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SUMMARY

Forty-six children with acute lymphocytic leukemia in
relapse were divided randomly into two groups and treated
with combinations of asparaginase (L-asparagine amidohy
drolase, EC 3.5. 1. 1), cytosine arabinoside, and 6-azauri
dine. The objectives were to improve the 41% incidence of
remission induction obtained earlier at this hospital with
asparaginase alone and to compare the efficacy and toxicity
of combining cytosine arabinoside versus cytosine arabino
side plus 6-azauridine with asparaginase. The first group,
24 children, received 10,000 i.u. of asparaginase per sq m
and 300 mg of cytosine arabinoside per sq m on Days 1 and
8 (Schedule A). The second group, 22 children, received
identical doses of these two agents plus 15 g of 6-azauridine
per sq m on Days 1 and 8 (Schedule B). Complete remis
sion was induced in 15 of the patients on Schedule A and in
13 of those on Schedule B. The median duration of re
sponse for the first group was 48 days (range, 14 to > 365);
for the second group it was 52 days (range 9 to 177). When
compared retrospectively with asparaginase alone, aspa
raginase combined with cytosine arabinoside increased the
incidence but not the duration of remission induction. As
determined by simultaneous comparison, there was no ad
vantage in the present study from adding 6-azauridine to
the asparaginase-cytosine arabinoside combination.

Ihymidine incorporation into DNA by leukemic lym
phoblasts was severely inhibited after asparaginase and cy
tosine arabinoside administration, and remained on the
average more than 90% inhibited for over 24 hr.

INTRODUCTION

Asparaginase (L-asparagine amidohydrolase, EC 3.5.1.1)
successfully reinduces remission in patients with acute
lymphocytic leukemia in relapse (6, 13, 15, 20, 35, 38). Re
mission frequency is 40 to 50%, and there is no cross
resistance with other oncolytic drugs (10, 34), 2 properties
that favor its continued use in leukemia therapy. Factors
that limit the usefulness of asparaginase are its antigenicity
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(13, 15, 21, 24), the short duration of remission (29, 30),
and the invariable appearance of liver dysfunction (3, 11,
13, 21, 28).

The response of childhood acute leukemia to cytosine
arabinoside has been disappointing, with a remission mci
dence of 10% or less (17, 37). The remissions are generally
brief and are accompanied by severe bone marrow depres
sion. This poor response has been improved by combining
cytosine arabinoside with asparaginase (8, 18, 23, 26).
When administeredsequentially,cytosinearabinosidefirst,
the 2 drugs induced remission in 8 or 9 patients with acute
lymphocytic leukemia (18) and cured mice inoculated with
EARAD X, a transplantable acute lymphocytic leukemia
(2). We have presented evidence that concurrent use of cy
tosine arabinoside and asparaginase increases the incidence
of remission of acute lymphocytic leukemia (26). Others
have also reported the effectiveness of simultaneous ad
ministration of these agents (8, 23).

Although 6-azauridine reduced the leukocyte count of
patients with acute leukemia, the drug failed to induce re
mission (14). When combined with 6-mercaptopurine and
vincristine, however, 6-azauridine appeared to increase the
incidence of remission in patients with acute myelocytic
leukemia (36).

In attempts to increase the 41% incidence of remission
reinduction obtained with asparaginase at this hospital (26,
27, 29, 30), we combined the enzyme with cytosine arabino
side or with cytosine arabinoside and 6-azauridine in a com
parative study of remission induction of acute lymphocytic
leukemia in relapse.

MATERIALS AND METHODS

Patients

Forty-six children in relapse with acute lymphocytic leu
kemia that was resistant to conventional induction therapy
were admitted to this study. Patients were assigned by ran
dom card technique to 1 of 2 treatment schedules.

Dosage Schedules and Procedure of Drug Administration

Schedule A. Twenty-four patients ranging in age from 2
to 17 years received asparaginase and cytosine arabinoside.
The median time from diagnosis to beginning of this treat
ment schedule was 514 days with a range of 21 to 2,195
days. They received asparaginase, 10,000 i.u./sq m, simul
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taneously with cytosine arabinoside, 300 mg/sq m, on Days
1 and 8.

