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Abstract We evaluated the safety and efficacy of donor
lymphocyte infusion (DLI) with granulocyte colony-stimu-
lating factor priming and short-term immunosuppressive
agents for prophylaxis of relapse in patients with advanced
leukemia after human leukocyte antigen (HLA)-mismatched
T cell-replete hematopoietic stem cell transplantation (HCT).
Twenty-nine patients received prophylactic DLI at a median
75 (33–120) days after HCT. Acute graft-vs-host disease
(GVHD) grades 3–4 occurred in six patients, and all cases
were controlled. Eleven patients were alive and relapse-free
with a probability of leukemia-free survival (LFS) of 37.3±
9.6% at 3 years. Chronic GVHD was associated with a lower
relapse rate and higher probability of LFS. Prophylactic-
modified DLI is feasible in patients with advanced leukemia
to prevent relapse after HLA-mismatched HCT.
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Adult patients with advanced hematologic malignancies after
allogeneic hematopoietic stem cell transplantation (HCT)
have a poor prognosis because of a high rate of relapse and
transplant-related mortality [1, 2]. Donor lymphocyte infu-
sion (DLI) after allogeneic HCT exhibits definite antileuke-
mia effects in this group of patients [1–3]. DLI can, however,
be followed by a high rate of severe graft-vs-host disease
(GVHD) [3] and thus is not generally used for prophylaxis of
relapse.

We previously reported that infusion of granulocyte
colony-stimulating factor (G-CSF)-primed peripheral blood
progenitor cells (GPBPCs) instead of unprimed lympho-
cytes exhibited a comparable or stronger graft-vs-leukemia
(GVL) effect and comparable or reduced incidence of
GVHD, rarely accompanied by pancytopenia [4]. When
DLI with GPBPCs was combined with the use of short-
term immunosuppressant therapy, such as short-term
cyclosporine A (CsA) or methotrexate (MTX) for GVHD
prophylaxis, the incidence of fatal GVHD complicated with
DLI decreased further [5]. This modification made prophy-
lactic DLI infusion in human leukocyte antigen (HLA)-
matched HCT possible, decreasing relapse incidence in
patients with high-risk leukemia after HLA-identical sibling
HCT [6]. In our recent reports, this modified DLI has also
been successfully used for the treatment of relapse after
HLA-mismatched/haploidentical T cell-replete HCT [7].
Based on these findings, we assessed modified DLI for
prophylaxis of relapse of leukemia in patients with
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advanced leukemia after HLA-mismatched/haploidentical T
cell-replete HCT to evaluate its safety and efficacy.

Materials and Methods

Eligibility Criteria

Patients were included if they fulfilled at least one of the
following criteria defining advanced hematological ma-
lignancies: (1) acute leukemia in the first complete
remission (CR1) with unfavorable cytogenetic abnormal-
ity, a positive Philadelphia (Ph) chromosome, (2) acute
leukemia beyond CR2 status or in the nonremission
state, or (3) chronic myelogenous leukemia (CML) in
blast phase (BP) [8, 9]. Further inclusion criteria were
HLA-mismatched/haploidentical HCT without in vitro T
cell depletion. To be eligible, HCT recipients had to have
been typed at the allele level as all of these, HLA-A,
HLA-B, HLA-C, and HLA-DRB1. Patients with any of the
following were excluded: creatinine clearance less than
80 ml/min, bilirubin or transaminases greater than three
times the upper limit of the normal range, left ventricular
ejection fraction less than 50%, and pregnancy before
transplantation, uncontrolled GVHD, uncontrolled infec-
tion, any evidence of hematological relapse, or refusal of
the patient before DLI.

