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Disease relapse represents by far the most frequent cause of hematopoietic

cell transplantation (HCT) failure. Patients with acute leukemia suffering relapse

after HCT have limited conventional treatment options with little possibility of

cure and represent, de facto, suitable candidates for the evaluation of novel

cellular and biological-based therapies. Donor lymphocyte infusions (DLI) has

been one of the first cellular therapies adopted to treat post HCT relapse of

acute leukemia patients and still now, it is widely adopted in preemptive and

prophylactic settings, with renewed interest for manipulated cellular products

such as NK-DLI. The acquisition of novel biological insights into pathobiology

of leukemia relapse are translating into the clinic, with novel combinations of

target therapies and novel agents, helping delineate new therapeutical

landscapes. Hypomethylating agents alone or in combination with novel

drugs demonstrated their efficacy in pre-clinical models and controlled trials.

FLT3 inhibitors represent an essential therapeutical instrument incorporated in

post-transplant maintenance strategies. The Holy grail of allogeneic

transplantation lies in the separation of graft-vs.-host disease from graft vs.

tumor effects and after more than five decades, is still the most ambitious goal

to reach and many ways to accomplish are on their way.
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Introduction

Allogeneic hematopoietic cell transplantation (HCT) is a

potentially curative treatment for acute myeloid leukemia

(AML). However, despite the reduction in toxic death rates

due to better supportive care and less intense preparative

regimens, the corresponding figures of overall (OS) and

leukemia-free survival (LFS) have not changed consensually

over time (1, 2). This is because disease relapse incidence (RI)

after allogeneic HCT remained stable, representing de facto, the

most common cause of HCT failure today (3). Relapse risk is

higher in the first 12 months after HCT and the prognosis for

those patients is generally poor (4). A recent retrospective

analysis conducted by Colleagues from Japan, showed that

among 1265 adult AML patients transplanted in complete

remission (CR), RI was 29% during the first 6 months after

HCT, at a median of 6.1 months, then declined to less than 5% at

3-years. For those suffering relapse of the hematologic disease,

OS was of 19% at 2-years, with time from HCT to relapse

identified as the most relevant risk factor for survival (5). A

recent single center analysis on 148 AML and myelodysplastic

(MDS) patients relapsed after allogeneic HCT, showed a median

survival of only 6 months (6). Several risk factors accounted for

higher relapse risk, depending both on disease biology, and on

transplant characteristics (7–9).

From a biological perspective, the mechanisms underlining

AML relapse are multifaced and mainly attributable to the loss of

Graft vs. leukemia (GvL) effect, causing the evasion of tumor

cells from allorecognition (10). Genomic loss of mismatched

HLA haplotype, HLA downregulation, inhibition of allogeneic T

cells response through overexpression of inhibitory receptors,

perturbation of anti and pro-inflammatory cytokines

productions are the best-known alterations at the molecular
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level (Table 1). HLA loss may contribute to leukemic escape after

allogeneic HCT with a variable frequency, depending on donor

type and timing of relapse: studies conducted on patients

allografted with T-cell replete haploidentical transplants,

showed that AML cells can escape immunologic control

through loss of the mismatched HLA in almost one third of

cases, although the potent lymphocytolytic action exerted by

cyclophosphamide against potent donor alloreactive T-cells

clones (11, 12). Only recently, HLA loss has been described

also in the setting of T-cell depleted haploidentical HCT (13).

Other than haploidentical setting, HLA-loss has been observed

in 4-12% with unrelated donors and only sporadically with

HLA-matched siblings (14). Quite surprisingly, there are no

reports of HLA loss in the setting of cord blood transplantation.

Transcriptional downregulation of HLA-class II may lead to

decreased antigen recognition by T-cells (15, 16). Irreversible

genetic HLA loss in HLA-matched unrelated donor recipients

suggests that allorecognition depends also on minor-

histocompatibility antigens (17). In fact, loss of class II HLA

expression, coupled with overexpression of inhibitory

checkpoints molecules represent viable immunologic escape

from donor-derive T-cells AML recognition (18). Recent

evidence shows a thigh association between epigenetics and

tumor immune escape, identifying PRC2 as a key driver of

HLA class II loss of expression, modulating chromatin

accessibility (19). AML cells of post-HCT relapsed patients

express PD-L1, CD80 and CD112. Recent evidence suggests

that ex vivo PD-L1 inhibition may elicit T-cells proliferation and

IFN-gamma production, contributing to the restoration of GvL

effect against tumoral cells (20). Leukemic cells may also escape

GVL effect by acquiring immunoregulatory properties or losing

sensitivity to immunologic cell-killing. The increase of anti-

inflammatory cytokines on one hand and the reduction of
TABLE 1 Tumor Mechanisms of Immune Evasion after allogeneic HCT.

Mechanism Frequency Therapy

Immune checkpoint inhibitors

Epigenetic upregulation of inhibitory molecules (i.e. PD1;
CTLA4)

Not assessed Pharmacological Immune checkpoint blockade

> Anti-inflammatory Cytokines

TGF-b attenuate immune-mediate leukemic cell killing Not assessed TGF-b pharmacological inhibitors

IL-4 and IL-10 antagonize immune tumor cell killing Not assessed IL-4/10 blockade

< Pro- inflammatory Cytokines

IL-15 contributes to the immunologic counterresponse vs.
tumor cells

Not assessed IL-15 superagonist complex

Oncogenes

Oncogene-driven immune escape; JAK2, KRAS, FLT3 Not assessed driving signaling pathway Inhibition

Impaired tumor cell recognition

Loss of HLA I expression 30% in T-Cell Replete-Haplo; 4-12% with Unrelated
donors

Second Transplant

Downregulation of HLA class II Up to 30% overall therapeutic strategies to resensitize AML cells to
GvL
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pro-inflammatory cytokines on the other, both play an

important role in the complex mechanism of leukemia

immunological escape after HCT. The production of anti-

inflammatory cytokines, such as TGF-b tend to attenuate

immune responses and make leukemic cells less immunogenic

for T-cell mediated attack (21, 22). Proinflammatory cytokines

such as IL-15 are, conversely, produced by healthy cells, and

contribute to remove leukemic blast cells and also to generate

memory stem T-cells from naïve T-cells, contributing to the

immunologic counterresponse directed to tumor cells (23).

Lastly, the acquisition of novel oncogenic mutations as well as

loss of tumor-suppressant genes in leukemic cells may

contribute to relapse after allogeneic HCT. The relapse after

allogeneic HCT of patients with MDS has been linked to the

expansion of disease subclones (24). The comparisons of

mutational and chromosomal alterations between diagnosis

and post-HCT relapses in leukemic patients revealed

modifications in the genomic asset (25).
Donor lymphocyte infusions

The use of DLI has been reported more than three decades

ago for the treatment of patients with leukemia relapsing after

HCT, based on the rationale that GvL effect reduces the risk of

disease relapse following HCT (26–29). From a biologic

standpoint, DLI effect on malignancies is thought to be

mediated primarily through reversal of T-cell exhaustion,

while increased tolerance and anergy are some of the

mechanisms involved in DLI resistance (30). Responder’s

patients’ blood is enriched in late-differentiated T cells before

the cellular product infusion and in early-differentiated T-cells

after DLI, suggesting that the expanding T-cell populations are

probably deriving from pre-existing clones rather than from DLI

(31). The analysis of blood samples from patients relapsing after

HCT revealed features of T-cell exhaustion of both CD4+ and

CD8+ T-cells, with high levels of PD-1, T-cell immunoglobulin

and mucin-domain containing-3 (TIM3), Cytotoxic T-

Lymphocyte Antigen 4 (CTLA4), Lymphocyte Activating

gene-3 (LAG-3) (32). These cells have a net reduction of their

proliferative capacity and cytokine production. The T-cell subset

most involved from such a perturbation are the antigen-trained

effector and central memory (33). Patients responsive to DLI

exhibit a reversal from the exhaustion state, with downregulation

of exhaustion markers and recovery from function disability.

