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Abstract

Purpose To determine if time to antibiotics (TTA) improves outcomes of hospital length of stay, admission to the intensive care
unit, and 30-day mortality in adult patients with febrile neutropenia.

Methods This retrospective cohort study evaluated the impact of time to antibiotic, in the treatment of febrile neutropenia, on
hospital length of stay, admission to the intensive care unit, and 30-day mortality. Cases included were patients 18 years or older
hospitalized with febrile neutropenia from August 1, 2006 to July 31, 2016. To adjust for other characteristics associated with
hospital length of stay, admission to the intensive care unit, and 30-day mortality, a multivariate analysis was performed.
Results A total of 3219 cases of febrile neutropenia were included. The median hospital length of stay was 7.0 days (IQR 4.1—
13.3), rate of intensive care unit admission was 13.6%, and 30-day mortality was 6.6%. Multivariate analysis demonstrated time
to antibiotics was not associated with hospital length of stay but was associated with admission to the intensive care unit
admission and 30-day mortality. Delays in time to antibiotic of up to 3 hours did not impact outcomes.

Conclusions A shorter time to antibiotic is important in treatment of febrile neutropenia; however, moderate delays in antibiotic
administration did not impact outcomes. Further investigation is needed in order to determine if other indicators of infection, in
addition to fever, or other supportive management, in addition to antibiotics, are indicated in the early identification and
management of infection in patients with neutropenia.
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Infections are a leading cause of mortality in patients with
malignancy [1, 2], particularly among those with neutropenia
[2—4]. Neutropenia not only impairs a patient’s ability to resist
and respond to infection, but also alters the presentation of
infection with subtle or no localizing signs [2—6]. Fever is often
the first, and occasionally the only indication of infection in
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patients with neutropenia [4]. The high mortality and complex
presentation have led to guidelines advocating early empiric
antimicrobial therapy in febrile neutropenia, which has resulted
in a decrease in infection-related mortality [5, 7-10].

Guidelines continue to recommend early empiric antimi-
crobials in the setting of febrile neutropenia, most recently
focusing on time to antibiotic (TTA) [9—17]. This TTA recom-
mendation has largely been based on results from the
Surviving Sepsis Campaign [13, 16]. In the febrile neutrope-
nic population specifically, there is limited and conflicting
evidence that TTA impacts outcomes [7, 8, 10, 13, 15-18].
While some studies have suggested TTA improves hospital
length of stay [17] and mortality [8], several other studies have
failed to demonstrate a similar association [7, 17-20].

As TTA continues to be emphasized in present guidelines,
TTA has also become a marker of quality of care [20-22].
However, when TTA is targeted and improved, outcomes have
not changed [20]. Therefore, we evaluated a large population of
patients with malignancy-associated febrile neutropenia in or-
der to determine if TTA improves outcomes at our institution.

Methods

We obtained Institutional Review Board approval at Mayo
Clinic (Rochester, MN) to use the existing electronic medical
record (EMR) of patients that have given previous authoriza-
tion for research (IRB 15-006458). We developed an electron-
ic search strategy using the Advanced Cohort Explorer
(ACE), a data query tool which provides access to clinical
notes, laboratory values, and patient vital information, includ-
ing temperature recordings.

We based our definition of febrile neutropenia from the
Infectious Disease Society of America (IDSA) guideline. We
included adult patients with an absolute neutrophil count
(ANC) 500 cells/mm> or less who were evaluated from
August 1, 2006 through July 31, 2016. Our electronic algorithm
searched these patients for the clinical diagnosis of febrile neu-
tropenia made within 48 hours of laboratory confirmation of
neutropenia. Noting that if patients had an ANC > 500 cells/
mm® at time of fever, but were expected to have a drop in
ANC to 500 cells/mm? or less within 48 hours, did fulfill
IDSA criteria for febrile neutropenia. We used clinical documen-
tation rather than documented objective fever (temperature >
38.3 °C at any single time or a temperature of 38 °C or greater
sustained for a 1 hour period), as many patients had reported
fever prior to presentation [23].

