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Abstract
Objective. The management of low-risk febrile neutropenia (FN) patients through ambulatory programs has

demonstrated comparative safety and effectiveness to in-patient strategies. However, there is limited evidence of benefits
of changing practice, particularly on a national scale. The aim of this studywas to estimate costs and benefits of the program
over a 10-year time horizon.

Methods. Acomparative cost analysis fromahealth systemperspectivewas performed, comparing costs and length of
stay (LOS)of patients enrolled in an ambulatory program to ahistorical cohortwhodidnot receive the program.Generalised
linearmodels were used for analysis and bootstrapped to account for uncertainty. National data of identified FN admissions
were used to inform future projections, with varying proportions of low-risk patients and eligibility for the ambulatory
program.

Results. The overall LOS for patients in ambulatory cohort was 1.9 days shorter (95% confidence interval (CI)
1.0–2.8 days), a 50% reduction in in-patient bed-days. Although patients in the ambulatory cohort incurred additional costs
due to care receivedoutsidehospital (mean (� s.d.)A$828.03�124.30), themean total cost incurred remained substantially
lower than that of the historical cohort (A$2979 lower; 95%CIA$772–5391).On a national scale, this could translate intoA
$62.7 million in costs averted and 41 347 bed-days saved over 10 years if the low-risk prediction rate and eligibility for
ambulatory programs remained at currently observed rates.

Conclusions. The wider implementation of a safe and effective ambulatory program to manage low-risk FN patients
can result in significant return-on-investment for the healthcare system by eliminating avoidable costs due to unnecessary
lengthy hospital admissions.

What is knownabout the topic? There is strong evidence demonstrating out-patient treatment of low-risk FNpatients to
be an effective and cost-effective strategy compared with continued in-patient hospitalisation.
What does this paper add? This study demonstrates the sustainability of the ambulatory program in ensuring cost
benefits and in-patient beds through real-life implementation data. It also provides evidence of the substantial cost and bed-days
potentially averted when the cost savings and difference in LOS are estimated on a national scale over a 10-year time horizon.
What are the implications for practitioners? The management of low-risk FN patients through ambulatory or out-
patient programs is a safe and effective approach. There is strong evidence demonstrating the likely cost savings and
considerable bed-days saved, which can be reallocated to meet other medical demands.
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Introduction

Febrile neutropenia (FN) is a common and potentially life-
threatening complication for cancer patients undergoing chemo-
therapy that necessitates prompt treatment. Historically, this
involved in-hospital management with broad spectrum intrave-
nous (i.v.) antibiotics.1However, it is recognised that FNpatients
are a heterogeneous population,whereby only a small proportion
of FN patients are at high risk of complications or death.2

Therefore, not all FN patients necessarily require in-patient care.
The Multinational Association of Supportive Care in Cancer
(MASCC) risk index2 is a validated clinical tool that has been
successfully used to identify FN patients with a low risk of
complications. Clinical studies have shown that low-risk FN
patients can be successfully treated with oral instead of i.v.
antibiotics without compromising patient safety.3,4 The man-
agement of these patients through ambulatory or out-patient
programs has also demonstrated comparative safety and effec-
tiveness compared with in-patient management strategies.5–7 In
addition to having a shorter length of hospital stay (LOS), the
benefits of out-patient care include improved health-related
quality of life,8,9 reduced risk of hospital-acquired infections
and lower costs.10–13

There is consistent evidence demonstrating out-patient treat-
ment of low-risk FN patients to be a cost-effective strategy
compared with continued in-patient hospitalisation.12,14 Al-
though the advantages of ambulatory programs are evident, there
remain inconsistencies in managing these patients.15–17 Patient
willingness, suitability of home environment and/or prevailing
medical conditionhavebeen identified aspossible reasons for the
lowuptake.16,18Clinician acceptancehas alsobeen recognised as
a potential barrier.19Althoughmuch is knownabout the potential
barriers that could explain the slow uptake, there is limited
evidence of the potential benefits of changing practice, partic-
ularly on a national scale. A better understanding of the implica-
tions of different management strategies is increasingly
important to inform healthcare resource allocation decisions in
a budget-constrained environment.

