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ABSTRACT Current therapeutic options for fluconazole-resistant Candida parapsilosis
(FLZR-CP) bloodstream infections (BSI) are limited to echinocandins and liposomal
amphotericin B (L-AmB). To the best of our knowledge, no real-world comparative
effectiveness studies have assessed these agents. This study aimed to compare the
effectiveness of echinocandins and L-AmB for the treatment of FLZR-CP BSI. This
retrospective, observational study was conducted in two hospitals in Italy between
January 2018 and December 2022. Eligible patients were adults (=18 years old) with
microbiologically confirmed FLZR-CP BSI who received targeted therapy with either
echinocandins or L-AmB. Patients were matched (2:1) based on age, Charlson comorbid-
ity index, presence of sepsis or septic shock, time to appropriate antifungal therapy
(<48 hours or > 48 hours from diagnosis), and infection source. A total of 63 patients
were included (42 in the echinocandin group and 21 in the L-AmB group). In Cox
regression, targeted therapy with echinocandins was not associated with increased
mortality (adjusted hazard ratio 1.40; 95% confidence interval [Cl] 0.33-5.92, P = 0.645).
An exploratory sensitivity analysis including patients who did not receive source control
yielded consistent results (P = 0.491). Furthermore, in the multivariable regression
analysis, echinocandin therapy was not associated with an increased risk of persistent
fungemia (adjusted odds ratio 1.61: 95% Cl 0.43-5.99, P = 0.476). Treatment with
echinocandins and L-AmB resulted in similar 30-day mortality and persistent fungemia
rates in patients with FLZR-CP BSI. These findings confirm that echinocandins are a viable
treatment option for C. parapsilosis BSI, even for patients with fluconazole-resistant
strains.
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luconazole-resistant Candida parapsilosis (FLZR-CP) has increasingly been recognized

as a concerning antifungal-resistant pathogen that poses a significant threat to
hospitalized patients in many countries (1-3). Although traditionally considered less
virulent than other Candida species (4), FLZR-CP has proven to be a concerning pathogen
(1, 2), capable of causing persistent nosocomial outbreaks that are difficult to eradicate
despite strict infection control measures (5). Infections caused by FLZR-CP are challeng-
ing to treat, as therapeutic options are limited to echinocandins and liposomal ampho-
tericin B (L-AmB), with no oral options for step-down therapy.
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The latest guidelines (6-8) do not provide specific recommendations for the
management of bloodstream infection (BSI) caused by FLZR-CP. Consequently, clinicians
often rely on echinocandins, extrapolating recommendations established for flucona-
zole-susceptible (FLZS) strains to resistant ones (3). However, C. parapsilosis exhibits
intrinsically higher minimum inhibitory concentrations (MICs) to echinocandins (9, 10),
and these agents may not always be appropriate due to their poor penetration into
certain tissues, such as the eye or the urinary tract (11). Additionally, there are increas-
ing reports of FLZR-CP isolates that are also resistant to echinocandins (12). L-AmB
represents an alternative for the treatment of FLZR-CP infections, supported by in
vitro susceptibility data and clinical experience (13). However, L-AmB is associated with
notable adverse effects, including nephrotoxicity (14), electrolyte abnormalities (15),
and high cost (16). Despite the urgent clinical need, there are currently no randomized
controlled trials comparing echinocandins and L-AmB for the treatment of FLZR-CP BSI.
As such, the optimal therapeutic approach for managing severe infections caused by
FLZR-CP remains unknown.

In this study, we conducted a retrospective comparative effectiveness analysis of
echinocandins and L-AmB for BSI caused by FLZR-CP.

MATERIALS AND METHODS
Study design and patients

This matched, retrospective, observational cohort study was conducted at two hospitals
in Italy: San Martino Polyclinic Hospital in Genoa and Azienda Ospedaliera Pisana in
Pisa. All consecutive adult inpatients (=18 years old) with monomicrobial BSI due to
FLZR-CP from 1 January 2018 to 31 December 2022 were eligible for inclusion. Patients
were allocated to the echinocandin or L-AmB group based on the targeted antifungal
therapy prescribed by the treating physicians. Exclusion criteria included (i) isolates
demonstrating non-susceptibility to the administered antifungal agent, as defined by
the Clinical Laboratory Standards Institute (CLSI) breakpoints (M60, 2nd edition), and (ii)
receipt of combination therapy, defined as co-administration of antifungal agents for
more than 48 hours. Additionally, episodes of recurrent FLZR-CP BSI were excluded, with
only the first episode per patient considered for analysis. The study was approved by the
medical ethical committee of each participating center (MICRO.HGUGM.2021-030) and
was performed in accordance with the Declaration of Helsinki.

