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ABSTRACT The T2Candida Panel (T2 Biosystems, Lexington, MA) is a rapid diagnostic 
test that detects Candida from whole blood within 3–5 hours. We developed and applied 
a desirability of outcome ranking (DOOR) analysis to investigate if an antimicrobial 
stewardship program (ASP) strategy centered on T2Candida diagnosis is associated 
with improved outcomes compared to an ASP strategy that relies on conventional 
blood culture diagnosis in critically ill patients with candidemia. This is a retrospective, 
observational cohort of patients with candidemia identified ≤72 h of intensive care unit 
admission at two medical centers in Detroit, MI (one T2Candida site and one blood 
culture site) from 2016 to 2023. Management strategies for candidemia were compared 
using an original DOOR analysis with inverse probability of treatment weighting (IPTW) 
to account for confounding. Two hundred patients were included, 100 from each site. 
Baseline illness severity, race, and Candida species varied between groups; however, 
source control procedures, echocardiogram, and ophthalmologic exam occurred at 
similar frequencies. T2Candida/ASP was associated with faster median (interquartile 
range [IQR]) detection of candidemia (7.0 [5.0–10.75] h vs 45.5 h [34.25–68.75], P < 
0.001) and timelier median (IQR) initiation of directed antifungal therapy (6.0 [0–11.0] 
h vs 49.0 [34.0–77.0] h, P < 0.001). T2Candida/ASP patients had a 58.0% probability 
of achieving an overall better outcome compared to those managed with blood 
culture/ASP (95% confidence interval: 50.4–65.2%) in IPTW-adjusted DOOR analysis. An 
ASP strategy incorporating T2Candida was associated with an overall better patient 
outcome compared to patients managed via conventional blood culture diagnosis.

IMPORTANCE Candida species are a significant cause of bloodstream infections in 
critically ill patients. Conventional diagnostic methods, such as blood cultures, have 
poor sensitivity and delayed results. The T2Candida Panel is a diagnostic tool that 
rapidly detects Candida directly from the blood in 3–5 h, enabling faster initiation of 
antifungal therapy. Antimicrobial stewardship programs (ASPs) optimize the manage­
ment of bloodstream infections and may benefit from incorporating T2Candida to 
improve patient outcomes. This study examined whether an ASP intervention based 
on T2Candida diagnosis, compared to one relying on traditional blood culture meth­
ods, could improve outcomes in candidemia using a desirability of outcome ranking 
(DOOR) analysis. The DOOR method provides a comprehensive evaluation by integrat­
ing multiple outcomes into a single end point, which is ideal given the complexity of 
patients with candidemia. The T2Candida/ASP intervention resulted in an overall better 
patient outcome, considering infectious complications, treatment failure, and all-cause 
mortality.
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C andida species are an important cause of nosocomial bloodstream infections, 
particularly among critically ill patients (1–3). In the intensive care unit (ICU), 

candidemia occurs at least 5–10 times more frequently than in non-ICU wards, poten­
tiated by frequent pathological and iatrogenic disruptions in immunologic function and 
the host microbiome (2, 4). Mortality rates associated with candidemia in the ICU exceed 
40%, despite the advent of modern antifungal therapies (4). Moreover, the development 
of candidemia has been linked to increased ICU length of stay and substantial healthcare 
costs (5, 6).

A key challenge in the management of candidemia is the timely identification of 
infection using conventional methods. Some data suggest blood cultures are approx­
imately 50% sensitive for detecting invasive disease (7–9). If Candida is successfully 
recovered, blood cultures are further hampered by a median time to positivity of 2–
3 days (8). The use of non-culture-based methods, such as (1→3)-β-D-glucan or anti-
mannan antigen assays, is also limited by a lack of robust sensitivity and specificity, 
particularly among ICU patients (8, 10). The empirical use of antifungal therapy in 
high-risk patients could overcome the limitations of these diagnostic tools; however, 
judicious use of these agents is required to limit unnecessary exposure that drives 
resistance and contributes to adverse drug effects (11–14). Although early initiation of 
antifungal therapy in patients with documented candidemia improves survival, the use 
of empirical antifungal therapy in high-risk non-neutropenic patients without culture-
proven candidiasis has not demonstrated improved outcomes (15–19).

