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with mortality.

strategies were not associated with outcome.

reduce this delay.

Background: Immunocompromised critically ill patients constitute a population with the high risk of candidemia.
This retrospective study aimed to assess the outcome of immunocompromised critically ill patients with candidemia.
Secondary objectives were to describe clinical phenotypes of these patients, Candida ecology, and factors associated

Results: Overall, 121 patients were included in this study. Median delay from candidemia to first antifungal therapy
was 3 days, in line with the observed delay of blood culture positivity. Candia albicans was the main Candida specie
identified (54%), and susceptibility of Candida to fluconazole and echinocandins was of, respectively, 70% and 92%.
Hospital mortality was of 60%. After adjustment for confounders, severity as assessed by the need for vasopressors (HR
1.8, C195% 1.1-3.1), need for mechanical ventilation (HR 2.0, CI95% 1.1-3.8) and allogenic stem cell transplantation (HR
2.5,C195% 1.1-6.0) were independently associated with poor outcome. Candida specie, susceptibility and treatment

Conclusions: Candidemia in immunocompromised critically ill patients is associated with a grim outcome. Despite
the high prevalence of Candida non-albicans species, neither C. species nor its susceptibility was associated with
outcome. Conversely, severity and preexisting allogeneic stem cell transplantation were independently associated
with poor outcome. Despite antifungal prophylaxis and use of preemptive antifungal therapy in neutropenic patients,
antifungal therapy was initiated three days after symptoms onset suggesting needs for specific strategies aiming to

Keywords: Candida, Hematological malignancy, Tumor, Solid, Immune defect, Intensive care unit, Shock

Background
Candidemia represents 10% of nosocomial infections
in hospitalized patients and is associated with mortality
described to be as high as 40% [1-4]. Underlying immune
defect, solid or hematological malignancy, may predis-
pose to candidemia which develops during the clinical
course of these conditions in 1.8% of cases [5].

Despite being widely studied, several areas of uncer-
tainty remain. First, diagnosis of candidemia is often
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and indicate if changes were made.

delayed as consequences of time required to obtain
blood cultures positivity. Although several studies sug-
gested benefit of early initiation of antifungal therapy on
patients survival [6-8], evidence supporting benefits of
preemptive treatment in high-risk critically ill patients is
lacking [9, 10]. Antifungal resistance among documented
Candida species is growing, and resistance to fluconazole
and echinocandins has been described in 20% and 6.5%
of Candida, respectively [4]. Last, patients’ severity and
comorbidities, such as immunosuppression, are known
risk factor for candidemia [11] which may participate in
the observed grim prognosis of candidemia.
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Half of the patients with candidemia are critically ill [1,
4], mortality in patients with hemodynamic instability
reaching 70% [7]. Underlying malignancy, either hema-
tological or solid tumors, is frequently associated with
candidemia, half of the patients with candidemia hav-
ing underlying malignancy [4]. These patients may have
specific risk factors for candidemia such as catheter or
neutropenia, risk factors for fluconazole-resistant spe-
cies such as prophylaxis, or specific acute condition such
as typhlitis [12]. Nonetheless, immunocompromised
critically ill patients with candidemia have been poorly
described except in specific subgroups such as HIV
infected patients [12] or organ transplant recipients [13].

The primary objective of this study was to assess out-
come of immunocompromised critically ill patients with
candidemia. Our secondary objectives were to describe
clinical features of these patients and fungal ecology and
to identify prognostic factors in this setting.

Methods

Study population

This study is a retrospective multicenter observational
study, in three ICUs located in two university hospi-
tals (Saint-Louis and Pitié-Salpétriere Hospitals, Paris,
France) and a comprehensive cancer center (Paoli-
Calmettes Institute, Marseille, France). Adult patients
(age > 18 years) admitted in participating centers between
January 2002 and December 2017 and who developed a
candidemia 72 h before ICU admission or during ICU
stay were included. Patients for whom HIV infection
or solid organ transplantation was the only identified
immune defect were excluded. Patients with invasive
candidiasis without candidemia were also excluded.

