= Taylor & Francis
Taylor & Francis Group

EXPERT

REVIEW Expert Review of Anti-infective Therapy

OF ANTI-INFECTIVE THERAFY

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/ierz20

Invasive Candida infection: epidemiology, clinical and
therapeutic aspects of an evolving disease and the role of
rezafungin

Alessandra Oliva, Francesco Giuseppe De Rosa, Malgorzata Mikulska,
Federico Pea, Maurizio Sanguinetti, Carlo Tascini & Mario Venditti

To cite this article: Alessandra Oliva, Francesco Giuseppe De Rosa, Malgorzata Mikulska,
Federico Pea, Maurizio Sanguinetti, Carlo Tascini & Mario Venditti (2023) Invasive Candida
infection: epidemiology, clinical and therapeutic aspects of an evolving disease and

the role of rezafungin, Expert Review of Anti-infective Therapy, 21:9, 957-975, DOI:
10.1080/14787210.2023.2240956

To link to this article: https://doi.org/10.1080/14787210.2023.2240956

8 © 2023 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

ﬁ Published online: 17 Aug 2023.

\]
CA/ Submit your article to this journal &

||I| Article views: 6050

A
b View related articles &'

View Crossmark data &'

@ Citing articles: 14 View citing articles &'

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=ierz20


https://www.tandfonline.com/journals/ierz20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/14787210.2023.2240956
https://doi.org/10.1080/14787210.2023.2240956
https://www.tandfonline.com/action/authorSubmission?journalCode=ierz20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=ierz20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/14787210.2023.2240956?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/14787210.2023.2240956?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/14787210.2023.2240956&domain=pdf&date_stamp=17%20Aug%202023
http://crossmark.crossref.org/dialog/?doi=10.1080/14787210.2023.2240956&domain=pdf&date_stamp=17%20Aug%202023
https://www.tandfonline.com/doi/citedby/10.1080/14787210.2023.2240956?src=pdf
https://www.tandfonline.com/doi/citedby/10.1080/14787210.2023.2240956?src=pdf
https://www.tandfonline.com/action/journalInformation?journalCode=ierz20

EXPERT REVIEW OF ANTI-INFECTIVE THERAPY
2023, VOL. 21, NO. 9, 957-975
https://doi.org/10.1080/14787210.2023.2240956

e Taylor & Francis
Taylor &Francis Group
a OPEN ACCESS | ™ Check for updates

Invasive Candida infection: epidemiology, clinical and therapeutic aspects of an
evolving disease and the role of rezafungin

REVIEW

Alessandra Oliva @2, Francesco Giuseppe De Rosa®, Malgorzata Mikulska©, Federico Pea ¢, Maurizio Sanguinettif,

Carlo Tascini® and Mario Venditti 2

aDepartment of Public Health and Infectious Diseases, Sapienza University of Rome, Rome, Italy; "Department of Medical Sciences, University of
Turin, Infectious Diseases, City of Health and Sciences, Turin, Italy; Division of Infectious Diseases Department of Health Sciences (DISSAL),
University of Genoa IRCCS Ospedale Policlinico San Martino, Genova, Italy; Department of Medical and Surgical Sciences, Alma Mater Studiorum,
University of Bologna, Bologna, Italy; ¢Clinical Pharmacology Unit, Department for Integrated Infectious Risk Management, IRCCS Azienda
Ospedaliero Universitaria di Bologna, Bologna, Italy; ‘Department of Laboratory Sciences and Infectious Diseases, Fondazione Policlinico
Universitario “A. Gemelli”; IRCCS, Universita Cattolica Del Sacro Cuore, Rome, Italy; Infectious Diseases Clinic: Department of Medical Area (DAME),
University of Udine, Udine, Italy

ABSTRACT

Introduction: Invasive Candida Infections (ICls) have undergone a series of significant epidemiological,
pathophysiological, and clinical changes during the last decades, with a shift toward non-albicans
species, an increase in the rate of exogenous infections and clinical manifestations ranging from
candidemia to an array of highly invasive and life-threatening clinical syndromes. The long-acting
echinocandin rezafungin exhibits potent in-vitro activity against most wild-type and azole-resistant
Candida spp. including C.auris.

