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antibiotic treatment (11/10 days; p = 0.75) or length of hospi-

tal stay (16.5/16 days; p = 0.27) between the groups. The use 

of pegfilgrastim resulted in 12% higher treatment-related 

costs when compared to filgrastim, without reaching statis-

tical significance (p = 0.38).  Conclusion:  Pegfilgrastim ap-

pears to be equivalent to filgrastim after high-dose BEAM 

followed by APBSCT in the treatment of lymphoma patients. 

 Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Autologous peripheral blood stem cell transplantation 
(APBSCT) is a widely performed treatment modality for 
patients with multiple myeloma or relapsed/refractory 
Hodgkin’s lymphoma (HL) and aggressive non-Hodg-
kin’s lymphoma (NHL)  [1–4] . According to the European 
Group for Blood and Marrow Transplantation database, 
6,734 autologous stem cell transplantations were per-
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formed in lymphoma patients in 2008 (1,919 for HL pa-
tients and 4,815 for NHL patients)  [5] . Treatment-related 
mortality is less than 5% and most often due to infectious 
complications during the post-transplant period  [6] . To 
reduce the time to engraftment and eventually the risk for 
infections, many transplantation centers have established 
the use of granulocyte-colony stimulating factors (G-
CSF) in the APBSCT routine, although data on their clin-
ical benefit and general recommendations are still am-
biguous  [7–8] . Due to their short half-life, daily injections 
are necessary until neutrophil recovery has been achieved.

  Pegfilgrastim (Neulasta © , Amgen) is the pegylated 
form of the G-CSF filgrastim (Neupogen © , Amgen). This 
long-term formulation has the advantage over filgrastim 
of a single application after the myeloablative chemother-
apy, thus improving patient comfort and administration 
safety.

  Here we report on the efficacy of pegfilgrastim in 
comparison to filgrastim in patients with NHL or HL re-
ceiving unmodified high-dose BEAM as conditioning 
regimen followed by APBSCT at our Stem Cell Trans-
plantation Center in Zürich during the last 4 years. We 
analyzed only lymphoma patients receiving unmodified 
high-dose BEAM, to avoid any possible bias based on the 
heterogeneity of the administered conditioning regimens 
 [9–11] . We also placed a special emphasis on possible dif-
ferences in treatment-related costs during the post-trans-
plant period.

  Patients and Methods 

 Patients with NHL or HL receiving high-dose BEAM as con-
ditioning regimen followed by APBSCT during the last 4 years 
(2006–2009) at our center were analyzed. The study was approved 
by our local ethic committee.

  Patients received either pegfilgrastim or daily filgrastim after 
APBSCT. Pegfilgrastim was administered as single fixed dose of 
6 mg subcutaneously at day +1 after stem cell retransfusion. Fil-
grastim was given at a dose of 5  � g/kg body weight subcutane-
ously once daily, starting at day +5 after stem cell retransfusion, 
until the absolute neutrophil count (ANC) was  6 0.5  !  10 9  cells/l 
for at least 3 consecutive days.

  The BEAM regimen consisted of carmustine 1  !  300 mg/m 2 , 
etoposide 8  !  150 mg/m 2  b.i.d., cytarabine 8  !  200 mg/m 2  b.i.d. 
and melphalan 1  !  140 mg/m 2 , followed by APBSCT.

  Patients treated for disease entities other than NHL or HL and 
patients receiving a dose-reduced BEAM regimen (i.e. ‘BEAM el-
derly’) were excluded from this analysis.

  The medical records of the patients and our prospective trans-
plantation database were screened for length of hospital stay, ap-
pearance and duration of fever, use of intravenous (i.v.) antibiotics 
and need for red blood cell and platelet transfusions during hos-
pital stay. These factors were compared between the groups.

  Neutropenia was defined as ANC  ! 0.5  !  10 9  cells/l. Fever was 
defined as body temperature  6 38.4   °   C. Every day of fever was 
considered for analysis when a body temperature over this cut-off 
was documented in the patient charts. Hospitalization time was 
defined as time from the day of stem cell reinfusion (day 0) to the 
day of patient discharge.

