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Abstract. Aim: To carry out a prospective, multicenter and
observational study describing prophylactic strategies [cycle
delay, dose-reduction, (G-CSF) prescription] to prevent
recurrence of neutropenic events (NE) in patients with solid
tumors, and identify potential predictive factors of NE
recurrence. Patients and Methods: Patients =18 years old with
an NE in a previous chemotherapy cycle (cycle A) without G-
CSF support, followed for four cycles (B to E) were included in
the study. NE was defined as any neutropenia grade 1-4, febrile
or not, which impacted on subsequent chemotherapy cycles
(cycle delay, or reduction, or prophylactic G-CSF). Results:
Data of 548 patients were analyzed, 378 (69%) were female,
with a mean (SD) age of 61.7 (12.3) years. WHO PS: 0-1:
88.3%, incidence of breast cancer: 40%, metastatic disease:
53.3%. Following the first NE episode, 44.5% of patients had
cycle delay, 22.3% dose reduction and 466 (85%) received
prophylactic G-CSF. NE recurrence rates were: 21.2% at cycle
B, 18.6% at cycle C, 11.5% at cycle D and 12.9% at cycle E.
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G-CSF support (hazard ratio: 0.32 , 0.24-043, p<0.001) was
associated with lower NE recurrence. Pegfilgrastim seemed to
offer the highest protection (hazard ratio; HR=0.23, 95% CI:
0.16-0.32; p<0.001). Secondary G-CSF
prophylaxis has significant efficacy in reducing the incidence
of NE and should be considered as a valuable option.

Conclusion:

Neutropenia is a common side-effect of cancer chemotherapy
in patients with solid tumors. Febrile neutropenia (FN),
defined by grade 4 neutropenia and >38.0°C fever is the
complication of most concern. It is associated with severe
morbidity and increased risk of mortality (1-3). A correlation
between the dose/dosing schedule and neutropenia has been
established for most cytotoxic agents (4, 5). However the risk
of developing life-threatening complications after an episode
of severe neutropenia (i.e. FN) is variable from one patient to
another due to individual risk factors. Some risk factors can
be considered in predicting the risk of neutropenia and are
well-established in international guidelines in the primary
prophylaxis setting (5, 6). These are: age (>65 years old and
older), advanced disease, altered patient condition [poor
performance status (PS) and/or nutritional status], pre-
existing condition (active infection, open wound, recent
surgery), previous FN, previous irradiation to pelvis, and
impaired renal or liver function.

Granulocyte colony stimulating factors (G-CSF) reduce
the severity and duration of neutropenia and FN (7, 8). In
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a recent meta-analysis of randomized clinical trials of solid
tumors (9), overall survival was better in the subgroup of
patients who received primary G-CSF prophylaxis, with a
higher dose-intensity of chemotherapy. While primary G-
CSF prophylaxis use is well-endorsed by all international
societies (5, 6, 10, 11), secondary G-CSF is restricted to
patients who experienced a neutropenic complication from
a previous cycle of chemotherapy, and who did not receive
primary prophylaxis. In such patients, a reduced dose of
chemotherapy may compromise treatment efficacy and
outcome (12-14). In some clinical situations, however,
dose reduction or chemotherapy delay may be a reasonable
strategy in the palliative setting. Limited published data are
currently available on the use of secondary G-CSF
prophylaxis.

We designed this prospective, multicenter and
observational study to describe the prophylactic strategies —
cycle delay, dose-reduction, G-CSF prescription — developed
to prevent the recurrence of a neutropenic event (NE),
subsequently to a previous episode in patients with solid
tumors, and to evaluate their respective efficacy (primary
endpoint). Secondary objectives were to assess the recurrence
rate of NE and identify factors predictive of recurrence.

Patients and Methods

Study design and patient selection. The study was conducted
between February 2010 and June 2011 among 62 cancer centers in
France, treating patients with all types of solid tumors. The study
was conducted in accordance with the principles of the Declaration
of Helsinki and the international directives (ICH3) for non-
interventional studies. No ethical approval was required by the
French authorities at the time of initiation of the study as the study
was a non-interventional one.

To be eligible, patients with solid tumours had to be aged =18
years old (no upper limit of age), and experience an NE during a
previous cycle (reference cycle A) of chemotherapy without G-CSF
support, which required cycle delay and/or dose reduction and/or
prescription of prophylactic G-CSF in the subsequent cycle of the
same chemotherapy. Patients with hematological malignancies,
those who received concomitant radiotherapy or were participating
in a clinical trial were not eligible. Chemotherapy was administered
as per physician decision and according to institution practice.
Prophylactic G-CSF was given as per standard practice and the
summary of product characteristics. No additional procedures were
required during the study period. Patients were followed up to four
consecutive cycles (cycles B to E).

