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Abstract
Purpose Bacteremia is an important clinical condition in
febrile neutropenia that can cause clinical failure of
antimicrobial therapy. The purpose of this study was to
investigate the clinical factors predictive of bacteremia in
low-risk febrile neutropenia at initial patient evaluation.
Methods We performed a retrospective cohort study in a
university hospital in Seoul, Korea, between May 1995 and
May 2007. Patients who met the criteria of low-risk febrile
neutropenia at the time of visit to emergency department
after anti-cancer chemotherapy were included in the analysis.
Results During the study period, 102 episodes of bacteremia
were documented among the 993 episodes of low-risk
febrile neutropenia. Single gram-negative bacteremia was
most frequent. In multivariate regression analysis, initial
body temperature ≥39°C, initial hypotension, presence of
clinical sites of infection, presence of central venous
catheter, initial absolute neutrophil count <50/mm3, and
the CRP ≥10 mg/dL were statistically significant predictors
for bacteremia. A scoring system using these variables was
derived and the likelihood of bacteremia was well correlated
with the score points with AUC under ROC curve of 0.785.

Patients with low score points had low rate of bacteremia,
thus, would be candidates for outpatient-based or oral
antibiotic therapy.
Conclusions We identified major clinical factors that can
predict bacteremia in low-risk febrile neutropenia.
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Introduction

Febrile neutropenia is a potentially life-threatening condi-
tion in patients undergoing chemotherapy for cancer [1].
Although febrile neutropenia is frequently associated with
high medical risk to varying degrees [2–5], it can occur in
patients with low risk for serious clinical outcome. It is
important to identify the patients with low risk for serious
medical complications or death who can be treated with
outpatient-based oral antibiotic therapy [3, 6–8]. Currently,
the clinical risk prediction model proposed by the Multina-
tional Association for Supportive Care in Cancer (MASCC)
is widely used in the clinical practice to define low-risk
febrile neutropenia [6, 9, 10].

Febrile neutropenia can be caused by various primary
diseases, among which bacteremia is the most critical
condition. Clinicians who are treating febrile neutropenic
patients at the outpatient clinic or emergency department
(ED) should consider the possibility of bacteremia because
it can cause the clinical failure of oral antibiotic therapy
[11–14]. Early prediction and treatment of bacteremia is
clinically important for ultimate clinical outcome of febrile
neutropenia. However, the current clinical prediction model
may not be accurate in predicting the possibility of
bacteremia, especially in low-risk febrile neutropenic
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patients. In the present study, we analyzed the clinical
factors predictive of bacteremia in low-risk febrile neutro-
penia at initial patient evaluation.

Methods

Study design

A retrospective cohort study was conducted to evaluate the
clinical features and outcome of bacteremia and neutrope-
nia in cancer patients. Patients who visited the ED of the
Samsung Medical Center due to febrile neutropenia after
anti-cancer chemotherapy between May 1995 and May
2007 were included in this study. Samsung Medical Center
is a tertiary care university hospital with 1,950 beds located
in Seoul, South Korea. Demographic data, clinical features,
and outcome data were collected retrospectively based on
the review of the medical records.

Study population and definition

All patients with neutropenia at the time of visiting ED were
screened using the electronic medical record system.
Neutropenia was defined as an absolute neutrophil count
<0.5×109 cells/L or <1.0×109 cells/L and expected to fall
below 0.5×109 cells/L within 24–48 h because of antecedent
anti-cancer chemotherapy [10]. Fever was defined as a single
temperature of ≥38.3°C or a temperature of 38.0°C for ≥1 h.
For each episode, the MASCC score was assessed retro-
spectively. The low-risk group was defined as patients with
MASCC score ≥21 [6]. Episodes that met the criteria of low-
risk febrile neutropenia were enrolled in the study group.
Each febrile episode was categorized as an unexplained fever
(UF), clinically documented infection (CDI), or microbio-
logically documented infection (MDI) according to the
guidelines of the Infectious Diseases Society of America
(IDSA) [10, 15]. Diagnosis of febrile neutropenia and
treatment decision were up to the physicians in charge,
who followed the updated guidelines of IDSA at the time
[10, 16]. Bacteremia was defined as the isolation of bacterial
pathogens from blood cultures with the presence of clinical
signs and symptoms of infection. A single isolation of
coagulase-negative staphylococci, Corynebacterium species,
Bacillus species other than Bacillus anthracis, or Micrococ-
cus species in blood was considered contamination [17, 18].
To look at the changes in microbiology and therapy over
time, we divided the study period into two stages; the
duration between May 1995 and May 2001 was assigned to
the first period and the duration between June 2001 and May
2007 to the second period.