Patient Characteristics

We enrolled patients with hematological malignancies
suitable for allo-HSCT, who had no HLA-identical
related or unrelated donors. Family donors were ranked
on the bases of best HLA match, age (youngest
preferred), relationship (mother preferred), gender (same
preferred), and health status (better preferred). From
November of 2002 to October of 2005, 29 patients with
advanced leukemia were enrolled and allocated on an
intention-to-treat basis to HLA-mismatched/haploidenti-
cal T cell-replete HCT followed by prophylactic modified
DLI. The Peking University Review Board approved
GPBPC cryopreservation, remobilization, and infusion.
All 29 healthy donors and the 29 recipients signed the
consent form for stem cell collection and transplantation.
Patient characteristics are summarized in Table I. All
patients were mismatched at the allele level for HLA-A,
HLA-B, HLA-C, and HLA-DRB1. Twelve patients were
mismatched in four loci, 14 patients were mismatched in
three loci, and three in two loci. Eleven patients had been
diagnosed with acute myeloid leukemia (AML; ten in a
nonremission state, one in CR1 with Philadelphia chro-
mosome [Ph+]), 13 had a diagnosis of acute lymphoblastic
leukemia (ALL; eight in nonremission state, two in CR3,

three in CR1 with Ph+), and five patients were diagnosed
with CML in BP. The median age of the 29 HCT
recipients was 29 years (range, 12–49 years).

Transplantation Procedures

All patients underwent HLA-mismatched/haploidentical T
cell-replete transplantation. Transplantation was performed
using our recently reported protocol [10]. The Peking
University Review boards approved the study protocols.
Conditioning regimens consisted of cytosine arabinoside
(4 g m−2 day−1, intravenous [i.v.]) on days −10 and −9,
busulfan (12 mg/kg, orally in 12 doses) on days −8, −7,
and −6, cyclophosphamide (1.8 g m−2 day−1, i.v.) on days −5
and −4, semustine (250 mg/kg, i.v.) on day −3, and anti-
human thymocyte immunoglobulin (2.5 mg kg−1 day−1, i.v.
from SangStat, rabbit) on days −5 through −2.

The source of stem cells was the mixture of G-CSF-
mobilized bone marrow and G-CSF-mobilized PBSCs.

All transplant recipients received CsA, mycophenolate
mofetil (MMF), and short-term MTX for GVHD prophylaxis
[10]. Follow-up assessment of engraftment and chimerism
was determined by cytogenetic analyses and the variable
number of tandem repeats (VNTRs) of bone marrow
aspirations in the first, second, and third months after
transplantation and every 2–6 months thereafter. Progenitor
cells and cell subtypes in the grafts were determined by two-
or three-color staining in flow cytometry using monoclonal
antibodies specific for CD34, CD3, CD4, CD8, and CD56
cells, as described by Liu et al. [11].

Stem Cell Collection

Donors were mobilized with G-CSF (Filgrastim, Kirin,
Japan) at 5 μg/kg daily injected subcutaneously for 6
consecutive days. Stem cells from bone marrow were
collected on the fourth day of mobilization and the target
mononuclear cell (MNC) count was 3–4×108 cells/kg
recipient weight. In case of ABO major blood group
incompatibility, red cells in the marrow were removed by
hydroxyethyl sediment manipulation. On the fifth and sixth
days, GPBPCs were collected with a COBE Blood Cell
Separator (Spectra LRS, COBE BCT, Lakewood, CO) at a
rate of 80 ml/min from a total blood volume of 10 l. The
target numbers of cells of greater than 4×108 MNCs/kg or
2×106 CD34+ cells/kg were planned for transplantation.
Bone marrow was infused in patients within 6 h after
collection, and the PBSC product was infused freshly. The
extra harvested cells were cryopreserved with dimethyl
sulfoxide in a nitrogen tank. An automated counter
instrument was used to count MNCs. The numbers of
CD34+, CD3+, CD4+, and CD8+ cells contained in the
collected product were counted by flow cytometry. The
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reasons for cryopreservation of GPBPCs at harvest for
potential DLI were convenience for donors and cost
effectiveness.

