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Abstract

Purpose: To describe concisely the current standards of care, major recent advances, common beliefs that have been
contradicted by recent trials, areas of uncertainty, and clinical studies that need to be performed over the next decade
and their expected outcomes with regard to Candida and Aspergillus infections in non-neutropenic patients in the ICU
setting.

Methods: A systematic review of the medical literature taking account of national and international guidelines and
expert opinion.

Results: Severe invasive fungal infections (IFls) are becoming increasingly frequent in critically ill patients. Approxi-
mately 80% of IFls are due to Candida spp. and 0.3-19% to Aspergillus spp. Recent observations emphasize the
necessity of building a worldwide sentinel network to monitor the emergence of new fungal species and changes in
susceptibility. Robust data on the attributable mortality are essential for the design of clinical studies with mortality
endpoints. Although early antifungal therapy for Candida has been recommended in patients with risk factors, sepsis
of unknown cause, and positive Candida serum biomarkers [3-1 — 3-p-glucan (BDG) and Candida albicans germ tube
antibody (CAGTA)], its usefulness and influence on outcome need to be confirmed. Future studies may specifically
address the optimal diagnostic and therapeutic strategies for patients with abdominal candidiasis. Better knowledge
of the pharmacokinetics of antifungal molecules and tissue penetration is a key issue for intensivists. Regarding inva-
sive aspergillosis, further investigation is needed to determine its incidence in the ICU, its relationship with influenza
outbreaks, the clinical impact of rapid diagnosis, and the significance of combination treatment.

Conclusions: Fundamental questions regarding IFl have to be addressed over the next decade. The clinical studies
described in this research agenda should provide a template and set priorities for the clinical investigations that need
to be performed.
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Introduction
Invasive fungal infections (IFI) in critically ill patients are
associated with considerable morbidity and mortality.
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This research agenda on IFI focuses on the more fre-
quent diseases, namely invasive candidiasis and invasive
aspergillosis in non-neutropenic patients, but not on the
so-called ultra-orphan fungal infections that may be as
rare as less than 1 in 1 million population, e.g., mucor-
mycosis or trichosporonosis [1]. This article aims to
highlight open questions and gaps in our knowledge and
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understanding of epidemiology, risk factors, use of diag-
nostic tools, and antifungal compounds.

The critically ill patients treated today are a very het-
erogeneous group. This is why the authors of this article
represent microbiology, intensive care, and clinical infec-
tious disease experts with views from Asia, Europe, and
North America.

It was a major step forward that an international con-
sensus was established on the definitions of what con-
stitutes invasive fungal disease [2]. A common set of
definitions allows comparison of results between studies
to a certain extent, but even the definitions continue to
evolve [3].

Treatment delays in critically ill patients negatively
impact on outcomes. Invasive fungal infections are no
exceptions to this rule. Thus the field moves towards
earlier diagnosis followed by earlier treatment. The early
strategic option obviously is prophylaxis, which has been
proven successful in other clinical settings [4]. To avoid
overtreatment in a large group of critically ill patients,
any prophylactic approach needs a population at suffi-
ciently high risk, but currently it is unclear how to select
such appropriate target groups.

Whether superiority of a certain treatment or strategy
can be proven at all may depend on the clinical endpoint
chosen. While echinocandins appear superior to azoles
in terms of treatment success [5], it is much more chal-
lenging to improve survival rates by applying a single
diagnostic tool or treatment decision. The diverse and
complex problems that the individual critically ill patient
at risk for IFI may face could easily mean several “com-
peting” life-threatening conditions at the same time.
Thus, single interventions proven to save lives in a rand-
omized comparison are rare findings.

In critically ill patients we do not expect the next
advance to come from a single pivotal drug trial, but
rather from strategic trials integrating genetics profile
of host and pathogen, diagnostic tools, antifungal treat-
ment, and therapeutic drug monitoring (TDM). Nothing
less than individualized treatment may advance the field.
Unfortunately, no such clinical trial has succeeded yet.

Methods

A systematic review for this project was conducted with
a timeline from 2006 through 2016. Two authors of each
of the two sections (Candida and Aspergillus) searched
PubMed using the terms Candida, Aspergillus, antifun-
gal therapy, and critically ill patients. Searches were com-
pleted in February 2017. One author (MB) also manually
screened reference lists of articles selected for inclusion
to identify additional studies. The selection of articles
and topics for inclusion in this research agenda from the
systematic review were based on their likely importance

for yielding clinically important practice changes over the
next decade as determined by the writing committee.

What is the current standard of care for delivering the best
possible critical care in the field?

Invasive candidiasis

Invasive fungal infections (IFIs) are an increasingly fre-
quent cause of severe infections with between 30% and
40% of IFIs episodes occurring in critically ill patients [6].
Approximately 80% of IFIs are due to Candida species.
In a worldwide ICU prevalence study, Candida was the
third most frequently isolated microorganism accounting
for 17% of all infections [7, 8]. The rank order of Candida
in bloodstream infections varies by country and is influ-
enced by the type of patients studied. Candida is number
three or four in mostly ICU-based US studies and num-
ber six to ten in population-based European studies [9].
The incidence of candidemia is age-related with higher
frequencies at both ends of the spectrum. Globally, inva-
sive candidiasis ranges from 1 to 10 per 1000 ICU admis-
sions. While it is responsible for no more than 5% of the
total number of sepsis or septic shock, candidemia is
associated with sepsis or septic shock in 10-40% of cases
[10].

