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Neutropenia and subsequent susceptibility to infection are the major side effects of cytotoxic
chemotherapy. Although colony stimulating factors have been shown to accelerate recovery from severe
neutropenia after intensive chemotherapy, their use in acute leukemia has been controversial because they
stimulate leukemic colonies in vitro. To determine the safety and efficacy of recombinant human granulocyte
colony-stimulating factor (rh G-CSF), we evaluated 21 periods of rh G-CSF treatment in 15 patients with
acute myeloid leukemia (AML) who received induction or consolidation therapy (9 female, 6 male). rh G-
CSF (kg daily subcutaneously) was begun 24 hours after the end of the chemotherapy consisting of
Daunorubicin (45 mg/fdaily intravenously for 3 days) and Ara-C (100 nfgy continuous infusion for 7
days) and continued until the neutrophil count rose above 1000fonrtwo consecutive days. The historical
control group consisted of 19 AML patients who received same chemotherapy regimen but without rh G-
CSF. Compared with control group patients treated with rh G-CSF had a significantly faster neutrophil
recovery. The number of days to granulocyte recovery above 100@/as1+0.81 in the rh G-CSF group
versus 20+1.58 days in control group (p<0.001). In conclusion, these results suggest that rh G-CSF as an
adjunct to induction and consolidation chemotherapy in AML is safe, accelerating neutrophil recovery after
chemotherapy without effecting the regrowth of leukemic cells. [Journal of Turgut Ozal Medical Center
1998;5(1):1-6]
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Akut miyeloid I6semide indiksiyon ve konsolidasyon tedavisinden sonra rekombinant
human granulosit - koloni stimiile edici faktor (rh G-CSF) kullanimi

Notropeni ve yol acgtigi enfeksiyona yatkinlik sitotoksik kemoterapinin onde gelen yan etkisidir. Koloni
stimiile edici faktorlerin yogun kemoterapiden sonra gelisen ciddi notropeninin diizelmesini hizlandirdig
gosterilmis olmakla birlikte, in vitro olarak I[osemik klonlart stimiile ettiklerinden akut losemideki
kullanimlart tartismalid.  Rekombinan human graniilosit koloni stimiile edici faktor (rh G-CSF)'tin
emniyetini ve etkinligini saptamak i¢in indiiksiyon ya da konsolidasyon tedavisi alan 15 akut miyeloid l6semi
(AML)Ii hastada (9 kadin, 6 erkek) 21 G-CSF tedavi peryodunu degerlendirdik. vh G-CSF (5u/kg/gun, cilt
alty), Daunorubisin (45 mg/m*giin, 3 giin, intravendz) ve Ara-C (100 miggiin, 7 gin, sirekli infiizyon)
dan olusan kemoterapiden 24 saat sonra baslandi ve 2 giin arka arkava notrofil sayisi 1000/mm?® Gin Gstiinde
oluncaya kadar devam etti. Daha énceden ayni tedaviyi G-CSF'siz almis olan 19 olgu historik kontrol grubu
olarak alindi. Kontrol grubu ile karsilagtirddiginda G-CSF alan hastalarda nétrofil toparlanma siiresi
anlamli olarak kisaydi. Graniilosit sayisinin 1000/mm>in distiine ¢ikmasi icin gegen siire G-CSF grubunda
11+0.81 gunken, kontrol grubunda 20+$8 giindii (p<0.001). Eritrosit sayist ve trombosit toparlanmasi
tizerine herhangi bir etki saptanmadi. Sonu¢ olarak, bu bulgular AML de indiiksiyon ve konsolidasyon
tedavisine eklenen G-CSF'nin, lésemik hiicre ¢ogalmasin  etkilemeksizin  nétrofil  toparlanmasini
hizlandirmasi agisindan  giivenle kullanilabilecegini telkin etmektedir. [Turgut Ozal Tip Merkezi Dergisi
1998;5(1):1-6]
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Myelosupression from chemotherapy results in aMATERIALS and METHODS
substantial morbidity related primary to infectious
complications (1). The risk of infection is directly Patients

related to the severity and duration of neutropenia (2) i .
despite the use of broad spectrum antibiotics, death From Augustl992 to March 1995 fifteen patients

from sepsis is not infrequent (3). This also results iVith acut myeloid leukemia were entered in this study
delays or modifications of chemotherapy andat Hematology_ Clinic of Uludag Umversn}/ Medical

frequently dictates the schedule of treatment protocolsaculty Hospital. We evaluated 21 periods of rh G-
(1). In order to reduced neutropenia-related morbiditf>SF treatment in these patients who received

and mortality, a number of treatment concepts havéduction or consolidation therapy. The characteristics

been utilized (1).Hematopoietic growth factors, of the patients are summarized on Table 1. There were

recently, were approved for this aim in patients9 females a_nd 6 males whose ages range from 14 to 65

receiving myelosupressive chemotherapy (4-8) oyears (median 36).

