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Abstract
Donor lymphocyte infusion (DLI) is used after both myeloablative and non-myeloablative stem-cell
transplantation to treat and prevent relapse, to establish full donor chimerism, and to treat and prevent
infections. The major treatment-related complication of DLI is graft-versus-host disease (GVHD).
The presentation and treatment of GVHD after DLI is similar to its presentation and treatment after
stem-cell transplantation, with some notable exceptions. While GVHD and graft-versus-tumor
(GVT) effects are highly correlated after DLI, some patients experience remission without GVHD.
Studies to define tumor-specific target antigens and GVT effector cells, as well as strategies of donor
T-cell manipulation and optimization of DLI dose and schedule, may ultimately lead to the consistent
ability to separate GVHD from GVT activity, improvement in the safety and specificity of DLI, and
enhancement of the anti-tumor activity of donor T cells.
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It is well established that the success of allogeneic stem-cell transplantation (SCT) relies in
part on the graft-versus-tumor (GVT) effect of donor-derived T cells.[1,2] Donor lymphocyte
infusions (DLIs) are frequently used to harness this GVT activity in patients who relapse after
SCT and have otherwise limited treatment options. DLI is dramatically effective in inducing
sustained remissions and cure in patients with chronic myelogenous leukemia (CML) in
chronic phase, but is less successful in inducing initial and sustained remissions in patients
with advanced-phase CML or acute leukemia.[3–7] Optimizing the effectiveness of DLI for
non-CML disorders is the subject of numerous trials.[8,9]

The broadening applications of allogeneic SCT and expansion of non-conventional
conditioning regimens have resulted in the increased use of DLI for several other indications
(Table 1). In addition to the treatment of relapsed disease after SCT, DLI is being used as
prophylaxis after SCT for patients with a high risk of relapse due either to advanced disease
stage or in conjunction with T-cell-depleted grafts.[10–12] In addition, DLI has been used
successfully to treat graft failure, post-transplant lymphoproliferative disorder (PTLD), viral
infections, and as a method to facilitate immune reconstitution after allogeneic SCT.[13–16]
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The rapid expansion of non-myeloablative conditioning therapies results in an even greater
need for both planned and unplanned DLI to maximize donor chimerism, reverse graft
rejection, and treat the higher rate of relapse.[14,17,18] In general, DLI is reserved for patients
without active graft-versus-host disease (GVHD), and is given without prophylactic
immunosuppression. In certain circumstances, DLI is administered after cytoreductive
systemic chemotherapy (either at hematologic nadir or recovery). The timing and dosing of
DLI administration is, however, dependent on the indication for therapy.

In almost every study reported, disease response to conventional DLI and the presence of
GVHD are highly correlated. We review the incidence and clinical presentation of GVHD after
DLI and discuss approaches to its management. We also review current strategies to manipulate
DLI in attempts to minimize toxicity, maximize efficacy, and separate GVT activity from
GVHD.

GRAFT-VERSUS-HOST DISEASE AFTER DLI
The most common and significant toxicity attributable to DLI is GVHD. When unmanipulated,
DLI is given for relapsed disease after myeloablative related transplants; the overall incidence
of acute GVHD is 40–60% with grade-III–IV GVHD, affecting 20–35% of patients (see Table
2). Chronic GVHD occurs in 33–61% of patients, and deaths attributable to GVHD are in the
range 6–11%.[4,5,7,19–22]