Schedule B. Twenty-two patients, age 1 to 17 years, re
ceived asparaginase, cytosine arabinoside, and 6-azauri
dine. Median duration of prior disease was 284 days with
a range from 3 1 to 1388 days. The doses of asparaginase
and cytosine arabinoside were the same as for Schedule A;
6-azauridine was administered at a dosage of 15 g/sq m.
The 3 drugs were given simultaneously on Days 1 and 8.

Amorphous Escherichia coli asparaginase (MSD C-
7632) with a specific activity of 363 i.u./mg of protein was
supplied by the Cancer Therapy Evaluation Branch of
the National Cancer Institute. Immediately before admin
istration, 5 ml of water were added to 10,000 i.u. of aspa
raginase. The calculated dose was further diluted with 5%
dextrose to a total volume of 12 ml and was administered
i.v. over a 5-mm period.

Cytosine arabinoside (Cytosar, The Upjohn Co., Kala
mazoo, Mich.) was supplied by the Cancer Therapy Eval
uation Branch of the National Cancer Institute in vials con
taming 500 mg of dry powder. The drug was dissolved in
the furnished diluent (bacteriostatic water for injection with
benzyl alcohol, 0.9% w/v) to aconcentrationof 50 mg/mI
and was administered by direct i.v. injection after asparagi
nase.

6-Azauridine, formulated by the hospital pharmacy,
was administered by intravenous infusion over a 1-hr pe
nod. This drug was given after asparaginase and cytosine
arabinoside.

Evaluation of Patients

Hemograms, coagulation studies, and tests of renal and
hepatic function were made before treatment and at least
twice weekly thereafter. Bone marrow was aspirated from
all patients before and after treatment, and in 29 of the 46
patients marrow was also aspirated before the second treat
ment. Blood or blood components, antibiotics, and i.v.
fluids were given as required.

Criteria of Response

Marrow response was evaluated by the following criteria:
(a) complete remission marrow (M-l): 5% or fewer blast
cells and 40% or fewer lymphocytes and blast cells; (b) par
tial remission marrow (M-2): by 5 to 25% blast cells or
more than 70% lymphocytes plus blast cells; (c) no response
(M-3): more than 25% blast cells or more than 70% lym
phocytes plus blast cells.

Metabolic Studies

Blood specimens were taken just before the drugs were
administered and at regular intervals thereafter. Two to 5
ml of blood were collected with 12 mg disodium EDIA,
and each volume was diluted with 20 or 40 volumes of
Eagle's minimal essential medium containing glutamine,
10 times the usual phosphate content, no CaCl2 , and 10%
fetal calf serum. If the leukocyte count exceeded 100,000

cells/cu mm, 40 volumes of medium were used for dilution
to prevent later clogging of the filters. The diluted blood
was kept at room temperature for the shortest possible
time, during which the cells were kept in suspension with
a slowly rotating magnetic stirring bar.

Iwo ml of diluted blood were added to a 15- x 100-mm
tube, and 0.5 @tCiin 25 zl of tritium-labeled precursor was
added on a carefully timed schedule that permitted filtra
tion at the end of incubation. The cells were incubated with
1.25 @Mthymidine-methyl-3H or uridine-5-3H or 12.5 zM
leucine-4,5-3H. At the end of a 1-hr incubation at 370, 2
ml of 0.9% NaCI solution and 1 ml saponin (0.5 g/liter of
0.9% NaCl solution) preheated to 370 were added to each
tube. Ten sec after the addition of saponin the contents were
washed from the tube with prewarmed 0.9% NaC1 solution
and collected on a Whatman GF/A filter. The filters were
washed 4 times with approximately 5 ml of 370 O@9%NaC1
solution and twice with cold 5% trichloroacetic acid. The
filter with its contents was placed in 10 ml of liquid scintil
lation counting medium, and, after a lapse of 10 mm or
more, the contents of the vial were mixed with the aid of a
Vortex mixer. The liquid scintillation medium was pre
pared by the Amersham/Searle recipe: 12 g of 2 , 5-bis[2-(5-
tert-butylbenzoxazolyl)]thiophene, 204 g of naphthalene,
1800 ml of toluene, and 1200 ml of ethylene glycol mono
methyl ether.