Conventional culture-based microbiological tests are
suboptimal for the diagnosis of candidemia and deep-
seated candidiasis. Blood cultures are insensitive and
take several days to obtain Candida species and antifun-
gal susceptibilities [11]. Although fluorescence in situ
hybridization with peptide nucleic acid probes (PNA-
FISH) allows the detection of yeasts within 30-90 min
of blood culture positivity, the commercially available
test (PNA-FISH Yeast Traffic Light assay) does not dis-
tinguish between C. albicans and C. parapsilosis or
C. glabrata and C. krusei.

Various studies have shown that delays in initiat-
ing adequate antifungal therapy are associated with
increased mortality [12, 13], therefore driving the field to
explore advanced strategies such as prophylaxis, marker-
based pre-emptive therapy, and risk-based empirical
therapy. Numerous risk factors for invasive Candida
infections have been identified, including higher Acute
Physiology and Chronic Health Evaluation II scores,
diabetes mellitus, renal insufficiency, surgery (especially
abdominal surgery), pancreatitis, the use of broad-spec-
trum antibiotics, parenteral nutrition, hemodialysis,
mechanical ventilation, the presence of central vascular
catheters, and therapy with immunosuppressive agents
[9]. The development of invasive Candida infections is
often preceded by extensive colonization of the skin or
of the mucus membranes of the gastrointestinal and uro-
genital tracts, and the degree of colonization, assessed
using the colonization index, has been shown to be an



independent risk factor for development of candidiasis
[9]. Fluconazole and caspofungin decrease the incidence
of invasive candidiasis when given prophylactically in
selected patients [14, 15]. Biomarker-guided pre-emptive
therapy with echinocandins triggered by elevated serum
B-1 — 3-p-glucan (BDG) has also been shown to reduce
the incidence of proven disease and to target antifungals
for patients that would be most likely to benefit from
them [15]. While fluconazole has not been shown to be
effective for empirical therapy [16], a recent study has
shown that empirical therapy with micafungin in high-
risk hosts also decreased the incidence of proven disease
[17]. None of these studies have shown a survival benefit
as none of them have been powered to do so; however,
the standard of care at this time is utilizing a clinical pre-
diction rule such as the Candida score [18] or the MSG-
01 rule [15] to identify high-risk hosts and then monitor
serum biomarkers such as BDG or PCR for biomarker-
based pre-emptive therapy or the clinical prediction rules
themselves as triggers for empirical therapy. A recent
study has also shown that the negative predictive value of
BDG can be used to stop empirical therapy as part of an
antifungal stewardship intervention [19].

Polyenes, azoles, and echinocandins are the antifungal
drug classes available for the treatment of invasive can-
didiasis (Table 1). All new antifungal drugs have been
compared to a standard regimen in one or more ran-
domized trials. In the 1990s, fluconazole became the
standard treatment regimen for invasive candidiasis, as
it was shown to be as effective as conventional ampho-
tericin B deoxycholate (dAmB), but associated with sig-
nificantly lower toxicity [20]. Since those trials, dAmB
is no longer considered a treatment option for invasive
candidiasis [21]. Also voriconazole and caspofungin were
shown to be as effective as dAmB but less toxic [22, 23].
Subsequently, in two randomized trials, micafungin was
shown to be as effective as caspofungin and as liposomal
amphotericin B (LAmB) [24, 25].

Despite the limited but significant advent of Candida
strains with reduced susceptibility to fluconazole (espe-
cially C. glabrata), the drug has remained the mainstay of
anti-Candida treatment for more than two decades.

Invasive aspergillosis

The incidence of invasive pulmonary aspergillosis (IPA)
in the ICU is unclear, ranging from 0.3% to 19% because
of the difficulties of diagnosis (diagnostic tests vary in
their sensitivity and specificity) and related to biopsy
or autopsy difficulties in the ICU setting (coagulation
abnormalities, difficult oxygenation, next of kin consent
for autopsy, etc.) [26]. The “classical” risk factors for IPA
are classified in high, intermediate, and low risk cat-
egories (Table 2). New risk factors, however, have been

Table 1 Data on different antifungal treatment in randomized controlled studies

[20]

Unknown Fluconazole 70%, ampho- Fluconazole 40%, ampho-

206 (206/0)

Amphotericin B 0.5-0.6 mg/

Fluconazole 400 mg/day

0.20

Caspofungin 34%, ampho-

tericin B 33%, P

022

Caspofungin 73%, ampho-

tericin B 79%, P

kg/day
Amphotericin B C 0.6-0.7 mg/

(23]

Unknown

224 (181/43)

Caspofungin 50 mg/day

0.23

tericin B 30%, P
Voriconazole 36%, ampho-

0.09

tericin B 62%, P
Voriconazole 65%, ampho-

kg/day
Amphotericin B 0.7-1.0 mg/

[22]

49

370 (370/0)

Voriconazole 3 mg/kg b.id.

tericin B — fluconazole 24%,

P
Anidulafungin 23%, flucona-

tericin B — fluconazole 71%,

P
Anidulafungin 76%, flucona-

kg/day followed by flucona-
zole 400 mg/day

0.23

0.25

[5]

Unknown

245 (219/26)

Fluconazole 400 mg/day

Anidulafungin 100 mg/day

0.13

zole 31%, P
Micafungin 40%, L-AmB 40%,

0.01

zole 60%, P
Micafungin 74%, L-AmB 70%,

[24]