Most studies demonstrate a strong correlation between GVHD and GVT effects. For instance,
a retrospective multicenter North American study evaluated outcomes in 140 patients who
received DLI for relapsed disease after SCT. In this study 60% of evaluable patients developed
acute GVHD (46% with grade-II–IV disease) and 61% developed chronic GVHD. Of 45
patients who achieved a complete response (CR), 42 developed acute GVHD, and 36/41
evaluable patients in CR developed chronic GVHD. Conversely, only three of 23 patients who
did not develop GVHD achieved a CR.[5] Similar results were reported by the European Bone
Marrow Transplant (EBMT) group which retrospectively reviewed outcomes of 135 patients
with relapsed chronic and acute leukemias after allogeneic SCT who received DLI. Grade-II–
IV GVHD requiring treatment occurred in 41% of evaluable patients, and death attributable to
GVHD occurred in 6% of patients. Of the 46 patients with CML who developed GVHD, 42
had a response while only 13/29 CML patients without GVHD had a response, again
highlighting the tight association between GVHD and GVL activity.[4] Notably, a similar
multicenter Japanese study found lower incidences of GVHD after DLI, with 34% of patients
developing grade-II–IV GVHD and 33% developing chronic GVHD.[19] These findings are
consistent with their reports of less GVHD after SCT, and may be due to less genetic diversity
in the Japanese population compared with the European and North American populations.
While illustrating the high correlation between GVHD and GVT effects, the above studies also
reveal the need to minimize the severity of GVHD, and highlight that, at least in some patients,
GVT and GVHD effects are separable.

GVHD after unrelated DLI
Due to the higher incidence of major and minor histocompatibility differences and underlying
genetic diversity anticipated in unrelated transplants, a higher degree of GVHD might be
expected after unrelated DLI (UDLI) in comparison to recipients of related DLI. Several of
the retrospective reports included small numbers of unrelated donor recipients, but did not find
a higher incidence of GVHD after UDLI.[4,5,23] Similarly, when UDLI was evaluated as an
independent risk factor after non-myeloablative transplant, no increased risk of GVHD was
found.[17]
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To further evaluate the outcomes of UDLI, a retrospective analysis of data reported to the
National Marrow Donor Program was performed. Fifty-eight patients were identified who
underwent unrelated SCT (with 21% receiving mismatched grafts) followed by UDLI for
relapsed acute and chronic leukemias. Acute grade-II–IV GVHD occurred in 33% of patients,
chronic GVHD in 41% of patients, and deaths attributable to GVHD occurred in 9% of patients.
[24] Interestingly, responses were at least similar to those anticipated after matched sibling
DLI. Another retrospective study compared outcomes of 30 patients with CML who received
related or unrelated DLI for relapsed disease; no significant difference was found in the
incidence of acute GVHD.[25] While limited, these data combined with subset analyses from
other studies suggest that the incidence of GVHD after UDLI is not significantly different from
GVHD after related donor DLI.

GVHD after haploidentical DLI
Haploidentical SCT is being applied with increasing frequency when well-matched donors
cannot be identified. However, there are limited reports on outcomes of DLI after
haploidentical SCT.[10,26–28] One group evaluated the role of prophylactic DLI (with initial
infusions of 104 CD3+ cells/kg) after T-cell-depleted haploidentical transplants for subjects
with refractory malignancies to aid in immune reconstitution and prevent relapse. Various
doses and schedules of DLI were evaluated. Low-dose DLI (1 × 104 CD3+/kg) monthly starting
at Day 28 improved immune reconstitution and was not associated with GVHD. Higher doses
of DLI, either prophylactic or for relapse, were invariable associated with GVHD.[10] Another
study recently reported outcomes of 20 patients with relapsed disease after haploidentical SCT
who were treated with DLI.[27] The first nine subjects were given DLI in the conventional
manner without GVHD prophylaxis. Five of these patients (55%) developed grade-III–IV
GVHD, resulting in three deaths. The subsequent 11 subjects were therefore treated with
GVHD prophylaxis (cyclosporine A or low-dose methotrexate) for 2–4 weeks. Only one of
these patients developed grade-III–IV GVHD. In the total cohort, 55% developed acute GVHD
and 64% a chronic GVHD. Fifteen of the 20 patients achieved complete remission, and while
numbers were too small to formally evaluate, there did not seem to be a difference in response
rate between the group that received GVHD prophylaxis and the group that did not.[27]

