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Abstract: The neonatal intensive care unit (NICU) population, especially low birth weight and critically ill 

neonates, is at risk of invasive Candida infections, which are associated with high mortality rates and 

unfavorable long-term outcomes. The timely initiation of an appropriate antifungal treatment has been 

demonstrated to enhance the prognosis. Factors that should be considered in the choice of an antifungal agent 

include the causative Candida strain, the presence and location of deep tissue infection, previous use of 

antifungal prophylaxis, and the presence of implanted devices. Amphotericin B and fluconazole, the first-line 

drugs for neonatal candidiasis, are not always suitable due to several limitations in terms of efficacy and 

adverse effects. Therefore, alternative antifungals have been studied and used in neonates when conventional 

antifungals are ineffective or contraindicated. This review aims to provide an overview of the current literature 

regarding the use of echinocandins in the neonatal population. The three echinocandins, micafungin, 

caspofungin, and anidulafungin, share characteristics that make them useful for the treatment of neonatal 

candidiasis, including activity against a wide range of Candida strains and Candida biofilms and a favorable 

safety profile. 

Keywords: neonatal candidiasis; invasive Candida infections; antifungal treatment; echinocandins; 

micafungin; caspofungin; anidulafungin  

 

1. Introduction 

1.1. Invasive Candida Infections in Neonates 

Candida spp. comprise a genus of fungi that, while part of the normal human flora, have the 

potential to cause both superficial and invasive diseases in humans. Neonates represent a population 

at risk for systemic Candida infections, especially preterm and very low birth weight (VLBW) 

neonates, and invasive candidiasis (IC) is a common cause of late-onset neonatal infection associated 

with high mortality and adverse outcomes [1–3].  

The incidence of IC is inversely related to gestational age and birth weight and is estimated to 

affect 4-18% of critically ill neonates in neonatal intensive care units (NICUs) [4]. Extremely low birth 

weight (ELBW) neonates are at significant risk of adverse outcomes, with mortality rates reaching 

50% and a risk of adverse neurodevelopmental outcomes exceeding 40% [3,5]. 

Candida has the potential to disseminate through the circulatory system and invade various body 

tissues, leading to deep-tissue infections [6]. Central nervous system (CNS) involvement is common 

in neonatal candidiasis due to the immature blood-brain barrier, affecting 10-20% of patients [7]. 

However, the incidence of hematogenous Candida meningoencephalitis (HCME) increases 

significantly in ELBW neonates and has been reported to be as high as 60% [5,8]. Given that 

cerebrospinal fluid (CSF) parameters and imaging may be normal despite the presence of CNS 

involvement and the high rates of HCME in neonates, the choice of antifungal agent in neonatal IC 

should be made in the presumed diagnosis of meningoencephalitis [9,10]. 
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Candida albicans is the most prevalent strain in neonatal candidiasis. Among the non-albicans 

species, whose prevalence is steadily increasing, especially in middle- and low-income countries, 

Candida parapsilosis is the most commonly isolated, followed by Candida glabrata, Candida tropicalis, 

Candida krusei, and the emerging Candida auris. However, the distribution of Candida strains varies 

significantly across different geographical locations. The susceptibility profiles of different Candida 

strains vary; therefore, accurate strain identification is essential for selecting an appropriate 

antifungal treatment [3,11–16]. 

1.2. Diagnosis of Invasive Candida Infections in Neonates 

Clinical diagnosis of IC in neonates is particularly challenging as the clinical picture is 

indistinguishable from that of bacterial sepsis. Moreover, the available laboratory diagnostic 

techniques have significant limitations. Blood culture, which is considered the gold standard for IC 

diagnosis, has a sensitivity of up to 50% and a slow turn-around time [17,18].  Despite the high 

negative predictive value of serum biomarkers, mannan/anti-mannan antibodies and 1,3 β-D-glucan 

have significant disadvantages in terms of specificity, which restrict their clinical utility [19,20]. 

Improved sensitivity and specificity have been achieved with recently developed techniques, 

including polymerase chain reaction (PCR), next-generation sequencing (NGS), and T2 magnetic 

resonance (T2MR); however, their high cost prevents their use in most settings [21]. Precise and rapid 

diagnosis is the prerequisite for early and effective antifungal treatment administration, which is 

associated with improved survival and long-term morbidity outcomes. 

1.3. Antifungal Drugs in Neonatal Candidiasis 

Four classes of antifungal agents have been studied and utilized in neonates with IC: polyenes, 

triazoles, nucleoside analogues and echinocandins. Amphotericin B deoxycholate, a polyene active 

against various Candida species, has been used for decades in the treatment of neonatal IC; however, 

adverse effects such as nephrotoxicity are not uncommon, although less frequent in neonates than in 

adults [22,23]. Fluconazole, a first-class triazole with a favorable safety profile and excellent oral 

bioavailability, is widely used in NICUs for the treatment of IC and as antifungal prophylaxis in high-

risk neonates. However, increasing resistance among Candida species and its previous use as a 

prophylactic agent often preclude its use [24,25]. Flucytosine, a nucleoside analogue, is only used in 

combination with other antifungals because of the rapid emergence of resistance. Due to its excellent 

CNS penetration, it is often used as adjunctive therapy in combination with amphotericin B for 

Candida meningitis [26,27]. The echinocandins micafungin, caspofungin, and anidulafungin are more 

recently developed and less studied antifungals in neonates than the previously described categories 

and are more commonly used as salvage therapy in neonatal IC. Among the echinocandins, 

micafungin is the only one approved for use in neonates. 

The current Infectious Diseases of North America (IDSA) and European Society of Clinical 

Microbiology and Infectious Diseases (ESCMID) guidelines, published in 2016 and 2012, respectively, 

recommend amphotericin B deoxycholate (D-Amb) or fluconazole as first-line treatment for neonatal 

IC. However, fluconazole is only recommended for neonates who have not previously received 

prophylaxis with this agent. Flucytosine is suggested as salvage therapy in neonates with CNS 

candidiasis unresponsive to amphotericin monotherapy. Both societies suggest lipid formulations of 

amphotericin or the echinocandins, micafungin, and caspofungin as alternatives to D-Amb and 

fluconazole. In particular, echinocandins are recommended in cases where the use of first-line drugs 

is precluded by resistance or toxicity [10,28]. 

