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Febrile neutropenia and its associated hospitalization in breast
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Abstract

Purpose To compare febrile neutropenia (FN) incidence and hospitalization among breast cancer patients on docetaxel with no
granulocyte colony-stimulating factors (GCSF) primary prophylaxis (PP), 4/5-day PP, or 7-day PP.

Methods We identified 3916 breast cancer patients using docetaxel-cyclophosphamide (TC), doxorubicin-cyclophosphamide
then docetaxel (AC-T), fluorouracil-epirubicin-cyclophosphamide then docetaxel (FEC-T), docetaxel-carboplatin-trastuzumab
(TJH), or docetaxel-doxorubicin-cyclophosphamide (TAC) from a hospital pharmacy dispensing database in Hong Kong be-
tween 2014 and 2016. Patients were offered GCSF within 5 days since administering docetaxel. Outcomes included FN
incidence, time to first hospitalization, hospitalization rate, and duration.

Results In TC regimen, FN incidence (with odds ratio, OR) of patients with no PP, 4/5-day PP, and 7-day PP was 21.69%, 7.95%
(OR 0.31, p < 0.001), and 5.33% (OR 0.20, p < 0.001), respectively. In TJH regimen, FN incidence of patients with no PP, 4/5-
day PP, and 7-day PP was 38.26%, 8.33% (OR 0.15, p < 0.001), and 8.57% (OR 0.15, p < 0.001), respectively. FN incidence of
patients on AC-T regimen with no PP and 4/5-day PP was 20.93% and 6.84%, respectively (OR 0.28, p = 0.005); with FEC-T
regimen, the incidence was 9.91% and 4.77%, respectively (OR 0.46, p = 0.035). Only 3.27% FN cases were not hospitalized.
Mean (+standard deviation, SD) time to first hospitalization was 8.21 + 2.44 days. Mean (+SD) duration of hospitalization for
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patients with no PP, 4/5-day PP, and 7-day PP was 4.66 + 2.60, 4.37 +2.85, and 5.12 £ 2.97 days, respectively.
Conclusion GCSF prophylaxis in breast cancer patients on docetaxel could reduce FN incidence and hospitalization. 4/5-day PP
demonstrated similar efficacy to 7-day PP with superior saving benefits on healthcare expenditure.

Keywords Febrile neutropenia - Hospitalization - Breast cancer - Docetaxel - GCSF - Prophylaxis

Introduction

Febrile neutropenia is a common adverse drug reaction in
breast cancer patients on docetaxel [1-3]. Patients on regi-
mens including TC (docetaxel, cyclophosphamide), TJH (do-
cetaxel, carboplatin, trastuzumab), and TAC (docetaxel, cy-
clophosphamide, doxorubicin) are in high risk of febrile neu-
tropenia (> 20%) [2]. Risk of febrile neutropenia in AC-T
(doxorubicin, cyclophosphamide then docetaxel) and FEC-T
(fluorouracil, epirubicin, cyclophosphamide then docetaxel) is
intermediate (10-20%) [2]. Patient factors including advanced
age, higher cancer staging, poor performance status, and nu-
tritional status also increase risk of febrile neutropenia [3].

Prophylactic medications including antibiotics and granu-
locyte colony-stimulating factors (GCSF) can reduce risk of
febrile neutropenia. However, the use of antibiotics remains
controversial due to potential increase in bacterial resistance
and adverse effects [1, 4]. Administration of GCSF is more
common to reduce risk of febrile neutropenia. In TC regimen,
incidence of febrile neutropenia is only 1.2%—10.6% in pop-
ulation with GCSF [5-11]. The risk' of febrile neutropenia in
FEC-T and TJH regimens with primary GCSF prophylaxis is
also reduced to 5.3% and 9.7%, respectively [5, 9]. Incidence
of febrile neutropenia in TAC patients is 16.4% with GCSF
prophylaxis [12]. In patients aged > 65 years, GCSF prophy-
laxis could have a 4% absolute risk reduction [13]. In terms of
hospitalization due to febrile neutropenia, GCSF prophylaxis
reduces the risk by 5.1-5.8% [5].

