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Abstract

Coccidioidomycosis remains a significant clinical problem with substantial morbidity and mortality. The
vast majority of infections are asymptomatic and the need for early primary therapy remains controversial.
The use of triazole antifungals has improved tolerability of therapy but concerns about acute and long-term
toxicities among available agents limit their use. In addition, recent findings of decreased in vitro fluconazole
susceptibility to as many as 37% of Coccidioides spp. isolates raises concerns regarding optimal therapy
for these infections as fluconazole is commonly used for therapy including central nervous system disease.
Thus, new agents from novel antifungal classes are currently in preclinical and clinical development aimed
at reducing toxicity and improving outcomes of these serious infections.
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Introduction

Coccidioidomycosis is a systemic fungal infection caused by Coc-
cidioides immitis or Coccidioides posadasii.1 These soil-dwelling
dimorphic pathogens reside in the soil of California, Arizona,
and parts of Washington, Nevada, New Mexico, and Texas, as
well as throughout Mexico, Central and South America.2,3 Infec-
tion occurs following inhalation of arthroconidia (e.g., spores),
although the vast majority of infections are thought to be subclin-
ical.4 Clinically apparent illness typically manifests as a subacute
process known as “Valley Fever” (primary pulmonary infection).
Symptoms such as cough, fever, chills, dyspnea, and fatigue are
common and may last weeks to months.5

The decision to treat primary pulmonary infection has not
been evaluated in prospective randomized trials. Prior nonran-
domized studies have not definitively shown a benefit to anti-
fungal therapy for those with primary pulmonary infection.5,6

A retrospective study found early therapy may partially abro-
gate the immune response to treatment,7 and historical obser-
vation prior to the availability of antifungal agents described
over 90% of patients recovered without complications.8 Cur-
rent guidelines thus recommend an individualized approach to
patient management with antifungal therapy offered to those at
significant risk for complications or for those with moderate to
severe pulmonary disease or disseminated infection.1 Flucona-
zole and itraconazole are the agents most frequently prescribed
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Figure 1. Targets of systemic antifungal agents.

for the various manifestations of coccidioidomycosis; however,
the last decade has seen renewed interested in the development of
new antifungal compounds. An understanding of the differences
in each agent in their pharmacokinetic/pharmacodynamic inter-
actions, oral bioavailability, toxicity, and drug-drug interaction
profile is of paramount importance during the care of patients
with this disease.

Triazoles

The triazoles exert their effects within ergosterol synthesis
by inhibition of cytochrome P450 (CYP)-dependent 14-α-
demethylase preventing the conversion of lanosterol to ergosterol
(Fig. 1).9 This inhibition leads to an increase in toxic methyl-
sterols causing a disruption of the packed acyl chains of fungal
phospholipid cell membranes. Following this destabilization of
membrane-associated enzymes, including those in the electron
transport chain, fungal growth is inhibited.

The triazoles exhibit significant differences in their affinity for
the 14-α-demethylase enzyme, and these differences are largely
responsible for their varying antifungal potency and spectrum
of activity. Cross-inhibition of several human CYP-dependent
enzymes (3A4, 2C9, and 2C19) is responsible for the majority
of the clinical side effects and drug-drug interactions within this
class.10

Fluconazole
Fluconazole remains the most frequently prescribed antifun-
gal for coccidioidomycosis due to its low cost, excellent oral

