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Abstract

Background To date, azoles represent the only
viable option for oral treatment of invasive Candida
infections, while rates of azole resistance among non-
albicans Candida spp. continue to increase. The
objective of this sub-analysis of the European
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multicenter observational cohort study Candida III
was to describe demographical and clinical character-
istics of the cohort requiring prolonged hospitalization
solely to complete intravenous (iv) antifungal treat-
ment (AF Tx).

Methods Each participating hospital (number of
eligible hospitals per country determined by popula-
tion size) included the first ~ 10 blood culture proven
adult candidemia cases occurring consecutively after
July Ist, 2018, and treating physicians answered the
question on whether hospital stay was prolonged only
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for completion of intravenous antifungal therapy.
Descriptive analyses as well as binary logistic regres-
sion was used to assess for predictors of prolonged
hospitalization solely to complete iv AF Tx.
Findings Hospital stay was prolonged solely for the
completion of iv AF Tx in 16% (100/621) of
candidemia cases by a median of 16 days (IQR 8 —
28). In the multivariable model, initial echinocandin
treatment was a positive predictor for prolonged
hospitalization to complete iv AF Tx (aOR 2.87,
95% CI 1.55-5.32, p < 0.001), while (i) neutropenia,
(i1) intensive care unit admission, (iii) catheter related
candidemia, (iv) total parenteral nutrition, and
(v) C. parapsilosis as causative pathogen were found
to be negative predictors (aOR 0.22 — 0.45; p < 0.03).
Interpretation Hospital stays were prolonged due to
need of iv AF Tx in 16% of patients with candidemia.
Those patients were more likely to receive echinocan-
dins as initial treatment and were less severely ill and
less likely infected with C. parapsilosis.

Keywords Candida tropicalis - Candida auris -
Candida albicans - Candida parapsilosis - Candida
glabrata - Mortality - Guidelines
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Introduction

Invasive candidiasis (IC) including candidemia
remains the most frequent invasive fungal infection
in European and worldwide hospitals [1, 2]. Mortality
rates are high with around 37% expected to have a
fatal outcome at day 30 [3, 4]. Early adequate
antifungal treatment is efficacious and one of the most
important predictors of survival [5]. The European
Society for Clinical Microbiology and Infectious
Diseases (ESCMID) [6] and the Infectious Diseases
Society of America (IDSA) guidelines [7] recommend
echinocandins as first line treatment, which can be
administered intravenously only. While stepdown to
oral fluconazole treatment can be considered after
5 days or even earlier [8, 9], fluconazole has a
narrower spectrum of activity paired with the contin-
uous emergence of azole resistance among non-
albicans Candida spp., including C. glabrata [10], is
less well tolerated than echinocandins causing hepa-
totoxicity, and also lacks activity against biofilms [11].
Therefore, stepdown to an oral agent is not always
feasible and prolonged intravenous (iv) antifungal
treatment (AF Tx) may be necessary. This may
prevent otherwise timely discharge of patients, mean-
ing prolonged hospitalization to complete iv AF Tx or
daily outpatient iv treatment, if available. Results are
increased costs, risk for nosocomial infections, and
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avoidable waste of resources. New antifungals,
including rezafungin (echinocandin with prolonged
half-life allowing once-a-week administration) and
ibrexafungerp (oral triterpenoid glucan synthase
inhibitor) are currently in late stage clinical develop-
ment and may help tackle this problem [12, 13]. To
utilize these new drugs most efficaciously, studies are
needed to identify patient populations that would
benefit most from these new antifungal treatments.
However, demographic and clinical factors that are
associated with prolonged hospitalization solely to
complete iv AF Tx have to date not been sufficiently
described.

In order to delineate characteristics, as well as
identify predictors for prolonged hospitalization solely
to complete AF Tx, we performed a sub-analysis of the
ECMM Candida III dataset [4].