392 (333/59) 56

Liposomal amphotericin B

Micafungin 100 mg/day

0.94

P
Micafungin 100 mg/day 29%,

027

P
Micafungin 100 mg/day, 76%,

3 mg/kg/day

[25]

Unknown

576 (492/84)

Micafungin 100 or 150 mg/day Caspofungin 50 mg/day

micafungin 150 mg/day 33%,

caspofungin 26%, P

micafungin 150 mg/day 71%,

caspofungin 72%, P

0.19

Isavuconazole 15%, caspo-

0.36

Isavuconazole 60%, caspo-

[80]

Unknown

400 (333/67)

Caspofungin 50 mg/day

Isavuconazole 200 mg/day

n.s.

fungin 12%, P

fungin 71%

2 Standardized success rate (modified) intent to treat population; end of iv therapy, or at last available study visit



identified during the last decade including COPD, liver
failure, cirrhosis, and post-H1N1 influenza [27, 28]. The
diversity of patients and risk factors complicates diagnos-
tic and therapeutic procedures while the available data in
critically ill patients are extremely limited.

What have been the major recent advances in the field?
Invasive candidiasis

Geographical and environmental factors, the patient’s
age, and exposure to antimicrobial agents impact on the
distribution of Candida species isolated from patients
with invasive candidiasis (IC). Historically, C. albicans
was responsible for about two-thirds of IC, but non-
albicans Candida species (i.e., C. glabrata, C. krusei, C.
tropicalis, and C. parapsilosis) now account for about
half of all cases of IC in hospital [10]. The proportion of
IC due to C. glabrata has increased in Western coun-
tries (i.e., Europe and North America) and tends to be
higher in older patients [9, 10]. C. parapsilosis is more
predominant in Southern Europe, Southeast Asia, and
Latin America [10]. The occurrence of infections caused
by C. krusei or by C. glabrata had been linked to previous
exposure to antifungal agents, especially azoles. C. dub-
liniensis, C. guilliermondii, C. kefyr, and C. lusitaniae
species are a less frequent cause of IC [9] C. auris is an
emerging, multidrug-resistant yeast causing invasive
healthcare-associated infections [29].

Table 2 Risk factors for IPA in ICU patients

Neutropenia (500/mm?3)
Hematological malignancy
Allogeneic HSCT

Prolonged treatment with corticosteroids before admission to the ICU
Autologous HSCT

COPD

Liver cirrhosis

Solid organ cancer

HIV infection

Lung transplantation

Systemic immunosuppressive therapy

Severe burns

Solid organ transplant

Steroid treatment for >7 days
Prolonged stay in the ICU (>21 days)
Malnutrition

Post cardiac surgery

Near drowning

COPD chronic obstructive pulmonary disease, HIV human immunodeficiency
virus, HSCT hematopoietic stem cell transplantation, ICU intensive care unit, IPA
invasive pulmonary aspergillosis

Matrix-assisted laser desorption ionization—time of
flight mass spectrometry (MALDI-TOF MS) has over-
come several of the shortcomings of conventional micro-
biology for the detection and identification of yeasts
[30-32]. Turnaround times are 10—-15 min after the
growth of a fungal colony or a positive blood culture,
and diagnostic accuracy is over 95%. Additional work
is required to make MALDI-TOF MS suitable for the
detection of antifungal resistance [33].

Over the last few decades, non-culture-based diagnos-
tic methods have been developed to detect fungal metab-
olites, cell wall antigens (mannan and BDG), nucleic
acids, and antibodies directed against fungal products in
blood and other body fluids. A meta-analysis showed that
the detection of mannan antigen and anti-mannan anti-
bodies had low sensitivities (around 60%) but high specif-
icities (90-95%) for the diagnosis of IC [34]. Combining
antigen and antibody assays increased the sensitivity to
83% but not the specificity. Sensitivities are higher for
infections caused by C. albicans than by other Candida
species. Commercially available BDG assays had sensitiv-
ities of 73-75% and specificities of 97% for the diagnosis
of probable or proven Candida infections [35].

Up to two-thirds of adult ICU patients receive empiri-
cal systemic antifungal treatment (ESAT) [21, 36].
Although early ESAT has been recommended in patients
with risk factors for invasive candidiasis (IC), sepsis of
unknown cause, and positive Candida serum biomark-
ers BDG and Candida albicans germ tube antibody
(CAGTA) [37], its usefulness and influence on outcome
need to be confirmed.

In the challenging scenario of early diagnosis of IC,
recent studies have demonstrated the diagnostic value of
BDG and CAGTA [19, 38—42]. Although the use of BDG
measurement in daily practice for establishing the indica-
tion or the withdrawal of ESAT should be defined, recent
observational studies [41, 42] showed that negativity of
the BDG assay may be used as a strategy to discontinue
ESAT because of the high sensitivity and negative predic-
tive value of the test. Until new proteomic (MALDI-TOF)
or genomic (PCR) techniques could be extrapolated to
IC for improving its diagnosis, a therapeutic algorithm
based on stratification of the clinical condition, Candida
score, and results of Candida serum biomarkers may be
useful to improve the management of ICU patients at
high risk of invasive fungal infection (Fig. 1).

