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Abstract
Both haploidentical hematopoietic stem cell transplantation (HSCT) and donor lymphocyte infusion (DLI) exhibit strong
graft-versus-leukemia (GVL) effect. However, the role of prophylactic DLI following haploidentical HSCT remains unclear.
Here, 34 patients with high-risk acute leukemia who underwent low-dose anti-T-lymphocyte globulin-Fresenius (ATG-F)-
based myeloablative haploidentical HSCT and prophylactic modified DLI (pro-DLI) were well-matched with patients
without pro-DLI. The 5-year overall survival (OS) (67.8% versus 41.3%, P < 0.01) and leukemia-free survival (LFS) (64.6%
versus 33.9%, P < 0.01) of pro-DLI cohort were superior to the control cohort. A slightly higher GVHD-free/relapse-free
survival was found in the pro-DLI cohort (32.8% versus 16.3%, P= 0.32). The 5-year cumulative incidence of relapse of
the pro-DLI recipients was significantly lower than that of the control cohort (14.7% versus 49.3%, P= 0.01). The
cumulative incidence of grades II-IV and III-IV acute GVHD at 100 days after pro-DLI was 17.6% and 9.1%, respectively.
There was no difference between the two cohorts in terms of the cumulative incidence of chronic GVHD and non-
relapse mortality. Data from the multivariate analysis demonstrated that pro-DLI was an independent protective variable for
LFS (P= 0.01, hazard ratio {HR}= 0.35), OS (P= 0.01, HR= 0.32), and relapse (P= 0.02, HR= 0.33). Taken together,
we demonstrate that pro-DLI after ATG-F-based HSCT effectively decreases the risk of relapse and improves long-term
survival of patients with high-risk acute leukemia without increasing treatment toxicity.

Introduction

Although allogeneic hematopoietic stem cell transplantation
(allo-HSCT) is the most effective antileukemic treatment
option, the outcomes of high-risk acute leukemia remain
unsatisfying. Previous studies show that acute leukemia
with high-risk features, such as unfavorable genetic

abnormalities and positive minimal residual disease (MRD)
at transplantation, is associated with a high relapse rate
ranging from 40 to 60% and a low long-term survival of less
than 30% even after allo-HSCT [1–3]. Therefore, prophy-
lactic strategies for relapse after allo-HSCT in these patients
are urgently required.

Recently, haploidentical-related donor (HRD) has
been widely applied and reported to achieve comparable
outcomes with human leukocyte antigen (HLA)-matched
sibling donor (MSD). We have previously reported that T-
cell-replete haploidentical HSCT with low-dose anti-T-
lymphocyte globulin (ATG-F) achieved a significant lower
5-year relapse rate, compared with MSD-HSCT (15.4%
versus 49.9%, P= 0.002) in high-risk acute leukemia
patients, suggesting a superior graft-versus-leukemia (GVL)
effect [4]. Donor lymphocyte infusion (DLI) has been
proven to be effective in the management of post-
transplantation recurrence, yet the risk of severe acute
graft-versus-host disease (aGVHD) and treatment-related-
mortality may increased [5–8]. Prophylactic DLI, a T-cell
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infusion administered before any signs of relapse or pro-
gression, has been preliminarily explored in patients with
hematological malignancies. However, there are concerns
that prophylactic modified DLI (pro-DLI) after haploiden-
tical HSCT may further aggravate the risk of GVHD, given
the higher degree of human HLA disparity between the
donor and recipient. The reported rates of aGVHD and non-
relapse mortality (NRM) after pro-DLI from HRD range
from 4 to 58% and 9 to 38% respectively, with a varied
survival rate of 31–76% [9–13]. Without large prospective
clinical trials, it remains controversial whether patients with
high-risk acute leukemia can benefit from pro-DLI after
haploidentical HSCT [9].

Here, we reported the outcomes of pro-DLI after ATG-F-
based myeloablative haploidentical HSCT in patients with
high-risk acute leukemia. A matched-pair analysis was
carried out to further evaluate the safety and efficacy of the
pro-DLI.

