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Donor lymphocyte infusions are used to treat relapse after allogeneic
hematopoietic stem cell transplantation, but responses are inade-
quate. In addition to effector cells, infusions contain CD25+ regula-

tory T cells (Treg) that may suppress graft-versus-tumor responses. We
undertook a phase I study of donor lymphocyte infusions depleted of
CD25+ T cells in patients with hematologic malignancies who had relapsed
after transplantation. Twenty-one subjects received CD25/Treg-depleted
infusions following removal of CD25+ cells using antibody-conjugated
magnetic beads. Sixteen subjects received prior cytoreductive therapy. Four
were in complete remission at the time of infusion. Two dose levels were
administered: 1x107 (n=6) and 3x107 CD3+ cells/kg (n=15). A median 2.3
log-depletion of CD4+CD25+FOXP3+ Treg was achieved. Seven subjects
(33%) developed clinically significant graft-versus-host disease by 1 year,
including one patient who died. At dose level 1, five subjects had progres-
sive disease and one had stable disease. At dose level 2, nine subjects (60%)
achieved or maintained responses (8 complete responses, 1 partial
response), including seven with active disease at the time of infusion. A
shorter period between relapse and infusion was associated with response
at dose level 2 (P=0.016). The 1-year survival rate was 53% among patients
treated with dose level 2. Four of eight subjects with acute myeloid
leukemia remained in remission at 1 year. When compared to unmodified
donor lymphocyte infusions in 14 contemporaneous patients meeting
study eligibility, CD25/Treg depletion was associated with a better
response rate and improved event-free survival. Circulating naïve and cen-
tral memory CD4+ T cells increased after CD25/Treg-depleted infusion, but
no immunophenotypic signature for response was noted. CD25/Treg-
depleted donor infusion appears feasible and capable of inducing graft-ver-
sus-tumor responses without excessive graft-versus-host disease.
(ClinicalTrials.gov NCT#00675831)
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ABSTRACT

Introduction

Patients with a hematologic malignancy who relapse after allogeneic hematopoi-
etic stem cell transplantation (HSCT) have a dismal prognosis. Re-establishing dis-
ease control through donor lymphocyte infusion (DLI) is one accepted approach, as
this can invoke graft-versus-tumor effects mediated by recognition of minor histo-
compatibility antigens and tumor antigens on malignant cells.1 DLI has been suc-
cessful in relapsed chronic myeloid leukemia with greater than 70% sustained
response rates.2,3 Its efficacy in other diseases is limited by two factors. First, the
potency and durability of the graft-versus-tumor effects vary, with response rates in
diseases other than chronic myeloid leukemia being much lower.4-6 Initial responses
to DLI can be as low as 15-29% in acute myeloid leukemia and 5-27% in acute lym-



phoid leukemia, with a median time of 10 months to
leukemia recurrence.3,7,8 Second, DLI is often accompanied
by toxicity from graft-versus-host disease (GvHD). The
incidence of GvHD varies depending on the DLI cell dose,
degree of HLA mismatch, and use of concurrent immuno-
suppression but ranges from 25% to 70% after DLI from
fully HLA-matched related or unrelated donors.9-12
Strategies to enhance the efficacy of graft-versus-tumor
effects after DLI have included ex vivo activation of effec-
tor cells with CD3/CD28-coated beads; incubation with
interferon-γ, interleukin-2, and anti-CD3 to produce
“cytokine-induced killer cells”; or incubation with inter-
leukin-2 alone. These approaches have resulted in disap-
pointing efficacy and/or unacceptable rates of GvHD.13-16
CD4+CD25+FoxP3+ regulatory T cells (Treg) account for

~5% to 10% of circulating CD4+ T cells in healthy individ-
uals, can dominantly suppress auto-reactive T, B and nat-
ural killer effectors, and control innate and adaptive
immune responses.17,18 In vitro Treg suppress proliferation
of CD4+ and CD8+ T cells after polyclonal or antigenic
stimulation.19 In vivo Treg can impede immune responses
to solid and liquid tumors.20-23 They also play a role in alle-
viating GvHD as demonstrated by the inverse correlation
between circulating Treg and the onset and severity of
GvHD.24-28 Surprisingly, adoptive transfer or in vivo expan-
sion of Treg improves GvHD without jeopardizing graft-
versus-tumor effects.29-32
We hypothesized that, elimination of CD25+ cells,

including CD25-expressing Treg, from DLI products by
selective depletion of CD25+ cells might boost anti-tumor
efficacy, with the risk that potency gained could be offset
by worsened GvHD. The feasibility of large-scale
CD25/Treg depletion from apheresis products has previ-
ously been demonstrated using bead-bound anti-CD25
antibodies and magnetic separation.33 We evaluated the
feasibility and safety of administering CD25/Treg-deplet-
ed DLI to subjects with a hematologic malignancy who
had relapsed after allogeneic HSCT, a population of
patients for whom there are few effective therapeutic
options.

