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Introduction: Allogeneic hematopoietic stem cell transplantation (SCT) is the

treatment of choice for many malignant hematological disorders. Following

recent improvements in non-relapse-related mortality rates, relapse has

become the commonest cause of treatment failure. Infusion of donor lympho-

cytes can potentially enhance immune-mediated antitumor activity and offers

a salvage option for some patients. This paper reviews the current literature

on the efficacy of this therapeutic strategy.

Areas covered: The biology of adoptive cellular therapy with allogeneic

immune cells to treat relapse across a spectrum of diseases in both the full

intensity and reduced intensity hematopoietic SCT settings is explored.

The review discusses the current limitations of the approach and reviews

several new experimental strategies which aim to segregate the desired

graft-versus-tumor effect from the deleterious effects of more widespread

graft-versus-host reactivity.

Expert opinion: Durable responses to DLI have been noted in chronic myeloid

leukemia and responses have also been described in acute leukemia, multiple

myeloma and chronic lymphoproliferative disorders. The new challenge

in transplantation is to optimize DLI therapy in order to further improve

patient outcomes.
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1. Introduction

The efficacy of allogeneic stem cell transplantation (SCT) as a curative option for
hematological malignancy is influenced by three factors: the underlying disease,
the pre-transplant conditioning regimen and the graft-versus-tumor (GvT) effect
mediated by donor leucocytes within the graft. The last two factors must be bal-
anced against transplant related mortality (TRM). For example, despite delivering
a reduction in relapse rates, further intensification of existing myeloablative (MA)
conditioning chemo- and radio-therapy beyond current levels increases TRM and
morbidity without improving overall survival (OS) [1,2]. Efforts to minimize
treatment-related morbidity and mortality have focused on modulating condition-
ing protocols and improving supportive care. The introduction of reduced intensity
conditioning (RIC) and non-MA transplants (the so-called ‘reduced toxicity’ trans-
plants), which deliver lower TRM than conventional MA regimens, has revolution-
ized clinical practice, permitting allogeneic SCT in a population of previously
ineligible patients [3,4]. The underlying principle of the RIC transplant is to provide
sufficient immunosuppression to facilitate engraftment without the highly toxic,
inflammatory ‘cytokine storm’ induced by conventional MA conditioning. These
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transplants permit tumor eradication through facilitating the
GvT effect more slowly post-transplant rather than directly
through cytoreductive conditioning and for this reason may
be more suited to the management of indolent hematologic
diseases [5-7].
Due in part to the lower intensity conditioning of these

procedures, relapse has become the leading cause of treatment
failure [8-10]. The high uptake of RIC transplantation has
resulted in the prevention and management of relapse becom-
ing an increasingly prominent feature of clinical practice. One
key approach has been the donor lymphocyte infusion (DLI)
to enhance GvT responses [11].
One of the major problems faced by clinicians is the lack of

explicit published data on the efficacy of DLI. The reasons for
this are manifold. First, there is a reluctance to conduct clini-
cal trials in this population due to the small patient numbers
and often poor outcomes despite intervention. Second, stud-
ies often incorporate heterogeneous patient groups from
which it is difficult to identify which factors are relevant to
each disease entity. There is now international agreement on
the need for collaborative multi-center studies and the need
for a central database or sample repository to assess inter-
ventions in this area. An initiative was recently outlined
in the National Cancer Institute First International Work-
shop on the Biology, Prevention and Treatment of Relapse
after Allogeneic Haematopoietic Stem Cell Transplantation
(2010) [10,12].
We provide a historical context for the use of DLI, discuss

the biology underlying the GvT effect, review the available evi-
dence on the utility of DLI across a range of hematological dis-
eases and address the future of DLI along with developments
in graft engineering. For the purposes of this review, we
concentrate on T-cell rather than NK-cell therapies.

2. Historical perspective

Bidirectional immune reactivity (alloreactivity) between host
and recipient T cells underlies many of the major complica-
tions following allogeneic SCT, namely graft failure and
graft-versus-host disease (GvHD), but it is also responsible
for the advantageous GvT effect [13]. Early evidence for GvT
was based on clinical observation: complete remissions were
observed in some patients with relapsed disease post-allograft
in whom immunosuppression was withdrawn whilst in
others GvHD appeared to protect against relapse [14,15].
Higher rates of relapse were observed in patients receiving
syngeneic (i.e., from an identical twin donor) [16] or T-cell
depleted transplants [17,18] and it was hypothesized that alloge-
neic T lymphocytes could be the active cell in the observed
GvT effect.

Preclinical studies revealed how specific donor T cells
prevented growth of leukemia colonies in vitro and prevented
development of acute myeloid leukemia in an in vivo
immune-deficient mouse model of leukemia. Donor T cells
active against leukemia cells were subsequently demonstrated
to target recipient hematopoiesis-restricted minor histo-
compatability antigens (mHags) [19] and aberrantly or overex-
pressed ligands such as Proteinase 3 [20-22] in myeloid
malignancies. These findings supported the concept of
DLI as a therapeutic intervention, where isolation of
donor T lymphocytes and their subsequent infusion to the
recipient could hasten or intensify the GvT effect in the
relapsed patient.