Protocol of Modified DLI

The protocol included two elements. (1) G-CSF-primed
PBPCs instead of unprimed donor lymphocyte harvests
were used; DLI with GPBPCs was planned from day 30
after transplantation in patients without the following
exclusion criteria. Before the prophylactic DLI, serious
infection had to be cleared and no serious organ failure
present. Infusion with serial dose increments of CD3+ cells
was adopted to minimize GVHD and maximize GVL
effect. At least 14 days after the first prophylactic DLI,
the second infusion with an escalated dose of CD3+ cells

was given if the patient did not have active GVHD,
infection, or relapse. The medians of MNCs and CD3+

cells infused for prophylactic DLI were 1.0×108 (range
0.5–3.0×108/kg) and 0.49×108/kg (range 0.2–1.4×108/kg)
for the first infusion, respectively, as well as 1.3×108 (range
1–5.82×108/kg) and 0.7×108/kg (range 0.5–2.91×108/kg),
respectively, for the second infusion. Chimerism status was
examined before and after prophylactic DLI, which was
assessed by VNTR in polymerase chain reaction analysis or
by fluorescence in situ hybridization (FISH). (2) Short-term
immunosuppressive agents were used for the prevention of
GVHD after DLI. At the beginning of the study, five patients
who received DLI did not have any immunosuppressant to
prevent GVHD. Twenty patients received CsA (blood
concentration of 150–250 ng/ml for 2–4 weeks), two received
CsA combined with MTX (10 mg once per week for 2–

Table I Characteristics of the Patients Receiving Prophylactic Donor Lymphocyte Infusion after HLA-Mismatched Hematopoietic Stem Cell
Transplantation

Number Diagnosis Stage of
disease

Interval from diagnosis
to transplant (days)

Times of
chemotherapy

Donor Time of DLI
(days)

Outcome
(follow-up daysa)

1 ALLph+ NR 160 5 mother 45/59 RL, death(370)
2 CML BP 140 4 father 96 LFS(1567)
3 AMLph+ CR1 200 6 brother 111 LFS(1522)
4 ALL CR3 220 8 brother 64 LFS(1431)
5 CML BP 200 3 mother 100 LFS(1215)
6 CML BP 180 2 mother 115/137 CR, Infection, death 183
7 ALLph+ NR 150 4 mother 38 RL, death(214)
8 CML BP 80 3 sister 81 RL, death(91)
9 AML NR 320 9 father 330/390 LFS(1642)
10 AML NR 130 4 father 50 RL, death(137)
11 AML NR 1100 28 brother 72 RL, death(432)
12 ALL NR 170 6 mother 200 CR, infection, death(244)
13 AML NR 70 2 sister 33 CR, Infection, death(367)
14 CML BP 80 2,Imatinimb father 53 RL, death(93)
15 ALL CR3 200 6 mother 90 RL, death(245)
16 AML NR 240 8 brother 120 LFS(930)
17 AML NR 50 0 father 120 LFS(885)
18 ALL NR 110 4 brother 90 LFS(1308)
19 ALL NR 100 4 father 41/74 RL, death(180)
20 ALL NR 280 11 father 120 LFS(763)
21 AML NR 190 3 brother 75 RL, death(458)
22 AML NR 70 2 brother 75 CR, infection, death(580)
23 ALL NR 185 2nd HSCT 5 1st HSCT brother 37 RL, death(59)
24 ALL NR 200 6 mother 51 RL, survival(457)
25 ALL NR 130 5 daughter 110 LFS(396)
26 AML NR 380 13 mother 37 RL, death(48)
27 ALLph+ CR1 160 5 daughter 114 CR, infection(190)
28 ALL NR 170 5 Sister 40/110 LFS(250)
29 AML NR 230 2nd HSCT 7 auto-HSCT Sister 34/143 RL,card. Infarct.,death(335)

NR Nonremission state of acute leukemia, Times of chemotherapy times of chemotherapy received before transplantation, RL relapse, LFS
leukemia-free survival
a Days after transplantation
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4 weeks), and one patient received tacrolimus for the
prevention of prophylactic DLI-associated GVHD.

