
Bone Marrow Transplantation 

Alberto M. Marmont 

Scientific Consultant, Bone Marrow Transplantation Centre, Ospedale San Martino, Genoa and Istituto Nazionale per la 
Ricerca sui Cancro (1ST), Genoa, Italy 
Councillor of the International Bone Marrow Transplant Registry 

Introduction 

The ablation of pathological bone marrow by 
means of myelosuppressive "conditioning" 
regimens, with the purpose of eradicating 
disease-perpetuating clonogenic cells, be 
they leukaemic, congenitally altered or 
merely irreversibly insufficient, must be fol
lowed by the administration of an allogeneic 
or syngeneic bone marrow suspension con
taining a number of haemopoietic stem cells 
(HSC) adequate to ensure engraftment and 
subsequent reconstitution. Autologous bone 
marrow transplantation (AutoBMT) is closely 
similar to the allogeneic/syngeneic procedure 
(AlloBMT) in the treatment of leukaemia and 
other malignancies, while being obviously out 
of the question for the treatment of marrow 
aplasia, inborn errors and others, in which 
HSCs must come from a healthy donor. 
Immune problems (donor availability, graft
versus-host disease, GvHD) and scarcely 
elucidated but undisputably favourable ef
fects (graft-versus-Ieukaemia, GvL) dominate 
the allogeneic setting, while in the autologous 
one elimination of the residual leukaemic 
clonogenic cells in the remission marrow is a 
major problem. However, the utilisation of 
peripheral HSCs is gradually becoming a 
procedure of major importance, especially 
when they are collected in the overshoot 
waves associated with haemopoietic 
reconstitution following myelosuppressive 
chemotherapy [1-5], where contamination 
with residual leukaemic cells is even less 
than in the marrow [6]. The successful utilisa
tion of non-clonal HSCs, grown in and har
vested from long-term cultures of marrows of 

patients with acute myeloid leukaemia (AML), 
has also been reported [7]. 
Although Allo- and Auto-marrow transplants 
are biologically distinct procedures, to con
trast them would amount to making a "false 
debate" [8]. Each of them has its well-defined 
preferential or even specific indications, but 
there are certain areas, such as the acute 
leukaemias, in which a considerable degree 
of overlap has developed. 

Increasing Use of BMT 

The history of AlloBMT has been rightly de
fined as "courageous and dramatic" [9], and 
has been reviewed elsewhere [10,11]. While 
prior to July, 1980, 72% of the transplants 
were performed for non-malignant diseases, 
after that date 77% were for patients with ma
lignancies, primarily leukaemias [12]. Of the 
1713 AlloBMTs reported to the International 
Bone Marrow Transplant Registry (IBMTR) 
during 1988, more than 84% were for haema
tological malignancies, and 75% for 
leukaemia [13]. 
The cumulative number of AlloBMTs world
wide has been estimated at 20,000, per
formed by 200 teams. By the end of 1988 
there were 8578 patients transplanted by 179 
teams registered in the IBMTR database [13], 
and as of June 30, 1989, there have been lit
tle less than 1000 (Fig. 1); by the same date 
the EMBT had registered and evaluated data 
of 3563 AlloBMTs, of which 2086 patients 
with leukaemia [14]. Many of these data are 
superimposable, since they are generally 
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Fig. 1. Number of patients worldwide receiving AlloBMT 
up to 1987. From: Bortin MM and Rimm AA: Increasing 
utilization of bone marrow transplantation. II. Results of 
1985-1987 survey. Transplantation 1989 (48):453-458 

supplied to both Registries. To all of these, 
the fundamental clinical studies from Seattle 
must still be added [15, 16]. Finally, the origi
nation of national study groups such as 
GEGMO (France), GITMO (Italy) [17], NORDIC 
(Scandinavian countries) and others must be 
mentioned. 
This impressive development is reflected in 
an equally impressive number of articles and 
in a series of monographs, symposia pro
ceedings and review articles. Leaving aside 
the less recent literature, AlloBMT has been 
the object of 6 monographs and monographic 
journal issues [18-24], 4 UCLA [25-27] and 15 
EBMT meeting proceedings, of which only the 
last 4 will be indicated [28], other symposia 
[29] and a number of review articles [30-34]. 
Finally, a specific journal, Bone Marrow 
Transplantation, is being published since 
1986. AutoBMT has a shorter history, but is 
developing an equally impressive list of 
monographs [35,36], symposia proceedings 

and reviews [37-39]. Very rapid progress, 
new drugs and procedures, and the resulting 
changes of philosophies and attitudes, all 
contribute to making the whole field of BMT 
extremely variable. An attempt to adhere to 
essentials will be made in this section, which 
will start with some aspects that both types of 
BMT have in common. 

Bone Marrow Seeding and 
Reconstitution 

Since it is difficult to determine the number of 
HSCs, allogeneic and/or autologous, that are 
infused into the recipient's venous system, all 
nucleated cells are counted. An efficient re
constitution after AlloBMT is generally ob
tained with inocula containing 3x108 nucle
ated cells per kg of the reCipient's weight; 
however, all of them have a finite survival, 
and only HSCs are capable of regenerating 
haemopoiesis. For AutoBMT, doses of over 
50x104/kg of body weight of CFU-GMs have 
been ascertained to ensure complete en
graftment [5,6]; however, other types of more 
undifferentiated, non-committed progenitors 
have been shown to be capable of reconsti
tution [40]. 
Although the haematologistloncologist's main 
concern is with the clinical outcome of trans
plantation, it is quite unthinkable to pass over 
the first steps of marrow reseeding and 
transplantation haemopoiesis. The following 
brief survey includes both types of BMT, with 
special emphasis on some aspects of allo
geneic haemopoiesis. 
HSCs circulate throughout the organism, but 
are specifically recognised and bound by the 
marrow microenvironment [41], also in virtue 
of their adhesive properties and interactions 
with different stromal cells [42,43]. Endothelial 
galactosyl receptors [44-46] and a heparan 
sulphate component of the extracellular ma
trix [47] provide anchorage sites for the 
HSCs, which subsequently migrate to the 
haemopoietic space, probably by means of a 
"reverse" transendothelial passage [41,48]. 
Inhibitory glycoproteins, called restrictins, 
preferentially inhibit HSC accumulation in 
non-medullary environments [49]. 



Animal marrow transplantation studies 
demonstrated that reconstitution can occur 
from one (monoclonal) or small numbers 
(oligoclonal) of HSCs [50-51]. Monoclonal re
constitution in man was demonstrated in 
some cases of AML after chemotherapy [52]. 
Two important studies addressed this ques
tion after AlloBMT employing clonal analysis 
using restriction fragment length polymor
ph isms (RFLP) on the X-chromosome. 
Although marrow reconstitution was found 
generally to be a polyclonal event [53], there 
was also evidence in some cases for mono
clonal haemopoiesis [54], thus confirming the 
enormous proliferative capability of HSCs. 
Cellular interactions [55,56], specific inductive 
microenvironments [57,58] and a number of 
growth factors [59-61] are all of primary 
importance for the development and 
regulation of HSC growth and development. 
The origin of stromal cells is complex 
because of its heterogeneity [62]. Endothelial 
cells become of donor origin [63], although a 
subpopulation of recipient origin has been 
identified. While fibroblast and fat cell 
progenitors may be transplantable following 
the injection of large numbers of cells, the 
weight of evidence is against colonisation of 
recipient marrows by infused F-CFUs [62]. 
The dynamics of marrow macrophages after 
BMT are also complex. In the first 2-3 weeks 
after BMT, there is a marked wave of recipient 
macrophages, which engulf all sorts of cellu
lar debris and morphologically intact cells 
[64,65]. Subsequently, the mononuclear
macrophage system's stem cells, which are 
extremely versatile [66], take over and even
tually produce pulmonary macrophages [67], 
hepatic macrophages [68] (Kuppfer's cells), 
cutaneous Langerhans cells [69] and, leaving 
aside other somewhat disputed cells, osteo
clasts [70]. This last remarkable effect is at the 
origin of the cure of infantile malignant os
teopetrosis (Albers-Schoenberg's disease) 
by means of AlloBMT [71]. 
ErythropoiesIs is normoblastic, although, in 
some patients who receive methotrexate 
(MTX) for GvHD prophylaxis, a transient but 
not striking megaloblastosis may be observed 
in the first 2-3 days after administration. 
Erythroblastic islets, most probably represent
ing CFU-Es in vivo, are found in supravital 
observations on carefully spread prepara
tions [64,65]. These islets are intensively 
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reticulocytopoietic [41,64,65]; however, in 
some cases of major ABO incompatibility, ery
throid aplasia takes place, superimposable to 
classical pure red cell aplasia (PRCA) [72]. 
Granulocytopoiesis generally precedes 
megakaryocytopoiesis, in the same way as 
neutrophils precede platelets in the circula
tion. Progenitor and precursor cells all ap
pear, but some degree of loss of haemopoi
etic potential is generally detectable [73,74]. 
An exhaustive review of the reconstruction of 
the haemopoietic and immune systems after 
marrow transplantation has been published 
recently [75]. 
While most of these aspects can be found 
after both types of BMT, there may be marked 
differences in peripheral kinetics. In AlloBMT, 
the mean time to greater than 500 neu
trophils/mm3 is little over 2 weeks, and for 20-
30x 10 9 /1 platelets about 3 weeks. In 
AutoBMT, these measurements may be much 
more variable, depending on whether rela
tively intact or heavily pretreated marrow was 
harvested. In addition, bone marrow purging 
(see later) may severely affect HSCs in gen
eral, and more specifically those of patients 
having previously undergone prolonged and 
aggressive CT. Conversely, the speed of re
constitution can be considerable stepped up 
by the utilisation of haemopoietins. 

Collection, Processing and Infusion of 
Marrow 

Bone marrow harvesting is performed in the 
operating room under sterile conditions. In 
most cases general anaesthesia is used, but 
epidural anaesthesia may be possible in 
special situations. The posterior pelvis is 
mostly utilised. 
Special hardened steel needles are em
ployed, and through puncture sites in the skin 
a "rose" of about 5-10 aspirations is per
formed. No more than 2-4 ml of medullary 
blood must be aspirated to avoid dilution. The 
aspirate is expelled into a heparinised 
beaker, and, after filtration, into a second; 
then to a standard blood transfer pack. 
Subsequently, the harvested marrow sus
pension may be infused directly into the pa
tient, or transferred to the laboratory for spe-
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cial procedures (AlloBMT: T-cell depletion, 
red cell removal for major ABO incompatibil
ity; AutoBMT: purging and/or cryopreserva
tion). "Back-up" marrows indicate a fraction of 
the aspirated marrow that remains untreated 
when purging or other procedures are 
performed. It may rescue the patient in case 
of the no-engraftmentlrejection syndrome. 
Although this whole procedure has not 
changed perceptively over the last 20 years 
[76], the proposal of surgical procurement has 
not met with success [77]. Cadaveric marrow 
has attracted attention, but even after TCD 
[78] its utilisation remains dubious. 
Donor complications are extremely rare 
[79,80] and severe ones even rarer (0.8%) 
[80]; this is particularly remarkable in the au
tologous setting, in which the donors are pa
tients. More powerful analgesics to alleviate 
donors' pain have been suggested< [81]. 
Autologous blood transfusions should be 
employed in healthy, allogeneic/syngeneic 
donors. The use of erythropoietin might be 
considered in this situation (see later). 

Supportive Therapy 

Supportive therapy with blood products after 
BMT is practically superimposable in both the 
allogeneic and the autologous setting, and 
does not differ from state-of-the-art supportive 
therapy after aggressive, myelosuppressive 
CT. While leucocyte transfusions are rarely 
performed, the regular infusion of platelet 
concentrates, preferably from single donors, 
is mandatory. Red cell requirements vary 
considerably depending on the haematocrit 
level one wishes to maintain and, in AlloBMT, 
ABO matching. The ABO mismatch is not a 
barrier for successful engraftment [82] but, in 
the case of major incompatibility, prevention 
of haemolysis must be ensured by means of 
appropriate procedures, including plasma
pheresis [83], the use of immunoabsorbent 
columns to decrease the isohaemagglutinin 
titer and removal of the incompatible erythro
cytes from the donor marrow ex vivo with the 
IBM 2991 [84]. In such cases, the red cell re
quirements are almost invariably greater, 
especially in a situation of post-BMT pure red 
cell aplasia (PRCA). In rare cases of minor 

ABO incompatibility, a "late" immuno
haemolytic anaemia may develop, which can 
be quite severe; it is thought to be the conse
quence of donor B memory lymphocytes ex
panding post-BMT and reacting against the 
recipient's erythrocytes. In a study performed 
on 337 patients having received AlloBMT in 
Genoa, the red cell transfusion requirements 
were more than double in the case of major 
ABO incompatibility. In a recent Seattle study, 
platelet transfusion independence was most 
significantly affected by the development of 
acute GvHD, which is often associated with 
graft failure [85], and the drug used for GvHD 
prophylaxis [86]. 

Haemopoletlc Growth Factors 

The introduction of recombinant human 
haemopoietins, or haemopoietic growth fac
tors (HGFs), consequent to the molecular 
cloning of cDNAs encoding their amino-acid 
sequence, has already brought and is still 
bringing considerable advantages in the 
treatment both of some specific haemopoietic 
disorders and of the marrow insufficiency fol
lowing CT and both types of BMT. Besides 
discussions in former sections, excellent re
view articles on the clinical utilisation of HGFs 
have appeared recently [87-92]. In general, 
while IL-3 and GM-CSF stimulate a broad 
range of progenitors, G-CSF, M-CSF and Ep 
are lineage restricted and stimulate more 
mature granulocyte, monocyte and erythroid 
progenitor cells. 
Maybe also because of the comparative ease 
of the administration of erythrocytes, recom
binant erythropoietin (rHuEp) has not been 
seriously considered in the setting of BMT. 
Perhaps its indications are greater in the 
anaemia of prolonged CT [93], although its 
use in AutoBMT could be beneficial, similarly 
to what was found for autologous blood trans
fusion [94]. 
GM-CSF has been utilised in the setting of 
BMT in 3 main directions. Firstly, it has been 
administered in AutoBMT for lymphoid malig
nancies, where it was followed by a signifi
cantly quicker granulocytic recovery [95-96], 
thus decreasing the number of febrile 
episodes and infectious complications due to 



granulocytopenia. A significantly less marked 
effect was found in another clinical study [97], 
in which, however, the marrows had been 
treated with 4-hydroxyperoxycyclophos
phamide (4HC), an alkylating agent that 
eliminates residual malignant cells but also 
the majority of early myeloid progenitors, 
which are the target of GM-CSF. 
The situation is more complex in AML, since 
myeloid blasts have been shown to be ca
pable of aberrant haemopoietin production, 
reflecting autocrine growth stimulation. The 
activation of proto-oncogenes such as fms is 
also relevant [98]. Many effects may be antic
ipated from the administration of GM-CSF 
besides neutrophil recovery, including syn
chronisation of malignant cells prior to cycle
specific CT and perhaps also direct matura
tion induction of leukaemic cells [99]. 
However, the utilisation of HGFs, and more 
specifically GM-CSF, in the setting of BMT 
(Allo, Auto) for AML is still in its infancy. Many 
myeloid/monocytic leukaemia cells have re
ceptors for the late-acting HGFs, and 
promyelocytic leukaemia cells have them in 
the highest degree for G-CSF [100]. The ad
ministration of GM-CSF was found useful to 
expedite neutrophil recovery after aggressive 
CT in aged patients, in whom the danger of 
leukaemia activation was thought less impor
tant than the persistence of pancytopenia 
[101 ]. 
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Granulocyte colony stimulating factor (G
CSF) was administered to 15 patients with 
non-myeloid malignancies who were treated 
with HDCT and AutoBMT. Neutrophil recovery 
exceeded 0.5x109/1 at a mean of 11 days 
after marrow infusion compared to 20 days for 
historical controls [102]. 
A third important application is in the area of 
the graft failure/rejection complex after 
AlloBMT. Despite conventional therapy, the 
majority of patients who experience graft fail
ure die, and only 15% of them will be alive 1 
year later. The first clinical studies seem 
promising [88]. 
It is becoming clear that the HGFs will be 
used in combination to obtain maximal effect 
[91,92,103,104]. Since the "late" HGFs act 
only on committed progenitors, thus poten
tially depleting the earlier ones, the combined 
utilisation of "early" HGFs such as IL-1 and IL-
3 and "late" ones appears to be promising. In 
an illuminating animal study, the administra
tion, first of IL-3 and subsequently of GM
CSF, was followed by prompt and marked el
evation of all peripheral nucleated cells, in
cluding eosinophils [105]. 
Finally, recent trials are focussing on the abil
ity of IL-2 to contribute to the elimination of 
minimal residual disease (MRD), both by its 
direct activity [106] and by its known boosting 
effect on NK and LAK cytotoxic effectors [107]. 