Methods

This phase I, dose-escalation trial was approved by Dana-
Farber/Harvard Cancer Center Institutional Review Board
(ClinicalTrials.gov NCT#00675831). Its primary objectives were to
determine the feasibility and safety of depleting CD25+ cells from
leukapheresis products. The secondary objective was to assess
response to the depleted DLI.

Patients’ characteristics
Eligible subjects were ≥18 years old, with relapsed hematologic

malignancies (other than those with stable-phase chronic myeloid
leukemia), ≥2 months after HLA –A, -B, -C and -DRB1-matched
donor allogeneic HSCT with donor total leukocyte chimerism
≥20%, and disease involving ≤50% bone marrow cellularity
and/or lymph nodes ≤5 cm. The subjects had been off systemic
immune suppression for ≥2 weeks, without active GvHD, and had
not received chemotherapy (except hydroxyurea) within 4 weeks
or immunotherapy within 8 weeks of the DLI.  

Donor leukocyte infusion
Original stem cell donors underwent one or two leukaphereses

without growth-factor stimulation. If twice the CD3+ cell/kg tar-

get dose for infusion was not met, an unmanipulated DLI was
administered. Planned dose levels were 1x107 and 3x107 CD3+

cells/kg; a lower dose of 1x106/kg was also envisaged if toxicities
were encountered. CD25/Treg depletion was achieved using the
CliniMACS CD25 Reagent System according to the manufactur-
er’s instructions (Miltenyi Biotec, Cambridge, MA, USA; IDE
13423). Release criteria included CD3+ cell dose, depletion of
CD4+CD25high cells to ≤0.5%, and ≥70% viability. Standard meth-
ods were used for the immunophenotypic analyses of DLI prod-
ucts and recipients’ peripheral blood before and after CD25/Treg-
depleted DLI (Online Supplementary Methods).   

Study design and definitions
CD25/Treg-depleted DLI entailed a single infusion of fresh cells

immediately following selection. Recipients not requiring
chemotherapy within 8 weeks after DLI were evaluable for dose-
limiting toxicities: grade III-IV acute GvHD, severe pancytopenia,
or DLI-related CTCAE ≥ grade 3 toxicities unrelated to progressive
disease or GvHD. Acute GvHD was assessed using consensus cri-
teria, while chronic GvHD was graded “limited” or “extensive”.34,35

A complete response consisted of resolution of histological/radio-
logical evidence of disease and chromosomal abnormalities (acute
leukemia). A partial response was defined by ≥50% reduction, sta-
ble disease by <50% reduction or <50% increase, and progressive
disease by ≥50% increase of lymph node or bone marrow disease
burden.

Exploratory contemporaneous comparator cohort
In an exploratory analysis, a contemporaneous comparator

cohort of patients from the Dana-Farber Harvard Cancer Center
was identified. This cohort comprised 14 patients with relapsed
hematologic malignancy (other than those with stable phase
chronic myeloid leukemia) after HLA-matched HSCT, with ≥20%
donor chimerism, who received unmanipulated DLI with 2-4x107

CD3+ cells/kg (dose level 2), and who were not on study second-
ary to the patients’ preference or logistical challenges.  

Statistical analyses
Descriptive statistics were used for patient- and transplant-relat-

ed characteristics. Fisher exact test, the χ2 test, or Wilcoxon-rank-
sum tests were used for cohort comparisons. Overall survival and
event-free survival were estimated using the Kaplan-Meier
method. Differences in survival curves between cohorts were test-
ed using the log-rank test. Cumulative incidences of non-relapse
mortality and relapse/progression were constructed in a frame-
work of competing risks and differences evaluated using the Gray
test.36 Repeated measures analysis was performed for effect of
time and response on immunophenotypic profiles.
Immunophenotypic parameters were log- or square-root trans-
formed to meet the normality assumption prior to modeling.
Multiplicity was adjusted within each model. P-values were two-
sided with a significance level of 0.05. Analyses were performed
using SAS version 9.2 (SAS Institute, Cary, NC, USA) and R ver-
sion 2.15.12 (the CRAN project).

Results

Feasibility
Between May, 2008 and October, 2011, 24 subjects

were enrolled and evaluable for feasibility. Two subjects
received unmanipulated DLI because of an insufficient
CD3+ cell collection from the donor after two leukaphere-
ses. One subject developed GvHD shortly after enroll-
ment, so DLI was not pursued. Of the 21 CD25/Treg-
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depleted products administered, 20 were collected in a sin-
gle leukapheresis. The median CD3+ recovery after CD25
depletion was 73.3% (range, 46.1 - 107.7%) (Table 1). The
median log-depletion of CD4+CD25high cells was 2.46
(range, 0.83 - 3.37), while that of CD4+CD25+FoxP3+ Treg
was 2.28 (range, 0.73-3.33) (Figure 1). A similar log-deple-
tion (median 2.32) of Treg, based on CD4+CD25+CD127low
surface expression, was achieved. At dose level 2, the
median number of residual Treg infused was 4.24 x 103/kg
(range, 0.64 x 103/kg to 95.66 x 103/kg).  

