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The importance of prophylactic management of
chemotherapy-induced neutropenia
Lazzaro Repettoa and Caterina Accetturaa

The development of colony-stimulating factors (CSFs) has

provided clinicians with a valuable tool for proactive

management of chemotherapy-induced neutropenia.

However, clinicians are also presented with the challenge

of appropriately targeting this treatment to patients at

serious risk of neutropenic complications, while maintaining

an economic approach to prescribing. This article

discusses the seriousness of chemotherapy-induced

neutropenia and reviews current approaches to the

management of this condition. Febrile neutropenia risk

models, new therapy options and international guidelines

for the use of CSFs are also discussed. Anti-Cancer Drugs
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Introduction
In recent years, developments in chemotherapy regimens

have improved tumor response and survival in selected

patients and disease states. However, some of these

newer regimens are associated with increased risks of

myelotoxicity and infection. Myelosuppression is the

major dose-limiting toxicity of systemic cancer che-

motherapy [1], and neutropenia-associated infection is a

common cause of morbidity and mortality in patients with

cancer. Neutropenia is clinically recognized when the

absolute neutrophil count falls below normal levels (1.5–

7� 109/l for a healthy adult). The depth of the absolute

neutrophil count nadir defines the severity of neutrope-

nia. Febrile neutropenia (FN) is defined as a body

temperature of over 38.21C accompanied by severe

neutropenia (neutrophil count below 0.5� 109/l) [2].

A relationship was demonstrated between white blood

cell (WBC) count and risk of infection in patients with

acute leukemia as early as the 1960s [3]. An increased

WBC count was linked to a lower infection rate, while

increased time with granulocyte and lymphocyte counts

below 0.5� 109/l was linked to more severe infection.

The infection-related mortality rate was also higher with

decreased granulocyte levels. More recently, data from

patients with breast cancer receiving myelosuppressive

chemotherapy have shown that the incidence of FN

increased significantly as the duration of severe neutro-

penia (DSN) increased (p< 0.001) [4]. With a DSN of 5

days, the probability of a FN event was estimated at 50%.

The incidence of culture-confirmed infections was also

significantly higher in patients with FN than in those

without FN (24 versus 7%; p< 0.001) [4].

Frequency of chemotherapy-induced
neutropenia
In order to better understand the problems associated

with chemotherapy-induced neutropenia, various groups

have attempted to quantify the frequency of this

condition. The Canadian Database Initiative documented

a 42% incidence of at least one neutropenic complication

(defined as an FN event, chemotherapy dose reduction of

10% or more or dose delay of 1 week or more) in 444

patients with breast cancer receiving a variety of adjuvant

chemotherapy regimens, with 72% developing further

complications [5]. Furthermore, the American Society of

Clinical Oncology (ASCO) Growth Factors Expert Panel

indicated that the incidence of FN with common

chemotherapy regimens is up to 40% in chemotherapy-

naı̈ve patients [6]. Similarly, the European Society of

Medical Oncology (ESMO) suggests that the rate of FN

varies from 10 to 57% and grade 4 leukopenia from 2 to

28% for patients receiving standard-dose chemotherapy

[7]. Table 1 provides some examples of the type and

frequency of myelotoxic and related side-effects asso-

ciated with different chemotherapy regimens.

Neutropenia incidence is increased during
early cycles of chemotherapy
A number of studies have reported when, during the total

period of chemotherapy treatment, neutropenia is most

frequently observed. In a retrospective, multicenter

study of 577 patients with non-Hodgkin’s lymphoma

(NHL), 56% were admitted to hospital for FN in the first

cycle (Fig. 1) [12]. Similarly, first-cycle hematological

toxicity was seen in 70% of patients with breast cancer

receiving adjuvant chemotherapy, with 68.8% of these
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cases attributable to an absolute neutrophil count below

1� 109/l [13]. In another retrospective analysis, the risk

factors associated with treatment-related death were

analyzed in 267 patients with NHL aged between 60 and

94 receiving chemotherapy. Of the 35 chemotherapy-

related toxic deaths reported, the majority (63%)

occurred during the first cycle of chemotherapy. Infection

accounted for 82% of all toxic deaths and two-thirds of

the patients that died had an absolute neutrophil count

below 0.5� 109/l [14].