122 A.M. Marmont 

Fig. A. Burst-forming units, erythroid (BFU-E) in a bone marrow culture obtained 1 month after AlloBMT. 

Fig. B. Primitive erythroid precursors ("proerythroblasts") in a myeloaspirate 1 week after transplant. Supravital 
preparation stained with an admixture of kresyl violet and new methylene blue. Note the size and 
morphology of the deeply basophilic nucleoli. 

Fig. C. A typical erythroblastic island with a central macrophage. These formations may be considered as the 
equivalent of colony-forming units, erythroid (CFU-E) in vivo. 

Fig. D. Erythroblastic island with gradual depletion of erythroblasts and marked early reticulocytosis. Supravital 
preparation stained with brilliant kresyl blue. 
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Fig. E. Supravital preparation of a myeloaspirate showing extreme reticulocytosis with some scattered 
erythroblasts. This preparation comes from a case of major ABO incompatibility between donor and 
recipient. Initial erythroid hypoplasia was superseded by explosive erythropoiesis after repeated plasma 
exchange. 
Staining with an admixture of kresyl violet and new methylene blue. 

Fig. F. Intensive granulocytopoiesis in a myeloaspirate performed 2 weeks after transplant. Note the conspicuous 
Golgi areas in the paranuclear cytoplasm of the granulocytic precursors. 
Cytocentrifuge preparation. 

Fig. G. Macrophage engulfing all sorts of cellular debris. These aspects indicate the massive cell destruction which 
takes place after conditioning regimens. 

Fig. H. Macrophages engulfing haemoglobin degradation products. This type of macrophagic reaction is most 
frequent after major ABO incompatible transplants. 
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Fig. I. Macrophage phagocytosing 2 apparently discrete erythroblasts. All these "early" macrophages were found 
to be of recipient origin when Y body studies could be performed. 

Fig. J. Myeloaspirate showing relapse after AlloBMT for acute lymphoblastic leukaemia (ALL). The multiple small 
vacuoles throughout the cytoplasm, sometimes overlying the nucleus, are reminiscent of the B or Burkitt 
type ALL. However, this was a typical case of T-ALL, complete with mediastinal enlargement at 
presentation. 

Fig. K. Myeloaspirate showing relapse after AlloBMT for acute myeloblastic leukaemia (FAB M2). Multiple 
cytoplasmic vacuoles are prominent, but cytoplasmic "myeloid' granules are also discernible. 
Vacuolisation, which reflects the dissolution of lipoprotein granules by the ethanol-containing May
Grunwald reagent, indicates a deeply disturbed cellular metabolism. 
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Allogeneic Bone Marrow Transplantation 

Introduction 

The archetypal blood malignancy, leukaemia 
[13], continues to be the main indication for 
AlloBMT worldwide [14,16,33,108,109]. Other 
haematological malignant diseases include 
chronic lymphocytic leukaemia, multiple 
myeloma, acute myelofibrosis, malignant his
tiocytosis and, perhaps more importantly, the 
myelodysplastic syndromes. While the acute 
leukaemias (AL) were the prinCipal indication 
until a few years ago, the constant improve
ment of CT and also of AutoBMT have ren
dered this whole area somewhat controver
sial [110-112]. On the other hand, CML has 
become the prinCipal indication for AlloBMT, 
followed by the spectrum of MDS and sec
ondary AML. It is clear that eradication of the 
malignant clonogenic cells is not strictly re
lated to the pre-transplant conditioning, but 
may also be achieved with non-chimaerising 
procedures, while the lack of genuinely nor
mal HSCs makes the administration of donor 
HSCs mandatory. This is also the reason for 
which mismatched (generally 1 locus) family 
members and matched unrelated donors are 
utilised. 
Statistical studies of the EBMT clinical mate
rial have confirmed that remission status (first 
complete remission-CR1 for the AL patients 
and first chronic phase-CP1 for CML patients) 
is the main factor influencing leukaemia-free 
survival (LFS), which was 50% if AlloBMT 
was performed at this stage for all 3 
leukaemias, independently of the diagnostic 
category (AML, ALL or CML), compared with 
30% if the transplant was performed at a later 
stage of the disease [108,109]. Age was also 
an important factor adversely influencing LFS 
and transplant-related mortality (TRM), and 
similarly so the donor-reCipient sex combina
tion of female to male [113]. There was no 
significant improvement in the outcome for 
patients with the 3 types of leukaemia trans
planted in Europe over the past 7 years 
[14,109]. A small improvement in the overall 
leukaemia-free survival was found in an 
I BMTR 10-year progress report analYSing 

data from 4034 patients transplanted be
tween 1978 and 1987 [114]. 
AlloBMT for leukaemia should not be re
garded as a "special" treatment, and insu
lated from, or even worse, oppbsed to other 
therapies. It is highly probable that it will be 
superseded eventually by other methods of 
treatment [115]; however, paraphrasing the 
controversy that has been taking place for 
ALL in children, it may well be a passing 
phase in the management of all types of 
leukaemia [116], but its time is far from gone 
[117]. There is still place for much improve
ment [118]. Before discussing results in single 
diseases, a summary of problems specifically 
associated with AlloBMT will be given. 

Immunology 

Histocompatibility 

A patient can be considered for allogeneic 
BMT only in the presence of a suitable donor. 
Whether a donor is suitable is decided on the 
basis of testing for human leukocyte antigens 
(HLA) of class I (HLA A and B) and of class II 
(HLA DR, DP, DQ), and on the degree of 
donor/recipient matching. The inheritance of 
HLA antigens in the family is studied by 
analYSing the parental "haplotypes". This term 
refers to the HLA antigens carried on each of 
the parental chromosomes: alb and c/d will 
thus identify the 4 parental haplotypes. Short 
but informative reviews for the use of 
haematologists have been published [119-
122]. 
HLA A, B and DR typing is usually performed 
by serology; problems may arise in very se
vere aplastiC anaemia because of the scarcity 
of B-Iymphocytes, and in CML. In the latter 
form, lowering of the leucocyte count is gen
erally adequate; however, in some cases dif
ficulties may persist. The introduction of new, 
specific probes for DR, DP and DQ has done 
much to obviate these problems. After HLA 
typing has been completed, donor and recip
ient cells are tested in mixed lymphocyte CUl
tures (MLR); however, the relevance of MLR 
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has been debated. In the setting of genotypi
cally HLA A, B, DR matched siblings, the MLR 
is almost always negative, though the relative 
response index (RRI) may vary from 0% to 
10% and there does not seem to be a differ
ence within this range of reactivity [124,125]. 
However, in the setting of partially mis
matched donors, the RRI may vary from 0% to 
100%. A recent report of the European Bone 
Marrow Transplant (EBMT) Immunology 
Working Party [126] suggests that in partially 
mismatched BMT a negative MLR is a 
favourable prognostic factor for survival. 

Donor Selection 

Any healthy individual between the age of 18 
and 60 is a potential marrow donor. Children 
down to the age of one have been success
fully used as donors. Donors may be" syn
geneic twins, HLA-identical siblings, family 
donors other than the former and matched 
unrelated donors (MUDs). In the first instance 
there are no immunological complications, 
but the lack of a GvL effect may be detrimen
tal (see later). Most transplants are carried out 
between siblings who have inherited the 
same 2 haplotypes from the parents, and are 
therefore genotypically HLA identical, and 
non-reactive in MLR. The chance that a sib
ling will be identical with the patient is 1/4. 
When parents share one HLA haplotype, they 
can be phenotypically identical with a son 
and non-responsive in MLR. When such phe
notypically identical grafts are performed, 
transplant-related mortality (TRM) is compa
rable to that seen in the HLA-identical sibling 
situation. When one of the parents is ho
mozygous for all HLA antigens (a very rare si
tuation), then either one of the paternal chro
mosomes will confer the same haplotype to 
the children, and 2 children may thus be phe
notypically identical. Also in this rare situation 
TRM is acceptable. When the donor and the 
recipient share one haplotype but differ for 
one or more antigens on the other haplotype, 
then TRM is significantly increased, both be
cause of a higher incidence of rejection and 
of acute graft-versus-host disease (GvHD). 
The assessment of TRM in 1-antigen mis
matched grafts may differ greatly according to 
the underlying disease: in leukaemia it has 
been reported to be similar to HLA-identical 

grafts [123], but in severe aplastic anaemia 
(8AA) it is clearly higher [124]. 

Non HLA Identical Siblings 

Leaving aside identical twins, 2 different 
sources of H8Cs have been utilised, that is, 
mismatched related donors and MUDs. The 
first results from Seattle in this respect were 
moderately encouraging, inasmuch as pa
tients receiving transplants from family mem
ber donors mismatched at a single antigen 
had more GvHD than matched patients but 
survived equally well [123]. However, survival 
becomes poorer with increasing mismatch 
[125]. Two important recent studies have ad
dressed the question, the first from the EBMT 
[126] and the second from the IBMTR [127]. In 
the European experience, the overall survival 
out of 242 non-identical transplants was 29%. 
Out of 117 remission patients, there was a 
41 % survival after AlloBMT with unmanipu
lated marrow, as compared to 27% survival 
after TCD. The IBMTR study included 438 pa
tients with leukaemia who were transplanted 
from related, non-HLA identical donors. The 
risks of graft failure and grade II-IV aGvHD in
creased progressively in a reciprocal way. 
For patients with early leukaemia the age
adjusted 2-year probability of survival was 
56%, 35%, 33% and 21% for patients with 
genotypically identical, phenotypically identi
cal, 1-locus, 2-loci and 3-loci· disparate 
donors, respectively. In conclusion, the risk of 
TRM correlated strongly with the degree of 
HLA disparity between donor and recipient. 
Finally, MUDs chosen from large panels have 
been increasingly used over the past few 
years [128,129]. Most panels contain only 
HLA A and B typing data, with DR typing be
ing performed once an HLA A and B match 
has been found. Most centres require in addi
tion a negative MLC before transplanting. 
Usually, the degree of matching required in
cludes full class I and class " matching in 
order to obtain a successful outcome. The 
frequency of cytotoxic T-cells with recipient 
specificity may vary greatly within the MUD si
tuation, and correlates with TRM. It is now 
possible to match UDs by class I HLA serol
ogy, class" HLA-specific probes, MLR, and 
cytotoxic T-cell frequencies. However, it has 
been pointed out that the HLA typing tech
niques may be inadequate to define the high 



level of phenotypic identity that may be nec
essary, and that MLCs, which are useful in 
the identical sib setting, are much less so in 
the MUD situation [130]. Progress has been 
made both with 2-dimensional electrophore
sis for class I antigens and in characterising 
class II genes by RFLP analysis and more re
cently with allele-specific oligonucleotide 
probes in conjunction with the polymerase 
chain reaction (PCR) [130]. Leaving aside 
such degrees of sophistication, the highly 
polymorphic nature of the HLA antigen 
severely reduces the probability that any 2 
unrelated individuals will be matched at any 
given HLA locus. In a recent study it was cal
culated that, with registries containing 1000, 
10,000 or 100,000 donors, the average prob
abilities of finding an HLA-A, B, Dr, Dw match 
were 3.8%, 14% and 32.2%, respectively 
[131). An increase in donor pool size to 1,mil
lion would still leave 50% of patients without 
a fully matched donor [131]. Thus far, about 
200 transplants using well or less well MUDs 
have been performed worldwide [133). 
Notwithstanding former encouraging results, 
the more recent ones appear to be somewhat 
inferior to a matched patient population re
ceiving HLA-identical sibling donor trans
plants. It is therefore of great interest that, fol
lowing the former endeavours of the EBMT 
[134,135], a merger of 12 different bone 
marrow donor registries, called "Bone Marrow 
Donors Worldwide" (BMDW), has been com
piled by J.J. van Rood. There are 224,000 
HLA-A,B typed donors in the 1990 collection, 
comprising 30,710 phenotypes; in addition, 
there are 96,000 HLA-A,B,DR donors (54,500 
phenotypes), making up a total of 320,000. 
The participating registries are listed in Table 
1. More panels are planned to join this 
International Project, and it is hoped that, 
through cooperation, files of close to 
1 ,000,000 individuals will soon be estab
lished. 
It must be remarked that the search for MUDs 
should be primarily restricted for those pa
tients in whom no autologous residual stem 
cells can be expected, such as inborn errors, 
the myelodysplastic syndromes (MDS) and 
CML, in which the situation has not changed 
appreciably notwithstanding recent, exciting 
results [136]. AutoBMT and aggressive CT 
are to be considered in the first place before 
programming a UD AlloBMT for the ALS. 
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Table 1. Marrow donor registries participating in the 
BMDW 

Anthony Nolan Research Centre, London, U.K. 
UKBTS, Bristol, U.K. 
Europdonor Foundation, Leiden, The Netherlands 
GMFT, Paris, France 
Bone Marrow Donors Ulm, Ulm, F.R.G. 
IBMDR, Genoa, Italy 
Moscow, U.S.S.R. 
NMDP, St. Paul, Minnesota, U.S.A. 
Austrian Bone Marrow Donors, Vienna, Austria 
National Marrow Donor Program, Brussels, Belgium 
Swiss UBMR, Bern, Switzerland 
UBMDR, Vancouver, Canada 