  Statistical Analyses 
 Statistical comparisons of patient characteristics were made 

using either a Mann-Whitney U test, or a Fisher’s exact test, as 
appropriate. Continuous clinical outcomes are presented as me-
dian (range), and compared using the Mann-Whitney U test, 
while binary clinical outcomes are presented as percentages, and 
compared using Fisher’s exact test. Cost analysis is based on the 
average cost of antibiotics and blood products, average length of 
stay, and average cost of filgrastim or pegfilgrastim per patient 
(compared with Kruskal-Wallis test).

  All analyses were performed in the R programming language 
 [12] .

  Results 

 Patient Demographics 
 Between January 2006 and December 2009, a total of 

54 patients with NHL (n = 40; 74%) or HL (n = 14; 26%) 

Table 1.  Patient characteristics

Parameter Filgrastim
use
(n = 20)

Pegfilgras-
tim use
(n = 34)

p
value

Age, years 0.8
Median 51 51.7
Range 24–67.6 18.8–66.2

Gender, n (%) 0.39
Male 14 (70) 19 (56)
Female 6 (30) 15 (44)

CD34+ cells reinfused, !106 cells/kg b.w. 0.76
Median 5.2 5.3
Range 2.3–12 2.1–20.1

Entity, n (%) 0.49
Non-Hodgkin’s lymphoma 13 (65) 27 (79)
Hodgkin’s lymphoma 7 (35) 7 (21)

NHL subtype, n (%) 0.79
DLBCL 7 (54) 8 (30)
Follicular lymphoma 1 (7.5) 4 (15)
Mantle cell lymphoma 4 (31) 9 (33)
Peripheral T-NHL 1 (7.5) 3 (11)
Anaplastic large T-NHL 0 2 (7)
Dendritic sarcoma 0 1 (4)

C D34 = Cluster of differentiation 34; DLBCL = diffuse large 
B-cell lymphoma.
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were treated with unmodified high-dose BEAM and re-
ceived subsequent G-CSF support. Thirty-four (68%) pa-
tients received single-dose pegfilgrastim, and 20 (32%) 
patients received filgrastim after APBSCT, respectively. 
Filgrastim was applied after APBSCT for a median of 7.5 
days (range 5–16 days). The main patient characteristics 
were well balanced between the 2 groups ( table 1 ).

  Efficacy 
 The median time to neutrophil engraftment after 

pegfilgrastim was identical to the engraftment achieved 
with filgrastim [median 9 days (range 8–22) for pegfil-
grastim vs. 9 days (range 7–13) for filgrastim; p = 0.55], 
and the median duration of neutropenia grade 4 did not 
differ significantly between the 2 patient populations, 
with a median of 7 days (range 5–22) for pegfilgrastim 
versus 8 days (range 5–14) for filgrastim (p = 0.13). In ad-
dition, no difference regarding the duration of thrombo-

cytopenia grade 4 was seen between the 2 groups (me-
dian 7 days, range 3–20, for pegfilgrastim vs. 9.5 days, 
range 2–19, for filgrastim, p = 0.21). Also no significant 
differences were observed regarding the number of red 
blood cell or platelet transfusions, the duration of fever 
and the duration of i.v. antibiotic treatment between the 
2 groups ( table 2 ).

  In the binary outcome analysis, no significant differ-
ence was noted in the number of patients needing i.v. an-
tibiotics or blood products. In addition, there were no dif-
ferences regarding the incidence of fever or the need for 
transfer to the intensive care unit between the 2 groups 
( table 3 ).

  Cost Analysis 
 Cost analysis was performed using the Swiss drug 

prices listed for the year 2008. The median cost per pa-
tient for filgrastim was 1,950 Swiss francs (CHF), com-
pared with CHF 2,077 for pegfilgrastim (p = 0.16, Mann-
Whitney U test). An integrated cost analysis including 
the costs of G-CSF used, the infused blood products and 
the hospital stay showed an additional expenditure of 
12% for patients receiving pegfilgrastim during the post-
transplant period, without being statistically significant 
(p = 0.38, Mann-Whitney U test).

