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óPeople actually laughed at a presidentô: At U.N., Trump suffers fate he 

always feared

The president had long accused American leaders of being taken 

advantage of by foreign counterparts. But on Tuesday, he was the one who 

suffered the indignity.

By David Nakamura

https://www.washingtonpost.com/politics/people-actually-laughed-at-a-president-at-un-speech-trump-suffers-the-fate-he-always-feared/2018/09/25/990b1d52-c0eb-11e8-90c9-23f963eea204_story.html
https://www.washingtonpost.com/people/david-nakamura/
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•Investigator, T2 Biosystems clinical trials

–DIRECT2, DIRECT1 (T2Candida), Pivotal Trial (T2Bacteria)

•Laboratory funding from NIH and VA grants

•UPMC funds the XDR Pathogen Lab

•Pfizer, MSD, Astellas, Cidara, CSL-Behring support for 

investigator-initiated research projects

•MSD, Astellas, Cidara, Scynexis, Medicines Company, 

Sinoygi advisory boards

•No financial holdings

Disclosures and conflicts of interest

•A 64 year-old man underwent right extended hepatectomy with Roux-

en-Y biliary reconstruction and cholodochojejunostomy for a non-

malignant hepatic mass

Let’s start with a case 
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•Encephalopathy, acute kidney injury, leukocytosis

•Vancomycin and pipercillin-tazobactam

•Two weeks post-operatively, he developed fevers and worsening 

leukocytosis

Let’s start with a case 

•(VRE); (-) Candida

•Blood culture: (+) E. coli; (-) Candida

•Encephalopathy, acute kidney injury, leukocytosis

•Vancomycin and pipercillin-tazobactam

•Two weeks post-operatively, he developed fevers and worsening 

leukocytosis

Let’s start with a case 

•Surgical drainage

•Should an antifungal agent be 

instituted?

•Treated with linezolid, pipercillin-

tazobactam and fluconazole

•T2Candida: (+) C. albicans/C. tropicalis

•Abscess culture: (+) E. coli, 

vancomycin resistant Enterococcus 

(VRE); (-) Candida

•Blood culture: (+) E. coli; (-) Candida
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•Encephalopathy, acute kidney injury, leukocytosis

•Vancomycin and pipercillin-tazobactam

•Two weeks post-operatively, he developed fevers and worsening 

leukocytosis

Let’s start with a case 

•Surgical drainage

•Should an antifungal agent be 

instituted?

•Treated with fluconazole

•T2Candida: (+) C. albicans/C. tropicalis

•Abscess culture: (+) E. coli, 

vancomycin resistant Enterococcus 

(VRE); (-) Candida

•Blood culture: (+) E. coli; (-) Candida

•≤ 15%

•~ 30%

•~ 50%

•70%-90%

•> 90%

•Who knows?

•T2Candida + for C. 
–What is the likelihood of IC?

What is the likelihood of invasive candidiasis? 
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•Case presentation

•Diagnostic tests for invasive candidiasis
–Culture

–Non-culture diagnostics

•Interpreting non-culture test results 

•Incorporating non-culture tests into rational 

patient management strategies

•What studies need to be done?

Outline 

Cumulative Experience and Key Findings

10

Spectrum of invasive candidiasis

1. Candidemia 3. Primary DSC 

2. Candidemia

with DSC

~ 1/3 of patients in each group  Leroy 2009

Clancy and Nguyen 

Clin Infect Dis 2013
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•Risk factors are non-

specific and common 

in hospitalized pts

–Broad-spectrum abx, 

Candida colonization, 

IV access devices, 

TPN, mechanical 

ventilation, renal 

insufficiency, RRT, 

diabetes, steroids, 

neutropenia and PMN 

defects, 

•Higher prevalence 

disease among more 

narrowly defined 

patient populations

–Liver transplant and 

hepatobiliary surgery, 

severe pancreatitis, 

disruption of GI tract or 

peritoneal cavity 

integrity

Cumulative Experience and Key Findings

12

How do blood cultures perform?