This study was approved by the French Intensive Care
Society ethics committee (CE-SRLF-18-06). Need for
informed consent was waived as regard to the study
observational design and in accordance with the French
law. Patients alive at time of the analysis were, however,
informed, and none refused to participate. This study was
conducted in accordance with the principles of the Dec-
laration of Helsinki.

Protocol and definitions
Patients were identified retrospectively through ICUs
diagnostic files (Fig. 1).

Considering immune defect, this study intends to study
patients with hematological malignancy, solid tumors or
immunosuppressive drug for underlying autoimmune
disease or vasculitis. Patients with solid organ trans-
plantation or HIV as sole source of immune defect were
excluded.
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Candida colonization was defined as identification of
Candida in at least one site including skin, urines, lung,
mouth or on rectal swab.

Onset of candidemia was defined as the delay between
blood sample leading to candidemia identification and
antifungal therapy initiation.

Preemptive antifungal therapy was defined as antifun-
gal therapy initiated the day of blood sampling.

A dedicated form was used to report:

1. Demographic data such as age, sex, type of immu-
nosuppression; identified risk factors for candidemia
as antifungal prophylaxis, recent abdominal surgery,
recent renal replacement therapy, parenteral nutri-
tion, presence of arterial or central venous catheter
[14]; intensive care unit features as SOFA at day 1,
need for vasopressors and for mechanical ventilation
and renal replacement therapy;

2. Candidemia features as day of first and last positive
blood culture, delay of positivity, Candida specie,
fluconazole and echinocandins susceptibility based
on EUCAST 2017 breakpoints [15], first and last line
treatment, time to treatment introduction, time to
catheter ablation, secondary localizations and delay
between onset of candidemia and treatment initia-
tion;

3. Outcomes as intensive care unit mortality, hospitali-
zation mortality, mortality on the last follow-up.

Statistical analysis

We first performed a descriptive analysis in order to
identify global characteristics of included patients. Data
are reported as median and interquartile range or num-
ber (%).

Factors associated with hospital mortality were identi-
fied using univariate analysis. Chi-square test or Fisher’s
exact test, as appropriate, was used for categorical vari-
ables. Mann—Whitney or Wilcoxon rank-sum tests, as
appropriate, were used for continuous variables. A con-
ditional Cox model was used to identify factors inde-
pendently associated with hospital mortality. Variables
yielding p values less than 0.2 in the univariate analysis or
considered clinically relevant were entered in a backward
stepwise model. Critical removal p value was of 0.1. Only
1 variable for 7 events was included in the model in order
to avoid any risk of overfitting. Proportional hazards
assumption was confirmed by checking scaled Schonfeld
residuals against time and correlations between covari-
ates were searched for. Last, we planned previous the
analysis to force in the final model, should these variables
not be selected Candida species (C. albicans vs. C. non-
albicans) and to force treatment strategy (echinocandin
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Fig. 1 Flow chart

as first-line therapy). As a post hoc analysis, ICU admis-
sion year (per quartile of ICU admission year) was forced
in the final model.

Survival was plotted using Kaplan—Meier curves, and
differences were assessed using log-rank test.

Last, in a way to assess the influence of candidemia
on outcome, patients of this study were compared to
patients in the EFRAIM dataset [16], after exclusion of
patients with candidemia in this later and after exclu-
sion having as sole immune defect solid organ trans-
plant. Raw mortality was compared; then matching was
performed on relevant variables using propensity score

matching, according to closest neighbor methods and
aiming to a 1:1 case—control ratio. Patients with and
without candidemia were compared before and after
matching according to standardized mean difference.
Unadjusted mortality before matching, after match-
ing and after matching and after adjustment for SOFA
score was performed using Kaplan—Meier curves, log-
rank test and Cox model.