Areas covered: The following topics regarding candidemia only and ICls were reviewed and addressed:
i) pathogenesis; ii) epidemiology and temporal evolution of Candida species; iii) clinical approach; iv)
potential role of the novel long-acting rezafungin in the treatment of ICls.

Expert opinion: Authors’ expert opinion focused on considering the potential role of rezafungin in the
evolving context of ICls. Rezafungin, which combines a potent in-vitro activity against Candida species,
including azole-resistant strains and C.auris, with a low likelihood of drug-drug interactions and a good
safety profile, may revolutionize the treatment of candidemia/ICl. Indeed, it may shorten the length of
hospital stays when clinical conditions allow and extend outpatient access to treatment of invasive
candidiasis, especially when prolonged treatment duration is expected.
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1. Introduction
[2,3]. Moreover, the increasing availability of drug-delivery or

prosthetic devices (e.g. long-term central venous catheters)
has resulted in this microorganism being involved in
a variety of foreign body infections that significantly added
to the complexity of ICl clinical manifestations [12]. As

Like many infectious diseases, Invasive Candida Infections
(ICls) have undergone a series of significant epidemiological
and clinical changes during the last decades [1]. Indeed, while
ICls were trivial mucocutaneous infections before the advent

of cancer chemotherapy, nowadays ICls range from candide-
mia to an array of highly invasive infections that cause
a variety of life-threatening clinical syndromes [2-4].

Moreover, in recent decades, ICls have exhibited an increas-
ing incidence rate (from approximately 2.18 cases per 100,000
inhabitants per year in the 1990s to 3.22 in the last decade for
candidemia [5]), primarily attributed to the expanding popula-
tion of high-risk and fragile individuals. This population
encompasses not only severely immunocompromised hosts
such as hemato-oncological neutropenic patients and solid
organ transplant recipients, but also critically ill patients and
those with multiple comorbidities admitted to Internal
Medicine (IM) wards [6-11].

Although ICls other than ‘candidemia only’ are mostly
abdominal infections, all body sites can be affected by
Candida and many other deep localizations can be observed

a paradigmatic example, Candida spp represented up to 27%
of all central-line - associated bloodstream infection (CLABSI)
in US adult ICUs (from 0.216 to 0.281 density rates per 1,000
central-line days from 2011 to 2017) [13].

In this scenario, Candida albicans remains the most fre-
quent cause of ICl (ranging from approximately 40% to 60%
[1,14,15]), but the prevalence of other species, some of which
exhibiting alarming features of antimicrobial resistance, has
been increasing over time [1,5,16].

Ultimately, ICls, particularly when manifesting as candide-
mia, are still associated with unacceptably high crude mortal-
ity rates (approximately 40% overall) [5] and significant
increases in healthcare costs, underscoring the importance of
early diagnosis and treatment [17]. On the other hand, in
recent years the antifungal drug arsenal has been enriched
with new agents. Among these, rezafungin is a long-acting
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Article highlights

e The advances in healthcare, the evolution of patient risk factors and
the ability of some Candida species to spread within the hospital
environment have led to a change in the epidemiology of Invasive
Candida Infections (ICls) in the last decades.

e The shift toward non-albicans species may be influenced by the
different and evolving pathophysiology behind the development of
candidemia/ICl.

¢ Rezafungin is a novel long-acting echinocandin with a potent in-vitro
activity against most Candida spp., including those azole-resistant
and Candida auris.

o Rezafungin combines the strengths of the echinocandin class with
a prolonged elimination half-life, a low likelihood of drug-drug
interactions and a robust safety profile.

o Registrative studies showed non-inferiority of rezafungin to caspo-
fungin, with earlier candidemia clearance in patients on rezafungin
than those receiving caspofungin.

o Compared to caspofungin, survivors hospitalized in the ICU receiving
rezafungin showed a reduction in ICU length of stay.