The analysis of CD8+ T-cells TCR repertoire of DLI recipients is

characterized by a lower diversity, suggesting, in the context of

effective GvL with low or absent graft-versus-host disease

(GvHD), a lower reactivity towards minor histocompatibility

antigens (34). Patients receiving DLI for relapse of the

hematological disease after HCT, the expansion of CD8+

clones after the infusion is a viable tool able to predict durable

remission (35).
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DLI are conventionally infused in two different scenarios: in

patients deemed to be at higher risk of disease relapse after HCT,

such as those with unfavorable cytogenetics and/or molecular

profile, active disease at the time of transplant, or those receiving

T-cell depleted grafts, DLI is given for prophylaxis of relapse. On

the other hand, the persistence of measurable residual disease

(MRD), or the presence of mixed chimerism (MC) after HCT,

they both represent indications for DLI infusion in a pre-

emptive therapy setting (Table 2). DLI demonstrated to be

very limited in the treatment of overt hematologic relapse, as

several reports described (52). A dose-escalation protocol is

generally the first choice, to mitigate the risk of GvHD without

compromising GVL. The most appropriate starting dose and the

subsequent escalation is upon physician choice, depending on

both clinical and biological variables such as disease

characteristics, conditioning regimen adopted, donor type and,

probably the most relevant single factor, the time from HCT.

Timing of DLI administration is generally not inferior to six

months after HCT, because the very high-risk of inducing acute

GvHD. A putative role for such a situation may be played by

antigen presenting cells, that are gradually replaced from host to

donor origin. A lower first dose seems appropriate when infusing

DLI from haploidentical donors (53). DLI may not be

administered because of early disease relapse, active GvHD or

history of severe GvHD, marked cytopenia and severe active

infections. The incidence and severity of post-DLI GvHD is

critically dependent on some key points: time from HCT to DLI,

degree of HLA disparity and the aliquot of lymphocyte infused

with each DLI (54). Retrospective analysis and registry data

indicate that DLI provide greater chances of treatment success

when the tumor burden is low or only at the molecular level (55).
Pre-emptive DLI

Pre-emptive DLI has been used to eradicate MRD and

promote donor chimerism after allogeneic HCT, with relevant

benefits for recipients, respect to therapeutic DLI (56, 57). A

recent study compared therapeutic DLI respect to pre-emptive

strategy for the treatment of molecular and hematological

relapses. The Authors reported on a single-center experience

conducted on 342 adult AML patients allografted between 2009

and 2017. A total of 93 patients received DLI, of whom 42 as a

pre-emptive infusion (based on molecular monitoring) and 51

for frank hematologic relapse. Median OS was 40.9 months vs.

10.4 months, for pre-emptive infusion and for frank relapse,

respectively; of note, survival was inferior for those with

molecular MRD respect to those deemed at high-risk from a

clinical standpoint or with mixed chimerism only (49). Similarly,

DLI was given to patients who showed early signs of relapse such

as persisting MRD, reappearance of molecular markers of the

leukemia, or mixed chimerism (58). A recent meta-analysis

investigating the role of preemptive DLI for adult AML and
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MDS patients, including 222 patients from 8 studies, showed a

survival of 72% after a median follow up of 46 months, with

acute and chronic GvHD incidence of 20% and 25%, and non-

relapse mortality (NRM) rates of 52% (59). A single-center

retrospective analysis from China compared the outcomes of

adult leukemia patients with high-risk features treated with

preemptive compared to a prophylactic approach. One

hundred and fifty-five patients received preemptive DLI vs. 95

patients receiving prophylactic DLI. The patients were stratified

into five risk groups. There was an overall advantage for patients

of very high-risk group receiving prophylactic DLI in terms of

survival and relapse incidence. This strategy was also useful for

MRD-positive patients before HCT (51). Colleagues from King’s

College reported on the outcome of 113 adult AML/MDS

patients treated with preemptive (n= 62) or therapeutic (n=

51) DLI after reduced intensity conditioning (RIC) HCT, with

anti-thymocyte globulin (ATG) (n= 14) or Alemtuzumab (n=

99) for GvHD prophylaxis. Preemptive DLI were given to restore

a mixed donor chimerism. Patients treated with preemptive DLI

experienced OS of 80% and leukemia-free survival (LFS) of 65%,

respect to a dismal 40% OS of those receiving therapeutic DLI,

with a 5-year relapse rate of 69%. Cumulative incidence of
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GvHD for preemptive DLI was 31% (50). A retrospective

analysis of preemptive DLI in 80 adult patients with acute

leukemia after HCT demonstrated survival advantage for

patients with positive MRD, receiving DLI. The MRD

monitoring was performed on WT1 transcripts. The

cumulative incidence of relapse was 16% in MRD-negative

patients, compared with 6% of MRD-positive patients treated

with DLI and 63% of MRD-positive patients without DLI (37).

In order to maximize the eradication power of preemptive DLI

respect to MRD, Investigators from China evaluated the

combination of antiblastic chemotherapy and modified DLI in

ATG-based T-cell replete allogeneic HCT in a comparative study

between chemotherapy and DLI vs. DLI alone in high-risk AML/

MDS, with similar results in terms of MRD-negativity (38).
Prophylactic DLI

In the setting of very high-risk acute leukemia the infusion of

DLI may be considered within a very strict time frame, very close

to HCT. Patients harboring unfavorable cytogenetics, poor-risk

mutations at the molecular level or diseases in florid expansion
TABLE 2 DLI studies in allogeneic HCT for AML.

Study Patients Indication Med.N Median
CD3+/kg

Response GvHD OS

Guillame (36) 30 - prospective Prophylaxis 3 n.a. 2-y RI: 27.6% Gr.I-III acute:31% - cGvHD 2-y: 53% 2-y: 65.5%

Dominietto (37) 80 - retrospective Treatment n.a. n.a. MRD+ RI:36%
MRD- RI:16%

n.a. 3-y MRD+: 78%
3-y MRD-: 26%

Mo (38) 101 - retrospective Pre-emptive n.a. 3.5x107 3-y RI: 39.5% aGVHD: 8.9%
cGVHD 3-y: 21.6%

3-y DFS: 51.7%

Schmidt (39) 75 - prospective Prophylaxis 2 n.a. 1-y RI: 27% Gr.II-IV aGvHD: 25%
cGVHD: 45%

2-y OS: 42%

Jedlickova (40) 46 - retrospective Prophylaxis 3 MSD: 1x106

MUD: 5x105
7-y RI: 22% Gr.II-IV aGvHD: 11.7%

cGVHD: 23.5%
7-y: 67%

Mohty (41) 24 -prospective Prophylaxis 1 n.a. 2-y RI: 54.2% Gr.II-IV aGvHD: 16%
cGvHD: 37.5%

2-y: 38%

Gilman (42) 35 - prospective Prophylaxis n.a. 5x104 2-y RI: 14% Gr.II-IV aGvHD: 11%
cGvHD: 16%

