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BACKGROUND
Antimicrobial stewardship programs (ASPs) regarding optimal targeted antibiotics in patients 
with immunocompromised condition including severe neutropenia is challenging. We 
investigated whether implementation of ASPs using rapid phenotypic antimicrobial 
susceptibility test (AST) could increase the proportion of hematologic patients who received 
optimal targeted antibiotics in early period of bacteremia.

METHODS
We performed a randomized, controlled, assessor-blind, single center trial for patients with
hematologic malignancy (ClinicalTrials.gov, registration number NCT03611257). While patients
in the control group were managed according to ASPs using standard AST, in the intervention
group, ASPs using rapid phenotypic AST (QMAC-dRAST) was applied. The primary outcome was
the proportion of patients receiving optimal targeted antibiotics 72 hours after blood collection
for culture. The secondary outcomes included the proportion of patients receiving unnecessary
broad spectrum antibiotics and time to optimal targeted treatment. Primary and secondary
outcomes were assessed by the intention-to-treat analysis.

RESULTS
A total of 116 patients were randomly assigned into the control group (n=60) or intervention
group (n=56). Mean time from collecting blood culture to reporting AST result was significantly
shorter in the intervention group (48.3 hours) than in the control group (83.1 hours) (P
< 0.001). The proportion of patients receiving optimal targeted antibiotics 72 hours after blood
collection for culture was 56.7% (34 of 60 patients) in the control group and 80.4% (45 of 56
patients) in the intervention group (adjusted odds ratio 3.38; 95% CI, 1.39-8.25; P = 0.004). The
proportion of patients receiving unnecessary broad spectrum antibiotics at 72 hours was lower
in the intervention group than in the control group (12.5% vs. 30.0%, adjusted odds ratio 0.23;
95% CI, 0.08-0.70; P = 0.009). Overall, time to optimal targeted antibiotic therapy was shorter
in the intervention group than in the control group (mean, 39.0 hours vs. 53.2 hours, P = 0.001).

CONCLUSION
ASPs using rapid phenotypic AST can optimize antibiotic treatment more rapidly for bacteremia 
in patients with hematologic malignancy.

Introduction

• Bacteremia and sepsis in immunocompromised patients remains threatening infectious disease 
syndrome. Timely effective antibiotic administration is crucial for treating bacteremia in 
immunocompromised patients because ineffective antibiotics treatment may result in serious 
complications and mortality. 

• Meanwhile, overuse of broad-spectrum antibiotics should be avoided to prevent possible 
additional acquisition of multidrug resistant organism (MDRO) by exposure to these broad-
spectrum antibiotics during long hospitalization.

• For these reasons, ASP should be well developed to ensure use of optimal targeted antibiotics. 
However, ASP in immunocompromised patients is complicated and challenging because 
conventional AST takes about 3 days to produce results.

• To our knowledge, there is no randomized controlled study to evaluate ASP using rapid 
phenotypic AST in immunocompromised patients. 

We conducted this randomized, controlled trial to investigate whether implementation of ASP 
using rapid phenotypic AST could increase the proportion of patients with hematologic malignancy 
who received optimal targeted antibiotics in early period of bacteremia.

Study subjects
• The prospective randomization controlled study was performed in Seoul National University 

Hospital in South Korea, and has been conducted since Sep. 2018.
• Patients who (1) were aged ≥ 16 years and (2) were expected to be admitted for more than 2 

days for treatment of hematologic malignancy or hematopoietic stem cell transplantation 
(HSCT), and (3) had positive blood culture during hospitalization were eligible. 

Randomization
• Eligible patients were randomly assigned in a 1:1 ratio either into the control group (standard 

AST method), or into the intervention group (rapid phenotypic AST; QMAC-dRAST) using 
computerized block (n=8) randomization. 

Procedure
• The control group: Standard ID and AST using Vitek2 or Microscan were done, but MALDI-TOF 

results were informed if requested. 
• The intervention group: Results of MALDI-TOF and QMAC-dRAST were transferred 

automatically to infectious disease physicians by phone text message. 
• The both groups, infectious disease physicians did antimicrobial stewardship based on the 

results of the standard or rapid phenotypic AST for each group, respectively. 
Definition
• Optimal targeted antibiotic treatment was defined as administration of antibiotics to which 

the organisms were susceptible in vitro and which were considered as the most effective and 
narrowest spectrum treatment. 

Primary outcome
• The proportion of patients receiving optimal targeted antibiotics 72 hours after blood collection 

for culture
Secondary outcomes
• The proportion of patients receiving optimal targeted antibiotics 48 hours after blood 

collection for culture.
• The proportion of patients receiving ineffective antibiotics or  unnecessary broad-spectrum 

antibiotics 48 and 72 hours after blood collection.
• The consumption of broad-spectrum antibiotics within seven days after blood collection.
• Time to administration of optimal targeted antibiotics.
Statistical analysis
• Intention-to treat analysis was done primarily. 
• Logistic-regression analysis, was used to calculate odds ratios with 95% confidence interval (CI) 

for the primary outcome and secondary outcomes. 
• Time-to-event data was presented with the Kaplan-Meier method.

