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Background: Chemotherapy-induced neutropenia is a major cause of morbidity and mortality. It frequently
causes dose reductions or treatment delay, which can be prevented or treated by the administration
of granulocyte-colony-stimulating factor (G-CSF). However, a better knowledge of the incidence, day
of onset after therapy, and duration of neutropenia is essential to optimize the use of G-CSF.
Design and methods: Six hundred and ninety-four patients from a single institution, affected by lympho-
proliferative diseases, were retrospectively reviewed for the occurrence of grade 4 neutropenia and febrile
neutropenia (FN). Duration of neutropenia and time of neutrophil nadir were also retrieved. The diagnoses
included non-Hodgkin’s lymphoma, Hodgkin’s lymphoma, and multiple myeloma. Chemotherapy
regimens were obviously different according to the diagnosis, disease stage, and first or subsequent lines
of therapy.
Results: No patient received G-CSF as primary prophylaxis. Median nadir did not significantly differ among
patients treated with first or successive lines of therapy. The incidence of grade 4 neutropenia and FN ranged
from 0 to 94%, depending on the chemotherapy regimen. Patients receiving a first-line chemotherapy
regimen had a significantly lower incidence of febrile grade 4 neutropenia compared to patients treated
with a second or subsequent line of therapy. The duration of grade 4 neutropenia was significantly longer
in patients given second or subsequent lines.
Conclusion: The results of this study could be useful to define the nadir onset in the hematologic setting in
order to correctly tailor timing and duration of G-CSF prophylaxis and to assess the lowest fully effective dose.
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Introduction
Chemotherapy-induced neutropenia is one of the most
relevant causes of morbidity and mortality.1,2 Despite
the wide availability of effective antibiotics, febrile
neutropenia (FN) remains a life-threatening medical
emergency and is associated with remarkable social
costs1,2. Dose reduction and treatment delay are
common consequences that may limit the efficacy of
the treatment,3,4 given that completion of all planned
chemotherapy cycles is essential to provide patients
with the maximum chance of treatment success.3,4

The chemotherapy regimen is one of the primary
determinants of the risk of neutropenia, given that
some regimens are more myelotoxic than others. For
example, the combination of cyclophosphamide,
methotrexate, and 5-fluorouracil is less toxic than
adriamycin plus cyclophosphamide or combined

cyclophosphamide, doxorubicin, and 5-fluorouracil.
High cyclophosphamide doses or the use of etoposide
and high anthracycline doses have also been identified
as significant predictors of severe neutropenia and
FN.5 Additional risk factors of neutropenia are the
intensity of specific chemotherapy regimens and the
phase of therapy. Indeed, the highest risk has been
noticed in the initial cycles with the demonstration
that 65% of the hospitalizations for FN occurred in
the first two cycles of chemotherapy.6,7

It has been clearly established that in patients receiv-
ing myelotoxic chemotherapy regimens, prophylaxis
with granulocyte-colony-stimulating factor (G-CSF)
decreases the occurrence of FN.8 Indeed, recombinant
human G-CSF enhances proliferation and differen-
tiation of neutrophils and helps to ensure a correct
dose intensity and dose density.
According to international guidelines, in settings

characterized by a high risk of FN (20% or more), pro-
phylaxis with G-CSF 5 μg/kg/day subcutaneously
(s.c.) should last 24–72 hours after chemotherapy
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until a post-nadir recovery of absolute neutrophil
count (ANC) has been achieved.9–11 Alternatively, a
single 6 mg s.c. injection of peg-filgrastim, adminis-
tered 24 hours after chemotherapy, is comparable to
11 daily injections of G-CSF in terms of neutrophil
recovery.12–14 The onset and duration of nadir are
key points to establish starting day and duration of
G-CSF administration after chemotherapy.15

Attempts to establish alternative G-CSF scheduling
in moderate- and high-intensity chemotherapy regi-
mens16–23 suggest that reduction in the number of
G-CSF injections is feasible without substantially
changing the outcome. A shorter schedule seems to
decrease the incidence and severity of side effects
and is more cost-effective.21,22 In addition, a large
survey by Falandry et al.24 on the use of G-CSF in
clinical practice has recently emphasized that compli-
ance with international guidelines results in its subop-
timal prescription. In particular, this observational
study indicates that the required duration of daily
G-CSF administration is significantly shorter than rec-
ommended in guidelines, namely 5.5 days, whereas
only 9.3% of the patients exceed 7 days. It has also
been assessed that about 96% of G-CSF injections
concern clinical situations for which G-CSF is not rec-
ommended by current guidelines.25,26 Possible expla-
nations for the discrepancies between guidelines and
clinical practice could be that guidelines are often
based on studies designed to ascertain the efficacy of
G-CSF versus placebo, regardless of proper timing
and duration.
The aim of this paper is to define the time of onset

and the duration of neutrophil nadir following che-
motherapy and to clarify the possible differences
between first and second or subsequent lines of
treatment.