Conditioning and Conditioning 
Regimens 

The term conditioning has superseded the 
perhaps more correct terminology of pre
transplant preparative regimen(s). The con
sensus is that the ideal preparative regimen 
for AlloBMT in leukaemia should have the 
following properties: 1) adequate "space
making" and immunosuppressive properties 
to allow full and sustained engraftment of the 
allogeneic marrow; 2) adequate an
tileukaemic properties to prevent leukaemia 
relapse (for the sake of clarity, the an
tileukaemic properties of the allograft are not 
considered here); 3) minimum of short-term 
extra marrow toxicities; 4) minimum of late 
toxicities [137,138]. The combination of all 
these factors is extremely complex, and it has 
been demonstrated that even a slight degree 
of additional toxicity may produce an unac
ceptable increase in overall toxicity that might 
negate improved antileukaemic effects. 
Conditioning regimens for AlloBMT in 
leukaemia can be divided into 3 categories: 
1) combined modalities (CT-RT); 2) combina
tion CT; 3) new and still experimental meth
ods. 
The combination of high~dose cyclophos
phamide (CY: 60 mg/kg for 2 consecutive 
days) followed by total body irradiation (TBI: 
10 Gy in a single dose) is the original Seattle 
regimen [139], which is the standard of com
parison for all other conditioning regimens. 
Modifications of the CY 120 - TBI 10 Gy regi-
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Table 2. CY-TBI conditioning regimens 

Agents Dosage Timing Centre 

CY 120 mg/kg 2 days Seattle 
STBI 10Gy 1 day 

CY 120 mg/kg 2 days Seattle 
FTBI 12Gy 6 days 

HFTBI 13.20 Gy 4 days MSKCC 
CY 120 mg/kg 2 days New York 

CY 120 mg/kg 2 days Genoa 
FTBI 9.90 Gy 3 days (AML) 

CY 120 mg/kg 2 days Genoa 
HFTBI 12Gy 6 days (ALL) 

men have been introduced concerning, both 
the RT and the CR arm. 
There have been 2 different trends, the first of 
which was favourable to fractionated irradia
tion (fTBI) with a clearly protective effect on 
the incidence of interstitial pneumonitis (IPn), 
cataracts and veno-occlusive disease of the 
liver (VOO), without loss of antileukaemic ef
fect [140-142]. Hyperfractionated TBI followed 

> 990 cGy and cGvHO 

>990 cGy no cGvHD 

< 990 cGy and cGvHD 

< 990. cGy no cGvHD 

8 14 28 42 56 78 B4 
months after BMT 

Fig. 2. The effect of efficient (>990 cGy received) 
versus inefficient «990 cGy received) and chronic 
GvHD on relapse. High radiation dosage and chronic 
GvHD offered the best protection. From [150]. with 
permission 

Ref. 

140 

141 

144-146 

142 

147 

by CY was utilised at Memorial Sloan 
Kettering Cancer Center (MSKCC) in children 
with ALL in CR2 with a 5-year 64% LFS [143-
145]. Similar results were obtained in Genoa 
without altering the classical CT -RT sequence 
[146], so that the better results of HfTBI versus 
fTBI should not be interpreted as an effect of 
schedule reversal, but of the hyperfractiona
tion procedure itself. However, fast-dose sin
gle-fraction TBI is essential to control the in
creased graft failure and relapse rate ob
served after TCO [147], as will be discussed 
later. Another way of increasing the total ra
diation dose is incorporated in the split TBI 
VVRAPIO-X regimen, leaving aside the CT 
component (vincristine, daunorubicin, cy
tarabine, teniposide), which was effective in 
reducing the graft-failure rate following TCO 
BMT [148]. Some of the most commonly used 
CY-TBI regimens are shown in Table 2. 
The advantages and disadvantages of STBI 
versus the fractionated schedules will ideally 
depend upon the radiobiological properties 
and the radiosensitivity (Do) of a given 
leukaemic population [149]. For example, 1 
log cell kill corresponds to between 2 and 3 
Do on the exponential part of the radiation 
survival curve of lymphocytes. It is well known 
that survival and LFS in allotransplanted pa
tients depends on a combination of not intol
erable procedure toxicity, conditioning inten
sity and still poorly characterised immunolog
ical reactions constituting the GvHO/GvL 
complex (see further). In a recent study of 175 
transplanted patients in Genoa, it could be 
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Table 3. Conditioning regimens combining other chemotherapeutic agents with TBI 

Agents Dosage Timing Centre Ref. 

FTBI 13.20 Gy 4 days Duarte 151 
Etoposide 60 mg/kg 2 days 

Piperazinedione 50 mg/m2 2 days Houston 152 
FTBI 8Gy 2 days 

Cytarabine 3g/m2 6 days 153 
FTBI 12Gy 6 days 

Melphalan 110 mg/m2 1 day Royal Marsden 154 
FTBI London 

shown that, after stratifying for chronic GvHD 
and TBI dose, the dose effect of TBI on re
lapse was evident in patients with and without 
GvHD [150]. This means that both effects, the 
radiobiological and the immunological, are 
active and combined in eradicating 
leukaemia (Fig. 2). 
Another type of variation of the CT-TBI regi
men consists in the substitution or integration 
of CY with other chemotherapeutic agents 
such as cytarabine, etoposide, melphalan, 
piperazinedione (PIP) [151-154] and others. 
Although combination CT with TBI theoreti
cally appears more attractive than single
agent CT, this must be balanced, as usual, 
against the increase in toxicity [155,156], and 
also, as with anthracyclines, against a slower 
haematopoietic recovery [157]. The better 
known alternative CT-TBI regimens are 
shown in Table 3. 
Long before the debate whether TBI is really 
indispensable for cytoreductive regimens 
prior to BMT [158], the alternative CT-only 
approaches were centered upon the combi
nation of busulfan (BU) and CY: in the original 
parent regimen BU 4 mg/kg of ideal body 
weight was followed by CY 50 mg/kg IV daily 
x 4 (= 200 mg/kg). The Baltimore experience 
with this regimen was reviewed recently 
[159,160]. A similar experience in Pesaro was 
also published very recently [162], while a 
slight reduction in the BU arm (3.5 mg/kg) 
was employed in the same centre for ho
mozygous thalassaemia [162]. A reduction in 
the CY arm was used in Columbus (120 
mg/kg in 2 days), with very good results in 

AML [163] but also in the accelerated phase 
of CML [164] and in multiple myeloma [165]. 
The BU-CY regimen has also been employed 
preferentially for second transplants, espe
cially if the patients had received TBI for the 
first. Also, a combination of etoposide and BU 
was utilised in this situation [166]. 
Finally, the need for preparatory regimens 
with greater antitumour effect, greater im
munosuppression and less toxicity has led to 
2 types of selective radiotherapy employing 
radionuclides. In the first, high doses of 131 1 
linked to anti myeloid antibodies were used in 
the canine model, and it was estimated that 
15 mCilkg delivered at least 15 Gy to the mar
row. In the second, a rare earth radionuclide, 
166-Holmium, was linked to an aminophos
phoric acid that binds avidly to bone and 
therefore exposes the marrow to its low 
penetrating, B-emission. Both approaches are 
still experimental [138,167]. 

Complications 

The complications of AlloBMT are multiple, 
and it is often difficult to distinguish between 
the toxic effects caused by the conditioning 
regimen, and those more specifically related 
to the transplant per se. The first group is 
generally considered under the heading of 
toxicity, which is both haematological 
(pancytopenia and, more significantly, neu
tropenia and thrombocytopenia) and non
haematological. This early toxicity, together 



130 A.M. Marmont 

with aGvHD, graft failure, interstitial pneu
monitis (IPn), acute respiratory distress syn
drome (ARDS), veno-occlusive disease of the 
liver (VOD) and others all contribute to what is 
generally known as TRM. TRM is the cause of 
the first and precipitous drop of survival 
curves following AlloBMT. Reducing early 
deaths is a clear objective that might be 
achievable over the next 10 years [118]. 

Leukaemia Relapse 

Although leukaemia relapse cannot be con
sidered as a complication of AlloBMT, but 
rather as its failure, it may be appropriately 
discussed under this heading, since all treat
ment failures are interconnected in a complex 
relationship and, as will be discussed later, 
prophylactic regimens against GvH[) may 
unfavourably affect the risk of leukaemia re
lapse [168~172]. Conversely, the severity of 
GvHD correlates directly both with the risk of 
infection [173] and with the risk of IPn [174] 
and inversely with the probability of relapse 
[175-178]. The implications of this phe
nomenon will be diseussed later. 
The first year following the transplant is the 
period of greatest risk of treatment failure, in
cluding TRM and relapse [179]. Patients who 
survive this critical interval have an excellent 
chance of long-term LFS [180]. In a recent 
IBMTR study it was found that, in early 
leukaemia, the median interval from trans
plant to relapse was 7.8 months, in interme
diate leukaemia 6.4 months and in advanced 
leukaemia 3.3 months [179]. In another multi
centre retrospective study of the EBMT on 
117 patients relapsing after AlloBMT for acute 
leukaemia (41 AML and 76 ALL), it was found 
that relapse occurred between 3 and_ 30 
months after transplant [181]; when investi
gated, the leukaemia was found to have re
lapsed in recipient cells. Of 74 patients who 
received additional treatment for leukaemia, 
32 achieved a complete remission, and donor 
marrow was shown to be responsible for 
haemopoietic recovery. Mixed chimaerism is 
often a feature of these situations [182,183], 
although much more frequent after TCD (see 
later). There is evidence for a competition be
tween donor and recipient haemopoiesis 
[184,185]. 

Seventeen late relapses were reported in 
232 transplanted leukaemic patients, occur
ring between 2 and 6.3 years after grafting 
[186]. Although the suspicion of de novo 
leukaemias occurring in the donor's 
haemopoiesis was entertained, relapse in the 
original host cells has been documented 5 
[187] and almost 7 [188] years after transplan
tation. 
Relapse in donor lineage cells has been re
ported in at least 8 cases of AL and in 2 cases 
of CML [189-193]; it has been estimated that 
cases of donor-derived leukaemia may ac
count for up to 5% of all relapses occurring 
after AlloBMT [194]. Different mechanisms 
have been proposed to explain this phe
nomenon, among which the transfection of a 
dominant oncogene from the DNA of a de
generating host leukaemic cell to a develop
ing donor cell. However, the whole question 
of donor relapse is now a subject of revision, 
since there have been recent reports showing 
a discrepancy between cytogenetic 
(indicating donor cells) and molecular (by 
restriction fragment length polymorfism: 
RFLP: indicating host cells) studies [195]. 
Those data strongly suggest that careful and 
critical DNA probes should be made before 
assigning the leukaemic cell lineage in such 
cases [195]. 

Secondary Neoplasms 

Malignancies arising after AlloBMT may con
ceptually be divided into 4 categories [189]: 
1) relapses of the original leukaemia, which 
are by far the most frequent; 2) the rare re
lapses in donor cells; 3) non-Hodgkin's lym
phomas, generally of B type and associated 
with Epstein-Barr virus; 4) solid tumours. In a 
recent survey from Seattle comprising all pa
tients receiving Allo- or AutoBMT for 
leukaemia and aplastic anaemia, the age
adjusted incidence of secondary neoplasms, 
including non-Hodgkin lymphomas, 
leukaemias and solid tumours was 6.9 times 
higher than that of primary cancers in the 
general population [196]. The predictors of 
any type of secondary cancer were aGvHD 
treated with either antithymocyte globulin 
(ATG) or anti-CD3 MoAb, TCD and HLA mis
match. The risk was found to be significant 
but low, and similar to malignant tumour inci-



Table 4. Acute complications of AlloBMT 

Pancytopenia 
Mucositis and other oral complications 
Gastroenteritis and diarrhoea 
Urotoxicity 
Hepatic damage 
Cutaneous toxicity 
Neurotoxicity 
Cardiotoxicity 
Interstitial pneumonia, ARDS 
Fluid and electrolyte imbalance 

dence after combined modality treatments. 
Seco~dary leukaemias are to be expected 
more In TCD transplants [196]. It is remark
able that no secondary cancer, with the one 
exception of a cytogenetically donor-type re
lapsed leukaemia [197], was found in Genoa 
in about 600 patients having undergone ei
ther Allo- or AutoBMT. 

Acute Complications 

The acute complications of AlloBMT are given 
in Table 4, which is taken from a recent 
monograph by Deeg et al. [20] where all 
ac~te complications are dealt with. Only some 
major complications will be discussed here. 

The Graft-Failure/Rejection Complex 

Since most transplants for malignancies have 
been made using HLAID-DR matched sibling 
donors, preparative regimens employing TBI 
a~d unmampulated marrows, graft rejection, 
differently from severe aplastic anaemia, was 
very rare, occurring in less than 1 % of cases. 
The situation has changed for the worse 
while striving for improvement: enlargement 
of the donor pool by inclusion of familiar mis
matched donors has increased rejection to 
5% for 1-antigen mismatch, and to 15-20% for 
2-antigen mismatch. In addition, TCD was 
al~o fou~d !o be associated with the graft
failure/reJection complex, as will be discussed 
later. 
Graft failure in the setting of GvHD has been 
described; aGvHD grade II or more was 
shown to be the single most significant factor 
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associated with failure to maintain sustained 
haemopoiesis following normal engraftment 
[85]. The association of thrombocytopenia 
with chronic GvHD has also been described 
and was shown to be of poor prognosti~ 
value [198]. 

