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Antifungal Medications in Neutropenia

Rod Quilitz

Abstract  Over the last two decades, clinicians managing invasive fungal infections 
in neutropenic cancer patients have encountered many challenges – please see chap-
ter on “Fungal Infections”. Fortunately we have also seen an expansion in our anti-
fungal armamentarium during this time frame as well. This chapter will focus on the 
antifungal agents which are utilized for the prevention and treatment of invasive 
fungal infections in the neutropenic cancer patient. Specifically, we will discuss the 
polyene antifungal amphotericin B, the anti-metabolite flucytosine, select azole 
antifungals (fluconazole, voriconazole, posaconazole, isavuconazonium sulfate), 
and the echinocandins (caspofungin, micafungin, anidulafungin).
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�Polyene Antifungals

�Amphotericin B

Stucture of Amphotericin B [1]

 

Amphotericin B deoxycholate (Fungizone, AmBD), also known as “conven-
tional” amphotericin B, is a broad-spectrum, fungicidal polyene antifungal agent 
which was a life-saving innovative agent when it was FDA approved in 1959 [2]. 
Amphoterin B binds to ergosterol on the fungal cell membrane then merges into the 
fungal cell membrane causing a pore which allows for increased passage of fluids 
into the fungal cell and cell rupture [1–3]. Amphotericin B deoxycholate was the 
primary agent for the treatment of invasive fungal infections for decades but its use 
was limited by its toxicity which lead to the development of lipid formulations of 
amphotericin B which have largely replaced the use of AmBD in the neutropenic 
cancer patient population [2].

�Amphotericin B Antifungal Spectrum of Activity

Amphotericin B has broad-spectrum fungicidal activity for a wide variety of inva-
sive fungal infections including but not limited to aspergillosis, candidiasis, fusari-
osis, mucormycosis, and the endemic mycosis such as blastomycosis, histoplasmosis, 
coccidiomycosis, paracoccidioidomycois, and sporotrichosis [3, 4]. Amphotericin 
B resistance is typically associated with a MIC >2 mg/L [4] and has been most 
commonly reported in Candida lusitanie [4], Aspergillus terreus [5], Scedosporium 
species [4], and Trichosporin beigelii [6]. More recently, there are increasing 
reports of amphotericin B resistance among some isolates of Candida auris [7] and 
Fusarium [8].
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�Amphotericin B Adverse Reactions

Conventional amphotericin B has been referred to by clinicians and sometimes 
patients as “Ampho-terrible” due to the frequency of infusion reactions and nephro-
toxicity [2].

Amphotericin B associated infusion reactions, sometimes known unofficially as 
the “Shake and Bake Syndrome,” can cause fevers, chills, and rigors but also nausea 
and vomiting, headache, arthralgias, myalgias, and ever anaphylactoid reactions 
resulting in acute dyspnea [2, 3, 9]. Pre-medications such as hydrocortisone (50 mg 
PO/IV), acetaminophen (650  mg PO), and diphenhydramine (25–50  mg PO/IV) 
may reduce the incidence and severity of these reactions although quality clinical 
trial data is lacking [9]. Amphotericin B induced rigors have been treated with opi-
oids such as hydromorphone (0.5  mg IV) or meperidine (25  mg IV), typically 
allowing for completion of the amphotericin B infusion [2, 9]. One study which 
randomized patients to receive AmBD over 4 versus 24 h per day demonstrated a 
more than 50% reduction in the incidence of fever, chills, and rigors with the 
extended infusion [10].

Amphotericin B induced nephrotoxicity risk increases with cumulative dose and 
can result in an acute decline in glomerular filtration rate with associated rise in 
serum creatinine as well as urinary wasting of potassium and magnesium [2, 9]. 
Saline loading (NS 500 mL IV before and after each dose) may reduce or delay 
AmBD nephrotoxicity but does not affect electrolyte wasting [9, 11]. Continuous 
infusion AmBD has also recently been demonstrated to be less nephrotoxic com-
pared to a 4 h daily IV infusion [10].

Amphotericin B induced hypokalemia and hypomagnesemia can be severe and 
require close laboratory monitoring throughout therapy  – in addition to acute 
replacement with intravenous and/or oral electrolytes, scheduled oral potassium 
chloride and/or magnesium oxide supplementation is often required [9]. Amiloride 
5–10 mg PO BID can also be utilized to reduce AmBD induced potassium wasting 
but it should be discontinued with or shortly after the completion of amphotericin B 
therapy to avoid hyperkalemia as the renal tubules recover [12].

�Lipid Formulations of Amphotericin B

Three lipid formulations of amphotericin B were developed to reduce toxicity of 
this agent while preserving its efficacy: Amphotericin B Lipid Complex (Abelcet, 
ABLC) FDA approved in 1995, Amphotericin B Cholesterol Sulfate or AmB 
Colloidal Dispersion (Amphotec, ABCD) FDA approved in 1996, and Liposomal 
Amphotericin B (Ambisome, L-AmB) FDA approved in 1997 [2].

The lipid formulations were primarily designed to reduce nephrotoxicity and, as 
expected, all 3 agents have been demonstrated to be less nephrotoxic than AmBD 
[2, 13].. A randomized, double-blind comparative trial in patients with persistent 
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�Amphotericin B Dosing Recommendations

Amphotericin B Deoxycholate (Fungizone) – use actual body weight for dosing in obese  
patients [17]
Aspergillosis 1–1.5 mg/kg IV Q24H
Blastomycosis 0.7–1 mg/kg IV Q24H, total dose  

of 2–2.5 g
Candida esophagitis 0.3–0.7 mg/kg IV Q24H
Candidemia or Disseminated Candidasis 0.7–1 mg/kg IV Q24H
Coccidioidomycosis 0.5–0.7 mg/kg IVQ24H, total dose  

7–20 mg/kg
Cryptococcal meningitis 0.7 mg/kg IV Q24H in combination  

with flucytosine for a minimum of 2 weeks  
and CSF is sterile, then fluconazole

Histoplamsosis 0.7–1 mg/kg IV Q24H
Mucormycosis 1–1.5 mg/kg IV Q24H, total dose  

of 30–40 mg/kg

neutropenic fever by Wingard and colleagues compared ABLC to two doses of 
L-AmB and demonstrated reduced risk for nephrotoxicity in the L-Amb group 
(14.1% and 14.8% vs. 42.3%, P < 0.01) [14].