Chemotherapy-induced neutropenia and
quality of life (QoL)
Until recently, there has been a scarcity of data reporting

the impact of chemotherapy-induced neutropenia on

patients’ QoL. However, this relationship has now been

evaluated by measuring QoL and absolute neutrophil

count throughout the first cycle of chemotherapy in 62

patients with various types of cancer [15]. Large declines

in absolute neutrophil count were correlated with worse

QoL scores for social functioning, distress, despair and

general physical symptom scales. Furthermore, patients

with grade 4 neutropenia in cycle 1 had significantly

greater QoL decreases—measured using domestic envir-

onment, social environment and total ‘psychosocial

adjustment to illness’ scales (p< 0.05 in all cases)—than

patients with grade 0–3 neutropenia. The authors

concluded that chemotherapy-induced neutropenia is

associated with QoL impairments that can persist even

after recovery from neutropenia. None of the patients

received prophylactic growth factors and the authors

suggested that the role of prophylactic growth factors in

preventing QoL impairments warrants further explora-

tion.

To facilitate the measurement of QoL, the Awareness of

Neutropenia in Chemotherapy Group has developed a

neutropenia-specific QoL instrument, FACT-N (Func-

tional Assessment of Cancer Therapy-Neutropenia) [16].

In the FACT-N validation study, a significant reduction in

QoL was shown from day 1 to day 12 of the chemotherapy

cycle (60.71 versus 52.45; p< 0.01), indicating that

patients’ QoL worsens around the time of the neutrophil

nadir [16].

Chemotherapy dose reduction and
neutropenia
In addition to decreased patient QoL, the impact of

neutropenia on a patient’s anticancer treatment must be

considered. The effect of neutropenia on the timely

administration of the planned dose of chemotherapy has

been widely documented, with neutropenia being the

major dose-limiting toxicity of chemotherapy [5].

Chemotherapy dose reductions have been linked to

significantly lower complete response rates and shortened

survival in a number of cancers. In breast cancer patients

receiving chemotherapy, 5-year relapse-free survival was

77 versus 48% for patients receiving 85% or higher versus

below 65% of the planned dose, respectively [17]. A 20-

year follow-up study confirmed the survival benefits of

maintaining planned doses [18]. Similarly, NHL patients

had a decreased response rate (65 versus 79%; p= 0.01)

and lower 2-year survival rate (61 versus 72%; p= 0.02)

when patients receiving 70% or less relative dose

intensity (RDI) were compared with those receiving

more than 70% RDI [19].

Approximately three-quarters of patients with NHL have

neutropenia-associated treatment delays of 7 days or

greater [20]. The UK Audit of primary breast cancer

patients revealed that the occurrence of neutropenic

Table 1 The frequency of myelotoxic side-effects associated with some common chemotherapy regimens

Chemotherapy regimen Patient group Side-effects of chemotherapy

CHOP or CNOP induction therapy elderly patients; aggressive NHL grade 4 granulocytopenia was observed in 91% of
patients and infections resulted in hospitalization of
47% of patients with granulocytopenia [8]

High-dose paclitaxel female patients; metastatic or locally
advanced breast cancer

grade 3 or grade 4 granulocytopenia patients, with FN
in up to 18% of patients [9]

Docetaxel, cisplatin advanced non-small cell lung cancer neutropenia was reported in two-thirds of patients [10]
Cyclophosphamide, doxorubicin, etoposide small-cell lung cancer neutrophil count < 0.5�109/l was observed in 98% of

patients [11]

CHOP= vincristine, doxorubicin, prednisone, cyclophosphamide; CNOP= vincristine, mitozantrone, prednisolone, cyclophosphamide.
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events had a significant impact on the chance of patients

achieving planned chemotherapy dose on time [21]. Out

of a total of 422 patients evaluated in this audit, 29% of

patients experienced at least one neutropenic event and

11% of patients received less than 85% of the planned

dose intensity. Mean RDI was significantly lower in

patients who had a neutropenic event than in those who

did not (p< 0.01) and almost 40% of these patients who

experienced a neutropenic event had below 85% of the

planned dose intensity compared with only 9% of patients

who were free of neutropenic events.

Neutropenia-related infection and anti-infec-
tive therapy
Before specifically discussing the various options available

to manage neutropenia, it is useful to consider the

neutropenic patient’s ability to fight infection. Low

neutrophil counts compromise the immune system,

making patients vulnerable to infection and increasing

the need for hospital admission. A low absolute neutro-

phil counts also compromises the inflammatory response

so it may be difficult to detect early signs of infection

leading to the development of advanced disease. As a

result, unplanned hospital admission, together with the

administration of i.v. antibiotics and antifungals, is often

necessary. Furthermore, the proportion of time spent with

low granulocyte levels (below 0.5� 109/l) was seen to

increase with more severe infection [3]. The mortality

rate in cancer patients with FN is approximately 10%,

with 2% due to an initial infection during an episode of

FN. Further infection and progressive cancer explain the

overall 10% mortality in patients with FN [22].

