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Bone Marrow Transplantation in Leukemia 
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A. Introduction 

Studies in the mid- 1950s using rodent mod- 
els led to recognition that living bone mar- 
row cells could be transplanted from one 
animal to another (reviewed in [18]). The 
clinical applications for replacement of 
marrow damaged by disease or its therapy 
were immediately apparent. However, more 
than a decade of research was required 
before the principles of transplantation 
biology, human tissue typing, and the sup- 
portive care of the patient without marrow 
function were sufficiently established for 
marrow grafting for therapeutic purposes 
to become a realistic clinical modality. 

The underlying concept of marrow trans- 
plantation is to destroy malignant cells 
without regard for marrow toxicity with 
restoration of marrow function by trans- 
plantation of normal marrow cells. The 
goal is to achieve a maximum anticancer 
effect without the limitations imposed by 
the marrow toxicity which characterizes 
most therapeutic agents. 

B. Allogeneic Marrow Transplants 

I. Rationale for Chemoradiotherapy 

In early studies of patients with acute leu- 
kemia in end-stage relapse, it was con- 
sidered necessary to administer total body 
irradiation (TBI) as quickly as possible in 
the hope that a marrow graft would be 
functional before the patient died of prob- 
lems related to marrow failure. Accord- 
ingly, 1000-rad TB1 was administered over 
a period of approximately 4 h [19]. The TB1 

caused the sudden destruction of large 
numbers of leukemic cells, resulting in 
acute toxic reactions. To spread the de- 
struction of leukemic cells over a longer 
time period and to kill more leukemic cells, 
the Seattle team initiated the use of a large 
dose of cyclophosphamide before the TB1 
[20]. The basic regimen consisted of cyclo- 
phosphamide 60mg/kg body wt. on each 
of 2 days followed 3 days later by the ad- 
ministration of 1000-rad TBI. There is now 
an extensive experience with this regimen 
in a number of marrow transplant Centers. 
The greatest experience has been with an 
allogeneic marrow graft from an HLA- 
identical sibling given within 24 h after the 
TBI. The clinical experience in Seattle with 
this basic regimen, in some patients com- 
bined with additional chemotherapeutic 
agents, is summarized. 

11. Transplantation for Acute Leukemia 
in End-Stage Relapse 

Fifty-four patients with acute non- 
lymphoblastic leukemia (ANL) and 46 pa- 
tients with acute lymphoblastic leukemia 
(ALL) were given cyclophosphamide 
60 mg/kg X 2, 1000 rad TBI, and marrow 
from HLA-identical siblings [20]. There 
were many early deaths from advanced ill- 
ness and subsequent deaths from graft-ver- 
sus-host disease (GVHD), opportunistic in- 
fection, and recurrence of leukemia. How- 
ever, six patients with ANL and seven pa- 
tients with ALL are alive in unmaintained 
remission 6-10 years later. Although the 
fraction of long-term survivors is low, these 
patients are unique in that no other form of 
therapy has resulted in prolonged unmain- 



tained disease-free survival in relapsed pa- 
tients. Actuarial analysis demonstrates a 
flat long-term disease-free plateau and pro- 
vides evidence that these patients are cured 
of the disease. 

111. Transplantation for ANL 
in First Remission 

Since some patients in the end stage of 
the disease could be cured by combined 
chemoradiotherapy and allogeneic marrow 
transplantation, we initiated studies of mar- 
row grafting in patients with ANL in first 
remission [21]. When these studies were be- 
gun, there were almost no reports describ- 
ing median remission durations longer than 
1 year. It seemed ethically acceptable 
therefore to carry out these studies in these 
patients. The first group of 19 patients was 
reported 3 years ago, and three additional 
patients were transplanted while that re- 
Port was in press. Twelve of these 22 (55%) 
are alive in unmaintained remission 4-6 
years after transplantation. Only one pa- 
tient has significant chronic GVHD with a 
Karnofsky Score of 80%. 

IV. Transplantation for ALL in Second 
or Subsequent Remission 

Patients with ALL who relapse have a grim 
prognosis. Subsequent remissions can fre- 
quently be induced but tend to be short in 
duration. We initiated a study for patients 
with ALL in second or subsequent remis- 
sion in order to carry out the marrow graft 
when the patient was in good condition 
and when the possibility of cure might be 
increased because of the minimal burden of 
leukemic cells in the body [22]. Of the first 
22 patients, the median remission duration 
after grafting was 1 year, and six patients 
became long-term survivors. The apparent 
cure rate of 27% is a significant achieve- 
ment, but we were disappointed by the fact 
that leukemia recurred in eight of these pa- 
tients. A Kaplan-Meier analysis indicated 
that 60% of these patients would suffer a re- 
lapse of leukemia if other causes of death 
were eliminated. In a subsequent study it 
was shown that marrow transplantation in 
remission was superior to chemotherapy 
for patients with ALL who have relapsed at 
least once [l l] .  

