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treatment modalities. This clinical condition can affect up 
to 30% of cancer patients [1], with varying rates of occur-
rence ranging from 10 to 50% in solid tumour cases and up 
to 80% in patients with haematological malignancies [2, 3]. 
Emerging resistance to antimicrobials increases the burden 
of infections among FN patients in addition to well-defined 
features such as prolonged hospital stays (6–10 days), 
increased cost, higher morbidity and mortality (> 20% in 30 
days) risks [4–7]. Unnecessary antibiotic consumption not 
only raises antimicrobial resistance but also leads to adverse 
drug events, allergic reactions, nephrotoxicity, prolonged 
hospital stays, and additional costs [8–10].

Using unnecessary antibiotics is an important driv-
ing parameter for emerging resistance, especially among 
patients with FN [8, 11]. In countries where antimicrobial 
resistance (AMR) is high such as Türkiye [12, 13], the 
approach to managing patients with FN further increases 
the importance of the problem. To address this, we initi-
ated an antimicrobial stewardship program (ASP) designed 
to manage all FN patients with a uniform protocol aligned 
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Abstract
Purpose To describe the long-term effects of an ASP among febrile neutropenia (FN) patients.
Methods A quasi-experimental study was conducted between 2015 and 2023 at a tertiary care hospital in Istanbul, Türkiye. 
The ASP was implemented for FN patients, and the effects were assessed before and after the ASP interventions, which 
included FN clinical pathways and regular multi-disciplinary meetings with relevant healthcare workers.
Results A total of 489 FN episodes of 290 patients were included, 42% were female, and the mean age was 56 years (SD: 15, 
range: 18–89 years). After the intervention, the rate of appropriate antimicrobial therapy at the levels of starting (p = 0.005), 
switching (p < 0.001), and de-escalation/discontinuation, (p < 0.001) significantly increased. Another positive impact of the 
ASP was a significant reduction in candidemia (from 4.88 to 0.74, p = 0.004), as well as a significant reduction in the 90-day 
mortality rate (from 19 to 5%, p < 0.001). In multivariate analysis, having a gram-negative bloodstream infection, prolonged 
days with fever, and a high risk for neutropenia were found to be significant predictors of 90-day mortality, while follow-up 
with ASP significantly reduced mortality.
Conclusion Implementation of ASP led to reduced candidemia and LOS without increasing mortality, even in a country with 
a high rate of antimicrobial resistance. Implementation of sustainable ASP for FN patients is critical in combating antimi-
crobial resistance.
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with current guidelines [2, 10, 14, 15]. Although the neces-
sity of ASP is known, their acceptance, clinical application 
and particularly long-term implementation might be lacking 
among physicians, therefore stronger evidence of their ben-
eficial use should be presented to convince the implementa-
tion of the ASP.

We aimed to assess the long-term effects of the ASP on 
the rate of appropriate antimicrobial use, laboratory and 
clinical outcomes of patients, the length of hospital stay 
(LOS) and mortality rate. Our results will shed light on the 
challenge of the management of FN patients in countries 
with high AMR.

Methods

Ethical approval

The ethical approval for this study was obtained from the 
Institutional Review Board of Koç University with refer-
ence number 2023.164.IRB1.054.

Study population

This study was conducted at a hospital in Istanbul, Türkiye, 
with a bed capacity of 300. The study included all inpatients 
aged 18 and above, admitted to the haematology and oncol-
ogy departments, and diagnosed with febrile neutropenia 
(FN). The study assessed the outcomes before (from Janu-
ary 1, 2015, to December 31, 2015) and after (from January 
1, 2016, to June 30, 2023) the implementation of the ASP 
interventions.

Implementation of the ASP

The ASP was developed by the Antimicrobial Steward-
ship Team (AST) at the end of 2015. There was no protocol 
before 2015. The practice of antibiotic selection changed 
from one physician to another, since there was no system-
atic approach. “Febrile Neutropenia Clinical Pathway” 
based on international guidelines was established to define 
the program’s scope and provide clear recommendations for 
healthcare workers (Supplement 1). Regular weekly depart-
ment meetings were held, involving physicians, nurses, 
and technicians from the Hematology, Oncology, Clinical 
Microbiology, and Infectious Diseases Departments. Dur-
ing these meetings, the details of the FN clinical pathway 
were shared, and the AST team was responsible for over-
seeing, educating, and monitoring the various phases of the 
clinical pathway.