Subjects receiving CD25/Treg-depleted donor 
lymphocyte infusions
The median age of the 21 subjects evaluable for safety

and efficacy was 42 years (range, 19-71 years) (Table 2).
The majority (n=15, 71%) had relapsed acute myeloid
leukemia, acute lymphoblastic leukemia, or myelodys-
plastic syndrome. Thirteen subjects (62%) received cells
from matched siblings, eight from matched unrelated
donors. All had received peripheral blood stem cell grafts;
one was CD34-selected. Eleven subjects (52%) received
myeloablative conditioning; ten received reduced-intensi-
ty conditioning. Two subjects (9.5%) had prior grade I
acute GvHD and four subjects (19.0%) had prior chronic
GvHD after HSCT but did not have symptoms at the time
of the DLI. The median time from HSCT to relapse was
6.5 months (range, 3 – 30 months), while the median time
from relapse to DLI was 2.8 months (range, 1 – 15
months).
Sixteen (76%) subjects received cytoreductive therapy

after discontinuation of immune suppression at the discre-
tion of the treating clinician, all more than 4 weeks prior
to DLI. The median number of therapies after relapse in
these 16 subjects was one (range, 1 - 2). Two subjects, one
with Hodgkin lymphoma and one with acute myeloid

leukemia, had received prior unmanipulated DLI without
achieving a sustained response. Four (19%) subjects were
in complete response and seven (33%) in partial response
prior to DLI. Five (24%) had morphological disease with-
out receipt of cytoreductive therapy since relapse, and five
(24%) had progressive/persistent disease despite therapy.
The median total leukocyte donor chimerism was 99%,
(range, 32% -100%) (Online Supplementary Table S1). The
median follow-up among survivors was 44 months (range,
26 – 59 months).  

CD25/Treg-depleted DLI for relapse after SCT
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Table 1. Efficiency of processing and CD25/Treg depletion.
N. of CD3+ T Cells

Initial Apheresis            After Depletion        % Recovery
(x107/kg)                     (x107/kg)                     

Median 15.5                                     11.2                          73.3%
Range 7.3-34.0                              7.5-25.9                 46.1-107.7%

% CD4+CD25high Cells of Lymphocytes
% Initial Apheresis        % After Depletion    Log-Depletion

Median 3.54%                                0.022%                         2.46
Range 0.83-12.74%                       0.001-0.40%                0.83-3.37

% CD4+CD25+FOXP3+ Treg of Lymphocytes
% Initial apheresis        % After depletion     Log-depletion

Median 2.35%                                0.013%                         2.28
Range 0.60-8.14%                         0.001-0.32                  0.73-3.33

N. of CD4+CD25+FoxP3+ Treg infused
Dose level 1                Dose level 2
(x103/kg)                     (x103/kg)

Median 0.94                                     4.24
Range 0.18-8.87                           0.64-95.66

Figure 1. Flow cytometric analy-
sis of CD4+CD25+FoxP3+ cells
confirms Treg depletion. The ini-
tial apheresis product (top plots)
and target fraction after CD25
depletion using the CliniMACS
system (bottom plots) were sub-
jected to extracellular staining
for CD4 and CD25 expression
and intracellular staining for
FoxP3 protein.  As shown for a
representative DLI product, gat-
ing on CD45+CD4+ cells demon-
strated reduction in cells
expressing high levels of CD25
(left plots). Gating on
CD4+CD25high cells demonstrat-
ed reduction in cells expressing
FoxP3 (right plots) after the
depletion process.



Safety and toxicities
No significant infusion reactions occurred. Five subjects

were enrolled (6 treated) at dose level 1 (1x107 CD3+
cells/kg recipient). Given that no significant adverse events
occurred at this dose, escalation to dose level 2 (3x107
CD3+ cells/kg) was allowed for the subsequent 15 sub-
jects. Three subjects with acute myleloid leukemia and
two with acute lymphoblastic leukemia required cytotox-
ic therapy for disease progression within 8 weeks of DLI
(n=2, dose level 1; n=3, dose level 2). The maximum-toler-
ated dose was not reached. One severe adverse event was
observed in the first 8 weeks: namely, grade III acute
GvHD (stage 2 gastrointestinal) 25 days after DLI at dose
level 2, eventually leading to death (Table 3). There were
two cases of grade I acute GvHD at dose level 2: one in the
first 8 weeks, and one between 8 weeks and 1 year. Three
subjects developed extensive chronic GvHD within 8
weeks following DLI: one at dose level 1 and two at dose
level 2. After 8 weeks, three additional cases of chronic
GvHD developed, yielding observed rates of significant
GvHD of 19% (n=4) at 8 weeks and of 33% (n=7) at 1
year. All other adverse events observed, namely respirato-
ry distress, transaminase elevations, cytopenias, or death
were deemed related to GvHD, disease progression, sub-
sequent cytoreductive therapy, or unrelated rather than
secondary to CD25/Treg-depleted DLI.  