Materials and methods

Patients

Consecutive patients with high-risk acute leukemia aged 14
years above who received low-dose ATG-F-based haploi-
dentical HSCT with myeloablative conditioning (MAC) in
the First Affiliated Hospital of Zhejiang University School
of Medicine from January 1, 2013 to August 30, 2018 were
included for initial evaluation. The high-risk features were
defined by the following criteria: (i) primary chemoresis-
tance (failure to achieve complete remission {CR} after 2
cycles of induction chemotherapy); (ii) advanced disease at
transplantation (beyond second CR or active disease); (iii)
MRD positive at transplantation; (iv) acute leukemia with
unfavorable cytogenetic abnormalities, such as MLL
translocations, or complex karyotype; (vi) acute leukemia
with t (9; 22) or FLT3-ITD mutation who could not tolerate
prophylactic target therapy after transplantation [14–17].
All the patients gave their written informed consent in
accordance with the Declaration of Helsinki. The ethics
review committee of the First Affiliated Hospital of Zhe-
jiang University School of Medicine approved the protocol
utilized in this study.

Transplantation procedure and GVHD prophylaxis

All the transplantation procedures were as previously
described [4]. Briefly, all patients were given MAC, which
consisted of cytarabine (4 g/m2/d IV on days –10 to –9),
busulfan (3.2 mg/kg per day IV on days –8 to –6), cyclo-
phosphamide (1.8 g/m2 per day IV on days –5 to –4),
methyl-N-(2-chloroethyl)-N-cyclohexyl-N-nitrosourea

(250 mg/m2 orally on day –3). Donors were treated with
rhG-CSF (Filgrastim; Kirin, Japan; 5 mg/kg per day)
injected subcutaneously for 5–6 consecutive days from day
–4. Peripheral blood stem cells (PBSCs) were harvested on
day −1 and 0 and then infused without ex vivo T-cell
depletion. Extra harvested cells were cryopreserved in a
nitrogen tank after consent from patients. The GVHD pro-
phylaxis consisted of cyclosporin A (CSA), methotrexate,
and low-dose mycophenolate mofetil. ATG-F (Fresenius,
Bad Homburg, Germany) was administered 2.5 mg/kg
per day on days −5 to −2.

Prophylactic modified DLI strategy

Pro-DLI was suggested to patients with high-risk acute
leukemia who fulfilled the following criteria: (i) persistent
CR with negative MRD; (ii) full donor chimerism; (iii)
without a history of aGVHD greater than grade II; (iv) no
active uncontrolled GVHD; (v) no clinical evidence of
active infection. Pro-DLI was initially scheduled at
+60 days after transplantation (during January 1, 2013 to
July 30, 2014) and then adjusted to +90 days after trans-
plantation (since August 1, 2014). In patients with GVHD
or infection, DLI would be delayed until the symptoms and
signs disappeared. All the patients received modified donor
lymphocytes which consisted of G-CSF modified PBSCs
instead of steady donor lymphocyte. The cryopreserved
GCSF-primed PBSCs at HSCT were revived and infused
without further manipulation. The recommended dose of
CD3+ cell of DLI was 3 × 107/Kg. Low dose CSA
(1–2 mg/kg/d) was given after DLI, which was gradually
tapered 3–4 weeks post-DLI and then stopped. Given the
lack of donor lymphocytes and refusal to pro-DLI, this
subset of high-risk patients who meet the inclusion criteria
highlighted in this section but did not receive pro-DLI
served as controls.

MRD monitoring and definitions

All the patients received bone marrow examination at 1, 2, 3,
5, 7, 9, 12, 15, 18 months after transplantation and at a 6-
month interval thereafter. The specific time intervals were
individualized and adjusted by specific circumstance. The
MRD was monitored by multiparameter flow cytometry
(MFC) and/or polymerase chain reaction (PCR). The
threshold to distinguish MRD-positive from MRD-negative
patients was 0.1% in acute myeloid leukemia (AML) and
0.01% in acute lymphoblastic leukemia (ALL) [18, 19]. PCR
was also used for MRD monitoring in patients with genetic
abnormalities at diagnosis, such as a fusion gene, mutated or
overexpressed gene, as well as the pan-leukemic marker
Wilms’ tumor (WT1) gene [20]. Subjects were MRD-
negative only if they were both negative by MFC and PCR.
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Matched-pair analysis