bioavailability, relatively dose-dependent adverse-effect profile,
and tolerability. Available in both an intravenous and oral prepa-
ration, fluconazole has excellent oral absorption (>90%) that
is unaltered by food or gastric pH. Fluconazole is widely dis-
tributed into body fluids and tissues and is not significantly pro-
tein bound (∼10%).11 Fluconazole penetrates most sites, and
high concentrations can be measured in the majority of tis-
sues. Importantly in the care of coccidioidomycosis, fluconazole
achieves clinically useful concentrations within the cerebrospinal
(CSF) fluid with levels approximately 50–70% of those found in
the serum.12 The relatively long half-life (∼30 hours) allows
for once daily dosing of fluconazole (Table 1). The majority of
the drug is eliminated unchanged in the urine (∼80%). Phar-
macokinetic/pharmacodynamic studies have not established op-
timal parameters for antifungals used in the treatment of coc-
cidioidomycosis, although fluconazole in vitro mean inhibitory
concentrations (MICs) are significantly higher than those seen
with other triazoles. In one study, increased fluconazole MICs
were seen in a significant number of Coccidioides spp. isolates
tested (MIC ≥ 16 µg/ml, 37.3%; ≥32 µg/ml, 7.9%) as compared
to MICs of mould-active triazoles (itraconazole, voriconazole,
and posaconazole).13 It should be noted that this in vitro finding
has not been correlated with patient outcomes, yet these re-
sults raise significant concerns about optimal therapy in serious
infection. Although higher fluconazole doses are typically rec-
ommended during treatment—which may overcome decreased
fluconazole susceptiblity,1 murine models have demonstrated
a dose-dependent response to fluconazole,14 and itraconazole
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TABLE 1. Pharmacokinetics of antifungals useful in the treatment of coccidioidomycosis.

Antifungal agent

Pharmacokinetic parameter AmB-d ABCD ABLC L-AMB FLU ITRA VORI POSA ISAV

Oral bioavailability (%) NA NA NA NA 90% 55%a 96% 54%b 98
Food effect (Cmax) NA NA NA NA NA See footnotec ↓by 34% ↑16% ↓by 9%
Distribution
Vd (l) 0.3–4.0 3–4 131 0.1 0.6 796 4.6 260 450
Total Cmax 2–4 mcg/ml 2.6 µg/ml 1.7 57–83d mcg/ml 6.7 2.3 3.3 ng/ml 7.5
Protein binding >90% >90% >90% >90% 10% 99% 58% >98% >99%
CSF penetration 0–4% <5% <5% <5% 60% ∼0% ∼50% ∼0% ∼10%
Metabolism Minor hepatic Unknown Unknown Unknown Hepatic Hepatic Hepatic Minor hepatic Hepatice

Elimination Unk Unknown Unknown Unknown Urine Feces Hepatic Feces and urine Feces and urine
Half-life (hours) 15–48 28 173 7–10 20–50 16–28 Dose-dependent 26–31 130

Amb-d, amphotericin B deoxycholate; ABCD, amphotericin B collodoidal despersion; ABLC, amphotericin B lipid complex, L-AMB, liposomal amphotericin B; FLU, fluconazole;
ITRA, itraconazole; VORI, voriconazole; POSA, posaconazole; ISAV, isavuconazole; Vd, volume of distribution; Cmax, maximum concentration; AUC, area under the curve;
CSF, cerebrospinal fluid.
aUsing oral solution formulation.
bAbsorpion using tablet formulation.
cAbsorption of itraconazole capsules is enhanced by food and gastric acidity. Itraconazole solution bioavailability is decreased with concurrent food intake.
dUsing a dose of 5 mg/kg/day.
eMetabolism of the isavuconazonium prodrug is via plasma esterases.

has been found superior in the treatment of some extrapul-
monary forms of coccidioidomycosis in a prospective random-
ized study.15

Adverse effects from fluconazole are generally benign; how-
ever, hepatotoxicity and cardiac toxicity due to prolongation of
the QTc interval can occur with any of the triazoles and nei-
ther is clearly dose- or time-dependent. Alopecia, xerosis, and
cheilitis are the most frequent side effects of fluconazole and are
reversible following discontinuation of therapy.16

Fluconazole is a strong inhibitor of CYP2C19 and 2C9, and
moderate inhibitor of CYP3A4 and significant drug-drug inter-
actions can thus occur (Table 2).