1. Candidemia 3. Primary DSC 

2. Candidemia

with DSC

Almost all <20%

~40%

Blood culture sensitivity for IC is ~50%
“The Missing 50%”

Slow turn-around and positivity late in disease     

Clancy and Nguyen, Clin Infect Dis 2013
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•Biopsy culture sensitivity: 42%  Thaler Annals Int Med 1988

•Invasive procedures are often contra-indicated 

or delayed

How about cultures of other sterile sites?

Cheng JID 2013

Cheng Infect Immun 2014

•C. albicans germ tube antibody (CATGA)

–May be more sensitive for candidemia complicated by DSC 

than candidemia in absence of DSC

•69% vs. 5%  Maritnez Jimenez Med Mycol 2014

–Sensitivity may be lower for C. tropicalis infections

Non-culture diagnostics

Type of IC Sensitivity Specificity References

Candidemia 43-96% 54-100% Moragues Enferm Infecc Microbiol Clin 2004; Maritnez

Jimenez Med Mycol 2014; Fortun JAC 2014; Leon Crit Care 

2016; Parra Sanchez Mycopathologica 2017

DSC (IAC) 53-73% 54-80% Fortun JAC 2014; Leon Crit Care 2016; Parra Sanchez 

Mycopathologica 2017
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•Mannan and Anti-mannan
–Meta-analysis of 14 studies Mikulska 2010

–Limited data for DSC (IAC)

–Best performance for C. albicans, C. glabrata, C. tropicalis

Non-culture diagnostics

Test Sensitivity Specificity Reference

Mannan 40% 67% Leon et al., Crit Care 2016 

(Multi-center study)Anti-mannan IgG 25% 89%

asβ-1,3-D-glucan 

•Sensitivity across studies: 57%-97%

•Specificity across studies: 56%-93%

•Meta-analyses: ~ 80%/80%  Karageorgopoulos 2011; Onishi 2012; He 

2014

•DSC (IAC)
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asβ-1,3-D-glucan 

•True positives are not specific for Candida

•Major limitation is false positives

–Candida or mould colonization, disruption of GI tract, human blood 

products, certain antibiotics, hemodialysis, hemofiltration, enteral 

nutrition, mucositis, cellulose dressings 

–797 serum samples from 73 lung transplant recipients Alexander 2010

•Per patient/Per sample performance

–Sensitivity 64%/71%

–Specificity 9%/59%

–PPV 14%/9%

–NPV 50%/97%

•May perform better with consecutive positive results

•Kits comprised of multi-well, single-use trays

Candida PCR

or outcomes•Numerous publications totaling 

>5000 patients (blood fractions 

testing)

–Lack of standardization, clinical 

validation, demonstrated clinical 

benefits and multi-center studies

•Nucleic acid detection platform, blood 

fraction, extraction methods, targets, post-

PCR analysis

–Highly heterogenous study designs, 

case definitions, types of disease, 

controls, inclusion of colonization, 

timing of samples
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Candida PCR 

or outcomes•Meta-analysis of clinical studies 
Avni 2011

–Proven/probable IC vs. at-risk 

controls

•Pooled sensitivity/specificity: 

95%/92%

–Probable IC vs. at-risk controls

•Sensitivity 85% vs 38% for blood 

culture

–Proven/probable/possible IC vs. 

at-risk controls

•Pooled sensitivity/specificity: 

73%/95%

CID 2012; 54:1240

How about DSC?

Test Sensitivity Specificity Study

PCR 88% 70% Nguyen 2012 (Viracor PCR)
Blood culture 

17%
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CID 2012; 54:1240

How about DSC?

Test Sensitivity Specificity Study

PCR 88% 70% Nguyen 2012 (Viracor PCR)

91% 97% Fortun 2014 (MRT-PCR)

Blood culture 

17%

CID 2012; 54:1240

How about DSC?