Although the response rate with appropriately adminis-

tered, empirical antimicrobial therapy is currently still

high [23], the potential limitations should not be

forgotten. Administration of antibiotics usually leads to

colonization of bodily surfaces with antibiotic-resistant

rather than antibiotic-sensitive organisms and the on-

going problems associated with resistant strains must be

seriously considered at all times. Furthermore, fungal

infection is a well-recognized complication of continued

antibiotic therapy, particularly in neutropenic patients

[24]. Long-term neutropenia also reduces response rates

to anti-infectives by as much as 30% [25]. The

prophylactic use of antibiotics to minimize chemother-

apy-related infection, therefore, has been questioned

[23], especially as alternative strategies are available to

prevent the development of neutropenia in patients

receiving chemotherapy. Such strategies include the use

of recombinant colony-stimulating factors (CSFs).

Management of neutropenia using CSFs
The proactive management of neutropenia with CSFs can

be divided into two main categories. Primary prophylaxis

is the planned use of CSFs in the first cycle and in all

subsequent cycles of chemotherapy. Conversely, second-

ary prophylaxis is the planned use of CSFs following an

episode of severe neutropenia and then in all subsequent

cycles of chemotherapy.

Prophylactic, repeated, daily doses of granulocyte CSF

(G-CSF) reduce the duration of chemotherapy-induced

neutropenia in patients with several tumor types [11]. In

addition, CSFs reduce treatment delays [26] and improve

the administration of planned chemotherapy dose on

schedule [26,27]. However, if primary prophylactic G-

CSF was given to all cancer patients receiving che-

motherapy, approximately 60% may have been treated

unnecessarily as they would have been unlikely to

develop FN on standard chemotherapy regimens [6].

Updated risk threshold analyses and risk
models
In order to identify patients at risk of developing FN,

clinical prediction models are required to identify those

patients most in need of prophylactic G-CSF for

neutropenia. Such models should also lead to increased

cost-efficiency and improved allocation of resources.

Various, specific risk factors for developing FN have been

identified. The Awareness of Neutropenia in Chemother-

apy Group has reported that rates of hematological

toxicity, including FN, are higher with increasing age

(65 years or older), low baseline absolute neutrophil

count, low body surface area, white race and with certain

chemotherapy regimens [13,28–30].

The Silber prediction tool [31] is a validated model

developed in patients with breast cancer receiving

standard-dose adjuvant chemotherapy. Logistic regression

revealed that the depth of the first-cycle absolute

neutrophil count was an excellent predictor of events in

subsequent cycles. Clinical prediction models in patients

with lymphoma not receiving prophylactic G-CSF have

suggested that significant predictors of neutropenic

complications (neutrophil count below 0.5� 109/l, FN

episode, dose reduction or delay) are high lactate

dehydrogenase levels, high levels of tumor necrosis factor

receptor and bone marrow involvement [32–34].

A composite scoring model based on the number of

significant conditional predictors has been developed

[13] and is illustrated in Figure 2. Higher scores (1 point

each for age above 65 years, first-cycle neutrophil count

nadir below 0.5� 109/l, first-cycle FN and first-cycle

hemoglobin decrease over 1 g/dl) are linked to a higher

cumulative risk of subsequent neutropenic complications

through four cycles of chemotherapy. An increased

composite score was a strong predictor for the develop-

ment of both FN and neutropenic complications.
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Guidelines for the management of
neutropenia
Clinical practice guidelines have been published to

facilitate the appropriate targeting of prophylactic G-

CSF therapy to those patients most at risk of neutrope-

nia, while preserving cost-effectiveness. Guidelines

provided by ASCO [6], ESMO [7] and the European

Organization for the Research and Treatment of Cancer

(EORTC) [35] recommend primary prophylactic G-CSF

in patients receiving myelosuppressive chemotherapy

with an expected incidence of FN of 40% or greater.

Additionally, patients at high risk of chemotherapy-

induced infectious complications should be considered.

Secondary prophylaxis is recommended in patients who

experience an episode of FN in an earlier cycle of

chemotherapy. Additionally, secondary prophylaxis is

recommended in patients who cannot have their che-

motherapy dose reduced, such as those who have had

infections or neutropenia that exceeded 7 days during the

first course of chemotherapy [35].

The National Comprehensive Cancer Network (NCCN)

guidelines [36] recommend routine prophylactic G-CSF

or granulocyte macrophage CSF in patients aged 70 years

or older receiving CHOP (vincristine, doxorubicin,

prednisone, cyclophosphamide) or similar chemotherapy,

and for patients aged 60 years or older receiving induction

or consolidation chemotherapy for acute myeloid leuke-

mia. These guidelines support the suggestion that age, by

itself, is not a contraindication to cancer chemotherapy.

