
Haematology and Blood Transfusion Vol. 29 
Modem Trends in Human Leukemia VI 
Edited by Neth, Gallo, Greaves, Janka 
© Springer-Verlag Berlin Heidelberg 1985 

Summary Overview of Clinical Session 

B. Clarkson 1 

It is apparent from the recent work present­
ed at this meeting that great strides have 
been made in the past few years in our 
understanding of the biology of leukemia, 
from the molecular to the clinical levels, 
but, unfortunately, these advances have not 
yet been translated into improved methods 
of treatment. As Hardisty recently pointed 
out [1], the major advances in the treatment 
of childhood leukemia took place more 
than 10 years ago, and there has been rela­
tively little progress since then in develop­
ing better treatment for patients presenting 
with disease features which are associated 
with a poor prognosis; about half of the 
children and over half of the adults with 
acute lymphoblastic leukemia (ALL) are 
still dying of their disease even with the 
best modern treatment regimens. The best 
results yet reported in adults with ALL 
were achieved with a protocol which was 
designed over 10 years ago [2], and our own 
attempts as well as those of other investiga­
tors since then to improve further the treat­
ment of adults have been unsuccessful [3, 
4]. 

McCredie presented the combined re­
sults of treatment of over 900 adults with 
acute nonlymphoblastic leukemia (ANLL) 
at five major centers in the United States. 
The results in terms of long-term sur­
vival are disappointing. Overall, only 
14% of the patients survived 5 years, but 
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age had an important influence; 19% of the 
patients under 50 years of age and only 8% 
of those over 50 survived 5 years. As in the 
case of ALL, it is discouraging that despite 
intensive efforts to develop better treatment 
protocols, the results have remained almost 
constant during the past decade. 

Except for bone marrow transplantation, 
which I will discuss shortly, there has also 
been little progress in improving survival in 
the chronic leukemias. The recent ob­
servations that some of the interferons have 
therapeutic activity in hairy-cell leukemia 
[5] and chronic myelogenous leukemia [6] 
are extremely interesting, but this is cer­
tainly not a curative form of treatment, and 
it is too soon to determine whether survival 
will be extended. 

Patients with leukemia usually have be­
tween 1012 and 1013 leukemic cells at di­
agnosis. Based on the rapidity of cell kill 
with modern induction programs [7], it 
seems possible that some of the current in­
tensive treatment regimens are capable of 
killing this many leukemic cells (or at least 
the entire fraction of the population which 
is capable of serving as stem cells) in highly 
responsive cases of ALL without producing 
irreversible damage to normal stem cells. 
However, it is doubtful if any of the regi­
mens yet devised are capable of entirely 
eradicating the leukemic cells in the less-re­
sponsive types of ANLL without causing 
lethal injury, and I suspect there must be 
other factors aside from drug-induced cell 
kill which come into play to account for the 
long survivors. As has previously been 
shown, the human promyelocytic cell line 
HL-60 is a good target for induction of dif-



ferentiation, and fresh pro myelocytic leu­
kemia cells can also be forced to differen­
tiate with vitamin A and D analogues and 
various chemotherapeutic agents employed 
in leukemic therapy. Induced differen­
tiation may be one reason for the better 
therapeutic results in acute promyelocytic 
leukemia (APL); in our experience about 
35% of patients with APL survive over 5 
years compared with 10%-15% for the 
other types of ANLL [8], and other groups 
have had similar results. The observation 
that enhanced differentiation of leukemic 
cells can occur using combinations of low 
doses of cytostatic drugs and differentiation 
inducers is intriguing, and hopefully these 
observations will eventually lead to clinical 
therapeutic advances. A number of investi­
gators are currently trying to define the 
most effective combinations of agents for 
different types of leukemia [9], and we can 
look forward to learning more about the 
therapeutic potential of this approach dur­
ing the next few years. 

Mixed opinions were expressed concern­
ing the usefulness of low-dose cytosine 
arabinoside (Ara-C) or high-dose Ara-C, 
but the general consensus seemed to be 
that some of the initial highly favorable 
claims had been overstated. Although oc­
casionally durable responses have been ob­
served with low-dose Ara-C, the responses 
occurred erratically and most of them were 
of short duration. High-dose Ara-C of 
course causes marrow aplasia quite consis­
tently, but although clinical trials in ANLL 
have been underway for several years now, 
a substantial effect on survival has not yet 
been demonstrated. Several interesting new 
drugs are currently undergoing clinical 
trials or will be soon, including homo­
harringtonine, fludarabine, and several 
new anthracyclines and antifols. While 
these drugs have potent antileukemic ac­
tivity, and it is quite possible some of them 
may prove to have a therapeutic advantage 
over the present generation of drugs, I am 
doubtful whether any of them will lead to a 
major increase in the cure rate. We are still 
learning how to use the drugs already 
available more effectively, but so many 
modifications of intensive treatment pro­
grams have already been tried without ap­
preciably altering the end results that it is 

doubtful if any further minor changes or 
substitution of new active compounds will 
be any more successful. Thus, in my opin­
ion, a more radically different approach is 
needed if we are to see substantial further 
improvements in curability. 