2-y: 69%

Cauchois (43) 36 - retrospective Prophylaxis 1 5x105 1-y RI: 16% 1-y cGvHD: 33% 1-y: 76%

Yang (44) 34 - retrospective Prophylaxis n.a. 3.8x107 5-y RI: 20.5% Gr.II-IV aGvHD: 17.6% 5-y: 67.8%

Sheth (45) 224 - retrospective Pre-emptive 2 1x106 2-y: 38% Gr.III-IV aGvHD: 13% - cGvHD: 37% 5-y: 54%

Zhang (46) 28 - prospective Prophylaxis 1 2x107 3-y RI: 26.1% aGVHD: 25.8% - cGVHD 3-y: 21.6% 3-y: 48.9%

Bug (47) 18 - prospective Prophylaxis 2 ArmA: 0.2x106

ArmB: 0.9x106
2-y RI: 20% cGvHD 2-y: 29% 2-y: 81%

Kalin (48) 110 - prospective Prophylaxis 2 n.a. 2-y RI: 35% Gr.II-IV aGvHD: 24% - cGvHD: 22% 2-y: 50%

Rettig (49) 42 - retrospective Pre-emptive 6 2.3x106 2-y RI: 21% aGvHD: 29%
cGvHD 14%

Median: 40.9 mo.

Kryshnamurthy (50) 62 - retrospective Pre-emptive n.a. 1.5x106 n.a. aGvHD 7.5% -
cGvHD 29%

5-y: 83%

Yang (51) 250 - retrospective 155 pre-emptive
95 prophylaxis

n.a. n.a. 3-y RI: 42.8% n.a. 3-y: 50.8%
No., number; Med.N, median number; AZA, azacytidine; DEC, decitabine; PBS, panobinostat; RI, relapse incidence; cGvHD, chronic graft vs. host disease; aGvHD, acute graft vs. host
disease; OS, overall survival; Gr, Grades.
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at the time of transplantation, need any effort to minimize

disease relapse occurrence. Prophylactic DLI play a delicate

role in such a complex scenario. Schimd et al. elaborated a

sequential chemotherapy regimen followed by RIC HCT and

ATG infusion (39). The early withdrawal of immunosuppression

followed by prophylactic escalated dose DLI if no GvHD

occurred was planned. A total of 75 AML patients with high-

risk features were treated, twelve received the planned DLI. Two-

year OS and LFS were 40%. Cumulative incidences of grade II–

IV acute GvHD and chronic GvHD were, respectively, 49% and

45%. In a subsequent, recent retrospective analysis conducted on

45 high-risk AML and MDS patients, the majority with active

disease at HCT, transplanted with the FLAMSA-RIC platform

followed by DLI the Authors compared their outcome with a

historical group of similar patients who have undergone the

FLAMSA-RIC protocol without DLI. Long-term results were in

favor of patients receiving DLI, with 7-year OS and LFS of, 78%

vs. 34% and 68% vs. 38%, respectively (40). In an attempt to

ameliorate the long-term clinical outcomes of FLAMSA-RIC

platform and to reduce the total body irradiation (TBI) and

amsacrine-associated toxic rates, The French published the

results of a multicenter prospective phase 2 study, evaluating

the efficacy of an alternative sequential regimen of clofarabine-

based chemotherapy, with cytarabine and busulfan-based RIC

allogeneic HCT, followed by prophylactic DLI for AML in

primary induction failure. With a median follow-up of 24.6

months, the 2-year OS and LFS were 38% and 29%, respectively,

with 2-year NRM of 12% (41). A Chinese study examined

prophylactic use of decitabine followed by DLI was planned in

28 adult AML patients with TP53 or epigenetic mutations. No

DLI-associated pancytopenia was observed. The cumulative

incidences of grade II-IV and III-IV acute GvHD at 100 days

post-DLI were 25.8% and 11%, respectively. Chronic GvHD

incidence at 3 years was 21.6%. Non-relapse mortality and

relapse at 3 years post-DLI were 25% and 26.1%, respectively.

The 3-year LFS and OS were 48.9% and 48.2%, respectively.

Acute GvHD (HR: 2.30, p = 0.016) and relapse (HR: 2.46, p =

0.003) after DLI were independently associated with inferior OS

(46). Researchers from North Carolina reported on a phase I/II

study of prophylactic DLI followed by methotrexate for GvHD

prophylaxis after CD34-selected haploidentical donor

transplant. A prophylactic DLI was given between day +30

and +42. Rituximab was given with DLI for the last 10

patients. The goal of the study was to determine a DLI dose

that would result in a CD4+ cell count > 100/µL at Day +120 in ≥

66% of patients with ≤ 33% grade II-III, ≤ 17% grade III, and no

grade IV acute GvHD by Day +180. Thirty-five patients with

malignant (n = 25) or nonmalignant disease (n = 10) were

treated after CD34-selected haploidentical donor peripheral

blood stem cell transplant. The DLI dose of 5 × 104 /kg met

the CD4/GvHD goal with 67% of patients having CD4+ cells >

100/µL and 11% grade II-IV acute GvHD. The cumulative

incidence of chronic GvHD was 16%. Fatal viral and fungal
Frontiers in Oncology 05
infections occurred in 11%. The 2-year estimated overall survival

was 69% and the relapse rate was 14% for patients in remission

at transplant. There was no effect of NK alloreactivity on relapse

(42). Jaiswal et al. evaluated the role of prophylactic DLI in PT-

Cy-based T-cell replete HCT. The Authors reported on twenty-

one AML patients receiving modified DLI, with ongoing

immunosuppression with cyclosporine. Relapse incidence was

21% at 1-year, with acute GvHD incidence of 31%, with first DLI

infused at day+21, suggesting that concomitant GvHD

prophylaxis might control alloreactive T-cells causing GvHD

(60). Cauchois er al. described a cohort of 36 patients affected by

high-risk hematologic malignancies (AML, n= 21) allografted

from haploidentical donors with PT-Cy based GvHD

prophylaxis, receiving dose escalated DLI in a prophylactic

setting. The one-year relapse incidence (RI) was 16%, while

LFS was 76% (43). Researchers from China showed encouraging

results from a matched-pair analysis of a cohort of 34 AML

patients treated with prophylactic DLI after ATG-Fresenius

based haploidentical HCT. Five-year OS and LFS were both

superior for the experimental arm, with a significant lower rate

of RI. Cumulative incidence of grades III-IV acute GvHD was

9.1%. In the multivariate analysis, DLI was an independent

variable associated with higher LFS, OS and relapse (44). A

recent retrospective comparative analysis demonstrated that the

timely administration of prophylactic DLI for relapse prevention

in mixed chimerism after unrelated donor HCT with

alemtuzumab for GvHD prophylaxis, is associated with longer

OS, LFS and lower RI respect to patients with MC who did not

receive DLI, and superimposable to those achieving complete

chimerism after HCT (45). EBMT recently published results

from a retrospective analysis conducted on 173 patients

transplanted from haploidentical donor with post-transplant

cyclophosphamide as GvHD prophylaxis. Indication for DLI

were prophylactic (34.3%), preemptive (11.6%), and therapeutic

(54.1%). Active disease was the most important single factor

associated with worse survival in all three settings. Acute GvHD

rates were superimposable but a trend towards higher chronic

GvHD was observed for those in the prophylactic group (61).
Donor-derived NK DLI

The modification of the cellular product through cell

selection has shown in the last few years promising anti-tumor

effects with less attrition towards graft-versus- host reactions

respect to conventional DLI (62). The rationale behind NK-DLI

is the strong alloreactivity exerted by NK cells respect to tumor

antigens, without inducing high rates of potentially fatal GvHD.

