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SUMMARY

For evaluation of the efficacy of chemotherapeutic agents
in the remission-induction and remission-maintenance phases
of leukemia, an experimental model was designed around the
spontaneous AKR lymphoma. The system was based on
palpating lymphoid tissue for the purpose of diagnosis of
advanced spontaneous disease, treating with vincristine sulfate
plus prednisone for remission induction, repalpating to
determine the state of disease (i.e., remitters and
nonremitters), and then placing groups of animals on various
remission-maintenance regimens. The combination of
vincristine sulfate plus prednisone induced remission in
approximately 60% of animals, with the median survival time
for animals in remission given placebo maintenance around 13
days from the day of remission. The maintenance agents were
ranked according to their antitumor activity, and cytoxan was
the most effective, increasing the median survival time 250%
over the placebo-maintained groups. Analysis was also made of
the total remission-induction plus remission-maintenance
regimen, and results were compared to continuous single-drug
therapy from Day 0. The regimens that included cytoxan
maintenance were the most effective, but animals receiving the
two-stage regimens did not live as long as animals given only
cytoxan from the day of diagnosis. The murine chemotherapy
model is presented as an experimental design useful for
detailed studies analogous to clinical trials in leukemia and
lymphoma.

INTRODUCTION

Metcalf and Brumby (12), Schabel et al. (14), and Skipper
et al. (16) have given detailed descriptions of the pathogenetic,
morphological, and kinetic aspects of the AKR lymphoma.
The spontaneous presentation in a high proportion of mice,
the growth pattern similarity to human acute leukemia, the
lymphoid cell predominance, and the sensitivity of the disease
to several clinically active drugs created interest in the AKR
system in research relevant to human acute leukemia and
lymphoma from the chemotherapeutic, viral, and
immunological points of view. The purpose of this

investigation was to design an experimental procedure for
testing drugs against spontaneous AKR lymphoma and to
provide a 2-phase remission-induction, remission-maintenance

chemotherapy model. This would allow examination of
protocols in studies analogous to human acute leukemia and
permit in-depth controlled investigation which would parallel
treatment programs in the human disease.

The combination of VCR3 and Pred was chosen for the

induction phase of therapy for several reasons. This is still one
of the most effective regimens for inducing remission in
childhood acute lymphatic leukemia (8, 9). Treatment with
VCR plus Pred results in relatively short-term duration of
remission in the clinical setting (3) and in the AKR disease, as
noted in preliminary experiments. Therefore, this would allow
rapid determination of effectiveness of subsequent
maintenance therapy. Also, in a bioassay study of AKR
lymphoma, reported by Schabel et al. (13), a 99.999%
reduction in viable thymic tumor cells was observed following
treatment with the combination of VCR and Pred.

For the remission-maintenance stage a variety of antitumor

agents were utilized, and the experimental design was arranged
to permit a quantitative comparison of the relative efficacy of
the agents tested in maintenance. In addition, the agents that
were used for maintenance were also tested individually, with
treatment started immediately following the diagnosis of
disease.

MATERIALS AND METHODS

Mice. The experiments were performed with 6- to
12-month-old male and female AKR mice obtained from the
production colony of Drug Research and Development,
Chemotherapy, National Cancer Institute.

Drugs. The combination of VCR (NSC 67574) and Pred
(NSC 10023), as indicated above, was used for the
remission-induction phase of therapy. VCR was dissolved in
0.9% NaCl solution and injected i.p. at dosages of 0.50 or 0.25
mg/kg. Pred was dissolved in 0.9% NaCl solution and injected
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3The abbreviations used are: VCR, vincristine sulfate, Pred,
prednisone; CTX, cyclophosphamide; 5-AZA, 5-azacytidine; ISOPH,
isophosphamide ; BIG, imidazole-4-carboxa mide,
5-[3,3-bis(2-chloroethyl)-l-triazeno] ; DIG, imidazole-4-carboxamide,
5-(3,3-dimethyl-l-triazeno); MTX, methotrexate; 6-MP,
6-mercaptopurine; ara-C, cytosine arabinoside; MST, median survival
time.
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s.c. at a dosage of 30 mg/kg. The drugs were injected in a
volume of 0.01 ml/g body weight.

