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Managing myelotoxicities of breast cancer chemotherapies:
what is the role for G-CSF?
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The treatment of breast cancer with chemotherapy frequently causes myelotoxicity,

particularly neutropenia. Although sometimes asymptomatic, this can cause significant

toxicity to the patient, and lead to difficulty in delivering the planned, optimal doses of

treatment. Administration of reduced dose-intensity chemotherapy compromises treat-

ment efficacy and may negatively impact outcomes, such as survival. Furthermore, febrile

neutropenia (FN), a complication of neutropenia that can occur in the first or subsequent

cycles of chemotherapy, often needs in-patient treatment (increasing the burden on health-

care resources) and can be life-threatening. Prevention of FN, its complications and main-

tenance of the delivery of full-dose standard and dose-dense chemotherapy regimens are

therefore essential, and can be achieved with granulocyte colony-stimulating factor (G-

CSF) administration. The use of antibiotic prophylaxis may not be as efficient as G-CSF for

preventing FN and is not widely recommended. This article explores the role of G-CSF in

managing chemotherapy-induced neutropenia in breast cancer.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Chemotherapy targets rapidly proliferating cells so it is not
surprising that myelotoxicity is a side effect of treatment. For
many cytotoxic agents, bone marrow suppression was one of
the toxicities that defined the maximum clinically deliver-
able doses. The myelotoxic effects of chemotherapy include
neutropenia, anaemia and thrombocytopenia. Of these, neu-
tropenia is the most common.

Despite the problems associated with neutropenia, its
occurrence may indicate that chemotherapy is working ef-
fectively. In an audit of breast cancer patients treated in the
South-East of Scotland with adjuvant CMF (cyclophospha-
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mide, methotrexate, 5-fluorouracil) between 1984 and 1998,
those with grade 2 or 3 neutropenia had an improvement
in overall survival (OS) of approximately 10% compared with
patients who had grade 0, 1 or 4 neutropenia (overall 5-
year survival: 82% [grade 2 or 3] and 68% [grades 0, 1, and
4]; P < 0.0001) (Fig. 1).1 Similar data have been reported
from other studies of chemotherapy delivery, for example in
Canada and Finland.2,3

However, neutropenia and associated events are a com-
mon cause of chemotherapy dose reductions or dose delays
resulting in suboptimal therapy and compromised patient
outcomes. This article will focus on the incidence and con-
sequences of neutropenic events in breast cancer patients. In
addition, the roles for granulocyte colony-stimulating factor
(G-CSF) and/or antibiotic prophylaxis in the management of
neutropenia, as a means to enable delivery of the planned
chemotherapy dose, will be addressed.
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Fig. 1 – Effect of neutropenia on adjuvant CMF
(cyclophosphamide, methotrexate, 5-fluorouracil).1

Reprinted by permission from Macmillan Publishers Ltd:
[British Journal of Cancer] (2003;89:1387–42), (© 2003 Cancer
Research UK).

2. Incidence of neutropenia and febrile
neutropenia in breast cancer patients

The true incidence of neutropenia is not known, since the
nadir of the absolute neutrophil count is not routinely mea-
sured in either clinical practice or trials. Its incidence varies
depending on the type and schedule of chemotherapy reg-
imen used,4 occurring most often with taxane-based regi-
mens (those including docetaxel or paclitaxel).

In patients receiving CMF (n = 302)5 or the anthracycline-
based regimen FEC (5-fluorouracil, epirubicin and cyclophos-
phamide) (n = 996),6 the incidences of grade 3/4 neutrope-
nia have been reported as 1.8% and 20%, respectively. With
doxorubicin and paclitaxel combination therapy7 or a com-
bination of carboplatin and paclitaxel8 incidences of neu-

Table 1 – Myelotoxicity of common chemotherapy regimens in breast cancer

Regimen Incidence of grade 3/4 toxicity (%)