Test Sensitivity Specificity Study

PCR 88% 70% Nguyen 2012 (Viracor PCR)

91% 97% Fortun 2014 (MRT-PCR)

84% 33% Leon 2016 (MRT-PCR)

Blood culture 

17%
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associated with poor outcomesT2Candida

•DIRECT1 Trial

–Whole blood assay in self-contained system, ~4 hour turn-around

–Big 5 Candida species

•Ca/Ct, Cg/Ck, Cp

–FDA cleared for diagnosing candidemia Mylonakis Clin Infect Dis 2015

•1500 patients in whom blood cultures were collected

•250 spiked blood samples

•Sensitivity/Specificity: 91%/98% 

–Limited data on clinical samples from patients with candidemia

ÅObjective

ïDetermine the clinical sensitivity of T2Candida among patients 
with active candidemia

ïDetermine the performance of T2Candida with recent positive 
blood cultures

Å14 centers in U.S.

Å N=152 proven candidemic patients due to Big 5 species

ïIdentified by positive diagnostic blood culture (dBC)

ïFollow-up samples collected concurrently for 
T2Candida/companion blood culture (cBC)

DIRECT2 Study Summary
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T2Candida clinical sensitivity: 89% 

DIRECT2 Study Summary
DIRECT2 Trial

cBC+ 

n=36

T2+, n=32

(89%)

T2-, n=4 

(11%)

26

All patients 
n=152

T2+, n=69 
(45%)

T2+/cBC+ 
n=32 (21%)

T2+/cBC-
n=37 (24%)

T2-, n=83 
(55%)

T2-/cBC+   
n=4 (3%)

T2-/cBC-
n=79 (52%)

Combined T2Candida/cBC results

Results

T2Candida identified 37 patients missed by cBC

cBC identified 4 patients missed by T2Candida
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All patients 
n=152

T2+, n=69 
(45%)

T2+/cBC+ 
n=32 (21%)

T2+/cBC-
n=37 (24%)

T2-, n=83 
(55%)

T2-/cBC+   
n=4 (3%)

T2-/cBC-
n=79 (52%)

Combined T2Candida/cBC results

Results

Prior antifungal therapy was independently associated with 

T2+/cBC- results (p<0.0001)

T2Candida Predicts Patient Outcomes

Å32 patients from UPMC were enrolled in DIRECT2

ÅMortality within 30 days of enrollment: 19% (6/32)

ïT2+/cBC+
Å50% (2/4)

ïT2+/cBC-
Å33% (2/6)

ïT2-/cBC+
Å50% (1/2)

ïT2-/cBC-
Å5% (1/20)

What is the significance of discordant T2/BC results?

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

50%

T2+/BC+ T2+/BC- T2-/BC+ T2-/BC-

Mortality
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T2Candida Predicts Patient Outcomes

Å32 patients from UPMC were enrolled in DIRECT2

ÅMortality within 30 days of enrollment: 19% (6/32)

ïT2+/cBC+
Å50% (2/4)

ïT2+/cBC-
Å33% (2/6)

ïT2-/cBC+
Å50% (1/2)

ïT2-/cBC-
Å5% (1/20)

What is the significance of discordant T2/BC results?

0%

5%
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T2+/BC+ T2+/BC- T2-/BC+ T2-/BC-

Mortality

T2Candida Predicts Patient Outcomes

ïT2+
Å40% (4/10)

ïT2-
Å9% (2/22)

ïBC+
Å50% (3/6)

ïBC-
Å12% (3/25)

ïEither  +
Å42% (5/12)

ïBoth ï
Å5% (1/20) 0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

50%

T2+ T2- BC+ BC- Either + Both -

What is the significance of discordant T2/BC results?

p=0.06

p=0.06
p=0.02

Combined T2Candida/BC predicts outcomes

T2Candida positivity predicts poor outcomes (also Munoz JAC 2018; Pappas UAB) 
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Non-culture diagnostics for IC