The drugs used in maintenance regimens were CTX (NSC
26271), VCR, Pred, 5-AZA (NSC 102816), ISOPH (NSC
109724), BIC (NSC 82196), D1C (NSC 45388), MTX (NSC
740), 6-MP (NSC 755), and ara-C (NSC 63878). All drugs were
dissolved in 0.9% NaCl solution and injected i.p. except Pred,
which was injected s.c. The drugs were injected in a volume of
0.01 ml/g body weight.

Diagnostic Criteria. Animals between 6 and 12 months of
age were examined weekly for the presence of large spleen or
large lymph nodes. Animals showing evidence of splenomegaly
or lymphadenopathy were reexamined the next day (Day 0),
and only animals with either enlarged spleens extending to the
iliac crest or with moderately enlarged spleens plus palpably
enlarged lymph nodes in the femoral or inguinal regions were
accepted for experimental protocols. The initial method of
diagnosis, as originally described by Schabel et al. (14), was
based on both the WBC count and palpation of lymphoid
tissue. The WBC count, however, as reported by Schabel (14)
and confirmed in this laboratory (M. Kende, A. I. Goldberg, A.
Goldin, and J. P. Glynn, unpublished data), has been an
unpredictive guide to the assessment of the state of disease
relative to the remaining life-span of the animals. Palpation
alone has been a useful method of measuring the presence of
disease (M. Kende, A. I. Goldberg, A. Goldin, and J. P. Glynn,
unpublished data).

Experimental Design. Following diagnosis (Day 0), mice
were randomized into either 2-stage therapy protocols or
single-drug continuous therapy protocols. The 2-stage therapy
protocols consisted of a remission-induction phase and a
maintenance phase of therapy. The combination of VCR and
Pred was given on Days 1 and 5. Remission was determined on
Day 7 by examining surviving animals. Those animals with no
clinical evidence of disease (spleen and lymph nodes not
palpable) were considered to be in successful remission, while
animals still exhibiting signs of splenomegaly and
lymphadenopathy were designated as nonresponders and were
treated separately. The maintenance phase of therapy was
begun on Days 8, 9, or 12.4

Maintenance therapy was continued until death, according
to schedules that are indicated in Table 1. Mice randomized
into a maintenance group that received 0.9% NaCl solution
served as controls. Both median and average survival times
were estimated from the day of diagnosis of disease (Day 0)
and from the day of initiation of maintenance therapy. Spleen
and thymus weights were recorded following death of the
animals.

The single-drug continuous therapy protocol was begun on
Day 1, with the same drugs that were used for maintenance
therapy. Examination for remission-induction was not done,5

but daily mortality was taken and spleen and thymus weights
were recorded at death. Control animals were treated with
0.9% NaCl solution from Day 1. Median and average survival
time was estimated from Day 0.

4In later experiments the maintenance phase of therapy was begun

on Day 7, or as close to the time of examination for remission as was
practical.

s Such examination has been conducted in subsequent protocols.

Analysis was made of 3 aspects of the protocol.
Remission-induction was evaluated by observing the number
of animals in remission or not in remission and surviving on
Day 7 and was expressed as a percentage of the total number
of animals treated. Efficacy of the maintenance drugs was
determined by estimating survival time, measured from the
day of initiating maintenance therapy, and then comparing it
with placebo-maintained controls. Finally, each 2-stage
therapeutic protocol was evaluated by measuring survival time
from Day 0, including in the analysis all animals placed on
therapy. Each 2-stage therapy protocol could then be
compared with the single-drug continuous therapy protocol,
with survival time also measured from Day 0.

Methods for Statistical Analysis. In evaluating the results of
the remission + maintenance therapeutic procedures, statistical
analyses were made which were related to those arising in the
study of life-table data. Suppose that at or shortly after the
time of diagnosis (Day 0) of neoplastic disease, N mice are
entered into some chemotherapeutic program intended to
produce tumor remissions. Some time (D days) later we
observe that N] mice have already succumbed either to drug
or to their tumors (days of death known). N2 mice are still
alive and not in remission, while N3 mice are alive and in
remission.

