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Thomas R. Spitzer

Haploidentical stem cell transplantation is a treatment
option for the approximately 70% of patients who do
not have an HLA-identical sibling donor. The availabil-
ity of a haploidentical donor in most families is a
potential advantage, both for avoiding the need to find
an alternative unrelated donor, and for the potentially
more potent graft-versus-tumor effect that can be
induced. The early complications of severe graft-
versus-host disease (GVHD) following T-cell replete
stem cell transplantation (SCT), and graft failure and
recurrent malignancy (after T-cell depleted SCT) have
limited the applications of this approach. Newer
strategies employing T-cell depletion of the graft, using
either very high-dose peripheral blood stem cells and/
or more intensive conditioning therapy have over-

Haploidentical Stem Cell Transplantation:
The Always Present but Overlooked Donor

come some of the problems of conventional transplan-
tation. Nonmyeloablative SCT approaches have
overcome some of the morbidity and mortality
associated with the early complications of SCT and
have been associated with favorable engraftment and
GVHD profiles. Induction of mixed lymphohemato-
poietic chimerism as a platform for adoptive cellular
immunotherapy (via delayed donor lymphocyte
infusions) may have important application in avoiding
early GVHD, while ultimately capturing a very potent
graft-versus-tumor effect. Current strategies are
focusing on improvement of immune reconstitution
and prevention of recurrence of the underlying
malighancy.

Haploidentical related donor stem cell transplantatiosis, and acute renal failure. Ten of the 35 patients had en-
(SCT) has been evaluated over the past two to three dgaftment failure, requiring regrafting from the same donor,
cades as an alternative transplant option for the approkitough 11 patients were alive at the time of reporting. There
mately 70% of patients who do not have an HLA-identicalas no difference in survival between HLA-1 to 2 antigen
related dondr® (Table 1). The advantages of haploidenticaland 3 of 6 antigen mismatched transplants. There also was
SCT are that nearly all patients have an immediately avarle impact of the addition of methotrexate to cyclosporine
able donor and that a stronger graft-versus-tumor effect can the development of “hyperacute GVHD.”
be realized with partial HLA disparity. The disadvantages Beatty et al described the outcomes (including the in-
of haploidentical SCT are the immunological consequenceglence of GVHD and leukemia-free and overall survival)
of crossing the major histocompatibility barrier, namelpf HLA-matched versus -mismatched donor bone marrow
graft-versus-host disease (GVHD), graft rejection, and d&-ansplantation in patients with advanced hematologic
layed or incomplete immune reconstitution. With very inmalignancies who received myeloablative (total-body ir-
tensive conditioning therapy, graft rejection has beemdiation [TBI]-based) conditioningThe incidence of
largely overcome. Severe acute or chronic GVHD, howeveagrades II-IV GVHD was higher after HLA-mismatched ver-
have been formidable obstacles to the success of T-cell s¢s matched donor BMT. However, overall survival was
plete transplants following myeloablative conditiontdg. similar after HLA-matched and 1-antigen mismatched do-
nor BMT for patients with acute leukemia in remission.
Historical Perspective Despite the increase in GVHD following HLA-mismatched
The early post-transplant complications of myeloablativBMT, overall survival was not worse, likely owing to a
T-cell replete haploidentical bone marrow transplantatiomore enhanced graft-versus-leukemia (GVL) effect. While
were well described by Powles and colleagu@$35 pa- the number of patients who received an HLA 2- or 3-anti-
tients with advanced acute myeloid leukemia (AML) ogen mismatched BMT was too small to reach conclusions
acute lymphocytic leukemia (ALL) who received a one- toegarding overall survival, there was very high, early trans-
three-antigen mismatched bone marrow transplantatigtant-related mortality in this subpopulation. Based on these
(BMT), 12 patients died from an early syndrome characteresults, it was long held that the outcomes of related donor 1-
ized by pulmonary edema, seizures, intravascular hemolmtigen mismatched BMT were similar to those of HLA-iden-
tical donor BMT. Two- or 3-antigen mismatched transplants
were believed to be associated with a prohibitively high
Correspondence: Thomas R. Spitzer, MD, Massachusetts mortality risk, at least in the setting of T-cell replete trans-
General Hospital, Harvard University, 14 Seten Circle, Andoverplants using pharmacologic GVHD prophylaxis.
MA 01810; Phone: (617) 724-1124, Fax: (617) 724-1126, An IBMTR analysis of a much larger population of
spitzer.thomas@mgh.harvard.edu patients with leukemia showed that the relative risk of treat-
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Table 1. Haploidentical stem cell transplantation (SCT): potential applications.

