OC\ET Y Or

g Role of Allogeneic Stem Cell Transplantation in
i ®: Current Treatment of Acute Myeloid Leukemia

0
oo ®
Jan J. Cornelissen and Bob Léwenberg

Allogeneic hematopoietic stem cell transplantation relapse. Here, we review studies that identify catego-
(alloSCT) has been established as an effective ries of AML patients who may specifically benefit from
consolidation therapy in acute myeloid leukemia alloSCT. In addition, we discuss recent developments
(AML) in first or subsequent remission. Although it with respect to alternative donors, stem cell sources,
effectively prevents relapse, treatment-related and supportive care. Finally, we highlight recent
mortality (TRM) associated with alloSCT may compro- results obtained with reduced-intensity alloSCT, which
mise that beneficial effect. As aresult, alloSCT may be  already significantly influence our therapeutic strat-
restricted to patients with arelatively high risk of egy in elderly patients with AML.

During the last three decades allogeneic hematopoietic steents the best option for prevention of relapse in such pa-
cell transplantation (alloSCT) has become an establishgents. Since alloSCTs are done depending on the avail-
therapeutic modality in patients with acute myeloid leukeability of a matched donor (and not in the setting of ran-
mia (AML). The alloreactive immunotherapeutic effectslomized prospective comparisons), estimates of the over-
against the leukemia (graft-versus-leukemia reactivitygll value of alloSCT can best be derived from prospective
contribute greatly to its efficacy. No other establishedtudies that allow for a donor/no donor comparisohnhe
therapy applied during complete remission offers as strotmw rate of relapse following alloSCT has been confirmed
an anti-leukemic effect. Unfortunately, the benefit ofn all donor/no donor comparisons but has not translated
alloSCT is considerably offset by the complications folinto a consistent survival advantage. However, significantly
lowing transplantation. These complications, which arkigher disease-free survival (DFS) has been reported in both
related to disparity of host-recipient histocompatibility anthe EORTC-GIMEMA AML-10, based on more than 1000
the toxicity of high-dose chemotherapy and radiotherapgatients, and MRC AML-10, based on more than 1500 pa-
ask a considerable price in terms of morbidity and mortatients {Table 1). While poor-risk patients seemed to benefit
ity. As a result, alloSCT produces only a limited gain imost in the EORTC study, in the MRC study the benefit
overall survival despite significantly reducing relap%e. appeared to be restricted to patients with intermediate-risk
Key issues in the current clinical use of alloSCT in thAML. Recent results by the Dutch-Belgian-Swiss HOVON-
treatment of AML include the following: In what categorySAKK cooperative consortiunmE& 1000, not yet published)
of patients is alloSCT the therapy of choice? What is thirdicate comparable findings, with significantly higher DFS
overall value of newer, less cytotoxic, conditioning regiin patients with a sibling donor, apparent in both interme-
mens? Do these variants maintain their anti-leukemic effiiate- and poor-risk AMLTable 1). Therefore, alloSCT
cacy and generate reduced mortality? What is the currdrdm an HLA-matched family donor to intermediate- and
role of unrelated donor SCT? What future developmentsmfavorable-risk patients is recommended whenever fea-
might address the common complications of infections arsible (Table 2).“* Moreover, in cytogenetic poor-risk pa-
graft-versus-host disease (GVHD), contributing further téents with long-term survival probabilities of only 20%
improved outcome? on standard chemotherapy, it seems reasonable to offer the
patient a transplant from a matched unrelated donor if an
Indications of Allogeneic SCT in Adults with AML HLA-matched family donor is not availabl@gble 2).
Whereas the value of alloSCT in distinct cytogenetic sub-
AlloSCT in first complete remission: sets of AML has been assessed, various molecularly de-
intermediate risk and unfavorable risk fined subsets with prognostic significance have been pro-
There is a marked diversity in the risk of relapse in patiengosed more recently. These molecularly defined entities
with AML according to their (cyto)genetic profiles. After
attainment of a first complete remission, intermediate- and
poor-rigk AML havea priori probabilities.of recurrence of Correspondence: Jan J. Cornelissen, MD, PhD, Erasmus
approximately 50% and 80%, respectively. Furthermoregy,jyersity Medical Center/Daniel Den Hoed Cancer Center,
in patients with AML of intermediate or unfavorable risk,Groene Hilledijk 301, Rotterdam 3075 EA, The Netherlands;
the chance of salvage is generally low if the leukemia r@hone +31 (10) 4391367, Fax +31 (10) 4391004,
curs! When applied as first-line therapy, alloSCT reprejicornelissen@erasmusmec.nl
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Table 1. Disease-free survival analysis for donor versus no donor, by