Elderly patients may benefit from treatment options

sometimes reserved for younger patients, if adequate

hematopoietic support is provided.

Pharmacoeconomics of managing
neutropenia
In a US study of over 60 000 FN episodes in more than 40

000 patients (between 1995 and 2000), the total costs

associated with FN were more than US$1 billion and FN

accounted for more than 600 000 days in hospital [37].

However, when considering the economic impact of

neutropenia management, it is important to consider that

the majority of neutropenic patients in the US are treated

as inpatients, in stark contrast to the more common

European approach of outpatient treatment.

Economic analyses by the Awareness of Neutropenia in

Chemotherapy Group have concluded that the risk

threshold for cost-effective G-CSF should be lower than

the 40% level recommended in the clinical guidelines

described above. Analysis using updated, fixed and

variable costs of hospitalization concluded that G-CSF

primary prophylaxis will reduce the cost of care when the

risk of FN is approximately 20%, hospital costs are high or

an increased length of stay is expected [1]. Additionally,

in an analysis incorporating direct hospitalization costs,

patient out-of-pocket expenses and indirect costs, it was

concluded that the risk threshold for cost-effective use of

prophylactic G-CSF is between 15 and 20%. The impact

of neutropenia on QoL may suggest the use of G-CSF at

even lower thresholds [38].

Development of a new, sustained-duration
CSF
The identification of those patients at the greatest risk of

serious neutropenic complications enables physicians to

proactively target the most efficacious therapies to the

most vulnerable. This may prove very useful as new,

cutting-edge therapies enhance the treatment choices

available to the physician.

Pegfilgrastim—a novel, sustained-duration form of fil-

grastim (recombinant human G-CSF)—has been

developed by the conjugation of a polyethylene glycol

molecule to the N-terminal of the filgrastim protein.

Pegfilgrastim has a much longer serum half-life than

filgrastim [39] allowing once-per-chemotherapy-cycle

administration. Furthermore, pegfilgrastim has a ‘self-

regulating’ and saturable neutrophil-mediated clearance

mechanism [39].

Two randomized, phase 3 trials compared pegfilgrastim

with filgrastim in patients receiving chemotherapy for

breast cancer. Pegfilgrastim was shown to reduce the

incidence and duration of severe neutropenia to a level

that was at least equivalent to that seen in the filgrastim

group. Furthermore, compared with conventional G-CSF,

pegfilgrastim has the additional benefits of once-per-

chemotherapy-cycle, fixed-dose administration [3,40].

Further analysis of the data from these phase 3 studies

was undertaken to clarify the effect of pegfilgrastim on

the incidence of FN [41]. Data were pooled from both of

the phase 3 studies to allow more robust comparisons

Fig. 2
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between the filgrastim and pegfilgrastim groups. The risk

of FN was significantly lower (11 versus 19%; p< 0.05) in

the once-per-chemotherapy-cycle pegfilgrastim group

compared with the daily filgrastim group. The authors

concluded that a single dose of pegfilgrastim was

significantly more effective at reducing the overall

incidence of FN than daily injection of filgrastim in

patients receiving myelosuppressive chemotherapy.

Conclusions
Neutropenia is a serious and common complication of

cancer chemotherapy, often occurring in the first cycle of

chemotherapy. Neutropenia puts patients at risk of life-

threatening infection or treatment failure because their

chemotherapy dose is reduced or delayed. Neutropenia

may also decrease patient QoL and increase health care

costs.

Prophylactic administration of G-CSF to cancer patients

receiving chemotherapy helps to manage neutropenia and

allows planned doses of chemotherapy to be given on

time. Clinical models that assess the risk of FN and

neutropenic complications can help target G-CSF at

patients who are most at risk of neutropenia and would

therefore gain maximum benefit from hematopoietic

support.

ASCO, ESMO and EORTC guidelines recommend

prophylactic use of G-CSF in patients receiving che-

motherapy when the expected risk of FN is 40% or

greater. However, updated analyses by the Awareness of

Neutropenia in Chemotherapy Group suggest that it

would be appropriate to lower this 40% risk threshold to a

value of 15 or 20%.

Pegfilgrastim, a sustained-duration form of filgrastim, has

recently been developed and combines efficacy that is at

least as good as traditional G-CSF treatment with the

added convenience of once-per-chemotherapy-cycle ad-

ministration. Pegfilgrastim provides clinicians with a

valuable new tool for managing neutropenia that will also

allow patients to benefit from a simple administration

schedule.
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