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A. Introduction 

Combination chemotherapy programmes 
that include cytosine arabinoside and an 
anthracycline antibiotic can cure adult pa
tients with acute nonlymphoblastic leu
kaemia [1]. Furthermore, clinical trials us
ing these two agents in different schedules 
[2] and in combination with other active 
drugs [3] has impressively improved com
plete remission rates [4]. It is an unfortu
nate fact that random leukaemic relapse 
characterises survival curves for most re
ported treatment programmes so that a ma
jor discrepancy persists between improving 
figures for complete remission and those 
for survival beyond 5 years [5]. Further im
provement in cure rate confronts the clini
cal scientist with two major challenges. 
First, remission rates must be improved, 
and here stratification of patients on the 
basis of prognostic factors [6] to the most 
appropriate chemotherapy to balance ef
ficacy against toxicity requires clarification. 
Second, the durability of complete remis
sion must be improved and therapeutic ap
proaches have included varying mainte
nance schedules, drug intensification, im
munotherapy and the increasing use of 
bone marrow transplantation [7]. Unfortu
nately, although results from clinical trials 
are published [8], there is a striking paucity 
of well-controlled randomised studies in 
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the scientific literature to provide authori
tative statements on these controversial is
sues [9]. We report the experience with 232 
consecutive patients treated at a single in
stitution in four consecutive trials, the last 
of which is still in progress, exammmg 
some of these variables. 

B. Materials and Methods 

Individuals over the age of 14 years with a 
confirmed diagnosis of acute leukaemia 
were eligible for studies approved by the 
University Ethics Committee, and par
ticipated after having given informed con
sent. Routine haematologic assessment in
cluded morphological and cytochemical 
characterisation of the leukaemic subtype, 
and following its introduction all patients 
were classified according to the French
American-British (FAB) recommendations 
[10]. Plasminogen activator was measured 
as previously described [11, 12]. Venous ac
cess was ensured using a standardised 
method [13]. All patients received full sup
portive care, including protocol manage
ment with appropriate antibiotics for infec
tious episodes, granulocyte [14] and platelet 
[15] support from our own standardised 
programme. 

The four successive studies employed dif
ferent chemotherapy regimens. In study 1 
[16] (80 patients) daunorubicin (55 mg/m2) 
was given on day 1 and cytosine arabino
side (70 mg/m2) by continuous infusion on 
days 1-5. In study 2 [17] (40 patients) 
VPI6-213 (60 mg/m2) was given on days 
1-5, cytosine arabinoside (75 mg/m2) by 



Table 1. Summary of 232 patients in four consecutive studies at the University of Cape Town. Study 
3A is a short intensification (6 months) and 3B is an extended intensification (15 months). In study 4, 
C represents patients being treated with the Cape Town Regimen (CTRIII) and D those being treated 
with DAT 

Measurement Study 1 Study 2 Study 3 Study 4 

A B C D 

Patient numbers 80 40 26 26 30 30 
Complete remission (%) 30 48.5 44 44 46 46 
Duration of complete 28 48 44 44 >24 >24 

remission (weeks) 

Courses 
Number 4 1 1 1 1 2 
Range 3-8 1-3 1-3 1-3 1-3 2-4 

Survival of responders 58 60 95 75 >42 >42 
(weeks) 

Long survival (%) 
10 years 2 
5 years 2 2.5 8 
2 years 15 2.5 30 

A=shortintensification (6 months); B=extended intensification (15 months); C=CTRIII; D=DAT 

continuous intravenous infusion on days 1 
-5 and doxorubicin (40 mg/m2) on day 6. 
In study 3 [18] (52 patients) the identical in
duction regimen was used and patients in 
complete remission randomised to short in
tensification (6 months) or extended in
tensification (15 months) using 3 months of 
escalating cyclophosphamide followed by 3 
months of vincristine, methotrexate and es
calating cytosine arabinoside. In the pres
ent study, which is continuing (60 patients 
to date) the same three-drug induction pro
gramme (Cape Town Regimen/CTR III) 
was directly compared with a combination 
of doxorubicin (50 mg/m2) on day 1, cyto
sine arabinoside (200 mg/m2) on days 1-5, 
and thioguanine (200 mg/m2) on days 1-5 
(DA1); the patients in complete remission 
were randomised to the same short or ex
tended intensification regimens as study 3. 

