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Granulocyte-colony stimulating factor
mobilized donor leukocyte infusion following
intensive salvage chemotherapy for patients
with relapsed acute myeloid leukemia after

allogeneic hematopoietic cell transplantation
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Abstract

Background: The prognosis for relapsed acute myeloid leukemia (AML) following allogeneic
hematopoietic cell transplantation (HCT) remains remarkably poor, with no established standard
therapy. Donor lymphocyte infusion or second transplantation are potential options for relapsed AML
after HCT, providing long-term remission to a limited subset of patients. In this study, we aimed to
evaluate the treatment outcomes of granulocyte-colony stimulating factor (G-CSF) mobilized door

leukocyte infusion after intensive chemotherapy (chemo-mDLI).

Methods: We conducted a retrospective analysis of 55 patients with AML who experienced relapse
after allogeneic HCT and received chemo-mDLI between 1997 and 2023. We evaluated treatment
outcomes including complete remission (CR) rate, overall survival (OS), leukemia-free survival (LFS),
cumulative incidence of relapse or progression (CIR), non-relapse mortality (NRM), engraftment, and

graft-versus-host disease (GVHD).

Results: Thirty-six of 55 patients (65.5%) achieved CR/CR with incomplete hematologic recovery after
chemo-mDLI. After a median follow-up period of 4.8 years for surviving patients, 31 patients (56.4%)
experienced disease relapse or progression and 46 patients (83.6%) died. The 2-year CIR was 51.2%,
while NRM was 27.3%, resulting in an estimated median OS of 8.4 months (95% confidence interval
[CI], 5.8-11.1 months). Neutrophil and platelet engraftment were attained in 90.9% and 72.7% of
patients at a median of 12 and 15 days, respectively. The incidence of all grade and grade II-IV acute
GVHD were 43.6% and 40.0%, and the 2-year incidence of total and moderate-to-severe chronic GVHD
were 38.2% and 20.0%, respectively. Patients who received chemo-mDLI as an initial treatment for
relapse showed significantly higher CR rate (71.1% vs 41.2%; P = 0.035), longer OS (median 10.2
months vs 2.2 months, adjusted hazard ratio [HR], 4.12; 95% CI, 1.83-9.31; P=0.001) and longer LFS
(median 8.8 months vs 2.5 months, adjusted HR, 7.90; 95% CI, 2.09-29.87; P = 0.002) compared to
patients who received the therapy as second-line or more. Clinical factors predicting longer OS and LFS
after chemo-mDLI were lower bone marrow blast percentage (< 40%), favorable cytogenetics at relapse,
higher CD34+ cell dose (> 3x10%kg) and receiving prior HCT in remission. Longer post-HCT
remission duration (> Smonths) was associated with a higher CR rate compared to shorter CR duration
(71.1% vs. 41.2%; P = 0.035). Regarding salvage chemotherapy regimens, treatment with cytarabine,
mitoxantrone, and etoposide or cytarabine, idarubicin, and etoposide was associated with lower CIR

(44.7% vs 87.5%, adjusted HR, 5.11; 95% CI, 1.61-16.20; P = 0.006) compared to other regimens.



Conclusion: In patients with relapsed AML after allogeneic HCT, G-CSF mobilized donor leukocyte
infusion following intensive salvage chemotherapy demonstrated a high CR rate and induced durable
remission in a subset of patients. Our findings suggest that chemo-mDLI is an effective therapeutic
approach as initial therapy for relapsed AML after HCT, particularly in patients who had achieved CR

at prior HCT with a lower leukemic burden at relapse.
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1. Introduction

Allogeneic hematopoietic cell transplantation (HCT) offers the potential for achieving long-term
remission in patients with acute myeloid leukemia (AML). However, a significant proportion of patients
experience disease relapse following allogeneic HCT, and the prognosis for relapsed AML is
remarkably poor (1). Despite various treatment options being attempted for relapsed patients, including
salvage chemotherapy, donor lymphocyte infusion (DLI), and second allogeneic HCT, there is no

standardized effective therapeutic strategy for relapsed AML post-transplantation (2).

