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Abstract
Graft-vs-host disease (GVHD) is a negative effect of stem cell transplant, but the graft-vs-
leukemia (GVL) effect has been shown to positively affect outcomes. GVHD and GVL have
similar but not identical alloreactivity, and GVL may be affected by the source of grafts, the
preparative conditioning regimen, and donor genetic elements. Human leukocyte antigen (HLA)
mismatch does not appear to augment the GVL effect, and increased GVHD does not necessarily
lead to decreased relapse.
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INTRODUCTION
The effectiveness of allogeneic stem cell transplantation for leukemia results from more than
the high-dose therapy that precedes transplant. While graft-vs-host disease (GVHD) is a
negative consequence of transplant, the graft-vs-leukemia (GVL) effect significantly
benefits outcome for transplant. However, GVL might just be a manifestation of GVHD.

Graft-vs-host reactivity involves a cytolytic attack on target tissues, which could also result
in immunodeficiency or GVL, depending on the efficacy of the attack in various tissues. In
general GVHD reactions, CD8+ T cells lyse human leukocyte antigen (HLA) class I-
expressing targets, usually in tissues of the gut, skin, and liver. In immunodeficiency, the
CD8+ cells attack HLA class I-expressing thymic tissue. Also in GVHD, natural killer (NK)
cells lyse targets lacking class I inhibitory killer-immunoglobulin receptor-ligand (KIR-L).
Other mediators of GVHD include B cells, cytokines, and antibody-dependent cell-mediated
cytotoxicity (ADCC), among others. For the GVL effect, CD8+ T cells seek HLA class I-
expressing targets, such as myeloid or lymphoid tissue. NK cells, antibodies, and cytokines
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attack targets expressing minor histocompatibility, microbial pathogens, or tumor-associated
antigens.

HLA mismatch and minor histocompatibility antigen mismatch, which is assumed to be
present in fully matched unrelated and fully matched related donors, augments donor/
recipient alloreactivity. This leads to more GVHD and more immunodeficiency, but it is
unclear whether it also augments the GVL effect. It is unclear whether a mismatched or
unrelated donor transplant will yield augmented GVL and less relapse. To address this
question in a clinical way, two large studies were conducted with data from the Center for
International Blood and Marrow Transplant Research (CIBMTR) and donor/recipient
specimens from the National Marrow Donor Program repository.

UNRELATED VS HLA-IDENTICAL SIBLING DONOR TRANSPLANTS
The first study used a homogeneous cohort of chronic myeloid leukemia (CML) patients in
first chronic phase (CP1).1 All patients received myeloablative conditioning and were
transplanted between 1988 and 2003. Donors were either HLA-identical siblings (n = 3537)
or unrelated but with allele-level HLA typing (n = 1076). Data were reported to CIBMTR.
Age was similar between recipients of both donor sources (median, 36 years). For unrelated
donor recipients, 51% received a transplant with an 8 of 8 HLA match, while 24% received
a transplant with mismatch at 1 allele, 15% received transplant with mismatch at 2 alleles,
and the remaining 10% received a transplant with mismatch at 3 or more alleles. However,
most of these transplants were considered to be a complete match at the time they were
performed. HLA-identical sibling transplants were conducted closer to time of diagnosis,
while unrelated donor transplants occurred later. Median follow-up for HLA-identical
sibling transplant recipients was 97 months (range, 2–209 months), and the median follow-
up for patients who received transplants from unrelated donors was 106 months (range, 8–
219 months).

Mismatching for minor or major histocompatibility antigens offered no additional protection
against relapse and increased the risk of GVHD and transplant-related mortality (TRM). The
cumulative incidence of TRM was lowest in the HLA-identical sibling cohort, followed by
matched unrelated donor recipients.1 TRM increased further with each HLA mismatch. This
increase can be attributed to GVHD, as the severity of GVHD increased with unrelated
donors and with HLA mismatch. However, the difference in relapse rates was not significant
between a fully matched unrelated donor and an HLA-identical sibling donor or with greater
degrees of HLA disparity. Relapse rates were low in all groups, with 5-year relapse
incidence rates between 7% and 14%, regardless of donor type. Furthermore, there was no
significant relapse benefit to a higher risk of GVHD. Leukemia-free survival was
significantly better in patients receiving transplants from HLA-identical siblings, followed
by matched unrelated donors and then mismatched unrelated donors.

In a second study that took place between 1995 and 2004,2 adults with acute myeloid
leukemia (AML), acute lymphoblastic leukemia (ALL), or CML received myeloablative
treatment before transplant from HLA-identical siblings or unrelated matched donors. In
contrast with the first study, only fully matched unrelated donor transplants were allowed,
enabling this study to compare differences in other histocompatability antigens, but not
differences in HLA. While 3158 patients received a transplant from an HLA-identical
sibling, 941 received a transplant from a matched unrelated donor. The median age of
recipients was approximately 38 years. Distribution among diseases was similar for the
different types of donor transplants’. Most patients had CML (45% had sibling donors and
44% had unrelated donors), followed by AML (40% sibling and 36% unrelated donors), and
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ALL (15% sibling and 20% unrelated donors). Patients with sibling donors were more likely
to receive a transplant early (70% vs 50% of unrelated donor transplants).