In a pivotal randomized trial, anidulafungin was com-
pared to fluconazole for the treatment of candidemia
and invasive candidiasis in non-neutropenic patients
[5]. In that study, the overall response was significantly
better with anidulafungin (76%) than with fluconazole
(60%; P < 0.01). The inferior outcomes with flucona-
zole were retained in post hoc multivariate analyses,



Systemic antifungal therapy in ICU patients: an approach based in clinical
stratification, Candida scores and Candida biomarkers
Abdominal surgery Non-abdominal Anastomotic leakage /
Patient’s type surgery/Medical Reopening of the
digestive tract

Risk assessment HIGH LOW

evaluation

Clinical situation Sepsis Infection

Antifungal therapy Start Follow up Prophylaxis

euld Positive*  Negative  Positive

biomarkers

Antifungal therapy Continue  Discontinue  Consider

Reevaluation

Fig. 1 Systemic antifungal therapy in ICU patients: an approach based on clinical stratification, Candida scores and Candida biomarkers. C/ Coloni-
zation index (range, 0-1) indicates the number of positive sites colonized with Candida divided by the number of sites sampled, CS Candida score
(range, 0-5) items are surgical admission (1 point), severe sepsis (2 points), multiple sites positive with Candida species (1 point), and parenteral
nutrition (1 point), * Candida biomarkers: (1— 3)-3-D-glucan (8DG) and Candida albicans germ tube antibody (CAGTA), ** Positive: DG >cutoff in
two consecutive samples or BDG and CAGTA >cutoff in one determination

and the difference was consistent over a broad range of
APACHE II scores [43]. Interestingly, while the infecting
C. albicans strains were uniformly susceptible to flucon-
azole, the inferiority of fluconazole was most prominent
in patients infected by C. albicans (success rate, flucona-
zole 62% vs. anidulafungin 81%; P < 0.02) [5]. In addition,
while the trial was not powered for mortality differences,
the mortality in the fluconazole group tended to be higher
than in the anidulafungin group (31% vs. 23%; P = 0.13).
On the other hand, the influence of severe pathophysio-
logical changes that are present in the critically ill patient
may also cause pharmacokinetic (PK) alterations of the

different antifungals [44, 45]. Recent studies showed that
echinocandins exposure in ICU patients was low com-
pared with healthy volunteers and other (non-)critically
ill patients, most likely as a result of a larger volume of
distribution, suggesting that a weight-based dose regi-
men should probably be more suitable for patients with
substantially altered drug distribution [45—47].

Invasive aspergillosis

Early diagnosis of IPA is a challenge based on the inte-
gration of microbiological, radiological, and clinical data.
The laboratory diagnosis is based on galactomannan



(GM) detection in bronchoalveolar lavage (BAL) speci-
mens (GM cutoff 0.5-1.0) and not in serum (BAL GM
sensitivity 66.7%, serum GM sensitivity 53.3%). There is
a limited role for BDG testing alone, although the com-
bination with GM or PCR improves specific detection
[48]. The Aspergillus lateral flow device (LFD) assay in
serum and BAL samples—a rapid test for the detection
of Aspergillus—is not yet commercially available, whilst
the SeptiFast assay method in blood samples is associ-
ated with a sensitivity of 66%, specificity 98%, PPV 93%,
and NPV 88% [49]. CT scanning of the lungs is associ-
ated with greater than 90% specificity and poor sensi-
tivity (30—-40%). In critically ill COPD patients multiple
nodules distributed along with bronchovascular bundles
are common, whilst a deteriorating chest X-ray com-
bined with laboratory tests could support the diagnosis
of probable IPA. The clinical signs and symptoms are
non-specific. Because of all these diagnostic uncertainties
and difficulties, an algorithm by AspICU investigators
has been suggested in order to facilitate the diagnosis of
probable IPA in the ICU setting (Table 3) [50].

What are the common beliefs that have been contradicted
by recent trials and what are remaining areas

of uncertainty?

Invasive candidiasis

IC is associated with an overall crude mortality of
40-60%, which is strongly affected by the underlying

conditions and by the presence of sepsis or septic shock
[10]. Assessing the attributable mortality of IC is diffi-
cult, with studies estimating ranges from 5% to 70% [51].
However, it is most likely in the range of 10-15% [9]. Spe-
cies-specific survival analyses have yielded ambiguous
results in large patient cohorts.

Although use of preemptive therapy is gaining interest,
more studies are needed to better define which patients
may benefit from this approach and whether more wide-
spread use of antifungal agents may negatively influence
fungal ecology. A recent double-blind placebo-controlled
trial has also contradicted the widespread belief that
critically ill patients with ICU-acquired sepsis, Candida
colonization, and multiple organ failure should receive
antifungal therapy. In this clinical trial, empirical treat-
ment with micafungin, compared with placebo, did not
increase fungal infection-free survival at day 28 (primary
endpoint). However, this trial was not powered to detect
changes in mortality [17].

Despite some studies showing the superiority of echi-
nocandins over fluconazole, a propensity score-derived
analysis of a population-based, multicenter prospective
cohort has demonstrated that, in patients with candi-
demia, therapy with fluconazole did not show a signifi-
cant association with mortality either in the empirical or
targeted therapy [52]. These results were similar among
patients with severe sepsis and septic shock. In patients
with septic shock attributable to Candida spp., after

Table 3 A clinical algorithm to diagnose IPA in critically ill patients

1. Aspergillus (4) LRT specimen culture (entry criterion)

Fever refractory to at least 3 days of appropriate antibiotic therapy

Recrudescent fever after a period of defervescence of at least 48 h while still on antibiotics and without other apparent cause

Pleuritic chest pain
Pleuritic rub
Dyspnea
Hemoptysis

Worsening respiratory insufficiency in spite of appropriate antibiotic therapy and ventilatory support