DLI has been utilized as a therapeutic approach inducing a graft-versus-leukemia (GVL) effect (3).
However, DLI alone has often been proven insufficient for achieving durable remission in patients with
AML, possibly due to the aggressive nature of the disease, which may surpass a GVL effect and trigger
diverse immune escape mechanisms (4). Therefore, several studies have attempted to enhance the
efficacy of DLI, including incorporating pre-DLI chemotherapy for cytoreduction and adjusting the
timing and dosage of DLI (5, 6). Some evidence indicates that combining chemotherapy with DLI
promotes the GVL effect and induces more durable remission than DLI or chemotherapy alone for post-
HCT relapse in AML (3, 7, 8). Second allogeneic HCT is also a valid treatment option for relapsed
AML after allogeneic HCT. However, not all patients have available human leukocyte antigen (HLA)-
matched donors. The likelihood of finding a matched available donor on registry ranges from 16% to
75%, depending on racial and ethnic groups (9). Besides, there is a concern that treatment-related

mortality after second HCT might increase in patients who relapse early after the first HCT (10).

Given this background, we previously conducted a study regarding intensive chemotherapy followed
by G-CSF-mobilized donor leukocyte infusion (chemo-mDLI) as a treatment for relapsed AML after
allogeneic HCT. In that study, chemo-mDLI resulted in a high remission rate and acceptable survival
outcomes, though the study had a limited number of patients (11). In this study, we aimed to analyze
the treatment outcomes of chemo-mDLI in a larger cohort of patients with AML relapsed after
allogeneic HCT. In addition, we evaluated prognostic factors associated with superior outcomes post-

chemo-mDLI to identify patients who may benefit most from this treatment approach.



2. Methods

2.1. Study participants

In this retrospective study, we reviewed patients who underwent DLI for relapsed AML after allogeneic
HCT at Asan Medical Center, a referral hospital in Seoul, Republic of Korea, between 1997 and 2023.
Patients receiving DLI without G-CSF mobilization were excluded. Patients who did not receive
salvage chemotherapy or who received low-intensity chemotherapy such as venetoclax/
hypomethylating agents prior to mobilized donor leukocyte infusion (mDLI) were also excluded from
the study. Patients with an interval between chemotherapy and mDLI exceeding 1 month were excluded.
Therefore, only patients who underwent mDLI within 3 days after the completion of salvage
chemotherapy were included. Patients’ data were collected from a retrospective chart review. The study
protocol was approved by the Institutional Review Board (IRB) of Asan Medical Center (IRB No.
2024-0330). Due to the retrospective nature of the study, the requirement for informed consent was

waived by the IRB.

2.2 Treatment procedures

The chemotherapeutic regimens prior to cell infusion were cytarabine, mitoxantrone, and etoposide
(CME) in 29 patients; cytarabine, idarubicin, and etoposide (AIE) in 18 patients; cytarabine and
daunorubicin (AD) in 3 patients, fludarabine, cytarabine, and idarubicin (FLAI) in 3 patients; cladribine,
cytarabine, and mitoxantrone (CLAG-M) in 1 patient; and high-dose cytarabine and etoposide (EA) in
1 patient. The dosage of each chemotherapeutic agent is detailed in Table 1. Patients received intensive
chemotherapy for 5 to 7 days depending on the regimen, and donor leukocytes were infused within 3
days of completion of chemotherapy. Donors received subcutaneous injection of G-CSF at a dose of 10
ug/kg daily starting from day -4 of cell infusion for 4 days. On day 0, fresh G-CSF-mobilized peripheral
blood mononuclear cells from donors were administered without manipulation. For patients who
received chemo-mDLI since 2008, cyclosporine has been given for GVHD prophylaxis, starting from

day -1 and tapered beginning between 1 and 2 months after cell infusion if there were no signs of GVHD.



TABLE 1. Types and dosages of chemotherapeutic agents infused before donor leukocyte infusion.

Chemotherapy regimen

Number of patients

CME

AIE

FLAI

AD

EA

CLAG-M

Cytarabine 400-1000 mg/m?/day (Day -7 to -3)
Mitoxantrone 12 mg/m?%day (Day -7 to -5)
Etoposide 150 mg/m?/day (Day -7 to -5)

Cytarabine 1000 mg/m?/day (Day -7 to -2)
Idarubicin 12 mg/m?/day (Day -7 to -5)
Etoposide 150 mg/m?/day (Day -7 to -5)
Fludarabine 30 mg/m?/day (Day -7 to -3)
Cytarabine 2000 mg/m?*/day (Day -7 to -2)
Idarubicin 12 mg/m?/day (Day -7 to -5)
Cytarabine 200 mg/m?/day (Day -9 to -3)
Daunorubicin 90 mg/m?/day (Day -7 to -5)
Cytarabine 3000 mg/m? Q12H (Day -7, -5, -3)
Etoposide 150 mg/m?/day (Day -7 to -5)
Cytarabine 2000 mg/m?*/day (Day -7 to -3)
Cladribine 5 mg/m?/day (Day -7 to -3)
G-CSF 300 pg/day (Day -7 to -3)

Mitoxantrone 10 mg/m?*/day (Day -7 to -5)

Day 0 is the day of the day of cell infusion.



