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Abstract: MLL rearrangement is very common in solid tumor therapy-related acute myeloid leukemia (t-AML). To in-
vestigated the prognosis of solid tumor MLL t-AML, 157 patients were divided into 3 groups: non-MLL t-AML (n=41), 
MLL t-AML (n=18) and MLL de novo AML (n=98). Of the 150 patients underwent anti-leukemia therapy, the com-
plete remission (CR) was similar in MLL t-AML, non-MLL t-AML and MLL de novo AML (P=0.251). 3-years overall sur-
vival (OS) was 37.5%, 21.5% and 20.4% (P=0.046), and leukemia-free survival (LFS) was 28.0%, 32.2% and 22.7% 
(P=0.031), and the incidence of relapse was 30.0%, 50.4% and 53.5% (P=0.382), respectively, in the three groups. 
Multivariate analysis revealed that MLL t-AML was a risk factor while allo-HSCT was a protective factor for OS, LFS, 
and relapse (P<0.001, P<0.001 and P=0.005) (P=0.002, P<0.001 and P<0.001, respectively). The 3-years OS 
was 0%, 17.9% and 2.3% (P=0.038), and LFS was 0%, 23.1% and 3.3% (P=0.017), and relapse was 100%, 53.1% 
and 74.4% (P=0.001), respectively, among three groups in patients undergoing chemotherapy alone, while OS was 
64.3%, 52.7% and 40.7% (P=0.713), LFS was 60.0%, 48.8% and 37.0% (P=0.934), and relapse was 25.0%, 47.4% 
and 47.5% (P=0.872), respectively, among these groups in patients undergoing allo-HSCT. Intriguingly, MLL t-AML 
was no longer risk factor for relapse and LFS (P=0.882 and P=0.484, respectively), and it became a favorable fac-
tor for OS (P=0.011) in patients undergoing allo-HSCT. In conclusion, MLL t-AML had poor prognosis compared with 
non-MLL t-AML and MLL de novo AML, but allo-HSCT might overcome the poor prognosis of MLL t-AML.
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Introduction

Therapy-related acute myeloid leukemia (t-AML) 
has frequently emerged as a long-term compli-
cation in the patients with malignancies who 
have underwent cytotoxic therapy (i.e., chemo-
therapy and radiotherapy) [1]. In general, t-AML 
carries poor cytogenetic and molecular genetic 
features, characterized by inferior response to 
conventional treatment and poor survival com-
pared to de novo AML [2-6]. Traditionally, World 
Health Organization (WHO) classified t-AML into 
two types based on prior cytotoxic therapies. 
The first subtype of t-AML, occurring after expo-
sure to radiation and/or alkylating agents, often 
has unbalanced cytogenetic abnormalities, 

such as the deletion of chromosomes 5 and/or 
7 [7-9]. The second subtype of t-AML, occurring 
after exposed to agents targeting topoisomer-
ase, usually accompanied by balanced chromo-
somal rearrangements, such as MLL rearrang-
ment, PML-RARA and RUNX1 [9-14].

In de novo AML, the patients with MLL rear-
rangement usually had a worse prognosis com-
pared with the patients without MLL rearrange-
ment [15, 16]. The incidence of MLL rearrange-
ment is more common in t-AML compared with 
that in de novo AML [17-19]. However, current 
studies have not drawn a distinction of progno-
sis between MLL t-AML and non-MLL t-AML. 
Additionally, these studies were lack of atten-
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tion to the difference in prognosis between 
MLL t-AML and MLL de novo AML. 

Allogeneic hematopoietic stem cell transplan-
tation (allo-HSCT) is recommended for MLL 
AML, and seemed to be the only potential cura-
tive option for MLL AML [20-22]. It is rarely 
reported whether allo-HSCT has a difference 
prognosis between MLL t-AML and MLL de 
novo AML. Here, we performed a retrospective 
analyses of solid tumor t-AML, and compared 
the prognosis of MLL t-AML with MLL de novo 
AML. Our results indicated that MLL t-AML had 
an inferior prognosis compared with no-MLL 
t-AML and MLL de novo AML, while allo-HSCT 
might overcome the poor prognosis of MLL 
t-AML.