The T2Candida Panel (T2Candida; T2 Biosystems, Lexington, MA) is the first approved 
direct-from-blood Candida species detection assay in the United States. This diagnostic 
tool utilizes T2 magnetic resonance (T2MR) technology to detect the five Candida species 
that are responsible for greater than 90% of invasive disease within 3–5 h (9, 20). In its 
pivotal clinical trial, T2Candida exhibited an overall specificity of 99.4% and sensitivity 
of 91.1%, with a negative predictive value of at least 99% (20). Implementation of 
T2Candida in real-world practice has demonstrated a significant reduction in time to 
appropriate therapy (21–23).

Antimicrobial stewardship programs (ASPs) targeting candidemia have demonstra­
ted improvements in achieving quality-of-care diagnostic procedures and interven­
tions. Nevertheless, ASP strategies have not translated to improved patient outcomes, 
particularly when reliant upon blood culture diagnosis (24–27). T2Candida could further 
enhance the clinical benefits of ASP given its ability to rapidly detect candidemia, which
could facilitate more timely intervention. However, there is a paucity of data compar­
ing ASP strategies in patients with confirmed candidemia diagnosed via T2Candida 
compared to strategies dependent upon conventional blood cultures. We hypothesized 
that an ASP policy fundamentally based on T2Candida would improve the outcome of 
patients suffering from candidemia.

Given the complexity of critically ill patients with candidemia, assessing clinical 
outcomes independently as binary end points with traditional statistical analyses may 
fail to adequately capture the overall patient health status. To address this challenge, 
we developed and applied a desirability of outcome ranking (DOOR) analysis to globally 
assess the clinical outcomes of two management strategies in candidemia: T2Candida 
plus ASP compared to conventional blood culture diagnosis plus ASP. The DOOR 
methodology provides a more comprehensive evaluation of the overall benefits of an 
intervention by integrating multiple outcomes into a hierarchical end point (28, 29). By 
providing more detailed and nuanced evidence, this study aims to inform and advance 
the management of candidemia.
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MATERIALS AND METHODS

Study design and patient population

This is a retrospective, observational cohort study conducted at the Detroit Medical 
Center (DMC) and Henry Ford Health (HFH) outcomes of patients with candidemia who 
were managed through ASP based on conventional blood culturing versus T2Candida. 
The DMC and HFH are large, academic healthcare systems serving the greater Detroit, 
Michigan area. Blood culture patients were selected from the DMC (blood culture/ASP 
group) and T2Candida patients were selected from HFH (T2Candida/ASP group). Patients 
≥18 years were eligible for inclusion if they were diagnosed with candidemia, identified 
via positive T2Candida or blood culture, between 1 January 2016 and 31 December 2023, 
and were either in an ICU or admitted to an ICU within 72 h of the positive result. Patients 
were excluded if they met any of the following criteria: (i) receipt of antifungal therapy 
for a prophylaxis indication, (ii) were among a vulnerable group (prisoners, pregnant, 
or nursing patients), (iii) had a bacterial bloodstream co-infection, (iv) were COVID-19 
positive at/during admission, or (v) died or were discharged to hospice care within 48 h 
of blood culture/T2Candida draw. Patients meeting inclusion and exclusion criteria were 
reviewed consecutively at each site until the targeted sample size was achieved.

Patient data were extracted from the electronic medical record manually and entered 
into the Research Electronic Data Capture (REDCap, Vanderbilt University) tool hosted 
by Wayne State University (30). Collected data elements included patient demographics, 
comorbidities, antimicrobial therapy information, relevant laboratory parameters and 
diagnostic tests, microbiologic data, infectious diseases (ID) consult information, pursuit 
of source control, and relevant clinical outcomes. This study was reviewed and approved 
by the Wayne State University, DMC, and HFH institutional review boards. A waiver of 
consent was received due to the retrospective design.

ASP management strategies

At the DMC, antifungal therapy was initiated in response to positive blood cultures or 
empirically based upon the discretion of the primary medical team. Real-time alerts 
were sent to DMC ASP pharmacists in response to positive blood cultures with identified 
yeasts, who reviewed and acted upon the information to ensure the patient was initiated 
or continued on appropriate antifungal therapy. Conversely, at HFH, patients admitted 
to an ICU who continued to have fever and/or clinical worsening after at least 72 h 
of broad-spectrum antibiotics are initiated on echinocandin therapy, coupled with the 
attainment of T2Candida and blood cultures. Similar to the DMC, real-time alerts from 
T2Candida and blood culture results are sent to and enacted upon by ASP pharmacists. 
A negative T2Candida test prompted a reassessment of invasive candidiasis, potentially 
leading to the discontinuation of antifungal therapy if deemed appropriate. Follow-up 
T2Candida testing was discouraged if the purpose was to confirm infection clearance.