In 1990, Kolb et al. published the first clinical study of DLI
in patients with relapsed chronic myeloid leukemia (CML),
which showed that infused donor buffy-coats in association
with IFN-a could induce cytogenetic remissions [23]. Remark-
ably, DLI has since been shown to restore durable complete
responses (CR) in up to 80% of these patients [24-33]. This
success in CML prompted others to investigate the use of
DLI across a range of hematological malignancies such as
acute myeloid leukemia (AML), acute lymphocytic leukemia
(ALL), non-Hodgkin’s lymphoma (NHL), multiple myeloma
(MM) and Hodgkin’s lymphoma (HL) with variable
success [34-38]. The role of DLI in these disorders remains
poorly defined and response rates, optimal approaches and
long-term outcomes are still unclear (refer to Table 1 for
details of several of the larger trials of DLI therapy in a range
of hematological diseases).

3. The biology of GvT and GvHD and
potential targets for DLI

The efficacy of allogeneic SCT derives largely from the
allorecognition which permits donor cell engraftment and
facilitates the GvT response. GvHD is an undesirable side
effect of therapy and is thought to be initiated by tissue injury
leading to activation and proliferation of alloreactive T cells,
which then home to sites of inflammation and potentiate

Article highlights.

. Response to donor lymphocyte infusion (DLI) is
disease-dependent, with the best evidence in chronic
phase chronic myeloid leukemia.

. Encouraging results have been obtained in indolent
lymphoproliferative disorders, mantle cell lymphoma and
Hodgkin’s lymphoma, but less so in acute lymphocytic
leukemia, more aggressive non-Hodgkin’s lymphoma
and multiple myeloma, which may benefit more from
non-cellular therapies in the setting of relapse.

. Graft-versus-host disease (GvHD) and to a lesser degree
marrow aplasia are the major side effects of DLI
therapy. The escalating dose regimen administration
schedule is one approach to minimizing GvHD.

. Promising advances in graft engineering (e.g. selection
of T-cell subsets and selection of T cells directed against
recipient minor histocompatability antigens) and
gene therapy (e.g. TCR and chimeric antigen receptor
constructs) may also help to tip the balance of immunity
towards graft-versus-tumor effect and away from
GvHD and improve clinical outcomes.

This box summarizes key points contained in the article.
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tissue injury further. A major focus of transplant biology is to
devise strategies to dissociate GvT from GvHD, with focus on
both the antigen presenting cells (APCs) and the effector
T cells.

The mechanism(s) by which allorecognition occurs during
the GvT response is not fully understood. Murine models of
antigen presentation have shown that recipient APCs are cru-
cial to initiation of GvT, whereas donor APCs appear not to
be so critical [39,40]. Dendritic cells (DCs) are professional
APCs which present antigen via both Class I and II MHC
pathways to the adaptive immune system. Research is ongoing
into methods of loading DCs with tumor antigen to enhance
GvT activity and to try to develop methods to selectively
eliminate DCs responsible for GvHD whilst promoting the
expansion of those involved in GvT responses [10].

The GvT response is dependent on the ability of the graft
to either induce immunity against tumor-specific neo-
antigens (probably a less common event) or to break tolerance
and induce antigen-specific autoimmunity to overly- or
aberrantly-expressed tumor-associated antigens such as
Wilm’s tumor 1, Proteinase-3 and several mHags (HA-1,
HA-2, HB-1 and BCL2A1) which are differentially expressed
on hematopoietic cells [41-43]. Dissociation of GvT from
GvHD might be achieved through the adoptive transfer of
T cells directed against these antigens.

Alternative approaches to dissociate GvT from GvHD have
focused on potential differences in effector pathways. GvT
and GvHD related tissue damage is thought to occur via
different mechanisms: GvHD effectors generally utilize the

Fas:Fas-ligand cytolytic pathway, whilst GvT effectors use
perforin-mediated cytotoxicity and possibly TNF-related
apoptosis-inducing ligand with selective activity for malignant
targets. Manipulation of these different mechanisms of cyto-
toxicity may facilitate enhancement of GvT and at the same
time suppress GvHD [44].

4. The role of Tregs

Maintenance of transplant tolerance is dependent on the
suppression of alloreactive donor T-cell clones by means of
central deletion, clonal anergy and the inhibitory effects of
regulatory T cells (Tregs). Tregs are naturally occurring clus-
ters of differentiation (CD)4+ CD25+ forkhead box P3+

T cells that constitute ~ 1 -- 2% of the circulating CD4+

T-cell population. In the autologous setting, they help
to prevent autoimmunity by dominantly suppressing the acti-
vity of autoreactive lymphocytes using a variety of mecha-
nisms including the secretion of inhibitory cytokines
such as IL-10 and TGF-b, and direct cell--cell contact
inhibition [45,46].

In murine models, Tregs have been shown to prevent
GvHD when co-infused with effector T cells, albeit with
the potential to also suppress GvT [47,48]. It is, therefore,
possible that infusions of ex vivo expanded Tregs given to
patients with GvHD could ameliorate their symptoms and
that depletion of Tregs from the stem cell (or DLI) product
could enhance alloreactivity by ‘releasing the brake’ on the
GvT effect.

