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How to improve the outcomes
of elderly acute myeloid
leukemia patients through
allogeneic hematopoietic
stem cell transplantation
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In recent years, with the gradual advancement of haploidentical transplantation
technology, the availability of donors has increased significantly, along with the
widespread use of reduced-intensity conditioning and the improvement of
nursing techniques, giving more elderly acute myeloid leukemia (AML) patients
the chance to receive allogeneic hematopoietic stem cell transplantation. We
have summarized the classic and recently proposed pre-transplant assessment
methods and assessed the various sources of donors, conditioning regimens,
and post-transplant complication management based on the outcomes of large-
scale clinical studies for elderly AML patients.
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1 Introduction

The incidence of acute myeloid leukemia (AML) rises sharply after the age of 50 (1).
According to the National Cancer Institute, the median age at diagnosis of AML patients is
68 years old (2). Compared with younger AML patients, elderly AML patients are in a
poorer physical condition, have more comorbidities, and have a higher proportion of
adverse prognostic factors such as unfavorable cytogenetics or secondary acute myeloid
leukemia (3, 4).

Most elderly patients with AML are not suitable for intensive chemotherapy, and those
who only receive best supportive care have a poor prognosis, with overall survival (OS)
rates of 15% at 1 year and 2% at 5 years. In recent years, the use of venetoclax plus
hypomethylating agents (HMAs) such as azacitidine or decitabine in elderly patients with
AML who are not suitable for intensive chemotherapy has been shown to have a high
remission rate [67% complete remission (CR)/incomplete blood count recovery (CRi)] and
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is well tolerated, with a long-term overall survival (OS) benefit
(median OS of 17.5 months with a median follow-up of 15.1
months) (5-8). In the past, due to the high non-relapse mortality
(NRM) and treatment-related mortality (TRM), most physicians
restricted allo-HSCT to individuals under 60 years old (9).
However, with the advancement of haploid hematopoietic stem
cell transplantation (haplo-HSCT) technology and the development
of post-transplantation complication management, more and more
elderly AML patients are now able to undergo allo-HSCT.
According to the Center for International Blood and Marrow
Transplant Research, from 2016 to 2020, 66% of patients who
received allo-HSCT were over the age of 50, and 27% were over the
age of 65. The proportion of patients over the age of 65 who
received allo-HSCT increased from 4% in 2005 to 27% in 2020 (10).

This article reviews the process and the management of post-
transplant complications in elderly AML patients, including various
assessment methods before allo-HSCT, donor sources, graft-versus-
host disease (GVHD), and management of post-HSCT recurrence,
other complications control, efc.

2 Pre-transplant assessment
2.1 Patient-related factors

A large-scale survival analysis by Joseph Maakaro et al.
regarding the patient’s age upon transplantation came to the
conclusion that age itself is not a contraindication to allo-HSCT
in AML patients (11, 12). However, patients over the age of 80
should not receive allo-HSCT (13).

Clinical assessment methods like the Hematopoietic Cell
Transplant Composite Risk (HCT-CI), Eastern Cooperative
Oncology Group (ECOG), Karnofsky Performance Scale, and
European Group for Blood and Marrow Transplantation are
frequently used when evaluating the patients’ current physical
performance (14) (Table 1). The Comprehensive Geriatric
Assessment (CGA) and the Instrumental Activities of Daily
Living (IADL) scales, age, comorbidities (Charlson Comorbidity
Index), and albumin (IACA) index may be able to fill this gap since
there is still no widely accepted scoring system specifically for
elderly transplant patients (Table 1).

For elderly AML patients with normal ECOG, CGA includes
tests for functional status, frailty, disability, and mental health,
which aid in identifying heterogeneity (21, 26-28). According to
studies, the aberrant CGA evaluation percentage in patients with
normal ECOG ranges from 23.7% to 40% (26). However, CGA is
complicated as there are no set standards (22).

China’s Beijing Hospital suggests the IACA index as a
straightforward and useful CGA tool. According to several
research, the IACA index can accurately predict the prognosis of
elderly patients with AML (22). However, the publication that
advocated this assessment approach used retrospective research
and included a smaller number of older patients, which may have
impacted the accuracy of the results, particularly for the high-
risk category.
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There are not many studies accessible, and it is unknown
whether they are valid. A clinical trial is currently being
conducted to evaluate the relationship between CGA and general
health, quality of life (QOL), and prognosis in older transplant
patients (NCT04375579).

2.2 Disease-related factors

It is controversial whether elderly patients in first complete
remission (CR1) or second complete remission (CR2) benefit from
HSCT. Fotios V. Michelis and colleagues conducted a follow-up
analysis of 196 patients over 60 who had their first HSCT in CR2
between 2001 and 2012. According to the results, this group’s 3-year
OS following HSCT was 42%. Patients with unfavorable cytogenetics
among them had a cumulative incidence of relapse (CIR) of up to
70% and a 3-year OS of only 25%. Thus, it was shown that individuals
with an adverse cytogenetic risk have very little to gain from
transplantation and that HSCT has the ability to cause long-term
remission in middle-aged and elderly AML patients who are in CR2
(29). Studies by Paul M. Armistead et al. (30) also verified the finding
that HSCT does not significantly exceed chemotherapy alone in
treating elderly patients with CR2 (p = 0.43; median survival time,
5.2 months). In comparison with chemotherapy alone, a large-scale
clinical study by Burnett et al. (31) revealed significant survival
improvements for young AML patients (median age, 38) who were
at CR2 and at medium to high cytogenetic risk. (The 5-year OS is,
respectively, 16% and 42%.) This discrepancy between young and
elderly patients could be explained by the elderly CR2 patients’
increased HCT-CI, many chemotherapy regimens, severe
infections, and other comorbidities that led to a more serious organ
damage and higher NRM (32). Almost all of the patients in CR2 had a
hazard ratio (HR) for NRM that were more than two times higher
than those who were older in CR, which led to a dismal
survival outcome.

To divide the patients into several risk groups, FV Michelis et al.
suggested calculating multiple scores for age, the duration of the
patient’s first remission, and the HCT-CI score. Selecting
individuals who might benefit from HSCT is made possible by
the substantial differences in prognosis between groups
(23) (Table 1).

After receiving more chemotherapy, more than 30% of elderly
AML patients were still positive for minimum residual disease
(MRD), and their MRD remained high before receiving HSCT
(11, 33, 34). Based on pre-transplant MRD status and the number of
adverse prognostic factors, Lauren Veltri’s team categorized the
patients into three risk groups to distinguish between those who
demonstrably benefited from HSCT and those who benefited less or
even encountered counterproductive effects (24), thus selecting the
right population for HSCT as a result (Table 1).

Roni Shouval et al. developed the Disease Risk Stratification
System (DRSS) based on histological diagnostic and response
status at the time of HSCT as well as molecular and cytogenetic
data, and it is optimized to take into account population
heterogeneity, improve power, and increase generalizability.
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TABLE 1 Methods of pre-transplant assessment.

10.3389/fimmu.2023.1102966

Assessment .

Assessment content Survival
method

2-year OS

HCT-CI (15) Heart disease, liver disease, inflammatory gastrointestinal disease, metabolic disease, and other 0 points: 71%

complications included in HCT-CI. Articles by Sorhol ML et al. (15) contain detailed scoring criteria 1 to 2 points: 60%

>3 points: 34%

Grade 0: Fully active, able to carry on all pre-disease performance without restriction

Grade 1: Restricted in physically strenuous activity but ambulatory and able to carry out work of a light or

sedentary nature, e.g., light housework, office work Lo . .

Grade 2r:YAmbulatofy afd capable of all self-care but unable to carry out any work activities, up and about Significantly detrimental impacts of ECOG
ECOG (16) . ’ (0/1 and >2) on OS (HR = 1.72, P =

more than 50% of waking hours 0.001) (17)

Grade 3: Capable of only limited self-care, confined to bed or chair more than 50% of waking hours ’

Grade 4: Completely disabled, cannot carry on any self-care, totally confined to bed or chair

Grade 5: Dead

100: Normal, no complaints; no evidence of disease

90: Able to carry on normal activity; minor signs or symptoms of disease

80: Normal activity with effort, some signs or symptoms of disease

70: Cares for self but unable to carry on normal activity or to do active work
Karnofsky . . . . : ;
Performance 60: Requires occasional assistance but is able to care for most of personal needs The KPS score is not an independent

Scale (KPS)
(18)

50: Requires considerable assistance and frequent medical care

40: Disabled; requires special care and assistance

30: Severely disabled; hospitalization is indicated although death is not imminent
20: Very ill; hospitalization and active supportive care necessary

10: Moribund

0: Dead

0 points for mEBMT are patient’s age at allo-HSCT <20, CR1, MSD and except female donor/male
recipient (FDMR)

predictor of survival outcomes for elderly
AML patients (19)

5-year OS
0/1 point: 69% (51%-86%)
2 points: 58% (43%-73%)

mEBMT (20) | 1 po%nt for mEBMT are paticint’s’ age at allo-HSCT is 20-40, CR>1, except MSD and FDMR 3 points: 45% (30%-60%)
2 points for mEBMT are patient’s age at allo-HSCT >40 and no CR .
The mEBMT value is obtained by adding up the above-mentioned scores 4 points: 33% (20%-47%)
5/6 point: 26% (11%-41%)
Comorbidity: CCI, KF Scale, HCT-CI, CIRS-G Significantly improved sensitivity through
CGA (21) Functional status: Zubrod PS, FI, Katz ADL, Lawton IADL, SF-36 PCS the use of multiple methods allows for a
Mental health: SF-26 MCS more accurate prediction of outcomes
Nutritional status: BMI, albumin, mg/dl following HSCT
0 points for IADL scale of 8, age <75, CCI score <3, serum albumin (g/dl) >3.4
1 point for IADL scale of 6 to 7, age >75, CCI score 23, serum albumin (g/dl) <3.4 . 0s
. 2 points for IADL scale <5 vear
IACA index The TACA value is obtained by adding up the above-mentioned scores Lowrisk: 47.7%
(22) Intermediate risk: 20.2%

Low risk: score 0
Intermediate risk: score 1 to 2
High risk: score >3

High risk: 0%

FV Michelis
et al. (23)

Favorable-risk group: CR1 =6 months, age <55, and HCT-CI score 0-3
Intermediate-risk group: CR1 >6 months, age <55, and HCT-CI score 4-5
High-risk group: CR1 <6 months, independent of age, as well as CR1 =6 months and age >55 years

5-year OS

Favorable risk group: 53% (95% CI =
35%-68%)

Intermediate risk group: 31%

(95% CI = 11%-54%)

High-risk group: 6%

(95% CI = 1%-22%)

Laure Veltri
et al. (24)

DRSS (25)

Low-risk group: MRD-negative patients with <3 other adverse prognostic factors (and no MMC)
Intermediate-risk group: MRD-negative patients with multiple adverse factors or patients with detectable
leukemia (or MMC) with <1 adverse factors

High-risk group: detectable leukemia and more than one additional adverse prognostic factors (or a MMC)
Seven adverse prognostic factors: history of lack of hematological recovery during induction or
consolidation chemotherapy prior to transplantation, high-risk genetics, donor-recipient human leukocyte
antigen (HLA) matching <13/14, history of cardiovascular disease, conditioning regimen, detectable
leukemia at the time of HSCT and MMC

AML is graded according to de novo or secondary disease, disease status (CR1, CR2, refractory) and
cytogenetics (favorable, intermediate, adverse, unknown). There is an online interface for calculating DRSS
categories (https://joshuafein.shinyapps.io/drss_calculator/)

2-year OS

Low risk group: 76.2% (CI = 63.3-85.6)
Intermediate risk group: 32.2% (CI =
22.1-44.3)

High-risk group: 7.7% (CI = 3.1-17.8)

The unadjusted OS curve is available
alongside the risk categories on the online
site

CGA, comprehensive geriatric assessment; CCI, Charlson comorbidity index; KF Scale, Kaplan-Feinstein Scale; HCT-CI, hematopoietic cell transplantation comorbidity index; CIRS-G,
cumulative illness rating scale—geriatrics; Zubrod PS, Zubrod performance status; FI, Fried frailty index; Katz ADL, Katz activities of daily living; Lawton IADL, Lawton instrumental activities of
daily living; SF-36 PCS, physical component summary of the SF-36; SF-26 MCS, mental component summary of the SF-36; BMI, body mass index; dl, deciliter; ITADL, instrumental activities of
daily living; IACA, instrumental activities of daily living scales, age, comorbidities, albumin; OS, overall survival; CR1, first complete remission; CI, confidence interval; MRD, minimal residual
disease; MMC, major medical complications; HLA, human leukocyte antigen; DRSS, disease risk stratification system; AML, acute myeloid leukemia.
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The leading allogeneic transplant indication, AML, is divided by
ontology (de novo vs. secondary), cytogenetics, and mutations
for the first moment in DRSS, a global prognostic system. DRSS
covers 15 hematological malignancies, including AML, and the
histological and remission status are combined with each other
to form 55 levels, culminating in five risk strata: low,
intermediate-1, intermediate-2, high, and very high risk
categories. The prognosis of patients is predicted by a rising
trend in recurrence, which raises the incidence of mortality in
each stratum (25) (Table 1).