Two physicians (LD and UD) reviewed a convenience sam-
ple of 100 medical records of patients, with an ANC of 500
cells/mm’ or less. The sample was selected using a random
number generator. The reviewers evaluated clinical notes, lab-
oratory values, and temperature recordings to decide if a patient
met criteria for febrile neutropenia at the time of the diagnosis as
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identified by the electronic algorithm. The inter-rater agreement
(LD and UD) was calculated using the intra-class correlation
coefficient and was 0.96. The agreement between the electronic
algorithm and reviewer (LD) was 0.91 with 96% agreement.
Thus validated, we used the electronic algorithm to identify the
cohort of patients with febrile neutropenia.

The remaining data was collected using ACE in conjunc-
tion with Datamart, an electronic database housing compre-
hensive data including medications and time of administration
[24]. Time of fever was defined as the time of first document-
ed temperature of 38.3 °C, first documented temperature of at
least 38 "C sustained for a 1-hour period, or time of triage with
presentation fever [15]. For simplicity, only the first episode of
febrile neutropenia treated during hospitalization was includ-
ed. Patients determine to be low risk, as determined by
Multinational Association for Supportive Care in Cancer
(MASCC) score, and treated with oral antibiotics were ex-
cluded [7, 25]. Antibiotics used to determine time of admin-
istration were those included in the analysis and were those
recommended for high-risk patients per the IDSA guidelines:
piperacillin/tazobactam, cefepime, meropenem, aztreonam, or
aminoglycosides. The difference in time of fever to time of
antibiotic administration was used to calculate TTA.

Other variables were then collected. Vital signs, including
systolic blood pressure and pulse rate, were those available at
time of fever. Laboratory values, including blood culture results
and ANC, were those taken closest to time of fever and limited
to within 24 hour of time of fever. Treatment with growth factor
support was determined by documentation of recent adminis-
tration of medication or active prescription. Underlying malig-
nancy was determined by documented diagnosis in clinical
notes. Clinical diagnosis of infection was manually confirmed
by using a combination of culture results, imaging, and provider
documentation of infection. The Charlson Comorbidity Index, a
well-validated prognostication tool for longitudinal studies of
survival, was electronically calculated and used to determine
overall comorbidity burden [25]. The attending physician de-
termined admission to the ICU. Admission, transfer, and dis-
charge data was collected. We excluded patients not admitted to
the hospital during treatment of febrile neutropenia, patients
without malignancy, patients who were already on appropriate
antibiotics at time of fever, and patients who were transferred to
our hospital with diagnosis of febrile neutropenia (where TTA
was unknown) [3]. Finally, we excluded patients who did not
receive antibiotics within 48 hours of fever.

Statistical analysis

TTA was categorized based on the IDSA guideline recom-
mendation available at the time of the study, with time to
antibiotic of 0-2 hours as the reference [3]. The 3-hour, 6-
hour, and 24-hour references were based on the Surviving
Sepsis Campaign sepsis bundles available during this study
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period [16]. Patient demographics and clinical characteristics
were summarized using descriptive statistics. Covariate distri-
butions were compared using chi-square and Kruskal-Wallis
tests when appropriate.

Our primary outcome was 30-day mortality. Univariable
and multivariable logistic regressions were used to determine
the association between time to antibiotic and 30-day mortal-
ity. Survival over the 30-day period was depicted using a
Kaplan-Meier curve. Predictors of secondary outcomes such
as hospital length of stay (LOS) and intensive care unit (ICU)
admission were also examined using multivariable linear and
logistic regressions, respectively. Variables were included if
they demonstrated statistical significance in univariate analy-
sis and/or they were deemed to be clinically significant. All
tests were 2-sided, and performed using SAS software,
Version 9.4, and STATA software, Version 14. [26]

Results

We identified a total of 10,155 adult patients with an absolute
neutrophil count of 500 cells/mm® or less, seen at our facility
between August 1, 2006 and July 31, 2016. We excluded 7552
patients for the following reasons: refusal to consent (N=
313), lack of fever (V=15118), outpatient treatment of febrile
neutropenia (N =50), no underlying malignancy (N = 548),
already on antibiotics at time of fever (N=602), low-risk
MASCC score and did not receive antibiotics recommended
by guidelines for high-risk neutropenic fever (N=_807), or
receipt of treatment at an outside institution prior to arrival
(N=114). A total of 2603 patients with 3219 hospitalizations
were included in the analysis (Fig. 1).

