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ABSTRACT

Objectives: Allogeneic hematopoietic stem cell transplantation (HSCT) effectively treats high-risk myeloid neoplasms, but re-
lapses post-HSCT, particularly in acute myeloid leukemia (AML) and myelodysplastic neoplasms (MDS), pose significant chal-
lenges. Donor lymphocyte infusion (DLI) has been utilized, but its effectiveness, especially in haploidentical settings, remains
insufficiently clarified, and graft-versus-host disease (GVHD) poses a substantial risk.

Methods: In this retrospective cohort study, 57 patients with AML or MDS who received DLI after allogeneic HSCT at our
center from 2002 to 2023 were analyzed. Herein, only preemptively or therapeutically applied DLI were included, and endpoints
included overall survival (OS), progression-free survival (PFS), and GvHD incidence post-DLI.

Results: Median OS after DLI was 517 days, with a 1-year OS of 62.5%. Factors associated with longer OS included patient age,
HLA-identical donor, post-HSCT treatment naivety, and preemptive DLI indication. Haploidentical DLI was associated with
inferior OS compared to HLA-identical DLI; however, PFS and GVHD incidence post-DLI did not differ significantly.
Conclusions: Our study findings indicate that OS rate is inferior in patients with relapsed AML or MDS treated with haploi-
dentical DLI in comparison to those who received HLA-identical DLI. Given the limitations of haploidentical DLI, alternative
strategies, such as higher cell doses or combination treatment approaches, warrant further investigation.

1 | Introduction conditioning can be destroyed by donor immune cells [3, 4].

However, relapse of AML and MDS after allogeneic HSCT con-

Allogeneic hematopoietic stem cell transplantation (HSCT)
is an effective therapy for the treatment of high-risk myeloid
neoplasms, such as acute myeloid leukemia (AML) and myel-
odysplastic neoplasms (MDS) [1, 2]. By replacing the recipient's
hematopoietic and immune system, allogeneic HSCT results in
an alloreactive immunologic graft-versus-malignancy effect,
also known as graft-versus-leukemia (GvL) effect, in which ma-
lignant cells that have survived prior induction therapies and

sistently has a very poor outcome [5, 6].

Donor lymphocyte infusion (DLI) has been used in the man-
agement of AML and MDS relapse after allogeneic HSCT by
increasing alloreactive immunologic activity of the graft [7-10].
Nowadays, the preemptive or therapeutic use of DLI is routine
in the treatment of measurable residual disease (MRD) as well
as overt relapses of myeloid neoplasms after allogeneic HSCT,

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original

work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2024 The Author(s). European Journal of Haematology published by John Wiley & Sons Ltd.

European Journal of Haematology, 2025; 114:315-324 315
https://doi.org/10.1111/ejh.14340


https://doi.org/10.1111/ejh.14340
https://doi.org/10.1111/ejh.14340
mailto:
https://orcid.org/0009-0004-5667-9726
mailto:tobias.benoit@usz.ch
http://creativecommons.org/licenses/by-nc-nd/4.0/

TABLE1 | Characteristics of patients and DLI.