3 Donor sources

The immune systems of older matched sibling donors (MSD)
may have degraded, resulting in low levels of circulating naive T
cells needed for immune responses and less effective graft-versus-
leukemia (GVL) (35, 36). Additionally, the HR for overall mortality
rises by 5.5% for every decade that the donor age rises (37). It has

10.3389/fimmu.2023.1102966

been demonstrated that grafts from matched unrelated donors
(MUD) and haplo-related donors (HRD) have comparable
survival. The incidences of grades II-IV acute GVHD (aGVHD),
moderate-severe chronic GVHD (cGVHD), and NRM were all
decreased in elderly patients who received younger HRD derived
from youngsters (37, 38). Multiple other research have found that
HRD-HSCT improves the long-term disease-free survival (DFS) in
older individuals by having a higher GVL effect that decreases
recurrence. The recurrence rate for HRD-HSCT was 15.4%, for
MSD-HSCT it was 28.2%, and for MUD it was 49.9% (39-41). It
typically takes 4-6 weeks for a successful MUD (bone marrow bank
and cord blood source) match (42). Peripheral blood (PB) grafts can
be used as a high-risk group for relapse, but it is challenging for
MUD-sourced providers to apply excess apheresis stem cells for
donor lymphocyte infusion (DLI) or natural killer cell-based
therapy to avoid recurrence (43). In conclusion, for older patients
who want a transplant as soon as feasible or who have an older
MUD, selecting a young, related haploidentical transplant is not a
bad option.

TABLE 2 Comparison of the survival outcomes between different conditionings.

Disease Median age (range Conditioning EIETN]
(n) years)
Stefan O Ciurea et al. (45) Retrospective | AML (89) 67 (60-79) FM100 5- 3-year | 3-year 5-
2020 year 19% 32% year
49% 49%
AML (78) 64 (60-76) FM140 5- 3-year | 3-year 5-
year 39% 32% year
30% 30%
AML (131) 64 (60-73) Bu=>20000 5- 3-year | 3-year 5-
year 35% 30% year
349 349
AML (106) 65 (60-77) Bul6000 5- 3-year | 3-year 5-
year 21% 55% year
23% 23%
Zheng Zhou et al. (46) 2020 Retrospective | AML (384) 59 (19-76) FM (FM100 or 5- 3-year | 3-year 5-
FM140) year 32% 33% year
29% 28%
AML (627) 61 (18-76) FB (3.2 or 6.4 mg/kg) 5- 3-year | 3-year 5-
year 19% 52% year
27% 25%
Florent Malard et al. (47) 2017 | Retrospective = AML (159) 52 (19-76) FLAMSA TBI, 4 Gy 2- 2-year | 2-year 2-
year 19.4% 21.2% year
62% 58.8%
AML (106) 61 (25-74) FLAMSA-Bu (6.4 mg/ 2- 2-year | 2-year 2-
kg) year 3L.1% | 25.7% year
46.7% 43.2%
Charles Craddock et al. (48) Prospective AML (82) 59 (22-75) FMA/FBA/FB-ATG 2- 2-year | 2-year 2-
2021 MDS (40) year 21% 29.5% year
58.8% 48.7%
AML (82) 59 (22-75) FLAMSA-Bu 2- 2-year | 2-year 2-
MDS (40) year 20% 26.7% year
60.9% 54.2%

08, overall survival; NRM, non-relapse mortality; LES, leukemia-free survival; AML, acute myeloid leukemia; FM100, fludarabine + melphalan 100 mg/m? FM140, fludarabine + melphalan 140
mg/mz; Bu > 20000, fludarabine + IV busulfan AUC > 5,000/day x 4 days; Bul16000, fludarabine + IV busulfan AUC 4,000/day x 4 days; FB, fludarabine + busulfan; FLAMSA TBI 4 Gy,
fludarabine/amcridine/cytarabine-busulfan + total body irradiation 4 Gy; FLAMSA-Bu, fludarabine/amcridine/cytarabine-busulfan-busulfan; FMA, fludarabine/melphalan/alemtuzumab; FBA,
fludarabine/busulphan/alemtuzumab; FB-ATG, fludarabine/busulphan/antithymocyte globulin; MDS, myelodysplastic syndromes.
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4 Conditioning

4.1 Fludarabine + melphalan/fludarabine +
busulfan reduced-intensity conditioning

The fludarabine + melphalan (FM) and fludarabine + busulfan
(FB) regimens are the two most commonly used combinations for
reduced-intensity conditioning (RIC) (44). In 404 AML patients
over the age of 60, Stefan O. Ciurea et al. carried out a comparative
analysis of outcomes after HSCT. Fludarabine + IV busulfan area
under the concentration-time curve (AUC) 5,000/day for 4 days
(Bu20000), fludarabine + IV busulfan AUC 4,000/day for 4 days
(Bu16000), fludarabine + IV busulfan AUC 100 mg/m2 (FM100),
and fludarabine + IV busulfan 140 mg/m2 (FM140) were
administered as conditioning regimens to the enrolled patients,
respectively. The analysis’ results showed that the FM100 group had
a significantly better long-term survival without an increase in
recurrence rate (RR) and wit a lower NRM, particularly in
patients with poor performance status, those who were older than
65 years, and those who had no active disease before
transplantation. The outcome indicators of the other three groups
showed no significant difference. However, there were no significant
differences in the outcome measures across the four conditioning
groups for those who had a high-risk AML (45). In addition,
compared with FB-RIC, patients who received FM-RIC had a
greater likelihood of developing complete donor chimerism
(CDC) at +30 days following transplantation, which was linked to
superior post-transplant outcomes (24) (Table 2).

However, Zheng Zhou et al. performed an extensive
retrospective study with a median age of 61 years. The results
showed that the FM regimen had a higher early NRM than the FB
regimen, but the FM regimen had better long-term OS and
leukemia-free survival (LFS). For elderly AML patients with
higher HCT-CI, the team thinks FB may be the better decision.
FM might be a wiser choice for younger patients who have a higher
risk of recurrence (46) (Table 2).

4.2 Fludarabine/amcridine/cytarabine-
busulfan or total body irradiation RIC

Recurrence is the most frustrating issue for RIC-HSCT patients.
There is no discernible difference in patient outcomes between total
body irradiation (TBI)-based and Bu-based regimens, and the
fludarabine/amcridine/cytarabine-busulfan (FLAMSA) conditioning
regimen can reduce the RR of patients with intermediate- and high-
risk AML and effectively control the primary disease according to the
study by Florent Malard et al. (47, 49, 50). Charles Craddock et al.,
however, had a different viewpoint. According to their team’s
findings, there was no meaningful difference in 2-year OS, event-
free survival (EFS), TRM, or CIR between patients receiving the
FLAMSA-Bu regimen versus those receiving the RIC regimen based
on fludarabine. As a consequence, the FLAMSA-Bu regimen, which
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was previously reported and frequently used, did not decrease the
recurrence nor boost the prognosis in AML (48) (Table 2). A clinical
trial comparing FLAMSA with clofarabine/Ara-C for EFS in patients
with high-risk AML is currently being conducted (NCT01423175).

4.3 Other regimens of RIC

Additional ongoing clinical trials of RIC involve determining
the safety and efficiency of a novel RIC regimen employing a low-
dose Bu (9.6 mg/kg) plus Flu without anti-human thymus globulin
(ATG) in elderly AML patients (NCT01828619). Additionally,
some researchers suggested that using clofarabine instead of Flu
with Bu and ATG as a new RIC regimen might be considered
because it has a stronger anti-tumor effect than Flu without
increasing the related toxicity, has better tolerance, and is more
suitable for elderly patients. Clinical trials for this regimen are
ongoing (NCT00863148).

4.4 Myeloablative conditioning and non-
myeloablative conditioning

Since toxicity and TRM from myeloablative conditioning
(MAC) regimens grow with age and ultimately result in worse
outcomes, elderly patients frequently exhibit characteristics of
frailty and have poor functional capacity. TBI 2 Gy plus Flu is the
most popular regimen for non-myeloablative conditioning (NMC).
According to reports, this regimen had a grade II-IV aGVHD
incidence of 46% at 120 days and a 3-year cGVHD incidence of
72%, with GVHD being the chief reason, with a 3-year NRM of 7%.
This regimen also had a 40% 3-year relapse/progression rate, a 28%
3-year relapse-related mortality rate, a 53% 3-year OS rate, and a
53% 3-year PFS rate (51).

5 GVHD prophylaxis
5.1 Calcineurin inhibitors

Several transplant centers consider GVHD prophylaxis with
cyclosporine/tacrolimus, methotrexate, or mycophenolate mofetil
(MMEF) following transplantation to be a need; nonetheless, the
effectiveness of calcineurin inhibitors (CNI) alone is limited, and
40%-60% of recipients still incur grades II-IV aGVHD (49, 50).

In an effort to increase the efficacy and lessen the toxicity,
methods for combining several medicines with CNIs have been
developed recently. For older patients receiving NMC-HSCT,
sirolimus can be added to cyclosporine and MMF to prevent
GVHD (52, 53). The rate of grades II-IV aGVHD at +100 days
was 26%, while the 1-year NRM, OS, and PFS rates were 4%, 86%,
and 77%, respectively.

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1102966
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Jiang et al.

5.2 Post-transplantation
cyclophosphamide

In senior patients, the use of post-transplantation
cyclophosphamide (PTCy) for the prevention of GVHD is well
established and well tolerated (54, 55). The incidence of grades II-
IV aGVHD and ¢cGVHD in patients who received bone marrow
(BM)-HSCT was 27% and 13%, respectively, within 200 days of
HSCT (56). The grades II-IV aGVHD and ¢cGVHD incidence in
PB-HSCT was 33% and 13%, respectively (57).

After PB-HSCT, PTCy plus short-course sirolimus was more
effective at preventing GVHD in elderly patients than PTCy alone.
Grades II-IV aGVHD, grades IIT and IV aGVHD, and grades II-IV
¢GVHD had cumulative incidences (CI) of 46%, 15%, and 31%,
respectively. The NRM is 4% within a year (58). Several studies
examined the effectiveness of tacrolimus and MMF or uxolitinib
and PTCy for the prevention of GVHD (NCT04669210).

PTCy +3 + 5 (CNI given on day 0, MMF given on day +1, and
PT-CY given on days +3 and +5) is another regimen to prevent
GVHD in elderly patients. A study’s findings showed a CI of 28%
for patients above 60 years old with aGVHD grades II-1V, a CI of
3% for patients with aGVHD grades Il and IV, an overall CI of 61%
for cGVHD, and a CI of 18% for moderate to severe cGVHD (59).

5.3 ATG

ATG is the in vivo T cell-depleted (TCD) that is applied in
clinical practice the most commonly. With 100-day CIs exceeding
50% for both cytomegalovirus (CMV) and Epstein-Barr virus
(EBV) viremia, patients receiving ATG had a considerably
increased risk of infection, raising the NRM. As a result, prior to
HSCT, it is essential to evaluate the patient’s risk of recurrence (60).
The effectiveness of RIC with PTCy along with ATG for the
prevention of GVHD is now being evaluated in a randomized
clinical trial (NCT02876679). For the purpose of preventing GVHD
in patients receiving RIC-MUD-HSCT, some researchers have
suggested combining PTCy with ATG on the basis of CNI;
however, the efficacy of this combination has not yet been
established (NCT03357159). For Haplo-PB-HSCT patients, some
researchers have suggested a fresh regimen that combines low-dose
ATG (5 mg/kg) and low-dose PTCy (one dose of PTCy, 50 mg/kg),
which is anticipated to lower the risk of aGVHD and lower the
incidence of viral reactivation (NCT03608059). Moreover, it has
been considered that the effectiveness and safety of ATG and ATG-
Fresenius for the prevention of GVHD be compared, and related
research is now being done (NCT03631563).

5.4 Ex vivo TCD

The most typical clinical technique is to deploy the ClinicMACS
system to select CD34 before performing ex vivo TCD on mobilized
PBSC. This approach can considerably lower the incidence of severe
GVHD without increasing RR. Furthermore, 14% of the
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occurrences of GVHD occur within 3 years (61); a clinical
research is currently underway (NCT01189786).

GVHD incidence was decreased with PB-HSCT after human
CD3+ T cell-depleted, but the recurrence was not enhanced (62).
Pan-drawback TCDs of sluggish engraftment and immune
reconstitution can be offset by using it in combination with
ATG (63).

