
Cancer Chemother Pharmacol (1986) 18:257-260  _ancer _ 
 5 hemotherapy and 
LPSharmacology 
© Springer-Verlag 1986 

Limited efficacy of a four-day course of high-dose 
cytosine arabinoside in the treatment of poor-risk patients 
with acute nonlymphocytic leukemia* 

Harvey D. Preisler 1, Azra Raza l, Richard Larson 2, George Browman 3, Jack Goldberg 4, Hans Grunwald s, Ralph Vogler 6, 
John Bennett 7, Arian Gottlieb s, and Peter D'Arrigo 9 

l Roswell Park Memorial Institute, Department of Hematologic Oncology, 666 Elm Street, Buffalo, NY 14263, USA; 2 University of 
Chicago, Chicago, USA; 3 Ontario Cancer Foundation; 4 Upstate Medical Center; 5 Queens Hospital Center; 6 Emory 
University; 7 University of Rochester, Rochester, NY, USA; 8 Upstate Medical Center; 9 Millard Fillmore Hospital 

Summary. High-dose cytosine arabinoside therapy was ad- 
ministered to 29 patients with poor-prognosis acute non- 
lymphocytic leukemia. In an attempt to reduce toxicity, 
therapy was divided into an initial 4-day course of  ther- 
apy, followed by a 3-day course if the marrow aspirate ex- 
amined 1 week after the end of  treatment contained sub- 
stantial numbers of  leukemic cells. Of the 29 patients, 5 en- 
tered complete remission, 2 of  them after the initial 4-day 
course of  therapy. The toxicity of  split-course therapy was 
the same as that of  conventional 6-day high-dose cytosine 
arabinoside therapy. This study demonstrates that the 
modification of  high-dose cytosine arabinsoide therapy 
used in this study failed to reduce toxicity and produced a 
lower remission rate than that obtained with the 6-day 
course of  therapy. 

Introduction 
The introduction of  single-agent high-dose cytosine ara- 
binoside remission induction therapy (HDaraC) [2, 3, 5] 
for the treatment of  acute nonlymphocyt ic  leukemia 
(ANLL) [1] offered the possibility of  an effective remission 
induction regimen which would be free o f  anthracycline- 
associated cardiac toxicity. Unfortunately, the most com- 
monly used dose and schedule (3 g / m  2 every 12 h for 6 
days) proved to be associated with cerebellar toxicity [9]. 
In an attempt to reduce this serious side-effect we initiated 
a pilot study for the treatment of  poor-risk A N L L  patients, 
in which the dosage of  cytosine arabinoside was reduced 
by one-third and the treatment schedule altered so that pa- 
tients with highly responsive leukemia could be treated 
with 8 doses of  drug instead of  the usual 12 doses. 

Material and methods 
Patients were eligible for treatment if they had newly diag- 
nosed A N L L  [1] and were at high risk of  failing remission 
induction therapy with cytosine arabinoside/anthracycline 
antibiotic because they were over 70 years o f  age or be- 
cause their leukemia either developed after exposure to 
marrow toxins or appeared subsequent to a preleukemic 
state [8]. 

In an attempt to reduce the overall toxicity of  the con- 
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ventional 6-day high-dose cytosine arabinoside regimen 
[9], remission induction therapy was 'split ' into an initial 
4-day course of  therapy followed by a 1-week rest period, 
with the remainder of  therapy (3 additional days) adminis- 
tered if the day- l l  bone marrow aspirate contained a 
significant number of  leukemic cells. The bone marrow 
leukemic cell mass was calculated by multiplying the per- 
centage of  leukemic cells in the marrow aspirate with the 
percentage biopsy cellularity [10]. 

Cytosine arabinoside was administered every 12 h as a 
75-rain infusion for eight doses. The second part of  ther- 
apy consisted of  six doses and was administered on days 
11, 12, and 13 if the bone marrow on day 11 contained 
20% leukemic cells or more. Most patients (25) received 
the cytosine arabinoside at 2 g / m  2, 3 patients, at 3 g / m  2, 
and 1 was treated at 1 g / m  2. All patients received treat- 
ment with steroid-containing eye drops while receiving 
therapy. Complete remission was defined as a return of  
hematopoiesis to normal without evidence of  the signs or 
symptoms of  leukemia [8]. For a complete remission to 
have been obtained the bone marrow had to be normocel- 
lular, with normal erythropoiesis, myelopoiesis, and 
thrombopoiesis without evidence of  residual leukemic 
cells. The peripheral blood had to contain 1500 or more 
granulocytes/txl, and 100 000 or more platelets/p]. A sys- 
tem was used to define the types of  treatment failures [8]. 
This system of  classification was sightly modified from our 
original proposal [7]. Toxicity was classified using the cri- 
teria proposed by the Eastern Cooperative Oncology 
Group [6]. 