All tests were two-sided, and p values less than 0.05
were considered statistically significant.

All statistical tests were performed using R software
(https://www.r-project.org/); ‘matchlt’ and ‘survival
package.
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Results
Patients’ characteristics
Overall, among the 31,792 patients admitted in the
participating ICUs during the study period, 219 devel-
oped a candidemia (0.7%). Overall, 121 had an underly-
ing immune defect as defined by our protocol and were
included (Fig. 1).

Main patients’ characteristics are reported in Table 1
and Additional file 1: Table S1.

Median age was 60 years (IQR 49-66), and 74 (61%)
were of male gender. Two-third of the patients had

Page 4 of 10

hematological malignancy, lymphoma (37%) and acute
leukemia (21%) being main underlying diseases. Respec-
tively, 10% and 7% of included patients were autologous
or allogenic stem cell transplant recipients. Among solid
tumors, breast (25%), lung (11%) and gynecological (11%)
cancers were the most prominent.

Most of the patients had one or several risk factors for
candidemia including Candida colonization (81%), pres-
ence of central venous catheter (94%), need for renal
replacement therapy (38%), parenteral nutrition (30%)
or recent abdominal surgery (12%). Similarly, several

Table 1 Hospital mortality risk factors (number (%) or median (IQR))

Clinical features Total Dead Alive p value
N=121 N=73 N=48
Female gender 47 (39%) 24 (33%) 23 (48%) 0.13
Age 60 (49-66) 60 (49-65) 61 (52-68) 03
Median year of ICU admission (IQR) 2013 (2010-2015) 2013 (2010-2016) 2013 (2010-2015) 0.86
Underlying immunosuppression
Solid tumors 36 (30%) 19 (26%) 17 (35%) 0.31
Hematological malignancy 81 (67%) 52 (71%) 29 (60%) 024
Allogenic SCT 8 (7%) 7 (10%) 1 (2%) 0.14
Acute myeloid leukemia 17 (14%) 10 (14%) 7 (15%) 1
Acute lymphoid leukemia 9 (7%) 7 (10%) 2 (4%) 0.32
Lymphoma 45 (37%) 29 (40%) 16 (33%) 0.56
Myelodysplasia 6 (5%) 4 (5.5%) 2 (4%) 1
Autoimmune disease 13 (11%) 7 (10%) 6 (12.5%) 0.77
HIV infection 19 (16%) 11 (15%) 8 (17%) 0.80
Neutropenia 58 (49%) 37 (51%) 21 (46%) 0.71
ICU features
SOFA score 10 (6-15) 12 (8-16) 8(5-14) 0.011
Surgical patient 25 (21%) 15 (20%) 10 (21%) 1
Renal replacement therapy 71 (61%) 50 (68.5%) 22 (46%) 0.005
Invasive mechanical ventilation 91 (75%) 61 (85%) 31 (65%) 0.015
Vasopressors 66 (54.5%) 45 (62%) 21 (44%) 0.06
Candidemia features
Antifungal prophylaxis 20 (17%) 16 (22%) 4 (8%) 0.08
ICU acquired candidemia 70 (58%) 44 (63%) 26 (54%) 0.5
Candida albicans 65 (54%) 39 (53%) 26 (54%) 1
Candida glabrata 23 (19%) 13 (18%) 10 (21%) 0.81
Candida tropicalis 13 (11%) 9 (12%) 4 (8%) 0.56
Candida krusei 9 (7%) 7 (10%) 2 (4%) 032
Candida parapsilosis 9 (7%) 5 (7%) 4 (8%) 0.74
Fluconazole susceptibility 61 (70%) 35 (71%) 27 (69%) 1
Echinocandins susceptibility 73 (92%) 39 (89%) 34 (97%) 0.22
Adequacy of first AF therapy 78 (90%) 43 (86%) 36 (94%) 0.29
CVC removed 103 (97%) 61 (98%) 42 (95.5%) 057
Days to first AF therapy (IQR) 3(1-3) 3(1-3) 3(1-3) 045
Preemptive antifungal therapy 27 (22%) 16 (22%) 11 (23%) 1.00

