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Abstract

Background: Several severity indexes have been reported for critically ill patients.
The Pitt bacteremia score (PBS) is commonly used to predict the risk of mortality in
patients with bacteraemia.

Obijectives: To develop a scoring system for predicting mortality in candidaemia patients.
Methods: Medical records at five Japanese tertiary hospitals were reviewed. Factors
associated with mortality were analysed using logistic regression modelling. The dis-
criminatory power of scoring models was evaluated by assessing the area under the
receiver operating characteristic curve (AUC), net reclassification improvement (NRI)
and integrated discrimination improvement (IDI).

Results: In total, 422 candidaemia patients were included. Higher PBS, dialysis and
retainment of central venous catheter were independent risk factors for all-cause 30-
day mortality. However, among the five PBS components, fever was not associated
with mortality; therefore, we developed a modified version of the PBS (mPBS) by re-
placing fever with dialysis. AUC for PBS and mPBS were 0.74 (95% confidence interval
[CI]: 0.68-0.80) and 0.76 (95% Cl: 0.71-0.82), respectively. The increase in predictive
ability of mPBS for 30-day mortality was statistically significant as assessed by NRI
(0.24, 95% Cl: 0.01-0.46, p = .04) and IRI (0.04, 95% CI: 0.02-0.06, p = .0008). When
patients were stratified by mPBS into low (scores 0-3), moderate (4-7) and high risk
(=8), there were significant differences among the survival curves (p < .0001, log-
rank test), and 30-day mortality rates were 13.8% (40/290), 36.8% (28/76) and 69.4%
(34/49), respectively.

Conclusions: mPBS can be a useful tool for predicting mortality in candidaemia

patients.
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1 | INTRODUCTION

Candidaemia is one of the most common fungal infections among
hospitalised patients, and the mortality rate for candidaemia is high
at 30%-40%, even after the administration of antifungal therapy.t?
Appropriate and timely antifungal therapy and source control are
essential to improve the prognosis of patients with candidaemia.®>”
Appropriate antifungal agents should be selected for candidaemia
patients based on multiple factors, including the severity of the dis-
ease and causative organisms. Many studies have elucidated the
risk factors for predicting the likelihood of developing candidae-
mia,®? along with the variables associated with mortality due to
candidaemia.’®*? A patient-level quantitative review of seven ran-
domised trials for the treatment of invasive candidiasis identified
old age, higher Acute Physiology and Chronic Health Evaluation Il
(APACHE II) score, immunosuppressive therapy and infection with
Candida tropicalis as predictors of mortality.! Conversely, removal
of a central venous catheter (CVC) and treatment with an echino-
candin antifungal agent were associated with reduced mortality.
However, simplified and validated criteria to determine the severity
of the disease and predict the prognosis of patients with candidae-
mia are scarce.

The Sequential Organ Failure Assessment (SOFA) and the
APACHE Il scoring systems have been used mainly in intensive care
units (ICUs); however, they are cumbersome and complicated.13'15
The Pitt bacteremia score (PBS) is widely used to predict mortal-
ity in patients with bacteraemia; moreover, it uses a simple scoring
method and is applicable even in the general wards.**™* A recent
study has demonstrated its usefulness as a prognostic score for
patients with candidaemia?®; however, to date, the contribution of
each component in the PBS has not been assessed.

In the present study, we collected the clinical and microbiolog-
ical information for patients with culture-proven candidaemia who
were administered antifungal therapy. The primary aim of our study
was to identify the potential variables associated with all-cause 30-
day mortality. Secondary objectives included the determination of
variables associated with early (days 1-14) and late (days 15-30)
mortality. We developed a scoring system to estimate the risk of
mortality in patients with candidaemia, solely based on patient-
specific variables available at the time of initial physical examina-
tion at the bedside on the day blood samples were collected for
culture.

2 | PATIENTS AND METHODS

2.1 | Study design and data collection

We retrospectively reviewed the medical records of patients aged
>18 years diagnosed with culture-proven candidaemia between
January 2009 and December 2015 at five university hospitals
in Japan. The hospitals participating in this study were Nagasaki
University Hospital, Hyogo Medical University Hospital, Aichi
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Medical University Hospital, Osaka City University Hospital and
Kagoshima University Hospital (712-980 beds per hospital).