Hematologic Malignancy Non-Malignant Stem Cell Disorders Tolerance Induction

Immediate availability of donor —
Expansion of transplant opportunities

Available (often parent) donors for children
with inherited stem cell disorders (e.g., SCID)

Avoidance of long term
immunosuppression

Availability of donor for subsequent
stems cell or DLI

Alternative donor source for acquired stem
cell disorders (e.g., SAA)

Potential opportunities for cadaveric
donor organ transplantation

Potentially stronger GVT effect

Abbreviations: DLI, donor lymphocyte infusion; GVT, graft-versus-tumor; SAA, severe aplastic anemia; SCID, severe combined
immune deficiency.

ment failure for early leukemia and the overall risk of transa significantly lower leukemia-free survival.

plant-related mortality were significantly higher for pa-  Previous efforts to overcome the problem of GVHD
tients who received a 1- or 2-antigen mismatched BMfbllowing myeloablative haploidentical BMT using ex
compared to an HLA-identical sibling donor transpfant.vivo T-cell depleted (TCD) bone marrow were complicated
For standard-risk leukemic patients a significantly highdsy a very high risk of graft failure and recurrent malig-
probability of leukemia-free survival was observed for panancy? Epstein-Barr virus (EBV)-related post-transplant
tients who received an HLA-identical donor transplant contymphoproliferative disease was another important com-
pared with recipients of a 1- or 2-antigen mismatched dpfication of TCD transplantatiofi.Other attempts to re-
nor transplant. For high-risk patients, however, any diffeduce transplant-related mortality focused on prevention
ence was obscured by a disappointing 15% leukemia-fraad treatment of opportunistic infections. Recognition of
survival probability in both matched and mismatched tranfhhe importance of cytomegalovirus (CMV) serostatus on
plant recipients. Thus, the consequences of T-cell repld@tansplant outcomes, for example, led to the preferential
myeloablative BMT in which HLA barriers were crossedselection of CMV-seronegative donors for CMV-seronega-
were readily apparent and, at least in the situation of staive recipients, whenever possible.

dard-risk hematologic malignancies, were associated with

Table 2. Haploidentical stem cell transplantation (SCT) strategies.

Strategy Center Results Reference
MYELOABLATIVE
T-cell replete BMT Royal Marsden Hyperacute GVHD; frequent rejection 1
Pharmacologic GVHD Seattle 1 GVHD with t HLA disparity 2
Prophylaxis
Partial ex vivo TCD, U. South Carolina Good GVHD Protection DFS in ~ 20% 4
Post-BMT
Pharmacoprophylaxis
“Mega-dose” TCD Perugia Minimal GVHD Favorable survival in 511
PBSCT remission AML/ALL
Canada (multi- center) Delayed immune reconstitution with high rates of relapse, 12
Emory infectious deaths 13
Ex vivo T-cell anergization Children’s/DFCI Minimal GVHD 6
Donor selection according Japan (multiple centers) | GVHD with donor/recipient mismatched for NIMA 23-26
to feto-maternal chimerism*
NON-MYELOABLATIVE
Ex vivo/in vivo TCD, MGH “split level” mixed chimerism, 7,8
delayed DLI conversion of T-cell chimerism after DLI
Post-BMT high-dose Johns Hopkins Full donor chimerism in most, GVHD in ~ 50% 17

cyclophosphamide

Ex vivo/in vivo TCD
with Campath

* Reduced-intensity conditioning in a minority of patients.