Methods

Study design and patients

This retrospectively study was enrolled in all 
consecutive patients older than 14 years old, 
who diagnosed as solid tumor t-AML and MLL 
de novo AML between January 2008 and 
December 2018, and underwent anti-leukemia 
therapy including chemotherapy and/or allo-
HSCT in Nanfang hospital. The diagnosis of 
t-AML was according to the WHO 2016 classifi-
cation, which involves the primary disease his-
tory and laboratory findings. Bone marrow with 
>20% myeloblasts was diagnosed as AML [9]. 
Patients with a history of myelodysplastic  
syndrome (MDS)/myeloproliferative neoplasm 
(MPN) and those without anti-leukemia therapy 
were excluded from this study. Medical records 
of all patients were reviewed for demographic 
data, primary diseases, treatment and trans-
plant-related parameters, and so on. We col-
lected and analyzed the follow-up data of 5 
years post diagnosis or transplantation. This 
research was conducted in accordance with 
the Declaration of Helsinki and was approved 
by the Institution Review Board of our 
institution.

Cytogenetic and molecular genetic analysis

According to our previously described [23, 24], 
chromosome banding, fluorescence in situ 
hybridization (FISH) and polymerase chain 
reaction (PCR) as well as next generation 
sequencing (NGS) were used for cytogenetic 
and molecular genetic analysis. MLL gene rear-

rangement is detected by FISH, NGS and chro-
mosome banding method. MLL fusion gene 
was detected by PCR.

Definitions

The diagnosis of AML was according to WHO 
criteria [9]. Solid tumor t-AML is defined as AML 
secondary to solid tumors that had underwent 
chemotherapy and/or radiotherapy before 
T-AML. The patients of AML who with a history 
of solid tumor but did not undergoing cytotoxic 
therapy were classified to de novo AML. High 
white blood cells (WBC) defined as WBC 
≥50×109/L. The outcomes evaluated included 
complete remission (CR), overall survival (OS), 
leukemia-free survival (LFS) and relapse inci-
dence were followed recommended criteria 
[25]. According to the recommended criteria, 
cytogenetics were divided into favorable, inter-
mediate and adverse risk groups [26]. 

Statistical analysis

Data processing was performed using SPSS 
(version 22.0) software for statistical analysis. 
Cumulative incidence of OS, LFS and relapse 
were calculated according to Kaplan-Meier 
(K-M) method with comparison by the log-rank 
(Mantel-Cox) test. Differences in proportions 
were evaluated using the chi-square test. 
Multivariate analysis was performed applying 
the Cox model. A p value of <0.05 was consid-
ered as statistically significant.

Results

Patients characteristics

A total of 157 consecutive patients with AML 
were enrolled in this study, including 18 cases 
with MLL t-AML, 41 no-MLL t-AML and 98 MLL 
de novo AML. There were 73 females and 84 
males. The median age was 36 (range: 13-84) 
years old. The Patients demographics and 
baseline characteristics are detailed in Table 1. 
The study flow diagram is shown in Figure 1. 
The patients with MLL t-AML were younger than 
non-MLL t-AML cohort (P=0.036), while they 
were older compared with MLL de novo AML 
(P=0.019). And the ratio of female was higher 
in t-AML patients compared with de novo AML 
patients (P=0.020). The other characteristics 
were similar among three groups (all P values 
>0.05) (Table 1).
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Cytogenetic and molecular genetic character-
istics

The cytogenetic and molecular genetic charac-
teristics at diagnoses are detailed in Table 2. 
Of the 153 evaluable cases for cytogenetics, 
the rate of favorable cytogenetic was 0.0%, 
10.9% and 0% (P=0.026), the rate of intermedi-
ate cytogenetic was 38.9%, 45.9% and 38.8% 
(P=0.743) and the rate of adverse cytogenetic 
was 61.1%, 43.2% and 61.2% (P=0.158), 
respectively, in MLL t-AML, non-MLL t-AML and 
MLL de novo AML. In detail, the patients with 
MLL t-AML had more 5 chromosome deletion 
compared to those with non-MLL t-AML (16.7% 
vs. 10.8%, P=0.041) and MLL de novo AML 
(16.7% vs. 8.2%, P=0.036), and were more fre-
quently with deletion of chromosome 7 com-
pared to MLL de novo AML (16.7% vs. 10.2%, 
P=0.020, respectively). 