Procedures

Eligible patients receiving echinocandins or L-AmB were matched in a 2:1 ratio using
Mahalanobis (17) distance on age and Charlson Comorbidity Index. Exact matching
was applied for (i) time to initiation of appropriate antifungal therapy (<48 hours vs
>48 hours, calculated from FLZR-CP BSI onset), (ii) source of infection (categorized
as primary/Central Venous Catheter [CVC]-related, intra-abdominal, or other), and (iii)
presence or absence of sepsis or septic shock, which were grouped together. Data
collection included demographics, hospital ward at the time of FLZR-CP BSI onset,
underlying conditions assessed using the Charlson Comorbidity Index, risk factors for
Candida BS], prior antifungal treatments, clinical presentation including sepsis and septic
shock, source of FLZR-CP BSI, performance and timing of the source control proce-
dure, diagnostic procedures (e.g., ophthalmological examination and echocardiography),
presence of persistent fungemia, and 30-day all-cause mortality.

Exposure variable

The primary exposure variable was targeted antifungal treatment with either echinocan-
dins or L-AmB for the management of FLZR-CP BSI. Patients receiving sequential therapy
were classified into the echinocandin or L-AmB group based on whether they received at
least 50% of the total treatment duration with the respective antifungal agent. Any initial
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antifungal therapy was permitted, provided that subsequent antifungal treatment met
the criteria for appropriate targeted therapy.

Outcomes

The primary outcome of the study was 30-day all-cause mortality. Secondary outcome
included the rate of persistent BSI due to FLZR-CP, defined as positive follow-up blood
cultures obtained at least 5 days after initiation of the study drug.

Definitions

An episode of FLZR-CP BSI was defined as at least one peripheral blood culture positive
for FLZR-CP in a hospitalized patient exhibiting signs and/or symptoms of infection. The
onset of FLZR-CP BSI was determined by the date of collection of the first blood culture
yielding the infecting organism. The presence of sepsis or septic shock was documented
on the same day as BSI onset (18). Initial antifungal therapy was defined as the first
systemic antifungal given after a positive peripheral blood culture and was considered
appropriate if FLZR-CP showed in vitro susceptibility.

Patients were classified as having primary candidemia if no clear source of infection
was identified or if the infection was likely associated with a CVC (19). CVC-related
candidemia was defined according to established guidelines (6). The abdomen was
considered the source of FLZR-CP BSI if there was evidence of an intra-abdominal
infection, with either (i) a positive culture obtained from the intra-abdominal cavity
via surgery or needle aspiration or (ii) no other identifiable sources of candidemia (19).
Source control measures included CVC removal or invasive procedures such as relief of
urinary tract obstruction or drainage of intra-abdominal abscesses, depending on the
primary site of infection.

Microbiological studies

During the entire study period, each participating center adhered to local guidelines
recommending the collection of at least two blood samples (approximately 20 mL
each for adults) to assess each suspected episode of BSI. Blood from each extraction
was evenly distributed between aerobic and anaerobic culture bottles. Candida species
identification and in vitro antifungal activity were evaluated at the participating hospitals
using standard local methods. Identification of Candida species was performed using
classical phenotypic methods in conjunction with matrix-assisted laser desorption
ionization-time of flight mass spectrometry across all centers. Antifungal susceptibility
testing was conducted using a commercial microdilution method (Sensititre YeastOne,
ThermoFisher Scientific Inc.,, Waltham, MA, USA), following the manufacturer’s instruc-
tions. Interpretive breakpoints were based on the CLSI performance standards for
antifungal susceptibility testing of yeasts (M60, 2nd edition). Fluconazole resistance was
defined as a MIC > 4 pg/mL, in accordance with the CLSI reference method for broth
dilution antifungal susceptibility testing of yeast (4th edition, CLSI document M27-A4;
2017).