2.3 Outcomes and definitions

The treatment outcomes included complete remission (CR) rate, engraftment, overall survival (OS),
leukemia-free survival (LFS), cumulative incidence of relapse or progression (CIR), non-relapse
mortality (NRM), and cumulative incidence of acute and chronic GVHD. CR was defined by bone
marrow (BM) blasts less than 5%, absence of circulating blast, and no evidence of extramedullary
disease along with an absolute neutrophil count > 1x10%/L and a platelet count > 100x10°/L. If the count
of either neutrophil or platelet remained below the above stated levels, it was classified as complete
remission with incomplete hematologic recovery (CRi) (12). Neutrophil engraftment was defined as the
first day of 3 consecutive days of an absolute neutrophil count > 0.5x10°L, and platelet engraftment
was defined as the first day of 7 consecutive days of a platelet count > 20x10%/L without transfusion.
LFS was measured from the date of CR/CRIi to the date of disease relapse, death from any cause, or last
follow-up, whichever occurred first. Relapse was defined as an increase of BM blasts > 5%, or the
reappearance of circulating blasts or extramedullary disease after achieving a morphologic remission,
and progression was defined as persistence of active disease after chemo-mDLI without achieving a
morphologic remission. Acute and chronic GVHD were graded according to Mount Sinai Acute GVHD
International Consortium (13) and National Institutes of Health consensus criteria (14) respectively. The
genetic analysis of patients at relapse was stratified by the European LeukemiaNet (ELN) 2022
classification system (15). In patients without molecular genetic testing data, risk was assessed only by

cytogenetics.

2.4 Statistical analysis

OS and LFS were evaluated using the Kaplan-Meier method and differences between two groups were
assessed by the log-rank test. Cox regression analyses were conducted for multivariate analysis of
survivals and hazard ratios (HR) with a 95% confidence interval (CI) were reported. Variables with P-
value less than 0.1 on univariate analysis were included in multivariate analysis. The incidence of
engraftment, relapse or progression, NRM, and GVHD were analyzed using a cumulative incidence
function with competing risks and compared by the Gray’s test. The differences in CR rate according
to the categorical variables were assessed by the chi-squared test or Fisher’s exact test. Logistic
regression analysis was used for evaluating association between the continuous variables and CR rate.
All reported P values were two-sided with P value < 0.05 indicating statistical significance. The
statistical analyses were conducted using SPSS version 23.0 (IBM Corp., Armonk, NY, USA) and R

version 4.3.3 (R Foundation for Statistical Computing, Vienna, Austria).



3. Results

3.1 Study participants and baseline characteristics

Between 1997 and 2023, a total of 174 patients received DLI for relapsed AML after allogeneic HCT
from the same donors at Asan Medical Center. Of these patients, 119 patients were excluded: 109
underwent DLI without G-CSF mobilization, 6 received mDLI without prior conditioning
chemotherapy, 1 received low-intensity salvage chemotherapy, and 3 underwent mDLI not immediately

after chemotherapy. Finally, 55 patients were included in the final analysis (Figure 1).

Patients with relapsed AML after allogenic HCT who received DLI from 1997 to 2023 (n=174)

Excluded (n=119)
- DLI without mobilization by G-CSF (n=109)
- No salvage chemotherapy prior to mDLI (n=6)
- Low intensity chemotherapy prior to mDLI (n=1)

- mDLI not administered immediately after
chemotherapy (n=3)

Patients with relapsed AML after allogenic HCT who received intensive chemotherapy
followed by G-CSF mDLI from 1997 to 2023 (n=55)

Figure 1. Flowchart of the screening and selection of the study population
Abbreviations: AML, acute myeloid leukemia; DLI, donor lymphocyte infusion; G-CSF, granulocyte-colony

stimulating factor; HCT, hematopoietic cell transplantation; mDLI, mobilized donor leukocyte infusion

Table 2 presents the baseline characteristics of patients and donors. The median time interval between
HCT and relapse was 10.5 months (range, 0.6—-51.9 months), and the median time interval between
relapse and mDLI was 20 days (range, 6—196 days). Among the 55 patients, 21 (38.2%) were male, and
the median age was 46 years (range, 19-65 years). Forty-one patients (74.5%) received mDLI from
matched sibling donors, 1 (1.8%) from a matched unrelated donor, and 13 (23.6%) from haploidentical
familial donors. Among 54 evaluable patients, the ELN risk at the time of relapse was categorized into
favorable in 6 patients, intermediate in 26 patients, and adverse in 22 patients. Forty-five patients
(81.8%) received chemo-mDLI as a first systemic treatment for relapse after allogeneic HCT, whereas
10 patients (18.2%) had previously been treated with other systemic therapies prior to chemo-mDLI
and subsequently experienced relapse or progression. Chronic GVHD was observed in 20 patients after
allogeneic HCT but was well controlled at the time of chemo-mDLI. Only 3 patients were receiving
systemic treatment for GVHD, which was being tapered at the time of relapse. The median infused dose
of CD3+ cells was 2.82 x 10%/kg (range, 1.23-8.25 x 10%/kg), and the median CD34+ cell dose was
5.4x10%kg (range, 1.1-27.2 x 10%/kg).