DLI, n (%)
HLA-matched Haploidentical
Variable Total transplantation transplantation P
No. of patients (%) 57 (100) 48 (84.2) 9 (15.8)
Patient's age, median, years 52.5(17.4-67.0) 52.7 (17.4-67.0) 50.8 (18.1-58.6) 0.246
(range)?
Patient's age® 0.428
<45years 17 (29.8) 13 (27.1) 4(44.4)
>45years 40 (70.2) 35(72.9) 5(55.6)
Gender® 0.025
Male 29 (50.9) 21 (43.8) 8 (88.9)
Female 28 (49.1) 27 (56.3) 1(11.1)
Diagnosis® 1.000
AMLE 49 (86) 41 (85.4) 8 (88.9) 0.111
Favorable 8 (16.3) 6 (14.6) 2(25)
Intermediate 15 (30.6) 13 (31.7) 2(25)
Adverse 26 (51) 22 (53.7) 4 (50)
MDs4 8 (14) 7 (14.6) 1(11.1) 0.767
Low 1(12.5) 1(14.3) 0(0)
Intermediate-1 0(0) 0(0) 0(0)
Intermediate-2 2(25) 1(14.3) 0(0)
High 5(62.5) 4(71.4) 1(100)
Conditioning regimen used® 1.000
MAC 26 (45.6) 22 (45.8) 4(44.4)
RIC 31 (54.4) 26 (54.2) 5 (55.6)
Days from HSCT to first DLI, 301 (98-2025) 309 (98-2025) 282 (161-1871) 0.768
median (range)?
Number of DLI cycles, median 2 (1-6) 2 (1-6) 2 (1-5) 0.819
(range)?
Infused total CD3* DLI cell dose 8.75x10° 11x 108 6.25%10° 0.172
(/kg), median (range)® (0.05% 106-364 X 10°) (1x106-364 % 105) (0.05% 106-21.6 X 105)
DLI indication® 0.582
Preemptive DLI 7 (12.3) 7 (14.6) 0(0)
Therapeutic DLI 50 (87.7) 41 (85.4) 9 (100)
Donor's age, median, years 42.5(19.0-66.0) 39.2 (19.0-65.0) 49.9 (19.0-66.0) 0.237
(range)?
Donor's ageP 0.726
>35years 34.(59.6) 28 (58.3) 6 (66.7)
<35years 23 (40.4) 20 (41.7) 3(33.3)
(Continues)
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TABLE1 | (Continued)
DLIL, n (%)
HLA-matched Haploidentical
Variable Total transplantation transplantation P
Other treatment lines post-HSCT 0.561
(before DLI)®
No 15 (26.3) 13 (27.1) 2(22.2)
Yes 42 (73.7) 35(72.9) 7(77.8)
HMA 27 (47.4) 22 (45.8) 5(55.6) 0.43
HMA + Bcl2-inhibitor 5(8.8) 3(6.3) 2(22.2) 0.173
FLT3-inhibitor 9(15.8) 8(16.7) 1(11.1) 0.564
Classical chemotherapy 10 (17.5) 7 (14.6) 3(33.3) 0.184

Note: Boldface representing p <0.05.

Abbreviations: AML, acute myeloid leukemia; Bcl2, B-cell lymphoma 2; DLI, donor lymphocyte infusion; FLT3, FMS-related receptor tyrosine kinase 3; HMA,
hypomethylating agents; HSCT, hematopoietic stem cell transplantation; MAC, myeloablative conditioning; MDS, myelodysplastic syndrome; RIC, reduced intensity

conditioning.

Mann-Whitney U test.

bFisher's exact test (two-sided).

‘Risk stratification according to ELN2022.
dRisk stratification according to IPSS-R.

respectively [7, 11]. However, the resulting risk of graft-versus-
host disease (GVHD) is associated with high morbidity and mor-
tality and limits the feasibility of DLI [10, 12]. Although more
potential donors are available with the advent of allogeneic
HSCT from related human leukocyte antigen (HLA) haploiden-
tical donors [13-15], facilitating the treatment of AML and
MDS, there is limited evidence of the efficacy of haploidentical
DLI in the treatment of residual or relapsed disease after allo-
geneic HSCT [7]. In addition, there is concern that haploidenti-
cal DLI might have an increased risk for GVHD compared with
HLA-identical DLI in patients with AML or MDS [7].

We therefore performed a retrospective cohort study of patients
with AML or MDS who received DLI preemptively or with ther-
apeutic intention after HSCT at our center and evaluated its ef-
ficacy and tolerability.

2 | Methods
2.1 | Patients

This is a retrospective, observational cohort study of adult pa-
tients >16years of age with AML or MDS who received DLI
after allogeneic HSCT at our center from 2002 to 2023. All pa-
tients and, in the case of minors, also their legal guardians gave
written informed consent. The study was conducted in accor-
dance with the Declaration of Helsinki. In addition, the local
ethics committee approved the retrospective study (BASEC-No
2023-01363).