Although extensively studied in neonates, the use of conventional antifungals, D-Amb, and 

fluconazole, is sometimes inappropriate or contraindicated. D-Amb is generally considered to be a 

well-tolerated agent, but it targets ergosterol in the fungal cell membrane, which is also present in 

the mammalian cell wall, and this can lead to adverse effects, including nephrotoxicity and 

hepatotoxicity [23,29]. As fluconazole prophylaxis in high-risk neonates is a widely implemented 

strategy in NICUs, fluconazole-resistant Candida species tend to emerge. The potential utility of an 

antifungal agent active against fluconazole-resistant Candida species is indisputable [24,30]. In 
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addition, conventional antifungals have limited efficacy against a number of non-albicans Candida 

species, including Candida auris, and also against Candida biofilms [31,32]. Echinocandins represent a 

class of antifungal agents that may be appropriate for use in neonates in those cases where 

conventional antifungal agents have been demonstrated to be ineffective. 

The objective of this narrative review is to present an overview of the current literature on the 

clinical use of echinocandins in NICUs. The PubMed and Google Scholar databases were scanned for 

relevant studies up to October 2024 with the following keywords: neonatal invasive candidiasis, 

preterm neonate, candidiasis treatment, antifungal agents, echinocandins, micafungin, caspofungin, 

anidulafungin. Ultimately,  102 articles were found and 64 were included, particularly randomized 

control trials (RCTs), systematic reviews, narrative reviews, observational studies, and case reports. 

In addition, the reference lists of the retrieved articles were screened to assess the presence of relevant 

studies that may not have been identified in the initial search. 

2. Echinocandins 

Echinocandins are semisynthetic lipoproteins that exert their antifungal activity by inhibiting 

the enzyme complex 1,3 β-D-glucan synthase. This disrupts the synthesis of 1,3-beta-D-glucan, a 

component of the fungal cell wall essential for its structural integrity, leading to structural 

deformations and cell lysis due to osmotic imbalance [4,33,34]. 

The glucan synthase complex is constituted of two main subunits: the catalytic unit FKS1p and 

the regulatory protein Rho1p. The FKS1p subunit, which is encoded by the FSK1, FSK2, and FSK3 

genes, is responsible for regulating cell wall remodeling and serves as the binding unit for 

echinocandins, leading to the inhibition of synthase activity. The protein Rho1p, a GTPase, regulates 

1,3-beta-D-glucan synthesis [33,35]. Echinocandin antifungal activity against different fungal species 

depends on the density of glucan in the cell wall, which varies between species and is associated with 

fungicidal activity against distinct Candida spp [4,36].  

Echinocandins demonstrate in vitro and in vivo concentration-dependent activity and 

prolonged post-antifungal effect against Candida albicans and against a wide range of non-albicans 

spp, even strains resistant to azole or amphotericin, such as C. krusei, C. glabrata, and C. lusitaniae 

[32,37–39]. Recently emerging multi-drug-resistant C. auris is generally susceptible to echinocandins, 

which are the drug of choice beyond the neonatal period [40,41]. However, members of this class are 

less effective against C. parapsilosis, probably due to intrinsic mutations of this strain in the FKS gene  

[42,43]. Notably, echinocandins have been shown to be effective against Candida biofilms, which 

represent a significant therapeutic challenge, particularly in ICUs [44]. 

The poor gastrointestinal absorption of echinocandins precludes oral administration, and all 

formulations are exclusively administered parenterally [35]. Echinocandins exhibit high protein 

binding (>99%) and broad tissue distribution, including the lungs, liver, spleen, and gastrointestinal 

tract. However, due to their high molecular weight and extensive binding to plasma proteins, ocular 

and central nervous system penetration is limited [33,35,38]. Degradation by hydrolysis and N-

acetylation occurs mainly in the liver but also in the spleen and adrenal glands, and the deactivated 

compounds are slowly eliminated via the biliary system [35,38]. 

Echinocandins are generally considered to have a favorable safety profile due to the absence of 

their target enzyme, 1,3 β-D-glucan synthase, in mammalian cells [4,35]. Indeed, a meta-analysis 

reported fewer discontinuations due to adverse effects in children treated with echinocandins 

compared to other antifungals [45]. In addition, the potential for interaction with other drugs is 

minimal as echinocandins are not substrates for cytochrome p450 or the P-glycoprotein transport 

system [46]. 

Among the echinocandins, micafungin, caspofungin, and anidulafungin have been approved by 

the Food and Drug Administration (FDA) and the European Medicines Agency (EMA) for the 

treatment of IC in adult populations [47]. While all echinocandins are labeled for pediatric use, 

micafungin is the only one approved by the FDA and EMA for the treatment of neonatal candidiasis 

[48,49]. 
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2.1. Micafungin 

Micafungin, derived from Coleophoma empetri, is the most studied echinocandin for the treatment 

of neonatal candidiasis and is the only echinocandin with both EMA and FDA approval for use in 

the neonatal population [33,48,49].  

2.1.1. Pharmacokinetics and Dosing 

Pharmacokinetic and pharmacodynamic studies have revealed significant discrepancies in the 

pharmacokinetics of micafungin in neonates compared to older children and adults (Table 1). The 

clearance of micafungin has been demonstrated to be higher in neonates; however, the underlying 

mechanism remains unclear. It has been proposed that the lower plasma-binding protein and 

albumin levels in neonates result in a higher fraction of unbound drug and, therefore, faster 

elimination [50,51]. Yanni et al. demonstrated that the unbound fraction of micafungin in neonatal 

plasma was eight times higher than in adult plasma, providing evidence to support the hypothesis 

that age-dependent serum protein binding of micafungin is responsible for the enhanced clearance 

[52]. The correlation between body weight and clearance is not linear [33]. Hope et al., using a two-

compartment model, demonstrated that micafungin clearance is allometrically scaled to body weight 

and that aspartate transaminase (AST) and bilirubin represent covariates with substantial effect. 