Therapeutic drug monitoring (TDM) of fluconazole therapy is
not generally recommended due to its high bioavailability and a
lack of defined target serum concentrations.17 However, at high
doses, such as those frequently used in coccidioidomycosis1 or in
patients with renal dysfunction or morbid obesity, fluconazole
exposure may be profoundly altered and difficult to predict.

Table 2. Summary of triazole mediated cytochrome P450 drug-drug

interactions.

Drug

Drug mechanism FLU ITRA VORI POSA ISAV

Inhibitor 2C19 ++ +++ +
2C9 ++ + ++ +
3A4 + +++ ++ +++ ++
Substrate 2C19 +++
2C9 +
3A4 +++ + +

Monitoring fluconazole serum drug levels may theoretically be
useful in these settings or in those during treatment of an isolate
with decreased in vitro antifungal susceptibility.

Itraconazole
Itraconazole is also frequently prescribed during the treatment of
coccidioidomycosis, and extensive experience with this agent has
been garnered since its approval.15,18 Itraconazole is available in
both capsule and oral solution formulations with an intravenous
formulation available in some countries (not within the USA).
The bioavailability of itraconazole is highly variable; the capsule
formulation has a bioavailability of ∼55%, and absorption is
improved when given with food and an acidic gastric pH for
solubilization. The solution formulation has 30–37% greater
bioavailability than that of the capsule, and absorption is not
altered by gastric pH.19 The solution, however, does have more
gastrointestinal intolerance than the capsule.

Itraconazole is a lipophilic antifungal, has a long plasma half-
life (∼30–40 hours), is highly protein bound (99.8%), and un-
dergoes extensive hepatic metabolism with over 30 metabolites.
One of these, hydroxy-itraconazole, has in vitro antifungal activ-
ity as well. Despite poor bone penetration,20 prior studies have
shown an enhanced response rate in itraconazole treated patients
compared to those receiving fluconazole during the treatment of
osseous coccidioidomycosis (70% vs 37% response rate, P =
.03).15 Relapse rates following discontinuation of study drug
were also lower in the itraconazole treated group compared to
fluconazole (18% vs 28%). This study builds on in vitro13 and
murine models of infection showing favorable PK/PD determi-
nants for itraconazole compared to fluconazole, yet additional
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comparative studies are needed to determine superiority.21 Itra-
conazole also exhibits poor CSF penetration, however, in both
animal and clinical studies has proven highly efficacious in the
treatment of coccidioidal meningitis.21–23

Adverse effects from itraconazole may occur including hepa-
totoxicity and QTc prolongation as mentioned above. Gastroin-
testinal distress is common with the oral solution and is thought
secondary to the cyclodextrin vehicle used to solubilize itra-
conazole with this formulation. More severe side effects include
the development of hypertension, hypokalemia, and peripheral
edema.24 This effect was recently determined to be caused by
inhibition of human 11β-hydroxysteroid dehydrogenase (11β-
HSD) causing the syndrome of apparent mineralocorticoid ex-
cess (AME). Although guidance in these circumstances is lim-
ited, this syndrome has resolved with a reduction in the dose
or a change to another, structurally unrelated triazole (e.g., flu-
conazole or voriconazole). Heart failure has also been described
secondary to the negative inotropic effects of itraconazole, and
it should be avoided in patients with a history of ventricular
dysfunction of congestive heart failure.25

Itraconazole, a strong inhibitor of CYP3A4 as well as
P-glycoprotein, is also a substrate for CYP3A4. Significant
drug-drug interactions may occur with co-administration of
other agents that are metabolized by CYP3A4 or that use
P-glycoprotein transporters.26 In addition, drugs that induce
CYP3A4 isozymes may lead to profound increases in itracona-
zole clearance and sub-therapeutic plasma concentrations.27