The problem with such a therapeutic modality lies in the short-

persistence of NK cells, mainly due to the inhibition played by

regulatory T-cells (Treg) and myeloid suppressor cells on one

side, and by tumor-induced NK cells anergy on the other (63–

65). Several strategies have focused on generating large number
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of NK cells persisting in vivo, to retain their efficacy in the long-

term. NCT018853358 was a phase I clinical trial evaluating the

safety of donor-derived NK cells, ex vivo activated by IL-2, as

maintenance therapy after allogeneic HCT. A total of 16 patients

received DLI-NK between day +60 and +90 after HCT. Four

patients developed chronic GvHD (including one severe). At last

contact, 11 out of 16 patients were in CR without GvHD (66).

Shapiro et al. showed excellent outcomes for patients affect by

AML, infused with NK cells followed by IL2 administration to

expand and maintain the transferred cell product, in the context

of haploidentical HCT. The Authors incubated NK cells with IL-

12, IL-15 and IL-18 to generate a cytokine-induced memory-like

phenotype and treated so far six patients. No cases of GvHD

developed but almost all patients experienced pancytopenia (67).

To overcome the limited therapeutic potential of AML

immunotherapy involving NK cells due to very low numbers

of harvested cells in peripheral blood, Colleagues from MD

Anderson employed a method to obtain high doses of NK cells,

using K562 feeder cells expressing membrane-bound IL21 and

4-1BBL and presented their results of a phase I/II study and

long-term follow-up. A total of 25 patients with myeloid

malignancies receiving haploidentical HCT. Three doses of

donor NK cells were administered on days −2, +7, and +28.

After a median follow-up of 24 months, the 2-year RI was 4% vs.

38%, and LFS was 66% vs. 44% respect to contemporaneous 160

case-match controls from CIBMTR dataset. Acute GvHD

occurred in ten patients (nine had grade 2 and one with

grades 3/4). The patient who developed severe acute GvHD

was a male with an older female donor. No patient developed

chronic GvHD; these highly activated and cytotoxic

“superbright” NK cells upregulated CD56 expression, CD16

and cell surface activating receptors (NKp30, NKp44, DNAM-

1, NKG2D, and others). They were hyper functional compared

with NK cells from PB, possessing high cytotoxicity and cytokine

production (68).

Several ongoing clinical trials are evaluating the role of NK-

DLI in terms of safety and efficacy against myeloid malignancies

relapsing after allogeneic HCT. Investigators from Basel are

performing a phase I/II clinical trial of the application of

expanded NK cells following haploidentical HCT for AML/

MDS (NCT03300492). The ELIT-AML01 trial (NCT03597321)

is a French-based prospective multicenter randomized study

examining the role of early prophylactic DLI after HCT for AML

patients. Investigators from North America are examining the

efficacy of NK-DLI administered with Toll-like Receptor 9

(TLR9) agonist from a 7-8/8 HLA-matched related/unrelated

donor or 4-6/8 HLA-matched related donor, following RIC or

nonmyeloablative HCT for myeloid and lymphoid diseases in a

randomized phase II study (NCT02452697). A phase I study on

manipulated DLI, is investigating if DLI depleted of TCR-ab T

cells and B cells can be infused on Day 28 following allogeneic

HCT without inducing grade III-IV acute GvHD. The study will

treat ten participants, five of which will have 10/10 HLA
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matched sibling donors while the others will have

haploidentical donors (NCT03939585)
Other manipulated DLI

In an attempt to reduce alloreactivity, the blockade of T-cells

costimulatory molecules, such as cytotoxic T-lymphocyte-

associated protein 4-immunoglobulin (CTLA4Ig), has been

explored in pediatric haploidentical HCT, with acceptable

results. Based on such a rationale, Colleagues from India

published their experience of a comparison of two DLI-based

clinical protocols, evaluating the efficacy of prophylactic early

conventional DLI vs. CTLA4Ig-primed DLI. Supported by

preclinical data, indicating a sparing-effect played by CTLA4Ig

respect to NK cells, the Authors showed lower NRM (4% vs.

14.4%) and RI (15.7% vs. 31.1%) in CTLA4Ig-DLI group, as well

as acute and chronic GvHD in the CTLA4Ig-DLI group (9.6%

and 15.3% vs. 18.8% and 36.5% in the DLI group, respectively

(69, 70). Investigators from Montreal developed a

haploidentical, naïve T cells-enriched product, depleted of

recipient-alloreactive T cells, called ATIR101 and infused it

after a T-cell depleted haploidentical HCT in a Phase II

multicenter study of 23 patients with acute leukemia,

comparing clinical results with an observational cohort of

HCT recipients. NRM at 1-year was inferior for patients

receiving ATIR101 respect to recipients of conventional

haploidentical HCT, as well as improved GRFS (71). A Phase I

dose-escalating study explored safety and efficacy of naïve T-cells

depleted DLI, following HLA-identical nonmyeloablative HCT

for hematologic malignancies. One patient developed grade 2

acute GvHD of skin and GI, one moderate chronic GvHD of the

lungs following the DLI. After a median follow-up of 2.8 years,

2-year progression-free and overall survival were 50% and 68.8%

(72). Another phase I trial explored the combinatorial effects of

the co-infusion of dendritic cells followed by DLI in a group of

16 patients with disease relapse after HCT. Of 14 evaluable

patients, four achieved long-term remission, with one patient

developing grade II acute GvHD (73). Citokine-induced killer

(CIK) cells are another type of adaptive non-specific

immunotherapy with potent anti-tumor activity against

hematological malignancies (74). They are made up of cells

bearing the CD3+CD56+ phenotype along with up-regulation of

the NK cell receptor NKG2D. Their mechanism of action is not

MHC-restricted, and possesses the dual capability of both T-cells

and NK-cells (75). A comparative German-based study on the

efficacy of CIK and DLI in hematological patients (AML, n= 31)

with hematologic or molecular relapse after HCT, or active

disease at HCT, showed superior survival rates, with 6-months

OS of 77% and 57% in favor of CIK, with 81% vs. 50% for those

patients receiving prophylactic infusions. A total of 19 DLI

(35%) and 9 CIK cell recipients (25%) developed acute GvHD,

with grades III-IV in 5 DLI recipients and one CIK cell recipient
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(76). CIK cells have also been tested in an Italian-based

multicenter phase II clinical trial, where 74 relapsed patients

after HCT were scheduled for receiving a sequential infusion of

two DLI and three CIK cells. Forty-three patients received all

planned infusions. Twelve patients developed acute GvHD, with

five grades III-IV; eleven patients developed chronic GvHD.