This study builds upon an existing evaluation of an ambula-
tory program implemented at the Peter MacCallum Cancer
Centre (PMCC), a tertiary cancer centre inAustralia. The PMCC
ambulatory program for FN patients is a nurse-led model of care
with MASCC risk assessment performed for patients presenting
withFN.Patientswere recruited into theprogramfollowing three
stages of evaluation: (1) risk stratification using theMASCC risk
index (low risk defined as scores�21); (2) suitability for switch-
ing from i.v. to oral antibiotics; and (3) suitability for early
discharge, after at least one dose of i.v. antibiotics and 24-hour
observation. Patients in the ambulatory program are discharged
with a course of oral antibiotics, followed-up by ambulatory care
nurses and reviewed by an infectious disease physician within
1 week after discharge. Fig. 1 shows a representation of the
evaluation process. In its first year of implementation, the early
discharge of eligible low-risk FN patients reduced in-patient
LOS from 4.0 to 1.1 days, resulting in 72.5 in-patient bed-days
saved across 25 patients; this translated into a net cost reduction
ofA$71 895after accounting for implementationandoperational
costs. Four of 25 patients (16%) required readmission, and no
deaths were reported. A detailed description of the program,

including its implementation, safety and cost in the first year has
been reported by Teh et al.11

The aims of the present study were to demonstrate the
sustainability of the program in ensuring cost benefits and to
model the potential cost averted and in-patient bed-days saved
over 10years if theprogram is rolledout nationwide. Information
from this study will assist decision making by clinicians and
policy makers by providing estimates of the economic impact of
introducing ambulatory care programs as standard of care across
Australia to manage low-risk FN patients.

Methods
Cost analysis

A cost analysis from the healthcare perspective was performed
comparing patients’ costs and LOS. Patients were prospectively
enrolled in the ambulatory program between March 2014 and
February 2017. These patients were compared to a historical
cohort of retrospectively identified consecutive FNpatients from

Determined to be low risk
(score ≥21)

After at least one dose
of i.v. antibiotics and
24-h observation 

Fulfils criteria

Discharged with 1-week course of antibiotics
Followed-up by ambulatory care nurse
Review by infectious disease physician

Patients presenting with febrile neutropeniaA

Admitted and started
on i.v. antibiotics

1. Assess risk using MASCC risk indexB

2. Assess suitability to switch to oral antibioticsB

3. Assess suitability for dischargeB

Ambulatory program

Fig. 1. Diagrammatic representation of the evaluation process for
ambulatory program eligibility. AFebrile neutropenia is defined as fever
�38.38C or �38.08C on two occasions and an absolute neutrophil count of
<1.0 � 109 cells L–1. BAssessment using the Multinational Association of
Supportive Care in Cancer (MASCC) risk assessment and eligibility
screening tool published in Teh et al.11
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February to July 2011whowere assessed to be low-risk using the
MASCC risk index and fulfilled eligibility criteria to switch to
oral antibiotics and be discharged into a theoretical ambulatory
program.11 These patients were identified from medical
records. Patients in the historical cohort were subjected to the
standard of care before the implementation of the ambulatory
program, which consisted of hospital admission of all
FN patients with a course of i.v. antibiotics until resolution
of fever and neutropenia. In-patient admission costs were
calculated based on each patient’s Australian refined
diagnosis-related groups (AR-DRGs)20 and LOS.

Ambulatory care costs were estimated based on the compo-
nents of resource used. This included staff time spent on home
nursing visits, follow-up telephone call by the nurse coordinator,
consultation to develop an appropriate follow-up protocol by an
infectious disease physician, physician and nurse time required
to review the patient in a specialist clinic, two sets of blood tests
and a patient discharge information pack. Patients in the ambu-
latory cohort were also discharged with a prescription for a
1-week standard course of antibiotics. These patients were
followed-up for the duration of the ambulatory program (7 days)
and readmitted patients were treated with i.v. antibiotics and
their LOS recorded.

Generalised linear models (GLM) were used to analyse cost
and LOS. For costs, the gamma family of distributions was
determined using the modified Park test and its log link deter-
mined using Pearson correlation, Pregibon and modified Homer
and Lemeshow tests, whereas for LOS, Poisson distributionwith
log linkwasused.21,22Age, sex andcancer typeswere included in
the models to control for possible baseline imbalances. The
choice of models was also based on the Akaike information
criterion (AIC). To account for sampling uncertainty, sensitivity
analysis was undertaken using bootstrapping with 1000 replica-
tions using the recycled predictions method.22

Projected cost and bed-days averted

National data of all FN hospital admissions among cancer
patients aged �15 years between 2009 and 2014 were obtained
from the Independent Hospital Pricing Authority (IHPA), a
national government agency responsible for collecting and
reportinghospital use andexpenditure data.The selection criteria
for FN patients as described by Lingaratnam et al.23 were used.
The data captured all FN in-patient episodes, regardless of risk
types, and were used to inform on future trends for hospital
presentation with FN.