C. Results of the Four Studies are Shown 
in Table 1. 

D. Comments 

The complete remission rate in study 1 
compared with those described with the 
same regimen from St. Bartholomew's Hos-

pital [19] is attributed to the late referral of 
patients resulting in early deaths of type V 
failure [17, 20]. This pattern has persisted in 
the ensuing studies, emphasising the inap
propriateness of comparing results of stud
ies from different institutions where major 
variable factors such as nutritional status 
and clinical condition of patients on ad
mission may differ so widely that valid 
comparison is impossible. Similarly, this 
observation emphasises the importance of 
meticulous demographic description of the 
patient population being treated and the 
value of the randomised clinical trial which 
will control for such factors and without 
consideration of which the efficacy claimed 
for different regimens reported from cen
tres having their own characteristic patient 
populations is very likely to be invalid. 

The epipodophyllotoxin VP16-213 in
cluded in study 2, where the patient popu
lations are comparable, shows a clear in
crease in complete remission rate and an 
anticipated improvement in duration of re
mission and survival of responders. These 
benefits are statistically significant and oc
cur with a shorter period of induction since 
the median number of courses to complete 
remission is reduced from four to one, and 
this difference is also significant. These two 
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studies support the conclusion that addi
tion of the epipodophyllotoxin VPI6-213, 
which is known to have activity in adult 
acute nonlymphoblastic leukaemia as a 
single agent, represents an advance over 
the use of cytosine arabinoside-anthra
cycline antibiotic combination. 

The duration of intensification chemo
therapy was assessed in study 3, and while 
there is a trend in favour of a short period 
of intensification, this difference is not 
statistically superior to extended treatment. 
In view of the small numbers involved a j3, 
or type II, effect may obscure significant 
benefit, and further studies are in progress 
to accumulate the necessary number of pa
tients to overcome this theoretical ob
jection. These findings are consistent with 
other available controlled evidence that 
prolongation of maintenance or intensifi
cation therapy is, at best, of limited value 
once complete remission has been con
solidated. 

Comparison of DAT and CTR III in a 
currently active prospective randomised 
study shows no benefit for replacement of 
the epipodophyllotoxin VPI6-213 by thio
guanine in regimens already containing 
cytosine arabinoside and an anthracycline 
antibiotic. Furthermore, the greater quanti
ties of cytosine arabinoside used in the 
DAT programme appear to be without ad
ditional benefit and a theoretical expla
nation may be synergism between epipo
dophyllotoxin and cytosine arabinoside 
[21]. In this regard, it remains to be es
tablished whether, in the particular popula
tion being treated at this institution, further 
drug escalation, as in a 7-and-3 regimen 
[22] or the Barts 10 programme, would im
prove remission rates by decreasing the 
number of patients with primary drug re
sistance (type I or type II induction failure) 
without a commensurate loss due to exces
sive toxicity (type III or type IV induction 
failure). Similarly, it is now also necessary 
to prospectively compare increasing 
amounts of cytosine and anthracycline in 
patients randomly receiving the same 
amount of these two agents in combination 
with the epipodophyllotoxin; such a study 
is currently being developed. 

Prognostic factors provide the most use
ful basis for stratification [23]. However, 
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our own studies have failed to show statisti
cal correlation between remission rate or 
survival with the F AB classification, age, in 
vitro bone marrow culture [24], initial white 
cell [25], platelet or blast count [26]. Our 
experience shows the best correlation to be 
with patients's achievement of complete re
mission, and that this appears to correlate 
closely with the species of plasminogen ac
tivator secreted in vitro by leukaemic blasts 
[11, 12]. Data from study 3 and study 4 
have been reanalysed following stratifi
cation using this criterion, and to date all 
individuals secreting the 70000 daltons or 
tissue species of plasminogen activator 
have shown primary drug resistance to 
regimens containing conventional doses of 
cytosine arabinoside and an anthracycline 
antibiotic, whether in combination with 
thioguanine or the epipodophyllotoxin 
VPI6-213. In contrast, those secreting 
either the urokinase or a mixed pattern 
have a complete remission rate in excess 
of 80% with the same induction chemo
therapy. Clearly, biological stratification of 
previously untreated adults with acute non
lymphoblastic leukaemia on the basis of 
their plasminogen activator status, at least 
in our experience, appears to provide a 
rational means for selecting chemothera
peutic programmes. Support for this con - . 
cept is found in preliminary experience 
(P. Jacobs, unpublished work) that high 
dose cytosine arabinoside [27] is effective 
salvage therapy in such individuals. 