DLI and GVHD after non-myeloablative SCT
Non-myeloablative SCT (NST) regimens are being used more frequently in an effort to limit
SCT toxicity and broaden potential treatment options for older and sicker patient populations.
This therapy is more reliant on the GVT effect of SCT than conventional transplant. Reduced-
intensity conditioning regimens commonly induce a state of mixed chimerism, although some
evidence suggests that conversion to a full chimerism may be necessary to achieve sustained
remissions.[14,17,29] The indications for DLI after NST are therefore somewhat different from
the myeloablative setting. In addition to treating relapsed or persistent disease, DLI is often
given for persistent mixed chimerism. The use of a less cytotoxic conditioning regimen and
presence of mixed chimerism after NST may also predict for a different response to DLI both
in terms of a GVT effect and incidence of GVHD. Interesting data from murine models have
shown that mixed chimeras can convert to complete donor chimerism after DLI without
significant GVHD.[30–32] This suggests that a GVH lymphohematopoietic reaction can occur
in the absence of a more generalized GVHD reaction. Further studies in the mouse have
demonstrated that the GVT activity of DLI is more potent in mixed chimeras than full chimeras,
perhaps due to the persistence of host antigen-presenting cells (APCs) in the mixed chimeras.
Again a profound separation of GVT from generalized GVHD was noted.[30]

Efforts to translate these mouse models into humans have thus far failed to elicit similar
separations of GVT and GVHD responses. However, what is noted is the suggestion of a slight
decrease in the overall incidence of acute GVHD after DLI in the non-myeloablative setting
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compared to the myeloablative setting. In retrospective analyses the overall incidence of acute
GVHD in DLI recipients after non-myeloablative transplants is 19–33%, with grade-III–IV
GVHD affecting 6–16% of patients (see Table 2). Chronic GVHD occurs in 33–43% of
patients.[14,17,18] While far short of an appropriately powered and designed analysis to
determine comparative incidences of GVHD, these findings are intriguing, and raise the
possibility that the incidence of GVHD in DLI recipients after non-myeloablative conditioning
may be lower than the incidences of overall and severe GVHD in recipients of myeloablative
transplants.

GVHD after activated DL
Overall, DLI has been disappointing in the treatment of diseases other than CML after SCT.
This could be due in part to inadequate activation of T cells in vivo, limiting any potent GVT
response. In an effort to enhance the GVT potential of DLI, we studied the use of ex-vivo CD3
and CD28 co-stimulated and expanded T cells as ‘activated’ DLI.[9] Eighteen subjects were
treated in a phase-I study, and high initial remission rates were noted without the expected
increased rates of GVHD. The overall complete response rate was 44%, and the overall
incidence of acute GVHD was 39%. Chronic GVHD developed in 22% of subjects, and no
deaths were attributable to GVHD.[9]

Practice points
• DLI is effective in inducing remissions in patients with relapsed chronic-phase CML

after SCT, but is less successful in inducing sustained remissions in other relapsed,
advanced hematologic malignancies

• the incidence of acute GVHD after conventional DLI is in the range 40–60%
• the incidence of GVHD after unrelated DLI is similar to the incidence after related

DLI
• prophylactic immunosuppression should be considered before haploidentical DLI
• while GVHD and GVT after DLI are highly correlated, some patients enter a

remission without experiencing GVHD

CLINICAL PRESENTATION OF GVHD AFTER DLI
While significant, the toxicity from GVHD after DLI seems to be lower than anticipated if
similar doses of T cells are given at the time of SCT.[33] This is important, since DLI – in
contrast to SCT – is usually administered without prophylactic immunosuppression. This
decreased incidence and severity of GVHD after DLI may be due to several factors, including
distancing of DLI from cytotoxic regimens which cause tissue injury, and cytokine release
predisposing to GVHD.[34] In addition, the presence of mixed chimerism at the time of DLI
may imply an active state of immune tolerance capable of limiting GVHD.

The timing of GVHD after DLI may be delayed when compared to conventional SCT. The
onset of acute GVHD after conventional DLI occurs a median of 28–32 days after infusion.
[5,20] The range reported, however, is quite broad, and GVHD can occur several months to
years after DLI. Interestingly, the timing and severity of GVHD is affected by manipulation
of DLI cell number and content.[35] The delayed development of GVHD after low-dose DLI
is logical. It is likely that some threshold of GVHD effector cells must be reached before clinical
manifestations of GVHD are evident. After low-dose DLI it will take longer before the small
number of alloreactive precursor cells recognize allo-antigen and proliferate to numbers
sufficient to cause clinical signs of GVHD. As discussed in more detail below, CD8+ T cells
are important in GVHD, and recipients of CD8+-depleted DLI have a decreased incidence and
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delayed onset of GVHD. Conversely, certain chemotherapeutic agents administered before
DLI have been associated with an earlier onset and increased severity of GVHD.[8]