» Rezafungin may allow earlier hospital discharge and management of
complex fungal infections in an outpatient setting, especially when
prolonged treatment duration is expected.

e A possible, although not yet quantifiable, reduction in the costs
associated with ICls and length of hospital stay may be obtained
with rezafungin.

echinocandin that might have a favorable impact on the
treatment of new emerging resistant Candida species as well
as on healthcare costs [18,19].

Herein, we reviewed the recent changes in the epidemiol-
ogy and clinical features of ICls as well as the improvements
brought by new tools for the diagnosis of these infections.
Finally, we also provided some insights on the potential role of
the long-acting echinocandin rezafungin in this complex
scenario.

external environment

2. Background

This brief paragraph is focused on how Candida spp enter the
bloodstream and/or cause infections (endogenous vs exogen-
ous route), while a complete review of the pathogenesis of ICls
is out of the scope of this review.

ICIs commonly refer to bloodstream infections caused by
Candida species. These infections typically occur when
Candida organisms breach the damaged intestinal barrier,
which can be caused by various factors such as cancer che-
motherapy, surgery, bacterial toxins, and local vascular perfu-
sion disorders (endogenous route) (Figure 1) [4]. When these
microorganisms enter the bloodstream, the resulting candide-
mia may be cleared by antifungal therapy and intravascular
catheter removal or may persist long enough to cause
endophthalmitis, pyelonephritis, peritonitis and intra-
abdominal infections, meningitis, encephalitis, endocarditis,
osteoarthritis, pneumonia, empyema, mediastinitis, and peri-
carditis [2,3]. The endogenous route mostly applies for
C.  albicans, Candida tropicalis,  Candida  glabrata
(Nakaseomyces glabrata), Candida lusitaniae (Clavispora lusita-
niae), Candida parapsilosis and, to a lesser extent, Candida
krusei (Pichia kudriavzeveii) (Table 1).

New advancements in the pathophysiology of Candida
have shown that this microorganism may also cause infections
via an exogenous route, that is through healthcare workers’
hands or central line colonization and subsequent spread into
the blood (Figure 1). This is especially true for Candida auris,
C. parapsilosis, Candida lusitaniae (C. lusitaniae) and Candida
haemulonii, which often cause nosocomial outbreaks, fre-
quently due to species resistant to antifungals and for which
infection control measures are of paramount importance
[16,20] (Table 1).
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Figure 1. Pathogenesis and hematogenous routes of Candida species bloodstream dissemination with possible secondary infections as endocarditis (A), retinitis (B),
skin fungal vasculitis (C) with macular/papular lesion (D) and multifocal hepatitis (E). CVC: central venous catheter; PICC: peripherally inserted central catheter.
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Table 1. Exogenous versus endogenous route of invasive Candida infection: differences in etiologies, epidemiology, and antifungal resistance.

Feature Endogenous route

Exogenous route

Involved Candida

species lusitaniae), C. tropicalis, C. parapsilosis, C krusei
Antifungal Uncommon*

resistance
Habitat Commensal of the gastrointestinal tract
Healthcare- Uncommon

associated

infection
Environmental Uncommon

contamination

C. albicans, C. glabrata (Nakaseomyces glabrata), Candida lusitaniae (Clavispora

C. auris, C. haemulonii, C. parapsilosis, Candida
lusitaniae (Clavispora lusitaniae)
Common

Commensal of the skin
Common

Common

Note: *C. glabrata is the species more frequently associated to azole and echinocandin resistance.

Considering C. parapsilosis as a possible cause of infec-
tion also through the endogenous route is justified by the
presence of this species as a causative agent of hepatos-
plenic candidiasis [21], the most common form of chronic
disseminated candidiasis (CDC), which is often associated
with negative blood cultures since hematogenous dissemi-
nation is limited to the portal vein system [22].

For the purpose of this article, following recently adopted
definitions [23], we described the epidemiology, clinical
aspects and therapy of candidemia without apparent second-
ary localizations (‘candidemia only’) separately from deep-
seated ICls, whether or not associated with Candida species
isolated from the bloodstream.