We found that 50.6% of patients received antibiotics within
the recommended 2 hours from time of fever (Table 1). The
majority of patients had hematologic malignancy (lymphoma
51.4%, leukemia 36.2%). Patients had a clinical diagnosis of
infection in 45.1% of cases of febrile neutropenia and 48.8%
of these patients were found to have a blood stream infection.
Overall, the rate of blood stream infection was 22% with gram
positive being the most common (10.4%), followed by gram
negative (6.8%), polymicrobial (4.6%), fungal (0.1%), and
mycobacterial (0.0%) (Table 1). The median hospital length
of stay after time of fever was 7.0 days (IQR 4.1-13.3), rate of
ICU admission was 13.6%, and 30-day mortality was 6.6%.

Thirty-day mortality increased from 5% if TTA was within
2 hours to 13% if TTA was greater than 24 h (P <0.01). After
adjusting for confounders, longer TTA was not associated with
increased hospital LOS. When compared to patients who re-
ceived antibiotics within 2 hours of fever, patients who received
antibiotics 2—3 hours, 3—6 hours, and 2448 hours after time of
fever had a hospital length of stay coefficient value of 0.93
(P=0.73), 1.71 (P=0.38) and —4.57 (P=0.15) respectively.
After adjusting for confounders, a longer TTA was significantly

associated with increased risk of admission to ICU and 30-day
mortality (Table 2). Factors associated with increased mortality
included age, Charlson Comorbidity Index, shock index, ANC
less than 500 cell/mm? at time of fever (noting expected drop to
ANC < 500 within 48 hours as IDSA criteria), prior admission
for neutropenic fever, blood culture result, and clinical diagno-
sis of infection. When compared to patients who received an-
tibiotics within 2 hours of fever, patients who received antibi-
otics 3—6 hours and 2448 hours after time of fever had odds
ratio for mortality of 1.57 (P=0.04) and 2.08 (P=0.02), re-
spectively (Table 2). Receipt of antibiotics 6-24 hours after
fever was not associated with a significant increased risk of
mortality compared to receipt within 2 hours of fever
(Table 2). Kaplan-Meier survival of patients, differentiated by
time to antibiotics, is depicted in Fig. 2.

Discussion

To our knowledge, this is the largest study on TTA in febrile
neutropenia [3, 8, 17-21]. We found that a shorter TTA is as-
sociated with the rate of ICU admission and 30-day mortality.
The association with TTA was most notable at 3 hours, suggest-
ing that moderate delays, of up to 3 hours, in antibiotics were
tolerated [17, 21, 27]. This finding is different than previous
studies and guideline recommendations [8, 23, 28]. However,
based on this study, it is unclear why moderate delays in TTA
were tolerated.

While other studies have demonstrated an association be-
tween TTA and composite outcomes of ICU admission and
mortality in patients with febrile neutropenia, to our knowledge,
there is only one study that has demonstrated an association
between TTA and mortality alone [7-9, 17, 29]. This was a
prospective study by Rosa et al., in which a cohort of hospital-
ized patients with febrile neutropenia received a grouped inter-
vention of immediate empiric antibiotics and evaluation by the
medical fast response team [8]. With this grouped intervention,
Rosa et al. demonstrated that a shorter TTA was associated with
improved mortality, with each hour delay in TTA increasing 28-
day mortality by 18% [8]. Rosa et al. also showed the mortality
benefit persisted in patients who had an infection not susceptible
to the initial early empiric antibiotics, suggesting time to effective
antibiotics did not impact mortality [8]. This finding is consistent
with previous studies on TTA, which have shown that mortality
is not negatively impacted by moderate delays in time to effec-
tive antibiotics [17, 30, 31]. Nevertheless, Rosa et al. demonstrat-
ed that, regardless of bacterial susceptibilities, mortality was still
improved with their grouped intervention. Therefore, the addi-
tional intervention of immediate evaluation by the medical fast
response team may have been what impacted mortality, not TTA
alone [8]. This would also be consistent with evidence in patients
with severe sepsis and septic shock where grouped interventions,
not antibiotics alone, have been shown to improve mortality [22,
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Fig. 1 Flow chart of patients that
fit into the inclusion and
exclusion criteria for time to
antibiotics in treatment of febrile
neutropenia

Adult patients with an absolute neutrophilic count of 500 or less
from August 1, 2006 to July 21 2016