Adequacy is based on antifungal susceptibility of involved Candida based on MIC

ICU intensive care unit, IQR interquartile range, SCT stem cell transplantation, AF antifungal therapy, CVC central venous catheter
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immune defects were frequently associated including
HIV infection (16%), known hypogammaglobulinemia
(10%) and neutropenia (49%). Interaction between the
main risk factors is reported in Additional file 1: Figure
S1.

At ICU admission, severity as assessed by SOFA score
was 10 (6—15). The vast majority of patients had a medi-
cal condition, and 25 (21%) were admitted for a surgical
emergency. Half of patients (54.5%) required vasopres-
sors at ICU admission.

During ICU stay, 91 (75%) patients required invasive
mechanical ventilation, 71 (61%) required renal replace-
ment therapy, and 91 (75%) required vasopressors.

Candidemia characteristics

Half of the patients (42%) were admitted in ICU after
onset of the candidemia, the remaining patients having
ICU acquired candidemia (Additional file 1: Table S2).
Proportion of patients with breakthrough candidemia
(under antifungal prophylaxis) was 16.5%. Main charac-
teristics of candidemia are reported in Additional file 1:
Table S1. Candida albicans (54%) was the predominant
specie, followed by C. glabrata (19%), C. tropicalis (11%),
C. parapsilosis (7%) and C. krusei (7%). One-third of
identified Candida was resistant to fluconazole (30%) and
8% to echinocandins.

The median delay to blood culture positivity was 3 days
(range 1-6). Enterocolitis was the most frequent infec-
tion site (55%). Among the 99 cultured catheters, 18
(18%) were colonized or infected. Secondary localiza-
tions included endophthalmitis (10%), cutaneous lesions
and thrombosis (8% each). Despite being searched for, no
patient developed osteo-articular infection or endocardi-
tis. Chronic disseminated candidiasis with hepatosplenic
lesions was described in two patients (2%).

First-line antifungal therapy was adapted to docu-
mented specie in the vast majority of the patients (90%),
and central venous catheter was nearly systematically
removed (97%) within 3 days (IQR 2-4). Median delay
from onset of candidemia to first antifungal therapy was
3 days (IQR 1-3).

Outcome and factors associated with hospital mortality
ICU mortality was of 52%, and hospital mortality was
of 60% (Fig. 2). Before adjustment, patients’ severity as
assessed by organ support or severity score was the main
variables associated with hospital mortality (Table 1).
After adjustment for confounders, allogenic stem cell
transplantation, vasopressors and invasive mechanical
ventilation were independently associated with hospital
mortality. Candida species were not significantly asso-
ciated with outcome when forced in the final model and
did not change this later (Table 2, Figs. 3, 4). Last, when
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forced in the Cox model, neither treatment strategies
(echinocandin as first-line therapy) nor ICU admission
years per quartile were selected or modified the model.

Outcome in patients with and without candidemia

In a way to further explore the influence of candidemia
on outcome, our study population was compared to a
control group without candidemia and described else-
where [16]. Main characteristics of patients with and
without candidemia are reported in Additional file 1:
Table S3. Distribution of propensity score and patients
characteristic before and after matching, and changes in
mean standardized difference and patients’ characteris-
tics after matching are reported in Additional file 1: Fig-
ure S2, Figure S3, Figure S4 and Table S4. No influence
of candidemia on mortality was noted before matching
(Additional file 1: Figure S5), after matching (Additional
file 1: Figure S6) or after adjustment for SOFA score at
ICU admission (HR 0.78, 95%CI 0.58—-1.09).