This technique avoided the preliminary preparation re
quired for studies with the isolated white blood cell frac
tion (33). Saponin treatment selectively lyses red blood cells
and should be initiated within 10 sec of filtration. If the
preparation is not immediately collected on a filter, protein
coagulates and plugs the filter. To avoid possible microbial
contamination, sterile 0.9% NaCl solution and saponin,
frozen immediately after preparation, were used only on the
day they were opened or thawed.

RESULTS

Therapeutic Effects. Fifteen of 24 patients receiving as
paraginase and cytosine arabinoside (Schedule A) re
sponded with complete remission marrows. An additional
patient had a partial remission marrow after 2 weeks of
treatment. The median duration of response for patients
who received 2 agents was 48 days; the range was from 14
to 365 days.

Thirteen of 22 patients receiving asparaginase, cytosine
arabinoside, and 6-azauridine (Schedule B) achieved com
plete marrow remission. The median duration of remission
was 52 days with a range of 9 to 177 days.

Drugs singly or in combination for maintenance of remis
sion included methotrexate, mercaptopurine, cyclophos
phamide, and cytosine arabinoside. All patients, with 2 ex
ceptions, had been treated earlier with the 1st 3 agents;
none had received cytosine arabinoside. There was no cor
relation between duration of remission and the selected
maintenance therapy. The 2 patients who had not received
prior maintenance therapy were placed on methotrexate,
mercaptopurine, and cyclophosphamide continuation ther

apy.
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Incidenceafter treatmentwith:Asp

+Aspa
+ara-C+ToxicityCriteriaara-C6-azaUAspENausea,

vomiting23/24C13/2131/75Fever2/244/2211/74Anaphylactoid

reaction0/240/223/77Abnormal
liverfunctionAmmonia>48

@ig/l0Oml23/2322/2247/65SGOT>40
units/mI(Karmen)10/226/2228/76Alkaline

phosphatase> 12 units/ml(Bodansky)4/212/2220/75BSP
retention>5%retention4/151/109/48Bilirubin,

total> 1 mg/lOOml7/212/2221/76Albumin>
10%decrease16/2316/2257/75Cholesterol>25%decrease16/2211/2246/67Abnormal

kidneyfunctionBlood
ureanitrogen>20 mg/l0Oml14/2113/2247/75Uric

acid>5.9 mg/I0Oml17/2315/2246/75Abnormal
pancreaticfunctionHyperamylasemia>

160 units/l0O ml(Caraway)1/230/221/67HyperglycemiaFasting
blood glucose < 80 mg/lOOml1/230/220/70Central

nervous system dysfunction
Abnormal coagulation testsDepression,

lethargy5/248/2114/74Fibrinogen>25%

decrease4/233/2153/66Partial
thromboplastin time>35sec14/2312/2156/72Prothrombin

time> 13sec10/236/2121/71Wt
loss>5% pretreatmentwt13/246/2241/47Deaths

duringstudy2/241/221 1/77
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Bone marrow cellularity was graded for 29 patients (16
on Schedule A, 13 on Schedule B) whose marrow was as
pirated 1 week after the 1st treatment. Eighteen smears
were hypocellular; 11 were normal. Iwo weeks after the
start of therapy, 22 patients had normal marrow cellularity
and 21 had hypocellular or dilute marrow specimens.
Whether a patient was on Schedule A or B had no apparent
effect on marrow cellularity. Organomegaly decreased in
all patients attaining marrow remission.

