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Abstract 
Grade 4 neutropenia is associated with an increased risk of infections. Low-dose lenograstim at 13 million units per day is 
commonly used in children undergoing cytotoxic chemotherapy. The present pilot study investigated the effect of 
prophylactic low-dose lenograstim (13 million units of lenograstim, GranozyteR, Sanofi-Aventis Pharma) in 20 patients 
with breast cancer who received (neo) adjuvant (F)EC (5-fluorouracil-epirubicin-cyclophosphamide) chemotherapy on 
days 3 to 10 of the chemotherapy cycle. All of them had experienced nadirs of absolute neutrophil counts (ANC) < 
500/mm3 and white blood cells (WBC) < 1,000/mm3 during the preceding identical (F)EC chemotherapy cycle, respect- 
tively. The primary endpoint of this study was the number of cycles with recurrent grade 4 neutropenia.  

White blood cells, neutrophil granulocytes, hemoglobin, and platelets were recorded on days 1, 8, 15, and 22 of each cycle. 
Neutrophil counts and white blood cells remained stable over time (p > .05). Grade 4 neutropenia occurred in 4% of 
lenograstim-supported cycles only. Antibiotics were necessary in 4% of cycles only. Grade 1 or 2 bone pain was recorded 
in 14%. In conclusion, an economic regimen of  prophylactic low-dose lenograstim, administered at 13 million units per 
day over 8 days, has been demonstrated to maintain neutrophil levels above the critical level and thus to prevent grade 4 
neutropenia. Trials comparing this regimen with pegylated G-CSF seem warranted.     
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1 Introduction 
Grade 4 neutropenia is associated with an increased risk of infections. Febrile neutropenia develops in up to 8% of patients 
with breast cancer during conventional chemotherapy [1-3] and is responsible for a mortality rate of up to 7% [4, 5]. Patients 
receiving (F)EC chemotherapy for breast cancer carry a risk of about 5% for developing febrile neutropenia [1-3].  
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Standard doses of prophylactic G-CSF include filgrastim at 30 or 48 million units or lenograstim 34 million units 
administered for 5 to 8 days usually starting on day 3 of each cycle. Over the past decade, pegylated filgrastim 
formulations have been widely integrated in the clinical routine. They are convenient since they have to be administered 
only once every cycle and do not cause more side effects than daily administrations of G-CSF. However, particularly the 
use of PEG-filgrastim or LIPEG-filgrastim is considerably more costly than daily administrations of G-CSF. Thus, 
alternate administration schedules of G-CSF administration seem warranted. 

Low-dose lenograstim at 13 million units per day is commonly used in children undergoing cytotoxic chemotherapy. The 
authors have found this dosage to be well tolerated and active in selected adult patients in our hospital who had previously 
experienced significant bone pain due to conventional G-CSF treatment regimens. Prolonged low-dose G-CSF was 
considered a feasible alternative for patients experiencing significant neutropenia following anthracycline-based chemo- 
therapy.  

The present pilot study investigated the effect of prophylactic low-dose lenograstim administered over eight days to 20 
consecutive patients with breast cancer who received (neo) adjuvant (F) EC (5-fluorouracil-epirubicin-cyclophosphamide) 
chemotherapy. All of them had experienced a nadir of absolute neutrophil counts (ANC) < 500/mm3 and white blood cells 
(WBC) < 1,000/mm3 during the preceding identical (F)EC chemotherapy cycle, respectively. 

The primary endpoint of this study was the number of cycles with recurrent grade 4 neutropenia at nadir. Secondary 
endpoints were the number of infections and the toxicities caused by low-dose lenograstim. 

2 Material and methods 
During nine months, a total of 20 consecutive patients with histologically verified primary breast cancer who had 
experienced a nadir of grade 4 neutropenia and leucopenia during their preceding (neo-) adjuvant chemotherapy cycle with 
5-fluorouracil-epirubicin-cyclophosphamide (FEC: 500 mg/m2; 75 mg/m2; 500 mg/m2 or EC: 60-90 mg/m2; 600 mg/m2), 
respectively, were recruited for this pilot study. Patients who experienced febrile neutropenia during the previous cycle 
were not included.  

All patients had given informed consent for study participation. They were prophylactically treated with 13 million units 
of G-CSF (lenograstim, GranozyteR, Sanofi-Aventis Pharma) administered s.c. daily from day 3 to day 10 during the 
subsequent (F)EC cycle(s). Study medication was provided by Sanofi Aventis. Patients were instructed to use paracetamol 
500 mg for up to three times daily in the case of bone pain.  