Laboratory procedures

At the DMC, blood cultures were incubated in the BD BACTEC automated blood culture 
system (BD Diagnostic Systems, Franklin Lakes, NJ). All positive blood cultures under­
went Gram staining and rapid diagnostic testing with Verigene gram-negative and 
gram-positive panels (Luminex Corporation, Austin, TX). Organism identification was 
performed with matrix-assisted laser desorption/ionization time of flight mass spectrom­
etry. Routine antifungal susceptibility testing was performed on all Candida species 
isolated from blood cultures using gradient diffusion strips (bioMérieux, Durham, NC). At 
HFH, blood cultures were incubated in VersaTREK (TREK Diagnostic Systems, Cleveland, 
OH; January 2016 to January 2019) or BacT/Alert Virtuo BC System (bioMérieux, Durham, 
NC; February 2019 to December 2023). Positive blood cultures underwent Gram staining 
and testing with BioFire FilmArray Blood Culture Identification 2 (BCID2) Panel (bioMér­
ieux). For yeast isolated from blood cultures, routine susceptibility was performed using 
Sensititre YeastOne (Thermo Fisher Scientific, Waltham, MA).
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Definitions

Severity of illness was quantified using the Acute Physiology and Chronic Health 
Evaluation II (APACHE II) score recording the worst physiologic parameters within 24 h of 
index blood culture or T2Candida (31). Baseline comorbidities were quantified with the 
Charlson Comorbidity Index (32). Severe sepsis was defined as having a sequential organ 
failure assessment score at the time of blood culture/T2Candida draw of ≥2, as this has 
previously been validated for incorporation into the Candida score (33). Candida species 
identified via blood culture or T2Candida were reported in categories as C. albicans/C. 
tropicalis, C. krusei/C. glabrata, or C. parapsilosis to remain consistent with T2Candida 
result output.

Empirical therapy was defined as the use of an antifungal agent prior to microbio­
logical confirmation of candidemia via blood culture or T2Candida. Directed therapy 
was defined as treatment administered after blood culture/T2Candida result that was 
assumed to provide appropriate coverage of the identified organism based on availa­
ble susceptibilities. However, patients with a positive T2Candida at HFH may not have 
had a corresponding positive blood culture for susceptibility testing. Thus, the use of 
fluconazole in these instances was assumed to be inappropriate if it was prescribed for 
a bloodstream infection caused by C. krusei/C. glabrata unless there was a culture with 
susceptibilities supporting fluconazole selection. Outcome definitions are outlined in the 
statistical analysis section.

Statistical analysis

The sample size was determined a priori. It was calculated that a sample size of 160 (80 
per arm) was needed to provide 90% power using a 2.5% significance level for one-
sided Wilcoxon Mann-Whitney U-test to detect a difference in higher DOOR probability, 
described below, of at least 15%. The target sample size was increased to 200 (100 per 
arm) to ensure statistical robustness.

Descriptive statistics were utilized to analyze the baseline demographics, illness 
severity, infection characteristics, clinical management, and clinical outcomes. Unadjus­
ted comparisons were conducted for categorical variables using the chi-squared test 
or Fisher’s exact test (for n < 5). For continuous variables, Student’s t-test was utilized 
for normally distributed variables, and the Wilcoxon Mann-Whitney U-test was utilized 
for non-normally distributed variables. A P value of <0.05 was considered statistically 
significant for two-tailed tests. The descriptive, bivariable outcome, and unadjusted 
DOOR analyses were performed using SPSS Statistics version 29.0 (IBM Corp., Armonk, 
NY). The weight-adjusted DOOR analysis was completed using an openly accessible 
web-based application (34, 35).

