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Invasive fungal infections continue to
extract a significant toll on human health
and to be associated with excessive mor-
bidity and mortality. The clinical challenges
posed by these organisms are many and
protean. Patients who are at risk of invasive
fungal infections often have multiple
comorbidities. Diagnostic tests are slow,
often with low sensitivity and/or specificity
and are expensive. Furthermore, there are
limited therapeutic options. Many anti-
fungal agents have significant drug-related
toxicity, drug—drug interactions and are
extremely expensive.

In a tertiary care setting that contains a
large number of patients who are immuno-
compromised, a wide variety of fungal path-
ogens will be encountered. These will ordi-
narily require specialist laboratory and
clinical skills to aid in the diagnosis and man-
agement. The most common medically
important fungal pathogens in resource-rich
healthcare settings are Aspergillus spp and
Candida spp. From a global perspective,
Cryptococcus neoformans is a leading cause of
infectious morbidity and mortality, with an
estimated 600,000 deaths per year.! Clinicians
might encounter a wide range of relatively
rare and esoteric pathogens belonging to
Mucorales (eg Rhizopus spp), hyalohy-
phomycetes (eg Fusarium and Scedosporium
spp) or phaeohyphomycetes (eg Alternaria
spp and Cladophialophora bantiana). These
organisms are frequently difficult to treat and
require specialist consultation. A variety of
endemic fungal diseases might also be
encountered (eg histoplasmosis, blasto-
mycosis, coccidioidomycosis and paracoc-
cidioidomycosis), making a detailed travel
and occupational history mandatory. In this
article, we focus on the most common
medically important fungal pathogens in the
UK: Aspergillus and Candida spp.
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Invasive aspergillosis
Introduction

Invasive aspergillosis (IA) is a leading cause
of infectious morbidity and mortality in
patients who are profoundly immunocom-
promised. The most common clinical con-
texts where IA is seen include profound
and prolonged neutropenia, haemato-
poietic stem-cell transplantation and solid
organ transplantation (especially lung
transplantation). IA is also increasingly
seen in patients who are critically ill on
intensive care units? and might also be seen
in a variety of scenarios where there is sig-
nificant underlying damage to the lung (eg
near drowning or post influenza).

Diagnosis

IA is notoriously difficult to diagnose with
any certainty. In the UK, most diagnoses are
made on the basis of a computed tomo-
graphy (CT) scan of the chest in a patient
with appropriate risk factors (eg a patient
who is profoundly immunocompromised
with fever and/or other respiratory symp-
toms). Some radiological features are spe-
cific of invasive pulmonary aspergillosis
(IPA): a nodule with surrounding attenua-
tion (halo) is a key radiological sign. An air
crescent sign is a late radiological sign
resulting from organisation of a pulmonary
sequestrum. More commonly, multiple
nodules are the only radiological sign of
infection. In reality, any radiological appear-
ance can be seen (eg non-specific focal
infiltrates, pleural effusion or pulmonary
infiltrates with cavitation), which poses a
significant diagnostic challenge.

Specific microbiological evidence of IA
can be difficult to acquire. In many cen-
tres, serum galactomannan is increasingly
used to establish a diagnosis of IA.
Galactomannan is a large-molecular-
weight polysaccharide that is secreted by
Aspergillus hyphae (Fig 1). The sensitivity
of this test can be compromised by mould-
active prophylaxis or specific antifungal
treatment (eg itraconazole) and also varies
according to whether the patient has
underlying neutropenia.> The diagnostic
performance of this test depends on the
incidence and case mix. A bronchoalveolar
lavage (BAL) might not be possible because
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Fig 1. A confocal image of Aspergillus
fumigatus invading through endothelial
cells. Nuclei of the endothelial cells are
stained with 4”,6-diamidino-2-phenylindole
(DAPI). The angular dichotomous branching
that is typical of Aspergillus spp is evident.
Actively growing hyphae liberate
galactomannan (among a multitude of
secondary metabolites) that can be used for
the diagnosis of IA, as well as for monitoring
the effect of antifungal therapy.

of poor respiratory reserve or other
comorbidities. Positive cultures are only
seen in approximately 50% of cases.?
Galactomannan in BAL fluid is increas-
ingly used to establish a diagnosis of IPA,
although there is some uncertainty about
the precise cut-off that should be used to
secure a diagnosis (a reading of >1 is often
used).

