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Lenograstim (Granocyte@) 
is a recombinant hwnan granulo­I 

:1 
j 	 cyte colony stimulating factor (rhG­

I 
I CSF). The use of growth factors 

has revolutionized chemotherapy in 
the field of hematology and oncolo­
gy in recent years. It was used as 
an emerging new treatment modali­

I ty. It improved morbidity due to 
fewer incidences of neutropenia and 

I shorter hospital stay, as well as a 
better tolerance to a dose inten­

~ 
sified chemotherapy regimen, due to ~ 
the ability of the growth factor to 
mitigate chemotherapy-induced1 complications. Granulocyte colony 
stimulating factors (G-CSF) have 
been used in chemotherapy for 
ovarian cancer. I Ochai I observed in 
his study the significant effects of 
Lenograstim in patients with ovar­
ian cancer receiving a chemothera­
py regimen. Over 90% of patients 
receiving Lenograstim showed sig­
nificantly improved neutropenia. In 
this current study, our primary ob­
jective was to study the effect of 
Lenograstim therapy in increasing 
patients' white blood cells follow-

SUMMARY We have conducted an open, controlled study on the febrile 
neutropenia effects by Lenograstim (Granocyte-) therapy following cyto­
toxic chemotherapy of cisplatinum and cyclophosphamide in patients with 
primary advanced epithelial ovarian cancer. Eligible patients (n-17) were 
divided into 2 groups receiving a combined chemotherapy of intravenous 
cisplatinum (70 mg/m2

) and cyclophosphamide (700 mg/m2
) with or with­

out the addition of Lenograstim. Subcutaneous administration of Leno­
grastlm (100 Jl9/day) for 7 consecutive days was given from day 8 to day 
14 of the 3rt! to the 5th cycle of chemotherapy In Lenograstim treated 
patients. After 3 cycles of treatment, Lenograstim treated patients (group 
1, n=10) showed a Significant improvement in white blood cell (WBC) 
count as compared with group 2 (control) of 7 patients (p .. 0.00002). 
Group 1 patients also showed an increased C-reactive protein, though of 
no significance. There were no significant differences among the 2 groups 
regarding ESR, hematocrit, platelet counts and blood chemistry profiles. 
This preliminary data encourages more study of the benefits of 
Lenograstim in the treatment of ovarian cancer. 

ing cytotoxic chemotherapy with 
cisplatinum and cyclophosphamide, 
in patients with primary advanced 
epithelial ovarian cancer. Leno­
grastim was used as the study drug 
of choice due to its overall efficacy 
of leucocyte glycosylated profile. It 
has been shown that glycosylation 
improves the based on cost analysis 
as the growth factor of choice com­
pared to the nonglycosylated G-CSF 
formulations?-S Currently Lenogras­

tim is the only growth factor that is 
glycosylated. 

MATERIALS AND METHODS 

The study design was an 
open-labeled, controlled study. Cri-
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teria for patient selection included 
primary 3dvanced ovarian cancer 
patients of poorly differentiated cell 
type, stage IV of FIGO staging 
(Growth involving one or both ova­
ries with distant metastasis) who 
were between 18-60 years of age, 
able and willing to give informed 
consent and willing to be treated 
with Cisplatinum and cyclophos­
phamide therapy. Patients who were 
enrolled into the study were judged 
to have a life expectancy of 3 
months or greater. Patients with 
advanced epithelial ovarian cancer 
who were seen at the Department of 
Obstetrics and Gynecology, Siriraj 
Hospital underwent staging and 
screening procedures according to 
criteria for patient selection prior to 
receiving chemotherapy. They were 
treated with at least 5 cycles of 
combined chemotherapy of intra­
venous Cisplatinum (70 mg/m2)and 
700 mg/m2 oral cyclophosphamide 
(One week for chemotherapy and 
three weeks pause). Each cycle 
lasted approximately 3 weeks. M­
ter 2 cycles of chemotherapy, they 
were then divided into 2 groups by 
self-voluntary decision whether they 
wanted to receive the additional G­
CSF treatment. Ten patients in 
group 1 were treated with subcuta­
neous administration of 100 !J.g/day 
of Lenograstim from the third 
course of chemotherapy on day 8 to 
day 14 for a period of 7 days and 
were given for 3 consecutive cycles. 
In group 2 (untreated control), 7 
patients received the same chemo­
therapy regimen as in group 1 but 
without Lenograstim. Chemothera­
py cycles for this group were anti­
cipated to be longer than those in 
group 1 because these patients did 
not receive any G-CSF. The para­
meters that were assessed for Leno­
grastim efficacy included changes in 

WBC count, hematocrit (Hct), 
platelet count, erythrocyte sediment 
rate (ESR) and C-reactive protein 
after the G-CSF treatment. Fever 
index in individual patients was 
also observed for at least 8 hours 
during the chemotherapy and Leno­
grastim treatment in hospital. Un­
fortunately the patients in the 
control group refused to stay in the 
hospital after receiving chemo­
therapy, therefore, we were unable 
to collect the fever index of the 
control group. Blood chemistry in­
cluding albumin, globulin, SGOT, 
SGPT, bilirubin, cholesterol, LDH, 
FBS, BUN, creatinine and uric acid 
were analysed before and after the 
treatment in individual patients. 