The medical records of all enrolled patients were reviewed, and
the data for the following variables were collected: age, sex, body
mass index, intensive care unit (ICU) admission, underlying conditions/
treatment potentially related to candidaemia risk factors (diabetes
mellitus, solid cancer, blood cancer, organ transplant, use of immu-
nosuppressants, neutropenia at onset, recently administered che-
motherapy, acute kidney injury [AKI], chronic kidney disease [CKD],
undergone dialysis, prior abdominal surgery within 30 days, required
mechanical ventilation, presence of a CVC, total parenteral nutri-
tion, serum albumin level <3.0 mg/dl and presence of inflammatory
bowel disease), severity of illness determined by PBS (Supplementary
Table S1), microbiological findings including Candida isolates and bac-
terial co-infections, antifungal therapy and clinical outcome. Candida
spp. was identified according to standard microbiological methods
without using rapid diagnostic tests such as T2Candida. Vital signs
and laboratory data within 24 h before or on the day of collection of
the first sample for positive blood culture were recorded. PBS was
calculated using the highest point scores recorded during that time.

We excluded patients who did not receive any antifungal ther-
apy and/or those whose doctors did not follow their outcome for
30 days after the onset of candidaemia. The onset of candidaemia
was set at day 0, which was the date of collection of the sample for
the first positive blood culture. The endpoints were all-cause 14-
day mortality, all-cause 30-day mortality and survival period within

30 days from the onset of candidaemia.

2.2 | Ethics statement

This study was approved by the research ethics committees of all
five participating hospitals. The institutional review boards waived
the requirement of informed consent from the patients included in
this study because of the retrospective design. The summary and in-
formation of this study had been disclosed following the regulations
of each participating hospital.

2.3 | Definitions

All definitions used in the study were established before data analy-
ses. An episode of candidaemia was defined as the isolation of any
pathogenic species of Candida from at least one blood culture speci-
men from a patient with signs and symptoms of infection. A second
episode of candidaemia occurring in the same patient within 4 weeks
of the first episode was counted as the same episode. Persistent
candidaemia was defined as persistently positive blood cultures for
the same Candida species for 23 days after the initiation of antifun-
gal treatment.?! Bacterial co-infection was defined based on one or
more positive blood cultures for bacteria within 48 h before or after
the first episode of candidaemia.?? Candida endophthalmitis was
diagnosed based on the evaluation by an ophthalmologist. Candida
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endocarditis was diagnosed by transthoracic or transoesophageal
echocardiography according to the modified Duke criteria.?

Immunosuppressants included corticosteroids and other immu-
nosuppressive agents, such as calcineurin inhibitors. Neutropenia
was defined as an absolute neutrophil count of <500 cells/ul. AKI
was diagnosed based on the Kidney Disease: Improving Global
Outcomes definition as described previously.?* CKD was defined
as a reduced glomerular filtration rate (<60 ml/min/1.73 m?) for
more than 3 months.?® Dialysis included haemodialysis, haemodial-
ysis filtration, peritoneal dialysis and continuous renal replacement
therapy. Severity was assessed at the time of the first positive blood
culture collection using PBS (Supplementary Table 51).2¢

2.4 | Statistical analysis

To evaluate the factors associated with mortality, univariable analy-
ses were performed using the chi-square test or Fisher's exact test
for categorical variables and logistic regression analysis for continu-
ous variables. Values with normal distribution are expressed as means
and standard deviations (SDs). Non-normally distributed values are ex-
pressed as medians and interquartile ranges (IQRs). Statistical compari-
son of mortality and patients’ characteristics stratified by antifungal
regimens was performed using the Kruskal-Wallis test. Variables with
clinical relevance and those found to be significant in the univariable
analyses were included in a multivariable logistic regression model
mainly based on the previous evidence, clinical significance, correla-
tion between potential predictors and the availability of data.

The discriminatory power of a derivative scoring model was eval-
uated by assessing the area under the receiver operating character-
istic curve (AUC). Calibration was assessed using Nagelkerke's R%.2¢
The most appropriated cut-off value for dichotomisation of severity
scores was determined based on the AUC and Youden index.?” Risk
stratification models were also compared using net reclassification
improvement (NRI) and integrated discrimination improvement (IDI)
as described previously.?® Survival curves were estimated using the
Kaplan-Meier method and compared using the log-rank test. The dif-
ferences with p value <.05 were considered statistically significant.

All analyses were performed using JMP Pro 15 (SAS Institute Inc).