Therapeutic drug monitoring of itraconazole is generally rec-
ommended due to the erratic absorption and limited bioavail-
ability of current formulations.17 Target serum levels for itra-
conazole in the treatment of coccidioidomycosis have not been
definitively demonstrated; however, a concentration-effect has
been shown in the treatment of most other mycoses.17 Toxicity
has similarly been correlated with serum drug levels.28 It is im-
portant to consider the technique used for itraconazole TDM
as bioassay results are typically 2–10-fold higher than those
obtained by high-performance liquid chromatography (HPLC).
HPLC procedures used for TDM quantify both itraconazole
and hydroxyitraconazole separately.29 To make the HPLC as-
say more reflective of bioassay results, it is common practice to
add the concentrations of itraconazole and hydroxyitraconazole
together and report a total drug concentration. However, hy-
droxyitraconazole has more potent activity against the bioassay
test organism than itraconazole, a finding that is not necessarily
true in patient samples.30

Voriconazole
Voriconazole is often reserved for patients with coccidioidomy-
cosis who are intolerant or refractory to fluconazole or itracona-
zole. However, compared to other agents, voriconazole exhibits
more drug-drug interactions, variable metabolism, and signif-

icant long-term toxicity concerns.31,32 Also available in both
intravenous and oral formulations, voriconazole has moderate
lipophilicity and excellent oral bioavailability; however, absorp-
tion is decreased with food by ∼30%, and administration on an
empty stomach is preferable.10 The intravenous form contains
a sulfobutyl-β-cyclodextrin for solubility that is known to accu-
mulate in patients with renal dysfunction; however, the clinical
implications of this remain unclear.33 Voriconazole is widely dis-
tributed throughout the body and is able to penetrate the CSF
and has demonstrated efficacy in cases of coccidioidal menin-
gitis.31,34 The half-life of voriconazole is variable and patient
dependent.

Adverse effects from voriconazole include hepatotoxicity and
QTc prolongation as mentioned above for other triazoles. In
addition, there are several unique side effects of voriconazole
compared to other triazoles in clinical use. Visual disturbance in-
cluding photopsia (the perception of flashing lights), photopho-
bia, and color changes have all been observed and are thought
secondary to selective and reversible dysfunction of retinal ON-
bipolar cells.35 These effects are usually associated with peak
serum concentrations and occur 30–60 minutes following oral
or IV administration.36 These effects are reversible and typically
abate after 30–60 minutes, and no irreversible ocular toxicity
has been described.

Visual hallucinations have also been reported and are dis-
tinct from the aforementioned complaint of photopsia. This ef-
fect is more common with serum voriconazole concentrations
>5.5 µg/ml.37 Neurologic toxicity including confusion, agita-
tion, and myoclonus may also occur and are similarly associated
with serum levels exceeding 5.5 µg/ml.

Cutaneous adverse events including rashes have been seen in
∼7% of patients, and these are typically photosensitivity reac-
tions.36 These effects may additionally lead to skin carcinoma
following long-term therapy.38 Although this was initially pre-
sumed secondary to a disruption in normal retinol metabolism by
voriconazole, this has not been demonstrated.39 Alopecia, xero-
sis, and nail changes are also common with prolonged voricona-
zole administration.40

Voriconazole is the only trifluorinated antifungal in clinical
use, and long-term administration in patients with impaired re-
nal function has been associated with the development of fluoride
excess and periostitis/exostoses.41,42 Patients with this manifes-
tation exhibit bone pain, and elevations of serum alkaline phos-
phatase levels; periosteal elevation is observed on radiographic
imaging of the affected site. Cessation of voriconazole is required
for resolution of this manifestation.43

Therapeutic drug monitoring of voriconazole is recom-
mended given the dose-response relationship that has been
demonstrated in the treatment of other mycoses37 and the vari-
ability of patient serum drug levels in patients receiving standard
dosing regimens.44 Recent work has shown voriconazole TDM
does not impact the incidence of adverse events but does have
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a significant effect on the likelihood of voriconazole discontin-
uation and a therapeutic response is more frequent in patients
undergoing TDM.45 In contrast, a meta-analysis reported that
patients with therapeutic concentrations were twice as likely to
respond to treatment, and those with supratherapeutic concen-
trations were four times as likely to experience toxicity.46