The molecular genetic data were evaluated in 
155 patients. The most common fusion gene in 
MLL t-AML was MLL-AF6 (11.1%), followed by 

MLL-AF9 (5.5%). MLL t-AML cohort showed 
more frequently with TP53 mutation compared 
to non-MLL t-AML and MLL de novo AML (11.1%, 
0.0% and 0.0%, P<0.001), and less frequently 
with PML/RARa and NPM1 compared to non-
MLL t-AML (P=0.002 and P=0.049). The other 
molecular genetic factors were similar among 
three groups (all P values >0.05).

Induction chemotherapy 

Of the 157 patients enrolled in this primary 
study, 7 patients abandoned anti-leukemia 
treatments and 141 received standard-dose 
induction chemotherapy, including 17 in MLL 
t-AML, 30 in non-MLL AML and 94 in MLL de 
novo AML, and other 9 patients received 
reduced-dose induction chemotherapy, includ-
ing 1 in MLL t-AML, 4 in non-MLL t-AML and 4 in 
MLL de novo AML (Figure 1). The outcomes of 
induction chemotherapy are summarized in 
Table 3. In the standard-dose cohort, the CR 
rate in 1 induction or ≥2 induction were similar 
among three groups (all P values >0.05). While 

Table 1. Characteristics of patients

MLL t-AML (n=18) Non-MLL t-AML (n=41) MLL de novo AML 
(n=98) P value

Age (years, range) 38.5 (13-57) 47 (16-84) 29 (14-64) <0.001
Gender 0.020
    Female/Male, rate 1.25 1.93 0.58
Peripheral blood
    WBC, 109/L (median, range) 13.2 (1.4-137.0) 7.2 (0.9-135.7) 19.9 (0.5-449.0) 0.674
    Hemoglobin, g/L (median, range) 92 (53-115) 87 (45-132) 99 (37-144) 0.561
    Platelet, 109/L (median, range) 42 (9-323) 55 (12-459) 51 (9-556) 0.139
Primary disease -
    Breast cancer 7 (38.9%) 11 (26.8%) 0.373
    Lymphoma 6 (33.3%) 3 (7.3%) 0.118
    Hepatocellular cancer 2 (11.1%) 4 (9.8%) 0.999
    Nasopharyngeal cancer 0 4 (9.8%) 0.302
    Ovarian cancer 1 (5.6%) 3 (7.3%) 0.999
    Cervical cancer 1 (5.6%) 3 (7.3%) 0.999
    Colon cancer 0 4 (9.8%) 0.302
    Thyroid cancer 0 3 (7.3%) 0.546
    Gastric cancer 0 3 (7.3%) 0.546
    Chorionic cancer 1 (5.6%) 0 0.305
    Lung cancer 0 2 (3.7%) 0.999
    Esophageal cancer 0 1 (4.9%) 0.999
Latency, months (median, range) 48.4 (11.4-60) 32.7 (1-133.5) - 0.543
Abbreviations: WBC, white blood cells.
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Table 2. Cytogenetic and molecular genetic characteristics
MLL t-AML (n=18) Non-MLL t-AML (n=41) MLL de novo AML (n=98) P value

Cytogenetic risk category
    Good 0 (0.0%) 4 (10.9%) 0 (0.0%) 0.026
    Intermediate 7 (38.9%) 17 (45.9%) 38 (38.8%) 0.743
    Adverse 11 (61.1%) 16 (43.2%) 60 (61.2%) 0.158
    Missing 0 4 0
Cytogenetic abnormalities
    -5 or 5q- 3 (16.7%) 4 (10.8%) 8 (8.2%) 0.022
    -7 or 7q- 3 (16.7%) 5 (13.5%) 10 (10.2%) 0.039
    t(15,17) 0 (0.0%) 3 (8.1%) 0 (0.0%) 0.002
    t(8,21) 0 (0.0%) 1 (2.7%) 0 (0.0%) 0.104
    Complex karyotype 1 (5.6%) 3 (7.3%) 5 (5.1%) 0.224
    Others 4 (22.2%) 4 (10.8%) 37 (37.8%)
Molecular genetic abnormalities
    MLL-AF4 0 (0.0%) 0 (0.0%) 6 (6.1%) 0.163
    MLL-AF6 2 (11.1%) 0 (0.0%) 6 (6.1%) 0.165
    MLL-AF9 1 (5.5%) 0 (0.0%) 1 (1.0%) 0.539
    TP53 2 (11.1%) 0 (0.0%) 0 (0.0%) <0.001
    EP300 0 (0.0%) 0 (0.0%) 3 (3.1%) 0.372
    NPM1 0 (0.0%) 2 (5.1%) 0 (0.0%) 0.049
    PML/RARa 0 (0.0%) 3 (7.6%) 0 (0.0%) 0.002
    AML1/ETO 0 (0.0%) 1 (2.6%) 0 (0.0%) 0.773
    Others 0 (0.0%) 8 (20.5%) 3 (3.1%)
    Missing 0 2 0