3 | RESULTS

3.1 | Patients’ characteristics

In total, 454 patients with candidaemia were identified, of whom 32
were excluded (31 because they received no antifungal therapy and
one because of missing prognostic data). Among 422 patients included
in the final analysis, the mean age was 65.0 + 15.8 years, and the pro-
portion of men was 64.0% (Table 1). All-cause 14-day and 30-day mor-
tality rates were 15.6% (66/422) and 24.6% (104/422), respectively.
The median time from the first positive blood culture sample collec-
tion to death was 11 days (interquartile range, 5-18 days). The exact

source of infection was unclear, but 76.3% (322/422) of patients had
CVC when the sample for the index blood culture (first blood culture
that tested positive for Candida spp.) was collected.

The characteristics of patients with candidaemia and univariable
analysis for all-cause 30-day mortality are shown in Table 1. The
risk factors significantly associated with mortality were ICU admis-
sion, AKI, dialysis, mechanical ventilation, total parenteral nutrition,
higher PBS, infection with C tropicalis, treatment with polyene and
indwelling CVC retained for more than 24 h after collection of the
index blood culture. Among 322 patients who had a CVC, removal of
the CVC within 24 h following the collection of the sample for index
blood culture, was significantly associated with lower 30-day mortal-
ity. It was 19.1% (35/183) for those with CVC removal within 24 h and
36.0% (50/139) for those with CVC retention or CVC removal after
24 h (odds ratio [OR]: 0.42, 95% confidence interval [Cl]: 0.25-0.70,
p = .0007). The presence of Candida endophthalmitis or Candida en-
docarditis was not associated with mortality. No patient in our study
had both Candida endophthalmitis and Candida endocarditis.

3.2 | Candida isolates

Candida albicans (43.4%) was the most prevalent species, followed
by C parapsilosis (21.6%), C glabrata (16.6%), C tropicalis (9.7%),
C krusei (2.0%) and other Candida spp., including C guilliermondii
(Table 1). Infection with two Candida species occurred in 1.7% of
the patients. In the univariable analysis, infection with C tropicalis
was significantly associated with 30-day mortality. Neither bacterial
co-infection nor persistent candidaemia was significantly associated
with 30-day mortality.

3.3 | Antifungal treatment

Among 422 patients with candidaemia, 290 (68.7%) were treated
with echinocandins (214 with micafungin and 76 with caspofungin),
77 (18.3%) with azoles (74 with fluconazole, 2 with itraconazole and
1 with voriconazole) and 51 (12.1%) with polyene (liposomal ampho-
tericin B) (Table 1). The remaining four patients (0.9%) received com-
bination therapy with two antifungal drugs.

The highest 14-day and 30-day mortality rates were observed
in the liposomal amphotericin B-treated group, followed by the
echinocandins-treated and azoles-treated groups (Supplementary
Table S2). The higher rates of ICU admission, renal dysfunction,
mechanical ventilation, persistent candidaemia and indwelling CVC
over 24 h, along with higher PBS were observed in the liposomal
amphotericin B group followed by the echinocandins-treated and
azoles-treated groups, suggesting that the patients with more severe
disease were treated with liposomal amphotericin B, and those with
less severe disease were treated with azoles. We could not identify
the exact number of patients who developed breakthrough candi-
daemia and who received empiric antifungal therapy prior to culture
positivity in this retrospective study.
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TABLE 1 Characteristics of patients with candidaemia, and univariable analysis for all-cause 30-day mortality