The proportion of low-risk FN patients varies internationally.
A review of the 10-year use of MASCC index reported low-risk
prediction rates in the range of 70–75% across several interna-
tional studies,13 whereas Australian studies evaluating early
discharge strategies indicated a 56–65% low-risk prediction,
with up to 41% of these episodes subsequently converted to
ambulatory care.15,24 Therefore, in-patient bed-days and cost
averted over 10 years were calculated using bootstrapped results
with proportions of low risk (LR) ranging from 50% to 80%, and
30% to 60% eligibility for the ambulatory program (EA).

All costs are expressed in 2017 Australian dollars adjusted
using the Consumer Price Index from the Australian Bureau of
Statistics25 and discounted at 5% annually as per Australian

recommendations.26 All data were analysed using STATA
version 14.0 (StataCorp, College Station, TX, USA).

Unless indicated otherwise, data are presented as the
mean � s.d.

Ethics approval

This studywas approved by the PeterMacCallumCancer Centre
Ethics Committee.

Results

Between March 2014 and February 2017, 50 low-risk FN
patients were enrolled into the ambulatory program (25 patients
in first year, 25 patients in the second and third years). The
baseline characteristics of patients in the ambulatory and his-
torical cohorts are given in Table 1. Both cohorts were well
balanced, except for sex, where there was a lower proportion of
males in the ambulatory program compared with the historical
cohort (P = 0.016). Of the 50 patients in the ambulatory
cohort, five hospital readmissions (10%) were recorded and no
deaths were reported. Time to readmission was approximately
1.4 � 0.7 days.

Cost analysis

A breakdown of the components, program protocol, quantity or
time required and costs of resource used for the ambulatory
program is provided in Table 2. The mean cost of providing
ambulatory care outside of hospital over a 1-week period was A
$828.03 � 124.30 per patient.

A comparison of LOS and total cost between the two cohorts
is presented in Table 3. Patients in the ambulatory cohort had a
significantly shorter length of initial hospital admission of
2.1 days (95% confidence interval (CI) 1.3–2.9; P < 0.001).
Four patients were readmitted to the same hospital and their
average LOS ranged from 0.7 to 5.6 days. Overall, patients in the
ambulatory cohort had a total LOS of 1.9 � 1.7 days. This was
1.9 days shorter (95% CI 1.0–2.8 days shorter; P < 0.001) than
patients in the historical cohort, indicating a 50% reduction in in-
patient bed utilisation as a result of the early discharge protocol.
Mean total cost incurred by the ambulatory cohort remained
lower than the historical cohort. The cost difference between the
two cohorts was A$2839 (95% CI $949–4730; P = 0.004).

Bootstrapped results from both GLM regressions are pre-
sented in Table 3. These estimates closely reflect those from the
direct comparison analysis. However, the bootstrapped results
for total cost difference yielded a wider 95% CI.

Table 1. Characteristics of patients across the two cohorts
Data are given as the mean � s.d. or as n (%)

Patient characteristics Ambulatory
cohort (n = 50)

Historical cohort
(n = 27)

P-value

Age (years) 49.2 ± 15.7 50.1 ± 18.2 0.819
Male sex 19 (38.0) 18 (66.7) 0.016
Malignancy type 0.982
Haematological 11 (22.0) 6 (22.2)
Solid organ 39 (78.0) 21 (77.8)
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National projections

Data obtained from IHPA showed an average increase of FN
hospitalisation episodes by approximately 4% annually, increas-
ing from 7350 in 2010 to 8708 in 2015. Assuming this increase
remains constant over the next 10 years, it is estimated that by
2020 and 2025 the number of FN episodes would increase to
10 318 and 12 012, respectively. Fig. 2 shows the actual and
projected number of hospitalisation episodes of FN in Australia.

The estimated cumulative bed-days and cost averted over
10yearswouldvary depending on theLRprediction rates and the
proportion of low-risk EA patients. Fig. 3 shows the range of
costs averted and bed-days saved over 10 years if the ambulatory
programwere to continue to produce a cost saving ofA$2979 per
patient. Based on the best available Australian evidence,15,24 for
a scenario reflecting an LR prediction rate of 60% and 40% EA,
the estimated discounted total cost averted over 10 years would

Table 2. Components and associated costs of the ambulatory program
AMA, Australian Medical Association; DoH, Australian Government Department of Health

Components Timing of provision Quantity or time required Unit cost (A$) Mean utilisationH Source

