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A Phase Il study of GM-CSF with intermediate-dose cytarabine and mitoxantrone was
conducted in patients with high-risk myelodysplastic syndrome. It was designed to evalu-
ate if priming with growth factor could increase the efficiency of chemotherapy. In this
older population only two of 10 patients achieved a bone marrow CR, including one
patient whose leukemic blasts had an “S” phase increase of 2.55x at 48 hr. Unexpected
hepatotoxicity was noted. This regimen cannot be recommended for this elderly popu-
lation of patients. Am. J. Hematol. 66:23-27, 2001. © 2001 Wiley-Liss, Inc.
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INTRODUCTION differences provide some guidelines for the management

The myelodysplastic syndromes (MDS) represent‘%{ MDS patients which _generally consists of s_upportive
heterogeneous group of disorders originating from nefié@sures for the low-risk group and cytostatic therapy
plastic alterations of early hematopoietic precursor celf@r the high-risk group [7-9].

Their overall incidence is estimated at 3 in 100,000 per-A Potential new approach to the treatment of MDS
sons per year but is significantly higher in ages 60 years
and above [1]. Contract grant sponsors: National Cancer Institute, National Institutes

. " . .. of Health, and the Department of Health and Human Services; Con-
The French American British (FAB) Worklng COmmlt-tract grant numbers: Public Health Service Grants CA11083,

tee has defined five subtypes of MDS according to the\23318, CA07190, CA14548, CA35412, CA21076, CA66636, and

percentage of blast cells in the bone marrow and bloath21115.

of ringed sideroblasts and monocytes, and the degree of

dyshematopoiesis [2_4]. In addition to FAB subtypin FCorrespondence to: John M. Bennett, M.D., University of Rochester
. ncer Center, 601 Elmwood Avenue, Box 704, Rochester, NY

a_naIyS|s of the percentage O,f blasts, degrees,Of Cy’FO 642. E-mail: john_bennett@urmc.rochester.edu

nias, and chromosomal studies have resulted in a widely

accepted prognostic scoring system (IPSS) [5,6]. Theseceived for publication 10 March 2000; Accepted 19 July 2000
© 2001 Wiley-Liss, Inc.
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patients has come from the discovery, characterizatigratients had to be at least 18 years of age; have an ECOG
and cloning of hematopoietic growth factors, especialfyerformance status less than 3; normal laboratory param-
of GM-CSF and G-CSF and the evaluation of their actiogters including a creatinine of <2.0 mg/dl; hepatic en-
on hematopoietic precursor cells. GM-CSF preferentialyymes <2.0 x upper limit of normal (SGOT, SGPT, bil-
stimulates the growth of precursor cells of the myeldrubin), and uncompromised cardiac function as
monocytic lineage and increases the function of matugietermined by a normal ECG and either a 2-D echo or
granulocytes and monocytes [10]. The action of G-CQ®#UGA scan. Patients could not have received hemato-
seems to be restricted to more differentiated cells of thgietic growth factors within 8 weeks of entry and no
myeloid lineage only [11,12]. Both factors were als@ntineoplastic treatment for MDS. A total leukocyte
shown to enhance the growth of AML blasts in in-vitrount of <30 x 18/ was required before the administra-
experiments [13,14]. . _ tion of GM-CSF Sargramostim, yeast-derived rhu granu-
ECOG's recent Phase Ill randomized study in patienf§cyte-macrophage colony stimulating factor. Both pri-
with Acute Myeloid Leukemia 55-70 years (EST 1490phary (idiopathic) and secondary MDS cases were
demonstrated that GM-CSF (sargramostim) given 4 dayfgible provided that no chemotherapy or radiation had
after completion of induction therapy significantly reyeen received within 3 months. Patients known to be
duced the duration of neutropenia, increased the CR%Gman immunovirus (HIV) positive were excluded as

from 44 to 60% compared to placebo, and increasggly| |nformed consent, according to Institutional Re-

overall survival [15]. _ view Board (IRB) requirements, was mandatory.
_ Innovative therapy is warr.anted to improve upon .the DNA synthesis was assessed by BRDU incorporation
dismal outlook for patients with Refractory Anemia with;, vitro” at baseline and after 48 hr of in vivo stimula-