We may now consider comparing alternative maintenance
therapies for mice in remission. Thus we might randomly
subdivide the N3 mice in remission into N3j0 control mice,
N3)i mice on Maintenance Therapy 1, N3 2 mice on
Maintenance Therapy 2, etc. We need only consider the
survival times beyond Day D of mice in the various
maintenance groups. For such comparison, we express any
increase or decrease in lifetime over mice in remission receiving
no maintenance therapy as a percentage of the remaining
lifetime from Day D of such control mice. We make such
comparisons with alternative use of the median and the
average as measures of survival.

A problem arises when we wish to compare survival from
Day 0 using a remission + maintenance regimen with some
other treatment regimen or with some control or
nontreatment regimen. It is that a specification of remission +
maintenance regimen is incomplete without a rule for handling
mice alive but not in remission on Day D. Such mice might be
variously left alone, put on the maintenance regimen, or
perhaps put on some standby regimen. Thus what we would be
interested in evaluating is a defined remission + maintenance +
standby therapeutic regimen, with the standby regimens
including no treatment or maintenance treatment beginning on
Day D as special cases (the question of defining a standby
treatment did not arise in some instances where there were no
surviving mice not in remission).

In practice the number of surviving mice on Day D not in
remission were too few to permit allocation in reasonable
numbers to a variety of standby therapies. Thus all or most of
such mice might be left untreated, and a few might be
allocated to some of the maintenance therapies. In one of the
experiments all such mice were allocated to a single standby
therapy identical to one of the maintenance therapies. We can
in general, however, put it that the N2 surviving mice not in
remission were randomly subdivided into N2 >0 'eft untreated,
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N2)i mice allocated to standby therapy 1, N2;2 allocated to
standby therapy 2, etc.

The life-table-related approach for evaluating survival from
Day 0 for a defined remission + maintenance + standby
therapy, for example remission i'R maintenance + j'R standby

therapy, is essentially a simple one. One simply counts the
times of death of the NI early deaths as single deaths, but the
N3 i individual times of death of the mice in remission on the
i'R maintenance therapy are counted as each representing

N3/N3i times of death. While the N2j individual times of death
on the j'R standby therapy are counted as each representing

N2/N2j times of death. This counting method permits
estimating characteristics like the median and average survival
times from Day 0, if the particular remission + maintenance +
standby therapy had been used exclusively on all N mice.

In instances, a minor modification was made in the
experimental procedure. Maintenance or standby therapies
would be initiated 1 or more days after the mice were
allocated to such treatments. The above approach would
apply, but with N1 augmented by all the intervening deaths,
while the N3i and the N2j are diminished by such deaths.

In the present report we have shown both median and
average survival times. We have used medians in the past so as
not to give excessive weight to occasional long-term survivors.
In the present situation it is possible that so many deaths may
have occurred by Day D that the median from Day 0 would be
largely insensitive to extensions in survival time due to
maintenance therapy or even completely insensitive where
early deaths exceeded 50%.

RESULTS

The results of 4 experiments are summarized in Table 1. In
each of the experiments there is a 2-stage protocol involving
remission-induction with VCR plus Pred and followed by
maintenance drugs. Nonremitters were also treated. In general,
the same drugs used for maintenance were also used from Day
0 in newly diagnosed animals.

Remission-Induction Phase of Therapy. With the
combination of VCR + Pred, in 4 experiments, between 58
and 71% of the animals treated were in remission by Day 7.
The higher dose of VCR (0.50 mg/kg), with Pred was
evaluated in 2 separate experiments and 58 and 66% of mice
treated were in remission. In these experiments, all -of the
animals alive on Day 7 were in remission. When the dosage of
VCR, with Pred, was lowered to 0.25 mg/kg higher
percentages of animals were in remission by Day 7 (66 and
71%). With the lower dosage of VCR there were also groups of
mice alive but not in remission at Day 7 (8 and 12%). The
observations suggest that for remission-induction the lower
dosage of VCR was more effective and less toxic in
combination with Pred.

Remission-Maintenance Phase of Therapy. The remission
maintenance data are summarized in Table 1 and the drugs are
ranked in accordance with the estimation of effectiveness in
Table 2.

Animals in remission given placebo maintenance had fairly
consistent MST's of 9 to 13 days, measured from the day of

initiation of maintenance. This observation indicates that the
remission state produced by VCR plus Pred and determined by

palpation represents a relatively consistent degree of residual
disease against which maintenance agents must act.