Disease control for this difficult to treat selected patient

population was not completely satisfying, with 3-year OS and

LFS of 40% and 29%, respectively for CIK cells (77). The use of

CAR-T cells for AML treatment is still an unmet need, due to

unique biologic leukemic cells characteristics, that make them an

arduous target for biologic treatments. Car-engineered CIK cells

with transposone technology are currently being explored in

pre-clinical studies (78).
Hypomethylating agents

Hypomethylating agents

Nucleoside analogs of cytidine, hypomethylating agents

(HMA) are DNA methylation blockers, approved for the

treatment of AML and MDS. Their immunomodulatory

properties make them appealing molecules in the HCT context,

as pharmacologic agents employed in the maintenance phase

after transplant. HMA are capable of up-regulate several key

elements involved in immunogenicity and immune recognition,

such as HLA class 1 antigens and tumor-associated antigens such

as cancer-testis antigen (79, 80). Moreover, HMA can induce

upregulation of both attractive chemokines such as C-X-C Motif

Chemokine Ligand 9 (CXCL9) and immune checkpoints and

respective ligands, such as Programmed cell death protein 1 (PD-

1), and its respective ligand PD-L1 (81). Several reports indicate

that HMA can also restore the expression of a group of NK

ligands and killer Ig-like receptors, modulating, de facto, the

innate immune system (82). Lastly, HMA have shown to induce

both in animal models and in human patients, a regulatory

phenotype on mature CD4+ T-cells and effector memory

phenotype on CD8+ T cells (83, 84).

Colleagues from MD Anderson published more than one

decade ago the first experience with HMA in the post HCT

setting. The report included 17 patients allografted for AML and

treated with subcutaneous azacytidine (AZA), both as salvage for

relapsed disease (n= 9) or as maintenance treatment (n= 8).

After a median follow-up of 16 months after HCT, one-year LFS

and OS were 55% and 90%, respectively, without relevant

adverse events, nor GvHD exacerbation observed (85). The

same Group published the results of a phase I study involving

45 high-risk AML and MDS patients (67% with progressive

disease) undergoing allogeneic HCT, receiving daily AZA

starting from day +40 after HCT. The Authors concluded that

AZA at 32 mg/m2 for 5 days, for at least 4 cycles could prolong

survival estimates for such high-risk patients (86). Decitabine
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investigated analogously several years ago in a phase I single-

Center trial among 24 AML/MDS adult patients. After a median

follow-up of 16.7 months, the rate of complete remission was

28%, and 2-year OS was 56%. Most toxicities appeared at

maximum dose of 15 mg/m2 (87). The first RELAZA trial and

the subsequent, RELAZA 2, investigated AZA as a maintenance

agent after allogeneic HCT in patients with advanced MDS and

AML, in a pre-emptive setting. RELAZA enrolled 37 adult AML

patients receiving a RIC HCT between 2007 and 2010, and all of

them had chimerism level measured on peripheral blood

dropping below 80%. After a median of 4 cycles of AZA, 80%

of patients had stable or improved MRD, without hematologic

relapse. No new onset of GvHD was reported, among those

without a previous manifestation of GvHD (88). In the

subsequent RELAZA 2, a total of 60 AML and MDS MRD-

positive patients in hematological CR did receive AZA 75 mg/

m2 per day subcutaneously on days 1-7 of a 29-day cycle for 24

cycles. The primary endpoint was the proportion of patients who

were relapse-free and alive 6 months after the start of pre-

emptive treatment. With a median follow-up of 13 months after

the start of MRD-guided treatment, LFS at 12 months was 46%

in patients who were MRD-positive and received AZA. With a

median time to relapse of 422days after HCT, the Authors

suggested that AZA administration in MRD-positive AML

patients, might delay disease relapse. Study limitations

included the small sample size and the non-randomized design

(89). RICAZA trial assessed safety and tolerability of the

administration of AZA during the first 12 months after RIC-

HCT for adult AML patients. Of the 51 enrolled patients, 37 did

receive AZA, starting at a median of 54 days after HCT. A total

of 16 patients relapsed at a median time of eight months after

HCT. No extensive chronic GvHD was observed. Of note,

Authors demonstrated that patients developing a tumor-

specific CD8+ T cell response experienced a reduced risk of

disease relapse (90). CALGB100801 was a phase II single-arm

multicenter study exploring the efficacy and tolerability of AZA

incorporation within RIC for high risk MDS/AML. A total of 63

patients received a conditioning regimen incorporating targeted

Busulfan-based regimen, with ATG for GvHD prophylaxis;

Forty-one patients received AZA at 32 mg/m2 for 5 days, at a

median of 61 days after HCT. NRM and RI at 2 years were 33.4%

and 25%, respectively; LFS and OS were 26.9% and 31.2% at 5

years. Grades II-IV and III-IV acute GvHD at 100 days were of

36.5% and 12.7%, respectively. The cumulative incidence of

extensive chronic GvHD at 2 years of 14% (91). Colleagues

from France reported on a phase II study of the combination of

low-dose AZA and DLI. The study enrolled 30 AML and MDS

patients with high risk of disease recurrence. AZA began in

median 66 days after HCT at the dosage was 32 mg/m2 for five

days in a 28-day cycle. DLI were scheduled at escalating doses

after cycles 3, 5 and 7. The experimental arm showed an inferior

relapse incidence respect to a historical control group, although
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not statistically significant, with 2-year RI of 27% vs. 41% (36).

Two different multicenter randomized trials explored the role of

HMA as a maintenance treatment for AML/MDS patients after

allogeneic HCT. In the first, a total of 187 adult AML or MDS

patients were randomized to AZA at dose of 32 mg/m2 for five

days in 28-days cycle, up to 12 cycles or observation. The

screening failure rate was considerable and time to accrual

slow. A total of 24 patients among the 93 patients assigned to

maintenance, could complete all the planned twelve cycles; the

median time to treatment start was day+63 after HCT. Quite

disappointingly, AZA maintenance failed the primary object of

the study, with a median LFS of 2 and 1.8 years, for AZA vs.

control group, respectively (p = 0.43) (92). The latter was

conducted in China and investigated the combination of

recombinant human granulocyte-colony stimulating factor

with decitabine, to augment the rate of decitabine entry in

leukemic cells, as post-HCT maintenance. The Investigators

randomized AML patients to receive G-CSF 100 mg/m2 from

day 0 to 5 and decitabine 5 mg/m2 on days 1-5 in 6 weeks cycle,

up to a maximum of 6 cycles (G-DEC group) or observation

only in the control group. A total of 204 high-risk adult AML

patients were enrolled. The primary object of the study was met,

with 2-year RI of 15% for the experimental arm and 38% in the

control group. Of note, in a multivariate model, increased NK

cells were associated with a lower relapse incidence (93). The

oral formulation of AZA, CC-486, allows for extended DNA

demethylation by using longer cycle scheduling (94). De Lima

reported results of the prospective multicenter phase I/II dose-

finding study of CC-486 maintenance treatment after allogeneic

HCT in AML and MDS. A total of 30 adult patients did receive

CC-486 at four different dosing schedules in 28 days cycles,

starting between 42 to 84 days after HCT. Three patients (10%)

experienced grade III acute GvHD and nine chronic GvHD. Of

28 evaluable patients, 6 (21%) relapsed or had progressive

disease. At 19 months of follow-up, median overall survival

was not reached. The One-year relapse-and LFS rate was 72%

with 14-day schedule dosing (95). AMADEUS is a prospective

(NCT04173533), two arm, double-blind, phase III clinical trial

in allografted patients for AML and MDS, randomized to receive

CC-486 or placebo upon engraftment for up to one year as

maintenance therapy. Patients will be stratified by type of

transplant, myeloablative or RIC, by age (<60/≥ 60 years) and

donor type (sibling/unrelated). Estimated completion date is

2025. Primary objective is to assess LFS at one year from

randomization of oral AZA compared with placebo.