Figure 1. The study flow diagram.

in the reduced-dose cohort, the CR rate in 1 
induction of MLL t-AML was inferior compared 

to that in de novo AML (P=0.048). In total, the 
CR rates were 83.3%, 85.5% and 86.2%, 
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motherapy as treatment post-remission, in- 
cluding 3 in MLL t-AML, 6 in no-MLL t-AML and 
14 in MLL de novo AML, and 74 underwent allo-
HSCT, including 10 in MLL t-AML, 17 in no-MLL 
t-AML and 47 in MLL de novo AML. Among 
those patients received chemotherapy, 16 
patients undergoing relapse also proceed to 

Table 3. The outcomes of chemotherapy
MLL t-AML (n=18) Non-MLL t-AML (n=34) MLL de novo AML (n=98) P value

Total CR 15 (83.3%) 23 (85.5%) 75 (86.2%) 0.251
Standard-dose chemotherapy
    CR
        CR with 1 induction 12 (70.6%) 17 (63.3%) 58 (61.7%) 0.783
        CR with ≥2 induction 2 (11.8%) 5 (20.0%) 13 (13.8%) 0.696
    PR 2 (11.8%) 0 (0.0%) 3 (3.2%) 0.149
    NR 1 (5.9%) 1 (3.3%) 9 (9.6%) 0.516
    Invalid 0 4 11
Reduced-dose chemotherapy
    CR
        CR with 1 induction 0 (0.0%) 1 (100%) 4 (100%) 0.048
        CR with ≥2 induction 1 (100%) 0 (0.0%) 0 (0.0%) 0.048
    Invalid 0 3 0
Abbreviations: CR, complete remission; PR, partial remission; NR, non-remission.

respectively, in the MLL t-AML, non-MLL t-AML 
and MLL de novo AML groups (P=0.251).

Treatments post-remission

Of the 113 patients achieved CR after induc-
tion chemotherapy, 23 patients received che-

Table 4. Patients characteristics at transplantation
MLL t-AML (n=15) Non-MLL t-AML (n=20) MLL de novo AML (n=67) P value

Patient age (years, range) 36 (13-53) 38 (16-55) 29 (15-51) 0.433
Patient gender 0.006
    Male 6 (40.0%) 4(20.0%) 40 (59.7%)
    Female 9 (60.0%) 16(80.0%) 27 (40.3%)
Disease status at transplants 0.579
    CR 10 (66.7%) 17 (85.0%) 47 (70.1%)
    PR 3 (20.0%) 1 (5.0%) 8 (12.0%)
    NR 2 (13.3%) 2 (10.0%) 12 (17.9%)
Donor type 0.958
    MSD 7 (46.7%) 10 (50.0%) 37 (55.2%)
    MUD 1 (6.6%) 2 (10.0%) 5 (7.5%)
    HID 7 (46.7%) 8 (40.0%) 25 (37.3%)
Conditioning regimena 0.347
    Myeloablative 7 (46.6%) 14 (70.0%) 37 (55.2%)
    Intensified 8 (53.4%) 6 (30.0%) 30 (44.8%)
GVHD prophylaxis 0.832
    CsA + MTX 4 (26.7%) 5 (25.0%) 19 (28.4%)
    CsA + MTX + MMF 5 (33.3%) 10 (50.0%) 30 (44.8%)
    CsA + MTX + MMF + ATG 6 (40.0%) 5 (25.0%) 18 (26.8%)
Abbreviations: MSD, HLA-matched sibling donor; MUD, HLA-matched unrelated donor; HID, haplo-identical donor; GVHD, 
graft-versus-host disease; ATG, antithymocyte globulin; CsA, ciclosporin A; MMF, mycophenolate mofetil. MTX, methotrexate. 
aMyeloablative conditioning regimens include TBI (total body irradiation) + Cy (cyclophosphamide), Bu (busulfan) + Cy, and Bu 
+ Flu (fludarabine). Intensified conditioning regiments include TBI + Cy + etoposide, and Flu + cytarabine + TBI+ Cy.
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and 67 in MLL de novo AML. There were 52 
females and 50 males, with a median age of 49 
(range: 17-65) years. Fifty-four patients were 
translated with HLA matched sibling donor 
(MSD), 8 with HLA matched unrelated donor 
(MUD) and 40 with HLA haplo-identical donor 
(HID). The donor sources were not different 
among 3 groups (P=0.958). All patients 
received myeloablative conditioning regimens 
according to our previously described [23]. The 
patient characteristics at transplantation were 
summarized in Table 4.