Methods
Study Design and Participating Centers

The ECMM designed and conducted the CANDIDA
III study—its third pan European multicenter obser-
vational cohort study over the past 25 years
[4, 14, 15]—to collect data on epidemiology, risk
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factors, treatment, and outcomes of culture proven
candidemia across Europe, as well as to assess the
impact of guideline adherence on survival [4]. This
represents a sub-analysis of CANDIDA III [4], where
each participating hospital included the first ~ 10
blood culture proven adult candidemia cases occurring
consecutively after July 1%, 2018. In short, participat-
ing centres/treating clinicians entered data on patient
demographics, risk factors and characteristics, dura-
tion of hospitalization, diagnostic procedures, causa-
tive Candida species, treatment characteristics
including antifungal treatment, whether hospital stay
was prolonged only for completion of parenteral
antifungal treatment, and outcomes, into the ECMM
Candida Registry—CandiReg — FungiScope® (NCT
01731353) [16, 17], on www.clinicalsurveys.net (EFS
Fall 2018 Questback, Cologne, Germany) [4]. Can-
didemia was defined as the isolation of Candida spe-
cies from blood culture, and the subanalysis was
performed within the pool of those 621 where Candida
spp. was reported. The main objective of this sub-
analysis was to describe demographic and clinical
characteristics of the cohort requiring prolonged hos-
pitalization to complete iv AF Tx.
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Statistical Analysis and Ethics

For patients with prolonged hospitalization solely to
complete iv AF Tx descriptive statistical analysis was
performed for clinical characteristics and demo-
graphic variables, as well as for the distribution of
Candida species. Case level data is available from
corresponding authors by request. Data were summa-
rized employing frequencies, percentages, mean and
standard deviation (SD) or median and interquartile
range (IQR) as appropriate. Binary logistic regression
was used to assess for predictors of prolonged
hospitalization solely to complete iv AF Tx in
30-day candidemia survivors. The reason for focusing
only on 30-day survivors was to avoid bias that could
have been introduced by including patients who had a
fatal outcome before they could even possibly meet
the event definitions of prolonged hospitalization
solely to complete iv AF Tx. First, univariable analysis
of clinical predictors was performed. All variables
significant at p < 0.15 in univariable analyses were
considered as possible predictor variables for multi-
variable analysis.

This study was performed in accordance with the
ethical standards laid down in the 1964 Declaration of
Helsinki and its later amendments. For the database,
retrospective data entry, and data analysis a central
ethical approval was obtained at the University of
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Cologne, Germany (EK 17-485) that indicates that,
generally, neither informed consent nor institutional
review board (IRB) approval of each participating
hospital would be required. Each participating hospital
was required to obtain local IRB confirmation or
approval as deemed necessary by the respective local
regulations/authorities. Two-sided p < 0.05 was taken
as cut-off for statistical significance. All statistical
analyses were performed using IBM SPSS Statistics
25 (SPSS Inc., Chicago, IL, USA) and R (version
4.3.1; www.r-project.org).

Results

A total of 621 unique patients with culture proven
candidemia were included in the parent study. Of
those, 16.1% (100/621), reported from 33 institutions
in 16 countries had prolonged hospitalization specif-
ically for the completion of iv AF Tx according to the
treating physician. Hospitalization was prolonged
solely to complete iv AF Tx by a median of 16 days
(IQR 8 —-28; mean 22 days, SD 19 days; data available
from 81 patients); the total duration of hospitalization
in that group was median 21 days (IQR 15-45, mean
35 days). The median duration of hospitalization in
those without prolonged hospitalization for iv AF Tx
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(n=521) was 14 days (IQR 5-30 days; mean
22 days, SD 42).

For the cohort of 100 patients with prolonged
hospitalization solely to complete iv AF Tx, patient
characteristics, risk factors, treatment, as well as
distribution of Candida spp. are displayed in Table 1.
The majority (62%) were male and mean age was
57.6 years (SD 15.4). The most common underlying
conditions were hematological/oncological malig-
nancy (32%), diabetes mellitus (type I and II, 18%),
ICU admission (17%) and major surgery (15%).
Candidemia was classified as catheter related blood-
stream infection (CRBSI) in 8% of those cases. C.
albicans was the most common causative pathogen
(42%), followed by C. glabrata (31%), C. parapsilosis
and C. tropicalis (6% each), C. krusei (4%) and C.
auris (3%), and other rare Candida spp. (4%).