Test Candidemia DSC

Sensitivity Specificity Sensitivity Specificity

CAGTA 65-70%1 70%1 65%1 65%1

Combined

Mannan/ 

Anti-mannan

80%2 80%2 Limited data suggest performance 

inferior to BDG, CAGTA

BDG 80%2 80%2 65%1 75%1

PCR 73-90%2 90-95%2 84-91%3 33-97%3

T2Candida 90%4 98%4 No data

1Median of individual studies
2Mega-analyses
3Range of values in individual PCR studies
4DIRECT1, DIRECT2 clinical trials 

•Case presentation

•Diagnostic tests for invasive candidiasis
–Culture

–Non-culture diagnostics

•Interpreting non-culture test results 

•Incorporating non-culture tests into 

rational patient management strategies

•What studies need to be done?

Outline 
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•Case presentation

•Diagnostic tests for invasive candidiasis
–Culture

–Non-culture diagnostics

•Interpreting non-culture test results 

•Incorporating non-culture tests into 

rational patient management strategies

•What studies need to be done?

Outline 

PPV/NPV

34

Most common type of IC Prevalence of IC Corresponding patient populations

Candidemia ± DSC ~0.4% Any patient in whom a blood culture is collected      

Mylonakis 2015

~1% Patient in ICU with fever  Ng 2015; Blumberg 2001

~3% Patients with sepsis, septic shock, in ICU for >3-7 days    

Ng 2015; Leon 2009; Magill 2006; Ostrosky-Zeichner 2007

~10% ICU patient at increased risk for candidemia based on 

clinical prediction score  Ostrosky-Zeichner 2014; Playford 2016; 

Timsit 2016

Pre-test likelihoods of invasive candidiasis 
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Most common type of IC Prevalence of IC Corresponding patient populations

Intra -abdominal 

candidiasis

~5% Low- to moderate-risk PD patient with peritonitis             

Hall 2013; Matuszkiewicz-Rowinska 2009

~10% Emergent  surgery for intra-abdominal infections; colonic 

perforation  Leon 2006; Knitsch 2016

~20% Severe acute necrotizing pancreatitis; small bowel 

perforation    Hall 2013; Knitsch 2016

~30% High risk GI/hepatobiliary surgery; biliary leak; 

gastric/duodenal perforation     Calandra 1989; Leon 2006; Tissot

2013

Pre-test likelihoods of invasive candidiasis 

36

Most 

common type 

of IC

Prevalence 

of IC

Corresponding patient 

populations

ɓ-D-glucan

(80%/80%)

PCR     

(90%/90%)

T2Candida 

(90%/98%)

PPV NPV PPV NPV PPV NPV

Candidemia ±

DSC

~0.4% Any patient in whom a blood 

culture is collected Mylonakis

1% 99.9% 3% >99.9% 15% >99.9%

~1% Patient in ICU with fever    
Ng; Blumberg

4% 99.7% 8% 99.9% 31% 99.9%

~3% Patients with sepsis, septic 

shock, in ICU for >3-7 days    
Ng; Leon; Magill; Ostrosky-Zeichner

11% 99.2% 22% 99.6% 67% 99.7%

~10% ICU patient at increased risk 

for candidemia based on 

clinical prediction score 
Ostrosky-Zeichner; Playford; Timsit

31% 97% 50% 98.8% 82% 99%

Anticipated PPV/NPV
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Most 

common type 

of IC

Prevalence 

of IC

Corresponding patient 

populations

ɓ-D-glucan

(80%/80%)

PCR     

(90%/90%)

T2Candida 

(90%/98%)