Relapse and survival 

Of the 150 patients received anti-leukemia 
therapy, 69 patients were alive at a median fol-
low up of 13 months (range, 1 to 60 months). 
Causes of death included leukemia relapse 
(n=27), infections (n=26), leukemia progres-
sion (n=12), GVHD (n=5), and therapy-related 
mortality (TRM, n=7). Overall, the 3-years OS 
was 37.5%, 21.5% and 20.4% (P=0.046), 
respectively, in MLL t-AML, non-MLL t-AML and 
MLL AML groups. OS in MLL t-AML was higher 
than MLL de novo AML group (P=0.029), while 
it did not differ significantly compared to non-
MLL t-AML (P=0.141). LFS was 28.0%, 32.2% 
and 22.7% (P=0.031) respectively in three 
groups. LFS in MLL t-AML did not differ signifi-
cantly with non-MLL t-AML and MLL de novo 
AML (P=0.991 and P=0.055, respectively), 
while it was higher in non-MLL t-AML compared 
to MLL de novo AML (P=0.024). the 3-year 
cumulative incidence of leukemia relapse was 
30.0%, 50.4% and 53.5% (P=0.382) (Figure 2). 
Multivariate analysis indicated that MLL t-AML 
was the risk factor (P=0.005, P<0.001 and 
P<0.001, respectively), while allo-HSCT was 
the protective factor for relapse, LFS, and OS 
(P<0.001, P<0.001 and P=0.002, respective-
ly). In addition, WBC ≥50×109/L was a risk fac-
tor for relapse (P=0.026) while CR was a favor-
able factor for OS (P<0.001) (Table 5). 

To further clarify the efficacy of allo-HSCT in 
MLL t-AML patients, we divided patients into 
two subgroups: patients with chemotherapy 
alone and patients underwent transplantation. 
In 48 patients undergoing chemotherapy alone, 
23 experienced relapse with a median time of 
5 (range, 1.0 to 24.0) months after CR. The 
3-years OS was 0%, 17.9% and 2.3% (P=0.038), 
respectively, in MLL t-AML, non-MLL t-AML and 

Figure 2. Kaplan-Meier outcome curves for all pa-
tients received anti-leukemia therapy. A. The 3-years 
relapse incidence were not difference between MLL 
t-AML, non-MLL t-AML and MLL de novo AML. B. 
The 3-years LFS in MLL t-AML were not difference 
compared to non-MLL t-AML and MLL de novo AML 
(P=0.991 and P=0.055, respectively). C. The 3-years 
OS in MLL t-AML was higher than MLL de novo AML 
group (P=0.029), while it did not differ significantly 
compared to non-MLL t-AML (P=0.141).

allo-HSCT, including 2 in no-MLL t-AML, 2 in 
MLL t-AML and 12 in MLL de novo AML (Figure 
1). 

Ultimately, 102 patients underwent allo-HSCT, 
including 15 in MLL t-AML, 20 in no-MLL t-AML, 
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Table 5. Univariate/Multivariate analysis of outcomes in all patients
Relapse LFS OS

Univariate Multivariate (HR, 95% CI) Univariate Multivariate (HR, 95% CI) Univariate Multivariate (HR, 95% CI)
Gender, female vs. male NS NS NS NS NS NS

Median age, <40 vs. ≥40 (median) NS NS NS NS NS NS

WBC, <50.0 vs. ≥50.0 (109/L) 0.015 0.026 (1.474, 1.245-1.916) NS NS NS NS

Cytogenetic, unfavorable vs. good/intermediate NS NS NS NS NS NS

Disease status after chemotherapy, CR vs. non-CR NS NS NS NS <0.001 <0.001 (0.354, 0.224-0.561)