Efficacy
Twenty-one subjects were evaluated for response at 8

weeks. Only those with evidence of relapse/disease progres-
sion received additional therapy following DLI. At dose level
1, four (67%) of six subjects were alive 8 weeks after DLI,
but all had persistent or progressive disease (Table 4). At 1
year, two (33%) of those six subjects remained alive.  At
dose level 2, 13 (87%) of 15 subjects were alive 8 weeks after
DLI. One succumbed to acute GvHD and one to disease
progression. Eight subjects at dose level 2 had a complete
response (53%), for an overall response (complete responses
+ partial responses) rate of 60%. Responses were observed
in five subjects with acute myeloid leukemia, one with acute
lymphoblastic leukemia, one with acute lymphoblastic
leukemia, two with Hodgkin lymphoma and one with non-
Hodgkin lymphoma (Online Supplementary Table S1).  
At 1 year, eight (53%) subjects receiving dose level 2 were

alive, and four remained in complete remission. At dose
level 2, the planned phase II dose, estimated 1-year overall
and event-free survival rates were 53% (95% CI, 26-74) and
27% (95% CI, 8-50), respectively. The 1-year cumulative
incidences of relapse and non-relapse mortality were 67%
(95% CI, 35-86) and 7% (95% CI, 0.4-27), respectively
(Figure 2 and Table 5). The median survival time was 8.7
months (range, 1.3 months - not reached) for all subjects
and 12.7 months (range, 1.3 months - not reached) at dose
level 2. Salvage therapies after CD25/Treg-depleted DLI
included second CD25/Treg-depleted DLI outside of the
current protocol (n=1), unmanipulated DLI (n=1), subse-
quent HSCT (n=2), and antibody-drug conjugate therapy.
The only clinical characteristic associated with response

was time from relapse to DLI, with a median time of 2.7
months (range, 1.4 - 4.7 months) in responders and 5.4
months (range, 1.9 - 14.5 months) in non-responders
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Table 2. Demographics of the study subjects.
Subjects Enrolled                                                                  n=24

Receiving CD25/Treg-depleted DLI                                                     21
Male                                                                                                 13 (61.9%)
Median age, years (range)                                                          42 (19-71)
Malignancy                                                                                                   
Acute myeloid leukemia/myelodysplastic syndrome            11 (52.4%)
Acute lymphoblastic leukemia                                                    4 (19.0%)
Hodgkin lymphoma                                                                        4 (19.0%)
Non-Hodgkin lymphoma                                                                2 (9.5%)
Peripheral blood allogeneic HSCT                                                        
Donor source                                                                                             
HLA-matched sibling donor                                                      13 (61.9%)
HLA-matched unrelated donor                                                 8 (38.1%)

Conditioning intensity                                                                              
Myeloablative                                                                               11 (52.4%)
Reduced-intensity                                                                       10 (47.5%)

Prior acute GvHD                                                                                       
Grade I                                                                                             2 (9.5%)
Grades II-IV                                                                                           0

Prior chronic GvHD                                                                                   
Limited                                                                                             1 (4.8%)
Extensive                                                                                        3 (14.3%)

Median time HSCT to relapse, months (range)                    6.5 (2.7-30.2)
Median time relapse to DLI, months (range)                        2.8 (0.6-14.7)
Median time HSCT to DLI, months (range)                            10.4 (5.1-38)
Received cytoreductive therapy prior to DLI                            16 (76.2%)
Median n. of therapies (range)                                                       1 (1-2)
Prior unmanipulated DLI                                                                 2 (9.5%)
Disease status prior to study DLI                                                         
Complete remission                                                                    4 (19.0%)
Partial response                                                                           7 (33.3%)
Untreated                                                                                       5 (23.8%)
Progressive disease after cytoreduction                               5 (23.8%)

Median total donor chimerism (range)                                 99% (32-100%)

Table 3. Toxicity after CD25/Treg-depleted DLI.
                                                    Dose level 1             Dose level 2

                                                   1x107 CD3+/kg         3x107 CD3+/kg
Toxicity potentially related to DLI        n=6                          n=15

Acute GvHD

Onset within 8 weeks                                  0                              1 - Grade I
                                                                                                     1 - Grade III->V* 
Onset at 8 weeks to 1 year                        0                              1 - Grade I
Chronic GvHD

Onset within 8 weeks                      1 - Extensive                 2 - Extensive
Onset at 8 weeks to 1 year               1 - Limited                    1 - Limited
                                                                                                        1 - Extensive
Significant GvHD at 8 weeks#             1 (16.7%)                       3 (20.0%)
Significant GvHD at 1 year                   2 (33.3%)                       5 (33.3%)
Toxicity related to GvHD, disease, or chemotherapy within 8 weeks

Death                                                              2                       2 (1-GvHD DLT*)
Grade 4 respiratory distress                    1                                      0
Grade 3 transaminase elevations            1                                      2
Grade 4 neutropenia                                  0                                      1
Grade 3-4 thrombocytopenia                    2                                      3

Unrelated toxicity

Grade 3 pain                                                 1                                      0
*Denotes dose-limiting toxicity; # Significant GvHD connotes grades II-IV acute GvHD
or chronic GvHD- N.B. One subject enrolled at dose level 2 actually received cells at
dose level 1. Subjects were analyzed based on cell dose received.