High hopes were held at one time for 
various forms of immunotherapy, but the 
results of clinical trials during the past 2 de­
cades have generally been very disappoint­
ing, including recent trials with monoclonal 
antibodies [10-13]. Immunotherapy alone 
is unlikely to be curative, but it is still quite 
possible that highly specific monoclonal 
antibodies will be shown to be useful thera­
peutically in targeting cytotoxic agents to 
tumor cells. The current investigations con­
cerning the role of oncogenes in the patho­
genesis of leukemia are enormously in­
teresting and important, and while it is 
not unreasonable to hope that they may 
eventually lead to the development of more 
selective forms of treatment, it is not yet 
possible to predict if or when therapeuti­
cally applicable strategies will evolve from 
this work. 

At the present time, probably the most 
promising approach for the re~ponsive 
leukemias is high-dose chemotherapy and 
total body irradiation followed by rescue 
with bone marrow transplantation. The 
dose response curves for some of the cyto­
toxic agents and ionizing irradiation are 
very steep, and there is abundant evidence 
from experimental tumor models that re­
sponsive tumors which are incurable with 
conventional doses of active agents can of­
ten be cured simply by substantially in­
creasing the dose. I suspect we are coming 
sufficiently close to curing some of the 
"high-risk" patients with ALL, who are 
now still relapsing and dying on conven­
tional chemotherapy, that the incremental 
dose increases permissible with bone mar­
row rescue may tip the balance in favor of 
cure. The challenge is of course more for­
midable in the less-responsive types of 
ANLL, but here too it may be possible to 
cure some patients who are presently dying 
of their diseases. 

Allogeneic BMT is presently limited to 
the minority of patients who have human 
leukocyte antigen (HLA)-identical or par­
tially HLA matched donors, usually sib-
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lings, although with further advances in 
transplantation biology better ways may be 
found to prevent graft rejection and graft 
versus host disease, and in the future it may 
be possible to overcome the present re­
strictions. It is clear that the results are bet­
ter if the procedure is done early in the 
course of the disease before drug resistance 
has developed [14-19]. Because 40%-50% 
of the patients with ALL are now probably 
being cured with conventional chemo­
therapy, to date most of the bone marrow 
transplantation (BM1) trials in ALL have 
been done in second or later remissions. 
However, more recently, with reliable defi­
nition of risk factors, selected children at 
higher risk of early relapse have been 
transplanted in first remission. Only about 
10%-20% of patients transplanted in third 
or fourth remission survived 2 years, while 
the results are better for patients trans­
planted in first or second remission. The re­
lapse rate has been similar for patients 
transplanted in first or second remission, 
probably about 30% overall at different 
centers, but since those transplanted in first 
remission have almost exclusively been 
high-risk patients while those in second re­
mission were in varied risk categories, no 
valid comparison is yet possible. There 
seems little doubt that patients transplant­
ed in second or later remissions have a bet­
ter chance of long-term survival than in 
comparable patients treated with chemo­
therapy. There is insufficient experience yet 
to compare the results of BMT and chemo­
therapy of patients in comparable (high) 
risk categories in first remission, but be­
cause of our inability to improve the treat­
ment results in such patients with chemo­
therapy alone during the past 10 years, I 
predict that BMT will soon be shown to 
produce a higher proportion of long sur­
vivors among these high-risk patients than 
is possible with chemotherapy. 

The majority of allogeneic transplants 
thus far have been performed in children 
and adolescents and very few patients over 
the age of 40 have been transplanted. At 
my own institution, patients over 20 years 
of age had a significantly higher early mor­
tality [17], but Karl Blume at the City of 
Hope has also had very good results in 
adults with ALL [15]. 
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In ANLL, the results of chemotherapy 
are sufficiently poor that it is justifiable to 
accept the risks and early mortality as­
sociated with BMT and perform the pro­
cedure in first remission. Currently there 
are several ongoing comparative trials of 
chemotherapy alone versus allogeneic bone 
marrow transplantation in patients with 
ANLL in first remission [3], and during the 
next several years we should be able to get 
a firm answer to the question of which 
gives better results. All of the transplant 
teams are of course working hard to de­
velop more effective ways to prevent the 
major complications associated with the 
procedure and to improve the chemother­
apeutic and irradiation eradication regi­
mens, and we can anticipate further im­
provements in the results with fewer com­
plications during the next few years. 