TABLE 2. Clinical characteristics of the study population

Characteristics

Total (n = 55)

Follow-up of survivors, months, median (range)
Age, years, median (range)
Sex

Male/Female
Donor relationship

Matched sibling donor

Matched unrelated donor

Haploidentical familial donor
Donor age, years, median (range)
Donor sex

Male/Female
Disease status at the time of prior HCT

Complete remission

Active leukemia (primary induction failure, relapse or untreated)
Time interval between HCT and relapse, months, median (range)
Time interval between relapse and mDLI, days, median (range)
BM blast at relapse, %, median (range)
Extramedullary disease at mDLI
HCT-CI at mDLI, median (range)
ELN risk at relapse

Favorable

Intermediate

Adverse

Not evaluable
Chronic GVHD after HCT
mDLI as the first systemic treatment for relapse
Conditioning chemotherapy regimen

CME

AIE

Others: FLA-I/AD/CLAG-M/EA
Infused CD3+ cells dose, x10%/kg, median (range)
Infused CD34+ cells dose, x10%/kg, median (range)
Cyclosporine for GVHD prophylaxis

57.3 (6.4-134.3)
46 (19-65)

21 (38.2%)/34 (62.8%)

41 (74.5%)
1(1.8%)
13 (23.6%)

44 (17-64)

38 (69.1%)/ 17 (31.9%)

39 (70.9%)
16 (29.1%)
10.5 (0.6-81.0)
20 (6-196)

38 (0-94.0)
11 (20.0%)

3(0-7)

6 (10.9%)
26 (47.3%)
22 (40.0%)
1(1.8%)
20 (36.4%)
45 (81.8%)

29 (52.7%)
18 (32.7%)

3 (5.5%)/3 (5.5%)/1 (1.8%)/1 (1.8%)

2.82 (1.23-8.25)
5.4(1.1-27.2)
39 (70.9%)

Data are presented as the median (range) or frequency (proportion).

Abbreviation: AD, cytarabine and daunorubicin; AIE, cytarabine, idarubicin, and etoposide; BM, bone marrow;

CLAG-M, cladribine, cytarabine, and mitoxantrone; CME, cytarabine, mitoxantrone, and etoposide; EA, high-

dose cytarabine and etoposide; ELN, European LeukemiaNet; FLAI, fludarabine, cytarabine, and idarubicin;

GVHD, graft-versus-host disease; HCT, hematopoietic cell transplantation; HCT-CI, HCT specific comorbidity

index; mDLI, mobilized donor leukocyte infusion;



3.2 Treatment response and engraftment

Following chemo-mDLI, CR/CRi was achieved in 36 patients (65.5%), including 2 patients who
remained in CRi. Eleven patients were unevaluable due to early death within 2 months after chemo-
mDLI (Table 3). Among the 36 patients achieving CR/CRi, 23 experienced disease relapse, and 5
patients died from non-relapse causes. Patients who received chemo-mDLI as the first systemic
treatment for relapse showed a significantly higher CR rate than those receiving chemo-mDLI after
other systemic therapies (71.1% vs 20.0%; P = 0.004). Post-HCT remission duration longer than 5
months showed a higher CR rate than shorter CR duration before chemo-mDLI (71.1% vs 41.2%; P =
0.035).

Neutrophil was engrafted in 50 out of 55 patients at a median of 12 days, with a cumulative incidence
at day 28 of 89.1% (Figure 2). Platelet engraftment was attained in 40 of 55 patients at a median of 15
days, with the cumulative incidence of platelet engraftment at day 90 being 75.0%. There were no

significant factors associated with the incidence of neutrophil and platelet engraftment.