Graft-versus-Host Disease 

Notwithstanding some diversity in the evalua
tion of both acute [199] and chronic [200] 
GvHD, the general consensus is that aGvHD 
occurs in 45% of transplant recipients and is 
fatal in about 25% [23,201]. Apart fro~ being 
the most important expression of the immune 
conflict between donor and host cells after 
AlloBMT, GvHD is an extremely important 
clinical complication and has been studied 
exten~ively, both in its acute [202-204] and 
chromc [206,207] forms. The latter is remark
able because of its predominantly autoim
mune physiopathology [206-209]. 
Although the pathogenesis of GvHD is multi
!actoria~ [210], requiring an array of complex 
Interactions that include antigenic differences, 
host factors and environmental conditions 
[202], it is commonly accepted that the pivotal 
cells are T-Iymphocytes [211], which are of 
host origin ~nd survi~e after conditioning 
[212]. There IS now eVidence for an interac
tive, 2-phase pathogenesis [213], with CD4+ 
cells initiating GvHD in man against non-ma
jor HLA antigens [214], and activated LGUNK 
cells, with phenotypic and functional charac
teristics similar to CD3+ gamma/beta cells 
which normally mediate immunologicai 
surveil~ance of epithelial cells [215], exerting 
cytolytiC effects [216]. These effects seem to 
be mediated by their lysosome-like granules 
which are exocytosed over the target cell~ 
and produce pore-forming proteins (perforins) 
capable of inducing lethal membrane lesions 
[217,218]. The activation of the effector cells 
appears to be a cytokine-mediated phe
nomenon [219,220]. The cellular and humoral 
proce~ses involved in GvHD represent a 
comp.hcated net~ork of interactions [221]. 
Candidate cells With GvHD activity are listed 
in Table 5 [221]. 
The .threshold ~ose of T -lymphocytes for 
causing GvHD In humans in HLA-matched 
reCipients was found to be 2x105 cion able T
cells/kg of recipient body weight [222], but it 
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Table 5. Candidate cells involved in the GvHD network 

Cell type Initiator Effector 

Suppressor lymphocytes (Ta) + + 
Helper lymphocytes (T4) + + 
Natural killer cells + 
Natural suppressor cells + (?) 
Langerhans' cells of the skin + (?) + (?) 

was pointed out that each donor-recipient 
pair may have a different threshold [223]. This 
is, indeed, clearest in recipients of unmanipu
lated marrows from HLA-identical transplants, 
55% of whom never develop GvHD. On the 
basis of an extensive database, an informa
tive evaluation of risks was prepared by the 
IBMTR [201]. Age of the patient was a signifi
cant risk factor, but the age gradient was 
modest, and if parous or transfused female
male transplants were excluded, it was not a 
significant factor (Fig. 3). The donor's age 
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ADVERSE RISK FACTORS 

Fig. 3. Multivariate cumulative relative risk (numbers in 
parentheses) and cumulative percent probability of 
moderate to "severe acute graft-versus-host disease. 
When one of the significant adverse risk factors 
identified in this study was present. a risk of 1.0 was 
used. First adverse risk factor = alloimmune female/male 
transplants; second = no prophylaxis against graft
versus-host disease; third = older patients; fourth = 
trimethoprim-sulphamethoxazole not given; fifth = lower 
pretransplant performance ratings; sixth = larger number 
of post-transplant transfusions. Reproduced from [201]. 
with permission 

came out as the most significant risk factor in 
a recent analysis in Genoa. 
leaving aside former conflicting reports, the 
female to male sex match was an important 
predictive factor in the IBMTR analysis [201], 
and it was markedly increased if female 
donors for male recipients were previously 
pregnant or transfused (RR 2.9, P < 0.0001). 
In a recent EBMT study [224] on 1915 pa
tients, it was found that females have better 
lFS and less TRM than males. The effect of 
sex-mismatching was disease dependent, 
with no effect in AMl (except in bad risk 
AMl), marginal in Cll and very significant in 
CML. Confirming the former findings, recipient 
male - donor female was the worst com
bination, resulting in more cGvHD (p=0.0001) 
and IPn (p=0.01). 
Patients with post-transplant cytomegalovirus 
(CMV) infection and with CMV-positive 
donors not only had an increased risk of de
veloping cGvHD [225], but showed some evi
dence of a Gvl effect independent of Gvl 
[226]. This is another, somewhat unexpected, 
confirmation both of the association of GvH 
and Gvl effects in man, and of the possible 
dissociation between the two [227-229], 
which will be discussed later. The role of ABO 
matching has also been explored [230]. In the 
Seattle experience, aplastic anaemia patients 
had less GvH D when transplanted from B 8+ 
donors, and more of it with B18+ donors 
[231]. An interesting predictive mixed lym
phocyte skin test has been developed [232]. 
In addition, in skin explant cultures the per
centage of CD4+ population influenced the 
degree of GvHD [233]. 
Chronic GvHD, which may follow aGvHD or 
develop independently, has an even more 
complex physiopathology, with a distinct 
switch to autoimmunity [205-209]. It may 
mimic various connective tissue disorders, 
but most markedly progressive systemic 
sclerosis (PSS) and Sjogren's disease, 
which may progress to corneal perforation 
and blindness. 
Both acute and chronic GvHD have been de
scribed extensively [202,221,234), and they 
are still scored according to the original 
Seattle criteria [234], although some modifi
cations appear to be indicated [20]. 
Continuing educational interchange among 
centres has been advocated for a more uni-



form evaluation both of acute [199] and 
chronic [200] GvHD. 

Prevention and Treatment 

GvHD prevention has been and is still being 
attempted by means of a great variety of pro
cedures, which include physical, chemical 
and immunological treatment of the explanted 
marrow in order to reduce the T-Iymphocyte 
subpopulations which recognise and react 
against the recipient's tissue antigens. It is 
quite obvious that all these procedures com
promise both engraftment and GvL; since 
both effects have been observed most 
markedly in CML, immunological T depletion 
will be discussed in that section. 
Recently, an interesting approach was made 
by means of exposure of the marrow to uLtra
violet Blight,. which is capable of inactivating 
marrow T -lymphocytes while sparing HSCs 
[235]; however, no clinical studies have been 
performed yet. 
Soybean lectin agglutination and rosetting 
with sheep blood cells are being used effec
tively at MSKCC to eliminate T-cells from the 
inoculum [236]; however, an enhancement of 
both rejections and relapses was observed, 
which was partially obviated through the use 
of T-cell specific immunosuppressive mea
sures administered in the early post-trans
plant period. Counterflow centrifugation to 
deplete marrow lymphocytes has also been 
employed, either alone [237] or in combina
tion with the subsequent administration of ir
radiated donor buffy coat [238]. It appears that 
T -cell depletion by means of physical means 
has a less favourable influence on leukaemia 
relapse [170]. Full discussions of these prob
lems have been published [173,239]. 
The treatment of established GvHD consists 
of additional immune suppression, most 
generally with high doses of corticosteroids. 
New appro&ches include ATG, monoclonal 
antibodies, immunotoxins [240] and, for the 
chronic form, thalidomide [241]. 

Pulmonary Complications 

Pulmonary complications of AlloBMT have 
been divided in "early" and "late" [242]; the 
early ones include severe mucositis, the pul-

Allogeneic Bone Marrow Transplantation 133 

monary oedema syndromes including the 
capillary leak syndrome and the adult respira
tory distress syndrome (ARDS) [243], and IPn. 
The risk factors for IPn have been assessed 
carefully [244,245], and it has been estab
lished that the use of MTX for the prevention 
of GvHD, the dose rate of TBI given in a single 
dose and the severity of GvH 0 were all 
associated with increased risk for IPn. 
However, the experience with T-cell depletion 
indicates that severe IPn may appear even in 
the absence of GvHD [170]. IPn has been di
vided into idiopathic and secondary to viral 
infections, the most important of which is cy
tomegalovirus (CMV). The outlook for patients 
with this complication has improved consid
erably in relation both to earlier diagnosis 
with new techniques and to the combination 
of high-dose immune globulins and gangi
clovir (DHPG) [246,247], although late pro
gressive pulmonary deterioration has been 
reported [248]. 
Chronic obstructive lung disease (COLD) 
[249] is an infrequent late complication that 
has been recognised lately [250,251]; it af
fects approximately 10% of patients with 
cGvHD, but may uncommonly occur in the 
absence of clinical GvHD [252]. Lung function 
tests indicate worsening obstructive airway 
disease; the airflow obstruction tends to be 
progressive, and most patients die within 3 
years [252]. However, immunosuppressive 
treatment may be beneficial. 

Liver Complications 

Liver dysfunction following AlloBMT may oc
cur in over 80% of patients [253], ranging 
from mild and transient enzyme elevation to 
fulminant hepatiC failure. The major causes of 
liver damage include conditioning toxicity, 
GvHD, infections (especially viral and fungal), 
drug-induced liver injuries (parenteral nutri
tion, CyA, antibiotics) and the effects of bac
teraemia and hypotension [254]. Liver ab
normalities in acute and chronic GvHD in
clude cholestasis and hepatocellular necrosis 
of variable degrees. A diagnosis of liver 
aGvHD is likely to be correct when a typical 
multisystem GvHD develops and no signs of 
VOD (sepsis, shock, viral disease and drug 
injury) can be detected. Viral hepatitis may be 
caused by different agents (B, ~, non-A, non-
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B), and its incidence in these patients may be 
over 40%, owing to the extreme immune 
suppression and to blood transfusions [255]. 
The histological differentiation between hep
atic GvHD and non-A non-B hepatitis is often 
difficult [256,257]. In a recent study on 186 
patients, actuarial survival was not signifi
cantly better in patients with normal as op
posed to abnormal transaminases pre-trans
plant. Evidence of compensated hepatitis was 
not a relative contraindication for AlloBMT 
[258]. 
The prognosis of VOD is generally severe, 
and in some centres it was found to be a ma
jor cause of liver-related morbidity and mor
tality [259,260]. Recent data indicate that CyA 
plus MTX and increasing doses of ITBI are 
associated with a higher incidence of VOD 
[261]. These data, together with the findings 
in Genoa [258], suggest that a lower and 
slower TBI is more important than pre-trans
plant normal transaminase values in prevent
ing VOD. 

Chronic Myelogenous Leukaemia 

Chronic myelogenous leukaemia (CML) has 
become the major indication for AlloBMT 
[13,14,33,108,114,262] for 3 main reasons: 1) 
despite recent, exciting advances in the 
knowledge on the molecular biology of the 
disease [263-267] and the provocative per
spectives of treatment with alpha-IFN [269], 
there is not (yet?) any evidence of a medical 
cure of CML; 2) there is, instead, hard evi
dence that AlloBMT is capable of curing the 
disease [262,263,269-272]; 3) there is no real 
competition (yet?) between Allo- and 
AutoBMT, despite new, highly sophisticated 
techniques [136,272]. 
An estimated collection of 1500 patients with 
CML have been treated with AlloBMT; 1202 
are registered at the IBMTR and over 200 in 
Seattle [271]. Six hundred and sixteen pa
tients are in the EBMT registry [14]; they 
overlap with the IBMTR data, but were anal
ysed separately. The Genoa experience has 
been published and discussed elsewhere 
[262,273] 
The great majority of these patients were 
transplanted from HLA-D/DR identical sibling 

donors, and conditioned by the Seattle-model 
CY-TBI regimen (120 mg/kg CY followed by 
10-15.75 Gy, fractionated). However, there is 
no clear evidence that RT forms an essential 
component of the preparative regimen, and 
equally good results are obtained with the 
BU-CY protocol, and with its CY 120 reduc
tive modification [164]. Indeed, it would be 
quite unexpected if busulfan, which is the 
most typical stem cell suppressive drug, 
would not be active in suppressing the Ph
positive clone; on the other hand, one must 
also consider the potential pulmonary (and 
systemic) toxicity which might supervene in 
patients already treated for years with the 
same drug. 
Splenectomy, performed in a small group of 
patients, was followed by quicker engraft
ment, most probably due to the lack of HSCs 
being trapped in the spleen, but aGvHD ap
peared to be more severe [274]. In a retro
spective study of 210 patients with CML 
transplanted between 1980 and 1985, 105 
splenectomised and 105 not, neither splenec
tomy nor irradiation were found to alter sur
vival and relapse significantly [275]. It was 
concluded that debulking was of no value, 
and that routine splenectomy should be 
abandoned; however, this does not mean that 
the occasional large spleen resistant to all 
treatments should not be removed before per
forming transplantation. In addition, adjunct 
radiotherapy to the spleen has been found 
beneficial in some centres, e.g., in Genoa 
[273]. There is a prospective, randomised 
EBMT study that is specifically aimed at an
swering this question. No difference has been 
found. 
Quite a number of problems have arisen from 
the worldwide experience [262,265,266,269-
271], some of which were resolved, while 
others are still controversial. 

Timing of AlloBMT 

It is firmly established that the best results can 
be expected when AlloBMT is performed in 
CP, while survival and LFS are significantly 
worse in the accelerated (AP) and blastic 
(BP) phases. This is clearly shown in the 
IBMTR material (Fig. 4). After metamorphosis 
[276], not more than 15-20% of patients are 
capable of becoming long-term survivors 



[265]. although an encouragingly good esti
mated 55% LFS was obtained recently in 21 
patients conditioned with the BU-CY2 regi
men [164]. However. other data emphasise 
once again the increased risk and relatively 
poor results that occur when transplantation 
is deferred until signs of acceleration appear 
[277] (Figs. 4 and 5). 
Two new aspects may be added to the deci
sion making for AlloBMT in advanced CMl. 
Firstly. while a cohort of patients with no addi
tional cytogenetic abnormalities had a 3-year 
risk of relapse of 31 %. this rose to 73% in pa
tients with trisomy 8. double Ph or variant Ph 
[278]. Secondly. since in patients with lym
phoid BC a CR may be induced with com
parative ease and without excessive toxicity. 
deferral of transplantation is warranted until 
remission is achieved. 
An unresolved controversial issue remains 
timing within the chronic phase (CP); since 
TRM is still excessively high (about 30%). it 
would appear reasonable to defer transplan
tation for 2 or 3 years. especially in those 
cases which appear to have a slower pace of 
disease. as deduced from staging [279]. dura
tion of first remission [230] and sensitivity to 
busulfan [265.269]. A computerised. decision
assisting programme has been proposed by 
Segel et al. [281]. but is not widely utilised. It 
has been consistently reported from Seattle 
that there was a better LFS associated with a 
shorter interval from diagnosis to transplant 
[271.282]; however. this aspect has not been 
confirmed in the most recent IBMTR study 
[283]. A comparison of these data is shown in 
Table 6. 
In a subset of 29 patients conditioned with CY 
120 and fTBI 12 Gy. given MTX and CyA and 
transplanted within a year of diagnosis. the 
probability of survival at 5 years was over 
95% [271]. 
If the duration of CP could really be assessed 
by means of molecular abnormalities of ber 
and c-ab/. as has been suggested [284-286]. 
then clinicians would have an important in
trinsic factor indicating the evolution of the 
disease. However. conflicting studies have 
been published [267.287.288]. 
In spite of extensive research. the precise role 
of oncogenes in the pathogenesis of human 
leukaemia is fairly unknown [289]. However. 
the recent demonstration that a myeloprolif-
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Fig. 5. The effect of disease status at transplant on 
relapse. Data from the IBMTR 

erative syndrome mimicking human CML re
sulted from reconstituting irradiated mice with 
marrow infected with a retrovirus encoding P 
210 ber/ab/ has shown that this hybrid protein 
may indeed cause irreversible clonal myeloid 
cell proliferation [290]. Notwithstanding this 
exciting breakthrough. the timing of transplan
tation is still, in the end, both a medical and a 
philosophical decision [16]. 
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Table 6. Comparison of actuarial data from the Seattle and the IBMTR series of patients transplanted for CML in 
chronic phase 

No. of patients 
Probability of survival 
Probability of relapse 
Probability of survival 

Diagnosis to transplant < 17 months· 
Diagnosis to transplant> 17 months· 

IBMTR 

405 
0.55 
0.19 

0.57 
0.54 

SEATTLE 

190 
0.65 
0.24 

0.73 
0.54 

• IBMTR: 202 patients in each group; Seattle: 115 patients < 17 months and 75 patients> 17 months 

Age 

There is no doubt that the younger the pa
tient, the better the outcome [261,264,270]. 
This relates primarily to the higher incidence 
of complications (TRM, GvHD, IPn) in the 
older patients. However, when survival was 
analysed by decade, no significant difference 
was seen in the IBMTR analysis between re
sults of AlloBMT in the third, fourth and fifth 
decades of life [282] (Fig. 6). The upper age 
limit is, at present, undefined. Juvenile CML, 
although superficially resembling "genuine" 
CML, is an entirely different myeloproliferative 
disease, and is mentioned here only because 
of the age issue. Of 14 children with JCML 
between the ages of 2 and 5 years who re
ceived AlloBMT (6 from HLA-identical siblings 
and 8 from HLA-non-identical family mem
bers), 6 survive in continuous remission [288]. 
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Fig. 6. The influence of age on leukaemia-free survival 
after AlloBMT for CML in chronic phase. Note that the 
difference between the 4th decade and beyond is almost 
negligible. Data from the IBMTR 