CTX was clearly the most effective agent of those evaluated
for remission maintenance, with MST increases of 243 to
262% over placebo-maintained controls as measured from
initiation of maintenance therapy (Table 2). ISOPH, a drug
with structure similar to that of CTX, was also quite effective,
increasing the MST, at 2 dosages, 54 and 154% over controls.
5-AZA was tested at 6 mg/kg and gave a 104% increase in

MST. This drug was also given to one animal not in remission
and the MST was increased 20% over a placebo-treated group
(consisting of 1 animal) not in remission.

The combination of VCR and Pred, which was the
remission-induction regimen, was also evaluated for remission
maintenance. At the higher dose of VCR (0.50 mg/kg), the
MST was increased to 133 to 175% over placebo-maintained
controls. The lower VCR dose (0.25 mg/kg) did not increase
the MST (-15%) (Table 2). These results are in contrast with
the remission-induction therapy where the higher dose of VCR
appeared to be toxic.

The two imidazole carboxamide derivatives B1C and DIG
appeared to be moderately effective as maintainers of
remission.

MTX and 6-MP were inactive at the dosages tested. ara-C,
tested only at 1 dose, was also ineffective. The possibility
remains that the lack of effect of MTX, 6-MP, and ara-C in this
study may be attributed to limitations of the schedule and
dosages chosen.

Analysis of the Total 2-Stage Sequential Therapy Regimen
in Comparison to Single-Drug Therapy from Day 0. The
experimental design permits comparison of the 2-stage
sequential therapy regimen with single-drug therapy, initiated
following diagnosis of the disease. This is possible since the
total regimen may be evaluated accounting for all animals
starting from the day of diagnosis, i.e., the animals dying prior
to the beginning of maintenance therapy, the animals in
remission, and the animals not in remission following
remission-induction therapy and placed on other treatment.
The percentage of increase in life-span for the 2-stage
sequential therapy and for single-drug therapy, relative to the
Day 0 controls, are given in Table 1.

CTX, used alone, appeared to provide the most effective
regimen in this study. When CTX was given from Day 0, as a
single-drug therapy, at weekly doses of 150 or 100 mg/kg, the
MST was increased 377 and 200% over untreated controls.
This is somewhat better than the 2-stage protocols in which
CTX was given as maintenance therapy, although here too the
MST was prolonged (156 and 142%) (Table 1).

ISOPH, 5-AZA, BIC, and DIC were approximately equally
effective when used alone or following induction therapy with
VCR + Pred. 6-MP, MTX, and ara-C were relatively ineffective
as either single-drug regimens or as part of a sequential
protocol. However, with the latter drugs a complete
dose-response study was not done.

DISCUSSION

In view of the advances in the treatment of acute leukemia
and allied diseases (7, 11) in the clinic, it becomes important
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Table 1
Efficacy of remission-induction + remission-maintenance and

InducerdrugDose(mg/kg)SchedulefromDay 1(days)
RouteTotal

no.of
miceNo.

inremission
(%)MaintenancedrugsDose(mg/kg)

VCR+PredVCRPredCTX0.9%

Nad0.50300.50301500.01ml/g, bwQ4DQ4DQ4DQ7DQ4D

VCR

Pred

BIC
BIC
DIC
DIC
0.9% NaCl

0.50

30
Q4DX 2

200 Q4D
100 Q4D
300 Q4D
200 Q4D

0.01 ml/g, bw Q4D

i.p.

s.c.
i-P-
i.p.

Experiment 1

116

17
18
13
17

Experiment 2

98

13
14
15
14
15

Experiment 3

67 (58)

VCR

Pred
CTX
CTX
0.9% NaCl

65 (66)

VCR

Pred
BIC
BIC
DIC
DIC
0.9% NaCl

0.50

30
150
100

0.01 ml/g, bw

0.50

30
200
100
300
200

0.01 ml/g, bw

VCR 0.25

VCR

Pred

VCR
VCR
Pred
Pred
5-AZA
ISOPH
ISOPH
0.9% Nad

0.25

30

0.25
0.50

30
60
60

108
180

0.01 ml/g, bw

Q4DX 2

Q4D
Q4D
Q4D
Q4D
Q4D
Q4D
Q4D
Q4D

i.p.

s.c.

i.p.
s.c.
s.c.

i-P-

111

Experiment 4"