In about half the cases (55%) echocardiography
was performed, showing cardiac involvement in 13%
of those examined. Eye exam was reported in 42% of
cases showing ocular involvement in 12%. The vast
majority (85%) received treatment consultation by an
infectious diseases and/or microbiology expert. All-
cause mortality at day 30 was 10%, and in 6/10 cases
with a fatal outcome by day 30 investigators classified
the death as unrelated to candidemia.

Echinocandins were the first line antifungal drug in
73% of cases. Another 5% were started on fluconazole
but were then switched to an echinocandin, while 3%
were either started on or switched to liposomal
amphotericin B (Table 1).

Informed by univariable binary logistic regression,
we evaluated predictors for prolonged hospitalization
solely to complete iv AF Tx in patients who were alive
at day 30 after diagnosis (n = 383; 30-day mortality in
the overall cohort was 38%). Indicators for patients
who were severely ill [= intensive care unit (ICU)
admission, catheter related bloodstream infections
(CRBSI), major surgery, neutropenia, total parenteral
nutrition (TPN)] showed negative odds ratios (OR) for
prolonged hospitalization solely to complete iv AF Tx
(OR 0.22 - 0.48; p = < 0.001 — 0.022). Concerning
causative Candida species, patients with C. parap-
silosis candidemia were less likely (OR 0.26, 95% CI
0.009 — 0.75, p =0.012) to experience prolonged
hospitalization solely to complete iv AF Tx in contrast
to patients with C. glabrata candidemia (OR 1.90,
95% CI 1.11 — 3.25, p = 0.019). In the multivariable
model, neutropenia, ICU admission, CRBSI, TPN, and

C. parapsilosis remained significant negative predic-
tors for prolonged hospitalization solely to complete iv
AF Tx, while initial echinocandin treatment (aOR
2.87, 95%CI 1.55 - 5.32, p < 0.001) remained a
strong positive predictor. In contrast, C. glabrata as
causative pathogen failed to reach statistical signifi-
cance (aOR 1.74 95% CI 0.95 - 3.20, p = 0.075)
(Table 2).

In addition, 4.3% (27/621) of patients included in
the parent study from 16 institutions (including three
institutions from France and two from Belgium,
Germany, Netherlands, Spain and United Kingdom
each) received outpatient intravenous antifungal ther-
apy (all did not have prolonged hospital stay for
completion of iv AF Tx). Among those, C. albicans
and C. glabrata were the most frequent pathogens
(each 38%; 10/26), followed by C. tropicalis, C. auris
and C. parapsilosis (each 8%; 2/26). 30-day mortality
was 11% (3/27) and overall mortality 22% (6/27).

Discussion

We performed a sub-analysis of a multicenter obser-
vational study of candidemia, involving 64 hospitals
from 20 countries across Europe, and found that
16.1% of patients with candidemia had prolonged
hospitalization solely to complete iv AF Tx. These
were less severely ill, had higher survival rates [4] and
were less likely infected with C. parapsilosis. Outpa-
tient iv AF Tx was performed in an additional 4.3% of
the study population, outlining that in 20.4% no
(sufficient) oral treatment options were available.
Our study highlights that there was a significant
group of patients where step-down to oral fluconazole
[8] was not performed. In the multivariable model,
indicators of severe disease, namely neutropenia, ICU
admission and TPN, but also CRBSI and C. parap-
silosis as a causative pathogen remained significant
negative predictors for prolonged hospitalization
solely to complete iv AF Tx, likely because some of
these factors were per se associated with longer
duration of hospitalization. In contrast, initial
echinocandin treatment and candidemia caused by C.
glabrata were positive predictors for prolonged hos-
pitalization solely to complete iv AF Tx, with the latter
not reaching statistical significance in the multivariate
model. However, C. glabrata was even more over-
represented among the smaller group of 27 patients