MLL t-AML vs. non-MLL t-AML vs. MLL de novo AML 0.053 0.005 (1.196, 1.079-1.488) 0.07 <0.001 (1.307, 1.174-1.543) 0.06 <0.001 (2.137, 1.519-2.466)

Allo-HSCT, yes vs. no <0.001 <0.001 (0.146, 0.069-0.306) <0.0001 <0.001 (0.137, 0.079-0.236) 0.0001 0.002 (0.092, 0.055-0.156)
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LFS was 0%, 23.1% and 3.3% (P=0.017), in 
MLL t-AML, non-MLL t-AML and MLL de novo 
AML groups, respectively. LFS in MLL t-AML 
was inferior to non-MLL t-AML (P=0.001), while 
it was similar when comparing MLL t-AML and 
MLL de novo AML or comparing non-MLL t-AML 
and MLL de novo AML (P=0.991 and P=0.075, 
respectively). The incidence of relapse was 
100%, 53.1% and 74.4% (P=0.001), respective-
ly, in MLL t-AML, non-MLL t-AML and MLL de 
novo AML groups. The relapse in MLL t-AML 
was inferior than non-MLL t-AML and MLL de 
novo AML (P=0.001 and P=0.034, respective-
ly), while it was similar between non-MLL t-AML 
and MLL de novo AML (P=0.318) (Figure 3). 
MLL t-AML was a risk factor for relapse, LFS 
and OS (P=0.002, 0.001 and 0.015, respec-
tively), and the unfavorable cytogenic was also 
a risk factor for relapse (P=0.026), while CR 
was a favorable factor for OS (P<0.001) (Table 
6).

To analyzed the outcomes in the 102 patients 
who underwent transplantation, the result 
showed that 35 relapsed at a median time of 6 
(range, 2-15) months post transplantation, 
including 3 in MLL t-AML, 6 in non-MLL t-AML 
and 26 in MLL de novo AML. With a median fol-
low up of 18 months (range, 5 to 60 months) 
post-transplantation, 64 patients were alive 
and 38 died. The causes of death were sum-
marized in Table 7. The 3-years OS was 64.3%, 
52.7% and 40.7% (P=0.713), LFS was 60.0%, 
48.8% and 37.0% (P=0.934), and the 3-years 
incidence of relapse post-transplantation was 
25.0%, 47.4% and 47.5% (P=0.872), respective-
ly, in MLL t-AML, non-MLL t-AML and MLL de 
novo AML. There were no significantly differ-
ence in OS, LFS and incidence of relapse among 
three groups (Figure 4). Multivariate analysis 
revealed that the non-CR at transplantation 
was a risk factor for relapse (P=0.018), LFS 
(P=0.032) and OS (P=0.034), and the WBC 
≥50×109/L at diagnosis was also a risk factors 
for relapse (P=0.023), LFS (P=0.009,) and OS 
(P=0.001). While the MSD donor type was a 
favorable factor for LFS and OS (P=0.001 and 
P=0.007, respectively), and the intensified con-
ditioning was a protect factor for relapse, LFS 
and OS (P=0.002, P=0.004 and P=0.001, 
respectively). In addition, the unfavorable cyto-
genic was a risk factor for OS (P=0.020). 
Intriguingly, MLL t-AML was no longer the risk 
factor for relapse and LFS, while it became a 

Figure 3. Kaplan-Meier outcome curves for patients 
with chemotherapy alone. A. The 3-years incidence 
of relapse in MLL t-AML was higher than non-MLL t-
AML and MLL de novo AML (P=0.001 and P=0.034, 
respectively). B. The 3-years LFS in MLL t-AML was 
inferior to non-MLL t-AML (P=0.001), while it was not 
difference compared to MLL de novo AML (P=0.991). 
C. The 3-years OS in MLL t-AML was inferior than 
non-MLL t-AML (P=0.019), and it was not difference 
with MLL de novo AML (P=0.715).