Exclusion criteria were as follows: (1) patients who were
<18 years of age at the time of visiting ED, (2) patients who

had no history of anti-cancer chemotherapy before the
development of neutropenia, and (3) patients who had no
documented fever during the hospital stay.

Statistical analysis

The Student’s t test and Mann–Whitney U test were used
to compare continuous variables, and the χ2 or Fisher’s
exact test was used to compare categorical variables. All
reported P values were two-tailed, and a P<0.05 was
considered statistically significant. Variables that were
associated with bacteremia in the univariate analyses (P<
0.05) were entered into a multivariate logistic regression
analysis using stepwise selection. Continuous variables
were re-categorized into binary factors using the most
discriminant cutoff point. The goodness of fit of the model
was tested with the Hosmer-Lemeshow test, which
revealed adequate model fit (P=0.662).

We assigned score points to each risk factor according to
the regression coefficients. Then, the whole score was
obtained by summing the individual points for each patient
and probability of bacteremia for each score was calculated.
Finally, we performed a receiver-operating characteristic
(ROC) curve analysis and computed the area under the ROC
curve and its corresponding 95% confidence interval (CI).

Results

Patient characteristics and clinical features

During the study period, a total of 993 episodes of low-risk
febrile neutropenia in 802 patients were collected. The
median age of the patients was 50 years and the male-to-
female ratio was 0.86. Solid tumors were the most common
underlying malignancy (73%), followed by lymphoma
(24%) and hematologic diseases (3%). Among the solid
tumors, the most common malignancy was breast cancer
(25%), followed by lung cancer (14%) and gastrointestinal
tract malignancy (12%; Table 1). The majority of febrile
episodes were UF (589 cases, 59.3%) followed by CDI
(266 cases, 26.8%) and MDI (138 cases, 13.9%). Twelve
(1.2%) were admitted to intensive care unit, and ten (1.0%)
needed mechanical ventilation. Anti-pseudomonal beta-
lactam-based antibiotic regimens were used in 950
(95.6%) cases. Granulocyte colony stimulating factor was
administered at least once in 956 (96.3%) cases. The all-
cause 30-day mortality rate was 1.1% (11 cases) with no
differences between the groups, but all-cause in hospital
mortality rate was higher in the bacteremia group (4.9% vs.
1.2% P=0.018).

Of the total 993 cases, blood cultures were done in 989
(99.6%) cases and were not done in four cases (0.4%).
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Among these 989 episodes, 102 episodes of bacteremia
and one episode of fungemia (invasive cryptococcal
disease) were found. Monomicrobial gram-negative bac-
teremia accounted for 48% (49 episodes), monomicrobial
gram-positive bacteremia 37% (38 episodes), and poly-
microbial bacteremia 15% (15 episodes). Of the 102
episodes of bacteremia, Escherichia coli was the most
frequent pathogen isolated (21 episodes, 20.6%) followed
by coagulase-negative staphylococci (19 episodes,
18.6%), Klebsiella species and Staphylococcus aureus
(16 episodes, 15.7% for each) and Pseudomonas aerugi-
nosa (15 episodes, 14.7%). The changes in microbiology,
antibiotic treatment and 30-day mortality over time were
not statistically significant except that commonly used
antibiotic regimen was switched from ceftazidime based in
the first period to cefepime based in the second period
(Table 2).