The results of the study 
were expressed as changes of the 
parameters, especially the number 
of white blood cells after the study 
treatment compared to the initial 
values before Lenograstim treat­
ment. The normal limits of various 
parameters used in this study are 
shown in Table 1. Nonparametric 
unpaired t-test was employed for 
statistical analyses and comparison 

Table 1. Various parameters' normal limits are shown below. The 
interpretations are higher, lower or within normal ranges 

of the changes in the treated and 
control groups. 

RESULTS 

The differences of indivi­
dual WBC count in 2 groups of the 
patients before and after Leno­
grastim administration are shown in 
Table 2. There is a significant in­
crease in white blood cell count in 
the Lenograstim treated patients 
(+91.15%) compared with the de­
crease in white blood cell count in 
the control group (-6.51%), P = 

0.000002. The results demonstrate 
a statistically significant improve­
ment in the WBC count in the Le­
nograstim treated group compared 
with the control group. The mean 
ESR level in group 1 patients was 
elevated by 15 mm/hr after the G­
CSF treatment as compared with 
10.l mm/hr in the control group 
(Table 3). At the end of the study 
(5 th chemotherapy cycle), C-reac­
tive protein was found to be posi­
tive in 50% of the patients in group 
I. Three cases showed a strong evi­
dence of C-reactive protein whereas 
2 patients had only one positive test 
out of9 tests. 

FBS 
Platelets count 
BUN 
WBC count 
Creatinine 
Severe leukopenia 
Albumin 
Globulin 
Uric acid 
ESR 
C-reactive protein 

76-110mgldl 
140,000-400,000 cellslmm3 

7-20 mgldl 
5,000-10,000 cells/mm3 

0.5-1.5 mg/dl 
~ 200,000 cellslmm3 

3.5-5.5 g/dl 
1.5-3.5 g/dl 
2.4-7.0 mgIdl 
0-20 mmlhr 
~6mgll 

Higher value represents inflammatory process 
Fever index area under the curve, above cut point ( 37.8°C ) mean 

inftammation 
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I
patients in group 2 had a slight 

Table 2. Mean difference of WBC count in the two groups before 
and after Lenograstim administration 

Patient Lenograstim group 
(%) 

Control group 
(%) 

P - value 

A 
B 
C 
0 
E 
F 
G 
H 
I 
J 

44.7 
14.3 
..0.65 
217.8 
151.1 
127 
66 
79 

75.3 
137 

-17.0 
1.95 
-7.6 

-18.5 
0.6 

18.8 
-23.8 

Mean +91.15 -6.51 0.000002 

Table 3. Mean difference before and after Lenograstim administration 
from the beginning of the 3rd cycle to the end of the 5th cycle I


cant effects of rhG-CSF in these 
patients have again confirmed the [ 
benefits of the growth factor in this 
population receiving chemotherapy. 
This elevation of WBC will reduce 
the risk of infections in these high 
risk patients. On the contrary, no 
such WBC elevation was observed 
in the control group and would 
therefore put them at a very high 
risk from concurrent infection which 

I 


Labs Lenograstim group Control group P-value 

ESR 15 mmlhr 10.1 mm/hr > 0.05 

C-reactive protein 5110 (50%) In (14%) 

Strong evidence· 3/10 (30%) 

Mild evidence*· 2/10 (20%) 1n (14%) 

Hct -4.7% -4% > 0.05 

Platelets -127,000/mm3 -36,857/mm3 > 0.05 


*Strong evidence defined as two o.r.more positive C-reactive protein 
·"Mild evidence defined as one posItive C-reactIVe protein out of mne 

examinations. 

In contrast, only 1 patient 
out of 7 in the control group showed 
one positive test out of 9 tests 
undertaken (Table 3). Table 3 also 
reveals a nonsignificant de-crease of 
the hematocrit values after the 
treatment in both groups. There 
were no significant changes of 
platelet count in both groups al­
though the mean reduction of plate­
let count in group 1 was higher than 
that in the control group (-127,0001 
mnl in group 1 VS. -36,857/mm3 in 

group II)(Table 3). Nevertheless 3 
cases out of 10 patients in groups I 
and 2 out of 7 cases in the control 
group showed a slight increase in 
platelet count. Blood chemistry 
results of both groups were mostly 
within normal limits including 
fasting blood sugar, liver function 
tests, BUN, creatinine, and LDH. 
There were no significant changes 
in all parameters at the end of the 
study in both groups. However, I 
patient in group I as well as 2 

increase in fasting blood sugar 
levels at the end ofthe study. 