However, the clinical outcome on GCSF varies among
studies due to different study design, recruitment criteria,
and types of GCSF used. The start date and duration of
GCSF were different among cohorts, and GCSF prophylaxis
was not offered to all cohorts. The selection criteria in offering
GCSF had not been mentioned in these studies. Most studies
adopted use of PEGylated GCSF, while some studies used
GCSF for evaluation. Correlation between duration of GCSF
prophylaxis versus incidence of febrile neutropenia and its
hospitalization outcomes was not evaluated. In Hong Kong,
different hospitals adopt different regimens of GCSF prophy-
laxis. Fixed duration of GCSF prophylaxis, either in 4/5 days
or 7 days, is often initiated within 5 days after chemotherapy

! According to Weycker et al., febrile neutropenia was defined as having a
diagnostic code of “fever,” “neutropenia,” or “infection,” which is different
from the definition of febrile neutropenia adopted in various international
guidelines [2, 3, 13].
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to reduce risk of febrile neutropenia. Some patients are not
given prophylactic GCSF, either due to patient preference or
local clinical policy. Consensus has not been reached on how
GCSF prophylaxis shall be given to offer the greatest protec-
tion against febrile neutropenia with the best utilization of
healthcare resources.

To bridge the study gap, this study aims at evaluating fe-
brile neutropenia outcomes retrospectively in breast cancer
patients on docetaxel. Outcomes are compared among patients
with no primary prophylaxis (PP), 4/5 days PP, and 7 days PP.
Primary outcome refers to the incidence of febrile neutrope-
nia. Secondary outcomes include (1) febrile neutropenia-
related hospitalization rate, (2) length of stay in hospital due
to febrile neutropenia, and (3) time to first hospitalization due
to febrile neutropenia.

Method
Study design and data source

This was a retrospective cohort study conducted in all public
hospitals in Hong Kong with the Department of Clinical
Oncology and Department of Pharmacy under the governance
of Hospital Authority (Research Ethics Committee Reference
Number: NTWC/CREC/17099). Cohorts on docetaxel-
containing regimens were identified through Query
Template System in Pharmacy Management System. A list
of patients who had a dispensing record of docetaxel in any
formulation was generated within the period from 1 January
2014 to 31 December 2016. Electronic patient record of each
patient was reviewed to identify cohorts fitting the enrollment
criteria below. Subjects with irretrievable electronic patient
records were excluded from analysis.

Study population

Patients who had started chemotherapy containing docetaxel
from 1 January 2014 to 31 December 2016 for the treatment of
breast cancer were included in the study. Docetaxel-
containing regimens used in treatment of breast cancer include
TC, TIH, AC-T, TAC, and FEC-T (Table 1). Patients were
excluded from study if they did not complete the regimen
according to standard treatment protocol as described in
Table 1. Patients aged > 18 years old who have been initiated
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Table 1 Standard treatment protocols of each docetaxel-containing regimens

Acronym Regimen and dosing schedule

TC Docetaxel 75 mg/m® IV over 1 hr + Cyclophosphamide 600 mg/m? IV Bolus every 3 weeks for 4 cycles (+ Trastuzumab if HER2 + *)

TIH Docetaxel 75 mg/m> IV over 1 hr + Carboplatin Target AUCx(CrCl +25) mg IV over 30 min every 3 weeks for 6 cycles + Trastuzumab®

AC-T Doxorubicin 60 mg/m? IV Bolus + Cyclophosphamide 600 mg/m? IV Bolus every 3 weeks for 4 cycles
THEN
Docetaxel 100 mg/m” IV over 1 hr every 3 weeks for 3 cycles (+ Trastuzumab if HER2 + *)

FEC-T

for 3 cycles
THEN

5-fluorouracil 500 mg/m? IV Bolus + Epirubicin 100 mg/m? IV full rate infusion + Cyclophosphamide 500 mg/m? IV Bolus every 3 weeks

Docetaxel 100 mg/m> IV over 1 hr every 3 weeks for 3 cycles (+ Trastuzumab if HER2 + *)

TAC Doxorubicin 50 mg/m?* IV Bolus + Cyclophosphamide 500 mg/m? IV Bolus + Docetaxel 75 mg/m* IV over 1 hr every 3 weeks for 6 cycles