Therapy of GVHD after DLI

Acute GVHD of grade II or higher was treated with
methylprednisolone (0.5–1 mg/kg per day). Patients who
manifested skin reactions caused by GVHD were treated
with MTX combined with methylprednisolone. Prednisone
and CsAwere the first-line therapy for patients with chronic
GVHD. When there was an inadequate or absent response
to primary therapy, MMF, tacrolimus, azathioprine, thalid-
omide, or anti-CD25 monoclonal antibody (Daclizumab;
Roche, Basel, Switzerland) were administered.

Evaluations and Definitions

HCT recipients were nursed in isolation rooms with laminar
airflow systems. Prophylactic trimethoprim/sulfamethoxazole,
acyclovir, and fluconazole were taken to prevent infectionwith
Pneumocystis carinii, herpes simplex, and fungi, respectively.
Red blood products were infused into patients who had
hemoglobin levels below 70 g/l and/or platelet counts less
than 20×109/l. All blood products were irradiated before use.

The severity of acute and chronic GVHD was diagnosed
with the standard criteria [12, 13]. However, GVHD was
diagnosed as acute or chronic according to clinical features
of the affected organs rather than based on time after DLI.
Myelosuppression was defined as hypocellular marrow
with leukocyte counts below 1.0×109/l, platelet counts
below 20×109/l, or reticulocyte counts below 0.2%.

Neutrophil recovery was defined as the number of days
to achieve an absolute neutrophil count greater than 0.5×
109/l for 3 consecutive days. Platelet engraftment was
defined as the time to achieve platelets greater than 20×
109/l without requiring a blood transfusion for 7 continuous
days. At day +30 after DLI, disease response and
chimerism were assessed in peripheral blood and bone
marrow. Because thrombocyte regeneration could be
postponed by factors other than leukemia and cytotoxic
therapy (i.e., GVHD, viral infection, drugs), complete
remission (CR) was defined as less than 5% blasts without
evidence of dysplasia in bone marrow and more than 1,500
neutrophils per microliter in peripheral blood. Donor
chimerism in unfractionated bone marrow was compared
before and after prophylactic DLI, using FISH in gender-
mismatched and VNTR analysis in gender-matched trans-
plantations. Relapse was defined as hematological recurrence
of disease. Death from leukemia was defined as death with
refractory disease after transplantation or as death from any
cause after relapse after transplantation. Transplantation-
related mortality was defined as death during continuous
post-transplant remission.

Supportive Care and Follow-up

During hospitalization in a laminar airflow unit, clinical
status, adverse events, and hematological and clinical
biochemical parameters were monitored daily. After dis-
charge from the hospital, patients were seen in the
outpatient clinic one or two times a week up to day 100
and at gradually longer intervals thereafter. All patients
with hematologic malignancies were examined at the first,
second, third, sixth, and twelfth month after transplantation
of bone marrow for morphology, chimerism, and immuno-
phenotype. Toxicities were graded according to the World
Health Organization criteria.

Statistical Analysis

Results were analyzed on October 20, 2007. Overall
survival (OS) at 3 years from transplantation was the
primary endpoint of the study. Secondary endpoints
included leukemia-free survival (LFS, defined as survival
in continuous CR after transplantation), nonrelapse mortal-
ity, and incidence of relapse, as well as incidence and
severity of acute and chronic GVHD. The day of stem cell
transfusion was counted as day 0, and all intervals were
calculated based on this date.

Numeric variables were analyzed as categories consid-
ering their value below or above the median of the entire
cohort, as indicated in “Results.” Acute and chronic GVHD
were analyzed as time-dependent variables. OS and LFS
were estimated using the Kaplan–Meier method. The SPSS
13.0 software package was used for data analysis.

Results

Patient and Donor Characteristics

All patients achieved CR and complete allogeneic engraft-
ment as confirmed by VNTR or FISH after HLA-
mismatched HCT. Fifteen donors were parents, two were
children, and the other 12 donors were HLA-mismatched
siblings of the patients.

The median time to achieve myeloid engraftment was 18
(9–25) days, and time to achieve platelet engraftment was
26 (9–42) days.