In general, the clinical signs and symptoms of GVHD after DLI mirror the signs and symptoms
of GVHD occurring after SCT, with the same organs affected. In one study of 81 recipients of
DLI after NST, 26% of subjects developed acute skin GVHD, 14% developed acute gut GVHD,
and 9% developed acute hepatic GVHD. In this same study, 16% developed chronic skin
GVHD, 10% chronic gut GVHD, 16% chronic liver GVHD, and 4% chronic eye GVHD.
[17] Some case series have suggested an increased incidence of a hepatitis-like variant of liver
GVHD compared to patients who develop GVHD after SCT.[36,37] In these cases patients
present with hepatic inflammation and transaminitis rather than cholestasis. One group reported
their observation that 15% of 73 recipients of DLI developed this hepatitis-like variant of
GVHD associated with marked elevations of serum transaminases.[37] Another study
described characteristics of GVHD in 19 subjects after DLI, nine of whom developed isolated
liver GVHD. Of these nine patients, six (55%) presented with a hepatitis-like picture. The
authors compared these findings with those from 106 patients who developed GVHD after
SCT. While the DLI recipients had a higher overall incidence of liver GVHD, there were similar
percentages in the two groups having hepatitis-like and classical forms of hepatic GVHD.
[36] Further analyses will be needed to determine whether the incidence and presentation of
hepatic GVHD after DLI differs significantly from its presentation after SCT.

Practice points
• the same target organs are affected by GVHD after DLI as after SCT
• the median onset of GVHD after conventional DLI is 28–32 days

RISK FACTORS FOR GVHD AFTER DLI
It has been difficult to predict which patients will develop significant GVHD after DLI. The
North American retrospective analysis identified non-white race and the presence of chronic
GVHD after SCT as independent risk factors for the development of GVHD after DLI.[5]
Interestingly, the presence of acute GVHD after SCT in this and other studies is not predictive
of developing GVHD after DLI.[4,5,18,24,38] Other factors which were not shown to be
significant predictors of GVHD after DLI included donor–recipient sex mismatch, receipt of
DLI more or less than 1 year from SCT, mononuclear cell dose more or less than 4.0 × 108/
kg, and use of T-cell-depleted grafts for SCT.[5] In contrast to these data, the EBMT identified
receipt of T-cell-depleted grafts at the time of SCT to be associated with a higher incidence of
GVHD after DLI. Factors not shown to be independent predictors of GVHD included GVHD
after SCT, sex of donor, diagnosis, receipt of DLI more or less than 500 days after SCT,
mononuclear cell dose more or less than 3.0 × 108/kg and use of chemotherapy before DLI.
[4] In contrast to the findings of these large retrospective analyses, other studies have suggested
an increased risk of GVHD with closer proximity of DLI to SCT.[17,30,38] As discussed in
detail below, manipulation of DLI cell number and content, in addition to its administration
via a dose-escalation regimen, may alter the ability of DLI to induce GVT and GVHD effects.

DLI AND CHEMOTHERAPY
For patients with relapsed chronic-phase CML, DLI is dramatically effective without other
therapy. However, when administered for advanced-phase CML or acute leukemia, remission
rates are low and often of short duration. DLI is therefore often given in conjunction with
cytoreductive chemotherapy in an attempt to improve outcomes in these patients. The optimal
timing of DLI in this setting remains to be determined, with the advantages of early
administration balanced by the desire to distance DLI from chemotherapy-induced end organ
damage and subsequent inflammation.
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A large prospective trial evaluated outcomes of 65 subjects who were treated with
chemotherapy followed by DLI for refractory or relapsed myeloid malignancies after SCT.
Most subjects were treated with combination cytarabine (100 mg/m2 × 7 days) and
daunarubicin (30 mg/m2 × 3 days), with DLI administered at the hematologic nadir 10–14 days
after onset of chemotherapy. The intent was to administer DLI in the setting of 14 minimal
disease. Overall initial response rates were 47%, with an overall survival rate at 2 years of only
19%. Acute GVHD occurred in 59% of evaluable cases, with grade-II–IV GVHD occurring
in 45% of subjects. Chronic GVHD affected 36% of participants. Treatment-related mortality
was high at 28%, with 10% of overall deaths attributable to GVHD.[21] As these findings are
consistent with other reported outcomes of GVHD after DLI, this study does not suggest an
increased incidence due to pre-DLI chemotherapy.