@ Springer
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Table 1 Patient characteristics and distribution of Candida species in patients with prolonged hospital stay solely to complete
intravenous (iv) antifungal treatment (AF Tx) and in those without (excluding patients who received ambulatory parenteral treatment)

Patients with prolonged
hospital stay solely to
complete iv AF Tx

(N =100) (%)

Other patients without prolonged hospital
stay solely to complete iv AF Tx and
without ambulatory parenteral antifungal
treatment (N = 494) (%)

Age, mean (SD), y

Sex — no. (%)

Male

Risk factors for IC

SOT

BMI > 30

Diabetes mellitus
Prosthetic valves/ other foreign body
Total parenteral nutrition
Major surgery

ICU

ECMO
Haematological/Oncological malignancy
Countries

Serbia

France

Spain

Germany

Slovenia

Russia

United Kingdom

Italy

Austria

Netherlands

Sweden

Turkey

Others

Causative Candida species™
C. albicans

C. glabrata

C. parapsilosis

C. tropicalis

krusei

auris

. dubliniensis

. lusitaniae

rugosa

A0 OO0 an

. digboiensis
Others
Not specified

Isolate susceptible to fluconazole®

57.6 (15.4)

62 (62%)

3 (3%)
15 (15%)
18 (18%)
15 (15%)
8 (8%)

15 (15%)
17 (17%)
1 (1%)

32 (32%)

25 (25%)
19 (19%)
8 (8%)
6 (6%)
6 (6%)
6 (6%)
5 (5%)
5 (5%)
4 (4%)
4 (4%)
4 (4%)
4 (4%)
4 (4%)

42 (42%)
31 (31%)
6 (6%)

6 (6%)

4 (4%)

3 (3%)

1 (1%)

1 (1%)

1 (1%)

1 (1%)

0

4 (4%)
53 (53%)

63.1 (15.1)

280 (57%)

10 (2%)
84 (17%)
115 (23%)
63 (13%)
122 (25%)
138 (28%)
203 (41%)
14 (3%)
203 (41%)

4 (1%)
46 (9%)
37 (8%)
63 (13%)
4 (1%)
25 (5%)
87 (18%)
24 (5%)
26 (5%)
19 (4%)
14 (3%)
61 (12%)
84 (17%)

235 (48%)
92 (19%)
75 (15%)
38 (8%)
12 (2%)
11 2%)
9 (2%)

4 (1%)

2 (0.4%)
0

22 (4%)
11 2%)

@ Springer



Mycopathologia (2023) 188:983-994 989

Table 1 continued

Patients with prolonged
hospital stay solely to
complete iv AF Tx

(N = 100) (%)

Other patients without prolonged hospital
stay solely to complete iv AF Tx and
without ambulatory parenteral antifungal
treatment (N = 494) (%)

Isolate intermediate to fluconazole® 13 (13%) -

Isolate resistant to fluconazole® 18 (18%) -
Clinical course and outcome

CRBSI 8 (8)
Charlson Comorbidity Index, median (IQR) 5 (3-8)

Complications*

116 (24%)
5 (3-8)

Cardiac involvement 7155 (13%)
5/42 (12%)

16/157 (10%)

Eye involvement 14/116 (13%)

Mixed fungal infections 5 (5%) 29 (6%)
ID/Microbiology Treatment Consultation 85 (85%) 391 (89%)
Treatment
Started echinocandin 73 (73%) 274 (56%)
Started fluconazole and switched to echinocandin later 5 (5%) -
Started voriconazole and switched to LAmB 1 (1%) -
Started LAmB 2 (2%) -
Other/unknown 19 (19%) -
Treatment for > 14 days after last positive blood culture 72 (72%) 229 (47%)
Days prolonged hospital stay for completing iv AF Tx, 16 (8-18) 0

median (IQR)
30-day mortality 10/100 (10%) 219 (44%)
Overall mortality 19/100 (19%) 261 (53%)

IC = invasive candidiasis, SOT =solid organ transplantation, BMI = body mass index, ICU = intensive care unit,
ECMO = extracorporeal membrane oxygenation, CRBSI = catheter related bloodstream infection, ID = infectious diseases,
LAmB = liposomal amphotericin B, IQR = interquartile range

*Echocardiography performed in 55 patients; Ophthalmoscopy performed in 42 patients with prolonged hospital stay solely to
complete iv AF Tx.