It is possible to minimize GVHD while maintaining the effects
of GVL by depleting 0/f T cells while retaining y/8 T cells (64),
although there are no data on its application in elderly patients. In
patients receiving RIC-HSCT, a clinical trial is being conducted to
assess the viability and safety of giving prophylactic CD45RAneg
memory/effector T cells soon after transplantation (NCT05066412).

To investigate if they can prevent or diminish the incidence of
GVHD, Treg from unrelated donors can also be altered in the
lab until they eventually transform into fucosylated T
cells (NCT02423915).

5.5 Other methods

A few new drugs that target novel targets, such as anti-CD154
monoclonal antibody, cytotoxic T-lymphocyte-associated antigen
4 globulin, and anti-CD25 monoclonal antibody, have significant
research and application prospects in recent years. Moreover,
human amniotic epithelial cells, ixazomib, itatinib, maraviroc,
and bortezomib may have some effect on preventing GVHD (65)
(NCT03082677, NCT03764228, and NCT04859946). Moreover,
according to the authors, prebiotic galacto-oligosaccharide
may help prevent GVHD by regulating the gut microbial
activity, and pertinent clinical trials are currently being
conducted (NCT04373057).

6 Prevention of relapse

6.1 Early discontinuation of
immunosuppressive drugs

If CDC has not been reached at 4 weeks following HSCT and
there is no severe aGVHD, start reducing immunosuppression for
elderly AML patients, a high-risk group for relapse.
Immunosuppression in older individuals who have reached CDC
should be decreased 3 months after HSCT and stopped at 5 months
(66). Therefore, physicians need to balance the production of severe
GVHD with the induction of GVL consequences. According to
some researchers, granulocyte colony stimulating factor reduces T
cell reactivity, which may help distinguish between the GVL impact
and GVHD (67). Unfortunately, no significantly prospective studies
on a large scale have validated its efficacy.

6.2 Prophylactic DLI

DLI after +90 days helps lower the cumulative RR (5-year
cumulative RR, 30.5%) and improves the outcomes (5-year OS,
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69.8%) for high-risk AML patients. In DLI, the median CD3+ T
celldosage was 3 x 10°/kg (compared with 1 x 10’/kg in MSD and
0.5 x 106/kg in MUD) (68). The use of interferon o-2b in
combination with prophylactic DLI has been indicated by several
researchers to further diminish the RR and promote LFS, and
related clinical trials are currently being conducted
(NCT02568241). To assess the efficacy of siremadlin combined
with proDLI for prophylaxis in high-risk patients, a phase Ib/II
clinical trial is now being conducted (NCT05447663).

6.3 Targeted drug

In addition, the prevention of relapse includes the use of
targeted medications. In elderly AML patients, HMA shows great
efficacy and tolerance. The RR can be massively diminished by low-
dose decitabine and recombinant granulocyte colony stimulating
factor (15.0% vs. 38.3%) (69). AZA had a 1-year RFS of 46%,
whereas CC-486’s oral formulation had a 1-year RFS of 54% and
72% for the 7- and 14-day dosing groups, respectively (70). Post-
transplant maintenance therapy with sorafenib, midostatin,
gitertinib, quizartinib, and crenolanib is an option for patients
with FLT3-ITD/FLT3-TKD mutations (71). The most effective
targeted agents for older individuals with FLT3 mutations will
need to be identified in the future.

The Food and Drug Administration (FDA) approved ivosidenib
and enasidenib as IDH1/2 mutations for the treatment of relapsed/
refractory acute myeloid leukemia in 2018. Clinical research on its
utilization as post-transplant maintenance therapy are ongoing, but
no studies have yet established its involvement in the management
of post-transplant relapse in elderly patients (NCT03515512 and
NCT03728335). Histone deacetylase inhibitors, such as
panobinostat, have showed excellent efficacy in preventing relapse
in elderly patients who underwent HSCT (the CIR with
panobinostat given prior to proDLI after HSCT was 35%, with 2-
year OS and PFS of 50% and 49%, respectively (72)). Last but not
the least, targeted drugs are typically utilized as therapy for 1 to 2
years following transplantation (73).

7 Management of post-transplant
complications

7.1 Treatment of GVHD

7.1.1 aGVHD

The conditioning regimens for elder AML patients are primarily
RIC, in contrast to younger patients. The GVL effect, which reduces
the likelihood of high recurrence in elderly patients, is its greatest
advantage. The prevalence of grades III and IV GVHD can be
greatly decreased with a PTCY-based GVHD prophylaxis.
According to a recent retrospective research (74), the elderly
patients’ survival outcomes benefit from the continuity of grade II
aGVHD. Better DFES (HR: 0.36; p = 0.002) and OS (HR: 0.35; p =
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0.003) for elderly patients with grade Il aGVHD continue to show a
substantial correlation, which may be attributable to controlled
aGVHD and contributing to the GVL effect.

There is presently no standard second-line therapy for aGVHD,
and systemic steroid therapy is the traditional first-line treatment
(75, 76). As initial treatment for aGVHD, no combination
medication has yet been proven to be better than corticosteroids
alone. Alpha I-antitrypsin plus corticosteroids are being evaluated
in a recent phase IIT clinical trial for aGVHD (NCT04167514). As
an alternative, coupling itolizumab or leflunomide with
corticosteroids may also work well (NCT05263999
and NCT05443425).

Steroid-refractory acute graft-versus-host disease (SR-aGVHD),
which involves about half of the patients, causes them to be resistant
to steroids. The first medicine to be approved by the FDA for the
treatment of SR-aGVHD was roxolitinib. According to the findings
of the clinical trials REACHI and REACH2, at least 50% of the SR-
aGVHD patients (median ages 58 and 54 years, respectively) had an
objective response (54.9%-62%). Other drugs for the treatment of
SR-aGVHD in elderly patients, aside from roxolitinib, are currently
undergoing clinical trials. T-Guard and ruxolitinib are being
compared in a clinical trial for patients with grade III or IV SR-
aGVHD (NCT04934670). In recently conducted clinical trials, the
efficacy and safety of decidua stroma cells, itacitinib, and
tocilizumab in the management of SR-aGVHD are being assessed
(NCT04118556 and NCT04070781).

A study that focuses on extracorporeal photopheresis and
mesenchymal stem cell infusion as a combination treatment for
SR-aGVHD is also available (NCT05333029). Although it is still in
the clinical research process, some researchers have suggested using
umbilical cord mesenchymal stem cells alone or in conjunction with
ruxolitinib to treat SR-aGVHD (NCT04738981 and NCT04744116).

We should concentrate on effective GVHD prophylaxis because
the outcomes following grades III and IV aGVHD and SR-aGVHD
are generally dismal for older patients.

7.1.2 cGVHD

Based on prospective research (77), cGVHD is the primary
factor in reducing relapse and improved DFS and OS following
RIC-HSCT for elderly patients of bone marrow malignancies. A
first-line therapy for cGVHD is systemic steroid combined with
cyclosporin (78, 79). Ruxolitinib, ibrutinib, and belumosudil are the
three drugs that the FDA has so far approved for use in the
treatment of steroid-refractory chronic graft versus host disease
(SR-cGVHD). According to a phase 3 open-label, randomized trial,
ruxolitinib had a substantially higher ORR [49.7% vs. 25.6% (80)] at
week 24 than the control group. Ibrutinib (PYC-1129) and
belumosudil (ROCKSTAR) had ORRs of 67% and 76%,
respectively. A phase 2, open-label, randomized, multicenter
study is now recruiting participants to evaluate the effectiveness
and tolerability of axatinib in SR-cGVHD (NCT04710576).

SHR0302 and prednisone are being examined in recent clinical
research as the first-line therapy for moderate to severe cGVHD
(NCT04146207). Ibrutinib and CD20 are also likely to succeed
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other treatments for cGVHD, and they are now being researched in
phase 1II clinical trials (NCT04294641 and NCT04235036). In a
recent study, BN101’s efficiency and safety for managing cGVHD
are being examined (NCT04930562). A phase II trial using
acalabrutinib for cGVHD is now underway (NCT04198922).

7.2 Treatment of recurrence

7.2.1 Preemptive treatment of recurrence

Relapse in patients undergoing HSCT is strongly predicted by
MRD positivity, BM CD34+ donor cell chimerism <80%, and
persistent positivity for gene mutation or chromosomal gain or
loss [74-75]. When the aforementioned risk factors appeared, we
opted for preemptive treatment. DLI is generally regarded as the
most expected method to achieve long-term remission in elderly
patients (81), and it can dramatically decrease their risk of relapse
(3-year RR was 32.4%) while also improving their probability of
survival (3-year DFS was 50.3%) (82).

In order to figure out the most efficient and secure dose of
lenalidomide, a prospective phase II clinical study is currently being
conducted. Its goal is to assess the safety and viability of adding
lenalidomide to AZA and DLI as a first preemptive treatment for
AML patients who have relapsed after transplantation
(NCT02472691). Moreover, some researchers have claimed that
DLI and HMA can be used for the preemptive treatment of relapse,
and relevant clinical research is still being done (NCT03662087).

Moreover, it has been demonstrated that AML patients face
relapse after HSCT due to the downregulation of MHC class II
genes implicated in in vivo antigen presentation, which circumvents
the GVL effect. There is proof that interferon-gamma can change an
AML cell’s phenotype (83). In the research by Xiaodong Mo et al., it
was proved that the use of recombinant human interferon (IFN)-2b
subcutaneous injection for six cycles as a preemptive treatment for
patients who tested positive for MRD could continue to clear MRD.
The 6-year cumulative RR after treatment was 13%, and the 6-year
DEFS was 83.1% (84). On the basis of the patient’s disease phenotype
and genetics, we can also monitor the patients for molecular
information and administer targeted drugs for preemptive
treatment (85).

7.2.2 Treatment after hematologic recurrence

Salvage therapy, which includes intensive chemotherapy, low-
dose chemotherapy, secondary transplantation, DLI, enrolment in
clinical trials, and palliative care, can be provided to patients who
suffer a hematological relapse after HSCT (86). Due to their
extremely poor physical performance, elderly patients who have
relapse after HSCT should not get intensive chemotherapy or a
secondary transplant.

After relapse, low-dose chemotherapy, including HMA or the
addition of venetoclax, can be maintained in older patients with
AML who had previously received treatment with it. Venetoclax
with low-dose chemotherapy has been shown in several studies to
increase the remission rate in relapsed patients. In this cohort, 43%
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of relapsed patients achieved CR/CR with CRi, and the half-year OS
was 74% (87).

With only a 25% 2-year OS and a 49% 2-year RR in patients
who achieved complete response, one study evaluating DLI therapy
in patients with relapse after HSCT at a median age of 49 years had
very poor results (81). Moreover, a number of studies support the
use of DLI-based combination therapy. Venetoclax along with DLI
can generate a CR rate of about 59%, according to a study by Odelia
Amit et al. This has a major effect on those who have an early
relapse post-transplantation (88). Moreover, DLI can be coupled
with a range of other drugs, although they are all still in clinical
studies, such as guadecitabine (NCT02684162), ruxolitinib and
decitabine (NCT04055844), ipilimumab (NCT03912064),
flotetuzumab (NCT04582864), siremadlin (NCT05447663), IFN-
(NCT04628338), etc.

Several researchers have proposed that leukemia-specific T cells
(mLSTs) specifically recognize multiple antigens expressed by AML
cells, such as PRAME and WT1, compared with DLI. GVHD is
minimized to low levels by mLSTs, which even have little to no
effect in killing receptor normal cells. In total, 25 post-relapse
patients were given an infusion of mLSTs by researchers; all of
the patients experienced GVL effects, were well tolerated, and did
not develop severe GVHD. Hence, mLSTs are both safer and more
effective than DLI. When taken in conjunction with other
medications, mLSTs increase the likelihood of long-term
remission (89).

Because of the difficulty in finding the structural regions that
CAR-T cells target in AML primary cells, cellular therapies like
CAR-T cells have not been developed and used widely in AML.
Clinical trials using CAR-T to treat patients who have relapsed after
transplantation are still researched nevertheless (NCT04796441).
Some relapsed patients may choose to take part in appropriate
clinical trials or receive palliative care if they are not candidates for
these treatments.

