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Abstract

Purpose The aim of this study was to determine the relation-
ship between the time to antibiotic administration and pa-
tients” outcomes of febrile neutropenia (FN). We also investi-
gated the relationship between the time to antibiotics and mor-
tality rates in a subgroup of patients with bacteremia or severe
sepsis or septic shock.

Methods From the Neutropenic Fever Registry, we analyzed
1001 consecutive FN episodes diagnosed from November 1,
2011, to August 31, 2014. Timing cutoffs for antibiotics in-
cluded the following: <1 vs.>1h,<2vs.>2h, <3 vs.>3 h, and
<4 vs. >4 h. Multivariate logistic regression was used to adjust
for potential confounders in the association between timing
intervals and outcomes of FN episodes.

Results The median length of time from triage to antibiotics
was 140 min (interquartile range, 110—180 min). At each time
cutoff, the time from triage to antibiotic administration was
not significantly associated with FN outcomes after adjusting
for potential confounders. Antibiotic timing was not signifi-
cantly associated with complication rates in overall FN epi-
sodes. We failed to find a significant relationship between
antibiotic timing and mortality in FN episodes with severe
sepsis or septic shock or with bacteremia. Procalcitonin con-
centration and the Multinational Association for Supportive
Care in Cancer (MASCC) risk index score were found to be
more crucial determinants of outcomes in patients with FN.
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Introduction

Neutropenia is a major toxic effect of chemotherapeutic agents
that predisposes cancer patients to serious infections [1]. The
aim of initial empirical antibiotic therapy in patients with fe-
brile neutropenia (FN) is to prevent serious morbidity and
mortality associated with bacterial pathogens. Because infec-
tion can rapidly progress and become life threatening in this
group of patients, clinical practice guidelines recommend ad-
ministration of broad-spectrum antibiotics as soon as possible
after fever is documented, ideally within an hour [1-3]. How-
ever, there are limited data on the time to antibiotic adminis-
tration and its impact on outcomes in patients with FN [4, 5].
This recommendation is primarily based on expert opinion
and evidence from studies of diverse patients with severe sep-
sis or septic shock [6-8].

The Surviving Sepsis Campaign Guidelines recommend
intravenous antibiotic administration within the first hour after
recognition of severe sepsis [8]. Through various studies,
timely and appropriate antibiotic administration, along with
early goal-directed therapy, has been shown to decrease mor-
tality in patients with severe sepsis or septic shock [7, 9].
However, because most patients who develop fever during
neutropenia have no identifiable site of infection, including
negative blood culture results, and usually have favorable out-
comes, evidence obtained from distinct groups of patients
with severe sepsis or septic shock might not be applicable to
patients with FN.
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The aim of this study was to determine the relationship
between the time to antibiotics and outcomes of FN in cancer
patients. We also studied the relationship between the time to
antibiotics and mortality rates in subgroups of patients with
bacteremia or with severe sepsis or septic shock.

Methods

Asan Medical Center has an annual emergency department
(ED) volume of approximately 106,000 patients and serves
as a tertiary referral center in Seoul, Korea. Since November
2011, all adult cancer patients diagnosed with chemotherapy-
induced FN in the ED of Asan Medical Center were enrolled
with their data prospectively collected in the Neutropenic Fe-
ver Registry. Patients who had been managed at other hospi-
tals for FN and subsequently transferred to our ED were not
included in the registry. At the time of the ED visit, data,
including underlying cancer, presence of distant metastasis,
vital signs, and laboratory results, were collected. Along with
other clinical variables, timing of antibiotics, defined as the
time from triage to the first dose of parenteral antibiotic ad-
ministration (in minutes), and the Multinational Association
of Supportive Care in Cancer (MASCC) risk index scores are
routinely calculated [10]. From the registry, we analyzed 1001
consecutive FN episodes diagnosed from November 1, 2011,
to August 31, 2014.