V. Transplantation for Chronic Myeloge- 
nous Leukemia (CML) in Blast Crisis 

Our initial efforts to carry out marrow 
transplantation in patients in blast crisis af- 
ter failure of chemotherapy were un- 
successful [6]. Of 12 patients, only one had 
a remission beyond 1 year, and he died at 
16 months of recurrent leukemia. In the 
more recent series of patients in which the 
marrow graft was undertaken before com- 
bination chemotherapy had been admin- 
istered, the results have improved ([7] and 
unpublished). These studies involved the 
usual two doses of cyclophosphamide fol- 
lowed by fractionated irradiation, either 
1200 rad or 1575 rad. Eight of 22 patients 
are alive in remission from 4 to 48 months 
after grafting. 

VI. Transplantation for CML in 
Chronic Phase 

CML in chronic phase is not actually a 
"chronic" disease. The median survival 
time is 2 or 3 years, and there are no cures 
by conventional therapy. We began studies 
of this disease in a series of 12 patients who 
had cytogenetically normal identical twins 
to serve as marrow donors [8]. Dimethyl 
myeleran, 5 mg/kg, was administered be- 
fore the regimen of cyclophosphamide and 
1000-rad TBI. One patient died of an inter- 
stitial pneumonia, one died of cytogenetic 
relapse and subsequent blast crisis, and two 
are h i n g  and well but have had recurrence 
of the Philadelphia chromosome. Eight pa- 
tients are living, well, and cytogenetically 
normal 24-68 months after transplan- 
tation. 

Encouraged by an apparent ability to 
eradicate the abnormal clone of leukemic 
cells in most patients, we began a study of 
marrow grafting for patients with CML in 
chronic phase with HLA-identical siblings 
as donors [7]. The first three patients were 
prepared with cyclophosphamide followed 
by 1000-rad TBI, and one patient is living 
and well 35 months later. Two patients 
died early, one of interstitial pneumonia 
andoneofGVHD. 

The current study for CML patients in 
chronic phase consists of the two doses of 
cyclophosphamide followed by 200-rad ir- 
radiation on each of 6 days; patients are 



then randomized to receive methotrexate 
or cyclosporine for prevention of GVHD. 
Thirteen patients have been entered on the 
study. Four died of interstitial pneumonia, 
and nine are living with a graft and without 
the Philadelphia chromosome 5-20 months 
after grafting. A preliminary report from 
the Toronto marrow transplant team de- 
scribes 11 patients with CML in the ac- 
celerated phase [12]. The preparative regi- 
men usually included cytosine arabinoside 
(100 mg/m2 per day X 5), cyclophospha- 
mide (60 mg/kg per day X 2), and 500-rad 
TBI. Seven patients were alive without the 
Philadelphia chromosome 2-26 months af- 
ter grafting. Another preliminary report 
from the UCLA marrow transplant team 
described five patients with CML in 
chronic or acceleiated phase prepared with 
the two doses of cyclophosphamide and 
1000-rad TB1 and given HLA-identical 
sibling marrow [4]. All five were alive 
and without the Philadelphia chromosome 
6-15 months posttransplant. Although a 
longer follow- up period will be necessary, 
it appears that more than half of the pa- 
tients with CML can be cured of the dis- 
ease but that some patients will die early of 
complications of the transplant procedure. 

VII. Recurrence of Leukemia 

The recurrence of leukemia after marrow 
transplantation for patients with ANL in 
first remission is a relatively minor problem 
since only 10% of these patients are des- 
tined to have a recurrence as determined 
by an actuarial analysis. The long-term sur- 
vival and apparent cure rate is 50%-60%. 
For all other types of leukemia, when re- 
lapse has occurred at least once, whether 
the patient is transplanted in remission or 
in relapse, recurrence of leukemia has been 
observed in approximately 60% of the pa- 
tients. The long-term disease-free survival 
and apparent cure rate is approximately 
10%-30% [ l ,  3,9]. 

Seven cases of recurrence of leukemia in 
the donor-type cells have been reported 
(reviewed in [16]). Two of these recurrences 
were an immunoblastic lymphosarcoma 
type, one associated with Epstein-Barr 
viruses. The other occurrences have been of 
the original leukemic type, including both 
ALL and ANL. In a study of recurrent leu- 

kemia in patients with a donor of opposite 
Sex, the Seattle group has recognized three 
recurrences in donor cells among 54 such 
transplants. Thus, it appears that approxi- 
mately 5% of the recurrences may be ex- 
pected to be in the donor-type cells. The 
mechanism of these recurrences in donor- 
type cells is, of Course, unknown. Present 
speculations suggest that some type of 
transfection may be involved. 