Table 3. Treatment outcomes of the study population (N=55)

Outcome % (95% CI)
Response, No (%)

CR 34 (61.8)

CRi 2 (3.6)

No response 8 (14.5)

Early death (within 2 months) 11 (20.0)
OS, 2-year 27.9 (21.7-34.1)
OS, months, median (95% CI) 8.4 (5.8-11.1)
LFS in CR/CRi, 2-year 32.9 (25.0-40.8)
LFS in CR/CRi, months, median (95% CI) 7.6 (5.4-9.9)
CIR, 2-year 51.2 (44.3-58.1)
NRM, 2-year 27.3(21.2-33.36)

Abbreviations: CI, confidence interval, CIR, cumulative incidence of relapse or progression; CR, complete
remission; CRi, complete remission with incomplete count recovery; LFS, leukemia-free survival; NRM, non-

relapse mortality; OS, overall survival



Figure 2. Cumulative incidence of neutrophil and platelet engraftment until day 90 after mobilized

donor leukocyte infusion (mDLI).
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3.3 Relapse, non-relapse mortality, and survival outcomes

After a median follow-up duration of 4.8 years for surviving patients, 31 patients (56.4%) experienced
disease relapse or progression, with 11 exhibiting extramedullary relapse. A total of 46 patients (83.6%)
died, of which 16 died from non-relapse causes. The estimated 2-year CIR was 51.2% (95% CI, 44.3—
58.1%), and the 2-year NRM was 27.3% (95% CI, 21.2-33.4; Figure 3). The estimated median OS and
2-year OS rate of total patients were 8.4 months (95% CI, 5.8—11.1 months) and 27.9% (95% CI, 21.7—
34.1%; Figure 4-A), and the median LFS and 2-year LFS rate of 36 patients achieving CR/CRi after
chemo-mDLI were 7.6 months (95% CI, 5.4-9.9 months) and 32.9% (95% CI, 25.0-40.8%; Figure 4-

B), respectively.

Figure 3. The plot of cumulative incidence of relapse or progression (CIR) and non-relapse mortality

(NRM) after mobilized donor leukocyte infusion (mDLI).
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Figure 4-A. Kaplan—Meier plot of overall survival after mobilized donor leukocyte infusion (mDLI)
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Figure 4-B. Kaplan—Meier plot of leukemia-free survival from the time of achieving complete

remission or incomplete hematologic recovery (CR/CRi)
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Figure 5. Kaplan—Meier plot of overall survival according to the line of treatment of mobilized donor

leukocyte infusion (mDLI) for relapse after hematopoietic cell transplantation
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The results of univariate and multivariate analyses of risk factors influencing OS and LFS are
summarized in Table 4. Patients who received chemo-mDLI as a first-line systemic treatment for relapse
demonstrated a higher survival rate than those who received it as a second-line or more (2-year OS of
34.3% vs. 0%; adjusted HR, 4.12; 95% CI, 1.83-9.31; P = 0.001; Figure 5). Higher BM blasts
percentage (> 40%) (adjusted HR, 2.43; 95% CI, 1.28-4.63; P = 0.007) and unfavorable cytogenetic
risk at relapse (adjusted HR, 4.70; 95% CI, 1.32-16.67; P = 0.017 for intermediate risk; adjusted HR,
7.73; 95% ClI, 2.06-29.05; P = 0.002 for adverse risk) were also found to be significant risk factors for
OS.

Higher BM blast percentages (adjusted HR, 2.36; 95% CI, 1.06-5.26; P = 0.036) and whether chemo-
mDLI was the initial treatment for relapse (adjusted HR, 7.90; 95% CI, 2.09-29.87; P = 0.002) were
both identified as predictive factors for LFS. In addition, patients who achieved CR at the time of prior
HCT showed longer LFS after chemo-mDLI than those who underwent transplantation with active
leukemia (adjusted HR, 5.00; 95% CI, 1.91-13.09; P = 0.001). Furthermore, infused CD34+ cell dose
exceeding 3x10%kg was associated with longer LFS after chemo-mDLI compared to infused CD34+
cells less than 3x10%kg (adjusted HR, 5.45; 95% CI, 1.72-17.29; P = 0.004).

A higher CD34+ cell dose (> 3x10%kg) was also associated with a lower CIR (adjusted HR, 2.82; 95%
CI, 1.15-6.94; P=0.024) (Table 5). Regarding salvage chemotherapy regimens, CME or AIE regimens
were associated with a lower CIR (adjusted HR, 5.11; 95% CI, 1.61-16.20; P = 0.006) compared to

other regimens. There were no significant factors associated with NRM.
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TABLE 4. Univariate and multivariate analyses of prognostic factors for survival outcomes

Overall survival Leukemia free survival

Univariate analysis Multivariate analysis’ Univariate analysis Multivariate analysis’