Relapses 

While the probability of relapse is high after 
transplantation for patients in AC/BP, it is 
significantly lower in CP for patients given 
unmanipulated marrow. In these patients, if 
pure cytogenetic relapses are excluded (see 
later), the probability of relapse may be esti
mated at 20%, but it may attain higher rates 
with the passing of time. While relapses in 
patients having been transplanted in ad
vanced CML are typically of the blastic phase, 
3 different patterns have been identified for 
those relapsing after AlloBMT in CP 
[265,269]. Cytogenetic relapse indicates 
those cases in which a varying proportion of 
marrow of recipient origin again displays Ph 
positivity. This pattern may progress to full
blown haematological relapse, which is the 
second pattern, but may also recede 
[292,293]. Reversal from cytogenetic relapse 
(recipient) to normal (donor) marrow may oc
cur after discontinuation of CyA [294], thus 
confirming the down-regulating effect of this 
immunosuppressive drug on the post-trans
plant adoptive immunosurveillance (Fig. 7). 
Encouraging results have been obtained 
utilising alpha-IFN in full dosage [295,296]. In 
a cohort of 18 patients relapsed after TCD 
AlloBMT and treated with alpha-2b IFN, 
although no patient with haematological re
lapse became Ph-negative, 8 out of 14 pa
tients with cytogenetic relapse did not 
progress to haematological relapse, and 2 
achieved complete cytogenetic remission 
with disappearance of the bcr rearranged 
band [297]. 
Finally, there may be a straightforward blastic 
relapse, which occurred, in a Genoa case, 5 
years after AlloBMT, indicating that the rare 
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Fig. 7. Cytogenetic patterns after AlloBMT for CML in CP observed in Genoa (GE) and in Pesaro (PS). In some cases, 
discontinuation of cyclosporil'l (CS) was attended by reversal from Ph-positivity to negativity. This behaviour was more 
frequent in T-cell depleted transplants 

surviving host Ph-positive cells had under
gone a silent transformation, just as they were 
programmed to do according to the natural 
history of the disease. 
A fourth type of relapse was identified re
cently, which could be defined as molecular 
relapse. Since the demonstration that bcr-abl 
translocation could be detected by the poly
merase chain reaction (PCR) modified to use 
mRNA as the starting material, thus detecting 
the specific RNA transcript with a sensitivity 
(in clinical material) evaluated as 100 or 1000 
times greater than that of cytogenetic tech
niques [298], many studies have been pub
lished, often with conflicting results [299-306]. 
In a number of patients no bcr-abl message 
could be found after transplantation, thus 
suggesting, but not proving, that long-term 
survivors are truly cured [298]. However, in 11 
out of 12 patients in clinical and cytogenetic 
remission, the bcr-abl transcript was detected 
3 months to 6 years after transplantation 
[303]. The hypothesis that a Ph-positive 
"Ianthanic" microclone may persist, held in 
check by the GvL effect, is strongly reinforced 

by the observation that the same group that 
had obtained negative findings after unma
nipulated AlloBMT found positive PCR reac
tions in patients who had received TCD mar
rows [303]. However, even in these cases a 
slow evolution of the relapsed leukaemia has 
been observed in some cases, suggesting a 
"low grade" disease because of an alteration 
of the biological tempo, conceivably induced 
by other donor-derived lymphoid cells [304]. 
CytogenetiC and molecular genetic methods, 
including Southern blot analysis of DNA, 
complement rather than replace each other 
for the detection of residual Ph-positive cells 
after AlloBMT. However, the sensitivity of the 
PCR reactions has been further enhanced by 
the introduction of the 2-step technique [301]. 
Since it appears that in a significant number 
of patients the leukaemic clone may survive 
for several years after AlloBMT before it is 
actually eradicated, the finding of residual 
leukaemia by PCR in the first years after 
transplantation could have less ominous 
prognostic significance than believed previ
ously [305] (Fig. 8). 
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Fig. 8. The various alternative fates of the leukaemic 
clone after BMT for CML. Line A denotes the threshold 
for detection of residual leukaemia by clinical criteria. 
Line B denotes the threshold for detection by 
cytogenetic criteria. 1, steady increase in leu~aemic 
clone and eventual relapse; 2, leukaemic clone 
increases above threshold of detection by cytogenetics 
but does not progress to clinical relapse; 3, leukaemic 
clone persists and is never eradicated; 4, leukaemic 
clone gradually eliminated over years; 5, leukaemic 
clone rapidly eliminated. Patterns 1 and 2 are known to 
occur, while patterns 3-5 are hypothetical. From [305], 
with permission 

Unrelated Marrow Donors 

Since the majority of CML patients lack HLA
identical siblings, suitably matched, unrelated 
donors (MUDs) have been utilised. In the 
most recent experience of 4 centres [132], 82 
patients, 44 of whom in CP and 38 in AP, 
received AlloBMT from unrelated donors. The 
Kaplan-Meier estimates of survival at 2 years 
for the entire group (All) and for the matched 
and mismatched groups are shown in Table 
7. This report has been updated very recently 
to comprise 102 patients [307]. 

In a former contribution, the results appeared 
to be comparable for CP patients whether the 
donor was fully matched or 1-locus mis
matched [132]. In the London Hammersmith 
experience, the actuarial survival at 2 years of 
22 patients (20 in CP and 2 in AP) is 35% 
[130]. In a large IBMTR study of 470 unrelated 
transplants (for all diseases), it was confirmed 
that increased HLA disparity was associated 
with decreased disease-free survival [308]. 
However, if there will be no major break
through in alternative directions, there is no 
doubt that the use of MU Os for CML patients 
will steadily increase. 

T-Cell Depletion and the GvL Effect 

These problems are common to all 3 main 
types of leukaemia [168-170,211]; however, 
they are most prominent in CML [309,310]. In 
a recent IBMTR analysis, the highest proba
bility of remaining in remission (>90%) was 
found for patients with mild to severe cGvHD 
having received a T-replete marrow, while the 
lowest was found in patients having received 
TCD marrows and not having developed any 
type of GvHD [283]. The influence of higher 
doses of TBI in this context for prevention of 
relapse was ascertained in a retrospective 
study in Genoa [150]. 
In addition, although not exclusively in CML, 
3 other, different but intimately related phe
nomena were shown to be associated with 
TCD, i.e., delayed haemopoiesis of donor 
origin, thus allowing a growth advantage to 
the residual leukaemic cells [311,312], the 
presence of radiation-induced chromosomal 
abnormalities in recipient cells [313] and 
haemopoietic mixed chimaerism [182,183]. It 
has been postulated that the host biology and 
the disease burden are different in CML [314], 
in which the disease is not minimal at the time 

Table 7. Unrelated AlloBMT for CML: experience of 4 centres 

Percentage 95% Confidence 
Group No. Median age surviving interval P 

All 82 29 32% 17-47% 

Matched 44 31 40% 20-60% 
0.20 

Mismatched 38 27 22% 2-42% 
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and identical twin transplantation on the probability of 
leukaemia relapse. From [320]. with permission 

of transplantation. Treatment with alpha-IFN 
before AlloBMT in order to obtain real MRD 
would not seem unreasonable [315]. 
However, preliminary observations seem to 
indicate a slower haemopoietic reconstitution 
in patients so treated, perhaps in association 
with the marrow fibrosis induced by IFN. 
There is no doubt that the immune-related 
mechanisms connected with the graft are ac
tive in eradicating MRD surviving cytotoxic 
marrow ablation, and contribute substantially 
to the ultimate therapeutic effect [175,227, 
229,317,318]. However, although in rodent 
models GvL and GvH reactivity are mani
fested by separate as well as overlapping cell 
subpopulations [228,317,318], the situation is 
more complex in man, where this type of dis
section was attempted more indirectly (Fig. 9). 
Three separate components were postulated 
to exert this additional antileukaemia effect: 1) 
antileukaemia activity associated with clini
cally evident GvHD; 2) antileukaemia activity 
mediated by allogeneic (but not syngeneic) 
donor cells that can operate in the absence of 

Table 8. Effect of 3 different. immune-related 
components of AlloBMT on leukaemia relapse [from 322] 

ALL 
AML 
CML 

T-cells 

++ 
+ 

++++ 

GvL 

++ 
++++ 

+ 

GvHD 

++++ 
++++ 
++++ 
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GvHD; and 3) antileukaemia activity inde
pendent of GvHD mediated by both allo
geneic and syngeneic donor cells, that is, 
weakened or abrogated by TCD [320]. The 
GvL effect was evaluated differently, and it 
was proposed that it may represent 50-150% 
of the magnitude of the conditioning proce
dure [318]. However, in a recent study it was 
calculated that it contributes the equivalent of 
1 log cell kill to the eradication of MRD surviv
ing after conditioning [321]. In considering the 
relapse rates of 4 types of transplants (HLA
identical, TCD grafts; twin transplants; HLA
identical, T-replete transplants with or without 
GvHD), the following evaluation of the 3 com
ponents mentioned above was presented re
cently [322] (Table 8). 
Although it is still impossible to exploit 
"controlled" GvHD in man [333], the inten
tional induction of an autoimmune syndrome 
mimicking cGvHD by means of CyA was at
tempted in AutoBMT for malignant lym
phomas [324]. Whether this will turn out to be 
significantly beneficial remains to be ascer
tained. Reverting to AlloBMT, and more 
specifically in the related, non HLA-identical 
setting, it was found that, although TCD did 
not improve DFS, there was no significant in
crease in relapse rates. This was related to 
the fact that, unlike aGvHD, cGvHD was not 
significantly different for the T-replete and 
TCD cohorts (Fig. 10 and 11). 
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Fig. 10. The effect of T-cell depletion on graft failure. 
acute and chronic GvHD. and interstitial pneumonitis. 
From [170]. with permission 



140 A.M. Marmont 

1.0 

• Not T-cell Depleted 

QI 
0 T-cell Depleted 

1/1 0.8 Co 
CII 
Qj 
It -0 0.6 
>-
== P < .0001 :0 
CII ..c 0.4 
2 P<.05 P < .007 

D.. 

0.2 

172 
0.0 

ALL AML CML 
Disease 

Fig. 11. The effect of T-cell depletion on relapse in 
early leukaemia. This effect is particularly outstanding in 
CML. From [1701. with permission 

Be this as it may, it is certain that the most 
unfavourable impact of TCO on leukaemia re
lapse after AlloBMT is found in CML, and that 
the procedure should be attempted only in 
special circumstances with high risk factors 
for GvH 0, and even 'so with appropriate com
pensating procedures. These are shown in 
Table 9, taken from Goldman [265], with some 
modifications. 
In a computerised model developed in an 
already mentioned IBMTR study [170], the 
optimisation of the controllable variables that 
influence the outcome of TCO AlloBMT, such 
as the technique of TCD and of post-trans
plant IS, was attempted; in the best situation, 
with all 6 variables optimised, LFS was pre
dicted to be 62%. This is, of course, a theoret
ical calculation, but it may turn out to be'use
ful in selecting both patients and procedures. 

Table 9. Possible approaches to reduce relapse for 
recipients of TCD donor marrows 

1. Intensified conditioning. including TBI 
2. Partial or selective TCD 
3. Addition of titrated fresh or radiated T-cells. or of 

selected subpopulations 
4. LAK cells post BMT 
5. Alpha-IFN post BMT (timing and dosage to be 

determined) 
6. GM-CSF or IL -3 post BMT 
7. Other Iymphokines 
8. Programmed optimisation of variables (see below) 

The Acute Leukaemlas 

Acute Myeloid Leukaemia 

The number of patients who have undergone 
AlloBMT for AML is now quite high: as of 
1989 there are over 2000 cases in the IBMTR 
files, which also contain data from the EBMT 
Registry, which in turn includes 754 patients 
[14]. Including the independent Seattle data, 
over 3000 cases may be conservatively esti
mated. 
This cumulative clinical material is, of course, 
quite heterogeneous, since it comprises pa
tients of all ages, in different stages of their 
disease (early, intermediate and advanced), 
with different subtypes of AML, different tu
mour burden and pace of disease, and with 
different types of conditioning and prophy
laxis for GvHD. Although the great majority of 
these patients have received the CY-TBI ba
sic protocol, with the modified regimens that 
have been discussed previously, the solely 
chemotherapeutic BU-CY regimen has pro
duced superimposable, if not occasionally 
superior, results, both in its original [156,160] 
and modified [163] versions. The importance 
of an effective adequate irradiation dose in 
the CY-TBI regimen has been demonstrated 
[150]. 

Factors Influencing the Outcome of 
Transplantation 

Foremost among the intrinsic factors, remis
sion status is the main factor influencing LFS, 
independently from leukaemia category 
(AML, ALL, CLL) and subtype. 
Transplantation performed in advanced 
leukaemia is penalised both by excessive 
TRM and relapse incidence (RI), so that it is 
quite impressive that, of the original 54 pa
tients with end-stage, refractory AML who 
were transplanted between 1970 and 1975 in 
Seattle, 6 are alive and well 11-15 years after 
grafting [325]. However, the same group 
transplanted AML patients in CR1 as early as 
1979, 58% of whom are alive between 9 and 
10 years after transplantation [16,326]. In an
other update of 20 patients with AML, the ac
tual 4-year and actuarial 10-year survival was 
60%, with a 4- and 10-year RI of 14% [327], 



thus confirming the rarity of the late and very 
late relapses that were discussed previously 
[181,186]. The key role of CR1 status in en
suring a favourable outcome has been con
firmed and stressed in all recent surveys 
[11,14-16,23,33,108-110,328], and is shown 
most clearly in Fig. 12, reporting the most re
cent IBMTR data. The RI between 10% and 
20% of these CR1, adequately induced and 
subsequently transplanted patients suggests 
that there is a hard core of very malignant 
leukaemia which is not curable at this time. 
When it comes to patients relapsed after CR1, 
it has been shown that there is no advantage 
to reinduce them into CR2 rather than giving 
them a straightforward transplant [16,329]. 
Age is certainly the second most important 
factor influencing outcome. There is an in
crease of TRM decade by decade, with a 
marked increase above the age of 20-25 
[16,33,108-110,328-330]. Although this is a 
general rule, some experiences differ. In a re
cent Minnesota study, the overall LFS was 
almost identical (52%) in children and adults 
with AML; it must be pointed out, however, 
that the age cutoff was 18 [331]. In other clini
cal studies specifically' dealing with children 
and adolescents, the outcome has been even 
better [332], attaining a 59% LFS at 2 years 
and beyond [333-334]. 
Coming to other risk factors, a high number of 
WBC (>75x109/I) was an important risk factor 
in a recent IBMTR analysis [112]; the relative 
risk of relapse (RR) for patients with initial 
WBC above 75x109 /1 was 2.28 (p<0.04) 
compared with those with counts below that 
level (RR=1). Counts were correlated with 
FAB subtype, being Significantly higher in the 
M4-M5 subtypes than in the M1-M3 ones. 
Organ impairment at the time of transplant 
was also a significant adverse factor. 
Among the extrinsic factors, which are par
tially or totally dependent on the physicians, 
the adverse effect of the female-to-male 
combination was found to be minimal in AML, 
except in "bad risk" cases [113]. The effects of 
CMV infection are somewhat contradictory 
[225-226]. 
Differently from ALL, as will be discussed 
later, GvHD prophylaxis with CyA rather than 
MTX is a significant favourable factor 
[14,33,109]. The adverse effect of TCD on RI 
has already been discussed previously, and it 
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Fig. 12. The effect of disease status at transplantation 
in 2018 patients with AML. The difference between 
patients in CR2 and in first relapse is not significant. 
Data from the IBMTR 

has been pointed out that it is significantly 
less than in CML. 
A study on regional differences in outcome 
has been recently performed in Europe [335]. 
There were clear differences in diagnostic 
categories and leukaemia subtypes, as well 
as in the time intervals between diagnosis 
and transplant for AML and CML-CP patients. 
No centre effect could be detected, and TRM 
was identical in all regions if the major risk 
factors were taken into consideration. 
Relapse incidence was, however, greater in 
the southern region, yet the number of pa
tients originating from the same region was 
small when compared with the data collected 
subsequently, so that another study specifi
cally addressed to this issue is in progress. 