Demographics (age, gender), cancer history (tumor type, previous
treatments for cancer), chemotherapy regimen (type, number of
previous lines, number of cycles received), physical examination
(WHO PS, height, weight), hepatic and renal tests, presence of
significant co-morbidities (concomitant wound, active infection, or
recent surgery) were collected at study entry. NE (type, severity,
duration) and its impact on the subsequent cycle (cycle delay, dose
reduction, or use of prophylactic G-CSF) with type, modalities of
prescription, duration and number of administrations by cycle, were
recorded at each cycle.
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Statistical methods. The sample size was calculated to include a
total of 600 patients to detect significance with an a error of 5%
and a statistical power of 80%, of i) an effect of G-CSF in reducing
by 50% the risk of occurrence of a second NE following a first
episode, assuming use of G-CSF in 20% or more patients and an
NE recurrence rate of 50%, and ii) any risk factor that would
increase or reduce the recurrence rate of a NE by 2, if the frequency
of this factor is >5% in the analyzed population.

NE was defined as any episode of FN (i.e. single temperature
>38.3°C orally or 238.0°C over one hour and neutrophils <500/mm3
or <1000//mm3 or decline of neutrophils to <500/mm3 over the next
48 h), or any episode of neutropenia with a significant impact on
the next cycle of chemotherapies by cycle delay, dose reduction or
prescription of G-CSF.

Prophylactic strategies were defined as any of the following
measures developed subsequently to the first NE: cycle delay and/or
dose reduction and/or prescription of prophylactic G-CSF, and
stratified in two categories according to G-CSF prescription or not:
the first category was defined as any prophylactic strategy with G-
CSF (i.e. prophylactic G-CSF alone or prophylactic G-CSF with
cycle delay and/or dose reduction), and the second as any
prophylactic strategy without G-CSF (i.e. cycle delay, or dose
reduction, or cycle delay and dose reduction).

Descriptive statistics were used for patient demographics, disease
characteristics and prophylactic strategies (mean and standard
deviations for the continuous data, frequency and percentages for
categorical data).

Univariate analyses using a log-rank test were first carried out to
establish the existence or absence of a link between predictive
variables and NE. Predictive variables that were studied in the
model included prophylactic strategies as defined above and risk
factors defined by the National Comprehensive Cancer Network
(NCCN) guidelines (6): age (years and classes: <65 years, =65
years), BMI (<18.5, 18.5-30, =30), prior chemotherapy
(none/metastatic disease/other), prior radiotherapy (yes/no), primary
tumor type (all localization yes/no), disease extent (loco
regional/metastatic), prior episode of FN during previous line of
chemotherapy, concomitant infection, open wound, prior history of
surgery (within 3 months prior to study entry), WHO PS (0/1/2 or
more), renal dysfunction (creatinine clearance <30 ml/min, 30-60,
>60 ml/min), hepatic dysfunction [total bilirubin >1.5 x upper limit
of normal (ULN) and/or Alanine transaminase (ALT)>2 x ULN;
yes/no].

Only variables with a statistical p-value <0.20 were introduced into
the Cox regression model (PHREG procedure using SAS® Software,
SAS Institute, Cary, NC, USA) for the multivariate analysis. Hazard
ratios (HRs) per factor and their two-tailed 95% (CI), and p-values
were calculated.The analyses were performed on NE, as the number
of patients with FN and neutropenic fever was too small in the
subsequent cycles to perform the analysis by type of event.

Results

Patient and disease characteristics at study entry. A total of
548 eligible and evaluable patients were included in the
analysis. Patients and disease characteristics are shown in
Table I. The median age was 63 (SD: 12.3) years (range 18
to 92 years), of whom 43.6% were aged =65 years old.
Primary tumor type was mainly breast cancer (40.0%). More
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than half of the patients (53.3%) were treated for metastatic
disease, as first line for 59.9%. One hundred and three
patients (18.8%) had undergone previous radiotherapy and
53.1% had history of surgery within three months prior to
study entry. The majority of patients (88.3%) had a good PS
(0 or 1). No clinically significant co-morbidities were
present; only 10.8% of the patients presented an active
infection and 1.8% had a skin injury (open wound). A total
of 45 (8.2%) patients had abnormal hepatic tests. Mean
(= SD) serum creatinine clearance was 82.6+29.8 ml/min
(Cockcroft formula).