VIII. Acute GVHD 

Acute GVHD involves the skin, the liver, 
and the gut as target Organs and is associat- 
ed with severe immunodeficiency [18]. Ap- 
proximately 60% of the patients receiving a 
marrow transplant from an HLA-identical 
sibling and treated postgrafting with 
methotrexate will show no evidence of 
GVHD or only grade I GVHD. Forty per- 
Cent will have more severe GVHD with 
multiple Organ involvement. Treatment of 
acute GVHD has been attempted with 
prednisone, antithymocyte globulin, cyc- 
losporine, cyclophosphamide, and various 
monoclonal antibodies. The response to 
treatment is variable and unpredictable. 

IX. Chronic GVHD 

About one-third of the patients who live 
beyond 100 days postgrafting will display 
some evidence of chronic GVHD. Chronic 
GVHD typically presents a scleroderma- 
like involvement of the skin associated with 
sicca. Chronic GVHD may also involve the 
liver or the gut. About 80% of the patients 
with chronic GVHD will respond to ther- 
apy with azathioprine and prednisone or 
cyclophosphamide and prednisone [17]. 

X. Opportunistic Infections 

Patients with a marrow graft from an HLA- 
identical sibling are profoundly immuno- 
deficient in the first 100 days after grafting, 
and 1 year is required for full recovery of 
immunologic function [14]. The presence of 
GVHD, either acute or chronic, is associ- 
ated with further suppression of immune 
function. During the period of immunode- 
ficiency, patients are susceptible to infec- 
tion with a broad range of bacterial, viral, 
and fungal infections [13]. 



XI. Graft Versus Leukemia 

It has long been known from studies in ro- 
dents that an allogeneic graft may have an 
antileukemic effect [2]. With better survival 
of patients with GVHD, it has now been 
possible to show that the presence of 
GVHD indicates a lower incidence of re- 
currence of leukemia after grafting [23]. 

XII. Cyclosporine 

Cyclosporine is a fungus-derived antibiotic 
with profound immunosuppressive proper- 
ties without marrow toxicity. Preliminary 
and uncontrolled trials of this agent indi- 
cate that it is of value in preventing GVHD 
and in treating established GVHD [15]. A 
prospective trial has been underway in 
Seattle for past 1% years. Patients are ran- 
domized to treatment with cyclosporine af- 
ter grafting in comparison to the standard 
postgrafting methotrexate regimen. With 
some 60 patients enterea into the study, the 
survival curve of the two groups is not sta- 
tistically significantly different. 

XIII. Monoclonal Antibodies 

Many monoclonal antibodies which react 
with various epitopes on the surface of T 
cells are now available. Since GVHD is 
presumed to be mediated by T cells, it is 
reasonable to attempt to prevent GVHD by 
in vitro treatment of the donor marrow 
with monoclonal anti-T cell antibodies as 
well as the in vivo administration of these 
antibodies for the treatment of established 
GVHD. Although the use of monoclonal 
antibodies is being studied in many mar- 
row transplant centers, definitive reports 
have not yet appeared. 

XIV. Haploidentical Marrow Donors 

The Seattle Marrow Transplant Team be- 
gan 5 years ago a cautious exploration of 
family-member donors with one HLA hap- 
lotype genetically identical with the patient 
and the other HLA haplotype phenotypi- 
cally identical at two of the three major 
HLA loci [ 5 ] .  Some 80 patients with leuke- 
mia have now been transplanted from do- 
nors of this type and, overall, the results 
are much more a reflection of the type and 

stage of the disease than of the transplant 
donor. 

XV. Unrelated Donors 

Three years ago the Seattle Transplant 
Team carried out a transplant for a patient 
with ALL using a totally unrelated donor 
[10]. The transplant was successful, and the 
recipient had no GVHD. This case illus- 
trated the feasibility of using as a donor a 
completely unrelated individual. 

C. Summary 

Marrow grafting is now an established 
treatment for patients under the age of 50 
with acute leukemia and a suitable marrow 
donor. For all patients who have relapsed 
at least once, marrow grafting offers the 
possibility of cure of approximately 
20%-30% of these patients, which cannot 
be achieved by any other regimen yet re- 
ported. Although still somewhat contro- 
versial, it appears that marrow grafting is 
also the treatment of choice for younger pa- 
tients with ANL in first remission since ap- 
proximately 50%-60% of these patients can 
be cured. The problems associated with 
marrow grafting are largely those of failure 
to eradicate the malignant disease and of 
transplantation immunobiology. Progress is 
being made on solving these problems, and 
the ever-increasing number of marrow 
transplant centers involved in the study of 
these problems promises rapid Progress in 
this field. 