Transplant or Chemotherapy. Timing 
and Incorporation in an Integrated 
Study 

A three-pronged attack against the ALs, and 
most particularly against AML, is currently 
being performed by means of aggressive 
multidrug CT, AlloBMT and AutoBMT. There 
is much debate in favour or against each of 
these 3 procedures [16,27,110-112,336,337]. 
It has been pOinted out that there is consider
able overlap, and factors such as patient se
lection and loss of bad-risk patients before 
transplant may have overshadowed evalua
tion [111,112]. In addition, each of the 3 pro
cedures is gradually improving, so that the 
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results of prospective studies may reflect 
more the past than the present. As recently 
stated by Santos, "Further trials of 
chemotherapy versus allogeneic marrow 
transplantation for ANLL will add little to sat
isfy those critics who are on one side or the 
other of the issue" [328]. 
Out of a number of single-centre studies 
[338,339], the most significant comes, again, 
from Seattle, with a subsequent 5-year follow 
up. The patients were compared in 3 ways, 
and significantly more patients are alive in 
CCR at ~5 years in the transplant group 
[340,341]. However, improved recent results 
with high-dose cytarabine and daunorubicin 
as consolidation have again emphasised the 
areas of overlap [342,343). An illuminating, 
albeit only retrospective, analysis of the 
EBMT-EORTC has compared LFS from CR1 
in 236 patients treated with CT (EORTC,AML-
5 and AML-6), 453 patients having under
gone AlloBMT and 182 AutoBMT [344]. The 
age at diagnosis was restricted to between 15 
and 45. The results of the proportional haz
ards of CT as compared to AlloBMT and 
AutoBMT in terms of LFS are shown in Table 
10. 
In considering an overall strategy for AML, 
since the majority of results worldwide indi
cate about 30% LFS in patients transplanted 
in first relapse and/or in CR2 [111,112], a 
strategy has been proposed to delay trans
plantation to the situation mentioned above, 
in order to avoid transplanting potentially 

cured patients. However, since organ im
pairment is an important risk factor [344], and 
cumulative toxicity from consolidation CT plus 
intensive conditioning may be hazardous, no 
conclusive guidelines may be given. Two 
concomitant EORTC prospective trials are 
attempting to answer these questions. 

Second Transplants 

Second AlloBMTs in patients with any type of 
leukaemia having relapsed after a first trans
plant are justified by the practically inexistent 
curative potential of repeat CT. A first group of 
attempts met with variable results [345-349]. 
Subsequently, 26 patients received second 
transplants in Seattle [350], and other 90 
have been assembled in an EBMT report 
[351], so that one may now estimate that there 
are over 150 worldwide. The subject is dis
cussed in this section because the greatest 
number of patients were affected by AML, 
followed by CML and ALL. 
Most of the patients received a BU-CY regi
men for conditioning, although in a few cases 
a repeat CY-TBI regimen was applied. 
Perhaps the most important finding of the 
Seattle study [350] was that the interval be
tween the first and the second transplant is an 
important factor in determining outcome. 
TRM, including VOD, was very high in those 
patients who underwent AlloBMT <1 year 
after the first transplant, while those who sur-

Table 10. Proportional hazard analysis of CT as compared to Allo- and AutoBMT. Leukaemia-free survival from CR is 
analysed ' 

Relative 95% confidence 
Regression risk· intervals 
coefficient p ~ ~ 

Allogeneic BMT vs. chemotherapy 
within 6 months of transplant -0.083 0.52 0.92 0.71-1.19 

Allogeneic BMT vs. chemotherapy 
after 6 months of transplant -0.727 <0.01 0.48 0.34-0.68 

Autologous BMT vs. chemotherapy 
within 6 months of transplant -0.262 0.13 0.77 0.54-1.09 

Autologous BMT vs. chemotherapy 
after 6 months of transplant -0.242 0.27 0.79 0.51-1.21 

• Risk of relapse or death relative to chemotherapy at equivalent times after first complete remission 



vived 1 or more years after the initial trans
plant had less TRM and improved survival 
after the second one. 
In the EMBT survey [351], factors significantly 
favouring survival and probability of LFS 
were: an interval greater than 1 year between 
first AlloBMT and relapse, and second trans
plant carried out in remission of AL or in CP of 
CML. While overall survival was meagre 
(11.5%), and nil for patients transplanted 
within 1 year from first transplant, it grew to 
35% for patients transplanted> 1 year, and at
tained 55% for patients transplanted > 1 year 
and in CR/CP. Both studies pointed out that 
the procedure is similar to a syngeneic 
transplant, but, nevertheless, there was signif
icant GvHD [350]. Low-toxicity conditioning 
regimens were recommended. 
In a 22-year old female patient with CML in 
CP1 transplanted from an HLA-identical sister 
after TCD in Genoa [345], a first cytogenetic 
and subsequently haematological relapse 
took place starting on day +772. She was 
given a second, unmanipulated transplant 
1074 days after the first, after a complete BU
CY regimen, but has relapsed again starting 
on day +843. A third transplant is currently 
being evaluated. 

Myelodysplastlc Syndromes (MDS) 
and Secondary (Therapy-Related) 
Syndromes 

There are many reasons for discussing these 
conditions under a single heading: secondary 
or therapy-related AML (sAML) is generally 
preceded by a prolonged myelodysplastic 
andlor oligoblastic stage [352-354], and both 
conditions are characterised by the paucity or 
near absence of normal HSCs, so that ag
gressive CT is more likely to produce irre
versible aplasia rather than a remission. The 
toxicity of aggressive CT is substantial, and 
no study hCiS demonstrated an overall sur
vival advantage [355]. This is especially true 
for the therapy-related MDS-AML syndrome, 
with its well-known defects of chromosomes 7 
and 5, the latter implying deletion of genes 
critical to haemopoiesis [356-358]. In all these 
situations, the administration of allogeneic 
HCSs is indicated, and there is much less 
competition both from CT and AutoBMT. 
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In spite of all this, there are still reasons for 
making a separation between the idiopathic 
and the therapy-related conditions. Apart from 
the strategic chromosomal abnormalities, 
which have been pOinted out previously, 
these patients have already been heavily 
treated with CT and RT, and are more sus
ceptible to being saddled with multiple, even 
if not prominent, organ impairment. There is 
more affinity between therapy-related MDS 
and ANLL than between the former and idio
pathic MOS. For these reasons, the 2 condi
tions will be discussed separately. 

The Mye/odysp/astic Syndromes 

Although there is considerable heterogeneity 
in the FAB classification, which lumps to
gether such widely differing entities as the re
fractory and sideroblastic anaemias (RA and 
RARS) and RAEB-T, with its marked overlap 
with oligoblastic AML, it will be adhered to for 
clarity [357]. 
Since there are important prognostic differ
ences between the genuine anaemias and 
the o/igob/astic states [360,361], most patients 
have been transplanted for the latter 
conditions. Little more than 20 patients with 
RAIRARS have been transplanted worldwide 
[362,363]; relapses are significantly rarer than 
in the oligoblastic states [364], but have oc
curred [362]. Relapses have also occurred in 
oligoblastic MDS when conditioning had 
been limited to CT with CY only [364]. It is ac
cordingly essential to distinguish hypoplastic 
MDS from aplastic anaemia, since the 
preparative regimen for MDS should be as for 
leukaemia patients [365]. 
A series of Single-centre studies have re
ported long-term LFS in approximately half of 
the patients [367-369]. Two important surveys 
have been performed [363,369], one of which 
is still being perfected [363]. In the EMBT 
study, including 78 patients transplanted in 
Europe between 1982 and 1988, 2-year LFS 
was 58% for untreated RA, 64% for untreated 
RAEB and 50% for untreated RAEB-T [369]. In 
the therapy-related states (MDS/ANLL), the 
best results were obtained when the patients 
were transplanted in CR obtained with CT, 
but it was recognised that patients with 
hypocellular or myelofibrotic marrow are not 
likely to respond favourably to CT. The IBMTR 
study includes 123 patients; preliminary data 
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Fig. 13. Probability of leukaemia-free survival for 
patients transplanted (HLA-identical sibling donors) for 
myelodysplastic syndromes without or with overt 
leukaemia. Data from the IBMTR 

indicated that the best results of BMT are 
likely to occur when patients are transplanted 
in the preleukaemic stage rather than after 
evolution into AML [363] (Fig. 13). 

Secondary Leukaemias 

The main question for sAML, and more gen
erally the sMDS/AML syndrome, is whether 
the transplant should be performed after 
having achieved CR by means of CT, or di
rectly. The EBMT data are in favour of the first 
type of strategy [369]; however, there are 
single case reports in which straightforward 
AlloBMT was followed by success [370,371]. 
In a preliminary analysis performed on 17 
published patients, data indicated that 
AlloBMT was successful in half of the cases 
with overt disease; in addition, TRM, rather 
than relapse, was the main cause of death. 
No strict policy should be adhered to in sAMl. 
When the cytologic, cytokinetic and cytoge
netic features mimic de novo AML, and the 
tumour burden is high, there is little doubt that 
the induction of remission should be at
tempted before transplant. When the disease 
follows an indolent, smouldering course, an 
upfront transplant may be performed without 
running into the risks of a complicated remis
sion induction with CT [371]. 

Acute Lymphoblastic Leukaemia 

ALL is the most frequent childhood cancer, 
perhaps also in relation to the cellular devel
opment of immunity [373], and accounts for 
approximately 20% of adult AL [373]. The 
disease is markedly heterogeneous, and the 
most striking clinical feature is the therapeutic 
dichotomy between childhood and adult ALl. 
Recent trials indicate 80-90% 3- to 5-year 
LFS in children with standard risk disease, 
and also in high-risk patients intensive CT 
has improved results to approximately 70% 
[374,376]. In adults, however, it is a common 
notion that LFS is approximately 35% [377]. 
The reasons for this discrepancy are still un
clear, but intrinsic characteristics of the 
leukaemic cells (higher proportions of B-Cell 
and CALLA-positive ALL in childhood versus 
more T-cell and nUll-cell, and more frequent 
Ph-positivity in adults) and perhaps also a 
greater tolerance to drugs in children may ac
count for the difference [378]. In addition, hy
brid ALL is significantly more frequent in 
adults [379]. 

Acute Lymphoblastic Leukaemia in Children 

Over 2,000 AlloBMTs have been performed 
for patients with ALL, but only selected chil
dren with very poor prognosis have been 
transplanted in CR 1. These typically include 
very high WBC and infants of less than 1 year 
of age; however, a recent evaluation of the 
BFM groups considers only the categories 
which are shown in Table 11 [380]. 
The presence of myeloid markers, indicating 
hybrid leukaemia [379], should perhaps also 
be considered [381]. Single-centre studies 
have given reasonably good results for this 
high-risk group of patients, with LFS ranging 

Table 11. High-risk groups of ALL in children for which 
AlloBMT should be considered in CR1 

Late responders 
Steroid nonresponders to initial corticotherapy 
Ph-positive ALL 
Certain translocations (e.g., t(4;11)) 



from 40% to 76% [382,383]. This has been 
confirmed in multicentre studies [384], and 
most particularly in a recent IBMTR analysis 
in which, despite very poor prognostic factors, 
there was a 5-year 56% LFS in 56 children 
who had been transplanted in CR1 [385]. 
It is not surprising, then, that the great majority 
of transplants for children with ALL has been 
performed in CR2, where initial studies had 
shown a clear advantage of AlloBMT over CT 
[386-388]. However, improved salvage proto
cols have changed the situation once again, 
and it is widely accepted that the date of re
lapse, whether within or after 18 months post
remission, dictates further policy, that is, to
wards transplantation «18 months) or CT 
(> 18 months) [375,388,389]. This is clearly re
lated to what Barrett has called "pace of dis
ease" [390], i.e., intrinsic faster tumour cytoki
netics. However, to rely entirely on CT for: re
lapsed ALL children is perhaps unjustified 
and, as already stated, AlloBMT may be a 
passing phase in the management of AL in 
childhood, particularly in ALL, but its time has 
not yet gone [116,117]. 
As already indicated, ALL in adults carries a 
much poorer prognosis, so that transplanta
tion in CR1 is certainly more justified 
[146,391] (Fig. 14). In the first IBMTR study, in 
which most of the patients were adults and 
many had additional risk factors, LFS after 
AlloBMT was approximately 45% in CR1 and 
20% in CR2 [384]. In the second study, 5-year 
LFS was 39% in adults transplanted in CR1, 
while for both children and adults in CR25-
year LFS was 26% [385]. The utilisation of a 
hyperfractionated TBI regimen has already 
been discussed in the section on condition
ing, and has been found useful both at 
MSKCC [143-145] and in Genoa [146]. 
Somewhat surprisingly, the IBMTR study has 
shown a significantly higher risk of relapse 
associated with the use of CyA and TCD to 
prevent GvHD as compared with methotrex
ate (MTX) in both CR1 and CR2 transplants 
[385,392]. The question of TCD favouring re
lapse has already been discussed in the sec
tion on CML, where this effect is most appar
ent; in any case, it is much less evident in ALL 
[147,168-170] than in the ALs in general 
[393]. MTX was associated with a 5-fold de
crease in Rl in CR1 transplants and a 3-fold 
decrease in CR2. However, no improvement 
in LFS was observed in the MTX-treated pa-
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tients due to increased mortality from IPn. 
Corticosteroids combined with MTX or CyA 
were associated with a 2.8-fold increase in 
LFS in CR1 adult transplants. The reduced Rl 
in patients treated with MTX was interpreted 
as being due to the drug's direct an
tileukaemia effect, since it perSisted after 
correcting the data for incidence and severity 
of GvHD [385,392]. Closely similar results 
have been reported by a Swedish group 
[394]. However, that this may perhaps not be 
the whole story is suggested by a recent, ran
domised study from Genoa, where the actuar
ial risk of relapsing for 38 patients grafted in 
CR1, 19 with 1mg/kg and 19 with 5mg/kg, 
was 7% and 42%, respectively, with no clear 
correlation with the incidence of GvHD [395]. 

