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Introduction  Candidemia is a challenging clinical
condition with high rates of morbidity and mor-
tality.! Key requirements for its prompt manage-
ment include early identification and timely ini-
tiation of appropriate systemic antifungal ther-
apy, consistently reported as a major determi-
nant of survival. However, the diagnosis of can-
didemia can be challenging and is often delayed
as there are no specific clinical signs, blood cul-
tures have low sensitivity, and detection of fun-
gal blood cultures takes a long time. In addition,
there is evidence that a significant percentage of
such infections occurs in patients admitted to in-
ternal medicine departments. This is not particu-
larly surprising given the advanced age of many
inpatients at internal medicine departments and
multiple complex comorbidities. Moreover, re-
lated therapies and healthcare system contacts
often involve the use of central venous cathe-
ters and other indwelling devices, potentially en-
tailing high risk of candidemia.? Therefore, opti-
mization of the diagnostic and therapeutic ap-
proach is an important and still unfulfilled need
for the management of candidemia in internal
medicine departments.

Methods During the period from March to De-
cember 2018, the Italian Scientific Society of
Hospital Internal Medicine (FADOI) promoted
a multicenter nationwide study of candidemia
(FADOI-EPICAI, ClinicalTrials.gov identifier,
NCT03906916). The aim was twofold: to com-
pare 2 diagnostic tests for candidemia, namely,

1,3-B-D-glucan (BDG) and blood cultures, and to
evaluate the efficacy and safety of early treatment
with echinocandin micafungin in inpatients of in-
ternal medicine departments.

The rationale for combining these aims was
based on the rapidity of testing BDG (a cell wall
constituent of most medically important fungi)
as compared with cultures, together with its high
negative predictive value. For the dosage of BDG,
we used the Fungitell assay (Associates of Cape Cod
Inc, East Falmouth, Massachusetts, United States).

Treatment with micafungin (100 mg/d intrave-
nously, for a maximum of 28 days) can be started
as soon as clinical suspicion arises, potentially en-
abling a better outcome; and, by the same token,
itis possible to discontinue the treatment timely
in the event of a negative BDG result. To enhance
pretest probability, we recruited patients deemed
to be at high risk of candidemia.

Inclusion criteria, based on previous findings,**
were as follows:

« Patients with 2 or more of the following crite-
ria defining systemic inflammatory response syn-
drome: 1) hyperthermia or hypothermia (body
temperature >38°C or <36°C); 2) tachycardia
(heart rate >90 bmp); 3) tachypnea (respiratory
rate >20 breaths per minute or partial pressure
of carbon dioxide in arterial blood <32 mm Hg);
and 4) leukocytosis or leukopenia (white blood
cells >12000/mm?3 or <4000/mm?);

« Patients receiving antibiotic therapy in the pre-
vious 4 weeks, with a central venous catheter or
peripherally inserted central venous catheter;
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TABLE 1 Distribution of predictive criteria for invasive candidiasis according to
a registry promoted by FADOI
Variable Patients
(n=111)
SIRS defined by the presence of >2 criteria 45 (40.5)
SIRS criteria Hyperthermia or hypothermia: body 55 (49.5)
temperature >38 °C or <36 °C
Tachycardia: heart rate >90 bpm 44 (39.6)
Tachypnea: respiratory rate >20 breaths/minor 24 (21.6)
PaC0, <32 mm Hg
Leukocytosis or leukopenia: WBC >12000/mm?® 37 (33.3)
and <4000/mm?
Antibiotic therapy in the previous 4 weeks 75 (67.6)
CvC/PICC 57 (51.4)
Corticosteroid/immunosuppressive therapy 12 (10.8)
Total parenteral nutrition 44 (39.6)
Urinary catheter 64 (57.7)
Anticancer chemotherapy in the previous 3 weeks 25 (22.5)
Major surgery in the previous 3 weeks 15(13.5)
Acute pancreatitis 0
Diabetes mellitus 19 (17.1)
Liver diseases 1(0.9)
Dialysis 0

Data are shown as number (percentage) of patients.

Abbreviations: CVC, central venous catheter; PaC0,, partial pressure of carbon dioxide
in arterial blood; PICC, peripherally inserted central venous catheter; SIRS, systemic
inflammatory response syndrome; WBC, white blood cells

+ Atleast 2 of the following: corticosteroid ther-
apy/immunosuppressive agents; total parenter-
al nutrition; urinary catheter; anticancer che-
motherapy or major surgery in the previous 3
weeks; acute pancreatitis; diabetes mellitus; liv-
er diseases; dialysis.

The FADOI-EPICA1 study was approved by
institutional review boards of each participat-
ing center. It was carried out in accordance
with the ethical standards of the 1964 Decla-
ration of Helsinki with its later amendments.
The study also complied with specific Italian le-
gal and regulatory requirements. Patients pro-
vided their written informed consent to partic-
ipate in the study.