Results 
Of the 29 patients treated, 15 were 70 years of  age or older, 
while 14 patients were under 70 years. Among the former 
patients, 4 had a history of  a myelodysplastic or myelopro- 
liferative disorder prior to the appearance of  acute leu- 
kemia and 1 patient had a history of  exposure to known 
hematopoietic toxins in the past. Among the 14 patients 
less than 70 years of  age, 8 had a history of  exposure to 
known hematopoietic toxins, while 6 had had a myelodys- 
plastic syndrome of  unknown origin. A detailed presenta- 
tion of  these data can be found in TaMe i. 

Of the 29 patients, 5 (17%) entered complete remission, 
10 (34%) failed treatment because of  persistent leukemia, 
12 (41%) died during therapy, and 2 patients (7%) were in- 
evaluable. Only 2 of  the 29 patients treated entered com- 
plete remission after a 4-day course of  therapy. A total of  
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Table 1. Patient data and outcome of treatment in each 

Patient Age High-risk factor Ps b Treatment outcome ° [9] Survival 
no. (days) 

FAB Course 1 Course 2 

! 70 Age 1 ml REDR REDR 30 
2 74 Age 3 AUL REDR NDQT 17 
3 80 Age 3 m4 SDR NDQT 24 
4 79 Age 3 m4 Inevaluable f - 46 
5 84 Age 2 m4 SDR CR 9 months 
6 76 Age 1 m2 SDR SDR 4+  months 
7 70 Age 1 m2 REDR MHYP 34 
8 74 Age 4 m2 REDR MHYP 24 
9 73 Age 3 meg. 1. d MHYP - 31 

10 75 Age; history thrombocythemia 1 m 1 SDR - 5 + months 
11 82 Age; history MDS,  4 m4 NDQT - 10 
12 70 Age; prior toxic exposure 1 m4 MHYP - 11 
13 71 Age; history MDS 2 m2 SDR - - 
14 74 Age; history M DS 1 m2 REDR CR 1 + years 
15 75 Age 2 m2 SDR SDR 5 months 
16 63 History MDS 3 m6 ineval. - 12 
17 68 History MDS 1 ml  SDR MHYP 54 
18 65 Prior toxic exposure 3 m6 SDR MHYP 24 
19 65 Prior toxic exposure 3 Unknown NDQT - 7 
20 49 Prior toxic exposure 1 m2 SDR SDR 32 
21 49 History MDS 1 m4 SDR SDR 1 + years 
22 62 History MDS 1 m4 REDR MHYP - 
23 59 Prior toxic exposure 4 m4 MHYP - 20 
24 44 Prior toxic exposure 1 RAEB e CR - 10 + months 
25 29 Prior toxic exposure 0 m2 REDR CR 5 + months 
26 65 Prior toxic exposure 4 m5 CR - 5 + months 
27 58 History myelofibrosis 0 m5 REDR REDR 6 + months 
28 60 History of MDS 1 m4 SDR - 42 
29 65 Prior toxic exposure 4 m6 SDR - 35 

a Myelodysplastic syndrome 
b Performance status: 0 = fully active, 1 = ambulatory, capable of light work, 2 = in bed <50% of time, 3 = in bed > 50% of time, 

capable of only limited self care, 4 = completely bedridden 
c Treatment outcome: SDR = patient survived > 7 days after end of treatment with persistence of leukemia; REDR = marrow rendered 

severely hypocellular but leukemic cells repopulated the marrow; NDQT = pt expired < 7 days after the end of therapy; MHYP = pt 
expired with severely hypoplastic marrow 

d Acute megakaryocytic leukemia 
Refractory anemia with excess blasts in transformation 

f Received only one dose of drug 

16 pat ients  rece ived  the la ter  3-day course  o f  the rapy ,  and  
3 o f  these pat ients  en te red  c o m p l e t e  remiss ion.  