*Trastuzumab loading dose 8 mg/kg IV over 90 min THEN 6 mg/kg IV over 60 min every 3 weeks for 2nd and 3rd dose THEN 6 mg/kg IV over 30 min

every 3 weeks for 15 more cycles if uneventful.
& Target AUC = 5-6 depending on institution

with docetaxel-containing chemotherapy regimens for treat-
ment of histologically proven breast cancer were enrolled.
Only subjects who have received (1) no PP, (2) 4/5-day PP,
or (3) 7-day PP within 5 days after administration of docetaxel
were included. Subjects with a history of receiving chemother-
apy and/or radiotherapy due to other cancer diagnosis prior to
the administration of docetaxel-containing regimen for breast
cancer were excluded from the analysis.

Data collection

Patient demographics including age, gender, regimen used,
history of receiving chemotherapy and/or radiotherapy due
to other cancer diagnosis, baseline disease burden including
TNM staging, ER/PR status, neoadjuvant/adjuvant chemo-
therapy, and performance status were documented.
Regarding the details of chemotherapy and its supportive care
protocol, for each docetaxel cycle the start date of chemother-
apy, start date of GCSF, duration of GCSF, adjustment of
dosage and treatment delay, if any, were also recorded. The
reason(s) for dosage adjustment and delay of treatment, if any,
were also documented. Regarding the clinical outcomes for
investigation, incidence of febrile neutropenia and its hospi-
talization per cohort were reported. If the patient had an epi-
sode of febrile neutropenia and hospitalized for further treat-
ment, time to first hospitalization due to febrile neutropenia
and length of hospitalization due to febrile neutropenia were
also recorded for further investigation.

Outcome measurement
Incidence of febrile neutropenia
Primary outcome was the incidence of febrile neutropenia

for each regimen. Febrile neutropenia is defined as a single
oral temperature of 38.3 °C or a temperature of > 38 "C

sustained for over an hour with concurrent neutropenia
proven in hematological report [2, 4]. Neutropenia is de-
fined as absolute neutrophil count (ANC) < 0.5 x 10°/L, or
< 1 x 10°/L which is anticipated to drop below 0.5 x 10°/L
within the next 48 hr [2, 4]. Febrile neutropenia occurring
21 days after the administration of docetaxel in the cycle
would not be evaluated.

Hospitalization outcomes related to febrile neutropenia

This study also evaluates (1) hospitalization rate due to febrile
neutropenia, (2) length of stay in hospital due to febrile neu-
tropenia, and (3) time to first hospitalization due to febrile
neutropenia as secondary outcomes. Hospitalization refers to
the admission of patient into hospital causing at least 1 day of
residence in a non-day-ward setting. Only admissions corre-
sponding to febrile neutropenia as primary or secondary diag-
nosis during hospitalization within 21 days since administra-
tion of docetaxel were counted.

Statistical analysis

SPSS Statistics (IBM Corp. Released 2017. IBM SPSS
Statistics for Windows, Version 25.0. Armonk, NY: IBM
Corp.) was used to perform data collection and statistics
analysis. Chi-squared test was used to examine the differ-
ence in incidence of febrile neutropenia between patients
with different GCSF prophylaxis regimens. Number need-
ed to treat (NNT) analysis was carried out to evaluate the
clinical impact of GCSF protocol. Independent samples t-
test was adopted for febrile neutropenia hospitalization
outcomes including duration and time to first hospitaliza-
tion. P values < 0.05 were considered statistically
significant.
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Results

Patient characteristics

Among 3916 patients with breast cancer on docetaxel-
containing regimens enrolled in the study, only 2518 cases
met the inclusion criteria of the study (Fig. 1). A number of
patients receiving no PP, 4/5-day PP, and 7-day PP were 352
(13.98%), 1400 (55.60%), and 766 (30.42%), respectively.