Other data suggest that administering DLI shortly after chemotherapy may actually increase
the risk of GVHD. Miller and colleagues treated patients with relapsed disease after SCT with
cyclophosphamide (50 mg/kg on Day 6) and fludarabine (25 mg/m2 on days −6 to −2) followed
shortly by DLI. The goal of this regimen was to lymphodeplete the host to promote in-vivo
expansion of donor lymphocytes and enhance the potential GVT effects. Marked donor T-cell
proliferation and activation were noted 14 days after DLI, but there was an unacceptably high
incidence of grade-III–IV GVHD (47% of 15 patients treated) and GVHD-related mortality
(five of 15 subjects treated). Interestingly, the median time to onset of GVHD was 17 days,
compared to 34 days in historical controls.[8] It is unclear whether the high incidence of GVHD
observed in this trial is due to the close proximity of DLI to the cytotoxic chemotherapy regimen
or the induction of a pre-DLI lymphodepleted state. It is of interest that some studies have
revealed an increased risk of GVHD in recipients of DLI after a T-cell-depleted graft while
others have not.[4,5,18]

A recent large retrospective study by the EBMT has suggested that DLI is less effective when
administered shortly after chemotherapy. They evaluated outcomes of 399 patients with
relapsed acute myelogenous leukemia (AML) after SCT (171 who received DLI and 228 who
did not), and showed that optimal responses to DLI occur in patients who are in a complete
remission (rather than at chemotherapy nadir or with active disease).[7] This finding, however,
may be due to selection of ‘good-risk’ disease rather than increased toxicity of DLI when
administered in these other settings. Its important to note that while this study showed an
improved overall survival rate in recipients of DLI compared with recipients of other salvage
treatments, the overall complete response rate remained low at 34%, with a 2-year overall
survival rate of 20% in the group that received DLI. Other large retrospective analyses have
failed to identify pre-DLI chemotherapy as an independent risk factor for the development of
GVHD.[4,24]

Rather than increasing the risk, some systemic chemotherapies may be used in combination
with DLI to decrease the risk of GVHD without adversely affecting GVT activity. Thalidomide
(100 mg daily) was used concurrently with DLI for 18 patients with persistent or relapsed
multiple myeloma after prior SCT and DLI. The overall response rate was 67%, with 22%
achieving CR. This was higher than historical response rates to single-agent therapy, implying
a synergistic effect of dual-modality therapy. Interestingly, the incidence of GVHD in these
subjects was very low, with only two of 18 subjects experiencing grade-I GVHD.[39] An
interesting hypothesis requiring further testing is that thalidomide might inhibit GVHD without
limiting GVT activity.

Practice points
• for treatment of relapsed advanced-phase CML and acute leukemia, DLI is often given

in combination with chemotherapy
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• the optimal timing of DLI in relationship to chemotherapy remains to be determined
• certain chemotherapeutic regimens and DLI dose schedules may increase the risk of

GVHD after DLI
• certain concurrent therapies may inhibit GVHD activity without inhibiting GVT

activity

SEPARATION OF GVT FROM GVHD
The promise of effective cellular immunotherapy has been realized with the remarkable activity
of DLI in early-phase CML, but has yet to be realized with any consistency for the majority
of patients who relapse with diseases other than CML. In addition, although GVT and GVHD
responses after DLI are highly correlated, there are patients who experience potent GVT effects
without generalized GVHD. This has inspired several novel approaches designed to both
maximize the anti-tumor potential of DLI and to GVHD from GVT activity (Table 3).