FN was defined as a temperature of >38 °C using a tym-
panic thermometer and a neutrophil count of <500 cells/mm’
or a count of <1000 cells/mm® with a predicted decrease to
<500 cells/mm?® [11]. Bacteremia was defined as a blood cul-
ture growing an organism determined not to be a contaminant
from peripheral blood or from a central venous indwelling
catheter if present. After the FN was diagnosed, all patients
were administered parenteral antibiotics including extended-
spectrum penicillin/f3-lactamase inhibitor (piperacillin/tazo-
bactam), fourth-generation cephalosporin (cefepime),
cefazolin/ceftazidime combination, or imipenem/cilastatin.
Outcomes were categorized as unfavorable if serious medical
complications, including death, occurred. Complications in-
cluded refractory hypotension, respiratory failure, intensive
care unit admission, disseminated intravascular coagulation,
altered mental status, congestive heart failure, electrocardio-
gram changes requiring anti-arthythmic treatment, renal fail-
ure requiring renal replacement therapy, and other complica-
tions considered serious and clinically significant by the in-
vestigator. This definition of outcome was adapted from the
study of Klastersky et al., from which the MASCC risk score
index was derived [12].

Descriptive data are presented as mean =+ standard devia-
tion (SD) or median (interquartile range [IQR]) for continuous
variables and frequencies with percentages for categorical var-
iables. Timing cutoffs for antibiotics included the following:
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<1 vs.>1, <2 vs. >2, <3 vs. >3, and <4 vs. >4 h. With each
cutoff, multivariable logistic regression analyses were sepa-
rately performed to adjust for potential confounding in the
association between timing intervals and episode outcomes.
We considered the MASCC risk-index score, serum C-
reactive protein and procalcitonin levels, Eastern Cooperative
Oncology Group (ECOG) performance score, and days
passed since the last chemotherapy as potential confounders
[13—15]. These potential confounding factors were deter-
mined a priori, forced into the final model along with the
antibiotic timing at each timing cutoff, and adjusted odds ra-
tios (ORs) with 95 % confidence intervals (Cls) for the out-
comes were presented. Statistical significance was defined as
P<0.05. All statistical analyses were performed with SPSS
(version 20.0; SPSS Inc., Chicago, IL). This study was ap-
proved by the institutional review board of our hospital.

Results

In total, 1001 episodes of FN in 863 patients were analyzed in
this study. The average age of the patients was 54.3+13.9,
with 34.5 % males. Regarding underlying malignancies, 785
(78.4 %) had solid tumors and 216 (21.6 %) had hematologic
malignancies. Breast and lung cancers were the most frequent
solid tumors, being involved in 380 (38.0 %) and 95 (9.5 %),
respectively, of FN episodes. Lymphoma was the most com-
mon hematologic malignancy, accounting for 194 (19.4 %).
Distant metastases were present in 45.4 %. Prophylactic anti-
biotics and prophylactic granulocyte colony-stimulating factor
were administered in 202 (20.2 %) and 90 (9.0 %) episodes,
respectively. The average time to when patients presented to
the ED from the last day of chemotherapy was 10.8+3.2 days.
Of 1001 episodes, 899 (89.8 %) were in the MASCC low-risk
group and 102 (10.2 %) were in the high-risk group. The
median length of time from triage to antibiotics was 140 min
(IQR, 110-180 min) (Table 1). Piperacillin/tazobactam
(76.2 %) was the most common empirical antibiotic used,
followed by piperacillin/tazobactam plus levofloxacin
(8.1 %), cefepime (7.9 %), and cefazolin/ceftazidime combi-
nation (4.7 %). Vancomycin was added to piperacillin/
tazobactam in 2.4 %, and imipenem/cilastatin was used in
0.7 % of cases as initial antibiotics.

A known source of infection was identified in 331 episodes
(33.1 %), including 122 (12.2 %) microbiologically docu-
mented infections and 209 (20.9 %) clinically documented
infections (Table 2). Twenty-eight (2.8 %) episodes had bac-
teremias without an identifiable source. Unfavorable out-
comes with complications developed in 174 (17.4 %), includ-
ing 23 deaths. In addition, 64 patients (6.4 %) had positive
blood cultures and 67 (67 %) had severe sepsis or septic shock
during their stay in the ED.
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Table 1  Baseline characteristics of the study subjects (n=1001)

Table 2 Outcomes of overall febrile neutropenia episodes (=1001)