2.2 | Definitions and Endpoints

In general, GVHD prophylaxis was chosen according to condi-
tioning intensity and included ciclosporin A and methotrexate

in the myeloablative setting or ciclosporin A and mycophe-
nolate mofetil in the reduced-intensity conditioning setting,
respectively. In the case of haploidentical transplantation,
posttransplant cyclophosphamide was augmented accord-
ing to the proposed protocol by Luznik and colleagues [15].
Unstimulated and unmanipulated donor lymphocytes were
administered either preemptively in patients with MRD or in
case of incomplete donor chimerism, or after systemic chemo-
therapy in patients with overt relapse with therapeutic intent.
The use of DLI was contraindicated in patients who had pre-
viously developed or were currently experiencing active acute
(grade 2-4) or chronic GVHD. The initial and subsequent DLI
cell doses were selected according to the French guideline pro-
posed by De Vos and colleagues [16] and similar to the recently
published practice recommendations of the EBMT [17]: In the
HLA-matched setting, the first DLI cell dose was 1x 107 CD3*
cells per kilogram of recipient body weight (kg) in therapeutic
intent and 5x10% CD3* cells per kg for the preemptive indica-
tion, respectively. In the haploidentical setting, the anticipated
first DLI cell dose was 0.5-1x10% CD3* cells per kg in case
of hematological relapse and 1x 10° CD3* cells per kg for pre-
emptive purpose, respectively. DLI was usually administered
fresh for the first infusion and cryopreserved for subsequent
infusions. Generally, 4-6 weeks after the last DLI, further DLI
cycles were administered with a 0.5 to 1 log higher cumulative
CD3* cell dose if there were no signs of relevant GVHD or dis-
ease relapse. Prophylactic immunosuppressants or T-cell selec-
tion techniques were not regularly used to prevent GVHD after
DLI, and no specific T-cell selection techniques post-collection
were applied.

The primary endpoint of the study was overall survival (OS)
after first DLI treatment. The secondary endpoints included
progression-free survival (PFS) as well as the cumulative inci-
dence of acute GVHD and chronic GVHD post-DLI. Relapse was
defined as the hematologic recurrence of disease.
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FIGURE1 | Overall survival (a) and progression-free survival (b) of the entire cohort (n =57). (a) Median progression free survival (SD; 95%-CI):

0.8years (0.34; 0.132-1.463). (b) Median overall survival (SD; 95%-CI): 1.4years (0.235, 0.955-1.877). CI, confidence interval; DLI, donor lymphocyte

infusion; SD, standard deviation.

2.3 | Statistical Analysis

All statistical analyses were performed using SPSS Statistics ver-
sion 29.0.0.0 (SPSS, IBM Corp., Armonk, NY, USA). Patient and
DLI characteristics were compared using Pearson's chi-square
and Fisher's exact test for categorical variables and Mann-
Whitney U test for continuous variables. The overall response
to DLI was compared using Fisher's exact test for the univariate

analysis and the logistic regression model for the multivariate
analysis. The Kaplan-Meier method was used to estimate the
probability of OS. For the multivariate survival analysis, Cox
proportional hazard regression models with assumed influ-
encing factors were constructed and the hazard ratios (HRs)
and 95% confidence intervals (CIs) were calculated. Two-tailed
p <0.05 was considered statistically significant. The endpoint of
follow-up for all surviving subjects was June 30, 2023.
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p**
0.008