PPV NPV PPV NPV PPV NPV

Candidemia ±

DSC

~0.4% Any patient in whom a blood 

culture is collected Mylonakis

1% 99.9% 3% >99.9% 15% >99.9%

~1% Patient in ICU with fever    
Ng; Blumberg

4% 99.7% 8% 99.9% 31% 99.9%

~3% Patients with sepsis, septic 

shock, in ICU for >3-7 days    
Ng; Leon; Magill; Ostrosky-Zeichner

11% 99.2% 22% 99.6% 67% 99.7%

~10% ICU patient at increased risk 

for candidemia based on 

clinical prediction score 
Ostrosky-Zeichner; Playford; Timsit

31% 97% 50% 98.8% 82% 99%

Anticipated PPV/NPV

38

•Thresholds to trigger antifungal treatment are 

unclear

•Studies in various populations suggest that 

antifungal prophylaxis may be beneficial in preventing 

IFIs if baseline rates of disease are ≥ 15-30%      
Goodman 92; Slavin 95; Eggiman 99; Pelz 01; Garbino 02; Shorr 05; Playford 06

•Target PPV ≥ 15-30%

•Target NPV ≥ 85% 

So, how can non-culture diagnostics be 

incorporated into rational patient care?



10/2/2018

20

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

0.00 0.05 0.10 0.15 0.20 0.25 0.30

P
o

s
t-

te
s
t 
p

ro
b

a
b

ili
ty

 o
f 

in
v
a
s
iv

e
 c

a
n

d
id

ia
s
is

Pre-test probability of invasive candidiasis

Moderate risk for candidemia

High -risk for DSC

High -risk for 

DSC

Moderate risk for DSC

Low -to-moderate risk for DSC

Low -to-moderate risk for 

candidemia

Low

risk
Moderate risk for DSC

Moderate risk for candidemia

Low -to-moderate risk for candidemia
Low -to-moderate risk for DSC

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

0.00 0.05 0.10 0.15 0.20 0.25 0.30

P
o

s
t-

te
s
t 
p

ro
b

a
b

ili
ty

 o
f 

in
v
a
s
iv

e
 c

a
n

d
id

ia
s
is

Pre-test probability of invasive candidiasis

Moderate risk for candidemia

High -risk for DSC

High -risk for 

DSC

Moderate risk for DSC

Low -to-moderate risk for DSC

Low -to-moderate risk for 

candidemia

Low

risk
Moderate risk for DSC

Moderate risk for candidemia

Low -to-moderate risk for candidemia
Low -to-moderate risk for DSC



10/2/2018

21

41

Most 

common type 

of IC

Prevalence 

of IC

Corresponding patient 

populations

ɓ-D-glucan

(80%/80%)

PCR     

(90%/90%)

T2Candida 

(90%/98%)

PPV NPV PPV NPV PPV NPV

Candidemia ±

DSC

~0.4% Any patient in whom a blood 

culture is collected Mylonakis

1% 99.9% 3% >99.9% 15% >99.9%

~1% Patient in ICU with fever    
Ng; Blumberg

4% 99.7% 8% 99.9% 31% 99.9%

~3% Patients with sepsis, septic 

shock, in ICU for >3-7 days    
Ng; Leon; Magill; Ostrosky-Zeichner

11% 99.2% 22% 99.6% 67% 99.7%

~10% ICU patient at increased risk 

for candidemia based on 

clinical prediction score 
Ostrosky-Zeichner; Playford; Timsit

31% 97% 50% 98.8% 82% 99%

Anticipated PPV/NPV

42

Most 

common type 

of IC

Prevalence of 

IC

Corresponding patient 

populations

ɓ-D-glucan

(65%/75%)

PPV NPV

Intra -

abdominal 

candidiasis

5% Low- to moderate-risk 

PD patient with peritonitis  
Hall; Matuszkiewicz-Rowinska

12% 98%

10% Emergent  surgery for 

intra-abdominal 

infections; colonic 

perforation  Leon; Knitsch

22% 95%

20% Severe acute necrotizing 

pancreatitis; small bowel 

perforation    Hall; Knitsch

39% 90%

30% High risk GI/hepatobiliary 

surgery; biliary leak; 

gastric/duodenal 

perforation    Calandra; Leon; 

