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Methods  This is a retrospective study. G-CSF was administered in the dose of 10 μg/
kg subcutaneous as a single dose for 4 days. On day 5, peripheral blood stem cell (PBSC) 
apheresis was performed using Haemonetics MCS plus or COBE Spectra apheresis machine 
through a double-lumen central venous catheter. Primary outcome parameters were the 
total number of CD34+ HSCs/kg of recipient weight mobilized in peripheral blood and the 
number of days required for neutrophil and platelets engraftment, respectively.
Objective  We compared the effectiveness and safety of innovator filgrastim versus 
generic filgrastim in patients who underwent hematopoietic stem cell transplanta-
tion (HSCT).
Results  A total of 91 stem cell mobilizations was analyzed. There were 58 normal 
healthy donors for allogeneic HSCT and 33 patients for autologous HSCT. There was no 
statistically significant difference among groups in terms of total collected CD34+ cells 
value (p = 0.609). The mean time to neutrophil engraftment was 13.7 days in the inno-
vator group and 13.2 days in the Grafeel group (p = 0.518). The mean time to platelet 
engraftment was 16.2 days in the innovator group and 14.8 days in the generic group 
(p = 0.435). The patient who received generic filgrastim had more febrile episodes 
during the course of transplantation (p = 0.020).
Conclusion  Generic filgrastim was found to be comparable to original filgrastim for 
peripheral blood stem cell mobilization in normal healthy donors for allogeneic HSCT 
and patients for autologous HSCT.
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Introduction

Hematopoietic stem cell transplantation (HSCT) is the 
treatment modality of choice in various hematological 
conditions.1 Adequate mobilization of stem cells is an 
essential prerequisite for timely engraftment in HSCT.  
A consensus published by the American Society for Blood 

and Marrow Transplantation recommends collecting 
a minimum dose of 2 × 106 CD34+ cells/kg to perform 
autologous stem cell transplantation.2 Granulocyte colo-
ny-stimulating factor (G-CSF) forms the backbone of the 
mobilization strategy.

A generic is a biological medicine that is highly similar to 
another already approved biological medicine (reference or 
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innovator medicine). The innovator G-CSF Neupogen (Amgen, 
Vienna, Austria) was used initially for stem cell mobilization 
in autologous and healthy donors. Following the patent expi-
ration of the innovator filgrastim product, generic filgrastim 
products have been approved in the European Union (EU) and 
have been shown to be comparable with the innovator with 
respect to quality, safety, and efficacy. In developing countries 
with lesser regulated markets, data on quality of generics are 
limited. A recent meta-analysis by Schmitt et al, based on 
30 studies with a total of 1,541 autologous transplant patients 
where generic filgrastim was used for hematopoietic stem 
cell (HSC) mobilization, found no differences in the number of 
apheresis days, the number of collected CD34+ cells/kg recip-
ient weight, or the time to neutrophil and platelet engraft-
ment compared with Neupogen.3 Nupur et al analyzed in vitro 
bioactivity and structural variability between Neupogen and 
Indian generics (Emgrast, Emcure, India; Lupifil, Lupin, India 
Colstim, Zydus, India Neukine, Intas Pharmaceuticals, India 
Grafeel, Dr. Reddy’s Laboratory, India) and found them to be 
comparable.4 In our center, we were using generic G-CSF in 
our other hematology patients but for HSC mobilization, inno-
vator G-CSF was exclusively used. We had to shift to generic 
G-CSF due to the withdrawal of innovator G-CSF from the 
Indian market in 2014. In the present article, we compared 
the in vivo effectiveness and safety of innovator filgrastim 
versus generic filgrastim in the Indian Scenario.

Methods
We performed a retrospective analysis of 58 donors and 
33 patients who used G-CSF for HSC mobilization. All autol-
ogous or allogeneic HSCT patients used innovator G-CSF till 
October 2014 when innovator G-CSF (Neupogen, Roche) was 
withdrawn from India. All donors and patients after this time 
used Indian generic G-CSF (Grafeel, Dr. Reddy’s Laboratory, 
India). G-CSF was administered in the dose of 10 µg/kg 
subcutaneous as a single dose for 4 days. On day 5, periph-
eral blood stem cell (PBSC) apheresis was performed using 
Haemonetics MCS plus or COBE Spectra apheresis machine 
through a double-lumen central venous catheter. Stem cell 
yield of the harvest was determined by CD34 cell enumer-
ation using the ISHAGE protocol.5 The goal of apheresis was 
to collect an average of 2 × 106/kg CD34 stem cells. A second 
harvest was not attempted if dose was 2 × 106/kg CD34 stem 
cells or more due to financial reasons. Patients received 
G-CSF 5 µg/kg once a day starting on day + 6 after the infu-
sion of stem cells until the time of engraftment.6 Neutrophil 
engraftment was defined as the first of 3 consecutive days of 
the absolute neutrophil count of at least 0.5 × 109/L, whereas 
platelet engraftment was defined as the first of 3 consecutive 
days of platelet count of at least 20 × 109/L without transfu-
sion support. Statistical analysis was performed using SPSS, 
IBM, Chicago, Illinois, USA software, version 20.0. The study 
was approved by the Institute’s Ethics Committee.

