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Abstract
Background: Patients with refractory or relapsed acute myeloid leukemia
(AML) have poor survival, necessitating the exploration of optimized therapeutic
strategy. Here, we aimed to investigate clinical outcomes and health-related quality of life (HR-QoL) after total therapy, which included allogeneic hematopoietic
stem cell transplantation (allo-HSCT), and prophylactic donor lymphocyte
infusion (DLI) in the early phase after transplantation, followed by multiple measurable residual disease (MRD) and graft-versus-host disease (GvHD)-guided
DLIs.
Methods: Consecutive patients who had refractory or relapsed AML and
had received non-T-cell-depleted allo-HSCT at Peking University Institute of
Hematology were included in the study. If the patients achieved complete remission at 30 days after transplantation and had no evidence of relapse, severe

List of abbreviations: AML, acute myeloid leukemia; allo-HSCT, allogeneic hematopoietic stem cell transplantation; CR, complete remission; CIR,
cumulative incidence of relapse; LFS, leukemia-free survival; DLI, donor lymphocyte infusion; GvL, graft-versus-leukemia; GvHD, graft-versus-host
disease; G-CSF, granulocyte colony stimulating factor; GPBSCs, G-CSF mobilized peripheral blood stem cells; HLA, human leukocyte antigen; TRM,
transplant-related mortality; MRD, measurable residual disease; HR-QoL, health-related quality of life; Bu, busulfan; Cy, cyclophosphamide; TBI, total
body irradiation; ATG, anti-human thymocyte immunoglobulin; CSA, cyclosporine; MNC, mononuclear cells; LAIPs, leukemia-associated immune
phenotypes; FCM, flow cytometry; BM, bone marrow; PWB, physical well-being; SWB, social/family well-being; EWB, emotional well-being; FWB,
functional well-being; BMTS, bone Marrow Transplant Subscale; CR1, first complete remission; CR2, second complete remission; CI, confidence
interval; N/A, Not applicable.
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infection, organ failure, and active GvHD at the time of planned DLI, prophylactic DLI was administered at 30 days after transplantation for human leukocyte
antigen (HLA)-matched related HSCT or at 45-60 days after transplantation for
haploidentical or unrelated HSCT. Subsequently, multiple DLIs were administered based on MRD results and whether they developed GvHD after transplantation.
Results: A total of 105 patients were eligible. Eighty-seven patients received prophylactic DLI (group B), while 18 did not receive prophylactic DLI (group A).
Among 105 patients, the cumulative incidence of grade 2-4 acute GvHD and
chronic GvHD was 40.6% (95% confidence interval [CI] = 30.6%-50.6%) and 73.3%
(95% CI = 67.4%-79.2%), respectively. The cumulative incidence of relapse (CIR),
transplant-related mortality (TRM), and leukemia-free survival (LFS) at 5 years
after transplantation were 31.5% (95% CI = 21.9%-41.1%), 22.1% (95% CI = 11.3%32.9%), and 46.4% (95% CI = 36.8%-56.0%), respectively. In group B, the CIR,
TRM, and LFS at 5 years after transplantation were 27.6% (95% CI = 17.6%-37.6%),
21.6% (95% CI = 11.2%-32.0%), and 50.8% (95% CI = 40.0%-61.6%), respectively. At
the end of follow-up, 48 patients survived, and more than 90% of survivors had
satisfactory recoveries of HR-QoL.
Conclusions: Our study indicated that total therapy is not only associated with
decreased CIR, comparable TRM, and better long-term LFS, but also with satisfactory HR-QoL for refractory or relapsed AML, compared with those of standard
of care therapy reported previously. Therefore, total therapy may be an optimized
therapeutic strategy for refractory or relapsed AML.
KEYWORDS
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BACKGROUND

Refractory or relapsed acute myeloid leukemia (AML)
is associated with a dismal prognosis [1–3]. Currently,
allogeneic hematopoietic stem cell transplantation (alloHSCT) remains a potentially curative approach for refractory or relapsed AML. Although allo-HSCT provides a
70%-90% complete remission (CR) rate in patients with
refractory or relapsed AML [4, 5], cumulative incidence
of relapse (CIR) at 2 years after transplantation is still
as high as 40%-60% [4–8], while leukemia-free survival
(LFS) remains at 20%-40% [4–8]. Notably, the therapeutic strategy for refractory or relapsed AML needs to be
optimized.
Donor lymphocyte infusion (DLI) exhibits graft-versusleukemia (GvL) effects and is an effective method for
the treatment and prevention of relapse after alloHSCT. However, the success of DLI is usually impeded
by the morbidity and mortality associated with severe