Clinical parameters associated with bacteremia
and derivation of scoring system

Clinical characteristics and outcome according to the
documentation of bacteremia are summarized in Table 3.
Lymphoma or hematologic disease were significantly more
frequent underlying malignancies in bacteremic patients
(P=0.02). The patients with bacteremia were more likely to
have defined clinical sites of infection than non-bacteremic
patients (70% vs. 34%, respectively; P<0.001). Serum
levels of initial C-reactive protein (CRP) were available in
789 (80%) cases with similar proportion of missed data in
the two groups (21.6% in “Bacteremia” group vs. 20.0% in
“No bacteremia” group, P=0.704). In univariate analysis,
clinical factors associated with bacteremia were lymphoma
or hematologic disease as the underlying malignancy,
presence of central venous catheter, presence of clinical

Clinical characteristics No. of cases (%)

Mean age (range, years) 50 (18–83)

Gender

Male 460 (46.3)

Female 533 (53.7)

Underlying disease

Solid tumor 724 (72.9)

Breast 244 (24.6)

Lung 142 (14.3)

Gastrointestinal tract 122 (12.3)

Sarcoma 58 (5.8)

Other solid tumors 135 (13.6)

Lymphoma 240 (24.2)

Hematologic disease 29 (2.9)

Leukemia 13 (1.3)

Other 16 (1.6)

Type of chemotherapy

Primary 818 (82.4)

Adjuvant 175 (17.6)

Categories of febrile episodes

Unexplained fever 589 (59.3)

Clinically documented infection 266 (26.8)

Microbiologically documented infection 138 (13.9)

With bacteremia 102 (10.3)

Admission to intensive care unit 12 (1.2)

Need for mechanical ventilation 10 (1.0)

Antibiotic treatment

Cefepime-based regimen 600 (60.4)

Ceftazidime-based regimen 271 (27.3)

Carbapenem-based regimen 36 (3.6)

Piperacillin-based regimen 42 (4.2)

Administration of granulocyte colony stimulating factor 956 (96.3)

30-day mortality 11 (1.1)

Table 1 Demographic data for
all patients with low-risk febrile
neutropenia (n=993)
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sites of infection, initial absolute neutrophil count <50/
mm3, initial body temperature ≥39°C, presence of initial
hypotension, and higher levels of CRP. When we per-
formed a multivariate logistic regression analysis on the
789 episodes with available initial CRP level, presence of

clinical sites of infection, initial hypotension, presence of
central venous catheter, body temperature ≥39°C, initial
absolute neutrophil count <50/mm3, and CRP ≥10 mg/dL
were statistically significant predictors for bacteremia. We
then assigned score points to each risk factor according to

Table 2 Trends in microbiology, treatment practices, and outcome according to the study period

Microbiology Total 1st period (May 1995–May 2001) 2nd period (June 2001–May 2007) P value
(n=988a) (n=232) (n=756)

Bacteremia 102 31 (13.4) 71 (9.4) 0.082

Monomicrobial infection 87 (85.3) 24 (77.4) 63 (88.7) 0.222

Gram-negative bacteria 49 (56.3) 14 (58.3) 35 (55.6) 0.8

Gram-positive bacteria 38 (43.7) 10 (41.7) 28 (44.4)

Polymicrobial infection 15 (14.7) 7 (22.6) 8 (11.3)

Antibiotic treatment

Cefepime-based regimen 596 (60.3) 0 (0) 596 (78.8)b

Ceftazidime-based regimen 271 (27.4) 192 (82.8)c 79 (10.4)

Carbapenem-based regimen 36 (3.6) 3 (1.3) 33 (4.4)

Piperacillin-based regimen 42 (4.3) 18 (7.8) 25 (3.3)d

30-day mortality 11 (1.1) 4(1.7) 7(0.9) 0.379

Data are number (%)
a Five cases were excluded from the total number (four cases were not available of blood culture results and one case was a fungemia)
b Cefepime monotherapy was done in 474 episodes
c Tobramycin was combinated in 152 episodes
d Piperacillin/tazobactam in place of piperacillin was given in 24 episodes

Table 3 Clinical characteristics and outcome according to the presence of bacteremia

