyperglycaemia 3 0.03
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Thyroid dysfunction 1 0.01

Sexual dysfunction® 16 0.17
Menstrual disturbance 15 0.16
Gynaecomastia 5 0.05
Weight gain 3 0.03
Breast tenderness 1 0.01
Pathological fracture 1 0.01
Symptomatic adrenal suppression 1 0.01
Striae/bruising 1 0.01

Systemic/other

Fever/rigors 75 0.82
Malaise/fatigue/myalgia 19 0.2
Rhabdomyolisis 3 0.03
Pancreatitis 1 0.01

Including abdominal pain, nausea, vomiting, diarrhoea, constipation
2 . . . . . .
Including increased alanine transaminase, aspartate transaminase, alkaline
phosphatase, bilirubin, lactate dehydrogenase
Including increased creatinine, blood urine nitrogen, proteinuria
Including euphoria, depression, disturbed concentration, insomnia,
hypersomnia
’Including photophobia and blurred vision

®Including impotence and reduced libido

Gastrointestinal symptoms occur in ~20% of patients, which has a significant
impact upon compliance. Cardiac failure is a serious, albeit relatively uncommon
adverse event. In some cases reversible depressed left ventricular function has
been documented with echocardiography (172). The mechanism is unknown. More
commonly, itraconazole causes isolated peripheral oedema that is reversible with
cessation of drug. Itraconazole can cause hepatic inflammation, which may
manifest as a hepatic or obstructive pattern or on occasions a mixed picture. Rare

cases of acute hepatic failure have been described, which usually results from
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persistent use of itraconazole despite laboratory or clinical evidence of underlying
drug induced hepatic inflammation. There may not necessarily be cross reactivity
with other triazoles. A non-pruritic maculopapular rash is seen in 5-20% of cases. A
range of neurological symptoms has also been described, including headache,
sensorimotor peripheral neuropathy, tremor and sleep disturbance. Peripheral
neuropathy is especially noted after 3 months of administration and can persist for
several months after discontinuation. A range of metabolic and/or endocrinological
disturbances have also been documented, including isolated reversible hypo- and
hyperkalaemia, hyponatraemia, hypercholesterolaemia and Cushing’s syndrome

(see table 1).

10.9. Measurement of Itraconazole, Therapeutic Drug Monitoring and Safe

Use
ltraconazole concentrations in serum and tissues can be measured by mass
spectrometry, high-performance liquid chromatography (HPLC) or bioassay (173,
174).
A bioassay measures both itraconazole and its bioactive metabolite
hydroxyitraconazole, while mass spectroscopy and HPLC measures enable
concentrations of these species to be separately quantified. Because of the inability
to separate the biological effect attributable to the parent compound versus that
from the active metabolite, itraconazole concentrations measured by bioassay are
typically 2-10 times higher than those estimated using HPLC. Thus, clinicians
interpreting itraconazole serum concentrations must know the laboratory method
that has been used.
Pharmacodynamic and toxicodynamic relationships have been defined for
itraconazole. Therapeutic drug monitoring (TDM) is widely advocated for
optimising drug exposure (175, 176). In addition, TDM allows compliance to be
assessed, as well as enabling modification of dosing, formulation and
administration with food or acidic beverages. Data from clinical trials suggest a
reasonable lower therapeutic target for steady-state trough itraconazole levels is
0.5 mg/L measured by HPLC. Where measured by bioassay, a reasonable lower

limit for therapeutic drug monitoring is approximately 5 mg/L. Lower target levels
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may be required in highly sensitive pathogens such as Histoplasma capsulatum, but
these have not been formally defined. An upper therapeutic limit of 17.1 mg/L
measured by bioassay is likely to optimally limit toxicity (171, 175). No upper limit

has been formally defined for concentrations measured using HPLC.

11.Summary of comparative effectiveness in a variety of clinical settings:

11.1. Identification of clinical evidence

(search strategy, systematic reviews identified, reasons for selection/exclusion of

particular data)
Itraconazole began clinical trials in late 1985 and was approved in Europe and the
USA in 1991. The authors of this application have over 70 years of collective
experience with itraconazole of clinical trials, patient treatment, literature and
grant reviews, laboratory monitoring and susceptibility testing and have drawn
extensively on that experience in making this application. As of Nov 30" 2014,
there are 7,610 papers listed on MedLine with reference to itraconazole, of which
662 are ‘clinical trials’. We have not undertaken a separate meta-analysis, relying
on those that are published, and in areas where no randomised trial data exists
(most indications) on a combination of clinical guidelines, large prospective and

retrospective series, and supportive data.

11.2. Summary of available data

(appraisal of quality, outcome measures, summary of results)
The information provided for the clinical trials performed with itraconazole (table
3) has been collected from the following references (69, 71, 79-82, 87, 149, 150,
155, 156, 161, 175, 177-191)

Table 3. Itraconazole clinical trials

Disease Quality of clinical efficacy data available

Vulvovaginal candidiasis Randomised controlled studies (capsule)
Open

Oropharyngeal candidiasis Randomised controlled studies (capsule)
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Dermatophyte infections

Randomised controlled studies, primarily in

onychomycosis. Multiple open prospective

studies.

Prophylaxis in HIV and
neutropenia due to
haematological malignancy

or HSCT

Multiple randomised studies in neutropenic

patients, HIV/AIDS patients and HSCT recipients.

Invasive aspergillosis

Prospective open studies of oral and intravenous

itraconazole

Chronic pulmonary

aspergillosis

One small randomised study, multiple

retrospective studies

Allergic bronchopulmonary

aspergillosis

Two placebo-controlled randomised studies (and

another supportive study in SAFS).

Blastomycosis

Open prospective study

Sporotrichosis

Open prospective study

Histoplasmosis

Two prospective studies, including

maintenance/suppressive treatment in HIV/AIDS.

Coccidioidomycosis

One randomized study in coccidioidal meningitis,

prospective studies for other manifestations.

Paracoccidioidomycosis

Two controlled randomised studies, and other

retrospective case series.

Talaromyces marneffei

infection

Two controlled randomised studies, one of
maintenance therapy after induction treatment

and one primary prophylaxis.

Chromoblastomycosis

Small prospective open studies and case series

Cryptococcosis

One primary prospective therapy study, several

controlled randomised studies for

continuation/maintenance therapy; some

prophylaxis studies.

Systemic candidiasis

Randomised controlled studies (IV)

HSCT = haematopoietic stem cell transplantation
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11.3. Summary of available estimates of comparative effectiveness

The outcomes of the many studies are summarised in table 4. The endpoints in
prophylaxis studies in neutropenia and HSCT patients are not as precise as for
therapy studies, because of the difficulties of making a diagnosis in this setting and
biomarkers for infection being suppressed by prophylaxis. Endpoints for chronic
pulmonary and allergic bronchopulmonary aspergillosis are challenging for several
reasons, but mostly because radiology and abnormal Aspergillus serology changes
slowly, symptoms can fluctuate and there are no really good biomarkers. Likewise
in systemic candidiasis, if death occurs, the cause of death is often difficult to
discern and autopsy infrequent and often not definitive (69, 71, 79-82, 87, 149,
150, 155, 156, 161, 175, 177-191)

Table 4. Effectiveness of itraconazole clinical trials

Disease Summary of overall effectiveness

Vulvovaginal Response rates >90%, both for single episode and

candidiasis recurrent disease suppression. Equivalent to
fluconazole.

Oropharyngeal Response rates >90% for infection in HIV patients,

candidiasis equivalent to fluconazole and ~70% for fluconazole

resistant oropharyngeal candidiasis (oral suspension).
In cancer patients, response rates were ~60% for

itraconazole and 74% for fluconazole.

Dermatophyte Response rates ~95% and ~70% for fingernail and
infections toenail onychomycosis, equivalent or slightly inferior
to terbinafine, but superior to fluconazole. Responses
tinea infections >95%, similar to terbinafine.
Response to pityriasis versicolor and HIV-associated

eosinophilic folliculitis >90%, better than topic

therapies.
Prophylaxis in HIV and Protection against mucosal and invasive candidiasis
neutropenia due to >90% in all groups. No demonstrated protection in
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haematological

malignancy or HSCT

neutropenic patients with capsules against invasive
aspergillosis, but ~50% protection with oral
suspension  (better  bioavailability). Excellent
protection in HIV/AIDS patients against
histoplasmosis, cryptococcal meningitis and T.

marneffei infection.

Invasive aspergillosis

Approximately 40% efficacy for invasive aspergillosis,
probably equivalent to amphotericin B, but may be

less effective than voriconazole.

Chronic pulmonary

75% stable and improvement rate compared with

aspergillosis 30% in a small RCT. Overall about a 60% response
rate, depending on response criteria, similar to other
agents  (amphotericin B, voriconazole and
micafungin).

Allergic 60% response rates with a high relapse rate after

bronchopulmonary

aspergillosis

therapy discontinuation, for both ABPA and SAFS.

Blastomycosis

>95% response rate over 6 months.

Sporotrichosis

>95% response rate over 3-6 months, much superior
to potassium iodide and fluconazole, but equivalent

to terbinafine.

Histoplasmosis

>80% in non-immunocompromised patients
compared with 63% with fluconazole. 85% response
in HIV/AIDS, especially in milder cases, superior to
high dose fluconazole (74%) but not amphotericin B.
Suppression/maintenance therapy in AIDS >95%

effective, compared with ~70% for fluconazole.

Coccidioidomycosis

In  coccidioidal meningitis, 50% responded to
fluconazole and 63% to itraconazole over 8 months.
In non-pulmonary, non-meningeal

coccidioidomycosis, response rates were >90%; in
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chronic pulmonary coccidioidomycosis, response

rates were ~50%.

Paracoccidioidomycosis

>90% response rates, with a faster response time

than sulphadiazine or cotrimoxazole.

Talaromyces marneffei

infection

97% response rate to amphotericin B followed by
itraconazole, and superior protection to systemic
fungal infections in HIV patients with CD4 counts

<100 (98% itraconazole vs 83% placebo).

Chromoblastomycosis

~40% response rates, often supplemented by heat

treatment.

Cryptococcosis

~40% response rate, inferior to amphotericin B and
flucytosine as primary therapy of cryptococcal
meningitis in AIDS. Maintenance therapy is as
effective as fluconazole if >400mg/d itraconazole is

given.

Systemic candidiasis

Equivalent to fluconazole in a small paediatric
randomised study, with response rates ~80% and
mortality of 9-13%. In adults in intensive care, a
prospectively enrolled population showed success in
61.5% patients (66% first-line and 50% second-line
therapy). Not recommended for prophylaxis is

intensive care patients.