Adverse infusion reactions vary by amphotericin B formulation [13]. ABCD has 
a higher incidence of rate of infusion reactions than AmBD: including chills (53% 
vs 30%) and fever (27% vs 16%) [15]. Wingard and colleagues demonstrated that 
L-Amb exhibited a lower rate of chills and rigors than ABLC (18.8% and 23.5% vs 
79.5%) on day 1 [14]. While L-Amb appears to have the lowest incidence of 
infusion-related reactions among the amphotericin B formulations, a minority of 
patients may experience an atypical hyper-acute and often very dramatic infusion 
reaction to L-Amb involving one or more of the following adverse effects: “ [1] 
chest pain, dyspnea, and hypoxia [2]; severe abdomen, flank, or leg pain; and/or [3] 
flushing and urticaria” [16]. In these rare cases of atypical L-Amb infusion reac-
tions, stop the infusion immediately and consider intravenous diphenhydramine. 
For future doses, high dose intravenous diphenhydramine (up to 1 mg/kg) has been 
added to pre-medications prior to subsequent doses [16] or, in our experience, many 
of these patients can tolerate ABLC with aggressive pre-medication and initially 
reduced rate of infusion.

Due to their superior safety profile and equivalent efficacy, lipid formulations of 
amphotericin B are preferred over AmBD [2, 13] in the treatment of invasive fungal 
infections in neutropenic cancer patients. A direct comparison of continuous infu-
sion AmBD to a lipid formulation could be of value.
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Amphotericin B Lipid Complex (Abelcet) – consider ideal body weight for dosing  
in obese patients [16]
Invasive Fungal Infections 5 mg/kg IV Q24H
Liposomal Amphotericin B (Ambisome) – consider ideal body weight for dosing  
in obese patients [16]
Aspergillosis 3 mg/kg IV Q24H [18] (3 mg/kd/day  

with same efficacy, less toxicity than  
10 mg/kg/day for first 2 weeks  
of therapy) [18]

Candidemia 3–5 mg/kg IV Q24H
Fusariosis/Mucormycosis 5 mg/kg IV Q24H, higher doses  

of 10–15 mg/kg/day have been used  
in refractory infections

Persistent neutropenic fever 3 mg/kg IV Q24H, up to 5 mg/kg IV  
Q24H

Antifungal prophylaxis in high risk 1 mg/kg IV Q24H [19] or 10 mg/kg IV  
(over 2 h) weekly [20] or

Neutropenics intolerant to other options 15 mg/kg IV (over 6 h) every other  
week [21]

Antifungal prophylaxis to reduce the risk 12.5 mg over 30 min via nebulizer
Of Invasive Pulmonary Aspergillosis On 2 consecutive days per week [22]

�Nystatin

Structure of nystatin [23]
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Nystatin (Mycostatin), like amphotericin B, is a polyene antifungal agent which 
was discovered in 1950 [24]. The antifungal spectrum of nystatin is comparable, but 
not identical, to that of amphotericin B [24]. Strains of Candida albicans have been 
identified that are much more susceptible to nystatin than amphotericin B [24]. 
Nystatin may also exhibit activity against Candida glabrata, Candida krusei, 
Geotrichum, and Beauvaria which are amphotericin B resistant [24].

Intravenous nystatin was initially investigated for the treatment of invasive fun-
gal infections but it was never FDA approved due to excessive toxicities including 
venous sclerosis as well as intolerable infusion related infusions such as severe 
fever, rigors, and malaise [24]. A liposomal formulation of nystatin, with the goal of 
reducing toxicity, has been studied in phase 1 and 2 studies primarily [24]. Offner 
and colleagues studied the use of liposomal nystatin in 26 patients with invasive 
aspergillosis who either could not tolerate amphotericin B or whose infection was 
refractory to amphotericin B [25]. In this trial of high risk patients, the overall 
response rate was 28% with 68% overall mortality and a high incidence (67%) of 
infusion related reactions which lead to discontinuation in 2 patients [25]. 
Nephrotoxicity and hypokalemia were manageable in this study [25]. Liposomal 
nystatin has to date not been submitted to the FDA for review and remains unavail-
able outside of clinical trials.

Due to lack of significant bioavailability, nystatin can be safely administered 
swish-and-swallow for the treatment of oral candidiasis or topically for the manage-
ment of cutaneous and vaginal fungal infections, predominantly for candidiasis 
[24].

Nystatin dosing [26]
Thrush 500,000–1,000,000 units (5–10 mL) in mouth 35× per day

Half of suspension in left side of mouth, swish as long as  
possible before swallowing, then repeat in right side of mouth.

Cutaneous candidiasis Apply cream, ointment, or powder to affected areas BID
Vaginal candidiasis 1 vaginal tablet (100,000 units) daily for 2 weeks

�Flucytosine

Structure of flucytosine [27]
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Flucytosine (Ancobon, FC) has been available as 250 mg and 500 mg capsules 
for oral administration since 1968 [28, 29]. Currently FC is the only antimetabolite 
agent with antifungal activity. Flucytosine inhibits fungal protein synthesis by 
replacing uracil with 5-flourouracil (5-FU) in fungal RNA as well as inhibiting thy-
midylate synthetase via 5- fluorodeoxy-uridine monophosphatase which interferes 
with fungal DNA synthesis [28, 29].

�Flucytosine Antifungal Spectrum of Activity

Flucytosine’s activity against yeasts include Candida (except for Candida krusei) 
and Cryptococcus [29]. Flucytosine is recommended to be used in combination 
with amphotericin B (either conventional or lipid formulations) for the treatment of 
Cryptococcal meningitis due to the enhanced rate of CSF clearance as well as 
improved survival compared to amphotericin B plus fluconazole 800 mg/day [30]. 
Flucytosine has been used in combination with amphotericin B or fluconazole in 
patients with refractory invasive Candida infections despite lack of randomized 
clinical trial data to support this indication [29]. The 2016 Infectious Disease 
Society of America (IDSA) Candidiasis guidelines note that flucytosine in combina-
tion with amphotericin B may be considered for CNS infections, endocarditis, and 
endopthalmitis [31]. Flucytosine is typically not recommended as monotherapy for 
invasive yeast infections due to baseline resistance in 7–8% of Candida species and 
rapid induction of resistance [29]. Flucytosine monotherapy may be considered as 
an option for the treatment of fluconazole-resistant Candida glabrata urinary tract 
infections given the high concentrations achieved in the urinary tract with this 
renally cleared antifungal agent [29, 31].