Results A total of 24 Italian clinical centers par-
ticipated in this study. During the selection of
study centers, investigators were asked to re-
port the number of patients with positive blood
cultures for Candida observed during the previ-
ous year (2017): the mean number of patients
for each center was 5 (range, 1-17). However, in
the 10-month study period, only 14 patients com-
plying with the inclusion criteria were identified
and underwent BDG testing and fungal blood
cultures. This meant that, despite the promot-
ers’ awareness-raising efforts, the envisaged sam-
ple of 100 patients remained unachievable, and it
was therefore decided to discontinue the study.
The disappointingly low enrollment rate was ex-
plained by the participating centers on the basis
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of the inclusion criteria, which had proved to be
too selective. Surprisingly, only one of the 14 se-
lected patients with very high pretest probabili-
ty of candidemia proved positive for BDG. Blood
cultures were negative in all cases.

Discussion Despite its early discontinuation and
lack of a conclusive outcome, the FADOI-EPICA1
study provided a stimulus for a critical reapprais-
al of clinical predictors of invasive candidiasis (IC)
in internal medicine.

In the same period, FADOI was completing
a registry (FADOI-IFI) including 18 Italian cen-
ters, aiming to provide real-world data on the in-
cidence, clinical characteristics, management,
and outcomes of inpatients with IC at internal
medicine departments.® A total of 111 patients
with an established diagnosis of IC were includ-
ed in the registry, and we evaluated the distribu-
tion of the predictive criteria chosen for enroll-
ment in the EPICA study. The relevant data are
reported in TABLE 1.

Overall, only 20 of the 111 patients (18%) in
the FADOI-IFI registry presented the inclusion
criteria for enrollment in the EPICA study; in
other words, more than 80% of the patients with
a documented diagnosis of candidemia enrolled
in the registry would not have been recognized
as high-risk patients by applying the EPICA1 in-
clusion criteria.

Predictive tools for IC, such as the Candida
score and Ostrosky-Zeichner score, have been de-
signed and validated with reference to the risk of
candidemia in surgical and medical patients ad-
mitted to the intensive care unit.®’ On the oth-
er hand, these predictors have been neither ade-
quately characterized nor validated in the inter-
nal medicine department settings.

The FADOI-EPICAL study selected a number
of variables aimed at identifying patients with
high risk of candidemia, on the basis of exist-
ing observational data for the Italian internal
medicine department setting. However, the fig-
ures reported above indicate that these criteria
have an low predictive capacity. Recently devel-
oped risk assessment models specific to inpa-
tients at internal medicine departments*® have
not been prospectively validated. These are cer-
tainly useful scientific contributions to the re-
search needed on such a challenging issue, but
the identification of a highly effective predictive
tool still seems a difficult goal to achieve. Par-
ticularly, many risk factors for candidemia have
been established, and many of these are includ-
ed in the scores used in the intensive care set-
ting (ie, Candida and Ostrosky-Zeichner score).
An attempt to describe factors associated with
an increased risk of candidemia in internal med-
icine patients has been recently published.® In
that study, the following factors were associ-
ated with an increased risk of candidemia and
weighted to build a score: total parenteral nutri-
tion (odds ratio [OR], 2.45; P = 0.008; 1 point);
central venous catheter (OR, 2.19; P = 0.031;



1 point); peripherally inserted central cathe-
ter (OR, 5.63; P <0.0001; 3 points), antibiotic
treatment prior to hospitalization (OR, 2.06;
P =0.059; 1 point) and during hospitalization
(OR, 2.38; P = 0.033; 1 point); neurological dis-
ability (OR, 2.25; P = 0.01; 1 point); and previ-
ous hospitalization within 3 months (OR, 1.56;
P =0.163; 1 point). In the receiver operating
characteristic curve analysis, a final score of 4
or more showed 84% sensitivity, 76% specific-
ity, and 80% accuracy in predicting the risk of
candidemia.

However, this predicting rule has not been pro-
spectively validated and no predicting criteria are
available for reliably establishing an a priori prob-
ability of candidemia in internal medicine depart-
ment patients.

Tellingly, the percentages of patients with prov-
en IC in the FADOI-IFI registry who would have
been identified as at high risk of candidemia were
29.7% and 37.8% for the models proposed by Fal-
cone et al* and Sozio et al,® respectively. Any like-
lihood of these figures having been underestimat-
ed is extremely remote, given the thoroughness
of the registry data collection.

Another important consideration is that
the study of bloodstream infections by Candida
is considerably limited by the absence of highly
accurate diagnostic methods. Average sensitivi-
ty of blood cultures, currently the standard diag-
nostic tool for candidemia, has been estimated as
50%.° This limitation, together with the absence
of reliable predictive factors, makes the manage-
ment of Candida infections extremely challeng-
ing. It has to be evaluated if a change for the bet-
ter can be expected with the upcoming availability
of accurate and reliable diagnostic methods, such
as the T2 magnetic resonance assay.'’

In conclusion, early recognition of candidemia
is a cornerstone of management, enabling timely
and appropriate antifungal therapy, and thus im-
proving patients’ outcomes. However, in the spe-
cific setting of the internal medicine department,
which accounts for a large proportion of patients
with candidemia, the identification of highly re-
liable and predictive tools still remains an unful-
filled need. This gap can be possibly filled by tar-
geted research, with large derivation and valida-
tion cohorts, while also leveraging the potential
of machine learning'' and bundle strategies to in-
tegrate clinical variables with accurate, reliable,
and rapid diagnostic tools.
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