Taking in consideration all studies performed, itraconazole has been approved by

international agencies for the treatment of many fungal infections

A. Capsules are approved for the treatment of the following fungal infections in

immunocompromised and non-immunocompromised patients:

+ Blastomycosis, pulmonary and extrapulmonary

+ Histoplasmosis, including chronic cavitary pulmonary disease and

disseminated, non- meningeal histoplasmosis, and;

* Aspergillosis, pulmonary and extrapulmonary, in patients who are

intolerant of or who are refractory to amphotericin B therapy.
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Capsules are also indicated for the treatment of the following fungal infections
in non-immunocompromised patients:
* Onychomycosis of the toenail, with or without fingernail involvement,
due to dermatophytes (tinea unguium), and
* Onychomycosis of the fingernail due to dermatophytes (tinea unguium).
Oral solution is approved for the treatment of:
* Prophylaxis of fungal infections in neutropenic patients and following
haematopoietic transplantation;
* Treatment of oropharyngeal and oesophageal candidiasis, including
fluconazole resistant disease;
Intravenous solution is approved for the treatment of:
* Empiric treatment of febrile neutropenic patients with suspected fungal
infections

* Treatment of blastomycosis, histoplasmosis and aspergillosis

In addition, itraconazole has been also recommended in different guidelines for the

treatment of:

According the Aspergillosis guidelines of the Infectious Diseases Society of
America, itraconazole is recommended as primary treatment for (190)

1. Chronic cavitary pulmonary aspergillosis;

2. Aspergilosis bronchopulmonary allergic (ABPA);

3. Allergic Aspergillus sinusitis.
And as alternative treatment (in all cases, except for Aspergillus infections of
the eye, where intraocular amphotericin B deoxycholate is the preferred
treatment) in the following conditions (Note: none of antifungals
recommended as primary or alternative in these and other guidelines are
included in EML list) Invasive aspergillosis;

1. Invasive sinus aspergillosis;

2. Tracheobronchial aspergillosis;

3. Subacute invasive pulmonary aspergillosis;

4

Aspergillosis of CNS;
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5. Aspergillus infection of the heart (endocarditis, pericarditis, and
myocarditis);

Aspergillus osteomyelitis and septic arthritis;

Aspergillus infections of the eye (endophthalmitis and keratitis);

Cutaneous aspergillosis;

L ©® N o

Aspergillus peritonitis;

10. Empirical and preemptive antifungal therapy;

11. Prophylaxis against invasive aspergillosis;

12. Aspergilloma;
According to the Guideline for the management of Candida diseases in HIV-
infected patients (181), itraconazole oral solution is recommended for the
treatment of refractory oropharyngeal and oesophageal candidiasis with All
grade. Fluconazole is the election treatment for first episodes of
oropharyngeal, oesophageal candidosis and suppressive therapy with Al grade.
Fluconazole is not recommended for the treatment of refractory oropharyngeal
and oesophageal candidiasis. Other antifungals included in the guideline are
not available in EML, except amphotericin B deoxycholate but with levels of
recommendation of DIl for the treatment of refractory oropharyngeal and
oesophageal candidiasis or Clll for suppressive therapy.
According to the ESCMID guideline for the diagnosis and management of
Candida diseases 2012: prevention and management of invasive infections in
neonates and children caused by Candida spp. (182), itraconazole suspension is
recommended for the primary prophylaxis of invasive candidiasis with a grade
Bll in children with allogeneic HSCT and AML and recurrent leukaemia.
Fluconazole is recommended with an Al grade but should only be used if the
institutional incidence of invasive mould infections is low, or if there are active
diagnostic and therapeutic algorithms for moulds. Other antifungals
recommended are not available in EML list.
According to Clinical Practice Guidelines for the Management of Patients with
Histoplasmosis: 2007 Update by the Infectious Diseases Society of America, An
Official American Thoracic Society Statement: Treatment of Fungal Infections in

Adult Pulmonary and Critical Care Patients and Guidelines for the Prevention
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and Treatment of Opportunistic Infections in HIV-Infected Adults and

Adolescents. Histoplasmosis(79, 178, 191), itraconazole is recommended for

the treatment of the following clinical patterns of histoplasmosis:

1. Itraconazole is recommended as consolidation treatment for:

a.

C.

Moderately severe to severe acute pulmonary histoplasmosis
(Alll);

Moderately severe to severe progressive disseminated
histoplasmosis (Al);

CNS histoplasmosis (Blll);

2. ltraconazole is recommended as primary treatment for:

a.

Mild to moderate acute pulmonary histoplasmosis with
symptoms for more than 4 weeks (BIll);

Chronic Cavitary pulmonary Histoplasmosis (Alll);

Moderately severe to severe pericarditis (Blll);

Mediastinal lymphadenitis with symptoms for more than 4
weeks (Blll);

Symptomatic mediastinal granuloma (BIII);

Mild to moderate progressive disseminated histoplasmosis

(AN);

3. Primary Prophylaxis in patients with CD4 count <150 cells/mm3 and

at high risk because of occupational exposure or living in a

community with a hyperendemic rate of histoplasmosis (>10

cases/100 patient-years) (BI);

4. Long-term suppressive therapy (secondary prophylaxis)

a.

For patients with severe disseminated or CNS infection after
completion of at least 12 months of treatment (Alll);
In patients who relapsed despite appropriate initial therapy

(BIN);

According to the Clinical Practice Guidelines for the Management of

Blastomycosis: 2008 Update by the Infectious Diseases Society of America and

An Official American Thoracic Society Statement: Treatment of Fungal

Infections in Adult Pulmonary and Critical Care Patients (69, 191), itraconazole
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is recommended for the treatment of the following clinical manifestations of
blastomycosis

1. Itraconazole is recommended as consolidation treatment for:

a. Moderately severe to severe pulmonary blastomycosis (Alll);
b. Moderately severe to severe disseminated blastomycosis
(Alll);
c. CNS blastomycosis (BIIl);
d. Immunosuppressed patients (Alll);
e. Children with moderately severe to severe blastomycosis
(BI);
2. ltraconazole is recommended as primary treatment for:
a. Mild to moderate disseminated blastomycosis (All);
b. Mild to moderate pulmonary blastomycosis (All);
c. Children with mild to moderate disease (BIIl);
d. Skin disease;
e. Bone disease;
According to the Practice Guidelines for the Treatment of Coccidioidomycosis
and An Official American Thoracic Society Statement: Treatment of Fungal
Infections in Adult Pulmonary and Critical Care Patients (183, 191), itraconazole
is recommended for the treatment of the following clinical presentations of
coccidioidomycosis:
1. Itraconazole is recommended as consolidation treatment for:
a. Diffuse pulmonary infection;

2. ltraconazole is recommended as primary treatment for (fluconazole
is also recommended as primary therapy for all these clinical
pictures):

a. Primary pulmonary;

b. Pulmonary nodule in immunosuppressed patients;
c. Pulmonary cavity;

d. Disseminated infection;

e. Meningitis;
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According to Clinical Practice Guidelines for the Management of Sporotrichosis:
2007 Update by the Infectious Diseases Society of America and An Official
American Thoracic Society Statement: Treatment of Fungal Infections in Adult
Pulmonary and Critical Care Patients (179, 191), itraconazole is recommended
for the treatment of the following clinical manifestations of sporotrichosis:
1. Itraconazole is recommended as consolidation treatment for:
a. Pulmonary (Alll);
b. Meningitis (BIll);
2. ltraconazole is recommended as primary treatment for:
a. Lymphocutaneous/cutaneous (All);
b. Osteoarticular (All);
c. Children with mild disease (BIll);
According to an Official American Thoracic Society Statement: Treatment of
Fungal Infections in Adult Pulmonary and Critical Care Patients (191),
itraconazole is recommended for the treatment of disseminated and mild to
moderate or slowly progressive Paracoccidioidomycosis (BIl);
According to Guidelines for the Prevention and Treatment of Opportunistic
Infections in HIV-Infected Adults and Adolescents. Geographic Opportunistic
Infections of Specific Consideration. Penicilliosis marneffei (79), itraconazole is
recommended for the treatment of the following clinical presentations of
infections caused by Talaromyces marneffei
1. Primary prophylaxis in patients with CD4 count <100 cells/mm3 who
reside or stay for a long period in northern Thailand, Vietnam, and
Southern China, in particular in rural areas (BI);
2. Mild disease;
3. Chronic maintenance therapy (secondary prophylaxis);
According to WHO Guidelines on the treatment of skin and oral HIV-associated
conditions in children and adults (155), itraconazole is recommended for:
1. The treatment of eosinophilic folliculitis;
2. When extensive tinea infection of hair or nail is non responsive to

itraconazole;
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¢ According the British Association of Dermatologists’ guidelines for the
management of tinea capitis 2014 (80), itraconazole is recommended as a
second line therapy for the treatment of tinea capitis after terbinafine or

griseofulvin.

12.Summary of comparative evidence on safety

12.1. Estimate of total patient exposure to date
Itraconazole was licensed in 1991 in Europe and USA. ltraconazole has been used
extensively for the prophylaxis and treatment of fungal infections including vaginal
thrush, oropharyngeal and oesophageal candidiasis, fungal skin infections, invasive
aspergillosis, chronic pulmonary aspergillosis, allergic bronchopulmonary
aspergillosis,  sporotrichosis,  penicilliosis,  cryptococcosis, blastomycosis,
coccidioidomycosis, histoplasmosis, paracoccidioidomycosis and systemic

candidiasis. Probably 100’s of millions of patients have received treatment.

12.2. Description of the adverse effects

(reactions and estimates of their frequency)
The adverse event profile of itraconazole differs slightly from fluconazole, the only
triazole on the EML. High blood levels/exposure of itraconazole are associated with
higher rates of many well described side-effects but the treatment doses used for
mucosal candidiasis, sporotrichosis, histoplasmosis in non-AIDS patients,
blastomycosis, paracoccidioidomycosis (i.e. <200mg daily) have a low side effect
profile. Doses of >400mg daily (orally) are more commonly associated with adverse

events.

12.2.1. Immediate adverse events

There are more gastro-intestinal side effects with itraconazole than with
fluconazole, which is especially marked in neutropenic and HST patients receiving
itraconazole suspension for prophylaxis. The rate of hepatic dysfunction is almost
the same and <5%, depending on the patient group. Prolonged QT interval is
described, and is exacerbated by electrolyte disturbance, those with cardiac

problems and with other medications that have the same effect. A non-pruritic
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rash or an acneiform facial eruption may rarely occur. ltraconazole is much better

tolerated than potassium iodide, which is used for sporotrichosis.

12.2.2. Short term adverse events
Ankle oedema is relatively common in older people taking itraconazole for several
weeks. Occasionally congestive cardiac failure occurs. Mild hypertension is seen in
some patients. Hypokalaemia with weakness may occur, as may general fatigue.
Hypokalaemia and renal impairment are much more frequent with amphotericin B.

Sleep disturbance is uncommon.

12.2.3. Long term adverse events

Once patients have been taking itraconazole for >3 months, liver function
abnormalities are very uncommon. Peripheral neuropathy may be more common
than fluconazole, and is probably more common than voriconazole and
posaconazole. Hair loss is an occasional severe problem. Erectile dysfunction also

can be problematic.