79(71)

Pred5-AZAISOPHISOPH0.9%

NaCl5-AZA*0.9%

NaCl8306.01081800.01

ml/g,bw6.00.01

ml/g, bw

MTX
MTX
6-MP

15
20

135
VCR+PredMTXMTX6-MP6-MPara-CCTX0.9%

NaCl0.25301520135180211000.01ml/g, bwQ4D

X2Q4DQ4DQ4DQ4DQ4DQ4DQ4Dâ€¢P-i.e.â€¢P-â€¢P-â€¢P-â€¢P-.p.â€¢P-â€¢P-149141516151414376-MP98(66) ara-CCTX0.9%

NaCl6-MP*18022.51000.01 ml/g,bw180

" Numbers in parentheses, average.
6 Q4D, every 4 days; Q7D, every 7 days; bw, body weight.
c Maintenance therapy begun on Day 12.
d Same control group used in Experiment 1, with maintenance begun on Day 12.
e Survival time and % increase in life-span including remitters and nonremitters with increase in life-span compared to placebo-maintained

control.
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single-drug chemotherapy protocols against spontaneous AKR lymphoma

Animals in remission
AU

animals treated

Schedule
from

Day 9
(days)No.

on
maintenanceMST

from
day of

maintenance
medication"%

Increase of remaining
life-span relative to
placebo-maintained

control median"MST

from
day of

diagnosis (Day 0)Â°%

Increased life-
span relative to

Day 0

Q4Db

Q7DC
Q7DC
Q4De

s.c.
Â¡.p.

Q4D

Q4D
Q4D
Q4D
Q4D
Q4Dd

I.p.

s.c.
.p.
.p.
.p.
.p.
.p.

Q4D

04D

Q7D'
Q4D
Q4D
Q4D i.p.

14

17
18
14

13

12
13
14
16
14

12

12

13
13
12

1
2

24.5 (21.3)

38 (39.9)
36 (47.3)
10.5 (12.9)

Experiment 1

133 (65)

262 (209)
243 (267)

18 (18.1)

23
27
14

6
13.5
43

9

(30.6)
(34.6)
(15.9)
(Â¡7.9)
(15.4)
(39.9)
(10.9)

27 (27.5)

17.5
19
17
16
10.5

(21.2)
(19.7)
(16.5)
(19.4)
(12.9)

Experiment 2

157 (113)

67 (64)
81 (53)
62 (28)
52 (50)

24 (25.8)

19
22
20
18
14
17
18
10.5
17
12

(21.6)
(20.6)
(18.5)
(20.4)
(15.9)
(18.8)
(18.4)
(14.8)
(18.4)
(14.1)

Experiment 3

11 (15.2)

26.5 (25.7)

20 (21.5)
33 (37.2)
13 (12.3)
12 (12)
10 (10)

-15 (24)

104 (109)

54 (75)
154 (202)

20 (20)

18 (19.0)

20 (26.5)
21 (26.7)b
23 (23.5)
32 (37.4)
16 (17.0)

18 (18.5)
18 (18.5)
10 (17.5)
9 (11.1)

27 (26.3)
26.5 (23.6)
27 (28.4)
13 (12.9)

Experiment 4h

100 (66)

156 (181)
200 (217)

56 (46)
-33 (64)

50 (41)
377 (266)

100 (83)

58 (53)
83 (46)
67 (31)
50 (45)
17 (13)
42 (33)
50 (30)

-12.5 (5)
42 (30)

38 (47)

54 (105)
62 (107)
77 (82)

146 (190)
23 (32)

38 (43)
38 (43)

-23 (36)
-31 (-14)
107 (104)
104 (83)
107 (12)

Q4DQ4DQ4DQ4DQ4DQ4DQ4DQ4Dâ€¢P-.p..p..p.â€¢P:â€¢P-.p.â€¢P-15131315141315179105993296(8.2)(28.5)(9.0)(9.7)(12.6)(32.1)(10.3)(8.4)011-4400255(-20)(177)(-13)(-6)(22)(212)1417131517291110.51214673612(14.3)''(27.6)'(14.8)1(15.3)'(17.2)'(30.0)'(15.7)1'(12.3)(10.9)(14.8)(11.4)(9.1)(43.8)(13.8)17428254214217-12.50117-50-42200(4)(100)(7)(11)(25)(117)(14)(-11)(-21)(7)(-17)(-34)(117)

' Maintenance therapy begun on Day 8.
* Animals not in remission.
h Subsequent studies suggest that the dosages of MTX and 6-MP presented in this report are toxic. The data are presented merely as a tool for

describing the experimental design and the method of statistical analysis.
' Includes remitters plus nonremitters.
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Table 2
Summary of the remission-maintenance phase of therapy

Maintenance agents used in Table 1 are ranked according to efficacy at prolonging the MST.

