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Autologous peripheral blood stem cell
(PBSC) mobilization regimens cur-
rently include the administration of

recombinant human granulocyte colony-
stimulating factor (G-CSF) following
chemotherapy.1-6 Many studies have exam-
ined the impact of different doses of G-CSF
to mobilize PBSC, but the standard dose (5
µg/kg/day for filgrastim, 150 µg/m2/day for
lenograstim) is usually compared to higher
doses.7,8 We previously found, in a retrospec-
tive study, that a lower dose of G-CSF fol-
lowing chemotherapy may be sufficient to
collect PBSC.9 In order to determine the min-
imum effective dose of G-CSF, given after
chemotherapy, for PBSC collection, we con-
ducted a prospective double blind dose-find-
ing phase II study in patients with non-
Hodgkin's lymphoma.

Design and Methods

Patient population
Twenty-five consecutive patients between

18 and 65 years of age with non-Hodgkin’s
lymphoma were included in this single-cen-
ter study between 2001 and 2004. The ethi-
cal committee from our institution approved
the study and written informed consent was
obtained from all patients. The chemothera-
py regimens used to treat the patients were
also used for PBSC mobilization and consist-
ed of CHOP (day 1 doxorubicin 50 mg/m2,
cyclophosphamide 750 mg/m2, vincristine 2
mg, plus prednisone), ACVBP (day 1: dox-
orubicin 75 mg/m2, cyclophosphamide 1200
mg/m2, vincristine 2 mg, plus prednisone) or
DHAP (day 1 cisplatinium 100 mg/m2, day 2
Ara-C 4 g/m2, plus dexamethasone). All these

regimens have a similar potential for PBSC
mobilization.10-12 Patients were excluded from
this study if they had undergone previous
PBSC mobilization, or had received previous
radiotherapy, myeloablative therapy, inter-
feron, fludarabine, chlorambucil or more
than two different lines of chemotherapy
before this mobilization attempt. Previous
therapies and the characteristics of the
patients are listed in Table 1.

Design and statistical analysis
The two-stage Bayesian design of this

dose-finding phase II study was chosen to
assess the optimal dose level of G-CSF for
PBSC mobilization. The first stage focused
on the dose-finding procedure until the esti-
mated minimal effective dose (MED) was
reached and the second stage focused on the
reliability of the MED estimates.13,14 The first
stage used the continual reassessment
method in order to determine the dose level
of G-CSF associated with a 90% rate of suc-
cessful PBSC mobilization. The continual
reassessment method is an iterative Bayesian
method based on a one-parameter model
which is aimed at estimating the percentile
of among k distinct dose levels di (i=1,...,k).
Each of the five dose levels tested was arbi-
trarily associated by the investigator (accord-
ing to his personal experience) with the fol-
lowing initial guesses of success probability:
0.7, 0.75, 0.8, 0.85 and 0.90 for the 50, 75,
100, 125 and 150 µg/m2/day loading dose,
respectively. A one-parameter logistic model
(with scale parameter fixed at 3) was then
used to fit the dose-response curve, with an
exponential distribution (with mean=2) for
the model parameter. The posterior response
probability for each dose level was re-esti-
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respectively. Low G-CSF doses may be used with a similar probability of success as
conventional doses and could allow significant savings.
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mated after each new inclusion of patients. The dose
allocated to each new patient was the dose level with
the updated posterior response probability closest to the
target 0.90. The first stage was stopped when either one
of the following two criteria was met: (i) all doses were
likely to be inefficient or (ii) the administered dose level
was likely to remain unchanged until the end of the trial;
if this latter criterion was fulfilled, then the first stage
(dose-finding) ended and the trial moved on to the sec-
ond stage. In the second stage, all patients received the
dose level selected at the end of the first stage. This stage
used a beta-binomial model to estimate the success rate
of the estimated MED. The decision to end the second
stage was based on a suitable estimation in terms of the
precision of the MED: if this stopping criterion was
lower than 0.05, then the trial ended. Otherwise, the
trial was stopped when the fixed sample size of 25
patients was reached. The first cohort of patients
received a dose of 150 µg/m2/day with the initial guess
of success probability closest to the target (0.90). The
first tested dose of 150 µg/m2/day was chosen since this
is the dose currently recommended by the company pro-
ducing the G-CSF for PBSC mobilization following
chemotherapy. The decrease of 25 µg/m2 between dose
levels was decided arbitrarily. 

G-CSF administration and PBSC collection
Chemotherapy was administered on day 1. G-CSF

(lenograstim, Chugai-Rhône-Poulenc) was administered
subcutaneously each day from day 7 until white blood
cell (WBC) recovery and PBSC collection. We chose
lenograstim because it is available in vials (103 and 263

µg) enabling it to be administered in a broad range of
doses. Lenograstim was administered in a double-blind
setting. WBC counts were monitored every day. Venous
blood CD34+ cell concentration was quantified when the
WBC count recovered to 5×109/L. Leukapheresis was ini-
tiated if the CD34+ cell concentration reached 20/µL. If
three CD34 tests performed every other day did not
reach this threshold despite continued administration of
G-CSF, PBSC harvesting was not performed. The num-
ber of CD34+ cells harvested was evaluated as previous-
ly described on each leukapheresis product  obtained
after two blood volumes had been processed.6 PBSC har-
vesting was considered successful if at least 3×106 CD34
cells/kg were collected.