E. Summary 

A total of 232 previously untreated adults 
with acute nonlymphoblastic leukaemia 
were consecutively entered into four suc
cessive studies. In the first, complete re
mission rates and survival were inferior to a 
group treated on the same regimen in Lon
don, suggesting population differences, 
possibly on the basis of late referral and 
poor nutritional status. In the second study 
the addition of the epipodophyllotoxin 
VPI6-213 to conventional doses of doxoru
bicin and cytosine arabinoside improved 
complete remission rate and median dura
tion of survival. In-the third study this in
duction programme was unchanged and 
short duration of intensification was com-



pared with an extended period, but no sta
tistically significant difference was demon
strated. In the fourth study, which is cur
rently active, the role of the epipo
dophyllotoxin VP16-213 (Cape Town Regi
men/C1R. III) was compared with the 
same two agents in combination with thio
guanine (DA1), but to date no difference in 
remission rate or survival is evident. Four 
conclusions are supported by data from 
these studies. First, the addition of VP16-
213 to doxorubicin and cytosine arabino
side improves complete remission rate, pro
longs median duration of complete remissi
on and survival, with shortening of the time 
taken to achieve this status in our popula
tion. Second, evidence to date shows no ad
vantage for the DAT programme contain
ing thioguanine over CTR III in which this 
latter agent is replaced by the epipo
dophyllotoxin VP16-2l3. Third, there is no 
statistically significant difference in survival 
once patients have achieved complete re
mission following randomisation to receive 
6 months in comparison with 15 months of 
intensification therapy. Finally, of the pre
viously described prognostic factors, only 
response to initial chemotherapy has prov
ed significant. However, our recent experi
ence indicates that the species of plasmin
ogen activator secreted by the leukaemic 
blasts allows identification of patients with 
primary drug resistance to regimens con
taining conventional doses of cytosine 
arabinoside and doxorubicin, and may of
fer a practical approach to initial use of 
alternative chemotherapy, particularly high 
dose cytosine arabinoside. 

A cknowledgments. This work was supported by 
the University of Cape Town Leukaemia Centre 
and Staff Research Fund, the Medical Research 
Council and the National Cancer Association. I 
thank Jackie Davies and Keren Edwards for typ
ing and bibliographic assistance, Bristol-Myers 
for donation of the VP16-213 used in these stud
ies, Dr. E. L. Wilson for plasminogen activator 
assay and Dr. H.-R. Sanders, Chief Medical 
Superintendent of Groote Schuur Hospital for 
permission to publish. 

References 

1. Preisler HD, Rustum Y, Henderson ES, 
Bjornsson S, Creaven PJ, Higby DJ, Free-

man A, Gailani S, Naeher C (1979) Treat
ment of acute nonlymphocytic leukemia: 
use of anthracycline-cytosine arabinoside in
duction therapy and comparison of two 
maintenance regimens. Blood 53:455 

2. Slevin ML, Rohatiner AZS, Dhaliwal HS, 
Henry GP, Bell R (1982) A comparison of 
two schedules of cytosine arabinoside used 
in combination with adriamycin and 6-thio
guanine in the treatment of acute myelogen
ous leukemia. Med Pediatr Oncol [Suppl] 
1: 185 

3. Armitage JO, Burns CP, Dick FR, Aunan 
SB, Slymen DJ (1982) Results of aggressive 
chemotherapy for acute nonlymphoblastic 
leukemia in adults. Cancer Treat Rep 
66: 1917 

4. Keating MJ, McCredie KB, Bodey GP, 
Smith 1L, Gehan E, Freireich EJ (1982) Im
proved prospects for long-term survival in 
adults with acute myelogenous leukemia. 
JAMA 248:2481 

5. Keating MJ (1982) Early identification of 
potentially cured patients with acute myelo
genous leukemia - a recent challenge. In: 
Bloomfield CJ (ed) Adult leukemias 1. Nij
hoff, The Hague, p 237 

6. McCredie KB, Bodey GP, Freireich EJ, Gut
terman JU, Hester JP, Drewinko B (1976) 
Adult leukemia. In: Clark RL, Howe CD 
(eds) Cancer patient care at MD Anderson 
Hospital and Tumor Institute, University of 
Texas. Year Book Medical, Chicago, p 165 