Maintenance
drugsCTXCTXCTXISOPHISOPH5-AZA5-AZAcVCR

+PredVCR

+PredVCR

+PredBIGBICDIGDIGMTXMTX6-MP6-MP06-MPara-CDose

(mg/kg)150100100180108660.50300.50300.2530200100300200201518018013522.5Routei.p.i.p.i.p.i.p.i.p.i.p.i.p.i.p.S.C.i.p.s.c.i.p.s.c.i.p.i.p.i.p.Lp.i.p.i.p.i.p.i.p.i.p.i-P.Total
no. of

Schedule mice onmaintenanceQ7D6

fromDay

12Q7DfromDay

12QTDfromDay

9Q7D
fromDay

8Q7D
fromDay

8Q4D
fromDay

9Q4D
fromDay

9Q4D
fromDay

9Q4D
fromDay

9Q4D
fromDay

9Q4D
fromDay

9Q4D
fromDay

9Q4D
fromDay

9Q4D
fromDay

9Q4D
fromDay

9Q4D
fromDay

9Q4D
fromDay

9Q4D
fromDay

9Q4D
fromDay

9Q4D
fromDay

9171813131312113141212131416131515171314Survival

time
from day of initiating
maintenance therapy

(median)"383632332026.5122724.51117.51917161099659(39.9)(47.3)(32.1)(37.2)(21.5)(25.7)(12)(27.5)(21.3)(15.2)(21.2)(19.7)(16.5)(19.4)(28.5)(8.2)(9.7)(8.4)(9.0)(12.6)%

increase of
remaining life-span
relative to placebo
maintained control

(median)0262

(209)243

(267)255

(212)154

(202)54

(75)104

(109)20

(20)157

(113)133

(65)-15

(24)67

(64)81

(53)62

(28)52

(50)11

(177)0

(-20)0

(-6)-44

(-13)0

(22)

" Numbers in parentheses, average.
b Q7D, every 7 days; Q4D, every 4 days.
0 Groups consists of nonremitters.

to obtain counterpart experimental model systems which may
contribute in parallel quantitative investigations. In the
treatment of human acute leukemia, chemotherapeutic agents
are evaluated with respect to their ability either to induce or
to maintain remission (1â€”9).With progressive improvement in
therapeutic response additional attention has been focused on
other aspects of therapy including intensification,
consolidation, reinduction, and treatment of meningeal disease
(7, 11) with a view to obtaining further extensions in the
life-span of the patients. These detailed investigations, further
complicated by the use of multiple-drug therapeutic regimens,
have placed great demand on quantitative experimental design
and emphasize the need for pertinent preclinical experimental
models.

This study illustrates that the AKR leukemia, with both its

spontaneous appearance and its kinetic pattern analogous to
human leukemia (12, 14), can provide an appropriate model
system for the study of the remission-induction and
remission-maintenance phases of chemotherapy protocols. A
high percentage of the animals develop florid leukemia which
can be readily palpated and the course of the disease and time
of death fall within a predictable range. Therapy with VCR +
Pred which results in a high percentage of complete remissions
in the treatment of acute lymphocytic leukemia of childhood
is also effective in producing a high incidence of remission in
the AKR leukemia system. As in the treatment of clinical
acute leukemia the duration of unmaintained remission
following treatment with VCR and Pred is relatively short
(15).

Of the 2 regimens of VCR + Pred reported, the combination
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of VCR, 0.25 mg/kg, + Pred caused a higher precentage of
animals to enter remission and produced fewer deaths prior to
remission. There were no significant differences, however, with
the high- or low-dose therapies of VCR + Pred groups, either in
the length of survival of placebo-maintained animals or in the
response to subsequent maintenance treatment.