Characteristics
Months, median (95% CI) P HR (95% CI) P Months, median (95% CI) P HR (95% CI) P
Age 0.516 0.176
<50 7.1 (0-15.4) 8.9 (0-30.2)
>50 8.4 (6.4-10.4) 7.4 (4.4-10.5)
Sex 0.170 0.156
Male 8.3 (0-19.9) 5.0 (0.9-9.1)
Female 8.4 (6.5-10.4) 8.8 (6.8-10.8)
Donor type 0.813 0.381
Matched 8.1 (2.4-13.7) 8.9 (0-18.8)
Haploidentical 9.1 (7.7-10.6) 7.4 (4.5-10.4)
Donor age 0.887 1.00
<50 8.3 (3.2-13.3) 7.4 (3.9-11.0)
>50 9.1 (6.2-12.1) 7.6 (5.2-10.0)
Donor sex 0.361 0.435
Male 8.2 (3.6-12.8) 7.4 (4.6-10.3)
Female 10.9 (5.8-16.1) 8.8 (5.4-9.9)
Disease status at the time of prior HCT 0.335 0.030 0.001
Complete remission 8.4 (5.5-11.3) 8.8 (0-24.9) 1
Active leukemia 8.2 (0-16.4) 4.9 (1.9-7.9) 5.00 (1.91-13.09)
Time interval between HCT and relapse 0.154 0.962
<5 months 2.2 (0.5-3.8) 1.4 (0-3.3)
> 5 months 10.7 (7.6-13.9) 8.5 (6.6-10.4)
BM blast percentage at relapse 0.044 0.034 0.036
<40% 10.9 (0-31.7) 1 21.0 (14.1-28.0) 1
> 40% 5.6 (1.8-9.3) 2.43 (1.28-4.63) 5.0 (1.3-8.7) 2.36 (1.06-5.26)
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Overall survival Leukemia free survival

Characteristics Univariate analysis Multivariate analysis’ Univariate analysis Multivariate analysis’
Months, median (95% CI) P HR (95% CI) P Months, median (95% CI) P HR (95% CI) P
Extramedullary disease at mDLI 0.523 0.848
No 8.4 (3.9-13.0) 7.6 (5.6-9.7)
Yes 8.2 (0-17.8) 6.3 (1.5-11.1)
HCT-CI at mDLI 0.103 0.041
<4 9.5(6.1-12.9) 21.0 (044.3)
>4 5.6 (5.8-11.1) 6.1(0.3-11.8)
ELN risk at relapse 0.084 0.002 0.476
Favorable 17.0 1 7.2
Intermediate 10.2 (6.1-14.2) 4.70 (1.32-16.67)  0.017 8.8(5.2-12.4)
Adverse 3.1(0-9.0) 7.73 (2.06-29.05)  0.002 7.4 (2.5-12.4)
First systemic treatment for relapse 0.012 0.001 0.038 0.002
Yes 10.2 (7.8-12.5) 1 8.8 (1.0-16.6) 1
No (second or more) 2.2(0.5-3.8) 4.12 (1.83-9.31) 2.5(0-8.7) 7.90 (2.09-29.87)
Conditioning chemotherapy regimen 0.179 0.632
CME 12.2 (4.4-20.0) 8.8 (0-17.5)
AIE 5.2 (0-15.5) 6.3 (0-13.2)
Others: FLA-I/AD/CLAG-M/EA 3.1(1.6-4.6) 2.5(0-8.8)
Infused CD34+ cells dose 0.444 0.013 0.004
<3x10%kg 7.1 (0-17.6) 2.7(2.1-3.3) 5.45 (1.72-17.29)
>3x10%kg 8.4 (6.5-10.4) 8.9 (5.4-9.9) 1

T Variables with P-value less than 0.1 on univariate analysis were included in multivariate analysis.

Abbreviations: AD, cytarabine and daunorubicin; AIE, cytarabine, idarubicin, and etoposide; BM, bone marrow; CI, confidence interval; CLAG-M, cladribine, cytarabine,

and mitoxantrone; CME, cytarabine, mitoxantrone, and etoposide; EA, high-dose cytarabine and etoposide; ELN, European LeukemiaNet; FLAI, fludarabine, cytarabine,

and idarubicin; HCT, hematopoietic cell transplantation; HCT-CI, HCT specific comorbidity index; HR, hazard ratio; mDLI, mobilized donor leukocyte infusion
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TABLE 5. Univariate and multivariate analyses of prognostic factors for relapse or progression