Tg;ﬂergoing bone marrow transplantation (BMT) (9-  istorical control group
. . The results of this study were compared with 19
The h(_amatop0|et|c growth factors (HG_F) arépatients with AML treated in January 1988 and April

glucoprotem _ho_rmones that regl_JIa_te the prc_)hferatlo 992 with the same chemotherapy schedule without

and differentiation of hematopoietic progenitor ceIIsG_SCF or other cytokines. This group consisted of 6

and_ _the_ function of mature blood cells (1_4—17). Th%ales and 13 females, ranged in age from 14 to 63
purification and subseql_Jent m_olec_ulgr cIo_nmg of thes?ears (median 37). The characteristics of control
factors has allowed their use in clinical tnals_ (18,19_). roup are also given on Table 1.
These factors are expected to be useful in treatln%

patients with acute myeloid leukemia (AML) for ~ The entry criteria on both groups were the same
severe neutropenia after chemotherapy (20-22pand patients in the historical control group received
However, clinical application of these factors in AML similar supportive care therapy (platelet, red cell,
has been controversial, because they stimulatentibiotic regimen) as the study population. Data on
leukemic colonies in vitro (23-25). Whether growthboth groups were collected and evaluated by the same
factors used in such ways will have beneficial or innvestigators.

fact adverse effects on the treatment outcome for

. Study design
AML is not yet known. As such, the use of growth _ _
factors in the management of myeloid leukemia is still  This ~ was a  prospective,  open-lable,
experimental. nonrandomized trial to evaluate the effects of G-CSF

) on hemotopoietic recovery, on the regrowth of
G-CSF is one of the growth factors that has beep, \emic cells in vivo, on the incidence of febril

shown to accelerate neutophil recovery aftelyiqqes and infectious complications after induction
chemotherapy an_d reduce mortality from neutropenias,.  nsolidation chemotherapy. Compled blood
related complications (14,26,27). The presumed targel, ,nts were performed daily. Biochemical profile
cells of this regulator molecule include a Ilate

precursor comml'Fted to the neutrophil lineage _and theTable 1 The characteristics of study and control patients
mature neutrophil. Therefore, G-CSF may stimulate

G-CSF group Control group

leukemia stem cells less in vivo (16,24). (n=15) (n=19)
The goals of this study were; 1) to evaluate the'\s/':f'a” age (range) 36 (14-65)  37(14-63)

effects of G-CSF on duration of neutropenia after remale 9 13
chemotherapy 2) to investigate the effects on clinical Male 6 6
parameters such as number of days of febrilFAB classification
neutropenia, antibiotic necessity, and documented . > g g
infections; 3) to evaluate the potantial side effects gFagm3 1 2
such as leukemic regrowth. FAB M4 9 12

FAB M5 1 1

Cycles of G-CSF therapy 21
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including electrolytes, renal and liver function testsregimen without G-CSF. There was no statistical
uric acid, serum lipids, cholesterol, and serundifferences between the two groups in age, sex, type
creatinine were performed weekly. When the patient'®f leukemia, or stage. The characteristics of study and
axillary temperature was higher than 38.5°C once ocontrol patients are shown on Table 1. G-CSF
higher than 38°C twice within 6 hours and absolutdreatment was begun 24 hours after chemotherapy and
neutrophil count (ANC) was below 1000 per cubiccontinued until the ANC rose above 1000/nfar
millimeter, empirical antibiotic therapy was startedtwo consecutive days. G-CSF was given over a
immediately after collecting-three blood samples formedian of 12 (range 4 to 20) days. Two patients did
blood culture, getting sample for urimelture, and not complete the course of G-CSF therapy because of
performing chest X-ray (3,38). When the results ofearly death. One patient died of infection and one of
antibiotic sensitivity tests were known, antibiotic intracranial bleeding within 30 days follow up. All
therapy was changed accordingly. Antifungalother patients received the planned doses and time of
treatment was given if fever had persisted more than 6-CSF treatment.

days after the starting of antibiotic therapy and

without evidence of bacterial infection. Packed red In the study pa’gents the number of days to
. . . __.recovery of neutrophils above 500/fhmias 8+0.77+
blood cell transfusions were administered to maintai

hemoglobin level of more than 8 gr/dL and random%E days, compared with 16+1.5 days for the historical

platelets were administered when the platelet coun(i.om.r(.)I group (p<0.001). The_ results were  also
significantly different for the time to recovery of
had decreased to less than 20.000 per -cubic : M
millimeter neutroph_lls aboveLOOO/m , the mean number_ of
' days being 11+0.81 with G-CSF and_20B6 in
Treatment protocol and G-CSF control group (p<0.001). The mean neutrophil count

