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Use of Aerosolized Antifungals for the Prophylaxis Against and Treatment
of Invasive Pulmonary Aspergillosis: Climbing it because it is there?
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In 1923, English mountaineer George Mallory was asked by a
reporter why he wanted to climb Mount Everest. The explorer famously
replied, “Because it’s there.” Mallory’s bravado was widely celebrated
and people worldwide followed Mallory in his quest to become the
first man to reach the summit of Mount Everest. On June 8, 1924 as
George Mallory was approaching the summit, an observer watched
him disappear into the cloudy veil that shrouded the mountain, never
to be seen alive again. What cost George Mallory his life that day in
19247 Was it the mountain? Was it lack of equipment and training?
Or was it that his judgment became clouded by his desire to reach the
summit? Regardless, Mallory lost his life because it was there.

The idea of delivery of an antimicrobial directly to the site of
infection has long-intrigued clinicians. This quest to maximize drug
exposure at the site of infections whilst minimizing systemic exposure
has become quite an adventure. Spawned by the desire to improve
therapeutic outcomes among patients with pulmonary infections,
some clinicians have advocated the administration of various
antimicrobials via inhalation of aerosolized drug solution. For decades
this practice continued despite the lack of good evidence to support
these practices. This sense of bravado was reminiscent of Mr. Mallory.
When one clinician was asked why he was administering the antibiotic
by nebulization he calmly and confidently replied, “Because I can.”
Granted decades’ worth of case reports and poorly controlled studies
had been published on the topic, the infatuation with aerosolized
delivery of antimicrobials seems rather illogical.

What is known about aerosolized delivery of antimicrobials is that
just because you can put a drug into a nebulizer does not mean that
the medication will be delivered to the site of infection in the lungs
or that it will be better tolerated by patients. It has been reported that
factors related to the antibiotic, diluent, ambient conditions, nebulizer
system, and patient all influence how much drug reaches the distal
parts of the lung. The complexity of this process becomes evident when
one explores the literature that was used to support the approval of
tobramycin solution for inhalation and azetreonam for inhalation
solution. [Package inserts] Recognition of the influence of multiple
variables on the efficacy and tolerability of these formulations has
prompted the manufactures to provide explicit instructions on how
to handle the solutions and which nebulizers to use for generation of
aerosols.

Aspergillosis is a pathogenically interesting infectious process as
it relates to the possible use of targeted antifungal delivery. With few
exceptions, the primary mode of acquisition of an Aspergillus spp. is
by the inhalation of conidia. Once inhaled, the conidia are deposited
in the distal portions of the respiratory tract. Here, the conidia bathe in
epithelial lining fluid and may be engulfed by pulmonary macrophages;
however, until germination occurs, the pathogen does not invade
the host. Hence, conidia and newly germinating moulds should be
relatively easy to eradicate since tissue invasion has not yet occurred.
Even once tissue invasion occurs during the initial stages of infection,

most hyphae remain localized within lung tissue. During this phase of
the infection, many hypothesize the pathogen may be more efficiently
treated before dissemination occurs.

Another factor that has spurred interest in the use of inhaled
antifungals for invasive aspergillosis is that in spite of the availability of
newer agents with improved activity against Aspergillus spp., morbidity
and mortality associated with infection remain high. Generally,
successful outcomes associated with various treatment regimens still
are typically less than 55% [9]. Although several factors may contribute
to these poor outcomes, inability to continue primary therapy owing to
systemic toxicities and inter-patient pharmacokinetic variability (e.g.,
time to achieve therapeutic concentrations in the pulmonary tissue,
concentration in the pulmonary tissue) are prominent concerns.

For the reasons cited above, aerosolized administration of
antifungals for the prophylaxis against and treatment of invasive
aspergillosis has widespread appeal. Although several antimicrobials
have been studied in vitro and in animal models for these indications,
amphotericin B has been the agent most thoroughly examined
[21,11,1,19]. Amphotericin B possesses several features that make
localized delivery to the lungs attractive. Amphotericin B exhibits
rapid, concentration dependent fungicidal activity. Therefore, higher
concentrations in the lungs may improve activity. The ability to achieve
higher concentrations of amphotericin B in the lungs via traditional
intravenous administration is hampered by concerns over drug
solubility in aqueous environments and toxicity. Virtually all patients
who receive the deoxycholate formulation of amphotericin B will
experience some degree of nephrotoxicity. Although the development
of nephrotoxicity can be minimized with the administration of lipid-
based formulations, patient tolerability and disappointing outcomes
are still a concern.