o Univariate analysis Multivariate analysis’
Characteristics
CIR, 2-year P-value Adjusted HR (95% CI) P-value
Age 0.386
<50 45.2%
>50 59.4%
Sex 0.375
Male 58.7%
Female 47.1%
Donor type 0.937
Matched 52.4%
Haploidentical 46.2%
Disease status at the time of prior HCT 0.038 0.064
Complete remission 43.6% 1
Active leukemia 68.8% 2.03 (0.96—4.30)
Time interval between HCT and relapse 0.454
< 5 months 41.2%
> 5 months 55.8%
BM blast percentage at relapse 0.468
<40% 45.2%
>40% 57.1%
Extramedullary disease at mDLI 0.257
No 45.7%
Yes 72.7%
ELN risk at relapse 0.256
Favorable 50.0%
Intermediate 65.4%
Adverse 36.4%
First systemic treatment for relapse 0.106
Yes 49.2%
No (second or more) 60.0%
Conditioning chemotherapy regimen <0.001 0.006
CME or AIE 44.7% 1
Others: FLA-I/AD/CLAG-M/EA 87.5% 5.11 (1.61-16.20)
Infused CD34+ cells dose 0.096 0.024
<3x10%kg 62.5% 1
>3x10%kg 47.1% 2.82 (1.15-6.94)
Immunosuppression 0.210
No 37.5%
Cyclosporine 56.7%

 Variables with P-value less than 0.1 on univariate analysis were included in multivariate analysis.

Abbreviation: CI, confidence interval; CIR, cumulative incidence of relapse or progression; ELN, European
LeukemiaNet; HCT, hematopoietic cell transplantation; HR, hazard ratio, mDLI, mobilized donor leukocyte

infusion
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3.4 Graft-versus-host disease

The incidences of all grade and grade II-IV acute GVHD were 43.6% and 40.0% at 4 months, and those
of total and moderate-to-severe chronic GVHD at 2 years were 38.2% and 20.0%, respectively. The
incidence of grade II-1V acute GVHD was significantly lower in patients who received prophylactic
cyclosporine after chemo-mDLI compared to those not receiving immunosuppressants (30.8% vs.
62.5%, P = 0.008; Figure 6). There was no significant difference in the 2-year incidence of moderate-
to-severe chronic GVHD according to immunosuppression following chemo-mDLI. Whether patients
had GVHD after prior HCT was not a significant predictive factor for the incidence of acute or chronic
GVHD after chemo-mDLI. In a subgroup of patients who received cyclosporine after mDLI,
haploidentical donors were associated with a higher incidence of grade II-IV acute GVHD than matched

sibling donors (15.4% with 95% CI of 8.1-22.6 vs. 61.5% with 95% CI of 46.9-76.1; P = 0.004).

Figure 6. The cumulative incidence of grade II-IV acute graft-versus-host disease according to the

administration of cyclosporine and donor type.
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4. Discussion

In this retrospective study, G-CSF mobilized donor leukocyte infusion following intensive salvage
chemotherapy in patients with AML relapsed after allogeneic HCT demonstrated a considerably high
CR rate, leading to long-term remission in a subset of patients. The treatment outcomes of chemo-mDLI
are comparable to those observed in second allogeneic HCT conducted at our center which
demonstrated 2-year OS rate of 21.0% and 2-year CIR of 60.2% (16). Notably, receiving chemo-mDLI
as an initial treatment for relapse, a lower BM blasts percentage at relapse, favorable cytogenetics at
DLI, a higher dose of CD34+ cells, and achieving CR at prior HCT were identified as favorable
prognostic factors in our study. These findings are in line with results from a retrospective study
conducted by the European Society for Blood and Marrow Transplantation (EBMT), which
demonstrated that BM blast percentage lower than 35% at relapse, remission prior to DLI, and favorable
cytogenetics were predictive factors for longer survival in AML patients experiencing their first relapse
after HCT (7).

We observed that an administered CD34+ cell dose higher than 3x10%kg was associated with a
significantly lower CIR and prolonged LFS compared to a CD34+ cell dose less than 3x10%kg. Several
reports have demonstrated a relationship between a higher CD34+ cell dose and favorable outcomes in
the allogeneic HCT setting. Remberger et al. observed that CD34+ cells dose lower than 5x10%kg was
associated with a lower incidence of chronic GVHD and a higher relapse rate, while CD34+ cell dose
between 6 and 7x10%kg was related to a longer OS and a lower transplant-related mortality (17). Data
from the EBMT registry on T-cell replete haploidentical HCT also demonstrated that patients receiving
a higher dose of CD34+ cells experienced faster engraftment, less NRM, and longer OS and LFS (18).
Post-transplantation remission duration has been well established as a prognostic indicator in patients
with relapsed AML after allogeneic HCT through previous studies. Even in the case of DLI, post-
transplant remission duration longer than 6 months was associated with better response and survival
(19, 20). In our study, longer post-transplant remission duration was associated with a higher CR rate
but not with survival outcomes, possibly due to a small number of patients and a relatively high rate of
early death from non-relapse causes in our study population, which need to be confirmed in a larger
prospective study.

