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Objectives: To determine the predictors for 30-day all-cause mortality in patients with febrile neutropenia (FN) 

and develop a prediction score. 

Methods: The electronic medical records of patients undergoing chemotherapy with FN between 2018 and 2019 

were reviewed. Multivariate logistic regression was performed to identify factors associated with 30-day all-cause 

mortality to develop a parsimonious model. A prediction score was developed from the model’s coefficients of 

each predictor. 

Results: There were 273 FN episodes in 153 patients. The overall mortality rate was 12.5%. Pre-existing cardiovas- 

cular disease (OR 22.45), alteration of consciousness on admission (OR 18.50), anemia (OR 4.33), acute kidney 

injury (AKI) (OR 13.15), causative pathogen identified (OR 8.68), intensive care unit admission (OR 0.13), septic 

shock (OR 18.72), and the need for mechanical ventilation (OR 22.65) were associated with mortality. After ex- 

ploring confounding effects between factors, septic shock, anemia, AKI, and the need for mechanical ventilation 

were selected to develop the prediction score which provided good sensitivity (87.88%) and specificity (90.91%) 

with an area under the ROC curve of 0.8939. 

Conclusions: Septic shock, anemia, AKI, and the need for mechanical ventilation were associated with FN mor- 

tality. Our prediction score is effective in discriminating high and low-risk patients for mortality. 
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Neutropenia is a common condition in patients with cancer, and it

esults from bone marrow involvement due to either cancer or com-

lications from chemotherapy that causes patients to be susceptible to

nfection from a wide range of organisms. The mortality rates of febrile

eutropenia (FN) were reported to be 10 ‒30% ( Al-Tawfiq et al., 2019 ;

uesomwang et al., 2018 ; Parodi et al., 2019 ; Weerasubpong et al.,

016 ). According to previous data, the common pathogens were gram-

egative bacilli, especially Enterobacteriaceae in 60 ‒70% of febrile neu-

ropenic episodes, followed by Pseudomonas spp., and gram-positive

rganisms (e.g., Staphylococcus aureus ) ( Chayakulkeeree & Thamlik-

tkul, 2003 ; Parodi et al., 2019 ; Roongpoovapatr & Suankratay, 2010 ;

eerasubpong et al., 2016 ; Zhang et al., 2020 ) . In addition, in-

reasing incidences of fungal infections ( Auesomwang et al., 2018 ;

oongpoovapatr & Suankratay, 2010 ) and gram-positive organisms
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 Leelayuthachai & N, 2010 ) were reported in cohort studies done in

hailand. 

Studies on the common pathogens and drug sensitivity results in a

ospital are essential for physicians to select the proper empirical antibi-

tics. Also, mortality-associated factors are important for prognostica-

ion in those patients with FN. Therefore, this study aimed to identify the

isk factors of mortality to predict the outcomes of FN patients undergo-

ng chemotherapy. Moreover, we also aimed to demonstrate the demo-

raphic data regarding the sources of infection, common pathogens, and

rug sensitivity tests to consider use of proper prophylactic antibiotics

o optimize the outcomes of FN patients. 

aterials and methods 

This was a retrospective study conducted in Songklanagarind Hos-

ital, which is a tertiary university hospital in southern Thailand. The

tudy was approved by the Human Research Ethics Committee of the

aculty of Medicine, Prince of Songkla University, Thailand (REC. 63-

07-14-1). 
University 

f Internal Medicine, Faculty of Medicine, Prince of Songkla University, Hat Yai, 

eptember 2021 
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tudy design and participants 

The electronic medical records from January 2018 to December 2019

ere reviewed for patients aged 18 years old or older admitted in Songk-

anagarind Hospital and diagnosed as FN episodes, which were iden-

ified by an ICD-10 diagnosis of agranulocytosis (ICD10 code: D70).