All patients received prophylactic DLI after allogeneic
HCT. As shown in Table I, the first prophylactic modified
DLI was administered between 33 and 120 days (median
75 days) after transplantation in 26 patients. It was
administered in 18 patients before day 90 after HCT. One
patient received DLI on day 200 and another on day 330
because of the finding of immunotype of leukemia cells by
flow cytometry with normal chromosome and morphology
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of bone marrow during follow-up. Another patient received
DLI on day 429 after HCT, 75 days after CR after relapse
after transplantation and reinduction with chemotherapy.
Prophylactic DLI was performed 35 times among these
patients after HCT. Twenty-three patients received only one
DLI because of the occurrence of GVHD, infection, or
relapse; only six patients received two rounds of DLI
treatments because there was no sign of GVHD, even after
discontinuation of immunosuppressant for 2–4 weeks.

GVHD and Pancytopenia

Before DLI, 8 of the 29 patients developed acute GVHD
grade 1 to 2 after HLA-mismatched HCT at a median of
23.5 days (range: 16–40 days). All acute GVHD was
controlled by methylprednisolone (0.5–1 mg kg−1 day−1,
i.v.) or combined with MTX. The target organs were skin
and liver. Twenty-one patients did not have GVHD before
receiving prophylactic DLI.

After the prophylactic DLI, seven patients had no GVHD.
Two patients developed acute GVHD grade 1, seven devel-
oped acute GVHD grade 2, four developed acute grade 3, and
two developed grade 4. All cases of GVHD were controlled
thereafter. Acute GVHD occurred in the above 15 patients at a
median of 30 (7–90) days after DLI. Twelve out of the 16
patients developed acute GVHD after discontinuation of CsA
or MTX (for GVHD prophylaxis) after the DLI, at a median of
44.5 (15–77) days after discontinuation of immunosuppressive
agents. Five patients at the beginning of the study did not
receive the short-term immunosuppressive agents as GVHD
prophylaxis after DLI. Two developed acute GVHD grade 2,
and one developed grade 4. Two of the three patients with
acute GVHD were alive free of leukemia with a follow-up of
1,115 and 1,852 days after the first DLI; the other patient was
free of leukemia at 44 days after DLI until she died of infection.
The other two patients who did not have GVHD relapsed at
155 and 325 days after DLI, respectively. After the prophy-
lactic DLI, the cumulative incidence of acute GVHD grade 1 to
2 was 41.5±10.3%, and that of grade 3 to 4 was 28.4±9.2%.

Chronic GVHD occurred in seven patients with a cu-
mulative incidence of 48.1±10.1%, and four of these
patients had the extensive type of chronic GVHD. The
median time of occurrence of chronic GVHD was 60 (27–
80) days after DLI. The cumulative incidence of chronic
GVHD and extensive chronic GVHD with competing risks
of relapse and death was 27.59±8.47 and 10.34±5.76%,
respectively. Limited chronic GVHD occurred in three
patients at 40, 60, and 60 days, respectively, after DLI. Six
of the seven cases developed chronic GVHD after the
tapering or discontinuation of CsA or MTX. The patients
who did not receive GVHD prophylaxis and developed
acute GVHD grade 4 after DLI had extensive chronic
GVHD 60 days after DLI. Factors were analyzed that may

influence the occurrence of GVHD in univariate analysis,
including the diagnosis and disease status before transplan-
tation, age, gender, and relationship of the patients and
donors, mismatched loci, and numbers of MNCs and CD3+

cells infused in DLI, and no risk factors were found.
The nadir of white blood cell count occurred 10 (2–27)

days after DLI, and that of platelet count was 9 (2–27) days
after DLI. Myelosuppression occurred in five patients. The
white blood cell count decreased to less than 2.0×109/l in
five patients and to less than 1.0×109/l in two patients. The
platelet count decreased to less than 50×109/l in seven
patients and to less than 20×109/l in five patients.