Flucytosine has in vitro activity against Aspergillus species and had been utilized 
in the pre-echinocandin era as part of combination therapy for refractory cases of 
aspergillosis despite lack of data to support this practice [29]. Flucytosine is not, 
however, mentioned in the 2016 IDSA Aspergillosis guidelines [32].

�Flucytosine Adverse Reactions and Financial Toxicity

As may be expected for a pro-drug of the cytotoxic cancer agent 5-fluorouracil, 
flucytosine’s most clinically significant adverse effect is myelosuppression [29]. 
Flucytosine drug induced neutropenia and thrombocytopenia more so than anemia 
is typically observed within the first 2 weeks of therapy in 27% of patients and is 
usually associated with FC serum concentrations >100 mg/L [29].

Hepatotoxicity may be a significant complication of FC therapy and has been 
reported to occur in up to 41% of patients [29]. Most commonly this consists of 
reversible elevated transaminases and alkaline phosphatase [29]. Hyperbilirubinemia 
is less common than transaminitis and there have been 2 cases of life-threatening 
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liver necrosis attributed to FC [29]. It may be possible to reduce the incidence of FC 
induced hepatotoxicity by avoiding peak FC concentrations above 100 mg/L [29].

Gastrointestinal side effects such as nausea and diarrhea more so than vomiting 
and abdominal pain can occur in approximately 6% of patients receiving FC [29].

Unfortunately, the exorbitant cost of flucytosine in the United States is worthy of 
mention. In 2009, Valeant Pharmaceuticals acutely increased the price of flucyto-
sine to the extent that a 2 week course of FC costs approximately $28,000 for FC 
alone whereas the cost in the United Kingdom is one-tenth of this price [33]. While 
this has resulted in enhanced scrutiny of FC utilization in the United States, even at 
this inflated price the combination of amphotericin B plus flucytosine may be cost-
effective for the treatment of Cryptococcal meningitis given superior efficacy com-
pared to amphotericin B plus high dose fluconazole [33].

�Flucytosine Dosing [28, 34] & Therapeutic Drug Monitoring 
[29, 34]

Dose by ideal body weight in obese patients [34]
Creatinine Clearance Dose
>40 ml/min: 25 mg/kg PO Q6H
20–40 ml/min 25 mg/kg PO Q12H
10–19 ml/min 25 mg/kg PO Q24H
<10 ml 25 mg/kg PO Q48H
Hemodialysis 25–50 mg/kg Q48-72H, dose  

after HD on HD days
Goal peak of 30–80 mg/L to be obtained 2 h post dose after 3–5 days of therapy [34].
Alternative recommendation: peak 50–100 mg/L with trough 25–50 mg/L [29].

�Azole Antifungals

Commonly utilized systemic azole antifungal agents used in the neutropenic patient 
population include fluconazole, voriconazole, posaconazole, and isavuconazonium 
sulfate. Azole antifungals impair the synthesis of ergosterol, a vital component in 
the fungal cell membrane which is analogous to cholesterol in the mammalian cell 
membrane [35]. This is accomplished by inhibition of 14α-sterol demethylase 
which is a cytochrome p450 (CYP450) enzyme – this also explains why CYP450 
based drug interactions are so common with these agents [35].
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�Fluconazole

Structure of Fluconazole [36]

 

Fluconazole (Diflucan) demonstrates activity against the vast majority of 
Candida albicans, Candida keyfr, Candida dublinensis, Candida tropicalis, Candida 
parapsilosis, Candida guillermondii, and Candida lusitaniae [31]. Fluconazole may 
demonstrate reduced activity against specific strains of Candida glabrata due to 
their propensity to produce efflux pumps to expel azole antifungals [31]. Depending 
on the efficacy and density of these efflux pumps, higher doses of fluconazole may 
be an option [31]. Candida krusei is intrinsically resistant to fluconazole [31].

Fluconazole is highly active against Cryptococcus allowing for its use for main-
tenance and secondary prophylaxis in the treatment of cryptococcal meningitis [37]. 
Fluconazole has also been used first-line for mild to moderate pulmonary crypto-
coccosis and other single sites of infection in the absence of meningitis or crypto-
coccemia [37].

Fluconazole is generally well tolerated but patients should be monitored for rare 
cases of hepatotoxicity [38] and QTc prolongation especially in combination with 
other QTc prolonging drugs including fluoroquinolones [38].

Fluconazole demonstrates excellent bioavailability and therefore the oral route 
should be utilized unless the patient is unable to tolerate oral medications, such as 
severe mucositis, or has an active NPO order [31]. Unlike the other azole antifungal 
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agents, fluconazole is renally eliminated which also allows for achievement of urine 
concentrations 10–20 times the serum concentration [31]. Fluconazole also has the 
best distribution of the triazoles into the cerebrospinal fluid (CSF) and vitreous fluid 
with greater than 70% penetration [31].

Fluconazole is considered a mild to moderate inhibitor of CYP450 3A4, 2C9, 
and 2C19 [39]. Since fluconazole can be administered over a wide range of dos-
ing, please be aware that higher fluconazole doses can result in more clinically 
significant drug interactions. Examples of agents with potentially clinically sig-
nificant fluconazole drug interactions include astemizole, certain benzodiazepines 
(alprazolam, diazepam, midazolam, triazolam), cisapride, clopidogrel, cyclospo-
rine, fentanyl, ifosfamide, lovastatin, oral hypoglycemics, phenytoin, rifabutin, 
rifampin, simvastatin, sirolimus, tacrolimus, terfenadine, tyrosine kinase inhibi-
tors, and warfarin [40].