Attempts to cure chronic myelogenous 
leukemia (CML) with intensive treatment 
programs have so far been unsuccessful 
[20], and the results with allogeneic BMT 
performed during the blastic phase have 
generally been poor with very few long sur­
vivors. However, during the past few years 
over 100 patients throughout the world 
with CML in the chronic phase or early in 
the accelerated phase have had allogeneic 
transplants, with more encouraging early 
results [21]. While all the results have not 
yet been compiled and the follow-up is still 
too short in most cases to determine the 
long-term results, it appears that approxi­
mately 65% of patients transplanted in 
chronic phase and perhaps half that per­
centage in accelerated phase are surviving 
the procedure and that the marrow remains 
in complete remission (i.e., free of Ph' + 
cells) in most of them. Whereas the median 
survival from diagnosis for patients with 
chronic-phase disease is 3-4 years, some 
patients may live 5-10 years and remain in 
good health for most of this time. Faced 
with the hazard of a 35 % early mortality 
incidence associated with the transplant 
procedure, the patients and their physicians 
are confronted with a serious dilemma of 
which course of treatment to choose a 
when. A reliable staging system has long 
been needed in CML; such a system is 
presently under development, and once its 
validity is confirmed, it should prove help-



ful in advising patients who have suitable 
donors when to opt for BMT [22]. As in the 
case of acute leukemia, this option is usu­
ally limited to patients under the age of 40, 
and patients under 25 have a significantly 
better outcome [21]. 

The majority of patients with leukemia 
do not have HLA-identical sibling donors. 
For younger patients with acute leukemia 
who lack suitable donors and who are at 
high risk of failing the best available 
chemotherapy programs, the most promis­
ing approach now available is probably in­
tensive treatment with whole body ir­
radiation and high-dose chemotherapy fol­
lowed by autologous bone marrow trans­
plantation, using the patient's own remis­
sion marrow which has been appropriately 
treated in vitro to remove residual leu­
kemic cells. The early results in patients 
with poor-prognosis lymphomas have been 
encouraging if carried out immediately af­
ter primary induction treatment [23]; as ex­
pected, heavily pretreated patients do not 
respond as well. Most of the lymphoma pa­
tients successfully treated so far after pri­
mary induction therapy had minimal or no 
marrow involvement with lymphoma prior 
to treatment, and it is undoubtedly more 
difficult to eliminate the increased numbers 
of residual leukemic cells present in the 
marrows of patients with acute leukemia in 
first remission. The majority of patients 
with ANLL as well as the majority of high­
risk patients with ALL who achieve re­
mission relapse within the 1st year after do­
ing so [3], and most of these patients prob­
ably barely meet the qualifications for com­
plete remission. Using the usual morpho­
logical criteria, the marrow can contain be­
tween 104 and 105 leukemic cells/ml and 
still quality as a remission [23, 24]; thus, to 
purge the marrow successfully in patients 
who are at high risk of early relapse, it is 
probably necessary to develop purging 
methods which will kill at least this number 
of leukemic cells without causing lethal 
damage to the normal stem cells. 

Relatively few patients with acute leu­
kemia have yet been treated with autolo­
gous BMT, and, as in the case of the early 
trials with allogeneic BMT, most of them 
have been in second or later remissions 
[25-27]. The results of all the recent trials 

have not been collected, but it is rumored 
that the relapse rate has been appreciable 
in these high-risk patients. However, it is 
not clear yet whether this is due to failure 
of the in vitro purging techniques or of fail­
ure to eliminate the residual leukemic cells 
in the patients by the in vivo conditioning 
programs so far tried. Studies are currently 
underway at many institutions to develop 
better purging methods, using physical, im­
munological' or pharmacological tech­
niques or combined methods [28-33], and 
it is not unreasonable to expect that im­
proved methods for eradication of leu­
kemic cells both in vitro and in vivo will be 
forthcoming during the next several years. 
The maximum tolerable age threshold for 
autologous BMT is not yet known, but 
autologous transplants are associated with 
fewer serious complications than allogeneic 
transplants, and it may prove possible to 
treat patients successfully up to the age of 
50 years. In the meantime, while these 
clinically oriented studies are proceeding, 
the geneticists and molecular biologists will 
doubtless continue their remarkable ad­
vances, and we eagerly anticipate the day 
when their work will lead to more selective 
forms of treatment for all types of leu­
kemia. 