MLL de novo AML groups. OS was longer in 
non-MLL t-AML than MLL t-AML and MLL de 
novo AML groups (0.019 and 0.030, respec-
tively), while it was similar between MLL t-AML 
and MLL de novo AML (P=0.715). The 3-years 
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Table 6. Univariate/Multivariate analysis in chemotherapy
Relapse LFS OS

Univariate Multivariate (HR, 95% CI) Univariate Multivariate (HR, 95% CI) Univariate Multivariate (HR, 95% CI)
Gender, female vs. male 0.044 NS 0.061 NS NS NS

Median age, <40 vs. ≥40 0.078 NS 0.006 NS 0.004 NS

WBC, <50.0 vs. ≥50.0 (109/L) NS NS 0.042 NS 0.025 NS

Cytogenetic, unfavorable vs. good/intermediate NS 0.026 (1.337, 1.105-1.522) NS NS NS NS

Disease status after chemotherapy, CR vs. non-CR NS NS NS NS <0.001 <0.001 (0.176, 0.092-0.335)

MLL t-AML vs. non-MLL t-AML vs. MLL de novo AML 0.001 0.002 (1.182, 1.063-1.524) 0.001 0.001 (2.142, 1.639-2.465) 0.001 0.015 (1.583, 1.198-1.861)
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divided the related therapies into chemothera-
py alone (n=13, 72.2%) and chemotherapy 
combined with radiotherapy (n=5, 27.8%). The 
multivariate analysis indicated that the primary 
disease and related therapies had no influence 
on the OS, LFS and relapse of the patients with 
MLL t-AML (all P>0.05, Supplementary Table 1).

Discussion

Therapy related-AML frequently exhibits abnor-
malities in genetics and molecular due to the 
cytotoxic therapy for primary malignancy. 
Therefore, understanding the cytogenetic and 
molecular genetic characteristics associated 
with the outcome of treatments in t-AML is very 
important for making therapy recommenda-
tions. Previous studies indicated that the MLL 
rearrangement was found in approximately 
10% of t-AML [27-29]. But in recent years, due 
to the combinations of topoisomerase II inhibi-
tors and alkylation were increasingly used in 
the therapies of primary malignancies, the inci-
dence of MLL rearrangement in t-AML has 
greatly increased [30, 31]. In this study, we 
observed that MLL rearrangement is the most 
common genetic abnormality in t-AML, reached 
up to 30.5% in solid tumor t-AML, and altera-
tions on chromosomes 5 and/or 7 reached up 
to 33.4% in this cohort, which is significantly 
higher than 7%-13% previously reported in 
t-AML and de novo MLL AML [6, 16]. A possible 
interpretation of our finding is that 94.4% of our 
patients had used topoisomerase II inhibitor as 
treatment for their primary malignancy, which is 
associated with MLL rearrangement [32], and 
77.8% were combined with alkylating agents, 
which is contributed to the abnormal of chro-
mosomes 5 and 7 [33, 34]. 

Generally, de novo AML with MLL rearrange-
ment had a poor prognosis compared with 
those without MLL rearrangement, such as 
lower remission, higher relapse, and inferior 

Table 7. Cause of death post-transplantation (n=38)

Cause of death Total MLL 
t-AML

Non-MLL 
t-AML

MLL de 
novo AML P value

Relapse 20 2 (5.3%) 4 (10.5%) 14 (36.8%) 0.884
GVHD 7 0 (0.0%) 2 (5.3%) 5 (13.2%) 0.578
Infection 7 0 (0.0%) 1 (2.7%) 5 (13.2%) 0.687
Others 4 1 (2.7%) 1 (2.7%) 2 (5.3%) 0.391

Figure 4. Kaplan-Meier outcome curves for patients 
with allo-HSCT. A. The 3-years incidence of relapse 
were not difference between MLL t-AML, non-MLL t-
AML and MLL de novo AML. B. The 3-years LFS were 
not difference among MLL t-AML, non-MLL t-AML 
and MLL de novo AML. C. The 3-years OS were not 
difference among MLL t-AML, non-MLL t-AML and 
MLL de novo AML.

favorable factor for OS (P=0.011) 
compared with non-MLL t-AML and 
MLL de novo AML (Table 8).