(P=0.016). Development of GvHD after DLI was not a pre-
requisite for response; four of nine subjects with an initial
response and two of four with sustained complete respons-
es never developed GvHD. Entering DLI in remission was
also not necessary: six subjects with disease at the time of
DLI achieved a complete response at 8 weeks and three sus-
tained those responses for at least 1 year. All four subjects
remaining in complete response at 1 year had prior acute
myeloid leukemia. Neither of the two subjects who had
undergone prior unmanipulated DLI responded to
CD25/Treg-depleted DLI. None of the other clinical factors,
including time from HSCT to relapse or DLI, conditioning
intensity of prior HSCT, donor chimerism, or receipt of dis-
ease-directed chemotherapy prior to DLI, correlated with
response.

Comparison to unmanipulated donor lymphocyte infusion
In an exploratory analysis, we collected baseline data on

expected toxicity (i.e., subsequent GvHD and non-relapse
mortality) and efficacy of unmodified DLI at our center in a
contemporaneous cohort of patients. Fifty patients whose
donor chimerism was ≥20% received unmanipulated DLI
for relapse between November 2006 and May 2011 after
undergoing an 8/8 HLA-matched HSCT. Of these 50, 36
received 1x107 CD3+ cells/kg and 14 received 2-4x107 CD3+
cells/kg. To provide an exploratory baseline for subjects
receiving dose level 2 of CD25/Treg-depleted DLI, we
included the 14 patients receiving 2-4x107 CD3+ cells/kg as

a comparator cohort. This cohort included two subjects ini-
tially enrolled on study who received unmanipulated DLI
given the numbers of donor T cells collected. The age and
gender distribution of the comparator cohort was similar to
that of the study population, without significant differences
in type of malignancy, donor source, prior GvHD incidence,
transplant characteristics, time from HSCT to relapse or
DLI, receipt of disease-directed therapy prior to DLI, or
chimerism at the time of DLI (Online Supplementary Table
S2). Five patients (36%) were in complete remission, two in

CD25/Treg-depleted DLI for relapse after SCT
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Table 4. Response to CD25/Treg-depleted DLI.
Disease response                         Dose level 1             Dose level 2
                                                   1x107 CD3+/kg         3x107 CD3+/kg
                                                           n=6                          n=15

Status at 8 weeks                                                                                   
Complete response                                    0                               8 (53.3%)
Partial response                                          0                                1 (6.7%)
Stable disease                                      1 (16.7%)                              0
Progressive disease                           5 (83.3%)                       6 (40.0%)
Alive                                                        4 (66.7%)                      13 (86.7%)
Dead                                                       2 (33.3%)                       2 (13.3%)
Status at 1 year                                                                                       
Complete response                                    0                               4 (26.7%)
Alive                                                        2 (33.3%)                       8 (53.3%)
Dead                                                       4 (66.6%)                       7(47.7%)

Figure 2. Clinical outcomes after CD25/Treg-depleted DLI at dose level 2. (A) Kaplan Meier curves demonstrating overall survival after infusion for recipients of
CD25/Treg-depleted DLI at 3x107 CD3+/kg (solid line) versus unmanipulated DLI at cell doses of 2.2-3.7x107 CD3+/kg (dotted line).  (B) Kaplan Meier curves demon-
strating improved event-free survival after CD25/Treg-depleted DLI (solid line) versus unmanipulated DLI (dotted line). (C) Relapse and non-relapse mortality: plot
displaying cumulative incidences of disease relapse and non-relapse mortality after CD25/Treg-depleted DLI (solid and fine dotted lines, respectively) versus unma-
nipulated DLI (hashed and coarse dotted lines, respectively).

A B

C



partial remission, and seven (50%) had untreated/progres-
sive disease at the time of the unmanipulated DLI. The
median DLI cell dose received was 3x107 CD3+ cells/kg
(range, 2.2 x 107 - 3.7 x107 cells/kg).  
Acknowledging caveats of comparing small, heteroge-

neous cohorts, specifically limited statistical power and
selection bias, the response rate after unmanipulated DLI
was 14% at 8-12 weeks, lower than the 60% response rate
seen after CD25/Treg-depleted DLI at dose level 2 (P=0.02).