Statistical analysis

Continuous variables were compared between the two groups using the Wilcoxon
rank-sum test, while categorical variables were analyzed using the Chi-squared or Fisher’s
exact test, as appropriate. All-cause mortality at 30 days from the onset of FLZR-CP
BSI was graphically summarized using Kaplan-Meier curves, and differences between
patients treated with targeted echinocandins or L-AmB were assessed using the log-rank
test.

Risk factors for mortality were analyzed using Cox regression models following
Rubin’s multiple imputation of missing values for categorical variables (20) and median
imputation for numerical variables. Variables with a P-value < 0.1 in univariable Cox
analysis or in the initial between-group comparison were included in a multivariable
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model and further selected for inclusion in the final multivariable Cox regression model
using a backward stepwise procedure. Given the primary objective of the study, the
variable “targeted therapy with either echinocandins or L-AmB” was retained in the
model regardless of stepwise selection. Variables included in the final multivariable
model were also incorporated into (i) an additional multivariable Cox regression model
incorporating the study center as a shared frailty factor (21); (ii) a landmark analysis,
using the 5th day after FLZR-CP BSI onset to mitigate potential confounding from
early mortality; and (iii) a separate shared frailty model accounting for matched patient
clusters. To further explore the impact of targeted therapy on 30-day all-cause mortal-
ity, we conducted a first exploratory sensitivity analysis including a small subgroup of
patients (n = 11) who did not undergo adequate source control. A second sensitivity
analysis was also performed based on the initial antifungal agent administered. Risk
factors for persistent FLZR-CP BSI were analyzed using a logistic regression model.
Following imputation of missing values, variables with a P-value < 0.1 in univariable
analysis or in the initial between-group comparison were included in a multivaria-
ble backward stepwise logistic model. The variables selected in this process were
then incorporated into the final multivariable logistic regression model, as well as in
an additional model adjusted for clustering within matched sets. Given the study’s
objective, the variable “targeted therapy with either echinocandins or L-AmB” was
included in the model regardless of stepwise selection. All statistical analyzes were
conducted using SAS software (version 9.4, SAS Institute Inc., Cary, NC, USA). A P-value <
0.05 was considered statistically significant.

RESULTS

During the study period, 196 patients received targeted therapy with echinocandins,
and 22 were treated with L-AmB for FLZR-CP BSI. Of these, one L-AmB-treated patient
could not be adequately matched based on the predefined criteria and was excluded.
As a result, 63 patients were included in the final matched cohort: 42 treated with
echinocandins and 21 with L-AmB. No patients were excluded due to non-susceptibility
to the administered antifungal agent or receipt of combination therapy.

Baseline clinical characteristics

The median age was 63 years (interquartile range [IQR] 58-72), and 33 patients (52.4%)
were male. Cardiovascular disease was present in 27 patients (42.8%), while 15 (23.8%)
had a solid organ tumor. Features of patients and crude outcomes according to type of
targeted therapy received are shown in Table 1. Baseline characteristics were comparable
between the two groups, with the exception of a higher prevalence of liver disease (four
out of 21 [19.0%] vs one out of 42 [2.4%)], P = 0.0387), prior intra-abdominal surgery (11
out of 21 [52.4%] vs eight out of 41 [19.5%], P = 0.0079) and prior antifungal exposure
(13 out of 21 [61.9%] vs six out of 41 [14.6%], P = 0.0001) in the L-AmB group. In
the echinocandin group, caspofungin was the most frequently used agent (38 patients;
90.7%), followed by micafungin and anidulafungin (two patients each; 4.7%). All patients
received standard echinocandin dosing regimens, although two patients with infective
endocarditis received a higher maintenance dose of caspofungin (70 mg daily). All
patients receiving L-AmB were treated with a dosage of 3 to 5 mg/kg IV once daily.