3. Epidemiology of candidemia only

Candidemia is one of the most common healthcare-
associated invasive fungal infections, with incidence varying
according to geographical region, local epidemiology, and
outbreak occurrence. A recent report indicates an overall
pooled incidence rate of 3.88 cases per 100,000 inhabitants
per year (ranging from 1.0 to 10.4). There is an observed
increasing trend in incidence rates from the 1990s (median
2.18) compared to subsequent periods (median 4.67 in
the year 2000-2010 and 3.22 in the last decade) [5]. This
increased incidence may be due to the increase in high-risk
populations, such as critically ill and elderly patients and
those with multiple comorbidities, along with nosocomial
outbreaks.

Although the majority of the candidemia cases are hospital-
acquired, with a reported incidence of 0.17-2.7 episodes per
1,000 discharges [24], community-acquired candidemia is an
emerging condition driven by the increasing use of long-term
intravenous devices such as tunneled intravascular and per-
ipherally-inserted central catheters [3].

While C. albicans continues to be the most prevalent
Candida species in both the adult and pediatric population,
there has been a notable shift in species distribution over the
past few decades. Specifically, there have been a decrease in
the proportion of C. albicans and an increase in C. parapsilosis
sensu lato and C. glabrata (N. glabrata). This change can be
attributed to factors such as the use of antifungal medications,
specific risk factors in patients such as immunosuppression,
severity of the underlying conditions, chronic respiratory dis-
eases, or nosocomial outbreaks [1,5]. This finding has impor-
tant clinical implications, as C. parapsilosis and C. glabrata

(N. glabrata) may show decreased susceptibility to echinocan-
dins and azoles, respectively [1].

Marekovi¢ and colleagues [1] reported the distribution typi-
cal for Southern Europe, with C. parapsilosis ranking second
and C. glabrata (N. glabrata) third in frequency. By contrast, in
Northern Europe, United States, and Australia, C. albicans has
been gradually replaced by C. glabrata (N. glabrata),
ranking second in these geographical areas. Likewise, in the
FUNGINOS survey conducted in Switzerland, Adam and col-
leagues observed a significant decrease from 60% to 53% in
the proportion of C. albicans. At the same time, C. glabrata
(N. glabrata) increased from 18% to 27%, particularly in the
age group of 18-40 years and individuals above 65 years old.
On the other hand, the frequency of other non-albicans
Candida (NAC) species remained stable throughout the study
period [25].

A previous epidemiological study in high-risk patients with
hematological malignancies by the Epidemiological
Surveillance of Infections in Hemopathies (SEIFEM) group in
Italy demonstrated that NACs accounted for 67% of the can-
didemia episodes (133 overall) and C. albicans for 33% only.
The most frequent non-albicans species were C. parapsilosis,
C. glabrata (N. glabrata), C. krusei (P. kudriavzeveii) (intrinsically
resistant to fluconazole) and C. tropicalis. Strains resistant to at
least one azole were 18%, mostly represented by NAC, with
only one C. parapsilosis strain resistant to amphotericin
B (AmB) and none to echinocandins [11].

In IM wards, candidemia is a growing concern, as many
more patients have risk factors for candidemia than in the
past. In this setting, the most frequent pathogen was
C. albicans (62%), followed by C. parapsilosis (17%),
C. glabrata (N. glabrata) (13%), and C. tropicalis (5%), suggest-
ing that the distribution in these patients is the same as in the
past, at least in Italy [14].

Furthermore, patients with early-onset candidemia may
present with a new risk factor, represented by Chronic
Obstructive Pulmonary Disease (COPD) [26], and with signifi-
cantly higher mortality due to treatment delays.

