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Rational Approaches to the Treatment of Leukemia * 
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A. Introduction 

Advances in the treatment of acute myelocytic 
leukemia (AML) have largely resulted from 
empirical drug trials in man. Such trials have 
led to the recognition of drug combinations 
which pro du ce remissions in more than one
half of the patients who are under 70 years of 
age (Yates et al. 1973; Preisler et al. 1977; 
Rees et al. 1977; Jacquillat et al. 1976). While 
intensive remission induction therapy will pro
du ce complete hematologic remissions in as 
many as 75 % of the patients, large numbers of 
leukemic cells must persist in the patients who 
enter remission, since the disease recurs in the 
majority of patients less than 11/2 years after 
remission is induced. The selection of a treat
ment regimen on the basis of the regimen 
having produced a high remission rate in 
a majority of patients (75 %, for example) also 
mandates that this particular regimen is not 
appropriate for the patients who do not enter 
remission (25 %-45 % ofpatients). Clearly, for 
this group of individuals the use of a different 
treatment regimen would have been prefe
rable. 

In the Department of Medical Oncology at 
Roswellj Park Memorial Institute we have 
been approaching these problems on a two
track basis. On the one hand we have continu
ed to treat patients empirically using our 
clinical observations to dictate our therapeutic 
approach. To this end 3 years ago we initiated 
a treatment program designed to deliver inten
sive chemotherapy to patients already in re
mission to reduce and perhaps ablate the 
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leukemic cells remaining in patients who ente
red complete remission (Preisler et al. 1980, to 
be published a). At the same time we began to 
study the factors which determined response to 
therapy, so that we would be able to determine 
in advance the appropriate chemotherapeutic 
regimen for individual patients (Rusturn and 
Preisler 1979a; Preisler, to be published; 
Preisler et al. 1979b). This paper represents 
a progress report on our studies. 

B. Empirical Clinical Studies 

The therapeutic regimen (P970701) illustra
ted in Fig. la has been used to treat all patients 
of less than 70 years of age with AML since 
June 1977 (Preisler et al., to be published a). 
The regimen illustrated in Fig. 1b (P950501) 
was used to treat patients between 1975 and 
1977 (Preisler et al. 1979b). Table 1 compares 
the remission induction efficacy of the two 
regimens. Given the number of patients stu
died, there is no significant difference in the 
overall induction efficacy of the two regimens. 
Figure 2 compares the duration of remission 
for three groups of patients: those treated with 
P950501, those treated with P970701, and 
a subgroup of patients induced into remission 
on P970701 but who did not receive the 
consolidation or maintenance portions of 
P970701 because their private physicians feIt 
that intensive postremission therapy was not 
indicated. Comparison of the life table plots 
for remission duration of the three groups of 
patients demonstrates a highly statistically 
significant (P<O.Ol) difference in remission 
duration between patients induced and main
tained on P970701 and those patients who 
received the same remission induction regimen 

53 



DAYS 1 5 10 15 20 25 30 35 
, I I I , I I I I I I I I , I I I I I I I I I I' I I I I , I I I I ! 
INDUCTION 

000 
*11 I1I1 I I 

l\f * 
CONSOLIDATION 

-t-l-t 
'I I I I I , , "or '00 

1 I 

* 

-l-~ GEBe ·H-!t 
1:. ...... ." ia" - - - - - -- - - .1 :oI1 .... _ ..... E!wlE~wl7 - - - - I I 1 .4- ':2 

MAINTENANCE 

@ t·"""""·"··"" ... • ... """ ... ·,,,,·,,, 

•••••••••• WEEKS 1 e 5 10 
+ + 

a 

~ 
D Prednisene 150mg/m2 PO 
+ VCR 2 mg/m2 IV 

-V Adri.mycin 30ma/m2 IV 
I-+-+-t Ar.-C 100mg/.rr{ IV . 
lo6&'0o;I Ar s-C 100 mg:tm SQ b,d 

o Daunorllbicin 45mg~/d 
CptS.>60yrs .. 30mg/m >,d 

... Bone Marrow 
ES Cylexan 500mQlm2 IV 
• MeGAG 300m~2 IM 2 

".tllIlII ..... 6-Thioguanine 100 mlJlm PO 
@ Immunization 

RDllSSION III)UCl'ION 

WEEKS 

MEt 

m ITIIII]] 

®( AAA t AAA t 
~ ~ 

ME. 

amm rnnm 
DOD DDD 

REKI.;SION CONSOLlDATION 

WEEKS I I 4 

m 
fffiB mm 

@ t @ 
Q!!J 

illIß] ARA-Co- I.nfusion 7 

AM - Adriamycin J days 

mm ARA-C x 10 doses - S daya 

@ Adrta"ycin - 1 d 

®<Roa.A, R M~ NTENANCE 

Reg.' 

M M M M M 

t c c c c c 

~ 

m S-Azacyt idine x 20 doses 

M-Ml'X }IT 
C - ARA-C 

DDD - Daunorubicin 3 day. 

t Skin Test 

REMISSION MAIlfTENANCE 

~ .L-I -c.-c.-c.-~-c.-c.-c. A.....J~ ~ 

b 

54 

"BO 
IIIB 
c. 

.'" Me GAG 

D6TCX5d 

® 
l1li 

c. 

EI AAA-C x 5 d 10 do.es 

C. 