Furthermore, it was observed that in neonates and young children, the predicted clearance based 

solely on body weight resulted in an estimation that was lower than the actual clearance [53]. 

It has been demonstrated that micafungin clearance in neonates is approximately 0.036 l/h/kg, 

approximately four times higher than expected clearance in adults [37,54–56]. Micafungin clearance 

decreases with higher body weight and age [50]. De Rose et al., in a pooled analysis of two studies 

involving 53 preterm and term neonates with IC treated with micafungin, reported higher clearance 

and shorter half-life in neonates before 28 days (Cl: 0.036 L/h/kg, Τ1/2: 13.5 hours) compared with 

infants after 120 days of postnatal age (Cl: 0.028 L/h/kg, Τ1/2: 14.4 hours) [50]. Benjamin et al. observed 

a 21% higher clearance of micafungin in ELBW neonates than in neonates with a greater birth weight 

[56]. Additional studies have also reported increased clearance in neonates with a birth weight of less 

than 1000g compared to higher birth weights [54,55].  

Table 1. Clinical studies evaluating the pharmacokinetics of micafungin in neonates. 

Author Population Dose 
Clearance 

(l/h/kg) 

Volume of 

distribution 

(l/kg) 

T1/2 (hours) 
AUC0-24 (mg*h 

l-1) 

Hereshi, 2008 

[55] 

18 preterm, 

BW>1000g 

0.75mg/kg/day  

(ν=6), 

1.5mg/kg/day 

(ν=6) 

3 mg/kg/day (ν=6) 

0.0398 0.435 8.3 

19.0 

(0.75mg/kg) 

34.5 (1.5mg/kg) 

69 (3mg/kg) 

Smith, 2009 

[54] 
12 preterm 15mg/kg/day 

0.0345 

(0.030 

BW>1000g, 

0.037 

BW<1000g) 

0.620 No data 

437.5 

(472.2 

BW>1000g, 

412.7 

BW<1000g) 

Benjamin, 

2010 [56] 
13 neonates 

7mg/kg/day 

(BW>1000) 

10mg/kg/day 

(BW<1000) 

0.0300 

(0.024 

BW>1000g, 

0.036 

BW<1000g) 

0.450 

(0.34 

BW>1000g, 

0.54 

BW<1000g) 

11.0 

(11.4 

BW>1000g, 

10.6 

BW<1000g) 

275.2 

(291.2 

BW>1000g, 

258.1 

BW>1000g) 

Benjamin, 

2018 [57] 
20 neonates 10mg/kg/day 0.0292 0.480 12.2 399.3 

Leroux, 2018 

[58] 
18 neonates 10mg/kg/day 0.020 0.354 13.6 478.9 
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De Rose, 2023 

[50] 
53 neonates 8-15mg/kg/day 

0.036 (<28 

days) 

0.028 (>120 

days) 

No data 

13.5 (<28 days) 

14.4 (>120 

days) 

259.0 (<28 

days) 

346.4 (>120 

days) 

It is well recognized that the body composition of neonates, with higher total body water, lower 

adipose tissue, and plasma proteins, significantly affects drug distribution compared to older 

children and adults, resulting in greater volume distribution [34,50]. Consistently, pharmacokinetic 

studies of micafungin in the neonatal population have demonstrated a volume distribution in 

neonates of 0.34-0.62 l/kg, which is significantly larger than that reported in adults (0.26 l/min) [50,54–

58]. 

The fungicidal activity of micafungin is concentration-dependent [4]. Due to the significant 

pharmacokinetic differences between micafungin in neonates and adults and the high prevalence of 

CNS involvement in neonatal candidiasis, higher weight-based doses are required in the neonatal 

population compared to older children and adults to achieve adequate drug exposure. The 

recommended dose for the treatment of invasive candidiasis in adults is 100mg/day. In neonates and 

infants under four months of age, it is estimated that equivalent drug exposure is achieved with doses 

of micafungin of 4mg/kg/day [49]. Moreover, it has been reported that drug exposure at a dose of 15 

mg/kg/day in neonates is equivalent to a dose of 5 mg/kg/day in adults [54]. 

Due to its high molecular weight and high protein binding, micafungin has been shown to have 

poor CSF penetration in adults, which is of particular concern for the treatment of neonatal 

candidiasis, as CNS involvement, typically HCME is common, particularly in ELBW neonates, 

reported in up to 63% of cases of candidiasis [5]. However, CNS penetration has been demonstrated 

to be concentration-dependent, and higher doses effectively eradicate CNS Candida [9]. 

A bridging study of HCME in a rabbit model indicated that micafungin doses above 9 

mg/kg/day are necessary to achieve CNS concentrations capable of eradicating Candida in cases of 

neonatal HCME. The highest concentrations of the drug were found in the meninges and the choroid 

[59]. Furthermore, a recent study showed that higher doses of micafungin resulted in higher CSF 

drug levels. The authors concluded that doses between 8 and 15 mg/kg/day could achieve the 

crossing of the blood-brain barrier and the attainment of therapeutic levels of micafungin in the CSF 

[50]. It has been suggested that CNS penetration is probably independent of meningeal inflammation 

[59]. 

Given the low urinary excretion of active micafungin, its therapeutic utility in treating urinary 

tract candidiasis, a common sequela of neonatal IC, is limited [60]. However, micafungin has been 

used as an alternative for urinary candidiasis due to the rising prevalence of non-albicans species 

resistant to first-line antifungals. An increasing number of successful treatment of Candida urinary 

tract infections with micafungin cases are being reported [60–62]. It has been suggested that although 

urinary excretion is limited, high plasma levels provide sufficient urinary levels to achieve an optimal 

urinary concentration to eradicate Candida effectively [61]. 