Patients and methods
Patients
Between January 1995 and December 2011, 694
patients were retrospectively reviewed. Patients had
undergone chemotherapy for non-Hodgkin’s lym-
phoma (NHL), Hodgkin’s lymphoma (HL), and mul-
tiple myeloma (MM). Patients who were assigned to
receive high-dose chemotherapy were excluded from
the study.

Design
Patients were stratified according to the hematological
malignancy. Chemotherapy regimens used in at least
10% of the patients were considered for each group.
The following endpoints were considered: (a) nadir
onset, defined as the day of the lowest neutrophil
count; (b) incidence of grade 4 neutropenia, defined
as the proportion of patients experiencing ANC<
500/mm3; (c) duration of grade 4 neutropenia,

defined as the number of days from onset to resolution
of grade 4 neutropenia; (d) incidence of FN, defined as
the proportion of patients experiencing ANC< 1000/
mm3 and a single temperature value >38.3°C (101°F)
or a sustained daily temperature of ≥38°C (100.4°F)
for more than 1 hour; (e) duration of FN, defined as
the number of days from its onset to resolution.

All these data were evaluated according to treatment
line (first or second/subsequent line). The use of G-
CSF as primary or secondary prophylaxis and the
possible use of antibiotic therapy were also considered.
Finally, reduction of chemotherapy dose, delay in the
chemotherapy administration, or the need for hospi-
talization was evaluated for each cycle.

The study, which was approved by the local Ethical
Committee, was conducted according to the
Declaration of Helsinki principles.

Statistical analysis
Descriptive statistics refer to all included patients.
For continuous variables, mean, minimum, and
maximum values were calculated. For each discrete
variable, the number of cases in each category was
calculated.

Table 1 Characteristics of NHL patients

Population (n= 176)
% (N)

Age (years)
Median 57
Range (29–91)

Gender
Male/female 91/85

Histology
B-/T-cell 74 (131)/26 (45)
High grade/low grade 58 (103)/42 (73)

IPI
1 27 (48)
2 38 (66)
3 35 (62)

Bulky 22 (39)
Chemotherapy regimens 1st line ≥ 2nd line
R-CHOP 48 (83) 13 (35)
CHOP 14 (25) 6 (16)
FND 8 (14) 9 (24)
R-CVP 5 (10) 4 (12)
IEV 3 (6) 25 (70)
DHAP 15 (26) 24 (68)
PROMACE-CyTABOM 7 (12) 11 (31)
ESHAP 0 8 (21)
Radiotherapy 42 (74)

NHL: non-Hodgkin’s lymphoma; N: number of patients; IPI:
International Prognostic Index; R-CHOP: rituximab,
cyclophosphamide, doxorubicin, vincristine, prednisone;
CHOP: cyclophosphamide, doxorubicin, vincristine,
prednisone; FND: fludarabine, mitoxantrone, dexamethasone;
R-CVP: cyclophosphamide, vincristine, prednisone, rituximab;
IEV: ifosfamide, etoposide, epirubicin; DHAP: dexamethasone,
cisplatinum, cytarabine; PROMACE-CyTABOM:
cyclophosphamide, doxorubicin, etoposide, prednisone,
cytarabine, bleomycin, vincristine, methotrexate, folic acid;
ESHAP: etoposide, methylprednisolone, cytarabine,
cisplatinum.
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Data were analyzed with the SPSS (Chicago, IL,
USA) software package. All results are presented as
median± 1 SD (range). Medians were compared
with the Mann–Whitney U-test. P values <0.05 were
considered significant. One-way analysis of variance
analysis was used to compare all parameters in
patients with NHL, HL, and MM, taking into
account neutropenia values and line(s) of therapy.