A matched-pair was conducted to ensure the comparability
and reduce bias between cohorts. For each patient receiving
pro-DLI, a control patient was randomly selected from
patients without pro-DLI by the basic function of “Case
Control Matching” in the SPSS Statistics. The matching
factors included diagnosis (AML/ALL), primary chemore-
sistance or not, genetic risk stratification (good/inter-
mediate/poor), disease status at HSCT (CR1 and CR2/
beyond CR2/active disease) or MRD (+/−) at HSCT. To
avoid immortal time bias, control patients had to be CR
with negative MRD and free of GVHD at least as long as
the time interval from transplant to DLI in the respective
matched pro-DLI recipient.

Endpoint definitions and statistical analysis

Differences between cohorts were examined using Pear-
son’s chi-square test and Fisher’s exact test for categorical
variables while the Mann–Whitney U test was used for
continuous variables. GVHD-free and relapse-free survival
(GRFS) was defined as the time between transplantation
and the development of GVHD (grades III-IV aGVHD) or
chronic GVHD (cGVHD) requiring systemic immunosup-
pressants, disease recurrence, or death [21]. Overall survival
(OS), leukemia-free-survival (LFS) and GRFS were esti-
mated using the Kaplan-Meier method and compared using
the log-rank test. Patients who survived ≥100 days were

analyzed for chronic GVHD. Cumulative incidence of
GVHD, relapse or NRM were calculated by the competing
risk method [22]. Multivariate Cox regression models were
applied to analyze the effects of variables with a P value <
0.2 in the univariate analysis and other known clinical or
biological factors on the HSCT outcomes. A two-sided
P value < 0.05 was considered statistically significant. Sta-
tistical analyses were done with SPSS Statistics, version
22.0 (SPSS, Chicago, IL, USA) and R (http://www.r-
project.org).

Results

Patient characteristics

A total of 405 patients with acute leukemia received low
dose ATG-F-based myeloablative haploidentical HSCT in
our center from January 1, 2013 to August 30, 2018.
Among 228 patients with high-risk features, 53 patients
were excluded for pro-DLI because of early disease pro-
gression, history of severe aGVHD, active GVHD or
infection (Fig. 1). Finally, of the 175 remaining patients, 54
patients received DLI prophylactically as planned, whereas
the remaining 121 patients did not receive pro-DLI due to
the lack of donor lymphocytes (n= 45) or unwillingness
(n= 76). The comparison of baseline characteristics of
patients with/without pro-DLI indicated that more patients
who received pro-DLI underwent HSCT in more advanced

Acute leukemia underwent myeloablative haploidentical HSCT
N = 405

High-risk patients
N = 228 Early relapse/MRD(+)

Early death
History of III-IV acute GVHD
Active uncontrolled GVHD
Active infection
Loss of follow-up

Pro-DLI recipients
N = 54

Pro-DLI candidates
N = 175

Patients without pro-DLI
N = 121

34 pairs of well-matched patients

Patients without high-risk features
N = 177

N = 23
N = 11
N = 9
N = 5
N = 3
N = 2

Fig. 1 Diagram of prophylactic
modified donor lymphocyte
infusion and matched-pair
analysis. HSCT hematopoietic
stem cell transplantation, MRD
minimal residual disease,
GVHD graft-verse-host disease,
Pro-DLI prophylactic
modified donor lymphocyte
infusion.
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status (≥CR3 or NCR) (P= 0.03) and earlier year (P <
0.001). To further explore the role of pro-DLI, thirty-four
matched pairs were identified. Table 1 shows the general
characteristics of two cohorts. Patients in the pro-DLI
cohort received hematopoietic stem cells from an older
donor (42 versus 29.5 years old, P= 0.02) compared with
the patients in the control cohort. Meanwhile, no significant
differences in terms of gender, age, hematopoietic cell
transplantation comorbidity index (HCT-CI) scores and
donor gender was identified between the two cohorts.