Table 1. Efficacy and toxicity of DLIs in hematological malignancy (selected series).

Disease/study author Patient

number

Cell dose

(� 108/kg)

CR post

DLI (%)

GvHD (acute > grade II/

chronic, extensive) (%)

CML/Kolb et al. [23] 3 4.40 -- 7.40 100 66.6
CML/van Rhee et al. [30] 14 0.70 -- 5.30 57 28a/28c
CML/Collins et al. [33] 56 0.50 -- 3.62 100 (Cy)/73 (H)/33 (A) 46a/21c*
CML/Porter et al. [75] 25 0.005 -- 5.21z 46 28a/12c
AML/Kolb et al. [32] 23 0.10 -- 7.83z 29 41*
AML/Shiobara et al. [35] 32 0.01 -- 7.40z 25 34a/33c*
AML/Schmid et al. [72] 171 0.001 -- 2.250 35 43a/46c
AML/Porter et al. [75] 23 0.001 -- 31.8 35 35a/17c
ALL/Kolb et al. [32] 22 0.30 -- 11 0 41*
ALL/Collins et al. [33] 15 0.50 -- 6.20z 18 46a/32c*
ALL/Shiobara et al. [35] 30 0.01 -- 11.3z 20 34a/33c*
NHL/Russell et al. [76] 17 0.05 -- 1 10 44a/89c
NHL/Bloor et al. [78] 17 0.01 -- 1 76 15a/31c
NHL/Bishop et al. [80] 5 0.1 -- 1 50 50
HL/Peggs et al. [85] 14 0.01 -- 1 57 -
MM/Collins et al. [33] 5 1.63 -- 5.53z 50 46a/32c*
MM/van de Donk et al. [95] 63 0.01 -- 3 12 22a/43c
MM/Lokhorst et al. [96] 13 0.01 -- 3.30 31 62a/15c

*The studies marked encompass different disease entities and the incidence of GvHD reported relates to the whole study cohort rather than to individual diseases.
zIndicates the mononuclear cell dose rather than the T-cell dose.

a: Acute GvHD; A: Accelerated phase/blast crisis; ALL: Acute lymphocytic leukemia; AML: Acute myeloid leukemia; c: Chronic GvHD;

CML: Chronic myeloid leukemia; CR: Complete response; Cy: Cytogenteic relapse; DLI: Donor lymphocyte infusion; GvHD: Graft-versus-host disease;

H: Hematologic relapse; HL: Hodgkin’s lymphoma; MM: Multiple myeloma; NHL: Non-Hodgkin’s lymphoma.
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5. The role of MRD in guiding administration
of DLI

The detection of minimal residual disease (MRD) may
predict the likelihood of overt disease relapse in some
diseases [49-52]. Monitoring for mixed chimerism (MC), that
is, the return of recipient-derived hematopoietic cells is one
potential approach. In classical MA conditioning, host hema-
topoiesis is replaced entirely by donor cells to create full donor
chimerism (FDC). In this setting, the return of host cells
(MC) is generally indicative of relapse with few exceptions.
The potential importance of early intervention in terms of
maximizing therapeutic efficacy is well established in CML
and increasingly recognized in other disorders. For example,
it was demonstrated in a retrospective analysis of patients
with acute leukemia and myelodysplastic syndrome (MDS)
who received DLI for relapse based on leukemia lineage-
specific chimerism analysis following transplantation. The
3-year survival in those treated for molecular relapse was
42% compared to 16% in those treated for hematologic
relapse, further suggesting that early intervention with
DLI during molecular relapse rather than waiting for hemato-
logic relapse has the potential to improve responses and
survival [53].
In the RIC transplant setting, early MC is more common

(particularly with T-cell depletion) with more gradual con-
version to FDC over many months. Whether persistent
MC, particularly when it is present only within the T cell line-
age, is associated with a higher incidence of relapse and can
thus be used as a basis for early intervention with DLI to
achieve FDC and prevent relapse, remains controversial [54].
It is likely that the significance of MC differs according
to whether T-cell depletion is incorporated as part of the
conditioning regimen and remains stable or is increasing
over time.
Other methods of MRD detection, such as multiparamet-

ric flow cytometry (MFC) and PCR amplification of fusion
transcripts and antigen receptor genes are used across a range
of diseases. In many cases, they offer a much greater sensitivity
than routine chimerism assays. However, except in the case of
CML, these strategies have not yet been fully validated. Fur-
ther detail is beyond the scope of this review, but the reader
is referred to several studies of interest in specific disease
settings [55-62].

6. Efficacy of DLI in specific disease settings

6.1 CML
To date, most experience with DLI has been gained in CML.
Post-transplant relapse rates are markedly higher for patients
with advanced CML (accelerated phase (AP) or blast crisis
(BC) compared with CML in first chronic phase (CML-
CP)). Responses to DLI are often durable and are best
in those with molecular relapse (90 -- 100%) followed by
cytogenetic relapse (90%), hematological relapse in

CP (75%), relapse in AP/BC (36%) and worst in resistant
disease (0%) [63].