Clinical infections caused by NAC exceed those caused by
C. albicans also in the Asia-Pacific region, with a high inci-
dence of C. tropicalis [27]. A nation-wide multicenter surveil-
lance of NAC blood isolates was performed at seven
university hospitals in Korea between 2010 and 2016:
authors found that C. tropicalis was the most common NAC
species (36.4%), followed by C. glabrata (N. glabrata) (28.5%),
C. parapsilosis (24.7%), and C. krusei (P. kudriavzeveii) (2.6%).
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Compared the previous 6 years, the proportion of C. glabrata
(N. glabrata) increased (from 21.3% to 28.5%) while that of
C. parapsilosis decreased (from 36.5% to 24.7%). Fluconazole
non-susceptible isolates accounted for 38.6% of isolates [28].
Similar results have been reported in a multi-center prospec-
tive observational study carried out in 13 centers from
Brunei, Philippines, Singapore, South Korea, Taiwan,
Thailand, and Vietnam, where authors showed that non-
albicans species were the most common isolates from blood-
stream infections, with C. tropicalis as the predominant spe-
cies. Overall, the most common species were C. albicans
(35.9%), C. tropicalis (30.7%), C. parapsilosis (15.7%), and
C. glabrata (N. glabrata) (13.6%) [29]. Slightly differently,
distribution of candidemia in a Malaysian tertiary care hos-
pital revealed predominance of C. parapsilosis as the most
common agent of candidemia (29.2%), followed by
C. albicans (20.1%), C. tropicalis (18.7%), C. glabrata
(N. glabrata) (6.0%) [30].

Among agents of candidemia, diverse NAC species present
some specific features which reflect different pathophysiology
(Figure 1) and influence the observed differences in
epidemiology.

Indeed, C. parapsilosis complex is a biofilm-producing and
environmental contaminant species able to colonize central
venous catheters (CVCs) and the hands of healthcare workers,
causing systemic infections not only by the endogenous but
also by the exogenous route (Figure 1). These features may
contribute to clonal outbreaks [31] and underline the need of
implementing measures to avoid the nosocomial spread of
this species [32].

Moreover, the ability of C. parapsilosis to produce biofilm
seems to be related to an increase in virulence and to a worse
outcome when these high-producing biofilm isolates are
involved in candidemia [33].

Antifungal susceptibility testing commonly shows border-
line susceptibility to echinocandins; importantly, although flu-
conazole resistance was generally considered to be
uncommon, up to one-third and one-quarter of the isolates
recently showed resistance to fluconazole or voriconazole,
respectively [31]. A recent paper investigating candidemia in
SARS-CoV-2 critically ill patients showed that the incidence of
candidemia was significantly higher in critically ill COVID-19
patients on VV-ECMO than in critically ill COVID-19 patients
who did not meet the criteria for VV-ECMO (16/45, 36% vs 13/
93, 14%, respectively), and that C. parapsilosis accounted for
the majority of the candidemia events [34]. A 6-year retro-
spective study performed in China showed that C. parapsilosis
was the predominant pathogen in patients with persistent
candidemia [35].

C. tropicalis is the species with the highest mortality rates in
patients with candidemia, is increasingly reported in fre-
quency and shows growing resistance to fluconazole [36].

C. glabrata (N. glabrata) shows higher echinocandin resis-
tance than other Candida species (1.7-3.5%), possibly due to
the preferential use of echinocandins for the treatment of
these infections, encouraged by increasing azole resistance
in this species, ranging from 5.6% to 157% [27,37,38].
Furthermore, C. glabrata (N. glabrata) showed a high propen-
sity to readily mutate in vivo, especially in cases of intra-

abdominal infections, where source control may be delayed
or drug underexposure may be present [37,39].

Most commonly, C. tropicalis and C. glabrata (N. glabrata)
cause candidemia after passing through damaged intestinal
barrier (Figure 1).