Prophylactic modified DLI and GVHD

Pro-DLI was administered at a median interval of
117.5 days (range, 63–255 days) from transplantation in the
pro-DLI group. The median interval between allo-HSCT
and pro-DLI were 91 days (range,63–183 days) from Jan-
uary 1, 2013 to July 30, 2014 and 125 days
(range,86–255 days) from August 1, 2014 to December 31,
2018. The median dose of CD3+ cells was 3.8 (range,
0.73–7.5) × 107/Kg. No onset of DLI-associated pancyto-
penia was documented in these patients.

After pro-DLI, sixteen patients developed aGVHD
(grades I, n= 10; grades II, n= 3; grades III, n= 1; grades
IV, n= 2). The median interval time from pro-DLI to the
onset of aGVHD was 26 days (range, 6–65 days). Eighteen
patients didn’t develop any grades of aGVHD. The cumu-
lative incidence of grades II-IV aGVHD at 100 days after
pro-DLI was 17.6% (Fig. 2a), and that of grades III-IV was
9.1% (Fig. 2b).

Sixteen patients (mild, n= 4; moderate, n= 5; severe,
n= 7) developed cGVHD after pro-DLI. The cGVHD
occurred at a median of 120 days (range, 31–739 days) after
pro-DLI administration and a median of 226.5 days
(range,134–813 days) after HSCT. Among patients with
moderate to severe cGVHD, two patients died (cGVHD,
n= 1; relapse, n= 1), three patients receive low dose
immunosuppressive therapy while the remaining seven
patients responded to treatment and were free of anti-GVHD
therapy. In the control cohort, eleven patients developed
cGVHD (mild, n= 6; moderate, n= 3; severe, n= 2) at a
median time of 170 days (range,103–899 days) after HSCT.
The 5-year cumulative incidence of moderate to severe
cGVHD in the two cohorts was 35.8% and 16.7%, respec-
tively (P= 0.05) (Fig. 2c). There was one patient in each
cohort developed severe bronchiolitis obliterans and died.

Relapse

Eight and fifteen patients relapsed in the pro-DLI and control
cohorts, respectively. In the pro-DLI cohort, the median time
of relapse were 207 days (range,112–2195 days) after

Table 1 Patient characteristics.

Pro-DLI cohort Control cohort P

Number 34 34

Gender 0.14

Male 15 (44.1%) 21 (61.8%)

Female 19 (55.9%) 13 (38.2%)

Median Age (years) 31.5 (14–53) 28.5 (14–60) 0.96

Diagnosis 1

AML 28 (63.6%) 28 (63.6%)

ALL 16 (36.4%) 16 (36.4%)

Genetic abnormality 1

Adverse 20 (58.8%) 20 (58.8%)

Favorable/
intermediate

14 (41.2%) 14 (41.2%)

Primary chemoresistant 1

Yes 5 (14.7%) 5 (14.7%)

No 29 (85.3%) 29 (85.3%)

Status at HSCT 1

CR1/ CR2 29 (85.3%) 29 (85.3%)

≥CR3 2 (5.9%) 2 (5.9%)

Active disease 3 (8.8%) 3 (8.8%)

MRD at HSCT 1

Positive 19 (55.9%) 19 (55.9%)

Negative 15 (44.1%) 15 (44.1%)

HCT-CI 0.06

0 27 (79.4%) 33(97.1%)

≥1 7 (20.6%) 1(2.9%)

Year of HSCT

≤2016 23 (67.6%) 18 (52.9%) 0.22

>2016 11 (32.4%) 16 (47.1%)

Donor gender 0.61

Male 15 22

Female 19 12

Gender of donor 0.13

Female 10 (29.4%) 16 (47.1%)

Male 24 (70.6%) 18 (52.9%)

Median Age of donor
(years)

42(17–53) 29.5 (16–54) 0.02

Median CD34+
(x10^8/kg)

5.91 (1.56–17.2) 5.69 (1.33–14.8) 0.37

Neutrophils engraftment
(days)

13 (10–19) 14 (9–19) 0.29

Platelets engraftment
(days)

12.5 (10–18) 13 (10–22) 0.37

Median follow-up time
(months)

1293.5 (174–2296) 704.5 (146–1607)