Chemotherapy regimens and neutropenic events during the
first cycle (cycle A). Chemotherapy consisted mainly of
5-fluorouracil-epirubicin and cyclophosphamide (FEC100)
(9.5%), paclitaxel/carboplatin (7.1%) and 5-fluorouracil,
leucovorin and oxaliplatin (FOLFOX)/capecitabine (6.9%).
The median duration of cycle A was 21 days (range 7 to 68
days). During cycle A, 88 (16.1%) patients experienced FN,
42 (7.7%) neutropenic fever, and 418 (76.3%) neutropenia
(all grades) without fever, of grade 3-4 was observed in 264
(63.2%) patients. Cycle B was delayed in 244 (44.5%)
patients and chemotherapy dose was reduced in 122 (22.3%)
patients. Prophylactic G-CSF was given to 466 (85.0%)
patients, of whom 278 (59.7%) received pegfilgrastim, 127
(27.3%) lenograstim, 48 (10.3%) filgrastim, and 10 (2.1%)
a biosimilar.

Incidence of NE and prophylactic strategies in the
subsequent cycles (cycles B through E). A total of 344
(62.7%) patients completed four cycles of chemotherapy.
Table II summarizes cycle duration, incidence of NE and
prophylactic strategies by cycle. The proportion of patients
who experienced a NE recurrence, including FN, was low
across all cycles. The incidence of cycle delay and
chemotherapy dose reduction decreased with further cycles
of chemotherapy. Median number of G-CSF administrations
in the subsequent cycles, excluding pegfilgrastim
(administered as a single dose) was 5 (range 1 to 10). A
small proportion of patients received prophylactic antibiotics;
6 patients in cycle B, 4 in cycle C, 2 in cycle D and none in
cycle E. Ten patients required hospitalization following an
episode of FN or neutropenic fever. Nine deaths were
reported, none of them were related to NE.

Factors predictive of recurrence of NE in the subsequent
cycles. As shown in Table III, the univariate analysis
identified four co-variates that were potentially associated
with a greater rate of NE recurrence: prior episode of FN,
primary tumor type (lung and colorectal), metastatic disease
and prior radiotherapy, while breast cancer and prophylactic
strategy with G-CSF were associated with a lower NE
incidence. In the multivariate analysis, only prophylactic

Table 1. Patient and disease characteristics at study entry.

Patient characteristics N=548
Gender (n; %)
Male 170 (31.0)
Female 378 (69.0)
Age (years)
Mean (+SD) 61.7+12.3
Median (range) 63 (18-92)
=65 (n; %) 239 (43.6)
Median BMI (kg/m?2) (range) 24 (15-41)
BMI by class (n; %)
<18.5 24 (44)
18.5-30 459 (83.8)
=30 62 (11.3)
Missing data 3(0.5)
Performance status (n ;%)
0 235 (42.9)
1 249 (454)
2 52.(9.5)
3 3(0.5)
Missing data 9 (1.6)
Primary tumor type (n; %)
Breast 219 (40.0)
Colorectal 86 (15.7)
Lung 65 (11.9)
Ovarian 54 (9.9)
Other? 124 (22.6)
Chemotherapy setting at inclusion (n, %)
Neo-adjuvant 56 (10.2)
Adjuvant 200 (36.5)
Metastatic 292 (53.3)
Main chemotherapy regimens (n; %) (frequency =4%)
FEC100 52 (9.5)
Paclitaxel + carboplatin 39 (7.1)
FOLFOX/capecitabine 38 (6.9)
Docetaxel at 100 mg/m? 22 (4.0)
Other* 397 (72.5)

aCervix, stomach, prostate, pancreas, and other. FEC100: 5-fluorouracil
at 500-600 mg/m2, epirubicin at 100 mg/m? and cyclophosphamide at
600 mg/mz; FOLFOX: 5-fluorouracil, leucovorin and oxaliplatin.
*other: Adriamycin-cyclophosphamide; Adriamycin-cyclophosphamide,
paclitaxel; Caelyx; docetaxel at 75 mg/m2; docetaxel at 100 mg/m?2;
doxorubicin-docetaxel; epirubicin-cyclophosphamide; capecitabine-
oxaliplatin; etoposide-cisplatin; 5-fluorouracil-leucovorin-irinotecan; 5-
fluorouracil-leucovorin; gemcitabine-cisplatin; vironelbine; paclitaxel;
paclitaxel-bevacizumab; taxotere-cyclophosphamide; taxotere- carboplatin-
herceptin; taxotere-adriamycin-cyclophosphamide; bleomycin-etoposide-
cisplatin; topotecan; other.

strategy with G-CSF was found to be statistically associated
with a lower recurrence rate of NE (HR=0.32, 95% CI: 0.24-
0.43; p<0.001) (Figure 1). The proportion of patients who
experienced a NE was 29.0% when receiving G-CSF versus
68.0% for patients who did not. Mean (+SD) time to NE
recurrence was 102.1 (1.9) days in G-CSF treated-patients,
compared to 62.3 (3.0) days in the other group. Furthermore,

303



ANTICANCER RESEARCH 33: 301-308 (2013)

Table II. Incidence of neutropenic events and its impact on the prophylactic strategies by cycle (N=548, all cycles).