Data collection

Data on inpatients with FN were collected using a daily 
electronic system. The surveillance and monitoring of the 
clinical pathway were conducted by the AST. Inappropri-
ate practices identified through data analysis were discussed 
during the weekly department meetings, and the initial 
results of the data analysis were shared with the relevant 
departments every quarter.

Definitions

Febrile neutropenia refers to the occurrence of fever during 
a period of severe neutropenia, a condition characterized by 
a low level of neutrophils in the blood. In this study, the 
definition of febrile neutropenia is based on the guidelines 
of the Infectious Diseases Society of America (IDSA) and 
the National Comprehensive Cancer Network (NCCN). 
Fever was defined as a single oral temperature > 38.3 °C or 
> 38.0 °C sustained over 1 h. Neutropenia was defined as 
an absolute neutrophil count (ANC) of less than 500 neu-
trophils/mcL, or a predicted decline to less than 500 neutro-
phils/mcL within the next 48 h [16].

The risk of an FN episode was assessed using the Mul-
tinational Association for Supportive Care in Cancer 
(MASCC) scoring system. Developed in 2000, the MASCC 
scoring table assigns a maximum of 26 points, with higher 
scores indicating a lower risk of complications from FN. 
Patients with a score of ≥ 21 are categorized as having low-
risk FN episodes, while those with < 21 points are consid-
ered to have high risk [4].

The appropriateness of antimicrobial consumption 
among FN patients was evaluated based on the “Febrile 
Neutropenia Clinical Pathway” (Supplement 1). This evalu-
ation consists of three phases: 1) Appropriate antimicrobial 
agent choice, 2) Appropriate de-escalation or switch therapy 
if needed, and 3) Appropriate continuation or discontinua-
tion of antimicrobials which were clearly defined in the clin-
ical pathway. The endpoints were length of stay, duration 
of days with FN, duration of days with fever, and 90-day 
mortality.

Fluoroquinolones prophylaxis have been used among 
patients at high risk of febrile neutropenia or profound, pro-
tracted neutropenia during the period of expected neutrope-
nia [17].

Ceftazidim-avibactam has been used in Türkiye since 
2020. Since then ceftazidim-avibactam susceptibility test 
has been performed routinely among Klebsiella pneumonia, 
Pseudomonas aeruginosa and E. coli strains once carbape-
nem resistance was detected.
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Statistical analysis

Continuous variables were analyzed using independent 
group t-tests to compare means, while categorical variables 
were assessed using chi-square tests to compare propor-
tions. To determine the improvement in antimicrobial con-
sumption after the implementation of the ASP, multivariate 
analyses and logistic regression analyses were performed. 
The independent variables included in the analysis were 
gram-negative, gram-positive, and candida infections, LOS, 
high risk of FN episode (MASCC score < 21), duration of 
FN episode days, and appropriateness of antimicrobial use. 
Significance was set at p < 0.05 for two-sided comparisons. 
The statistical analyses were performed by Stata, version 
15.0.

Results

A total of 489 febrile neutropenia (FN) episodes were 
included in the study, involving 290 inpatients from the hae-
matology and oncology departments. Data were collected 
for two distinct periods: before the implementation of the 
ASP from January 1, 2015, to December 31, 2015 (82 FN 
episodes among 50 inpatients with FN), and after the ASP 
interventions from January 1, 2016, to June 30, 2023 (407 
FN episodes among 240 inpatients with FN).

Fourty-two per cent (n = 128) of the patients who had 
an FN episode were female, with the mean age being 56 

years (SD: 15, Range: 18–89 years). Remarkably, 36% of 
the patients had additional chronic disease (n = 175), and 
69% of all FN episodes (n = 336) were classified as “high 
risk” based on the Multinational Association for Supportive 
Care in Cancer (MASCC) score. Regarding the distribu-
tion of diagnoses, 46% of patients had leukaemia, 24% had 
lymphoma, 17% had solid tumours or cancer, 8% had mul-
tiple myeloma, and 5% were diagnosed with other chronic 
illnesses. Before and after the ASP intervention, mean age 
(p = 0.287), gender (p = 0.976), rate of patients with addi-
tional comorbidity (p = 0.093), and rate of high-risk FN 
patients (p = 0.070) were similar (Table 1). The rate of leu-
kaemia patients was higher in the pre-ASP period than in the 
post-ASP period (p = 0.005, Table 1).