While chemotherapy combined with DLI has consistently shown better outcomes than DLI alone (7, 8,
21), the optimal chemotherapy regimens prior to DLI has not been well established. In our study, CME
or AIE regimen resulted in a significantly lower CIR compared to other regimens in multivariate
analysis, although these results should be interpreted cautiously due to the limited number of study

participants.
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Previous studies about chemo-mDLI conducted at our center reported a similar response and long-term
survival rate as observed in the current study, but it notably exhibited a high frequency of extramedullary
relapse at 80-100% (11, 20). High frequency of extramedullary relapse after allogeneic HCT may imply
uneven GVL effect between BM and extramedullary sites (22, 23). However, in this study, the presence
of extramedullary disease at chemo-mDLI was not associated with response rate or prognosis, and
extramedullary relapses represented 35% of all relapses after chemo-mDLI. Whether the potency of
GVL effect varies depending on the disease site is unclear, and further studies are required to assess the
efficacy of chemo-mDLI for relapsed AML with the extramedullary disease.

The incidence of acute GVHD in our study is comparable with that reported in previous studies using
mDLI (19, 24) and DLI with conventional doses without intensive chemotherapy (7, 25). Notably,
patients who received chemo-mDLI from HLA-matched sibling donors with a short course of
immunosuppression exhibited a low incidence of grade II-IV acute GVHD at 15.4%, without an
increase in disease relapse. Challenges persist in chemo-mDLI from HLA-haploidentical donors, which
showed a high incidence (61.5%) of acute GVHD despite the use of cyclosporine. These results align
with findings from the previous study, which observed a cumulative incidence of 62.7% for grade II-
IV acute GVHD (8). Since donor types were not associated with survival outcomes or relapse incidence
after chemo-mDLI, strategies such as augmenting immunosuppression with post-transplantation
cyclophosphamide, antithymocyte globulin, or other immunosuppressive agents could be considered to
reduce GVHD after chemo-mDLI, particularly in HLA-haploidentical settings.

There are several limitations in our study. Firstly, the limited cohort size may produce selection bias
and result in the oversight of significant factors due to low statistical power. In addition, due to the
retrospective nature, the study population was heterogeneous, and treatment strategies were not unified.
Moreover, since our study included patients over a long period of time, factors affecting survival may
have been influenced by advances in medical technology and treatment modalities. Despite these
limitations, we suggest that chemo-mDLI is effective as the first line treatment in patients with relapsed

AML after allogeneic HCT.
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5. Conclusion

We observed that the infusion of G-CSF-mobilized donor leukocytes following intensive salvage
chemotherapy demonstrated a high CR rate and induced durable remission in a subset of patients with
relapsed AML after allogeneic HCT. This therapeutic approach may particularly benefit patients
receiving chemo-mDLI as an initial therapy for relapse, exhibiting a lower BM blasts percentage at
relapse, and achieving remission at prior HCT. However, challenges remain regarding the relatively
high rates of acute GVHD in haploidentical settings and the high incidence of disease relapse in the
entire cohort. Further prospective studies involving larger patient cohorts and varying GVHD
prophylactic approaches according to donor types are warranted to define optimal therapeutic strategies

for chemo-mDLI in patients with relapsed AML after HCT.

List of abbreviations

AD Cytarabine and daunorubicin

AIE Cytarabine, idarubicin, and etoposide

AML Acute myeloid leukemia

BM Bone marrow

CI Confidence interval

CIR Cumulative incidence of relapse or progression
CLAG-M Cladribine, cytarabine, and mitoxantrone

CME Cytarabine, mitoxantrone, and etoposide

CR Complete remission

DLI Donor lymphocye infusion

EA High dose cytarabine and etoposide

EBMT European Society for Blood and Marrow Transplantation
ELN European LeukemiaNet

FLAI Fludarabine, cytarabine, and idarubicin

G-CSF Granulocyte-colony stimulating factor

GVHD Graft-versus-host disease

GVL Graft-versus-leukemia

HCT Hematopoietic cell transplantation

HCT-CI Hematopoietic cell transplantation specific comorbidity index
HLA Heuman leukocyte antigen

HR Hazard ratio

LFS Leukemia-free survival

mDLI Mobilized donor leukocyte infusion

NRM Non-relapse mortality

(0N} Overall survival
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