Dose escalation of DLI
Many have hypothesized that there may be a minimal effective dose of DLI which can induce
remission without triggering GVHD. This hypothesis assumes that both GVT and GVHD
effects are dependent on T-cell dose, and that the differences between these T-cell numbers
are large enough that they can be taken advantage of clinically. In SCT the number of T cells
in the donor graft correlates with the incidence of GVHD.[40] Interestingly, while a minimal
T-cell dose of DLI is required to exert GVT and GVHD responses, there is no clear association
between DLI T-cell dose and incidence or severity of GVHD.

The strongest evidence supporting the hypothesis that dose manipulation can separate GVT
effects from GVHD comes from studies using a DLI dose-escalation scheme to treat patients
with relapsed CML after SCT.[23,41–43] In one study, 22 subjects with relapsed CML after
T-cell-depleted SCT were each treated with escalating doses of DLI until they achieved a
clinical response or dose-limiting GVHD. In total, eight dose levels – from 1 × 105/kg T cells
to 5 × 108/kg T cells – were used. Nineteen of the 22 subjects achieved a remission from doses
ranging from 1 × 107/kg to 5 × 108/kg T cells. Interestingly, using this dose-escalation method,
52% of subjects achieved a complete remission without developing GVHD. This is in contrast
to the >90% correlation between GVHD and remission described with conventional DLI. The
incidence of GVHD in this study was also dependent on T-cell dose. Only one of eight patients
who went into remission with a T-cell dose of 1 × 107/kg T cells developed GVHD, while eight
of eleven patients who went into remission with a T cell dose of ≥5 × 107/kg developed GVHD.
[42] A large multicenter retrospective study evaluated the effect of DLI initial cell dose on
outcome in 298 patients with relapsed CML after SCT. Three different initial dose levels were
evaluated: mononuclear cell dose (MNC) ≤0.2 × 108/kg, MNC 0.2–2.0 × 108/kg, and MNC
≥2.0 × 108/kg. This study found that a lower initial cell dose was associated with significantly
lower rates of GVHD and improved overall survival. While no difference in response rates
were noted, patients treated with lower initial cell doses required an increased number of
infusions to achieve a response.[23]

Another study compared outcomes of 48 patients with relapsed CML who were treated with a
conventional single-dose regimen of DLI or with a T-cell dose-escalation scheme. Between
1990 and 1995, subjects treated were treated with a single dose of DLI (median T-cell dose
1.5 × 108/kg), and between 1996 and 1998 subjects were treated with a dose-escalation regimen
(doses ranging from 1× 106 cells/kg to 1× 108 cells/kg). While no statistically significant
differences in response rates were noted between the two groups, a significant reduction in
GVHD was noted in the group treated with dose escalation (10% versus 40%, P = 0.011)
(Figure 1). Subsets of patients from each group who received the same total T-cell dose were
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then compared. The group being treated with the dose-escalation scheme had less GVHD,
implying that the decrease in GVHD in the dose-escalation group was not a direct effect of a
low T-cell dose but rather a result of sequential T-cell administration, with early low-dose
infusions conferring a degree of anergy.[41] Recently this same group reported follow-up on
82 patients with relapsed CML after SCT treated with an escalated-dose regimen of DLI. A
multivariate analysis was performed to identify risk factors for developing GVHD. The overall
incidence of GVHD remained low when compared to conventional DLI, with grade-II–IV
GHVD affecting 15% of subjects and chronic GVHD affecting 29% of subjects. No correlation
was found, however, between cell dose and incidence of GVHD.[38] Also of interest, several
larger studies employing conventional DLI failed to find a correlation between T-cell dose and
the development of GVHD (Figure 2).[4,17,18,24] In part, some of these discrepancies
between studies may be attributable to different T-cell dose thresholds examined. Another
possibility remains that the decreased incidence of GVHD identified in some of these studies
may be due to the immunological effects of the sequential dosing schedule rather than cell
dose. It should also be noted that a strategy of low-dose DLI followed by dose escalation is
most appropriate for patients with CML or indolent diseases. Patients with more aggressive
tumors are unlikely to tolerate the delayed GVT effect inherent in these strategies