I I IR 
c. c. c. c. c. c. c. c. c. • 

o 
IIB 
c. 

• 11 
c. 

® Adrianaycin 1 d 

11 5-Azacytidine 

A_ Fig. 1. a Schema for protoco! 970701. 
b Schema for protoco! 950501 



Total ::::::50 >50::::::70 
Table 1. Outcome of remis
sion induction therapy 

eR/TOT. P950501 
P970701 

24/36 (66%) 
52/73 (71%) 

16/20 (80%) 
29/35 (83%) 

8/16 (50%) 
24/38 (63%) 

but who recieved more gentle maintenance 
therapy (generally monthly 5-day courses of 
cytosine arabinoside (ara C) and 6-thioguani
ne, with or without BCG). 

Comparison of remission durations of pa
tients on P970701 and P950501 suggest that 
the more intensive post-remission induction 
regimen employed in P970701 resulted in: 
a reduction in the number of early relapses and 
a longer median duration of remission with 
a higher proportion of patients in remission 
beyond the second year. These observations 
suggest that early intensive consolidation che
motherapy prolongs remission durations by 
reducing the number of leukemic cells remai
ning after remission induction therapy is admi
nistered. 

It should be noted that P970701 produced 
severe toxicity with significant thrombocyto
penia and granulocytopenia lasting for more 
than one week's time occurring after each 
course of intensive chemotherapy administe
red to patients in remission. The administra
tion of cotrimoxazole to patients has prevented 
the occurrence of infectious complications 
(Preisler et al. , to be published) and the 
administration of platelet transfusions every 
other day to patients whose platelet counts 
were less than 20,000/111 has prevented he
morrhagic complications. 
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c. Prediction of Response to Therapy 

The outcome of remission induction therapy is 
determined by both the patients ability to 
survive remission induction therapy (biologi
cal fitness) and by the drug sensitivity of 
a patient's leukemic cells. Table 2 illustrates 
the outcome of remission induction therapy 
given different combinations of biological fit
ness and drug sensitivity. Needless to say, this 
construction presumes that adequate serum 
levels of drug for an adequate duration are 
achieved during therapy. 

To evaluate the ability of an in vitro drug 
sensitivity assay to predict in vivo drug respon
siveness one must be careful to use the 
outcome of remission induction therapy of 
only those patients for whom one can assess 
the in vivo response of leukemic cells to 
therapy. Hence, patients who die early in the 
course of therapy or who die during aperiod of 
marrow hypoplasia must be considered to be 
inevaluable, since in both cases it is not 
possible to determine whether the patient 
would have entered remission or whether 
leukemic cells would have persisted or re
grown shortly after marrow hypoplasia was 
induced (Preisler 1978). For these reasons, we 
consider complete remission to be indicative of 
in vivo drug sensitivity and either persistence 

970701 

--- 970701 Ne 

--- 950501 

250 

Fig. 2. Remission duration 
curves. Ne, same induction as 
P 970701 but gentle mainte
nance therapy 

55 



Biologically Drug Outcome 
fit" sensitivity 

yes yes Complete remission 

Table 2. The outcome of re
mission induction therapy gi
yen different combinations of 
biological fitness and drug 
sensitivity 

yes no Persistent leukemia 
no yes Death early in therapy or while 

hypoplastic 
no no Death early in therapy with 

persistent leukemia 

" Ability to survive the effects of intensive remission induction therapy. 

of leukemia despite therapy or the regrowth of 
leukemie cells subsequent to aperiod of 
marrow hypoplasia to be indicative operatio
nally of drug resistant disease. 

Figure 3 illustrates the method we have 
employed to determine the sensitivity of leu
kemic cells to ara C and daunorubiein, and 
4 illustrates the relationship between in vitro 
sensitivity and the outcome of remission in duc
tion therapy with these two agents. There is 
a clear-cut and highly statistically significant 
relationship between the percent age of clono
genie leukemic cells killed by ara C and DNR 
and in vive response to therapy (Preisler 1980, 
to be published). 
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D. Comments 

Despite recent significant increases in the 
percentage of complete remissions induced by 
aggressive remission induction therapy, a sig
nificant proportion of patients still fail to enter 
remission and the majority of patients fail to 
survive for prolonged periods of time. Empiri
cal approaches to this problem will include the 
administration of still more intensive remission 
induction regimens so that patients with disea
se resistant to currently employed regimens 
might be induced into remission. More aggres
sive regimens will, however, result in greater 
toxicity and in more toxic deaths, deaths which 
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Fig. 3. Drug sensitivity 
assay 
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may counterbalance the potential benefits of 
the more aggressive regimens. The develop
ment of reliable in vitro drug sensitivity assays 
would permit the use of remission induction 
regimens tailored to each patient and, hence, 
will simplify remission induction therapy, since 
ineffective drugs will be recognized and will 
not be administered on the chance basis that 
they will be therapeutically efficacious. 

Until the reliability of in vitro drug sensitivi
ty tests in confirmed, treatment regimens 
based upon empirical clinical observations will 
continue to be the main vehicle for improve
ment in the outlook for patients with AML. It 
is intuitively clear that intensive remission 
consolidation regimens appear to be the next 
step in the evolution of clinical protocols. Since 
our P970701 appears to have produced promi
sing results, the next phase in our studies will 
be the administration of a greater number of 
courses of intensive consolidation therapy 
employing a greater variety of drugs. 
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