7.3 Management of other complications
after HSCT

7.3.1 Viral infection

Within 100 days of transplantation, the CI for viral infection
was 70% (90). CMV is the most typical post-transplant viral
infection. Patients who received MAC had a higher risk of getting
infected with CMV than those who received NMA or RIC (91), and
those who used much of cortisol hormone, cyclosporin, ATG, or
other immunosuppression had a higher risk as well. Because their
immune systems are more weakened and CMV disease has a worse
prognosis, older people are more prone to get infect with it.
Therefore, CMV prevention should be the main priority. The
FDA approved letermovir in 2017 for prevention in post-
transplant patients with serum CMV positivity. Recently
developed CMV prevention drugs, such as maribavir and
brindofovir, are currently undergoing drug trials. In addition, the
body can directly rebuild CMV-specific cellular immunity after
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accepting an injection of virus-specific T cells, but this method is yet
in the experimental stage (92) (NCT02985775). An ongoing clinical
trial uses HSCT to immunize individuals against CMV in order to
prevent an infection (NCT01588015). Relevant research show that
younger patients have lower CIR when CMV reactivates early after
HSCT (93, 94). Clinically, EBV reactivation post-HSCT also
happens commonly. The research by Xiaojun Huang et al. (95)
verified that worse 1-year OS and LFS were related to simultaneous
CMYV and EBV activation after transplantation, but none of the
aforementioned conclusions was independently verified in
elderly patients.

Human herpesvirus (HHV-6) infection is also common in post-
transplant patients as well as to CMV. HHV-6 encephalitis is an
important factor to morbidity and mortality after allo-HSCT. Patients
receiving mismatched or unrelated donors, having low HHV-6 IgG
titers prior to transplantation, having concurrent aGVHD, having
previously been infected with EBV, and having poor T cell function
were more likely to develop encephalitis at elevated levels of HHV6
deoxyribonucleic acid (DNA) in peripheral blood (96, 97). Patients
with HHV-6B encephalitis had an OS rate of 58.3% compared with
individuals without encephalitis who had an OS rate of 80.5% (98).
Patients who are elderly have a worse prognosis. The incidence of
HHV-6B encephalitis was not decreased by genicilovir and
phosphoformic acid, according to prospective studies, and there are
no effective drugs to prevent HHV-6 encephalitis (99, 100). To get
serum HHV-6 DNA to turn negative, it is recommended to
apply 90 mg/kg b.id. of intravenous foscarnet or 5 mg/kg b.i.d. of
ganciclovir for at least 3 weeks (101, 102).

7.3.2 Fungal infection and invasive fungal disease

After HSCT, the incidence of invasive fungal infection (IFI) can
still range from 5% to 8% (103). Compared with younger patients,
the incidence of invasive fungal disease (IFD) is significantly higher
in this cohort of older individuals. The most frequent IFD was
invasive aspergillosis (43%), which was followed by invasive
candidiasis (28%) and zygomycosis (8%) (104).

Triazoles, which include posaconazole and isavuconzaole, are
currently used very often for primary prophylaxis in patients who
undergo HSCT (105). Echinocandins like caspofungin and
micafungin are among the other first-line preventative
medications. Sargramostim has been recommended by certain
researchers as an additional regimen to avoid IFD for some
individuals who are resistant to standard treatments.
Sargramostim increases antifungal immune resistance in patients
taking systemic corticosteroids and decreases the incidence and
duration of neutropenia in cancer patients (106, 107).

Even though these medications are used to prevent IFD,
roughly 5% of patients still get breakthrough IFD (108). These
individuals frequently have severe comorbidities—relapsed or
refractory hematologic malignancies are more prevalent in elderly
patients—and have a high attributable mortality (109, 110). The
early diagnosis of patients with breakthrough IFD is challenging;
thus, as soon as these symptoms appear, a bronchoscopy should be
done immediately, and bronoalveolar lavage samples should be
taken for culture and galactomannan (GM) measurements.
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Moreover, lung computed tomography (CT) and serum GM can
be utilized as supplemental diagnostic techniques for IFD
(111, 112).

Voriconazole is recommended by the Infectious Diseases
Society of America as the first-line treatment for IFD (113).
According to one study, isavuconazole considerably decreased the
incidence of hepatobiliary, ophthalmic, and cutaneous adverse
effects in patients, but there was no difference in the overall
success of treatment when compared with voriconazole (35% vs.
36%) (114). When compared with other triazoles, isavuconazole
benefits from broad-spectrum efficacy, oral and injectable forms,
predictable pharmacokinetics, and less adverse effects (115).

Most elderly patients have underlying conditions and
comorbidities to varied degrees, which make them more
susceptible to complications with the distribution, metabolism,
absorption, and elimination of antifungals and other necessary
medications as well as adverse drug responses (116). As a result,
it is important to dynamically monitor the patient’s medicine
concentration. The mean AUC 0-24 h amounted to 101 pg h/ml
in patients with IFI. The minimal inhibitory concentration,
according to the European Council for Antimicrobial
Susceptibility Testing, is 1 g/ml or less (117). Those with mild to
moderate hepatic insufficiency and renal insufficiency can continue
utilizing standard doses, but recommendations for dosing in
patients with Child-Pugh class C are lacking. Lastly, it is advised
to reduce the dosage of isavuconazole and closely check
the therapeutic agent while using isavuconazole with
immunosuppressive drugs (118).

7.3.3 Bacterial infection

After HSCT, elderly patients have weakened immune systems
and are more vulnerable to bacterial infections. Antibiotics should
be given as a preventative measure to patients who have bacterial
infections that pose a high risk in clinical practice. For patients who
have already appointed a bacterial infection, we should first
administer an empirical antibiotic treatment, carry out pathogenic
microorganism culture and drug susceptibility testing as soon as
possible, and then modify the antibiotic treatment as the test results
are conveyed to reduce the risk of organ injury brought on by
hemodynamic disorders.

7.3.4 Other late complications

Such late complications may affect vital organs like the heart,
lungs, liver, and kidneys. Moreover, the incidence of secondary
tumors climbed over time, reaching a 20-year CI of 21%, and its risk
increased after HSCT, with a 5-year CI of 5% (119, 120). Around
10% of patients have cataracts (121). In addition to osteoporosis
(122) and dyslipidemia (123), which affect more than half of elderly
patients, avascular necrosis had a CI of 3.7% at 5 years and 5.4% at
10 years (124).

Cardiovascular complications after HSCT include ischemic
heart disease, cardiomyopathy, vascular disease, etc. (125) The use
of anthracycline drugs, cyclophosphamide-containing conditioning
regimen, and chest radiotherapy can increase cardiotoxicity and
thus increase the risk of cardiovascular complications after HSCT
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(126). Therefore, it is very important for elderly patients to select
appropriate treatment programs based on cardiac function before
and after HSCT and to follow up serum cardiac markers and
echocardiography regularly after HSCT.

Another less common but life-threatening complication is
cytokine release syndrome (CRS), which is present throughout
the course of aGVHD. Severe CRS is more common in elderly
patients, with an incidence of about 15% and a mortality rate of up
to 24% (127). Patients with suspected CRS symptoms should
undergo a comprehensive examination immediately. More
importantly, the etiology of CRS should be distinguished (i.e.,
iatrogenic etiology, severe infection, etc.) (128) in order to select
the appropriate treatment regimen (129). Some researchers have
confirmed that an early combined blockade of interleukin 6 and
human tumor necrosis factor y is more effective than a single
blockade therapy and can also preserve GVL effects (130). The
treatment effect of tocilizumab monotherapy is also very effective.
Some researchers believe that glucocorticoids may inhibit GVL
effects, thus making it a second-line treatment (131).

The late mortality of transplant survivors along with their
quality of life might be greatly affected by late complications.
Subsequently, it is crucial to provide elderly patients undergoing
HSCT with long-term follow-up, regular reviews, publicity, and
education on the primary disease and its complications (132).

8 Conclusion

(1) Elderly patients with ECOG or HCT-CI 23 or with
unfavorable cytogenetics should undergo allo-HSCT with
caution.

(2) We recommend the use of RIC in elderly allo-HSCT
patients. In terms of long-term survival, FM100 had an
edge over FB, which had a lower NRM in the initial post-
transplantation period.

(3) There are three main ways to prevent GVHD: PTCy, ATG,
and ex vivo TCD. Combining these approaches with
sirolimus, ruxolitinib, calcineurin inhibitors, MMF, etc.,
may be more effective.

(4) Immunosuppressive drugs should be stopped quickly after
transplantation in elderly patients. After HSCT, we should
concentrate on regular disease monitoring in senior patients,
and preemptive treatment of relapse is most critical. There are
few trials on treatment after hematologic relapse, and it is
ineffective.

(5) The most frequent viral infections after transplantation are
CMV, EBV, and HHV6. The most crucial element for
patients with breakthrough IFD is early diagnosis. The
most crucial measures in the event of bacterial infections in
elderly patients are early pathogenic examination and
antibiotic sensitivity testing. In order to improve their
QOL, elderly patients require long-term follow-up and
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routine reviews because they are more likely to experience
late complications.

9 Outlook

Future research should concentrate on slashing RIC regimens
that have excellent efficacy and safety, like clofarabine and
FLAMSA, which are currently undergoing clinical trials, and
consider combining these regimens to maximize their advantages.
We can think about adjusting the schedule and dosage of traditional
PTCy and ATG for GVHD prevention. Preemptive therapy has
been a hot topic for post-transplant relapse, and in the future, more
markers can be found to pinpoint when to begin preemptive
therapy, which can be used to extend more preemptive treatment
options like INF-y. In order to determine whether treatments that
are successful in younger patients can be used in elderly patients,
more comprehensive randomized controlled trials in elderly AML
patients are required in the future.

Author contributions

SJ, RW, HC, and AZ writing—original draft preparation. HY,
XL, WS, and LX writing—review and editing. All authors
contributed to the article and approved the submitted version.

Funding

This review was funded by the Natural Science Foundation and
Natural Science Foundation of Hubei Province (grant numbers
2020CBF772 and 2020CBF790). This review was supported by the
Collaborative Innovation Center of Hematology of China.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1102966
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Jiang et al.

References

1. Juliusson G, Lazarevic V, Hérstedt A-S, Hagberg O, Hoglund MSwedish Acute
Leukemia Registry Group. Acute myeloid leukemia in the real world: why population-
based registries are needed. Blood (2012) 119:3890-9. doi: 10.1182/blood-2011-12-
379008

2. Acute myeloid leukemia {{/amp]]mdash; cancer stat facts . Available at: https://
seer.cancer.gov/statfacts/html/amyl.html (Accessed October 10, 2022).

3. Oran B, Weisdorf DJ. Survival for older patients with acute myeloid leukemia: a
population-based study. Haematologica (2012) 97:1916-24. doi: 10.3324/
haematol.2012.066100

4. Grimwade D, Walker H, Harrison G, Oliver F, Chatters S, Harrison CJ, et al. The
predictive value of hierarchical cytogenetic classification in older adults with acute
myeloid leukemia (AML): analysis of 1065 patients entered into the united kingdom
medical research council AMLI11 trial. Blood (2001) 98:1312-20. doi: 10.1182/
blood.v98.5.1312

5. Dinmohamed AG, Visser O, van Norden Y, Blijlevens NMA, Cornelissen JJ, Huls
GA, et al. Treatment, trial participation and survival in adult acute myeloid leukemia: a
population-based study in the Netherlands, 1989-2012. Leukemia (2016) 30:24-31.
doi: 10.1038/leu.2015.188

6. DiNardo CD, Pratz KW, Letai A, Jonas BA, Wei AH, Thirman M, et al. Safety and
preliminary efficacy of venetoclax with decitabine or azacitidine in elderly patients with
previously untreated acute myeloid leukaemia: a non-randomised, open-label, phase 1b
study. Lancet Oncol (2018) 19:216-28. doi: 10.1016/S1470-2045(18)30010-X

7. Pollyea DA, Pratz K, Letai A, Jonas BA, Wei AH, Pullarkat V, et al. Venetoclax
with azacitidine or decitabine in patients with newly diagnosed acute myeloid leukemia:
long term follow-up from a phase 1b study. Am J Hematol (2021) 96:208-17.
doi: 10.1002/ajh.26039

8. DiNardo CD, Pratz K, Pullarkat V, Jonas BA, Arellano M, Becker PS, et al.
Venetoclax combined with decitabine or azacitidine in treatment-naive, elderly patients
with acute myeloid leukemia. Blood (2019) 133:7-17. doi: 10.1182/blood-2018-08-
868752

9. Podoltsev NA, Stahl M, Zeidan AM, Gore SD. Selecting initial treatment of acute
myeloid leukaemia in older adults. Blood Rev (2017) 31:43-62. doi: 10.1016/
j.blre.2016.09.005

10. . Available at: https://www.cibmtr.org/Pages/index.aspx (Accessed October 10,
2022).