Pro-DLI prophylactic modified donor lymphocyte infusion, AML acute
myeloid leukemia, ALL acute lymphoblastic leukemia, HSCT hemato-
poietic stem cell transplantation, CR complete remission, MRD minimal
residual disease, HCT-CI hematopoietic cell transplant-co-morbidity
index.
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transplantation and 110.5 days (range, 25–2104 days) after
pro-DLI. The median time from transplantation to the onset
of relapse was 292 days (range, 167–1012 days) in the
control cohort. The 5-year cumulative incidence of relapse
(CIR) was significantly lower in patients who received pro-
DLI compared with patients in the control cohort (20.5%
versus 49.3%, P < 0.01) (Fig. 3a). In the multivariate ana-
lysis of relapse rate (Table 2), pro-DLI (P= 0.02, HR=
0.33) and cGVHD (P= 0.01, HR= 0.26) protected the
patients from relapse.

Long-term follow-up and survival

After a median follow-up of 1045 (174–2296) days after
transplantation, 5-year LFS and OS were 66.5% and 69.9%,
respectively for all 54 pro-DLI recipients. The 5-year LFS
and OS were 45.2% and 51.4% for 121 patients who didn’t
receive pro-DLI with a median follow-up of 645
(127–2429) days. Pro-DLI recipients achieved higher LFS

(P= 0.003) and OS (P= 0.002) compared with 121
patients who did not receive pro-DLI.

In the matched pro-DLI and control cohorts, the median
follow-up days after allo-HSCT was 1293.5 days (range,
174–2296 days) and 704.5 days (range, 146–1607 days)
respectively. A total of 28 patients died in the two cohorts
and the causes of death were relapse (n= 17), infection (n= 7),
aGVHD (n= 1), cGVHD (n= 2) and unknown cause (n= 1)
(Table 3). The 5-year incidence of NRM of two cohorts were
comparable (14.8% versus 16.7%, P= 0.44) (Fig. 3b). The
5-year probability of OS was higher in patients who received
pro-DLI (67.8%) than patients who did not (41.3%) (P < 0.01)
(Fig. 4a). The probability of 5-year LFS was also superior in
patients who received pro-DLI (64.6% vs 33.9%, P < 0.01)
(Fig. 4b). The patients in the pro-DLI cohort had a 5-year
GRFS of 32.8% compared with 16.3% in the control cohort,
although it failed to reach significance (P= 0.32) (Fig. 4c).

In multivariate analysis, pro-DLI and development of
cGVHD were independently associated with better LFS and
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OS (Table 2). No statistically significant factors were found
in the multivariate analysis of NRM and GRFS.

Discussion

To our knowledge, this is the first case control study
comparing the outcomes of patients receiving pro-DLI with
a well-matched control cohort after ATG-F-based haploi-
dentical HSCT with MAC. Our data demonstrated that pro-

DLI effectively prevents disease relapse and improves sur-
vival in patients with high-risk acute leukemia.

The efficacy of DLI was directly related to the disease
burden of patients. The response rates after DLI in patients
with hematologic relapse was low and survival was
unsatisfying [23, 24]. To further improve the outcome of
patients with advanced diseases, some researchers
attempted to perform DLI prophylactically after allo-
HSCT. Some studies have shown promising clinical out-
comes of pro-DLI after MSD/unrelated donor (URD) allo-
HSCT, with 36–80% of the patients with acute leukemia
experiencing long-term survival [25–27]. In the setting of
haploidentical transplantation, Huang et al. at Peking
University developed an approach of MRD- and GVHD-
guided multiple pro-DLI strategy and reported the 3-year
CIR, PFS, and OS of 32.4%, 50.3%, and 51.4%, respec-
tively [28]. A retrospective study in Europe investigating
the use of pro-DLI following post-transplantation cyclo-
phosphamide (PTCy)-based haploidentical-HSCT showed
a 1-year CIR and OS of 16% and 83%, respectively [12].
However, the published literatures were quite hetero-
geneous and a randomized comparative clinical trial was
lacking. Recently, the Acute Leukemia Working Party of
EBMT enrolled pro-DLI recipients and controls who were
pair-matched for age, diagnosis, cytogenetics, stage,
donor, gender, conditioning and T-cell depletion. The
results of this matched-pair analysis strongly demonstrated
the survival benefit of pro-DLI after MSD/matched unre-
lated donor allo-HSCT in patients with high-risk AML (5-
year OS: 69.8% vs. 40.2%, P= 0.03) [29]. However, the
experience in haploidentical pro-DLI is much limited,
leading to no consistent conclusions. A prospective study
on refractory/relapsed AML was conducted to explore the
influence of different intensity of conditioning regimen
and pro-DLI after PTCy-based haploidentical HSCT. In
the initial protocol of nonmyeloablative regimen and early
pro-DLI, 90% of patients had early disease progression.
Subsequently, 21 patients received MAC and pro-DLI
achieved significant improved LFS (61.9% vs 25%) and
lower relapse rates (21.4% vs 66%) (P= 0.01) compared
with patients without DLI [30]. In our study, patients with
high-risk acute leukemia received MAC followed by ATG-
F-based haploidentical HSCT and pro-DLI. The matched-
pair analysis demonstrated that the patients in the pro-DLI
cohort achieved significant superior OS (67.8% versus
41.3%, P < 0.01) and LFS (64.6% versus 33.9%, P < 0.01),
which based on a reduced relapse rate (20.5% versus
49.3%, P= 0.01) and a comparable NRM rate (14.8%
versus 16.7%) (P= 0.44). Furthermore, the multivariate
analysis results showed that pro-DLI is an independent
protective factor of relapse and survival. To our knowl-
edge, this is the first study showing the efficiency of