F igure  1 p rov ides  i n f o r m a t i o n  on the p r e the r apy  b o n e  
m a r r o w  l eukemic  cell  mass ,  the m a r r o w  l eukemic  cell  mass  
af ter  4 days o f  t he r apy  (8 doses),  and  the pe rcen t age  reduc-  
t ion  in m a r r o w  l eukemic  cell  mass  p r o d u c e d  by therapy.  
F o r  means  o f  c o m p a r i s o n  s imi lar  da ta  are  p r o v i d e d  for  
'h igh- r i sk '  A N L L  pat ien ts  t rea ted  with  a 6-day  course  o f  
t he rapy  (12 doses)  [11]. The  ini t ial  l eukemic  cell mass was 
s imi la r  for  pa t ien ts  t rea ted  in the p resen t  s tudy and  for  the 
his tor ical  cont ro ls ,  wi th  a wide  range  o f  i nd iv idua l  values.  
N o t e  that  4 days  o f  the rapy  p r o d u c e d  a m e d i a n  r educ t ion  
in l eukemic  cell mass o f  70%, whi le  a 6-day course  o f  ther-  
apy  p r o d u c e d  a m e d i a n  r educ t ion  o f  99%. 

Tox ic i ty  da ta  are p r o v i d e d  in Tab le  2. A wide  var ie ty  
o f  toxici t ies  occu r red ,  i nc lud ing  s tomat i t i s ,  d ia r rhea ,  and  
p u l m o n a r y  toxici ty.  It  shou ld  be  especia l ly  n o t e d  that  21% 
o f  pa t ien ts  expe r i enced  s o m e  degree  o f  ce rebe l la r  toxici ty.  
In fec t ion  and  resp i ra tory  fa i lure  were  the mos t  c o m m o n  
causes o f  death ,  the f o r m e r  be ing  assoc ia ted  with  13 deaths  
and  the la t ter  wi th  8 deaths.  Hea r t  fa i lure  and  renal  fa i lure  

were  associa ted  with 3 deaths  each,  and  the cause o f  dea th  
was u n k n o w n  in 4 instances.  Three  pat ients  d ied  o f  hemor -  
rhage.  In  12 pa t ien ts  dea th  was assoc ia ted  with  two o f  the 
p rev ious ly  m e n t i o n e d  causes (e.g., in fec t ion  plus respi ra to-  
ry failure).  At  the t ime  o f  wri t ing,  7 pat ients  r ema in  a l ive  
at 4 +  m o n t h s  to 1 + year.  

Discussion 

In  the s tudy r epo r t ed  here  an a t t empt  was m a d e  to in- 
crease  the ef f icacy o f  h igh-dose  cytos ine  a r ab inos ide  ther-  
apy  by reduc ing  toxici ty.  This  was to be  a c c o m p l i s h e d  by 
r educ ing  bo th  the n u m b e r  o f  doses  admin i s t e r ed  f rom 12 
to 8 and by r educ ing  the dose  admin i s t e r ed  f r o m  3 g / m  2 to 
2 g / m  2. P rov i s ion  was m a d e  for  pa t ien ts  to rece ive  fur ther  
t r ea tmen t  i f  their  m a r r o w  d e m o n s t r a t e d  s igni f icant  residu- 
al l eukemia  1 week  after  the cessat ion o f  therapy.  Unfo r tu -  
nately,  on ly  17% o f  pat ients  en te red  comple t e  remiss ion ,  
whi le  41% o f  pat ients  d ied  dur ing  therapy.  

Whi le  a concu r r en t  con t ro l  g roup  is no t  ava i lab le  for  
c o m p a r i s o n ,  da ta  are  ava i lab le  for  67 s imi lar  high-r isk pa-  
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Fig. 1. Comparison of the effects of 8 doses and 12 doses of cytosine arabinoside on bone marrow leukemic cell mass (LCM). (a) Effect 
of 8 and 12 doses of araC on pretherapy LCM and LCM12 h after the last dose of drug; (b) percentage reduction in LCM produced by 8 
and 12 doses of drug 

Table 2. Toxicity 

None Mild Moderate Severe L.T. Lethal 
% % % % % % 

Hemorrhage 65.5 20.7 10.3 0.0 3.4 0.0 
Fever w/o infection 61.5 15.4 19.2 3.8 0.0 0.0 
Infection 39.3 21.4 10.7 14.3 7.1 7.1 
Genitourinary 72.4 17.4 3.4 0.0 3.4 3.4 
Hepatic 86.2 10.3 3.4 0.0 0.0 0.0 
Nausea and vomiting 17.9 42.9 35.7 3.6 0,0 0.0 
Diarrhea 55.2 27.6 17.2 0.0 0.0 0.0 
Stomatitis 79.3 20.7 0.0 0.0 0.0 0.0 
Pulmonary 75.0 3.6 7.1 7.1 7.1 0.0 
Cardiac 86.2 3.4 3.4 3.4 0.0 3.4 
Neurologic, CNS 79.3 13.8 3.4 3.4 0.0 0.0 
Neurologic, PNS 93.1 3.4 3.4 0.0 0.0 0.0 
Skin 77.8 14.8 7.4 0.0 0.0 0.0 
Iritis 96.6 3.4 0.0 0.0 0.0 0.0 
Allergy 100.0 0.0 0.0 0.0 0.0 0.0 
Local toxicity 100.0 0.0 0.0 0.0 0.0 0.0 
Other toxicities 89.3 3.6 3.6 3.6 0.0 0.0 