  Discussion 

 Our study objective was to assess the impact of pegfil-
grastim on the clinical outcome of patients with NHL or 
HL who received unmodified BEAM as conditioning 
regimen followed by subsequent stem cell retransfusion.

Table 3.  Clinical outcomes (binary) in lymphoma patients treated 
with BEAM

Parameter Filgrastim
(n = 20)

Pegfilgrastim
(n = 34)

p
value

Intravenous antibiotics 18 (90) 34 (100) 0.13
Incidence of fever 16 (80) 33 (97) 0.057
Red blood cell transfusions 17 (85) 28 (82.5) 1
Platelet transfusions 20 (100) 34 (100) 1
Transfer to ICU 1 (5) 3 (9) 1

D ata presented as absolute patient numbers with percentages 
in parentheses. p values from Fisher’s exact test. ICU = Intensive 
care unit.

Table 2.  Clinical outcomes in lymphoma patients treated with BEAM

Parameter Filgrastim use
(n = 20)

Pegfilgrastim use
(n = 34)

p value

Length of hospital stay, days 16 (11–35) 16.5 (12–32) 0.27
Time to engraftment, days 9 (7–13) 9 (8–22) 0.55
Duration of neutropenia grade 4, days 8 (5–14) 7 (5–22) 0.13
Duration of thrombocytopenia grade 4, days 9.5 (2–19) 7 (3–20) 0.21
Duration of fever, days 2 (0–19) 4.5 (0–16) 0.057
Duration of i.v. antibiotic treatment, days 10 (0–23) 11 (4–28) 0.75
Red blood cell transfusions, n 4 (0–13) 2 (0–9) 0.27
Platelet transfusions, n 2 (1–8) 2.5 (1–8) 0.78

Data presented as median (range). p values from Mann-Whitney U test.
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  In our analysis of a homogenous patient collective
we showed that administration of pegfilgrastim after 
high dose BEAM and APBSCT is as efficacious as fil-
grastim. We did not find differences regarding time to 
engraftment, length of hospital stay or the need for 
blood products and i.v. antibiotics. This finding is in ac-
cordance with studies demonstrating similar efficacy of 
pegfilgrastim and filgrastim in patients who received 
conventionally dosed myelosuppressive chemotherapy 
 [13–14] .

  To our knowledge, this is the largest analysis so far fo-
cusing exclusively on patients receiving unmodified 
BEAM as conditioning regimen followed by APBSCT, 
and we were able to demonstrate that pegfilgrastim is not 
inferior to filgrastim. The available data so far on this 
topic have been achieved by analyzing heterogenous pa-
tient cohorts treated with different conditioning regi-
mens  [15–17] . Recently, a study focused on lymphoma 
 patients who received BEAM or BEAC (conditioning 
 regimen with carmustine, etoposide, cytarabine and cy-
clophospamide) as conditioning regimen  [18] . However, 
high-dose chemotherapy regimens differ in terms of tox-
icities, and the results of the patient outcome during the 
post-transplant period are likely to be influenced primar-
ily by this heterogeneity  [9–11, 19] .

  The median cost of filgrastim needed to achieve an 
engraftment was lower than the cost of a single-dose of 
pegfilgrastim, and this additional expenditure could not 

be counterbalanced by a shortening of the hospital stay or 
less supportive measures like i.v. antibiotics or blood 
products. In an integrated cost analysis we observed an 
additional expenditure of 12% for patients treated with 
pegfilgrastim, although this difference did not meet sta-
tistical significance.

  To conclude, in our experience, pegfilgrastim appears 
to be equivalent to filgrastim after conditioning chemo-
therapy with high-dose BEAM followed by APBSCT. We 
did not see any differences regarding time to engraft-
ment, the length of hospital stay or the need for i.v. anti-
biotics and blood products. Pegfilgrastim may be consid-
ered as a therapeutic option in patients treated with 
BEAM and APBSCT.