Duke

Low incidence of acute GVHD,
high incidence of GVHD after DLI

Personal communication

N. Chao

Abbreviations: ALL, acute lymphocytic leukemia; AML, acute myeloid leukemia; BMT, bone marrow transplantation; DFCI, Dana-
Farber Cancer Institute; DFS, disease-free survival; DLI, donor lymphocyte infusion; GVHD, graft-versus-host disease; MGH,
Massachusetts General Hospital; NIMA, non-inherited maternal antigens; PBSCT, peripheral blood stem cell transplantation; TCD, T-

cell depletion
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Newer Approaches to Haploidentical SCT deaths as a result of infection or relapse. Adoptive cellular
This early experience highlighted the need for new stratéherapy using antigen-specific donor T-cells has been pro-
gies to deal with the complications of haploidentical SChosed'®
particularly GVHD and its attendant complicatiofalgle Another approach to myeloablative haploidentical
2). If ex vivo T-cell depletion approaches were to be usestem cell transplantation by Guinan and colleagues has
to prevent GVHD, more intensive conditioning and/obeen the induction of alloantigen-specific anergy by the
higher doses of stem cells (e.g., mobilized peripheral bloatlturing of host and donor bone marrow in the presence of
stem cells versus bone marrow) would be required. Meh&I'LA-4-1G.% Of 12 patients with advanced hematologic
et al showed that a combination of in vitro and in vivo Tmalignancy, only 3 developed gastrointestinal GVHD. At
cell depletion resulted in an acceptably low incidence dhe time of reporting, 5 of 12 patients were alive and dis-
GVHD and reasonable survival probabilities followingease-free from 5 to 29 months post-transplant. The induc-
BMT for advanced hematologic malignarfc@ne such tion of alloantigen-specific anergy was demonstrated by a
analysis evaluated 201 patients with acute leukemia wisabstantial reduction in precursor helper T-cell frequency
were conditioned with TBIl/etoposide/cyclophosphamideafter in vitro culture of host and donor bone marrow com-
cytarabine, anti-thymocyte globulin (ATG), and methylpared to the precursor helper T-cell response to third-party
prednisolone. In vitro T-cell depletion was performed witlantigen.
a T10 B9 or OKT3 monoclonal antibody. GVHD prophy-
laxis consisted of ATG, corticosteroids, and cyclosporindonmyeloablative Haploidentical SCT
Greater than grade | GVHD and chronic GVHD occurred iVhereas the incidence of GVHD and related complications
13% and 15% of patients, respectively. Five-year actuariahs likely been reduced by some form of ex vivo T-cell
disease-free and overall survival probabilities were 18%epletion or anergization, transplant-related mortality risk
and 19%. following myeloablative transplantation has remained
In an effort to further decrease the incidence of GVHDigh. In an effort to reduce the early regimen-related mor-
and improve the outcomes of haploidentical SCT, Averdality risk while still capturing the potent graft-versus-tu-
et al evaluated a strategy in which “mega-dose,” vigomor effect of the transplant, several recent clinical trials
ously T-cell depleted, granulocyte colony-stimulating fachave evaluated the efficacy of nonmyeloablative condi-
tor (G-CSF)-mobilized peripheral blood stem cells fronioning for haploidentical SCT.
haploidentical donors were transplanted following a TBI/ Based on murine models established by Sykes and col-
thiotepa/fludarabine/ATG preparative reginteBarly re- leagues;*Sclinical trials at Massachusetts General Hospi-
sults in patients with AML or ALL were remarkable fortal (MGH) have been performed using nhonmyeloablative
sustained donor chimerism in most patients and the atenditioning (cyclophosphamide with or without flud-
sence of acute or chronic GVHD. Veto cells, within tharabine, in vivo T-cell depletion using polyclonal or mono-
high-dose CD34selected cell product, and NK cells thatclonal anti-T cell antibodies, pre-transplant thymic irra-
destroy residual host alloreactive cells were thought to laation, and most recently, ex vivo T-cell depletion) in an
partially responsible for the favorable engraftment profileeffort to induce stable mixed lymphohematopoietic chi-
Transplant-related mortality risk was 40%, with infectiormerism as an immunological platform for adoptive cellular
as the leading cause of death. Improved immune reconstimunotherapy? The rationale for this approach has in-
tution and fewer deaths secondary to infection occurreduded 1) the reduction of regimen-related toxicities with
when post-transplant G-CSF was discontinued. In a monenmyeloablative conditioning, 2) the prevention of GVHD
recent report using automated devices for CO2Al se- by in vivo and ex vivo T-cell depletion, and 3) the capture
lection, 94 of 101 patients achieved primary engraftmentf an optimal graft-versus-tumor effect by delayed donor
and acute GVHD occurred in eight of 100 evaluable patientgmphocyte infusions (DLI). Murine studies by Mapara et
Thirty-eight patients died due to nonleukemic causes. Fal showed that DLI-mediated GVL effects were more po-
patients with AML and ALL in remission, event-free survivaltent in mixed chimeras than in full donor chimefashe
probabilities were 48% and 46%, respectively. preservation of host antigen-presenting cells was shown to
Other approaches using myeloablative conditioninge responsible for the enhanced GVL efféct.
and high-dose CD34cell-selected grafts have described Ininitial trials, the risk of severe GVHD was high fol-
similarly favorable engraftment rates and protection frortowing T-cell replete bone marrow transplantation. How-
GVHD. However, recurrent malignancy and infection deathsver, impressive and durable antitumor responses in some
due to poor immune reconstitution have been problematjatients with chemorefractory aggressive lymphomas were
In a Canadian multi-center trial using an approach similabserved. The current MGH protocol includes cyclophos-
to that developed by Aversa et al, all 11 patients engraftetiamide and fludarabine, MEDI-507 (a monoclonal anti-
without GVHD. Ten of 11 patients died due to leukemi€€D2 antibody), and thymic irradiation. This has resulted
relapse or infectiof? Waller et al describe a 93% mortality in a high incidence of mixed chimerism without early GVHD
in 28 patients who received a TCD, CD3&hriched and the observation that conversion of T-cell chimerism
haploidentical SCT after an ATG-based regimen, with mosbuld occur with manageable or no GVHD (shown sche-
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matically inFigure 1).8 Recurrent malignancy and late in-experienced primary graft failure. The incidence of severe
fections have been the chief reasons for treatment faillseute and chronic GVHD was 9% and 23%, respectively.
with this approach. Efforts are underway to optimize the éXrogressive disease and infection were the leading causes
vivo T-cell depletion of the product and to explore differof mortality. Five of 12 patients (42%) developed severe
ent doses of delayed DLI. GVHD following DLI.

