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Abstract
Allogeneic hematopoietic cell transplantation (HCT) is an increasingly widely used treatment
modality in hematological malignancies. Alloreactivity mediated by donor T cells (and, in some
settings, by donor natural killer cells) can produce durable immunologic control or eradication of
residual malignancy after allogeneic HCT. However, graft-vs.-tumor (GVT) effects are variably
effective and are often accompanied by deleterious alloreactivity against normal host tissue,
manifesting as graft-vs.-host disease (GVHD). A major focus of current research in HCT is the
separation of beneficial GVT effects from GVHD. Here we review a number of approaches currently
under investigation to specifically augment GVT effects, including the identification of minor
histocompatibility antigens (mHA), adoptive immunotherapy with tumor-specific or mHA-specific
cytotoxic T cells, vaccination of the donor or recipient to stimulate tumor-specific immunity, and
adoptive transfer of natural killer cells. In addition, we review strategies being investigated to
specifically suppress GVHD while sparing GVT, including the manipulation and infusion of
regulatory T cells, the use of novel pharmacologic and biologic agents, and the use of mesenchymal
stem cells. Ultimately, advances in separation of GVT from GVHD will further enhance the potential
of allogeneic HCT as a curative treatment for hematological malignancies.
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INTRODUCTION
Allogeneic hematopoietic cell transplantation (HCT) presents unique immunological
challenges and opportunities. In contrast to solid-organ transplantation, where the transplanted
organ contains few immunologically active cells and where the major concern is rejection of
the donor organ, HCT reconstitutes an active donor-derived immune system within the
recipient. While rejection of the allograft by residual recipient immune cells remains a concern,
donor-derived immunity can also be directed against the recipient. When directed against
healthy recipient tissues, this alloreactivity produces the clinical syndrome of graft-vs.-host
disease (GVHD). While the prevention and control of GVHD remain among the foremost
challenges in hematopoietic cell transplantation, donor-vs.-host alloreactivity is also
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responsible for much of the benefit of allogeneic HCT. When directed against residual
malignant cells in the host, this alloreactivity can provide immunologic control and eradication
of otherwise incurable hematological malignancies. Disentangling these two facets of
alloreactivity appears technically feasible and holds great promise; however, thus far few
approaches have been translated to the clinical realm, and alloreactivity after allogeneic HCT
remains a double-edged sword.

The existence of beneficial graft-vs.-tumor alloreactivity was posited in some of the earliest
murine studies of allogeneic HCT by Barnes et al. These authors reported in 1957 that
allogeneic HCT, in contrast to syngeneic HCT, could eradicate residual host leukemia in a
murine model, but produced a fatal syndrome of diarrhea and wasting which would today be
recognized as GVHD [1]. The antileukemic efficacy and the wasting syndrome associated with
allogeneic HCT demonstrated both the positive and negative effects of donor-vs.-host
immunologic alloreactivity. Further evidence of the role of immunologic GVT effects in human
transplantation accumulated: it was noted that cessation of immunosuppressive therapy after
allogeneic HCT could result in disease remissions, that the disease relapse rate was lower in
humans after allogeneic HCT as compared with syngeneic HCT, and that T-cell depletion of
the allograft substantially increased the disease relapse rate. Furthermore, the disease relapse
rate was found to be lower in patients with GVHD, suggesting a link between GVHD and GVT
effects. The most compelling evidence of a role for immunological alloreactivity in disease
control came from the efficacy of donor lymphocyte infusion (DLI); the infusion of donor
lymphocytes in patients with relapsed chronic myelogenous leukemia after allogeneic HCT
leads to a high rate of complete remission [2]. Finally, allogeneic HCT can induce remissions
even after non-myeloablative conditioning lacking significant anti-tumor effectiveness;
disease responses in this setting are largely or completely due to immunologic GVT reactions
[3].

While GVHD and GVT effects are linked by a number of shared biological pathways, there is
substantial evidence that these effects can occur independently [4], and that separation may be
feasible. While a number of approaches have successfully induced GVT without GVHD in
murine models, translation of these methods to human patients has been hampered by
significant interspecies differences and shortcomings of the animal model. Recent reviews have
summarized the overall immunobiology of allogeneic hematopoietic cell transplantation [5],
the shared biology of GVHD and GVT [6,7], new developments in the understanding of acute
and chronic GVHD [8], and autoimmunity after HCT [9]. We will therefore focus specifically
on strategies to augment the GVT effect as well as complementary strategies to promote
specific immunoregulatory responses which suppress GVHD without impairing GVT.