graft-versus-host disease (GvHD) after DLI, particularly
in patients receiving haploidentical DLI [9, 10]. Modified
DLI includes the infusion of granulocyte colony stimulating factor (G-CSF)-mobilized peripheral blood stem cells
(GPBSCs) instead of unstimulated donor lymphocytes and
application of immunosuppressive agents after infusion to
prevent GvHD. Our previous studies suggested that modified DLI could not only reduce the incidence acute GvHD,
but could also preserve GvL effect [11, 12]. Our previous
retrospective studies found that in patients with refractory
or relapsed acute leukemia, those who received prophylactic modified DLI in the early phase after transplantation
had lower CIR than patients who did not receive prophylactic DLI (3-year CIR: 46% vs. 66%, P = 0.020 for
human leukocyte antigen [HLA]-matched related; 3-year
CIR: 36% vs. 55%, P = 0.017 for haploidentical) [13]; moreover, transplant-related mortality (TRM) of patients who
received prophylactic modified DLI did not increase (3year TRM: 20% vs. 20%, P = 0.83 for HLA-matched related;
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3-year TRM: 38% vs. 33%, P = 0.95 for haploidentical)
[14]. Additionally, according to the results of measurable
residual disease (MRD) after transplantation, pre-emptive
modified DLI could also prevent relapse compared to
interleukin-2 (3-year CIR: 27.8% vs. 64.4%, P = 0.001) and
did not increase TRM (3-year TRM: 14.4% vs. 11.4%, P =
0.897) [15]. These results supported the safety and efficacy of modified DLI. Furthermore, our prospective study
revealed that prophylactic modified DLI followed by multiple MRD and GvHD-guided modified DLIs could prevent
relapse (3-year CIR: 32.4%), did not increase TRM (3-year
TRM: 17.3%), and improved LFS (3-year LFS: 50.3%) in
patients who had refractory or relapsed acute leukemia
and received allo-HSCT [16]. These results suggested that
total therapy, which includes allo-HSCT, and prophylactic DLI in the early phase after transplantation, followed
by multiple MRD and GvHD-guided DLIs, likely improves
the LFS and can serve as an optimized therapeutic strategy for refractory or relapsed AML. However, the study has
some limitations. In particular, the follow-up period was
relatively short, different eligible diseases such as AML
and acute lymphoblastic leukemia were evaluated, and
health-related quality of life (HR-QoL) was not assessed.
It is difficult to demonstrate the safety and efficacy of total
therapy for refractory or relapsed AML based on current
results. Here, we extended this prospective study to investigate whether total therapy was associated with a better
long-term LFS and a better recovery of HR-QoL in patients
with refractory or relapsed AML. We aimed to explore the
optimized therapeutic strategy for refractory or relapsed
AML.

2
2.1

MATERIALS AND METHODS
Eligibility criteria

Consecutive patients with refractory or relapsed AML who
received non-T-cell-depleted allo-HSCT at Peking University Institute of Hematology (Beijing, China) between
October 12, 2011 and December 31, 2018, were eligible in
this study. Refractory or relapsed AML included primary
refractory disease and refractory relapse. Primary refractory disease was defined as AML unable to achieve CR
after ≥2 cycles of chemotherapy. Refractory relapse was
defined as relapsed AML unable to achieve CR after 1-2
courses of salvage chemotherapy. This study was an extension of the prospective study, which was registered at www.
ClinicalTrials.gov (NCT01455272). The study was approved
by the Ethics Committee of Peking University Peoples
Hospital and written informed consent was obtained
from all patients in accordance with the Declaration of
Helsinki.

2.2
2.2.1

Study protocol of total therapy
Transplants

Details of transplants including the conditioning regimen, GvHD prophylaxis, and supportive care have been
described previously [17]. For patients receiving HLAmatched related HSCT, the conditioning regimen included
busulfan (Bu; 3.2 mg/kg/day iv for 3 days; Otsuka Pharmaceutical Co., Ltd, Hangzhou, Zhejiang, China) and
cyclophosphamide (Cy; 1.8 g/m2 /day for 2 days; Jiangsu
Hengrui Pharmaceutical Co., Ltd, Lianyungang, Jiangsu,
China); or total body irradiation (TBI; 7.7 Gy in one dose)
and Cy. For patients receiving haploidentical or unrelated
HSCT, the conditioning regimen included Bu, Cy, and antihuman thymocyte immunoglobulin (ATG; 2.5 mg/kg/day
iv for 4 days; Genzyme Corp, Boston, MA, USA) or TBI,
Cy, and ATG. Cyclosporine (CSA), mycophenolate mofetil,
and short-term methotrexate was administered to prevent
GvHD.

2.2.2

Protocol of DLI

Prophylactic DLI
Prophylactic DLI was administered if patients met the following criteria: (1) achievement of CR at 30 days after
transplantation and (2) no evidence of relapse, severe
infection, serious organ failure, or active GvHD at the time
of the planned prophylactic DLI. Prophylactic DLI was
administered at 30 days after transplantation in patients
receiving HLA-matched related HSCT or at 45-60 days
after transplantation in patients receiving haploidentical or unrelated HSCT. The infusion of GPBSCs was
used for DLI. The dose of mononuclear cells (MNC) was
1.0×108 /kg.
MRD and GvHD-guided DLIs
After prophylactic DLI, discontinuation of CSA and application of DLIs were performed based on the results of
MRD and whether the patients developed GvHD. In
patients with persistent negative MRD results, if patients
had no GvHD, CSA was stopped at 90 days after HLAmatched related HSCT, or at 100 days after haploidentical
or unrelated HSCT. If patients had GvHD, CSA was
reduced by 50% when GvHD was controlled and then
stopped after 2 weeks. Subsequently, if patients had no
GvHD, DLI was repeated at 6 months after transplantation; if patients had persistent GvHD, DLI was not
repeated.
In patients with positive MRD results, CSA was stopped
immediately. If patients had no GvHD, chemotherapy
and DLI were administered promptly. If patients had
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GvHD, chemotherapy without DLI was initiated immediately. Subsequently, (1) if MRD results became negative
and GvHD was controlled, chemotherapy and DLI were
repeated after 6 months; (2) if MRD results became negative and GvHD was not controlled, chemotherapy and DLI
were not repeated; (3) if MRD results remained positive
and GvHD was controlled, chemotherapy and DLI were
repeated after 3 months; and (4) if MRD results remained
positive but GvHD was not controlled, chemotherapy and
DLI were repeated after 6 months.
The infusion of GPBSCs was used for DLI. The dose
of MNC for each DLI was 1.0×108 /kg. After DLI, CSA
was administered to prevent DLI-associated GvHD. For
patients receiving HLA-matched related HSCT, CSA was
administered for 2-4 weeks after each infusion [11]; for
patients receiving haploidentical or unrelated HSCT, CSA
was administered for 6-8 weeks after each infusion [12].

Chemotherapy before DLI
Chemotherapy regimens included aclacinomycin (10
mg/m2 /day for 5 days) and cytarabine (100 mg/m2 /day for
5 days); or homoharringtonine (2 mg/m2 /day for 5 days),
aclacinomycin (10 mg/m2 /day for 5 days), and cytarabine
(100 mg/m2 /day for 5 days).