Various micafungin doses ranging from 0.75mg/kg/day to 15 mg/kg/day have been evaluated 

for pharmacokinetics and efficacy in the neonatal population. An in vitro-to-clinical bridging study 

in a rabbit model demonstrated that micafungin area under the curve (AUC)0-24 > 166.5 mg*h l-1 is 

necessary for the treatment of neonatal candidiasis, in which HCME cannot be excluded [59]. A 

multicenter study of micafungin pharmacokinetics in preterm infants treated with doses of 0.75-

3mg/kg/day showed that low plasma drug concentrations were achieved [55]. Benjamin et al. 

reported achievement of target AUC in both neonates >1000g birthweight treated with micafungin 

7mg/kg/day and neonates <1000g treated with 10mg/kg/day [56].  According to the TINN study 

results, all 18 neonates treated with micafungin 10mg/kg/day achieved the target AUC0-24 of 166.5 

mg*h l-1 from the first treatment day. The authors also demonstrated that the target AUC0-24 was 

achieved regardless of whether or not a loading dose of 15mg/kg was administered [58]. Another 

population pharmacokinetic study reported that 82.6% of neonates treated with micafungin 

10mg/kg/day achieved the target AUC0-24 [63]. In a population of preterm neonates that received 
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micafungin 15 mg/kg/day, Smith et al. reported a mean AUC0-24 of 437.5 mg*h l-1 and a highest AUC0-

24 of 555.6 mg*h l-1 [54]. 

According to the EMA product license and the latest ESCMID guidelines, micafungin doses of 

4-10mg/kg are recommended for neonates and infants <4 months of age, with the higher doses being 

indicated in cases where CNS involvement is established or cannot be excluded [49,64]. FDA recently 

approved micafungin 4mg/kg/day for the treatment of neonatal candidiasis without CNS 

involvement. As indicated in the product license, the safety of higher doses required to achieve 

adequate drug exposure in the CNS has not been established and is therefore not recommended [48]. 

2.1.2. Efficacy 

Several studies have investigated the efficacy of micafungin in the treatment of neonatal 

candidiasis. In a recent prospective study, Auriti et al. reported that 61.9% of neonates with IC treated 

with 8 mg/kg/day of micafungin achieved Candida eradication. Among those who received treatment 

for more than 14 days, the success rate rose to 86.7% [65]. De Rosa et al. reported mycological 

eradication in 83.3% of the neonates with IC treated with micafungin, with higher success rates in 

neonates treated with higher doses (8-10 mg/kg/day). The authors demonstrated through the analysis 

of the probability of target attainment (PTA) that doses of 4-8 mg/kg may be effective against Candida 

spp. with a minimum inhibitory concentration (MIC) of less than 0.064 mg/l. Conversely, species with 

a MIC of 0.064 to 0.125 mg/l may require higher doses of 10 mg/kg to be effective [50].  

Benjamin et al. aimed to compare the efficacy of micafungin 10 mg/kg/day with D-Amb in 

infants < 120 days with IC in a phase 3, multicenter, randomized, double-blind trial. The study was 

terminated after two years due to low recruitment, having enrolled 20 and 10 neonates in the 

micafungin and D-Amb groups, respectively. Efficacy was not significantly different between the two 

groups, with 61% mycological clearance after one week of treatment in the micafungin group and 

70% in the D-Amb group. It should be noted that five out of seven cases in the micafungin group 

were classified as treatment failure due to the absence of an assessment of the mycological response. 

In contrast, all cases of persistent infection in the D-Amb group were proven. The two unresponsive 

infants to micafungin treatment were infected by C. parapsilosis [57]. C. parapsilosis, the most common 

non-albicans Candida implicated in neonatal infections, has higher in vitro MICs to micafungin than 

other Candida species, prompting concerns about in vivo efficacy. However, this has not been proven, 

and clinical trials in adults do not favor other antifungals over echinocandins for C. parapsilosis 

infections [10,66–68]. Multidrug resistant C. auris is generally susceptible to echinocandins. 

Chandramati et al., in a retrospective cohort study of neonates with C. auris infection, reported that 

the addition of micafungin to the antifungal regimen (micafungin plus amphotericin) reduced the 

mortality rate from 75% to 0% [69]. 

2.1.3. Adverse Effects 

Several studies have evaluated the safety of micafungin in the neonatal population and 

concluded that it is a well-tolerated agent with a favorable safety profile [50,55,56,58,65,70,71]. The 

most commonly reported adverse events in neonates treated with micafungin are mild and transient 

and include liver enzyme elevation, gastrointestinal symptoms, hypokalemia, and fever [72]. 

In a cohort of 35 preterm neonates and infants younger than 180 days old, Auriti et al. reported 

that cessation of treatment or dose reduction was not necessary in any infant due to adverse events. 

However, transient liver enzyme elevation was observed in 20% of the study population [65]. De 

Rose et al. observed a transient increase in liver enzymes in 5.7% of newborns treated with 

micafungin 8-15mg/kg/day, which resolved after completion of treatment [50]. However, a case of 

transient severe hepatitis and cholestasis has been reported in a preterm infant treated with 

micafungin 8 mg/kg/day [73]. A black box warning has been issued for micafungin due to potential 

hepatotoxicity based on the development of hepatocellular tumors in rats treated with micafungin. 

However, the doses administered to the experimental animals were eight times higher than those 

used in humans, and the treatment duration was over three months [49,50]. A systematic review of 

nine studies concluded that micafungin is safe for preterm and term neonates. Furthermore, the 
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occurrence of adverse events was found to be independent of the administered dose or treatment 

duration [71]. 

Micafungin has a low potential for interactions with other pharmaceutical agents. Nevertheless, 

there is a possibility of drug-drug interaction with agents that are metabolized through the CYP3A 

pathway [49,74]. The concomitant administration of micafungin and D-Amb has been observed to 

result in a 30% increase in plasma levels of the latter, increasing the potential for side effects of D-

Amb [49,75]. 