Gaudecitabine (GDC) is a next-generation HMA, with

improved pharmacokinetics and greater DNA methylation

than decitabine. The phase 2 trial NCT02684162 – is exploring

the efficacy of GDC as a mean to control disease relapse after

allogeneic HCT. Primary objective of the study is the CR rate of

GDC with or without DLI for the treatment of hematologic

relapse or MRD in adult AML/MDS patients after

transplantation. Interim analysis was recently presented: GDC
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was given as 30 mg/m2/die for 5 days every 28 until completion

of 12 cycles and started between 42 to 100 days after HCT. For

22 treated patients, after a median follow-up of 13.1 months, LFS

and OS at 1-year were 66.3% and 88.9%, respectively (96).
Combinations of HMA with other agents

Combining the polymorphic effects of HMA with novel

molecules for disease relapse prevention after allogeneic HCT

among AML patients are ongoing. NCT04055844 is a multi-

center, single-arm, open-label, phase II trial for the frontline

treatment of relapsed AML or MDS following HCT. Enrolled

patients will receive up to four cycles of DEC plus JAK2 inhibitor

Ruxolit inib and DLI. The Group Francophone del

Myélodysplasies is conducting a prospective single-arm phase

II trial evaluating the efficacy of a novel product based on the

combination of oral decitabine and cedazuridine, a novel

cytidine deaminase inhibitor, associated with late DLI after

allogenic HCT in very high risk MDS or AML patients

(NCT04857645). Panobinostat (PBS) is a histone deacetylase

inhibitor, approved for the treatment of multiple myeloma

patients with relapsed/refractory disease. Previous experiences

demonstrated its efficacy among AML and high risk MDS

patients in the context of allogeneic HCT (47). The recent

phase I/II trial promoted by the European HOVON

consortium, showed the feasibility of PBS after HCT and DLI,

although it failed to demonstrate the efficacy of the combination

with DEC. Three dose levels were evaluated for dose-limiting

toxicities, including PBS monotherapy and PBS combined with

two different doses of DEC. A total of 60 patients of the 100

treated went on to receive the DLI. RI was 35%, while OS and

LFS were 50% and 49% respectively. Grades II-IV and III-IV

Acute GvHD at 6 months were observed in 5% and 23%,

respectively; 22% developed moderate-to-severe chronic GvHD

at 12 months. Adverse events related to PBS and/or DEC were

limited, and hematological grade 3 and 4 events were registered

in four patients (48). A European intergroup study is evaluating

the efficacy of PBS in poor-risk AML patients after allogeneic

HCT (ETAL-4/HOVON145; ECT 2017-000764-15). Anti-Bcl2

Venetoclax (VEN) is a molecule with anti-apoptotic effects. Bcl2

family proteins are overexpressed in AML blasts and their role

for tumor survival is essential (97). Colleagues from China

recently published their experience with VEN in combination

with hypomethylating agent AZA and DLI. A total of 26 adult

AML patients relapsing after HCT received the combination of

VEN (maximum dose 400 mg/day), AZA at 75 mg/m2 days 1-5

every 28 days for 6-8 cycles and G-CSF stimulated DLI; no

patients received cyclosporine to prevent GvHD. All patients

developed neutropenia and thrombocytopenia Grades 3 and 4;

Six patients developed GvHD. Overall response rate was 61.5%,

median LFS and OS were 120 and 284.5 days, respectively (98).

A retrospective analysis described the experience with VEN and
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DLI in 22 patients with AML relapsed after allogeneic HCT.

Overall response was observed in eleven patients, with median

survival of 6.1 months. Acute GvHD was observed in four

patients and chronic GvHD was observed in six patients. Over

50% of patients required hospitalization from infectious events

requiring intravenous antibiotics (99). The German Cooperative

Transplant Study Group recently presented data from a

retrospective analysis conducted on 32 adults with myeloid

malignancies relapsing after an allogeneic HCT and treated

with HMA and VEN. The patients received VEN (doses

between 200 and 800 mg/day) plus AZA (n= 13) or DEC (n=

19) and DLI (n= 11). Median cycle numbers for each patient

were two. Overall response rate was 47% (86% in first salvage vs.

35% for subsequent lines). After a median follow-up of 8.4

months, seven patients were alive. Infections requiring

hospitalization were a frequent event (72%) and myelotoxicity

was observed for almost all patients. One patient developed

chronic GvHD (100). A phase I multicenter single-arm trial has

just opened enrollment for adult AML patients with TP53

mutation, evaluating safety and efficacy of DEC plus VEN,

followed by DEC maintenance at dose of 5mg/m2 for 5

consecutive days every 6-8 weeks, for a total of 4 or 6 courses

and DLI in case of MRD positivity. (NCT05528354). Given its

immunomodulatory properties, Lenalidomide (LEN) could be a

promising strategy in the maintenance setting following

allogeneic HCT; However, it has been associated with high

rates of severe and life-threatening GvHD, resulting in a

strong contraindication in such a setting (101). Given the

favorable profile played by AZA respect to Treg population

reconstitution soon after HCT, Investigators have explored the

combination of the two molecules (102). A complex dose-

finding study of LEN and AZA (VIOLA trial), showed that

LEN could be administered safely at proper dosage after

allografting, without notable clinical efficacy. Twenty-nine

AML/MDS adult patients relapsing after HCT were treated

with AZA at 75 mg/m2 for seven days followed by LEN in

escalating doses. The combination was well tolerated, with a

maximum dose of LEN of 25 mg/day. Three patients developed

GvHD at 15 mg daily dose, two at 25 mg/day; all patients

responded to steroid treatment and there were no GvHD-related

deaths. Seven out of 15 patients achieve a major clinical response

(103). Investigators from Germany explored the tolerability and

efficacy of the combination of AZA, LEN and DLI as first salvage

therapy for AML, MDS and chronic myelomonocytic leukemia

relapsing after allogeneic HCT in a prospective, multicenter,

single-arm phase-II trial (AZALENA trial). A total of 50 patients

received AZA 75 mg/m2 days 1-7, every 28 days, LEN 2.5 mg/

daily for 21 consecutive days of a 28-day cycle for the first 10

patients, then switched to 5 mg/daily for the remaining, and DLI,

with increasing dose, for a maximum of 3 infusions. Overall

response rate was 56%, with a median time to best response of

112 days. A total of twenty patients with CR received DLI. After

a median follow-up of 20 months, median OS was 21 months
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and 1-year OS rate 65%, with 80% of patients in CR at last