Tissot

53% 83%
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Most 

common type 

of IC

Prevalence of 

IC

Corresponding patient 

populations

Leon PCR

(85%/33%)

Nguyen PCR

(85%/70%)

Fortun PCR

(85%/97%)

PPV NPV PPV NPV PPV NPV

Intra -

abdominal 

candidiasis

5% Low- to moderate-risk 

PD patient with peritonitis  
Hall; Matuszkiewicz-Rowinska

6% 98% 13% 99% 59% >99%

10% Emergent  surgery for 

intra-abdominal 

infections; colonic 

perforation  Leon; Knitsch

12% 95% 24% 98% 76% 98%

20% Severe acute necrotizing 

pancreatitis; small bowel 

perforation    Hall; Knitsch

24% 90% 45% 95% 88% 97%

30% High risk GI/hepatobiliary 

surgery; biliary leak; 

gastric/duodenal 

perforation    Calandra; Leon; 

Tissot

35% 84% 53% 92% 93% 94%

Back to our case 

•Surgical drainage

•Should an antifungal agent be 

instituted?

•Treated with fluconazole

•T2Candida: (+) C. albicans/C. tropicalis

•Abscess culture: (+) E. coli, 

vancomycin resistant Enterococcus 

(VRE); (-) Candida

•Blood culture: (+) E. coli; (-) Candida

•What is the likelihood of invasive 

candidiasis?
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•Post-operative biliary leak at two weeks
•~30%

•Intra-abdominal cx (-) for Candida
•~15%

•Blood cx (-) for Candida
•~12%

•T2Candida works like Nguyen PCR
•(+) T2Candida: ~25%
•If T2Candida was (-): ~3%

What is the likelihood the patient has intra-

abdominal candidiasis? 

•Post-operative biliary leak at two weeks
•~30%

•Intra-abdominal cx (-) for Candida
•~15%

•Blood cx (-) for Candida
•~12%

•T2Candida works like Fortun PCR
•(+) T2Candida: ~86%
•If T2Candida was (-): ~1%

What is the likelihood the patient has intra-

abdominal candidiasis? 
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•Post-operative biliary leak at two weeks
•~30%

•Intra-abdominal cx (-) for Candida
•~15%

•Blood cx (-) for Candida
•~12%

•T2Candida works like Leon PCR
•(+) T2Candida: ~14%
•If T2Candida was (-): ~7%

What is the likelihood the patient has intra-

abdominal candidiasis? 

•Course complicated by recurrent anastomotic leaks
–Intra-abdominal cultures 2 and 6 weeks later 

•(+) C. albicans and VRE

–Multiple negative blood cultures

•He received courses of micafungin and lipid formulation 

amphotericin B, but died of septic shock

Epilogue to our case 
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So, how can non-culture diagnostics be 

incorporated into rational patient care?

•Management of individual 

patients
–You don’t need to do the 

math(s)!  (Think of 

galactomannan)

50

So, how can non-culture diagnostics be 

incorporated into rational patient care?

•Management of individual 

patients
–You don’t need to do the 

math(s)!  (Think of 

galactomannan)

•Population strategies
–Antifungal discontinuation or 

targeted empiric treatment
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MICU Pilot Algorithm

Septic shock
(Suspected infection + 

vasopressorǳǎŜ җ о ƘƻǳǊǎύ

Positive

Order T2Candida
(Blood cultures, abx, etc)

C. kruseior 
C. glabrata

Negative

Shock 
resolves

Reorder T2 
assay

Shock >48 
hours

No 
antifungals

Anticipated PPV 
20-60%

Result reported to 
AMP (~4 hours)

Anticipated 
NPV 99%

Positive

Blood cx results (2 ς5d)

!Cǎ ŦƻǊ җ мпŘ

Negative

AFs for 5d

C. albicans, tropicalis, 
parapsilosis

Caspofungin Fluconazole

Diagnostic stewardship team

M. Hong Nguyen, MD 

UPMC IC: 3-5%

Results

T2+ BC+

53% 

(8)