Treatment

The treatment of IA is complex and requires
specialist advice and consultation. In addi-
tion to choosing an appropriate antifungal
agent and regimen, careful consideration
should be given to modifying host factors
(eg minimising immunosuppression), as
well as providing adjunctive care (eg granu-
locyte colony-stimulating factor [G-CSF]).
Surgery might be necessary to obtain a cure
or at least debulk disease to enable successful
medical therapy. The indications for surgery
are not well defined, but include extensive
surgically resectable disease near vital struc-
tures (eg mediastinum or great vessels).
Several first-line agents can be used to
treat TA (Table 1). The choice largely rests
between voriconazole and liposomal ampho-
tericin B. Voriconazole is superior to ampho-
tericin B deoxycholate for treatment of IA in
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Invasive fungal infections are often rapidly life threatening and require prompt
diagnosis and therapy as well as specialist consultation

First-line agents for the treatment of invasive aspergillosis include voriconazole and

liposomal amphotericin B

Therapeutic drug monitoring should be considered as a routine adjunct when using

voriconazole and posaconazole

The echinocandins (caspofungin, micafungin and anidulafungin) are first-line agents

for the treatment of invasive candidiasis

Patients with invasive candidiasis should have prompt medical therapy and a careful

search for metastatic infection
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a wide range of clinical scenarios.*
Amphotericin B deoxycholate is now not
widely available in the UK. Voriconazole is
available as an intravenous (IV) and oral
preparation, which enables induction
therapy followed by longer-term consolida-
tion therapy. A dose of 6 mg/kg IV every
12 h for two dosages should be given, fol-
lowed by 4 mg/kg every 12 h as IV mainte-
nance. The dose for oral therapy is 200 mg
every 12 h, with the possibility of increasing
this to 300 mg every 12 h if clinically indi-
cated. Voriconazole is certainly the drug of
choice for treatment of cerebral aspergil-
losis, which is a devastating complication of
disseminated disease.” Increasing evidence
suggests that therapeutic drug monitoring
should be performed routinely.® A trough
concentration of 1 mg/l is a reasonable
target, but higher concentration targets can
be used if clinically indicated (eg central
nervous system infection). An upper con-
centration target of 5-6 mg/l is recom-
mended to minimise the probability of
drug-related toxicity.® Voriconazole exhibits
well-described toxicities that are related to
serum concentrations, including elevated
liver function tests, confusion and hallucina-
tions. Other short-term (and reversible)
adverse effects include photopsia (a percep-
tion of flashing flights), which occurs in
approximately 30% of patients, and is tran-
sitory and fully reversible. Longer-term tox-
icities include photosensitivity, which has
been further complicated in some patients
by the development of skin cancers.
Consequently, patients should receive spe-
cific advice about protecting themselves
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from the sun, including the routine applica-
tion of sunscreen. An alternative first-line
agent for treatment of IA is liposomal
amphotericin B (Table 1). A clinical trial of
patients with IA suggested that the effect of
a dose of 3 mg/kg/day is comparable to 10
mg/kg/day.” A patient failing 3 mg/kg should
have their antifungal therapy changed or
another antifungal agent added. Liposomal
amphotericin B has the advantage of having
a broader-spectrum of activity compared
with voriconazole, including activity against
the Mucorales and triazole-resistant
Aspergillus spp that are increasingly seen in
Europe and other parts of the world.
Liposomal amphotericin B causes acute
infusional toxicity® (manifests as any combi-
nation of chest pain, flank pain, leg pain,
abdominal pain, dyspnoea, hypoxia, urti-
caria or flushing) as well as nephrotoxicity
(manifests as decreased glomerular filtration
rate or tubular toxicity with hypokalaemia
and/or hypomagnesaemia).”