Fluconazole dosing – consider adjusted body weight for dosing in obese patients [40]

Candidemia Loading Dose 800 mg  

(12 mg/kg) PO/IV ×1

Maintenance Dose 400 mg  

(6 mg/kg) PO/IV Q24H

Central Nervous System/Infective  

Endocarditis

400 (6 mg/kg) to 800 mg (12 mg/kg) PO/IV Q24H

Candida glabrata infection 800 mg (12 mg/kg) PO/IV Q24H

(Sensitive dose-dependent, SDD)

Oropharyngeal 100–200 mg PO/IV Q24H

Antifungal prophylaxis 200–400 mg PO/IV Q24H

Renal adjustment CrCl <50 ml/min Reduce MD by 50%

Hemodialysis 100% of dose after  

each HD session
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�Voriconazole

Structure of Voriconazole [39]

 

Voriconazole (Vfend) demonstrates similar activity against yeasts compared to 
fluconazole except that it maintains activity versus Candida krusei and may be uti-
lized once susceptibility data has been verified as an oral option for the treatment of 
fluconazole-resistant, voriconazole-sensitive Candida glabrata infections [31]. 
Voriconazole is FDA approved for the treatment of esophageal candidiasis as well 
as candidemia and disseminated candidiasis in the skin, abdomen, kidney, bladder 
wall, and wounds in non-neutropenic patients [31]. Neutropenic patients were 
excluded from the clinical trial which lead to FDA approval for this indication [41].

Voriconazole has significantly broader antifungal activity than its parent com-
pound fluconazole. Voriconazole is FDA approved for the treatment of invasive 
aspergillosis and is considered to be the drug of choice for this indication due to 
lower mortality rates compared to patients randomized to conventional amphoteri-
cin B [32]. Voriconazole is also FDA approved for the treatment of invasive fungal 
infections caused by Scedosporium apiospermum and Fusarium in patients intoler-
ant of, or refractory to other therapy [41]. Aspergillus ustus, which requires ampho-
tericin B therapy, has been reported to cause infections in stem cell transplants 
receiving voriconazole prophylaxis [42]. In clinical practice, voriconazole is typi-
cally considered the drug of choice for Scedosporium apiospermum given superior 
activity compared to amphotericin products [43]. Voriconazole is often used in com-
bination with other potentially active agents such as lipid formulations of 
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amphotericin B or terbinafine for the treatment of Fusariosis in this high risk patient 
population [8], at least until antifungal susceptibility results are back. Unfortunately 
voriconazole resistant Fusarium is being increasingly reported [8].

Voriconazole lacks activity against mucormycosis and must not be used to treat 
these life-threatening invasive fungal infections [44].

Voriconazole can cause adverse reactions commonly associated with most of the 
other azole fungals such as hepatotoxicity, rash, and QTc prolongation [41, 45]. But 
voriconazole exhibits additional side effects that are more unique. Voriconazole can 
cause visual disturbances such as blurred vision or color perception issues in up to 
30% of patients, typically occurring approximately 30 min after a dose and lasting 
for up to 30 min – “The Rule of 30” [41, 45]. The site of this usually manageable 
toxicity is the retina and it has been demonstrated via electroretinography to be 
reversible following discontinuation [41, 45]. Voriconazole prescribing information 
recommends that patients not drive when their vision is affected or at night [41]. 
This needs to be distinguished from central nervous system toxicity (hallucinations 
and encephalopathy) which occurs in 4.3% of patients [41, 45] and can range from 
vivid dreams to elaborate visual hallucinations which can be upsetting to patients 
especially if they are not forewarned about this possibility. Risk for encephalopathy 
and hallucinations are associated with elevated trough concentrations greater than 
5.5 mg/L [45, 46]. Voriconazole is unlike the other azole fungals in that it is a pho-
tosensitizer which can result in sunburn-like rashes in 2% of patients and with pro-
longed utilization, it has been reported to increase the risk of cutaneous squamous 
cell carcinoma or melanoma [45, 47]. Patients taking voriconazole should limit their 
exposure to sunlight and use UVA and UVB SPF30+ sunscreen and seek medical 
attention promptly for new skin lesions. Patients receiving prolonged voriconazole 
therapy may also experience musculoskeletal pain due to fluorosis and periositis 
[48]. This has not been associated with other triazole antifungals likely because 
voriconazole contains 3 fluoride ions per molecule compared to 2 in posaconazole, 
for example [48].

Voriconazole exhibits excellent bioavailability if separated from meals [41] or 
enteral feedings [49] by at least 1 h. Voriconazole achieves extensive tissue distribu-
tion [41] and achieves clinically significant (>50% penetration) CSF and vitreous 
concentrations [31]. Voriconazole, unlike fluconazole, does not accumulate in the 
urine and should not be used for Candida urinary tract infections [31].

Voriconazole exhibits substantial variation in hepatic metabolism which inacti-
vates voriconazole primarily via CYP2C19, but also to a lesser extent CYP2C9 and 
CYP3A4 enzymes [41]. Voriconazole metabolism can demonstrate non-linearity 
which means that a 50% dose increase can result in a serum concentration increase 
ranging from 0.4 to 7.7 fold [50].

Genetic polymorphisms in CYP2C19 metabolism appear to represent 30–50% of 
the inter-patient variability in voriconazole clearance [50]. We are currently evaluat-
ing the impact of increasing voriconazole starting dose in rapid CYP2C19 metabo-
lizers and avoiding voriconazole in ultra-rapid CYP2C19 metabolizers [45]. 
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Voriconazole metabolism can be induced by agents such as phenytoin, rifabutin, 
and rifampin resulting in reduced levels or inhibited by omeprazole resulting in 
increased levels [41].

Voriconazole is a potent inhibitor of CYP3A4, CYP 2C9, and CYP2C19 which 
can lead to multiple drug interactions including, but not limited to, the following 
agents: alprazolam, amlodipine, astemizole, atazanavir, cisapride, clopidogrel, 
cyclosporine, diazepam, diltiazem, efavirenz, etravirine, felodipine, fentanyl, 
fosamprenavir, lovastatin, marviroc, midazolam, neviraprine, nifedipine, nisoldip-
ine, omeprazole, oral hypoglycemics, oxycodone, phenytoin, ranolazine, 
rifabutin,ritonavir, simvastatin, sirolimus, tacrolimus, terfenadine, verapamil, vin-
blastine, vincristine, and warfarin [45].

Voriconazole dosing – consider adjusted body weight in obese patients [45, 51]

Invasive Fungal Infections Loading Doses: 6 mg/kg PO/IV BID ×2 doses

(Aspergillosis, Candidiasis,  

Fusariosis, Scediosporosis, etc.)

OR 400 mg PO/IV BID ×2 doses

Maintenance Doses: 3–4 mg/kg PO/IV BID

OR 200 mg to 300 mg PO BID

Goal trough of 1–5.5 mg/L or random level of 2–6 mg/L to be obtained after 5–7 days [46, 52].