AUGMENTATION OF GRAFT-VS.-TUMOR RESPONSE
The graft-vs.-tumor response is mediated largely by cytotoxic T-cells (CTLs); a role for natural
killer (NK) cells as a separate effector arm is emerging, particularly in T-cell-depleted HLA-
haploidentical HCT. In rare situations, tumors may express unique antigens capable of
generating a CTL response (e.g. the BCR-ABL fusion protein in chronic myelogenous
leukemia). More commonly, malignant cells express so-called tumor-associated antigens,
which are found on normal cells but overexpressed in malignant tissue. For example, Wilms
tumor protein (WT-1) is overexpressed by leukemic blasts; CTLs specific for WT-1 lyse
leukemic blasts in vitro without affecting normal hematopoietic cells [10]. Although these
tumor-associated antigens are expressed at low levels on normal cells, T cells appear to
recognize them only on tumor cells, perhaps due to a threshold density necessary for
recognition, making such antigens attractive targets for adoptive immunotherapy.
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Minor histocompatibility antigens
In addition to such tumor-associated antigens, more broadly expressed minor
histocompatibility antigens (mHA) play a significant role in GVHD and GVT effects. These
antigens are peptides presented in conjunction with HLA class I and II, and are derived from
self proteins encoded by polymorphic genes and inherited separately from HLA. Disparities
in mHA can induce significant T-cell responses, accounting for the development of GVHD
(and GVT) even with HLA-identical sibling allografts (see Fig. 1). The first mHA to be
described were those encoded by the Y chromosome; male recipients of female allografts
experience both a higher severity of GVHD and more effective GVT responses, presumably
due to recognition of Y-chromosome-encoded mHA by the female donor T cells [11]. The
potential usefulness of mHA in adoptive immunotherapy was demonstrated by Bonnet et al.,
who showed that mHA-specific CTL targeted and lysed leukemic stem cells in a NOD/SCID
mouse model [12]. Currently, nearly 30 human mHA have been identified; they are listed in a
recent review by Hambach et al [13].

The tissue distribution of mHA provides a potential window to specifically enhance GVT
effects without GVHD. Many mHA are widely expressed and play a role in the development
of GVHD in the HLA-identical setting. However, some mHA are unique to hematopoietic cells
[14]. CTL clones specific for these hematopoietic mHA can target host hematological
malignancies; “bystander” damage in this setting affects only the host hematopoietic system,
which is replaced by donor hematopoiesis after allogeneic HCT in any case. Thus, by targeting
hematopoietic mHA, GVT effects could be generated against hematological malignancies
without the concurrent development of GVHD. Experimental support for this approach comes
from a study by Marijt et al., who demonstrated the development of CTL clones specific for
hematopoietic mHA after donor lymphocyte infusion in 3 patients with relapsed hematological
malignancies; the development of these CTL clones was temporally associated with complete
remission of their malignancies [15].

Thus, research has focused on the generation of mHA-specific CTL for infusion. A number of
methods have been described. Donor T cells can be stimulated with donor dendritic cells pulsed
with the relevant mHA [16]; this approach, while technically feasible, has been utilized only
at specialized centers on small numbers of patients due to the cost and expertise required.
Alternately, genes for mHA-specific T-cell receptors can be transferred to donor (or
autologous) T cells using a retroviral vector. However, hybridization of the transferred gene
product with endogenous T-cell receptor subchains may result in diminished specificity and
undesirable alloreactivity [17], and safety concerns regarding the use of retroviral vectors
remain an issue. Finally, allograft donors can be vaccinated prior to stem cell collection with
mHA peptides to generate mHA-specific CTLs in vivo; alternately, allograft recipients can be
vaccinated with mHA peptides after HCT, possibly in combination with unmanipulated donor
lymphocyte infusion [13]. The potential of a vaccination-based approach was demonstrated by
Neelapu et al., who vaccinated allograft donors with myeloma idiotype proteins and then
vaccinated recipients with a “booster” after allogeneic HCT. A specific T-cell response was
generated and transferred via HCT, and 3 of the 5 patients treated entered durable complete
remissions while the remaining 2 died of early transplant-related complications [18].
Vaccination is theoretically appealing in that it avoids the expense, technical requirements, and
individualized patient-specific aspects of ex vivo expansion and adoptive transfer of CTL.
However, vaccine-based approaches to cancer immunotherapy have proven difficult to
translate to the clinic, and issues of antigen and adjuvant selection remain unsettled.