Neutropenia Anaemia Thrombocytopenia

AC17 81 NR 8
AC → T (paclitaxel)18 12 0 0
AC → T (docetaxel)19 88 NR 0
AT (docetaxel)20 13 1.4 1.4
AT (paclitaxel)17 89 NR 7
A → T (docetaxel)20 11 1.3 2.6
A/Vinorelbine21 87 7 2
Capecitabine/docetaxel22 16 <5 <5
CMF23 60 NR 3.7
EC24 78 51 33
FAC25 65 7 3
FEC 5026 11 0 NR
FEC 10026 25 0.8 NR
T (docetaxel)22 15 <5 <5
T (docetaxel) → AC19 100 NR 0

Abbreviations: A, doxorubicin; C, cyclophosphamide; E, epirubicin; F, fluorouracil; M, methotrexate; T, taxane (docetaxel or paclitaxel); NR, not
reported.

tropenia as high as 79% and 82%, respectively, have been
observed.

Febrile neutropenia (FN) is a serious consequence of neu-
tropenia. FN is usually defined as a single oral temperature
of ≥38.5°C or a temperature of ≥38.0°C for ≥1 h, and a
neutrophil count of <500 cells/mm3, or a count of <1000
cells/mm3 with a predicted decrease to <500 cells/mm3.9

Thus, the risk of FN depends on the depth and dura-
tion of neutropenia.10 For breast cancer chemotherapy reg-
imens, reported incidences of FN were 4% with CAF (cyclo-
phosphamide, doxorubicin, 5-fluorouracil),7 14% with FEC
(500 mg/m2, 100 mg/m2, 500 mg/m2) followed by doc-
etaxel (75 mg/m2),11 24.7% with TAC (docetaxel, doxorubicin,
cyclophosphamide)12 and 38% with docetaxel (100 mg/m2)
alone.13 In a prospective, observational, European study of
breast cancer therapies in the adjuvant/neoadjuvant set-
ting (anthracycline-based 76%; anthracycline- and taxane-
containing 19%; CMF-based 5%), the overall FN rate was
approximately 5%.14

A comprehensive list of the FN risk (proportion of pa-
tients with FN in published trials) associated with common
chemotherapy regimens for breast cancer is provided in the
recent European Organisation for Research and Treatment
of Cancer (EORTC) guidelines for G-CSF use.4 The risk of FN
also varies depending on the chemotherapy cycle, with more
than 50% of initial FN episodes occurring in the first cycle.
For example, in breast cancer patients, the proportion of
initial episodes of FN was 58% in cycle 1.15

Neutropenic ‘events’ such as FN occur regularly and have
been more consistently reported in studies than the over-
all incidence of neutropenia. FN results in morbidity and
can be life-threatening.6,16 Other myelotoxicities, anaemia
and thrombocytopenia, occur at a much lower incidence
than neutropenia and their associated complications are
less frequent and usually less serious. Table 1 compares
the myelotoxicity of some commonly used breast cancer
chemotherapy regimens.17–26
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3. Consequences of neutropenia and
associated events

Neutropenia-associated events can have significant conse-
quences. FN can necessitate chemotherapy dose delays or
dose reductions.27,28 These events are associated with sub-
optimal patient outcomes.29,30 Furthermore, neutropenia-
associated events can increase the burden on healthcare
resources.9,16,31

An audit between 1997 and 1999 of patients (n = 422)
treated in the UK for primary breast cancer receiving adju-
vant chemotherapy assessed the incidence of neutropenic
events and their impact on clinical practice.28 A neutropenic
event was defined as hospitalisation due to FN, or a dose
delay of ≥1 week and/or dose reduction of ≥15% due to neu-
tropenia. Neutropenic events had a significant impact on the
ability to deliver scheduled chemotherapy dose intensity (i.e.
relative dose intensity [RDI]). Of the neutropenic patients,
only 40% of 64 subjects receiving CMF and 32% of 44 pa-
tients on anthracycline-based regimens did not receive ≥85%
of their planned RDI. With CMF-based regimens, the over-
all incidence of subjects with neutropenic events was 29%,
and dose delays due to neutropenia accounted for 23% of
these events.28 The incidences of dose reduction and hospi-
talisation with CMF were 8% and 5%, respectively. Similarly,
anthracycline-based regimens resulted in an overall inci-
dence of 28% for neutropenic events. Neutropenia-induced
dose delay occurred in 21% of patients, while 8.5% and 5.5%
of patients were hospitalised or experienced dose reduction,
respectively.28 In this audit, the rate of hospitalisation for
CMF-based regimens (range 1–8%) was generally lower than
that for anthracycline-based regimens (0–29%) and tended
to reflect the use of dose delays and/or dose reductions to
manage FN.28