°Based on local susceptibility classifications.

who received outpatient iv AF Tx, of whom 38% had
candidemia caused by C. glabrata, underpinning the
impact of this organism that often shows resistance to
azoles. The fact that C. parapsilosis, a pathogen
associated with lower mortality and often causing
CRBSI [10], was a negative predictor for prolonged
hospitalization solely to complete iv AF Tx, indicates
that this pathogen is still often (deemed) susceptible to
oral azoles in Europe. Of note, azole resistance is also
increasing among C. parapsilosis with several

outbreaks reported [18, 19]. Therefore, lack of reliable
oral treatment options may also depict a future
problem for infections caused by C. parapsilosis.

In our cohort 30-day all-cause mortality was 10%
(11% in those with outpatient iv AF Tx) compared to
44% in the remaining Candida III cohort without
prolonged hospitalization solely to complete iv AF Tx
or outpatient iv AF Tx (including patients who did not
survive long enough to receive prolonged therapy),

@ Springer
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Table 2 Univariable and
multivariable binary logistic
regression models for
predictors of prolonged
hospitalization solely to
complete intravenous (iv)
antifungal therapy (AF Tx)
compared to patients
without prolonged
hospitalization to complete
iv AF Tx in 30 day
survivors (n = 383)

°Candida species not
specified (n = 18).

*Others include: C. rugosa
(n = 3), C. pelliculosa

(n =2), C. lusitaniae

(n = 2), C. inconspicua

(n = 1), C. guilliermondi
(n =1), and C. digboiensis
n =1).

@ Springer

Variable Univariable odds ratio  95% CI p-value
Demographics

Male, Sex 1.32 0.80-2.19 0.281
Advanced Age (per 10 years) 0.79 0.58-1.06 0.111
Coexisting conditions

BMI > 30 1.00 0.53-1.92 0.989
Solid organ transplantation 1.90 0.46-7.76 0.373
Haematological/oncological

malignancy 0.68 0.40-1.14 0.144
Neutropenia (< 500/puL) 0.35 0.18-0.70 0.002
Major surgery including abdominal

surgery 0.47 0.25-0.90 0.022
Diabetes mellitus (type I or 1I) 0.93 0.51-1.70 0.817
Clinical factors

Intensive care unit admission 0.48 0.27-0.86 0.013
Catheter related bloodstream infection 0.22 0.09-0.52 < 0.001
Extracorporeal membrane oxygenation 0.53 0.064.34 0.552
TPN 0.31 0.14-0.67 0.003
Charlson Comorbidity Index 0.96 0.89-1.05 0.376
Candida spp. (n)°

C. albicans (165) 0.94 0.57-1.55 0.821
C. glabrata (90) 1.90 1.11-3.25 0.019
C. parapsilosis (54) 0.26 0.09-0.75 0.012
C. tropicalis (20) 0.64 0.18-2.26 0.492
C. krusei (9) 1.07 0.22-5.24 0.936
C. auris (9) 1.90 0.46-7.76 0.373
C. dubliniensis (8) 0.53 0.06-4.34 0.552
Other Candida Species (10)* 1.01 0.97-1.06 0.491
Clinical course (i.e., not baseline variables)

Mixed fungal infections 1.00 0.57-1.76 0.992
Infection consultation (ID or microbiology) 1.41 0.68-2.92 0.356
Treatment