During the study period, the implementation of the local 
FN clinical pathway resulted in a significant increase in 
the rate of appropriate empirical therapy (step 1, from 76 
to 88%, p = 0.005), appropriate switching (step 2, from 51 
to 90%, p < 0.001), and appropriate resuming of antibiot-
ics (step 3, from 69 to 92%, p < 0.001) among FN patients 
(Table 2). After the implementation of the ASP, there was a 
significant decrease in the average LOS at the hospital from 
20.17 days to 15.13 days (p = 0.035), the average duration 
of fever decreased from 5.09 days to 3.90 days (p = 0.036), 
the average duration of FN episode days decreased from 
4.74 days to 3.52 days (p = 0.022), and finally 90-day mor-
tality rate significantly decreased from 19% (n = 16) to 5% 
(n = 22) (p < 0.001) (Table 1).

After the implementation of the ASP, there was a signifi-
cant decrease in the rate of candidemia (from 4.88 to 0.74, 
p = 0.004) (Table 3). However, the decline in the rate of 
gram-positive bacterial infections (from 18.29 to 14.74%, 

Table 1 Characteristics of FN patients before and after ASP
Total 
(n = 489)

Pre-ASP 
(n = 82)

Post-ASP 
(n = 407)

p

Mean age (SD; 
min-max)

56 (15; 
18–89)

58 (15; 
18–82)

56 (15; 
18–89)

0.287

Female 208 (42) 35 (42) 173 (42) 0.976
Additional comorbidity 175 (36) 36 (44) 139 (34) 0.093
MASCC score < 21 
(high risk)

336 (69) 70 (86) 266 (77) 0.070

Diagnosis
 Leukemia 224 (46) 49 (60) 175 (43) 0.005
 Lymphoma 119 (24) 14 (17) 105 (25) 0.093
 Multiple Myeloma 39 (8) 4 (5) 35 (9) 0.256
 Solid tumor, cancers 84 (17) 10 (12) 74 (18) 0.190
 Other diagnosis 23 (5) 5 (6) 18 (4) 0.513
Length of stay at hospi-
tal, days (SD)

15.95 
(19)

20.17 
(21.4)

15.13 
(18.4)

0.035

The number of days with 
fever, mean (SD)

4.1 (4.6) 5.09 
(6.2)

3.90 (4.3) 0.036

Mean duration of FN 
episodes, days (SD)

3.72 (4.4) 4.74 
(5.4)

3.52 (4.1) 0.022

90-day mortality 38 (7.7) 16 (19) 22 (5) < 0.001
FN, febrile neutropenia; ASP, Antimicrobial stewardship program; 
Pre-ASP, between January 1, 2015, and December 31, 2015; Post-
ASP, between January 1, 2016, and June 30, 2023

Table 2 Appropriateness of antimicrobial therapy of FN patients 
according to the ASP

Pre-ASP
Therapy 
Appropriateness/
FN episodes (%)

Post-ASP
Therapy 
Appropriateness/
FN episodes (%)

p

Appropriate 
empirical antimi-
crobial starting 
(Step1)

60/79 (76) 336/382 (88) 0.005

Appropriate 
switching of anti-
microbial therapy 
(Step 2)

19/37 (51) 172/191 (90) < 0.001

Appropri-
ate resuming 
(de-escalation /
discontinuation) 
of antimicrobial 
therapy (Step 3)

32/46 (69) 363/396 (92) < 0.001

FN, febrile neutropenia; ASP, Antimicrobial stewardship program; 
Pre-ASP, between January 1, 2015, and December 31, 2015; Post-
ASP, between January 1, 2016, and June 30, 2023
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p = 0.001) and being followed up with ASP (95% CI:0.12–
0.66, OR:0.292, p = 0.003) were significantly associated 
with a decrease in mortality rate in the last 90-day months 
(Table 4).

Discussion

We present the beneficial impact of the long-term ASP 
among patients with FN in a country with a high AMR rate 
among gram-negative bacterial infections. Compared to our 
previous study in the same centre [18], long-term follow-up 
allowed us to detect a significant change in mortality, LOS, 
duration of days with fever, and a decrease in Candida infec-
tions. The mortality rate (90-day) in our study decreased 
from 19 to 5% after the implementation of ASP. In multivar-
iate analysis, implementation of ASP (95% CI:0.12–0.66, 
OR:0.292) significantly reduced the mortality, in a setting 
where gram-negative bloodstream infections have a sig-
nificant impact on mortality (95% CI:1.22–7.58, OR:3.053, 
Table 4). Contejean et al. reported that the implementation of 
ASP decreased the 30-day mortality rate among FN patients 
(post-intervention period: odds-ratio = 0.29, 95% CI: 0.15–
0.53) [19]. In our analysis, it was found that the number of 
days with fever had an impact on the 90-day mortality rate. 
Hosiriluck et al. also found that a fever duration of more 
than four days independent risk factor for 30-day mortality 
[20]. Akova et al. proved that the duration of hospitalization 
days before the FN episodes, gram-negative infections, sep-
sis, and inappropriate antimicrobial prophylaxis were found 
as predictive factors for 30-day mortality [21].