Following remission-induction the value of a specific
maintenance therapy may be ascertained through a
comparison of survival time of animals given maintenance
treatment following remission with animals given placebo
maintenance. This would be comparable, in general, to a study
in human acute leukemia by Acute Leukemia Group B (5). In
the maintenance phase of therapy a ranking of drug activity
may be obtained by comparing the survival time of the animals
relative to the placebo maintenance controls. That the drugs
are being tested in maintenance against a relatively constant
degree of residual disease is suggested by the uniformity of
survival times in placebo-maintained controls. Of the drugs
tested CTX seemed the most effective in the maintenance of
remission, as reflected in an increase in the survival time of
animals. Next in effectiveness were ISOPH, then 5-AZA, a
combination of VCR + Pred, and the 2 imidazole carboxamide
derivatives BIC and DIC. MTX, 6-MP, and ara-C were
essentially ineffective, but a limited number of dosage levels
was explored and toxicity was suggested by subsequent
studies.

The final aspect of this study is the total analysis of a
treatment regimen, including all animals beginning therapy.
This includes responders and nonresponders, as well as animals
dying prior to entry into remission. If the question to be asked
prior to initiating therapy is what therapeutic regimen provides
the most patients the greatest chance of living the longest,
then one must consider the alternative treatments for
responders and nonresponders at each phase of treatment. This
then may be compared with untreated controls from the day
of diagnosis as well as with single-drug (or combination)
treatment schedules beginning from the day of diagnosis. The
current data indicate that animals survived the longest if they
were treated with CTX weekly to death, from the day of
diagnosis. The other single-drug therapies initiated at the time
of diagnosis gave results similar to those observed when the
drugs were used following remission-induction with VCR +
Pred.

The importance of a remission-induction +
remission-maintenance type of protocol has been summarized
by Holland: "Vincristine and prednisone ... in com

bination . . . diminished the lethal risk of active florid
leukemia by inducing a complete remission state. The
subsequent treatments are designed with the concept of
delivering a lethal injury to the leukemic population in an
attempt to arrive at minimum leukemic cell number and
even ... the nonleukemic state (10)." The AKR system should

be suitable for more detailed studies comparable to the clinical
investigations involving remission-induction, intensification,
consolidation, and various aspects of supportive therapy.
Additional aspects of this model worthy of investigation
include detection of delayed remission, determination of
relapse and application of reinduction protocols, quantitative
determination of residual disease, and investigation of means
for its total eradication. The most active remission-induction +

remission-maintenance protocols may be combined with
various types of antiviral and immunotherapy protocols
eventually to produce a combination effect that may eradicate
the disease and prevent any viral reinduction.

Whether the AKR system will provide a specific model
which will correspond to clinical leukemia or lymphoma or to
related neoplasias remains to be determined.

ACKNOWLEDGMENTS

We thank Mr. Sylvan VonDerpool, Miss Alice Airall, Mr. Leroy
Toliver, Miss Judy Burson, and Mr. Linwood Keyes for excellent
technical assistance and Miss Sanda Rife for help in preparing this
manuscript.

REFERENCES

1. Brubaker, C. A., Filchrist, G. S., Hammon, D., Hyman, C. B.,
Shore, N. A., and Williams, K. O. Induction of Remission in Acute
Leukemia with Prednisone and Intravenous Methotrexate. J.
Pediat., 73: 623-625, 1968.

2. Burgert, E. O. Jr., Glidewell, O., MuÃs,S. D., Nyhan, W. L., Kung,
F., Lee, S. L., Sawitsky, A., Patterson, R. B., Wolman, I. J., Moon,
J. H., Jones, B., Cortner, J., Chevalier, L., Selawry, O., and
Holland, J. F. Acute Leukemia in Children, Maintenance Therapy
with Methotrexate Administered Intermittently. Acute Leukemia
Group B. J. Am. Med. Assoc., 207: 923-928, 1969.

3. Fernbach, D. J. Chemotherapy for Acute Leukemia in Children:
Comparison of Cyclophosphamide (NSC-26271) and
6-Mercaptopurine (NSC-755). Cancer Chemotherapy Rept., 57:
381-387,1967.