In a study examining variations in chemotherapy use and
delivery and the incidence of complications in community
practice settings, 45% of early-stage breast cancer patients
(n = 1111) receiving adjuvant chemotherapy experienced at
least one dose delay or dose reduction.27 Most of these de-
lays (58%) and reductions (53%) were neutropenia-related.27

There has been a tradition for some oncologists to re-
duce chemotherapy doses to avoid neutropenia. However,
this practice is misguided and non-scientific,32 since sev-
eral studies that have looked at the consequences for pa-
tients receiving less than the planned regimen dose of
chemotherapy have reported poorer outcomes for such pa-
tients. In a 30-year follow up of breast cancer patients
(n = 386) treated with adjuvant CMF (n = 207), patients
who received optimal doses of chemotherapy (≥85% of the
planned dose) had the best long-term survival at 28.5 years
(relapse-free survival [RFS] 42%; OS 40%) compared with
those who received <85% planned dose (RFS 26%; OS 21%).29

Similarly, a 9-year follow-up by the Cancer and Leukemia
Group B demonstrated superior disease-free survival (DFS)
OS for patients with breast cancer (n = 1550) who received
moderate- or high-dose CAF chemotherapy compared with
those who received a low-dose regimen (P < 0.0001 and
P = 0.004, respectively).33 In this trial the 5-year survival
rates (95% confidence interval [CI]) for the low-, moderate-
and high-dose groups, respectively, were as follows: OS: 72%

(68–75%), 77% (74–81%), 78% (75–82%); DFS: 56% (51–60%),
61% (57–65%), 66% (62–70%).33 Recently, Chirivella et al. re-
ported that dose delays or reductions significantly decreased
the 10-year survival rates in early-stage breast cancer pa-
tients (n = 1056) receiving anthracycline non-taxane-based
chemotherapy.30 The event-free survival rates were 75.8%
and 59.3% for patients who received ≥95% RDI or <95% RDI,
respectively. With regards to OS, the rates were 84.2% (≥95%
RDI) and 73.9%, respectively.30 Furthermore, a Swedish study
that aimed to increase the dose of adjuvant FEC chemo-
therapy in order to deliver a pre-defined level of neutropenia
found this approach to give better survival than high-dose
chemotherapy.34

Studies have shown that FN accounts for a large propor-
tion of healthcare expenditure and hospitalisations in breast
cancer patients receiving adjuvant chemotherapy.31 In a US-
based multicentre study of 41,779 cancer patients hospi-
talised with FN, overall (i.e. all patients) in-hospital mortality
was 9.5% (± 0.3% 95% CI)16; although specifically in breast
cancer (early and metastatic) patients the in-hospital mor-
tality due to FN was 3.6 ± 0.7%.16 In the National Epirubicin
Adjuvant Trial (NEAT), in which 1009 patients were treated
with epirubicin + CMF and 1012 patients received CMF, there
were only 18 chemotherapy-related deaths and only 8 of
these (four in each group) were due to neutropenic sepsis.35