Table 5. Data published between 1987 to 2008 about frequency of adverse effects

with itraconazole

Adverse effect Cumulativ Percentag
e data e
n =9065

Gastrointestinal

Gl upset’ 1658 18.3

Abnormal Liver function test’ 416 4.6

Structural liver change 1 0.01
Renal

Renal impairment® 43 0.47

Polyuria/urinary frequency 7 0.07

Metabolic disorders

Hypokalaemia 202 2.2

Hypertriglyceridaemia/hypercholesterolaemi 18 0.20
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a
Hypomagnesaemia 14 0.14
Hyponatraemia 10 0.11
Hyperkalaemia 8 0.09
Elevated uric acid 7 0.07

Cutaneous
Rash/pruritus 250 2.76
Alopecia 19 0.20
Site reactions/vasculitis 4 0.04
Steven-Johnson syndrome 2 0.02
Hirsuitism 1 0.01
Photosensitivity 1 0.01
Diaphoresis 1 0.01

Psychiatric/neurological
Headache 111 1.22
Cognitive/mood/sleep disturbance’ 24 0.26
Dizziness 22 0.24
Taste disturbance 15 0.16
Seizure 8 0.09
Tinnitus 4 0.04
Visual disturbance’ 4 0.04
Peripheral neuropathy 2 0.02
Tremor 1 0.01
Leg weakness 1 0.01

Cardiovascular
Hypotension 87 0.96
Peripheral oedema 39 0.43
Dyspnoea 35 0.38
Hypertension 23 0.25
Arrhythmia/palpitations 21 0.23

Haematological
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Leukocytopenia 71 0.78
Anaemia 52 0.57
Thromobocytopenia 15 0.16
Eosinophilia 2 0.02
Endocrine
Hyperglycaemia 3 0.03
Thyroid dysfunction 1 0.01
Sexual dysfunction® 16 0.17
Menstrual disturbance 15 0.16
Gynaecomastia 5 0.05
Weight gain 3 0.03
Breast tenderness 1 0.01
Pathological fracture 1 0.01
Symptomatic adrenal suppression 1 0.01
Striae/bruising 1 0.01
Systemic/other
Fever/rigors 75 0.82
Malaise/fatigue/myalgia 19 0.2
Rhabdomyolisis 3 0.03
Pancreatitis 1 0.01

* “Including abdominal pain, nausea, vomiting, diarrhoea, constipation

2 . . . . . .
* “Including increased alanine transaminase, aspartate transaminase, alkaline

* phosphatase, bilirubin, lactate dehydrogenase

* 3Including increased creatinine, blood urine nitrogen, proteinuria

* “Including euphoria, depression, disturbed concentration, insomnia,

* hypersomnia
* Including photophobia and blurred vision

e CIncluding impotence and reduced libido
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12.3. Identification of variation in safety that may relate to health systems

and patient factors
There are no known ethnicity or gender specific toxicities. Some toxicities are more
common in older people, especially QT prolongation, congestive cardiac failure,
ankle oedema and hypertension. ltraconazole has a large number of potential
drug:drug interactions, the most important of which related to a loss of activity of
given with a rifamycin and certain anticonvulsants. Increased exposure to other
drugs is common and some of these are problematic, notably warfarin, digoxin,
oral hypoglycaemics and inhaled corticosteroids.
In HIV infected patients there are important interactions with antiretrovirals. There
are potential moderate interactions with the following antiretrovirals: Atazanavir,
Darunavir, Fosamprenavir, Indinavir, Lopinavir, Ritonavir, Tipranavir, Delavirdine,
Efavirenz, Etravirine, Nevirapine, Maraviroc. NNRTIs are the problem.
Coadministration of itraconazole (200 mg twice daily) and efavirenz (600 mg once
daily) decreased itraconazole Cmax (37%), AUC (39%) and Cmin (44%). Cmax, AUC
and Cmin of the metabolite hydroxyitraconazole decreased by 35%, 37%, and 43%,
respectively. There was no change in efavirenz Cmax, AUC or Cmin. Case reports
+/- Therapeutic drug monitoring do not help on a programmatic level, as there are
no data on whether dose increment will overcome the induction. Boosted protease
inhibitors (PlIs) are easier to handle; a maximum itraconazole daily dose of 200mg is

recommended as atazanavir increases itraconazole exposure (192).

12.4. Summary of comparative safety against comparators

Amphotericin B has more side effects than itraconazole, notably immediate
infusion related tolerance and renal dysfunction and failure. Itraconazole is used as
consolidation therapy after amphotericin B for some fungal diseases.

Fluconazole has fewer side effects than itraconazole but it is only useful for treating
fungal infections caused by yeasts. Fluconazole has no activity against filamentous
fungi such as Aspergillus spp. There is no azole drug with activity against
filamentous fungi included in the essential medicines list.

Itraconazole has a different side effect profile from griseofulvin. The most common

side effects of griseofulvin are nausea, vomiting, diarrhoea, heartburn, flatulence,
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cracking at the side of the mouth, soreness and/or blackening of the tongue and
thirst. Headache is a frequent side effect (<15%), but may resolve on continued
therapy. Other neurological side effects such as peripheral neuropathy may occur.
Maculopapular, urticarial or photosensitivity rashes occasionally occur. Griseofulvin
is contraindicated in systemic lupus erythematosus because of excess cutaneous
lesions. Hepatotoxicity is infrequent but pre-existing liver disease may be

exacerbated by griseofulvin.

13.Summary of available data on comparative costs and cost-effectiveness

within the pharmacological class or therapeutic group

13.1. Range of costs of the proposed medicine
We sought information for all countries with a population >1 million (n= 163). We
extracted itraconazole availability from Martindale: The Complete Drug Reference,

MedIndia.com, MIMS (www.mims.com) and the WHO website (www.who.int). The

majority of information, especially local purchase price, was contributed via
individual country contacts. All these data were tabulated and prices converted to

USS using conversion rates on XE.com. Data were displayed using StatPlanet

(StatSilk, Australia) on the Global Action Fund for Fungal Infections (GAFFI) website

at www.gaffi.org/why/burden-of-disease-maps/. The daily price of itraconazole

(400mg orally) varied from less than $0.01 in Zambia to $105.50 in Sweden, with a
median cost of $6.73. While currency fluctuations may account for some of this
variation, the main factor in local cost of itraconazole is the pharmaceutically set

retail price.

13.2. Resource use and comparative cost-effectiveness presented as range of
cost per routine outcome
The following cost-effectiveness studies have been done with itraconazole, in most
cases prior to generic formulations being launched. Only one study has been done

in a developing country.

Page 51 of 70



Cost-effectiveness analysis of terbinafine, itraconazole and fluconazole for
onychomycosis (Canada — international):

“Each of the new antifungal agents is more cost-effective than griseofulvin for the
treatment of onychomycosis and is associated with high compliance, in part
because of the shorter duration of therapy.” (18)

and

“Efficacy was determined by meta-analysis of the published literature for those
studies where appropriate treatment regimens for onychomycosis were put to use.
Efficacy outcome measures were limited to mycologic cure rates in the more
recalcitrant cases of toenail onychomycosis. From these measures of cost and
efficacy, a cost/efficacy ratio was calculated for each drug by dividing the cost per
treatment by the weighted average mycological cure rate. This ratio represents the
cost per mycologically cured infection. The final outcome measure (the cost per
mycologically cured infection) was $2,721, $1,845, and $649, for griseofulvin,
itraconazole, and terbinafine continuous therapies, respectively. For itraconazole
and terbinafine pulse therapy, the costs were $856 and $389, respectively. For
both continuous and pulse therapy, terbinafine is apparently the most cost-

effective drug, followed by itraconazole and then by griseofulvin.” (193)

13.2.1. For onychomycosis, comparing the topical lacquer with terbinafine
and itraconazole (Canada):
“Using the pharmacoeconomic model with three 1-year treatment phases, in which
failures or relapses were re-treated with the primary drug, the expected cost per
patient was $602 with ciclopirox nail lacquer, $747 with oral terbinafine, and $938

with itraconazole.” (194)

13.2.2. Treatment of presumed invasive fungal infections in neutropenic
patients (Korea).

“We developed a medical decision analytical tree that included probabilities of

toxicity, response and pathogen documentation, and second-line treatments.

Clinical data were obtained from randomized clinical trials, and resource use data

were obtained from a panel of clinical experts. The total cost of treating presumed

invasive fungal infections per neutropenic cancer patient was lower for IV
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itraconazole than for conventional amphotericin B, and this lower cost resulted
from a reduced need for second-line antifungals. In a cost-effectiveness analysis, IV
itraconazole treatment was superior to conventional amphotericin B treatment.”

(195)

13.2.3. Prevention of invasive fungal infections in neutropenia (Netherlands):
“According to our probabilistic decision model, the monetary benefits of averted
healthcare exceed the costs of itraconazole prophylaxis under baseline
assumptions (95% Cl: from cost-saving to euro 5000 per invasive fungal infection
averted). Compared with fluconazole, itraconazole is estimated to be both more
effective and more economically favourable, with a probability of almost

98%.”(196)

13.2.4. Primary prophylaxis of HIV patients with <150 CD4 counts in a region
with a high endemicity for histoplasmosis (French Guiana):
“For a scenario where 12% of patients died, 60% were aware of their human
immunodeficiency virus (HIV) infection and adherence was only 50%, primary
prophylaxis would prevent 1 death and 9 cases of histoplasmosis for a cost of
36,792 Euros per averted death, 1,533 per life-year saved, 4,415 Euros per averted
case, when only counting the costs of itraconazole prophylaxis. Taking into account
the total costs of hospitalization showed that primary prophylaxis would allow a

savings of 185,178 Euros per year.” (197)

14.Summary of regulatory status of the medicine (in various countries)

ltraconazole is available and approved in most countries, but not all, notably
Senegal, Algeria, Afghanistan, Barbados, and Eritrea, Gambia, Madagascar,
Mongolia. It is approved in Dominican Republic, Irag, Nepal and Ukraine, but not
available. We are unsure about its status in Angola, Armenia, Azerbaijan, Belize,
Benin, Bolivia, Botswana, Burkina Faso, Burundi, Cambodia, Cameroon, Cape
Verde, Central African Republic, Chad, Congo, Cook Islands, Costa Rica, Cote
d’lvoire, Cuba, Cyprus, Democratic People's Republic of Korea, Democratic Republic
of Congo, Dominica, Equatorial Guinea, Gabon, Ghana, Greenland, Guam, Guinea,

Guinea-Bissau, Haiti, Iceland, Republic of Moldova, Morocco, Mozambique, Papua
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new Guinea, Paraguay, Puerto Rica, Sierra Leone, Sudan, Syria, Timor-Leste,
Turkmenistan, Tanzania, US Virgin Islands, Uzbekistan, West Bank and Gaza Strip,

Yemen and Zimbabwe. We will be updating these data over coming months.

15.Availability of pharmacopoeial standards (British Pharmacopoeia,
International Pharmacopoeia, United States Pharmacopeia)

¢ British Pharmacopeia. Iltraconazole. British National Formulary Sept 2014-
March 2015. BMJ Group and Pharmaceutical Press, UK 2014: pp 405-406

* http://www.drugs.com/pro/itraconazole.html

* https://online.epocrates.com

16.Proposed (new/adapted) text for the WHO Model Formulary

Capsules 100 mg
Oral suspension 10 mg/mL
Intravenous formulation 10 mg/ml

We consider that itraconazole has the following indications
1. Prophylaxis, empirical and pre-emptive therapy

a. Prophylaxis, empirical and pre-emptive therapy against invasive
aspergillosis;

b. Prophylaxis of invasive candidiasis in children with allogeneic HSCT, AML
and recurrent leukaemia;

c. Primary prophylaxis of histoplasmosis in AIDS patients with CD4 count
<150 cells/mm3 and at high risk because of occupational exposure or
living in a community with a hyperendemic rate of histoplasmosis (>10
cases/100 patient-years);

d. Secondary prophylaxis in AIDS patients with severe disseminated
histoplasmosis or CNS infection after completion of at least 12 months

of treatment or relapse patients despite appropriate treatment;
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e. Primary prophylaxis of infections due to Talaromyces marneffei in
patients with CD4 count <100 cells/mm3 who reside or stay for a long
period in northern Thailand, Vietnam, and Southern China, in particular
in rural areas;

f. Secondary prophylaxis of Infections due to Talaromyces marneffei.