All the patients were hospitalized through theat day 7' after chemotherapy was 276:68/fin

stud Induction or consolidation chemotheral ypatients given G-CSF and was 9621 in controls.
Y. . 1erap Difference was not significant. But after™day, the
consistend of Daunorubicin (45 mgd/mdaily, ; L .
) numbers of neutrophils were significantly higher for
intravenously for 3 days) and Ara-C (100 mg/by . . .
continuous infusion for 7 days). Recombinant huma atients received G-CSF than for control patients
G-CSF (r Met hu G-CSF; Neupogen, Roche, Amgenrf505312091/mﬁ1vs 454431/mnf; p<0.001).
at a dose of 5pg/kg/day, was administered No effects on red blood cell counts, reticulocytes,
subcutaneously 24 hours after the end of theand platelets were observed. Platelet counts more than
chemotherapy and continued until the neutrophil count00.000/mr were reached on days 15.9+1.18 in the
rose above 1000 per cubic millimeter for twopatients treated with G-CSF versus days 17+1.81 in
consecutive days. the historical controls (p>0.05).

Statistical methods Six of 21 cycles in the study group before G-CSF
therapy and 3 of 19 cycles in control group before

ot anihemothrapy had febrle episodes pobatly due o

. : . . primary disease. These patients exluded for evaluation
Whitney-U test was used for continuous varlablesbf febrile neutropenic episodes and documented
Wilcoxon’s rank-sum test for time dependent

. ) . h infections. Among the remaining 15 cyles in the study
variables, and Fisher's exact test for propotions WerSroup and remaining 16 in the control group, febrile

performed. neutropenia (temperature above 38°C and ANC below
1000/mnj) developed in 9 and 11, respectively. The
RESULTS mean number of febrile days in G-CSF was 3.14+0.89

days, and in the control group was 4.47+£0.98. The
) ) ) ) difference was not statistically significant (p>0.05).
Fifteen patients V\_"th AML were admitted the There was no difference in the incidence of
study. In these patients, 21 penpds of G'CSFd cumented infections: 4 patients in the G-CSF group
treatment were evaluateq. The patients were ag d 4 in the controls. Similar organisms were cultured
from 14 to 65 years (medlgn 36). There were 6 male@ both groups, the majority being gram (+)
and 9 females. The historical control group consiste rganisms. Intravenous antibiotic treatment was

of 19 AML patients who received same ChemOtherap¥1ecessary in 9 of the 15 (60%) patients treated with G-

(@8]
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CSF and in 11 of 16 (68%) of the controlsth a  for most indications (14). Because the drug appears to
mean duration of 4.25+7.35 and 6.9+7.6 dayshave a very broad therapeutic index, we chose an
respectively. The difference was not statisticallyaverage dose of 5g/kg body weight. The question of
significant (p>0.05). In two patients, two or more optimal schedule for adiministration of G-CSF also
types of infection were observed. Oral candidiasis wasemains an answered (14,16,28). All presently
noted in three patients in the G-CSF group and two ireported schedules (prior, coadmitted, or after
the control group. Clinical results of G-CSF andchemotherapy) are effective in  stimulating
control groups are shown on Table 2. granulopoiesis (16,17). In our study, G-CSF was

G-CSF was generally well tolerated by patients.Started 24 hours after the end of the induction

Bone pain was the predominant side effect attributeg;ig}(i)tthb(;rar?édzmlges tr?(/adasc;rtgl-ig/sgncrina/o?tl)?gityeofm
to G-CSF and occured in 5 patients. In one patlerlt’é‘aostremission therapy for AML. More et al. (29) have

mild generalized maculopapular rash was observe .
No significant increase in the number of Ieukemicdemonsmmad t-hat G-CSF rgduped the du.ratlon of
ranulocytopenia after consolidation therapy in AML.

blast cells was observed. Biochemical abnormalitie . .
that could be attributed to G-CSF included the%ased on this study, G-CSF was administered after