In the Kuderer et al. analysis, the mean and median length
of stay for all FN-related hospitalisations were 11.5 days and
6 days, respectively.16 Furthermore, 35% of cases involved
hospitalisation for ≥10 days, accounting for 78% of overall
hospital costs. The mean and median costs of hospitalisa-
tion were $19,110 and $8,376, respectively, placing a large
burden on healthcare resources. European costs are more
difficult to estimate, but one study from Edinburgh has sug-
gested that each episode costs the NHS between £1500 and
£3776 (Personal communication: Heather Dalrymple, WGH
Pharmacy, Edinburgh).36

4. Management of neutropenia

If chemotherapy-induced neutropenia is indicative for a sur-
vival benefit, but in itself results in toxicity and possible
death, how can we maintain the efficacy whilst reducing the
morbidity and mortality associated with adjuvant chemo-
therapy? The answer seems to be by ensuring dose delivery
on time (or even increasing dose intensity) to maintain the
anti-cancer effects, and reducing the toxicity on the bone
marrow.

4.1. Role of prophylactic G-CSF

4.1.1. Guidelines for use of G-CSFs
The likelihood of developing myelotoxicity, and its sever-

ity, is dependent on the chemotherapy regimen used and
individual patient risk factors. FN risk associated with dif-
ferent regimens and guidelines for the appropriate use of
G-CSFs are detailed in the EORTC G-CSF guidelines.4

EORTC guidelines recommend prophylactic G-CSF if the
overall FN risk of a particular regimen is ≥20%. For regi-
mens with a 10–20% FN risk, patient risk factors must also
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be assessed and prophylactic G-CSF used as appropriate. A
major patient-related factor that affects FN risk is age, with
patients ≥65 years having an increased FN risk. Other fac-
tors include poor performance status, advanced disease or a
previous episode of FN.

The guidelines also state that G-CSF use should be gov-
erned by the intent of chemotherapy, whether it is curative,
for prolongation of survival or palliation. If a decrease in
the RDI or dose density of a chemotherapy regimen com-
promises survival, the guidelines recommend that primary
prophylaxis with G-CSF should be given to maintain ap-
propriate dosing levels. In other cases where survival is not
affected by the treatment delivery, an alternative, less myelo-
suppressive regimen or dose modification should be consid-
ered. Interestingly, the EORTC guidelines are very similar to
those of the American Society of Clinical Oncology37 and the
National Comprehensive Cancer Network,38 indicating the
consistency of the available published data.

The choice of G-CSF formulation (filgrastim [Neupogen®],
lenograstim [Granocyte®] or pegfilgrastim [Neulasta®] was
not specified in the EORTC guidelines, since they are all ef-
ficacious for the prevention of FN and its complications.4

However, recent studies have highlighted that there may be
added benefits for patients receiving pegfilgrastim compared
to daily dosing G-CSFs. Pegfilgrastim is at least as effective
as filgrastim but has a sustained duration of action allowing
once per cycle dosing.39 This less frequent dosing schedule
is believed to reduce the burden of numerous medical visits
for the patient, which may have an impact on compliance
and quality of life.39 In breast cancer patients receiving do-
cetaxel, the first- and subsequent-cycle use of pegfilgrastim
significantly reduced the incidence of FN (1%) compared with
placebo control (17%; P < 0.001; difference between percent-
ages = –15.5, 95% CI = –19.0, –11.9).40 Similarly, pegfilgrastim
reduced the FN incidence (6%) compared with daily G-CSF
(17%; P < 0.001) in breast cancer patients treated with TAC.41

4.1.2. Use of G-CSFs for elderly patients
The administration of standard chemotherapy in elderly

and frail patients remains particularly difficult, not only be-
cause of diminished marrow reserves leading to increased
toxicity, but also because of the presence of comorbidities.42

Often, there is a defeatist attitude towards chemotherapy
in such patients. Consequently, these individuals may not
receive curative regimens or maximal doses because the
risk of ensuing toxicities is considered too great. A review
of studies in elderly patients with breast cancer concluded
that otherwise healthy patients can and should receive the
same standard adjuvant chemotherapy as younger patients
and that G-CSF prophylaxis to ameliorate chemotherapy-
induced neutropenia helps to maintain total dose and op-
timal RDI.43 Furthermore, prophylactic use of G-CSFs in el-
derly patients enabled the administration of planned doses
of chemotherapy at the scheduled time.42 These data have
led to EORTC guidelines for use of G-CSF in elderly cancer
patients.44