Total (n=988) Bacteremiaa (n=102) No bacteremiaa (n=886) P value

Age (mean±SD) 51.2±14.3 49.8±13.3 0.344

Gender

Male 54 (52.9) 402 (45.4) 0.146

Female 48 (47.1) 484 (54.6)

Underlying malignancy

Solid tumor 64 (62.7) 656 (74.0) 0.015

Lymphoma or hematologic disease 38 (37.3) 230 (26.0)

Charlson’s comorbidity index (median, range) 3 (2–7) 2 (1–9) 0.162

Presence of central line 59 (57.8) 383 (43.2) 0.005

Initial absolute neutrophil count (<50/mm3) 55 (53.9) 307 (34.7) <0.001

Initial body temperature (≥39°C) 65 (63.7) 352 (39.7) <0.001

Initial hypotension 9 (8.9) 18 (2.0) 0.001

Altered mentality 2 (2.0) 7 (0.8) 0.236

CRP (≥10 mg/dL)b 40 (50.0) 216 (30.5) <0.001

Admission to intensive care unit 4 (3.9) 8 (0.9) 0.028

Need for mechanical ventilation 4 (3.9) 6 (0.7) 0.014

Clinical sites of infection 71 (69.6) 301 (34.0) <0.001

Diabetes 7 (6.9) 45 (5.1) 0.445

30-day mortality 2 (2.0%) 9 (1.0%) 0.314

a Data are number (%)
b CRP levels were available in 80 (79.4%) of Bacteremia group and in 709 (80%) of No bacteremia group (P=0.704)
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the weight of regression coefficient for simple and easy use
at bedside as shown in Table 4. An 8-point scale (0–7)
scoring model was derived and the 789 subjects were
categorized into eight groups according to their score
(Table 5). No one in the study population scored 8 points.
The rate of bacteremia increased in concordance with the
increasing score, it ranged from 1.1% with 0 point to 66.7%
with 7 points. For the subjects who had no risk factors (in
other words, subjects with 0 point), the negative predictive
value for bacteremia was 98.9%. The accuracy of scoring
model to predict bacteremia, measured by the area under
the ROC curve, was 0.785 (95% CI, 0.733–0.837).

Discussion

In the present study, we found the clinical factors to predict
bacteremia in low-risk febrile neutropenia. A simple
scoring system based on six clinical and laboratory data
were derived and was well correlated with the rate of
bacteremia. If a patient scores 0 or 1 point, this patient
could be a candidate for outpatient or oral antibiotic therapy
because the probability of bacteremia is very low. If the
patient scores more points, the probability of bacteremia
would increase higher and the patient would need inpatient-
based intravenous antibiotic therapy while awaiting the
blood culture results.

Although bacteremia is not considered as a serious
medical complication or a high-risk factor in the current
risk scoring system such as the MASCC index score, it is

related to poor outcome in febrile neutropenia in both high-
risk and low-risk patients [11–14, 19–25]. Therefore, early
prediction of bacteremia in patients with febrile neutropenia
might be important to decide empirical therapy at the initial
assessment and management. In a previous study, shock,
very high fever, presence and location of signs of infection,
long-lasting granulocytopenia, thrombocytopenia, and
administration of antifungal prophylaxis were predictive
for bacteremia [26]. However, most of the patients in this
study had hematologic malignancies and the authors failed
to show predictability when tested in the validation set. In
our study, shock, very high fever, and presence of local
infectious signs were also confirmed to be predictive of
bacteremia. In addition, our data revealed that severe
neutropenia (absolute neutrophil count <50/mm3), in-
creased level of CRP, and the presence of central venous
catheter were other predictors of bacteremia. In another
study, variables such as absolute neutrophil count, absolute
phagocyte count, temperature, or platelet count were
analyzed in pediatric patients who had hematologic
malignancies or solid tumors and an absolute monocyte
count ≥155/mm3 was the only factor for the lowest risk of
bacteremia [27]. This could not be a good guide in caring
adult patients considering different clinical situations and
management principles between pediatric and adult
patients. The risk of bacteremia during febrile neutropenia
has been studied mostly in patients with hematological
malignancies undergoing hematopoietic stem cell trans-
plantations [26, 28, 29]. Data from patients with solid
tumors have been lacking, while the prevalence of febrile