References 

1. Badger C et al. (1982) Allogeneic marrow 
transplantation for acute leukemia in re- 
lapse. Leuk Res 6: 383-387 

2. Bortin MM (1974) Graft versus leukemia. 
In: Bach FH, Good RA (eds) Clinical im- 
munobiology Academic, New York vo12 
pp 287-306 

3. Buckner CD et al. (1982) Allogeneic marrow 
transplantation for patients with acute non- 
lymphoblastic leukemia in second remis- 
sion. Leuk Res 6: 395-399 

4. Champlin R et al. (1981) Allogeneic bone 
marrow transplantation for patients with 
chronic myelogenous leukemia (CML) in 
chronic phase. Blood 58 [suppl 11: 17 1 a 



5. Clift RA et al. (1979) Marrow transplan- 
tation from donors other than HLA-identical 
siblings. Transplantation 28: 235-242 

6. Doney K et al. (1978) Treatment of chronic 
granulocytic leukemia by chemotherapy, to- 
tal body irradiation and allogeneic bone 
marrow transplantation. Exp Hematol 
6: 738-747 

7. Doney KC et al. (1981) Allogeneic bone 
marrow transplantation for chronic granulo- 
cytic leukemia. Exp Hematol9:966-971 

8. Fefer A et al. (1982) Treatment of chronic 
granulocytic leukemia with chemoradio- 
therapy and transplantation of marrow from 
identical twins. N Engl J Med 306:63-68 

9. Gale RP (1980) Clinical trials of bone mar- 
row transplantation in leukemia. In: Gale 
RP, Fox CF (eds) Biology of bone marrow 
transplantation Academic, New York 
PP 1 1-27 

10. Hansen JA et al. (1980) Transplantation of 
marrow from an unrelated donor to a patient 
with acute leukemia. N Engl J Med 
303: 565-567 

11. Johnson FL et al. (1981) A comparison of 
marrow transplantation to chemotherapy for 
children with acute lymphoblastic leukemia 
in second or subsequent remission. N Engl J 
Med 305 : 846-85 1 

12. Messner HA et al. (198 1) Allogeneic bone 
marrow transplantation in patients with 
CML prior to blastic crisis. Blood [suppl 11 
58: 175 a 

13. Meyers JD, Thomas ED (1982) Infection 
complicating bone marrow transplantation. 
In: Rubin RH, Young LS (eds) Clinical 
approach to infection in the immuno- 
compromised host, Plenum, New York 
pp 507-55 1 

14. Noel DR et al. (1978) Does graft-versus-host 
disease influence the tempo of immunologic 

recovery after allogeneic human marrow 
transplantation? An observation on 56 long- 
term survivors. Blood 5 1 : 1087- 1 105 

15. Powles RL et al. (1980) Cyclosporin A to 
prevent graft-versus-host disease in man af- 
ter allogeneic bone-marrow transplantation. 
Lancet 1 : 327-329 

16. Schubach WH et al. (1982) A monoclonal 
immunoblastic sarcoma in donor cells bear- 
ing Epstein-Barr virus genomes following al- 
logeneic grafting for acute lymphoblastic 
leukemia. Blood 60: 180- 187 

17. Sullivan KM et al. (I98 1) Chronic graft-ver- 
sus-host disease in 52 patients: Adverse 
natural Course and successful treatment with 
combination immunosuppression. Blood 
57: 267-276 

18. Thomas ED et al. (1975) Bone-marrow 
transplantation. N Engl J Med 292: 832-843, 
895-902 

19. Thomas ED et al. (1976) Total body ir- 
radiation in preparation for marrow en- 
graftment. Transplant Proc 8: 59 1-593 

20. Thoms ED et al. (1977) One hundred pa- 
tients with acute leukemia treated by chemo- 
therapy, total body irradiation, and al- 
logeneic marrow transplantation. Blood 
49: 5 11-533 

2 1. Thomas ED et al. (1979 a) Marrow trans- 
plantation for acute nonlymphoblastic leu- 
kemia in first remission. N Engl J Med 
301 : 597-599 

22. Thomas ED et al. (1979b) Marrow trans- 
plantation for patients with acute lym- 
phoblastic leukemia in remission. Blood 54: 
468-476 

23. Weiden PL et al. (1979) Antileukemic effect 
of graft-versus-host disease in human recipi- 
ents of allogeneic-marrow grafts. N Engl J 
Med 300: 1068-1073 