Analysis of the impact of targeted antifungal therapy on the 30-day all-cause
mortality rate

Thirty-day all-cause mortality among patients treated with echinocandins or L-AmB was
19.1% and 33.3%, respectively (P = 0.2095). Kaplan-Meier curves for 30-day all-cause
mortality did not show significant difference between patients treated with targeted
echinocandins or L-AmB (log-rank test, P = 0.2149) (Fig. 1). Univariable and multivariable
analyses of factors associated with 30-day all-cause mortality are detailed in Table 2.
Targeted therapy with echinocandins rather than L-AmB was not found to be associated
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TABLE 1 Baseline demographics and clinical characteristics of patients in the entire study population and
in patients treated with echinocandins and L-AmB?9"

Variables® Total Echinocandins L-AmB P-value
N=63 N=42 N=21
Age, median [IQR], y 63 (58-72) 64 (59-71) 63 (58-72) 0.9942
Male sex; n (%) 33(52.4) 22(52.4) 11(52.4) 1.0000
Hospital ward stay at the time of C. parapsilosis BSI; n 0.5460"
(%)

Intensive care unit 40 (63.5) 25(59.5) 15(71.4)

Surgical ward 12(19.1)  8(19.1) 4(19.1)

Internal medicine ward 11(175) 9214 2(9.5)
Time between hospital admission and first positive 35 (21-59) 30.5(19-59) 36 (28-62) 0.2805

BC; median [IQR], d
Charlson Comorbidity Index; median (IQR) 2(1-3) 2(1-3) 2(1-3) 1.0000
Underlying conditions, n (%)

Cardiovascular disease 27 (42.8) 19 (45.2) 8(38.1) 0.5892
Gastrointestinal disease 17 (27.0) 10(23.8) 7(33.3) 04221
Solid tumor 15(23.8) 10(23.8) 5(23.8) 1.0000
Diabetes mellitus 11(17.5) 5(11.9) 6 (28.6) 0.1575
Neurological disease 9(14.3) 7(16.7) 2(9.5) 0.7052"
Chronic kidney disease 8(12.7) 6(14.3) 2(9.5) 0.7079"
Chronic lung disease 8(12.7) 6(14.3) 2(9.5) 0.7079"
Chronic liver disease 5(7.9) 1(2.4) 4(19.1) 0.0387'
Solid organ transplantation 3/62(4.8) 1/41(2.4) 2/21(9.5 0.2628"
Hematological malignancy 2(3.2) 1(24) 1(4.8) 1.0000"
Risk factors for candidemia, n (%)
Antibiotic therapy? 58(92.1)  38(90.5) 20(952) 06570
Central venous catheter 48(76.2) 29 (69.1) 19 (90.5) 0.0598
Surgery (all types)* 40(63.5) 26(61.9) 14 (66.7) 0.7113
Total parenteral nutrition 35/60 (58.3) 20/40 (50.0) 15/29 (75.0) 0.0641
Corticosteroid therapy? 25/62 (40.3) 18/41 (43.9) 7/21(33.3) 0.4220
Intra-abdominal surgery® 19/62 (30.7) 8/41 (19.5) 11/21 (52.4) 0.0079
Hemodialysis® 15(23.8)  8(19.1) 7(33.3) 0.2095
Immunosuppressive therapy? 7/62(11.3) 3/42(7.1) 4/20(20.0) 0.1986"
Chemotherapy* 2(3.2) 1024 1(4.8) 1.0000"
Previous antifungal treatment, n (%) 19/62 (30.7) 6/41 (14.6) 13/21 (61.9) 0.0001
Septic shock,” n (%) 13(206)  8(19.1) 5(23.8) 0.7451
Primary/catheter source of origin (vs abdominal); n 57 (90.5) 38(90.5) 19 (90.5) 1.0000"
(%)
Initial antifungal therapy, n (%) <0.0001"
Echinocandins 51(81.0)  39(92.9) 12(57.1)
L-Amb 9(14.3) 0(0.0) 9 (42.9)
Fluconazole 3(4.8) 3(7.1) 0(0.0)
Appropriate initial antifungal therapy, n (%) 60 (95.2) 39(92.8) 21 (100) 0.5447
Time between first positive BC and appropriate 2(1-3) 2(1-3) 2(1-3) 0.7158
antifungal therapy,” median (IQR), d
Source control done; n (%) 0.0746'
Yes 50/61 (82.0) 31/40 (77.5) 19/21(90.5)
No 4/61(6.6)  2/40(5.0) 2/21(9.5)
Not possible 7/61(11.5) 7/40(17.5) 0/21(0.0)
Time between first positive BCs and source control, n =48 n=30 n=18 0.5587
median [IQR], d 3(1-4) 3(1-3) 3(2-4)
Persistent C. parapsilosis BSI; n (%)° 22/60 (36.7) 15/41 (36.6) 7/19(36.8) 0.5399"
Diagnostic procedures, n (%)
(Continued on next page)
November 2025 Volume 69 Issue 11 10.1128/aac.00355-25 5