2. Treatment

a. Chronic cavitary pulmonary aspergillosis;

b. Allergic bronchopulmonary aspergillosis (ABPA);

c. Recurrent Allergic Aspergillus sinusitis;

d. Invasive aspergillosis;

e. Invasive sinus aspergillosis;

f. Tracheobronchial aspergillosis;

g. Subacute invasive pulmonary aspergillosis;

h. Cerebral and meningeal aspergillosis;

i. Aspergillus infection of the heart (endocarditis, pericarditis, and
myocarditis);

j. Aspergillus osteomyelitis and septic arthritis;

k. Aspergillus infections of the eye (endophthalmitis and keratitis);

I. Cutaneous aspergillosis;

m. Aspergillus peritonitis;

n. Aspergilloma;

o. Refractory oropharyngeal and oesophageal candidosis;

p. Histoplasmosis;

g. Blastomycosis;

r. Coccidioidomycosis;

s. Sporotrichosis;

t. Paracoccidioidomycosis;

u. Infections caused by Talaromyces marneffei;

v. Eosinophilic folliculitis in AIDS patients;;

w. Superficial mycoses caused by Candida, dermatophytes and Malassezia;

X. Onychomycosis.

Page 55 of 70



17.References

w

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Sobel JD. 2007. Vulvovaginal candidosis. Lancet 369:1961-1971.

Aballea S, Guelfucci F, Wagner J, Khemiri A, Dietz JP, Sobel J, Toumi M. 2013.
Subjective health status and health-related quality of life among women with
Recurrent Vulvovaginal Candidosis (RVVC) in Europe and the USA. Health Qual
Life Outcomes 11:169.

Sobel JD. 1997. Vaginitis. N Engl ] Med 337:1896-1903.

Zhang JY, Liu JH, Liu FD, Xia YH, Wang J, Liu X, Zhang ZQ, Zhu N, Yan Y, Ying Y,
Huang XT. 2014. Vulvovaginal candidiasis: species distribution, fluconazole
resistance and drug efflux pump gene overexpression. Mycoses 57:584-591.
Foxman B, Barlow R, D'Arcy H, Gillespie B, Sobel JD. 2000. Candida vaginitis:
self-reported incidence and associated costs. Sex Transm Dis 27:230-235.
Fischer G. 2012. Chronic vulvovaginal candidiasis: what we know and what we
have yet to learn. Australas J Dermatol 53:247-254.

Ragunathan L, Poongothai GK, Sinazer AR, Kannaiyan K, Gurumurthy H, Jaget
N, Kuthalaramalingam S. 2014. Phenotypic Characterization and Antifungal
Susceptibility Pattern to Fluconazole in Candida species Isolated from
Vulvovaginal Candidiasis in a Tertiary Care Hospital. J Clin Diagn Res 8:DC01-04.
Pankhurst CL. 2013. Candidiasis (oropharyngeal). Clin Evid (Online) 2013:1304.
Hood S, Bonington A, Evans J, Denning D. 1998. Reduction in oropharyngeal
candidiasis following introduction of protease inhibitors. AIDS 12:447-448.
Revankar SG, Sanche SE, Dib OP, Caceres M, Patterson TF. 1998. Effect of
highly active antiretroviral therapy on recurrent oropharyngeal candidiasis in
HIV-infected patients. AIDS 12:2511-2513.

Finnish-German AC. 1997. An autoimmune disease, APECED, caused by
mutations in a novel gene featuring two PHD-type zinc-finger domains. Nat
Genet 17:399-403.

Frank DW, Gray JE, Weaver RN. 1976. Cyclodextrin nephrosis in the rat. Am J
Pathol 83:367-382.

Brown GD, Denning DW, Gow NA, Levitz SM, Netea MG, White TC. 2012.
Hidden killers: human fungal infections. Sci Transl Med 4:165rv113.

Eyerich K, Eyerich S, Hiller J, Behrendt H, Traidl-Hoffmann C. 2010. Chronic
mucocutaneous candidiasis, from bench to bedside. Eur J Dermatol 20:260-265.
Hay RJ, Johns NE, Williams HC, Bolliger IW, Dellavalle RP, Margolis DJ, Marks
R, Naldi L, Weinstock MA, Wulf SK, Michaud C, C JLM, Naghavi M. 2014. The
global burden of skin disease in 2010: an analysis of the prevalence and impact
of skin conditions. J Invest Dermatol 134:1527-1534.

Crespo Erchiga V, Delgado Florencio V. 2002. Malassezia species in skin
diseases. Curr Opin Infect Dis 15:133-142.

Gregory N. 1996. Special patient populations: onychomycosis in the HIV-
positive patient. ) Am Acad Dermatol 35:513-16.

Gupta AK, Shear NH. 2000. A risk-benefit assessment of the newer oral
antifungal agents used to treat onychomycosis. Drug Saf 22:33-52.

Howell A, Isaacs D, Halliday R, Australasian Study Group For Neonatal I. 2009.
Oral nystatin prophylaxis and neonatal fungal infections. Arch Dis Child Fetal
Neonatal Ed 94:F429-433.

Page 56 of 70



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Figueroa JI, Hawranek T, Abraha A, Hay RJ. 1997. Tinea capitis in south-
western Ethiopia: a study of risk factors for infection and carriage. Int J
Dermatol 36:661-666.

Mock M, Monod M, Baudraz-Rosselet F, Panizzon RG. 1998. Tinea capitis
dermatophytes: susceptibility to antifungal drugs tested in vitro and in vivo.
Dermatology 197:361-367.

Tack DA, Fleishcer A, Jr., McMichael A, Feldman S. 1999. The epidemic of tinea
capitis disproportionately affects school-aged African Americans. Pediatr
Dermatol 16:75.

Guinea J, Torres-Narbona M, Gijon P, Munoz P, Pozo F, Pelaez T, de Miguel J,
Bouza E. 2010. Pulmonary aspergillosis in patients with chronic obstructive
pulmonary disease: incidence, risk factors, and outcome. Clinical Microbiology
and Infection 16:870-877.

Garcia-Vidal C, Upton A, Kirby KA, Marr KA. 2008. Epidemiology of invasive
mold infections in allogeneic stem cell transplant recipients: Biological risk
factors for infection according to time after transplantation. Clinical Infectious
Diseases 47:1041-1050.

Denning DW, Park S, Lass-Florl C, Fraczek MG, Kirwan M, Gore R, Smith J,
Bueid A, Moore CB, Bowyer P, Perlin DS. 2011. High-frequency triazole
resistance found In nonculturable Aspergillus fumigatus from lungs of patients
with chronic fungal disease. Clin Infect Dis 52:1123-1129.

Nam HS, Jeon K, Um SW, Suh GY, Chung MP, Kim H, Kwon 0OJ, Koh WJ. 2010.
Clinical characteristics and treatment outcomes of chronic necrotizing
pulmonary aspergillosis: a review of 43 cases. International Journal of
Infectious Diseases 14:E479-E482.

Denning DW, O'Driscoll BR, Hogaboam CM, Bowyer P, Niven RM. 2006. The
link between fungi and severe asthma: a summary of the evidence. European
Respiratory Journal 27:615-626.

Denning DW, Pashley C, Hartl D, Wardlaw A, Godet C, Del Giacco S, Delhaes L,
Sergejeva S. 2014. Fungal allergy in asthma-state of the art and research needs.
Clin Transl Allergy 4:14.

Seitz AE, Younes N, Steiner CA, Prevots DR. 2014. Incidence and trends of
blastomycosis-associated hospitalizations in the United States. PLoS One
9:105466.

Kauffman CA, Freifeld AG, Andes DR, Baddley JW, Herwaldt L, Walker RC,
Alexander BD, Anaissie EJ, Benedict K, Ito JI, Knapp KM, Lyon GM, Marr KA,
Morrison VA, Park BJ, Patterson TF, Schuster MG, Chiller TM, Pappas PG.
2014. Endemic fungal infections in solid organ and hematopoietic cell
transplant recipients enrolled in the Transplant-Associated Infection
Surveillance Network (TRANSNET). Transpl Infect Dis 16:213-224.

Colombo AL, Tobon A, Restrepo A, Queiroz-Telles F, Nucci M. 2011.
Epidemiology of endemic systemic fungal infections in Latin America. Med
Mycol 49:785-798.

Slavin MA, Chakrabarti A. 2012. Opportunistic fungal infections in the Asia-
Pacific region. Med Mycol 50:18-25.

Lopez-Romero E, Reyes-Montes Mdel R, Perez-Torres A, Ruiz-Baca E,
Villagomez-Castro JC, Mora-Montes HM, Flores-Carreon A, Toriello C. 2011.

Page 57 of 70



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

Sporothrix schenckii complex and sporotrichosis, an emerging health problem.
Future Microbiol 6:85-102.

Kasuga T, White TJ, Koenig G, McEwen J, Restrepo A, Castaneda E, Da Silva
Lacaz C, Heins-Vaccari EM, De Freitas RS, Zancope-Oliveira RM, Qin Z, Negroni
R, Carter DA, Mikami Y, Tamura M, Taylor ML, Miller GF, Poonwan N, Taylor
JW. 2003. Phylogeography of the fungal pathogen Histoplasma capsulatum.
Mol Ecol 12:3383-3401.

Cano MV, Hajjeh RA. 2001. The epidemiology of histoplasmosis: a review.
Semin Respir Infect 16:109-118.

Wheat LJ, Conces D, Allen SD, Blue-Hnidy D, Loyd J. 2004. Pulmonary
histoplasmosis syndromes: recognition, diagnosis, and management. Semin
Respir Crit Care Med 25:129-144.

Queiroz-Telles F, Nucci M, Colombo AL, Tobon A, Restrepo A. 2011. Mycoses
of implantation in Latin America: an overview of epidemiology, clinical
manifestations, diagnosis and treatment. Med Mycol 49:225-236.

Barker BM, Jewell KA, Kroken S, Orbach MJ. 2007. The population biology of
coccidioides: epidemiologic implications for disease outbreaks. Ann N Y Acad
Sci1111:147-163.

Nguyen C, Barker BM, Hoover S, Nix DE, Ampel NM, Frelinger JA, Orbach MJ,
Galgiani JN. 2013. Recent Advances in Our Understanding of the
Environmental, Epidemiological, Immunological, and Clinical Dimensions of
Coccidioidomycosis. Clin Microbiol Rev 26:505-525.

Brown J, Benedict K, Park BJ, Thompson GR, 3rd. 2013. Coccidioidomycosis:
epidemiology. Clin Epidemiol 5:185-197.

Marques SA. 2013. Paracoccidioidomycosis: epidemiological, clinical, diagnostic
and treatment up-dating. An Bras Dermatol 88:700-711.