Relapse following DLI represents a varied spectrum. The
outlook for patients with extramedullary relapse is often
poor and optimal treatments are yet to be defined [64]. Alter-
natively, patients who achieve hematological remission but
remain molecularly or cytogenetically positive for bcr-abl
(oncogenic fusion protein) can be successfully re-treated
with DLI [65]. Disease persistence may be due to CML stem
cells which do not express the maturation-associated antigens
targeted by CD8+ mHag-specific cytotoxic T lymphocytes
(CTLs) [66]. Work is ongoing to identify and eradicate CML
stem cells.

The role of additional agents in combination with DLI is
unclear. There is evidence to suggest that IFN-a may poten-
tiate the therapeutic efficacy of DLI such that lower total
cell doses are required to achieve remission or that patients
resistant to conventional DLI achieve responses [67,68]. Studies
of cytoreductive chemotherapy plus DLI in patients with
advanced CML have also been conducted, but outcomes
have been disappointing [32].

The combination of DLI with a tyrosine kinase inhibitor
(TKI) has been explored, although results have been con-
flicting. One study suggested more rapid remissions and
improved OS and disease-free survival, particularly in the
context of accelerated disease [69]. Other groups have obtained
compelling preclinical data to suggest that the anti-
proliferative effect of TKI therapy affects both residual leuke-
mia cells and tumor-responsive CTLs [70,71]. TKI therapy
may, therefore, adversely affect the potentially curative
immune effects of allogeneic transplantation and DLI. This
would be an ideal area for a randomized controlled study.

6.2 AML
The probability of post-transplant relapse in AML has been
variably reported as 20 -- 60% and the prognosis is generally
poor. As a single agent, DLI is generally unable to induce
remission in florid relapse. One study of DLI in combination
with induction chemotherapy has revealed poor remission
rates (15 -- 20%) and a low 2-year OS (15 -- 20%). Sub-
group analysis revealed that chemo-responsive patients with
favorable cytogenetics and low bulk disease at relapse did
significantly better, with an OS of 56% at 2 years [72].

Combination regimens incorporating newer agents such as
decitabine and azacitadine into DLI protocols are the subject
of current clinical interest, but data are limited. Bearing in
mind the poor outcomes in relapsed AML with current sal-
vage modalities, a clinical study of prophylactic DLI in a
cohort of AML patients was conducted and showed improved
OS compared with case-matched controls [73]. Intervention
based on MRD monitoring may reduce the exposure of
patients to the risk of GvHD inherent in prophylactic strate-
gies as previously discussed [53], and the results of combination
of DLI with novel hypomethylating agents in this setting are
eagerly awaited.

Donor lymphocyte infusion following allogeneic hematopoietic stem cell transplantation
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These data require further maturation and validation,
but are particularly relevant to a growing population
of patients with AML or high risk MDS undergoing
RIC transplantation.

6.3 ALL
Relapsed ALL has a poor prognosis, with only 7% of adult
patients surviving 5 years [74]. DLI is rarely effective in florid
relapse and one small study reports a CR rate of 10 -- 20%
of limited duration in patients receiving matched sibling
DLI [75].

The current research emphasis in ALL is on the prevention
of relapse through optimization of up-front therapy and
the development of new targeted therapies. Post-transplant
cellular therapies have not yet realized their potential.

6.4 NHL
NHL comprises a heterogeneous group of histological diag-
noses which can be divided clinically into indolent and
aggressive groups. The curative potential of MA allogeneic
transplantation is established in NHL, but is precluded in
the majority of patients due to an unacceptably high TRM.
The lower toxicity RIC strategies have facilitated the applica-
tion of allogeneic transplantation and DLI in this group
of patients. A significant GvT effect has been reported in
indolent NHL following stem cell and DLI therapy, with
less evidence supporting a strong effect in more aggressive
histologies [76-80].

In our recent study of T cell depleted RIC transplantation
in multiple relapsed follicular lymphoma, 13/82 patients
relapsed, 10/13 received DLI and 9/10 experienced sustained
remission. Overall, the incidence of GvHD was low,
affecting < 20% of patients [77]. An overlapping study of
DLI in ‘indolent NHL’ comprising 28 patients with either
MC (n = 11) or relapsed disease ± MC (n = 17) demonstrated
cumulative response rates of 91% in the MC cohort and 76%
in the relapsed disease cohort, complicated by GvHD in
15 -- 31% [78].

Aggressive NHL is thought to be relatively poorly respon-
sive to allogeneic SCT and DLI [76], but a recent study of
48 patients with relapsed diffuse large B-cell lymphoma
undergoing RIC transplantation demonstrated progression-
free survival (PFS) and OS rates at 4 years of 48 and 47%,
which improved further to 55 and 54% in those with
chemo-sensitive disease before transplant. Overall, 12/48
patients received DLIs ± chemoimmunotherapy for relapse
and 3/12 obtained durable remissions although the role of
other therapies administered in close temporal approximation
is difficult to evaluate [79,80].

Mantle cell lymphoma (MCL) is an aggressive NHL which
generally responds poorly to treatment. In a study of RIC
allogeneic transplantation in 70 patients with MCL, 15
relapsed post-transplant and 11/15 achieved CR with
DLI [81]. This demonstrates that DLI is an effective salvage
therapy in MCL, confirming the importance of GvT inferred

from the encouraging PFS survival rates delivered in T-cell
replete RIC programs.