CD8 depletion
Preclinical models predict that different T-cell subsets may differentially effect GVT and
GVHD responses.[44–46] A mouse model linking CD8+ T cells to GVHD, and the clinical
observation that circulating CD8+ T cells in human subjects predicts clinical GVHD, inspired
several investigators to evaluate the role of CD8+-depleted stem-cell grafts.[46,47] In some
cases, the use of CD8+-depleted bone-marrow grafts results in less GVHD without an obvious
loss of GVT activity, at least in chronic-phase CML.[48–50] These findings have led to several
investigations evaluating the role of CD8+-depleted DLI for disease relapse after SCT.[35,
51–53] One study analyzed outcomes of 40 patients with relapsed hematologic malignancies
after SCT who were treated with CD8+-depleted DLI at three CD4+ dose levels. The overall
incidence of acute GVHD was 24% and the incidence of chronic GVHD was 16%, with only
one death attributable to GVHD or infection. While all subjects who developed GVHD
experienced GVT, 48% of subjects who had a disease response did not develop GVHD,
suggesting some degree of separation of GVT and GVHD effects.[35] In the subset of patients
with chronic-phase CML, the probability of a complete cytogenetic response was 87% at 1
year, suggesting a similar GVT effect to conventional unfractionated DLI. Also noted in this
study was a delay in time to GVHD (median of 11 weeks) and disease response when compared
to conventional DLI.[35] Another small randomized trial compared outcomes of prophylactic
unmanipulated DLI versus CD8+-depleted DLI administered 6 months after T-cell-depleted
SCT. Of the nine subjects receiving conventional DLI, 67% developed GVHD compared with
0% of subjects in the CD8+-depleted group. Numbers were to too small to evaluate for
meaningful differences in relapse rates.[53]

Intra-bone-marrow injection
In mouse models the injection of intra-bone-marrow stem-cells results in establishment of
donor-derived hematopoiesis, eradication of disease, and a low incidence of GVHD.[54]
Similar findings have been reported in the mouse using intra-bone-marrow injection of DLI.
[55] Whether this procedure can be translated into clinical transplantation remains to be
determined.

Inactivation of GVHD effector cells
The inactivation of donor T cells through radiation or photochemical modification has been
used as a mechanism to separate the GVT and GVHD effects of DLI. These approaches are
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based on the hypothesis that the inactivated T cells may induce initial GVT activity with
minimal GVHD due to their inability to proliferate in response to allo-antigens. Studies using
these methods in mismatched murine models have shown improvement in engraftment and
GVL outcomes without significant GVHD.[56,57]

The insertion of a suicide gene into donor lymphocytes provides a very elegant mechanism for
inactivating allo-reactive T cells in vivo once signs of GVHD develop. Presumably these cells
can induce a GVT effect before therapy is given to turn off GVHD. For instance, insertion of
the herpes simplex virus thymidine kinase (HSV-TK) results in the death of transduced donor
T cells with administration of ganciclovir.[58–60] Of 12 evaluable patients treated with HSV-
TK-transduced donor T cells for disease relapse after SCT, two developed grade-II or higher
acute GVHD, and one developed chronic GVHD. GVHD in these subjects was successfully
treated with ganciclovir alone.[59] Other suicide genes (including Fas and CD20-based genes)
are also being explored in this clinical context.[61,62]

Tumor-specific DLI
Efforts to improve the overall effectiveness of DLI with tumor-specific donor lymphocytes
may also prove to be one of the most effective methods to separate GVT and GVHD effects.
The clinical observation that some patients experience GVT without GVHD, the isolation of
leukemia-specific lymphocytes, and the successful treatment of relapsed CML with leukemia-
reactive donor lymphocytes suggests that such an approach to treatment is possible.[63–65] A
major limitation to this mode of therapy has been the inability to isolate tumor-specific target
antigens. In many cases, GVT induction is likely the result of differences in host and donor
minor histocompatibility antigens, and hence it is logical that GVT and GVHD are linked.
[66] However, for leukemia, candidate tumor-specific antigens such as Wilm’s tumor protein,
the PR-1 epitope of proteinase 3, PRAME and RHAMM can induce tumor-specific immune
responses, making them potential targets for cell-based immunotherapy.[67–69] While
laborious, efforts to bring tumor-specific DLI into clinical practice are ongoing.