Variable Coefficient OR (95% CI) P value Point

Presence of clinical sites of infection 1.384 3.99 (2.36–6.76) <0.001 2

Hypotension 1.824 6.19 (2.22–17.28) <0.001 2

Presence of central line 0.870 2.39 (1.41–4.05) 0.001 1

Body temperature (≥39°C) 0.623 1.86 (1.12–3.11) 0.017 1

Absolute neutrophil count (<50/mm3) 0.654 1.92 (1.16–3.19) 0.011 1

CRP (≥10 mg/dL) 0.671 1.96 (1.17–3.28) 0.011 1

Table 4 Multivariate analysis
of factors predictive for bacter-
emia in low-risk febrile neutro-
penia (n=789)

OR odds ratio, CI confidence
interval

Score Total (n=789) Patients with bacteremia (n=80) Patients without bacteremia (n=709)

0 95 1 (1.1%) 94 (98.9%)

1 177 5 (2.8%) 172 (97.2%)

2 166 8 (4.8%) 158 (95.2%)

3 156 15 (9.6%) 141 (90.4%)

4 111 22 (19.8%) 89 (80.2%)

5 60 16 (26.7%) 44 (73.3%)

6 21 11 (52.4%) 10 (47.6%)

7 3 2 (66.7%) 1 (33.3%)

8 0 – –

Table 5 Rates of bacteremia for
each score

Data are number (%)
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neutropenia in this group has been increasing. But, majority
of patients enrolled in our study had solid tumors (73%)
and the data would be useful in managing low risk febrile
neutropenia with solid tumors.

The majority of causative microorganisms in this study
were gram-negative bacteria. Previous studies have shown
that infections caused by gram-positive bacteria have
increased during the past few decades and now accounts
for 60–70% of MDI [10, 30, 31]. It may be due to
increasing use of long-term indwelling catheters, use of
more cytotoxic chemotherapeutic drugs which can lead to
increased infection with Enterococcus or Viridans strep-
tococcus and fluoroquinolone prophylaxis [32, 33]. In
contrast, the current study showed a higher prevalence of
gram-negative organisms than gram-positive organisms
(56.3% vs. 43.7%) in our institution. The increasing trend
in the rate of gram-positive bacteremia over time was seen
in our study but not prominent. One of the possible
reasons for this finding is that we do not do antibacterial
prophylaxis (e.g., fluoroquinolones) in cancer patients
undergoing anti-cancer chemotherapy. In addition,
because our patient population is outpatient-based and
low-risk group with majority of the patients having solid
tumors, the microbiologic features of bacteremia in the
whole group including high-risk group, patients with
hematologic malignancies, or inpatient setting might be
different from our data. Nevertheless, the distribution of
major pathogens such as E. coli, S. aureus, and coagulase-
negative staphylococci in this study was consistent with
other data [34, 35].

There are several limitations in this study. First, since
this is a retrospective study, some of the clinical data were
not available. Blood cultures were not done in four cases
and CRP level was not checked in 199 cases, thus we had
to do statistical analyses on 789 out of 993 cases. However,
other clinical factors were not missed because our hospital
has an electronic medical record system that can preserve
vital sign records, doctors’ notes, orders, and lab results in
the computer-based system. Secondly, our scoring systems
could not be validated in a separate patient population,
which should be validated before it is routinely used.

In conclusion, we found simple clinical predictors for
bacteremia in low-risk febrile neutropenia; the presence of
clinical sites of infection, high body temperature, hypoten-
sion, absolute neutrophil count <50/mm3, and CRP ≥10 mg/
dL. Data from this study could be useful in managing
patients at initial evaluation by providing relevant clinical
criteria for selecting candidates for outpatient-based oral
antibiotic therapy in low-risk febrile neutropenic patients.
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