Excluded cohorts with actual administration of Excluded cohorts without complete medical
Docetaxel outside study period: n=54

Fig. 1 Enrollment of patients in the study.
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Baseline characteristics of study population were shown in
Table 2. The mean age (+standard deviation, SD) of subjects
recruited was 53.62 +9.12 years old. The mean age of patients
on TC with no PP (51.38 £ 10.95 years) was lower than those
on 4/5-day PP (54.16 £ 9.48 years, p = 0.031) and 7-day PP
(54.23 + 9.36 years, p = 0.036). In other treatment arms, the
mean age of subjects did not differ significantly. Only four
cases were male in the study. Tumors were mainly in Stage
11 (52.90%) and III (28.51%). Regimens including TJH, FEC-

Number of CA Breast Cohorts with
Dispensing History of Docetaxel

N=23916

«1>

\ 4

record retrieved: n=357

Number of CA Breast Cohorts with
Complete Dispensing History of
Docetaxel within Study Period

N = 3505

Excluded cohorts with prior use of
—» chemotherapy / radiotherapy for a diagnosis
of histologically proven cancer: n=132

\ 4

Number of First-diagnosed CA Breast
Cohorts Treated with Docetaxel

N = 3373

> Excluded cohorts completing a regimen with
docetaxel not enlisted : n=369

\ 4

Number of First-diagnosed CA Breast
Cohorts Treated with enrolled
Docetaxel-containing chemotherapy

N = 3004

L Excluded cohorts with PP not meeting criteria in
at least one cycle of docetaxel: n=486

Y

Number of First-diagnosed CA Breast
Cohorts Treated with enrolled

e N=2518
Docetaxel-containing chemotherapy
with no PP / 4/5-day PP / 7-day PP
Y 4 Y Y A
TC TJH FEC-T AC-T TAC
n = 855 n =257 n =925 n =372 n=109
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Due to Dueto Due to
low

Due to
low
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>65

45-54  55-64

18-44

Mean +
SD

patients

prophylaxis

other

other

reasons ANC reasons

ANC

(10.1%)
32

(0.8%)
10

(15.8%)

65

(75.5%) (14.6%) (3.4%)

569

0.7%) (0.1%) (87.9%)

(16.1%) (37.8%) (33.8%) (12.4%) (18.4%) (53.9%) (27%)

122

(55.6%)
766

35

700

277 88 142 399 221

279

53.6+9.3

7-day PP

42%)

(1.3%)

(8.5%)

(4.6%)

(74.3%) (0.5%)

(15.9%) (36.4%) (36.2%) (11.5%) (18.5%) (52.1%) (28.9%) (0.5%) (0.3%) (91.4%)

(30.4%)

TC, docetaxel + cyclophosphamide; 7JH, docetaxel + carboplatin + trastuzumab; FEC-T, 5-fluorouracil + epirubicin + cyclophosphamide then docetaxel; AC-7, doxorubicin + cyclophosphamide then

docetaxel; TAC, docetaxel + doxorubicin + cyclophosphamide; PP, primary prophylaxis; SD, standard deviation; PS, performance status; ANC, absolute neutrophil count

% Round up/down to 1 decimal place. Due to rounding, column percentage may add up to 100% + 1%

T, AC-T, and TAC were mainly used in Stage II and III cases,
whereas TC regimen was mainly reserved for Stage I and I
cases. There were 15 patients (0.60%) with metastatic tumor
upon the start of docetaxel treatment. The need of neoadjuvant
chemotherapy did not differ among patients on TC and TJH
regimen. More patients on AC-T regimen with 7-day PP
(58.95%) had surgery prior to chemotherapy than those with
no PP (16.28%) and 4/5-day PP (42.74%). Except 11 patients
on FEC-T with 4/5-day PP who received neoadjuvant chemo-
therapy, all other patients on FEC-T had surgery prior to
chemotherapy.