Characteristics Data Outcomes Data

Age, mean=SD 54.3+13.9 Source of infection, 1 (%)

Male, n (%) 345 (34.5) Unknown origin 670 (66.9)

Diagnosis, n (%) Microbiologically documented infection 122 (12.2)
Solid 785 (78.4) Bacteremia without identifiable focus 28 (2.8)

Breast 380 (38.0) Respiratory tract 46 (4.6)
Lung 95 (9.5) Urinary tract 21(2.1)
Stomach 77 (7.7) Soft tissue infection 10 (1.0)
Other solid tumors 233 (23.3) Gastrointestinal tract 9 (0.9)
Hematologic 216 (21.6) Catheter related 5(0.5)
Lymphoma 194 (19.4) Others 3(0.3)
Leukemia 13 (1.3) Clinically documented infection 209 (20.9)
Other hematologic malignancies 9(0.9) Respiratory tract 143 (14.3)

Distant metastasis, 1 (%) 454 (45.4) Gastrointestinal tract 33(3.3)

Prophylactic antibiotics 202 (20.2) Soft tissue infection 16 (1.6)

Prophylactic G-CSF 90 (9.0) Urinary tract 5(0.5)

Vital signs (mean+SD) Others 12 (1.2)
Systolic blood pressure (mmHg) 120.1+18.2 Duration of fever (>38 °C), hours, median (IQR) 12 (4.0-24.0)
Diastolic blood pressure (mmHg) 77.0£12.9 Complication, 7 (%) 174 (17.4)
Body temperature (°C) 38.5+0.6 Positive blood culture, 7 (%) 64 (6.4)
Pulse rate (per minute) 110.1£27.3 Severe sepsis/septic shock, 7 (%) 67 (6.7)
Respiratory rate (per minute) 20.2+6.9 Death, n (%) 23 (2.8)

Days after last chemotherapy (mean+SD) 10.84+3.2 Pathogens from blood culture, 1*

Laboratory values, median (IQR) Bacillus species 2
Absolute neutrophil count (cells/mm3) 130 (30-350) Escherichia coli 19 (2 ESBL)
Hemoglobin (g/dL) 10.5 (9.3-11.6) Enterobacter species 4
Platelet count (x 10*/mm’® ) 143 (83.5-197.5) Enterococcus faecalis 2
C-reactive protein (mg/dL) 4.7 (2.1-9.9) Enterococcus faecium 2
Procalcitonin (ng/mL) 0.11(0.05-0.32) Klebsiella pneumoniae 11 (1 ESBL)

ECOG performance score >2 232 (23.2) Listeria monocytogenes 3

Days since the last chemotherapy <7 161 (16.1) Moraxella catarrhalis 1

MASCC >21, n (%) 899 (89.8) Pseudomonas aeruginosa 8

Time to antibiotics (minute), median (IQR) 140 (110-180) Serratia species 1

Empirical antibiotics Staphylococcus aureus 8 (1 MRSA)
Piperacillin/tazobactam 763 (76.2) Streptococcus pneumoniae 2
Piperacillin/tazobactam plus levofloxacin 81 (8.1) Group A Streptococcus species 2
Cefepime 79 (7.9) Other (3-hemolytic Streptococci 1
Cefazolin/ceftazidime combination 47 (4.7) Viridans streptococci 1
Piperacillin/tazobactam plus vancomycin 24 (2.4)

Imipenem/cilastatin 7(0.7) IOR interquartile range, ESBL extended-spectrum beta-lactamase, MRSA

SD standard deviation, G-CSF granulocyte colony-stimulating factor,
IOR interquartile range, ECOG Eastern Cooperative Oncology Group,
MASCC Multinational Association for Supportive Care in Cancer

At every time cutoff, we could not find a statistically sig-

nificant relationship between the time from triage to the ad-
ministration of antibiotics and the outcomes of FN after
adjusting for potential confounders. Antibiotic timing was
not significantly associated with complication rates in overall
FN episodes (0—1 h, 31.4 %; 1-2 h, 15.4 %; 2-3 h, 15.9 %; 3—

methicillin-resistant Staphylococcus aureus

Sixty-four patients had bacteremias, and there were three episodes of
polymicrobial infections