Adverse Reactions. Nausea and vomiting occurred in 23
of the 24 patients receiving asparaginase and cytosine ara
binoside (Table 1). Thirteen of 21 evaluable patients on
Schedule B had a significantly lower incidence of nausea
and vomiting, p < 0.01 . Fever occurred infrequently after
drug administration by either schedule, and anaphylactoid
reactions were not encountered. Anorexia and weight loss
were more frequent in patients who received 2 agents.

Frequency of hepatic dysfunction was the same in both
treatment groups (Table 1). Most patients developed sig
nificant elevations of plasma ammonia on the day following
drug administration; these levels returned to normal range
within 4 days. Many patients developed significantly in
creased levels of serum glutamic-oxaloacetic transaminase
and decreased serum cholesterol and albumin levels. An
elevation of serum bilirubin was associated with acute hep
atitis in I patient with Pseudomonas septicemia. Elevations

of serum amylase and serum glucose were also encountered
in 1 patient with acute hepatitis.

Azotemia and hyperuricemia occurred in more than one
half of the patients on each schedule (Table 1), probably be
cause of increased destruction of leukemic cells and im
pairment of renal function. Levels returned to normal in 3
to 4 days.

Lethargy was occasionally noted within 24 hr after the
1st treatment and did not persist beyond that period. Pat
terns on posttreatment electroencephalograms, obtained 24
hr following drug administration, showed slight diffuse
slowing for 3 of 19 patients receiving asparaginase plus
cytosine arabinoside and for 5 of 16 patients receiving as
paraginase, cytosine arabinoside, and 6-azauridine.

The most frequently encountered coagulation abnormal
ity in both treatment groups was prolongation of partial
thromboplastin time (Table 1). Abnormal decreases in
serum fibrinogen were infrequent, and bleeding was not
associated with changes of coagulation factors.

Iwo patients on Schedule A died during the study pe
riod after asparaginase and cytosine arabinoside adminis
tration; 1 patient died with Pseudomonas septicemia and 1
with varicella pneumonia. One patient on Schedule B died
with E. coli sepsis after perforation of the cecum.

Intercurrent diseases and requirements for blood or
blood components were greater for Group A patients. How

Table 1

Comparison of toxiciti' in patients receiving combinations of asparaginase, cvtosine arabinoside, and 6-azauridine or
asparaginase alone

â€œTheabbreviations used are: Asp, asparaginase; ara-C, cytosine arabinoside; 6-azaU, 6-azauridine; SGOT, serum glutamic
oxaloacetic transaminase; BSP, Bromsulphalein.

b Data obtained from Refs. 27, 29, and 30.

C Denominators in all fractions represent the number of patients for whom observations were made.

2022 CANCER RESEARCH VOL. 33

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2390866/cr0330092020.pdf by guest on 19 M

ay 2023



Incorporation ofprecursorPatientTime

(hr)Leukocytes
lO@(cells/
Cu mm)Lympho

blasts
(%)(pmoles/hr/million

cells)Clinical

responseThymidineUridineLeucineR.

K.0
3
21120

151
52541.95

0.39 31.8
Tâ€• 0.22 32.1
T0.27NoneC.

R.

M. C.0

4
24
09.8

16.9
5.9

17539
47
790.42

0.18 35.7
0.04 0.18 30.7
T T 31.5

6.36 3.91 85.8NoneCompleteE.

R.I

4
22
0200

10.5
6.34 00.06

1.66 59.5
0.03 0.16 26.8
0.09
0.94 0.6949.5CompleteM.

C.

M. 1-I.1

4
20
0
I
4
22
0
2
25
495.6

7.3
143
152

54
78.5
83.5
10.1
4.11

70

22
74

81
19T

0.39 11.2
0.66 44.4

0.14 0.12 29.7
0.67
0.04
0.04
0.11
5.80 2.57 170
0.23 2.37 103
0.19 Ill 96
1.04 0.61None

None

Asparaginase in Combination Chemotherapy

ever, these patients had a longer median duration of leu
kemia prior to the study. Two patients in Group A had
subarachnoid hemorrhages, and 1 each had Pseudomonas
cellulitis and septicemia, pneumonia, impetigo, Asian in
fluenza, oral candidiasis, and fever of undetermined origin.
In Group B, 2 patients had perioral herpes simplex infec
tion and upper respiratory infection. Patients in Group A
received a total of 34 units of blood and 134 units of plate
lets while Group B patients required 21 units of blood and
54 units of platelets.