No. of patients who

WiLEY- L%

Variable Total (n = 422) Survived (h=318) Died (n = 104) OR (95% CI) p value
Age (years), mean + SD 65.0 + 15.8 64.2 +16.4 67.2 +14.0 1.01 (0.99-1.03) .093
Men 270 (64.0) 198 (62.3) 72 (69.2) 1.36 (0.85-2.19) 199
BMI (kg/m?), mean + SD 20.7 +4.7 20.5+4.6 21.5+47 1.04 (0.99-1.09) .071
(n =410) (n=311) (n=99)
ICU admission 120 (28.4) 69 (21.7) 51 (49.0) 3.47 (2.17-5.54) <.0001
Comorbidities and risk factors
Diabetes mellitus 93(22.0) 67 (21.1) 26(25.0) 1.25(0.74-2.10) 401
Solid cancer 141 (33.4) 102 (32.1) 39 (37.5) 1.27 (0.80-2.02) .309
Blood cancer 26 (6.2) 18 (5.7) 8(7.7) 1.39 (0.59-3.30) 482
Organ transplant 15 (3.5) 10 (3.0) 5(4.8) 1.56 (0.52-4.66) 541
Immunosuppressant 129 (30.1) 92 (28.9) 37 (35.6) 1.36 (0.85-2.17) 221
Anti-cancer chemotherapy 38(9.0) 24 (7.6) 14 (13.5) 1.91(0.95-3.84) 077
Neutropenia (<500 cells/pl) 12/421 (2.9) 8/318 (2.5) 4/103 (3.9) 1.57 (0.46-5.31) 498
Acute kidney injury 82 (19.4) 54 (17.0) 28(26.9) 1.80(1.07-3.04) .026
Chronic kidney disease 107 (25.4) 77 (24.2) 30(28.9) 1.27 (0.77-2.08) .346
Dialysis® 77 (18.3) 36(11.3) 41 (39.4) 5.10(3.02-8.61) <.0001
Prior abdominal surgery within 30 days 83(19.7) 64 (20.1) 19 (18.3) 0.89 (0.50-1.57) 679
Mechanical ventilation 126 (29.9) 69 (21.7) 57 (54.8) 4.38 (2.74-7.00) <.0001
Albumin <3.0 mg/dl 323/417 (77.5) 236/314(75.2) 87/103 (84.5) 1.80(0.99-3.25) .057
Inflammatory bowel disease 54(12.8) 50 (15.7) 4(3.8) 0.21(0.08-0.61) .001
Total parenteral nutrition 254 (60.2) 181 (56.9) 73(70.2) 1.78 (1.11-2.87) 016
Presence of CVCP 322(76.3) 237 (74.5) 85(81.7) 1.53(0.88-2.67) 147
Indwelling CVC over 24 h© 139 (32.9) 89 (28.0) 50 (48.1) 2.38(1.51-3.76) .0002
Severity
Pitt bacteraemia score, median (IQR) 2 (0-4) 1(0-3) 4.5 (2-7) 1.42 (1.29-1.56) <.0001
(n = 405) (n=307) (n=98)
Candida isolates and complications
C albicans 183 (43.4) 138 (43.4) 45 (43.3) 0.99 (0.64-1.56) .982
C parapsilosis 91(21.6) 75 (23.6) 16 (15.4) 0.59 (0.33-1.07) .099
C glabrata 70 (16.6) 52 (16.4) 18 (17.3) 1.07 (0.59-1.93) .880
C tropicalis 41 (9.7) 24 (7.6) 17 (16.4) 2.39 (1.23-4.66) .013
C krusei 9(2.1) 6(1.9) 3(2.9) 1.54(0.38-6.23) .695
Other Candida spp. 21(5.0) 18 (5.7) 3(2.9) 0.50(0.14-1.72) 311
Bacterial co-infection 57 (13.5) 39(12.3) 18(17.3) 1.50(0.81-2.75) .190
Persistent candidaemia 79/386 (20.5) 59/316 (18.7) 20/70 (28.6) 1.74(0.97-3.15) .072
Candida endophthalmitis 62/347 (17.9) 50/283(17.7) 12/64(18.8) 1.08 (0.54-2.16) .857
Candida endocarditis® 11/360(3.1) 9/283(3.2) 2/77 (2.6) 0.81(0.17-3.84) 1.000
Treatment
Azoles 77 (18.3) 64 (20.1) 13(12.5) 0.57 (0.30-1.08) .107
Echinocandins 290 (68.7) 223(70.1) 67 (64.4) 0.77 (0.48-1.23) .276
Polyene 51(12.1) 28 (8.8) 23(22.1) 2.94 (1.61-5.38) .0003
Combination therapy 4 (0.9) 3(0.9) 1(1.0) 1.02 (0.10-9.91) 1.000

Note: Data are presented as number of patients (%), mean + SD or median (IQR).

Abbreviations: BMI, body mass index; Cl, confidence interval; CVC, central venous catheter; ICU, intensive care unit; IQR, interquartile range; OR,
odds ratio; SD, standard deviation.

2Among 77 patients undergoing dialysis, 19 were diagnosed with AKI.

bPresence of CVC when sample for index blood culture was collected.