O’Donnell et al have performed nonmyeloablative
haploidentical BMT with high-dose posttransplant cycloHaploidentical SCT: Special Considerations and

phosphamide, 50 mg/kg on day 3, to improve GVHD prdmplications for Donor Selection

phylaxis!’ Thirteen patients with hematologic malignancy

who received low-dose TBl/fludarabine (with or withoutKillerimmunoglobulin-like receptor mismatching
post-transplant cyclophosphamide) and tacrolimuddsis of tumor cells by natural killer cells is mediated in
mycophenolate mofetil (MMF) for GVHD prophylaxis werepart by mismatching of the killer immunoglobulin-like re-
recently described. Acute GVHD developed in 6 of the 18eptor (KIR) ligand between the NK cell and its target. For
patients. Six of the 13 patients were alive, 5 of whom wethis reason, mismatching of the KIR ligand in the GVH
in a complete remission at a median of 191 days post-trarection might enhance a graft-mediated anti-tumor effect

plant.

following haploidentical SCT. A clinically meaningful im-

Using a non-radiation (cyclophosphamide/fludpact of donor NK cell alloreactivity following haplo-
arabine) based chemotherapy preparative regimen andilantical stem cell transplantation has been suggested by
combination of in vivo and ex vivo T-cell depletion (inthe lower relapse risks for patients with AML who received
vivo Campath plus Campath-treated peripheral blood steemhaploidentical SCT according to the strategies devel-
cells), Chao and colleagues at Duke University treated 8ped by Ruggeri et a}.The probability of relapse at 5
patients with a variety of hematologic malignancies angkears (75% vs 0%) was reported for 57 patients with AML
solid tumors with haploidentical SCT (N. Chao, personatho received KIR ligand-matched versus mismatched
communication; manuscript submitted). Three patientsansplant. The importance of KIR ligand compatibility on
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Figure 1. Nonmyeloablative ex vivo T-cell depleted (TCD)
peripheral blood stem cell transplantation (PBSCT) and
delayed donor lymphocyte infusion (DLI) for hematologic
malignancy.