DISCUSSION 

This study was carried out 
with a small sample size due to 
strict enrollment criteria as well as 
the high cost of rhG-CSF. Despite 
the small sample size, we believe 
that the investigation under con­
comitant chemotherapy with Cis­
platinum and cyclophosphamide, 
had sufficient power to evaluate the 
use of rhG-CSF in patients with 
ovarian malignancy. Our study re­
vealed that 90% of the patients 
receiving CSF treatment had a sig­
nificant elevation (91 % increase) of 
WBC count from the initial base­
line. On the other hand, the control 
group had more than 6.51 % reduc­
tion in the WBC count compared 
with baseline values. The signifi­

in turn might increase morbidity and 
mortality. Hematocrit and platelets 
were nonsignificantly decreased in 
both groups. This may be partially 
explained on the basis that rhG-CSF 
stimulates only leukocytes and has 
no effect on the production of red 
blood cells or the platelets. The 
ESR and C-reactive proteins were 
elevated in the growth factor treated 
group. This may possibly be due to 
hidden infections that occurred prior 
to the study period. Although rhG­
CSF was given to patients, these 
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acute phase reactants were elevated 
at the end of the fifth chemotherapy 
course compared with the begin­
ning of the third course (start of 
study period). This elevation was 
likely related to an inflammatory of 
infectious process. The fever index 
is an excellent marker for infec­
tions and inflammation. Unfor­
tunately, we were unable to eval­
uate this data due to noncompli­
ance with the study period require­
ments of the patients in the control 
group. However, the data that we 
were able to collect from group I 
revealed that there was no correla­
tion of fever index to the ESR and 
C-reactive protein elevations, im­
plying that there were no apparent 
infections and/or inflammations. 
The abnormal increase in fasting 
blood sugar levels in a few patients 
may be interpreted as undiagnosed 
cases of diabetes mellitus. One pa­
tient in group 1 and 2 patients in the 
control group had abnormalities that 
once again could not be clearly ex­
plained by correlation to either 
infections or inflammation as 
suspected by the acute phase reac­
tant elevations. The effectiveness of 
appropriate cycles of chemotherapy 
is very important in treating pa­
tients with malignancies. In a study 
by Fanning et al.,6 it was shown 
that in 30 women with primary ad­
vanced ovarian cancer, G-CSF al­
lowed up to 50% dose escalation of 
chemotherapeutic agents for more 
effective chemotherapy. In another 
study by Nagai et al.,7 they were 
also able to show that early treat­
ment with G-CSF in patients with 
ovarian cancer allowed increased 
intensity of chemotherapy, by using 
greater doses, or by shortening the 
interval cycles. Studies of rhG-CSF 
have shown that it has a direct ef­
fect on superoxide generation and 

neutrophil activity. 8 In one study 
from Japan,9 it was shown that G­
CSF induced the polarization of 
neutrophil, which was considered as 
the initial reaction for chemotaxis. 
This may have the effect of en­
hancing the innate defensive 
properties of the neutrophil. It is 
important to realize that this prop­
erty of Lenograstim on the neutro­
phil may not just be the quanti­
tative improvement of the neutro­
phil that will benefit the patient, but 
also the concurrent improvement in 
neutrophil chemotaxis. There have 
been some controversies regarding 
the use of growth factors in can­
cer.1O It has been questioned 
whether the growth factor may have 
a negative impact in promoting 
cancer growth. In one study,1l GM­
CSF and G-CSF were evaluated for 
the growth of established ovarian 
cancer cell lines as well as primary 
ovarian cancer cultures over a wide 
range of pharmacological doses. G­
CSF showed no growth stimulating 
effects in any of the established 
ovarian cancer cell lines. In fact, 
there was a growth reduction 
(> 10%) in the OVCAR-3 cell line. 
However, the same therapeutic 
doses of GM -CSF caused an in­
crease (> 10%) in growth of the tu­
mor cell line. The results suggested 
that some but not all ovarian cancer 
cells showed different responses to 
different growth factors. However, 
in another study by Saito et al.,12 
evaluating 38 different human can­
cer cell lines ranging from lung, 
colon, breast, stomach, brain, as 
well as melanoma revealed that G­
CSF had no stimulatory effect on 
the growth of these tumor cells. 

In conclusion, we have 
shown that rhG-CSF can signifi­

cantly stimulate leukocyte produc­
tion in patients with primary ad­

vanced epithelial ovarian cancer 
receiving standard chemotherapy. 
This will be advantageous to the 
oncologist in initiating effective 
chemotherapy cycles without delay 
occurring due to leukopenia resul­
ting from previous myelosuppres­
sive chemotherapy. Although there 
exists controversies concerning 
growth factor use in cancer, we 
believe that the benefit of using 
growth factor is significant enough 
to 	warrant its use at the current 
time. The exciting data of peri­
pheral blood stem cell transplant 
(PBSCT) in conjunction with 
Lenograstim13 use for ovarian can­
cer have given new hope for 
treatment for this disease and \ve 
look forward to further evaluation 
in this field. As for our study, we 
recommend further research with a 
larger sample size to confirm and 
re-evaluate our findings. 
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