follow-up. The rate of GvHD was not negligible, with 23 patients

developing acute GvHD including five with grade III/IV, and 26

chronic GvHD (moderate n=11; severe n=5) (104).
FLT3-inhibitors

FMS-like tyrosine kinase 3 (FLT3) is the most frequent

single-gene mutation in acute myeloid leukemia: about 25% of

adult patients with AML have FLT3 internal tandem duplication

(FLT3-ITD) and 10% have FLT3 tyrosine kinase domain (FLT3-

TKD) point mutations or deletions (105). FLT3 inhibitors include

first generation agents, non-specific multi-kinase inhibitors,

targeting not only FLT3, such as sorafenib and midostaurin,

and second generation molecules such as quizartinib, gilteritinib

and crenolanib, that are more potent and selective agents.
Sorafenib

Sorafenib was the first agent used in the transplant setting,

based on early observations of prolonged survival rates among

FLT3-ITD mutated AML relapsing after HCT (106). In 2020 two

randomized placebo-controlled trials were published, testing the

efficacy of Sorafenib in inhibiting FLT3-ITD–positive AML

recurrence after HCT: SORMAIN in Europe and the study by

Xuan et al. in China. SORMAIN was a phase II, multicenter,

randomized, double-blind, placebo-controlled trial, comparing

sorafenib versus placebo as prophylactic treatment after HCT. It

enrolled a total of 83 patients in CR after HCT. Patients were

randomly assigned 1:1 to receive either Sorafenib (n=43) or

Placebo (n=40) for 24 months or until occurrence of relapse or

intolerable toxicity, starting between day +60 to day +100 after

HCT. The study met its primary endpoint: the estimated

probability of 24-month LFS was 85% in the experimental arm

and 53.3% in the placebo group, corresponding to an HR for

relapse or death of 0.256. At a median follow-up of 41.8 months,

the median LFS was not reached for sorafenib group. This study

was the first to provide placebo-controlled evidence that post-HCT

maintenance therapy can reduce the risk of relapse and death

(107). However, it enrolled fewer patients than originally planned

by the study design, mostly because many patients received

maintenance therapy with sorafenib, off label outside of a clinical

trial, based on results from previous uncontrolled retrospective

studies (108, 109) showing efficacy and feasibility of sorafenib after

allogeneic HCT, and expert recommendations (110). The second

trial enrolled a total of 202 patients, with a relatively young median

age of 35 years, in CR after HCT, randomly assigned (1:1) to

receive either Sorafenib (n=100) or no maintenance (control

group, n=102), starting from day between +30 to +60 after HCT,

until day +180. The initial dose of Sorafenib was 400 mg twice

daily. At a median follow up of 21.3 months,11 patients in the
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sorafenib group and 32 in the control group relapsed. The median

time to relapse was 11.6 months after transplant among patients

assigned to sorafenib and 5.7 months in those allocated to control.

The most common serious adverse events in both groups were:

infections (25% similar in both groups), acute GvHD (23% in

Sorafenib and 21% in control group), chronic GvHD (18% in

Sorafenib vs. 17% in controls) (111). The rate of GvHD was not

increased by the administration of Sorafenib, suggesting that GvL

effect can occur and synergize with the drug independently from

GvHD. In fact, experimental observations highlighted the

biological base of this intuition. Researchers showed that

Sorafenib increased IL-15 production by FLT3-ITD leukemia

cells, which in turn caused an increase in CD8+CD107a+IFN y

T cells which eradicated leukemia in secondary recipients. FLT3-

ITD+ AML cells obtained from sorafenib responders showed

increased IL-15 levels, a strong activator of allogenic T cell

responses (112). However, many open issues remain to be

addressed: the optimal time of starting and duration of therapy,

the optimal dosing, the use of sorafenib in patients previously

exposed to midostaurin before HCT, the use of sorafenib vs. 2nd

generation FLT3-inhibitors. The theoretical concern of selecting

residual FLT-wild type subclones or the induction of drug-

resistance, through the acquisition of novel mutations in TKD

domain, represents a matter of debate. In SORMAIN trial, 4 out of

10 disease relapses occurred after the end of sorafenib retreatment

and might be preventable by longer maintenance duration. On the

other hand, in Chinese trial, of the 43 patients who relapsed, five of

11 assigned sorafenib and 17 of 32 allocated control had FLT3-ITD

mutations, one patient assigned sorafenib acquired an FLT3

tyrosine kinase domain (FLT3-TKD) mutation at relapse; The

other twenty patients were FLT3 wild type at relapse. In the recent

EBMT consensus (113) the recommended dose of sorafenib

maintenance post-transplantation is 200 mg twice a day for

patients without minimal residual disease and 400 mg twice a

day for patients with minimal residual disease. The duration of

maintenance therapy is not firmly established, but a minimum of 2

years is recommended, depending on tolerance. Investigators from

Dusseldorf presented some years ago their experience with AZA

and Sorafenib as salvage therapy for FLT3-ITDmutated AML after

HCT. Eight relapsed patients were treated with a median of five

cycles of AZA, Sorafenib and, in six patients, DLI (median of two

infusions). Four patients reached a CR, with a median duration of

CR of 182 days; Median OS was 322 days (114). The

NCT04674345 is a phase 2 randomized multicenter prospective

study from China aiming at evaluating the role of Sorafenib

maintenance after HCT among FLT3-negative AML patients.
Midostaurin

A first-generation type I inhibitor, active on both FLT3-ITD

and TKD mutants, Midostaurin proved to be efficacious in

improving the survival rate of FLT3-mutated AML patients, if
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added to standard chemotherapy. The phase II trial AMLSG 16-

10 evaluated the addition of midostaurin to intensive

chemotherapy followed by allogeneic HCT and single agent

maintenance therapy of 12 months in patients aged 18-70 years

with FLT-ITD AML. Maintenance therapy was started in 97

patients. LFS was compared to historical controls and seemed to

be significantly improved by midostaurin (115). Maziarz et al.

specifically evaluated the role of midostaurin maintenance after

allogenic HCT in patients with FLT3-ITD positive AML,

transplanted in first CR in a phase 2, randomized, open-label

trial (RADIUS) that compared standard of care (SOC) with or

without midostaurin. Patients were enrolled after engraftment

and randomized (1:1) to receive SOC +/- midostaurin. There was

a trend to a better LFS in midostaurin group, but not statistically

significant: the estimated LFS at 18 months was 89% with

midostaurin and 76% with SOC alone Only 60 patients, 30 per

arm, were randomized and half of them completed the 12 cycles.

Moreover, the LFS in SOC (76%) was better than expected (about

60%), maybe because of the stringent inclusion criteria, this may

have underestimated the difference between the two arms (116).

The drug was generally well tolerated in both studies; Of note, the

addition of midostaurin to SOC did not increase the rate or

severity of acute or chronic GvHD. Overall, the evidence to

recommend the use of midostaurin after allogenic HCT is still

limited and the drug is not approved for this indication.
Gilteritinib

A highly selective, 2nd generation oral FLT3 type I inhibitor

with activity against both FLT3 mutation subtypes (ITD and

TKD) and weak activity against c-Kit, Gilteritinib (117) has been

approved by EMA for treatment of relapsed/refractory AML with

FLT3-ITD or TKD mutations, on the basis of the results of a

phase III trial (118). ADMIRAL trial enrolled 371 patients with

relapsed/refractory FLT3-mutated (ITD or TKD) AML,

randomly assigned (2:1) to receive either gilteritinib (120 mg

per day) or salvage chemotherapy. Differently from RATIFY trial,

responders’ patients could go on and receive an allogeneic HCT

and resume gilteritinib therapy 30 to 90 days after the

transplantation if they had engraftment without relapse and no

uncontrolled complications. Based on this study design,

gilteritinib is the only FLT3-ITD with a label indication after

transplant in Europe. It is important to note that, even if previous

treatment with sorafenib or midostaurin was allowed in the study,

most patients enrolled were not exposed to a FLT3-inhibitor and

only 5.7% of them had received midostaurin. Previous exposure

to midostaurin could plausibly generate resistance to FLT3-

targeted therapy and subsequently alter gilteritinib activity. To

address this question, an ongoing trial (NCT02997202,

MORPHO) has been specifically designed, comparing

Gilteritinib to placebo as maintenance therapy after HCT for

patients in first CR, from engraftment to 24 months after HCT.
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Novel molecules

The CTLA-4 (CD152) receptor inhibits T-cell maturation and

differentiation by competing with the costimulatory receptor

CD28 for antigen presenting cells CD80 and CD86, as well as

PD-1 expression by T-cells is a known mechanism of anergy

(119). The inhibition of CTLA-4/B7 or PD-1/PDL-1 axis may

restore immune surveillance (120). Ipilimumab is an anti-CTLA-4

antibody that binds CTLA-4 on T cells (121). In AML, there is an

increased expression of CD80 and CD86 on leukemic blasts, thus

the inhibition of CTLA-4 may restore immune reaction against

tumor, mostly in the context of GvL (122). This hypothesis has

been tested in a phase I trial, that enrolled patients with relapsed

hematologic cancer after allogeneic HCT, in which 14 patients

with AML/MDS were involved (123). CR occurred in four

patients; Four patients had a durable response for more than

one year. Responses were associated with in situ infiltration of

cytotoxic CD8+ T cells, decreased activation of regulatory T cells,

and expansion of subpopulations of effector T cells in the blood.