4.1.3. G-CSF support of planned RDI
As discussed previously standard doses of chemotherapy

are associated with various degrees of neutropenia and FN;

both of which can lead to dose delays and/or dose reductions
reducing the RDI. The RDI is the ratio between the delivered
dose of a drug in a given time and the planned dose of that
drug over the same time interval. G-CSFs can be used for
the management of chemotherapy-induced neutropenia to
enable the delivery of the planned dose of chemotherapy,
thus, maintaining the RDI for optimal patient outcomes.

In a study of CMF therapy, patients with insufficient
leukocyte recovery either received G-CSF (n = 50) or no G-CSF
support (n = 22).45 The proportion of patients in the G-CSF
group who received a RDI ≥85% was 74% compared with
45% in the ‘no G-CSF’ group (P < 0.05). In a recent commu-
nity practice study, involving over 2000 cancer patients (46%
with breast cancer), first- and subsequent-cycle pegfilgrastim
use enabled 97.1% and 97.9% of patients to receive full dose
chemotherapy and treatment on schedule, respectively.46

Despite compelling evidence for their use to help main-
tain delivery of optimal RDI of chemotherapy, adminis-
tration of G-CSF may occur infrequently (<6%) in clinical
practice.28 Furthermore, in this review of clinical practice
(n = 422), G-CSF support was administered ‘reactively’ either
to seven hospitalised patients to treat FN (1.7%) or to 15
non-hospitalised patients as secondary prophylaxis to avoid
further complications following a neutropenic event in a pre-
vious cycle (3.6%).

4.1.4. Dose-dense chemotherapy and G-CSFs
As outcomes are closely linked to chemotherapy dose,

one strategy to increase efficacy has been to increase dose
levels. For many years, there was great interest in the use
of high doses of chemotherapy, supported by bone marrow
or bone marrow stem cell auto-transplant. However, the ma-
jority of these studies showed that these strategies did not
confer additional benefits for patients over and above opti-
mal conventional chemotherapy.

More recently, there have been studies increasing the
dose density of sequential chemotherapy agents. This strat-
egy is promising since dose density can be increased or
maintained while toxicity is unchanged,18 by using GCSF
to accelerate recovery of neutrophil levels to permit cycles
being given at 2-weekly intervals, rather than conventional
3-weekly intervals. In a 2×2 randomised study of over 2000
women with breast cancer, those patients given concurrent
doxorubicin and cyclophosphamide, followed by paclitaxel,
at 2-weekly intervals supported with daily filgrastim had sig-
nificantly improved DFS and OS compared to those women
with conventional 3-week dosing (Fig. 2).18 The dose-dense
regimen was also associated with a reduced frequency of se-
vere neutropenia compared with the conventional regimen.

An interim analysis from a Canadian randomised trial
(NCIC CTG MA.21) comparing CEF (cyclophosphamide (C),
epirubicin (E) and fluorouracil (F) with dose-dense EC/T (E
and C followed by a taxane [T]) or standard AC/T (doxoru-
bicin [A]) found AC/T to be inferior to CEF or EC/T in terms
of relapse-free survival in high-risk operable breast cancer.47

However, the authors conclude that it is still too early to
detect any difference between CEF and dose-dense EC/T so a
dose-dense approach may still add benefit in this setting.