Transplant versus Chemotherapy 

The situation is in even greater flux that in 
AML, mainly because direct comparison of 
the results of CT and AlloBMT trials is ham
pered by the differences in patient selection 
and exclusion of patients from transplant 
series whose remission is too brief to allow a 
transplant to be performed [337,396]. An im
portant clinical study combining the IBMTR 
results for 252 ALL patients transplanted in 
CR1 and the German Multicentre ALL 
Therapy Trials (GMATT) results for approxi
mately 400 patients treated with the 1988 
Hoelzer protocol [397] is being completed 
[398]. The probabilities for LFS have been 
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Fig. 14. The effect of disease status for 1657 patients 
with acute lymphoblastic leukaemia. Data from the 
IBMTR 
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Table 12. Transplantation versus chemotherapy in ALL 1 

Transplant 1st Chemotherapy 1st 

COHORT Trans- Chemo-
plant Rescue2 Total therapy Rescue Total 

Children3 55% 5% 60% 60-70% 10%4 70-80% 

Adults 45% 5% 50% 35% 15%5 50% 

1 Data are summarised from the literature cited and the IBMTR 
2 Assumes a 30% relapse rate with a 10% outcome of chemotherapy rescue 
3 High-risk only 
4 Assumes a 30-40% relapse rate with a 35% outcome of transplant in second remission 
5 Assumes a 65% relapse rate with a 20% outcome of transplant in second remission 

calculated after adjustment for number of pa
tients, disease characteristics, and censoring 
of early relapses for the transplant group, and 
the results suggest that CT and AlloBMT are 
comparable for adults with All in CR1. In 
contrast, transplants in adults in CR2, which 
result in a minimum of 20% 3-year lFS, are 
clearly superior to CT. 
Notwithstanding considerable controversy 
[375,377,399,400], the present situation is 
adequately synthesised by Butturini and Gale 
[396] in Table 12. 
Similarly to what has already been discussed 
in the section on AMl, it appears that 2 alter
native strategies may be developed for ALL. 
In the first, AlloBMT is performed in CR1, and 
CT is used to rescue relapsed patients; sec
ond transplants may also be considered, and 
MUDs can and must be searched for when it 
is perceived that transplantation offers more 
chances than CT. The alternative. strategy. ad
vocates initial aggressive CT, with AlloBMT, 
when feasible, as a rescue measure for pa
tients who relapse. Results of these alterna
tive approaches are indicated in Table 13, 
taken from the same authors [396]. 

Other Haematologlcal Malignancies 

Lymphoprollferatlve Diseases 

Chronic lymphocytic leukaemia (Cll) is most 
generally treated by medical means [401-
403], and there are few indications for 

AlloBMT. However, 9 patients have been re
ported recently by Michallet et al. [404]: 8 
were in advanced, refractory stages while 1 
patient was transplanted as primary treat
ment. In all cases, there was evidence of CR 
with successful engraftment. Five patients are 
in lFS with a median follow up of 20 months, 
1 relapsed and 2 died of transplant-related 
toxicity. Cll is a disease of the elderly, and it 
is quite unlikely that a patient should undergo 
transplantation; however, it appears that it is 
feasible for very special cases. 
There has been little progress in the treat
ment of patients with multiple myeloma, and 
the average survival time is still only about 3 
years [405]. AlloBMT is up to now the only 
therapeutic measure capable of achieving 

Table 13. Alternative strategies of transplantation 
versus chemotherapy in ALL in first remission 

3-5 year leukaemia-free survival 

1 st Remission 
Children (high risk) 
Adults 

2nd Remission 
Children « 18m)1 
Children (> 18m) 
Adults 

Chemotherapy 

60-70% 
35% 

<5% 
20-40% 

<5% 

> 3rd Remission 0 

1 st remission < or > 18 months 

Transplants 

55% 
45% 

20% 
30-40% 

20% 

15% 



long-term disease-free survival. There have 
been many single-centre studies, and both 
the modified BU-CY regimen [165] and high
dose multi-agent chemo-radiotherapy [406-
410] have been employed. The most impor
tant clinical material has been assembled by 
the EBMT [409,410]. Out of 50 patients, 36 of 
whom in stage III, about 40% achieved CR 
and about 34% remained disease free [410]. 
AlloBMT has also been resorted to in very few 
cases of hairy-cell leukaemia [411,412]; how
ever, the excellent results obtained with the 
new medical treatments (IFN-alpha, pento
statine) have made this practice obsolete. 

Myeloproliferative and Histiocytic 
Diseases 

Agnogenic myeloid metaplasia is the most 
typical myeloproliferative disorder, and pa
tients of suitable age and with histocompati
ble sibling donors could be considered as 
suitable candidates for AlloBMT [413]. 
Indeed, successful transplantations were 
performed in a few, selected, cases of acute 
"malignant" myelosclerosis [414,415]. 
Marrow fibrosis in general is considered to be 
a risk factor for marrow colonisation by the 
circulating stem cells; however, both in this 
condition and in severe fibrosis associated 
with long-standing CML, AlloBMT has been 
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capable of reversing fibrosis [416]. The hy
pothesis that the spleen might represent an 
essential intermediate station for marrow 
seeding in the presence of marrow fibrosis is 
rendered improbable by reports of equally 
successful transplants in previously splenec
tomised patients [371,417]. 
Malignant histiocytosis is a rare haematologi
cal malignancy affecting the monocyte
macrophage lineage. Few children have 
been transplanted, and there have been both 
long-term remissions [418-420] and relapses 
[421]. A case from our own clinical material is 
particularly enlightening. A 17-year old male 
(UPN 253) had been diagnosed as affected 
by malignant histiocytosis in 1981. At that 
time, he had superficial and mediastinal en
larged lymph nodes. He was brought into CR 
by CT, but relapsed with skin and marrow in
volvement in February, 1985. He obtained a 
third remission in March of the same year, 
and was transplanted in CR3 from a male 
HLA-identical sibling on 22 March, 1985, after 
conditioning with CY (120 mg) and TBI (330 
Gy x 3). He is in unmaintained CCR since that 
date (5 years). 
Although, as already indicated, malignant 
histiocytosis is an infrequent haematological 
malignancy, there is no doubt, considering 
also the young age of patients, that AlloBMT 
should be resorted to whenever possible. The 
search for MUDs is also warranted. 
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Autologous Bone Marrow Transplantation 

Introduction 

Bone marrow autotransplantation consists of 
the administration of extremely high doses of 
CT and/or RT (generally TBI), followed by 
"rescue" with autologous cryopreserved [43], 
but also fresh HSCs. Since the patient acts as 
his own donor, immunological interactions 
are absent, and rejection, GvHO and GvL do 
not occur. Indeed, some effort to elicit this last, 
beneficial type of reaction is being made both 
in man [324] and in animals [422]. via the 
generation of a GvHO-like, cyclosporin-me
diated immune reaction. 
Autologous HSCs are generally harvested 
with the bone marrow multiple aspirate, but 
peripheral HSCs are increasingly utilised [1-
5,423-425]. Special procedures, such as elic
iting a wave of circulating HSCs after high 
doses of CY in cancer patients together with 
the administration of GM-CSF, are being 
performed [426], although these procedures 
are more indicated for solid tumours and lym
phomas than for leukaemia. The identification 
of the C034+ surface membrane antigen on 
such cells is a reliable indicator of their stem 
cell nature [427], although it may also be ex
pressed by highly undifferentiated leukaemia 
cells [428]. Marrow and/or blood collections 
are cryopreserved with special procedures 
[429]. The clinical toxicity of cryopreserved 
marrow infusions has been invE;lstigated re
cently [430], but is seldom prohibitive. 

The reinfusion of autologous HSCs is deter
mining for the utilisation of very high doses of 
CT, which are critical for its efficacy, without 
concern for myelotoxicity. As opposed to con
ventional CT, the procedure allows a much 
greater utilisation of dose intensity, i.e., by a 
factor of 2-3 times. However, major limitations 
may derive from non-haematological, single 
and/or multiorgan toxicity. The outcome of 
phase I dose escalation studies with 
AutoBMT [431] is reported in Table 14. 
The criticism has been made that patients 
already cured by CT may be among those 
who undergo "successful" AutoBMT, thus in
flating the percentage of positive outcomes 
[432]. The impact of including these cases, 
which are included in CT trials, would be to 
discount the reported efficacy of AutoBMT by 
sizeable figures [433]. However, notwith
standing the time-censoring issue, more re
cent multicentre studies suggest that 
AutoBMT, with or without purging, may in
crease the probability of LFS in leukaemia 
over and above treatment with CT alone. 
As has been pointed out recently [36,38,115], 
whether leukaemia is indeed curable by 
AutoBMT will depend upon (a) the risk of rein
fusing residual leukaemia clonogenic cells 
and (b) the incomplete eradication of 
leukaemia by the conditioning regimen. The 
absence of alloreactivity is tantamount to the 
loss of the spectrum of GvL reactions 
[320,322], although it has been proposed that 
some benefit could be preserved by endoge
nous activated killer cells [115]. Incomplete 

Table 14. Outcome of phase I escalation studies with AutoBMT 

Agent 

Cyclophosphamide 
Etoposide 
Mitomycin C 
Melphalan 
Carmustine (BCNU) 

Maximum dose with 
marrow support 

210 mg/kg 
2100 mg/m2 

40 mg/m2 
180 mg/m2 

1200 mg/m2 

Non-haemopoietic dose
limiting toxicity 

Cardiac 
Mucositis 
Gastrointestinal, hepatic, cardiopulmonary 
Gastrointestinal 
Hepatic, pulmonary 



haemopoietic reconstitution, that is, autolo
gous graft failure, is an uncommon complica
tion, although there generally are prolonged 
platelet reconstitution times. Although the 
marrow inoculum is exposed to the combined 
injuries of previous myelotoxic therapy, cryo
preservation and, most importantly of all, 
purging procedures, infusion of as few as 5 x 
107 nucleated cells/kg, equivalent to 4 x 104 
CFU-GM/kg, is sufficient to restore complete 
haemopoiesis [434]. This issue is at the mo
ment considerably influenced not only by the 
powerful beneficial impact of haemopoietic 
growth factors, as already discussed [87-104, 
435,436], but also by a more careful stem cell 
sparing procedure based on the determina
tion of the maximum tolerated dose of 
mafosfamide by very early HSCs in culture 
[437,438]. 
However, the most important point consists in 
the risk of infusing residual leukaemia cells. 
Whether these cells are responsible for re
lapse, compared to other residual leukaemia 
cells not residing in the marrow inoculum, is a 
matter of debate, but, as has been aptly re
marked, "there is a natural reluctance to inject 
any malignant cell into a patient who has re
ceived therapy designed to eradicate disease 
in vivo [115]. This issue will be discussed fur
ther on. 
The utilisation of AutoBMT has increased 
rapidly [439,440], and it seems that over 1500 
such transplants per year are performed 
worldwide. The most frequently treated dis
eases included non-Hodgkin's lymphoma 
(22%), AML (19%), ALL (15%). Hodgkin's 
disease (15%) and neuroblastoma (5%). 
There were striking differences in the utilisa
tion of AutoBMT between North America and 
Europe [440], in the sense that lymphomas 
and solid tumours were the main indication in 
North America, while leukaemia was the main 
indication in Europe. A number of reviews 
[23,38,39,115,441,442] and two outstanding 
volumes [35,36] have been published. 
Comprehensive reports on AutoBMT for ma
lignant lymphomas [443-445], with special 
emphasis on the Hodgkin [446-448] and non
Hodgkin [449,450] categories, neuroblastoma 
[451] and other chemosensitive solid tumours 
[452,453] have also appeared recently. 
However, these last issues will not be pur
sued any further. 
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Minimal Residual Disease and Its 
Detection 

Remission-inducing CT will cause an aver
age 4 log leukaemia cell kill, which can be 
further increased by the consolidation-inten
sification procedures. Different calculations 
have been made to determine this minimal 
leukaemia residue in the explanted bone 
marrow, but the figure of 1.5 x 106 leukaemia 
cells in a graft containing a total of 1.5 x 1010 
cells has been postulated [115]. However, 
studies on Brown Norway myelocytic 
leukaemia (BNML) of the rat have shown that 
not more than 1 % of in-vivo clonogenic resid
ual leukaemia cells survive cryopreservation 
[454,455]. Accordingly, only 15-150 clono
genic leukaemic cells out of 1.5 x 103 would 
be reinfused with the graft. Assuming an ED 
50 value for human leukaemia of 1 x 103 - 1 x 
104 clonogenic cells, which seems to be real
istic based on previous BNML studies 
[454,455], it can be calculated that the chance 
of reinfused leukaemic cells causing 
leukaemia is 1-10% or 1-1%, respectively. 
For these reasons, more emphasis is placed 
on the so-called in-vivo purging, that is, a re
duction of the patient's leukaemia cells to a 
truly minimal residue [456]. This concept has 
been extended to other chemosensitive, re
lapsed lymphomatous diseases [457]. 
The ability to detect minimal residual 
leukaemia (MRD) in the marrow of patients in 
conventional complete remission has been 
hampered, up to now, by the lack of sensitive 
assays and the identification of reliable, spe
cific, tumour cell markers. In Burkitt's lym
phoma, visual microscopic examination per
mits detection of up to 10-4 MRD cells in an 
apparently normal marrow [458]. In an artifi
cial model, the detection of as few as 10-6 

residual malignant cells stained with the vital 
dye Hoechst 342 was made possible by 
computerised analysis [459]. Most recent pro
cedures include the PCR reaction, which has 
already been discussed when dealing with 
CML, in this case, however, detecting the 
RNA transcription of proto-oncogenes sis, rat, 
and especially myc [460]. Another technique 
involving immune selection followed by im
munoglobulin or T-cell receptor gene rear
rangement analysis has allowed the detec
tion of 1 tumour cell out of 1000 normal mar-
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row cells in Band/or T ALL patients [461]. 
However, perhaps the most sensitive and 
reasonably feasible technique for detecting 
MRD of lymphoblastic cells is a double im
munofluorescence staining procedure for 
TDT and B or T -lineage antigens [462]. A 
general comment regarding these studies is 
that they need not be performed by all clinical 
teams performing AutoBMT for leukaemia 
and/or other malignant neoplasms, but that 
they are a yardstick for evaluating the biologi
cal efficacy of various purging procedures. 

Purging Techniques 

When considering bone marrow purging, the 
consensus is that one should distinguish 
between physical, chemical and immunologi
cal methods [115,463]; however, biophysical 
purging, which is based on differences in cell 
density or size [464] on percoll or bovine 
serum albumin (BSA) gradients is complex 
and rarely used. Counterflow centrifugation is 
specifically utilised for TCD in AlloBMT [237]. 
UV irradiation of the graft is also proposed for 
the same setting [235]. Procedures based on 
photosensitisation utilising a vital dye such as 
merocyanine 540 [465], represent a physico
chemical technique. The two fundamental 
methods are pharmac910gical and immuno
logical. 