Rituximab, a chimeric anti-CD20 mAb, is purported to
augment the GvT effects of DLI by promoting antigen prim-
ing. Preclinical studies of rituximab-treated tumor cell lines
demonstrated more effective alloantigen presentation [82].
Clinical experience remains largely anecdotal at present,
though encouraging responses have been claimed and this is
another area that would benefit greatly from a consolidated
clinical study.

6.5 HL
Historically, poor risk HL patients rarely underwent alloge-
neic transplantation due to prohibitively high TRM [83].
RIC conditioning protocols have effectively reduced TRM
and post-transplant survival outcomes have improved, but
this has been complicated by high relapse rates (44 -- 81%
at 2 -- 3 years) [84-86]. Published experience with DLI is rela-
tively scarce. In many cases, response rates have been disap-
pointing (around 30 -- 40%), and perhaps more significantly
of limited duration. The experience following T-cell depleted
transplantation seems qualitatively different. Our single-
institution experience of 24 patients treated with DLI either
alone (n = 14) or combined with debulking or consolidating
chemo-radiotherapy (n = 10) demonstrated CR in 14 and
partial responses (PR) in five patients (overall response
79%) [87]. The majority of responders developed GvHD.
Responses were maintained in 11 patients at a median of
2.2 years from last DLI, and a further three died in CR of
complications of GvHD. It seems likely that experience with
DLI in relapsed HL will grow rapidly over coming years.

6.6 CLL
Relapse following allogeneic SCT for CLL is reported in
20 -- 48% of patients and responds poorly to standard salvage
chemotherapy. Reports on the use of DLI are limited, but
show highly variable response rates (0 -- 60% CR) which are
durable only in a minority [88-91].

The reasons why DLI often fails in CLL giving low durabil-
ity responses is unclear. One group attempted to correlate
clinical responses post-allograft with MRD kinetics by MFC
and/or real time PCR and identified a pattern of an initial
clinical GvT effect accompanied by a failure to completely
eradicate MRD followed by subsequent frank relapse despite
extensive chronic GvHD [92]. Possible mechanisms to explain
this disease kinetic include clonal evolution, sanctuary sites,
the development of tolerance and the presence of CLL
stem cells which fail to be targeted by DLI. Unraveling this
picture may elucidate further the pathophysiology underlying
refractory and relapsing CLL.

Novel immunological strategies to target CLL include the
use of activated DLI (aDLI) which is addressed later in
the article [93]. Combined therapy with DLI and Bi20
(FBTA05), a trifunctional, bispecific antibody targeting
CD20 and CD3 which is thought to direct T cells towards
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CLL cells has been used in patients with refractory, tumor
protein 53-mutated CLL. Transient clinical responses were
observed, but disease recurrence was identified soon after
cessation of therapy, despite further doses of DLI [94].

6.7 MM
Relapse post-transplant is a significant problem in MM,
affecting 50% of patients who achieve CR and 80% of those
who do not achieve CR. Therapy with DLI gives overall
response rates of 38% (CR = 19%, PR = 19%) complicated
by high levels of acute GvHD (38% of patients) and chronic
GvHD (42% of patients). A strong correlation exists between
the likelihood of a favorable response to DLI and the deve-
lopment of GvHD [95]. Long-term survival is possible in
60% of patients who achieve CR with DLI whereas survival
at 22 months is < 20% in those who achieve only PR
post-DLI [96].
In one study of RIC transplantation in chemo-sensitive

MM, only 2/20 patients achieved CR. In all, 14/20 received
escalating-dose DLI for residual/progressive disease and
5/14 developed GvHD (which appeared to correlate with
disease responses). Response durations were short (five were
< 12 months) and progression often occurred despite persisting
FDC, giving 2-year PFS rates of 30%. Dose escalation did not
permit dissociation of the GvT from the GvHD effect [97].
Attempts are ongoing to define strategies to augment the

efficacy of DLI using novel chemotherapy agents. The proteo-
some inhibitor bortezomib has been combined with DLI in
animal models and found to reduce the incidence of GvHD
whilst preserving the crucial GvT effect [98]. Lenalidomide
and thalidomide can activate T cells and NK cells and may
augment GvT activity [99].

7. DLI in the pediatric setting

Compared to adults, children with hematologic malignancy
show superior survival post-allogeneic SCT, but post-
transplant relapse represents a significant problem [100]. The
role of DLI in managing post-SCT relapse in pediatric hema-
tologic malignancy is unclear, as most published data on the
subject comprise small case series [101-103].
One important comparative analysis of outcomes in

49 children who received DLI for post-transplant relapse
(18 ALL, 17 AML, 8 CML, 4 MDS, 2 juvenile myelomono-
cytic leukemia) and 1229 historical controls (no DLI)
reported to the Centre for International Blood and Marrow
Transplant Research demonstrated that DLI did not result
in survival benefit for the majority of children treated [100],
perhaps primarily reflecting the disease histologies represented
rather than the age group of the patients.
Several other studies have focused on strategies to try to

prevent relapse. Bader et al. have defined how increasing
MC after allogeneic SCT is an important prognostic factor
for unfavorable outcome in children with ALL. They show
that the probability of 3-year event-free survival (EFS) in

patients with FDC or low level MC is 66% compared with
23% for patients with increasing MC. They go on to show
that of the increasing MC cohort, those who received immu-
notherapy had a 3-year EFS rate of 37% compared to 0% in
those who did not receive immunotherapy and they propose
that overt relapse could be prevented in a considerable
group of patients through chimerism monitoring and early
intervention with DLI in cases of increasing MC [104,105].