2.2. Caspofungin 

Caspofungin is a cyclic semisynthetic lipopeptide derived from Pneumocandin B0, a 

lipohexapeptide produced by the yeast Glarea lozoyensis. It was the first echinocandin to be approved 

by the FDA for the treatment of IC in adults in 2001 and later for pediatric patients over three months 

of age in 2008 [35]. Caspofungin is not currently approved by the FDA or EMA for use in neonates. 

2.2.1. Pharmacokinetics and Dosing 

Similar to the other echinocandins, caspofungin shows extensive protein binding and wide 

tissue distribution [33]. Caspofungin exhibits modest non-linear pharmacokinetics with the potential 

for drug accumulation at higher doses [76,77]. After caspofungin infusion, there is a short alpha-

phase, followed by a beta-phase with a half-life of 10-15 hours, which has a log-linearity resulting in 

a 10-fold decrease in drug concentration, and a prolonged gamma-phase with a half-life of 40-50 

hours, which is responsible for the accumulation of caspofungin [76]. It has been demonstrated that 

the rate of decline in plasma concentration during the beta phase is faster in children than in adults. 

The higher clearance and the decreased volume of distribution of the drug in the pediatric population 

is probably the explanation for the reduced half-life of the beta-phase compared to adults [78,79]. 

According to pharmacokinetic studies, the clearance of caspofungin is lower in neonates, 

increases during childhood, and then progressively decreases during adolescence and adulthood 

[80]. The main process affecting plasma clearance is the distribution of the drug rather than its 

elimination [81]. It has been demonstrated that the distribution of caspofungin to tissues is achieved 

via uptake transporters and, in particular, that hepatic uptake is mediated by the OATP1B1 

transporter. Developmental immaturity of neonates, associated with reduced transporter expression, 

may be responsible for the reduced hepatic distribution and clearance observed in the neonatal 

population, along with physiological factors such as changes in blood flow rates and organ mass 

[80,82]. The lower caspofungin clearance, the larger volume of distribution, and the low level of 

plasma proteins in neonates, particularly preterm neonates, potentially pose them at risk for drug 

accumulation [83].  

Caspofungin is metabolized in the liver by spontaneous degradation to an open-ring peptide 

and by hydrolysis and N-acetylation to deactivated products [33,35,77]. Elimination is slow, and 

metabolites are mainly excreted in feces and urine. Only a minimal proportion of caspofungin, about 

1.4%, is excreted unchanged in the urine [76].  

Data on the pharmacokinetics of caspofungin in neonates are sparse, and the suggested doses 

are mostly extrapolated from studies on older children and adults. Caspofungin exhibits 

concentration-dependent activity against Candida species [77]. Several pharmacokinetic studies have 

shown that dosing based on body surface area (BSA) is the preferred approach in infants and children 

[84]. 

Walsh et al. conducted the first prospective study of the pharmacokinetics of caspofungin in 

children and adolescents, with the aim to compare the weight-based dose of 1mg/kg/day and the 

BSA-based dose of 50mg/m2/day or 70mg/m2/day with data from pharmacokinetic studies in adults 

treated at the recommended dose of 50-70mg/day. They concluded that the weight-based dose of 

1mg/kg/day results in suboptimal caspofungin concentrations and that the BSA-based dose of 

50mg/m2/day achieves a drug exposure equivalent to that of adults receiving 50mg/day. Although 

the measured AUC0-24 of caspofungin on the first day of administration was higher in children than 

in adults, the AUC0-24 at steady state was comparable, and the initial increased drug exposure is 
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considered clinically insignificant [78]. Similar conclusions were reached in a subsequent study of 

infants and toddlers aged 10-23 months who received caspofungin 50 mg/m2/day [79]. Another 

prospective pharmacokinetic study in children aged 2-12 years using the aforementioned dosing 

regimen showed that more than 95% of children achieved concentrations above the target MIC of 1 

μg/L [84]. A number of studies have shown that in children aged 3 months to 17 years, a caspofungin 

loading dose of 70 mg/m2 followed by a daily dose of 50 mg/m2 is associated with drug exposures 

within the target range and is the currently recommended dosing regimen for this age group 

[10,28,85–88]. 

The existing literature on the pharmacokinetics of caspofungin in neonates is limited. In a 

prospective multicenter study, Saez-Llorens et al. evaluated the plasma levels and tolerability of 

caspofungin at a dose of 25 mg/m2/day in neonates and infants less than three months of age. Drug 

exposure was found to be comparable to that of adults receiving 50 mg/day; however, slightly 

increased trough concentration was observed in neonates. In comparison to the concentration levels 

observed in children and adolescents who received 50 mg/m²/day, the peak concentration of 

caspofungin was found to be reduced, while the trough concentration was increased in neonates who 

received 25 mg/m². This is consistent with the data indicating that caspofungin clearance is lower in 

neonates and increases during childhood [80].  

In a recent multicenter RCT involving neonates treated with caspofungin 2mg/kg/day, serum 

concentrations on days 4 and 7 of treatment were compared, and no significant difference was found. 

Therefore, the authors concluded that a steady state was attained by the fourth day of treatment [89]. 

Jans et al. described the successful treatment of shunt-associated Candida meningitis in a preterm 

neonate with caspofungin 25 mg/m2/day and studied drug concentrations in plasma and CSF with 

serial sampling. The results demonstrated adequate CSF penetration and a potentially beneficial 

reduced clearance of caspofungin in the CSF in comparison to serum. Several factors were recognized 

as potential contributors to the successful Candida CSF eradication, including the immaturity of the 

neonatal blood-brain barrier, the high systemic caspofungin exposure associated with higher CSF 

drug concentrations, and the low protein content of CSF resulting in increased unbound and 

therefore active drug [90]. 

2.2.2. Efficacy 

Data on the efficacy of caspofungin in the treatment of IC in the neonatal population are limited, 

as only a small number of trials and case reports have been published (table 2). 