Initial echinocandin treatment 2.61 1.47-4.62 < 0.001
Stepdown to fluconazole 1.30 0.79-2.14 0.299
Variables Multivariable odds ratio 95% CI p-value
Age 0.78 0.56-1.08 0.131
Hematological malignancy 1.42 0.64-3.12 0.389
Neutropenia 0.25 0.09-0.67 0.006
Major surgery 0.62 0.31-1.27 0.192
Intensive care unit 0.45 0.24-0.85 0.014
Catheter related bloodstream infection 0.22 0.09-0.56 0.002
Total parenteral nutrition 0.31 0.13-0.70 0.005
C. glabrata 1.74 0.95-3.20 0.075
C. parapsilosis 0.28 0.09-0.85 0.025
Initial echinocandin treatment 2.87 1.55-5.32 < 0.001
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outlining the better prognosis and less severe disease
course [4].

Importantly, initial echinocandin therapy was not
only a positive predictor for prolonged hospitalization
solely to complete iv AF Tx, but was also associated
with better outcomes and survival in the overall study
cohort [4]. More and better options for antifungal
treatment outside the hospital will emerge in the near
future, with a promising antifungal pipeline [20].
Rezafungin, an echinocandin with improved penetra-
tion into the peritoneal fluid and prolonged half-life,
allowing once weekly infusion, has shown non-
inferiority to caspofungin for treatment of IC in a
landmark phase Il trial [21]. Rezafungin will also be a
viable option for patients that are incapable of taking
oral medication. Ibrexafungerp [22], representing a
novel antifungal class with an echinocandin like
mechanism of action and excellent oral bioavailability
[12], is FDA approved for vulvovaginal candidiasis
and has shown promising results for IC in an ongoing
phase IIb study [23]. Both drugs may facilitate earlier
hospital discharge of those patients in whom stepping
down to fluconazole is not an option and may
overcome the limitations of currently available
echinocandins which require daily intravenous admin-
istration. In addition, several other antifungal drugs for
Candida infections are in clinical development [20],
including oteseconazole which was FDA approved for
vulvovaginal candidiasis.

Our study comes along with some limitations. Not
all requested data were available for all patients, and
the presented data reflect a real-life scenario with no
predefined fungal diagnostic strategies or treatment
protocols. While the geographical distribution of our
samples is reflective of Europe including its laboratory
capacities [24], it is still likely that settings with better
access to diagnostics [25, 26] and antifungals are
overrepresented. Also exact reasons for prolonged
hospitalization to complete iv AF Tx were not
assessed, and while some patients may have simply
not been able to take oral medication, the fact that the
population with prolonged hospitalization to complete
iv AF Tx tended to be younger, was less severely ill
and mostly on echinocandins argues against this being
a major proportion of the study population. Besides
resistance to fluconazole (31% of patients had isolates
in the intermediate or resistant range), lack of biofilm
activity an concerns about tolerability and hepatotox-
icity may have been other reasons prolonged

hospitalization to complete iv AF Tx. Fourthly, we
did not use a standardized definition for the primary
outcome of interest “prolonged hospitalization solely
to complete iv AF Tx”, but relied on the treating
physicians judgment. This may be considered primar-
ily a strength, as the multiple variables factoring into
the decision whether to discharge a patient are difficult
to catch in a standardized definition. However, this
may also be considered a weakness, as our definition is
impacted by regional and national variabilities across
Europe in terms of hospital length of stays, discharge
criteria and opportunities for outpatient intravenous
treatment, thereby limiting applicability for some
hospital settings.

In conclusion, we found that across Europe ~ 1 in
7 patients (16%) with candidemia had prolonged
hospitalization specifically to complete iv AF Tx
underscoring that no effective oral or long acting iv
alternatives are available. C. parapsilosis was not
associated with prolonged hospitalization in contrast
to C. glabrata, which predicted prolonged hospital-
ization solely to complete iv AF Tx, and which was
also overrepresented among the cohort receiving
outpatient iv AF Tx. Limitations could be overcome
by new antifungals with oral formulations available,
broad antifungal activity, lower rates of resistance and
longer half-life. Properties, which may allow for
earlier discharge and outpatient therapy reducing
costs, risk for nosocomial infections and other inpa-
tient complications.
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