There were two complete responses, both in recipients
with acute myeloid leukemia, which lasted 5.1 and 6.1
months (Online Supplementary Table S3). The 1-year event-
free survival rate of this cohort was 0% as compared with
27% in the CD25/Treg-depleted DLI cohort (P=0.0075), the
1-year cumulative incidence rate of relapse was 100% as
compared to 67% (P=0.002), and the 1-year overall survival
rate was 36% as compared to 53% in the CD25/Treg-
depleted DLI cohort (P=0.08). Cumulative incidences of

S. Nikiforow et al.

1256 haematologica | 2016; 101(10)

Figure 3. Naïve and central
memory cells increase within
CD4+ and CD8+ T-cell compart-
ments after CD25/Treg-deplet-
ed DLI. Peripheral blood
mononuclear cells drawn at indi-
cated times were stained for
extracellular markers and ana-
lyzed by flow cytometry. (A)
Changes in median distribution
of CD4+ T cells among all sub-
jects: the percentage of
CD3+CD4+ T cells in each subset
just prior to (0 months) or in the
first 2 months after DLI is indi-
cated. Panels reflect percentage
of naïve cells (CD45RO-CD62L+),
central memory cells
(CD45RO+CD62L+), effector
memory cells (CD45RO+CD62L-),
and terminal effectors (CD45RO-

CD62L-). *Indicates P<0.05 for
the comparison between base-
line (month 0) and the indicated
time point. (B) Changes in medi-
an distribution of CD8+ T cells.
Individual CD8+ subsets and sig-
nificant differences among all
subjects after CD25/Treg-
depleted DLI are displayed as
detailed above.

B

A

Table 5. Outcomes of Treg-depleted DLI compared to unmanipulated DLI.
CD25/Treg-depleted DLI Unmanipulated DLI P value

3x107 CD3+/kg 2-4x107 CD3+/kg
n=15 n=14

Responses at 8-12 weeks
Complete + partial responses 9 (60%) 2 (14.3%) 0.02
Persistent/progressive disease 6 (40%) 12 (85.7%)

Responses in patients with AML at DLI n=8 n=7 NS
Complete + partial responses 5 (62.5%) 2 (28.6%)
Persistent/progressive disease 3 (37.5%) 5 (71.4%)

Cumulative incidence (95% CI)
1-year overall survival 53% (26-74) 36% (13-59) 0.08
1-year event-free survival 27% (8-50) 0% 0.0075
1-year relapse 67% (35-86) 100% 0.002
1-year non-relapse mortality 6.7% (0.4-27) 0% NS
6-month grade II-IV acute GvHD 6.7% (3.8-27) 0% NS
6-month chronic GvHD 27% (7.6-51) 0% 0.04

AML: acute myeloid leukemia; NS: not significant. Statistically significant values are shown in bold.



non-relapse mortality at 1 year and acute GvHD at 6
months were not different. Given the early deaths from dis-
ease seen after unmanipulated DLI, the difference in inci-
dence of chronic GvHD noted was not deemed clinically
relevant (Table 5 and Figure 2).  

Immunological effects of CD25/Treg-depleted 
donor lymphocyte infusions
In the first 2 months after CD25/Treg-depleted DLI, there

were no significant changes from prior to DLI in white
blood cell count, absolute lymphocyte count, percentages
and numbers of circulating peripheral CD3+, CD4+, and
CD8+ T cells, Treg and CD20+ B cells, or in Treg to conven-
tional T-cell (Tcon) ratios when analyzing all subjects
(Online Supplementary Figure S1 and data not shown). Median
CD8:CD4 ratios increased at 1 month (median, 0.74 to 1.06;
P=0.013), but this difference was not maintained at 2
months. There were significant drops from baseline in cir-
culating natural killer cells (median, 201.5 to 111.6 to
86.0/μL; P=0.027, 1 month; P=0.002, 2 months) and den-
dritic cells (median, 301.1 to 99.7 to 17.4/ μL; P=0.029, 1
month; P=0.0002, 2 months), which were no different
between those who responded to DLI and those who did
not. Thus, CD25/Treg-depleted DLI did not notably facili-
tate numerical expansion of early total lymphocytes, Tcon,
B cells, or natural killer cells.  
There were qualitative shifts within the naïve and memo-

ry compartments of circulating CD4+ T cells after
CD25/Treg-depleted DLI (Figure 3A). The percentage of
CD4+ naïve T cells increased by 1 month (median, 11.0% to
24.1%; P=0.008) and remained above baseline at 2 months
(median, 21.7%; P=0.0005). The percentage of CD4+ termi-
nal effectors decreased by 1 month (median, 12.8% to 8.6%;
P=0.053) and remained below baseline at 2 months (median,
2.9%; P=0.003). Increases in CD4+ central memory cells at 2
months (P=0.004) and decreases in CD4+ effector memory
cells at 1 and 2 months after DLI (P=0.04 and P=0.0007,
respectively) were statisticially significant. Identical shifts
were seen in CD8+ T cells: namely, increases in naïve cells
(P=0.0006 and P=0.0004), decreases in terminal effectors
(P=0.04 and P=0.03), increases in central memory cells
(P=0.004 and P=0.004), and decreases in effector memory
cells (P=0.01 and P=0.004) at 1 and 2 months after DLI,
respectively (Figure 3B). In these analyses after DLI, no dif-
ferences between responder and non-responder populations
were noted, perhaps because of the limited sample size.
Similar analyses were not available for bone marrow cell
subsets or for patients receiving unmanipulated DLI.  
When examining immunological profiles prior to DLI,

there were no correlations between response and circulat-
ing lymphocyte subset values including CD4+ or CD8+ T-
cell counts, CD4+ Tcon  or Treg counts, or CD8:CD4 ratios
(data not shown). The ratio of peripheral blood Treg to Tcon
prior to DLI, the Treg:Tcon ratio in the DLI product itself,
and the number of residual Treg infused had no correlation
with disease response (P=0.76, P=0.41, and P=0.24, respec-
tively); this was the case regardless of whether all subjects
or only those treated with dose level 2 were analyzed.  