Discussion

This study is the first to describe clinical features and
outcome of this specific population. Hospital mortal-
ity in this setting was 60%. Patients’ severity as assessed
by organ support and allogenic stem cell transplantation
were independently associated with hospital mortality.
Conversely, Candida species, susceptibility to antifungal
therapies or neutropenia, had no influence on outcome.

The observed poor prognosis is concordant with pre-
vious studies in this field. Hence, overall mortality after
candidemia has been reported to be up to 40% in the
general population [1-4], rising to 50% in critically ill
patients [1, 4] and 70% in patients with septic shock [7].
Mortality of onco-hematological patients with candi-
demia was reported to be of 40% [4, 17, 18]. Recently,
Lortholary et al. [4] reported in a large prospective
cohort of candidemia, a mortality of 50% for onco-hema-
tological patients admitted in ICU with candidemia. Our
data are in line with these reports, suggesting a high mor-
tality associated with both underlying immune defect
and underlying comorbidities.

Interestingly, in this study, most of the variables asso-
ciated with outcome were surrogate of patients’ sever-
ity. These data are concordant with previous studies that
reported higher mortality of critically ill patients with
candidemia [1, 4]. In this line, Kollef et al. [7], reported
a 69% mortality in patients with septic shock and candi-
demia. Although neutropenia has been associated with
poor outcome in the general population of patients with
candidemia [8], we were unable to detect such an effect
in this study. The only exception is the peculiar popula-
tion of allogeneic stem cell transplant recipients. These
data are concordant with the poor prognosis of critically
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Table 2 Mortality associated factors (multivariate analysis.
Cox model)

Mortality associated factors HR Cl95% p value
Candida albicans 0.98 0.60-1.6 093
Invasive mechanical ventilation 1.98 1.03-3.81 0.04
Vasopressors 1.85 1.12-3.07 0.02
Allogenic SCT 2.51 1.05-5.99 0.04

SCT stem cell transplantation, HR hazard ratio, C/95% confidence interval 95%

ill allogeneic stem cell transplant recipients, in whom
a mortality of 51% was described, rising to 71% when
mechanical ventilation was needed [19]. In this cohort,
allogeneic stem cell transplant recipients with candi-
demia had a hospital mortality of 88%. This high mor-
tality may reflect cumulative impact of mortality risk in
this subgroup, direct influence of candidemia and the fact
that candidemia may be a surrogate marker of severity or
underlying immune defect in these patients [20, 21]. This

later is further underlined by the lack of influence of can-
didemia on outcome after adjustment for confounders
and when compared to a control group of patients with-
out candidemia [16].

Last, several findings specific to candidemia and its
management are to be noted. First, Candida specie and
susceptibility had no influence on outcome. Some of
the previous studies reported Candida species, namely
C. glabrata or C. parapsilosis to be associated with bet-
ter prognosis [4, 8, 22]. This association is, however,
inconstantly reported in the literature [4, 5], and our
results do not support such association. Our study may,
however, lack statistical power to detect such an effect.
Similarly, we were unable to detect the influence of man-
agement strategies on outcome. Neither initial therapy
nor catheter withdrawal was associated with outcome
while having been demonstrated factors associated with
survival for patients with candidemia by previous stud-
ies [7, 8, 23], and being recommended by guidelines [6].
This may be explained by the homogenous management
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strategies in this study leading to high rate of catheter
removal and systemic initiation of antifungal treatment
the day of Candida identification. Nonetheless, the delay
from onset of symptoms to antifungal therapy or cath-
eter removal remained unacceptably long with a median
of 3 days, reflecting time to culture positivity. Hence,
despite rate of antifungal prophylaxis in this popula-
tion (18%) and preemptive therapies, antifungal therapy
remains dictated in this setting by culture positivity.
This may reflect either a lack of clinical vignette specific
enough to lead to adequate preemptive therapy initia-
tion or failure to identify these vignettes. Development
and validation of strategy that may allow reduction of this
delay may be required. In this line, extension and vali-
dation of preemptive strategy in immunocompromised
patients, excluded from recent trials [9, 10], validation of
biomarkers driven strategies in this setting might deserve
to be evaluated.