However, the most alarming agent for candidemia nowa-
days is C. auris, firstly reported in 2009 from the external ear
canal of a patient in Japan and belonging to the critical
priority group according to the recent WHO fungal priority
pathogens list [40,41]. C. auris is characterized by several
distinct features. Firstly, it has high transmissibility, having
the ability to potentially colonize patients indefinitely and
exhibiting resistance in the healthcare environment. This is
due to prolonged survival on surfaces and its ability to resist
common disinfectants [42] (Figure 1). Secondly, the identifi-
cation of C. auris with conventional biochemical and micro-
biological techniques presents challenges [43]. Thirdly,
C. auris demonstrates a high rate of antifungal resistance,
with almost universal resistance to fluconazole (90%), fre-
quent resistance to AmB (30%), and the potential for resis-
tance to echinocandins (5%), particularly in cases of pre-
exposure. The emergence of pan-drug-resistance in C. auris
is indeed alarming. Isolates resistant to three major classes of
antifungal agents have recently been described in the US and
other countries [44-46]. A healthcare transmission of pan-
resistant and echinocandin-resistant C. auris has been
reported [47], while a recent study analyzed the genome
and drug-resistance profile of 19 isolates of C. auris collected
over 72 days from a multi-visceral transplant recipient with
refractory fungal peritonitis. Authors found that two C. auris
isolates were resistant to four major classes of antifungal
agents (azoles, echinocandins, polyene, and flucytosine)
while several other strains exhibited resistance to three
major drug classes [48].

Lastly, C. auris has an unprecedented capacity to cause
nosocomial outbreaks, which are difficult to control in many
countries and can persist for extended periods, even years
[49,50].

These outbreaks, frequently reported during the COVID-
19 pandemic, occurred through environmental reservoirs
(sometimes difficult to pinpoint, such as thermometers),
extensive colonization in humans detected in axilla, groin,
nares, rectum, and high rate of horizontal transmission [51-
53]. In Italy, the Liguria region reported a C. auris outbreak
with at least 277 cases in eight healthcare facilities. The first
of these cases was detected in one hospital in July 2019,
and cases sporadically continued to occur in the same
hospital [54,55]. In February 2020, C. auris was detected in
an intensive care unit (ICU) dedicated to patients with
severe COVID-19 in the same hospital, with a subsequent
increase in cases throughout 2020 and 2021. Another 11
cases have occurred in facilities in the neighboring Emilia-
Romagna region so far [56]. C. auris infections have been
described by a number of countries in Asia. Interestingly,
the first C. auris candidemia was reported from
a retrospective analysis of South Korean unidentified
Candida isolates using rDNA sequencing. Later on, several
reports and outbreaks of C. auris infections have been
described in China, Hong Kong, and Taiwan [57].



While a significantly higher risk for microbiologic recur-
rence within 60 days of completion of antifungal therapy was
observed in C. auris patients, the outcome of patients with
C. auris candidemia was similar to patients with candidemia
due to other species [58,59].

Although still considered rare, the emergent C. haemulonii
species complex (C. haemulonii sensu stricto, Candida duobush-
aemulonii, and Candida haemulonii var. vulnera) has been
increasingly reported worldwide over the last 10 years, espe-
cially in patients with previous antimicrobial/antifungal ther-
apy, those with malignant tumors, organ transplants, diabetes
mellitus, and vascular diseases. Outbreaks in neonatal inten-
sive care units have been reported in Korea and India, high-
lighting that this species may reach the blood by the
exogenous route [60]. Furthermore, the C. haemulonii species
complex shows increased resistance to the available antifun-
gal drugs such as fluconazole and AmB [61].

Candida lusitaniae (C. lusitaniae), generally considered
a low-frequency emerging pathogen, has been associated
with peritonitis, meningitis, and urinary tract infections [62]
and can cause fatal infections in immunocompromised
patients [63]. In this setting, while representing approximately
1.3% of all candidemia episodes among cancer patients,
C. lusitaniae caused up to 28% and 19% of fungemia and
breakthrough fungemia caused by uncommon Candida spe-
cies (19/68 and 7/37, respectively), with an overall mortality of
53% [64]. Additionally, C. lusitaniae has been implicated in
nosocomial acquisition [20] and person-to-person transmis-
sion [65]. Most importantly, C. lusitaniae is known for its ability
to acquire in vivo drug resistance under antifungal treatment
and multidrug resistance has also been reported [66]. Very
recently, the emergence of C. lusitaniae isolates with
decreased micafungin susceptibility emerged during micafun-
gin monotherapy was shown; furthermore, for the first time,
cross-resistance to fluconazole despite no history of drug use
was observed [67].