Renal dysfunction Renal insufficiency has no effect on voriconazole  

elimination [41]

Intravenous voriconazole contains a cyclodextrin solubilizing agent which may 
accumulate in patients with renal insufficiency [41]. As a result, the prescribing 
information recommends to avoid intravenous voriconazole in patients with creati-
nine clearance less than 50 ml/min if possible [41]. This is, however, a theoretical 
concern and no increase in rates of nephrotoxicity, hepatoxicity, or other adverse 
effects have been observed in the literature to date despite seven separate retrospec-
tive studies [53].

Hepatic dysfunction: Child-Pugh score-based maintenance dose  
recommendations are found in the voriconazole  
prescribing information [41]:

Child Pugh Score A-B: Reduce voriconazole maintenance dose by 50%
Child Pugh Score C: Dose reduction required, but no data to guide  

by how much.

Many neutropenic cancer patients experience acute hepatic dysfunction as a 
result of their underlying malignancy, cytotoxic chemotherapy, or other medications 
and Child Pugh score has not been validated in this patient population. Therapeutic 
drug monitoring can be very helpful in this scenario.
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�Posaconazole

Structure of Posaconazole [54]

 

Posaconazole (Noxafil) exhibits a spectrum of activity similar to voriconazole 
with the notable addition of mucromycosis activity [55]. Posaconazole is FDA 
approved for prevention and treatment of aspergillosis and candidiasis in high risk 
patients (MDS/AML receiving induction chemotherapy, allogeneic stem cell trans-
plant recipients with graft-versus-host disease requiring high dose corticosteroids) 
[56]. Posaconazole has been utilized as salvage therapy for invasive fungal infec-
tions, especially against aspergillosis and mucormycosis, but the quantity and qual-
ity of this data is limited and based on the use of the original and suboptimal oral 
liquid formulation [57, 58].

One advantage that posaconazole can claim over voriconazole is tolerability. 
Posaconazole exhibits an adverse reaction profile comparable to fluconazole there-
fore patients need only be monitored for hepatotoxicity, QTc prolongation, and rash 
[59]. Intravenous posaconazole can also cause phlebitis with multiple doses via 
peripheral vein administration, which is why it is not recommended to give more 
than one dose prior to central line placement [56].

Posaconazole was originally FDA approved in 2006 only as an oral suspension 
with 200 mg/5 mL concentration [56]. Posaconazole oral suspension needs to be 
taken with a meal, ideally a fatty meal, or an enteral feeding such as Boost Plus to 
increase absorption [56]. Posaconazole is also dependent upon gastric pH to 
achieve adequate absorption which is why it should not be taken concurrently 

R. Quilitz



133

with proton pump inhibitors and why concurrent acidic ginger ale and/or ascorbic 
acid can increase absorption [56, 60]. This formulation also exhibits saturable 
absorption which is why the drug was given as 200 mg/5 mL by mouth 3–4 times 
per day despite a half-life of greater than 24  h [56–60]. The FDA approval of 
posaconazole delayed release tablets and an intravenous formulation with a cyclo-
dextrin solubilizing agent eliminated the requirements for low gastric pH and con-
current food intake and thereby greatly improved the pharmacokinetic profile of 
posaconazole [56].

Posconazole has excellent distribution although its CSF penetration appears to 
be inferior to fluconazole and voriconazole [55, 56]. Posaconazole is primarily 
metabolized by UDP-glucoronidation and has no major oxidative, CYP450-
mediated metabolites [55, 56]. Posaconazole metabolism can be induced by efavi-
renz, phenytoin, rifabutin, and rifampin resulting in subtherapeutic concentrations 
[55, 56]. Posaconazole is a strong inhibitor of CYP450 3A4 specifically and unlike 
fluconazole and voriconazole does not significantly impact on CYP450 2C9 or 
2C19 metabolism [4, 5, 55, 56]. This results in nearly as many drug interactions as 
voriconazole which include but are not limited to the following: alprazolam, amio-
darone, amlodipine, astemizole, cisapride, cyclosporine, diazepam, diltiazem, 
dofetilide, ergot alkaloids, felodipine, irinotecan, lovastatin, midazolam, maraviroc, 
nifedipine, nisolidipine, oral hypglycemics, ritonavir, sildenafil, simvastatin, siroli-
mus, tacrolimus, tadalafil, terfenadine, triazolam, vardenafil, verapamil, vinblastine, 
and vincristine [55, 56, 59].

Posaconazole dosing [56, 59, 60]
Posaconazole delayed release 100 mg tablets
 � Take 3 tablets (300 mg) by mouth twice per day on Day 1
 � Do not omit loading doses, required to rapidly achieve therapeutic concentrations
 � Then take 3 tablets (300 mg) by mouth daily starting on Day 2
Posconazole intravenous: 300 mg IV Q12H ×2 doses then 300 mg IV Q24H
 � To be administered via central line to reduce risk of phlebitis with multiple doses
Posaconazole 200 mg/5 mL oral suspension is inferior from a pharmacokinetic  
standpoint – recommend use of newer formulations if possible.
Prophylaxis: 200 mg/5 mL PO TID with meals  

or 1 can Boost plus or Ensure plus
Treatment [57, 58]: 200 mg/5 mL PO QID with meals  

of 1 can Boost plus or Ensure plus
400 mg/10 mL PO BID with meals  
or 1 can Boost plus or Ensure plus at discharge

Consider use of a “posconazole bundle” [60] to maximum absorption:
 � Ascorbic acid 250–500 mg PO with each posaconazole dose in addition  

to acidic beverage, and heavy snack /meal/nutritional supplement.  
No concurrent proton pump inhibitors.
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Renal dysfunction: No impact on posaconazole clearance [56]
Due to potential for cyclodextrin accumulation,  
the prescribing information discourages use  
of IV posaconazole in patients  
with CrCl <50 mL/min [56] – note  
that is a theoretical concern and based on data  
with IV voriconazole [53], the risk of increased  
toxicity in patients with renal impairment  
is probably minor.