2.2.3

MRD monitoring and definition

The monitoring of MRD using leukemia-associated
immune phenotypes (LAIPs) and WT1 was performed at
1, 2, 3, 4.5, 6, 9, and 12 months, and at 6-month intervals
thereafter after transplantation. LAIPs were detected by
eight-color flow cytometry (FCM) as previously described
[18]. A total of 250,000-1,000,000 cells were collected for
routine analysis. If a cluster of more than 25 cells with
LAIPs, results was considered positive. A lower limit of
detection of 0.01% was targeted. Any measurable level of
FCM was considered positive. Therefore, FCM-positivity
was defined as > 0.01% of cells with LAIPs in bone marrow (BM) samples. WT1 mRNA level was detected using
TaqMan-based real-time quantitative PCR technology as
previously described [19]. The PCR primer pair of WT1 was
as follows: 5’-GATAACCACACAACGCCCATC and 3’CACACGTCGCACATCCTGAAT. The sequencing probe
was 5’-ACACCGTGCGTGTGTATTCTGTATTGC-3’ [19].
WT1-positivity was defined as a transcript level > 0.60%
in BM samples. When FCM-positivity or WT1-positivity
was detected, the test was repeated after 2 weeks. Patients’
MRD results were considered positive if they had two
consecutive positive results for FCM or WT1 or exhibited
both FCM-positivity and WT1-positivity in a single BM
sample [15].

2.3

Aassessment of HR-QoL

The Functional Assessment of Cancer Therapy-Bone Marrow Transplant scale (FACT-BMT) was administered to
assess the HR-QoL of the patient. The FACT-BMT Version
4.0 is a 39-item self-reported questionnaire, which includes
physical well-being (PWB, seven items), social/family
well-being (SWB, seven items), emotional well-being
(EWB, six items), functional well-being (FWB, seven
items), and Bone Marrow Transplant Subscale (BMTS, 12
items). Every item in each subscale consists of a Likert-type
scale ranging from 0 to 4 (0 = not at all, 1 = a little bit,
2 = somewhat, 3 = quite a bit, and 4 = very much). The
FACT-BMT is scored by adding the scores of all subscales.
The FACT-G is scored by adding the scores of PWB, SWB,
EWB, and FWB. The FACT trial outcome index (FACTTOI) is scored by adding the scores of PWB, FWB, and
BMTS [20]. If the score is higher than 60%, it is defined
as recovery of HR-QoL. Higher scores indicate better
HR-QoL.

2.4

Definitions

Since thrombolytic engraftment could be postponed by factors other than leukemia and cytotoxic therapy (i.e., GvHD,
virus infection, and drugs), CR was defined as less than
5% BM blasts without evidence of dysplasia in BM, no
myeloblasts with Auer rods, no extra-medullary leukemia,
and an absolute neutrophil count ≥ 1×109 /L. Leukemia
relapse was defined as recurrence of ≥ 5% BM blasts or at
least one extra-medullary leukemia site. Grading of acute
GvHD and chronic GvHD was conducted using published
criteria [21, 22]. Overall survival was defined as the interval
from transplant to death from any cause. LFS was defined
as the interval from transplantation to leukemia relapse or
death, whichever occurred first.

2.5

Statistical analysis

The CIR, TRM, and GvHD were calculated using a
competing risk model. LFS and overall survival were
calculated using the Kaplan–Meier method and compared using the log-rank test. A univariate analysis was
performed using the X2 test for categorical variables and
the Mann–Whitney test for continuous variables. A multivariate analysis was performed using Cox proportional
hazards model. The endpoint of follow-up for the surviving patients was September 30, 2021. Unless specified, all
P-values were 2-sided, and a P-value < 0.05 was considered
significant. The SPSS 20.0 (IBM, Armonk, NY, USA) and

25233548, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/cac2.12376 by CochraneChina, Wiley Online Library on [27/10/2022]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

4

5

F I G U R E 1 The diagram of patient subgrouping (n = 105). Abbreviations: AML, acute myeloid leukemia; HSCT, hematopoietic stem cell
transplantation; HLA, human leucocyte antigen; CR, complete remission; GvHD, graft-versus-host disease; DLI, donor lymphocyte infusion;
MRD, measurable residual disease

R 2.6.1 software packages (R Foundation for Statistical
Computing; 2018, Vienna, Austria) were used for the
statistical analyses.

3
3.1

RESULTS
Patient characteristics

A total of 105 consecutive patients were eligible for this
study. All patients achieved neutrophil engraftment. Overall, 103 (98.1%) patients (95% confidence interval [CI] =
93.3%-99.5%) achieved CR at 30 days after transplantation. Eighteen (17.1%) patients did not receive prophylactic
DLI (group A) and the reasons for this are described
in Figure 1. Eighty-seven (82.9%) patients received prophylactic DLI (group B) (Figure 1). The characteristics
of the patients are displayed in Table 1. After prophylactic DLI, 54 (54/87, 62.1%) patients (95% CI = 51.6%-71.6%)

had persistent negative MRD results, and 33 (33/87, 37.9%)
patients (95% CI = 28.5%-48.4%) exhibited positive MRD
results. Of the 33 patients, 7 (21.2%), 14 (42.4%), and 12
(36.4%) patients exhibited positive MRD results because
of two consecutive positive results of FCM, two consecutive positive results of WT1, and both FCM-positivity
and WT1-positivity in a single BM sample, respectively.
In 54 patients with persistent negative MRD results, 35
(64.8%) patients did not receive MRD and GvHD-guided
DLI because of active GvHD. In 33 patients with positive MRD results, 5 (15.2%) patients did not receive MRD
and GvHD-guided DLI because of relapse within 2 weeks
after prophylactic DLI. At the end of the follow-up, 47
patients received MRD and GvHD-guided DLIs, among
whom 21 (44.7%) received one course of DLI, 17 (36.2%)
received two courses, 5 (10.6%) received three courses,
and 4 (8.5%) received four courses after prophylactic DLI.
After MRD and GvHD-guided DLI, 69 (69/87, 79.3%)
patients (95% CI = 69.7%-86.5%) had persistent negative
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TA B L E 1