There are several additional barriers to the clinical use of mHA-specific CTLs. Selection of
donors on the basis of mHA typing holds great theoretical promise, but given the diversity of
mHA and the small number of hematopoietic mHA that have thus far been characterized, it is
currently difficult or impossible to prospectively identify target mHA in a given donor/host
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pairing. Additionally, even after successful adoptive transfer, mHA-specific CTL have shown
a disappointing lack of persistence in vivo. Riddell et al. described successful initial treatment
of relapsed leukemia with mHA-specific CTL; however, the CTL clone did not persist and the
leukemia later relapsed [19]. IL-2 has been administered systemically to enhance the
persistence of CTL clones, but its drawbacks include systemic toxicity and the expansion of
unwanted cell types. An intriguing approach to circumvent these limitations was recently
described by Quintarelli et al., who found that transgenic expression of IL-2 and IL-15 by CTL
clones themselves improved the persistence of these clones; the authors further incorporated
a suicide gene into the CTL clone to enable elimination of these cells in the event of undesired
or autonomous growth [20]. Other potential barriers to the use of mHA-specific CTL include
tumor cell evasion by mHA or MHC down-regulation and the possibility that the pro-
inflammatory cytokine milieu resulting from generalized alloreactivity and GVHD is necessary
to enhance GVT through non-specific stimulation.

Natural killer cells
In addition to T cells, natural killer (NK) cells play a significant role in GVT effects in some
transplant settings and provide a possible mechanism to augment GVT effects while avoiding
GVHD. The role of NK cells was first recognized in the setting of HLA-haploidentical
transplantation. Allografts from HLA-haploidentical donors are typically extensively T-cell-
depleted to prevent the serious or fatal GVHD which would result from transplantation across
such an HLA barrier. In the absence of T-cell-mediated effects, GVT is nevertheless apparent
and appears to be mediated by NK cells. NK-cell cytotoxicity is regulated by a variety of
stimulatory and inhibitory signals; autoreactivity is prevented primarily through the expression
by NK cells of an inhibitory killer cell immunoglobulin-like receptor (KIR), which interacts
with MHC class I epitopes. KIR recognition of self-MHC class I inhibits NK cytotoxicity.
Certain donor-recipient pairings in HLA-haploidentical HCT involve a KIR-ligand mismatch,
in which KIR on donor NK cells do not recognize host MHC class I; in these settings, NK cells
are not inhibited and lyse recipient cells. KIR-ligand mismatching appears to be beneficial in
HLA-haploidentical HCT; Ruggeri et al. reported that KIR-ligand-mismatched recipients had
a lower risk of disease relapse and better overall survival, presumably due to NK-cell-mediated
GVT effects [21]. Low rates of acute and chronic GVHD have also been reported after HLA-
haploidentical HCT, possibly due to extensive allograft T-cell depletion or tissue specificity
of NK-cell cytotoxicity, which preferentially affects lymphohematopoietic tissue.
Additionally, KIR-ligand mismatching is associated with a lower risk of GVHD in this setting,
suggesting that NK-cell killing of host antigen-presenting cells (necessary for the development
of GVHD) plays a role. In contrast to the HLA-haploidentical related-donor setting, a beneficial
effect of KIR-ligand mismatching has not been consistently observed after T-cell-replete HCT
from unrelated donors. Several explanations have been proposed for these findings. T cells in
the allograft have been reported to reduce NK-cell KIR expression [22]. An intriguing recent
study by Wang et al. suggested that cyclosporine A, given as GVHD prophylaxis after T-cell-
replete HCT, may also downregulate KIR expression by NK cells [23]. Thus, while NK-cell-
mediated GVT is evident in T-cell-depleted HLA-haploidentical HCT, it appears that several
factors conspire to reduce or obscure the role of NK cells in other settings.