Clinical outcomes

The primary outcome was a DOOR analysis at 30 days following blood culture/T2Can­
dida draw (Fig. 1). The DOOR outcome components were adapted from strategies that 
were previously developed for Staphylococcus aureus bloodstream infection and rapid 
diagnostic testing in gram-negative bloodstream infection (29, 36). The DOOR outcome 
in this study received review and revision from the study team, which was composed 
of ID researchers, physicians, and pharmacists, including those with specific expertise in 
candidemia.

In the DOOR analysis, patients were assigned a mutually exclusive hierarchical rank 
based on the overall status at 30 days post-blood culture or T2Candida draw. Rank 1 was 
the best possible outcome, indicating survival without the occurrence of either of the 
deleterious event components. Ranks 2 and 3 indicated survival but with the occurrence 
of one or two deleterious events, respectively. Rank 4 indicated the occurrence of all-
cause mortality within the study period. Deleterious events were categorized as (i) 
treatment failure or (ii) infectious complications due to progression of infection (i.e., not 
initially present at the time of blood culture/T2Candida draw). After assignment of rank, 
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the distribution of DOOR ranks was compared between groups with a Wilcoxon Mann-
Whitney U-test. The DOOR probability, or the probability that a randomly selected case 
would have a better rank (more desirable outcome), was calculated. A DOOR probability 
of 50% indicates no difference between groups (37).

To adjust for the effect of selection bias between sites, an adjusted DOOR analysis 
was also performed after applying inverse probability of treatment weighting (IPTW) 
(38, 39). A non-parsimonious multivariable logistic regression model was developed 
to estimate the probability, or propensity score, of receiving T2Candida/ASP. Baseline 
demographic and infection characteristic variables with a P value of <0.1 and present 
in >10% in the univariate analysis were considered for entry into the model. The 
following characteristics were included in propensity score calculation: BMI, Black/African 
American race, APACHE II score, C. albicans/C. tropicalis species, and C. krusei/C. glabrata 
species. Empirical therapy administration, time to first therapy, time to directed therapy,
and antifungal therapies administered were not considered for model entry as these 
variables were directly related to the ASP interventions and therefore on the causal 
pathway. Stabilized weights, based on the inverse of the propensity score, were applied 
to generate a pseudo-population. The prediction of the ability of the propensity score 
model was assessed with an area under the receiver operating characteristic (AU-ROC) 
curve. Standardized differences were examined to assess covariate balance before and 
after applying IPTW. A threshold of 10% was utilized to indicate a clinically meaning­
ful imbalance. The DOOR analysis was then repeated using the pseudo-population 
generated from the application of IPTW.

FIG 1 Desirability of outcome ranking (DOOR) analysis components.
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Secondary outcomes included time to positive result from blood culture/T2Can­
dida draw; first therapy administration, defined as time from blood culture/T2Candida 
draw to administration of first antifungal agent; time to directed therapy, defined as 
time from blood culture or T2Candida draw to administration of an antifungal agent 
with appropriate coverage, and individual components of the DOOR analysis (30-day 
mortality, treatment failure, persistent candidemia, occurrence of metastatic infection, 
and occurrence of septic shock).

RESULTS

Patient and infection characteristics

There were 200 patients included in the study: 100 patients diagnosed via blood culture 
(DMC patients) and 100 patients diagnosed via T2Candida (HFH patients). Baseline 
patient demographics and infection characteristics are described in Table 1. Overall, 
the median patient age was 62.0 (interquartile range [IQR]: 50.0–68.75) years and 53.5% 
of patients were male. T2Candida/ASP patients had a higher median BMI (28.25 [IQR: 
23.0–34.5] vs 25.4 [IQR: 21.2–30.3], P = 0.004) and were more likely to be non-Hispanic 
Caucasian (57.0% vs 23.2%, P < 0.001), while blood culture/ASP patients were predomi­
nantly Black/African American (71.0% vs 32.0%, P < 0.001). Blood culture patients also 

TABLE 1 Patient characteristicsa

Overall
(n = 200)

Blood culture/ASP
(n = 100)

T2Candida/ASP
(n = 100)