ubsequently, we employed the 2010 Infectious Diseases Society of

merica (IDSA) FN diagnostic criteria to ascertain the diagnosis of FN

 Freifeld et al., 2011 ). According to the criteria, FN can be diagnosed

hen the patient records an oral temperature ≥ 38 °C for at least one

our or an initial temperature of ≥ 38.3 °C, and the absolute neutrophil

ount (ANC) is less than 500 cells/mm 

3 or showing a tendency to be less

han 500 cells/mm 

3 in the next 48 h. The patients who did not receive

hemotherapy were excluded. 

ample size calculation 

The sample size was calculated by an equation to detect the differ-

nce of two independent proportions. Using the reported mortality rate

f 19.7% among Thai patients with FN ( Auesomwang et al., 2018 ), the

esired power of 80%, an alpha error of 5%, a minimum detectable

ffect size of 15%, and a predetermined allocation ratio of 1:1, the es-

imated sample size was 276. We aimed to collect approximately 320

bservations to accommodate around 15% of missing data. 

ata collection 

Upon recruitment , the following baseline clinical data were col-

ected: age; gender; comorbidities; presence or absence of bone marrow

isease which was defined as primary diseases of the bone marrow such

s leukemia or aplastic anemia; or metastatic disease to the bone marrow

uch as lymphoma with bone marrow involvement or solid organ tumor

ith bone marrow metastasis; immunosuppressive drug use (i.e., corti-

osteroids where the dose had to be at least equivalent to prednisolone

0 mg/day for more than four weeks); the causes of neutropenia be-

ng categorized into chemotherapy-induced (the onset of neutropenia

ccurred within 14 days after chemotherapy) and due to bone marrow

iseases; use of granulocyte colony-stimulating factor (G-CSF); previous

istory of FN; previous antibiotic use three months prior to admission;

revious episodes of invasive fungal infection (IFI); use of antibiotics

8 h before the onset of FN; and presence of indwelling central venous

atheter (e.g., Hickman catheter). 

During an episode of FN, the collected data included the etiologies

f neutropenia, total duration of neutropenia, duration from onset of

eutropenia to the onset of FN, duration from onset of fever to hos-

ital admission, vital signs and oxygen saturation on admission, level

f consciousness on admission, and the presence or absence of mucosi-

is. In addition, we reviewed the complete blood count within 72 h of

he diagnosis of FN, presence or absence of metabolic acidosis (serum

CO 3 
‒ < 15 mEq/L) on admission, presence or absence of acute kidney

njury (AKI) during admission, the need for mechanical ventilation, the

iagnosis of septic shock according to the Third International Consensus

efinitions for Sepsis and Septic Shock (Sepsis-3) criteria ( Singer et al.,

016 ), acute respiratory distress syndrome (ARDS), and intensive care

nit (ICU) admission. 

We reviewed the data on the causative pathogens, settings of the in-

ections (i.e., either community-acquired or hospital-acquired infection

efined as infection occurring at least 48 h after hospital admission or

ithin 72 h after discharge) ( Inweregbu et al., 2005 ), presence or ab-

ence of polymicrobial infection, presence or absence of multiple sites

f infection, presence or absence of bacteremia or fungemia, presence or

bsence of breakthrough infection (defined as microbiologically-proven

nfection that occurred at least 48 h after the onset of FN), and the di-

gnosis of IFI defined by the European Organization for Research and

reatment of Cancer ( Donnelly et al., 2020 ). FN episodes were cate-

orized into three groups: (1) clinically documented infection (CDI) de-
6 
ned as fever and local inflammation without proven pathogenic organ-

sms, (2) microbiologically documented infection (MDI) defined as fever

ith detected infectious organisms from blood cultures, specimens from

he foci of infection, or serological results, and (3) fever of unknown

rigin (FUO) defined as isolated fever without signs or symptoms sug-

estive of clinical infection and microbial documentation. 