Hepatic dysfunction: No dose adjustment is recommended [56]

�Isavuconazonium Sulfate

Structure of isavuconazonium sulfate [61], pro-drug of isavuconazole
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Structure of isavuconazole [62], the active antifungal agent

 

Isavuconazonium sulfate (Cresemba) is a water-soluble pro-drug for isavucon-
azole (ISV), which exhibits a spectrum of activity very similar to posaconazole 
[63]. Cresemba was FDA approved for the treatment of invasive aspergillosis and 
invasive mucormycosis on March 6, 2015 [64]. Phase II clinical trial data is avail-
able in the setting of antifungal prophylaxis in neutropenic acute leukemics [65] and 
treatment of esophageal candidiasis [66].

Cresemba is generally well tolerated and with similar adverse reaction profile to 
fluconazole or posaconazole [63] and exhibited a slightly lower incidence and 
severity of ocular toxicity and hepatotoxicity than voriconazole in a randomized 
trial for aspergillosis [67]. Unlike the other azoles, isavuconazole does not cause 
QTc prolongation and actually displays a modest QTc shortening effect [63, 64].

Isavuconazonium sulfate is rapidly cleaved to ISV following administration of 
oral capsules or intravenously, which is why there is no need for a cyclodextrin solu-
bilizing agent [ 63, 64]. Isavuconazonium sulfate may also be prematurely con-
verted to ISV if the product is shaken or sent via a pneumomatic tube system [63, 
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64]. Cresemba exhibits excellent oral absorption which is not affected by concur-
rent oral intake or gastric pH [63, 64]. Isavuconazole displays a large volume of 
distribution, is highly protein bound, and has a prolonged half-life of greater than 
100 h [63]. Given the extremely long half-life, the use of the recommended loading 
doses is critical – without loading, it can take weeks to reach the therapeutic steady 
state concentration [63]. Isavuconazole should not be used to treat fungal urinary 
tract infections due to poor urinary penetration [63]. Data is lacking on central ner-
vous penetration – distribution into the brain parenchyma is likely to be superior to 
penetration into cerebrospinal fluids [68].

Isavuconazole is primarily metabolized by CYP 3A4 [63]. Concurrent strong 
CYP 3A4 inducers such as rifampin, carbamazepine, St. John’s wort, or barbiturates 
are contraindicated due to high probability of resulting in subtherapeutic ISV con-
centrations [63]. Concurrent strong 3A4 inhibitors such as high dose ritonavir 
(400 mg PO BID) and ketoconazole are not advised due to potential for suprathera-
peutic ISV concentrations [63].

Isavuconazole is a mild to moderate inhibitor of CYP 3A4 [68] which can be 
beneficial in patients receiving essential medications that are 3A4 substrates if 
the only other alternatives would be strong CYP 3A4 inhibitors such as voricon-
azole and posaconazole. Nonetheless, isavuconazole can result in multiple drug 
interactions including, but not limited to atorvastatin, buproprion, cyclosporine, 
digoxin, lopinavir-ritonavir, midazolam, mycophenolate mofetil, sirolimus, and 
tacrolimus [63].

Isavuconazonium sulfate dosing [ [63]]
NOTE: Cresemba (isavuconazonium sulfate) is available in 186 mg capsules  
or 372 mg vials for IV use.
Isavuconazonium sulfate 372 mg = Isavuconazole 200 mg
Cresemba 186 mg #2 (372 mg) PO Q8H ×2 days (6 doses)  
then 186 mg #2 (372 mg) PO Daily
Cresemba 372 mg IVPB Q8H ×2 days (6 doses) then 372 mg IVPB Q24H
In clinical trials, the maintenance dosing started 12–24 h after the last loading dose
Do not omit loading doses, required to achieve therapeutic  
concentrations in timely manner
Swallow capsules whole – do not chew, crush, dissolve, or open the capsules
Renal dysfunction: No dose adjustment
Hepatic dysfunction: No dose adjustment required for Child  

Pugh Class A and B
No recommendation for Child Pugh Class C
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�Echinocandin Antifungals

Structure of caspofungin acetate [69]
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Structure of micafungin [70]
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Structure of anidulafungin [71]

 

There are currently three FDA approved echinocandin antifungal agents: 
Caspofungin acetate (Cancidas) approved in 2001 [72], Micafungin (Mycamine) 
approved in 2005 [73], and Anidulafungin (Eraxis) approved in 2006 [74, 75].

The echinocandin antifungals inhibit the synthesis of β-1,3-D-glucan which is an 
essential component in the fungal cell wall [72–75]. The excellent tolerability of 
this antifungal class is likely due in part to the fact that there is no mammalian 
analogous structure to β-1,3-D-glucan unlike ergosterol and cholesterol in the fun-
gal and mammalian cell membranes that are involved in the mechanisms of action 
of both amphotericin B and azole antifungals.

The echinocandins all display fungicidal activity against most Candida species 
and are considered to be the initial treatment of choice for candidemia [31, 76]. 
Candida parapsilosis intrinsically exhibits higher echinocandin MICs than other 
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Candida strains and azole antifungals may be preferred over echinocandins for this 
species [31]. While echinocandins are typically considered to be the initial treatment 
of choice for invasive Candida glabrata infections [31], the incidence of 
echinocandin-resistant Candida glabrata appears to be on the rise likely due to over-
use of these agents [77]. While echinocandins have been proposed as the preferred 
treatment for Candida auris, echinocandin-resistant strains have been reported in 
addition to those with azole-resistance and/or amphotericin B resistance [7].

Unfortunately, echinocandins only exhibit fungistatic activity against Aspergillus 
[76]. As a result, echinocandin monotherapy is not recommended for the primary 
treatment of invasive aspergillosis, but only for salvage therapy [32]. Combination 
therapy of echinocandins with either azole antifungals or amphotericin B formula-
tions have been proposed but are not recommended in the 2016 Aspergillus IDSA 
guidelines [32]. A randomized clinical trial comparing voriconazole monotherapy 
to voriconazole and anidulafungin for invasive aspergillosis failed to demonstrate a 
statistically significant mortality difference between monotherapy and combination 
therapy [78]. Post-hoc analysis suggested that galactomannan positivity might iden-
tify a patient population that could benefit from combination therapy [78]. Asperillus 
ustus infections have been reported to break through echinocandin prophylaxis in 
stem cell transplant recipients [42].