Excess of Blasts (RAEB) and in Transformation,,\ v cM-CSF. Blood and/or marrow cells were incu-
(RAEBT). The current study, therefore, addressed tl tedywith BRDU at 120 dilution in RPMI + 10% FBS)

two main reasons for treatment failures in advancef r 60 min at 37°C to label cells in S phase of the cell

MDS by trying to increase the efficacy of ant”eUKem'%ycle. Excess BRDU was washed with 2 washes in PBS.

therapy through priming by_GM—CSF a_n(_JI by attemptin ells were then fixed in cold 70% ethanol and stored at
to decrease therapy-associated morbidity and mortalify . o .
C until staining was continued. Cells were subse-

related to uncontrollable infections. . . ; :
- : : A _quently washed with PBS twice and incubated with a
A preliminary randomized trial of high-risk MDS pa solution of 0.2 mg/ml pepsimi2 N HCL for 20 min at

tients utilizing this principle, but witfEscherichia coh o . )
derived GM-CSF accrued 28 patients [16]. Of these p§-7 C. The cells were then washed in PBS twice and then

tients 11 (37%) achieved a CR, and an additional rysuspended in PBS + 0.'5% Tween-go for permeabiliza—
patients had a lower stage of MDS after recovery §Pn: Cells were then stained for 30 min at 4°C witinb
counts. Unmaintained remission duration was 35% atO% FITC-conjugated anti-BRDU. After a PBS wash, cells
years. were incubated for 30 min and _the fluorescence intensity
This pilot study utilized the recombinant GM-CSPVas collected on a Coulter Epics flow cytometer.

[Immunex Corporation (Sargramostim) NSC-6137950] Overall survival was defined from the time of entry
and the identical chemotherapy utilized by the Germdho the study to the date of death from any cause. The
AML Trial Group in adults with AML [17] and in MDS Survival distribution for overall survival was estimated

[16] with intermediate-dose cytarabine (ARA-C) fol-Dy the method of Kaplan and Meier [18]. The 90% con-
lowed by mitoxantrone. fidence interval was calculated for the proportions of

responders [19]. Accrual was stopped for initial evalua-

tion of response for the first 10 eligible patients. The
MATERIALS AND METHODS study was designed to reopen if at least three complete

Patients had to have morphologic proof from bongmissions were seen.

marrow aspirates of the myelodysplastic syndrome [2], Standard response criteria were utilized [20]. Briefly a
Refractory Anemia with Excess Blasts (RAEB), Refracsomplete remission (CR) required that the neutrophil
tory Anemia with Excess Blasts in Transformatiocount >1.0 x 181, platelet count >100,000 x 20, lack
(RAEB-T), or Chronic Myelomonocytic Leukemiaof leukemic blasts in the peripheral blood films, and no
(CMML). At least 11% blasts were required to be presemtvidence of morphologic dysplasia. In the bone marrow
in the marrow, since a competing study for low-rislaspirate the percentage of blasts had to be <5%, cellu-
MDS patients with <10% blasts was active at the santarity (on bone marrow biopsy) at least 20% with matu-
time (a study of erythropoietin + Granulocytic Colonyration of all cell lines.
Stimulating Factor). Prospective morphologic review by A partial remission (PR) required all of the above cri-
one of the co-authors (J.M.B.) was mandatory to assur¢egia for CR except that the percentage of blasts could
uniform diagnosis. In addition to pathology requirementange from 5% to 25%. The presence of Auer rods with
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less than 5% blasts or morphologic dysplasia assignetBLE |. Hepatic Toxicity

cases to _the PR_ Cate'gory- . . Gradé Bilirubin SGOT Alkaline phosphatase
Following registration all patients received GM-CSF

for 2 days (48 hr) followed by cytosine arabinoside (2

g/m? over 3 hr every 12 hr for 4 consecutive doses an;d

again 1 week later for an additional 4 doses). Mitoxan-

trone, 10 mg/r over 30 min, was administered follow-4

ing th_e completion of cytosine arabinoside for two conz, 10 10 10

secutive days for a total of four doses. GM-CSF was

continued if the day 14 bone marrow revealed less th&rpmmon Toxicity Criteria, Version 2.0, National Cancer Institute.