We also reviewed the data on the timing of antibiotic administration

fter the diagnosis of FN, the duration from antibiotic administration to

ever resolution (defined as body temperature < 38 °C for at least 48 h),

se of empirical vancomycin at the onset of FN, and the appropriateness

f empirical treatment defined as the isolated bacteria being susceptible

o at least one empirical antimicrobial agent administered as the first

ose or 24 h later ( Lueangarun & Leelarasamee, 2012 ). We assessed all-

ause mortality that occurred 30 days after the diagnosis of FN as the

utcome measure. 

tatistical analysis 

The data analysis was performed using STATA 16.1 (StataCorp LLC,

X, USA). Subjects with at least one piece of missing data were elimi-

ated from the dataset before the analysis. The predictor variables are

hown in Table S1. For each predictor variable, comparisons between

urvivors and non-survivors were performed using the 𝜒2 test or Fisher’s

xact test as appropriate. All variables underwent univariate analysis

sing simple logistic regression to preliminarily determine their associ-

tions with the outcome measure. The variables with at least a moder-

te degree of correlation with outcomes from univariate analysis (p <

.2) were selected for multivariate logistic regression analysis. Using the

tepwise backward elimination method (p-value cut-off point for model

election: 0.1), candidate variables for a prediction model were selected.

onfounding effects between all candidate variables were explored us-

ng an all-possible-estimates method (R). The parsimonious prediction

odel was chosen based on the Akaike and Bayesian information cri-

eria. The model was used to develop a prognostic score to stratify pa-

ients into high- and low-risk groups. Survival rates between high- and

ow-risk groups were compared using log rank test and cox regression

ethod. A p-value less than 0.05 was considered significant in all tests.

esults 

emographic data 

The demographic data of 273 FN episodes among 153 patients,

hich included 82 (53.6%) males and 71 (46.4%) females, were re-

iewed for the descriptive statistics. The mean age was 53.7 ± 16.3

ears in a range of 17–89 years. Of all FN episodes, 236 episodes

ere chemotherapy-induced, of which hematologic malignancy (204

pisodes) and solid tumor (32 episodes) were the primary diseases.

he most common associated comorbidity for solid organ malignancy

as lung cancer, while non-Hodgkin’s lymphoma and acute myeloid

eukemia were the main comorbidities in hematologic diseases. The

umbers and types of FN episodes were 120 FUO episodes (44.0%),

23 MDI episodes (45.1%), and 30 CDI episodes (11.0%), which were

ainly comprised of gastrointestinal tract infection (12 episodes), lower

espiratory tract infection (9 episodes), and soft tissue and skin infection

5 episodes) (Table S2). Of the 123 episodes of MDI, 184 isolates were

dentified by culture, pathologic results, or serological tests ( Table 1 ). 

We found 30 drug-resistant gram-negative pathogens (24.8% of

ll 122 gram-negative isolates), consisting of 22 extended-spectrum

eta-lactamase-producing bacteria, six carbapenem-resistant Klebsiella

neumoniae, and two multidrug-resistant Acinetobacter baumannii . In

ddition, two methicillin-resistant Staphylococcus epidermidis and one

ultidrug-resistant Corynebacterium striatum were detected (10.3% of

ll 29 gram-positive isolates); however, no incidence of methicillin-

esistant Staphylococcus aureus or other drug-resistant gram-positive or-
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Table 1 

Isolated pathogens in FN defined as microbiologically documented infections 

Organisms 

No. 