As in adults, post-transplant cellular therapies for ALL have
not yet been fully optimized, although clinical studies of
chimeric antigen receptors (CARs) targeting CD19 on leuke-
mia cells have been established in pediatric ALL and results
are awaited with interest.

It is important to note that DLI is also an accepted treat-
ment option for some non-malignant hematologic conditions
such as severe aplastic anemia (SAA) and thalassemia major.
Treatment failure is rare in SAA, but is mostly caused by graft
rejection. Pediatric studies have suggested that early, low-dose
DLI for increasing MC can prevent graft rejection whilst
increasing the risk of GvHD [106].

It is recognized that MC and secondary graft failure are
frequent complications of allogeneic SCT for thalassemia.
Escalating doses of DLI in this setting have been shown to
be safe but are only efficacious in restoring FDC in patients
with low-risk relapse rather than in patients with high-risk
relapse. For this reason, the authors suggest that DLI be
commenced on detection of level 2 -- 3 chimerism (donor
< 90%) [107].

8. General principles of DLI: effective cell
dose, timing, toxicity and donor issues

The best evidence addressing the optimal cell dose for DLI
therapy has been established in CML. In one study,
68 patients received DLI in an escalating dose regimen
(EDR) and the proportion of clinical responses increased
with each increment in cell dose. Subgroup analysis showed
that the effective cell dose in CML correlates with disease
stage and donor type such that patients with cytogenetic or
molecular relapse and those with unrelated donors respond
to lower doses (< 107 CD3+ cells/kg) compared to patients
with advanced CML or those with fully-matched sibling
donors [108]. The optimal cell dose for most hematological
malignancies is yet to be defined, but in some diseases such
as MM there appears to be no clear correlation between
CD3 cell dose and clinical response [109].

GvHD complicates DLI therapy in ~ 30% of patients and
can be life threatening [110], although it is important to recog-
nize that GvHD developing either following transplantation
or DLI is a manifestation of alloreactivity which often acts
as a marker for GvT activity. Therefore, although severe
GvHD may compromise overall outcomes, less severe acute
GvHD or limited chronic GvHD has been associated with
superior outcomes in terms of reduced relapse risk. This
impact was first recognized in CML, but has been described
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across many other pathologies now including acute leukemias,
myeloma and a variety of lymphoma subtypes. GvHD risk
does not appear to correlate with the underlying hematologi-
cal malignancy being treated, but is positively correlated with
the administered dose of DLI. In CML, a dose of 1 � 107/kg
can induce complete donor chimerism and a potent graft-
versus-leukemia (GVL) effect, in some cases in the absence
of clinical GvHD particularly if given at later time points
following transplantation [31].

The time interval between SCT and DLI therapy appears
to influence the likelihood of developing GvHD. A small
dose of 1 � 105 T cells/kg can induce GvHD if administered
on the day of transplant [111], yet a dose of 1 � 107 T cells/kg
can be given at 12 months post-transplant without GvHD
developing [31]. It is thought that the inflammatory cytokines
produced in the immediate post-transplant period activate
alloreactive donor T cells and lower the threshold for the
emergence of GvHD. Changes in the frequency of recipient-
derived APCs over time may also have relevance to GvHD
risk. Furthermore, the development of extrinsic mechanisms
of peripheral T-cell tolerance (e.g., Tregs) at later time points
may also modulate this risk.

Other factors which make GvHD more likely to occur
include donor sex mismatch (female donor to male recipient),
advanced patient age and mismatch at the mHag level [112].

Aplasia is now a relatively infrequent complication of DLI.
It is often transient, but in some cases may require hemato-
poietic stem cell rescue. It was reported historically in
15 -- 20% of treated CML patients with an associated mortal-
ity rate of ~ 5%. Aplasia is more common in hematological
relapse of CML, possibly due to poor donor myeloid reserve,
and is rarely reported in patients with exclusively cytogenetic
or molecular relapse [33,113] or in those treated for low levels
of recipient MC.

Another important issue to consider when planning DLI is
donor availability and willingness to undergo further leukophe-
resis. This process can bring significant delays in treatment and
may compromise patient outcomes. Some groups advocate
DLI collection at the outset to avoid delays, but the inherent
difficulties with this approach include the need for additional
donor leukopheresis, the financial burden of collecting DLI
for all transplant patients and the handling and storage issues
surrounding the DLI product once it is collected when there
is a strong possibility that it will never be needed or used. It
is the practice in our institution to prepare and store aliquots
of DLI from the primary harvests of matched unrelated donors
where the yield is in excess of the target dose of 4� 106 CD34+

cells/kg necessary for transplantation.