P value

Age (years) 62.0 (50.0–68.75) 62.5 (52.25–69.75) 62.0 (48.25–68.0) 0.391
  Male sex 107 (53.5) 54 (54.0) 53 (53.0) 0.887
  BMI (kg/m2) 27.0 (22.2–31.9) 25.4 (21.2–30.3) 28.25 (23.0–34.5) 0.004
Race/ethnicity
  Black/African American 103 (51.5) 71 (71.0) 32 (32.0) <0.001
  Non-Hispanic Caucasian 80 (40.0) 23 (23.0) 57 (57.0) <0.001
  Other/unknown 17 (8.5) 6 (6.0) 11 (11.0) 0.213
Illness severity
  APACHE II scoreb 23.0 (18.0–30.0) 28.5 (20.0–33.0) 21.0 (17.0–26.75) <0.001
Comorbidities
  Diabetes mellitus 68 (34.0) 33 (33.0) 35 (35.0) 0.765
  HIV 5 (2.5) 3 (3.0) 2 (2.0) 0.651
  Moderate-severe liver disease 14 (7.0) 4 (4.0) 10 (10.0) 0.164
  Chronic dialysis 23 (11.5) 15 (15.0) 8 (8.0) 0.121
  Tumor, no metastasis 9 (4.5) 3 (3.0) 6 (6.0) 0.498
  Tumor with metastasis 13 (6.5) 10 (10.0) 3 (3.0) 0.082
  Leukemia 2 (1.0) 0 2 (2.0) 0.497
  Persons with injection drug use 21 (10.5) 14 (14.0) 7 (7.0) 0.106
  Immunosuppressedc 42 (22.0) 25 (25.0) 17 (17.0) 0.165
Charlson Comorbidity Index 4.0 (3.0–6.0) 5.0 (3.0–7.0) 4.0 (2.25–6.0) 0.216
Candida risk factors
  Severe sepsisd 193 (96.5) 95 (95.0) 98 (98.0) 0.445
  Surgery on ICU admission 55 (27.5) 24 (24.0) 31 (31.0) 0.268
  Total parenteral nutrition 45 (22.5) 26 (26.0) 19 (19.0) 0.236
  Multifocal Candida colonization 8 (4.0) 3 (3.0) 5 (5.0) 0.721
  Candida score ≥3 82 (41.0) 39 (39.0) 43 (43.0) 0.565
aData are presented as number (%) and median (interquartile range [IQR]), as appropriate. BMI, body mass index; APACHE II, acute physiology and chronic health evaluation 
II; HIV, human immunodeficiency virus.
bCalculated based on worst laboratory parameters within 24 h of blood culture or T2Candida draw.
cDefined as absolute neutrophil count <500 cells/µL, CD4 <200 cells/mm3, and/or AIDS defining illness, splenectomy, solid organ transplant within the previous 90 days, 
bone marrow transplant within the previous 90 days, cytotoxic chemotherapy receipt in the previous 90 days, high-dose corticosteroids receipt (receipt of >40 mg of 
prednisone or equivalent for ≥2 weeks).
dSequential organ failure assessment score ≥2 at time blood culture or T2Candida draw (33).
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exhibited a higher median APACHE II score at the time of index draw (28.5 [IQR: 20.0–
30.0] vs 21.0 [IQR: 17.0–26.75], P < 0.001).

In regard to infection characteristics and management (Table 2), Candida species 
distribution varied between groups, with T2Candida/ASP patients having a higher 
frequency of C. albicans/C. tropicalis (69.0% vs 26.0%, P < 0.001) and blood culture 
patients having a higher frequency of C. krusei/C. glabrata (44.0% vs 21.0%, P < 0.001). 
More than one Candida species was present in seven patients (3.5%). There were three 
patients in the blood culture/ASP group who possessed a Candida species not detectable 
by T2Candida. Nearly all patients from both groups received an ID consult, and patients 
were managed similarly with respect to the frequency of intravenous catheter removal, 
attainment of an echocardiogram, performance of ophthalmological examination, and 
receipt of a source control procedure. In accordance with the ASP procedure at HFH, 
empirical therapy was administered more frequently among the T2Candida/ASP group 
(48.0% vs 22.0%. P < 0.001). Most patients in both groups received an echinocandin 
as directed therapy, although more patients in the T2Candida/ASP group received 
fluconazole (55.0% vs 31.0%, P < 0.001), likely as step-down therapy following an initial 
echinocandin course and due to the higher frequency of C. albicans/C. tropicalis.