There are relatively few alternative agents
or approaches for treatment of IA. The
results of several clinical trials are pending
and might provide some additional thera-
peutic avenues. The outcome of patients
receiving a combination of voriconazole
and anidulafungin vs voriconazole alone
will be published in the near future.
Furthermore, the results of a new triazole,
isavuconazole vs voriconazole, will be avail-
able, which might provide an alternative
agent for the treatment of IA. The echinoc-
andins are generally not advocated as mon-
otherapy for the primary treatment of IA,
although they might be useful for salvage

therapy.” Similarly, posaconazole is not
used for primary therapy, but might have a
useful role for salvage therapy or longer-

term consolidation therapy.!?

Invasive candidiasis

Invasive candidiasis remains a significant
cause of morbidity and mortality for some
patient groups. Candidaemia is mostly seen
in patients who are critically ill and non-
neutropaenic. There are progressively fewer
cases in patients with neutropenia, which is
probably related to the better use of anti-
fungal prophylaxis and other supportive
measures in these patients. Risk factors
include the presence of an intravenous
catheter and the use of total parenteral
nutrition. The most common cause of
invasive candidiasis is Candida albicans.
Other leading causes include Candida gla-
brata (often exhibits reduced susceptibility
Candida  parapsilosis
(exhibits reduced susceptibility to echino-

to fluconazole),

candins), Candida krusei (resistant to
fluconazole) and Candida tropicalis (leading
cause of invasive candidiasis in India).

Diagnosis

Invasive candidiasis is mostly diagnosed
using standard microbiological techniques.
Blood cultures are the mainstay of the diag-
nosis, even though the sensitivity is known
to be approximately 50-60%.!! Invasive
candidiasis can also be diagnosed using
samples taken from normally sterile sites
(eg pancreatic bed). Some serological tests
are available to aid in the diagnosis. Perhaps
the most promising is 1,3-B-D glucan, for
which there is a large amount of evidence.!!
Unfortunately, this test is relatively difficult
to perform and is still not widely available
in many centres.

Treatment

The management of invasive candidiasis
requires prompt initiation of antifungal
therapy. Candida spp should never be dis-
missed as contaminants when isolated from
blood cultures or other ordinarily sterile site.
Relatively small delays (circa 12-24 h) in the
initiation of antifungal therapy result in
excessive mortality.!” Important additional
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therapeutic considerations include the
removal (and potential replacement) of an
intravenous catheter. A thorough search
should be made for occult metastatic foci of
infection. Candida endophthalmitis is a
serious and potentially sight-threatening
complication of disseminated infection that
requires  specialised =~ management.
Consequently, an ophthalmological exami-
nation should be performed on all patients
with candidaemia and an ophthalmological
opinion sought if there is any evidence or
concern of endophthalmitis.

Several agents can be used to treat invasive
candidiasis (Table 2). Recent evidence and
treatment guidelines suggest that the echino-
candins should be considered as first-line

agents for initial treatment of invasive

candidiasis.!>!* There is no clear evidence to
distinguish caspofungin (70 mg/day as a
loading dose followed by 50 mg/day),!
micafungin (100 mg/day)'® and anidu-
lafungin (200 mg/day as a loading dose fol-
lowed by 100 mg/day)!” for the treatment of
candidaemia and invasive candidiasis: the
spectrum of microbiological activity and
clinical response rates in clinical trials of inva-
sive candidiasis are comparable. The echino-
candins have the distinct advantage of being
safe to use in patients with renal and hepatic
impairment.!® Furthermore, they have few
adverse effects and few clinically significant
drug—drug interactions. Nevertheless, one
potential issue with their routine use is the
treatment of C parapsilosis, which consist-
ently demonstrates relatively high minimum

Table 1. Therapeutic options for the treatment of invasive aspergillosis.