More patients on 4/5-day PP had a performance status > 2
during treatment of docetaxel (TC, 15.34%; TJH, 12.5%;
FEC-T, 15.02%; AC-T, 12.82%) than patients with no PP
(TC, 0%; TIH. 4.35%; FEC-T, 0.9%; AC-T, 2.33%) and 7-
day PP (TC, 0.41%; TJH, 1.43%; FEC-T, 0%; AC-T, 2.11%).
In FEC-T regimen, patients with 4/5-day PP were more likely
to receive dosage adjustment of docetaxel (13.96%) than those
with no PP (6.31%) and 7-day PP (4.84%). However, a num-
ber of cases with dosage adjustment due to low ANC did not
significantly differ among other GCSF prophylaxis protocols.
In other regimens including TC, TJH, and AC-T, difference in
number of cases having dosage adjustment among other
GCSF prophylaxis protocols was not significant. In TJH reg-
imen, patients on 7-day PP (27.14%) were more likely to
experience treatment delay than patients with no PP (8.7%)
or 4/5-day PP (25%). But in TC and FEC-T regimens, more
patients on 4/5-day PP required treatment delay in at least one
cycle of chemotherapy (TC, 17.23%; FEC-T, 21.02%) than
patients with no PP (TC, 6.02%; FEC-T, 4.50%) or 7-day PP
(TC, 9.43%; FEC-T, 10.48%). In FEC-T regimen, more pa-
tients with 4/5-day PP experienced cycle delay due to low
ANC (5.65%) than patients with no PP (0%) or 7-day PP
(4.44%). The difference in number of cases with treatment
delay among different GCSF prophylaxis protocols was not
significant in patients on AC-T.

Incidence of febrile neutropenia and NNT analysis

Febrile neutropenic outcomes were shown in Table 3. In TC
regimen, incidence of febrile neutropenia (with odds ratio,
OR) of patients with no PP, 4/5-day PP, and 7-day PP are
21.69%, 7.95% (OR 0.31, 95% Confidence Interval (CI):
0.17-0.57, p < 0.001), and 5.33% (OR 0.20, 95% CI: 0.09-
0.44, p < 0.001), respectively. Patients with 7-day PP had a
slightly lower risk of febrile neutropenia than those with 4/5-
day PP (OR: 0.65, 95% CI: 0.34-1.24, p = 0.19). Treating
seven patients (95% CI: 4-22) with 4/5-day PP or six patients
(95% CI: 4-14) with 7-day PP could prevent a case of febrile
neutropenia. In TJH regimen, incidence of febrile neutropenia
in patients with no PP, 4/5-day PP, and 7-day PP is 38.26%,
8.33% (OR 0.15, 95% CI: 0.06-0.37, p < 0.001), and 8.57%
(OR 0.15, 95% CI: 0.06-0.38, p < 0.001), respectively.
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Treating three patients, either with 4/5-day (95% CI: 2-5) or
7-day PP (95% CI: 2-5), could prevent a case of febrile
neutropenia.

In AC-T regimen, incidence of febrile neutropenia in pa-
tients with no PP, 4/5-day PP, and 7-day PP were 20.93%,
6.84% (OR 0.28, 95% CI: 0.11-0.68, p = 0.005), and
16.84% (OR: 0.77, 95% CI: 0.31-1.90, p = 0.564), respec-
tively. Treating seven patients with 4/5-day PP (95% CI: 4—
66) could prevent a case of febrile neutropenia. The risk for
patients on 4/5-day PP was lower than those on 7-day PP (OR:
2.76, 95% CI: 1.32-5.78, p = 0.007). In FEC-T regimen, in-
cidence of febrile neutropenia in patients with no PP, 4/5-day
PP, and 7-day PP were 9.91%, 4.77% (OR 0.46, 95% CI:
0.22-0.95, p = 0.035), and 7.26% (OR: 0.71, 95% CI: 0.32—
1.56, p = 0.396), respectively. In FEC-T and AC-T regimen,
febrile neutropenia incidence was not statistically different
among patients with no PP and 7-day PP.