“Presence of CVC for more than 24 h after collection of the sample for index blood culture.
INo patient had both endophthalmitis and endocarditis.
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3.4 | Multivariable analysis for the predictors of
30-day mortality

Multivariable logistic regression analysis identified dialysis (OR:
2.58, 95% Cl: 1.34-4.98, p = .005), higher PBS (OR: 1.40, 95% Cl:
1.24-1.58, p < .0001), and presence of CVC for more than 24 h after
collection of the sample for index blood culture (OR: 2.23, 95% Cl:
1.29-3.86, p = .004), as risk factors associated with higher 30-day
mortality (Table 2). Conversely, treatment with echinocandins was
associated with lower 30-day mortality (OR: 0.54, 95% Cl: 0.30-
0.98, p =.041).

3.5 | Pitt bacteraemia score and modified Pitt
bacteraemia score

In this study, we also evaluated the contributions of individual com-
ponents of the PBS in predicting 30-day mortality in patients with
candidaemia. Among the five parameters in the PBS, hypotension,
mechanical ventilation, cardiac arrest and mental status were signifi-
cantly associated with mortality, but fever was not (Table 3). Dialysis
was independently associated with an increased risk of 30-day mor-
tality in the multivariable analysis as described above (Table 2), and
it can be easily assessed at the time of collection of the sample for
blood culture. Therefore, we derived a modified version of the PBS
(mPBS) by replacing fever with dialysis (Table 4). The score point
of dialysis was set as 2 based on the highest Nagelkerke's R? value
among the score points 1-5.

The performance characteristics of the PBS and mPBS for pre-
dicting 30-day mortality at selected cut-off values are summarised
in Supplementary Table S3. The Youden index (sensitivity + speci-
ficity — 1) was at a maximum when dichotomised at <4 versus 24 for
both PBS and mPBS. Using a score 24 to identify patients at high risk
of 30-day mortality, the AUC for the PBS and mPBS were 0.74 (95%
Cl: 0.68-0.80) and 0.76 (95% Cl: 0.71-0.82), respectively (Figure 1).

Variable OR (95% ClI)

Age 1.02(1.00-1.03)
Male sex 1.45 (0.82-2.56)
ICU admission 0.78 (0.39-1.54)
Acute kidney injury 0.78 (0.39-1.54)
Dialysis 2.58(1.34-4.98)
Total parenteral nutrition 1.16 (0.66-2.05)
Pitt bacteraemia score (1-point increments) 1.40 (1.24-1.58)
Infection with Candida tropicalis 1.87 (0.83-4.20)
Treatment with echinocandins 0.54(0.30-0.98)
Indwelling CVC over 24 h? 2.23(1.29-3.86)

The increase in predictive ability of mPBS for 30-day mortality
was high as assessed by NRI (0.24, standard error: 0.11, 95% CI:
0.01-0.46, p = .04) and IRI (0.04, standard error: 0.01, 95% Cl: 0.02-
0.06, p =.0008).

3.6 | Riskfactors for early (days 1-14) and late
(days 15-30) mortality in patients with candidaemia

Among 104 patients who died within 30 days after the onset of can-
didaemia, 66 (63.5%) died within the first 14 days and 38 (36.5%)
died during days 15-30. Therefore, the rates of early (days 1-14)
and late (days 15-30) mortality were 15.6% (66/422) and 10.7%
(38/356), respectively. In the univariable analysis, ICU admission, di-
alysis, mechanical ventilation, indwelling CVC over 24 h, higher PBS
and higher mPBS were significantly associated with both early and
late mortality (Supplementary Table S4). These results were consist-
ent with those obtained by the Cox regression analysis of poten-
tial risk factors associated with 30-day mortality in patients with
candidaemia (Supplementary Table S5). The following multivariable
logistic regression analysis identified only mPBS as an independent
predictor of both early and late mortality (Table 5).

A 1-2-day delay in the initiation of empiric antifungal therapy
approximately doubled hospital mortality in the literature®®; how-
ever, this was not apparent in our study. The group of patients
who received antifungal therapy on day O had higher mortality and
higher mPBS than those observed in other groups (Supplementary
Table Sé). It was likely that patients with more severe disease (higher
mPBS) received early empiric therapy and that disease severity
rather than time to initiation of antifungal therapy was associated
with mortality in this study.

The Kaplan-Meier curve showed that the patients with a lower
mPBS had a significantly higher likelihood of survival among the
three groups stratified by mPBS (Figure 2A). The 30-day mortal-
ity rates were 13.8% (40/290), 36.8% (28/76) and 69.4% (34/49) in

TABLE 2 Multivariable logistic

regression analysis for factors potentially

.089 associated with 30-day mortality in

205 patients with candidaemia (n = 405; 307
survived, 98 died)

p value

467
475
.005
.608
<.0001
129
.041
.004

Abbreviations: Cl, confidence interval; CVC, central venous catheter; ICU, intensive care unit; OR,

odds ratio.