Nonetheless, given the ability of NK cells to induce GVT without GVHD, they remain an
attractive candidate for adoptive immunotherapy. The University of Minnesota group
demonstrated this potential in the non-transplant setting; 19 poor-prognosis patients with acute
myeloid leukemia were treated with high-dose cyclophosphamide and fludarabine, followed
by infusion of allogeneic NK cells from an HLA-haploidentical related donor. NK cell infusion
was followed by a rise in IL-15 levels, in vivo expansion of the donor NK cells, and complete
hematologic remission in 5 of the 19 patients [24]. Notably, there was no evidence of GVHD,
and 4 of the 5 responding patients were KIR-ligand-mismatched with their donors. Recent
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animal studies in the setting of allogeneic HCT have shown similarly suggestive results;
infusion of alloreactive NK cells after allogeneic HCT in a murine model resulted in both a
reduction in GVHD and enhancement of GVT effects [25]. Given these promising preliminary
results, adoptive therapy via NK cell infusion is an area of active investigation in human HCT.

Donor lymphocyte infusion
The infusion of unmanipulated donor lymphocytes to treat relapsed disease after allogeneic
HCT was first described by Kolb et al. in 1990, and remains the only form of adoptive
immunotherapy in widespread clinical use. Donor lymphocyte infusion (DLI) is highly
effective against relapsed chronic myelogenous leukemia; its activity against acute leukemias
is significantly poorer (see Table 1). Disease regression after DLI is often accompanied by the
development of GVHD, and significant pre-existing active GVHD is generally a
contraindication to DLI. Efforts to improve DLI by infusing only specific CTL clones have
been described above. A number of other approaches are being explored to improve the anti-
tumor efficacy of DLI and lessen the associated risk of GVHD. Selective depletion of CD8+

cells from the DLI product has shown promise in separating a GVT effect from the associated
GVHD in a small pilot study [26]. T-cell anergy due to lack of costimulatory ligands on tumor
cells has been hypothesized as a mechanism of tumor escape from GVT; a recent phase I trial
explored ex vivo expansion and activation of donor lymphocytes as a means of circumventing
T-cell anergy, and reported encouraging disease responses without an excess of GVHD [27].
The transfer of so-called “suicide genes” into donor lymphocytes has also been studied as a
means of curtailing donor T-cell expansion in the event of severe GVHD. Herpes simplex virus
thymidine kinase (HSV-TK) is the most widely studied suicide gene; however, its usefulness
has been limited by the immunogenicity of the HSV-TK transgene, which results in rapid
clearance of the infused lymphocytes [28]. Given this limitation, several non-immunogenic
suicide genes such as caspase 9 have been described which may be more useful in this setting
[29]. Ultimately, a combination of approaches may be necessary to augment the GVT
effectiveness of DLI in diseases other than chronic myelogenous leukemia, while reducing the
serious limitation of accompanying GVHD. Nonetheless, the proven clinical utility of DLI is
a starting point for the development of more specific forms of adoptive immunotherapy.

AUGMENTATION OF REGULATORY RESPONSE
While the above approaches seek largely to augment the power or specificity of the GVT effect,
a complementary area of research involves more effective and specific suppression of the graft-
vs.-host response. Building on current proven strategies to prevent GVHD, such as post-
transplant immunosuppression with calcineurin inhibitors, methotrexate, or mycophenolate
mofetil [30,31], investigation has focused on harnessing regulatory T-cell populations and on
novel pharmacologic and biologic agents which may more specifically inhibit GVHD without
affecting GVT responses.

Regulatory T cells
Sakaguchi et al. initially described a population of regulatory T cells (Treg) which exert a
suppressive effect on the T-cell immune response, controlling autoreactivity and maintaining
self-tolerance. The role of these Treg in tolerization after allogeneic HCT is an area of active
investigation, and has recently been reviewed by Zorn [32]. In the murine model of allogeneic
HCT, infusion of Treg suppresses both acute GVHD and graft rejection while maintaining GVT
effects, while Treg depletion augments GVHD. However, one of the major barriers to utilizing
Treg therapeutically in humans is their identification. The transcription factor FOXP3 is used
as a marker for Treg, but identification of FOXP3 requires cell solubilization, rendering the
cells unusable for re-infusion. Using a CD4+CD25+ pattern alone, without FOXP3, does not
reliably identify Treg. Furthermore, while FOXP3 is highly specific for Treg in murine models,
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recent reports have suggested that in humans FOXP3 is transiently expressed by activated T
cells and thus may not be specific enough to isolate human Treg [33]. Recently, the cell surface
marker CD127 has been used in conjunction with CD4 and CD25 to identify a highly
suppressive population of T cells; this marker may be a useful substitute for FOXP3,
particularly where viable cells are required [34]. Given the utility of Treg in animal models of
HCT and the development of reliable methods to expand human Treg ex vivo, human trials of
Treg infusion have been initiated. A number of issues remain to be explored in these trials,
including the effect of Treg on GVT in humans, the optimal timing and cell dose of Treg, and
the effect of post-transplant immunosuppressive medication on infused Treg.