Downloaded from https://journals.asm.org/journal/aac on 03 January 2026 by 15.160.114.123.


https://doi.org/10.1128/aac.00355-25

Full-Length Text

TABLE 1 Baseline demographics and clinical characteristics of patients in the entire study population and
in patients treated with echinocandins and L-AmB?¢" (Continued)

Variables® Total Echinocandins L-AmB P-value
N=63 N=42 N=21
Echocardiography and echocolordoppler 59(93.7) 39(92.9) 20 (95.2) 1.0000"
Ophthalmologic examination 37 (58.7) 25 (59.5) 12(57.1) 0.8564
Complications, n (%)
Ocular candidiasis 0.3798
No 36/37(97.3) 25/25(100.0) 11/12(91.7)
Yes 1/37(2.7)  0/25(0.0) 1/12(8.3)
Endocarditis or thrombophlebitis 0.2532"
No 53/59(89.8) 37/39 (94.9) 16/20 (80.0)
Yes 6/59(10.2) 2/39(5.1) 4/20 (20.0)
Intensive care unit admission 5(7.9) 3(7.1) 2(9.5) 1.0000"
Need for hemodialysis after C.parapsilosis BSI 9/62 (14.5) 5/41(12.2) 4/21(19.1) 04725
30-d all-cause mortality, n (%) 15(23.8)  8(19.1) 7(333) 0.2095
Time between first positive BCs and death, median n =23 n=13 n=10 0.8037
[IQR], d 17 (7-46) 17 (7-46) 17 (8-31)

“The reported P-values are from the Wilcoxon rank sum test for continuous variables and Chi-square or Fisher’s
exact test for categorical variables; bold values are significant at the selected level of significance (a = 0.05). Where
indicated, due to missing values, the analysis is based on the available sample size.

®Variable transformed for matching purposes and differs from the categorization presented in this table. Missing
values were imputed using the median prior to matching. Only one patient with imputed data was included in the
final matched cohort, and thus no missing values remained for this variable after matching.

Follow-up blood cultures were performed in 60/63 patients (95.2%). Among them, 41 have been treated with
echinocandins, and 19 have been treated with L-AmB.

4Within the prior 30 days.

eWithin the prior 90 days.

fFisher’s exact test.

9Abbreviations: BC: Blood cultures; BSI: bloodstream infection; D: days; IQR: interquartile range; Y: years; FLZR-CP
BSI: fluconazole-resistant C. parapsilosis bloodstream infection; L-AmB: liposomal amphothericin B.

"Empty cells indicate where the P value refers to the comparison between the variables listed in the subsequent
rows.

with 30-day mortality (adjusted hazard ratio [aHR] 1.40; 95% confidence interval [Cl]
0.33-5.92, P = 0.6452). Including center as shared frailty did not alter the results of the
model (Table 3). A landmark analysis, restricted to patients who survived beyond 5 days
after the onset of FLZR-CP BSI, yielded similar results (Table 3, Fig. 2). Similarly, the shared
frailty model accounting for matched clusters confirmed the primary findings (aHR 0.68;
95% 0.24-1.97, P = 0.4777; data not shown). The exploratory sensitivity analysis, includ-
ing patients who did not undergo adequate source control (n = 11), yielded results
consistent with those of the overall cohort (Fisher’s test, P = 0.4909). (Fig. S1). The second
sensitivity analysis, based on initial antifungal therapy, also showed no significant
survival difference between groups (log-rank test, P = 0.8786; Fig. S2).