11. Maakaron JE, Zhang M-], Chen K, Abhyankar S, Bhatt VR, Chhabra S, et al. Age
is no barrier for adults undergoing HCT for AML in CRI: contemporary CIBMTR
analysis. Bone Marrow Transplant (2022) 57:911-7. doi: 10.1038/s41409-022-01650-5

12. Maakaron J, Chen K, Zhang M-J, Hourigan CS, Litzow M, Saber W, et al. Impact
of age on the outcomes of HCT for AML in CR1: promising therapy for older adults.
Blood (2020) 136:41-2. doi: 10.1182/blood-2020-141096

13. DeLima M, Ghaddar H, Pierce S, Estey E. Treatment of newly-diagnosed acute
myelogenous leukaemia in patients aged 80 years and above. Br ] Haematol (1996)
93:89-95. doi: 10.1046/j.1365-2141.1996.4771012.x

14. Gratwohl A, Hermans J, Goldman JM, Arcese W, Carreras E, Devergie A, et al.
Risk assessment for patients with chronic myeloid leukaemia before allogeneic blood or
marrow transplantation. Chronic Leukemia Working Party Eur Group Blood Marrow
Transplantation Lancet (1998) 352:1087-92. doi: 10.1016/s0140-6736(98)03030-x

15. Sorror ML, Maris MB, Storb R, Baron F, Sandmaier BM, Maloney DG, et al.
Hematopoietic cell transplantation (HCT)-specific comorbidity index: a new tool for
risk assessment before allogeneic HCT. Blood (2005) 106:2912-9. doi: 10.1182/blood-
2005-05-2004

16. Oken MM, Creech RH, Tormey DC, Horton J, Davis TE, McFadden ET, et al.
Toxicity and response criteria of the Eastern cooperative oncology group. Am J Clin
Oncol (1982) 5:649-55.

17. Middeke JM, Herbst R, Parmentier S, Bug G, Hénel M, Stuhler G, et al. Long-
term follow-up and impact of comorbidity before allogeneic hematopoietic stem cell
transplantation in patients with relapsed or refractory acute myeloid leukemia-lessons
learned from the prospective BRIDGE trial. Biol Blood Marrow Transplant (2017)
23:1491-7. doi: 10.1016/j.bbmt.2017.05.014

18. Karnofsky D. The clinical evaluation of chemotherapeutic agents in cancer. Eval
chemotherapeutic Agents (1949).

19. Leal AD, Allmer C, Maurer MJ, Shanafelt TD, Cerhan JR, Link BK, et al.
Variability of performance status assessment between patients with hematologic
malignancies and their physicians. Leuk Lymphoma (2018) 59:695-701. doi: 10.1080/
10428194.2017.1347930

20. Hemmati PG, Terwey TH, le Coutre P, Vuong LG, Massenkeil G, Dérken B,
et al. A modified EBMT risk score predicts the outcome of patients with acute myeloid
leukemia receiving allogeneic stem cell transplants. Eur ] Haematol (2011) 86:305-16.
doi: 10.1111/j.1600-0609.2011.01580.x

21. Muffly LS, Boulukos M, Swanson K, Kocherginsky M, Cerro PD, Schroeder L,
et al. Pilot study of comprehensive geriatric assessment (CGA) in allogeneic transplant:
CGA captures a high prevalence of vulnerabilities in older transplant recipients. Biol
Blood Marrow Transplant (2013) 19:429-34. doi: 10.1016/j.bbmt.2012.11.006

Frontiers in Immunology

11

10.3389/fimmu.2023.1102966

22. Zhang C-L, Feng R, Li J-T, Wang T, Bai J-F, Liu H. A new tool for
comprehensive geriatric assessment in elderly patients with acute myeloid leukemia:
a pilot study from China. Chin Med ] (Engl) (2020) 133:381-7. doi: 10.1097/
CM9.0000000000000645

23. Michelis FV, Atenafu EG, Gupta V, Kim DD, Kuruvilla J, Lambie A, et al.
Duration of first remission, hematopoietic cell transplantation-specific comorbidity
index and patient age predict survival of patients with AML transplanted in second CR.
Bone Marrow Transplant (2013) 48:1450-5. doi: 10.1038/bmt.2013.71

24. Veltri L, Rezvani K, Oran B, Mehta R, Rondon G, Kebriaei P, et al.
Allotransplants for patients 65 years or older with high-risk acute myeloid leukemia.
Biol Blood Marrow Transplant (2019) 25:505-14. doi: 10.1016/j.bbmt.2018.09.032

25. Shouval R, Fein JA, Labopin M, Cho C, Bazarbachi A, Baron F, et al.
Development and validation of a disease risk stratification system for patients with
haematological malignancies: a retrospective cohort study of the European society for
blood and marrow transplantation registry. Lancet Haematol (2021) 8:¢205-15.
doi: 10.1016/52352-3026(20)30394-X

26. Klepin HD, Geiger AM, Tooze JA, Kritchevsky SB, Williamson JD, Ellis LR, et al.
The feasibility of inpatient geriatric assessment for older adults receiving induction
chemotherapy for acute myelogenous leukemia. ] Am Geriatr Soc (2011) 59:1837-46.
doi: 10.1111/j.1532-5415.2011.03614.x

27. Klepin HD, Geiger AM, Tooze JA, Kritchevsky SB, Williamson JD, Pardee TS,
et al. Geriatric assessment predicts survival for older adults receiving induction
chemotherapy for acute myelogenous leukemia. Blood (2013) 121:4287-94.
doi: 10.1182/blood-2012-12-471680

28. Sherman AE, Motyckova G, Fega KR, Deangelo DJ, Abel GA, Steensma D, et al.
Geriatric assessment in older patients with acute myeloid leukemia: a retrospective
study of associated treatment and outcomes. Leuk Res (2013) 37:998-1003.
doi: 10.1016/j.]leukres.2013.05.013

29. Michelis FV, Gupta V, Zhang M-J, Wang H-L, Aljurf M, Bacher U, et al.
Cytogenetic risk determines outcomes after allogeneic transplantation in older patients
with acute myeloid leukemia in their second complete remission: a center for
international blood and marrow transplant research cohort analysis. Cancer (2017)
123:2035-42. doi: 10.1002/cncr.30567

30. Armistead PM, de Lima M, Pierce S, Qiao W, Wang X, Thall PF, et al.
Quantifying the survival benefit for allogeneic hematopoietic stem cell
transplantation in relapsed acute myelogenous leukemia. Biol Blood Marrow
Transplant (2009) 15:1431-8. doi: 10.1016/j.bbmt.2009.07.008

31. Burnett AK, Goldstone A, Hills RK, Milligan D, Prentice A, Yin J, et al.
Curability of patients with acute myeloid leukemia who did not undergo
transplantation in first remission. J Clin Oncol (2013) 31:1293-301. doi: 10.1200/
JCO.2011.40.5977

32. Michelis FV, Messner HA, Atenafu EG, Kim DD, Kuruvilla J, Lipton JH, et al.
Benefit of allogeneic transplantation in patients age > 60 years with acute myeloid
leukemia is limited to those in first complete remission at time of transplant. Biol Blood
Marrow Transplant (2014) 20:474-9. doi: 10.1016/j.bbmt.2013.12.560

33. Rashidi A, Ebadi M, Colditz GA, DiPersio JF. Outcomes of allogeneic stem cell
transplantation in elderly patients with acute myeloid leukemia: a systematic review
and meta-analysis. Biol Blood Marrow Transplant (2016) 22:651-7. doi: 10.1016/
j.bbmt.2015.10.019

34. Pohlen M, Groth C, Sauer T, Gérlich D, Mesters R, Schliemann C, et al.
Outcome of allogeneic stem cell transplantation for AML and myelodysplastic
syndrome in elderly patients (260 years). Bone Marrow Transplant (2016) 51:1441-
8. doi: 10.1038/bmt.2016.156

35. Castermans E, Hannon M, Dutrieux J, Humblet-Baron S, Seidel L, Cheynier R,
et al. Thymic recovery after allogeneic hematopoietic cell transplantation with non-
myeloablative conditioning is limited to patients younger than 60 years of age.
Haematologica (2011) 96:298-306. doi: 10.3324/haematol.2010.029702

36. Maris M, Boeckh M, Storer B, Dawson M, White K, Keng M, et al. Immunologic
recovery after hematopoietic cell transplantation with nonmyeloablative conditioning.
Exp Hematol (2003) 31:941-52. doi: 10.1016/s0301-472x(03)00201-7

37. Karam E, Laporte ], Solomon SR, Morris LE, Zhang X, Holland HK, et al. Who is
a better donor for recipients of allogeneic hematopoietic cell transplantation: a young
HLA-mismatched haploidentical relative or an older fully HLA-matched sibling or
unrelated donor? Biol Blood Marrow Transplant (2019) 25:2054-60. doi: 10.1016/
j.bbmt.2019.05.031

38. Kollman C, Spellman SR, Zhang M-]J, Hassebroek A, Anasetti C, Antin JH, et al.
The effect of donor characteristics on survival after unrelated donor transplantation for
hematologic malignancy. Blood (2016) 127:260-7. doi: 10.1182/blood-2015-08-663823

39. YuS, Fan Q, Sun]J, Fan Z, Zhang Y, Jiang Q, et al. Haploidentical transplantation
without In vitro T-cell depletion results in outcomes equivalent to those of
contemporaneous matched sibling and unrelated donor transplantation for acute
leukemia. Med (Baltimore) (2016) 95:€2973. doi: 10.1097/MD.0000000000002973

40. Luo Y, Xiao H, Lai X, Shi ], Tan Y, He J, et al. T-Cell-replete haploidentical HSCT
with low-dose anti-t-lymphocyte globulin compared with matched sibling HSCT and
unrelated HSCT. Blood (2014) 124:2735-43. doi: 10.1182/blood-2014-04-571570

frontiersin.org


https://doi.org/10.1182/blood-2011-12-379008
https://doi.org/10.1182/blood-2011-12-379008
https://seer.cancer.gov/statfacts/html/amyl.html
https://seer.cancer.gov/statfacts/html/amyl.html
https://doi.org/10.3324/haematol.2012.066100
https://doi.org/10.3324/haematol.2012.066100
https://doi.org/10.1182/blood.v98.5.1312
https://doi.org/10.1182/blood.v98.5.1312
https://doi.org/10.1038/leu.2015.188
https://doi.org/10.1016/S1470-2045(18)30010-X
https://doi.org/10.1002/ajh.26039
https://doi.org/10.1182/blood-2018-08-868752
https://doi.org/10.1182/blood-2018-08-868752
https://doi.org/10.1016/j.blre.2016.09.005
https://doi.org/10.1016/j.blre.2016.09.005
https://www.cibmtr.org/Pages/index.aspx
https://doi.org/10.1038/s41409-022-01650-5
https://doi.org/10.1182/blood-2020-141096
https://doi.org/10.1046/j.1365-2141.1996.4771012.x
https://doi.org/10.1016/s0140-6736(98)03030-x
https://doi.org/10.1182/blood-2005-05-2004
https://doi.org/10.1182/blood-2005-05-2004
https://doi.org/10.1016/j.bbmt.2017.05.014
https://doi.org/10.1080/10428194.2017.1347930
https://doi.org/10.1080/10428194.2017.1347930
https://doi.org/10.1111/j.1600-0609.2011.01580.x
https://doi.org/10.1016/j.bbmt.2012.11.006
https://doi.org/10.1097/CM9.0000000000000645
https://doi.org/10.1097/CM9.0000000000000645
https://doi.org/10.1038/bmt.2013.71
https://doi.org/10.1016/j.bbmt.2018.09.032
https://doi.org/10.1016/S2352-3026(20)30394-X
https://doi.org/10.1111/j.1532-5415.2011.03614.x
https://doi.org/10.1182/blood-2012-12-471680
https://doi.org/10.1016/j.leukres.2013.05.013
https://doi.org/10.1002/cncr.30567
https://doi.org/10.1016/j.bbmt.2009.07.008
https://doi.org/10.1200/JCO.2011.40.5977
https://doi.org/10.1200/JCO.2011.40.5977
https://doi.org/10.1016/j.bbmt.2013.12.560
https://doi.org/10.1016/j.bbmt.2015.10.019
https://doi.org/10.1016/j.bbmt.2015.10.019
https://doi.org/10.1038/bmt.2016.156
https://doi.org/10.3324/haematol.2010.029702
https://doi.org/10.1016/s0301-472x(03)00201-7
https://doi.org/10.1016/j.bbmt.2019.05.031
https://doi.org/10.1016/j.bbmt.2019.05.031
https://doi.org/10.1182/blood-2015-08-663823
https://doi.org/10.1097/MD.0000000000002973
https://doi.org/10.1182/blood-2014-04-571570
https://doi.org/10.3389/fimmu.2023.1102966
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Jiang et al.