Practice points
• there is no clear association between T-cell dose and incidence of GVHD after DLI
• an escalating T-cell dosing schedule for DLI is a successful method to decrease

GVHD and preserve GVT in patients with CML
• selective CD8+ depletion of DLI results in a decreased incidence of GVHD
• transduction of donor T cells with an HSV-TK suicide gene offers a successful method

of abrogating GVHD after DLI
• leukemic antigens have been identified as potential targets of cell-based

immunotherapy

MANAGEMENT OF GVHD AFTER DLI
Although development of GVHD correlates with leukemia response in many cases, no data
suggest that severity of GVHD correlates with a better response to DLI. Accordingly, there are
currently no data to suggest that GVHD after DLI should be managed differently from GVHD
after SCT. At least in CML patients, treatment of GVHD at the time of onset does not appear
to impair GVT activity.[6] This may be because intensive immunosuppression is more active
against generalized GVH-reactive cells and less suppressive for leukemia-reactive cells.
Alternatively, the maximal GVT reaction may have already occurred by the time GVHD is
clinically apparent. In addition, since GVHD remains the major treatment-related cause of
death after DLI, and there is no practical way to titrate GVHD or GVT activity by either partially
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treating GVHD or allowing symptoms and manifestations to progress, GVHD after DLI should
be managed similarly to GVHD after SCT.

CONCLUSIONS
DLI is increasingly being used after both myeloablative and non-myeloablative SCT to treat
and prevent relapse, to establish full donor chimerism, and to treat and prevent infections.
While GVHD remains the major non-relapse complication of conventional DLI, the
observation that some patients enter remission without experiencing GVHD supports the
ultimate promise of separating GVH and GVT activity. Numerous techniques already are
actively being studied to both enhance GVT responses while limiting toxicity from DLI. In
addition, future studies will determine the most advantageous cell dose and schedule for
specific indications of DLI. Despite current limitations, DLI remains one of the most powerful
methods of adoptive immunotherapy of cancer, and no doubt a clearer definition of the target
antigens and effector cells for GVT activity will lead to new, more effective, and safer methods
of DLI.
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Figure 1.
Probability of acute and chronic graft-versus-host disease (AGVHD and CGVHD) after bulk-
dosing regimen (BDR) versus escalating-dose regimen (EDR) donor leukocyte infusion (DLI).
Reprinted from Dazzi et al (2000, Blood 95: 67–71) with permission.
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Figure 2.
Correlation of donor leukocyte infusion (DLI) cell dose with acute graft-versus-host disease
(GVHD) after unrelated stem-cell transplantation (USCT). After unrelated DLI, no correlation
between cell dose and the incidence of acute GVHD was identified. Reprinted from Collins et
al (2000, Bone Marrow Transplantation 26: 511–516) with permission.
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Table 1
Indications for donor leukocyte infusion (DLI).

To treat relapsed disease after stem-cell transplantation (SCT)
Prophylactic DLI to prevent relapse and viral reactivation:
     T-cell-depleted grafts
     Non-myeloablative SCT
     Advanced disease stage
Induce full donor chimerism
Enhance immune reconstitution
Treat viral infection after SCT
Treat post-transplant lymphoproliferative disorder (PTLD)
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Table 3
Selected methods to separate graft-versus-tumor (GVT) and graft-versus-host (GVHD) effects of donor leukocyte
infusion (DLI).

Method Comments

Dose-escalation schemes Significant separation of GVT from GVHD effects in patients with CML and other indolent diseases
CD8 T-cell depletion Less GVHD compared to recipients of conventional DLI; numbers too small to assess for differences in

remission rates
Intra-BM injection Encouraging preclinical results
Ex-vivo T-cell inactivation Encouraging preclinical and preliminary clinical results
In-vivo T-cell inactivation: suicide
genes

Administration of ganciclovir to recipients of HSV-TK-transduced donor T cells effectively abrogates
GVHD; numbers too small to assess for differences in remission rates. Other suicide genes under exploration

Tumor-specific DLI Efforts are ongoing to make candidate leukemic antigens the targets of cell-based immunotherapy

CML, chronic myelogenous leukemia; BM, bone marrow; HSV-TK, herpes simplex virus thymidine kinase.
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