Discussion 

Given the historically poor efficacy of unmanipulated
DLI in treating relapse of hematologic malignancies other
than chronic myeloid leukemia after HSCT, we investigated

whether ex vivo depletion of CD25+ cells including suppres-
sive Treg from DLI products was feasible, safe, and could
enhance anti-tumor activity without increasing GvHD.
Twenty-one of 23 (91.3%) donors yielded sufficient CD3+
cells for selection and DLI, 20 (87.0%) in one leukapheresis.
Given that only two donors did not yield sufficient T cells
for CD25 depletion, it is unlikely that the results discussed
below are a result of selection bias for “optimal” donors
from among the donor pool. The median CD3+ T-cell recov-
ery was 73% after depletion. Thus, it may be possible to
target higher doses in future studies, at least for related
donors for whom multiple leukaphereses are more practi-
cal. This approach proved feasible with a median 2.3 log-
depletion of FoxP3+ Treg, which is comparable to efficien-
cies obtained in prior studies.33
We refer to CD25-depleted products as “Treg-depleted”.

CD25 (interleukin-2 receptor-α) is also expressed on activat-
ed CD4+ Tcon and CD8+ T cells, so the selection process
could affect these populations as well. Depletion of CD25+
donor Tcon cells already activated in vivo at the time of
leukapheresis might potentially decrease non-specific
alloreactivity but would not be expected to improve graft-
versus-tumor effects. We, therefore, postulate that our
observed results, particularly as regards efficacy, are prima-
rily a result of Treg depletion, a concept that has support
from animal models.23 Extensive phenotyping of the DLI
product with characterization of CD25+ cells
depleted/retained during processing was not pursued in this
phase I study. This limitation could, however, be addressed
in future trials which should include characterization of
Treg phenotype (e.g., HLA-DR, CTLA-4, Lag-3, CD45RA,
Ki-67 expression), suppressive activity, and markers of
thymic activity.  
Regarding safety, there were no infusion reactions.

Subsequent cytopenias and adverse events were no more
frequent or severe than expected after unmanipulated DLI.
Apart from one case of acute GvHD progressing to death,
CD25/Treg-depleted DLI was well-tolerated, and overall
GvHD rates were not excessive. Comparison to a limited
contemporaneous cohort receiving unmanipulated DLI at a
study-equivalent dose at our center showed no significant
difference in the incidence of acute GvHD, although small
sample sizes limit the statistical robustness of this compar-
ison. However, our 33% observed rate of GvHD requiring
systemic therapy after 3x107 CD3+/kg CD25-Treg-depleted
DLI compares favorably with other studies of unmanipulat-
ed DLI at similar doses, e.g. 45% in a large retrospective
analysis by Bar et al., as does our 1-year non-relapse mortal-
ity rate of 7%.10 Importantly, prior GvHD does not appear a
contraindication to receiving CD25/Treg-depleted DLI,
although active GvHD at the time of enrollment was an
exclusion criterion.
Regarding efficacy, over 70% of study subjects had

acute leukemia or myelodysplastic syndrome, diseases
with historically poor response rates and remission dura-
bility. The 8-week response rate of 60% at dose level 2
(3x107 CD3+ cells/kg) and the 27% 1-year event-free sur-
vival rate, while still leaving much room for improvement,
were higher than seen in a contemporaneous group of
patients receiving unmanipulated DLI in our exploratory
analysis. However, the implications of these comparisons
are limited by small sample size, clinical heterogeneity
and potential selection bias, and should be confirmed in
subsequent prospective trials. The 1-year survival of 53%
in the CD25/Treg-depleted study group was in the range
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of 17-67% survival seen at similar cell doses in other stud-
ies, although historical comparisons are also limited by
variations in disease distribution, disease status, prior
cytoreduction, chimerism, mobilization of the DLI prod-
uct, and year of DLI.9,10,37
Six of the nine responses were in study subjects with