elevation in levels of lactate dehidrogenase (in é:onsohdauon chemotherapy in five cycles.
patients), alkalen phosphatase (in 3 patients), and In this study, patients with AML received G-CSF
reduction in the levels of total cholesterol. The meamompaired with those of a historical control group
values of total cholesterol was 122+6.8 mg/dL aftewho received the identical chemotherapy regimen
the G-CSF treatment versus 157+9.5 pretreatmentithout G-CSF, showed a significantly decreased
(p<0.01). duration of neutropenia (p<0.001). The mean
neutrophil recovery time was reduced by about 1
week. Similar data reported by Ohno et al (20). In
DISCUSSION their study treatment with G-CSF, in patients with
acute leukemia shortened the duration of neutropenia
Neutropenia-related infection is the major sideby aproximately 1 week. In our study G-CSF also
effect of cytotoxic chemotherapy (1). Despite theshortened the period of severe neutropenia (ANC <
availability of new broad spectrum antibiotics, 500/mn?) by about five days. In a study by Kantarjian
infection is still the major fatal complication in et al. (8) almost equal to the shortened recovery time
neutropenic patients (3). Studies by Bodey et al. (2produced by the G-CSF in patient with ALL. Similar
have clearly shown a direct correlation betweenesults on the effect of G-CSF on myeloid recovery
severity and duration of neutropenia and the incidenckave also been reported in allogenic or autologous
of infection. Hematopoietic growth factors such as Ghone marrow transplantation (8,30,31). This and other
SCF may have a clinical benefit by alleviatingclinical studies clearly demonstrated that rh G-CSF
chemotherapy-associated neutropenia, therebydministered as an adjunct to chemotherapy in
reducing the probability and severity of neutropenigpatients with AML or other malignancies resulted in a
associated complications (1,2,25). significant reduction in the incidence, duration, and

The maximum tolerable doses of G-CSF was no?everlty of neutopenia.

identified. Generally, doses of 1 to @9 per kilogram Different reports are present about the effects of
per day are toleraled very well and should be suitablgrowth factors on febrile episodes, documented
infections, and on days of treated with parenteral
antibiotic use. In patients with refractory or
relapsed leukemia-treated with G-CSF,
Ohno et al. (20) found reduced neutropenia

Table 2 Clinical results of study and control group

G-CSF  Control p
group  group

Neutropenic period (<1000/mirday) 11 19 <0.001 and documented infection, but little
izverehnelﬂ[ﬁpe“iat% 500/"”1@:’\}0/ . 272 ég <8-ggl difference in the incidence of febrile
er cnemotneraj ay mean m <0. . .
After chemotheragz led):iy mean ANC/mrh 5053 454 <0.001 epl_so,de,s and the number of days taking
Incidence of febril episodes (%) 60 68 <0.05 antibiotics. However, Pettengel et al. (5)
Mean febril neutropenic days 3.14 447 <0.05 showed that G-CSF significantly reduced
Documented infection (%) 27 31 <0.05 the duration of neutropenia and incidence of
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febrile episodes, but there was little difference in theseverity of neutropenia. But no effect on neutropenia
incidence of culture-confirmed infections. In patientsrelated morbidity was observed. The effect of G-CSF
with NHL underwent chemotherapy Silverstri et al.treatment on clinical parameters such as febrile
(32) showed that the use of G-CSF resulted, &pisodes and documented infections, and the optimal
significantly shorter period of neutropenia, a lowerdose and time schedules must be addressed by, some
incidence of febrile episodes and the documentetirge randomized trials.

infections. Similar data have been reported by
Crawford et al. (4) in patients with small cell lung

cancer. In our study, 9 patients in the G-CSF grouREFERENCES

and 11 in the control group had febrile episodes, mean
of febrile days was 4.25 days in G-CSF and 6.9 days
in controls. There were no significant differences in
the incidence of febrile episodes and in the number of
febrile days. No significant differences were also?
observed in the incidence of documented infections
and days of antibiotic therapy. While the duration of
granulocytopenia was reduced, this did not translate ig
to a lower incidence of febrile episodes or
documented infections. This observation has also been
reported by Kantarjian et al. (33) in patient with

refractory acute lymphoblastic leukemia. 4.

Since the receptor for G-CSF have been reported
on AML blast cells (31) and these factors stimulate
leukemic colonies in vitro (23-25,34) their clinical 5.
application in AML has been controversial. In two
recent randomized study, no evidence of accelerated
regrowth of leukemia due to administration of G-CSF
was observed in patients with AML (20,22). Whereas™
Theshima et al. (35) observed an increase in the
number of blasts in one patient with chronic myeloid;.
leukemia (CML) in myeloid crisis after the
administration of G-CSF. Similary, in two different
centers, in two patients with promyelocytic leukemia,
increases in the number of leukemic blasts after G&
CSF therapy were reported (36,37). In our study no
evidence of G-CSF-accelerated regrowth of leukemic
cells and no relaps after concolidation chemotherapy
were observed. Confirmation of these findings will
require further randomised trials.

G-CSF was generally well tolerated. No serious'®
side effects attributable to the G-CSF treatment were
recorded. As previously reported, the bone pain was
the predominant side effect. However, we observed a
significant reduction in serum cholesterol level duringi1.
G-CSF administration. Similar results was reported by
Nimer (38) et al using GM-CSF in patients with
aplastic anemia, and Miles (39) et al using G-CSF in
patients with AIDS.

In conclusion, our data provides good evidence for
beneficial effect of G-CSF treatment on duration and
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