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Abstract
Donor lymphocyte infusion (DLI) has been used to treat disease 

relapse after stem cell transplantation, but high incidence of graft-
versus-host disease (GVHD) after traditional DLI, and low response 
rates with robust relapse in acute leukemia have limited its wide 
application. Nonetheless, the promising graft versus leukemia effect 
elicited by DLI makes it a viable option, especially in the state of 
minimal residual disease after stem cell transplantation. Prophylactic 
donor lymphocyte infusion has been explored as a more tolerable, 
less toxic and efficacious option to prevent relapse. This review will 
summarize the results of the latest prophylactic DLI studies, and discuss 
our ongoing prophylactic DLI clinical trial after T cell depleted stem cell 
transplantation in patients with high risk hematologic malignancies.

Introduction
Hematopoietic stem cell transplantation (SCT) is a potentially 

curative treatment for patients with hematologic malignancies. There 
has been tremendous progress in the past several decades in allogeneic 
SCT with better outcomes through improvements in supportive 
care, expansion of stem cell donor options (HLA-matched unrelated 
donors (MUD), haploidentical related donors, and cord blood units 
(CBUs) et al), and introduction of better tolerated reduced intensity 
conditioning (RIC) regimens [1,2]. T-cell depletion is another 
approach that enhances tolerability by reducing acute and chronic 
graft-versus-host disease (GVHD), which results in tremendous 
transplantation related morbidity and mortality. We have employed 
in vivo T-cell depletion (TCD) with alemtuzumab for over 10 years 
at the University of Chicago and confirmed lower rates of acute 
and chronic GVHD and similar overall survival when comparing 
to regimens without T cell depletion [3]. However, relapse remains 
highly problematic after transplant [4], and T-cell depletion further 
increases rate of relapse. There has been relatively little progress in 
reducing the incidence of relapse following allogeneic SCT. T-cell 
depletion may enable patients to successfully undergo transplant with 
low incidence of GVHD, setting the platform to allow approaches 
that harness the immune system to prevent relapse after transplant. 

Donor lymphocyte infusion for relapse after SCT 
Donor lymphocyte infusion (DLI) has been shown to induce 

remissions post-transplant in patients with relapsed hematologic 
malignancies, most consistently in patients with CML, and to a 
lesser extent in AML, multiple myeloma and myelodysplasia [5]. The 
major complications with DLI are the development of GVHD and 
cytopenias. Acute GVHD develops in up to 40–60% of patients who 
receive DLI. However, the development of GVHD does not always 
correlate with graft versus leukemia (GVL) activity [6]. 

Prophylactic DLI after SCT

Since DLI seems to be most effective for patients with minimal 
residual disease, the role of prophylactic DLI (pDLI) for high risk 
patients after stem cell transplant has been explored, both in the 
myeloablative conditioning setting [7-12] and in the RIC setting [13-
18]. 

In the myeloablative setting, the largest series was reported 
by Montero et al. [12]. One hundred thirty-eight patients with 
hematologic malignancies received myeloablative T cell-depleted 
peripheral blood stem cell transplant from an HLA-identical sibling 
donor. 112 patients with less than Grade II acute GVHD received 1 or 
2 pDLI (T-cell add back) at 10-50x106 CD3+ cells/kg between days 45 
and 100 post SCT. Overall survival (OS), relapse-free survival (RFS), 
relapse, and transplant-related mortality (TRM) were 58%, 46%, 40%, 
and 20%, respectively, after a median follow-up of 4 years. Fifty-three 
(39%) and 21 (15%) patients developed Grade II-IV and III-IV acute 
GVHD respectively. Forty-two (36%) had limited and 29 (25%) had 
extensive chronic GVHD. These rates of chronic GVHD are similar 
compared with that of T cell-replete SCT. However, it has been noted 
that chronic GVHD after T cell add back may be associated with less 
mortality and relapse, at least in standard-risk patients [12]. 

Summarizing several studies to date, the risk of relapse after pDLI 
with myeloablative conditioning has ranged from 18 to 69% with 
TRM ranging 6–52%. This translates into leukemia free survival (LFS) 
of more than 40% at 2 years after SCT [7-12]. Schaap’s study [10] 
compared outcomes of patients receiving DLI with those patients 
not receiving DLI, and demonstrated lower relapse rates resulting in 
improved LFS in those receiving DLI. Furthermore, the incidence of 
acute and chronic GVHD and the risk of TRM did not seem to differ 
from the expected outcomes after conventional transplant without 
DLI. 