?Presence of CVC for more than 24 h after collection of the sample for index blood culture.
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TABLE 3 Evaluation of the association

of each item in the Pitt bacteraemia Variable in PBS

score (PBS) with 30-day mortality using Fever
univariable analysis 0

1

2

Hypotension
0
2

Mechanical ventilation

0
2

Cardiac arrest
0
4

Mental status
0

1
2
4

Note: Data are presented as number of patients (%).

TABLE 4 Modified Pitt bacteraemia score

Criterion Points

Dialysis 2
Hypotension®

Mechanical ventilation

A NN

Cardiac arrest

Mental status
Alert
Disoriented

Stuporous

A~ N, O

Comatose

Note: All criteria were graded using the highest point scores recorded
within 24 h before or on the day of collection of the first positive blood
culture.

?Acute hypotensive event with drop in systolic blood pressure >30 mm
Hg and diastolic blood pressure >20 mm Hg, or requirement of
intravenous vasopressor, or systolic blood pressure <90 mm Hg.

patients with mPBS 0-3, 4-7 and 28, respectively (p < .001 for each
comparison by log-rank Bonferroni multiple test).

These results suggest the incremental predictive value of mPBS
compared with the original PBS for both early and late mortality in

patients with candidaemia.
3.7 | Application of mPBS to patients without
cancer and organ transplant

Some variables in patients with cancer or organ transplant may

substantially affect the prognosis of candidaemia.?? 2 Therefore,

.
Total Survived Died p value
(n=411) (n=311) (n=100)
237 (57.7) 175 (56.3) 62 (62.0) .600
131(31.9) 103 (33.1) 28 (28.0)
43(10.5) 33(10.6) 10 (10.0)
(n=422) (n=318) (n=104)
321 (76.1) 267 (84.0) 54 (51.9) <.0001
101 (23.9) 51 (16.0) 50 (48.1)
(n=422) (n=2318) (n=104)
296 (70.1) 249 (78.3) 47 (45.2) <.0001
126 (29.9) 69 (21.7) 57 (54.8)
(n=422) (n=318) (n=104)
408 (96.7) 313 (98.4) 95(91.4) .0016
14 (3.3) 5(1.6) 9(8.7)
(n=415) (n=313) (n=102)
235 (56.6) 210 (67.1) 25(24.5) <.0001
43(10.4) 33(10.5) 10 (9.8)
114 (27.5) 63(20.1) 51(50.0)
23 (5.5) 7(2.2) 16 (15.7)
1.00
= |
0.80 //
2 0.60 /
Z
:.Z" —mPBS
&% 0.40 —PBS
0.20 /
0.00 T T T T T
0.00 020 040 060 0.80 1.00

1-Specificity

FIGURE 1 Receiver operating characteristic curve analysis
for the discriminatory power of the modified Pitt bacteraemia
score (mPBS) for predicting 30-day mortality of patients with
candidaemia. The area under the curve was 0.76 (95% confidence
interval: 0.71-0.82) for mPBS and 0.74 (95% confidence

interval 0.68-0.80) for PBS [Colour figure can be viewed at
wileyonlinelibrary.com]

we excluded all patients with solid cancer, blood cancer or organ
transplant from the analysis set and conducted a subgroup analy-
sis for non-cancer, non-organ transplant patients (n = 246). The
Kaplan-Meier curves of the three groups stratified by mPBS as de-
scribed above are shown in Figure 2B. The 30-day mortality rates
were 10.3% (16/156), 30.2% (16/53) and 60.6% (20/33) in patients
with mPBS 0-3, 4-7 and 28, respectively (p <.001 for mPBS 0-3 vs.
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TABLE 5 Multivariable logistic regression analysis of risk factors for early and late mortality in patients with candidaemia

Early (days 1-14) mortality

Late (days 15-30) mortality 30-day mortality

Variables OR (95% Cl) p value
Age 1.02 (1.00-1.04) .040
0.54(0.25-1.19) 128
2.45(1.02-5.92) .046
2.46 (1.05-5.77) .038
2.09 (1.15-3.79) .016

1.39 (1.24-1.55) <.0001

ICU admission

Albumin <3.0 mg/dI

Infection with Candida tropicalis
Indwelling CVC over 24 h?

mPBS (1-point increments)