Pharmacologic agents
The current mainstays of GVHD prophylaxis include calcineurin inhibitors, methotrexate,
mycophenolate mofetil, and anti-thymocyte globulin, as described above. While combinations
of these medications are highly effective in the prevention of GVHD and permit successful
transplantation from unrelated and HLA-mismatched donors, GVHD continues to be a
significant source of morbidity and mortality, and these agents may impair the GVT response
to some extent along with GVHD. Therefore, novel immunoregulatory agents are being sought
which will preserve GVT while effectively preventing GVHD.

The proteosome inhibitor bortezomib has shown promise in animal models of HCT; its
administration immediately after HCT reduced GVHD while preserving GVT. In fact, in this
model bortezomib sensitized tumor cells to lysis by donor T cells, suggesting a synergistic
GVT effect in addition to the suppression of GVHD [35]. Bortezomib’s efficacy in this setting
is likely mediated by down-regulation of NF-kappa B; thus, more specific investigational
inhibitors of NF-kappa B may also be useful in the setting of allogeneic HCT [36]. However,
the efficacy of bortezomib in the human setting remains to be demonstrated. Rapamycin is an
immunosuppressant which inhibits the mammalian target of rapamycin (mTOR); in addition
to direct anti-tumor effects which are under investigation, rapamycin may augment the pool
of regulatory T cells (in contrast to cyclosporine, which inhibits Treg) [37]. Given these
findings, rapamycin-containing regimens for GVHD prophylaxis after allogeneic HCT are
currently being evaluated in randomized controlled human trials. Finally, the histone
deacetylase inhibitor suberoylanilide hydroxamic acid (SAHA) is under investigation; in the
murine model, SAHA prevented GVHD by downregulating inflammatory cytokines, while
preserving tumor-specific CTL activity [38].

Mesenchymal stem cells
Recent reports have excited interest in mesenchymal stem cell (MSC) infusion as a means of
suppressing the graft-vs.-host reaction. MSC are undifferentiated, pluripotent cells which
generate mesodermal tissue, including the bone marrow stroma. MSC have low
immunogenicity and can be transplanted without donor-recipient matching; furthermore, they
exert an immunoregulatory effect, although the exact mechanisms of this effect (soluble factors
vs. direct cell-to-cell interaction) remain uncertain. A case report authored by Le Blanc et al.
in 2004 described the use of third-party HLA-haploidentical MSC in a patient with severe and
refractory acute GVHD after HCT; the patient had a striking clinical response [39]. The same
group recently published a pilot study reporting that MSC infusion successfully treated steroid-
refractory acute GVHD in 6 of 8 treated patients [40]. The efficacy of MSC in this setting, as
well as their downstream effects on GVT and the risk of ectopic tissue formation, are currently
being evaluated further in larger multi-center studies. The advantages of MSC include their
universality, in that third-party donor MSC can be infused without the need for
histocompatibility testing or matching. In addition, one group has reported the use of MSC
transduced to express IL-10 to suppress inflammatory cytokines and ameliorate GVHD in the
murine model [41], demonstrating the potential to tailor these cells as a treatment for GVHD.

Rezvani and Storb Page 6

J Autoimmun. Author manuscript; available in PMC 2009 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