AlloSCT in first complete remission:
cytogenetic risk group.

favorable risk
Myeloablative alloSCT is generally not recom-

Study Group (ref), No. of Patients  Hazard 95% . 20 hat
Cytogenetic Risk Category = Donor No Donor Ratio Cl mended for patients in first complete remission
EORTC-GIMEMA (6) with cytogenetic favorable subtypes of AML
Intermediate 61 104 1.16 (0.75-1.81)  where the relapse probability is 35% or less.
Poor and very poor 64 94 0.58*  (0.39-0.87)  This applies to most patients with the so-called
core binding factor leukemias—AML 1(8;21),
MRC 10 (5) ; ; )
intermediate 192 416 0.74*  (0.59-0.92) AML |ny(16), :?md acute promyelgpytlc Ieukg
poor 48 121 0.88 (0.61-1.28) Mias with t(15;17). In those conditions Fhe risk
of procedure-related death (approximately
HOVON/SAKKE 10%-20%) does not outweigh the potential
intermediate 187 336 0.76*  (0.59-0.92)  benefit of the transplant. In the favorable-risk
poor 120 194 0.65*  (0.49-0.85)  category, it seems reasonable to reserve the op-

tion of an alloSCT for an eventual relapse. The
advantage of postponing alloSCT is that over-
treating a majority of good-risk patients is
avoided Table 2). In addition, in case of re-
lapse many of those patients can still be res-
cued with an allograft.

* Significant benefit in the donor group, (p < 0.05).

* Unpublished observations, Cornelissen J, van Putten W, Léwenberg B, on
behalf of the HOVON/SAKK AML-study group

Abbreviations: Cl, confidence interval; EORTC-GIMEMA (EORTC; European
Organization for Research and Treatment of Cancer, GIMEMA,; Gruppo
Italiano Malattie Ematologiche dell’Adulto); MRC 10 (MRC; Medical Research
Council); HOVON/SAKK (HOVON; Dutch-Belgian Hemato-Oncology Coopera-
tive Group, SAKK; Swiss Group for Clinical Cancer Research)

AlloSCT for advanced AML

Due to its potent anti-leukemic effects, alloSCT
have not yet been robustly evaluated for outcome df the treatment of choice for any relapsed patient who is
alloSCT. The limitation of the molecular analyses is thagligible. If an alloSCT can be performed, it offers the best
they have usually been done in highly selected subgrouprospect for curé.Outcome of allografts beyond first re-
of patients and retrospectively performed studlidgge isa mission, however, is inferior to that in first-remission pa-
particularly important determinant of outcome followingtients, owing to an increase in both treatment-related mor-
alloSCT. Therefore, age limits have commonly been part tility (25%-35%) and relapse (40%-45%8).1f, prior to
eligibility criteria for alloSCT. The introduction of reduced-relapse, the patient has had a previous allograft or autogratt,
intensity conditioning regimens, which are associated witlhe likelihood of rescue with an alloSCT is significantly
decreased early toxicity, has challenged these traditiorr@duced.

age restrictions (see below).

AlloSCT for primary induction failure

Patients who fail to achieve remission after one or two

Table 2. Established indications for allogeneic
hematopoietic stem cell transplantation (alloSCT) in acute
myeloid leukemia.

First Second or

Prognostic Subgroup CR Higher CR
Favorable-risk AML

Acute promyelocytic leukemia No Yest

Core binding factor AML No Yest
Intermediate-risk AML Yes Yest
Poor-risk AML

Age < 60 years Yest Yest

Age > 60 years Investigational Investigational

In all these conditions an allogeneic stem cell transplantation
from a fully matched family donor is generally the first therapeu-
tic option of choice.

T If a matched family donor is not available, an allotransplant
from a matched unrelated donor as salvage therapy is the
second choice in situations of high risk.

