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Abstract

Background: Secondary acute myeloid leukemia (s-AML) evolving from myelodysplastic

syndrome (MDS) is a heterogeneous and poor prognostic disease. Prognostic factors and

treatment of choice are unclear in this adverse disease.

Methods: We retrospectively reviewed a total of 213 patients who newly diagnosed with

AML and had antecedent MDS or MDS/MPN history in a single institution.

Results: The median age was 59 years (range, 19-90 years). s-AML patients were classified

into 6 initial treatment groups: 1) induction chemotherapy (IC), 2) upfront allogeneic

hematopoietic stem cell transplantation (HCT), 3) hypomethylating agent (HMA), 4) low

dose cytarabine (LDAC), 5) investigational agents (INV), and 6) best supportive care (BSC).

The number of each treatment groups were 106 (51.0%), 27 (13.0%), 17 (8.2%), 31 (14.9%),

3 (1.4%), and 24 (11.5%) in order. HCT group (74.0%) achieved higher complete remission

(CR) rate compared to IC group (31.1%) (P < .001). Median overall survival (OS) in the

HCT group was 12.58 months and most favorable, but survival differences were not

statistically significant among treatment groups except BSC. In age < 60 patients, OS by

AML initial treatment option was different (P < .001). On the contrary, survival outcome

according to treatments was not different in age ≥ 60 patients (P = .254).

Conclusion: Our study data suggest whether the patient could conduct HCT and intensive

treatments including IC and HCT could give survival benefit should be considered in

patients with s-AML arising from MDS or MDS/MPN.

Keywords: secondary AML, antecedent MDS, prognostic factors
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Introduction

Acute myeloid leukemia (AML) is a heterogeneous disease and patients with AML have

diverse clinical courses. One of the main categorizations of AML is de novo vs secondary.

Secondary AML (s-AML) is disease evolving from an antecedent hematologic disease such

as aplastic anemia (AA), myelodysplastic syndrome (MDS), myeloproliferative neoplasm

(MPN), MDS/MPN or developed after exposure to specific therapy mainly including

cytotoxic chemotherapy and radiation therapy. Because s-AML has broad-spectrum and

different characteristics compared with de novo AML, most clinical trials have excluded s-

AML. In recent years, several studies about s-AML have published.1-4) About 10-25% of

total AML is composed of s-AML and s-AML arising from antecedent hematologic disease,

especially MDS is about 50% of total s-AML. Old age, poor response to intensive

chemotherapy, unfavorable cytogenetic risk profile, frequently accompanied comorbidity,

and poor survival are common features that s-AML patients have. However, there have been

controversies about prognostic factors and treatment outcomes among published studies.

Currently, the recommended treatment option in s-AML patients who are fit to intensive

remission induction chemotherapy (IC) is CPX-351.5) But many s-AML patients can’t

tolerate IC because of frailty resulting from old age or comorbidity. Also, not in all patients

who receive IC, favorable treatment outcomes could be guaranteed. Whether previous

treatments for antecedent MDS or MDS/MPN affect survival in s-AML patients is not well

known. For deciding more appropriate treatment options, more definite prognostic factors

and consensus regarding the treatment of s-AML are essential.

In this background, we reviewed the characteristics and treatment outcomes of s-AML

patients evolving from MDS or MDS/MPN in a single institution.
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Methods

Patients and study population

We retrospectively reviewed the patients' clinical data by the medical records of a single

institution, Asan Medical Center. This study received approval of an institutional review

board (IRB) from Asan Medical Center and did not require informed consent from the

included patients due to retrospective study. This study included all patients who were

diagnosed with MDS or MDS/MPN between January 1, 2000, and September 30, 2018, and

received a new diagnosis of AML after MDS or MDS/MPN diagnosis. All patients were

older than 18 years old. Patients without antecedent MDS or MDS/MPN diagnosis history

and patients who were diagnosed with acute promyelocytic leukemia were excluded. MDS

or MDS/MPN was defined according to the 2016 WHO classification of MDS and

MDS/MPN. Cytogenetic risk profile in AML state was classified by the 2017 European

LeukemiaNet (ELN) risk stratification.6) Acute myeloid leukemia-comorbidity index (AML-

CI) was analyzed.7)

Study endpoints

The study endpoints were overall survival (OS) and complete remission (CR) rate. OS was

calculated from the date of AML diagnosis to the date of death from any cause or last follow

up if the patient was alive. Treatment response for MDS or MDS/MPN was evaluated by the

2006 IWG response criteria.8) Treatment response including CR in AML state was defined

according to the 2017 ELN response criteria.6) Early death rate was the death rate within 30

days after starting AML treatment.

Statistical analysis

Depending on the distribution of data, comparisons of mean or median values among

groups of patients were made by parametric or non-parametric tests. Mann-Whitney U test

was used to assess data, not in normal distribution. Chi-square test or Fisher’s exact test was

used for analyzing association with categorical data. The Kaplan-Meier method and log-rank
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test were used to compare OS and prognostic factors among groups. Cox proportional

hazards regression models were used to assess OS and exclude compounding factors. All

tests were two-sided, and type I error rate less than .05 were considered statistically

significant. Statistical software package SPSS version 21 was used for the statistical analyses
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Results

A total of 213 patients with newly diagnosed AML who had antecedent MDS or

MDS/MPN history and met for inclusion criteria were evaluated. s-AML evolving from

MDS or MDS/MPN patients' basic characteristics data classified with AML 1st line

treatment were presented in Table 1. Patients were divided by AML 1st line treatment.