Discharge information pack On discharge 1 pack per patient 3.75 per patientA 1 pack
Antibiotic prescription On discharge 1-week supply of medication 38.65 per prescriptionB 1 prescription DoH27

Pathology (blood tests) On discharge and
home visit 1 (Day 1)

2 sets as per protocol 69.30 per setC 2 sets DoH28

Home nursing service Home visits 1 and 2
(Days 1 and 2)

2 � 45-min reviews 168.30 per 45-min
reviewD

1.98 reviews

Infectious disease physician Day 3 30-min protocol development and
telephone advice

188.50 per hE 0.45 h AMA Victoria29

Nurse coordinator Day 3 2 h: coordinate program and
patient follow-up via telephone

57.29 per hF 1.8 h AMA Victoria30

Infectious disease physician Between Days 5 and 7 45-min out-patient clinic 188.50 per hE 0.68 h AMA Victoria29

Hospital readmissions Based on patient-level data 1863.94 per dayG 2.11 days

ACalculated based on market price.
BPrescription for amoxicillin-clavulanic acid (875/125 mg, b.d.) and ciprofloxacin (750 mg, b.d.).
CMedicare Benefit Scheme item numbers 65070 and 66512.
DBased on hospital administrative records.
EBased on hourly rates of a Year 2 specialist + 30% overhead cost.
FBased on hourly rates of a Registered Nurse Grade 4A Year 2 + 30% overhead cost.
GBased on mean in-patient cost of ambulatory cohort.
HAverage resource used per patient.

Table 3. Comparison of length of stay and total cost between cohorts
Unless indicated otherwise, data are given as the mean � s.d. CI, confidence interval

Ambulatory cohort (n = 50) Historical cohort (n = 27) Difference (95% CI) P-value

Length of stay (days)
Initial hospital admission 1.7 ± 1.5 3.8 ± 2.1 2.1 (1.3–2.9) <0.001
ReadmissionA 2.1 ± 2.3 –

Total length of stay 1.9 ± 1.7 3.8 ± 2.1 1.9 (1.0–2.8) <0.001
Bootstrapped (± s.e.m.)B 1.92 ± 0.23 3.89 ± 0.43 1.96 (1.00–2.95)

Cost (A$)
Initial hospital admission 3293.3 ± 3106.1 7354.0 ± 4907.9 4060.7 (2239. 7–5881.7) <0.001
Ambulatory care cost 828.0 ± 124.3 –

Readmission 3933.3 ± 3782.3 –

Total cost 4514.7 ± 3374.8 7354.0 ± 4906.9 2839.3 (948.9–4729.7) 0.004
Bootstrapped (± s.e.m.)B 4493.65 ± 463.57 7472.58 ± 1034.17 2978.93 (771.85–5390.96)

ABased on four patient readmissions. One patient was readmitted to a different hospital, therefore length of stay was
undetermined. Missing data was imputed with mean length of readmission.

BResults from general linear model regressions, bootstrapping with 1000 replications.
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Fig. 2. Actual and projected number of hospitalisation episodes of febrile
neutropenia (FN) in Australia.
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be A$62.7 million (95% CI A$16.2–113.4 million). This cost
is associated with a cumulative total of 41 347 (95% CI 21
137–62 130) bed-days saved.

Discussion

The ambulatory program to manage low-risk FN patients in an
out-patient setting at PMCC represents a real-world implemen-
tation of the program with proven effectiveness and has dem-
onstrated sustained cost benefits to the health system since it was
implemented in 2014. The safety of patients was not compro-
mised, with an overall readmission rate of 10% and no deaths
reported. On average, the ambulatory program cost A$828 per
patient for care provided in their homes and follow-up consulta-
tions. Despite this, the mean total cost of the ambulatory cohort
was A$2979 (per patient) lower than care delivered to the
historical cohort, even after taking into account readmission
costs. This cost saving was driven primarily by the shorter LOS
due to early discharge.

InAustralia, the cost ofmanagingFNis considerable. In2015,
it was estimated that there were 8708 in-patient episodes of FN
among cancer patients, totalling an estimated A$251 million
(data provided by the IHPA). This estimate captures all FN
episodes regardless of risk type and equated to A$28 801 per
episode with an average LOS of 14.8 days. This is similarly
observed in the US, where a large study conducted in 2010
assessing the economic burden of FN-related hospitalisation
among cancer patients showed a mean hospitalisation cost of
US$18 880.31 The lower cost observed in the US study is likely
due to the inclusion of less severe cancer groups (leukaemia and
myeloma were excluded), hence the shorter LOS. Nonetheless,
the mean costs per day of hospitalisations were comparable. It is
evident that the economic burden of hospitalisations related to
FN is significant and is not unique to Australia. It is also widely
recognised that a large proportion of FN patients is of low
risk;13–15 therefore, there is scope to reduce the national average

LOS of FN patients and alleviate the cost burden through the
implementation of effective and safe strategies such as early
discharge programs for low-risk FN patients.