  Acknowledgments 

 We thank Dora Greuter for the excellent technical assistance 
and evaluation of the patients’ laboratory data. We also acknowl-
edge Waltraud Naumann’s continuous care of our prospective pa-
tient database. Finally, we thank Denise Diener and Anja Augst-
burger for their help in collecting patient data.

  Disclosure Statement 

 The authors report no conflicts of interest.  

 References 

  1 Attal M, Harousseau JL, Stoppa AM, Sotto JJ, 
Fuzibet JG, Rossi JF, Casassus P, Maison-
neuve H, Facon T, Ifrah N, Payen C, Bataille 
R: A prospective, randomized trial of autolo-
gous bone marrow transplantation and che-
motherapy in multiple myeloma. Inter-
groupe français du myélome. N Engl J Med 
1996;   335:   91–97. 

  2 Philip T, Guglielmi C, Hagenbeek A, Somers 
R, Van der Lelie H, Bron D, Sonneveld P, Gis-
selbrecht C, Cahn JY, Harousseau JL, et al: 
Autologous bone marrow transplantation
as compared with salvage chemotherapy in 
relapses of chemotherapy-sensitive non-
Hodgkin’s lymphoma. N Engl J Med 1995;  
 333:   1540–1545. 

  3 Chopra R, McMillan AK, Linch DC, Yuklea 
S, Taghipour G, Pearce R, Patterson KG, 
Goldstone AH: The place of high-dose beam 
therapy and autologous bone marrow trans-
plantation in poor-risk Hodgkin’s disease: a 
single-center 8-year study of 155 patients. 
Blood 1993;   81:   1137–1145. 

  4 Linch DC, Winfield D, Goldstone AH, Moir 
D, Hancock B, McMillan A, Chopra R, Mil-
ligan D, Hudson GV: Dose intensification 
with autologous bone-marrow transplanta-
tion in relapsed and resistant Hodgkin’s dis-
ease: results of a BNLI randomised trial. 
Lancet 1993;   341:   1051–1054. 

  5 Gratwohl A, Baldomero H, Schwendener A, 
Gratwohl M, Apperley J, Frauendorfer K, 
Niederwieser D: The EBMT activity survey 
2008 impact of team size, team density and 
new trends. Bone Marrow Transplant 2010, 
in press. 

  6 Jantunen E, Itala M, Lehtinen T, Kuittinen O, 
Koivunen E, Leppa S, Juvonen E, Koistinen 
P, Wiklund T, Nousiainen T, Remes K, Volin 
L: Early treatment-related mortality in adult 
autologous stem cell transplant recipients: a 
nation-wide survey of 1,482 transplanted pa-
tients. Eur J Haematol 2006;   76:   245–250. 

  7 Smith TJ, Khatcheressian J, Lyman GH, Ozer 
H, Armitage JO, Balducci L, Bennett CL, 
Cantor SB, Crawford J, Cross SJ, Demetri G, 
Desch CE, Pizzo PA, Schiffer CA, Schwartz-
berg L, Somerfield MR, Somlo G, Wade JC, 
Wade JL, Winn RJ, Wozniak AJ, Wolff AC: 
2006 update of recommendations for the use 
of white blood cell growth factors: an evi-
dence-based clinical practice guideline. J 
Clin Oncol 2006;   24:   3187–3205. 

  8 Crawford J, Caserta C, Roila F: Hematopoi-
etic growth factors: ESMO recommenda-
tions for the applications. Ann Oncol 2009;  
 20:   162–165. 

  9 Puig N, de la Rubia J, Remigia MJ, Jarque I, 
Martin G, Cupelli L, Sanz GF, Lorenzo I, 
Sanz J, Martinez JA, Jimenez C, Sanz MA: 
Morbidity and transplant-related mortality 
of CBV and beam preparative regimens for 
patients with lymphoid malignancies under-
going autologous stem-cell transplantation. 
Leuk Lymphoma 2006;   47:   1488–1494. 