Kantipong P, Panich V, Pongsurachet V, Watt G. 1998. Hepatic penicilliosis in
patients without skin lesions. Clinical Infectious Diseases 26:1215-1217.
Ranjana KH, Priyokumar K, Singh TJ, Gupta CC, Sharmila L, Singh PN,
Chakrabarti A. 2002. Disseminated Penicillium marneffei infection among HIV-
infected patients in Manipur State, India. Journal of Infection 45:268-271.

Singh PN, Ranjana K, Singh YI, Singh KP, Sharma SS, Kulachandra M,
Nabakumar Y, Chakrabarti A, Padhye AA, Kaufman L, Ajello L. 1999.
Indigenous disseminated Penicillium marneffei infection in the state of
Manipur, India: Report of four autochthonous cases. Journal of Clinical
Microbiology 37:2699-2702.

Supparatpinyo K, Khamwan C, Baosoung V, Nelson KE, Sirisanthana T. 1994,
Disseminated Penicillium marneffei infection in southeast Asia. Lancet 344:110-
113.

Clezy K, Sirisanthana T, Sirisanthana V, Brew B, Cooper DA. 1994. lLate
manifestations of HIV in Asia and the Pacific. AIDS 8 Suppl 2:535-43.
Armstrong-James D, Meintjes G, Brown GD. 2014. A neglected epidemic:
fungal infections in HIV/AIDS. Trends Microbiol 22:120-127.

Attapattu MC. 1997. Chromoblastomycosis--a clinical and mycological study of
71 cases from Sri Lanka. Mycopathologia 137:145-151.

Bonifaz A, Carrasco-Gerard E, Saul A. 2001. Chromoblastomycosis: clinical and
mycologic experience of 51 cases. Mycoses 44:1-7.

Page 58 of 70



50.

51.

52.

53.

54,

55.

56.

57.

58.

59.
60.

61.

62.

Esterre P, Andriantsimahavandy A, Ramarcel ER, Pecarrere JL. 1996. Forty
years of chromoblastomycosis in Madagascar: a review. Am J Trop Med Hyg
55:45-47.

Leslie DF, Beardmore GL. 1979. Chromoblastomycosis in Queensland: a
retrospective study of 13 cases at the Royal Brisbane Hospital. Australas J
Dermatol 20:23-30.

Lu S, Lu C, Zhang J, Hu Y, Li X, Xi L. 2013. Chromoblastomycosis in Mainland
China: a systematic review on clinical characteristics. Mycopathologia 175:489-
495,

Perez-Blanco M, Hernandez Valles R, Garcia-Humbria L, Yegres F. 2006.
Chromoblastomycosis in children and adolescents in the endemic area of the
Falcon State, Venezuela. Med Mycol 44:467-471.

Rajendran C, Ramesh V, Misra RS, Kandhari S, Upreti HB, Datta KK. 1997.
Chromoblastomycosis in India. Int J Dermatol 36:29-33.

Silva JP, de Souza W, Rozental S. 1998. Chromoblastomycosis: a retrospective
study of 325 cases on Amazonic Region (Brazil). Mycopathologia 143:171-175.
Brown GD, Meintjes G, Kolls JK, Gray C, Horsnell W, Working Group from the
E-ARMW, Achan B, Alber G, Aloisi M, Armstrong-James D, Beale M, Bicanic T,
Black J, Bohjanen P, Botes A, Boulware DR, Brown G, Bunjun R, Carr W,
Casadevall A, Chang C, Chivero E, Corcoran C, Cross A, Dawood H, Day J, De
Bernardis F, De Jager V, De Repentigny L, Denning D, Eschke M, Finkelman M,
Govender N, Gow N, Graham L, Gryschek R, Hommond-Aryee K, Harrison T,
Heard N, Hill M, Hoving JC, Janoff E, Jarvis J, Kayuni S, King K, Kolls J, Kullberg
BJ, Lalloo DG, Letang E, Levitz S, Limper A, Longley N, Machiridza TR,
Mahabeer Y, Martinsons N, Meiring S, Meya D, Miller R, Molloy S, Morris L,
Mukaremera L, Musubire AK, Muzoora C, Nair A, Nakiwala Kimbowa J, Netea
M, Nielsen K, O'Hern J, Okurut S, Parker A, Patterson T, Pennap G, Perfect J,
Prinsloo C, Rhein J, Rolfes MA, Samuel C, Schutz C, Scriven J, Sebolai OM,
Sojane K, Sriruttan C, Stead D, Steyn A, Thawer NK, Thienemann F, Von
Hohenberg M, Vreulink JM, Wessels J, Wood K, Yang YL. 2014. AIDS-related
mycoses: the way forward. Trends Microbiol 22:107-109.

Park BJ, Wannemuehler KA, Marston BJ, Govender N, Pappas PG, Chiller TM.
2009. Estimation of the current global burden of cryptococcal meningitis
among persons living with HIV/AIDS. AIDS 23:525-530.

Qazzafi Z, Thiruchunapalli D, Birkenhead D, Bell D, Sandoe JA. 2007. Invasive
Cryptococcus neoformans infection in an asplenic patient. J Infect 55:566-568.
Li SS, Mody CH. 2010. Cryptococcus. Proc Am Thorac Soc 7:186-196.

Chaturvedi V, Chaturvedi S. 2011. Cryptococcus gattii: a resurgent fungal
pathogen. Trends Microbiol 19:564-571.

Arendrup MC, Bruun B, Christensen JJ, Fuursted K, Johansen HK, Kjaeldgaard
P, Knudsen JD, Kristensen L, Moller J, Nielsen L, Rosenvinge FS, Roder B,
Schonheyder HC, Thomsen MK, Truberg K. 2011. National surveillance of
fungemia in Denmark (2004 to 2009). J Clin Microbiol 49:325-334,

Pfaller M, Neofytos D, Diekema D, Azie N, Meier-Kriesche HU, Quan SP, Horn
D. 2012. Epidemiology and outcomes of candidemia in 3648 patients: data
from the Prospective Antifungal Therapy (PATH Alliance(R)) registry, 2004-
2008. Diagn Microbiol Infect Dis 74:323-331.

Page 59 of 70



63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Poikonen E, Lyytikainen O, Anttila VJ, Koivula I, Lumio J, Kotilainen P, Syrjala
H, Ruutu P. 2010. Secular trend in candidemia and the use of fluconazole in
Finland, 2004-2007. BMC Infect Dis 10:312.

Puig-Asensio M, Padilla B, Garnacho-Montero J, Zaragoza O, Aguado JM,
Zaragoza R, Montejo M, Munoz P, Ruiz-Camps |, Cuenca-Estrella M, Almirante
B, Project C, Geih G, Reipi. 2014. Epidemiology and predictive factors for early
and late mortality in Candida bloodstream infections: a population-based
surveillance in Spain. Clin Microbiol Infect 20:0245-254.

Sandven P, Bevanger L, Digranes A, Haukland HH, Mannsaker T, Gaustad P,
Norwegian Yeast Study G. 2006. Candidemia in Norway (1991 to 2003): results
from a nationwide study. J Clin Microbiol 44:1977-1981.

Richardson M, Lass-Florl C. 2008. Changing epidemiology of systemic fungal
infections. Clin Microbiol Infect 14 Suppl 4:5-24.

Van Cutsem J, Van Gerven F, Van de Ven MA, Borgers M, Janssen PA. 1984,
Itraconazole, a new triazole that is orally active in aspergillosis. Antimicrob
Agents Chemother 26:527-534.

Caillot D. 2003. Intravenous itraconazole followed by oral itraconazole for the
treatment of amphotericin-B-refractory invasive pulmonary aspergillosis. Acta
Haematol 109:111-118.

Chapman SW, Dismukes WE, Proia LA, Bradsher RW, Pappas PG, Threlkeld
MG, Kauffman CA, Infectious Diseases Society of A. 2008. Clinical practice
guidelines for the management of blastomycosis: 2008 update by the Infectious
Diseases Society of America. Clin Infect Dis 46:1801-1812.

Denning DW. 1996. Therapeutic outcome in invasive aspergillosis. Clin Infect
Dis 23:608-615.

Dismukes WE, Bradsher RW, Jr., Cloud GC, Kauffman CA, Chapman SW,
George RB, Stevens DA, Girard WM, Saag MS, Bowles-Patton C. 1992.
Itraconazole therapy for blastomycosis and histoplasmosis. NIAID Mycoses
Study Group. Am J Med 93:489-497.

Galgiani JN, Catanzaro A, Cloud GA, Johnson RH, Williams PL, Mirels LF,
Nassar F, Lutz JE, Stevens DA, Sharkey PK, Singh VR, Larsen RA, Delgado KL,
Flanigan C, Rinaldi MG. 2000. Comparison of oral fluconazole and itraconazole
for progressive, nonmeningeal coccidioidomycosis. A randomized, double-blind
trial. Mycoses Study Group. Ann Intern Med 133:676-686.

Graybill JR, Stevens DA, Galgiani JN, Dismukes WE, Cloud GA. 1990.
Itraconazole treatment of coccidioidomycosis. NAIAD Mycoses Study Group.
Am J Med 89:282-290.

Kreisel W, Kochling G, von Schilling C, Azemar M, Kurzweil B, Dolken G,
Lindemann A, Blum U, Windfuhr M, Muller J. 1991. Therapy of invasive
aspergillosis with itraconazole: improvement of therapeutic efficacy by early
diagnosis. Mycoses 34:385-394.

McGinnis MR, Nordoff N, Li RK, Pasarell L, Warnock DW. 2001. Sporothrix
schenckii sensitivity to voriconazole, itraconazole and amphotericin B. Med
Mycol 39:369-371.

Sharkey-Mathis PK, Kauffman CA, Graybill JR, Stevens DA, Hostetler JS, Cloud
G, Dismukes WE. 1993. Treatment of sporotrichosis with itraconazole. NIAID
Mycoses Study Group. Am J Med 95:279-285.

Page 60 of 70



77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Supparatpinyo K, Chiewchanvit S, Hirunsri P, Baosoung V, Uthammachai C,
Chaimongkol B, Sirisanthana T. 1992. An efficacy study of itraconazole in the
treatment of Penicillium marneffei infection. ) Med Assoc Thai 75:688-691.
Tucker RM, Denning DW, Dupont B, Stevens DA. 1990. Itraconazole therapy
for chronic coccidioidal meningitis. Ann Intern Med 112:108-112.

Kaplan JE, Benson C, Holmes KK, Brooks JT, Pau A, Masur H, Centers for
Disease C, Prevention, National Institutes of H, America HIVMAotIDSo. 2009.
Guidelines for prevention and treatment of opportunistic infections in HIV-
infected adults and adolescents: recommendations from CDC, the National
Institutes of Health, and the HIV Medicine Association of the Infectious
Diseases Society of America. MMWR Recomm Rep 58:1-207; quiz CE201-204.
Fuller LC, Barton RC, Mohd Mustapa MF, Proudfoot LE, Punjabi SP, Higgins
EM. 2014. British Association of Dermatologists' guidelines for the
management of tinea capitis 2014. Br J Dermatol 171:454-463.

National Institute for Health and Care Excellence; Clinical Knowledges
Summaries. 2014. Fungal Skin Infection: body and groin, UK.