This schematic representation of a nonmyeloablative
conditioning regimen (cyclophosphamide + fludarabine, anti-
CD2 monoclonal antibody [MEDI-507], and thymic irradiation)
shows the induction of mixed lymphohematopoietic chimerism
followed by delayed DLI to convert the chimerism to full donor,
thereby capturing a potent graft-versus-leukemia (GVL) effect
while minimizing graft-versus-host disease (GVHD). The graph
from one patient shows “split lineage” chimerism and
conversion of T-cell chimerism following DLI.

BMT, bone marrow transplantation.
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relapse and survival probabilities after alternative donor
transplantation remains to be defined, as conflicting re-
sults have been reported regarding the effect of KIR ligand
matching on these outcomes following unrelated donor
transplantation®? Nonetheless, considerable potential
exists to enhance an antitumor effect of haploidentical SCT
among selected hematologic malignancies. NK cell allo-
reactivity in the GVH direction is not associated with in-
creased GVHD and may have a positive impact on the do-
nor engraftment.

Haploidentical stem cell transplantation

based on feto-maternal microchimerism

Evidence exists that exposure to non-inherited maternal
antigens during pregnancy may result in lasting feto-ma-
ternal microchimerism and tolerance inductibData from

an IBMTR analysis showed that stem cell transplants from
a non-inherited, maternal antigen-mismatched sibling re-
sult in a reduced incidence of acute GVHD (compared to
non-inherited, paternal antigen-mismatched sibling donor
transplants) and reduced transplant-related mortality (com-
pared to parental donor transplantati&rffavorable out-
comes of haploidentical SCT using T-cell replete grafts
from sibling donors mismatched for noninherited maternal
antigens have been recently publisfed.These reports
have demonstrated the occurrence of sustained chimerism
with an acceptably low incidence of GVHD after myelo-
ablative or reduced-intensity conditioning and up to 3-
HLA antigen mismatched T-cell replete SCT. In a study of
35 patients with hematologic malignancy from Kyoto, Ja-
pan, who received a 2- or 3-antigen mismatched SCT from
a microchimeric, non-inherited maternal antigen-mis-

393



matched donor after myeloablative or reduced-intensitheir grafts, following nonmyeloablative HLA-matched or
conditioning, a significantly reduced incidence of severamismatched SC¥ While the mechanism of this antitu-
GVHD was observed compared to transplants where theor response has not been fully defined, preclinical and
donor and recipient were mismatched for inherited patechinical evidence suggests that a host-specific antitumor
nal antigen$® Thus, choice of donor within families, bothresponse may be generated by the graft rejection. Clini-
to enhance an antileukemic effect (through KIR epitopeally, this is supported by the observation of ongoing tu-
mismatching) and to reduce transplant-related compliceror regression following multiple sequential DLIs in some
tions, most notably GVHD (through selection of siblingpatients who previously rejected their grafts. This has been
mismatched for non-inherited maternal antigens), may insccompanied in some cases by transient increases in the
prove survival outcomes following haploidentical SCT. number of host CD&ells. In a murine model, both sponta-
neous rejection and recipient lymphocyte infusions (RLI)

Haploidentical Stem Cell Transplantation: to intentionally induce graft rejection provide protection

Other Applications from tumor-related mortalit§# This protection is depen-
dent on recipient-derived interferon-gamma and on the

Specific transplantation tolerance induction generation of tumor-specific cytotoxic celts?Colvin and