Caspofungin is often considered a salvage therapy in patients with candidemia refractory to 

conventional antifungals, and several cases of successful eradication of Candida after the addition of 

caspofungin in preterm infants with persistently positive cultures despite prolonged antifungal 

administration have been reported [28,84,91–94]. Natarajan et al. reported successful eradication in 

11 of 13 neonates with IC refractory to conventional therapy after a median treatment duration of 

14.5 days, including two cases of meningitis, following the addition of caspofungin 1mg/kg/day to 

the treatment regimen [95]. Furthermore, Jeon et al. reported successful eradication of Candida in 

seven ELBW with persistent candidiasis after 6-36 days of amphotericin after administering 3-13 days 

of caspofungin 2 mg/kg/day [96]. Odio et al. reported eradication of Candida within 4.3 days following 

caspofungin monotherapy in ten neonates previously unsuccessfully treated with amphotericin [97]. 

A case of successful eradication of shunt-associated C. albicans meningitis refractory to 4-week 

treatment with fluconazole and amphotericin in a preterm neonate three days after caspofungin 

25mg/m2 was added to the regimen without removal of the medical device [90]. 

Mohamad et al. compared the efficacy of caspofungin 2 mg/kg/day with amphotericin 

1mg/kg/day in neonates with confirmed IC in a double-blind RCT.  Effective treatment was defined 

as the resolution of symptoms and mycological eradication confirmed by negative culture, in 

addition to the absence of breakthrough fungal infection and survival for at least 7 days after 

cessation of treatment. Caspofungin was demonstrated to be significantly more effective than 

amphotericin (86.7% vs 41.7%, respectively). Notably, the majority of neonates were diagnosed with 

deep tissue infections, including meningitis, endophthalmitis, and urinary tract infections, which are 
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considered to be sites where echinocandins have relatively limited penetration [98]. A recent 

multicenter, double-blind, phase 2 RCT also compared the efficacy of caspofungin with that of 

amphotericin B, defined as mycological eradication two weeks after treatment completion in infants 

younger than three months with systemic candidiasis. No significant difference was observed 

regarding efficacy between the two antifungal agents, with a success rate of 71% for caspofungin and 

68.8% for amphotericin [89]. 

Table 2. Clinical studies on the safety and efficacy of caspofungin in neonates. 

Author Population Candida isolates Dose 
Microbiologic 

cure 

Drug-related adverse 

effects 

Odio, 2005 

[97] 

11 neonates (9 

preterm, 1 term) 

with candidemia 

refractory to 

conventional 

antifungals 

C. albicans (4) 

C. parapsilosis (3) 

C. tropicalis (2) 

C. glabrata (1) 

1 mg/kg/day for 2 

days, followed by 

2 mg/kg/day 

 

Monotherapy 

11/11 (100%) No 

Natarajan, 

2005 [95] 

13 neonates (12 

preterm, 1 term) 

with candidemia 

refractory to 

conventional 

antifungals 

C. albicans (5) 

C. parapsilosis (6) 

C. albicans / C. 

parapsilosis (1) 

C. tropicalis (1) 

1 mg/kg/day 

(5/13 loading dose 

of 1.5 mg/kg/day) 

 

Co-administered 

with conventional 

antifungals 

11/13 (84.6%) 

Thrombophlebitis (1) 

Hypokalemia (2) 

Elevated liver 

enzymes (4) 

Direct 

hyperbilirubinemia (1) 

Mohamed, 

2012 [98] 
15 neonates 

C. albicans (11) 

C. parapsilosis (3) 

C. tropicalis (1) 

2 mg/kg/day 

 

Monotherapy 

13/15 (86.7%) 

Hypokalemia (2) 

Elevated liver 

enzymes (1) 

Hyperbilirubinemia 

(1) 

Elevated creatine (1) 

Thrombophlebitis (1) 

Rash (1), Fever (1) 

Vomiting (1) 

Jeon, 2013 

[96] 

7 ELBW neonates 

with candidemia 

refractory to 

conventional 

antifungals 

C. albicans (1) 

C. parapsilosis (6) 
2 mg/kg/day 6/7 (85.7%) No 

Kim, 2020 

[89] 

31 infants <3 

months 

C. albicans (27) 

C. parapsilosis (1) 

C. tropicalis (1) 

C.glabrata/C. 

albicans(1) 

C. intermedia (1) 

2 mg/kg/day  

 

Monotherapy 

22/31 (71%) 

Infusion site edema (1) 

Cholestatic jaundice 

(1) 

2.2.3. Adverse Effects 

Similar to the other echinocandins, caspofungin has been demonstrated to be well tolerated in 

pediatric patients. The most common adverse effects related to therapy are mild and usually do not 

necessitate treatment discontinuation. These include fever, rash, transient elevation of liver enzymes, 

and hypokalemia [99].  

Despite the limited number of prospective studies that have investigated the safety of 

caspofungin in the neonatal population, the available data, including those from clinical cases, 

suggest that it has a favorable safety profile in neonates (table 2). It is noteworthy that the 

administration of caspofungin did not result in any adverse events in cohorts of preterm neonates 

[96,97]. Moreover, Natarajan et al. reported no significant adverse effects when caspofungin was 
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administered concurrently with other antifungal agents. Transient elevation of liver enzymes was the 

most common side effect, occurring in four out of 12 neonates [95]. 

A recent RCT comparing caspofungin with amphotericin in neonates with IC demonstrated that 

neonates in the caspofungin group experienced fewer adverse events than those in the amphotericin 

group. Among 34 neonates receiving caspofungin at a dose of 2 mg/kg/day, two patients developed 

drug-related adverse events, one cholestatic jaundice, and one edema at the injection site. However, 

there were no adverse events requiring discontinuation of treatment [89].  

2.3. Anidulafungin 

Anidulafungin is the most recently developed echinocandin, derived by modulating the 

chemical structure of echinocandin B, the first echinocandin discovered [35]. Despite being licensed 

for the treatment of IC in adults since 2006, anidulafungin has only been approved by the FDA for 

use in pediatric patients beyond the first month of life since 2020 [100,101]. 