Candida palmioleophila, often misidentified as Meyerozyma
guilliermondii (Candida guilliermondii) or Candida famata, is an
emerging pathogen in Denmark [68]. Isolates of this species
are still susceptible to echinocandins and resistant to azoles,
especially fluconazole. Recently, two strains, misidentified as
C. albicans, were described in the Campania region in
Italy [69].

4. Clinical approach to candidemia

The decision whether to initiate antifungal treatment for can-
didemia depends on several considerations, including epide-
miology (community vs. hospital-acquired), setting (ICU, IM),
risk factors (immunosuppression, severity of the underlying
conditions, chronic respiratory diseases), severity of infection
(septic shock), possibility of source control and treatment
strategies (empiric, preemptive or targeted strategies, de-
escalation) [70-72].

However, one of the main drivers for better outcomes is
represented by early antifungal treatment [73,74]. Indeed,
a retrospective cohort of 230 patients with candidemia
showed that mortality was lower if fluconazole was started
on the same day of the index culture than if started later (15%
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vs 24% vs 37% vs 41% if started at day 1, day 2 or day 3 or
later, respectively) [75]. On the other hand, a > 12-hour delay
in antifungal therapy initiation from the time of blood sample
collection increased mortality (33.1% vs 11.1%) [76], while
receiving antifungal treatment within 72 h from index blood
culture had a significant benefit on mortality (27% versus
40%) [73].

Likewise, in patients with septic shock and candidemia,
delayed antifungal treatment and failure to achieve source
control were independently associated with hospital mortality
[74].

The decision to initiate early antifungal therapy should be
guided by the use of biomarkers and/or risk factor-based
prediction rules. This approach aims to identify patients at
the highest risk of developing candidemia and, conversely,
to avoid unnecessary antifungal treatment when results are
negative. While blood cultures are considered the gold stan-
dard for diagnosing candidemia, their overall sensitivity is
approximately 50% (ranging from 21% to 71%). Furthermore,
blood cultures may require a significant amount of time to
yield positive results, potentially leading to delays in initiating
appropriate antifungal treatment [77,78].

As additional tools, non-culture-based assays may aid in
guiding the diagnosis of candidemia. 1-3 -D-glucan (BDG)
has a pooled sensitivity and specificity of 80% and 82%,
respectively, with the most accurate cutoff value >80 pg/mL
[79-81]. However, its main advantage is its high negative
predictive value (98.7%), allowing early interruption of anti-
fungal therapy if started empirically based on clinical suspicion
and/or prediction scores [82]. There are experiences and pro-
posals for different cutoffs in IM Wards [83].

T2Candida is a novel nanodiagnostic panel that uses T2
magnetic resonance (T2MR) and a dedicated instrument (T2Dx
Instrument) to detect Candida directly in whole blood samples
[84,85]. This instrument is able to identify the five most com-
mon Candida species [C. albicans, C. glabrata (N. glabrata),
C. parapsilosis, C. tropicalis, C. krusei (P. kudriavzeveii)] [86]
with an estimated sensitivity and specificity of 91.1% and
99.4%, respectively [87]. Interestingly, T2Candida can detect
candidemia in 3-5 hrs., thus reducing the time to a negative
result by some days. Along with its high negative predictive
value (approximately 100%), T2 Candida negative results may
suggest that antifungal therapy can be early withdrawn. In
fact, stopping antifungal treatment when no longer necessary
counteracts the detrimental effects of over-treatment in terms
of selective pressure with a shift to resistant Candida species,
emergence of resistance and increased costs [88,89].