Another significant finding was the reduction in Candi-
demia (4.88% vs. 0.74%). After the implementation of ASP, 
the selection of appropriate empiric antibiotics increased 
from 76 to 88%, appropriate switching therapy increased 
from 51 to 90%, and the resuming of appropriate therapy 
from 69 to 92%. Besides the ASP implementation, improve-
ment in infection control measures [22, 23], and implemen-
tation of clinical pathways [18] could also account for this 
progress. In a study with similar findings, Contejean et al. 
reported a parallel decrease in antimicrobial consumption 
among FN patients following the implementation of an ASP 
(post-intervention period: odds-ratio = 0.29, 95% CI: 0.15–
0.53) [19]. However, Martire et al. demonstrated a reduction 
in antibiotic consumption without a proven effect on bacte-
remia and mortality rates [24]. Verlinden et al. proved that 
reduced antibiotic consumption through ASP interventions 
did not result in increased infection complications [25]. 
Keck et al. suggested that rapid de-escalation of therapy 
may reduce the adverse effects and cost without compro-
mising clinical outcomes [9].

p = 0.416) and gram-negative bacterial infections (from 
15.85 to 12.04%, p = 0.344) was not statistically significant. 
Additionally, there was an increase in the rate of methicillin 
resistance of Staphylococci isolates (from 53.33 to 66.67%, 
p = 0.342) (Table 3). The carbapenem resistance rate among 
Klebsiella pneumoniae and Pseudomonas aeruginosa 
was 66% (2/3) pre-ASP and 23% (5/22) post-ASP period 
(p = 0.826). Among Escherichia coli strains there was no 
carbapenem resistance. Colistin resistance has not been 
detected among gram-negative bacteria during the study 
period and one ceftazidime-avibactam strain was detected 
in K. pneumoniae in the post-ASP period.

In multivariate analysis, prolonged days with fever (95% 
CI:1.03–1.15, OR:1.09, p = 0.001), and having gram-nega-
tive bloodstream infections (95% CI:1.22–7.58, OR:3.053, 
p = 0.016) increased mortality, while having a low risky 
(MASCC ≥ 21) score (95% CI:0.79–0.94, OR:0.862, 

Table 3 Distribution and resistance of microorganisms isolated among 
adult patients with febrile neutropenia

Total
(n = 489)

Pre-ASP
(n = 82) 
(%)

Post-ASP
(n = 407) 
(%)

p

Candida 7 4 (4.88) 3 (0.74) 0.004
Gram-positive bacteria 75 15 (18.29) 60 

(14.74)
0.416

 Staphylococcus spp. 71 15 (18.29) 56 
(13.76)

0.288

Methicillin resistance
Resistant isolate/sample 
(%)

44 8/15 
(53.33)

36/54 
(66.67)

0.342

Gram-negative bacteria 62 13 (15.85) 49 
(12.04)

0.344

 E. coli 44 11 (13.41) 33 (8.11) 0.126
 K. pneumoniae 15 1 (1.22) 14 (3.44) 0.287
 P. aeruginosa 10 2 (2.44) 8 (1.97) 0.782
 A. baumannii 1 0 1 (0.25) 0.653
ASP, Antimicrobial stewardship program; Pre-ASP, between Janu-
ary 1, 2015, and December 31, 2015; Post-ASP, between January 1, 
2016, and June 30, 2023

Table 4 Logistic regression analysis of predictors of 90-day mortality 
among FN patients
Fatality in 3 months Odds 

Ratio
Confi-
dence 
interval 
(95%)

p

Age > 65 1.3 0.58–2.91 0.515
Being female 0.919 0.41–2.02 0.835
Low risk (MASCC ≥ 21) 0.862 0.79–0.94 0.001
Number of days with fever 1.093 1.03–1.15 0.001
Number of days with febrile neutropenia 1.211 0.91–1.61 0.188
Gram negative infections in blood 
cultures

3.053 1.22–7.58 0.016

Post-ASP 0.292 0.12–0.66 0.003
MASCC, Multinational Association for Supportive Care in Cancer; 
ASP, Antimicrobial stewardship program
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