National Institute for Health and Care Excellence; Clinical Knowledges
Summaries. 2014. Fungal Skin Infection: Foot, UK.

Slain D, Rogers PD, Cleary JD, Chapman SW. 2001. Intravenous itraconazole.
Ann Pharmacother 35:720-729.

Frijlink HW, Eissens AC, Hefting NR, Poelstra K, Lerk CF, Meijer DK. 1991. The
effect of parenterally administered cyclodextrins on cholesterol levels in the
rat. Pharm Res 8:9-16.

Barone JA, Moskovitz BL, Guarnieri J, Hassell AE, Colaizzi JL, Bierman RH,
Jessen L. 1998. Enhanced bioavailability of itraconazole in hydroxypropyl-beta-
cyclodextrin solution versus capsules in healthy volunteers. Antimicrob Agents
Chemother 42:1862-1865.

Cartledge JD, Midgely J, Gazzard BG. 1997. Itraconazole solution: higher serum
drug concentrations and better clinical response rates than the capsule
formulation in acquired immunodeficiency syndrome patients with candidosis.
J Clin Pathol 50:477-480.

Glasmacher A, Prentice A, Gorschluter M, Engelhart S, Hahn C, Djulbegovic B,
Schmidt-Wolf IG. 2003. ltraconazole prevents invasive fungal infections in
neutropenic patients treated for hematologic malignancies: evidence from a
meta-analysis of 3,597 patients. J Clin Oncol 21:4615-4626.

Boogaerts MA, Maertens J, Van Der Geest R, Bosly A, Michaux JM, Van Hoof
A, Cleeren M, Wostenborghs R, De Beule K. 2001. Pharmacokinetics and safety
of a 7-day administration of intravenous itraconazole followed by a 14-day
administration of itraconazole oral solution in patients with hematologic
malignancy. Antimicrob Agents Chemother 45:981-985.

Venkatakrishnan K, von Moltke LL, Greenblatt DJ. 2000. Effects of the
antifungal agents on oxidative drug metabolism: clinical relevance. Clin
Pharmacokinet 38:111-180.

Lamb DC, Kelly DE, Venkateswarlu K, Manning NJ, Bligh HF, Schunck WH, Kelly
SL. 1999. Generation of a complete, soluble, and catalytically active sterol 14
alpha-demethylase-reductase complex. Biochemistry 38:8733-8738.

Page 61 of 70



91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Sanati H, Belanger P, Fratti R, Ghannoum M. 1997. A new triazole,
voriconazole (UK-109,496), blocks sterol biosynthesis in Candida albicans and
Candida krusei. Antimicrob Agents Chemother 41:2492-2496.

Ji H, Zhang W, Zhou Y, Zhang M, Zhu J, Song Y, Lu J. 2000. A three-dimensional
model of lanosterol 14alpha-demethylase of Candida albicans and its
interaction with azole antifungals. ) Med Chem 43:2493-2505.

Sheng C, Miao Z, Ji H, Yao J, Wang W, Che X, Dong G, Lu J, Guo W, Zhang W.
2009. Three-dimensional model of lanosterol 14 alpha-demethylase from
Cryptococcus neoformans: active-site characterization and insights into azole
binding. Antimicrob Agents Chemother 53:3487-3495.

Sheng C, Zhang W, Zhang M, Song Y, Ji H, Zhu J, Yao J, Yu J, Yang S, Zhou Y,
Zhu J, Lu J. 2004. Homology modeling of lanosterol 14alpha-demethylase of
Candida albicans and Aspergillus fumigatus and insights into the enzyme-
substrate Interactions. J Biomol Struct Dyn 22:91-99.

Warrilow AG, Martel CM, Parker JE, Melo N, Lamb DC, Nes WD, Kelly DE, Kelly
SL. 2010. Azole binding properties of Candida albicans sterol 14-alpha
demethylase (CaCYP51). Antimicrob Agents Chemother 54:4235-4245,

Mercer El. 1983. Inhibition of sterol 14 alpha-demethylase enzymes. Biochem
Soc Trans 11:663-665.

Hitchcock CA, Dickinson K, Brown SB, Evans EG, Adams DJ. 1990. Interaction
of azole antifungal antibiotics with cytochrome P-450-dependent 14 alpha-
sterol demethylase purified from Candida albicans. Biochem J 266:475-480.
Buied A, Moore CB, Denning DW, Bowyer P. 2013. High-level expression of
cyp51B in azole-resistant clinical Aspergillus fumigatus isolates. J Antimicrob
Chemother 68:512-514.

Mortensen KL, Mellado E, Lass-Florl C, Rodriguez-Tudela JL, Johansen HK,
Arendrup MC. 2010. Environmental study of azole-resistant Aspergillus
fumigatus and other aspergilli in Austria, Denmark, and Spain. Antimicrob
Agents Chemother 54:4545-4549.

Camps SM, van der Linden JW, Li Y, Kuijper EJ, van Dissel JT, Verweij PE,
Melchers WIJ. 2012. Rapid induction of multiple resistance mechanisms in
Aspergillus fumigatus during azole therapy: a case study and review of the
literature. Antimicrob Agents Chemother 56:10-16.

Denning DW, Venkateswarlu K, Oakley KL, Anderson MJ, Manning NJ, Stevens
DA, Warnock DW, Kelly SL. 1997. lItraconazole resistance in Aspergillus
fumigatus. Antimicrob Agents Chemother 41:1364-1368.

Snelders E, van der Lee HA, Kuijpers J, Rijs AJ, Varga J, Samson RA, Mellado E,
Donders AR, Melchers WJ, Verweij PE. 2008. Emergence of azole resistance in
Aspergillus fumigatus and spread of a single resistance mechanism. PLoS Med
5:e219.

Chen J, Li H, Li R, Bu D, Wan Z. 2005. Mutations in the cyp51A gene and
susceptibility to itraconazole in Aspergillus fumigatus serially isolated from a
patient with lung aspergilloma. J Antimicrob Chemother 55:31-37.

Chowdhary A, Kathuria S, Randhawa HS, Gaur SN, Klaassen CH, Meis JF. 2012.
Isolation of multiple-triazole-resistant Aspergillus fumigatus strains carrying the
TR/L98H mutations in the cyp51A gene in India. J Antimicrob Chemother
67:362-366.

Page 62 of 70



105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

Chowdhary A, Kathuria S, Xu J, Sharma C, Sundar G, Singh PK, Gaur SN, Hagen
F, Klaassen CH, Meis JF. 2012. Clonal expansion and emergence of
environmental multiple-triazole-resistant Aspergillus fumigatus strains carrying
the TR(3)(4)/L98H mutations in the cyp51A gene in India. PLoS One 7:e52871.
Chryssanthou E. 1997. In vitro susceptibility of respiratory isolates of
Aspergillus species to itraconazole and amphotericin B. acquired resistance to
itraconazole. Scand J Infect Dis 29:509-512.

Dannaoui E, Borel E, Monier MF, Piens MA, Picot S, Persat F. 2001. Acquired
itraconazole resistance in Aspergillus fumigatus. J Antimicrob Chemother
47:333-340.

Howard SJ, Cerar D, Anderson MJ, Albarrag A, Fisher MC, Pasqualotto AC,
Laverdiere M, Arendrup MC, Perlin DS, Denning DW. 2009. Frequency and
evolution of Azole resistance in Aspergillus fumigatus associated with
treatment failure. Emerg Infect Dis 15:1068-1076.

Lockhart SR, Frade JP, Etienne KA, Pfaller MA, Diekema DJ, Balajee SA. 2011.
Azole resistance in Aspergillus fumigatus isolates from the ARTEMIS global
surveillance study is primarily due to the TR/L98H mutation in the cyp51A gene.
Antimicrob Agents Chemother 55:4465-4468.

Snelders E, Huis In 't Veld RA, Rijs AJ, Kema GH, Melchers WJ, Verweij PE.
2009. Possible environmental origin of resistance of Aspergillus fumigatus to
medical triazoles. Appl Environ Microbiol 75:4053-4057.

Tashiro M, lzumikawa K, Minematsu A, Hirano K, lIwanaga N, Ide S, Mihara T,
Hosogaya N, Takazono T, Morinaga Y, Nakamura S, Kurihara S, Imamura Y,
Miyazaki T, Nishino T, Tsukamoto M, Kakeya H, Yamamoto Y, Yanagihara K,
Yasuoka A, Tashiro T, Kohno S. 2012. Antifungal susceptibilities of Aspergillus
fumigatus clinical isolates obtained in Nagasaki, Japan. Antimicrob Agents
Chemother 56:584-587.

Pfaller MA, Messer SA, Boyken L, Rice C, Tendolkar S, Hollis RJ, Diekema DJ.
2008. In vitro survey of triazole cross-resistance among more than 700 clinical
isolates of Aspergillus species. J Clin Microbiol 46:2568-2572.

Arendrup MC, Cuenca-Estrella M, Lass-Florl C, Hope WW, European
Committee on Antimicrobial Susceptibility Testing Subcommittee on
Antifungal Susceptibility T. 2012. EUCAST technical note on Aspergillus and
amphotericin B, itraconazole, and posaconazole. Clin Microbiol Infect 18:E248-
250.

Al-Nakeeb Z, Sudan A, Jeans AR, Gregson L, Goodwin J, Warn PA, Felton TW,
Howard SJ, Hope WW. 2012. Pharmacodynamics of itraconazole against
Aspergillus fumigatus in an in vitro model of the human alveolus: perspectives
on the treatment of triazole-resistant infection and utility of airway
administration. Antimicrob Agents Chemother 56:4146-4153.

Conway SP, Etherington C, Peckham DG, Brownlee KG, Whitehead A, Cunliffe
H. 2004. Pharmacokinetics and safety of itraconazole in patients with cystic
fibrosis. J Antimicrob Chemother 53:841-847.

Hardin TC, Graybill JR, Fetchick R, Woestenborghs R, Rinaldi MG, Kuhn JG.
1988. Pharmacokinetics of itraconazole following oral administration to normal
volunteers. Antimicrob Agents Chemother 32:1310-1313.

Page 63 of 70



117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

Barone JA, Koh JG, Bierman RH, Colaizzi JL, Swanson KA, Gaffar MC,
Moskovitz BL, Mechlinski W, Van de Velde V. 1993. Food interaction and
steady-state pharmacokinetics of itraconazole capsules in healthy male
volunteers. Antimicrob Agents Chemother 37:778-784.

Hennig S, Wainwright CE, Bell SC, Miller H, Friberg LE, Charles BG. 2006.
Population pharmacokinetics of itraconazole and its active metabolite hydroxy-
itraconazole in paediatric cystic fibrosis and bone marrow transplant patients.
Clin Pharmacokinet 45:1099-1114.

Hennig S, Waterhouse TH, Bell SC, France M, Wainwright CE, Miller H, Charles
BG, Duffull SB. 2007. A d-optimal designed population pharmacokinetic study
of oral itraconazole in adult cystic fibrosis patients. Br J Clin Pharmacol 63:438-
450.