3. Abnormal medical imaging by portable chest X-ray or CT scan of the lungs

4. Either

Neutropenia (absolute neutrophil count less than 500/mm?) preceding or at the time of ICU admission

Underlying hematological or oncological malignancy treated with cytotoxic agents

Glucocorticoid treatment (prednisone or equivalent, >20 mg/day)
Congenital or acquired immunodeficiency
OR

Culture of BAL fluid (+ or ++) without bacterial growth together with a positive cytological smear showing branching hyphae

a) Probable invasive pulmonary aspergillosis when 1 + 2 + 3 + either 4a or 4b

b) When >1 criterion is not met, the case is classified as Aspergillus colonization




adjustment for severity of illness and source control,
therapy with echinocandins was not associated with a
higher survival rate [53]. Two other recent observational
studies have confirmed that antifungal choice (flucona-
zole vs. echinocandin/liposomal-amphotericin B) does
not influence mortality in C. glabrata bloodstream infec-
tion [53, 54]. More data are needed in this area.

Pathophysiological changes associated with critical ill-
ness can change drug concentrations so that they are sig-
nificantly different from those observed in non-critically
ill patients. In these circumstances, if standard dosing
is used, then suboptimal concentrations (either too low
or unnecessarily high) may result, putting the patient at
risk of clinical failure or drug toxicity. Antifungal agents
tend not to be as markedly affected by altered PK in criti-
cal illness. The drugs are mostly lipophilic, hepatically
metabolized, and with high protein binding. Drugs such
as fluconazole are an exception to these characteristics.
Use of renal replacement therapy (RRT) can influence
the clearance of some antifungal drugs, particularly those
that are predominantly eliminated by renal mechanisms,
are not highly protein bound, and have low molecular
weights, notably the azoles and 5-flucytosine. Moreo-
ver, different RRT characteristics, including the specific
mode, membrane characteristics, flow rates, and dura-
tion of treatment, may influence the effects of RRT on
drug PK and should be taken into consideration when
evaluating dosing [6, 9].

Source control, ie., catheter removal during candi-
demia or abscess drainage in invasive candidiasis, has
proven an independent predictor of reduced mortality
in multiple studies [12, 55]. The optimal total duration
of therapy for candidemia and invasive candidiasis has
not been studied. However, step-down from echinocan-
dins to intravenous or oral azoles appears to be feasible,
once the patient has been stabilized, and provided that
the isolate is azole-susceptible. While most trials allowed
step-down to azoles after at least 10 days of echinocan-
din therapy, a recent non-comparative trial applied a
step-down to an oral azole as early as 5 days after start
of iv treatment [56]. In a prospective cohort study of ICU
patients, neither discontinuation of empirical antifungal
therapy nor de-escalation to fluconazole after 5 days in
the case of documented invasive candidiasis was associ-
ated with a survival difference [57]. Although these stud-
ies were not randomized to compare early step-down
therapy to prolonged echinocandins, the efficacy and
survival results in patients with early step-down were
similar.

Invasive aspergillosis
For the treatment of IPA voriconazole and isavuconazole
are recommended, whilst LAmB or AmB lipid complex

is recommended for species with intrinsic high azole
minimum inhibitory concentrations (MICs). Voricona-
zole is recommended for IPA due to A. fumigatus if the
isolate is voriconazole-susceptible (susceptible if MIC
<1 mg/L) whilst in the case of resistance (MIC >2 mg/L)
LAmB therapy is preferred. Where the voriconazole MIC
equals 2 mg/L (intermediate) the response to voricona-
zole monotherapy is unknown [58]. A growing problem
in IPA treatment is the intrinsic resistance to polyenes
and azoles or the acquired resistance to azoles during
azole therapy mainly in patients with chronic pulmonary
aspergillosis (CPA) [59]. TDM is used to avoid treatment
failure, resistance, or toxicity. The optimal plasma trough
levels (with HPLC/MS) are 1-4 mg/L for itraconazole,
2-6 mg/L for voriconazole, and greater than 1 mg/L for
posaconazole suspension [60—62]. The newer tablet or
intravenous formulation of posacoanzole is more likely to
achieve target plasma levels but there is limited evidence
for routine TDM. Data supporting routine TDM for isa-
vuconazole are also limited, although from phase II/III
clinical studies trough levels of 2—-3 mg/L are suggested.
The use of combination antifungal therapy for IA
is debated, although theoretically this can achieve (a)
potential synergistic effects, (b) broader antifungal spec-
trum, and (c) potentially a reduction of acquired resist-
ance [63]. In vitro and animal studies demonstrated
synergistic or additive effects of a mold-active triazole
(itraconazole, voriconazole, or posaconazole) or ampho-
tericin B with an echinocandin but few human studies
support this practice. The combination of voriconazole
with anidulafungin failed to demonstrate an overall sig-
nificant difference over voriconazole alone in primary
outcome in IPA cases, although in a post hoc subgroup
analysis among galactomannan-positive patients a sig-
nificant advantage favoring combination treatment was
recorded [64]. The use of combination therapy is consid-
ered as therapeutic solution (a) in cases of resistance (e.g.,
Cyp51a mutations), (b) in central nervous system asper-
gillosis due to azole-resistant Aspergillus (favoring flu-
cytosine), (c) as broad initial coverage pending pathogen
identification, (d) for salvage therapy in refractory disease
[65]. In regions with environmental resistance rates of
at least 10%, a voriconazole—echinocandin combination
could be used as initial therapy [66]. The duration of IPA
treatment ranges between 3 and 50 weeks. Physicians
should consider iv to oral switch in stable patients and,
before treatment discontinuation, is essential the closed
monitoring with imaging and microbiological evaluation.
Chronic pulmonary aspergillosis (CPA) is a rare dis-
ease in non-immunocompromised patients with prior
or current lung disease including tuberculosis, chronic
cavitary pulmonary aspergillosis (CCPA), chronic fibros-
ing pulmonary aspergillosis (CFPA), Aspergillus nodules



and single aspergilloma, which in moderately immuno-
compromised patients present as subacute invasive pul-
monary aspergillosis (formerly called chronic necrotising
pulmonary aspergillosis) leading to a more rapidly pro-
gressive infection (<3 months) which should be managed
as invasive aspergillosis.