Cellular Pharmacology Studies. The effect of Schedule
A on thymidine incorporation into DNA, uridine incorpo
ration into nucleic acids, and leucine incorporation into
protein by leukocytes was monitored for 6 patients (Table
2). With the exception of 1 patient lacking blast cells in the
peripheral blood, the white blood cell count of these 6
ranged from 9,800 to 175,000 cells/cu mm and contained
from 40 to 80% blast cells. The white blood cell counts of
these 5 patients dropped a minimum of 40% within 24 hr
after the 1st treatment and ranged between 6 and 60% of the
initial count.

Within 1 hr after injection, the combination of cytosine
arabinoside and asparaginase almost completely inhibited
thymidine incorporation into DNA of leukemic cells. By
24 hr the mean rate of thymidine incorporation was 9% of
the pretreatment rate. Pretreatment incorporation ranged
from 0.41 to 6.36 pmoles/hr/million leukocytes with a
mean of 2.69 Â±2.68. This incorporation, as previously ob
served, did not correlate with the white blood count or per
centage of blast cells in the population (33).

The rate of uridine incorporation into the nucleic acids,
primarily RNA, was less sensitive to these 2 drugs than
was the rate of thymidine incorporation. Sixty % of the
original rate of incorporation remained after 1 hr, and the
lowest mean rate was observed 24 hr after cytosine arabino
side and asparaginase administration. The pretreatment
rate of uridine incorporation ranged from 0.18 to 3.91
pmoles/hr/million leukocytes with a mean value of I .55 Â±
1.62.

The rate of leucine incorporation into protein dropped
soon after cytosine arabinoside and asparaginase adminis
tration and remained at this level 24 hr after drug admin
istration. The initial rate of leucine incorporation ranged
from 31.8 to 170 pmoles/hr/million cells with a mean value
of74.6 Â±57.5.

DISCUSSION

The present treatment schedule with asparaginase, cyto
sine arabinoside, and 6-azauridine was selected from our
information on response to the individual agents. The ad
ministration of 10,000 i.u./sq m doses of asparaginase I
week apart was equivalent to other dosage schedules for re
mission reinduction (27). To permit maximum combined
action by the 3 drugs, we administered cytosine arabinoside
and 6-azauridine immediately after asparaginase injection.

In addition to the oncolytic activity of each of the agents
used in this study, other pharmacological characteristics
were considered to favor their use in combination therapy.

Table 2

In vitro precursor incorporation by h'mphoblasts from patients treated with asparaginase
and cytosine arabinoside

a T, less than I % of the pretreatment incorporation rate.
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The immunosuppressive action of cytosine arabinoside (19)
could complement the antitumor activity of asparaginase
(5, 22, 25) and possibly reduce immunological response to
the enzyme. The S-phase specificity (7) and rapid action
(32) and disappearance of cytosine arabinoside from the
blood contrasts with the activity of asparaginase, which
disappears slowly from the blood and presumably main
tains an asparagine deficiency for 24 hr or longer (4, 16).

The oncolytic action of 6-azauridine has been attributed
to an inhibition of de novo pyrimidine biosynthesis (12).
This effect is thought to reduce the deoxycytidine nucleo
tide pools and consequently to reduce deoxycytidine inter
ference with cytosine arabinoside. In our preliminary stud
ies, 2 patients with acute myelocytic leukemia were treated
by a 4- or 6- hr infusion of 15 g of 6-azauridine per sq m. A
40 to 55% inhibition of in vitro thymidine incorporation by
the isolated leukocytes was observed during the period of
drug infusion. Recovery of the pretreatment rate for thymi
dine incorporation was incomplete for 1 patient at 24 hr.
At the extracellular thymidine concentration the rate-limit
ing reaction for thymidine incorporation was saturated and,
on the basis of the proposed mechanism for drug action, the
inhibition is presumed to have resulted from a decrease in
the availability of dCIP.