TABLE 2 Infection characteristics and managementa

Overall
(n = 200)

Blood culture/ASP
(n = 100)

T2Candida/ASP
(n = 100)

P value

Organism
  C. albicans/C. tropicalis 105 (52.5) 36 (36.0) 69 (69.0) <0.001
  C. krusei/C. glabrata 65 (32.5) 44 (44.0) 21 (21.0) <0.001
  C. parapsilosis 33 (16.5) 18 (18.0) 15 (15.0) 0.568
  Other 3 (1.5) 3 (1.5) 0 0.121
  Polyfungemia 7 (3.5) 1 (1.0) 6 (6.0) 0.118
  Infectious diseases consult 195 (97.5) 97 (97.0) 98 (98.0) 0.651
Therapeutic and diagnostic interventions
  Intravenous catheter removal 86 (43.0) 45 (45.0) 41 (41.0) 0.568
  Echocardiogram 126 (63.0) 59 (59.0) 67 (67.0) 0.241
  Ophthalmological examination 158 (79.0) 76 (76.0) 82 (82.0) 0.281
  Source control procedure 90 (45.2) 46 (46.0) 44 (44.0) 0.727
  Infection clearance confirmation via 

blood culture among blood culture 
positive patients

108/123 (87.8) 88 (88.0) 22/23 (95.7) 0.202

  Negative follow-up blood culture or 
T2Candida within 120 h of index drawb

133 (66.5) 66 (66.0) 67 (67.0) 0.881

Empirical antifungal therapy administrationc 70 (35.0) 22 (22.0) 48 (48.0) <0.001
  Echinocandin 56 (28.0) 13 (13.0) 43 (43.0) <0.001
  Fluconazole 14 (7.0) 9 (9.0) 5 (5.0) 0.268
Directed therapyd

  Echinocandin 172 (86.0) 89 (89.0) 83 (83.0) 0.221
  Fluconazole 86 (43.0) 31 (31.0) 55 (55.0) <0.001
  Voriconazole 6 (3.0) 1 (1.0) 5 (5.0) 0.212
  Isavuconazole 2 (1.0) 0 2 (2.0) 0.497
  Flucytosine 1 (0.5) 1 (1.0) 0 1.000
  Liposomal amphotericin 5 (2.5) 4 (4.0) 1 (1.0) 0.369
  Amphotericin deoxycholate 1 (0.5) 0 1 (1.0) 1.000
aData are presented as number (%) and median (interquartile range [IQR]), as appropriate.
bAmong T2Candida/ASP patients, 66 had a negative blood culture and 1 had a negative T2Candida test within 120 h after the index T2Candida draw.
cThere were 14 patients who were receiving directed antifungal therapy for a prior culture-confirmed Candida infection at the time of blood culture or T2Candida result who 
were not considered to have empirical antifungal therapy.
dIncludes all directed therapies administered; n > 200 as patients could receive more than one agent as directed therapy.
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Clinical outcomes

Clinical outcomes are described in Table 3. T2Candida resulted at a median of 7.0 (IQR: 
5.0–10.75) h following draw compared to 45.5 (34.25–68.75) h for blood culture results. 
T2Candida/ASP was associated with faster time to first antifungal therapy initiation (3.0 
[IQR: 0–9.0] h vs 43.0 [IQR: 33.0–72.0] h, P < 0.001) and faster time to directed therapy 
(6.0 [IQR: 0–11.0] h vs 49.0 [IQR: 34.0–77.0] h, P < 0.001). Patients in the blood culture/ASP 
group experienced a greater frequency of infectious complications (49.0% vs 25.0%, P < 
0.001) and treatment failure (13.0% vs 4.0%, P = 0.022).

Overall, 83 patients were alive without any deleterious events at 30 days. There were 
43 patients who experienced one event and four who experienced two events. The 
unadjusted and adjusted DOOR distributions by treatment group are displayed in Fig. 
2. The unadjusted probability of having a better outcome if randomly assigned to the 
T2Candida/ASP management approach was 58.3%, with a 95% confidence interval [CI] of 
50.7–65.5% indicating statistical significance. After adjusting for confounders with IPTW, 
the DOOR probability remained significant (58.0%, 95% CI: 50.4–65.2%). The weighted 
standardized mean differences were <10% for investigated covariates (Table 4). The 
propensity score model had a good fit (Hosmer-Lemeshow statistic = 9.704, P = 0.286) 
and an AU-ROC curve demonstrated that it had an appropriate predictive index of 0.831.