Table 2 Multivariate analysis for LFS, OS, and relapse.

Variable HR (95% CI) P

OS

Pro-DLI

Yes 0.32 (0.13–0.76) 0.01

No

Chronic GVHD

With chronic GVHD 0.29 (0.12–0.72) 0.01

No

LFS

Pro-DLI

Yes 0.35 (0.16–0.78) 0.01

No

Chronic GVHD

With chronic GVHD 0.38 (0.17–0.86) 0.02

No

Relapse

Pro-DLI

Yes 0.33 (0.13–0.83) 0.02

No

Chronic GVHD

Yes 0.26 (0.10–0.72) 0.01

No

OS overall survival, HR hazard ratio, LFS leukemia-free survival, CI
confidence interval, Pro-DLI prophylactic modified donor lymphocyte
infusion, GVHD chronic graft-verse-host disease.

Table 3 Causes of death.

Cause Pro-DLI cohort Control cohort Total

Relapse 4 (44.4%) 13 (68.4%) 17 (60.7%)

Infection 4 (44.4%) 3 (15.7%) 7 (25.0%)

Acute GVHD 0 1 (5.3%) 1 (3.6%)

Chronic GVHD 1 (11.2%) 1 (5.3%) 2 (7.1%)

Uknown cause 0 1 (5.3%) 1 (3.6%)

Pro-DLI prophylactic modified donor lymphocyte infusion, GVHD
graft-verse-host disease.
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pro-DLI in decreasing relapse and improving survival after
ATG-F-based haploidentical HSCT.

GVHD has remained to be the most concern after DLI and
offsets the GVL effect by varying degrees. Multiple biolo-
gical effects of G-CSF had been reported. Huang et al.
indicated that G-CSF-primed DLI exhibits a comparable
GVL effect and a lower incidence of GVHD compared with
traditional DLI [31]. Therefore, G-CSF-primed DLI was
preferred by many centers and gained increasing application
worldwide. Besides the methods of cell collection, DLI-
related GVHD was closely related to the time interval
between transplantation and DLI, the dose of CD3+ cells,
donor type and immunosuppressant. It was accepted that the
earlier that DLIs are given, the higher risk for the develop-
ment of GVHD. Yet, the optimal timing for pro-DLI to be
performed was not defined. Jedlickova et al. performed pro-
DLI at least 120 days after MSD/URD allo-HSCT in 34
patients who had been off immunosuppressant for 30 days
and free of GVHD. Four patients (11.8%) developed grades
II/III aGVHD and eight patients (23.5%) developed cGVHD
[32]. Gao et al. conducted relative early pro-DLI at days 60 to
90 with concurrent short-term immunosuppressant after
haploidentical HSCT. The incidences of aGVHD grades II-
IV (55.3%) and cGVHD (52.0%) were much higher [9].
Maria Liga et al. conducted pro-DLI after Allo-HSCT with an
Alemtuzumab-Containing Conditioning Regimen and
recommended withholding pro-DLI beyond day +100 [33].
At the beginning stage of our study, pro-DLI was scheduled
to be performed at +60 days after allo-HSCT in ten patients.
Among the five patients who received pro-DLI at a median of
71 days (range, 63–78 days) post-HSCT, two patients
developed grade IV aGVHD and one had grade I aGVHD.
Meanwhile, there was only one patient developed grades II
aGVHD in the other five patients who received pro-DLI after