The diagnosis of CPA requires the combination of
thoracic imaging findings, direct evidence of Aspergil-
lus infection (microscopy or culture from biopsy) or
immunological response to Aspergillus spp., and exclu-
sion of alternative diagnoses, all present for at least
3 months. Long-term oral antifungal therapy is recom-
mended, whilst surgical excision of simple aspergilloma
is suggested if technically possible. Hemoptysis may be
controlled with tranexamic acid and bronchial artery
embolization [67].

What are remaining areas of uncertainty?

Invasive candidiasis

Given the ubiquitous presence of glucan in the environ-
ment, false-positive BDG results have been noted in a
number of conditions frequently encountered in criti-
cally ill patients such as severe mucositis, bacterial sep-
sis, hemodialysis, treatment with antibiotics, albumin,
or immunoglobulins, and transfusion of human blood
products. BDG was superior to the Candida score or the
colonization index for the diagnosis of intra-abdominal
candidiasis or candidemia in high-risk surgical and ICU
patients [68, 69]. However, undetectable serum BDG
does not rule out an early IFI when the clinical suspicion
is high [70].

The detection of fungal DNA by PCR is a technical
challenge because of a low DNA yield after cell lysis and
the risk of false positivity due to contamination by fun-
gal saprophytes. A broad range of in-house PCR methods
have been developed but there still is no commercially
available PCR assay. In a systematic review and meta-
analysis, PCR tended to be positive at an earlier time
point than conventional microbiology with pooled sensi-
tivity and specificity of PCR for candidemia of 95% and
92%, respectively [71]. In a recent study, plasma or serum
PCR was more sensitive than BDG in patients with IC
or deep-seated candidiasis (80% versus 56% and 88%
versus 62%, respectively) but not in those with candi-
demia [72]. Sensitivities reached 98% when blood culture
was combined with PCR. A whole blood assay combin-
ing PCR technology and nanoparticle-based hybridi-
zation (T2 magnetic resonance) was recently shown
to rapidly (<5 h), accurately, and reproducibly detect
1-3 CFU of C. albicans, C. tropicalis, C. glabrata, C. kru-
sei, and C. parapsilosis per milliliter of spiked blood
or in patients with a low incidence of IC [73]. Lately, a
PCR/electrospray ionization—mass spectrometry (PCR/

ESI) technology was developed to detect more than 800
bloodstream infection-relevant bacterial and Candida
species within 6 h of sample acquisition. Findings from
the RADICAL study showed 81% sensitivity, 69% speci-
ficity, and 97% negative predictive value with PCR/ESI
when compared with conventional cultures [74]. In a
set of prospectively collected blood samples in sepsis
patients, PCR/ESI and standard microbiology were con-
cordant in 86% of culture-positive samples [75]. Of note,
the PCR/ESI assay is not capable of determining antimi-
crobial resistance phenotypes, and the inclusive detection
of resistance-associated genotypes is, to date, limited to
only few broad-spectrum antibiotic resistance markers.

Many questions about the proper management of fun-
gal infections still exist without definitive answers. The
absence of definite diagnostic criteria in patients with
suspicion of non-candidemic invasive candidiasis makes
it clearly difficult to determine the efficacy of differ-
ent therapeutic approaches. In fact, the negative results
of ESAT in the recent clinical trial can be explained by
the fact that many of these patients did not truly have an
invasive candidiasis despite the fact that all had sepsis,
multiple organ failure, and multifocal Candida coloniza-
tion [17].

Although several diagnostic algorithms based on the
combination of clinical scores and microbiological tests
have been proposed, this approach did not discriminate
infected from non-infected patients. New diagnostic
tools with higher sensitivity and specificity are clearly
needed. For the rapid diagnosis of Candida bloodstream
infections, technologies such as MALDI-TOF allow the
direct identification of bacteria from positive blood cul-
tures whereas yeasts are poorly identified using this tech-
nique [76, 77]. New technologies (i.e., fluorescence in situ
hybridization) [78] capable of identifying Candida spp.
in blood cultures within a few hours are highly attractive,
but clinical studies are needed to establish the clinical
benefits of these diagnostic tools and how to introduce
them into the diagnostic work-up. T2 diagnostic technol-
ogy is an exciting development in the field, but more real-
world experience is needed [73, 79].

Recent studies have also cast doubt about the optimal
dosing of antifungals in critically ill patients, especially in
more severe condition [80]. There are also emerging data
linking suboptimal dosing to the emergence of antifun-
gal resistance and a poor outcome. Dosing of antifun-
gal agents in patients with extracorporeal devices needs
more studies to define the therapeutic schemes that avoid
subtherapeutic levels. In this sense, the impact on out-
come of TDM warrants further investigations.