The major obstacle to successful solid organ transplantolleagues have reported responses among patients with
tion (SOT) is graft rejection. Substantial morbidity accomrefractory AML following low-dose TBI and haploidentical
panies lifelong immunosuppression following SOT. SevSCT in which graft rejection reliably occufsSequential
eral preclinical models have shown that sustained donddils are now given in an effort to enhance the antitumor
specific allotolerance can be induced by combined bordfect associated with graft rejection.
marrow and kidney transplantation. Even transient mixed
lymphohematopoietic chimerism is sufficient to induceHaploidentical Stem Cell Transplantation:
durable toleranc&:?® Favorable experience has been ob€onclusions and Future Direction
served with combined HLA-matched bone marrow/kidneyA potentially huge upside of haploidentical SCT exists:
transplantation for patients with end-stage renal diseasamely, an expansion of transplant opportunities for pa-
secondary to multiple myeloma. Durable anti-myelomé&éents without an HLA-matched donor and the potentia-
responses and sustained renal allograft tolerance despiten of a graft-versus-tumor effect of the transplant.
in some cases, only transient donor chimerism have bedaploidentical stem cell transplant strategies may also be
observed®*® At the MGH, a protocol was developed forimportant for specific transplantation tolerance induction.
combined haploidentical bone marrow and kidney tran§vhereas some of the important challenges of haploidentical
plantation for end-stage renal disease without an underl$CT have been addressed, and at least partially amelio-
ing malignancy. By using a cyclophosphamide, MEDI-507%ated (i.e., severe GVHD), other problems, such as delayed
thymic irradiation preparation similar to that used for trandmmune reconstitution and recurrent malignancy, particu-
plantation of multiple myeloma, and simultaneous bonlarly for patients with advanced disease at the time of trans-
marrow/kidney transplantation, sustained specific tranglant, remain significant hurdles limiting long-term suc-
plantation tolerance has been documented (clinically amgéss. Given these unresolved issues, the role and timing of
by in vitro studies of alloreactivity) in 2 of 3 evaluablehaploidentical SCT, especially in relation to other poten-
patients (manuscript in preparation). The sustained toldral alternative donor stem cell sources (cord blood, mis-
ance despite only transient (< 14 days) lymphohematmatched unrelated donors), remain to be defined. The most
poietic chimerism suggests that, in addition to the mechpromising approaches to haploidentical SCT involve graft
nism of central deletional tolerance demonstrated in thengineering to deplete cells capable of causing GVHD while
pre-clinical models, peripheral mechanisms of toleranqaeserving (or adding back later) cells that are responsible
induction are important in the maintenance of tolerancér a graft-versus-tumor effect and for restoring T-cell im-
Such tolerance approaches will be investigated in cadawunity. In this regard, approaches that employ delayed
eric kidney transplantation and transplantation of othexdoptive cellular immunotherapy, including infusion of
solid organs. specific regulatory cells and/or tumor or pathogen-specific
cytotoxic T-lymphocytes, appear particularly promising.

Antitumor response following hematopoietic graft
rejection: anew paradigm for transplantation? References
A striking and unexpected observation from our nonmyeld- Powles RL, Kay HEM, Clink HM, et al. Mismatched family
ablative HLA-matched and mismatched stem cell transplant donors for bone-marrow transplantation as treatment for

. acute leukemia. Lancet. 1983;1:612-615.
protocols has been the substantial response rate and 3.y pG. ciift RA, Mickelson EM, et al. Marrow transplan-
occurrence of durable antitumor responses in some patientstation from related donors other than HLA-identical siblings.
with chemorefractory hematologic malignancies, even fol- N Engl J Med. 1985;313:765-771.
lowing hematopoietic graft rejectidh®32Dey et al de- 3. Szydlo R, Goldman JM, Klein JP, et al. Results of allogeneic

. 0 . . one marrow transplants for leukemia using donors other
scribed a 41% response rate among patients who rejectetinan HLA-identical siblings. J Clin Oncol. 1997;15:1767-1777

394 American Society of Hematology



4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Mehta J, Singhal S, Gee AP, et al. Bone marrow transplanta-
tion from partially HLA-mismatched donors for acute
leukemia: single center experience of 201 patients. Bone
Marrow Transplant. 2004;33:389-397.