Assessment of engraftment
Hematologic reconstitution was assessed in 15

patients. The other patients did not receive an autograft
because of death, progressive disease, decision to under-
go allografting, failure to harvest PBSC or because PBSC
were harvested only in the expectation of a poor evolu-
tion.

Results and Discussion

Table 2 reports the dose of G-CSF given to each
patient, and the responses, with the actualized posterior
estimated probability of success for each dose-level.
Dose-finding was pursued until the 25th patient, due to
non-fulfillment of either stopping criterion. Loading
doses of 50, 75, 100, 125 and 150 µg/m2/day were
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Table 1. Characteristics of the 25 patients and their chemotherapy regimens.

Patient Age Diagnosis Previous therapies Stage of disease at Chemotherapy used for 
the time of mobilization stem cell mobilization

1 59 Diffuse large B cell lymphoma 3 ACVBP/2 HD-MTX/1 DHAP PR DHAP
2 63 Diffuse large B cell lymphoma 4 CHOP CR CHOP
3 29 Diffuse large B cell lymphoma 4 ACVBP/2 HD-MTX/1 DHAP PR DHAP
4 54 Mantle cell lymphoma 3 CHOP/1 DHAP CR DHAP
5 38 Diffuse large B cell lymphoma 2 ACVBP PR ACVBP
6 33 Diffuse large B cell lymphoma 3 CHOP CR Cyclophosphamide
7 64 Mantle cell lymphoma 3 CHOP/1 DHAP CR DHAP
8 54 Immunoblastic lymphoma 3 ACVBP/2 HD-MTX/2 DHAP CR DHAP
9 57 Diffuse large B cell lymphoma 3 CHOP CR CHOP
10 36 Diffuse large B cell lymphoma 3 ACVBP CR ACVBP
11 61 Diffuse large B cell lymphoma 2 CHOP Not evaluable CHOP
12 55 Mantle cell lymphoma 5 CHOP PR DHAP
13 63 Mantle cell lymphoma 3 CHOP/1 DHAP CR DHAP
14 36 Diffuse large B cell lymphoma 3 ACVBP CR ACVBP
15 41 Diffuse large B cell lymphoma 2 ACVBP PR ACVBP
16 55 Diffuse large B cell lymphoma 3 ACVBP CR ACVBP
17 51 Mantle cell lymphoma 3 CHOP/1 DHAP CR DHAP
18 38 Diffuse large B cell lymphoma 5 CHOP CR CHOP
19 50 Diffuse large B cell lymphoma 3 ACVBP RP CHOP
20 62 Diffuse large B cell lymphoma 4 CHOP RP CHOP
21 45 Mantle cell lymphoma 3 CHOP/1 DHAP RP DHAP
22 56 Diffuse large B cell lymphoma 3 CHOP RP CHOP
23 58 Diffuse large B cell lymphoma 3 CHOP CR CHOP
24 42 Follicular lymphoma 3 CHOP CR CHOP
25 56 T-cell lymphoma 3 CHOP MR CHOP

CR: complete remission; PR partial remission; MR: minor response; HD-MTX: high dose methotrexate.
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assigned to 3, 1, 6, 9, and 6 patients, respectively. After
the treatment of the planned 25 patients, the posterior
estimated probabilities of success for the five doses 50,
75, 100, 125 and 150 µg/m2/day were 84.0%, 87.7%,
91.0%, 93.9% and 96.4%, respectively. The 100
µg/m2/day dose level was estimated to be the MED, as
this dose level was associated with the probability closet
to the target of 90% (estimated probability of success:
91.0%; and 95% credibility interval: 74.2%-98.3%). The
sequential estimated probabilities of success associated
with the MED are represented in Figure 1. PBSC mobi-
lization failed in one patient treated with 50 µg/m2/day
and in one other treated with 100 µg/m2/day. Neither of
these patients reached a sufficient venous blood CD34+

cell concentration following salvage procedure using
high G-CSF doses. The median time for WBC recovery,
the median number of leukaphereses, the median num-
ber of G-CSF injections and the median number of
CD34+ cells collected (6.8 to 10.7×106 CD34+cells/kg)
were similar whatever the dose of G-CSF used. No dif-
ference in hematologic reconstitution was noted
between each group of patient following transplantation.