Febrile neutropenia-related hospitalization outcomes

Hospitalization rate of febrile neutropenia was 96.73%. In
patients with no PP, 4/5-day PP, and 7-day PP, the mean
(+£SD) time to first hospitalization due to febrile neutropenia
since administration of docetaxel were 9.37 + 2.39 days, 7.64
+ 2.34 days (p < 0.001), and 7.63 £ 2.15 days (p < 0.001),
respectively. However, some chemotherapy regimens showed
a different trend. In FEC-T regimen, the mean (£SD) time to
first hospitalization for patients on 4/5-day PP, no PP, and 7-
day PP were 6.74 + 1.41 days, 8.82 + 3.84 days (p = 0.042),
and 7.82 + 1.81 days (p = 0.013), respectively. In TC regimen,
the mean (£SD) time to first hospitalization for patients with
no PP, 4/5-day, PP and 7-day PP were 9.76 +2.46 days, 8.08 +
2.48 days (p = 0.026), and 6.77 + 1.17 days (p < .001), re-
spectively. In TJH and AC-T regimens, time to first hospital-
ization for different GCSF prophylaxis protocols did not differ
from each other. For patients with no PP, 4/5-day PP, and 7-
day PP, the mean (£SD) duration of hospitalization due to
febrile neutropenia were 4.66 + 2.60 days, 4.37 & 2.85 days,
and 5.12 + 2.97 days, respectively. The difference was not
statistically significant.

Discussion

Addition of taxanes in anthracyclines treatment is com-
mon for breast cancer patients due to its superiority in
disease-free and overall survival [14]. Our institution re-
serves doxorubicin-based regimen in advanced breast can-
cer cases and FEC-T regimen in nodal-positive cases.
Despite risk of febrile neutropenia that is intermediate
(10-20%), our study showed that incidence of febrile neu-
tropenia in subsequent docetaxel cycles of AC-T is > 20%
[2]. The elevated risk in this study could be explained by

@ Springer

having more cases on AC-T in advanced stage with great-
er underlying disease burden [3]. Benefit in administering
7-day PP to AC-T and FEC-T patients was modest when
comparing to patients with no GCSF prophylaxis.
However, prescribers would lengthen the duration of
GCSF in cycles of docetaxel if patients encountered grade
4 neutropenia in previous cycles of AC or FEC. This
could lead to a difference in underlying patient demo-
graphics during case recruitment. Administering primary
GCSF prophylaxis to patients on AC-T and FEC-T was
more beneficial than not offering GCSF prophylaxis, al-
beit requiring further investigation in prioritizing 4/5-day
PP versus 7-day PP. Despite offering 7-day PP to patients
on TAC regimen, incidence of febrile neutropenia
remained 14.68%, showing that GCSF prophylaxis pre-
scribed in TAC is essential for prevention. Taxane, in
combination with cyclophosphamide instead of an
anthracycline, is commonly used in early stage breast can-
cer cases. The adverse events, disease-free survival, and
overall survival in TC were similar to AC-T, but the risk
of cardiotoxicity is much lower in TC [15]. Despite risk
of febrile neutropenia in patients on TC and TJH regimens
that is high, it could be reduced through administration of
GCSF [2]. Treating only three patients on TJH regimen
with 4/5-day or 7-day PP could already prevent a case of
febrile neutropenia. Administering 4/5-day or 7-day PP to
seven or six patients on TC regimen, respectively, could
also avoid a case. In terms of febrile neutropenia inci-
dence, difference between patients on 4/5-day PP and 7-
day PP was not significant. Limited studies evaluated the
clinical impact for duration of GCSF in breast cancer pa-
tients. In general, the need of inpatient care for
chemotherapy-induced neutropenic complications reduced
when the duration of GCSF prophylaxis increased [16].
Weycker et al. stated that breast cancer patients had a
greater risk of hospitalization for neutropenia if they were
given a shorter course of GCSF in cycle 1 [17]. However,
only 13.1% cases were on docetaxel-containing regimens.
In the study these cases were not stratified for subgroup
analysis. In fact, most studies did not clearly define the
protocol of GCSF used among cohorts [18]. Structured
comparison on neutropenic outcomes between different
GCSF protocols was thus limited.