27%    

(4)

20% 

(3)

BC+ BC-

T2+ 3.2% (4) 6.4% (8)

T2- 2.4% (3) 88% (110)

•BC+: 5.6% (7/125)  T2+: 9.6% (12/125)

•T2+/BC- results: 6.4% (8/125)

•BC+ or T2+: 12% (15/125) 

ÅSensitivity: 57% (4/7) in BC+ 

cases

ÅT2 results available before 

blood cultures in 3 patients

•All patients were started on 

appropriate antifungals

ÅSpecificity: 93% (110/118), 

assuming T2+/BC- are false-

positive for IC

•5 patients had proven/probable 

IC

•Adjusted specificity: 97% 

(115/118)

MICU pilot program (n=125)
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Results

•Antifungal expenditure was reduced by 47%

•Unit-specific interventions also instituted in CT-ICU 

(LVADs, candidemia) and Trauma-ICU (IAC) 
Hong Nguyen, Ryan Shields

Pre-intervention median DOT = 26 days/month

Post-intervention median DOT = 15 days/month

MICU antifungal utilization

•Case presentation

•Diagnostic tests for invasive candidiasis
–Culture

–Non-culture diagnostics

•Interpreting non-culture test results 

•Incorporating non-culture tests into 

rational patient management strategies

•What studies need to be done?

Outline 
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What studies need to be done? 

•Standardized, readily-available PCR/NA 

amplification assays (ideally multi-plexed)

•Define performance for DSC, in particular 

blood culture-negative cases

•Devise and validate patient management 

strategies
–Empiric/pre-emptive treatment that improves 

patients’ outcomes and limits antifungal exposure

Author ( Yr) Approach Patients Control Intervention Incidence of IC Mortality

MSG-01 

(2014)

Pre-emptive

(RCT)

Prediction rule 84

placebo

102 

caspofungin

1% vs 4.8%; 

P=0.11

14.3% vs

16.7%; P=0.78

Bailly (2015) Pre-emptive

(Retrospective)

Vent > 5 days 1,291          

no treatment

100 antifungals 1% vs 4%; 

P=0.05

24.5% vs 30%; 

P=0.91

INTENSE 

(2015)

Empiric 

(RCT)

Intra-abdominal 

surgery

124 

placebo

117 micafungin 8.9% vs 11.1%; 

P=0.67

0.8% vs 4.3%; 

P=0.11

EMPIRICUS 

(2016)

Empiric       

(RCT)

High-risk ICU, 

including Candida

colonization

123       

placebo

128 micafungin 3% vs. 12%; 

P=0.008

IFI-free survival

68% vs 60%;

P=0.18

Recent empiric and pre-emptive antifungal studies
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•Inclusion of patients with relatively low pre-test likelihoods 
–Placebo arms: 4% to 12% IC

•Did not make full use of biomarkers to further stratify  

patients
–Nguyen PCR: pre-test 10% Ą PPV 25% (IAC) to 50% (candidemia)

Ą NPV 98% to 99%

•Did not include antifungal de-escalation strategies

Why have empiric/pre-emptive strategies failed?

What studies need to be done? 

ÅThe time is ripe for novel empiric treatment 

strategies

ïNew diagnostics and a golden era of antifungal 

development

ïHost susceptibility stratification (Lionakis)

•Cost-effectiveness analyses

•Test kinetics and assessment of response to 

treatment or prognosis
–Is rapid attainment of BC-negativity and non-culture 

assay-negativity associated with better outcome?
•Identify patients for short-course treatment?

•Clinical trial endpoints?
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•In the future, improved outcomes are most likely 

to result from development and validation of early 

intervention strategies that incorporate non-

culture diagnostics Clancy and Nguyen CID 2012

•The model for candidiasis should be aspergillosis
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