Posaconazole
Posaconazole was initially available only as an oral suspension
and although effective in both the prophylactic and treatment
setting for other mycoses,47 adequate absorption was a signifi-
cant problem.48 An intravenous formulation and a delayed re-
lease oral tablet formulation have since been developed, and
these offer substantial improvements with significantly higher
serum levels observed in patients following a transition from
the suspension to the tablet formulation.49 Bioavailability of
the new tablet is not affected by food or gastric acid, but the
oral suspension requires a fed state to maximize bioavailabil-
ity. Posaconazole penetrates most sites well, although similar
to itraconazole CSF levels are generally not observed. Clinical
experience with posaconazole in the treatment of CNS coccid-
ioidomycosis is limited, although success has been reported.31

The half-life of posaconazole is ∼27 hours and allows for once
daily dosing with the intravenous or tablet formulation. The
suspension formulation requires more frequent dosing due to
decreased bioavailability. The difference in dosing between the
oral suspension formulation, and the tablet formulation has led
to significant medication errors and has prompted warning let-
ters from both US and European regulatory agencies. The ma-
jority of the drug is eliminated via the fecal route unchanged
(77%). Urine concentrations are negligible.

Adverse effects from posaconazole are primarily gastrointesti-
nal with nausea, vomiting, and diarrhea relatively common. Hy-
pokalemia, hypertension, and peripheral edema have also been
described, and the mechanism of 11β-hydroxysteroid dehydro-
genase inhibition by posaconazole has been demonstrated, al-
though in select cases 11β-hydroxlase may also be involved.50

Hepatotoxicity and cardiac toxicity due to prolongation of the
QTc interval have also been described. The IV formulation of
posaconazole contains a cyclodextrin vehicle, and in the set-
ting of renal dysfunction this solubilizing agent may accumulate.
Posaconazole undergoes hepatic metabolism via glucuronidation
and also has the capacity for drug-drug interactions through in-
hibition of cytochrome P450 (CYP450) 3A4 isoenzymes.51

Therapeutic drug monitoring of posaconazole concentrations
is recommended in most current IDSA guidelines. The tablet for-
mulation has significantly improved drug exposure and in other
mycoses this has correlated with efficacy; however, toxicity may
also be associated with high drug concentrations and addition-
ally serves as a means to ensure patient compliance.52

Posaconazole has consistently been found to be the most ac-
tive azole in animal models of infection.53,54 The ability to ster-

ilize tissues in these models has been shown to be superior to
itraconazole and has not been duplicated with any of the other
currently available azole compounds. While posaconazole has
been shown to be effective in refractory cases of coccidioidomy-
cosis, no consistent clinical benefit over other triazoles has been
demonstrated.55–58 Unfortunately, there are currently no plans
to for the large clinical trial that would be required to prove
the advantage of posaconazole seen in animal models is clini-
cally relevant when compared to the more widely accepted and
considerably less expensive fluconazole and itraconazole.

Isavuconazole
Isavuconazonium sulfate (referred to in this paper as isavucona-
zole) is a prodrug cleaved by plasma esterases into the active
isavuconazole moiety. Available in both an oral and IV formula-
tion, the intravenous formulation does not contain cyclodextrin.
Loading doses are required over the initial 48 hours of therapy.
Isavuconazole has a prolonged half-life (∼130 hours), which al-
lows once-daily dosing when the drug reaches steady state and
has a large volume of distribution (450 L). Oral capsules are
well absorbed with a bioavailability of ∼98% that is unchanged
by food intake. Isavuconazole is widely distributed though body
tissues and has demonstrated efficacy against a number of my-
coses in severely immunocompromised patient populations.59–61

Data in coccidioidomycosis are limited to a case series of patients
with primary disease62; however, animal and human studies have
demonstrated efficacy for CNS infections caused by other my-
coses,63 and a single patient receiving isavuconazole salvage ther-
apy for coccidioidal meningitis did exhibit a successful response.