N=10,155

51

50

313

5481 Patients excluded

18 Remained afebrile
Refused consent for research
Treated as outpatients

A 4

Treated for neutropenic fever during hospital

admission
N=4674

548 Lacked cancer diagnosis

,| 602 Receiving antibiotics prior to fever
807 Received oral antibiotics as
treatment

114 Received treatment at outside
institution

2071 Patients excluded

A

Adult inpatients with hematologic malignancy prescribed
intravenous antibiotics in response to febrile episode during

neutropenia
(N=2,603)
Admits = 3219

32]. For this reason, our ability to demonstrate that TTA did
impact rates of ICU admission and mortality, while moderate

Table 1 Study population
characteristics in 3219 cases of
febrile neutropenia
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delays were tolerated, could be due to the additional time pro-
vided for other important interventions to be implemented. This

Cases of febrile neutropenia N =3219

Age in years (mean, 95% CI)
Gender, female (N, %)

Solid tumor

Lymphoma

Leukemia

Growth factor support (N, %)

Type of malignancy (N, %)

Charlson Comorbidity Index (mean, 95% CI)
Absolute neutrophil count < 500 cells/mm’ at time of fever (N, %)

Shock index > 1.0 at time of fever (N, %)

Prior admission for febrile neutropenia during study period (N, %)
Time to antibiotics, hours (N, %)

Negative

Gram-positive bacteria
Gram-negative bacteria
Polymicrobial

Fungal

Mycobacterial

Clinical diagnosis of infection (N, %)

Blood culture result (N, %)

573 (56.9-57.8)
1315 (40.9)

399 (12.4)
1654 (51.4)
1166 (36.2)
514 (16.0)
3.7(3.6-3.7)
2976 (92.3)
794 (24.7)
616 (19.1)

1629 (50.6)
433 (13.5)
407 (12.6)
607 (18.8)
143 (4.4)

2510 (78.0)
336 (10.4)
219 (6.8)
147 (4.6)

6(0.1)
1(0.0)
1453 (45.1)

Italicized table entries indicating characteristic category with regular font indicating subcategory when indicated
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Table 2 Multivariable logistic
regression of time to antibiotic as
a predictor of intensive care unit
admission and 30-day mortality

Fig. 2 Kaplan-Meier curve
depicting survival from time of
fever in febrile neutropenia
grouped by time to antibiotic

Intensive care unit admission odds

ratio (p value)

30-day mortality odds
ratio (p value)

Time to antibiotic (hours)

<2 Reference
2-3 0.89 (p=0.53)
3-6 1.98 (p<0.001)*
6-24 1.18 (p=0.26)
24+ 1.45 (p=0.15)
Age 1.02 (p<0.001)*
Gender, female 093 (P=0.53)
Type of malignancy

Solid tumor Reference
Lymphoma 0.68 (p=0.03)*
Leukemia 0.69 (p=0.04)*
Growth factor support 1.01 (p=0.95)
Charlson Comorbidity Index (continuous) 1.07 (p<0.001)*
Absolute neutrophil count <500 cells/mm’ 0.83 (p=0.13)

at time of fever
Shock index > 1.0 at time of fever 2.96 (p<0.001)*
Prior admission for febrile neutropenia 1.08 (p=0.58)

during study period

Blood culture result

Negative Reference
Gram positive bacteria 0.96 (p=0.82)
Gram negative bacteria 1.45 (p=0.04)*
Polymicrobial 0.62 (p=0.22)
Fungal 0.87 (p=0.90)
Mycobacterial Omitted
Clinical diagnosis of infection 2.70 (p<0.001)*
Year of fever 1.03 (p=0.20)

Reference
0.87 (p=0.59)
1.57 (p=0.04)*
1.37 (p=0.11)
2.08 (p=0.02)*

1.03 (p<0.001)*
0.78 (p=0.11)

Reference
0.90 (p=0.67)
1.26 (p=0.34)
1.23 (p=0.30)

1.16 (p<0.001)*
1.74 (p < 0.001)*

1.57 (p=0.01)*
1.44 (p=0.04)*

Reference
1.72 (p=0.01) *
147 (p=0.11)
1.46 (p=0.39)
18.35 (p<0.01)*
Omitted
2.61 (p<0.001)*
0.95 (p=0.06)

Italicized table entries indicating characteristic category with regular font indicating subcategory when indicated