Results
Out of 694 patients included in this analysis, 176 had
NHL, 127 HL, and 391 MM. Patients characteristics
are listed in Tables 1–3.
The most commonly used chemotherapy regimens

were R-CHOP (rituximab, cyclophosphamide, doxor-
ubicin, vincristine, prednisone) as first-line treatment,
IEV (ifosfamide, etoposide, epirubicin) and DHAP
(dexamethasone, cisplatinum, cytarabine) as second/
subsequent lines for NHL patients; ABVD (doxorubi-
cin, bleomycin, vinblastine, dacarbazine) as first line,
BEACOPP (bleomycin, etoposide, doxorubicin, cyclo-
phosphamide, vincristine, procarbazine, prednisone)
and IGEV (ifosfamide, gemcitabine, vinorelbine, pre-
dnisone) as second/subsequent lines for HL patients;
MP (melphalan, prednisone) and V-MP (bortezomib,
melphalan, prednisone) as first line, MPT (melphalan,

prednisone, thalidomide), Len/Dex (Lenalidomide,
Dexamethasone), and MP (melphalan, prednisone)
as second/subsequent line for MM patients. None of
the patients received primary prophylaxis with
G-CSF, according to our routine procedure in our
department.
The onset of nadir, reported in Figs. 1–3, shows no

difference between first and second/subsequent lines
for all the regimens considered. The incidence of
grade 4 FN varied from 0 to 94% (Figs. 1–3). As
expected, the incidence of grade 4 neutropenia and
FN was greater in patients treated with IEV and
DHAP in NHL, in patients treated with BEACOPP,
enhanced BEACOPP and IGEV in HL, whereas
these complications were less frequent in MM.
The incidence of neutropenia and FN following

second or subsequent lines was significantly higher
for all chemotherapeutic regimens compared with
patients treated in first line (Figs. 1–3). In particular,
all regimens used in NHL as first-line treatment were
associated with neutropenia in percentages <20%
except for IEV, DHAP, and PROMACE
CyTABOM; all regimens used in first-line patients

Table 2 Characteristics of HL patients

Population (n= 127)
% (N)

Age (years)
Median 34
Range (18–72)

Gender
Male/female 48/79

Histology
SN 41 (52)
MC 16 (21)
LP 31 (39)
LD 12 (15)

IPI
0–1 18 (23)
2–3 44 (56)
4–5 38 (48)
Bulky 45 (57)

Chemotherapy regimens 1st line ≥ 2nd line
C-MOPP/ABVD 25 (32) 0
ABVD 56 (71) 8 (12)
MOPP 19 (24) 23 (32)
BEACOPP 0 30 (42)
Enhanced BEACOPP 0 13 (18)
IGEV 0 26 (36)
Radiotherapy 66 (84)

HL: Hodgkin’s lymphoma; N: number of patients; IPI:
International Prognostic Index; ABVD: doxorubicin, bleomycin,
vinblastine, dacarbazine; MOPP: mecloretamine, vincristine,
procarbazine, prednisone; BEACOPP: bleomycin, etoposide,
doxorubicin, cyclophosphamide, vincristine, procarbazine,
prednisone; enhanced BEACOPP: bleomycin, etoposide,
doxorubicin, cyclophosphamide, vincristine, procarbazine,
prednisone; IGEV: ifosfamide, gemcitabine, vinorelbine,
prednisone.

Table 3 Characteristics of multiple myeloma patients

Population (n= 391)
% (N)

Age (years)
Median 64
Range (37–86)

Gender
Male/female 209/182

Renal failure
Yes 32 (124)
No 68 (267)

D&S stage
1 5 (18)
2 24 (94)
3 71 (279)

Chemotherapy regimens 1st line ≥ 2nd line
MP 23 (88) 23 (194)
MPT 16 (64) 13(102)
V-MP 24 (76) 3 (21)
TD 12 (47) 11 (95)
VD 7 (28) 8 (66)
Rd 4 (14) 10 (87)
V-MPT 4 (14) 0
VAD 10 (41) 4 (36)
VBAP 1 (2) 5 (44)
VMCP 1 (3) 10 (86)
Vinorelbine/

dexamethasone
0 3 (21)

Intermediate-dose
Cyclophosphamide

2 (6) 10 (86)

MM: multiple myeloma; N: number of patients; D&S stage: Durie
and Salmon stage; MP: melphalan, prednisone; MPT:
melphalan, prednisone, thalidomide; V-MP: bortezomib,
melphalan, prednisone; TD: thalidomide, dexamethasone; VD:
bortezomib, dexamethasone; Rd: lenalidomide,
dexamethasone; V-MPT: bortezomib, melphalan, prednisone,
thalidomide; VAD: vincristine, doxorubicin, dexamethasone;
VBAP: vincristine, carmustine, doxorubicin, prednisone; VMCP:
vincristine, melphalan, cyclophosphamide, prednisone.
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Figure 1 For every chemotherapy regimen length of chemotherapy administration (CT), nadir onset (blue boxes/dots for first
line, red boxes/dots for second/more line), and ranges, incidence of grade 4 neutropenia, duration of grade 4 neutropenia,
incidence of FN are reported. Variables are considered and compared in first and second/more line.