9. Strategies to avoid DLI-associated toxicity

9.1 The escalating dose regimen
Administration of DLI as a single bolus of cells collected from
a single leukopheresis and containing variable numbers of
CD3+ T cells is referred to as a bulk dose regimen (BDR)

and this approach is associated with a high incidence of
GvHD [33,75,114].

The EDR approach is fundamentally different in that the
DLI product is quantitated for CD3+, CD4+ and CD8+

T-cell numbers and is then administered in multiple small
aliquots with a dose escalation over time. In this way, the min-
imum cell dose needed to achieve disease remission is admin-
istered and with more modest cell doses, the likelihood of
GvHD may be reduced [31]. One study in CML comparing
BDR and EDR approaches demonstrated equivalent remis-
sion rates with both schedules, but a significantly lower
incidence of GvHD in the EDR cohort [113].

It is critical when using the EDR schedule to allow an ade-
quate interval between DLI doses to allow for assessment of
response and toxicity. The optimum interval between doses
is yet to be defined, but Dazzi et al. report that shorter inter-
vals (rather than total cell dose) leads to a higher incidence of
GvHD [113]. Mackinnon et al. recommend a minimum period
of 3 months between escalating doses in clinically stable
patients [31].

9.2 Suicide gene transfected donor T cells
A potential solution to the undesirable alloreactivity of unma-
nipulated T cells is the transfection of donor T cells with a
‘suicide gene’ to permit their elimination in the event of
GvHD. The ideal suicide gene is non-immunogenic, non-
toxic in the quiescent state, but can efficiently trigger cell
death once activated.

Transfection of donor T cells with the herpes simplex virus
1-thymidine kinase (HSV-TK) gene has been described in
several clinical trials. This strategy is purported to be safe
and effective in controlling GvHD via ganciclovir-induced
elimination of HSV-TK transfected T cells [115,116]. Problems
with this approach include concerns over the possible adverse
impact of this approach on GvT activity, the possible immu-
nogenicity of the transfected cells which could promote their
rapid clearance from the blood and alterations in the TK
gene which lead to the expression of a non-functional pro-
tein [117,118]. These issues need to be addressed prior to this
strategy being consolidated in clinical practice.

Research is ongoing into other suicide genes such as chime-
ric Fas and caspase-9. Timed induction of these genes can
lead to T-cell apoptosis and this may represent a promising
non-viral alternative to HSV-TK [119,120].

9.3 Cell selection/subsets
With advances in available graft engineering techniques, DLI
can now be tailored in attempts to tip the balance of immu-
nity away from GvHD and towards GvT. Strategies to define
the optimal cell type/combination to use, the cell activation
status and the antigenic specificity are outlined below.

9.3.1 Selective depletion of alloreactive cells
Alloreactive T cells, defined by their expression of
activation-induced antigens such as CD25, CD69,
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CD137 or CD134 in response to exposure to host antigens,
can be depleted from the DLI product with a view of reduc-
ing the incidence of GvHD. Co-incubation of donor lympho-
cytes with allogenic recipient stimulator cells followed by
targeting with immunotoxin-conjugated antibodies specific
for cell-surface activation markers or antibodies which can
be sorted via immunomagnetic beads, permits separation
of activated cells from DLI prior to infusion. Whether
this approach reduces alloreactivity towards hematopoeisis-
restricted mHags and reduces potential GvT activity remains
to be clarified [121,122].

9.3.2 Manipulated DLI (CD8 T-cell depletion)
CD8+ T cells are thought to be the primary mediators of
GvHD in humans whilst CD4+ T cells are reported to con-
tribute more to the GvT effect. A number of recent papers
have focused on demonstrating how CD4 T lymphocytes
are crucial to the development of the DLI-associated GvT
effect. In one study, in vivo CD4 T-cell depletion abolished
the antitumor effect of DLI which, by contrast, was not
impacted by depletion of CD8 T cells. CD4 T cells clearly
play an essential role in mediating early antitumor effects [123].
For this reason, a number of groups have explored CD8+

T-cell depletion as a strategy to reduce the incidence of
GvHD. CD8+ T-cell depletion of the stem cell graft has
been reported to reduce the risk of GvHD without a parallel
increase in relapse rates [124]. This has also been confirmed
in the DLI setting in CML [125,126].
A Phase I study of high-stringency immunomagnetic CD8

T-cell depletion of DLI was reported in which escalating
doses of CD8 T-cell depleted DLI were given at 3-monthly
intervals to patients with persistent disease or MC or disease.
Responses were documented in 8/16 of the former and
5/11 of the latter. Five developed acute grade II -- IV
GvHD and two died of GvHD-related complications.
Clearly, GvHD remains a major problem despite CD8+

T-cell depletion and further studies are warranted to define
the potential benefits and risks more clearly [127].

10. Future therapeutic options and research
imperatives in the field of DLI

10.1 T-cell engineering
The main clinical imperative driving research in DLI biology
remains how to shift the immunological balance of cellular
immunotherapy away from GvHD towards GvT. Ideally,
one would aim to select (and possibly expand) a high-
avidity tumor-reactive T-cell clone in vitro and then infuse
it to the patient as DLI. Difficulties with this approach
include identifying a high-avidity tumor-reactive clone in
the first place (many have undergone central deletion due to
the risk of autoimmunity of any high-avidity self-specific
T cell) and also the deleterious impact of prolonged cell cul-
ture on subsequent T-cell persistence and function (terminal
differentiation and exhaustion). Optimal cell culture

conditions are beyond the scope of this review, but are
discussed in a review by Aqui and June [128].