Despite the publication of the randomized trial sug-
gesting the superiority of anidulafungin compared to
fluconazole [5], physicians have continued to prescribe



fluconazole with candidemia or invasive candidiasis, sup-
ported by some of the guidelines. Many physicians have
long favored fluconazole over the new echinocandins,
driven by the vast clinical experience with fluconazole, its
favorable pharmacokinetics and tissue penetration, and
its low price compared to echinocandins.

Recently, a second, large randomized trial comparing
azoles to echinocandins as initial therapy for candidemia
or invasive candidiasis demonstrated a similar differ-
ence. In that study, the success rate in the isavuconazole
group was 60.3% vs. 71.1% in the caspofungin group [81].
A pooled analysis was performed of patient-level data
from seven randomized antifungal treatment trials, using
30-day mortality as the primary endpoint [55]. In this
analysis, randomization to an echinocandin was associ-
ated with significantly greater clinical success and better
survival than treatment with amphotericin B or azoles.
The advantage of echinocandin therapy over azoles was
demonstrated in patients with low and moderately high
APACHE 1I scores, suggesting that the survival benefit
from echinocandin treatment is not limited to severely
ill patients [55]. Multiple cohort studies have identified
treatment with an echinocandin to be independently
associated with better survival in multivariate analyses,
e.g., in severely ill patients with candidemia and septic
shock [82], and in patients infected by C. glabrata [83].

Despite the lack of randomized trials, antifungal ther-
apy for patients with severe community-acquired or
healthcare-associated intra-abdominal infection is rec-
ommended if Candida is grown from cultures [9, 84].

As patients with candidemia are easier to recognize and
to enroll in clinical trials than patients with deep-seated
candidiasis, trial results and guidelines have mainly
focused on patients with candidemia [9]. Specific studies
will need to identify the optimal diagnosis and treatment
of deep-seated abdominal candidiasis.

In a large clinical study, ICU patients with polymor-
phisms in their TLR/interferon-a host defense pathway
were more likely to develop candidemia than underlying
disease-matched ICU controls [85]. A genome-wide anal-
ysis has identified several additional immune polymor-
phisms that render patients up to 19 times more likely
to acquire candidemia than other ICU patients [86].
These findings may lead to screening strategies to iden-
tify patients at risk and requiring antifungal prophylaxis,
early empiric therapy, or adjunctive immunotherapy
when undergoing surgery or ICU admission [87].

Invasive aspergillosis

The survival of patients with IPA has increased in recent
years owing to advances in diagnosis and the release of
newer antifungal drugs, but the overall outcome still
remains suboptimal (attributable mortality is considered

42-64%) especially in certain populations (e.g., allogeneic
HSCT) or in cases of extrapulmonary involvement [63].
According to Taccone et al.,, the mortality predictors for
critically ill with IPA include age, SOFA score, mechani-
cal ventilation, and renal replacement therapy at diagno-
sis [26, 88].

What do the international group of experts recommend

as the top 10 studies/trials to be done in the next 10 years
and what are expected outcomes/results of these trials?
Invasive candidiasis

Recent observations emphasize the necessity to build
a worldwide sentinel network to collect epidemiologi-
cal data in real time in order to monitor the emergence
of new fungal species causing IC and changes in suscep-
tibility of the most common isolates. Obtaining robust
data on the attributable mortality of IC is critical for the
design of clinical studies with mortality endpoints.

Despite enormous progress made in mycological diag-
nostics, molecular methods relying on culture amplifica-
tion remain inadequate to fill the temporal gaps between
the release of a laboratory result and the identity of
causative fungal pathogens and susceptibility patterns.
Upcoming molecular methods applied directly to clinical
specimens may greatly accelerate diagnosis and signifi-
cantly impact on early therapy of IFIs. Trade-offs in terms
of increased sensitivity include the risk of false-positive
results due to environmental fungal DNA contamination.
Yet, fully automated molecular tests may help reduce
the risk of contamination, workload, and error rates and
thus offer the promise of short turnaround time which
is essential for early diagnosis and prompt initiation of
appropriate therapy for IFls.

As the discussion has highlighted, the recent years have
seen the development of various new biomarkers for the
diagnosis and management of candidemia and invasive
candidiasis, along with a better appreciation and valida-
tion of various clinical stratification tools. Hence, we sug-
gest three potential studies that should help to elucidate
our understanding of these severe infections. First, it
remains unclear how the use of biomarkers can be differ-
entially integrated into pre-emptive therapy strategies. A
randomized controlled trial linking change in biomarkers
and a clinical risk score as part of a pre-emptive treatment
strategy as compared to standard therapy would provide
substantial insight. Second, with expanding utilization
of procalcitonin (PCT) to guide anti-infective treatment
initiation and duration, there remains a paucity of knowl-
edge about if and how this test can be applied in cases
of either suspected or confirmed candidemia or invasive
candidiasis. Simple observational studies to appreci-
ate the natural history of changes in PCT in candidemia
are necessary as are studies to define the sensitivity and



Table 4 Top 10 studies/trials to be done in the next 10 years

1. Worldwide sentinel network to collect epidemiological data in real time

2. A randomized controlled trial linking change in biomarkers and a clini-
cal risk score as part of a pre-emptive treatment strategy as compared to
standard therapy

3. Utilization of PCT to guide treatment initiation and duration

4. Specific study on the treatment of abdominal candidiasis (drug, dose,
duration)

5. Study on PK/PD and TDM of antifungal molecules in critically ill patients

6. Identification of immunogenetics-based risk profiles for identifying
patients at highest risk for invasive candidiasis