Abbreviations: CR, complete remission; AML, acute myeloid
leukemia.
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courses of chemotherapy, including high-dose cytosine
arabinoside, usually have a dismal prognosis. A few older
studies suggested that alloSCT can rescue some of those
patients with DFS rates between 15% and 40%. Updated
results from the City of Hope study confirmed these earlier
findings and suggested that alloSCT can cure approximately
one third of patients with primary refractory AMLAd-

verse prognostic factors in that series included unfavor-
able cytogenetics and the use of an unrelated donor. There-
fore, patients failing induction chemotherapy may still be
considered candidates for an allogeneic transplant. Pub-
lished reports evaluating the role of alloSCT in primary
refractory AML remain limited, however, preventing a docu-
mented estimate of the value of this approach. Hence, im-
portant factors determining outcome (e.g., age, cytogenet-
ics, type of donor, and HLA match) should be taken into
account to restrict the option of alloSCT to those with a
reasonable chance for cute.
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AlloSCT for AML: Alternative Donors HLA-mismatched family member hematopoietic
stem cell transplantation after high-dose

Matched unrelated donor transplantation preparative regimens
Currently, more than 8 million HLA-typed volunteer do-Patients with AML lacking a sibling donor, but who are
nors from approximately 50 registries around the worlfansplant candidates, may benefit from an unrelated do-
appear in the Bone Marrow Donors Worldwide (BMDW)ﬂOf SCT or, alternatively, from afam”y mismatched donor,
file (www.bmdw.org). It has resulted in a high probabilitythereby avoiding an expensive and time-consuming donor
(70%-80%) of finding at least one HLA-A, -B, and -DR-s€arch. The Perugia group has systematically developed a
matched donor for any Caucasian patient. The probabiligfotocol based on intensified conditioning (total-body ir-
of finding a match for HLA-A, -B, -C, -DR, and -DQ, how- radiation, thiotepa, fludarabine, anti-thymocyte globulin)
ever, is considerably less (35%-40%). A recent report cofnd the infusion of a high-dose of CD3sklected pro-
firmed that the risk of GVHD, graft failure, and mortalitygenitor cells harvested from the peripheral blood. The ap-
increases progressively with the number of HLA disparProach is associated with a high rate of engraftment, low
ties, emphasizing the importance of high-resolution HLANcidence of GVHD, and an event-free survival of approxi-
typing and the selection of donors with, preferably, no morgately 45%-50% for patients receiving their transplant in
than one mismatched allele out Oflquespite improve_ remissiont® The anti-leukemic aCtiVity is based on both an
ments in supportive care and HLA matching, outcome folotensified preparatory regimen and the possibility of a
lowing unrelated donor alloSCT is still inferior to that afteflonor-versus-recipient NK cell alloreactivityThe ap-
HLA-identical sibling transplantatiol:1314While the de- Proach has been developed and evaluated in only a limited
gree of HLA match significantly affects outcome, the sdiumber of patients and centers to date. It therefore requires
lection of patients for whom a search is initiated also hadéther study before it can be implemented in clinical prac-
significant impact on outcome. Most unrelated dondice on a broader scale.
alloSCTs are currently performed in patients with AML in
first remission with poor risk features, in patients in secontiansplantation after Reduced-Intensity
remission, and, most recently, in elderly patients with AMIConditioning (RIC-allo-SCT)
(Table 3) after reduced-intensity conditioning. During the last decade, several groups have explored new,
The Bone Marrow Donors Worldwide file not On|y haleSS'intenSive Conditioning regimens for alloSCT. This
registered adult volunteer unrelated donors, but also iflevelopment has been fuelled by the incentive to apply
cludes the tissue type of many umbilical cord blood cefillografting to older patients and to other disease catego-
grafts. Whereas the overall lower cell dose has hamperé@s beyond the acute and chronic leukertii&st has be-
the use of cord blood transplants in adult patients, resug@me clear that reduced-intensity conditioning (RIC), which
of a recent study suggest that outcome after unrelated uifcludes potent immunosuppressive agents in addition to
bilical cord blood transplant may approach the results gfose-reduced) anti-leukemic agents, effectively permits

unrelated bone marrow transplantation in acute leuk&migengraftment of donor hematopoietic stem cells. Due to a
reduced anti-leukemic effect of the conditioning regimen,

the procedure largely relies on the graft-versus-leukemia
effect of the alloreactive lymphocytes to eradicate residual
leukemia cells. Accordingly, the relapse rate in patients
without GVHD appears to be considerably greater than in

Table 3. Outcome of reduced-intensity conditioning allogeneic hematopoietic stem cell transplantation in acute myeloid
leukemia (AML).