2.3.1. Pharmacokinetics and Dosing 

Anidulafungin exhibits similar characteristics to other echinocandins, displaying high protein 

binding and a wide distribution across tissues. In autopsy tissues, Marx et al. demonstrated that 

anidulafungin concentrations in various tissues, including the liver, lung, and kidneys, achieved 

therapeutically effective levels [102]. The same group of authors examined anidulafungin 

concentrations in CSF and brain tissue and concluded that these were below the MIC for a number 

of Candida species [103]. However, Ripp et al. showed in experimental neonatal rats that the ratio of 

anidulafungin concentration in brain tissue to plasma was about 0.2 after the first dose but increased 

to 0.7 after the fifth dose [104].  

Clearance of anidulafungin is achieved by slow non-enzymatic degradation in the blood and 

biotransformation to an open-ring inactive compound. The breakdown products are eliminated 

mainly through bile excretion and elimination in the feces [100]. Given that the liver is not involved 

in drug degradation, and biliary excretion represents the primary route of elimination, dose 

adjustment is not necessary in patients with impaired hepatic or renal function [35].  

The available evidence from studies of adults and the very limited data from studies of neonatal 

and pediatric populations indicate that anidulafungin exhibits linear and predictable 

pharmacokinetics across these different populations [105] (Table 3). In contrast to micafungin and 

caspofungin, the clearance of anidulafungin has been shown to be independent of age [33,105,106]. 

Based on pharmacokinetic studies' findings, anidulafungin clearance shows a linear relationship with 

body weight, from approximately 0.015 l/kg/h in neonates to 1 l/h in adults [105]. Cohen-Wolkowiez 

et al. conducted the only pharmacokinetic study of anidulafungin in neonates and found that the 

half-life of anidulafungin decreased with increasing age. However, the difference between neonates 

and infants was not statistically significant. Furthermore, the authors demonstrated that a steady 

state is probably reached after the loading dose, as no drug accumulation was observed after multiple 

doses of anidulafungin [107]. A pooled population analysis demonstrated that the systemic exposure 

of anidulafungin was equivalent across different age groups, from neonates to adults, following the 

administration of a weight-based dose in pediatric patients (3mg/kg loading dose and 1.5mg/kg/day 

thereafter) and the standard adult dose (200mg loading dose and 100mg/day thereafter), with an 

estimated AUC of 80.77 mg*h l-1 in children and 95.25 mg*h l-1 in adults [105].  

The recommended dosing regimen in pediatric patients older than one month is a loading dose 

of 3 mg/kg/day followed by 1.5 mg/kg daily [100,101]. 

2.3.2. Efficacy 

The available data on the efficacy of anidulafungin in infants with IC are limited. However, the 

drug has been demonstrated to be effective against various Candida species in adult populations [105].  

A major concern in neonatal IC treatment with anidulafungin is the high rate of CNS 

involvement, a site where penetration of echinocandins is uncertain [105]. A bridging study using a 
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rabbit model of HCME demonstrated that the penetration of the drug into brain tissue is dose-

dependent and suggested that higher doses of the drug than those used to produce a similar exposure 

to that of adults of anidulafungin are required for neonates, given the high rate of CNS involvement 

[108]. Dose-dependent CNS penetration has also been demonstrated with other echinocandins [59]. 

Roilides et al. reported 81.2% (13/16) successful Candida eradication in a population of infants <2 

years of age with culture-confirmed IC treated with anidulafungin.  Of the patients with persistently 

positive cultures, two were infected with candidemia caused by C. albicans and one with C. parapsilosis 

[109]. The same group of researchers reported an efficacy of 77.8% at the end of treatment in patients 

aged 2 to 5 years and 66.7% in older children and adolescents [110]. In both studies, the median time 

to negative cultures was three days after anidulafungin initiation [109,110]. 

Table 3. Clinical studies evaluating the pharmacokinetics of anidulafungin in pediatric populations. 

Author Population Dose Clearance (l/kg/h) AUC0-24 (mg*h l-1) T1/2 (hours) 

Benjamin, 

2006 [106] 

12 patients (2-

11 years old) 

 

1.5 mg/kg loading dose, 

0.75 mg/kg maintenance 

0.0217  

(0.0113–0.0446) 
41.1 (16.5–57.8) 20.3 (13.9–35.1) 

3 mg/kg loading dose, 

1.5 mg/kg maintenance 

0.0133  

(0.0095–0.018) 
96.1 (43.2–155.7) 26.0 (12.0–38.9) 

13 patients 

(12-17 years 

old) 

1.5 mg/kg loading dose, 

0.75 mg/kg maintenance 

0.0163  

(0.0094–0.0231) 
56.2 (31.8–79.8) 18.9 (13.6–24.1) 

3 mg/kg loading dose, 

1.5 mg/kg maintenance 

0.0156  

(0.0096–0.0311) 
102.9 (50.3–134.1) 21.1 (15.0–27.8) 

Cohen-

Wolkoviez, 

2012 [107] 

8 neonates 

(<30 days) 

 
3 mg/kg loading dose, 

1.5 mg/kg day 

maintenance 

0.020  

(0.013–0.049) 
74.9 (30.4–108.9) 78 (40–219) 

7 infants (>30 

days) 

 

0.015  

 (0.005–0.027) 
97.7 (54.8–278.0) 33 (30–173) 

Roilides, 

2020 [109] 

19 infants (1 

month-2 years 

old) 

3 mg/kg loading dose, 

1.5 mg/kg day 

maintenance 

No data 
70.2  

(42.9–87.7) 
24.0 (23.7–24.4) 

2.3.3. Adverse Effects 

Anidulafungin has been shown to be well tolerated in the pediatric population with mild and 

transient adverse events that rarely necessitate treatment discontinuation. The most commonly 

reported side effects include gastrointestinal disturbances, fever, rash, and elevation of liver enzymes 

[106–110]. Infusion-related reactions such as flushing, rash, dyspnea, and hypotension have been 

reported, and an infusion rate of less than 1.1 mg/min is recommended [100,101,106]. 

A notable concern regarding the administration of anidulafungin in neonates is the uncertainty 

regarding the potential accumulation of polysorbate 80 (PS80) [101]. Polysorbates are surfactants 

widely used in therapeutic formulations and considered safe within established exposure limits. 