Our study has several limitations. First, the observa-
tional design and lack of a control group preclude any
causality inference in this setting. In addition, this study
was performed in only three centers, with high volume
and experience of immunocompromised patients. This
could explain the homogeneity in terms of patients
cares and might constitute a selection bias. In this
line, rate of hematological malignancies was high, and
over-represented, in line with case mix in participat-
ing centers. Whether this may partly explain the lack
of influence of underlying disease may deserve to be
assessed by additional studies. In this line, the study
period extends over a decade and changes in practices
may have influenced our findings. We described two
different groups of patients with candidemia, namely
patients with ICU acquired candidemia and patient
admitted in ICU for candidemia. If mixing these two
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groups might be misleading, we demonstrated simi-
lar features and outcomes of them. Moreover, despite
the relatively large sample size in line with an uncom-
mon disease, our negative findings might be related
to the lack of statistical power. Thus, the lack of influ-
ence of Candida specie or Candida susceptibility and
the absence of influence of management strategy may
reflect the lack of statistical power rather than the lack
of influence. Last, although we failed to observe an
association between candidemia and mortality, this
post hoc analysis was limited by selection bias in the
control group. Since comparability across groups can-
not be ensured after adjustment, these results are to
be interpreted cautiously. Nonetheless, this post hoc
analysis, although hypothesis generating, may suggest a
lack of increased mortality in patients with candidemia
after adjustment of case mix and patients’ severity that
may deserve to be explored in future studies.

Conclusion

Our results confirm the high mortality of candidemia
in immunocompromised critically ill patients despite
adequate first-line therapy and high adherence to rec-
ommendation in most patients. In this setting, initial
severity and underlying allogenic stem cell transplan-
tation are main factors associated with outcome, while
Candida specie and susceptibility do not appear to
be associated with outcome. Last, despite antifungal
prophylaxis and use of preemptive antifungal therapy
in neutropenic patients, antifungal therapy proves to
be initiated 3 days after onset of candidemia, suggest-
ing need for better risk stratification and validation of
dedicated preemptive strategies.
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Additional file

Additional file 1: Figure S1.Venn diagram representing interaction
between candida risk factors. Figure S2. Distribution of propensity

score of having candidemia, in the study population ("treatment") and

the control group ("control") (17), before and after matching. Figure

S3. Distribution of propensity score of having candidemia, in the study
population ("treatment") and the control group ("control”) (17), before and
after matching. Figure S4. Standardized mean difference across groups
for accounted variables before and after matching. SOFA: Sepsis-related
Organ Failure Assessment; RRT: Renal Replacement Therapy; MV: Mechani-
cal ventilation; HSCT: Hematopoietic Stem Cell Transplantation. Figure S5.
Kaplan-Meier Survival Curve in patients with Candidemia and in patients
without candidemia, before matching (Difference tested using Log-Rank
test). Figure S6. Kaplan-Meier Survival Curve in patients with Candi-
demia and in patients without candidemia, after matching (Difference
tested using Log-Rank test). Table S1. Patients characteristics. Table S2.
Comparison between ICU acquired candidemia and "primary candidemia”
(Patients with candidemia developing before 24h of ICU admission).
Table S3. Candidemia patients characteristics and control patients [16]
before adjustment. Table S4. Candidemia Patients characteristics and con-
trol patients after propensity score matching on gender, organ support,
underlying immune defect and stem cell transplantation.
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Cl: confidence interval; ICU: intensive care unit; IQR: interquartile range; OR:
odds ratio; SOFA: sepsis-related organ failure assessment; EUCAST: Euro-
pean Committee on Antimicrobial Susceptibility Testing; SCT: stem cell
transplantation.
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