7. Phase 3 Studies on new antifungals (CD101, SCY078, and APX001)

8.The clinical impact of the Aspergillus LFD and SeptiFast assay in the rapid
diagnosis of invasive aspergillosis

9. The significance of combination treatment patients’ outcome and
impact of PK/PD profile of combined antifungal molecules

10. Study on incidence of extrapulmonary manifestation of aspergillosis

Monitor emergence of new fungal species and changes in susceptibility of
the most common isolates

Provide substantial insight to better define pre-emptive strategy

Provide knowledge about if and how this test can be applied in cases of
either suspected or confirmed candidemia or invasive candidiasis

Better knowledge about optimal management

Better knowledge about tissue penetration of echinocandins, optimal dos-
ing schedule for echinocandins, when and how to do TDM

Personalized antifungal prophylaxis or treatment

These new options may contribute to optimal management and lower
mortality rates among patients with candidemia or invasive candidiasis

Easier and more rapid diagnosis of invasive aspergillosis

Better knowledge about combination therapy in patients with invasive
aspergillosis

Better knowledge about the epidemiology and the management of medi-
astinitis after cardiac surgery and pericarditis/endocarditis

specificity of this test for non-bacterial processes. Third,
with the advent of new biomarkers and expanding data
to explain the value and limitations of older ones, we sug-
gest a randomized controlled study employing multiple
biomarkers and changes in them to guide initiation and
duration of therapy. We envision moving to a scenario
much akin to venous thromboembolism, where a risk
score stratifies pretest probability formally and then bio-
markers with high sensitivity are measured and followed
by an assessment of biomarkers with enhanced specific-
ity—so as to decrease the number of patients unnecessar-
ily exposed to antifungal therapy.

For the management of patients with invasive candidi-
asis, future studies may specifically address the optimal
diagnostic and therapeutic strategies for patients with
deep-seated abdominal candidiasis or Candida perito-
nitis. These patients are currently often underdiagnosed;
while it is assumed that echinocandins constitute the opti-
mal treatment regimen, specific studies on treatment of
abdominal candidiasis are lacking. Second, better knowl-
edge of PK of antifungal molecules and tissue penetration
is a key issue for intensivists. The optimal dosing schedule
for echinocandins in ICU patients in not known. Given
the inter-individual variability observed in ICU patients,
the role of TDM should be studied further. Third, identifi-
cation of immunogenetics-based risk profiles may identify
patients at highest risk for invasive candidiasis, leading to
personalized antifungal prophylaxis or treatment. Finally,
new antifungal drugs are currently under development.

At least three compounds are under development: a long-
acting echinocandin (CD101, Cidara) and two entirely
new antifungal classes (SCY078, Scynexis, and APX001,
Amplyx) will enter phase 2/3 candidemia/invasive can-
didiasis trials shortly. These new drugs and new person-
alized antifungal strategies may contribute to optimal
management and lower mortality rates among patients
with candidemia or invasive candidiasis.

Invasive aspergillosis

During the last decade significant progress regarding
epidemiology, diagnosis, and treatment of IPA has been
recorded. However, further investigation is needed for
topics including (a) the incidence of IPA in the ICU, (b)
the relationship between IPA and influenza outbreaks,
(c) the clinical impact of the Aspergillus LFD and Septi-
Fast assay in the rapid diagnosis, (d) the significance of
combination treatment (patients’ outcome, impact of PK/
PD profile of combined antifungal molecules), and (e) the
extrapulmonary manifestation of aspergillosis (mediasti-
nitis after cardiac surgery, pericarditis/endocarditis).

Conclusions

As a result of epidemiologic changes, the continuing evo-
lution of pathogens and new patient groups at risk, infec-
tious diseases scientists and physicians can never be fully
satisfied with the tools at hand. However, during recent
years, the scientific community made significant progress
in epidemiology, diagnosis, and treatment of IFI. This is



an excellent foundation on which to build the next steps
of improvement. Further investigation aims to reduce
the still high morbidity and mortality of IFI, and to raise
awareness of IFI among clinicians.

Combining clinical and microbiological expertise, we
recommend the following array of research topics for the
agenda of the immediate decade (Table 4).

A worldwide sentinel network needs to collect data on
emerging pathogens, changing susceptibility patterns,
and IFI-attributable mortality in real time. Studies on
accelerated diagnosis would allow earlier targeted treat-
ment and should emphasize molecular characterization
of cultured pathogens and ideally the direct application
of molecular methods to clinical specimens. The rand-
omized comparison of experimental treatment strategy
integrating clinical stratification and old and new bio-
markers with current treatment standard would provide
valuable strategic insights. At the same time studies on
biomarkers should guide clinical decision-making on the
fundamental issues of when to start and when to stop
antifungal treatment. A less well-studied clinical issue is
the various forms of deep-organ IFI, ranging from bone
and joint to intra-abdominal infection. In critically ill
patients, studies on antifungal PK, tissue penetration,
and optimal dosing schedules would elucidate the role
of TDM. Finally, studies on immunogenetic risk pro-
files could eventually lead to personalized antifungal
strategies.

Researching the above topics will advance our knowl-
edge of IFI and will allow decisive development against
fungal morbidity and mortality in critically ill patients.
Current industrial drug development plans may address
some of the agenda items, but the vast majority goes
beyond the interest and capability of the pharmaceutical
industry and requires action of public funding bodies.
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