However, the immaturity of the detoxification systems in children, particularly in preterm neonates, 

renders them more vulnerable, and the safe limits of exposure remain to be defined [111,112]. PS80 

levels following anidulafungin administration to infants have been evaluated in one study. No cases 

of PS80 accumulation or hepatotoxicity were reported [109]. 

3. Candida auris Treatment 

Candida auris, first isolated in Japan in 2009, is an emerging pathogen of growing global concern 

due to its rapid spread in the hospital environment and its multidrug-resistant profile. A particular 

concern in NICUs is that C. auris strains are generally resistant to conventional antifungal agents 

administered to neonates, fluconazole, and amphotericin [31,113–115]. C. auris isolates were resistant 

to fluconazole in 97.4% and to amphotericin in 67.1%, according to a recent systematic review [113]. 

Echinocandins have been demonstrated to be effective against this multidrug-resistant strain, 

although resistance has been documented in some cases [31,113]. According to the Centers for Disease 
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and Prevention (CDC) recommendations, echinocandins are the drug of choice for C. auris infection, 

excluding neonates. However, in certain circumstances, echinocandin therapy may be considered in 

neonates after CNS involvement has been excluded [116]. 

Chandramati et al. recently reported an outbreak of 17 cases of C. auris infection in a NICU in 

India. All isolates were susceptible to micafungin, resistant to fluconazole, and intermediately 

susceptible to amphotericin. The overall mortality rate was 41%. Among these patients, 86% had not 

received micafungin. Once the susceptibility patterns were known, treatment with micafungin was 

initiated, resulting in a 91% survival rate. Moreover, the use of micafungin instead of fluconazole as 

prophylaxis in high-risk neonates resulted in a significant reduction in the C. auris infection rate from 

6.25 to 0.8% [69]. However, the management of systemic C. auris infection is challenging, especially 

in the most vulnerable preterm neonates. In a small cohort of preterm neonates with less than 800g 

birth weight with C. auris susceptible to micafungin, 80% (4/5) died despite micafungin 

administration [117]. 

4. Activity Against Biofilms 

The formation of biofilms, which are three-dimensional structures of fungal cells organized 

within an extracellular polymeric matrix that adheres to either host tissue or implanted medical 

devices, is an important aspect of the pathogenesis of Candida infections [118–120]. Biofilm formation 

is associated with significant morbidity and mortality because the fungi within these structures 

remain protected from antifungal agents and the host immune response, and also biofilms act as sites 

for continued fungal dissemination [121,122]. Furthermore, the development of antifungal resistance 

is a well-documented characteristic of Candida biofilms. Possible contributors to this phenomenon 

include increased metabolic activity in the early stages of biofilm formation, the barrier provided by 

the extracellular polymeric matrix of biofilms, and changes in gene expression [123]. Echinocandins 

have been demonstrated to be potent against Candida biofilms, exerting both anti-adherent and 

antibiofilm activity even at low doses [124]. In addition, echinocandins have been shown to act 

synergistically with neutrophils against Candida biofilms by enhancing their activity and promoting 

the formation of neutrophil extracellular traps [121,125]. 

Biofilm formation on implanted medical devices such as central venous catheters (CVCs), 

routinely used in premature infants for nutrition and medical support, poses a significant therapeutic 

challenge in NICU patients. In neonatal systemic candidiasis, prompt CVC removal has been 

associated with improved survival and is strongly recommended [10,126]. However, this is not 

always feasible, especially in critically ill VLBW neonates [120]. In instances where vascular catheters 

cannot be removed, systemic antifungal treatment is often insufficient to achieve Candida eradication, 

and lock therapy can be considered [124].  

Lock therapy is a procedure that involves the diffusion and retention of a high dose of an 

antifungal agent within a vascular catheter lumen [123,124,127]. Among the antifungals, lock therapy 

with echinocandins and lipid formulations of amphotericin have been shown to be effective [124,128]. 

The efficacy of lock therapy with all three echinocandins against a broad range of Candida species has 

been demonstrated in several studies [124,127]. In their investigation, Petraitiene et al. evaluated the 

efficacy of systemic and lock micafungin in experimental animals. They concluded that the 

combination of the two strategies was the most effective approach for systemic candidemia when 

catheter removal was not feasible, as systemic therapy alone could not achieve catheter eradication 

and lock therapy was insufficient to treat deep tissue infection [32]. Micafungin has been shown to 

have concentration-dependent activity against Candida spp, with higher doses diffused in the catheter 

being more effective [32,128].  

Nevertheless, a number of in vitro and animal experimental studies have highlighted the 

potential for a paradoxical effect associated with echinocandins, particularly with regard to 

caspofungin. The paradoxical effect is defined as a reduction in the susceptibility of certain Candida 

species to the drug at higher doses compared to lower doses [129]. This phenomenon has been 

documented in several studies where high doses of caspofungin were used as lock therapy to treat 

Candida biofilms. However, the clinical significance of this remains a topic of debate [129–133]. 
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5. Conclusions 

Although not currently recommended as first-line agents for the treatment of neonatal 

candidiasis, echinocandins share characteristics that render them a reasonable choice of antifungal 

agent in the NICU, including a broad spectrum of activity, activity against biofilms, and a favorable 

safety profile.  

The current literature indicates that the three echinocandins, micafungin, caspofungin, and 

anidulafungin, are both safe and effective in the treatment of systemic Candida infections in neonates. 

Importantly, echinocandins are active against a wide range of non-albicans Candida species and have 

been shown to be effective against C. auris, a rapidly emerging pathogen in ICUs that often exhibits 

resistance to polyenes and azoles. An additional feature of the echinocandins compared to first-line 

antifungals administered to neonates is their enhanced efficacy against biofilm formation and 

eradication, which is particularly beneficial in NICUs where the implementation of CVC is common 

practice.  

Nevertheless, despite the potential therapeutic benefits of echinocandins in NICUs, their 

widespread use is not currently recommended due to the limited evidence base on their use in the 

neonatal population. 
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