Relapse

After a median follow-up of 915 days (range, 252–
1805 days) after HCT, 13 patients experienced leukemia
relapse at a median of 147 days (range, 48–458 days) after
transplantation. The median interval from the first DLI to
onset of relapse was 139 days (range, 11–383 days). There
was hematological relapse in 12 cases and extramedullary
relapse in one. The patient with extramedullary relapse
received chemotherapy (fludarabine and cyclophospha-
mide) followed by DLI and was alive with a follow-up of
90 days after diagnosis of relapse, with chronic GVHD.
Nine of the 13 cases of relapse occurred within the first
year after transplantation. The cumulative incidence of 1-
year relapse was 51.3%. Three patients who received DLI
twice relapsed at 14, 112, and 311 days, respectively, after
the last DLI. The 11 patients with hematological relapse all
died of relapse within 2 months after relapse.

The relationship between occurrence of GVHD and
relapse was observed as follows. Four of the 13 patients
who relapsed did not have GVHD after DLI. They relapsed
at 10, 22, 155, and 325 days after DLI, respectively.
Immunosuppressive agents were discontinued in the latter
two patients on days 30 and 135 after DLI. The patient with
extramedullary relapse was diagnosed during the process of
active chronic GVHD. Among the other eight patients with
hematological relapse, one patient receiving DLI twice
relapsed at 14 days after the second DLI during active
chronic GVHD. Two patients relapsed 11 and 87 days after
DLI, respectively, each during acute GVHD grade 4 and
grade 2, respectively, without discontinuation of CSA. Five
patients who developed acute GVHD grade 2 to 3 relapsed
40, 139, 176, 362, and 383 days after DLI, respectively, and
their immunosuppressive agents were discontinued at 35,
91, 86, 162, and 80 days after DLI, respectively.

Follow-up and Outcome

Through October 20, 2007, 12 out of the 29 patients were
alive, and 11 were alive without disease recurrence, for a
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median duration of LFS of 932 days (range, 250–
1567 days). Four out of the 11 patients with refractory
AML, 5 out of 13 with ALL, and two out of five with CML
survived free of relapse. Seventeen patients died. The
causes of death were recurrent disease (n=11 patients),
infection (n=5 patients), and cardiac infarction (n=1
patient). The probability of LFS was 37.3±9.6% at 3 years
(Fig. 1). The patients who developed chronic GVHD after
the DLI had higher LFS values (80.1±10.1 vs 36.5±14.8%,
p=0.010; Fig. 1). The probability of relapse in patients with
chronic GVHD was lower than that in patients without
chronic GVHD (28.6±14.4 vs 62.3±13.8%, p=0.052;
Fig. 2).

Discussion

For patients with advanced leukemia, the opportunity to
achieve CR with conventional chemotherapy is limited, and
long-term survival is almost unachievable. Allogeneic HCT
is recommended for these patients because of poor results
with conventional chemotherapy [14–16]. However, its
success is limited by a high incidence of disease recurrence
for these patients with advanced leukemia [17–19]. DLI
exerts a GVL effect after allogeneic HCT. This outcome
suggested that the strategy against disease recurrence might
be converted from a therapeutic DLI to prophylactic DLI
for those with advanced hematological malignancies. In
most trials of HLA-matched HCT, the majority of DLI
recipients developed GVHD, so there was special concern
about fatal GVHD after DLI because of HLA disparity in
HLA-mismatched transplantation. Up to now, there has

been no report on prophylactic DLI in patients receiving
HLA-mismatched HCT.

The current study was initiated to assess the feasibility
and efficacy of modified prophylactic DLI in HLA-
mismatched HCT without in vitro T cell depletion. The
cumulative incidence of acute GVHD grades 1 to 2 and
grades 3 to 4 after the modified prophylactic DLI is higher
than that which we reported for HLA-mismatched HCT
with CSA, MMF, and short-term MTX as GVHD prophy-
laxis [10]. However, we note that most prophylactic DLI
was administered before day 90 after transplantation, when
a high incidence of acute GVHD was commonly seen.
Twelve out of the 16 patients who developed acute GVHD
had stopped the prophylactic immunosuppressive agents
within 4 weeks after DLI. We know that even in HLA-
matched HCT, the immunosuppressive agents are usually
tapered or discontinued within a half-year after allogeneic
transplantation. Thus, the incidence of acute GVHD after
the modified DLI in HLA-mismatched HCT was accept-
able. The use of G-CSF-primed PBPCs instead of unprimed
lymphocytes may be one explanation for the acceptable
incidence of GVHD. The effect of in vivo G-CSF
application on T cell function has been extensively
explored. Our serial study has confirmed that in vivo G-
CSF application indirectly induces a decrease in T cell
proliferation and the type II helper T cell polarization in the
cytokine profile [20–23]. Furthermore, T cell hyporespon-
siveness induced by in vivo G-CSF may be related to a
selective decrease of DC1 and the downregulation of
CD28/B7 costimulatory signals. This mechanism may
contribute to the antigen-specific hyporesponsiveness of T
cells in G-CSF-mobilized harvest [20–23].