5% blasts until the absolute neutrophil count reached and

was maintained at >1.5 x ¥for 3 consecutive days or E3996 Overall Survival

the patient was taken off study.
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RESULTS
08 A
The study opened on February 20, 1997, and closed on
January 23, 1998. > 06 |
Nineteen potential cases were prospectively screened 5 ™
for study entry. Of these 7 were diagnosed as AML (in- E
cluding 4 diagnosed as acute erythroleukemia [FAB ;‘S 04 1

M6]) and were excluded. Twelve cases were registered
on this study. Two cases were canceled just prior to entry
because of rapid progression to AML. Ten patients were 02 1
eligible and evaluable. The median age was 71 years 10%
(range was 56—78 years). Eight were male, and two were

female. By FAB subtype 5 patients had RAEB, 3 were 00 ' ' ' ' ‘ !
RAEB-T (20-30% blasts), and 2 had CMML. Cytoge- 0 2 4 6 8 10 12
netic data was reviewed centrally by GD. Six patients Months

had abnormal karyotypes including one with Time Inferval
t(1;17)(p36;g21); one with del(5)(g22-35); one with +8; Group 02 24 46 68 810 1002

one with —=7; and one with +11. Three of the 6 had -
additional anomalies. The International Prognostic Scor-  LigblePts 71013 021201 01
ing System (IPSS) was high risk in all 10 patients. (hovensffat sk
All 10 evaluable patients were treated at 100% calcu-
lated doses of therapy with full courses of drugs, includ-
ing GM-CSF, and achieved bone marrow aplasia. ] ] o ) ]
Expected hematologic toxicity occurred in all 10 pa|_nfect!ous complications during the period of marrow
tients with marrow aplasia achieved in all patients by dagPlasia. . _
14. Unexpected hepatic toxicity was observed in 7 pa-Although day 0" marrows were submitted on all 10
tients (1 patient had Grade 1; 3 had Grade 2; 1 had Grdefdients for “S™-phase analysis, only 6 samples were re-
3; and 2 had Grade 4). The major abnormality was b”;_eweq after 48 hr'of QM-CSF admln.lstranon. Of these,
rubinemia (median 6.3; range 2.2-22.4 mg/dl). In on@/ patients had a S|gn|f|ca_nt increase in the percentage of
one case was there a Grade 2 elevation of SGOT (TabRl!S in S phase (one patient had an increase from 14.7%
). In two patients the hepatic toxicity was felt to coni® 37-5%; one patient had an increase from 6.5% to

tribute to their demise. In one of these autopsy reveald§-6%). Of interest is that the longest surviving patient,
marked autolysis with ischemic change. who achieved one of the two bone marrow CRs, had a

Among the 10 eligible patients two patients achieveg 99 increase in the percentage of cells in S phase at 48 hr.

bone marrow criteria for CR except that platelet counts

remained below 10 x #ll. The 90% confidence interval DISCUSSION

for “bone marrow CR” was 4-51%: the two bone marrow

CRs survived 221 and 834+ days. The overall medianThis Phase Il pilot study was activated to confirm a
survival was 36 days (range of 13-834+ days) (Fig. 1preliminary CR% of 35% (10/29) obtained in a random-
Seven of the 10 evaluable patients died as a resultipéd trial of E. coli-derived GM-CSF [25] and the iden-

Fig. 1. Overall survival.
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tical chemotherapy regimen. In this study 35% of paupported in part by Public Health Service Grants
tients died within the first 6 months of treatment, similaCA11083, CA23318, CA07190, CA14548, CA35412,
to the present study. However, there were two importa@ia21076, CA66636, and CA21115 from the National
differences in the current study. First the median age w@sincer Institute, National Institutes of Health, and the
71 years versus 57 years, and there was an unexpeddegartment of Health and Human Services. Its contents
hepatic toxicity not witnessed previously in other similaare solely the responsibility of the authors and do not
chemotherapy programs that combine cytosine arabinwecessarily represent the official views of the National
side and mitoxantrone [21]. Cancer Institute.
The 2.55x% increase in the percent of cells in S phase at
48 hr [22] is consistent with the in vitro studies on leu-
kemic stem cells in patients with AML, indicating a sig-REFERE'\ICES
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