To clarify the influence of primary dis-
ease and related therapies on the 
outcomes of MLL t-AML, we divided 
primary disease into breast cancer 
(n=7, 38.9%), lymphoma (n=6, 33.3%) 
and others (n=5, 27.8%); and we 
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Table 8. Univariate/Multivariate analysis in transplantation
Relapse LFS OS

Univariate Multivariate, P value,  
(HR, 95% CI) Univariate Multivariate, P value,  

(HR, 95% CI) Univariate Multivariate, P value,  
(HR, 95% CI)

Gender, male vs. female NS NS NS NS NS NS

Median age, <49 vs. ≥49 (median) NS NS NS NS NS NS

WBC, <50.0 vs. ≥50.0 (109/L) 0.030 0.023 (2.644, 1.144-6.108) 0.004 0.009 (2.193, 1.203-3.999) 0.006 0.001 (2.862, 1.474-5.559)

Cytogenic, unfavorable vs. good/intermediate NS NS NS NS 0.030 0.020 (2.348, 1.144-4.820)

HLA type, MSD vs. MUD vs. HID NS NS 0.071 NS 0.050 0.029 (0.873, 0.736-0.938)

Disease status, non-CR vs. CR 0.0001 0.018 (1.751, 1.065-2.585) 0.0001 0.032 (1.394, 1.034-1.878) 0.001 0.034 (1.444, 1.028-2.028)

Conditioning regimena, Intensified vs. myeloablative NS 0.002 (0.196, 0.071-0.541) NS 0.004 (0.346, 0.166-0.719) NS 0.001 (0.305, 0.155-0.600)

MLL t-AML vs. non-MLL t-AML vs. MLL de novo AML NS NS NS NS 0.081 0.011 (0.439, 0.162-1.191)
aMyeloablative conditioning regimens include TBI (total body irradiation) + Cy (cyclophosphamide), Bu (busulfan) + Cy, and Bu + Flu (fludarabine). Intensified conditioning regiments include TBI + Cy + etoposide, and Flu + cytarabine + TBI + 
Cy.
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survivals [35-37]. But whether the outcomes of 
MLL t-AML is as inferior as that of MLL de novo 
AML was rarely reported. In this study, our 
results showed that the CR rates of chemother-
apy were not difference among MLL t-AML, 
non-MLL t-AML, and MLL de novo AML, but MLL 
t-AML was a risk factor for relapse, LFS and OS 
in those underwent chemotherapy alone. In 
these patients, the 3-years OS was longer in 
non-MLL t-AML than MLL t-AML and MLL de 
novo AML groups, while it was similar between 
MLL t-AML and MLL de novo AML. The 3-years 
LFS in MLL t-AML was inferior to non-MLL 
t-AML, while it was similar when comparing MLL 
t-AML and MLL de novo AML or comparing non-
MLL t-AML and MLL de novo AML. And the inci-
dence of relapse in MLL t-AML was higher than 
non-MLL t-AML and MLL de novo AML, while it 
was similar between non-MLL t-AML and MLL 
de novo AML.

De novo AML with MLL rearrangement and 
t-AML were both belong to high-risk-AML, allo-
HSCT is recommended for both subtype of AML 
[20-22]. But even with allo-HSCT, the outcomes 
of de novo AML with MLL rearrangement were 
inferior than those without MLL rearrangement 
de novo AML [38, 39]. In this study, we found 
that the relapse, LFS and OS were not signifi-
cant difference among MLL t-AML, non-MLL 
t-AML and MLL de novo AML in these patients 
undergoing allo-HSCT. Allo-HSCT was protec-
tive factor for the relapse, LFS and OS, while 
MLL t-AML was no longer a risk factor for 
relapse and LFS. Inspiringly, MLL t-AML became 
a favorable factor for OS compared with non-
MLL t-AML and MLL de novo AML. The mecha-
nism of this result is worthy of further study.

In summary, MLL rearrangement is the most 
common genetic abnormality in solid tumor 
t-AML. MLL t-AML had poor prognosis com-
pared with non-MLL t-AML and MLL de novo 
AML with chemotherapy alone. And allo-HSCT 
might overcome the poor prognosis of MLL 
t-AML. Our single-center retrospective study is 
limited by the sample size and retrospective 
data, a larger prospective cohort is needed to 
further confirm these results.
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Supplementary Table 1. Univariate/Multivariate analysis of MLL t-AML patients
Relapse LFS OS

Univariate Multivariate, P value, 
(HR, 95% CI) Univariate Multivariate, P value,  

(HR, 95% CI) Univariate Multivariate, P value,  
(HR, 95% CI)

Primary disease, breast cancer vs. lymphoma vs. others 0.039 NS NS NS NS NS

Primary disease therapy, chemo alone vs. chemo/radiotherapy NS NS NS NS NS NS

Allo-HSCT, yes vs. no 0.07 NS 0.001 0.009 (0.099, 0.017-0.561) <0.001 0.004 (0.066, 0.011-0.418)