41. Wang Y, Liu D-H, Xu L-P, Liu K-Y, Chen H, Chen Y-H, et al. Superior graft-
versus-leukemia effect associated with transplantation of haploidentical compared with
HLA-identical sibling donor grafts for high-risk acute leukemia: an historic
comparison. Biol Blood Marrow Transplant (2011) 17:821-30. doi: 10.1016/
j.bbmt.2010.08.023

42. Pidala J, Mupfudze TG, Payton T, Barker J, Perales M-A, Shaw BE, et al. Urgent
time to allogeneic hematopoietic cell transplantation: a national survey of transplant
physicians and unrelated donor search coordinators facilitated by the
histocompatibility advisory group to the national marrow donor program. Biol Blood
Marrow Transplant (2019) 25:2501-6. doi: 10.1016/j.bbmt.2019.08.002

43. Slade M, DiPersio JF, Westervelt P, Vij R, Schroeder MA, Romee R.
Haploidentical hematopoietic cell transplant with post-transplant cyclophosphamide
and peripheral blood stem cell grafts in older adults with acute myeloid leukemia or
myelodysplastic syndrome. Biol Blood Marrow Transplant (2017) 23:1736-43.
doi: 10.1016/j.bbmt.2017.06.019

44. Baron F, Labopin M, Peniket A, Jindra P, Afanasyev B, Sanz MA, et al. Reduced-
intensity conditioning with fludarabine and busulfan versus fludarabine and melphalan
for patients with acute myeloid leukemia: a report from the acute leukemia working
party of the European group for blood and marrow transplantation. Cancer (2015)
121:1048-55. doi: 10.1002/cncr.29163

45. Ciurea SO, Kongtim P, Varma A, Rondon G, Chen J, Srour S, et al. Is there an
optimal conditioning for older patients with AML receiving allogeneic hematopoietic
cell transplantation? Blood (2020) 135:449-52. doi: 10.1182/blood.2019003662

46. Zhou Z, Nath R, Cerny J, Wang H-L, Zhang M-], Abdel-Azim H, et al. Reduced
intensity conditioning for acute myeloid leukemia using melphalan- vs busulfan-based
regimens: a CIBMTR report. Blood Adv (2020) 4:3180-90. doi: 10.1182/
bloodadvances.2019001266

47. Malard F, Labopin M, Stuhler G, Bittenbring J, Ganser A, Tischer J, et al.
Sequential intensified conditioning regimen allogeneic hematopoietic stem cell
transplantation in adult patients with intermediate- or high-risk acute myeloid
leukemia in complete remission: a study from the acute leukemia working party of
the European group for blood and marrow transplantation. Biol Blood Marrow
Transplant (2017) 23:278-84. doi: 10.1016/j.bbmt.2016.11.002

48. Craddock C, Jackson A, Loke J, Siddique S, Hodgkinson A, Mason J, et al.
Augmented reduced-intensity regimen does not improve postallogeneic transplant
outcomes in acute myeloid leukemia. J Clin Oncol (2021) 39:768-78. doi: 10.1200/
JCO.20.02308

49. Schmid C, Schleuning M, Ledderose G, Tischer J, Kolb H-J. Sequential regimen
of chemotherapy, reduced-intensity conditioning for allogeneic stem-cell
transplantation, and prophylactic donor lymphocyte transfusion in high-risk acute
myeloid leukemia and myelodysplastic syndrome. J Clin Oncol (2005) 23:5675-87.
doi: 10.1200/JCO.2005.07.061

50. Schmid C, Schleuning M, Schwerdtfeger R, Hertenstein B, Mischak-Weissinger
E, Bunjes D, et al. Long-term survival in refractory acute myeloid leukemia after
sequential treatment with chemotherapy and reduced-intensity conditioning for
allogeneic stem cell transplantation. Blood (2006) 108:1092-9. doi: 10.1182/blood-
2005-10-4165

51. Cooper JP, Storer BE, Granot N, Gyurkocza B, Sorror ML, Chauncey TR, et al.
Allogeneic hematopoietic cell transplantation with non-myeloablative conditioning for
patients with hematologic malignancies: improved outcomes over two decades.
Haematologica (2021) 106:1599-607. doi: 10.3324/haematol.2020.248187

52. Sandmaier BM, Kornblit B, Storer BE, Olesen G, Maris MB, Langston AA, et al.
Addition of sirolimus to standard cyclosporine plus mycophenolate mofetil-based
graft-versus-host disease prophylaxis for patients after unrelated non-myeloablative
haemopoietic stem cell transplantation: a multicentre, randomised, phase 3 trial. Lancet
Haematol (2019) 6:e409-18. doi: 10.1016/52352-3026(19)30088-2

53. Penack O, Marchetti M, Ruutu T, Aljurf M, Bacigalupo A, Bonifazi F, et al.
Prophylaxis and management of graft versus host disease after stem-cell
transplantation for haematological malignancies: updated consensus
recommendations of the European society for blood and marrow transplantation.
Lancet Haematol (2020) 7:¢157-67. doi: 10.1016/S2352-3026(19)30256-X

54. Kanakry CG, Fuchs EJ, Luznik L. Modern approaches to HLA-haploidentical
blood or marrow transplantation. Nat Rev Clin Oncol (2016) 13:10-24. doi: 10.1038/
nrclinonc.2015.128

55. Kasamon YL, Ambinder RF, Fuchs EJ, Zahurak M, Rosner GL, Bolafios-Meade
J, et al. Prospective study of nonmyeloablative, HLA-mismatched unrelated BMT with
high-dose posttransplantation cyclophosphamide. Blood Adv (2017) 1:288-92.
doi: 10.1182/bloodadvances.2016002766

56. Kasamon YL, Luznik L, Leffell MS, Kowalski J, Tsai H-L, Bolafios-Meade J, et al.
Nonmyeloablative HLA-haploidentical bone marrow transplantation with high-dose
posttransplantation cyclophosphamide: effect of HLA disparity on outcome. Biol Blood
Marrow Transplant (2010) 16:482-9. doi: 10.1016/j.bbmt.2009.11.011

57. Castagna L, Crocchiolo R, Furst S, Bramanti S, El Cheikh ], Sarina B, et al. Bone
marrow compared with peripheral blood stem cells for haploidentical transplantation
with a nonmyeloablative conditioning regimen and post-transplantation
cyclophosphamide. Biol Blood Marrow Transplant (2014) 20:724-9. doi: 10.1016/
j.bbmt.2014.02.001

58. Solomon SR, Sanacore M, Zhang X, Brown S, Holland K, Morris LE, et al.
Calcineurin inhibitor-free graft-versus-host disease prophylaxis with post-
transplantation cyclophosphamide and brief-course sirolimus following reduced-

Frontiers in Immunology

12

10.3389/fimmu.2023.1102966

intensity peripheral blood stem cell transplantation. Biol Blood Marrow Transplant
(2014) 20:1828-34. doi: 10.1016/j.bbmt.2014.07.020

59. Bacigalupo A, Maria Raiola A, Dominietto A, Di Grazia C, Gualandi F, Lint
MTV, et al. Graft versus host disease in unmanipulated haploidentical marrow
transplantation with a modified post-transplant cyclophosphamide (PT-CY)
regimen: an update on 425 patients. Bone Marrow Transplant (2019) 54:708-12.
doi: 10.1038/s41409-019-0594-1

60. Bonifazi F, Rubio M-T, Bacigalupo A, Boelens JJ, Finke J, Greinix H, et al. Rabbit
ATG/ATLG in preventing graft-versus-host disease after allogeneic stem cell
transplantation: consensus-based recommendations by an international expert panel.
Bone Marrow Transplant (2020) 55:1093-102. doi: 10.1038/s41409-020-0792-x

61. Montoro J, Ceberio I, Hilden P, Maloy MA, Barker J, Castro-Malaspina H, et al.
Ex vivo T cell-depleted hematopoietic stem cell transplantation for adult patients with
acute myelogenous leukemia in first and second remission: long-term disease-free
survival with a significantly reduced risk of graft-versus-Host disease. Biol Blood
Marrow Transplant (2020) 26:323-32. doi: 10.1016/j.bbmt.2019.10.003

62. Devine SM, Carter S, Soiffer R, Pasquini MC, Hari PN, Stein A, et al. Low risk of
chronic graft-versus-host disease and relapse associated with T cell-depleted peripheral
blood stem cell transplantation for acute myelogenous leukemia in first remission:
results of the blood and marrow transplant clinical trials network protocol 0303. Biol
Blood Marrow Transplant (2011) 17:1343-51. doi: 10.1016/j.bbmt.2011.02.002

63. Aversa F, Tabilio A, Velardi A, Cunningham I, Terenzi A, Falzetti F, et al.
Treatment of high-risk acute leukemia with T-cell-depleted stem cells from related
donors with one fully mismatched HLA haplotype. N Engl ] Med (1998) 339:1186-93.
doi: 10.1056/NEJM199810223391702

64. Daniele N, Scerpa MC, Caniglia M, Bernardo ME, Rossi C, Ciammetti C, et al.
Transplantation in the onco-hematology field: focus on the manipulation of o} and ¥3
T cells. Pathol Res Pract (2012) 208:67-73. doi: 10.1016/j.prp.2011.10.006

65. Bolanios-Meade ], Reshef R, Fraser R, Fei M, Abhyankar S, Al-Kadhimi Z, et al.
Three prophylaxis regimens (tacrolimus, mycophenolate mofetil, and
cyclophosphamide; tacrolimus, methotrexate, and bortezomib; or tacrolimus,
methotrexate, and maraviroc) versus tacrolimus and methotrexate for prevention of
graft-versus-host disease with haemopoietic cell transplantation with reduced-intensity
conditioning: a randomised phase 2 trial with a non-randomised contemporaneous
control group (BMT CTN 1203). Lancet Haematol (2019) 6:e132-43. doi: 10.1016/
$2352-3026(18)30221-7

66. Yang J, Cai Y, Jiang J, Wan L, Bai H, Zhu ], et al. Early tapering of
immunosuppressive agents after HLA-matched donor transplantation can improve
the survival of patients with advanced acute myeloid leukemia. Ann Hematol (2018)
97:497-507. doi: 10.1007/s00277-017-3204-6

67. Huang X-J, Chang YJ, Zhao XY. Maintaining hyporesponsiveness and
polarization potential of T cells after in vitro mixture of G-CSF mobilized peripheral
blood grafts and G-CSF primed bone marrow grafts in different proportions. Transpl
Immunol (2007) 17:193-7. doi: 10.1016/j.trim.2006.10.002

68. Schmid C, Labopin M, Schaap N, Veelken H, Schleuning M, Stadler M, et al.
Prophylactic donor lymphocyte infusion after allogeneic stem cell transplantation in
acute leukaemia - a matched pair analysis by the acute leukaemia working party of
EBMT. Br ] Haematol (2019) 184:782-7. doi: 10.1111/bjh.15691

69. Gao L, Zhang Y, Wang S, Kong P, Su Y, Hu J, et al. Effect of rhG-CSF combined
with decitabine prophylaxis on relapse of patients with high-risk MRD-negative AML
after HSCT: an open-label, multicenter, randomized controlled trial. J Clin Oncol
(2020) 38:4249-59. doi: 10.1200/JC0O.19.03277

70. de Lima M, Oran B, Champlin RE, Papadopoulos EB, Giralt SA, Scott BL, et al.
CC-486 maintenance after stem cell transplantation in patients with acute myeloid
leukemia or myelodysplastic syndromes. Biol Blood Marrow Transplant (2018)
24:2017-24. doi: 10.1016/j.bbmt.2018.06.016

71. Antar Al Otrock ZK, Jabbour E, Mohty M, Bazarbachi A. FLT3 inhibitors in
acute myeloid leukemia: ten frequently asked questions. Leukemia (2020) 34:682-96.
doi: 10.1038/s41375-019-0694-3

72. Kalin B, van Norden Y, van Gelder M, Breems D, Maertens J, Jongen-Lavrencic
M, et al. Panobinostat and decitabine prior to donor lymphocyte infusion in allogeneic
stem cell transplantation. Blood Adv (2020) 4:4430-7. doi: 10.1182/
bloodadvances.2020002074

73. Bazarbachi A, Bug G, Baron F, Brissot E, Ciceri F, Dalle IA, et al. Clinical
practice recommendation on hematopoietic stem cell transplantation for acute myeloid
leukemia patients with FLT3-internal tandem duplication: a position statement from
the acute leukemia working party of the European society for blood and marrow
transplantation. Haematologica (2020) 105:1507-16. doi: 10.3324/
haematol.2019.243410

74. Chevallier P, Berceanu A, Peterlin P, Garnier A, Le Bourgeois A, Imbert B-M,
et al. Grade 2 acute GVHD is a factor of good prognosis in patients receiving peripheral
blood stem cells haplo-transplant with post-transplant cyclophosphamide. Acta Oncol
(2021) 60:466-74. doi: 10.1080/0284186X.2020.1837947

75. Nichols WG, Corey L, Gooley T, Drew WL, Miner R, Huang M, et al. Rising
pp65 antigenemia during preemptive anticytomegalovirus therapy after allogeneic
hematopoietic stem cell transplantation: risk factors, correlation with DNA load, and
outcomes. Blood (2001) 97:867-74. doi: 10.1182/blood.v97.4.867