of 

isolate 

Source 

Primary bacteremia CRBSI UTI Pneumonia GI SSI Others 

Gram-negative bacilli 

Escherichia coli 35 19 2 9 4 - 1 - 

Klebsiella pneumoniae a 32 14 4 4 5 5 1 - 

Pseudomonas aeruginosa 24 10 3 1 6 1 3 - 

Acinetobacter baumannii 8 3 - - 3 - 1 1 

Enterobacter spp. 8 2 1 2 2 - - 1 

Aeromonas spp . 4 2 - - - 2 - - 

Serratia marcescens 3 1 2 - - - - - 

Ralstonia mannitolilytica 2 2 - - - - - - 

Salmonella spp. 1 - - - - 1 - - 

Proteus spp. 2 - - 1 1 - - - 

Others ∗ 3 1 1 - 1 - - - 

Total 122 54 13 17 22 9 6 2 

Gram-positive organisms 

Enterococcus spp. 16 5 1 7 1 1 - 1 

Streptococcus spp . 6 3 1 - 1 1 - - 

Staphylococcus aureus b 4 1 - - 1 - 2 1 

Staphylococcus epidermidis 2 2 - - - - - - 

Corynebacterium striatum 1 1 - - - - - - 

Total 29 12 2 7 3 2 2 2 

Fungus and other organisms 

Candida spp. c 15 8 2 3 3 3 1 - 

Aspergillus spp. d 13 - - - 12 2 - - 

Cytomegalovirus 1 - - - - - 1 - 

Fusarium spp. e 1 - - - 1 - 1 - 

Others (e.g., PJP, unidentified mold) 3 - - - 1 1 1 - 

Total 33 8 2 3 17 6 4 - 

CRBSI = catheter-related bloodstream infection; UTI = urinary tract infection; GI = gastrointestinal tract infection; 

SSI = soft tissue and skin infection; PJP = Pneumocystis jirovecii pneumonia. 
a 1 isolate with gastrointestinal and soft tissue and skin infection 
b 1 isolate with pneumonia and soft tissue and skin infection 
c 1 isolate with gastrointestinal tract infection, pneumonia and CRBSI; 1 isolate with gastrointestinal and soft tissue 

and skin infection; 1 isolate with urinary tract infection, pneumonia and CRBSI 
d 1 isolate with pneumonia and gastrointestinal tract infection 
e 1 isolate with pneumonia and soft tissue and skin infection 
∗ Others: Burkholderia pseudomallei, Morganella morganii , and Stenotrophomonas maltophilia 
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anisms was observed. Fungal infection was identified in 31 isolates

16.8% of all isolated pathogens). 

ortality rate and associated risk factors 

From the total of 273 FN episodes, episodes with missing data were

xcluded, leaving 264 episodes for analysis. Regarding baseline char-

cteristics prior to FN episodes, there was no significant difference be-

ween the survivors and non-survivors in terms of age, comorbidities or

revious infection, as shown in Table 2 . In addition, the cause of neu-

ropenia was not associated with mortality. The univariate analysis by

imple logistic regression found statistically significant associations be-

ween 30-day all-cause mortality and the presence of indwelling central

enous catheter (OR 0.39; 95% CI 0.17–0.90) and use of antibiotics 48

 before FN onset (OR 2.99; 95% CI 1.08–8.28). 

At the onset of FN, tachypnea and tachycardia were significantly as-

ociated with non-survival status (Table S3). Non-survivors were also

esaturated and had altered mental status at presentation. Further-

ore, AKI and severe metabolic acidosis were more common among

on-survivors compared to survivors. Non-survivors also demonstrated

ower hemoglobin levels. The levels of ANC, absolute lymphocyte count,

nd platelet count were not statistically different between the survivors

nd non-survivors. Simple logistic regression analysis demonstrated as-

ociations between 30-day all-cause mortality and the following pre-

ictor variables: duration from onset of neutropenia to onset of FN > 10

ays (OR 3.73; 95% CI 1.31 – 10.61), systolic blood pressure < 90 mmHg

OR 14.84; 95% CI 1.31–168.48), tachycardia (pulse rate ≥ 120 beats

er min) (OR 3.16; 95% CI 1.50–6.68), tachypnea (respiratory rate ≥ 24
7 
reaths per min) (OR 2.24; 95% CI 1.06–4.73), desaturation (OR 15.78;

5% CI 6.53–38.15), alteration of consciousness (OR 23.00; 95% CI 2.32

228.25), hemoglobin concentration less than 8 g/dL (OR 3.54; 95%

I 1.61–7.78), AKI (OR 21.97; 95% CI 9.19 – 52.52), severe metabolic

cidosis (OR 11.45; 95% CI 1.84 – 71.32), ARDS (OR 20.45; 95% CI

.79–110.38), septic shock (OR 25.20; 95% CI 10.44 – 60.84), the need

or mechanical ventilation (OR 41.99; 95% CI 16.33–107.97), and ICU

dmission (OR 14.20; 95% CI 6.15–32.80). 