The most commonly observed adverse effects are nausea,
vomiting, diarrhea, headache elevated transaminases, and hy-
pokalemia, although overall drug-related side effects with isavu-
conazole are less frequent than in those receiving voriconazole.64

In contrast to the other triazoles, isavuconazole is associated with
QTc shortening although the clinical significance of this remains
unclear, it may be useful in patients receiving multiple other QTc
prolonging medications.

Significant interactions with drugs metabolized by cy-
tochrome P450 occur, especially with substrates and inducers
of the CYP3A4 enzyme although preclinical studies and limited
clinical data suggest these drug interactions are less severe than
with other triazole agents.

Further studies are needed to clarify whether elevated isavu-
conazole levels are associated with toxicity and whether TDM is
helpful with either the oral or IV formulation. No definitive rec-
ommendation has been for or against isavuconazole TDM and
clinical experience continues to accumulate.

Polyenes

The primary antifungal mechanism of amphotericin B has histor-
ically been considered due to the formation of ion channels in the
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fungal cell membrane. Recent evidence suggests amphotericin
B actually forms large extramembranous aggregates that extract
ergosterol from lipid bilayers resulting in cell death.65 Similarly,
(off-target) binding to cholesterol in mammalian cell membranes
results in end-organ dysfunction and the high rate of adverse
events observed with polyene administration.

Amphotericin B is not absorbed orally and is currently avail-
able in multiple IV formulations each with different pharma-
cokinetics and different but overlapping toxicity profiles: am-
photericin B deoxycholate (AmBd), liposomal amphotericin B
(L-AMB), amphotericin B colloidal dispersion (ABCD), and am-
photericin B lipid complex (ABLC).

Amphotericin B is highly protein bound (95%) before distri-
bution primarily into the reticuloendothelial tissue and kidney.
Drug elimination is biphasic with a terminal half-life for AmB
deoxycholate of up to 15 days, and the primary route of elimi-
nation is not known. Serum levels are not influenced by hepatic
or renal dysfunction and it is poorly dialyzed

Nephrotoxicity is common and occurs with all formulations;
however, the lipid formulations exhibit a much lower frequency
of nephrotoxicity than AmBd. Direct vasoconstriction of the re-
nal afferent arterioles has been demonstrated and is the primary
mechanism of AmB induced nephrotoxicity.66 Hypokalemia due
to urinary potassium wasting, hypomagnesemia, metabolic aci-
dosis secondary to renal tubular acidosis (type 1), and polyuria
due to nephrogenic diabetes insipidus have each been described
with amphotericin B administration and are presumed secondary
to the membrane altering properties of AmB formulations.67,68

Infusion reactions of phlebitis, fever and chills have been de-
scribed with each formulation. The infusion related reaction of
dyspnea, chest and back pain, and hypoxia is primarily seen with
L-AMB.69 Hepatotoxicity has been observed with AmB formu-
lations as well with mild bilirubin and/or alkaline phosphatase
elevation those most frequently observed. Anemia also can be
seen and is secondary to AmB-mediated suppression of erythro-
poietin production.70

Prior to the development of triazole antifungals, amphotericin
B deoxycholate was the primary agent in the treatment of severe
or disseminated coccidioidomycosis.71 Following the availabil-
ity of the less toxic triazoles, amphotericin B formulations have
been largely relegated to patients intolerant or refractory to other
agents. For those with severe infections the lipid-based formula-
tions are likely a superior option to amphotericin B deoxycholate
given their lower incidence of nephrotoxicity.72 The lipid formu-
lations have demonstrated efficacy in numerous animal models
of coccidioidal infection,73–76 and although clinical reports are
limited, over a decade of experience has demonstrated efficacy
against most forms of coccidioidomycosis.