4h,17.1 %; and >4 h, 20.8 %) (Fig. 1). Similarly, we failed to
find a significant relationship between antibiotic timing and
mortality in episodes with severe sepsis or septic shock (01 h,
23.1 %; 1-2 h, 38.9 %; 2-3 h, 31.8 %; 3—4 h, 22.2 %; and
>4 h, 20.0 %) (Fig. 2) or episodes with bacteremia (0—1 h,
33.3 %; 1-2h,20.0 %; 2-3 h, 17.4 %; 3—4 h, 9.1 %; and >4 h,
33.3 %) (Fig. 3). In multivariate logistic regression analysis,
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% % OR

<1 70 31.4 -15.1 0.729 0.360 - 1.477 0.381
>1 931 16.3
<2 394 18.3 -1.5 0.874 0.580-1.317 0.518
>2 607 16.8
<3 765 171 1.1 1.212 0.762-1.928 0.417
>3 236 18.2
<4 923 171 34 1.293 0.638-2.619 0476
>4 78 20.5

Fig.1 Time to antibiotic administration and complication rates in overall
febrile neutropenia (FN) episodes (n=1001). Numbers and complication
rates at hourly intervals from triage to antibiotics are shown using a
histogram. OR odds ratio, CI confidence interval

the independent factors with the highest ORs for outcomes
were serum procalcitonin (<1 vs. >1 h: OR 5.793; <2 vs.
>2 h: OR 5.759; <3 vs. >3 h: OR 5.667; and <4 vs. >4 h:
OR 5.664; all P<0.001) and the MASCC risk-index sore (<1
vs. >1h: OR 3.947; <2 vs. >2 h: OR 3.980; <3 vs. >3 h: OR
4.107; and <4 vs. >4 h: OR 4.076, all P<0.001).

Discussion

The question of how antibiotics should be prioritized in the
initial management of patients with FN remains unanswered.
There is no doubt that timely and appropriate antibiotic ad-
ministration is crucial in patients with infection or patients
who are suspected to have one, especially among those with
neutropenia, and current international guidelines recommend
initiation of empirical antibiotic administration within 1 h of
presentation of FN [1-3]. Several studies have attempted to
determine the importance of antibiotics in the initial FN man-
agement, assessing the time to antibiotic administration in
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% % OR
<1 13 231 8.4 2.493 0.382-16.246  0.340
>1 54 31.5
<2 31 32.3 -4.5 0.888 0.196 —4.024  0.878
>2 36 27.8
<3 53 321 -10.7 0.567 0.073-4.391 0.587
>3 14 214
<4 62 30.6 -10.6 0.624 0.031-12.681 0.759
>4 5 20.0

Fig. 2 Time to antibiotics and mortality rates in FN episodes with severe
sepsis or septic shock (»=67). Numbers and mortality rates at hourly
intervals from triage to antibiotics in episodes with severe sepsis or
septic shock are shown using a histogram. OR odds ratio, CI confidence
interval

neutropenic cancer patients presenting to the ED. Szwajcer
et al. [16] retrospectively analyzed 68 patients with FN visit-
ing the EDs of a regional health authority. Their median time
from triage to antibiotic administration was 5 h (range, 1.23—
22.8 h), and timely antibiotic administration was defined as
less than 5 h from ED triage. They could not find any delete-
rious effect (on mortality and increased hospital length of stay)
from a delay in antibiotic administration in FN. Recently,
Lynn et al. [5] used the decision tree approach in 81 episodes
of FN managed at a tertiary medical center in Taiwan and
showed that the latency of the first dose of antibiotics was
an independent factor associated with serious complications
in FN. However, only patients with an absolute neutrophil
count (ANC) of <500/uL were included, and by adopting this
narrow definition, data on other patients with ANC between
500 and 1000/uL, whose neutrophils were expected to de-
crease to <500/uL, were likely lost. In addition, relatively
small numbers of FN episodes were analyzed, making it more
difficult to draw definite conclusions. More recently, Perron
etal. [17] reported the data of 105 patients with FN, showing a
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Fig. 3 Time to antibiotics and mortality rates in FN episodes with
bacteremia (n=64). Numbers and mortality rates at hourly intervals
from triage to antibiotics in episodes with bacteremia are shown using a
histogram. OR odds ratio, CI confidence interval