Non-surviving patients tended to have bacteremia, polymicrobial in-

ections, IFI, and breakthrough infections. Compared to survivors, infec-

ions in non-survivors also took a longer time to subside. Using simple

ogistic regression analysis, the following variables were associated with

0-day all-cause mortality: duration from onset of symptom to antibi-

tic > 1 h (OR 0.48; 95% CI 0.23–0.99), causative pathogen identified

OR 5.51; 95% CI 2.30–13.22), bacteremia/fungemia (OR 3.54; 95%

I 1.67–7.51), probable IFI (OR 11.00; 95% CI 2.08–58.11), proven IFI

OR 19.80; 95% CI 6.05–64.77), breakthrough infection (OR 11.85; 95%

I 5.18–27.15), polymicrobial infection (OR 3.73; 95% CI 1.31–10.61),

ultiple site infection (OR 5.37; 95% CI 2.03–14.20), and the duration

rom onset of FN to fever resolution > 72 h (OR 5.32; 95% CI 2.22–12.75)

Table S4). 

The multivariate logistic regression analysis included factors that

emonstrated at least a moderate degree of correlation (p < 0.20) to 30-

ay mortality. Through a backward elimination method, cardiovascular

isease, alteration of consciousness, ICU admission, septic shock, the

eed for mechanical ventilation, hemoglobin concentration less than 8

/dL, AKI, bacteremia, and causative pathogen identified were selected

s candidate variables for the prediction model ( Table 3 ). The model
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Table 2 

Baseline patient characteristics prior to febrile neutropenic episodes 

Characteristics Episodes in survivors n = 231 (%) Episodes in non-survivors n = 33 (%) p-value 

Age ≥ 60 years 26.41 24.24 0.791 

Female 44.59 48.48 0.674 

Comorbidities 

Hematologic disease 89.61 84.85 0.381 

Essential hypertension 11.26 21.21 0.153 

Dyslipidemia 12.12 15.15 0.579 

Chronic kidney disease 9.96 6.06 0.750 

Diabetes mellitus 9.96 9.09 1.000 

HIV infection 7.79 6.06 1.000 

Cardiovascular disease 3.03 9.09 0.116 

Autoimmune diseases 2.16 6.06 0.213 

Chronic obstructive pulmonary disease 1.73 3.03 0.490 

Cirrhosis 0.87 3.03 0.331 

Immunosuppressive drug use 3.90 9.09 0.178 

Presence of bone marrow diseases/involvement 48.05 48.48 0.963 

Cause of neutropenia 0.271 

Chemotherapy-induced 88.31 81.82 

Due to bone marrow disease/involvement 11.69 18.18 

G-CSF 0.137 

Not received 12.12 21.21 

Prophylaxis dose 62.77 45.45 

Treatment dose 25.11 33.33 

Presence of indwelling central venous catheter 45.02 24.24 0.024 ∗ 

Previous FN 55.41 42.42 0.162 

Previous fungal infection 13.42 12.12 1.000 

Previous antibiotics use 3 months prior to admission 57.14 69.70 0.171 

Use of antibiotics 48 hours before FN onset 6.93 18.18 0.041 ∗ 

Abbreviations: HIV = human immunodeficiency virus; G-CSF = granulocyte colony-stimulating factor; FN = febrile neutropenia. 
∗ p < 0.05 

Table 3 

Multiple logistic regression for predictors of 30-days all-cause mortality 

Variables Coefficient SE p-value OR (95% CI) 

Bacteremia -1.82 1.00 0.068 0.16(0.02-1.14) 

Pre-existing cardiovascular disease 3.11 1.33 0.019 ∗ 22.45(1.66 – 303.49) 

ICU admission -2.02 1.01 0.045 ∗ 0.13(0.02 – 0.95) 

Septic shock 2.93 0.93 0.002 ∗ 18.72(3.04-115.38) 

Alteration of consciousness on admission 2.92 1.34 0.030 ∗ 18.50(1.33-258.18) 

Causative pathogens identified 2.16 0.92 0.019 ∗ 8.68(1.42-52.95) 