(O}
95%-CI
0.554-2.279
0.677-1.608
0-19.177

Median
(years)
1.416
1.142
8.553

pr*
0.018

PFS

95%-CI
0.121-0.914

0.401-1.955
1.565-3.657

Median
(years)
1.178
0.518
6.725

p
0.561*

(%)
20.6
16.7
133

Extended chronic
GVHD post-DLI

Incidence

p
0.189*

(%)
17.6
6.7

Limited chronic
GVHD post-DLI

Incidence
21.4

p
0.162*

(%)
23.5
30.9
133

Grade 2-4 acute
GVHD post-DLI

Incidence

(Continued)

|
years

>35
No

lines post-HSCT (and
Yes

Other treatment
pre-DLI)

Variable

Abbreviations: DLI, donor lymphocyte infusion; GVHD, graft-versus-host disease; HLA, human leukocyte antigen; MAC, myeloablative conditioning; OS, overall survival; PFS, progression-free survival; RIC, reduced intensity

Note: Boldface representing p <0.05.
conditioning.

*Fisher's exact test (two-sided).

**Pearson’s chi-square test.
***Log rank test (Mantel-Cox).

TABLE 2

3 | Results
3.1 | Baseline Characteristics of Patients and DLI

Patient and DLI characteristics are summarized in Table 1. A
total of 57 patients with AML (n=48) or MDS (n=9) who re-
ceived DLI after allogeneic HSCT between 2002 and 2023 were
analyzed. 48 patients received allogeneic HSCT from an HLA-
matched donor (24 matched sibling donors, 24 matched unre-
lated donors) and nine from a haploidentical donor. Although
there was no significant sex difference across the entire co-
hort, significantly more male (n=8) than female (n=1) pa-
tients had a haploidentical HSCT (p =0.025). The median age
of recipients at HSCT was 52.5years (range, 17.4 to 67 years).
All DLIs were performed with donor lymphocytes obtained
by unstimulated leukapheresis. The median time to first DLI
after allogeneic HSCT was 301days (range, 98 to 2025days),
and the median age of the DLI donor was 42.5years (range, 19
to 66years). The median number of DLI cycles was two, and
the median total DLI cell dose was 8.75x 10® CD3* cells per
kilogram of body weight. Fifty patients received DLI with ther-
apeutic intent in overt relapse and seven patients were treated
pre-emptively (three with incomplete donor chimerism and
four with MRD). Forty-two patients had received one or more
treatment lines before their DLI, mostly with hypomethylating
agents (47.4%). No significant differences were observed be-
tween the two groups regarding patient age, diagnosis, type of
conditioning regimen, additional lines of treatment before DLI
use, and donor characteristics. The median follow-up time of
the whole cohort (survivors and non-survivors) was 516 days
(range, 39 to 4523 days).

3.2 | Efficacy Analysis of DLI

First, we examined the outcome after DLI. The median OS after
DLI in the entire cohort was 517 days (95%-CI: 349 to 685days),
and the 1-year OS after DLI application was 62.5% (Figure 1).
The main causes of death after DLI included disease progres-
sion (62.8%), infections (20.9%), and GVHD (4.7%). In univari-
ate analysis, older patient age, HLA-identical donor, post-HSCT
treatment naivety, and indication for preemptive DLI were sig-
nificantly associated with longer OS. In addition, indication for
preemptive DLI and absence of other lines of treatment before
DLI were associated with significantly better PFS (Table 2).
Median OS after DLI, stratified by HLA match, was 1.7years
for non-haploidentical and 0.5years for haploidentical donors
(p=0.003), but no significant difference in PFS was observed
(Figure 2). When analyzing only therapeutically intended
DLI, haploidentical DLIs were still associated with worse OS
compared to non-haploidentical DLIs (0.5years vs. l.4years;
p=0.022; Figure S1). Moreover, multivariate Cox regression
analysis revealed that an HLA-identical donor was a signifi-
cantly favorable factor for OS after DLI (HR: 2.318; 95%-CI:
1.032-5.534; p=0.048). On the other hand, a therapeutic DLI in-
dication (HR: 0.050; 95%-CI: 0.006-0.397; p=0.005) and patient
age below 45years (HR: 0.438; 95%-CI: 0.01-0.889; p=0.029)
were statistically significant unfavorable factors for OS after DLI
(Table 3). When comparing DLI dose stratified by median total
cell dose, no significant difference in OS or PFS was observed
(Figure S2).
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3.3 | GvHD Incidence and Risk Factors