acute leukemia, and four of those six responses were sus-
tained for a year. The observed response rate of 63% and 1-
year overall survival of 50% in patients with acute myeloid
leukemia/myelodysplastic syndrome at dose level 2 was
surprising, particularly as all but one patient had active dis-
ease at the time of DLI. After unmanipulated DLI, albeit in
a small group, of seven patients with acute myeloid
leukemia only two had complete responses, both of whom
relapsed within 6 months or less. Findings after CD25/Treg-
depleted DLI compare favorably with 2-year survival rates
of 56% for DLI in complete response and 15% for DLI with
active disease in an European Group for Blood and Marrow
Transplantation study devoted to relapse of acute myeloid
leukemia after HSCT.7 Responses in our study were not
obviously dependent on occurrence of GvHD after DLI,
indicating the potential for immunologically separating
graft-versus-tumor effects from GvHD, even in subjects
with relapsed acute myeloid leukemia, through manipula-
tion of the composition of the DLI.  
The numbers and profiles of circulating lymphocyte

numbers either before or after CD25/Treg-depleted DLI
did not correlate with disease response in this study pop-
ulation. However, significant increases in CD4+ and CD8+

naïve and central memory cells and decreases in CD4+

and CD8+ effector memory and terminal effector cells
were seen. Recovery of naïve and central memory cells
typically indicates improved thymopoiesis and T-cell
diversity and has been associated with decreased relapse
and increased survival after HSCT.38,39 Whether this nor-
malization of naïve, memory, and effector-cell distribu-
tion is augmented by CD25/Treg depletion could not be
determined in this single-arm study. We did not see a cor-
relation between responses and pre-existing CD8+ T-cell
counts as previously noted in bone marrow after CD4+

DLI in myeloma and chronic myeloid leukemia, in which
donor lymphoid expansion and reversal of residual
exhausted T cells were demonstrated, respectively.40,41
However, the current analysis was restricted to early time
points only after CD25/Treg-depleted DLI and to periph-
eral blood samples, not bone marrow. Identifying a cellu-
lar mechanism specific to responses after CD25/Treg-
depleted or other DLI products will require prospective
monitoring of bone marrow and sites of disease rather
than just peripheral blood. Characterization of markers of
activation and exhaustion such as PD-1 as well as detec-
tion of T-cell frequencies against various tumor antigens
could be considered.
The impacts of this study are two-fold. First, we confirm

that CD25/Treg-depleted DLI is feasible and safe and may
be modestly more effective than unmanipulated DLI, par-
ticularly in acute myeloid leukemia. Larger numbers of

patients will be needed to confirm a disease-specific effect.42
Previously, Maury et al. reported two responses to one infu-
sion of Treg-depleted DLI and four more responses after a
second infusion in 17 subjects with relapse after HSCT. In
that study, 16 subjects had previously failed standard DLI,
and responses were only seen following development of
GvHD. Response rates were increased after chemotherapy-
induced lymphodepletion was introduced.43 In our study,
we targeted a different population, namely subjects early
after relapse (19 of 21 without prior DLI), without pre-DLI
lymphodepletion, and observed a 60% response rate and
responses that lasted at least 1 year in 50% of initial com-
plete responders (n=4). Whether the durability of response
can be prolonged by multiple infusions is unknown. The
likelihood of clinical response was associated with shorter
time from relapse to DLI. Our responses were not stringent-
ly linked with GvHD and broaden the application of
CD25/Treg-depleted DLI to use earlier in relapse after
HSCT.  
Secondly, our data support the concept that manipulat-

ing the composition of stem cell and other cellular thera-
pies has the potential to improve efficacy and reduce tox-
icity.44,45 In this vein, trials of ex vivo depletion of naïve T
cells from stem cell grafts to reduce GvHD and preserve
anti-tumor and anti-infectious activity are underway.46,47
Analogous to the introduction of immune check-point
inhibitors to boost activity of otherwise ineffective lym-
phocytes, modulation of the stimulatory versus suppres-
sive T-cell balance within cellular therapy products and
their recipients holds promise.48,49
Significant caveats in interpreting suggestions of efficacy

are the small sample size and heterogeneity in this phase
I study. Full details for each patient are laid out in the
Online Supplementary Tables, but retrospective comparison
to a small, diverse comparator group in our secondary
analysis cannot take the place of a randomized study in
which disease burden, molecular risk subtype, prior ther-
apies, and time from chemotherapy to DLI are rigorously
controlled between recipients of unmanipulated and
CD25/Treg-depleted DLI. The comparative benefit of
CD25-Treg depletion in specific disease groups such as
acute myeloid leukemia and the role of lymphodepleting
chemotherapy just prior to DLI administration will be
addressed in future trials.50 
In conclusion, depletion of CD25+ Treg from DLI is fea-

sible, well-tolerated, and may increase efficacy when
compared to unmanipulated DLI. Future avenues of
research include increasing cell doses or giving multiple
infusions of CD25/Treg-depleted donor lymphocytes,
prospective randomized evaluation in relapsed acute
leukemia versus unmanipulated DLI, and combining
CD25/Treg-depleted DLI with novel immunomodulatory
agents. Characterization of lymphocytes within active
DLI products and at sites of disease response may lead to
cellular manipulations capable of dissociating graft-versus-
tumor from GvHD activity in the currently bleak situation
of relapse after HSCT.
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