Hemoglobin concentration < 8 g/dL 1.46 0.66 0.026 ∗ 4.33(1.20-15.65) 

Acute kidney injury 2.58 0.68 < 0.001 ∗ 13.15(3.48 – 49.75) 

Need for mechanical ventilation 3.12 0.78 < 0.001 ∗ 22.65(4.90 – 104.78) 

Abbreviations: SE = standard errors; OR = odds ratios; ICU = intensive care unit 
∗ p < 0.05 
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ased on these nine factors gave Akaike’s information criterion (AIC)

nd Bayesian information criterion (BIC) scores of 98.54 and 134.30,

espectively. Moreover, as some of these factors are often coincidental

n clinical practice (e.g., patients with septic shock are commonly ad-

itted to the ICU), we explored confounding effects between all candi-

ate variables using an all-possible-estimates method (R). This method

rovides an overall effect estimate of the exposure of interests in the

etting of all possible sets of confounders within the model. The anal-

ses suggested that the correlations between some candidate variables,

amely bacteremia, cardiovascular diseases, ICU admission, alteration

f consciousness, and causative pathogen identified, and 30-day mortal-

ty are considerably subjected to their relationships with other covari-

tes ( Figure 1 ). 

In contrast, despite some degree of confounding effects from other

ariables, septic shock, hemoglobin concentration less than 8 g/dL, AKI,

nd the need for mechanical ventilation were highly associated with 30-

ay mortality. The model based on four candidate variables resulted

n the comparable AIC score and lower BIC score compared to the

odel created from factors selected via the backward selection method

AIC = 105.53, BIC = 123.41). Therefore, to make the model less com-

licated, we chose septic shock, anemia (hemoglobin concentration less
8 
han 8 mg/dL), AKI, and the need for mechanical ventilation as fac-

ors highly associated with 30-day mortality for the final parsimonious

odel. 

The parsimonious models were tested for model fitness. No influen-

ial outlier with effects on the estimation of coefficients was observed

pon an examination of the scatter plot between the Pregibon’s delta

oefficient weighted delta Pearson 𝜒2 statistics and the predicted prob-

bility. The model calibration with the Hosmer-Lemeshow 𝜒2 test also

emonstrated a good fit with the data ( 𝜒2 = 7.72, df = 10, p = 0.17).

sing the rounded numbers of the coefficients derived from the parsi-

onious model, we developed a prognostic prediction score in the form

f a point scoring system to stratify FN patients according to their risks

or 30-day all-cause mortality ( Table 4 ). The scores from each variable

ere summed and used to stratify patient risk. The calibration of cut-off

hresholds was performed and found that a cut-off point of ≥ 3.5 re-

ulted in the highest sensitivity (87.88%) and specificity (90.91%). The

ercentages of survivors and non-survivors according to their risk cat-

gory are shown in Table 5 . In addition, our risk stratification system

roduced good discrimination with the area under the ROC curve (AUC)

f 0.8939. Our scoring system performed well during internal validation

sing data splitting and bootstrap methods. We randomly drew a split
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Figure 1. Analyses of confounding effects between candidate variables 

The candidate variables were selected by a backward elimination method. Confounding effects between all candidate variables were explored using all-possible- 

estimates method. Odds ratios between each candidate variable and 30-day mortality and the corresponding p-values from likelihood-ratio tests were estimated from 

all possible set of confounders within the model. 

Abbreviations: AOC: alteration of consciousness, AKI: acute kidney injury, BIC: Bayesian information criterion, CVD: cardiovascular disease, Hb: Hemoglobin, ICU: 

intensive care unit, OR: odds ratio. 
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ample from the original dataset at a ratio of 50:50. There was no sta-

istically significant difference in AUC between the original dataset and

he split sample (p = 0.76). Furthermore, the assessment of model cal-

bration and discrimination was done on 1,000 bootstrapped samples.