median time to antibiotic administration of 2.5 h (range, 0.03—
50 h) from ED registration and an association between a delay
in antibiotic administration and a longer hospital stay. How-
ever, no clinical variable, including time to antibiotic admin-
istration, significantly correlated with mortality or intensive
care unit admission. The above studies were performed retro-
spectively with relatively small numbers of patients, different
primary outcomes, and different inclusion criteria, limiting the
generalizability of the findings. So far, no evidence-based rec-
ommendations exist for the time of antibiotic administration in
FN.

In our study, an analysis of prospectively collected data of
1001 FN episodes with a complication rate of 17.4 % and a
median time to antimicrobials of 140 min (IQR, 110-
180 min), earlier antibiotic administration was not associated
with positive FN outcomes after adjusting for confounders.
No impact of time to antibiotics on the mortality rate was
shown in the subgroup of patients with bacteremia or severe
sepsis or septic shock. In fact, although statistically not signif-
icant, patients who had earlier antibiotic administration were
shown to have more overall complications (<1 h, 31.4 vs.

>1 h, 16.3 %). Regarding the observational nature of the data
collected, it is conceivable that this result could reflect physi-
cians’ tendencies toward earlier antibiotic administration in
patients with more unstable conditions.

Not only timely, but also appropriate antibiotic administra-
tion is emphasized, and this approach has been shown to im-
prove morbidity and mortality in patients with severe sepsis or
septic shock [18-21]. The risk of in-hospital mortality was
eight times greater in patients receiving inadequate antibiotics
than in those receiving adequate empirical antibiotics [22].
However, in our study, only four out of 64 bacteremias were
shown to be from antibiotic-resistant organisms: one
methicillin-resistant Staphylococcus aureus and three
extended-spectrum beta-lactamase-producing organisms.
Due to the low incidence of antibiotic resistance, the effect
of the appropriateness of the initial antibiotic therapy on out-
come could not be statistically analyzed, and it is likely that
the overall appropriateness of the antibiotic prescription, in the
context of a prospective trial, may have obscured the effect of
timing.

Our study had several limitations. It was performed at a
single center using a uniform strategy, and caution should be
taken when generalizing the results. Even though we included
a relatively large number of FN episodes, the numbers of
episodes with bacteremia or severe sepsis or septic shock were
not large enough to reveal a strong relationship between anti-
biotic timing and mortality in this patient subgroup. Similarly,
compared with previous reports [12], the risk of death and
complications in our included patient population was relative-
ly low: only 10 % of these cases had high-risk features ac-
cording to the MASCC risk index, and 6.7 % of all episodes
had severe sepsis or septic shock. We did not evaluate the
potential reasons for delayed antibiotic administration, and
we cannot exclude the possibility that patients in a more crit-
ical condition received antibiotics sooner and that the results
are confounded by these factors. In addition, we did not in-
clude the time from the first episode of fever (or any other sign
of infection) to the first antibiotic administration, and the re-
lationship between outcomes and the interval from triage to
first antibiotic administration could be subject to a huge de-
gree of variability depending on the timing of the patient’s
referral to the hospital. In this study also, we did not analyze
other outcomes, such as the duration of hospital stay, which
was adopted as an outcome of interest in previous studies.

There is no doubt that earlier and appropriate antibiotic
administration is crucial in the treatment of patients with neu-
tropenia. However, we could not find strong evidence to sup-
port the antibiotic timeline recommendations of several prac-
tice guidelines. In multivariate analysis, the independent fac-
tors with the highest ORs were found to be procalcitonin con-
centration and the MASCC risk index score. This result sug-
gests that inflammatory markers and risk stratification tools
are more important determinants of outcomes in patients with
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FN. Our study could not provide sufficient evidence to estab-
lish a benefit in outcomes from antibiotic administration with-
in less than 1 or 2 h from ED arrival. Time to antibiotic ad-
ministration was not a major factor in the outcomes of FN.
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