Clinical prediction rules/scores have also been proposed for
the identification of patients at high risk of candidemia neces-
sitating early antifungal treatment and include, although not
limited to, the Ostrosky-Zeichner or the Candida scores [90-
93]. Despite differences in sensitivity, they have high negative
predictive value, ranging from 97% to 99.4% [78]. Again, this
feature allows not to start or early discontinue antifungal
treatment when not necessary.

Several updated detailed guidelines for candidemia treat-
ment can support healthcare professionals [70,72,94]. Initial
treatment with echinocandins is strongly recommended either
in neutropenic or non-neutropenic candidemia patients, in
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more severe patients or where biofilm activity is needed
[10,94,95]. This recommendation is mainly based on trials
comparing caspofungin or micafungin versus AmB (deoxycho-
late or liposomal, respectively), showing similar effectiveness
but fewer adverse events [96,97], or a randomized controlled
trial showing non-inferiority of anidulafungin versus flucona-
zole [98]. A subsequent post-hoc analysis focused on
C. albicans showed that global response was significantly
better for anidulafungin than fluconazole and that anidulafun-
gin was associated with significantly faster clearance of blood
cultures [99]. Furthermore, in approximately 2,000 patients
from seven trials (three including patients with candidemia,
four including patients with either candidemia or ICls), echi-
nocandins were associated with a significantly lower 30-day
mortality rate than azoles or AmB [100]. Notwithstanding the
lower in-vitro activity vs. C. parapsilosis, echinocandins were
associated with clinical effectiveness [101,102].

The echinocandin armamentarium currently available is
being reinforced by the new long-acting, once weekly admi-
nistered, rezafungin [103], which demonstrated non-inferiority
to caspofungin in the treatment of candidemia or ICls regard-
ing the primary endpoints of day-14 global cure (European
Medicine Agency, EMA) and 30-day all-cause mortality (Food
and Drugs Administration, FDA) [23].

Compared to echinocandins, azoles may have advantages
as a first-line therapy in stable patients if C krusei
(P. kudriavzeveii) or C. glabrata (N. glabrata) are not considered
and in the absence of immunosuppression [10,94].

Interestingly, in patients admitted to IM wards and with
septic shock due to candidemia, there are conflicting reports
concerning echinocandin effectiveness over fluconazole, per-
haps related to methodology, patient clinical complexity, fre-
quencies of septic shock and treatment delays [103-107].
Indeed, the initial echinocandin therapy does not seem to
impact the outcome of candidemia patients with septic
shock, while the benefit over fluconazole was mainly observed
in non-septic patients [108]. Similar results were obtained in
a Spanish prospective study showing that both empirical and
targeted treatment with fluconazole was not associated with
increased 30-day mortality compared to echinocandins [108].
On the other hand, echinocandins were associated with sig-
nificantly higher survival as a definitive therapy in IM
wards [104].

Among azoles, isavuconazole should not be used in treat-
ing candidemia because of the excess of mortality observed in
the trial vs. caspofungin [106].

AmB deoxycholate or, preferably, lipid and especially lipo-
somal formulations are fungicidal, active against Candida bio-
film and able to penetrate the blood-brain barrier [95,109].
Despite these promising features, a recent meta-analysis
revealed that the initial treatment of candidemia with echino-
candins had a reduced mortality rate compared to polyenes
[95]. Furthermore, AmB use may be limited by the risk of
nephrotoxicity and varying sensitivity of C. auris.

Echinocandins are the current preferred treatment options
for C. auris infections [16]. However, emergence of resistance
and pan-fungal resistance have been reported [16,48,55].
Amphotericin B may be an alternative to echinocandins since

it has fungicidal activity and good biofilm penetration. Its main
drawbacks include a relatively high rate of resistance in some
C. auris clades, such as Clade |, potentially explaining the
therapeutic failures observed in some clinical cases [110].
Moreover, a case of in-vivo development of high-level AmB
resistance during therapy was recently reported, and a novel
mutation mechanism in the C. auris sterol-methyltransferase
gene ERG6 was found [111]. Delayed (or not executed) source
control was another risk factor for the development of resis-
tance to antifungals in C. auris [49]. While some studies have
reported suscep