Various studies have analyzed outcomes of pDLI after RIC [13-
18]. Barge et al. [13] reported on 11 patients, who were given planned 
DLI at 6 months after RIC MRD SCT with in vitro TCD. The DLI 
dose, given as unselected mononuclear cells, was based on disease 
status. Patients with relapse or progression at 6 months received 10–
100x106 MNC/kg plus IFN-α compared with only 10x106 MNC/kg 
for patients with stable disease or mixed chimerism. In the 11 patients 
receiving DLI, 5 responded (CR=3; PR=2) and 1 patient had stable 
disease. Acute GVHD developed in six patients, chronic GVHD in 
four patients and GVHD accounted for the death of one patient. 
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Schmid et al. [16] studied 75 patients with high-risk AML 
or MDS who received non-myeloablative conditioning with 
fludarabine, cytarabine and low-dose total body irradiation. Patients 
were scheduled to receive prophylactic DLI after 120 days if there 
was no evidence of GVHD and they were off immunosuppression 
medications. Of the 75 patients enrolled, only 12 patients were able 
to receive prophylactic DLI due to early relapse, GVHD and other 
transplant-related complications in the others, demonstrating 
the limitations of this approach. Interestingly, only 2 out of the 12 
patients who received pDLI had disease relapse during the follow-up, 
with an impressive LFS of 92% at 3 years for this population after 
transplantation [16]. 

Two recent publications provide additional support to the 
feasibility and efficacy of pDLI after TCD allo-SCT [19,20]. In a 
prospective study, Liga et al. [19] reported on 15 out of 56 consecutive 
patients who underwent allo-SCT with an alemtuzumab-containing 
regimen (10 to 20mg) and received prophylactic DLI at a median of 
162 days post-transplantation. Seven received standard myeloablative 
conditioning while eight received reduced-toxicity myeloablative 
conditioning for age >55 years old or significant co-morbidities. Six 
of the 8 patients (75%) who received pDLI with mixed chimerism 
converted to stable, complete donor chimerism and none of the 
patients who received pDLI relapsed. 47% of DLI recipients developed 
Grade III-IV GVHD and all four deaths were due to GVHD-related 
causes. This suggests that while low-dose pDLI after conditioning 
with alemtuzumab could decrease the risk of relapse; this approach is 
associated with a relatively high incidence of severe GVHD. 

On the other hand, Krishnamurphy et al reported promising 
results of pDLI in AML and MDS patient in a retrospective study 
[20]. They evaluated the efficacy and toxicity of pDLI in 62 patients 
after TCD (alemtuzumab at 100mg or ATG at 6mg/kg) RIC allo-
SCT for AML or MDS. Despite 52% patients received pDLI within 6 
months post-SCT, the 5-year incidence of GVHD was only 31%. The 
overall survival of 80% and event-free survival of 65% at 5 years in the 
recipients of pDLI supports the use of pDLI to safely promote durable 
remission after TCD RIC allo-SCT for AML or MDS patients.

Rationale for repetitive DLI

A recent study demonstrated that patients with AML or CML 
in remission following SCT exhibited significant numbers of CD8+ 
T cells that recognize epitopes derived from leukemia-associated 
antigens. However, these cells failed to proliferate, release cytokines, 
or de-granulate in response to antigen-specific stimuli. The use of 
IL-15 or high-dose IL-2, elimination of CD4+ regulatory T cells, and 
blockade of PD-L all failed to rescue the activation of these CD8+ T 
cells in in vitro assays, as the mechanism for CD8+ unresponsiveness 
after SCT seemed to be replicative senescence [21]. 

Multiple sources of chronic stimulation following SCT may 
contribute to potential T-cell senescence, including GVHD, GVL 
activity, infection, persistent stimulation of T cells by residual 
leukemia cells, and slow reconstitution of CD4+ T cells after SCT 
during homeostatic proliferation to repopulate the T-cell pool. In 
addition, population dynamics of the T-cell pool after transplant may 
be influenced by the intensity of the conditioning regimen before 
transplant, T-cell dose within the graft, immunosuppressive therapy, 
and the use of donor lymphocyte infusions [21]. Donor T cell tolerance 
or rapid senescence after allo-SCT may contribute to post-transplant 
relapse. Thus, preserving and maintaining a competent and reactive 
pool of CD8+ T-cell precursors after allo-SCT by repetitive DLI once 

a patient achieves remission, may prove efficacious in preventing 
relapse. 