Primary outcome parameters were the total number of 
CD34+ HSCs/kg of recipient weight mobilized in peripheral 
blood and the number of days required for neutrophil and 
platelets engraftment, respectively.

Results
A total of 91 HSC mobilizations was analyzed. There 
were 58 normal healthy donors for allogeneic HSCT and 
33 patients for autologous HSCT. General patient’s charac-
teristics are shown in ►Table 1. ►Table 2 demonstrates the 
HSCs collected between the two groups. There was no sta-
tistically significant difference among groups in terms of 
total collected CD34+ cells/kg recipient weight (p = 0.609).  
Nine patients (two in the innovator and seven in the Grafeel 
group) died before the meaningful engraftment could take place.  
These patients were excluded from the analysis. The mean 
time to neutrophil engraftment in other patients was 13.7 days 
in the Neupogen group and 13.2 days in the Grafeel group  
(p = 0.518). The mean time to platelet engraftment 
was 16.2 days in the innovator group and 14.8 days in the 
generic group (p = 0.435). The patient who received Grafeel 
had more febrile episodes during the course of transplantation 
(p = 0.020; ►Table  1). However, occurrence of fever is mul-
tifactorial event, and the single most important contributing 
factor is neutrophil count.

Discussion
Multiple studies have been conducted in the EU comparing 
Neupogen and generic filgrastim. Sivgin et al have recently 
demonstrated that there was no statistically significant dif-
ference in HSC collection between innovator and generic 
G-CSF Leucostim, Biocad, Russia for PBSC mobilization in 
donors of the patients who underwent allogeneic HSCT.7

Table 1     Patient characteristics

Variables Innovator 
G-CSF

Generic 
G-CSF

Total

Male 22 35 57

Female 6 28 34

Diagnosis

AML 3 4 7

ALL 5 3 8

Lymphoma 1 5 6

AA 1 6 7

Myeloma 6 17 24

Thalassemia 0 17 17

CML 3 4 7

Others 15

Autologous HSCT 9 24 33

Allogeneic HSCT 19 39 58

Febrile episode (p = 0.020)

Yes 20 57 77

No 8 6 14

Abbreviations: ALL,Acute lymphoblastic leukemia; AA,Aplastic anemia; 
AML, acute myeloid leukemia; CML, chronic myeloid leukemia; G-CSF, 
granulocyte colony-stimulating factor; HSCT, hematopoietic stem cell 
transplantation.
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Another retrospective single-center study on 98 patients 
revealed that the median HSC dose collected was 4.7 versus 
6 million/kg in generic and innovator arm (p = not signifi-
cant). The median time to neutrophil engraftment was simi-
lar in both arms; however, platelet engraftment was delayed 
(20 vs. 18 days; p = 0.01) in the generic arm.8 We, like other 
studies, did not observe such difference.

Another larger retrospective study demonstrated the sim-
ilarity of innovator and generic product in terms of HSC dose, 
number of days required for collection, or time to engraftment.9

Bassi et al studied the use of generic G-CSF during the 
course of transplant also. They had a similar protocol as ours, 
where G-CSF was used from day + 5 onward. Results in terms 
of CD34+ cell counts and time to engraftment were similar. 
They, however, observed the higher incidence of febrile neu-
tropenia.10 We also noted higher febrile episodes in the generic 
arm. Infections are the function of various variables. Like us, 
the authors of this article also felt that the difference was due to 
different preventive and prophylactic protocols for infections.

A prospective study compared innovator and generic 
products during chemomobilization for HSC collection in 
108 patients with hematological malignancies. The median 
duration of the G-CSF administration was 8 days, a median 
of one apheresis was performed, and similar HSC dose was 
harvested in both groups. Rates of mobilization failures and 
adverse event profile were similar between the groups.11

A recent review of published studies of 1,541 autologous 
and 492 donors concludes that there was no difference in 
innovator and generic G-CSF in efficacy and safety.12

Limitations
We were using generic G-CSF in our other hematology patients 
but for HSC mobilization, the innovator G-CSF was exclusively 
used. We had to shift to generic G-CSF largely due to the with-
drawal of innovator G-CSF from the Indian market. We are not 
discussing progression-free survival and other outcomes, as 
these are not dependent if HSCs were mobilized using inno-
vator or generic and actually depend on multiple clinical vari-
ables. The main limitation of our data as with the previous 
several studies is the retrospective nature of the analysis.

Conclusion
Generic filgrastim was found comparable to original filgras-
tim for PBSC mobilization in normal healthy donors for allo-
geneic HSCT and patients for autologous HSCT.
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Table 2   Hematopoietic stem cell dose (×106/kg)a

<2 × 106/kg 2–5 × 106/kg >5 × 106/kg Total

Innovator G-CSF 1 17 10 28

Generic G-CSF 7 32 24 63

Total 8 49 34 91

Abbreviation: G-CSF, granulocyte colony-stimulating factor.
ap = 0.609.