Figure 2 For every chemotherapy regimen length of chemotherapy administration (CT), nadir onset (blue boxes/dots for first
line, red boxes/dots for second/more line), and ranges, incidence of grade 4 neutropenia, duration of grade 4 neutropenia,
incidence of FN are reported. Variables are considered and compared in first and second/more line.
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affected by HL had<20% FN and all patients affected
by MM had <20% neutropenia, except for intermedi-
ate dose cyclophosphamide (ICTX).
Median duration of neutropenia ranged from 1 to 6

days and was longer in patients treated with che-
motherapy regimens characterized by a greater inci-
dence of neutropenia (PROMACE CyTABOM,
BEACOPP, enhanced BEACOPP, DHAP, IEV).
Patients under first-line treatment had a significantly
shorter duration of grade 4 neutropenia compared to
patients treated in second or subsequent lines with
the same chemotherapy regimen. In particular, all
first-line patients, except those affected by NHL
treated with DHAP and IEV, had a median duration
of neutropenia of less than 2 days.
All patients who experienced grade 4 neutropenia or

FN were treated with G-CSF (5 μg/kg/die) until neu-
tropenia improved to grade 2. Moreover, broad-spec-
trum antibiotics were administered to febrile patients.
Secondary prophylaxis with G-CSF was regularly per-
formed at the subsequent cycles. In none of the
patients was dose reduction or treatment delay
necessary.

Discussion
Neutropenia is fairly common in patients undergoing
chemotherapy. It makes patient’s management

complex and is associated with increased mortality.1,2

The presence of grade 4 neutropenia after chemother-
apy and the absence of fever or other signs of infection
should alert the clinician to the patient’s risk for devel-
oping fever and infection. It is recognized widely that
profound neutropenia places a patient at very high
risk for serious infectious complications. Moreover,
significant costs are incurred when FN develops in a
patient treated with chemotherapy. These costs
include both direct medical costs and indirect costs
that are borne by the patient and his or her family.
The administration of G-CSF decreases the inci-

dence of FN8 and allows the maintenance of a
correct dose density and dose intensity. Although
current international guidelines have singled out the
chemotherapy regimens which require G-CSF
support and the optimal timing of administration,9–11

a recent survey has demonstrated that in clinical prac-
tice the number of G-CSF vials actually required is
about half of those indicated by the guidelines for
most patients.23 Furthermore, in the oncologic and
hematologic settings it has been shown that shorter
courses of daily G-CSF are able to prevent neutrope-
nia, reduce incidence of short-term and long-term
side effects and result in cost saving.21–26

Most chemotherapy regimens employed in the
chronic hematologic setting were included in this

Figure 3 For every chemotherapy regimen length of chemotherapy administration (CT), nadir onset (blue boxes/dots for first
line, red boxes/dots for second/more line), nadir range, incidence of grade 4 neutropenia, duration of grade 4 neutropenia,
incidence of FN are reported. Variables are considered and compared in first and second/more line.
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retrospective analysis in order to identify, in the
absence of G-CSF administration, the incidence and
the duration of grade 4 neutropenia, FN, and the
median onset of nadir. These variables were compared
in patients receiving first, second, or subsequent lines
of therapy. The results indicate that for each che-
motherapy regimen the first concern regards the line
of treatment and that for each condition the risk of
neutropenia, FN, and their duration should be evalu-
ated. If the risk is high, G-CSF should be administered
considering the neutrophils nadir. It is important to
underscore that nadir onset does not vary among
different lines of treatment and this could lead to
define a unique G-CSF schedule of treatment for
each chemotherapy regimen (Fig. 4). For each che-
motherapy schedule considered, the risk of G4 neutro-
penia or FN remains unchanged (i.e. the onset of nadir
is the same in first and second or more lines); patient’s
risk, on the contrary, varies and increases with the line
of treatment (incidence and duration of G4 neutrope-
nia and FN are significantly increased in second or
more lines).
In our case series, patients treated in first line with

R-CHOP regimen, for example, had a 12% incidence
rate of grade 4 neutropenia, a 2% incidence rate of
FN, a median nadir duration of 2 days and median
nadir onset on day 9 (range from day 6 to day 10).
In patients given second or more line treatment,
instead, the incidence of both grade 4 neutropenia
and FN is significantly increased (26% and 7%
respectively) and the median duration is longer (3
days), but nadir onset, even if slightly anticipated, is
not statistically different (day 9 and day 7, respect-
ively). These parameters could be useful to tailor
correct timing and duration of G-CSF prophylaxis.