References 

1. Hardisty RM (1983) Acute lymphoblastic 
leukemia: achievements and prospects. In: 
Recent results in cancer research, vol 88, 
Springer, Berlin Heidelberg, pp 37-46 

2. Schauer P, Arlin ZA, Mertelsmann R, Cir­
rincione C, Friedman A, Gee TS, Dowling 
MD, Kempin S, Straus DJ, Koziner B, Me 
Kenzie S, Thaler HT, DuFour P, Little C, 
Dellaquila C, Ellis S, Clarkson B (1983) 
Treatment of acute lymphoblastic leukemia 
in adults. Results of the L-IO and L-IOM 
pro tocols. J Clin Oncol I: 462 

3. Clarkson B, Gee T, Arlin Z, Mertelsmann R, 
Kern pin S, Dinsmore R, O'Reilly R, An­
dreeff M, Berman E, Higgins C, Little C, Cir­
rincione C, Ellis S (1984) Current status of 
treatment of acute leukemia in adults: an 
overview. In: Buchner T, Urbanitz D, van 
de Loo (eds) Therapy of acute leukemia. 
Springer, Berlin Heidelberg New York, 
pp 1-31 

99 



4. Hoelzer D, Thiel E, Lomer H et al. (1984) In­
tensified therapy in acute lymphoblastic and 
acute undifferentiated leukemia in adults. 
Blood 64: 38-47 

5. Quesada JR, Reuben J, Manning JT, Hersh 
EM, Gutterman JV (1984) Alpha interferon 
for induction of remission in hairy cell leu­
kemia. N Engl J Med 310: 15-18 

6. Talpaz M, McCredie KB, Mavligit GM, Gut­
terman JV (1983) Concise report. Leukocyte 
interferon-induced myeloid cytoreduction in 
chronic myelogenous leukemia. Blood 62: 
689-692 

7. Hiddemann W, Buchner T, Andreeff M, 
Wormann B, Melamed MR, Clarkson BD 
(1982) Cell kinetics in acute leukemia. A 
critical reevaluation based on new data. 
Cancer 50:250-258 

8. Cunningham I, Gee T, Kempin S, Clarkson 
B (1984) Acute promyelocytic leukemia 
(APL): ten years' experience. Proc Am Soc 
Clin On col 3:203, #C-790 

9. Bloch A (1984) Induced cell differentiation 
in cancer therapy. Cancer Treat Rep 68: 199 
-205 

10. Pavlovsky S, Muriel FS, Garay G et al. 
(1981) Chemoimmunotherapy with levami­
sole in acute lymphoblastic leukemia. Can­
cer 48: 1500-1507 

11. Ritz J, Pesando JM, Sallan SE et al. (1981) 
Serotherapy of acute lymphoblastic leu­
kemia with monoclonal antibody. Blood 
58: 141-152 

12. Miller RA, Maloney DG, McKillop J, Levy 
R (1981) In vivo effects of murine 
hybridoma monoclonal antibody in a patient 
with T-cell leukemia. Blood 58: 78-86 

13. Stryckmans PA, Otten J, Delbeke MJ, Suciu 
S, Fiere D, Bury J, Solbu G, Benoit Y (1983) 
Comparison of chemotherapy with im­
munotherapy for maintenance of acute lym­
phoblastic leukemia in children and adults. 
Blood 62:606-615 

14. Barrett AJ, Kendra JR, Lucas CF, Joss DV, 
Joshi R, Desai M, Jones KH, Phillips RH, 
Rogers TR, Tabara Z, Williamson S, Hobbs 
JR (1982) Bone marrow transplantation for 
acute lymphoblastic leukemia. Br J Hae­
matol52: 181 

15. Blume KG, Spruce WE, Krance RA et al. 
(1982) Bone-marrow transplantation for 
acute lymphoblastic leukemia (letter to the 
Editor). N Engl J Med 306:610 

16. Thomas ED, Sanders JE, Flournoy N et aL 
(1983) Marrow transplantation for patients 
with acute lymphoblastic leukemia: a long­
term follow-up. Blood 62: 1139 

17. Dinsmore R, Kirkpatrick D, Flomenberg N, 
Gulati S, Kapoor N, Shank B, Reid A, 
Groshen S, O'Reilly RJ (1983) Allogeneic 

100 

bone marrow transplantation for patients 
with acute lymphoblastic leukemia. Blood 
62:381 