OR (95% ClI) p value OR (95% Cl) p value

1.01(0.99-1.03) 170
0.66 (0.33-1.32) .240
1.80(0.89-3.64)  .103
2.12 (0.96-4.68) .063
2.01(1.19-3.41) .009
1.43 (1.29-1.59) <.0001

1.20(0.49-2.90)  .690

1.43(0.67-3.05)  .360
1.34(1.17-1.54) <.0001

Abbreviations: Cl, confidence interval; CVC, central venous catheter; ICU, intensive care unit; mPBS, modified Pitt bacteraemia score; OR, odds ratio.
?Presence of CVC for more than 24 h after collection of the sample for index blood culture.
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FIGURE 2 Kaplan-Meier survival curve of patients with candidaemia stratified by the modified Pitt bacteraemia score (mPBS). (A) All
patients with candidaemia. Log-rank Bonferroni multiple test: mPBS 0-3 versus mPBS 4-7, mPBS 4-7 versus mPBS 28, mPBS 0-3 versus
mPBS 28, p < .0001 each. (B) Non-cancer, non-transplanted patients with candidaemia. Log-rank Bonferroni multiple test: p <.001 for mPBS
0-3 versus mPBS 4-7, p < .001 for mPBS 0-3 versus mPBS 28, p < .035 for mPBS 4-7 versus mPBS =8 [Colour figure can be viewed at

wileyonlinelibrary.com]

mPBS 4-7, p < .001 for mPBS 0-3 vs. mPBS 28, p < .035 for mPBS
4-7 vs. mPBS 28, by log-rank Bonferroni multiple test). The results
suggest that the risk stratification strategy using mPBS was applica-

ble even for non-cancer, non-transplant patients.

4 | DISCUSSION

This study identified the key risk factors associated with early and
late all-cause mortality in patients with candidaemia who received
antifungal treatment. To the best of our knowledge, our present
study and the one by Vaquero-Herrero et al?® are the first two to
report the predictive ability of PBS in patients with candidaemia.
Moreover, we developed mPBS, which is a simple scoring system
that has better discriminatory capability than the original PBS for
predicting mortality. All information for score calculation is readily
available at the bedside when candidaemia is suspected.

The rates of 14-day mortality (15.6%) and 30-day mortality (24.6%)
observed in this cohort of 422 patients with candidaemia were sim-
ilar to those reported in previous studies conducted in Japan.33'34 If
patients who died before receiving antifungal therapy were included,
the 30-day mortality rate would probably be around 30%, which is
consistent with that reported in other literature. In our study, 71.6%
of the cohort was comprised of non-ICU patients and the severity of
disease in patients was reflected widely from low to high PBS scores,
suggesting that the scoring model could be generalised to critical and
non-critical care settings. Among Candida isolates, C albicans was the
most frequent species (43%), but non-albicans Candida species pre-
dominated, which is consistent with trends observed globally.>>-%7
Infection with C tropicalis and C parapsilosis was associated with
higher and lower 14-day mortality, respectively; however, the caus-
ative Candida species did not influence mortality in the later period.

Treatment strategies also have a significant impact on the prog-
nosis of patients with candidaemia. For example, Andes et al,* using
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data from seven randomised clinical trials, identified the removal of
CVCs and use of echinocandins as treatment-related factors asso-
ciated with improved 30-day survival. In our study, the antifungal
regimen was not a main factor influencing mortality; however, we
could not draw any conclusions regarding the efficacy of antifungal
drugs because the design of this study was not appropriate for this

comparison. Puig-Asensio et al®

reported that prompt therapeu-
tic interventions, including antifungal treatment and CVC removal,
are important for reducing early mortality, while host factors and
disease severity are the main variables influencing late mortality.
Consistent with the findings of Puig-Asensio et al,*> multivariable
analysis in our study also showed a significant association between
CVC retention and an increased risk of early mortality, supporting
current clinical guidelines that recommend prompt removal of CVCs,
when feasible, in patients with candidaemia.***® Of note, in our
multivariable analysis, only mPBS was an independent predictor of
both early and late mortality.