tients treated with the standard 12-dose regimen [I0]. Of  
the 67 patients, 33 were 70 years of age or older, while 23 
were under  70 years of age but  were in the high-risk cate- 
gory because of exposure to known hematopoetic toxins 
a n d / o r  the presence of leukemia subsequent to a myelo- 
dysplastic/myeloproliferative disorder. Hence, the distri- 
but ion of poor-risk categories was essentially the same as 
that in the present series. Remission was achieved in 42% 
of the 67 patients, while 34% expired during therapy. 
When these data are considered together with the data de- 
scribed above, it is clear that the alteration of the 12-dose 
regimen to the modified regimen described here was asso- 
ciated with a lower remission rate and a comparable mor- 
tality rate. The incidence of specific toxicities was also si- 

milar for the 12-dose and 8-dose regimens. For example, 
each was associated with CNS toxicity (14% vs 21%), infec- 
tion (82% and 61%), and hemorrhage (41% vs 35%), where 
the first value in each parenthesis represents the incidence 
for the 12-dose regimen and the second value the inci- 
dence among patients treated with the modified regimen. 

A major reason for the failure of the modified regimen 
to improve the treatment outcome was the lesser antileu- 
kemic efficacy of the 8 dose course of therapy. This had 
been noted in a smaller number  of patients treated during 
the initial phase I studies [4] and was demonstrated in the 
present study in two ways. Of 27 patients, 20 (74%) failed 
to enter remission after the 8-dose course of therapy be- 
cause of inadequate anti leukemic effects (see Table 1), 
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whereas only 29% of  pat ients  t reated with 12 doses of  cyto- 
sine arabinos ide  fai led to enter remission because of  per- 
sistent leukemia.  Consistent  with the lesser ant i leukemic 
efficacy of  eight doses of  drug are the da ta  regarding the 
reduct ion in marrow leukemic cell mass. Eight doses of  
drug p roduced  only two-thirds the reduct ion p roduced  by 
12 doses (70% vs 99%, respectively). We do not  believe that  
the use of  a dose of  2 g / m  2 instead of  3 g / m  2 was responsi-  
ble for the reduced therapeut ic  efficacy, since the lowering 
of  the dose to 2 g / m  2 when the 12-dose regimen was used 
resulted in an increase in the complete  remission rate in 
pat ients  over 70 years of  age from 17% to 53% [10]. 

Other investigators have a t tempted  to reduce the toxi- 
city of  high-dose cytosine a rab inos ide  by reducing the do- 
sage to 0.5 g / m  2 and adminis ter ing the drug together  with 
doxorubic in  and vincrist ine [12]. This drug combina t ion  
has p roduced  a high remission rate in a fair ly young stand- 
ard-r isk  pat ient  popula t ion  with re lapsed disease. Whether  
these da ta  are appl icable  to the high-risk pat ient  popula-  
t ion repor ted  here is unknown at the present  time. 

In data  soon to be publ ished we have demonst ra ted  
that the in vivo int racel lular  a raCTP levels in leukemic 
cells fol lowing the adminis t ra t ion  of  2 g / m  2 are indist in- 
guishable from those achieved when 3 g / m  2 is adminis-  
tered (Y. Rustum 1986, to be published).  Hence,  it appears  
that  it is not  necessary to adminis ter  cytosine a rab inos ide  
at 3 g / m  2. We are present ly  per forming studies o f  12-dose 
courses at dose levels of  2, 1.5, and 1.0 g / m  2 together  with 
the selective adminis t ra t ion  of  daunorubic in  to pat ients  
whose day-6 marrow contains substantial  numbers  of  re- 
sidual leukemic cells. In this way we hope to define the 
lower limit of  high-dose cytosine arabinos ide  therapy and 
to improve  the remission rate by selective ta i lor ing of  the 
intensity of  the regimen to the characterist ics of  the indi-  
vidual  patient.  
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