*Indicating statistically significant with p <0.05

Patients with Febrile Neutropenia
Product-LimitSurvival Estimates
With Number of Subjects at Risk
1.00 Logrank p <.0001
e
2 095
a8
8
o 0.90
o
T 0851
c
=]
»n 0.80
0.75
T T 1 1 T T 1
0 5 10 15 20 25 30
Time from fever (days)
Time to antibiotic administration (hours)
<2 hours 2-3 hours 3-6 hours
6-24 hours 24+ hours
<2 hours 1650 1634 1616 1602 1589 1584 1569
2-3 hours 405 401 396 391 387 386 383
3-6 hours 418 412 405 398 392 389 381
6-24 hours 605 593 586 578 567 558 551
24+ hours 141 136 129 128 127 124 123
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may also be why previous studies on TTA in febrile neutropenia
have been inconsistent, as other interventions have not been
implemented and/or measured. Therefore, while early empiric
antibiotics are important, they may not be the only important
intervention needed early in patients with febrile neutropenia.
Conversely, fever may not be the only indicator for infec-
tion in patients with neutropenia. We found that patients with
shock index > 1.0 had an increased rate of ICU admission and
a similar risk of mortality as patients with long delays in anti-
biotics. This is consistent with previous evidence which has
shown that after adjusting for confounders, including shock,
that TTA is no longer predictive of mortality [17].
Furthermore, patients with neutropenia and infection, with or
without fever, have been shown to have higher mortality in the
setting of severe sepsis or shock [7, 33, 34]. There is also
evidence suggesting that in the setting of neutropenia and
infection, patients who are afebrile have worse outcomes than
febrile patients [35]. IDSA guideline recommends that pa-
tients with neutropenia who develop new signs or symptoms
of infection, with or without fever, should be started on the
same early empiric antibiotic coverage as high-risk patients
with fever [3]. Therefore, fever may not be the only or most
sensitive indicator for infection in patients with neutropenia.
Additionally, fever may no longer be specific for infection
in the setting of malignancy-related neutropenia. Previously,
infection was identified in the majority of patients with febrile
neutropenia; however, in recent studies, including this study,
infection is identified in the minority of patients with febrile
neutropenia [1, 8, 29, 33, 35]. Recent studies have also shown
the overall mortality in febrile neutropenic patients has de-
clined, while infection-related mortality remains high [1-3].
In particular, we found the rate of ICU admission and mortal-
ity associated with infection was still higher than the rate of
ICU admission and mortality associated with long delays in
antibiotic administration. Therefore, the association between
TTA and rate of ICU admission or mortality may have been
diluted by cases in which there was no infection for antibiotics
to impact. As a result, we were only able to detect a difference
after moderate delays in antibiotics. Likewise, moderate de-
lays in antibiotics may not have impacted outcomes because
the moderate delay was tolerated by the majority of patients
who had no infection identified. Therefore, fever may not be
sufficiently specific for infection in patients with neutropenia.

Limitations

This study was limited due to the retrospective data collection.
Additionally, at our institution, most of our hematology and
oncology patients are hospitalized in the campus without a pro-
gressive care unit; therefore, patients’ ICU admission may have
reflected such things as telemetry needs rather than need for
advanced critical care. This may have impacted our ability to
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detect an association between TTA and rate of ICU admission.
Furthermore, we have dedicated outpatient services specific for
the hematology and oncology patients who require daily mon-
itoring; therefore, we are able to continue treatments offered in
the hospital in the outpatient setting. This may have impacted
our inability to detect an association between TTA and hospi-
talization length of stay. These differences may also be due to
specifics of our local practices, as this was a single-center study.

We chose to evaluate TTA as a categorical variable, in
order to evaluate the TTA values use in quality metrics and
in accordance with guideline recommendations at the time of
this study. However, using TTA as a categorical variable, rath-
er than a continuous variable, potentially limited our power
and increased our chance of a type II error.

Conclusion

Time to antibiotics is important in treatment of febrile neutro-
penia; however, moderate delays in antibiotic administration
did not impact outcomes. Currently, patients with neutropenia
and infection continue to have management focused on TTA;
however, the findings of our study warrant further investiga-
tion into the role of supportive care other than antibiotics and
defining additional indicators of infection other than fever in
management of patients with neutropenia and infection.
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