Authorship and disclosures
RR was the principal investigator and takes primary
responsibility for the paper. RR, AR, and MM
collected and analyzed the data of patients. RR per-
formed the statistical analysis, RR, FD, and AV co-
ordinated the research. RR and AR wrote the paper.

Funding
This work was supported by Associazione Italiana per
la Ricerca sul Cancro (AIRC), Investigator Grant
and Special Program Molecular Clinical Oncology 5
per thousand (number 9965), Milan, the EU
Multiple Myeloma Program FP7 OVER-MyR
HEALTH.2011.2.4.1-2 and the Ministry of Health
(Progetto PRIN 2009), Rome, Italy.

References
1 Kuderer NM, Dale DC, Crawford J, Cosler LE, Lyman GH.
Mortality, morbidity and cost associated with febrile neutrope-
nia in adult cancer patients. Cancer 2006;106:2258–66.

2 Kuderer NM, Dale DC, Crawford J, Lyman GH. Impact of
primary prophylaxis with granulocyte colony stimulating factor
on febrile neutropenia and mortality in adult cancer patients
receiving chemotherapy: a systematic review. J Clin Oncol.
2007;25:3158–67.

3 Bosly A, Bron D, Van Hoof A, De Bock R, Berneman Z,
Ferrant A, et al. Achievement of optimal average relative dose
intensity and correlation with survival in diffuse large B-cell lym-
phoma patients treated with CHOP. Ann Hematol. 2008;87:
277–83.

4 Pettengell R, Schwenkglenks M, Leonard R, Bosly A, Paridaens
R, Constenla M, et al. Impact of Neutropenia in Chemotherapy-
European Study Group (INC – EU): neutropenia occurrence
and predictors of reduced chemotherapy delivery: results from
the INC – EU prospective observational European neutropenia
study. Support Care Cancer 2008;16:1299–309.

5 Crawford J, Dale DC, Lyman GH. Chemotherapy-induced neu-
tropenia. Risks, consequences, and new directions for its man-
agement. Cancer 2004;100:228–37.

6 Gomez H, Hidalgo M, Casanova L, Colomer R, Pen DL, Otero
J, et al. Risk factors for treatment-related death in elderly
patients with aggressive non-Hodgkin’s lymphoma: results of a
multivariate analysis. J Clin Oncol. 1998;16:2065–9.

Figure 4 Proposed G-CSF schedule.

Ria et al. Neutropenia in lymphoproliferative diseases

Hematology 2013 VOL. 18 NO. 3136



7 Lyman GH, Lyman CH, Agboola O, for the Anc Study Group.
Risk models for predicting chemotherapy-induced neutropenia.
Oncologist 2005;10:427–37.

8 Crawford J, Ozer H, Stoller R, Johnson D, Lyman G, Tabbara I,
et al. Reduction by granulocyte colony-stimulating factor of
fever and neutropenia induced by chemotherapy in patient
with small cell lung cancer. N Engl J Med 1991;325:164–70.

9 Smith TJ, Khatcheressian J, Lyman GH, Ozer H, Armitage JO,
Balducci L, et al. 2006 update of recommendations for the use of
white blood cell growth factors: an evidence-based clinical prac-
tice guideline. J Clin Oncol. 2006;24:3187–205.

10 Crawford J, Caserta C, Roila F. Hematopoietic growth factors:
ESMO clinical practice guidelines for the applications. Ann
Oncol. 2010;21(S5):v248–251.

11 Aapro MS, Bohlius J, Cameron DA, Dal Lago L, Donnelly JP,
Kearney N, et al. 2010 update of EORTC guidelines for the use
of granulocyte-colony stimulating factor to reduce the incidence
of chemotherapy – induced febrile neutropenia in adult patients
with lymphoproliferative disorders and solid tumors. Eur J
Cancer. 2011;47:8–32.

12 Holmes FA, Jones SE, O’Shaughnessy J, Vukelja S, George T,
Savin M, et al. Comparable efficacy and safety profiles of
once-per-cycle pegfilgrastim and daily injection filgrastim in
chemotherapy-induced neutropenia: a multicenter dose finding
study in women with breast cancer. Ann Oncol. 2002;13:903–9.