We then analyzed the incidence of acute and chronic GVHD
induced by DLI. The incidence of grade II-IV acute GVHD and
chronic GVHD after DLI was 26.3% and 24.6%, respectively. The
cumulative incidence of extensive chronic GVHD was 15.8%. In
univariate analysis, neither patient age, sex, conditioning regi-
men chosen for allogeneic HSCT, donor HLA match, DLI indi-
cation, nor DLI donor age were significantly correlated with the
incidence of acute or chronic GVHD in our study cohort (Table 2).
Furthermore, there was no significant difference in PFS or OS
when stratified for acute or chronic GVHD (Figures S3-S5).

Finally, multivariate analysis revealed no significant association
between GVHD and OS in our study population (Table 3).

4 | Discussion

In our retrospective cohort study of patients with high-risk
myeloid neoplasms treated with DLI, we observed a signifi-
cantly inferior survival outcome with DLI from a haploiden-
tical donor compared to that from an HLA-matched donor.
Previously, some retrospective studies have indicated that the
outcomes of haploidentical DLI in patients with hematologic

Overall survival
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FIGURE 2 | Overall survival and progression-free survival stratified according to HLA matching. Non-haploidentical donor—median OS (SD;
95%-CI): 1.7years (0.295; 1.107-2.262) Haploidentical donor—median OS (SD; 95%-CI): 0.5years (0.045; 0.38-0.557). Non-haploidentical donor—
median PFS (SD; 95%-CI): 0.9years (0.386; 0.148-1.661). Haploidentical donor—median PFS (SD; 95%-CI): 0.2years (0.063; 0.057-0.305).
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TABLE 3 | Multivariate Cox regression analysis for overall survival
(n=57).

Variable HR 95%-CI P
Sex (female vs. male) 0.949 0.473-1.906 0.883
Patient's age (< 45years 0.438 0.209-0.919 0.029
vs. >45years)

HLA-identical vs. 2.474 1.029-5.95 0.043
haploidentical donor

Type of conditioning 1.596 0.841-3.031 0.153
(MAC vs. RIC)

Indication of DLI 0.094 0.01-0.889 0.039
(therapeutic vs.

preemptive)

Other treatment lines 1.995 0.785-5.072 0.147
post-HSCT before DLI

(no vs. yes)

aGVvHD >°II post-DLI 1 0.517-1.933 1
Extensive cGVHD 0.636 0.256-1.576 0.328
post-DLI

Note: Bold values have a significance level <0.05.

Abbreviations: aGvHD, acute graft-versus-host disease; cGVHD, chronic graft-
versus-host disease; CI, confidence interval; DLI, donor lymphocyte infusion;
HLA, human leukocyte antigen; HSCT, hematopoietic stem cell transplantation;
MAC, myeloablative conditioning; RIC, reduced intensity conditioning.

relapse are comparable to non-haploidentical DLI [18, 19].
However, a study by Harada et al. investigating DLI after
haploidentical HSCT revealed a 1-year survival rate of only
13.5%, indicating that haploidentical DLI may be less effective
in AML patients [20]. The unfavorable outcomes observed in
our study following haploidentical DLI may be, at least in part,
attributable to the characteristics of our patient population, as
all haploidentical DLIs were administered with a therapeutic
indication. Nevertheless, even when only therapeutically in-
tended DLIs were analyzed, haploidentical DLI demonstrated
inferior OS. Furthermore, our multivariate analysis revealed
that DLI from a haploidentical donor remained a predictive
risk factor for inferior OS. One potential explanation for this
finding is that immune escape mechanisms, such as impaired
HLA expression, have been demonstrated to be prevalent in
relapsed myeloid neoplasms following HSCT [21-23]. The fre-
quency of HLA loss has been shown to correlate with the donor
source, with an inverse relationship to the degree of donor-
recipient mismatch [24]. Moreover, the cell dose and timing of
DLI after HSCT may also influence the response. The initial
DLI cell dosage is typically lower than that for HLA-matched
DLI [16], although dose-response correlations for OS or GVHD
are not yet well established in the literature [7, 11, 18, 19, 25].
Nevertheless, further investigation is required to substantiate
this observation.