Cycle
A B C D E
(No prophylactic G-CSF)  (Initiation of G-CSF) N=548 N=442 N=344
N=548 N=548
Cycle Duration (days)
Mean (+SD) 242+7.5 20.3+4.7 20.2+4.7 19.7£5.0 19.6+5.1
Median (range) 21 (7-68) 21 (7-35) 21 (7-42) 21 (5;37) 21 (7; 37)
Neutropenic events (NE) by cycle
Number of patients with at least one NE N (%) 548 (100) 116 (21.2) 102 (18.6) 51 (11.5) 48 (12.9)
Febrile neutropenia N (%) 88 (16.1) 3(0.5) 4(0.7) 0 1(0.3)
Median duration (days) (range) - 8 (1-10) 10 (4-13) - 4 (4-4)
Neutropenic fever N (%) 42 (7.7) 2(04) 4(0.7) 1(0.2) 0
Median duration (days) (range) - 5(4-6) 3(1-23) 5(5-5) -
Median worst grade (range) 3(1-3) 2 (1-3) 3 (3-3) 3(3-3) -
Neutropenia without fever (N; %) 418 (76.3) 111 (20.3) 95 (17.3) 50 (11.3) 47 (13.7)
Grade 3-4 (N; %) 264 (63.2) 45 (40.5) 23 (24.2) 13 (26.0) 9(19.2)
Prophylactic strategies* (by cycle)
Cycle delay N (%) - 244 (44.5) 44 (8.0) 23(52) 18 (5.2)
Dose reduction N (%) - 122 (22.3) 27 (4.9) 17 (3.8) 12 (3.5)
% of dose reduction+SD 237133 24+13.7 19.2+10.3 24.8+4.9
Prophylactic G-CSF N (%) - 466 (85.0) 413 (75.4) 332 (75.1) 247 (71.8)
Type of G-CSF N (%)
Pegfilgrastim - 278 (59.7) 253 (61.3) 211 (63.6) 152 (61.5)
Filgrastim - 48 (10.3) 39 (94) 30 (9.0) 22 (8.9)
Lenograstim - 127 (27.3) 11 (26.9) 84 (25.3) 67 (27.1)
Biosimilars - 10 (2.1) 922 6 (1.8) 6(2.4)
Number of G-CSF administrations
(excluded pegfilgrastim)
Mean (+SD) - 44+1.6 4.6+1.5 4.5+1.6 4.6x1.5
Median (range) - 5 (1-10) 5(1-9) 5(1-9) 5(1-9)
Prophylactic antibiotics (N, %) 6 (1.1) 4(0.7) 2 (0.5) 0

*Prophylactic strategies included cycle delay and/or dose reduction and/or prophylactic G-CSF.

the HR for NE recurrence was 0.23 (95% CI: 0.16-0.32;
p<0.001) in the group of patients who received pegfilgratim
and 0.49 (95% CI: 0.35-0.69); p<0.001) for those receiving
G-CSF daily, compared to no G-CSF support (Figure 2).

Discussion
We designed this study to describe the prophylactic strategies

developed to prevent NE recurrence following a first episode
in a cohort of patients treated for solid tumors and to identify
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factors predictive of recurrence. From a clinical point of
view, the choice of NE as the main criteria in this study
makes sense as not only FN, but also chemotherapy delay
and/or dose-reduction can have a deleterious impact on a
patient's quality of life, efficacy of chemotherapy and the
hospital organization.

Out of the 548 patients who experienced a NE during the
first cycle without G-CSF support, 88 (16.1%) experienced FN,
42 (7.7%) a neutropenic fever and 418 (76.3) neutropenia (any
grade) without fever. These events resulted in delay of
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Table II1. Factors with p-value <0.20 in the univariate analysis assessing recurrence of neutropenic events, by log-rank test (N=548; all cycles).