Remission Median GVHD Relapse TRM DFS at 36 Follow-up

Study (ref) n Status Age (years) Conditioning (chronic) (%) (%) (%) Months (%) (months)
Mohty et al (25) 25 CR1* 52 Flu/Bu/ATG 12 12 62 31
Hegenbart et al (30) 58 (sib-SCT) CR1/2/> 58 Flu/2-Gy TBI 32 47 10 43 47
64 (MUD-SCT) CR1/2/> 57 Flu/2-Gy TBI 41 33 22 45 41
Sayer et al (27) 113 CR1/2/> 51 Flu/BU/ATG 33 30-65 53 30 12
Martino et al (20) 37 CR1/2/> 57 Flu/Bu 43 28 5 66 10
De Lima et al (26) 62 CR1/2/> 54 Flu/Mel 39 30 39 40
32 CR1/2/> 61 Flu/AraC/lda 27 61 16 40

*Poor risk

Abbreviations: AraC, cytosine arabinoside; ATG, antithymocyte globulin; Bu, busulfan; CR, complete remission; DFS, disease-free
survival; Flu, fludarabine; GVHD, graft-versus-host disease; Ida, idarubicin; Mel, melphalan; TBI, total-body irradiation; TRM, treat-
ment-related mortality.
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patients with clinical evidence of acute GVHD grades ll-ef cytomegalovirus (CMV) and Epstein-Barr virus (EBV)
IV or chronic GVHD? Also, recipients of unrelated donor and the subsequent pre-emptive treatment of patients with
grafts may show less disease progression than recipientsivél reactivation; 4) improved detection and therapy of
matched sibling graftd,as was suggested in a recent comfungal infections; 5) the introduction of high-resolution
parison Table 3). The favorable immunological anti-leu- typing for HLA matching and the increased number of po-
kemic effects, however, may be counterbalanced by thential unrelated donors; and 6) the appreciation of a num-
morbidity and mortality associated with GVHD. Henceber of pretransplant and procedure-related factors that af-
long-term follow-up of transplant recipients is needed tfect outcome, which allow risk assessment, and thereby
fully assess the net result of these variables. Meanwhileay guide transplant polici€The reduction of trans-
several studies strongly suggest that the morbidity (hemaglant-related mortality is especially evident in patients
poietic, pulmonary, hepatic, infections) and mortality foltransplanted in first complete remission and has been less
lowing RIC alloSCT are less than after myeloablative corpronounced in patients transplanted beyond first remis-
ditioning 2% leading investigators to raise the upper agsion® These results may argue in favor of tissue typing
limit for alloSCT to 65-70 years. While the reduced intenearly after diagnosis in order to move to alloSCT without
sity of the conditioning regimen has resulted in reducedklay as an early consolidation therapy in patients with
non-relapse mortality in older patients with AML (15%-AML in first remission. A significant reduction of trans-
20%) (Table 3), some studies have suggested a conconplant-related mortality has been achieved during the last
tant increase of relapse (Hegenbart et alable 3).22627  two decades, and ongoing developments may add to that
This has provoked the question of which anti-leukemitnprovement? In particular, the acceleration of immune
agents might be added to the preparative regimen (andr@tonstitution and improved ability to induce and manipu-
what dose}®! Two approaches have been attempted tate tolerance to prevent host-versus-graft and graft-ver-
retain effective anti-leukemic cytotoxic therapy, whilesus-host reactions are currently the focus of intense investi-
avoiding the toxicity and risk of high-dose conditioninggation3*
1) the addition of tumor-targeted therapy, such as gemtuzu-
mab (anti-CD33) or radiolabeled monoclonal antibodiefReferences
to the conditioning regimen; 2) the introduction of moderl. Burnett AK, Goldstone AH, Stevens RMF, et al. Randomised
ate to intensive dosages of busulfan, thiotepa, or melfalan c0mparison of addition of autologous bone-marrow _
. . . transplantation to intensive chemotherapy for acute myeloid
in the condltlonlng regimen. These approaCheS aré Cur- jgykaemia in first remission: results of MRC AML 10 trial.
rently being tested in phase Il studies. In addition, given Lancet. 1998:351:700-708.
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