Characteristics of 105 patients with refractory or relapsed acute myeloid leukemia

Characteristic

Total cases

Group A (no
DLI)

Group B (DLI)

Case number

105

18

87

Age (years, median [range])

35 (6-66)

39 (17-66)

35 (6-66)

Sex (cases [%])

P value
0.792
0.415

Male

67 (63.8)

13 (72.2)

54 (62.1)

Female

38 (36.2)

5 (27.8)

33 (37.9)

Favorable

11 (10.5)

2 (11.1)

9 (10.3)

Intermediate

57 (54.3)

6 (33.3)

51 (58.6)

Poor

37 (35.2)

10 (55.6)

27 (31.0)

24.0 (7.0-73.0)

23.5 (7.0-70.0)

24.0 (7.0-73.0)

Risk stratification by genetics† (cases [%])

Count of bone marrow blasts at transplant (%, median
[range])

0.116

Type of donor (cases [%])

0.496
0.197

HLA-matched related

41 (39.0)

4 (22.2)

37 (42.5)

Haploidentical

63 (60.0)

14 (77.8)

49 (56.3)

HLA-matched unrelated

1 (1.0)

0 (0)

1 (1.1)

HLA-mismatch (cases [%])

0.251

0 locus mismatch

43 (41.0)

4 (22.2)

1 locus mismatch

1 (1.0)

0 (0.0)

39 (44.8)
1 (1.1)

2 loci mismatch

16 (15.2)

3 (16.7)

13 (14.9)

3 loci mismatch

45 (42.9)

11 (61.1)

34 (39.1)

Donor-patient sex match (cases [%])

0.203

Female-female

12 (11.4)

0 (0.0)

12 (13.8)

Female-male

30 (28.6)

8 (44.4)

22 (25.3)

Male-male

35 (33.3)

5 (27.8)

30 (34.5)

Male-female

28 (26.7)

5 (27.8)

23 (26.4)

Match

62 (59.0)

10 (55.6)

52 (59.8)

Major mismatch

25 (23.8)

6 (33.3)

19 (21.8)

Minor mismatch

16 (15.2)

1 (5.6)

15 (17.2)

Major and minor mismatch

2 (1.9)

1 (5.6)

1 (1.1)

ABO match (cases [%])

0.292

Conditioning regimen (cases [%])

0.344

TBI-based

7 (6.7)

2 (11.1)

5 (5.7)

Bu-based

98 (93.3)

16 (88.9)

82 (94.3)

Bone marrow and peripheral
blood stem cells

96 (91.4)

15 (83.3)

81 (93.1)

Stem cell (cases [%])

0.182

Peripheral blood stem cells
Dose of MNCs for transplant (×108 /kg, median [ range])
+

6

Dose of CD34 cells for transplant (×10 /kg, median [
range])

9 (8.6)

3 (16.7)

6 (6.9)

7.69 (5.08-13.02)

8.05 (5.09-11.99)

7.63 (5.08-13.02)

0.364

2.52 (0.60-9.80)

2.46 (0.63-9.46)

2.65 (0.60-9.80)

0.752

105 (100.0)

18 (100.0)

87 (100.0)

Neutrophil engraftment (cases [%])
Yes
No
Time of neutrophil engraftment (days, median [
range])

1.000
0 (0)

0 (0)

0 (0)

14 (10-26)

14 (10-21)

14 (10-26)

0.277
(Continues)
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TA B L E 1

(Continued)

Characteristic

Total cases

Group A (no
DLI)

Group B (DLI)

Platelet engraftment (cases [%])

P value
0.003

Yes

100 (95.2)

14 (77.8)

86 (98.9)

No

5 (4.8)

4 (22.2)

1 (1.1)

Time of platelet engraftment (days, median [ range])

16.0 (8.0-74.0)

17.0 (9.0-34.0)

15.5 (8.0-74.0)

0.701

Dose of CD3+ cells for each DLI (×108 /kg, median [
range])

N/A

N/A

0.35 (0.12-0.64)

N/A

Dose of CD4+ cells for each DLI (×108 /kg, median [
range])

N/A

N/A

0.20 (0.11-0.42)

N/A

Dose of CD8+ cells for each DLI (×108 /kg, median [
range])

N/A

N/A

0.12 (0.05-0.28)

N/A

Dose of CD34+ cells for each DLI (×106 /kg, median [
range])

N/A

N/A

0.38 (0.32-1.22)

N/A

†
Risk stratification by genetics are according to 2017 ELN recommendation.
Abbreviations: DLI, donor lymphocyte infusion; HLA, human leukocyte antigen; TBI, total body irradiation; Bu, busulfan; MNC, mononuclear cell; N/A, not
applicable.

MRD results, and the remaining 18 (18/87, 20.7%) patients
(95% CI = 13.5%-30.4%) had persistent positive MRD results
(Figure 1).

3.2

GvHD

Among a total of 105 patients, the cumulative incidence
of grade 2-4 acute GvHD and chronic GvHD was 40.6%
(95% CI = 30.6%-50.6%) and 73.3% (95% CI = 67.4%-79.2%),
respectively. In group B, 38 (38/87, 43.7%) patients developed grade 1-4 acute GvHD, and 71 (71/87, 81.6%) patients
developed chronic GvHD. The cumulative incidences of
grade 2-4 acute GvHD and chronic GvHD was 36.5% (95%
CI = 26.1%-46.9%) and 81.6% (95% CI = 75.7%-87.5%),
respectively (Table 2). The outcomes of group A are also
described in Table 2.
In group B, with increasing courses of DLIs, the incidence of ≥ moderate chronic GvHD gradually increased
(0 course vs. 1 course vs. 2 courses vs. 3-4 courses = 40.2%
vs. 47.7% vs. 75.9% vs. 100.0%, P = 0.001). However, the
courses of DLIs were not associated with the incidence of
grade 1-4 acute GvHD (P = 0.500), grade 2-4 acute GvHD
(P = 0.471), grade 3-4 acute GvHD (P = 0.398), ≥ mild
chronic GvHD (P = 0.533), and ≥ severe chronic GvHD
(P = 0.321).