Immediate admission to hospital is the standard of care
in managing patients with febrile neutropenia in Hong
Kong unless patient refused hospitalization.
Hospitalization due to fever contributed to 10.7% of cases
admitted to an oncology ward in an Italian study [19].
These admissions were not scheduled, and duration of
stay in hospital could be long [19]. Hospitalization also
caused decrease in quality of life in patients who were
already suffering from underlying disease burden and oth-
er adverse drug reactions. Although administration of
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GCSF did not alter the pattern of febrile neutropenic hos-
pitalization including time to first hospitalization and
length of stay in hospital, incidence of febrile neutropenia
was largely reduced. This directly reduced the population
requiring hospitalization due to febrile neutropenia.
Through offering primary prophylaxis of neutropenic fe-
ver in an ambulatory care setting, patients require less
admissions throughout treatment. Quality of life during
disease management could thus be maintained. Bed occu-
pancy due to emergency admission could also be reduced.
The quality of inpatient care service could be enhanced
due to a smaller bed-to-nurse ratio. Inpatient resources
could thus be reserved for patients with more severe ill-
ness including sepsis or in advanced stage of cancer.

The transition of neutropenic fever from tertiary care
management of disease to primary care prevention offered
large economic benefits to the healthcare system (Figure
2). Injection of GCSF in Hong Kong is mostly handled by
General Out-patient Clinics (GOPC). The healthcare ex-
penditure on administering GCSF requires nursing fee
(USD12.85 per visit) and cost of GCSF (USD7 per injec-
tion) (Table 4) [20]. For those cases clinically documented
with an episode of febrile neutropenia, all patients
attended Accident and Emergency Unit for assessment.
Either patients were admitted to hospital and stayed for
a certain period of time or not admitted to hospital due to
various reasons. The costs of hospitalization per day and
Accident and Emergency Unit attendance are USD653.8
and USD157.7, respectively (Table 4) [20]. The probabil-
ity of hospitalization and length of stay in hospital for
each regimen were shown in Table 3. The following as-
sumptions were made: (1) GCSF were funded by public
healthcare system, (2) all patients required GCSF injec-
tions in GOPC in every cycle of chemotherapy, and (3) all
hospitalized patients were only managed in general wards
with no intensive care unit service needed.

The comparison on direct medical cost of healthcare
utilization largely favored the use of 4/5-day PP in TC,
TJH, and AC-T regimens (Table 5). For each patient on
TC, TJH, and AC-T regimen receiving 4/5-day PP, the
mean expected direct medical cost in managing febrile
neutropenia is USD90.7, USD376.7, and USD241.7 per

Hospitalized —d

Neutropenic Fever

GCSF e
GCSF 4/5-Day PP Not Hospitalized —d

GCSF 7.0, e

No Neutropenic Fever <

Fig. 2 Model for febrile neutropenia outcomes and healthcare
expenditure.

patient less than those without GCSF prophylaxis, respec-
tively. The main reason for the cost reduction is a signif-
icant drop in febrile neutropenia incidence, leading to a
decrease in healthcare resources utilization due to febrile
neutropenia. Despite administering 4/5-day PP requires
additional cost of GCSF and nursing fee, extra healthcare
expenditure required is modest. The savings in healthcare
expenditure is especially significant in patients on TJH
regimen due to a higher febrile neutropenia incidence,
causing greater management expenditure. Giving 4/5-day
PP to patients on FEC-T regimen does not provide
healthcare expenditure savings when comparing to pa-
tients with no prophylaxis. However, quality of life in
these patients was enhanced due to a reduced need of
hospitalization. Administering 4/5-day PP to patients on
FEC-T is still recommended. Administering 7-day PP re-
quires extra healthcare expenditure with modest benefit in
reducing the incidence of febrile neutropenia; thus giving
4/5-day PP to patients on docetaxel is preferred over 7-
day PP.

Limitations

First, patients were excluded from the study if their GCSF
regimens had been adjusted during treatment, either due to
neutropenia in previous cycles or adverse drug reactions in-
cluding bone pain. Thus, results could only reflect the inci-
dence of febrile neutropenia in patients who could follow and
complete the GCSF regimen throughout the treatment. Also,
physicians may offer a lengthened GCSF prophylaxis regimen
to high-risk cases. Some lower-risk cases are allowed to omit
GCSF prophylaxis if patient refuses. Patients may also have a
choice to omit GCSF prophylaxis if GCSF was not funded by
the public healthcare system. Moreover, cases on FEC-T and
AC-T may have an episode of neutropenia in previous cycles.
Duration of GCSF prophylaxis is often lengthened to 7 days
by prescribers when these cases receive docetaxel. An intrin-
sically uneven distribution of higher-risk cohorts in the group
with longer GCSF prophylaxis administered is resulted.
Demographics documented in electronic patient record were
not complete. Information including use of antibiotics for fe-
brile neutropenia prophylaxis, comorbidities, liver, and renal
function could not be retrieved readily. We also assumed that
performance status was < 2 if not specified in clinical notes.
Risk stratification of cases for further analysis became not
feasible. Moreover, higher risk patients who had been
succumbed for over 1 year before data collection were not
retrievable from electronic patient record. Patients with higher
disease burden may not be included in this study.