Koks CH, Huitema AD, Kroon ED, Chuenyam T, Sparidans RW, Lange JM,
Beijnen JH. 2003. Population pharmacokinetics of itraconazole in Thai HIV-1-
infected persons. Ther Drug Monit 25:229-233,

Jaruratanasirikul S, Kleepkaew A. 1997. Influence of an acidic beverage (Coca-
Cola) on the absorption of itraconazole. Eur J Clin Pharmacol 52:235-237.
Zimmermann T, Yeates RA, Laufen H, Pfaff G, Wildfeuer A. 1994. Influence of
concomitant food intake on the oral absorption of two triazole antifungal
agents, itraconazole and fluconazole. Eur J Clin Pharmacol 46:147-150.

Barone JA, Moskovitz BL, Guarnieri J, Hassell AE, Colaizzi JL, Bierman RH,
Jessen L. 1998. Food interaction and steady-state pharmacokinetics of
itraconazole oral solution in healthy volunteers. Pharmacotherapy 18:295-301.
Kunze KL, Nelson WL, Kharasch ED, Thummel KE, Isoherranen N. 2006.
Stereochemical aspects of itraconazole metabolism in vitro and in vivo. Drug
Metab Dispos 34:583-590.

Poirier JM, Cheymol G. 1998. Optimisation of itraconazole therapy using target
drug concentrations. Clin Pharmacokinet 35:461-473.

Perfect JR, Durack DT. 1985. Penetration of imidazoles and triazoles into
cerebrospinal fluid of rabbits. J Antimicrob Chemother 16:81-86.

Savani DV, Perfect JR, Cobo LM, Durack DT. 1987. Penetration of new azole
compounds into the eye and efficacy in experimental Candida endophthalmitis.
Antimicrob Agents Chemother 31:6-10.

Kamberi P, Sobel RA, Clemons KV, Waldvogel A, Striebel JM, Williams PL,
Stevens DA. 2007. Comparison of itraconazole and fluconazole treatments in a
murine model of coccidioidal meningitis. Antimicrob Agents Chemother
51:998-1003.

Sorensen KN, Sobel RA, Clemons KV, Pappagianis D, Stevens DA, Williams PL.
2000. Comparison of fluconazole and itraconazole in a rabbit model of
coccidioidal meningitis. Antimicrob Agents Chemother 44:1512-1517.

Haynes RR, Connolly PA, Durkin MM, LeMonte AM, Smedema ML, Brizendine
E, Wheat L. 2002. Antifungal therapy for central nervous system
histoplasmosis, using a newly developed intracranial model of infection. J Infect
Dis 185:1830-1832.

Sobue S, Sekiguchi K, Nabeshima T. 2004. Intracutaneous distributions of
fluconazole, itraconazole, and griseofulvin in Guinea pigs and binding to human
stratum corneum. Antimicrob Agents Chemother 48:216-223.

Page 64 of 70



132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

Van Cauteren H, Heykants J, De Coster R, Cauwenbergh G. 1987. Itraconazole:
pharmacologic studies in animals and humans. Rev Infect Dis 9 Suppl 1:543-46.
Conte JE, Jr., Golden JA, Kipps J, Mclver M, Zurlinden E. 2004. Intrapulmonary
pharmacokinetics and pharmacodynamics of itraconazole and 14-
hydroxyitraconazole at steady state. Antimicrob Agents Chemother 48:3823-
3827.

Tucker RM, Denning DW, Hanson LH, Rinaldi MG, Graybill JR, Sharkey PK,
Pappagianis D, Stevens DA. 1992. Interaction of azoles with rifampin,
phenytoin, and carbamazepine: in vitro and clinical observations. Clin Infect Dis
14:165-174.

Moriyama B, Henning SA, Leung J, Falade-Nwulia O, Jarosinski P, Penzak SR,
Walsh TJ. 2012. Adverse interactions between antifungal azoles and vincristine:
review and analysis of cases. Mycoses 55:290-297.

Dannaoui E, Schwarz P, Lortholary O. 2009. In vitro interactions between
antifungals and immunosuppressive drugs against zygomycetes. Antimicrob
Agents Chemother 53:3549-3551.

Dong J, Yu X, Wang L, Sun YB, Chen XJ, Wang GJ. 2008. Effects of cyclosporin A
and itraconazole on the pharmacokinetics of atorvastatin in rats. Acta
Pharmacol Sin 29:1247-1252.

Jalava KM, Partanen J, Neuvonen PJ. 1997. Itraconazole decreases renal
clearance of digoxin. Ther Drug Monit 19:609-613.

Yuan R, Flockhart DA, Balian JD. 1999. Pharmacokinetic and pharmacodynamic
consequences of metabolism-based drug interactions with alprazolam,
midazolam, and triazolam. J Clin Pharmacol 39:1109-1125.

Lebrun-Vignes B, Archer VC, Diquet B, Levron JC, Chosidow O, Puech AlJ,
Warot D. 2001. Effect of itraconazole on the pharmacokinetics of prednisolone
and methylprednisolone and cortisol secretion in healthy subjects. Br J Clin
Pharmacol 51:443-450.

Varis T, Kivisto KT, Neuvonen PJ. 2000. The effect of itraconazole on the
pharmacokinetics and pharmacodynamics of oral prednisolone. Eur J Clin
Pharmacol 56:57-60.

Parmar JS, Howell T, Kelly J, Bilton D. 2002. Profound adrenal suppression
secondary to treatment with low dose inhaled steroids and itraconazole in
allergic bronchopulmonary aspergillosis in cystic fibrosis. Thorax 57:749-750.
Skov M, Main KM, Sillesen IB, Muller J, Koch C, Lanng S. 2002. latrogenic
adrenal insufficiency as a side-effect of combined treatment of itraconazole
and budesonide. Eur Respir J 20:127-133.

Berenguer J, Ali NM, Allende MC, Lee J, Garrett K, Battaglia S, Piscitelli SC,
Rinaldi MG, Pizzo PA, Walsh TJ. 1994. ltraconazole for experimental pulmonary
aspergillosis: comparison with amphotericin B, interaction with cyclosporin A,
and correlation between therapeutic response and itraconazole concentrations
in plasma. Antimicrob Agents Chemother 38:1303-1308.

Boogaerts MA, Verhoef GE, Zachee P, Demuynck H, Verbist L, De Beule K.
1989. Antifungal prophylaxis with itraconazole in prolonged neutropenia:
correlation with plasma levels. Mycoses 32 Suppl 1:103-108.

Glasmacher A, Hahn C, Leutner C, Molitor E, Wardelmann E, Losem C,
Sauerbruch T, Marklein G, Schmidt-Wolf IG. 1999. Breakthrough invasive

Page 65 of 70



147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

fungal infections in neutropenic patients after prophylaxis with itraconazole.
Mycoses 42:443-451.

Rex JH, Pfaller MA, Galgiani JN, Bartlett MS, Espinel-Ingroff A, Ghannoum MA,
Lancaster M, Odds FC, Rinaldi MG, Walsh TJ, Barry AL. 1997. Development of
interpretive breakpoints for antifungal susceptibility testing: conceptual
framework and analysis of in vitro-in vivo correlation data for fluconazole,
itraconazole, and candida infections. Subcommittee on Antifungal Susceptibility
Testing of the National Committee for Clinical Laboratory Standards. Clin Infect
Dis 24:235-247.

Denning DW, Lee JY, Hostetler JS, Pappas P, Kauffman CA, Dewsnup DH,
Galgiani JN, Graybill JR, Sugar AM, Catanzaro A, et al. 1994. NIAID Mycoses
Study Group Multicenter Trial of Oral Itraconazole Therapy for Invasive
Aspergillosis. Am J Med 97:135-144.

Marr KA, Crippa F, Leisenring W, Hoyle M, Boeckh M, Balajee SA, Nichols WG,
Musher B, Corey L. 2004. Itraconazole versus fluconazole for prevention of
fungal infections in patients receiving allogeneic stem cell transplants. Blood
103:1527-1533.

Winston DJ, Maziarz RT, Chandrasekar PH, Lazarus HM, Goldman M, Blumer
JL, Leitz GJ, Territo MC. 2003. Intravenous and oral itraconazole versus
intravenous and oral fluconazole for long-term antifungal prophylaxis in
allogeneic hematopoietic stem-cell transplant recipients. A multicenter,
randomized trial. Ann Intern Med 138:705-713.

Felton TW, Baxter C, Moore CB, Roberts SA, Hope WW, Denning DW. 2010.
Efficacy and safety of posaconazole for chronic pulmonary aspergillosis. Clin
Infect Dis 51:1383-1391.

Arca E, Tastan HB, Akar A, Kurumlu Z, Gur AR. 2002. An open, randomized,
comparative study of oral fluconazole, itraconazole and terbinafine therapy in
onychomycosis. ] Dermatolog Treat 13:3-9.

De Backer M, De Vroey C, Lesaffre E, Scheys |, De Keyser P. 1998. Twelve
weeks of continuous oral therapy for toenail onychomycosis caused by
dermatophytes: a double-blind comparative trial of terbinafine 250 mg/day
versus itraconazole 200 mg/day. J Am Acad Dermatol 38:557-63.

Evans EG, Sigurgeirsson B. 1999. Double blind, randomised study of continuous
terbinafine compared with intermittent itraconazole in treatment of toenail
onychomycosis. The LION Study Group. BMJ 318:1031-1035.

World Health Organization. 2014. Guidelines on the treatment of skin and oral
HIV-associated conditions in children and adults.

Borges SR, Silva GM, Chambela Mda C, Oliveira Rde V, Costa RL, Wanke B,
Valle AC. 2014. Itraconazole vs. trimethoprim-sulfamethoxazole: A comparative
cohort study of 200 patients with paracoccidioidomycosis. Med Mycol 52:303-
310.

Chariyalertsak S, Supparatpinyo K, Sirisanthana T, Nelson KE. 2002. A
controlled trial of itraconazole as primary prophylaxis for systemic fungal
infections in patients with advanced human immunodeficiency virus infection
in Thailand. Clin Infect Dis 34:277-284.

Page 66 of 70



158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

Denning DW, Tucker RM, Hanson LH, Hamilton JR, Stevens DA. 1989.
Itraconazole therapy for cryptococcal meningitis and cryptococcosis. Arch
Intern Med 149:2301-2308.

Saag MS, Cloud GA, Graybill JR, Sobel JD, Tuazon CU, Johnson PC, Fessel WJ,
Moskovitz BL, Wiesinger B, Cosmatos D, Riser L, Thomas C, Hafner R,
Dismukes WE. 1999. A comparison of itraconazole versus fluconazole as
maintenance therapy for AlDS-associated cryptococcal meningitis. National
Institute of Allergy and Infectious Diseases Mycoses Study Group. Clin Infect Dis
28:291-296.

van der Horst CM, Saag MS, Cloud GA, Hamill RJ, Graybill JR, Sobel JD,
Johnson PC, Tuazon CU, Kerkering T, Moskovitz BL, Powderly WG, Dismukes
WE. 1997. Treatment of cryptococcal meningitis associated with the acquired
immunodeficiency syndrome. National Institute of Allergy and Infectious
Diseases Mycoses Study Group and AIDS Clinical Trials Group. N Engl J Med
337:15-21.

Perfect JR, Dismukes WE, Dromer F, Goldman DL, Graybill JR, Hamill RJ,
Harrison TS, Larsen RA, Lortholary O, Nguyen MH, Pappas PG, Powderly WG,
Singh N, Sobel JD, Sorrell TC. 2010. Clinical practice guidelines for the
management of cryptococcal disease: 2010 update by the infectious diseases
society of america. Clin Infect Dis 50:291-322.