CONCLUSION
Allogeneic HCT is an increasingly widely used therapy which has advanced dramatically in
the half-century since its clinical introduction and contributed greatly to the understanding of
immunology and transplantation biology (see Fig. 2). The donor pool has been expanded with
substantial unrelated-donor registries, HLA-haploidentical transplantation, and umbilical cord
blood banking; the range of eligible patients has been significantly broadened by the
development of reduced-intensity and non-myeloablative conditioning regimens; and more
effective antimicrobials and supportive care have rendered once formidable toxicities and
complications more manageable. Allogeneic HCT from an HLA-matched sibling is currently
the treatment of choice for severe aplastic anemia, and has been shown to produce survival
advantages over conventional chemotherapy in adults with acute leukemia in first complete
remission. In addition, allogeneic HCT remains the only potentially curative therapy for a
number of chronic hematological diseases, such as the myelodysplastic syndrome. However,
significant challenges and limitations remain. The GVT effect is dramatically evident in some
donor-recipient pairings but absent from others, and GVT continues to be closely associated
with GVHD, particularly chronic GVHD. Meanwhile, acute and particularly chronic GVHD
continue to be major causes of morbidity and mortality after allogeneic HCT. In order to
advance further, methods to augment GVT while suppressing GVHD are required. A broad
range of strategies have been effective in dissecting GVT from GVHD in murine models;
however, many of these have proven disappointing when translated to the human setting.
Unmanipulated donor lymphocyte infusion is the only method of GVT augmentation currently
in widespread clinical use; while effective in chronic myelogenous leukemia, DLI is
inconsistent against other hematological malignancies, and is often accompanied by severe
GVHD. Investigational approaches to augment GVT which are currently being studied in
humans include the use of mHA-specific CTL infusion, vaccination of the donor or recipient
with mHA peptides, adoptive transfer of NK cells, and modified donor lymphocyte infusion.
Complementary methods under investigation to reduce the burden of GVHD while sparing
GVT focus on immunoregulatory strategies, such as ex vivo expansion and infusion of
regulatory T cells, the use of novel pharmacologic agents such as SAHA, bortezomib, or
rapamycin, and the use of biological modifiers of alloreactivity such as mesenchymal stem
cells. The curative potential of allogeneic HCT in hematological malignancy has been well-
demonstrated. With ongoing advances in our understanding of transplant immunology and
alloreactivity, the separation of beneficial GVT from GVHD appears to be a feasible goal, and
holds the promise of realizing the full potential of this modality to treat and cure otherwise
fatal disease. For additional readings on the use of bone marrow transplantation for
autoimmunity, we refer the reader to the companion papers published in this special issue
[42–52]
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Figure 1.
Minor histocompatibility antigens represent distinct MHC-bound peptides displayed by MHC
identical recipient cells. (A) Peptides derived from cellular proteins are displayed on the surface
of cells complexed to MHC molecules and autologous T cells are tolerant to these self-peptides.
(B) Due to polymorphisms in the genome, cellular proteins expressed by recipient cells may
contain amino acid substitutions (depicted by the asterisks) compared with the homologous
proteins in donor cells. After processing, these sequences may provide unique peptides that
bind to MHC molecules and are displayed at the cell surface. T cells of the donor will recognize
the unique peptides on recipient cells as foreign. Reproduced with permission from Riddell
SR, Berger C, Murata M, et al. The graft versus leukemia response after allogeneic
hematopoietic stem cell transplantation. Blood Rev. 2003 Sep;17(3):153-62.
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Figure 2.
Allogeneic hematopoietic cell transplantation is an increasingly widely used therapy. Important
milestones and developments in the field of hematopoietic cell transplantation are shown on
the timeline. Reproduced with permission from Appelbaum FR. Hematopoietic-cell
transplantation at 50. N Engl J Med. 2007 Oct 11;357(15):1472-5. Copyright © 2007
Massachusetts Medical Society. All rights reserved.
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Table 1
Complete response rates after donor lymphocyte infusion
High response rates are seen in relapsed chronic myelogenous leukemia, but results are significantly poorer in
other disease states, particularly acute leukemia. Abbreviations: CR, complete response; EBMT, European Group
for Blood and Marrow Transplantation. EBMT data taken from Kolb HJ, Schmid C, Barrett AJ, Schendel DJ.
Graft-versus-leukemia reactions in allogeneic chimeras. Blood 2004 Feb 1;103(3):767-76. North American data
taken from Collins RH Jr, Shpilberg O, Drobyski WR, et al. Donor leukocyte infusions in 140 patients with
relapsed malignancy after allogeneic bone marrow transplantation. J Clin Oncol. 1997 Feb;15(2):433-44.

Disease
Complete responses/evaluable patients (% CR)

EBMT North America

Chronic myelogenous leukemia
    Cytogenetic/molecular relapse 40/50 (80%) 3/3 (100%)
    Hematological relapse 88/114 (77%) 25/34 (74%)
    Accelerated phase/blast crisis 13/36 (36%) 5/18 (28%)

Acute myeloid leukemia/myelodysplastic syndrome 15/58 (26%) 8/44 (18%)

Acute lymphoblastic leukemia 3/20 (15%) 2/11 (18%)

Multiple myeloma 5/17 (29%) 2/4 (50%)

Non-Hodgkin lymphoma None evaluated 0/6 (0%)
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