The echinocandin antifungals as a class are usually very well tolerated [76]. 
Hepatotoxicity has been reported but appears to be less common than seen with 
either amphotericin B formulations or voriconazole [79]. Histamine-mediated infu-
sion reactions have been rarely reported [72–75]. Case reports in critically ill 
patients and animal studies have suggested that the echinocandins may impair left 
ventricular function in critically ill patients, but further research is needed regarding 
the incidence and clinically significance of this proposed toxicity [80].

The echinocandin antifungals must be administered intravenously due to insig-
nificant oral bioavailability [72–76]. The echinocandins are all highly protein bound 
mostly to albumin and distribute well in clinically relevant human tissues with the 
exception of the central nervous system and urinary tract [31, 72–76]. Caspofungin 
acetate is either metabolized by hydrolysis or N-acetylation or spontaneously 
degrades to an inactive open-ring formulation [72]. Caspofungin acetate does 
require a loading dose of 70  mg to rapidly achieve target concentration [72]. 
Caspofungin acetate dose reduction to 35 mg/day is recommended in patients with 
moderate liver dysfunction (Child-Pugh score B) and the prescribing information 
states that inadequate data exists in patients with severe liver dysfunction (Child-
Pugh score C) [72]. Micafungin metabolism is metabolized initially by arylsufatase 
and is not significantly affected by CYP3A oxidative metabolism [73]. Micafungin 
does not require a loading dose and also does not require dose modification for 
patients with mild to severe liver dysfunction (Child-Pugh score A-C) [73]. 
Anidulafungin is not significantly hepatically metabolized and instead demonstrates 
slow chemical breakdown under physiological conditions to an inactive, open-ring 
peptide [75]. Anidulafungin does require a loading dose of twice the maintenance 
dose but does not require dose modification even in the setting of severe liver dys-
function [75]. None of the echinocandins are significantly affected by renal dys-
function [72–76].
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Echinocandin drug interactions vary slightly between agents but are typically 
less problematic than those encounted with the azole antifungals. Despite the lack 
of a clinically significant pharmacokinetic drug interaction of caspofungin acetate 
with cyclosporine or tacrolimus, the combination of caspofungin acetate with cyclo-
sporine has been reported to result in increased risk of transaminitis [72]. A recent 
publication suggests that the caspofungin acetate-cyclosporine interaction is 
unlikely to cause increased risk of hepatotoxicity [81]. Caspofungin acetate metab-
olism may be increased by hepatic cytochrome inducers such as rifampin, nevirap-
ine, efavirenz, carbamazepine, dexamethasone, or phenytoin [72]. Micafungin drug 
interactions are rarely clinically important – the prescribing information notes that 
patients receiving concurrent sirolimus, nifedipine, or itraconazole should be moni-
tored for signs of toxicity and reduce the dose of the concurrent agent if necessary 
[73] although it is in fact rarely necessary. When anidulafungin was first released, 
the recommended initial diluent contained a high percentage of ethanol which cre-
ated concerns regarding possible drug interactions with metronidazole or use in 
patients with either a history of substance abuse or religious prohibitions to ethanol 
ingestion [74]. This is no longer a problem since the current prescribing information 
recommends reconstitution with either sterile water, D5W, or normal saline [75]. 
There are no known clinically relevant drug interactions with anidulafungin [75].

Caspofungin acetate dosing [73]
Caspofungin acetate 70 mg IV ×1 then 50 mg IV Q24H  
for all indications except esophageal candidiasis
For esophageal candidiasis: 50 mg IV Q24H without  

loading dose
Concurrent CYP inducers: 70 mg IV Q24H
(rifampin, nevirapine, efavirenz, carbamazepine, dexamethasone, or phenytoin)
Higher doses of caspofungin acetate (100–150 mg IV Q24H) have been utilized  
and tolerated but without evidence for clinical superiority [82].
Renal dysfunction: No dose adjustment
Hepatic dysfunction: No dose adjustment required  

for Child Pugh Class A
Child Pugh Class B: Consider 70 mg  

IV ×1 then 35 mg  
IV Q24H

Child Pugh Class C: Insufficient data
Micafungin dosing [74]
Candidemia, Acute Disseminated  
Candidiasis,

100 mg IV Q24H

Candida Peritonitis and Abscesses
Esophageal Candidiasis 150 mg IV Q24H
Prophylaxis of Candida Infections in 50 mg IV Q24H
Stem Cell Transplant Recipients
Antifungal Prophylaxis – Acute  
Leukemia or

100 mg IV Q24H [83]
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Myelodysplastic Syndrome  
after Chemotherapy (not FDA approved)
Renal dysfunction: No dose adjustment
Hepatic dysfunction: No dose adjustment
Anidulafungin dosing [76]
Candidemia and other Candida 200 mg IV ×1 then 100 mg IV Q24H
Infections (intra-abdominal, peritonitis)
Esophageal Candidiasis 100 mg IV ×1 then 50 mg IV Q24H
Combination therapy for Aspergillosis 200 mg IV ×1 then 100 mg IV Q24H [78]
(not FDA approved)
Renal dysfunction: No dose adjustment
Hepatic dysfunction: No dose adjustment
Hepatic dysfunction: No dose adjustment required  

for Child Pugh Class A and B
No recommendation for Child  
Pugh Class C

�Summary Table

Antifungal Notes

Amphotericin B Broad fungicidal activity
Resistance most common in Candida lusitaniae, Aspergillus 
terreus, Scedosporium species, and Trichosporin beigelii. 
Also reports of resistant Candida auris and Fusarium species

Amphotericin B deoxycholate
(Fungizone)

“Amphoterrible”
Tolerability limited by infusion reactions, nephrotoxicity, and 
potassium and magnesium wasting.
Premedication with hydrocortisone 50 mg PO/IV, 
acetaminophen 650 mg PO, and/or diphenhydramine 
25–50 mg PO/IV may reduce infusion reactions. Rigors can 
be treated with opioids such as hydromorphone 0.5 mg IV.
While NS 500 mL IV before and after each dose may reduce 
or delay nephrotoxicity, use of lipid formulations are safer 
from renal standpoint.
Extended infusion amphotericin B deoxycholate reported to 
cause fewer infusion reactions and nephrotoxicity.
Monitor patient closely for hypokalemia and 
hypomagnesemia. Consider scheduled oral potassium and/or 
magnesium supplementation. Amiloride 5–10 mg PO BID 
may also be utilized to reduce amphotericin associated 
hypokalemia.