DISCUSSION

Using DOOR analysis, an ASP intervention centered on T2Candida diagnosis resulted 
in an overall better clinical outcome compared to patients who were managed with 
an ASP strategy relying on blood culture diagnosis in this retrospective, observational 
cohort study. Consistent with other real-world studies, we found that T2Candida allowed 
for earlier identification of disease and faster time to appropriate antifungal therapy 
(21, 23, 40). Ultimately, prompt intervention likely led to the prevention of infectious 
complications and treatment failure resulting in an overall better clinical outcome 
among T2Candida/ASP patients. These findings are consistent with previous literature, 
which suggests that the use of rapid diagnostic tests in combination with ASP offers the 
greatest clinical benefit to patients with bloodstream infections, including those due to 
Candida species (41, 42).

FIG 2 Unadjusted and adjusted desirability of outcome ranking (DOOR) distributions by treatment group.
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It is important to interpret these results within the context of the full ASP inter­
vention at HFH that was aimed at optimizing outcomes among patients with candide­
mia. T2Candida was the cornerstone of a bundled approach that included empirical 
echinocandin therapy, administered in approximately half of patients. Notably, the 
frequency of empirical therapy deviated from the HFH ASP policy, which recommended 
the administration of an echinocandin at the time of T2Candida draw in all patients. 
Clinicians may have deemed patients to be sufficiently stable to delay therapy until 
T2Candida results were available, a real-world practice pattern that demonstrates the 
utility of T2Candida. The high negative predictive value of this diagnostic tool supports 
rapid discontinuation of empiric therapy if the T2Candida test returns negative results. 
The poor sensitivity of blood cultures does not allow for them to be used to justify 
withholding or discontinuing empirical antifungal therapy in high-risk patients. Thus, 
T2Candida serves as an important ASP tool to optimize antifungal prescribing. Although 
not evaluated in the present study, previous analyses have found reduced antifungal use 
associated with the implementation of T2Candida (23, 43, 44).

This study was not powered to detect a difference in 30-day all-cause mortality; 
however, the T2Candida/ASP group showed no association with reduced mortality, 
despite their lower baseline APACHE II scores and faster initiation of therapy. Previous 
literature suggests that early initiation of antifungal therapy is associated with reduced 
mortality in patients with candidemia (16, 17). This paradigm may no longer strictly 
apply due to the increased comorbidity burden of critically ill patients, who may 
experience mortality from causes other than candidemia (45). Treatment practices have 
also evolved as echinocandins are now recommended as first-line agents in critically 
ill patients (9, 46). The majority of patients included in this study received directed 
treatment with an echinocandin agent, which could perhaps offer some survival benefit 
regardless of baseline illness severity or slight delays in treatment initiation (46, 47). 
Nevertheless, as illustrated by our findings, a reduction in time to therapy may confer 
other advantages, such as decreased infectious complications and treatment failure.

The use of the DOOR analysis in our study provided a more nuanced and detailed 
perspective of the overall clinical outcome of patients with candidemia. To our knowl­
edge, no prior study has utilized a DOOR analysis to examine clinical outcomes 
associated with candidemia diagnosis or management. An exploratory DOOR analysis 
found that the use of the (1→3)-β-D-glucan assay to direct initiation of antifungal therapy 
was more cost-effective compared to a hypothetical initiation of empirical therapy in 
all high-risk patients (48). However, this analysis only assessed the cost-effectiveness of 
initiating or withholding antifungal therapy based on subsequent blood culture results 

TABLE 3 Clinical outcomesa

Blood culture/ASP
(n = 100)

T2Candida/ASP
(n = 100) P value

Time to positive result (h)b 45.5 (34.25–68.75) 7.0 (5.0–10.75) <0.001
Time to first antifungal therapy 