Analysis of the impact of targeted therapy on the rate of persistent FLZR-CP
BSI

Overall, 60 out of 63 (95.2%) patients had at least one set of follow-up blood cultures.
According to our study definition, persistent candidemia was detected in 22 of 60
(36.7%) patients. This included 15 of 41 patients (36.6%) treated with echinocandins
and 7 of 19 patients (36.8%) treated with L-AmB. Univariate and multivariate analyses
evaluating the association between echinocandins, L-AmB, and persistent candidemia
are reported in the Table S1 and S2. The type of targeted therapy was not significantly
associated with persistent FLZR-CP BSI (adjusted odds ratio [aOR] 1.61; 95% Cl 0.43-5.99,
P = 0.4764). Consistent findings were also observed in the additional model adjusted for
clustering (aOR 1.61; 0.48-5.47, P = 0.4249; data not shown).
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FIG 1 Unadjusted cumulative survival probability distribution up to day 30 in patients with FLZR-CP BSI treated with

echinocandins or L-AmB.

DISCUSSION

To our knowledge, this is the first study to compare the outcomes of targeted antifungal
therapy with echinocandins and L-AmB in the treatment of FLZR-CP BSI. No significant
differences were observed in our study between groups in terms of 30-day all-cause
mortality or persistent candidemia. In multivariable analysis, independent predictors
of 30-day all-cause mortality included diabetes mellitus and chronic lung diseases.
Septic shock at presentation was also a strong predictor of mortality, whereas adequate
source control was protective. The choice of targeted antifungal therapy did not impact
mortality.

In recent years, the use of echinocandins to treat FLZS-CP BSI has become increas-
ingly common in clinical practice (22). Despite theoretical concerns related to a higher
MIC for echinocandins in C. parapsilosis compared to other Candida species (9, 10),
there are robust data supporting this practice in patients with FLZS-CP (23-29). Indeed,
there have been four randomized controlled trials (23-26) and one meta-analysis (30)
evaluating the use of echinocandins for the treatment of adult patients with inva-
sive candidiasis due to C. parapsilosis. All of these showed no statistically significant
differences in clinical response rates for the echinocandins versus comparators. There
have also been several high-quality retrospective cohort studies that have yielded similar
results (28, 29). A large multicenter study by Ferndndez-Ruiz et al. (28) revealed no
significant difference in all-cause mortality in patients with FLZS-CP who were initially
treated (within 72 hours) with echinocandins. Chiotos et al. (29) retrospectively evaluated
the efficacy of echinocandins in comparison to fluconazole as targeted antifungal
therapy for FLZS-CP and similarly found no differences in terms of outcomes between
groups.

While the efficacy of echinocandins in FLZS-CP BSI is well established based on
these studies (23-29), their role in treating FLZR-CP BSI remains unexamined. Our study
addresses this gap by exclusively including patients with FLZR-CP BSI, offering further
evidence on the therapeutic efficacy of echinocandins in this setting. Notably, our
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TABLE 2 Univariable and multivariable with backward selection analyses of factors associated with all-cause 30-day mortality in the study population, after