18. Gale RP, Kersey JH, Bortin MM et al. (1983) 
Bone marrow transplantation for acute lym­
phoblastic leukemia. Lancet 2: 663-666 

19. Woods WG, Nesbit ME, Ramsay NKC et al. 
(1983) Improved disease-free survival and 
determination of prognostic factors for pa­
tients with acute lymphocytic leukemia 
(ALL) in remission receiving intensive ther­
apy followed by bone marrow transplan­
tation (BM1). Blood 61: 1182-1189 

20. Goto T, Nishikori M, Arlin Z, Gee T, Kem­
pin S, Burchenal J, Strife A, Wisniewski D, 
Lambek C, Little C, Jhanwar S, Chaganti R, 
Clarkson B (1982) Growth characteristics of 
leukemic and normal hematopoietic cells in 
PH' + chronic myelogenous leukemia and 
effects of intensive treatment. Blood 59: 793 
-808 

21. Speck B, Bortin MM, Champlin R, Goldman 
JM, Herzig RH, McGlave PB, Messner HA, 
Weiner RS, Rimm AA (1984) Allogeneic 
bone-marrow transplantation for chronic 
myelogenous leukemia. Lancet 665-668 

22. Sokal JE, Cox EB, Baccarani M, Tura S, 
Gomez GA, Robertson JE, Braun TJ, Clark­
son BD, Cervantes F, Rozman C and The 
Italian Cooperative CML Study Group 
(1984) Prognostic discrimination in "good­
risk" chronic granulocytic leukemia. Blood 
63:789-799 

23. Gulati S, Shank B, Straus D, Koziner B, Lee 
B, Mertelsmann R, Dinsmore R, Gee T, 
Yopp J, O'Reilly R, Clarkson B (to be pub­
lished) Autologous stem cell transplant for 
poor prognosis lymphoma. Proc Second Int 
Conf on Malignant Lymphomas, Nijhoff 

24. Blumenreich MS, Strife A, Clarkson BD 
(1983) A technique to quantifY cytoreduction 
in the bone marrow induced by cytotoxic 
chemotherapy. J Clin Oncol 1: 552-558 

25. Ritz J, Sallan SE, Bast RC Jr et al. (1982) 
Autologous bone marrow transplantation in 
CALLA-positive acute lymphoblastic leu­
kemia after in vitro treatment with J5 mono­
clonal antibody and complement. Lancet 
2:60 

26. Dicke KA, Spitzer G, Peters L et al. (1979) 
Autologous bone marrow transplantation in 
relapsed adult acute leukemia. Lancet I: 
514-517 

27. Kaizer H, Stuart RK, Brookmeyer R, Colvin 
M, Santos GW (1983) Autologous bone mar­
row transplantation (BM1) in acute leu­
kemia: a phase I study of in vitro treatment 
of marrow with 4-hydroperoxycyclophos­
phamide (4-HC) to purge tumor cells. Blood 
62:224a 



28. Dicke KA (1983) Purging of marrow cell sus­
pensions. In: CraIe RP (ed) Recent advances 
in bone marrow transplantation. Liss, New 
York, pp 689-702 

29. Rizzoli V, Carmatti C, Mangoni L (1983) 
The effect of 4-hydroperoxycyclophospha­
mide (4-HC) and VP-16-213 on leukemia 
and normal myeloid progenitor cells. Exp 
Hematol 11 [Suppl 14]: 9 

30. Gulati S, Gandola L, Vega R, Yopp J, Chang 
IT, Ibrahim S, Siena S, Castro-Malaspina H, 
Colvin M, Clarkson B (1984) Chemopurifi­
cation of bone marrow in vitro and its clini­
cal applications. Proc Am Assoc Cancer Res 
25:201 

31. Muirhead M, Martin RJ, Torok-Storb B, Uhr 
JW, Vitella ES (1983) Use of an antibody 
Ricin A-chain conjugate to delete neoplastic 
B cells from human bone marrow. Blood 62: 
327-332 

32. Mitsuyasu R, Champlin R, Ho W et al. 
(1983) Autologous bone marrow transplan­
tation after in vitro marrow treatment with 
anti-CALLA heteroantiserum and comple­
ment for adult acute lymphoblastic leu­
kemia. In: CraIe RP (ed) Recent advances in 
bone marrow transplantation. Liss, New 
York, pp 678-687 

33. Poynton CH, Dicke KA, Culbert S et al. 
(1983) Immunomagnetic removal of CALLA 
positive cells from human bone marrow. 
Lancet I: 524 

101 