Dose-limiting toxic effects included two cases of chronic GvHD of

the liver and one case of grade II acute GvHD of the gut, all of

which resolved with glucocorticoids. The multicenter phase I trial

(CTEP 10026) of DEC plus ipilimumab in patients with relapse/

refractory AML/MDS is testing safety and efficacy of the

combination. Sixteen patients have been enrolled in the

allogeneic arm trial. One patient developed late-onset acute

grade 3 GvHD, while chronic GvHD developed in four patients.

One patient died from GvHD complications. Four patients out of

16 obtained CR. Median OS was 12.8 months (124).

Mutat ions in isocitrate dehydrogenase (IDH)1/

2 genes promote leukemogenesis and impair normal myeloid
Frontiers in Oncology 11
differentiation and are generally seen in approximately 20% of

AML patients (125). A retrospective report from City of Hope

demonstrated that, in a cohort of 99 allografted patients, IDH

mutation was the only predictor of disease relapse after HCT in

multivariate analysis (126). Based on this data, several clinical

trials are testing safety and efficacy of IDH inhibitors ivosidenib/

edasidenib in the maintenance phase after HCT: NCT03515512

is a Phase 1 trial assessing the safety and efficacy of Evosidenib

for relapse prevention of IDH2 mutated AML or CMML adult

patients after allogeneic HCT; NCT04522895 is a German-based

prospective, single arm, multicenter phase 2 trial aiming to

evaluate efficacy of Enasidenib as maintenance therapy after

HCT for myeloid neoplasms; NCT03728335 is a phase 1 trial

investigating the role of Enasidenib as maintenance therapy in

AML with IDH2 mutation after HCT.

MDM2 inhibit ion can contrast AML post-HCT

immunological escape through the restoration of TRAIL-R1/2

and class 2 MHC production (127). MDM2 inhibition enhances

cytotoxic effects against leukemic cells, leading to an increase in

p53-dependent tumor necrosis factor-related apoptosis-

inducing ligand receptor-1/2 (TRAIL 1/2) and MHC-class II

on blast cells and higher levels of T cells with cytotoxic features

(128). NCT05447663 – is a Phase Ib/II, single arm, open label,

multi-center study of siremadlin, as monotherapy and in

combination with DLI, in adult participants with high-risk

AML in CR after allogeneic HCT.

T cell immunoglobulin and mucin domain-containing

protein 3 (TIM3) is a glycoprotein expressed on the surface of

Treg, NK cells, macrophages, dendritic and myeloid cells. It is

typically upregulated on AML cells (32). TIM3 inhibitors are

capable of directly inhibiting leukemic cells and restoring T-cells
TABLE 3 Active Clinical trials in post-HCT relapse of AML/MDS.

Study Phase No.patients Intervention Setting Type

NCT03300492 Phase 1/2 10 Expanded NK cells in haploidentical HCT Prophylactic Prospective

NCT03597321 Phase 2 124 Early DLI after HCT Prophylactic Randomized

NCT02452697 Phase 2 100 NK-DLI +/- TLR9 agonist Prophylactic Randomized

NCT03939585 Phase 1 10 TCR-ab T cells and B cells Prophylactic Single group assignment

NCT04173533 Phase 3 324 Oral AZA vs. Placebo Prophylactic Randomized

NCT02684162 Phase 2 55 Guadecitabine + DLI Post-HCT relapse Single group assignment

NCT04055844 Phase 2 14 Ruxolitinib+DEC+DLI Post-HCT relapse Multi-centre, single arm

NCT04857645 Phase 2 40 ASTX727+DLI Prophylactic Prospective

NCT05528354 Phase 1 58 VEN+DEC conditioning and DEC maintenance Prophylactic Multi-centre, single arm

NCT04674345 Phase 2/3 346 Sorafenib Prophylactic Multi-centre, prospective

NCT02997202 Phase 3 356 Gilteritinib Prophylactic Randomized, double-blind

NCT03515512 Phase 1 23 Evosidenib Prophylactic Single group assignment

NCT04522895 Phase 2 50 Enasidenib Prophylactic Multi-centre, prospective

NCT03728335 Phase 1 15 Enasidenib Prophylactic Single group assignment

NCT05447663 Phase 1/2 32 Siremadlin+/- DLI Prophylactic Single group assignment

NCT04623216 Phase 1/2 59 Sabatolimab Treatment MRD Randomized
HCT, hematopoietic cell transplantation; RIC, reduced-intensity conditioning; MAC, myeloablative conditioning; VE; venetoclax; DEC, decitabine; AZA, azacytidine; MRD, minimal
residual disease.
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function from exhaustion state (129). Results from a multi-arm,

open-label phase 1 study conducted on 28 MDS/AML patients,

receiving escalated doses of Sabatolimab plus DEC or AZA

showed encouraging results, with 2-year OS and LFS of 69%

and 64%, respectively. Fifty-seven percent of patients

experienced acute GvHD, with 14% of grade 3/4 acute GvHD

and 29% of chronic GvHD requiring immunosuppressive

therapy (130). NCT04623216 is a phase 1-2 trial testing the

role of preemptive TIM3 inhibitor Sabatolimab, alone or in

combination with AZA, for MRD-positive AML patients after

HCT (Table 3).
Conclusions and perspectives

The Holy grail of allogeneic transplantation lies in the

possibility of separate GvHD from GvL effects. The success of

HCT is largely limited by disease relapse. The prevention of

relapse starts directly in the delicate phase of remission

induction therapies, as the absence of minimal-residual disease

prior to HCT provides the best chance of cure. Although relapse

reflects the failure of conditioning regimen to ablate recipient

tumor cells, it also critically depends upon the absence, or the

ineffectiveness of a specific donor T-cell mediated immunologic

reaction. GvL responses and their manipulation for therapeutic

scopes are currently being explored as a rationale, biological

countermeasure to face the relapse problem. DLI represent one

of the most used strategies aiming to intensify GvL effect. With

novel biological insights into AML relapse mechanisms,

combinatorial treatments of adoptive immunotherapies with

target-therapies and novel molecules are currently being tested

for safety and efficacy in the difficult post-transplant relapse

scenario. Efforts to separate potentially lethal effects of GvHD

from desired GvL effects will continue to dominate both

biological and clinical studies in the future. As Heraclitus

sharply said: “What is opposition is reconciled and from

different things, the most beautiful harmony is born, and

everything is generated through contrast”.
Frontiers in Oncology 12
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