Aversa F, Tabilio A, Velardi A, et al. Treatment of high-risk
acute leukemia with T-cell-depleted stem cells from related
donors with one fully mismatched HLA haplotype. N Engl J
Med. 1998;339:1186-1193.

Guinan EC, Boussiotis VA, Neuberg D, et al. Transplantation
of anergic histoincompatible bone marrow allografts. N Engl
J Med. 1999;340:1704-1714.

Sykes M, Preffer F, McAfee S, et al. Mixed
lymphohematopoietic chimerism and graft-versus-lym-
phoma effects after non-myeloablative therapy and HLA-
mismatched bone-marrow transplantation. Lancet.
1999;353:1755-1759.

Spitzer TR, McAfee SL, Dey BR, et al. Nonmyeloablative
haploidentical stem-cell transplantation using anti-CD2
monoclonal antibody (MEDI-507)-based conditioning for
refractory hematologic malignancies. Transplantation.
2003;75:1448-1751.

Henslee PJ, Thompson JS, Romond EH, et al. T cell
depletion of HLA haploidentical marrow reduces graft-
versus-host disease but it may impair a graft-versus-
leukemia effect. Transplant Proc. 1987;19:2701-2708.
Curtis RE, Travis LB, Rowlings PA, et al. Risk of lymphopro-
liferative disorders after bone marrow transplantation: a
multi-institutional study. Blood. 1999;94:2208-2216.

Aversa F, Terenzi A, Tabilio A, et al. Full haplotype-mis-
matched hematopoietic stem-cell transplantation: a phase Il
study in patients with acute leukemia at high risk of relapse.
J Clin Oncol. 2005;23:3447-3454.

Walker I, Shehata N, Cantin G, et al. Canadian multicenter
pilot trial of haploidentical donor transplantation. Blood Cells
Mol Dis. 2004;33:222-226.

Waller EK, Giver CR, Rosenthal H, et al. Facilitating T-cell
reconstitution after haploidentical transplantation in adults.
Blood Cells Mol Dis. 2004;33:233-237.

Pelot MR, Pearson DA, Swenson K, et al.
Lymphohematopoietic graft-vs-host reactions can be
induced without graft-vs-host disease in murine mixed
chimeras established with a cyclophosphamide-based
nonmyeloablative conditioning regimen. Biol Blood Marrow
Transplant. 1999;5:133-143.

Mapara MY, Kim YM, Wang SP, Brunson R, Sachs DH,
Sykes M. Donor lymphocyte infusions mediate superior
graft-versus-leukemia effects in mixed compared to fully
allogeneic chimeras: a critical role for host antigen-present-
ing cells. Blood. 2002;100:1903-1909.

Marx J, Sykes M. DLI-mediated GL effects in mixed
chimeras established with a non-myeloablative conditioning
regimen: extinction of GVL effects coincides with loss of
alloreactive cells following conversion to full donor chimer-
ism. Transplantation. 2003;76:297-305.

O’Donnell PV, Luznik L, Jones RJ, et al. Nonmyeloablative
bone marrow transplantation from partially HLA-mismatched
related donors using posttransplantation cyclophosphamide.
Biol Blood Marrow Transplant. 2002;8:377-386.

Ruggeri L, Capanni M, Urbani E et al. Effectiveness of donor
natural killer cell alloreactivity in mismatched hematopoietic
transplants. Science. 2002;295:2097-2100.

Giebel S, Locatelli F, Lamparelli T, et al. Survival advantage
with KIR ligand incompatibility in hematopoietic stem cell
transplantation from unrelated donors. Blood. 2003;102:814-
819.

Bornhauser M, Schwerdtfeger A, Martin H, Frank KH,
Theuser C, Ehninger G. Role of KIR ligand incompatibility in
hematopoietic stem cell transplantation using unrelated
donors. Blood. 2004;103:2860-2861.