Amphotericin B Colloidal 
Dispersion (ABCD) or 
Amphotericin B Cholesteryl 
Sulfate (Amphotec)

Less nephrotoxic than amphotericin B deoxycholate
Highest incidence of infusion rates of all amphotericin 
formulations.

(continued)
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Antifungal Notes

Amphotericin B Lipid Complex 
(ABLC, Abelcet)

Less nephrotoxic than amphotericin B deoxycholate
Infusion reactions comparable to amphotericin B 
deoxycholate

Liposomal Amphotericin B 
(Ambisome)

Lowest incidence of infusion reactions and nephrotoxicity of 
the amphotericin formulations
Can rarely cause acute, severe atypical infusion reactions 
which may require change to an alternative agent

Nystatin
(Mucostatin)

Comparable in vitro activity to amphotericin B but utilized 
clinically almost exclusively for oral, cutaneous, and vaginal 
candidiasis.
Intravenous liposomal nystatin may have a role in the future 
for the treatment of invasive fungal infections in neutropenic 
patients, but remains an investigational agent at this time.

Flucytosine
(Ancobon)

Active against Candida except Candida krusei, 
Cryptococcus, and Aspergillus

Used almost exclusively for treatment of Cryptococcal 
meningitis in combination with amphotericin B
Dose limiting toxicity is myelosuppression
Therapeutic drug monitoring has been proposed but long 
turn-around time prevents from this from being clinically 
useful given usual 2 week duration of therapy

Fluconazole
(Diflucan)

Active against Candida albicans, Candida keyfr, Candida 
dublinensis, Candida tropicalis, Candida parapsilosis, 
Candida guillermondii, and Candida lusitaniae. Reduced 
activity against Candida glabrata due to efflux pump 
production – high dose fluconazole may be effective against 
sensitive dose-dependent Candida glabrata

Active against Cryptococcus – used for maintenance therapy 
and secondary prophylaxis in the treatment of cryptococcal 
meningitis or first line for mild to moderate cryptococcosis
Usually well tolerated but may cause hepatotoxicity, QTc 
prolongation, and rash
Excellent bioavailability, can be used oral or IV at same 
dosing
Best azole penetration into urinary tract, central nervous 
system, and the eye
Mild to moderate inhibitor of CYP450 3A4, 2C9, and 2C19

(continued)
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Antifungal Notes

Voriconazole
(Vfend)

Activity against yeasts comparable to fluconazole but also 
usually active against Candida krusei and may be active 
against fluconazole resistant Candida glabrata. First line 
treatment of invasive aspergillosis (except for Aspergillus 
ustus) and scedosporiosis. Increasing reports of resistant 
Fusarium in clinical isolates. Not active against 
mucormycosis.
Monitor patients for hepatotoxicity, QTc prolongation, rash, 
visual disturbances, and encephalopathy including 
hallucinations
Photosensitizer – avoid prolonged sunlight exposure, cover 
up, and use high quality sunscreens of SPF30+
Long term use can result in fluorosis and periostitis
Excellent bioavailability if taken at least 1 h from food or 
enteral feedings.
Excellent distribution including clinically significant central 
nervous system and ocular penetration. Not recommended for 
urinary tract infections.
Metabolized primarily by CYP2C19 with substantial generic 
variance in metabolism
CYP2C19 genotyping may prove to be useful in determine 
initial voriconazole dose
Therapeutic drug monitoring is recommended especially in 
the treatment setting
Potent inhibitor of CYP 3A4, CYP2C9, and CYP2C19 
leading to many clinically relevant drug interactions

Posaconazole
(Noxafil)

Activity comparable to voriconazole except for addition of 
activity against mucormycosis
FDA approved for antifungal prophylaxis, not treatment other 
than for esophageal candidiasis
Tolerability comparable to fluconazole but monitor for 
hepatoxicity, QTc prolongation, and rash
Available in delayed release tablets and intravenous 
formulations which achieve more reliable concentrations than 
the original oral suspension formulation which requires 
concurrent food intake as well as acidic gastric environment 
for optimal absorption
Potent inhibitor of CYP 3A4 resulting in many clinically 
relevant drug interactions

(continued)
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Antifungal Notes

Isavuconazonium sulfate
(Cresemba)

Activity comparable to posaconazole
FDA approved for treatment of aspergillosis and 
mucormycosis
Tolerability comparable to fluconazole and posaconazole, 
monitor for hepatotoxicity and rash
Does not cause QTc prolongation, modest QTc shortening 
effect
Excellent bioavailability, available in capsules or IV 
formulation
Prolonged half-life, loading dose during first 2 days of 
therapy is essential otherwise sub-therapeutic for weeks
Distributes well into body tissues except urinary tract
Data lacking on central nervous system penetration but better 
brain parenchyma penetration than into cerebrospinal fluid
Primarily metabolized by CYP 3A4 – avoid concurrent 
potent inhibitors or inducers of CYP 3A4
Mild to moderate inhibitor of CYP 3A4 which may result in 
less significant drug interactions than voriconazole or 
posaconazole

Echinocandins
Caspofungin acetate
(Cancidas)
Micafungin(Mycamine)
Anidulafungin
(Eraxis)

Fungicidal against most Candida species, first line for 
Candidemia
Less potent against Candida parapsilosis

Case reports of echinocandin resistance in Candida glabrata 
and Candida auris

Fungistatic against Aspergillus other than Aspergillus ustus, 
which is resistant to echinocandins
Have been used in combination with amphotericin or azole 
antifungals for salvage therapy of aspergillosis but 
randomized clinical trial failed to demonstrate mortality 
benefit except perhaps in galactomannan assay positive cases
Usually very well tolerated, monitor for hepatotoxicity
Rare histaminic infusion related reactions
May impair left ventricular ejection fraction in critically ill 
patients
Limited to intravenous administration
Excellent distribution except for central nervous system and 
urinary tract
Caspofungin acetate and anidulafungin require loading dose 
on day 1 of therapy, but micafungin does not
Consider caspofungin acetate dose reduction in patients with 
moderate liver dysfunction, not required for micafungin or 
anidulafungin
Caspofungin acetate requires dose increase if given with 
enzyme inducers
Caspofungin acetate-cyclosporine drug interaction may result 
in increased incidence of transaminitis
Micafungin drug interactions with sirolimus, nifedipine, or 
itraconazole are rarely clinically significant
Anidulafungin has no known drug interactions
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