Invasive fungal infections

inhibitory concentrations as a result of diff-
erences in the echinocandin target site (FKSI
gene); favourable clinical outcomes in inva-
sive candidiasis caused by C parapsilosis were
lower with anidulafungin, but not statistically
inferior to fluconazole.!” Therefore, the deci-
sion to use an echinocandin for C parapsilosis
depends on the clinical context. The echinoc-
andins are probably the drug of choice for the
treatment of C glabrata, which exhibits
reduced susceptibility or even frank resist-
ance to fluconazole. The echinocandins can
also be used for the treatment of C krusei,
which is inherently resistant to fluconazole.
Liposomal amphotericin B at 3 mg/kg can
be used to treat invasive candidiasis.!” A
clinical trial suggested that this agent pro-
duces response rates that are comparable to

Therapy Regimen
Primary therapy

Voriconazole

6 mg/kg IV Q12h X 2 dosages, followed by 4 mg/kg
Q12h 1V; oral therapy 200 mg Q12h, with option to

Comments

increase to 300 mg Q12h

Liposomal amphotericin B 3 mg/kg/day IV
Salvage therapy
Caspofungin

Micafungin 100-150 mg/day

Posaconazole

200 mg Q6h followed by 400 mg Q12h

Therapeutic drug monitoring should be considered with dosage
adjustment to keep trough concentrations >1 mg/l and <6 mg/I

Monitor renal function

70 mg loading dose, then 50 mg/day

Not licensed for this indication; optimal dose for invasive
aspergillosis not known

Therapeutic drug monitoring should be considered with dosage

adjustment to keep trough concentrations > 1mg/|

IV = intravenous; Q6h = every 6 h; Q12h = every 12 h.

Table 2. Therapeutic options for the treatment of invasive candidiasis.

Therapy Regimen
Primary therapy
Caspofungin

Micafungin 100-150 mg/day
Anidulafungin
3 mg/kg/day IV

400-800 mg/day

Liposomal amphotericin B
Fluconazole

Voriconazole

Consolidation therapy
Fluconazole 400-800 mg/day

Voriconazole

6 mg/kg IV Q12h X 2 dosages, followed by 4 mg/kg
Q12h IV; oral therapy 200 mg Q12h

6 mg/kg IV Q12h x 2 dosages, followed by 4 mg/kg
Q12h IV; oral therapy 200 mg Q12h

Comments

70 mg as a loading dose, then 50 mg/day

No difference in clinical outcomes between 100 and 150 mg/day

200 mg as a loading dose followed by 100 mg/day

Monitor renal function

Increasingly, echinocandins are preferred for induction therapy

Therapeutic drug monitoring should be considered with dosage
adjustment to keep trough concentrations >1 mg/l and <6 mg/|

Switch to fluconazole when the patient is haemodynamically stable

Therapeutic drug monitoring should be considered with dosage
adjustment to keep trough concentrations >1 mg/l and <6 mg/I;

consider for patients with Candida krusei and Candida glabrata

IV = intravenous; Q12h = every 12 h.
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micafungin, although the rate of nephrotox-
icity was predictably higher. Liposomal
amphotericin B has an advantage of a broad
spectrum of activity against medically
important Candida spp. Fluconazole is still
extensively used for the treatment of inva-
sive candidiasis, is the agent of choice for
consolidation therapy in most cases and can
be used immediately after initial induction
therapy with an echinocandin or liposomal
amphotericin B. Potential exceptions include
primary treatment for infections caused by
C glabrata and C krusei. In these cases, vori-
conazole might be a suitable option, with all
the caveats previously discussed for this
compound when used for TA.

Conclusions

Invasive fungal infections continue to be a
significant problem in a wide range of
clinical contexts. There have been signifi-
cant advances in therapeutic options for
invasive infections caused by Aspergillus
and Candida spp. Successful treatment of
these opportunistic infections requires
prompt diagnosis and aggressive therapy
with antifungal agents.
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