The calculation on economic benefits was based on
the charging fee to ineligible persons not entitled to
local medical welfare [20]. The fee represents an aver-
age daily hospitalization cost which is not specifically
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Table 4  Direct cost inputs in model

Cost (USD) Reference
HCR utilization
Accident and emergency Unit (per attendance) 157.7 [20]
Hospitalization (general ward, per day) 653.8 [20]
Primary prophylaxis
GCSF (per injection) 7 /
Nursing fee for injection in GOPC (per attendance) 12.85 [20]

Abbreviations: GOPC, General Out-patient Clinic; GCSF, granulocyte colony-stimulating factors; HCR, healthcare resources; USD, US dollar

calculated for febrile neutropenia patients. As a result,
calculations may not truly reflect the cost on healthcare
system. Moreover, ineligible patients for hospital-funded
docetaxel injection are required to purchase GCSF as
self-financed item. The calculation assumed all GCSF
cases were funded by hospital and injected by nurse
in GOPCs. As a result, GCSF administration cost was
overestimated. Despite having an overestimated cost of
GCSF administration and a potentially undercalculated
hospitalization expenditure, the outcome still favored
use of GCSF prophylaxis, showing that the actual eco-
nomic benefit of giving GCSF prophylaxis could be
even larger.

Conclusion

The use of GCSF prophylaxis reduced risk of febrile
neutropenia in docetaxel-containing regimens for treat-
ment of breast cancer. Offering 4/5-day PP to patients
demonstrated similar efficacy to 7-day PP with superior
saving benefits on healthcare expenditure. However, 7-
day PP administered in cycles of docetaxel could not
further reduce febrile neutropenia incidence and alter
hospitalization outcomes. Utility and economic analysis
could be explored for evaluating the association between
primary GCSF prophylaxis and febrile neutropenia hos-
pitalization outcomes toward public healthcare system.

Table 5 Comparison on expected direct medical cost associated with febrile neutropenia
Primary GCSF Cost of GCSF per Cost of nursing fee in GCSF Mean cost of HCR utilization due Expected cost per patient in
prophylaxis patient (USD) administration (USD) to FN (USD) managing FN
Total mean +/- versus
Cost (USD) 0-Day PP
(USD)
TC
0-Day PP 0.0 0.0 640.8 640.8 Ref.
4/5-Day PP 126.0 230.8 193.3 550.1 -90.7
7-Day PP 196.0 359.0 163.8 718.8 78.0
TJH
0-Day PP 0.0 0.0 1,152.0 1,152.0 Ref.
4/5-Day PP 189.0 346.2 240.2 775.3 —376.7
7-Day PP 294.0 538.5 349.8 1,182.2 30.3
AC-T
0-Day PP 0.0 0.0 793.9 793.9 Ref.
4/5-Day PP 126.0 230.8 195.4 552.2 —241.7
7-Day PP 196.0 359.0 632.6 1,187.6 393.7
FEC-T
0-Day PP 0.0 0.0 304.3 304.3 Ref.
4/5-Day PP 94.5 173.1 169.5 437.1 132.8
7-Day PP 147.0 269.2 179.0 595.2 290.9

Abbreviations: TC, docetaxel + cyclophosphamide; TJH, docetaxel + carboplatin + trastuzumab; FEC-T, 5-fluorouracil + epirubicin + cyclophospha-
mide then docetaxel; AC-T, doxorubicin + cyclophosphamide then docetaxel; PP, Primary Prophylaxis; FN, Febrile Neutropenia; GCSF, granulocyte

colony-stimulating factors; HCR, healthcare resources; USD, US dollar
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