In accordance with previously published data [18, 20, 26-34],
our findings demonstrated that preemptively administered
DLI yielded considerably superior outcomes compared to
therapeutically indicated DLI. These findings indicate that
overt relapse in myeloid neoplasms may not be adequately
managed with DLI as a sole therapeutic modality. It has been

consistently demonstrated that the combination of chemo-
therapy plus DLI is more effective than either DLI [35] or che-
motherapy alone [36] in the treatment of overt AML relapses
following HSCT. Promising DLI combination strategies, for
example with epigenetic modulators, tyrosine kinase inhibi-
tors, BCL2 inhibitors, or in combination with immunomod-
ulatory drugs, have been described elsewhere [7, 33, 37-40].
While these strategies may prove beneficial, further investi-
gation is required to determine the most efficacious approach
[17]. Moreover, our findings lend support to the practice of
regular monitoring for MRD and the implementation of pre-
emptive DLI in instances of molecular relapse as a potential
therapeutic option for patients exhibiting no signs of higher-
grade GVHD [30, 33, 41, 42].

In consideration of toxicity, the incidence of higher-grade
acute and chronic GVHD in our cohort was comparable with
other published data. However, there was a discrepancy in
the reported incidence and risk of haploidentical DLI-induced
GVHD, as evidenced by reports [18, 19, 25, 43, 44]. For exam-
ple, EBMT has recently published the outcomes of a cohort of
192 adult patients with acute leukemia who received preemp-
tive DLI after HLA-matched donor transplants. The cumula-
tive incidence of clinically relevant acute GVHD or chronic
GVHD at 5Syears was 33.7% [12]. Our univariate analyses re-
vealed no significant correlation between the incidence of
GvHD and several key factors, including donor HLA match,
DLI donor age, conditioning regimen selected for HSCT, pa-
tient age, or patient sex. Furthermore, the presence or absence
of acute or chronic GvHD did not significantly impact OS or
PFS in our study population. Consequently, we were unable
to corroborate the assertion that acute GVHD following non-
haploidentical DLI confers superior survival outcomes in
patients with relapsed AML as proposed by Eefting and col-
leagues [45].

In addition to the inherent limitations of a single-center ret-
rospective analysis, this study is further constrained by the
relatively small number of patients who received haploiden-
tical DLI and the absence of comprehensive MRD data for all
patients surveyed. Furthermore, while preemptive DLI was
typically administered as monotherapy, therapeutic DLI was
frequently preceded by other therapies, such as hypomethylat-
ing agents, which may limit the ability to fully assess its im-
pact on outcome.

In conclusion, the findings of this study indicate that non-
haploidentical DLI yields superior outcomes compared to
haploidentical DLI. Furthermore, the data demonstrated that
preemptively applied DLI elicited markedly more favorable
responses than therapeutically administered DLI in patients
with high-risk myeloid neoplasms. It is possible that the dos-
age regimens of haploidentical DLI are not optimal for the
treatment of relapsed AML or MDS following HSCT. One
potential avenue for further investigation could be the ad-
ministration of haploidentical DLI at higher cell doses or as a
combination strategy. In light of the suboptimal outcomes ob-
served in our study cohort, the use of DLI alone may be limited
to preemptive indications only. Moreover, distinct immune
escape mechanisms, such as HLA loss, which play a particu-
lar role in haploidentical transplantation, may contribute to a
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decreased efficacy. Nevertheless, further research is required
to substantiate our findings and gain a deeper mechanistic
understanding.
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