missing imputation®/

Antimicrobial Agents and Chemotherapy

Univariable Multivariable Multivariable backward*
Variable HR (95% Cl) P-value aHR (95% Cl) P-value aHR (95% Cl) P-value
Treatment (echinocandin vs L-AmB) 0.54(0.20-1.48)  0.2292 1.40(0.33-5.92) 0.6452 0.68(0.24-1.97) 0.4777
Age,y 1.02(0.98-1.07)  0.2777
Male sex vs female sex 1.42(0.51-4.00)  0.5041
Time between hospital admission and first positive BC, d 1.00(0.99-1.01)  0.6073
Charlson comorbidity index 1.12(0.90-1.39)  0.2951
Underlying conditions
Cardiovascular disease (yes vs no) 0.91(0.32-2.55)  0.8549
Chronic kidney disease (yes vs no) 1.08 (0.24-4.77)  0.9221
Diabetes mellitus (yes vs no) 2.52(0.86-7.37)  0.0926 4.98(1.32-18.70) 0.0175 4.61(1.31-16.26) 0.0176
Chronic lung disease (yes vs no) 3.41(1.08-10.77) 0.0368  5.66(1.20-26.60) 0.0282 5.65(1.47-21.72) 0.0117
Gastrointestinal disease (yes vs no) 0.98 (0.31-1.09) 0.9779
Solid tumor (yes vs no) 0.72(0.20-2.53)  0.6031
Risk factors for candidemia
Hemodialysis® (yes vs no) 1.27 (0.41-3.99)  0.6814
Immunosuppressive therapy? (yes vs no) 2.48(0.70-8.80)  0.1606
Corticosteroid therapy? (yes vs no) 1.44(0.52-3.97)  0.4820
Antibiotic therapy? (yes vs no)
Central venous catheter (yes vs no) 2.32(0.52-10.28) 0.2683 1.56 (0.25-9.55) 0.6318 -
Total parenteral nutrition (yes vs no) 1.63(0.56-4.77)  0.3716 1.59(0.39-6.58) 05192 -
Surgery (all types)* (yes vs no) 1.17 (0.40-3.42)  0.7744
Intra-abdominal surgery® (yes vs no) 2.08(0.75-5.73)  0.1581 2.40(0.49-11.87) 0.2825 -
Previous antifungal treatment (yes vs no) 2.06 (0.75-5.70)  0.1621 1.40(0.34-5.76) 0.6411 -
Time between first positive BC and appropriate antifungal  0.78 (0.55-1.10) 0.1543
therapy, d
Septic shock (yes vs no) 4.40(1.59-12.22) 0.0044  3.64(0.92-14.48) 0.0664 6.22(1.96-19.70) 0.0019
Primary/catheter source of origin (vs abdominal) 0.37(0.11-1.32)  0.1257
Source control done (yes vs no) 0.31(0.07-1.38)  0.1244 0.10(0.02-0.66) 0.0165 0.12(0.02-0.67) 0.0156
Source control done (not possible vs no)”
Time between first positive BCs and source control, d’ 0.96 (0.78-1.19) 0.7248
Persistent C. parapsilosis BSI (yes vs no)? 0.67 (0.21-2.17) 0.5001
Endocarditis or thrombophlebitis (yes vs no)" 1.46 (0.32-6.61)  0.6205
Need for hemodialysis after C.parapsilosis BSI (yes vs no) 4.36(1.55-12.28) 0.0053 1.57(0.38-6.52) 05330 -

Analyses conducted after multiple imputation.The reported P-values are from the Cox regression analysis. Bold values are significant at the selected level of significance (a =

0.05).

®Rows marked, as well as the following variables, were excluded from the analysis due to an insufficient number of events: hospital ward stay at the time of C. parapsilosis
BSI, neurological disease, chronic liver disease, hematological malignancy, solid organ transplantation, chemotherapy, antibiotic therapy, ocular candidiasis, endocarditis or

thrombophlebitis, intensive care unit admission.

‘Dash indicates variables not selected by the procedure.
Within the prior 30 days.

Within the prior 90 days.

52 subjects (12 deaths).

960 subjects (13 deaths).

h59 subjects (13 deaths).

'Abbreviations: aHR: adjusted hazard ratio; BC: blood cultures; BSI: bloodstream infection; Cl: confidence interval; D: days; HR: hazard ratio; IQR: interquartile range; Y: years;

FLZR-CP BSI: fluconazole-resistant C. parapsilosis bloodstream infection; L-AmB: liposomal amphothericin B.
JEmpty cells indicate variables for which multivariate analysis was not performed.

findings might be particularly relevant given the increasing prevalence of FLZR-CP across
various geographic regions (1, 2), with some studies reporting fluconazole resistance
rates as high as 80% (31-33). Moreover, unlike previous studies where early intravas-
cular device removal may have influenced antifungal treatment selection and clinical
outcomes (28), our results remained consistent even in the subgroup of patients with
FLZR-CP BSI (n = 11) for whom adequate source control was not performed.