(95% CI = 21.9%-41.1%) at 5 years after transplantation
(Table 2 and Figure 2A). In group B, 24 patients experienced relapse. The CIR was 25.3% (95% CI = 15.5%35.1%) at 2 years and 27.6% (95% CI = 17.6%-37.6%) at
5 years (Table 2). The CIR of group A are displayed in
Table 2.
In group B, based on the results of univariate analysis
(Supplementary Table S1), multivariate analysis showed
that persistent negative MRD results (hazard ratio [HR]
= 0.028, 95% CI = 0.009-0.091, P < 0.001) and ≥
mild chronic GvHD (HR = 5.876, 95% CI = 2.8599.582, P = 0.001) were associated with a lower risk of
relapse after transplantation (Table 3). In 33 patients with
positive MRD results after transplantation, with the
increasing course of DLIs, the frequency of conversion to
negative MRD results gradually increased (0 course vs.
1 course vs. 2 courses vs. 3-4 courses = 0.0% vs. 42.9%
vs. 50.0% vs. 75.0%, P = 0.014), and the CIR gradually
decreased (0 course vs. 1 course vs. 2 courses vs. 3-4 courses
= 100.0% vs. 57.1% vs. 50.0% vs. 12.5%, P = 0.005). Moreover, the development and severity of chronic GvHD were
also associated with a lower relapse risk in patients with
positive MRD results (P = 0.003) (Figure 3A), or even in
patients with persistent negative MRD results (P = 0.005)
(Figure 3B).

3.4
3.3

TRM

Relapse

During a median follow-up period of 86.0 months (range
= 34.6-124.2 months), 33 patients experienced relapse
after transplantation in a total of 105 patients. The CIR
was 29.5% (95% CI = 20.1%-38.9%) at 2 years and 31.5%

Among a total of 105 patients, 25 patients experienced
TRM. The TRM was 19.0% (95% CI = 9.6%-28.4%) at
2 years and 22.1% (95% CI = 11.3%-32.9%) at 5 years
after transplantation (Table 2 and Figure 2B). In group
B, 19 patients experienced TRM. The TRM was 16.1%
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3

5

Grade 3

31
38
8

Mild

Moderate

Severe

31.5 (21.9-41.1)
128.0 (34.0-1173.0)

19.5 (8.3-30.7)

≥ severe

Onset time of relapse (day, median [range])

60.1 (51.1-69.1)

≥ moderate

68.0 (34.0-480.0)

50.0 (34.1-65.9)

0.0 (0.0-0.0)

26.2 (10.3-42.1)

33.3 (17.4-49.2)

0

4

2

147.0 (60.0-1173.0)

27.6 (17.6-37.6)

23.0 (9.9-36.1)

67.2 (55.8-78.6)

81.6 (75.7-87.5)

8

34

29

140.0 (100.0-200.0)

7.5 (1.0-14.0)

36.5 (26.1-46.9)

43.7 (33.3-54.1)

2

3

25

8

72.5 (42.0-100.0)

Group B (DLI)
87

120.0 (50.0-1173.0)

35.7 (23.4-48.0)

15.6 (3.8-27.4)

56.8 (43.7-69.9)

71.4 (61.4-81.4)

4

14

12

145.0 (100.0-200.0)

11.2 (1.7-20.7)

29.7 (19.3-40.1)

35.7 (25.3-46.1)

2

2

8

3

130.5 (34.0-624.0)

28.5 (18.5-38.5)

24.1 (16.8-31.4)

62.4 (53.8-71.0)

74.6 (67.3-81.9)

4

24

19

130.0 (109.0-200.0)

14.0 (5.6-22.4)

48.5 (35.4-61.6)

54.0 (41.5-66.5)

3

4

22

5

44.5 (19.0-100.0)

63

42
56.0 (19.0-75.0)

Haploidentical

Type of donor
HLA-matched

0.929
(Continues)

0.448

0.469

0.571

0.510

0.322

0.628

0.066

0.071

0.905

P value†
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CIR at 5 years (%, [95% CI])

73.3 (67.4-79.2)

≥ mild

Cumulative incidence of chronic GvHD (%, [95% CI])

Severity of chronic GvHD (n)

114.5 (110.0-150.0)

34.3 (19.6-49.0)

138.0 (100.0-200.0)

12.2 (5.1-19.3)

Onset time of chronic GvHD (day, median [range])

Grade 3-4

61.1 (46.4-75.8)

Grade 2-4

61.1 (46.4-75.8)

46.7 (36.9-56.5)
40.6 (30.6-50.6)

Grade 1-4

Cumulative incidence of acute GvHD (%, [95% CI])

Grade 4

3

30
6

Grade 2

5

8

0

34.0 (19.0-42.0)

Group A (no DLI)
18

Grade 1

46.0 (19.0-100.0)

Onset time of Acute GvHD (day, median [range])

Severity of Acute GvHD (n)

Total cases
105

Clinical outcomes after transplant in 105 patients with refractory or relapsed acute myeloid leukemia

Characteristic
Case number

TA B L E 2

8

3

Grade 4 acute GvHD

Severe chronic GvHD
(lung)

0

2

4

9

4.7 (3.3-6.1)

16.7 (3.4-30.0)

3.5 (1.1-5.9)

16.7 (3.4-30.0)

88.0 (60.0-176.0)