76. Marr KA, Carter RA, Boeckh M, Martin P, Corey L. Invasive aspergillosis in
allogeneic stem cell transplant recipients: changes in epidemiology and risk factors.
Blood (2002) 100:4358-66. doi: 10.1182/blood-2002-05-1496

frontiersin.org


https://doi.org/10.1016/j.bbmt.2010.08.023
https://doi.org/10.1016/j.bbmt.2010.08.023
https://doi.org/10.1016/j.bbmt.2019.08.002
https://doi.org/10.1016/j.bbmt.2017.06.019
https://doi.org/10.1002/cncr.29163
https://doi.org/10.1182/blood.2019003662
https://doi.org/10.1182/bloodadvances.2019001266
https://doi.org/10.1182/bloodadvances.2019001266
https://doi.org/10.1016/j.bbmt.2016.11.002
https://doi.org/10.1200/JCO.20.02308
https://doi.org/10.1200/JCO.20.02308
https://doi.org/10.1200/JCO.2005.07.061
https://doi.org/10.1182/blood-2005-10-4165
https://doi.org/10.1182/blood-2005-10-4165
https://doi.org/10.3324/haematol.2020.248187
https://doi.org/10.1016/S2352-3026(19)30088-2
https://doi.org/10.1016/S2352-3026(19)30256-X
https://doi.org/10.1038/nrclinonc.2015.128
https://doi.org/10.1038/nrclinonc.2015.128
https://doi.org/10.1182/bloodadvances.2016002766
https://doi.org/10.1016/j.bbmt.2009.11.011
https://doi.org/10.1016/j.bbmt.2014.02.001
https://doi.org/10.1016/j.bbmt.2014.02.001
https://doi.org/10.1016/j.bbmt.2014.07.020
https://doi.org/10.1038/s41409-019-0594-1
https://doi.org/10.1038/s41409-020-0792-x
https://doi.org/10.1016/j.bbmt.2019.10.003
https://doi.org/10.1016/j.bbmt.2011.02.002
https://doi.org/10.1056/NEJM199810223391702
https://doi.org/10.1016/j.prp.2011.10.006
https://doi.org/10.1016/S2352-3026(18)30221-7
https://doi.org/10.1016/S2352-3026(18)30221-7
https://doi.org/10.1007/s00277-017-3204-6
https://doi.org/10.1016/j.trim.2006.10.002
https://doi.org/10.1111/bjh.15691
https://doi.org/10.1200/JCO.19.03277
https://doi.org/10.1016/j.bbmt.2018.06.016
https://doi.org/10.1038/s41375-019-0694-3
https://doi.org/10.1182/bloodadvances.2020002074
https://doi.org/10.1182/bloodadvances.2020002074
https://doi.org/10.3324/haematol.2019.243410
https://doi.org/10.3324/haematol.2019.243410
https://doi.org/10.1080/0284186X.2020.1837947
https://doi.org/10.1182/blood.v97.4.867
https://doi.org/10.1182/blood-2002-05-1496
https://doi.org/10.3389/fimmu.2023.1102966
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Jiang et al.

77. Valcarcel D, Martino R, Caballero D, Martin J, Ferra C, Nieto ]B, et al. Sustained
remissions of high-risk acute myeloid leukemia and myelodysplastic syndrome after
reduced-intensity conditioning allogeneic hematopoietic transplantation: chronic
graft-versus-host disease is the strongest factor improving survival. J Clin Oncol
(2008) 26:577-84. doi: 10.1200/JC0O.2007.11.1641

78. Wolff D, Bertz H, Greinix H, Lawitschka A, Halter ], Holler E. The treatment of
chronic graft-versus-host disease: consensus recommendations of experts from
Germany, Austria, and Switzerland. Deutsches Arzteblatt Int (2011) 108.
doi: 10.3238/arztebl.2011.0732

79. Flowers MED, Martin PJ. How we treat chronic graft-versus-host disease. Blood
(2015) 125:606-15. doi: 10.1182/blood-2014-08-551994

80. Zeiser R, Polverelli N, Ram R, Hashmi SK, Chakraverty R, Middeke JM, et al.
Ruxolitinib for glucocorticoid-refractory chronic graft-versus-Host disease. N Engl |
Med (2021) 385:228-38. doi: 10.1056/NEJM0a2033122

81. Kharfan-Dabaja MA, Labopin M, Polge E, Nishihori T, Bazarbachi A, Finke J,
et al. Association of second allogeneic hematopoietic cell transplant vs donor
lymphocyte infusion with overall survival in patients with acute myeloid leukemia
relapse. JAMA Oncol (2018) 4:1245-53. doi: 10.1001/jamaoncol.2018.2091

82. Yan C-H, Liu Q-F, Wu D-P, Zhang X, Xu L-P, Zhang X-H, et al. Prophylactic
donor lymphocyte infusion (DLI) followed by minimal residual disease and graft-
versus-Host disease-guided multiple DLIs could improve outcomes after allogeneic
hematopoietic stem cell transplantation in patients with Refractory/Relapsed acute
leukemia. Biol Blood Marrow Transplant (2017) 23:1311-9. doi: 10.1016/
j.bbmt.2017.04.028

83. Christopher MJ, Petti AA, Rettig MP, Miller CA, Chendamarai E, Duncavage EJ,
et al. Immune escape of relapsed AML cells after allogeneic transplantation. N Engl |
Med (2018) 379:2330-41. doi: 10.1056/NEJMo0al808777

84. Shen M-Z, Zhang X-H, Xu L-P, Wang Y, Yan C-H, Chen H, et al. Preemptive
interferon-o. therapy could protect against relapse and improve survival of acute
myeloid leukemia patients after allogeneic hematopoietic stem cell transplantation:
long-term results of two registry studies. Front Immunol (2022) 13:757002.
doi: 10.3389/fimmu.2022.757002

85. Rautenberg C, Germing U, Haas R, Kobbe G, Schroeder T. Relapse of acute
myeloid leukemia after allogeneic stem cell transplantation: prevention, detection, and
treatment. Int ] Mol Sci (2019) 20:228. doi: 10.3390/ijms20010228

86. Schmid C, Labopin M, Nagler A, Niederwieser D, Castagna L, Tabrizi R, et al.
Treatment, risk factors, and outcome of adults with relapsed AML after reduced
intensity conditioning for allogeneic stem cell transplantation. Blood (2012) 119:1599-
606. doi: 10.1182/blood-2011-08-375840

87. Ram R, Amit O, Zuckerman T, Gurion R, Raanani P, Bar-On Y, et al. Venetoclax
in patients with acute myeloid leukemia refractory to hypomethylating agents-a
multicenter historical prospective study. Ann Hematol (2019) 98:1927-32.
doi: 10.1007/s00277-019-03719-6

88. Amit O, On YB, Perez G, Shargian-Alon L, Yeshurun M, Ram R. Venetoclax and
donor lymphocyte infusion for early relapsed acute myeloid leukemia after allogeneic
hematopoietic cell transplantation. A retrospective multicenter trial Ann Hematol
(2021) 100:817-24. doi: 10.1007/s00277-021-04398-y

89. Lulla PD, Naik S, Vasileiou S, Tzannou I, Watanabe A, Kuvalekar M, et al.
Clinical effects of administering leukemia-specific donor T cells to patients with AML/
MDS after allogeneic transplant. Blood (2021) 137:2585-97. doi: 10.1182/
blood.2020009471

90. Atilla E, Atilla PA, Bozdag SC, Demirer T. A review of infectious complications
after haploidentical hematopoietic stem cell transplantations. Infection (2017) 45:403-
11. doi: 10.1007/s15010-017-1016-1

91. Peffault De Latour R, Chevallier P, Blaise D, Alami S, Lévy-Bachelot L, Allavoine
T, et al. Clinical and economic impact of treated CMV infection in adult CMV-
seropositive patients after allogeneic hematopoietic cell transplantation. ] Med Virol
(2020). doi: 10.1002/jmv.25895

92. Limaye AP, Babu TM, Boeckh M. Progress and challenges in the prevention,
diagnosis, and management of cytomegalovirus infection in transplantation. Clin
Microbiol Rev (2020) 34:e00043-19. doi: 10.1128/CMR.00043-19

93. Peric Z, Wilson J, Durakovic N, Ostojic A, Desnica L, Vranjes VR, et al. Early
human cytomegalovirus reactivation is associated with lower incidence of relapse of
myeloproliferative disorders after allogeneic hematopoietic stem cell transplantation.
Bone Marrow Transplant (2018) 53:1450-6. doi: 10.1038/s41409-018-0172-y

94. Jang JE, Kim SJ, Cheong J-W, Hyun SY, Kim YD, Kim YR, et al. Early CMV
replication and subsequent chronic GVHD have a significant anti-leukemic effect after
allogeneic HSCT in acute myeloid leukemia. Ann Hematol (2015) 94:275-82.
doi: 10.1007/s00277-014-2190-1

95. Zhou J-R, Shi D-Y, Wei R, Wang Y, Yan C-H, Zhang X-H, et al. Co-Reactivation
of cytomegalovirus and Epstein-Barr virus was associated with poor prognosis after
allogeneic stem cell transplantation. Front Immunol (2021) 11:620891. doi: 10.3389/
fimmu.2020.620891

96. Ogata M, Fukuda T, Teshima T. Human herpesvirus-6 encephalitis after
allogeneic hematopoietic cell transplantation: what we do and do not know. Bone
Marrow Transplant (2015) 50:1030-6. doi: 10.1038/bmt.2015.76

97. Fan], Jing M, Yang M, Xu L, Liang H, Huang Y, et al. Herpesvirus infections in
hematopoietic stem cell transplant recipients seropositive for human cytomegalovirus
before transplantation. Int ] Infect Dis (2016) 46:89-93. doi: 10.1016/j.ijid.2016.03.025

Frontiers in Immunology

13

10.3389/fimmu.2023.1102966

98. Smith AP, Paolucci C, Di Lullo G, Burastero SE, Santoro F, Lusso P. Viral
replication-independent blockade of dendritic cell maturation and interleukin-12
production by human herpesvirus 6. J Virol (2005) 79:2807-13. doi: 10.1128/
JV1.79.5.2807-2813.2005

99. Ogata M, Satou T, Kawano R, Goto K, Ikewaki J, Kohno K, et al. Plasma HHV-6
viral load-guided preemptive therapy against HHV-6 encephalopathy after allogeneic
stem cell transplantation: a prospective evaluation. Bone Marrow Transplant (2008)
41:279-85. doi: 10.1038/sj.bmt.1705907

100. Ishiyama K, Katagiri T, Hoshino T, Yoshida T, Yamaguchi M, Nakao S.
Preemptive therapy of human herpesvirus-6 encephalitis with foscarnet sodium for
high-risk patients after hematopoietic SCT. Bone Marrow Transplant (2011) 46:863-9.
doi: 10.1038/bmt.2010.201

101. Ljungman P, de la Camara R, Cordonnier C, Einsele H, Engelhard D, Reusser
P, et al. Management of CMV, HHV-6, HHV-7 and kaposi-sarcoma herpesvirus
(HHV-8) infections in patients with hematological malignancies and after SCT. Bone
Marrow Transplant (2008) 42:227-40. doi: 10.1038/bmt.2008.162

102. Ward KN, Hill JA, Hubacek P, de la Camara R, Crocchiolo R, Einsele H, et al.
Guidelines from the 2017 European conference on infections in leukaemia for
management of HHV-6 infection in patients with hematologic malignancies and
after hematopoietic stem cell transplantation. Haematologica (2019) 104:2155-63.
doi: 10.3324/haematol.2019.223073

103. Girmenia C, Raiola AM, Piciocchi A, Algarotti A, Stanzani M, Cudillo L, et al.
Incidence and outcome of invasive fungal diseases after allogeneic stem cell
transplantation: a prospective study of the gruppo italiano trapianto midollo osseo
(GITMO). Biol Blood Marrow Transplant (2014) 20:872-80. doi: 10.1016/
j.bbmt.2014.03.004

104. Puerta-Alcalde P, Garcia-Vidal C. Changing epidemiology of invasive fungal
disease in allogeneic hematopoietic stem cell transplantation. J Fungi (Basel) (2021)
7:848. doi: 10.3390/j0f7100848

105. Ullmann AJ, Lipton JH, Vesole DH, Chandrasekar P, Langston A, Tarantolo
SR, et al. Posaconazole or fluconazole for prophylaxis in severe graft-versus-host
disease. N Engl ] Med (2007) 356:335-47. doi: 10.1056/NEJMo0a061098

106. Chu S, McCormick TS, Lazarus HM, Leal LO, Ghannoum MA. Invasive fungal
disease and the immunocompromised host including allogeneic hematopoietic cell
transplant recipients: improved understanding and new strategic approach with
sargramostim. Clin Immunol (2021) 228:108731. doi: 10.1016/j.clim.2021.108731