13 Holmes FA, O’Shaughnessy JA, Vukelja S, Jones SE, Shogan J,
Savin M, et al. Blinded, randomized, multicenter study to evalu-
ate single administration pegfilgrastim once per cycle versus
daily filgrastim as an adjunct to chemotherapy in patients with
high-risk stage III/IV breast cancer. J Clin Oncol. 2002;20:
727–31.

14 Green MD, Koelbl H, Baselga J, Galid A, Guillem V, Gascon P,
et al. A randomized double blind multicenter phase III study of
fixed-dose single-administration pegfilgrastim versus daily fil-
grastim in patients receiving myelosuppressive chemotherapy.
Ann Oncol. 2003;14:29–35.

15 Zhuge C, Lei J, Mackey MC. Neutrophil dynamics in
response to chemotherapy and G-CSF. J Theoret Biol. 2012;
293:111–20.

16 Nichols CR, Fox EP, Roth BJ, Williams SD, Loehrer PJ,
Einhorn LH. Incidence of neutropenic fever in patients treated
with standard-dose combination chemotherapy for small cell
lung cancer and cost impact of treatment with granulocyte
colony-stimulating factor. J Clin Oncol. 1994;12:1245–50.

17 Chouaid C, Bassinet L, Fuhrman C, Monnet I, Housset B.
Routine use of granulocyte colony-stimulating factor is not
cost effective and does not increase patient comfort in the treat-
ment of small cell lung cancer: an analysis using Markov model.
J Clin Oncol. 1998;16:2700–7.

18 Messori A, Trippoli S, Tendi E. G-CSF for the prophylaxis of
neutropenic fever in patients with small cell lung cancer receiving
myelosuppressive antineoplastic chemotherapy: Meta-analysis
and pharmacoeconomic evaluation. J Clin Pharm Ther. 1996;
21:57–63.

19 Cairo MS, Shen V, Krailo MD, Bauer M, Miser JS, Sato JK,
et al. Prospective randomized trial between two doses of granulo-
cyte colony-stimulating factor after ifosfamide, carboplatin and
etoposide in children with recurrent or refractory solid tumors:
a children’s Cancer Group report. J Pediatr Hematol Oncol.
2001;23:30–8.

20 Sobrevilla-Calvo P, Zinser Sierra JW, Lara Medina FU, Acosta
Barreda A, Calderón Flores E. Delayed administration of
G-CSF until day +7 after autologous peripheal blood stem cell
transplant is as effective in accelerating hematopoietic as day 0.
Rev Invest Clin. 2002;54:51–6.

21 Papaldo P, Lopez M, Marolla P, Cortesi E, Antimi M, Terzoli E,
et al. Impact of five prophylactic filgrastim schedules on hemato-
logic toxicity in early breast cancer patients treated with epirubi-
cin and cyclophosphamide. J Clin Oncol. 2005;23:6908–18.

22 Hendler D, Rizel S, Yerushalmi R, Neiman V, Bonilla L,
Braunstein R, et al. Different schedules of granulocyte growth
factor support for patients with breast cancer receiving adjuvant
dose-dense chemotherapy. A prospective nonrandomized study.
Am J Clin Oncol. 2011;34:619–24.

23 Wolff AC, Jones RJ, Davidson NE, Jeter SC, Stearns V. Myeloid
toxicity in breast cancer receiving adjuvant chemotherapy with
pegfilgrastim support. J Clin Oncol. 2006;24:2392–4.

24 Falandry C, Campone M, Carton C, Guerin D, Freyer G.
Trends in G-CSF use in 990 patients after EORTC and ASCO
guidelines. Eur J Cancer. 2010;46:2389–98.

25 Potosky AL, Malin JL, Kim B, Chrischilles EA, Weeks JC.
Use of Colony- Stimulating Factors with chemotherapy:
Opportunities for cost savings and improved outcomes. J Natl
Cancer Inst. 2011;103:979–82.

26 Schnipper LE, Smith TJ, Raghavan D, Blayney DW, Ganz PA,
Mulvey TM, et al. American Society of Clinical Oncology ident-
ifies Five Key Opportunities to improve care and reduce costs:
the top five list for oncology. J Clin Oncol. 2012;30:1715–24.

Ria et al. Neutropenia in lymphoproliferative diseases

Hematology 2013 VOL. 18 NO. 3 137