Group A (no DLI)
33.3 (16.6-50.0)

3

1

15

23

70.0 (6.5-91.9)

50.8 (40.0-61.6)

69.2 (6.2-84.3)

50.8 (40.0-61.6)

329.0 (108.0-1963.0)

Group B (DLI)
21.6 (11.2-32.0)

19.7 (10.9-28.5)

35.4 (20.9-49.9)

0

1

10

15

43.2 (4.1-79.6)

35.4 (20.9-49.9)

41.4 (3.8-78.7)

3

2

9

17

60.8 (6.7-86.5)

51.7 (43.1-60.3)

60.8 (6.0-86.5)

51.7 (43.1-60.3)

220.0 (60.0-1963.0)

28.9 (16.2-30.6)
329.0 (88.0-1353.0)

Haploidentical

Type of donor
HLA-matched

0.132

0.132

0.148

0.148

0.413

0.285

P value†
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†
P value represents comparison between patients receiving HLA-matched HSCT and patients receiving haploidentical HSCT.
Abbreviations: DLI, donor lymphocyte infusion; HLA, human leucocyte antigen; GvHD, graft-versus-host disease; CIR, cumulative incidence of relapse; TRM, treatment-related mortality; LFS, leukemia-free survival.

19
3

Infection

32

Median survival (months, median [95% CI])

Relapse

46.4 (36.8-56.0)
52.2 (4.6-83.2)

Survival at 5 years (%, [95% CI])

Cause of mortality (n)

46.4 (36.8-56.0)
51.5 (4.6-82.6)

Median LFS (months, median [95% CI])

280.0 (60.0-1963.0)

Onset time of TRM (day, median [range])

LFS at 5 years (%, [95% CI])

Total cases
22.1 (11.3-32.9)

(Continued)

Characteristic
TRM at 5 years (%, [95% CI])

TA B L E 2
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F I G U R E 2 Cumulative incidence of relapse, transplant-related mortality, leukemia-free survival and overall survival after
transplantation (n = 105). (A) Cumulative incidence of relapse after transplantation. (B) Cumulative incidence of transplant-related mortality
after transplantation. (C) Leukemia-free survival after transplantation. (D) Overall survival after transplantation

T A B L E 3 Multivariate analysis for outcomes after transplant in 87 patients who had refractory or relapsed acute myeloid leukemia and
received prophylactic donor lymphocyte infusion
Characteristics

Hazard ratio (95% CI)

P value

Relapse
≥ mild chronic GvHD after prophylactic DLI: no vs. yes

5.876 (2.859-9.582)

≥ moderate chronic GvHD after prophylactic DLI: no vs. yes

2.867 (0.866-7.493)

0.103

MRD results after DLI: negative vs. positive

0.028 (0.009-0.091)

<0.001

Age: < 35 vs. ≥ 35

1.848 (0.759-3.875)

0.147

Type of donor: HLA-matched related and unrelated vs. haploidentical

0.712 (0.377-1.345)

0.234

ABO match (match vs. mismatch)

0.790 (0.387-1.616)

0.585

≥ mild chronic GvHD after prophylactic DLI: no vs. yes

0.025 (0.009-0.067)

<0.001

≥ moderate chronic GvHD after prophylactic DLI: no vs. yes

0.640 (0.272-1.506)

0.307

MRD results after DLI: negative vs. positive

4.463 (2.517-8.826)

<0.001

0.001

Leukemia-free survival

Abbreviations: GvHD, graft-versus-host disease; DLI, donor lymphocyte infusion; MRD, measurable residual disease; HLA, human leukocyte antigen.
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F I G U R E 3 Cumulative incidence of relapse (CIR) and leukemia-free survival (LFS) after transplantation in group B, according to MRD
results and GvHD (n = 87). (A) CIR after transplantation in patients with positive MRD results. (B) CIR after transplantation in patients with
persistent negative MRD results. (C) LFS after transplantation in patients with positive MRD results. (D) LFS after transplantation in patients
with persistent negative MRD results. Eighty-seven patients received prophylactic donor lymphocyte infusion and divided into groups B.
According to the severity of chronic GvHD, patients were divided into four groups, such as no chronic GvHD, mild chronic GvHD, moderate
chronic GvHD, and severe chronic GvHD. P* represents the comparison among four groups. P** represents the comparison between patients
with mild chronic GvHD and patients with moderated chronic GvHD. Abbreviations: CIR, cumulative incidence of relapse; MRD, measurable
residual disease; LFS, leukemia-free survival; GvHD, graft-versus-host disease

(95% CI = 6.7%-25.5%) at 2 years and 21.6% (95% CI = 11.2%32.0%) at 5 years (Table 2). The TRM of group A and the
causes of mortality are displayed in Table 2.

3.5

LFS and overall survival

Among a total of 105 patients, the LFS was 51.4% (95% CI =
41.8%-61.0%) at 2 years and 46.4% (95% CI = 36.8%-56.0%)
at 5 years after transplantation. The overall survival was
52.4% (95% CI = 42.8%-62.0%) at 2 years and 46.4% (95%
CI = 36.8%-56.0%) at 5 years (Table 2 and Figure 2C-2D).

In group B, the LFS was 58.5% (95% CI = 48.1%-68.8%) at
2 years and 50.8% (95% CI = 40.0%-61.6%) at 5 years. The
overall survival was 59.8% (95% CI = 49.4%-70.2%) at 2 years
and 50.8% (95% CI = 40.0%-61.6%) at 5 years (Table 2). The
LFS and overall survival of group A are also described in
Table 2.
In group B, multivariate analysis revealed that persistent negative MRD-test results (HR = 4.463, 95% CI =
2.517-8.826, P < 0.001) and ≥ mild chronic GvHD (HR =
0.025, 95% CI = 0.009-0.067, P < 0.001) were associated
with a better LFS (Table 3). In patients with positive MRD
results, patients with moderate chronic GvHD had the best
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P* represents the comparison between mild and moderate chronic GvHD; P** represents the comparison between mild and severe chronic GvHD; P*** represents the comparison between moderate and severe chronic
GvHD.
Abbreviations: DLI, donor lymphocyte infusion; GvHD, graft-versus-host disease; PWB, physical well-being; SWB, social/family well-being; EWB, emotional well-being; FWB, functional well-being; BMTS, bone marrow
transplant subscale; FACT, functional assessment of cancer therapy; FACT-TOI, FACT trial outcome index.