Hematology 2005

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Burlingham WJ, Grailer AP, Heisey DM, et al. The effect of
tolerance to noninherited maternal HLA antigens on the
survival of renal transplants for sibling donors. N Engl J Med.
1998;339:1657-1664.

van Rood JJ, Loberzia FR Jr, Zhang M-J, et al. Effect of
tolerance to noninherited maternal antigens on the occur-
rence of graft-versus-host disease after bone marrow
transplantation from a parent or an HLA-haploidentical
sibling. Blood. 2002;99:1572-1577.

Ichinohe T, Uchiyama T, Shimazaki C, et al. Feasibility of
HLA-haploidentical hematopoietic stem cell transplantation
between noninherited maternal antigen (NIMA) antigen-
mismatched family members linked with long-term
fetomaternal microchimerism. Blood. 2004;104:3821-3828.
Umeda K, Adachi S, Ishihara H, et al. Successful T-cell-
replete peripheral blood stem cell transplantation from
microchimeric mother to daughter with refractory acute
lymphoblastic leukemia using reduced-intensity conditioning.
Bone Marrow Transplant. 2003;32:1061-1063.

Narimatsu H, Morishita V, Saito S, et al. Conditioning regimen
of melphalan, fludarabine and total body irradiation in
unmanipulated HLA haploidentical stem cell transplantation
based on feto-maternal tolerance. Intern Med. 2004;43:1063-
1067.

Obama K, Utsunomiya A, Takatsuka Y, Takemoto Y.
Reduced-intensity non-T-cell depleted HLA-haploidentical
stem cell transplantation for older patients based on the
concept of feto-maternal tolerance. Bone Marrow Transplant.
2004;34:897-899.

Sharabi Y, Sachs DH. Mixed chimerism and permanent
specific transplantation tolerance induced by a non-lethal
preparative regimen. J Exp Med. 1989;169:493-502.

Kawai T, Cosimi AB, Colvin RB, et al. Mixed allogeneic
chimerism and renal allograft tolerance in cynomolgus
monkeys. Transplantation. 1995;59:256-262.

Spitzer TR, Delmonico F, Tolkoff-Rubin N, et al. Combined
histocompatibility leukocyte antigen-matched donor bone
marrow and renal transplantation for multiple myeloma with
end stage renal disease: the induction of allograft tolerance
through mixed lymphohematopoietic chimerism. Transplanta-
tion. 1999;68:480-484.

Buhler LH, Spitzer TR, Sykes M, et al. Induction of kidney
allograft tolerance after transient lymphohematopoietic
chimerism in patients with multiple myeloma and end-stage
renal disease. Transplantation. 2002;74:1405-1409.

Spitzer TR, McAfee S, Sackstein R, et al. Intentional
induction of mixed chimerism and achievement of antitumor
responses after nonmyeloablative conditioning therapy and
HLA-matched donor bone marrow transplantation for
refractory hematologic malignancies. Biol Blood Marrow
Transplant. 2000;6:309-320.

Dey BR, McAfee S, Colby C, et al. Anti-tumor response
despite loss of donor chimerism in patients treated with non-
myeloablative conditioning and allogeneic stem cell trans-
plantation. Br J Haematol. 2005;128:351-359.

Rubio MT, Kim YM, Sachs T, Mapara M, Zhao G, Sykes M.
Antitumor effect of donor marrow graft rejection induced by
recipient leukocyte infusions in mixed chimeras prepared
with nonmyeloablative conditioning: critical role for recipient-
derived IFN-gamma. Blood. 2003;102:2300-2307.

Rubio MT, Saito Tl, Kattelman K, Zhao G, Buckley J, Sykes
M. Mechanisms of the anti-tumor responses and host-
versus graft reactions induced by recipient leukocyte
infusions in mixed chimeras prepared with nonmyeloablative
conditioning: a critical role for recipient CD4* T cells and
recipient leukocyte infusion-derived interferon-gamma-
producing CD8* T cells. J Immunol. 2005;175:665-676.
Colvin GA, Abedi M, Rathore R, et al. Mini-haploidentical
transplantation for refractory acute myeloid leukemia
(Abstract). Blood. 2004;104:591a.

395