Despite its utility in other fungal meningitides, amphotericin B
deoxycholate has no role in the treatment of coccidioidal menin-
gitis when given intravenously77 but has been a useful agent
when given via the intrathecal route. Intrathecal therapy requires

significant provider expertise to both mitigate and recognize the
complications of therapy.78,79 Reports of successful use of L-
AMB have been presented and found efficacious in the treatment
of coccidioidal meningitis refractory to triazoles77; however, this
remains a salvage option until further data is presented.

Combination therapy

The rationale for combination therapy is to maximize treatment
by targeting multiple targets or metabolic pathways, or different
points in the same pathway, to improve efficacy by an additive or
synergistic effect. Antifungal drug combinations have been eval-
uated in vitro and in animal models in a number of prior studies
for other mycoses with variable results. Combination therapy
is the current standard of care for cryptococcal meningitis,80 a
benefit has been suggested in subgroups treated for invasive as-
pergillosis81 and candidemia.82 There are no comparative trials
evaluating combination treatment to guide therapeutic decision
making in the care of human coccidioidomycosis, however ani-
mal models have suggested a potential benefit for combination
therapy.83 Although echinocandins have highly variable in vitro
activity and should not be used as monotherapy in the treatment
of coccidioidomycosis, a murine model of infection evaluating
mice treated with caspofungin plus amphotericin B deoxycholate
was found to have lower colony forming units (cfu) per gram of
tissue than groups receiving either agent as monotherapy. Clini-
cal reports describing the utility of combination therapy are lim-
ited and consist of retrospective studies.77,84–86 No evidence of
antagonism was described in these publications, and a potential
benefit was described in the majority of the patients studied.

Novel agents in preclinical development

The morbidity of coccidioidomycosis remains significant and
even in patients with uncomplicated primary pulmonary
infection symptoms last for weeks to months.5 It is unclear if
symptoms are secondary to ongoing and uncontrolled subclini-
cal fungal infection or if these phenomenon are immunologic in
nature. The development of effective and potentially nontoxic
fungicidal therapy would be a welcome advance in the treatment
of coccidioidomycosis, and fortunately numerous agents are
in development with novel mechanisms of action, reduced
toxicity, and/or a low likelihood of significant drug-drug
interactions. New formulations of amphotericin B, including
orally administered nanoparticle and cochleate formulations,
are currently under development and hold promise for further
reductions in nephrotoxicity and other adverse effects.87 A new
itraconazole formulation (SUBA-itraconazole) is also under
development and has enhanced oral absorption compared to
the liquid or capsule forms.88 Novel glucan synthase inhibitors
that may be used in combination (rezafungin and SCY-078) are
also in preclinical development.89 Nikkomycin Z, a chitinase
inhibitor, has demonstrated potent activity in animal models of
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coccidioidomycosis and is nearing phase 2 clinical trials. Agents
in early development include: APX001 (a GPI-anchor inhibitor),
T2307 (a fungal mitochondrial inhibitor), MGCD290 (a histone
deacetylase inhibitor), geldanamycin (heat shock protein 90
inhibitor), F901318 (dihydroorotate inhibitor), and ASP2397
(unknown mechanism).90 Other agents with existing indications
for noninfectious conditions have been identified in screening
assays to have activity against fungal pathogens (sertraline,
auranofin, etc.) and are currently under investigation for
potential activity against Coccidioides spp.,91,92 and it is likely
agents with ability to manipulate the immunologic response,
repurposed from current cancer immunotherapy, will also be
proven to have a role in the treatment of severe fungal infections.

Significant developments in antifungal therapy have been
brought forth over the past decade. The majority of these
new agents have offered pharmacokinetic/pharmacodynamic im-
provements over prior agents, have reduced toxicity or have
fewer predicted drug-drug interactions. Despite these improve-
ments, further advancements are urgently needed, and cost con-
siderations for what is in many cases a chronic disease must
be considered. A number of new agents are currently in clini-
cal trials and are likely to have a future role in the treatment
of coccidioidomycosis. These agents will need to be evaluated
in comparative trials to properly identify their role in treatment
and to definitively ascertain the benefits of each agent.
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