 Pegfilgrastim or Filgrastim after BEAM  Oncology 2010;79:93–97 97

 10 Zaucha R, Gooley T, Holmberg L, Gopal AK, 
Press O, Maloney D, Bensinger WI: High-
dose chemotherapy with BEAM or busul-
phan/melphalan and thiotepa followed by 
hematopoietic cell transplantation in malig-
nant lymphoma. Leuk Lymphoma 2008;   49:  
 1899–1906. 

 11 Jo JC, Kang BW, Jang G, Sym SJ, Lee SS, Koo 
JE, Kim JW, Kim S, Huh J, Suh C: BEAC or 
BEAM high-dose chemotherapy followed by 
autologous stem cell transplantation in non-
Hodgkin’s lymphoma patients: comparative 
analysis of efficacy and toxicity. Ann Hema-
tol 2008;   87:   43–48. 

 12 R development core team: R: a Language and 
Environment for Statistical Computing. R 
Foundation for Statistical Computing, 2009. 
www.R-project.org.  

 13 Green MD, Koelbl H, Baselga J, Galid A, 
Guillem V, Gascon P, Siena S, Lalisang RI, 
Samonigg H, Clemens MR, Zani V, Liang 
BC, Renwick J, Piccart MJ: A randomized 
double-blind multicenter phase III study
of fixed-dose single-administration pegfil-
grastim versus daily filgrastim in patients re-
ceiving myelosuppressive chemotherapy. 
Ann Oncol 2003;   14:   29–35. 

 14 Holmes FA, O’Shaughnessy JA, Vukelja S, 
Jones SE, Shogan J, Savin M, Glaspy J, Moore 
M, Meza L, Wiznitzer I, Neumann TA, Hill 
LR, Liang BC: Blinded, randomized, multi-
center study to evaluate single administra-
tion pegfilgrastim once per cycle versus dai-
ly filgrastim as an adjunct to chemotherapy 
in patients with high-risk stage II or stage 
III/IV breast cancer. J Clin Oncol 2002;   20:  
 727–731. 

 15 Ballestrero A, Boy D, Gonella R, Miglino M, 
Clavio M, Barbero V, Nencioni A, Gobbi M, 
Patrone F: Pegfilgrastim compared with fil-
grastim after autologous peripheral blood 
stem cell transplantation in patients with 
solid tumours and lymphomas. Ann Hema-
tol 2008;   87:   49–55. 

 16 Castagna L, Bramanti S, Levis A, Michieli 
MG, Anastasia A, Mazza R, Giordano L, Sa-
rina B, Todisco E, Gregorini AI, Santoro A: 
Pegfilgrastim versus filgrastim after high-
dose chemotherapy and autologous periph-
eral blood stem cell support. Ann Oncol 
2010;   21:   1482–1485. 

 17 Mathew S, Adel N, Rice RD, Panageas K, 
Duck ET, Comenzo RL, Kewalramani T, 
Nimer SD: Retrospective comparison of the 
effects of filgrastim and pegfilgrastim on the 
pace of engraftment in auto-sct patients. 
Bone Marrow Transplant 2010, in press. 

 18 Rifkin R, Spitzer G, Orloff G, Mandanas R, 
McGaughey D, Zhan F, Boehm KA, Asmar 
L, Beveridge R: Pegfilgrastim appears equiv-
alent to daily dosing of filgrastim to treat 
neutropenia after autologous peripheral 
blood stem cell transplantation in patients 
with non-Hodgkin lymphoma. Clin Lym-
phoma Myeloma Leuk 2010;   10:   186–191. 

 19 Jantunen E, Kuittinen T, Nousiainen T: 
BEAC or BEAM for high-dose therapy in pa-
tients with non-Hodgkin’s lymphoma? A 
single centre analysis on toxicity and effica-
cy. Leuk Lymphoma 2003;   44:   1151–1158. 

  