The remission reinduction incidence of acute lympho
cytic leukemia was apparently increased by combining as
paraginase with cytosine arabinoside. Fifteen of 24 patients
treated with Schedule A achieved complete remission. The
administration of 6-azauridine with these 2 drugs did not
increase the incidence of remission. Thirteen of 22 patients
achieved complete remission with 3-drug treatment. In our
previous studies, various asparaginase dosages induced
complete remission for 28 of68 patients (41%) (27, 29, 30).
The incidence of remission induction for the 2 groups in
this study was 61% (28 of46 patients). By x2 analysis of the
present pooled data and our previous experience with aspa
raginase alone, a statistically significant increased mci
dence of remission was demonstrated for multiple-drug
therapy (p < 0.025).

The course of treatment was short, and the response was
evaluable in 2 weeks. Even patients not achieving complete
marrow remission experienced a pronounced decrease in
white blood cell count and in percentage of blast cells in
the marrow and blood. Remission duration was brief, how
ever, and combining cytosine arabinoside with asparaginase
for remission induction did not increase the duration of re
missions beyond that achieved with asparaginase alone in
past experience.

Although 3 patients died during the study, none of the
data suggested drug intoxication as the cause of death. Ex
cept for variations in nausea, vomiting, and weight loss,
there were no significant differences in toxicity between the
2 schedules. The lower incidence of nausea and vomiting
among patients on Schedule B presumably contributed to
better maintenance of body weight in this group. Also, the
incidence of changes in coagulation factors was lower for
multiple therapy than for asparaginase alone in past stud
ies.

The pronounced inhibition of in vitro thymidine incorpo
ration into the peripheral white blood cells of 6 of the pa
tients for 24 hr indicates that DNA synthesis was inhibited
without repeated doses or prolonged infusion of the agents.
There was no correlation between the marrow responses
and thymidine incorporation by patient's peripheral white
blood cells. This pronounced effect on thymidine incorpora
tion contrasts with the poor inhibition of uridine and leucine
incorporation at a time when the blood leukocyte popula
tion was decreasing and changing (Table 2). In these stud
ies, a correlation was not observed between the changes in
leukocyte count, percentage of lymphoblasts, thymidine
incorporation for the 1st 24 hr and the eventual clinical
evaluation of marrow status. The marked decrease in lym
phoblasts in the blood and marrow of all patients and the
pronounced inhibition of thymidine incorporation by lym
phoblasts after drug administration again poses the ques
tion of assaying pharmacological response by clinical cri
teria for remission when large numbers of lymphoblasts are
presumed to remain after induction of remission (9, 3 1).

Preclinical studies with these 3 drugs indicated a corn
bined action by cytosine arabinoside and asparaginase that
resulted in a synergistic therapeutic response against Ll210
and L5178Y murine transplantable tumors (I). The addi
tion of 6-azauridine to treatment with cytosine arabinoside
plus asparaginase made response much more dependent on
cytosine arabinoside dosage in mice and reduced the effec
tiveness of the 2-drug combination. In the present study,
6-azauridine made no apparent contribution to therapeutic
effect. The low weekly dosage of 6-azauridine was equiva
lent to the daily dosage used in earlier studies as a 6-hr
infusion for 10 consecutive days (36). The present sequence
of drug administration and the schedule of 6-azauridine
administration may have reduced its oncolytic effective
ness. However, in the preclinical studies 6-azauridine inter
fered with response to cytosine arabinoside plus asparagi
nase suggesting the need for caution in future studies of the
3-drug combination.

The present treatment schedule with asparaginase plus
cytosine arabinoside appears to offer advantages over treat
ment with either drug alone.
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