Variables Modality Neutropenic events No neutropenic events Mean time from the first event Log-rank
N (%) N (%) (SD) p-Value
Primary tumor type
Lung cancer No 167 (34.6) 315 (65.4) 97.2 (1.9) 0.064
Yes 32 (49.2) 33 (50.8) 85.6 (4.8)
Breast cancer No 138 (41.9) 191 (58.1) 919 24) 0.003
Yes 61 (28.0) 157 (72.0) 84.6 (1.9)
Colorectal cancer No 159 (34.5) 302 (65.5) 98.0 (1.9) 0.009
Yes 40 (46.5) 46 (53.5) 72.8 (3.6)
Disease extent Metastatic 118 (40.5) 173 (59.5) 93.1 24) 0.078
Other 81 (31.6) 175 (68.4) 89.7 (2.1)
Prior radiotherapy No 155 (35.0) 288 (65.0) 97.5 (2.0) 0.125
Yes 43 (41.7) 60 (58.3) 758 (3.2)
Prior episode of No 156 (34.7) 293 (65.3) 97.3 (2.0) 0.174
febrile neutropenia* Yes 42 (43.3) 55 (56.7) 87.5 (4.1)
Treatment measure With G-CSF 132 (29.5) 316 (70.5) 102.1 (1.9) <0.001
Without 67 (67.7) 32 (32.3) 62.3 (3.0)
G-CSF

*In a previous line of chemotherapy.

chemotherapy in 44.5% of the patients, dose reduction in
22.3% of the patients and use of secondary G-CSF prophylaxis
in 85.0% of the patients in the subsequent cycle (cycle B). Of
note, 40% of the study cohort had breast cancer, and almost
half (46.7%) of them were treated with a curative intent.

The recurrence of an NE, including FN, was low across
all subsequent cycles. The proportion of patients having
experienced at least one NE decreased with further cycles of
chemotherapy. Similarly, FN rates decreased dramatically
from 16.1% in cycle A to 0.3% in cycle E. Importantly the
rate of iterative cycle delay and dose reduction decreased
significantly in all cycles, while approximately two-thirds of
the patients continued to receive prophylactic G-CSF in the
subsequent cycles. These results suggest that secondary G-
CSF prophylaxis is common practice for patients with solid
tumors, both to prevent recurrence of FN, and to maintain
chemotherapy dose-intensity. In a recent survey conducted
by Falandry et al. between 2006 and 2007 (15), after the
publication of the international recommendations update in
2006 on the use of G-CSF on a large cohort of 990 patients
with solid tumor (15), 44.4% of G-CSF prescriptions were
given as secondary prophylaxis. Moreover, in patients with
breast cancer, 38% of G-CSF prescriptions were given in a
metastatic setting and as third-line for 18.9% of them.

As an exploratory analysis, we used risk factors that are
validated for FN in the primary prophylaxis setting to identify
factors predictive of recurrence, to which we added the
prophylactic strategies (taking into account the use or not of
G-CSF). In our study, advanced age was not found to be a
factor predictive of NE recurrence. This may be explained by
the widespread use of prophylactic G-CSF in our cohort of

patients, including the elderly patients. This may suggest that
use of prophylactic G-CSF may have protected them from
developing subsequent NE. The efficacy of G-CSF in elderly
patients in primary prophylaxis was demonstrated in a phase
IIT study by Balducci et al. (16). Only a prophylactic approach
that included G-CSF was found to be an independent predictor
of lower recurrence rate of NE (HR: 0.32, 95% CI: 0.24-0.43;
p<0.001) in the multivariate analysis. Patients who received
secondary prophylactic G-CSF, had three-fold lower risk of NE
recurrence compared to patients who did not. The mean (+SD)
time for recurrence from the first event was longer (102.1+1.9
days) in G-CSF-treated patients, compared to 62.3+3.0 days in
the group of patients who did not receive prophylactic G-CSF.
Moreover, pegfilgrastim seemed to offer the highest protection,
(HR=0.23, 95% CI: 0.16-0.32; p<0.001). There is now a
growing body of evidence suggesting that pegfilgrastim, a
pegylated formulation of filgrastim is more effective than
filgrastim or other daily G-CSF, in the primary prophylaxis
setting (17, 18).

In conclusion, our study shows that secondary G-CSF
prophylaxis has significant efficacy in reducing the incidence
of chemotherapy-induced NE, and should be considered as a
valuable option for an optimal delivery of standard
chemotherapy in patients with solid tumors. Further clinical
trials are needed to confirm our results.
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Figure 1. Incidence of neutropenic events in the subsequent cycles according to the prophylactic strategy with or without Granocyte Colony
Stimulating Factor (G-CSF) by the Kaplan-Meier curve for the time to recurrence of neutropenic event (N=548; all cycles).
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Figure 2. Incidence of neutropenic events in the subsequent cycles according to the type of G-CSF by the Kaplan-Meier curve for the time-to-
recurrence of neutropenic events (N=548; all cycles).
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