ur prediction score produced the corrected calibration coefficient of

.77 and the corrected discrimination coefficient of 0.89. Due to the

ack of an additional dataset, external validation was not performed. A

aplan-Meier survival curve ( Figure 2 ) demonstrated a statistically sig-

ificantly lower survival rate among the high-risk patients (p-value from

 log rank test < 0.001) with a hazard ratio of 8.76 (95% CI 1.49-51.53).

iscussion 

In this present study, we demonstrated that chemotherapy was the

ommon cause of FN, which accounted for approximately 85%. The

ost common associated comorbidities were non-Hodgkin’s lymphoma

nd acute myeloid leukemia for hematologic disease and lung cancer

or solid organ malignancy, which was similar to previous reports ( Al-
9 
awfiq et al., 2019 ; Auesomwang et al., 2018 ; Parodi et al., 2019 ;

oongpoovapatr & Suankratay, 2010 ). In the FN episodes, infections

ere identified as either MDI (45%) or CDI (11%), whereas almost

alf of the patients were categorized as FUO. The results were consis-

ent with the results at King Chulalongkorn Memorial Hospital, which

ould identify microbiologically defined infection in 48% of all episodes

 Roongpoovapatr & Suankratay, 2010 ). 

Gram-negative bacilli constituted approximately 70% of all isolates,

hile gram-positive organisms constituted 15%. Interestingly, the in-

idence of fungal infection was 17% which was relatively high com-

ared to previous studies that reported incidences of fungal infection of

–7% ( Auesomwang et al., 2018 ; Parodi et al., 2019 ; Roongpoovapatr

 Suankratay, 2010 ). The increased frequency of fungal infection was

ossibly associated with the aggressive chemotherapy treatment and

ighly sensitive diagnostic tools in our cohort. Similar to the pre-

ious studies, the most common gram-negative pathogen was Enter-

bacteriaceae spp., including Escherichia coli, Klebsiella pneumoniae , and

seudomonas aeruginosa ( Auesomwang et al., 2018 ; Roongpoovapatr
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Table 4 

Proposed clinical risk prediction score for a 30-day all-cause mortality in patients with febrile neutropenia. 

Predictors Score 

The patient has anemia (hemoglobin concentration < 8 g/dL) at the onset of febrile neutropenia. Yes 1.5 

No 0 

The patient develops septic shock during neutropenia. Yes 1.5 

No 0 

The patient develops acute kidney injury during neutropenia. Yes 2.0 

No 0 

The patient develops respiratory failure requiring mechanical ventilators. Yes 2.0 

No 0 

∗ The patient will be classified as high-risk for mortality (score ≥ 3.5) or low-risk for mortality (score < 

3.5). 

Table 5 

Percentage of survivors and non-survivors according to prediction 

score risk category 

Prediction score category Survivors Non-survivors p-value 

Low risk 90.91 12.12 < 0.001 

High risk 9.09 87.88 

Figure 2. Kaplan-Meier survival curve demonstrating survival of patients in 

high- and low-risk group 

A Kaplan-Meier survival curve demonstrated a statistically significantly lower 

survival rate among the high-risk patients (p-value from a log rank test < 0.001). 
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l  
 Suankratay, 2010 ). Although Staphylococcus spp. was previously re-

orted as the most common gram-positive pathogen among previous

tudies ( Auesomwang et al., 2018 ; Parodi et al., 2019 ; Roongpoovapatr

 Suankratay, 2010 ), the common gram-positive pathogen in this study

as Enterococcus spp. The majority of the published guidelines empha-

ize the need of Pseudomonas spp. and methicillin-resistant Staphylo-

occus aureus coverage for empirical treatment of FN; however, in this

resent study, we demonstrated that the most common gram-positive

rganism to encounter was Enterococci spp., rather than Staphylococcus

pp. Hence, the suggestion that an empirical antibiotic regimen for FN

atients in Thailand should focus on antibiotics for enterococci cov-

rage, which may differ from the European and American guidelines.

oreover, we did not find any vancomycin-resistant enterococci; in con-

rast, there was a report that vancomycin-resistant gram-positive organ-

sms emerged in FN patients ( Irfan et al., 2008 ). The possible reason

s that vancomycin was not prescribed as a routine empirical antibiotic

or FN in our hospital except for clinically or biologically documented

nfection. 