The 5-year relapse incidence was not significantly different between the different donor type
transplants within each disease.2 Furthermore, patients at each disease stage, first or second
CR or relapse, had no significant differences in relapse due to donor type. However, a
multivariate analysis showed that in AML patients there was significantly more relapse with
unrelated donors and significantly less relapse in those with chronic GVHD. In ALL
patients, multivariate analysis showed a smaller reduction in risk of relapse with chronic
GVHD, and the difference did not quite reach statistical significance (P = 0.058). In CML,
chronic GVHD significantly lowered the risk of relapse, according to multivariate analysis.
The 5-year leukemia-free survival was only significantly different between donor types for
AML patients in CR1 or relapse and for CML patients in blast phase. In these three disease
states, a sibling donor predicted a higher probability of leukemia-free survival. There was no
difference in leukemia-free survival for the patients in other groups.

This study2 showed that, despite higher rates of severe acute and chronic GVHD with
unrelated donor grafts, there was a similar risk of relapse and rate of leukemia-free survival
after unrelated donor and HLA-identical sibling transplant for ALL and AML patients.
There was also a higher relapse risk and a lower rate of leukemia-free survival after
unrelated donor transplant in AML. Chronic GVHD was associated with lower relapse risk
in AML, ALL, and CML, but there was no evidence for increased GVL effect after
unrelated donor vs HLA-identical sibling transplant for AML, ALL, or CML.

GRAFT-VS-LEUKEMIA EFFECT
GVHD, particularly chronic GVHD in the myeloablative setting, is associated with a lower
risk of relapse.3 In a large study of more than 2000 HLA-identical sibling transplants,4 there
was a significantly lower risk of relapse, even with grade 1 acute GVHD. However, the
relative risk of relapse did not significantly decrease with increasing grades of acute GVHD,
4 and GVL effect did not increase proportionally with the grade of chronic GVHD severity
in HLA-identical sibling transplant recipients in another study (Figure 1).5

There may be a few reasons why increased GVHD does not necessarily lead to decreased
relapse. First, there may be an intrinsic lack of dose response. GVL may kill a certain
population of leukemic cells no matter the level of GVHD. Secondly, the increased immune
suppressive therapy some patients receive to prevent or treat GVHD may affect GVL. In
patients who received unrelated donor transplants, the risk of GVHD is higher, and they are
treated with agents, such as ATG, that patients who receive transplants from related donors
do not receive. Furthermore, early forms of GVHD are treated faster and more aggressively
when they are the result of an unrelated or mismatched donor. This immunosuppressive
treatment, while meant to be therapeutic, may be obscuring the ability to see true GVL
effect. Finally, there are differences in patient selection for unrelated or mismatched donor
transplants. Patient selection is adjusted for disease, risk, and patient morbidity, and it is
likely that diseases treated with unrelated donor transplants have a higher risk of recurrence.

Is it possible to select or manipulate grafts to enhance GVL? In a study of 177 cord blood
transplants conducted at the University of Minnesota,6 the risk of relapse was significantly
lower using double vs single unit cord blood transplants. This difference was not attributed
to donor/recipient HLA mismatch. A follow-up study from the University of Minnesota and
the Fred Hutchinson Cancer Research Center showed similar results and a lower risk of
relapse with double cord transplants.7 Double unit cord blood transplants were also
compared to matched sibling transplants and matched and mismatched unrelated donor
transplants, and the double cord blood transplants had the highest probability of leukemia-
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free survival, due to decreased relapse in those recipients. The recipients of matched
unrelated donor transplants also had superior survival to those receiving matched sibling
transplants.

A study of 92 patients with acute leukemia who received T-cell-depleted haploidentical
transplant showed that NK-cell alloreactivity, rather than the typical T-cell alloreactivity,
results in reduced GVHD and relapse.8 Another study showed improved relapse-free
survival after unrelated donor transplant for AML when using a donor with KIR B
haplotype.9

Much of what is known about GVL effects and acute vs chronic GVHD comes from studies
using myeloablative conditioning. A new study is comparing myeloablative conditioning to
reduced-intensity conditioning before transplant for AML. The most dramatic GVHD-
associated GVL effect occurs in patients who get chronic GVHD, either alone or following
acute GVHD. With reduced-intensity conditioning, the relapse incidence is lowest for those
with chronic GVHD following acute GVHD, while those with chronic GVHD who did not
experience acute GVHD do not show the same benefit.

CONCLUSIONS
The alloreactivity of GVHD is similar but not identical to GVL; more GVHD is not
necessarily associated with increased GVL and less relapse. Instead, GVL may involve
multicellular responses that differ based upon graft source (whether cord blood or
hematopoietic stem cells), conditioning intensity, and new genetic elements from the donor.
Finally, HLA mismatch does not augment GVL, so HLA-identical sibling transplant can be
considered for patients with high-risk leukemia.
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Figure 1.
Relapse by severity of chronic GVHD in 1827 HLA-identical bone marrow transplant
recipients.5 Data includes only 100-day survivors.
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