Methods

Results

Table 1. Baseline characteristics of study population at randomization

• Time to positivity from blood collection for culture was similar in both groups, but mean 
time from blood sample collection to reporting AST results was significantly shorter in the 
intervention group (48.3 hours) than in the control group (83.1 hours) (P < 0.001).

Figure 1. Study flow

• Between Sep 1, 2018, and Sep 10, 2019, 266 patients were screened for eligibility. Of them, 
116 patients with confirmed positive blood cultures were randomly assigned to the control 
group (n=60) or intervention group (n=56).

Conclusion
• ASP using rapid phenotypic AST can optimize antibiotic treatment more rapidly for bacteremia 

in patients with hematologic malignancy. This finding supports that the application of ASP 
using rapid phenotypic AST has potential to improve infection control in high-risk 
immunocompromised patients. 

266 patients were assessed for eligibility

150 Excluded
144 did not have positive blood cultures 

6 died before randomization     

116 randomly assigned

60 assigned to the control group
(Intention-to-treat analysis)

56 assigned to the intervention group
(Intention-to-treat analysis)

Variables
Control group 

(n=60)
Intervention 
group (n=56) Total (n=116)

Age, median (range) 57 (17-85) 56 (18-83) 56 (17-85)
Gender, male 30 (50.0) 30 (53.6) 60 (51.7)
Charlson comorbidity score, median (range) 2 (2-9) 2 (2-8) 2 (2-9)
Underlying hematologic disease

Acute myeloid leukemia 31 (51.7) 30 (53.6) 61 (52.6)
Acute lymphoid leukemia 7 (11.6) 8 (14.2) 15 (12.9)
Lymphoma 10 (16.7) 9 (16.1) 19 (16.4)
Other 12 (20.0) 9 (16.1) 21 (18.1)

Treatment
Chemotherapy 41 (68.3) 36 (64.3) 77 (66.4)
Allogeneic HSCT 10 (16.7) 9 (16.1) 19 (16.4)
Autologous HSCT 3 (5.0) 5 (8.9) 8 (6.9)
Other 6 (10.0) 6 (10.7) 12 (10.3)

Neutropenia (/mm3)
< 100 47 (78.3) 39 (69.6) 88 (74.1)
< 500 52 (86.7) 41 (73.2) 93 (80.2)

Hospitalization day before randomization (day), mean (range) 23 (0-94) 25 (0-142) 24 (0-142)
Time to culture positivity (hour), mean (range) 26.4 (10.7-105.4) 28.0 (9.7-76.9) 27.2 (9.7-105.4)
Time to AST report (hour), mean (range) 83.1 (53.3-156.6) 48.3 (23.3-98.1) 66.3 (23.3-156.6)
Organisms

Gram positive bacteria 32 (53.3) 30 (53.6) 62 (53.5)
Gram negative bacteria 24 (50.0) 25 (44.6) 49 (42.2)
Polymicrobial infection 4 (6.7) 1 (1.8) 5 (4.3)

MDRO 32 (53.3) 25 (44.6) 57 (49.1)
Likely contaminant 7 (11.7) 11 (19.6) 18 (15.5)
Septic shock 9 (15.0) 7 (12.5) 16 (13.8)
ICU admission 1 (1.7) 3 (5.4) 4 (3.5)

Outcome (time since blood collection) Control Intervention Adjusted OR (95% CI) P-value

Patients receiving optimal targeted antibiotics (72 hours) 34 (56.7) 45 (80.4) 3.38 (1.39 to 8.25) 0.004

Patients receiving optimal targeted antibiotics (48 hours) 29 (48.3) 37 (66.1) 2.94 (0.92 to 4.57) 0.080

Patients receiving ineffective antibiotics (48 hours) 12 (20.0) 7 (12.5) 0.74 (0.23 to 2.49) 0.618

Patients receiving ineffective antibiotics (72 hours) 8 (13.3) 4 (7.1) 0.65 (0.17 to 2.49) 0.527

Patients receiving unnecessary broad spectrum 
antibiotics (48 hours) 19 (31.7) 12 (21.4) 0.47 (0.18 to 1.18) 0.108

Patients receiving unnecessary broad spectrum 
antibiotics (72 hours) 18 (30.0) 7 (12.5) 0.74 (0.23 to 2.39) 0.009

Table 2. Comparison of primary and secondary outcomes between the groups

• Within seven days after blood sample collection, glycopeptide consumption was 
significantly more in the control group (421.4 DOT/1000 patient-days) than in the 
intervention group (234.7 DOT/1000 patient-days) (P = 0.015), although difference of 
carbapenem consumption was not significant between the groups (454.8 DOT/1000 patient-
days in the control group vs. 359.7 DOT/1000 patient-days in the intervention group, P = 
0.406). 

Figure 2. Kaplan-Meier estimates of the time to optimal targeted antibiotic therapy

• Time to optimal targeted antibiotic therapy was significantly shorter in the intervention 
group than in the control group (mean, 39.0 hours vs 53.2 hours, P = 0.001).
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