The other possible explanation is the use of short-term
immunosuppressive agents. With the use of these agents as

Fig. 1 Influence of chronic graft-vs-host disease on leukemia-free-
survival after prophylactic PBSC infusion with HLA-mismatched
transplantation

Fig. 2 Influence of chronic graft-vs-host disease on relapse after
prophylactic PBSC infusion with HLA-mismatched transplantation
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prophylaxis for GVHD after therapeutic DLI in HLA-
mismatched HSCT, the incidence of GVHD grades 3–4
between patients with or without GVHD prophylaxis was
reported to be 8.3 vs 62.50% after DLI [7]. However, it is
still not clear what the duration of immunosuppression
should be or what types of immunosuppressive agents
should be used for the prophylactic, modified DLI to reduce
the incidence of fatal GVHD without influencing the GVL
effect. Further studies are needed to address this.

All acute GVHD occurred after the modified prophylac-
tic DLI had been controlled, no death because of GVHD
occurred, and the incidence of chronic GVHD was also
acceptable, which further indicated the safety of this
protocol. No profound, lasting pancytopenia was observed
after the prophylactic DLI, which is in accordance with
the observations of Sohn et al. [24]. The reason may be the
relatively high percentage of CD34+ cells contained in the
infused product. Thus, the modified prophylactic DLI after
HLA-mismatched/haploidentical T cell-replete HCT in
patients with advanced leukemia is safe and feasible in
terms of GVHD and pancytopenia, but a larger series will
be needed to prove the safety and feasibility of this
modified DLI protocol.

Thirteen patients relapsed after prophylactic DLI, and
their disease status may have contributed to the high rate of
relapse. In this report, 18 of the patients had acute leukemia
and were refractory to multiagent chemotherapy and in the
nonremission state before transplantation. Our previous
data showed that a lower load of malignant cells in bone
marrow was associated with a lower rate of relapse after
prophylactic DLI in HLA-matched HCT [6]. Another factor
that may relate to relapse was disease category, such as Ph+
acute leukemia, which is considered insensitive to DLI [25,
26]. In the present study, a value of 37.3±9.6% for the 2-
year probability of LFS was comparable and even more
promising than results in previous studies [8]. For patients
with advanced leukemia, it is difficult to evaluate the
efficacy of prophylactic DLI with a single-arm study;
however, it is also difficult to conduct controlled studies
involving this group of patients. Thus, a greater number of
cases are needed to evaluate more clearly the efficacy of the
modified prophylactic DLI, but the safety of the protocol is
acceptable.

The data in the present study were not analyzed with
multivariate regression because of the limited number of
cases. Univariate analysis identified chronic GVHD as the
factor associated with a lower rate of relapse and higher
LFS, which suggested the presence of a GVL effect
associated with chronic GVHD after the modified DLI. In
addition, the fact that prophylaxis of GVHD after DLI was
not a risk factor for relapse suggested that the prophylaxis
of GVHD with short-term immunosuppressive agents might
not abrogate or influence the GVL effect.

In summary, this study is the first to our knowledge to
show that the modified DLI approach can be safely used for
prophylaxis of leukemia relapse in patients with advanced
leukemia even after HLA-mismatched T cell-replete HCT.
More cases and more stem cell transplant units are needed
to participate in this clinical setting to confirm the results.
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