Pharmacological Purging 

Ex vivo marrow purging with the activated-ox
azolphosphorine derivatives 4-hydroxyperox
ycyclophosphamide (4HC) and INN mafos
famide (Asta-Z 7557) has been used most ex
tensively after the pioneering Baltimore stud
ies [466]. Mafosfamide is generally consid
ered to be the best agent, and has been 
analysed in depth [467], also with reference 
to its differential effects upon normal and 
leukaemic stem cells [468]. The in-vitro 
chemosensitivity of leukaemic progenitor 
cells (AML-CFU) to a combination of mafos
famide lysine (Asta-Z 7654) and etoposide 
was studied, and it was found that the 
chemosensitivity of AML-CFU closely mim
icked that of normal CFU-GM [469]. Although 

a fixed dose was used more commonly, an
other, more laborious, adjusted dose proce
dure has been utilised subsequently 
[438,470]. The use of still other drugs has 
been analysed [471], but none of them com
petes favourably with mafosfamide in the 
general practice, although etoposide was 
found to be a suitable agent [472]. 

Immunological Purging 

According to this procedure, unwanted cells 
are specifically targeted by monoclonal anti
bodies (MoAbs), and then destroyed by 
means of different effector mechanisms [473]. 
While chemical purging is generally used for 
AML, immunological methods are utilised 
more specifically for ALL because of the bet
ter individualised antigenic properties of the 
leukaemic cells. A brief description of the 
principal immunological methods is given in 
the following. 

Complement-Mediated Lysis 

MoAbs (lgM and/or IgG2a isotypes) lyse tar
geted cells in the presence of rabbit comple
ment [474]. Some of these MoAbs, such as 
the rat antibodies Campath-1 and many other 
mouse MoAbs, are lytic also with human 
complement [311]. In a recent, already men
tioned study [462], MoAbs CD10, CD19 and 
their mixture were able to eliminate > 3 logs 
of B ALL cells in 84%, 75.5% and 90% of 
cases, respectively. When human comple
ment was substituted for the rabbit's, the 
same reagents eliminated 26.8%, 0% and 
45%, respectively. MoAb CD7 eliminated> 
logs of T ALL blasts with both sources of 
complement in 73% of cases. 

Immunomagnetic Depletion 

The use of paramagnetic microbeads, which 
may be linked to target cells by an antibody 
bridge, is utilised for the purging of tumour 
cells and/or lymphocytes from the marrow 
[475,476]. The efficacy of immunomagnetic 
bone marrow was found to be dependent 
upon matching of the targeting MoAb and the 
secondary antibodies that link to the surface 
of the microbeads [477]. 



Immunotoxins 

MoAbs may be conjugated to various plant 
toxins [478]. Ricin is the one most commonly 
utilised in clinical studies [479-481], and acts 
by a double mechanism, the toxic A chain 
penetrating into the cell and inhibiting protein 
synthesis by the ribosomes, and the B chain 
permitting cell entry. Such an immunotoxin 
has been employed recently for the prophy
laxis of GvHD in AlloBMT [482], and has 
yielded the usual advantages and disadvan
tages. The dramatic therapeutic effect of this 
type of immunotoxin on steroid-resistant 
GvH D has already been reported [240]. Other 
phytotoxins have also been utilised [482]. 

Is Purging Necessary? 

In order to establish whether purging is ca
pable of producing significant benefits in 
AutoBMT, two questions must be asked [115]. 
Does it effectually remove malignant cells 
from the bone marrow? and, Does it increase 
the probability of patient cure? It appears that 
we are somewhat closer to the answers than 
when the questions were formulated (1988). 
Starting with the first question, reduction of 
leukaemic cell contamination marrows col
lected in CR or in artificial marrow-tumour cell 
mixtures has been demonstrated not only in 
animal experiments [462,465,477], but also in 
human leukaemia [461]. An illuminating re
cent study from Baltimore has shown, in a 
syngeneic transplant model for rats affected 
by Brown-Norway AML (BNML), a 58% cure 
rate after BU-CY conditioning and subse
quent administration of an IgM MoAb binding 
both with human and rat AML cells and acti
vating complement. All controls, that is, 
leukaemic rats conditioned and transplanted 
in the same way, died of leukaemia relapse 
[483]. 
To establish, despite the lack of prospective 
randomised studies, whether patient survival 
is improved, some retrospective clinical 
studies, among which an important EBMT 
survey, indicate that purging is valuable [484]. 
They will be discussed in the following sec
tions. 
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Acute Myeloblastic Leukaemia 

A considerable number of single-centre 
studies on AutoBMT for AML have been pub
lished. As for AlloBMT, the first trials were per
formed in relapsed patients. Out of 63 patients 
who were in first or second relapse and were 
reconstituted with CR 1 marrow at 5 different 
centres, 70% went into CR, but the median 
duration of remission was only 6 months, and 
only 5% of the patients experienced a long
term benefit [485]. Another study on patients 
in first relapse was performed soon after 
[486]. 
All subsequent studies, however, were per
formed in remission, most often in CR1 but 
also in CR2 [487-490]. An excellent overview 
appeared in 1986 [491]. A 2-year LFS of 
nearly 50% for patients in CR 1 was generally 
obtained. In the large retrospective 
EORTC/EBMT study which has already been 
discussed [344], AutoBMT was found to have 
a relative relapse risk versus AlloBMT of 0.77 
within 6 months of transplant, and of 0.79 
after 6 months of transplant. 
Up till now, two basic questions have stood in 
the way of AutoBMT for acute leukaemia, but 
these are gradually finding their answers. The 
first concerns the problem of purging. All the 
Baltimore studies on AutoBMT for AML have 
been performed with marrow purged with 4-
hydroxyperoxycyclophosphamide (4-HC). 
Their results are encouraging, showing that 
the relapse rate is similar to that estimated for 
syngeneic BMT, and that LFS is comparable 
to that reported for AlloBMT [308,492]. An 
indirect demonstration of the importance of 
dose effect in the ex-vivo purging with 4-HC 
has been furnished by the same group re
cently [493]. However, the most compelling 
evidence comes, after a series of dubious re
ports [487,494], from the most recent EMBT 
survey [484]. 
In this report, 335 patients with AML (M1-M5 
FAB subtype) were autografted in CR1 or 
CR2 between January 1 st, 1981 and 
December 31st, 1987. In CR1, 235 patients 
were classified as standard risk (SR) and 32 
as high risk (HR). In CR2, 65 patients were 
SR and only 3 HR. A variety of conditioning 
regimens were utilised, thus somewhat im
pairing the study's significance. The majority 
of patients, i.e., 237 (70.7%), received un-
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Fig. 15. Cumulative probability of relapse (A) and of leukaemia-free survival (8) in patients with standard risk AML 
autografted in CR1 following chemo-radiotherapy, according to whether or not the marrow was treated in vitro with 
mafosfamide (p<O.05 and p<O.005, respectively, in multivariate analyses). From [484], with permission 

purged marrow, while 98 patients (29.3%, 69 
in CR1 and 29 in CR2) had their marrow 
purged with mafosfamide, either at standard 
or individually adjusted levels [438,470]. 
Leukaemia-free survival was better in certain 
FAB subclasses, in patients transplanted 
more than 9 months post-CR (a well-known 
knotty point in AutoBMT) and, obviously, in 
the SR patients. Considering marrow purging 
SR, patients with AML in CR1 having been 
conditioned with a TBI incorporating regimen 
and receiving marrow treated with mafos
famide, had a significantly better LFS than 
those receiving unpurged marrow (LFS at 4 
years: 63% + 8 vs. 34% + 7; p=0.05) (Fig. 15). 
As for AlloBMT, there are multiple condition
ing regimens, although the two major models 
of purely chemical and CT-TBI type predomi
nate. Among the CT regimens, the BAVC 
(BCNU, Amsacrine, VP-16, ARA-C) Rome 
protocol is probably the most effective. In a 
very recent study including 39 AML patients 
in CR1, 25 were conditioned with BAVC and 
14 with the standard CY-TBI regimen. The 
probability of remaining in CCR was signifi
cantly higher in the CY-TBI cohort, indicating 
the greater eradicating power of this regimen; 
however, there was a larger number of toxic 
deaths. The overall LFS of the 39 patients 
after a median follow-up of 47 months was 
51% [495]. The modified BU-CY regimen has 
been utilised recently: acute toxicity was no
table, but a 55% LFS was obtained in 20 AML 
patients [496]. 
A novel approach to obtain a greater ablation 
of the pathological marrow consists in double 

autografts [497,498]. Although the number of 
cases is small, and the patients are a se
lected group, the incidence of relapse ap
pears to be reduced [497]. Even after purging 
with mafosfamide, the cryopreserved marrow 
was capable of reconstituting haemopoiesis 
twice in children who were double-auto
grafted for solid tumours [499]. 

Autotransplantation versus 
Allotransplantation 

This is one of the fundamental contemporary 
problems in the treatment of AL. It has been 
discussed previously, and only a single, im
portant clinical study [500] will be analysed 
here. The comparative values of Allo- and 
AutoBMT were assessed in 117 15- to 60-
year old consecutive patients with AML fol
lowing remission-induction therapy. AlloBMT 
was performed in 23 eligible patients, 
AutoBMT in 32, and the remaining patients 
were treated with CT. Three-year overall sur
vival was 66% after AlloBMT and 37% after 
AutoBMT, whereas the LFS at 3 years was 
51% and 35%, respectively. Patients treated 
with CT alone had a 3-year LFS of 9%. 
Although this well-constructed study has 
shown an advantage of Allo- vs. AutoBMT, 
more extensive prospective trials are clearly 
needed. A comparison between allotrans
planted and autotransplanted patients treated 
with the same induction and consolidation 



protocols in Genoa has up to now failed to 
show any significant difference. 

Acute Lymphoblastic Leukaemia 

The heterogeneity, age-dependent therapeu
tic responsiveness and all other factors that 
make the choice between CT and transplan
tation controversial, have been discussed in 
the chapter on AlloBMT. Therapeutic options 
have been examined [373,377,501], and the 
arguments as to which form of transplanta
tion, let alone CT, is superior for patients with 
ALL, parallel those already raised and dis
cussed for AML [16]. A series of single-centre 
studies have recently been reviewed by 
Carella [502], and there is also the large 
EBMT study [503]. Only some of them will be 
considered here. 
In the most recent Minnesota study including 
91 high-risk ALL patients in CR1, long-term 
LFS survival was obtained in 27% of patients 
who had been allotransplanted and in 20% of 
those who had been autotransplanted [504]. 
Interestingly but not unexpectedly, a 79% 
probability of relapse was found both for pa
tients autotransplanted and for those not 
having developed GvHD after AlloBMT. 
In a joint study of the Royal Free Hospital, 
London, the University Hospital, Uppsala and 
the Royal Hospital for Sick Children, 
Glasgow, 54 patients with high-risk ALL were 
treated with AutoBMT using marrow purged 
with selected MoAbs. Leukaemia-free sur
vival at 4 years was 64% for 21 patients 
transplanted in CR1 [505]. Twel've patients 
achieved inversion (that is, a CR longer than 
the previous one), seven other patients hav
ing the potential to achieve it. Inversion is a 
powerful indicator of a more effective treat
ment. 
In a very recent study from Boston, 44 chil
dren with ALL who had relapsed were inten
sively treated with CT, had remission marrow 
purged with MoAbs (J5 CALLA and 
J12/gP26), were conditioned with a CT-TBI 
protocol and were then infused with their own 
purged marrow [506]. Event-free survival 
(EFS) at 5 years was 29%, and, for the 20 pa
tients whose CR1 had been longer than 2 
years, 51%. 
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In the latest EBMT study, 560 patients under
went AutoBMT for ALL [503]. The median age 
was 15 years (range 1-55); 43% were chil
dren «15) and 47% adults, of whom 3% over 
45. Thirteen patients had a Ph chromosome. 
The marrow was purged in 55% of SR pa
tients in CR1, 79% of HR patients in CR1 and 
SR patients in CR2, and 85% of HR patients 
in CR2. Leukaemia-free survival at 5 years 
was 42% for patients autografted in CR1 (SR 
+ HR) and 25% for patients in CR2 (SR + HR). 
Survival for patients in CR2 was significantly 
(p< 0.05) superior in children (42% at 52 
months) compared to adults (20% at 24 
months). Once again, better LFSs were found 
in patients with a longer interval from CR1 to 
transplant, reflecting, as already discussed, 
the lower pace of disease. A trend was seen 
in favour of HR patients in CR1 who were 
autografted with their marrow purged with 
mafosfamide at adjusted levels. 
In the end, it appears that studies in second 
and subsequent remissions may be more 
useful for resolving some of the most burning 
issues [507,508]. 

Chronic Myelogenous Leukaemia 

As remarked previously, AlloBMT is, up to 
now, the only cure for CML. There are, how
ever, some new and interesting develop
ments, which have been reviewed recently 
[509]. 
Many approaches have been devised for 
eliminating the Ph-positive stem cells in the 
autograft, including long-term marrow cul
tures [136,510,511), ex-vivo exposure of the 
marrow to cyclophosphamide derivatives 
[272], long-term treatment of patients with 
IFN-alpha and still other methods, but none of 
them has produced consistently reproducible 
results [509]. Also ex vivo marrow incubated 
with IFN-gamma has been utilised [512]. That 
the infusion of cryopreserved autologous 
marrow harvested in CP is capable of produc
ing a second CP when infused in patients 
with BC after eradicative conditioning is well 
known [513-516]. Much work and much en
thusiasm were put into these endeavours, but 
the second CP which could thus be obtained 
was distressingly short, with few exceptions 
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[509,516,517]. About 150 patients received 
such AutoBMTs but, while 40% to 50% of 
them showed some recovery of Ph-negative 
haemopoiesis, usually these HSCs were 
completely replaced by Ph-positive cells 
within 1 year after transplant [509].. Whether 
relapse is caused by residual blast cells, or 
by a shorter chronic life-span of the reinfused, 
Ph-positive stem cells, is a matter for conjec
ture. For those rare cases that had Ph-nega
tive haemopoiesis up to 3 years after auto
grafting, it has been postulated that the cy
toreductive treatment might have "irreversibly" 
damaged the leukaemic clone, but other ex
planations are possible. 
About 50 patients in CP received AutoBMTs. 
Most returned to chronic phase post-trans
plant. Few subjects progressed to transfor
mation, but the follow-up is short. About 60% 
became partly or totally Ph negative, som~ for 
more than 4 years. Two to 3-year LFS, that is, 
freedom from Ph-positivity, is <10%, and 
overall survival is about 70%. About 10% of 
patients died of TRM [509]. 

A possibly more promising approach is based 
on the ability to harvest the patients' Ph-neg
ative, peripheral blood HSCs emerging after 
intensive CT, and to utilise them for autograft
ing. Some encouraging reports have ap
peared [518,519]. In a pilot study performed 
in Genoa, peripheral blood Ph-negative 
HCSs, harvested immediately after intensive 
CT in CML patients in BC, were able to re
store Ph-negative haemopoiesis after subse
quent ablative CT in 3 out of 4 patients [520]. 
Follow-up is too short to evaluate long-term 
results, but it must be emphasised that these 
were patients in BC with a severely adverse 
prognosis. Whether this approach may be 
extended to patients in CP lacking histocom
patible donors is a matter for discussion. 
The review of recent data on treatment with 
IFN-alpha, allogeneic transplants and auto
grafting shows how difficult treatment discus
sions for CML have become [517]. There is 
no doubt, however, that allogeneic HSCs, 
whatever their origin (siblings, twins, MUDs), 
still offer the greatest chance of cure for these 
patients. 
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