PBS is widely used as a predictor of mortality in patients with
bloodstream infections caused by bacteria.X*"*? Our study is one of
the two studies that reported the predictive ability of PBS in pa-
tients with candidaemia, and ours is the first study conducted in
Japan. A previous study by Vaquero-Herrero et al demonstrated
that the original PBS is useful for the prediction of 30-day mortal-
ity in patients with candidaemia,?® but the contributions of each
component had not been assessed. An association between fever
and increased mortality has not been demonstrated in patients with
sepsis, a bloodstream infection with gram-negative bacteria or can-
didaemia.®**"%¢ Consistent with the aforementioned observations,
fever was not associated with mortality in our study; therefore, the
parameter of temperature was replaced with dialysis, which was
significantly associated with 30-day mortality in our multivariable
analysis, leading to the development of mPBS. For the evaluation
of predictive ability, the AUC, also known as c-statistic, is a popular
measure of discrimination, but it has limited sensitivity.*” Therefore,
it is recommended to calculate continuous NRI and IDI for the eval-
uation of improvement in discrimination of derivative models.*8->°
Although mPBS only demonstrated a minor increase in AUC, the
results of NRI and IDI suggested that mPBS had better discrimina-
tion in predicting mortality than the original PBS in patients with
candidaemia.

Risk stratification using mPBS 0-3 (low risk), 4-7 (moderate
risk) and 28 (high risk) had increased predictive capacity com-
pared with the PBS. It is noteworthy that all variables included
in the mPBS are available at the time of collection of samples for
blood culture at the bedside. The simplicity of mPBS has a major
advantage over other scoring systems, such as the APACHE Il and
SOFA scores, which require laboratory results. Epidemiology and
clinical outcomes of candidaemia in patients with cancer or organ
transplant are different when compared with those in other ICU
patients.??"32 The 30-day mortality rates of a subset of non-cancer,
non-transplanted patients were lower than those of the full analy-
sis set; however, risk stratification by mPBS was also successful for
such a subset.
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Recently, Keighley et al**

analysed 133 patients with candidae-
mia and reported a risk predictive score stratifying patients into
<20% and 220% risk of all-cause 30-day mortality. The score was
based on age >65 years, ICU admission, chronic organ dysfunc-
tion, preceding surgery within 30 days, haematological malignancy,
source of candidaemia and antibiotic therapy for 210 days. This scor-
ing system appears to be useful because information for all items in
the scoring system is available at the time of candidaemia diagnosis.
However, several factors in this scoring system, such as preceding
surgery within 30 days and haematological malignancy, were not
significantly associated with mortality in our cohort; in addition, the
source of candidaemia and duration of preceding antibiotic ther-
apy were not assessed in the present study. Therefore, we did not
evaluate the usefulness of the scoring system proposed by Keighley
et al in this study.

The present study has several limitations. First, the data were
obtained retrospectively; therefore, we could not evaluate the se-
verity of illness using other scoring systems such as the APACHE Il
score, because it is not routinely calculated for non-ICU patients.
Additionally, although the presence or absence of metastatic infec-
tion was relatively well examined (e.g., 82.2% for ophthalmological
examination and 85.3% for echocardiography), we could not deter-
mine the precise number of patients with metastatic candidiasis
because diagnostic procedures were performed at the physicians’
discretion. In addition, incidence rates of chorioretinitis and vitritis
were unclear, because these cases were diagnosed as endophthal-
mitis in this study. Second, it was difficult to evaluate the appro-
priateness of treatment regimens because antifungal susceptibility
results of the isolates were not collected. Although some isolates
such as C glabrata and C krusei are resistant to azoles, echinocan-
din- or amphotericin B-resistant Candida isolates are extremely rare
in Japan.®*>2 The majority (>80%) of patients in this study were
treated with an echinocandin or liposomal amphotericin B. In gen-
eral, an empiric therapy was initiated with an echinocandin, other-
wise, an appropriate drug was selected based on the Candida species
and/or antifungal susceptibility of the isolates for targeted therapy
according to the Japanese guidelines for the management of inva-
sive candidiasis.*® Third, the epidemiology described may have been
influenced by local medical practices and may not have been similar
across all sites, thereby limiting the ability to generalise the results
to other geographical areas. Fourth, residual confounding is possi-
ble. External validation needs to be performed using an independent
historical dataset or by conducting a prospective study.

In conclusion, this study developed a simplified risk stratification
model to predict early and late mortality in patients with candidae-
mia. The mPBS is based solely on patient-specific variables available
at the time of initial physical examination. Stratification of the risk
of mortality may be helpful in guiding therapeutic strategies (e.g.,
an aggressive approach to source control and initiation of empiric
antifungal therapy in high-risk patients and an earlier transition to
oral step-down therapy in low-risk patients) in daily clinical practice
and may also be useful for the general classification of patients in
clinical trials.
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