The EORTC guidelines recommend that G-CSF support
is mandatory to the administration of dose-dense chemo-
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Fig. 2 – Disease-free survival (a) and overall survival (b) in
patients receiving filgrastim plus chemotherapy
(doxorubicin, cyclophosphamide, paclitaxel) administered
every 2 weeks compared with chemotherapy alone every 3
weeks. Reprinted with permission from the American
Society of Clinical Oncology from: Citron ML, et al.
Randomized trial of dose-dense versus conventionally
scheduled and sequential versus concurrent combination
chemotherapy as postoperative adjuvant treatment of
node-positive primary breast cancer: first report of
Intergroup Trial C9741/Cancer and Leukemia Group B Trial
9741. Journal of Clinical Oncology 2003;21:1431–9.18

therapy regimens.4 In a meta-analysis of eight randomised
controlled trials (n = 1444) G-CSF use was associated with a
significantly reduced risk of FN (odds ratio 0.38; 95% CI: 0.29–
0.49; P = 0.001) compared with no G-CSF in patients receiving
dose-intensive chemotherapy regimens.48 The risks of doc-
umented infection and infection-related mortality were also
reduced with G-CSF administration.

4.2. Role of prophylactic antibiotics

Inevitably, chemotherapy-induced myelosuppression
causes an increased incidence of infection, including bacte-
rial infections, which lead to complications associated with
treatment of the malignancy, the need for hospitalisation,

increased burden on resources and, in some cases, death.49

In a study of over 1500 patients receiving chemotherapy
for solid tumours or lymphoma without prophylactic G-
CSF support (of whom 35% had breast cancer), prophylactic
levofloxacin significantly decreased the incidence of febrile
episodes over the entire course of chemotherapy (10.8% ver-
sus 15.2%; P = 0.01; relative risk 0.71, 95% CI 0.55–0.92) and
reduced the rate of hospitalisations for infections (15.7% ver-
sus 21.6%; P = 0.004; relative risk 0.73, 95% CI 0.59–0.90)
compared with placebo.49

A recent meta-analysis of 95 randomised, controlled tri-
als in neutropenic patients receiving cytotoxic treatment
showed significantly decreased risk for death with prophy-
lactic antibiotics compared with placebo or no intervention
(relative risk 0.67; 95% CI: 0.55–0.81).50 Mortality was sub-
stantially reduced when the analysis was limited to studies
involving the use of fluoroquinolones.

There are increasing concerns about the overuse of an-
tibiotics leading to an increase in the incidence of antibiotic
resistance, which is particularly problematic in immunocom-
promised patients (such as those receiving myelosuppressive
chemotherapy). According to the EORTC G-CSF guidelines,
routine antibiotic prophylaxis is not recommended.4 Mor-
tality from adjuvant chemotherapy of breast cancer is ex-
tremely low, so the impact of poor dose delivery remains the
more serious issue for the patient.

4.3. Prophylaxis with G-CSF and antibiotics

As described above, there are two alternative approaches
to maintaining chemotherapy dose while reducing toxic-
ity: the use of prophylactic G-CSF or fluoroquinolones. Can
we thus benefit patients more by combining these two ap-
proaches? There is some evidence that using both strategies
may give additional benefit in some specific situations like
TAC chemotherapy. In a study comparing the efficacy of peg-
filgrastim, with (n = 219) or without (n = 311) ciprofloxacin,
the antibiotic had little impact on pegfilgrastim’s efficacy in
reducing the FN incidence (5% versus 6%), but there were
fewer hospitalisations (161 versus 210), fewer anti-infective
administrations (25 versus 44) and the rate of severe in-
fections was reduced from 4% to 1% with the addition of
ciprofloxacin to pegfilgrastim. Use of ciprofloxacin in addi-
tion to a G-CSF is therefore a standard regimen in Germany
where TAC chemotherapy is used, based on these data from
a German study.41

5. Conclusions

Maintenance of the dosing schedule – and thus the RDI
– of chemotherapy is vital in the adjuvant treatment of
breast cancer in order to maximise survival. Chemotherapy-
induced myelosuppression, including neutropenia and FN,
can cause disruption of the dosing schedule until neutrophil
levels are restored and/or infections resolve. Administration
of G-CSF is effective in reducing the risk of FN and shorten-
ing the duration of neutropenia and consequently, helps to
deliver the planned dose of chemotherapy on schedule.
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