0.001

0.001
0.001

0.001
0.266

0.267
87.5 ± 50.2

55.0 ± 38.2
88.4 ± 7.8

132.7 ± 11.7
136.9 ± 13.9

91.3 ± 9.6
87.6 ± 12.4

131.6 ± 17.4

99.7 ± 0.6
88.4 ± 12.4

132.7 ± 17.3

97.9%
FACT-TOI (mean ± SD)

FACT-BMTS (mean ± SD) 97.9%

149.0 ± 0.0

0.001

0.001
0.003

0.001
0.133

0.875
26.5 ± 14.8

61.0 ± 35.4
91.9 ± 8.9

40.8 ± 3.5
41.0 ± 5.2

96.0 ± 8.8
91.7 ± 12.2

39.9 ± 5.6
45.0 ± 1.0

104.0 ± 1.0
92.5 ± 12.2

40.3 ± 0.8
97.9%

97.9%

BMTS (mean ± SD)

FACT-G (mean ± SD)

0.004

0.026
0.001

0.002
0.739

0.010
15.0 ± 7.1

12.5 ± 13.5
23.5 ± 4.0

20.4 ± 2.8
22.3 ± 1.8

23.9 ± 3.4
23.0 ± 4.7
26.7 ± 0.6

21.1 ± 3.0

23.0 ± 1.0

23.3 ± 4.7

97.9%

93.8%

EWB (mean ± SD)

FWB (mean ± SD)

20.9 ± 3.0

0.037

0.047

0.001

0.028
0.521
17.5 ± 5.0
23.8 ± 2.6
23.3 ± 3.2
23.1 ± 3.2
23.3 ± 3.2
97.9%
SWB (mean ± SD)

26.3 ± 0.6

P***

Characteristics
PWB (mean ± SD)

The present study suggested that in patients with refractory or relapsed AML, total therapy is associated with a
CIR of 29.5% at 2 years and 31.5% at 5 years after transplantation and an LFS of 51.4% at 2 years and 46.4% at 5
years after transplantation. This result is significantly better than that reported in previous studies involving patients
with refractory or relapsed AML (2-year CIR: 29.5% vs.
40.0%-60.0% and 2- year LFS: 51.4% vs. 20.0%-40.0%) [4–8].
Moreover, this result is also similar to that in patients with
AML in second complete remission (CR2) (2-year CIR:
29.5% vs. 23.0%-30.0%; 5-year CIR: 31.5% vs. 25.0%-32.0%; 2year LFS: 51.4% vs. 50.8%-54.0%; and 5-year LFS: 46.4% vs.
28.0%-42.0%) [23–26]. Although the cross-trial comparison
has a potential bias for conclusion, these results suggest
that total therapy is most likely effective for patients with
refractory or relapsed AML.
The efficacy of total therapy can be attributed to its
capacity in making more patients achieve and maintain
negative MRD results. Several studies have reported that
a positive MRD result after transplantation correlates with
an increased relapse risk [18, 19]. In the present study, 62.1%
of patients achieved negative MRD results after prophylactic DLI. After MRD and GvHD-guided DLI, 79.3% of

Group B (DLI) Chronic GvHD
Mild (n = 22)
Moderate (n = 24) Severe (n = 2) P*
(n = 45)
24.6 ± 3.6
26.5 ± 2.0
24.1 ± 2.9
16.0 ± 9.9
0.003

DISCUSSION

Group A (no
DLI) (n = 3)
28.0 ± 0.0

4

Total
(n = 48)
24.9 ± 3.6

At the end of the follow-up, 48 patients survived, and their
HR-QoL was assessed. Three survivors were in group A,
and the remaining 45 survivors were in group B. Of the
48 survivors, more than 90% of the survivors exhibited
recoveries in all subscales (Table 4). Compared with that
of patients with mild or moderate chronic GvHD, patients
with severe chronic GvHD had the poorest recovery of
HR-QoL in all subscales (Table 4). However, there was
no significant difference in recovery of HR-QoL between
patients with mild and moderate chronic GvHD, except
for PWB (26.5 vs. 24.1, P = 0.003) and EWB (22.3 vs.
20.4, P = 0.010) (Table 4). The HR-QoL scores of the survivors in group A and group B are described in Table 4.
Additionally, the 48 survivors did not develop second
malignancies.

Health-related quality of life after transplant in 48 survivors with refractory or relapsed acute myeloid leukemia

HR-QoL after transplantation

TA B L E 4

3.6

Recovery rate
(n = 48)
97.9%

LFS (P < 0.001) (Figure 3C). However, in patients with
persistent negative MRD results, those with mild or moderate chronic GvHD had better LFS than patients with severe
chronic GvHD or without chronic GvHD (P < 0.001).
Nevertheless, there was no significant difference in LFS
between patients with mild and moderate chronic GvHD
(P = 0.420) (Figure 3D).

P**

YAN et al.