The present study has demonstrated, for the first time, the
substantial cost and bed-days potentially averted when the cost
savings and difference in LOS are estimated at a national scale.
Most cost studies have primarily focused on the delivery of
ambulatory care and its comparison to an existing standard of
care (in-patient strategy). The strengths of the present study
include real-life implementation data and the use of national
statistics to inform future projections. The estimated total cost
and bed-days averted over 10 years is A$62.7 million and
41 347 respectively if the LR prediction rate and proportion
converted to ambulatory programs remained at the current rate
as indicated by local studies. Despite the wide 95% CIs, the
ambulatory program remains a cheaper and more effective
option than in-patient management of these low-risk patients,
and is likely to translate well to other centres nationally.

The present cost analysis adds to the growing literature
demonstrating out-patient treatment strategies to manage low-
risk FN patients to be cost-effective approaches compared with
in-patient management. Although this study was conducted in
the Australian setting, similar early discharge programs have
been implemented elsewhere; therefore, these results could be
applied internationally. In the present study, a mean reduction of
2 in-patient days and potential cost savings ofA$2979 per patient
(40% reduction in cost) were observed. A randomised controlled
single-centre studyconducted in theUKalso reported a reduction
of 2 in-patient days and that out-patient treatment was 44%
cheaper,14 whereas a US study reported a larger difference of
4.4 days and a 49% cost reduction.8 Potential cost-savings were
estimated to be up to 55% in an economic modelling analysis in
the Canadian setting.12 As such, the potential cumulative bed-
days and cost averted could possibly be larger in these countries.

It is acknowledged that such ambulatory programs would
require significant initial investments to ensure successful
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implementation, including institutional support for the required
infrastructure, a committed multidisciplinary team and well-
defined protocols tomanage patientmonitoring and follow-up.32

Furthermore, funding to ensure sustainability of a program often
also requires sound evidence and justification. The projected cost
savings demonstrated at a national scale in the present study
provide a strong case for institutions and healthcare policy
makers in making resource allocation decisions for the ambu-
latory program. In addition, efficiencies in running the program
could translate into higher adoption rates and thus greater
cumulative cost andbed-days saved; for example, a 10%increase
in the proportion eligible for the ambulatory program above the
current 40% would result in an additional A$15.7 million and
10 337 bed-days saved (Fig. 3).

It is recognised that this study has several limitations. The
small sample size of this study is an important limitation subject
to biases and inadequate statistical power. Although the esti-
mated cost and bed-days averted are consistent with findings in
the literature,8,12,14,15 it is acknowledged that there is a large
amount of uncertainty around the extrapolated estimates based
on small sample size. As such, the wide CIs should be taken
into account when interpreting the results. It is also acknowl-
edged that the use of a historical cohort can have an effect on
the economic analysis because changes in practice can occur
over time, affecting resource use. However, hospitalisation
costs were calculated based on each patient’s AR-DRG and
LOS and thus likely overcome this issue. Although there was a
disproportionate distribution by sex, results from the regres-
sion analysis (GLM) did not indicate any significant differ-
ences between males and females in the cost and LOS
outcomes. There was a drop in the number of patients recruited
for the ambulatory program in the second and third years
(n = 25) compared with first year (n = 25). Although this can be
largely ascribed to the discontinuity in funding a dedicated
nurse to help with patient recruitment after the first year, other
factors, such as patient and physician willingness, medical
concerns and psychosocial factors, could potentially also have
had an effect.15,16,24 In light of the substantial potential savings
in terms of costs and bed-days demonstrated in this study,
considerations to allocate resources to implement and support
the continuity of an ambulatory program to manage low-risk
FN patients is warranted.

Conclusions

The economic burden of hospitalisations related to FN is sig-
nificant. The management of low-risk patients through ambula-
tory or out-patient programs is a safe and effective approach.
Further, there has been consistent evidence to demonstrate the
likely cost savings. A national roll-out of an ambulatory program
acrossAustralia could result in up toA$62.7million cost averted
and 41 347 bed-days saved over 10 years if the LRprediction rate
and EA remained at the current rate.
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