This double-blind phase II study was designed to
assess the MED of G-CSF following chemotherapy in
the mobilization of the CD34+ cells. We selected a
homogeneous group of patients with non-Hodgkin's
lymphoma who had not received prior heavy cumula-
tive therapy that may compromise the mobilization.15-17

After treatment of all patients, the posterior estimated
probabilities of success for the five doses of 50, 75, 100,
125 and 150 µg/m2 were 84.0%, 87.7%, 91.0%, 93.9%
and 96.4%, respectively. The 100 µg/m2dose level was
estimated to be the MED, as this dose level was associ-
ated with the probability closest to the target of 90%.
The 8% failure rate for PBSC mobilization in this study
is below the 20 to 30% usually observed.15-17 This low
incidence of failure may have been due to the selection
of patients who had not received heavy previous
chemotherapy. The two patients in whom PBSC mobi-
lization failed with low doses of G-CSF also failed to

F. Lefrère et al.

Table 2. Sequential posterior estimated probabilities of success for the five tested doses, updated after each new patient.

G-CSF dose finding study (µg/m2/day)
50 75 100 125 150

Initial guesses of success  probabilities
0.700 0.750 0.800 0.850 0.90

Patient Allocated dose PBSC Posterior estimated probability of success
number µg/m2 collection

1 150 Success 0.611 0.663 0.718 0.777 0.940
2 150 Success 0.788 0.832 0.872 0.910 0.944
3 125 Success 0.863 0.896 0.926 0.951 0.972
4 75 Success 0.909 0.934 0.955 0.971 0.985
5 50 Success 0.937 0.955 0.970 0.982 0.991
6 50 Failure 0.724 0.773 0.821 0.868 0.914
7* 50 Success 0.771 0.816 0.859 0.899 0.937
8 125 Success 0.794 0.832 0.876 0.913 0.947
9 125 Success 0.812 0.852 0.890 0.923 0.954
10 100 Failure 0.687 0.738 0.789 0.840 0.892
11 150 Success 0.704 0.754 0.803 0.853 0.902
12 150 Success 0.718 0.767 0.816 0.863 0.910
13 150 Success 0.731 0.779 0.826 0.872 0.917
14 150 Success 0.742 0.789 0.835 0.880 0.923
15 125 Success 0.755 0.801 0.846 0.889 0.929
16 125 Success 0.767 0.812 0.855 0.896 0.935
17 125 Success 0.777 0.821 0.863 0.903 0.939
18 125 Success 0.786 0.830 0.870 0.908 0.943
19 125 Success 0.795 0.837 0.877 0.914 0.947
20 125 Success 0.802 0.844 0.883 0.918 0.950
21 100 Success 0.811 0.852 0.889 0.923 0.954
22 100 Success 0.820 0.859 0.895 0.928 0.957
23 100 Success 0.827 0.866 0.901 0.932 0.960
24 100 Success 0.834 0.872 0.906 0.933 0.962
25 100 Success 0.840 0.877 0.910 0.939 0.964

The dose level associated with the posterior estimated probability of success closest to the target probability of 90% is shown in bold. This was the dose that had to be adminis-
tered to the subsequent patient. *The 7th patient was included before the response of the 6th patient was known. So the 7th patient was included at the same dose level as the
6tth patient (50 µg/m2).

Figure 1. Sequential estimated probability of success associated
with the minimal effective dose of G-CSF and 95% credibility inter-
vals (CI).
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mobilize PBSC despite high doses of G-CSF adminis-
tered shortly after the initial failure.18 These failures
appear to be more related to the patients’ intrinsic con-
ditions rather than to the lower G-CSF doses adminis-
tered as has also been commonly observed in a similar
proportion of healthy donors. It may, therefore, be spec-
ulated that the probability of success using low doses of
G-CSF would be higher than that observed in this study
if only patients with a good intrinsic PBSC mobilization
potential are considered. In this study, the duration of a
neutrophil count below 0.5×109/L was identical for each
dose-subgroup of patients, as was already reported by
others.19,20 The number of G-CSF injections, the median
number of leukaphereses and the median number of
CD34+ cells collected were also equivalent whatever the
dose tested. So, the use of low doses of G-CSF does not
increase the cost of PBSC harvesting by increasing drug
administration or leukaphereses. 

Further studies argue against the administration of
standard or high doses of G-CSF. Martin-Mureas com-
pared various doses of G-CSF (2.83 to 23 µg/kg) follow-
ing chemotherapy and found no relationship between
the dose administered and the peak level of circulating
CD34+ cells.4 Bolwell compared 5, 10 and 16 µg/kg/day
administered after stem cell transplantation to enhance

neutrophil engraftment and concluded that there was no
advantage from higher doses.19 Toner performed a ran-
domized study with  lenograstim at a dose of 2 or 5
µg/kg/day following chemotherapy to prevent the con-
sequences of neutropenia and did not observe differ-
ences in the measures of neutropenia, hospitalization or
other clinical outcomes.20

In conclusion, low-dose G-CSF administration follow-
ing chemotherapy for PBSC collection would allow sub-
stantial savings without toxicity.
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