25233548, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/cac2.12376 by CochraneChina, Wiley Online Library on [27/10/2022]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

12

patients achieved negative MRD results. The frequency of
negative MRD results after transplantation was similar to
those of patients with standard-risk acute leukemia (79.3%
vs. 87.1%) [15]. With the increasing courses of DLIs, the frequency of conversion to negative MRD results in patients
with positive MRD results gradually increased (P = 0.014)
while the relapse rate gradually decreased (P = 0.005).
It is notable that among 69 patients with negative MRD
results, 7 (10.1%) patients relapsed. This result suggests
that the MRD-test platform has some limitations. In the
present study, MRD-positivity was defined more strictly
than in most prior reports to avoid excessive TRM associated with the application of DLI. This resulted in the
MRD-test exhibiting imperfect sensitivity but increased
specificity. Our previous study suggested that the combined use of WT1 and FCM for the monitoring of MRD
after transplantation was associated with a sensitivity of
50.0% and a specificity of 97.2% in AML patients [19].
Although compared with single MRD parameter (two consecutive positive results of WT1 or FCM), the combined
use of WT1 and FCM was associated with higher sensitivity
(50.0% vs. 33.3% vs. 25.9%) and relatively similar specificity
(97.2% vs. 97.2% vs. 98.8%) [19], new techniques with higher
sensitivity may be used to monitor the state of MRD after
transplantation, such as quantitative-digital PCR or next
generation sequencing. However, the use of these techniques in the post-transplant setting should be investigated
in future studies.
Another probable reason to explain the efficacy of total
therapy is a higher incidence of chronic GvHD in the
present study. Researchers have demonstrated that the
development of chronic GvHD usually induces a stronger
GvL effect. After pre-emptive DLI, the development of
chronic GvHD was typically associated with a higher frequency of conversion to negative MRD results (85.7% vs.
16.7%) and a lower CIR (1-year CIR: 3.2% vs. 11.9%, P =
0.002) [27]. The present study also suggested that the incidence and severity chronic GvHD were associated with
lower CIR (P = 0.003 and P = 0.005) in patients with
both positive and negative MRD results. Moreover, with
the increasing courses of DLIs, the incidence of moderate
to severe chronic GvHD (P = 0.001) and the frequency of
conversion to negative MRD results gradually increased (P
= 0.014); concurrently, the relapse rate gradually decreased
(P = 0.005). Additionally, 18 patients in group B exhibited
persistent positive MRD results, and 17 patients relapsed.
These results suggest that these patients may need a more
intensive therapy to achieve negative MRD results. Several novel drugs, such as hypomethylating agents [28]
and Bcl-2 inhibitors [29] have been used in combination
with DLI in some pilot studies, and an enhanced GvL
effect was observed [30]. However, this warrants further
investigation.
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Severe GvHD is a major risk of DLI and is always correlated with higher TRM [10]. However, compared with
the previous study, the incidence of grade 2-4 and grade
3-4 acute GvHD in the present study was not significantly
higher (grade 2-4 acute GvHD: 40.6% vs. 31.0%-49.0% and
grade 3-4 acute GvHD: 12.2% vs. 13.2%-24.0%) [14, 31, 32].
Moreover, although the incidence of chronic GvHD was
higher than that described in the previous study (73.3% vs.
41.2%-45.7%) [14, 31, 32], the incidence of severe chronic
GvHD was only 19.5%. The present study also suggested
that total therapy was associated with a TRM of 19.0% at
2 years and 22.1% at 5 years after transplantation. This
result was comparable with those of previous studies conducted on patients with refractory or relapsed AML (2-year
TRM: 19% vs. 16%-26%) [4–8] and on patients with AML
in first complete remission (CR1) or CR2 (2-year TRM:
19.0% vs. 13.0%-20.0%) [15, 33]. These results demonstrate
the safety of total therapy. The safety of total therapy most
likely benefits from the application of modified DLI. Several studies found that the application of G-CSF could
induce T cell hypo-responsiveness [34, 35], and augment
NKT cell-dependent CD8+ cytotoxicity [36]. Additionally,
our previous studies suggested that the use of short-term
immunosuppressive agents after HLA-matched related
DLI [11] or haploidentical DLI [12] could reduce the incidence of acute GvHD, but did not influence GvL effect.
This resulted in that the duration of immunosuppressive
agents used for the treatment of severe GvHD after DLI
was significantly shorter [12]. This probably led to a better
immune reconstitution, thus resulted in a lower incidence
of infection, and a lower TRM.
In the present study, after total therapy, more than 90% of
long-term survivors were reported with satisfactory recovery of HR-QoL. The mean HR-QoL scores were good and
comparable with those reported in a previous study conducted on patients with AML in CR1 [37]. Pidala et al.
[20] reported that, compared with that of patients with
mild or moderate chronic GvHD, patients with severe
chronic GvHD had the poorest recovery of HR-QoL. The
present study also revealed similar results. In particular,
there was no significant difference in the recovery of HRQoL between patients with mild and moderate chronic
GvHD. These results suggest that although the incidence of
moderate chronic GvHD gradually increases with increasing courses of DLIs, the patients’ HR-QoL scores do
not decrease. Thus, most patients exhibited satisfactory
recovery of HR-QoL.
The interpretation of our results entails some limitations. This was not a randomized control study. Instead,
this was a single center prospective study, with a larger
number of cases with refractory or relapsed AML (n = 105),
longer follow-up periods (86 months [range = 34.6-124.2]),
and with the assessment of HR-QoL. Herein, total therapy

25233548, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/cac2.12376 by CochraneChina, Wiley Online Library on [27/10/2022]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

YAN et al.

YAN et al.

resulted in better long-term LFS and more satisfactory HRQoL scores in patients with refractory or relapsed AML
than it did in patients who received the standard of care
therapy reported in previous studies. Additionally, these
results were comparable with those obtained from patients
with AML in CR2. Therefore, total therapy could be an
optimized therapeutic strategy for refractory or relapsed
AML. In the future, a multicenter randomized control
study may be needed to further confirm our results.

5

CONCLUSIONS

These data demonstrated that total therapy is associated
with decreased CIR, comparable TRM, better long-term
LFS, and satisfactory HR-QoL for patients with refractory or relapsed AML, compared with those of standard of
care therapy reported previously. Therefore, this method
may be an optimized therapeutic strategy for refractory or
relapsed AML.
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