Persistent candidemia has traditionally been reported in approximately 20%-25%
of patients with candidemia (34, 35) and is associated with onco-hematological
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TABLE 3 Shared frailty analysis and landmark analysis (5 days) of multivariable with backward selection
analysis of factors associated with 30-day all-cause mortality in the study population, after missing
imputation®®

Shared frailty analysis Landmark analysis
Variable aHR (95% ClI) P-value aHR (95% Cl) P-value
Treatment (echinocandin vs L-AmB) 0.71 (0.24-2.08) 0.5338 0.79 (0.26-3.39) 0.6782
Diabetes mellitus (yes vs no) 492(1.36-17.86) 0.0153 3.47(0.92-13.00) 0.0655
Chronic lung disease (yes vs no) 6.76 (1.67-27.34) 0.0073  5.95(1.55-22.80) 0.0092
Septic shock (yes vs no) 7.18(2.17-23.70) 0.0012  6.33(2.00-20.04) 0.0017
Source control done (yes vs no) 0.12 (0.02-0.66) 0.0153 0.25(0.03-2.26) 0.2185

“Analyses conducted after multiple imputation. The reported P-values are from the Cox regression analysis. Bold
values are significant at the selected level of significance (a = 0.05).
®Abbreviations: aHR: adjusted hazard ratio; ClI: confidence interval.

disease, neutropenia, biofilm formation, inadequate antifungal therapy, and delayed or
incomplete source control (36). In our study, in which follow-up blood cultures were
available for 95.2% of cases, the rate of persistent candidemia (~30%) was consistent
with previous reports. We were not able to demonstrate any significant difference in
the rate of persistent FLZR-CP BSI between patients treated with echinocandins and
those receiving L-AmB. This finding contrasts with two previous randomized trials that
reported a higher incidence of persistent fungemia (23, 24) and a lower eradication rate
(24) when FLZS-CP BSI were treated with echinocandins. However, differences in study
design, local epidemiology (23), and baseline patient characteristics may explain these
discrepancies. Regardless of the targeted antifungal therapy administered, our study
reinforces the importance of early identification and appropriate management of the
infection source in Candida BSI (37).

Our study has several limitations, and some findings should be interpreted with
caution. First, we acknowledge that the choice of antifungal therapy was determined
by the treating clinicians and may have been influenced by patient characteristics,
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FIG 2 Landmark analysis (5 days) of unadjusted cumulative survival probability distribution up to day 30 in patients with FLZR-CP BSI treated with echinocan-
dins or L-AmB (62 subjects, 14 deaths).
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introducing selection bias and potential confounding. While no method can fully adjust
for differences between patients receiving echinocandins or L-AmB, we attempted to
minimize these variations by matching patients based on age, key severity factors,
infection source, and time-to-treatment initiation. Nonetheless, measured confounding
may still have influenced treatment allocation and outcomes. Second, the analysis
was limited by the small number of patients treated with L-AmB, leading to wide
Cls. Although this represents the largest study available to date, further studies are
needed to validate our findings. Third, few cases of ocular candidiasis were included,
and ophthalmologic examination was performed in about half of the patients (38).
Consequently, these results cannot be generalized to FLZR-CP BSI associated with ocular
candidiasis, where echinocandins have limited efficacy due to poor ocular penetration
(11). Fourth, we did not collect data regarding echinocandins MIC. Therefore, we were
unable to explore the relationship between clinical failure and echinocandins MIC values.
Further studies addressing this aspect are warranted. Fifth, although the time from
blood culture collection to initiation of targeted antifungal therapy was collected and
was similar between groups, the exact time from microbiological identification (i.e,
blood culture positivity) to treatment initiation was not available, which may represent
a minor limitation in assessing early treatment dynamics. Sixth, we lacked standardized
daily follow-up blood cultures. Although >90% of patients had at least one follow-up
blood culture within 5 days, the absence of systematic daily sampling may have led to
misclassification of persistent candidemia. While variability in the timing of antifungal
initiation and source control can influence candidemia clearance and thus the secondary
outcome, these variables did not significantly differ between treatment groups in our
cohort. Seventh, long-term outcomes in patients with FLZR-CP BSI were not assessed.
Evaluating outcomes such as late recurrent candidemia (39) and 1-year mortality (19)
could provide additional insights and represent an important avenue for future research.
Lastly, data on acute kidney injury was not systematically collected, despite its recog-
nized association with L-AmB therapy. However, our study was not designed to assess
this specific complication.

In conclusion, we were not able to detect any differences in 30-day all-cause
mortality rates or persistent fungemia between patients with FLZR-CP treated with
either echinocandins or L-AmB. While awaiting randomized clinical trials to confirm
these findings, our data further support current guidelines recommending the use of
echinocandins for the treatment of C. parapsilosis fungemia, including infections caused
by fluconazole-resistant strains.
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