Smith D, van de Velde V, Woestenborghs R, Gazzard BG. 1992. The
pharmacokinetics of oral itraconazole in AIDS patients. J Pharm Pharmacol
44:618-619.

Denning DW, O'Driscoll BR, Powell G, Chew F, Atherton GT, Vyas A, Miles J,
Morris J, Niven RM. 2009. Randomized controlled trial of oral antifungal
treatment for severe asthma with fungal sensitization: The Fungal Asthma
Sensitization Trial (FAST) study. Am J Respir Crit Care Med 179:11-18.

Stevens DA, Schwartz HJ, Lee JY, Moskovitz BL, Jerome DC, Catanzaro A,
Bamberger DM, Weinmann AJ, Tuazon CU, Judson MA, Platts-Mills TA,
DeGraff AC, Jr. 2000. A randomized trial of itraconazole in allergic
bronchopulmonary aspergillosis. N Engl J Med 342:756-762.

Abdel-Rahman SM, Jacobs RF, Massarella J, Kauffman RE, Bradley JS, Kimko
HC, Kearns GL, Shalayda K, Curtin C, Maldonado SD, Blumer JL. 2007. Single-
dose pharmacokinetics of intravenous itraconazole and hydroxypropyl-beta-
cyclodextrin in infants, children, and adolescents. Antimicrob Agents
Chemother 51:2668-2673.

De Repentigny L, Ratelle J, Leclerc JM, Cornu G, Sokal EM, Jacqmin P, De
Beule K. 1998. Repeated-dose pharmacokinetics of an oral solution of
itraconazole in infants and children. Antimicrob Agents Chemother 42:404-408.
Groll AH, Wood L, Roden M, Mickiene D, Chiou CC, Townley E, Dad L, Piscitelli
SC, Walsh TJ. 2002. Safety, pharmacokinetics, and pharmacodynamics of
cyclodextrin itraconazole in pediatric patients with oropharyngeal candidiasis.
Antimicrob Agents Chemother 46:2554-2563.

Foot AB, Veys PA, Gibson BE. 1999. Itraconazole oral solution as antifungal
prophylaxis in children undergoing stem cell transplantation or intensive
chemotherapy for haematological disorders. Bone Marrow Transplant 24:1089-
1093.

Page 67 of 70



169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

Boelaert J, Schurgers M, Matthys E, Daneels R, van Peer A, De Beule K,
Woestenborghs R, Heykants J. 1988. Itraconazole pharmacokinetics in patients
with renal dysfunction. Antimicrob Agents Chemother 32:1595-1597.

Heykants J, Van Peer A, Van de Velde V, Van Rooy P, Meuldermans W,
Lavrijsen K, Woestenborghs R, Van Cutsem J, Cauwenbergh G. 1989. The
clinical pharmacokinetics of itraconazole: an overview. Mycoses 32 Suppl 1:67-
87.

Lestner JM, Roberts SA, Moore CB, Howard SJ, Denning DW, Hope WW. 2009.
Toxicodynamics of itraconazole: implications for therapeutic drug monitoring.
Clin Infect Dis 49:928-930.

Ahmad SR, Singer SJ, Leissa BG. 2001. Congestive heart failure associated with
itraconazole. Lancet 357:1766-1767.

Law D, Moore CB, Denning DW. 1994. Bioassay for serum itraconazole
concentrations using hydroxyitraconazole standards. Antimicrob Agents
Chemother 38:1561-1566.

Warnock DW, Turner A, Burke J. 1988. Comparison of high performance liquid
chromatographic and microbiological methods for determination of
itraconazole. J Antimicrob Chemother 21:93-100.

Ashbee HR, Barnes RA, Johnson EM, Richardson MD, Gorton R, Hope WW.
2014. Therapeutic drug monitoring (TDM) of antifungal agents: guidelines from
the British Society for Medical Mycology. J Antimicrob Chemother 69:1162-
1176.

Hope WW, Billaud EM, Lestner J, Denning DW. 2008. Therapeutic drug
monitoring for triazoles. Curr Opin Infect Dis 21:580-586.

Ameen M, Lear JT, Madan V, Mohd Mustapa MF, Richardson M. 2014. British
Association of Dermatologists' guidelines for the management of
onychomycosis 2014. Br J Dermatol 171:937-958.

Wheat L), Freifeld AG, Kleiman MB, Baddley JW, McKinsey DS, Loyd IJE,
Kauffman CA, Infectious Diseases Society of A. 2007. Clinical practice
guidelines for the management of patients with histoplasmosis: 2007 update
by the Infectious Diseases Society of America. Clin Infect Dis 45:807-825.
Kauffman CA, Bustamante B, Chapman SW, Pappas PG, Infectious Diseases
Society of A. 2007. Clinical practice guidelines for the management of
sporotrichosis: 2007 update by the Infectious Diseases Society of America.
Clinical Infectious Diseases 45:1255-1265.

Cornely OA, Bassetti M, Calandra T, Garbino J, Kullberg BJ, Lortholary O,
Meersseman W, Akova M, Arendrup MC, Arikan-Akdagli S, Bille J, Castagnola
E, Cuenca-Estrella M, Donnelly JP, Groll AH, Herbrecht R, Hope WW, Jensen
HE, Lass-Florl C, Petrikkos G, Richardson MD, Roilides E, Verweij PE, Viscoli C,
Ullmann AJ. ESCMID* guideline for the diagnosis and management of Candida
diseases 2012: non-neutropenic adult patients. Clin Microbiol Infect 18 Suppl
7:19-37.

Lortholary O, Petrikkos G, Akova M, Arendrup MC, Arikan-Akdagli S, Bassetti
M, Bille J, Calandra T, Castagnola E, Cornely OA, Cuenca-Estrella M, Donnelly
JP, Garbino J, Groll AH, Herbrecht R, Hope WW, Jensen HE, Kullberg BJ, Lass-
Florl C, Meersseman W, Richardson MD, Roilides E, Verweij PE, Viscoli C,
Ullmann AJ. ESCMID* guideline for the diagnosis and management of Candida

Page 68 of 70



182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

diseases 2012: patients with HIV infection or AIDS. Clin Microbiol Infect 18
Suppl 7:68-77.

Hope WW, Castagnola E, Groll AH, Roilides E, Akova M, Arendrup MC, Arikan-
Akdagli S, Bassetti M, Bille J, Cornely OA, Cuenca-Estrella M, Donnelly JP,
Garbino J, Herbrecht R, Jensen HE, Kullberg BJ, Lass-Florl C, Lortholary O,
Meersseman W, Petrikkos G, Richardson MD, Verweij PE, Viscoli C, Ullmann
AJ. ESCMID* guideline for the diagnosis and management of Candida diseases
2012: prevention and management of invasive infections in neonates and
children caused by Candida spp. Clin Microbiol Infect 18 Suppl 7:38-52.
Galgiani JN, Ampel NM, Catanzaro A, Johnson RH, Stevens DA, Williams PL.
2000. Practice guideline for the treatment of coccidioidomycosis. Infectious
Diseases Society of America. Clin Infect Dis 30:658-661.

Stevens DA, Kan VL, Judson MA, Morrison VA, Dummer S, Denning DW,
Bennett JE, Walsh TJ, Patterson TF, Pankey GA. 2000. Practice guidelines for
diseases caused by Aspergillus. Infectious Diseases Society of America. Clin
Infect Dis 30:696-709.

Saag MS, Graybill RJ, Larsen RA, Pappas PG, Perfect JR, Powderly WG, Sobel
JD, Dismukes WE. 2000. Practice guidelines for the management of
cryptococcal disease. Infectious Diseases Society of America. Clin Infect Dis
30:710-718.

Chapman SW, Bradsher RW, Jr., Campbell GD, Jr., Pappas PG, Kauffman CA.
2000. Practice guidelines for the management of patients with blastomycosis.
Infectious Diseases Society of America. Clin Infect Dis 30:679-683.

Wheat J, Sarosi G, McKinsey D, Hamill R, Bradsher R, Johnson P, Loyd J,
Kauffman C. 2000. Practice guidelines for the management of patients with
histoplasmosis. Infectious Diseases Society of America. Clin Infect Dis 30:688-
695.

Kauffman CA, Hajjeh R, Chapman SW. 2000. Practice guidelines for the
management of patients with sporotrichosis. For the Mycoses Study Group.
Infectious Diseases Society of America. Clin Infect Dis 30:684-687.

Masur H, Brooks JT, Benson CA, Holmes KK, Pau AK, Kaplan JE. 2014.
Prevention and treatment of opportunistic infections in HIV-infected adults and
adolescents: Updated Guidelines from the Centers for Disease Control and
Prevention, National Institutes of Health, and HIV Medicine Association of the
Infectious Diseases Society of America. Clinical Infectious Diseases 58:1308-
1311.

Walsh TJ, Anaissie EJ, Denning DW, Herbrecht R, Kontoyiannis DP, Marr KA,
Morrison VA, Segal BH, Steinbach WJ, Stevens DA, van Burik JA, Wingard JR,
Patterson TF. 2008. Treatment of aspergillosis: clinical practice guidelines of
the Infectious Diseases Society of America. Clin Infect Dis 46:327-360.

Limper AH, Knox KS, Sarosi GA, Ampel NM, Bennett JE, Catanzaro A, Davies
SF, Dismukes WE, Hage CA, Marr KA, Mody CH, Perfect JR, Stevens DA. An
official American Thoracic Society statement: Treatment of fungal infections in
adult pulmonary and critical care patients. Am J Respir Crit Care Med 183:96-
128.

Page 69 of 70



192.

193.

194.

195.

196.

197.

Kaul S. 2007. Pharmacokinetic interaction between efavirenz and diltiazem or
itraconazole after multiple-dose administration in adult healthy subjects, 14th
Conference on Retroviruses and Opportunistic Infections, vol. 561, Los Angeles.
Angello JT, Voytovich RM, Jan SA. 1997. A cost/efficacy analysis of oral
antifungals indicated for the treatment of onychomycosis: griseofulvin,
itraconazole, and terbinafine. Am J Manag Care 3:443-450.

Gupta AK, Lynde CW, Barber K. 2006. Pharmacoeconomic assessment of
ciclopirox topical solution, 8%, oral terbinafine, and oral itraconazole for
onychomycosis. ] Cutan Med Surg 10 Suppl 2:554-62.

Moeremans K, Annemans L, Ryu JS, Choe KW, Shine WS. 2005. Economic
evaluation of intravenous itraconazole for presumed systemic fungal infections
in neutropenic patients in Korea. Int J Hematol 82:251-258.

De Vries R, Daenen S, Tolley K, Glasmacher A, Prentice A, Howells S,
Christopherson H, de Jong-van den Berg LT, Postma MJ. 2008. Cost
effectiveness of itraconazole in the prophylaxis of invasive fungal infections.
Pharmacoeconomics 26:75-90.

Nacher M, Adenis A, Basurko C, Vantilcke V, Blanchet D, Aznar C, Carme B,
Couppie P. Primary prophylaxis of disseminated histoplasmosis in HIV patients
in French Guiana: arguments for cost effectiveness. Am J Trop Med Hyg
89:1195-1198.

Page 70 of 70