(h)b 43.0 (33.0–72.0) 3.0 (0–9.0) <0.001
Time to directed therapy (h)b 49.0 (34.0–77.0) 6.0 (0–11.0) <0.001
Infectious complication 49 (49.0) 25 (25.0) <0.001
Septic shock 37 (37.0) 17 (17.0) 0.001
Metastatic complication 22 (22.0) 11 (11.0) 0.036
Treatment failure 13 (13.0) 4 (4.0) 0.022
Persistent candidemia 9 (9.0) 2 (2.0) 0.030
30-day recurrence 1 (1.0) 1 (1.0) 1.000
Readmission due to index 

infection 3 (3.0) 1 (1.0) 0.621
30-day all-cause mortality 37 (37.0) 33 (33.0) 0.553
aData are presented as number (%) and median (interquartile range [IQR]), as appropriate. ICU, intensive care unit.
bFrom blood culture or T2Candida draw.
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and did not evaluate the actual clinical outcome of the patient. Our DOOR analysis 
provides comprehensive information regarding the clinical status of critically ill patients 
with candidemia that is not available with bivariate end points alone.

Although it is possible that false positives were included within our data set, we 
expect this to be minimally contributing to our findings. Blood cultures have limited 
sensitivity for Candida spp., ranging from 28% to 58% in patients with postmortem-
confirmed invasive candidiasis, depending on the extent of deep tissue infection (7, 
8). The detection of candidemia by T2MR technology depends upon the presence of 
an organism and does not detect circulating Candida DNA (DNA-emia), thus minimiz­
ing contamination-driven false positive specimens. In the original study of the T2MR 
system, it reproducibly detected five Candida species in whole blood, with a lower 
limit of detection of one colony-forming unit/milliliter. Additionally, it had a 98% 
positive agreement and 100% negative agreement in comparison to spiked blood 
samples (49). This was further confirmed in the clinical trial setting where T2Candida 
demonstrated 91.1% sensitivity compared to contrived specimens (20). Attesting to the 
greater sensitivity of T2Candida in comparison to blood cultures, several studies have 
demonstrated a higher level of sensitivity for detection in cases of intra-abdominal 
candidiasis with negative blood culture (50, 51). Other studies of T2Candida that have 
analyzed T2Candida positive/blood culture-negative cases with clinical adjudication 
have identified probable or possible invasive candidiasis in other sites (23, 52–54).

There are several limitations to this study. First, this was a retrospective analysis 
comparing candidemia ASP management strategies in two different healthcare systems. 
Although both are academic institutions serving an urban population within the metro 
Detroit area, there were significant baseline differences between groups. Moreover, the 
sample was not derived through random sampling given pragmatic limitations. We 
attempted to adjust for confounders utilizing IPTW, but there may be unmeasured 
covariates not accounted for in this adjustment. Second, there is currently no consensus 
DOOR definition for candidemia. We created the DOOR primary outcome for candidemia 
based on relevant end points modeled after DOOR components previously developed 
for bacterial bloodstream infections (29, 36). However, the DOOR scale utilized herein 
has not been widely validated or standardized. Our DOOR components were developed 
collaboratively with our study team, but ideally, the development of a DOOR outcome 
should include even broader input from patients and clinicians from various practice 
settings (37). Next, there is a particular challenge in identifying persistent candidemia in 
HFH patients via T2Candida, as the ASP protocol discouraged repeat T2Candida testing. 
However, a similar frequency of patients at each site had a negative blood culture 
drawn within 120 h of the index blood culture/T2Candida test. Thus, there was a similar 
opportunity for detection of this outcome in both groups. Finally, it is possible patients 
with an initial test with indeterminate results were included if T2Candida was re-run with 
a positive result. However, the number of such occurrences is likely to be small and is not 
expected to significantly impact the study findings.

In conclusion, we developed and applied a novel DOOR analysis to assess the clinical 
impact of rapid molecular diagnosis within ASP. We found that the use of T2Candida 
as part of an ASP intervention was associated with an overall better clinical outcome in 
patients with candidemia, primarily driven by a reduction in infectious complications. 
Future analyses should continue to refine DOOR methodology in evaluating rapid 

TABLE 4 Standardized differences of variables used to generate the propensity score

Standardized differences 
before applying IPTW (%)

Standardized differences after 
applying IPTW (%)

BMI, mg/kg2 45.7 9.8
Black/African American race 85.8 3.8
APACHE II score 56.1 0.1
C. albicans/C. tropicalis species 50.1 1.2
C. krusei/C. glabrata species 79.9 5.0
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molecular diagnostics on the outcome of candidemia, as well as to compare T2Candida 
practice strategies to further optimize patient outcomes and healthcare costs.
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