+90d due to various reasons. Considering the high rates of
aGVHD after early pro-DLI in reported studies and our
experience, we postponed pro-DLI to +90 days since August
1, 2014 to avoid severe aGVHD. Compared with early DLI
before August 1, 2014, postponed pro-DLI at median
125 days (range, 86–255 days) achieved lower cumulative
incidence of grades II-IV aGVHD (30.0% versus 12.5%,
P= 0.25) and grades III-IV (20.0% versus 4.3%, P= 0.15)
but without statistical significance. Late pro-DLI and con-
current immunosuppressant also attributed to the quite low
and acceptable incidence of GVHD. The significantly lower
relapse rate in the pro-DLI cohort (20.5% versus 49.3%, P=
0.01) could eliminate the concern of the potential impairment
on GVL effect by short-term CSA. Therefore, it is feasible to
perform haploidentical DLI prophylactically at days +90
after HSCT along with short-term immunosuppressive
treatment.

The doses of infused CD3+ cells were thought to be
crucial in the development of GVHD. A retrospective com-
parable study that included 225 patients with relapsed
hematological malignancies showed that an initial DLI CD3+
cell dose of 108/Kg or higher was associated with an
increased risk of GVHD, without decreasing the risk of
relapse and improving survival [34]. There are no available
data on the optimal cell dose of pro-DLI. Except the dose of
CD3+ cells, the course and intervals of donor lymphocytes
infusions seemed more critical to the DLI-related GVHD. A
previous comparative study of therapeutic DLI in chronic
myeloid leukemia showed that an escalating cell dose regi-
men led to less GVHD while equal effectiveness versus a
single bulk infusion [35]. The escalating dose approach of
pro-DLI from haploidentical donor usually started from a
CD3+ cell dose of 105–106/Kg and escalated at regular
intervals with 5- to 10-fold increase. Jaiswal et al. performed
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haploidentical DLI with escalating dose in 21 patients and the
cumulative incidences of aGVHD was 31% [30]. Similarly,
the incidence of DLI-related GVHD observed by Cauchois
et al. in 36 prophylactic recipients was 33% [12]. Here, we
performed one course of haploidentical DLI at a median dose
of 3.8 × 107/Kg CD3+ cells without repeated dose escalation
and recorded a cumulative incidence of 17.6% and 9.1% for
grades II-IV and grades III-IV aGVHD, which seemed lower
than data published. The frequency of DLI and optimal time
intervals of administration of escalating dose regimen yet to
be determined. Besides, it is much more difficult to evaluate
the effect of pro-DLI and to decide the endpoint of infusion
without decreasing donor chimerism or positive MRD.
Therefore, given these unsolved issues, single bulk lympho-
cytes infusion presents a more practical option for pro-DLI.
However, further studies are needed to confirm the superiority
between single dose and escalating dose regimen.

As a retrospective study, the major limitation of our
current study is the nature of the retrospective research and
the lack of randomization. With large prospective trial
unaccessible, a well-matched-pair analysis was introduced
to minimize the imbalance and select bias between the two
cohorts. Second, the number of patients was limited due to
strict matching of the clinical characteristics and therapeutic
strategies. Despite these limitations, the survival advantages
associated with the pro-DLI after haploidentical HSCT was
effectively demonstrated in the current study. Certainly, our
findings should to be further confirmed.

In summary, our protocol of pro-DLI after low dose
ATG-F-based haploidentical HSCT with MAC is safe and
feasible. Furthermore, the results of this matched-pair ana-
lysis strongly indicate that pro-DLI significantly reduces the
risk of relapse and improves long-term survival in patients
with high-risk acute leukemia.
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