We demonstrated an overall mortality rate of 12.5%, similar to previ-

us studies which reported mortality rates of 10–20% ( Al-Tawfiq et al.,

019 ; Auesomwang et al., 2018 ; Parodi et al., 2019 ; Roongpoovapatr
10 
 Suankratay, 2010 ). From previously published literature, the identi-

ed risk factors for mortality were older age, uncontrolled cancer, prior

nfection, body temperature ≥ 39°C, hypotension, dehydration, tachy-

ardia, acute respiratory failure, septic shock, pneumonia, bacteremia,

ow lymphocyte or platelet count, and increased alanine transam-

nase, C-reactive protein, and procalcitonin levels ( Aagaard et al.,

020 ; Al-Tawfiq et al., 2019 ; Auesomwang et al., 2018 ; Calik et al.,

018 ; García de Guadiana-Romualdo et al., 2019 ; Kim et al., 2017 ;

arodi et al., 2019 ). The only identified protective factor was adequate

mpirical antibiotics ( Calik et al., 2018 ). In this study, we failed to

emonstrate most of the aforementioned mortality predictors reported

n the previous studies. Instead, according to our data, pre-existing car-

iovascular disease, alteration of consciousness on admission, anemia

hemoglobin concentration less than 8 g/dL), AKI, causative pathogen

dentified, intensive care unit admission, septic shock, and the need for

echanical ventilation were at higher risk of 30-day all-cause mortality

han patients who did not have these risk factors. 

We developed a prognostic model based on septic shock, hemoglobin

oncentration less than 8 g/dL, AKI, and the need for mechanical ventila-

ion which was highly associated with 30-day mortality. The model pro-

ided relatively high sensitivity and specificity, which is practical to use.

he Multinational Association for Supportive Care in Cancer (MASCC)

isk index score has been accepted to assess the risk of complication

n patients with FN by the European Society of Medical Oncology and

nfectious Disease Society of America. ( Klastersky & Paesmans, 2013 ).

espite low specificity with a cut-off point of 21 in some reports, the

core served its purpose as a screening tool for low-risk patients who

ould be discharged early or managed in outpatient settings ( Ahn et al.,

016 ; Klastersky & Paesmans, 2013 ; Zheng et al., 2020 ). In contrast, our

tudy included only patients admitted to the hospitals; thus, we aimed

o use it for the inpatient setting to identify those with a high risk of

ortality. Therefore, we suggested that patients in the high mortality

isk group (score ≥ 3.5) should be closely monitored for clinical deteri-

ration. 

Interestingly, AKI, which is one of the modifiable factors in our

odel, demonstrated a strong correlation with mortality, independent

f other notorious unfavorable clinical outcomes (e.g., septic shock, ICU

dmission, and the need for mechanical ventilation). This finding sug-

ested that kidney insults, such as dehydration, hyperchloremia, intra-

enous contrast media, and nephrotoxic drugs, play a substantial role

n determining patient survival in the context of FN. Efforts to minimize

idney injury in patients with FN may improve clinical outcomes. 

The main limitation of this study lies within the nature of the study

articipants. Firstly, most of the patients recruited into the study were

ounger than 60 years, and the majority of them did not have underlying

iseases other than cancer. Studies involving older patients with signif-

cant comorbidities may produce different outcomes. Secondly, the size

f the study population was postulated from a predetermined allocation

atio of 1:1; therefore, it might lack sufficient power to identify some

ignificant associations. Thirdly, the number of participants was slightly

ower than the sample size calculation, leading to a marginally under-
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owered study. Finally, since we did not have an additional dataset,

xternal validation could not be performed. 

onclusion 

In patients undergoing chemotherapy with FN, septic shock, anemia,

KI, and the need for mechanical ventilation were associated with 30-

ay all-cause mortality. In this study, we developed a practical scoring

ystem that can identify FN patients with an increased risk of 30-day all-

ause mortality; however, further external validation with an additional

ataset should be further investigated. 
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