Thesafetyandintrapulmonary distribution characteristics of various
formulations of amphotericin B have been studied in various animal
models, healthy subjects and patient populations [20,12,14,17,5,13,7].
Deoxycholate formulations of amphotericin B have been found to
increase the surface tension of the natural surfactant found in the lung
which might result in impaired pulmonary function [6,17]. This effect
was attributed to the deoxycholate component as pure amphotericin B
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and lipid-based formulations did not exhibit this effect [17]. Regarding
affect on pulmonary function following inhalation of amphotericin B,
the data remain mixed; however, the most common manifestations
include cough, shortness of breath and wheezing [15,18,2,4,10,8,3,16].
Given these safety and tolerability data, it seems reasonable that if an
amphotericin B formulation is to be considered for aerosolization that
a lipid-based formulation be used preferentially over deoxycholate.

From a pharmacokinetic perspective, inhalation of amphotericin B
results in rapid attainment of therapeutic concentrations in epithelial
lining fluid which remain above 1ug/ml for more than 7 days following
inhalation [12]. This characteristic is in contrast to data observed
following intravenous administration which demonstrate delayed
distribution to the pulmonary tissues and appreciably lower drug
concentrations [14].

Currently, limited data exist regarding the use of aerosolized
amphotericin B for the treatment of aspergillosis. In the setting of
established infection, uncertainty about airway blockage, necrosis, and
dissemination of infection make advocating aerosolized amphotericin
B as the sole means of treatment foolish. However, because this means
of drug delivery provides therapeutic drug concentrations to the lungs
within minutes it may be reasonable to explore short-term use of
inhaled amphotericin B with a concurrently administered intravenous
agent. Unfortunately, clinical data supporting this approach are non-
existent.

With respect to the use of inhaled amphotericin B for prophylaxis
against invasive pulmonary aspergillosis, the two most cited studies
are those conducted by Schwartz and Rijnders [16,18]. In the study
conducted by Schwartz and colleagues, 382 patients with prolonged
neutropenia were randomized to receive either inhaled amphotericin
B deoxycholate (10 mg twice daily) or no inhalation [18]. The
investigators failed to demonstrate any differences with respect
to proven, probable, or possible Aspergillus infections or overall
mortality. In contrast, Rijnders and colleagues randomized a total of
271 patients with prolonged neutropenia to receive either aerosolized
liposomal amphotericin B (15 mg over 30 minutes on two consecutive
days per week for a maximum of 6 weeks) or placebo. According to
the intention-to-treat and on-treatment analyses, inhaled liposomal
amphotericin B reduced the incidence of invasive pulmonary
aspergillosis by approximately 10% compared to placebo (p<0.05).
However, no difference was noted between groups with respect to
survival.

So if these studies provide conflicting results, can we draw any
meaningful guidance from the data? First, one must recognize that these
studies are by no means comparable. Owing to the distance between
study periods [2,16] prevailing medical and infection control practices
likely differed significantly. Also, diagnostic tools and definitions of
infection differed appreciably between the studies. Then there are the
differences in amphotericin B formulations, administration schedules,
and nebulizers. We might as well try to compare the musical merits of
Mozart to Van Halen. However, in spite of this it is fair to conclude that
liposomal amphotericin B administered via inhalation at a dose of 15
mg over 30 minutes on two consecutive days per week for a maximum
of 6 weeks by an adaptive aerosol delivery system (Halolite ADD or
ProDose ADD; Romedic/Medic-Aid) is more effective in preventing
invasive pulmonary aspergillosis than placebo. Great, case closed.
Hold on a second. What if you do not have access to one of these

nebulizers? Why only treat for two consecutive days per week? Do the
days on which patients receive inhalations have to be the same days
each week? What do you do if a patient misses a dose? And then the
$1,000,000 question is this as good as prophylaxis with posaconazole
or voriconazole?

Let me try to summarize. Can we safely administer amphotericin B
to patients? Yes. Does it matter what formulation of amphotericin B we
use? Yes. Deoxycholate formulations appear to be less well tolerated.
Does it matter which regimen and nebulizer we select? May be. No good
comparative data are available. Can we use this means of drug delivery
to treat established Aspergillus infections? No. Good data are currently
lacking. Can we use this means of drug delivery for prophylaxis against
Aspergillus spp? Yes. Administration of liposomal amphotericin B is
more effective than placebo. Is this means of prophylaxis as effective as
oral administration of posaconazole or voriconazole? No idea. There
are no comparative head-to-head data.

So a word of caution from the specter of mountaineer George
Mallory. Just because a mountain is there does not mean that it is
the best idea to climb it. Similarly just because we can administer
antifungals by aerosolization does not mean that we should.
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