4. Fernbach, D. J., Griffith, K. M., Haggard, M. E., Holcomb, Col. T.
M., Sutow, W. W., Vietti, T. J., and Windmiller, J. Chemotherapy
of Acute Leukemia in Childhood-Comparison of
Cyclophosphamide and Mercaptopurine. New. Engl. J. Med., 275:
451-456, 1966.

5. Frei, E., HI, Karon, M., Levin, R. H., Freireich, E. J, Taylor, R. J.,
Hananian, J., Selawry, O., Holland, J. F., Hoogstraten, B., Wolman,
I. J., Sawitsky, A., Lee, S., Mills, S. D., Burgert, E. O., Jr., Spurr, C.
L., Patterson, R. B., Ebaugh, F. G., Ill, and Moon, J. H. The
Effectiveness of Combinations of Antileukemic Agents in Inducing
and Maintaining Remission in Children with Acute Leukemia.
Blood, 26:642-656, 1965.

6. Freireich, E. J, Gehan, E., Frei, E., Ill, Schroeder, L. R., Wolman,
I. J., Anbari, R., BÃ¼rgert,E. O., Mills, S. D., Pinkel, D., Selawry, O.
S., Moon, J. H., Gendel, B. R., Spurr, C. L., Storrs, R., Hanrani, F.,
Hoogstraten, B., and Lee, S. The Effect of 6-Mercaptopurine on
the Duration of Steroid-induced Remissions in Acute Leukemia: A
Model for Evaluation of Other Potentially Useful Therapy. Blood,
21: 699-716, 1963.

7. Goldin, A., Sandberg, J. S., Henderson, E. S., Newman, J. W., Frei,
E., Ill, and Holland, J. F. The Chemotherapy of Human and
Animal Acute Leukemia. Cancer Chemotherapy Rept., 155:
309-507, 1971.

8. Haggard, M. E., Fernbach, D. J., Holcomb, T. M., Sutow, W. W.,
Vietti, T. J., and Windmiller, J. Vincristine in Acute Leukemia of
Childhood. Cancer, 22: 438-444, 1968.

9. Henderson, E. S. Treatment of Acute Leukemia. Seminars
Hematol., 6: 271-319, 1969.

10. Holland, J. F. Formal Discussion: The Clinical Pharmacology of
Anti-Leukemia Agents. Cancer Res., 25: 1639-1641, 1965.

11. Holland, J. F., and Glidewell, O. Induction, Consolidation,
Intensification, Reinduction, and Maintenance Chemotherapy of

JUNE 1972 1327

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2389883/cr0320061321.pdf by guest on 19 M

ay 2023



Goldberg, Glynn, Kende, Mantel, and Goldin

Acute Lymphocytic Leukemia (ALL). Twelfth Congress,
International Society of Hematology, New York, 1968.

12. Metcalf, D. and Brumby, M. Coulter Counter Analysis of
Lymphoma Differentiation Patterns in AKR Mice with Lymphoid
Leukemia. Intern. J. Cancer, 2: 37-42, 1967.

13. Schabel, F. M., Jr., Skipper, H. E., Laster, W. R., Jr., Trader, M. W.,
and Wells, J. R. Remission Induction of Spontaneous Lymphoma
in AKR Mice with Prednisone + Vincristine. Proc. Am. Assoc.
Cancer Res.,//: 69, 1970.

14. Schabel, F. M., Jr., Skipper, H. E., Trader, M. W., Laster, W. R., Jr.,
and Simpson-Herren, L. Spontaneous AKR Leukemia (Lymphoma)

as a Model System. Cancer Chemotherapy Rept., 53: 329-344,
1969.

15. Selawry, O. S. New Treatment Schedule with Improved Survival in
Childhood Leukemia: Intermittent Parenteral versus Daily Oral
Methotrexate for Maintenance of Prednisone-Vincristine Induced
Remission of Acute Lymphocytic Leukemia. Acute Leukemia
Group B. J. Am. Med. Assoc., Â¡94:75-81, 1965.

16. Skipper, H. E., Schabel, F. M. Jr., Trader, M. W., and Laster, W. R.,
Jt. Response to Therapy of Spontaneous, First Passage Lines of
AKR Leukemia. Cancer Chemotherapy Rept., 53: 345-366, 1969.

1328 CANCER RESEARCH VOL. 32

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2389883/cr0320061321.pdf by guest on 19 M

ay 2023