White blood cells, neutrophil granulocytes, hemoglobin, and platelets were checked on day 1, 8, 15, and 22 of each cycle. 
At each visit, side effects of chemotherapy with special reference to febrile episodes, infections, and bone pain were 
recorded. 

The Pearson chi-square test was used to test statistical differences between groups.   

3 Results 
Pretreatment characteristics of the 20 study patients enrolled are detailed in Table 1.  

One patient received erythropoietin also. Efficacy of prophylactic low-dose lenograstim therapy is shown in Table 2. 
Detailed laboratory values on days 1, 8, 15, and 22 are depicted in Figures 1 to 4. While neutrophil counts and white blood 
cells remained stable over time (p > .05), significant differences were found in haemoglobin values (p = .000) and platelet 
counts (p=.000) over time.   
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The median number of chemotherapy cycles after the initiation of prophylactic G-CSF was 2 (range 1-5) depending on the 
time point of study inclusion. No significant differences in blood counts were observed between patients who underwent 
one cycle with prophylactic lenograstim only as compared to those with > 2 supportive cycles.  

Infections and side effects observed during lenograstim prophylaxis are detailed in Table 2. 

4 Discussion 
In this pilot study, the feasibility, efficacy, and safety of prophylactic low-dose lenograstim administered daily subcu- 
taneously from day 3 to day 10 in 20 patients undergoing (F)EC chemotherapy has been demonstrated. As the inclusion 
criterion, all patients had previously developed non-febrile grade 4 neutropenia and leukopenia during their last identical 
(F)EC cycle. As the main result, the neutrophil and white blood cell counts remained almost stable during the course of the 
cycles (see Figures 1 and 2).  

G-CSF are the cornerstone in the prevention of chemotherapy-induced neutropenia [1-3]. G-CSF significantly reduces 
infectious mortality [4, 5].  

Many oncologic centers use prophylactic G-CSF in patients experiencing neutropenia < 500/mm3 in the preceding 
chemotherapy cycle. The authors could not find detailed data about its incidence in the literature. From the personal 
experience, the incidence may lie between 10% to 15% of (F)EC cycles. Usually, after development of grade 4 afebrile 
neutropenia in the previous chemotherapy cycle, prophylactic filgrastim regimens at 30 or 48 million units daily or 
PEG-filgrastim/LIPEG-filgrastim at 6 mg on day 2 are used.  Although such an approach is effective, alternative G-CSF 
formulations seem warranted.  

The administration of the G-CSF lenograstim at a lower dosage over eight days was considered to fulfill both the criteria 
for sufficient efficacy and high tolerability [6-10]. This regimen was supposed to lead to reduced bone pain as compared to 
conventional regimens [11].  

In the present study, the median neutrophil and absolute neutrophil counts remained stable over the cycles’ duration. In a 
randomized study of 6 mg PEG-filgrastim versus 5 µg/kg filgrastim, the median ANC showed rapid increases up to 
31,000/mm3 and 45,000/mm3 on day 4, respectively [4]. The authors hypothesized that 13 million units of lenograstim used 
in this study might reduce the risk for ANC elevations above 30,000/mm3. Indeed, leucocytosis above 20,000/mm3 was 
observed in 6% of cycles only.  Low-dose lenograstim might hypothetically reduce the risk for the development of second 
malignancies including myelodysplastic syndrome [12].   Bone pain was reported in 14% of cycles only. This percentage is 
considerably lower than that reported following PEG-filgrastim [11].  

The use of low-dose G-CSF therapy has significant economic implications. PEG-filgrastim formulations cost around 1500 
to 1700 EUR per application, while eight doses of low-dose lenograstim - as used in the present study - cost about 560 
EUR only, respectively. 

During the 49 cycles with lenograstim support in the present study, only two episodes of ANC values < 500/mm3 (grade 4 
neutropenia) were observed (see Table 2). Only one urinary tract infection occurred which was treated with oral 
ciprofloxacin. Two further patients developed grade 1 and 2 stomatitis, respectively. Both patients received symptomatic 
local treatment and one of them amoxicillin/clavulanic acid in addition. 

Although the low-dose G-CSF regimen used in this pilot study was considerably active with regard to maintaining levels 
of neutrophils and white blood cells, the necessity to administer the drug at 8 subsequent days represents a relevant 
disadvantage particularly when compared to single prophylactic administration of PEG-filgrastim on day 2. 
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In conclusion, conventional G-CSF is a cornerstone in the prophylaxis of febrile neutropenia but associated with 
significant costs [13]. Alternative prophylactic G-CSF regimens seem warranted. In the present pilot study, low-dose 
lenograstim demonstrated efficacy in maintaining neutrophils and white blood cell counts at a safe level.  Infections were 
rare. This low-dose regimen should be confirmed in larger trials.     
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