Rationale to conduct prophylactic dose-escalation DLI to 
prevent relapse in hematologic malignancies after T cell 
depleted allo-SCT

Relapse remains a major issue in non-myeloablative T cell 
depleted allo-SCT, and DLI is a clinically available and established 
treatment that is most effective for minimal residual disease. 
Therefore, the role of dose-escalation prophylactic DLI for patients 
in remission to prevent relapse will be assessed in a pilot study. The 
study will focus on patients with high risk hematologic malignancies, 
including leukemia not in remission, lymphoma not achieving a 
partial response, or other diseases under poor control, undergoing 
allo-SCT. We reviewed the University of Chicago transplant database 
for patients with high-risk AML or MDS who underwent a T-cell 
depleted allogeneic transplant. Of the 145 patients with AML or MDS 
transplanted with active disease, relapse occurred at a median of 128 
days (24 to 2364 days), with PFS of 137 days (4 to 3272 days) and OS 
of 214 days (4 to 3434 days). Patients had received either fludarabine/
melphalan/Alemtuzumab (flu/mel/campath) or clofarabine/
melphalan/Alemtuzumab (clo/mel/campath) conditioning regimens 
(unpublished data). 

From our prior published data, after flu/mel/campath 
conditioning, patients with high-risk disease had a 39% probability of 
disease recurrence, a 39% probability of treatment-related mortality, 
and a 25% probability of progression-free survival at 1 year after stem 
cell transplant [22]. In our clo/mel/campath protocol database [23]. 
35 out of 72 patients accrued had high risk, active disease, and had a 
1 year PFS of 31% which is similar to the 25% 1 year PFS seen with 
flu/mel/campath. Additionally, the 1 year relapse rate was 29% for the 
whole cohort, making the 1 year relapse rate for the high risk patients 
comparable to 1 year relapse rate of 39% in the high risk patients after 
flu/mel/campath. The cumulative probability of Grade II-IV acute 
GVHD was 33% in flu/mel/campath and 22% in clo/mel/campath 
study at 1 year, and 1 year TRM was 33% and 26%, respectively 
[22,23]. Published data using fludarabine+bulsufan+alemtuzumab  
or ATG also has demonstrated comparable survival and relapse 
results in high risk hematologic malignancies [24,25]. However, this 
novel approach still requires feasibility testing of each step of the 
process, including enrollment of high-risk patients, early withdrawal 
of immune suppression and the ability to escalate DLIs. The clinical 
protocol has been approved by the IRB at the University of Chicago, 
and we are actively enrolling patients to the study at the present time.

In brief, fifty-six patients undergoing T cell depleted matched 
sibling (7/8 or 9/10 matched related donor is allowed) or matched 
unrelated donor allogeneic stem cell transplant will be enrolled to the 
study. The immunosuppression will be tapered off at day 60 post allo-
SCT and eligible patients will receive dose escalation prophylactic 
donor infusion around day 75 to day 90 after allo-SCT. The starting 
dose of pDLI will be 2 x 105/kg (followed by 5 x 105/kg; 1 x 106/kg; 2 x 
106/kg; 5x106/kg) for MRD; and 1 x 105/kg (followed by 2 x 105/kg; 5 x 
105/kg; 1 x 106/kg; 2 x 106/kg) for MUD. Subsequent DLIs will be given 
in 4-8 week intervals. Acute GVHD is the most serious complication 
of donor lymphocyte infusion. Any patient who develops more than 
Grade II aGVHD will be taken off the study and be treated for acute 
GVHD. We will monitor for aGVHD regularly and have enlisted 
formal stopping rules. After every 10 patients have passed 6 months 
of follow up from immune suppression withdrawal, a cumulative 
incidence curve of aGVHD will be generated. The clinical trial has 
been posted at the Clinical Trials.gov website (NCT01839916).
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There is another ongoing prophylactic DLI study after T 
cell depleted matched sibling stem cell transplant in the United 
Kingdom (NCT01240525). This randomized Phase II study will 
withdraw immunosuppression at day 40 post SCT, and patients are 
randomized to receive either single dose of 1x106/kg CD4 cells/kg 
or no DLI between day 100 to 120 post-SCT. Our study differs in 
testing prophylactic DLI in both MRD and MUD SCT, starting at 
5-10 folds lower T cell doses, with DLI dose escalation in order to 
minimize complications of GVHD while attempting to maximize the 
graft versus leukemia effect. 

Conclusion
Relapse remains the major failure after allogeneic stem cell 

transplant and its prevention remains an unmet need. As various 
new strategies and novel treatments have been under exploration, 
DLI has proven efficacious to treat and prevent disease relapse after 
allo-SCT. The very low incidence of acute and chronic GVHD after 
in vivo T cell depletion provides an excellent platform to test 
different strategies of DLI to prevent relapse after allo-SCT with 
tolerable toxicities. Current studies in TCD allo-SCT may elucidate 
whether DLI-induced GVHD may be attenuated through decreased 
cell dose coupled with dose escalation administration and short 
term immunosuppression. Ultimately, this may translate into 
improvement in PFS and OS with good quality of life.
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