T-cell engineering can potentially overcome the limitations
of adoptive cellular therapies by introducing antigen receptors
into T cells to re-direct their specificity. This potentially
allows rapid generation of tumor-reactive T cells expressing
either HLA-restricted, heterodimeric TCRs or CARs that
recognize native cell-surface antigens.

Initial clinical studies of TCR gene transfer have been
described in metastatic melanoma using a high affinity
MART (melanoma antigen recognized by T cells)-1 specific
TCR. Tumor regression was reported in 30% of patients.
Treatment was complicated by off-target toxicity associated
with the destruction of melanocytes elsewhere in the body,
but this responded to steroid therapy [129].

Clinical studies of first-generation CARs have been con-
ducted in ovarian and renal cancers, lymphoma and neuro-
blastoma, although results to date have been somewhat
disappointing and have highlighted potential issues with
toxicity [130-133]. Second generation CARs often comprise an
antibody binding motif and a CD28--CD3z dual signaling
receptor which facilitates T-cell activation and expansion fol-
lowing stimulation. Studies of refined second generation
CARs directed against CD19, CD20, CD23, CD33 and
CD74 are awaited with interest.

It is important to note that the development and safety
monitoring of these new immunotherapies as advanced
medicine therapy products are the subject of EU regulations,
but this is beyond the scope of this review.

10.2 aDLI
Resistance to the therapeutic effects of DLI may occur due to
failure of ‘in vivo’ activation of donor T cells. Several studies
have reported that IL-2 stimulation of donor T cells (both
in vivo and ex vivo) can induce clinical responses in patients
who are resistant to DLI alone. Porter et al. showed that
infusion of ‘ex vivo’ activated donor lymphocytes (using
anti-CD3 and anti-CD28 coated beads) in patients with a
range of hematological malignancies led to responses where
conventional DLI had been disappointing. A total of
17 patients were evaluated and 8 achieved CR. Of those,
4/8 relapsed. The incidence of GvHD in this cohort com-
pared favorably with that of conventional DLI [93]. Presently,
Phase I and II studies of aDLI in CLL are underway at the
University of Pennsylvania.

11. Conclusions

Current experience provides evidence that DLI is the most
consolidated approach to the management of disease relapse
following allogeneic SCT. DLI is particularly effective in
managing relapsed CML-CP, but encouraging clinical
responses have also been reported in other hematological
malignancies. The main drawback of DLI is GvHD which
affects ~ 30% of all treated patients and can be life
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threatening. Rapid advances in our understanding of trans-
plant biology have led to the development of strategies which
aim to preserve the GvL effect whilst inhibiting the GvHD
effect. The EDR approach, cell selection and genetic engi-
neering strategies all offer the potential for refining DLI, but
there is still a lack of definitive published data to guide our
clinical practice. Ultimately, large, collaborative clinical trials
are warranted.

12. Expert opinion

DLI will continue to have an important role in the manage-
ment of disease relapse following allogeneic transplantation.
Its potential has been demonstrated in a number of diseases,
but attempts to standardize approaches within the context of
prospective studies have been limited. There are a number
of reasons for this, but growing international recognition of
the importance of collaborative programs may help to define
the most important outstanding questions and define appro-
priate therapeutic strategies either across disease subtypes
(e.g., timing, dosing) or within specific disease histologies
(e.g., the role of particular cytoreductive combinatorial appro-
aches). Toxicity due to GvHD remains common and
attempts to reduce this should be further evaluated in pro-
spective studies. DLI administration via the EDR has
been shown to minimize the GvHD risk in studies of CML
with no apparently adverse impact on GvT function, and
confirmation of similar efficacy in other diseases should be
forthcoming within the next few years.

Improvements in defining the risk of relapse following
allogeneic transplantation are crucial for future studies and

may help to establish which patients are of sufficiently high
risk to merit consideration for prophylactic DLI studies. Dis-
ease type and status at transplant taken together with MRD
monitoring will be important factors in directing interven-
tion. Elucidation of the impact of MC, potentially differing
according to the transplantation platform used, will also
require more concerted attention.

It is likely that the role of graft manipulations will be fur-
ther defined within the next 5 -- 10 years, including aDLI,
T-cell subset selection, allodepletion and genetic modifica-
tion. It will be critical to define the impact on GvT activity
of any manipulation designed to reduce GvHD (e.g., Treg
infusion). Parallel studies aimed at manipulating APCs may
be equally important.

The durability of DLI responses in many diseases and the
factors which might influence this also merit further investiga-
tion, and perhaps there is a need to explore the concept of
maintenance therapy (either in terms of DLI or combinations
of newer pharmacological agents).

One thing that becomes increasingly apparent when
reviewing the literature on DLI is that there are many more
questions than answers. The remarkable ability of the
donor immune system to eradicate hematological tumors
is undoubted, but taming this potential will require con-
siderably more research within the context of larger
collaborative networks.
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