107. Pitrak DL. Effects of granulocyte colony-stimulating factor and granulocyte-
macrophage colony-stimulating factor on the bactericidal functions of neutrophils.
Curr Opin Hematol (1997) 4:183-90. doi: 10.1097/00062752-199704030-00005

108. Racil Z, Winterova J, Kouba M, Zak P, Malaskova L, Buresova L, et al.
Monitoring trough voriconazole plasma concentrations in haematological patients:
real life multicentre experience. Mycoses (2012) 55:483-92. doi: 10.1111/.1439-
0507.2012.02186.x

109. Kim SB, Cho S-Y, Lee D-G, Choi J-K, Lee H-J, Kim S-H, et al. Breakthrough
invasive fungal diseases during voriconazole treatment for aspergillosis: a 5-year
retrospective cohort study. Med Mycol (2017) 55:237-45. doi: 10.1093/mmy/myw067

110. Lerolle N, Raffoux E, Socie G, Touratier S, Sauvageon H, Porcher R, et al.
Breakthrough invasive fungal disease in patients receiving posaconazole primary
prophylaxis: a 4-year study. Clin Microbiol Infect (2014) 20:0952-959. doi: 10.1111/
1469-0691.12688

111. Arvanitis M, Anagnostou T, Fuchs BB, Caliendo AM, Mylonakis E. Molecular
and nonmolecular diagnostic methods for invasive fungal infections. Clin Microbiol Rev
(2014) 27:490-526. doi: 10.1128/CMR.00091-13

112. Shannon VR, Andersson BS, Lei X, Champlin RE, Kontoyiannis DP. Utility of
early versus late fiberoptic bronchoscopy in the evaluation of new pulmonary infiltrates
following hematopoietic stem cell transplantation. Bone Marrow Transplant (2010)
45:647-55. doi: 10.1038/bmt.2009.203

113. Patterson TF, Thompson GR, Denning DW, Fishman JA, Hadley S, Herbrecht
R, et al. Executive summary: practice guidelines for the diagnosis and management of
aspergillosis: 2016 update by the infectious diseases society of America. Clin Infect Dis
(2016) 63:433-42. doi: 10.1093/cid/ciw444

114. Maertens JA, Raad II, Marr KA, Patterson TF, Kontoyiannis DP, Cornely OA,
et al. Isavuconazole versus voriconazole for primary treatment of invasive mould
disease caused by aspergillus and other filamentous fungi (SECURE): a phase 3,
randomised-controlled, non-inferiority trial. Lancet (2016) 387:760-9. doi: 10.1016/
$0140-6736(15)01159-9

115. Ellsworth M, Ostrosky-Zeichner L. Isavuconazole: mechanism of action,
clinical efficacy, and resistance. ] Fungi (Basel) (2020) 6:324. doi: 10.3390/j0f6040324

116. Pea F. Plasma pharmacokinetics of antimicrobial agents in critically ill patients.
Curr Clin Pharmacol (2013) 8:5-12.

117. Desai A, Kovanda L, Kowalski D, Lu Q, Townsend R, Bonate PL. Population
pharmacokinetics of isavuconazole from phase 1 and phase 3 (SECURE) trials in adults
and target attainment in patients with invasive infections due to aspergillus and other
filamentous fungi. Antimicrob Agents Chemother (2016) 60:5483-91. doi: 10.1128/
AAC.02819-15

118. Bellmann R, Smuszkiewicz P. Pharmacokinetics of antifungal drugs: practical
implications for optimized treatment of patients. Infection (2017) 45:737-79.
doi: 10.1007/s15010-017-1042-z

119. Kanagasundram S, Amini F. Late complications of allogenic stem cells
transplantation in leukaemia. Tissue Eng Regener Med (2019) 16:1-9. doi: 10.1007/
s13770-018-0157-3

frontiersin.org


https://doi.org/10.1200/JCO.2007.11.1641
https://doi.org/10.3238/arztebl.2011.0732
https://doi.org/10.1182/blood-2014-08-551994
https://doi.org/10.1056/NEJMoa2033122
https://doi.org/10.1001/jamaoncol.2018.2091
https://doi.org/10.1016/j.bbmt.2017.04.028
https://doi.org/10.1016/j.bbmt.2017.04.028
https://doi.org/10.1056/NEJMoa1808777
https://doi.org/10.3389/fimmu.2022.757002
https://doi.org/10.3390/ijms20010228
https://doi.org/10.1182/blood-2011-08-375840
https://doi.org/10.1007/s00277-019-03719-6
https://doi.org/10.1007/s00277-021-04398-y
https://doi.org/10.1182/blood.2020009471
https://doi.org/10.1182/blood.2020009471
https://doi.org/10.1007/s15010-017-1016-1
https://doi.org/10.1002/jmv.25895
https://doi.org/10.1128/CMR.00043-19
https://doi.org/10.1038/s41409-018-0172-y
https://doi.org/10.1007/s00277-014-2190-1
https://doi.org/10.3389/fimmu.2020.620891
https://doi.org/10.3389/fimmu.2020.620891
https://doi.org/10.1038/bmt.2015.76
https://doi.org/10.1016/j.ijid.2016.03.025
https://doi.org/10.1128/JVI.79.5.2807-2813.2005
https://doi.org/10.1128/JVI.79.5.2807-2813.2005
https://doi.org/10.1038/sj.bmt.1705907
https://doi.org/10.1038/bmt.2010.201
https://doi.org/10.1038/bmt.2008.162
https://doi.org/10.3324/haematol.2019.223073
https://doi.org/10.1016/j.bbmt.2014.03.004
https://doi.org/10.1016/j.bbmt.2014.03.004
https://doi.org/10.3390/jof7100848
https://doi.org/10.1056/NEJMoa061098
https://doi.org/10.1016/j.clim.2021.108731
https://doi.org/10.1097/00062752-199704030-00005
https://doi.org/10.1111/j.1439-0507.2012.02186.x
https://doi.org/10.1111/j.1439-0507.2012.02186.x
https://doi.org/10.1093/mmy/myw067
https://doi.org/10.1111/1469-0691.12688
https://doi.org/10.1111/1469-0691.12688
https://doi.org/10.1128/CMR.00091-13
https://doi.org/10.1038/bmt.2009.203
https://doi.org/10.1093/cid/ciw444
https://doi.org/10.1016/S0140-6736(15)01159-9
https://doi.org/10.1016/S0140-6736(15)01159-9
https://doi.org/10.3390/jof6040324
https://doi.org/10.1128/AAC.02819-15
https://doi.org/10.1128/AAC.02819-15
https://doi.org/10.1007/s15010-017-1042-z
https://doi.org/10.1007/s13770-018-0157-3
https://doi.org/10.1007/s13770-018-0157-3
https://doi.org/10.3389/fimmu.2023.1102966
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Jiang et al.

120. Zhao H, Duan Z, Li M, Chiao E, Ahmed S, Shih Y-CT, et al. Increased
incidence of human papillomavirus-related precancer or second malignancy among
allogeneic stem cell transplantation patients: a SEER-Medicare population study.
Transplant Cell Ther (2021) 27:1016.e1-1016.€9. doi: 10.1016/j.jtct.2021.08.020

121. Pellegrini M, Bernabei F, Barbato F, Arpinati M, Giannaccare G, Versura P,
et al. Incidence, risk factors and complications of ocular graft-Versus-Host disease
following hematopoietic stem cell transplantation. Am J Ophthalmol (2021) 227:25-34.
doi: 10.1016/j.2j0.2021.02.022

122. Yao S, McCarthy PL, Dunford LM, Roy DM, Brown K, Paplham P, et al. High
prevalence of early-onset osteopenia/osteoporosis after allogeneic stem cell
transplantation and improvement after bisphosphonate therapy. Bone Marrow
Transplant (2008) 41:393-8. doi: 10.1038/sj.bmt.1705918

123. Rovo A, Daikeler T, Halter J, Heim D, Tsakiris DA, Stern M, et al. Late altered
organ function in very long-term survivors after allogeneic hematopoietic stem cell
transplantation: a paired comparison with their HLA-identical sibling donor.
Haematologica (2011) 96:150-5. doi: 10.3324/haematol.2010.030874

124. Campbell S, Sun C-L, Kurian S, Francisco L, Carter A, Kulkarni S, et al.
Predictors of avascular necrosis of bone in long-term survivors of hematopoietic cell
transplantation. Cancer (2009) 115:4127-35. doi: 10.1002/cncr.24474

125. Tuzovic M, Mead M, Young PA, Schiller G, Yang EH. Cardiac complications in
the adult bone marrow transplant patient. Curr Oncol Rep (2019) 21:28. doi: 10.1007/
s11912-019-0774-6

Frontiers in Immunology

14

10.3389/fimmu.2023.1102966

126. Zhao Y, He R, Oerther S, Zhou W, Vosough M, Hassan M. Cardiovascular
complications in hematopoietic stem cell transplanted patients. J Pers Med (2022)
12:1797. doi: 10.3390/jpm12111797

127. Abboud R, Keller J, Slade M, DiPersio JF, Westervelt P, Rettig MP, et al. Severe
cytokine-release syndrome after T cell-replete peripheral blood haploidentical donor
transplantation is associated with poor survival and anti-IL-6 therapy is safe and well
tolerated. Biol Blood Marrow Transplant (2016) 22:1851-60. doi: 10.1016/
j.bbmt.2016.06.010

128. Fajgenbaum DC, June CH. Cytokine storm. N Engl ] Med (2020) 383:2255-73.
doi: 10.1056/NEJMra2026131

129. Tvedt THA, Vo AK, Bruserud @, Reikvam H. Cytokine release syndrome in the
immunotherapy of hematological malignancies: the biology behind and possible
clinical consequences. J Clin Med (2021) 10:5190. doi: 10.3390/jcm10215190

130. Khuat LT, Vick LV, Dunai C, Collins CP, More SK, Le CT, et al. Increased
efficacy of dual proinflammatory cytokine blockade on acute GVHD while maintaining
GVT effects. Blood (2021) 138:2583-8. doi: 10.1182/blood.2021011216

131. Lee DW, Gardner R, Porter DL, Louis CU, Ahmed N, Jensen M, et al. Current
concepts in the diagnosis and management of cytokine release syndrome. Blood (2014)
124:188-95. doi: 10.1182/blood-2014-05-552729

132. Sophie S, Yves B, Fréderic B. Current status and perspectives of allogeneic

hematopoietic stem cell transplantation in elderly patients with acute myeloid
leukemia. Stem Cells Transl Med (2022) 11:461-77. doi: 10.1093/stcltm/szac015

frontiersin.org


https://doi.org/10.1016/j.jtct.2021.08.020
https://doi.org/10.1016/j.ajo.2021.02.022
https://doi.org/10.1038/sj.bmt.1705918
https://doi.org/10.3324/haematol.2010.030874
https://doi.org/10.1002/cncr.24474
https://doi.org/10.1007/s11912-019-0774-6
https://doi.org/10.1007/s11912-019-0774-6
https://doi.org/10.3390/jpm12111797
https://doi.org/10.1016/j.bbmt.2016.06.010
https://doi.org/10.1016/j.bbmt.2016.06.010
https://doi.org/10.1056/NEJMra2026131
https://doi.org/10.3390/jcm10215190
https://doi.org/10.1182/blood.2021011216
https://doi.org/10.1182/blood-2014-05-552729
https://doi.org/10.1093/stcltm/szac015
https://doi.org/10.3389/fimmu.2023.1102966
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	How to improve the outcomes of elderly acute myeloid leukemia patients through allogeneic hematopoietic stem cell transplantation
	1 Introduction
	2 Pre-transplant assessment
	2.1 Patient-related factors
	2.2 Disease-related factors

	3 Donor sources
	4 Conditioning
	4.1 Fludarabine + melphalan/fludarabine + busulfan reduced-intensity conditioning
	4.2 Fludarabine/amcridine/cytarabine-busulfan or total body irradiation RIC
	4.3 Other regimens of RIC
	4.4 Myeloablative conditioning and non-myeloablative conditioning

	5 GVHD prophylaxis
	5.1 Calcineurin inhibitors
	5.2 Post-transplantation cyclophosphamide
	5.3 ATG
	5.4 Ex vivo TCD
	5.5 Other methods

	6 Prevention of relapse
	6.1 Early discontinuation of immunosuppressive drugs
	6.2 Prophylactic DLI
	6.3 Targeted drug

	7 Management of post-transplant complications
	7.1 Treatment of GVHD
	7.1.1 aGVHD
	7.1.2 cGVHD

	7.2 Treatment of recurrence
	7.2.1 Preemptive treatment of recurrence
	7.2.2 Treatment after hematologic recurrence

	7.3 Management of other complications after HSCT
	7.3.1 Viral infection
	7.3.2 Fungal infection and invasive fungal disease
	7.3.3 Bacterial infection
	7.3.4 Other late complications


	8 Conclusion
	9 Outlook
	Author contributions
	Funding
	References