7. Jacobs P (1981) The changing pattern of 
therapy in adults with acute myeloblastic 
leukaemia. Haematologica 66: 803 

8. Debusscher L, Stryckmans PA (1978) Non
lymphocytic acute leukemia. In: Staquet MJ 
(ed) Randomized trials in cancer. A critical 
review by sites. Raven, New York, p 25 

9. Jacobs P, Martell R (1985) Controlled trials 
in therapy of acute nonlymphoblastic leu
kaemia. In: Staquet MJ, Slevin M (eds) Ran
domized trials in cancer. A critical review by 
sites. Raven, New York (in press) 

10. Bennett JM, Catovsky D, Daniel MT, Flan
drin G, Galton DAG, Gralnick HR, Sultan C 
(1976) Proposals for the classification of the 
acute leukaemias. Br J Haematol 33: 451 

11. Wilson EL, Jacobs P, Dowdle EB (1983) Se
cretion of plasminogen activators by human 
myeloid leukemic cells: modulation and 
therapeutic correlations. In: Neth R, Gallo 
RC, Greaves MF, Moore M, Winkler K (eds) 
Modern trends in human leukemia V. 
Springer, Berlin Heidelberg, p 78 

12. Wilson EL, Jacobs P, Dowdle EB (1983) The 
secretion of plasminogen activators by hu
man myeloid leukemic cells in vitro. Blood 
61:568 

73 



13. Jacobs P, Jacobson J (1981) Central catheter 
placement. S Afr Med J 59:3 

14. Wood L, Hester JP, Jacobs P (1984) The 
function and structure of granulocytes col
lected using the IBM 2997 separator. J Clin 
Apheresis 2: 190 

15. Bond R, Wood L, Jacobs P, Kernoff LM 
(1984) Platelet collection using the IBM 2997 
separator. J Clin Apheresis 2: 155 

16. Jacobs P, Dubovsky D, Hougaard M, Comay 
S (1975) Epipodophyllotoxin VP16-213 in 
acute nonlymphoblastic leukaemia. Br Med 
J 1 :396 

17. Dubovsky D, Kernoff L, Jacobs P (1978) 
Rapid remission induction in adult acute 
nonlymphoblastic leukaemia. Eur J Cancer 
14: 1179 

18. Jacobs P, Dubovsky DW, Wood L (1984) In 
adult acute nonlymphoblastic leukaemia ex
tended maintenance chemotherapy has no 
benefit. Am J Hemato116:255 

19. Crowther D, Powles RL, Bateman CJT, 
Beard ME, Gauci CL, Wrigley PFM, Malpas 
JS, Hamilton Fairley GH, Scott Sir RB 
(1973) Management of adult acute myelo
genous leukaemia. Br Med J 1: 131 

20. Preisler HD (1978) Failure of remission in
duction in acute myelocytic leukemia. Med 
Pediatr Oncol4: 275 

21. Rivera G, Avery T, Roberts D (1975) Re-

74 

sponse of L1210 to combinations of cytosine 
arabinoside and VM-26 or VP16-213. Eur J 
Cancer 11: 639 

22. Lister RA, Rohatiner AZS (1982) The treat
ment of acute myelogenous leukemia in 
adults. Semin Hematol 19: 172 

23. Brandman J, Bukowski RM, Greenstreet R, 
Hewlett JS, Hoffmann GC (1979) Prognostic 
factors affecting remission, remission dura
tion, and survival in adult acute nonlympho
cytic leukemia. Cancer 44: 1062 

24. Preisler HD, Azarnia N, Marinello M (1984) 
Relationship of the growth of leukemic cells 
in vitro to the outcome of therapy for acute 
nonlymphocytic leukemia. Cancer Res 44: 
1712 

25. Hug V, Keating M, McCredie K, Hester J, 
Bodey GP, Freireich EJ (1983) Clinical 
course and response to treatment of patients 
with acute myelogenous leukemia presenting 
with a high leukocyte count. Cancer 52:773 

26. Curtis JE, Till JE, Messner HA, Sousan P, 
McCulloch EA (1979) Comparison of out
comes and prognostic factors for two groups 
of patients with acute myeloblastic leukemia. 
Leuk Res 3: 409 

27. Herzig RH, Wolff SN, Lazarus HM, Phillips 
GL, Karanes C, Herzig GP (1983) High-dose 
cytosine arabinoside therapy for refractory 
leukemia. Blood 62: 361 