Treatment groups were induction chemotherapy (IC), upfront allogeneic hematopoietic stem

cell transplantation (HCT), low dose cytarabine (LDAC), hypomethylating agents (HMA),

investigational agents (INV), and best supportive care (BSC). The median age at s-AML

diagnosis was 59 years (range, 19-90 years). There was a significant difference in median

age among treatment groups (P < .001). Patients who received IC (median 53.5 years) or

upfront allogeneic hematopoietic stem cell transplantation (HCT) (median 46 years) were

younger than total patients and other treatment groups. Median latency time to AML

evolution from MDS or MDS/MPN diagnosis was 8.16 months (range, 0.30-108.52 months).

MDS or MDS/MPN subtypes were MDS-SLD in 5 (2.4%), MDS-MLD in 54 (25.5%),

MDS-RS in 10 (4.7%), MDS with isolated del(5q) in 1 (0.5%), MDS-U in 5 (2.4%), MDS-

EB-1 in 44 (20.8%), MDS-EB-2 in 83 (39.2%), CMML in 9 (4.2%), and atypical CML in 1

(0.5%). De novo MDS or MDS/MPN patients were 197 (92.5%). Secondary MDS or

MDS/MPN with an antecedent hematologic disease was 9 (4.2%) and 7 (3.3%) of the total

patients were therapy-related MDS or MDS/MPN. Median WBC count at AML diagnosis

was 3.6×103 /μL (range, 0.2-192.3, ×103 /μL), median bone marrow (BM) blasts percent was

37.8% (range, 3.6-93.2, %), and median peripheral blood (PB) blasts percent was 7% (range,

0-95, %). Cytogenetic risk profile at AML diagnosis classified by ELN risk stratification was

available in 198 (93.0%) patients. Favorable/Intermediate risk was 106 (53.5%), and Poor

risk was 92 (43.5%). Median BM blasts percent and cytogenetic risk profiles

(Favorable/Intermediate vs Poor) were comparable among AML 1st line treatment groups.

Acute myeloid leukemia-comorbidity index (AML-CI) was grouped by each score into 3

groups: 0-1, 2-3, ≥ 4. About 90% of patients in both IC and HCT groups scored 0-1 or 2-3

and other groups were constituted with higher score patients (P = .017), but AML-CI was not

available in substantial patients of other treatment groups.



5

Table 1. Basic patient characteristics

Characteristic Total IC HCT HMA LDAC INV BSC Pvalue

Patients,n 213 106 27 17 31 3 24

Sex,n

Male,n(%)

Female,n(%)

213

145(68.1%)

68(31.9%)

106

69(65.1%)

37(34.9%)

27

16(59.3%)

11(40.7%)

17

14(82.4%)

3(17.6%)

31

19(61.3%)

12(38.7%)

3

3(100.0%)

0

24

21(87.5%)

3(12.5%)

.099

AgeatAMLdiagnosis,n

Median(range),years

<60

≥60

213

59(19-90)

108(50.7%)

105(49.3%)

106

53.5(19-81)

75(70.8%)

31(29.2%)

27

46(25-70)

21(77.8%)

6(22.2%)

17

72(64-79)

17(100.0%)

0(0.0%)

31

68(42-81)

8(25.8%)

23(74.2%)

3

68(67-70)

0

3(100.0%)

24

70.5(48-90)

4(16.7%)

20(83.3%)

.000

.000

WBCcountatAMLdiagnosis,n  

Median(range),×103/μ,n(%)

<10×103/μ,n(%)

≥10×103/μ,n(%)

208

3.6(0.2-192.3)

149(71.6%)

59(28.4%)

103

4.0(0.6-183.0)

68(66.0%)

35(34.0%)

27

2.2(0.4-13.6)

25(92.6%)

2(7.4%)

17

5.0(0.2-192.3)

10(58.8%)

7(41.2%)

31

2.3(0.6-148.9)

24(77.4%)

7(22.6%)

3

1.8(1.0-3.1)

3(100.0%)

0

23

3.3(0.2-105.4)

16(69.6%)

7(30.4%)

.010

.046

Cytogeneticriskgroup,n

Favorable/Intermediate,n(%)

Poor,n(%)

198

106(53.5%)

92(46.5%)

102

55(53.9%)

47(46.1%)

27

14(51.9%)

13(48.1%)

16

12(75.0%)

4(25.0%)

27

12(44.4%)

15(55.6%)

3

1(33.3%)

2(66.7%)

19

9(47.4%)

10(52.6%)

.455

AML-CIscoreatAMLdiagnosis,n

0-1,n(%)

2-3,n(%)

≥4,n(%)

154

56(36.4%)

69(44.8%)

29(18.8%)

91

37(34.9%)

43(40.6%)

11(10.4%)

26

12(46.2%)

11(42.3%)

3(11.5%)

3

1(33.3%)

2(66.7%)

0(0.0%)

19

4(21.1%)

7(36.8%)

8(42.1%)

3

0

2(66.7%)

1(33.3%)

12

2(16.7%)

4(33.3%)

6(50.0%)

.017

AllogeneicHCTbeforeAML,n

No,n(%)

Yes,n(%)

213

190(89.2%)

23(10.8%)

106

95(89.6%)

11(10.4%)

27

22(81.5%)

5(18.5%)

17

16(94.1%)

1(5.9%)

31

27(87.1%)

4(12.9%)

3

3(100.0%)

0

24

22(91.7%)

2(8.3%)

.808
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Patients in MDS or MDS/MPN state were treated by various options before AML

evolution. A total of patients were grouped into 7 main treatment options: 1) HMA, 2)

HMA followed by HCT, 3) HCT, 4) IC, 5) IC followed by HCT, 6) other treatments, and 7)

BSC Figure 1. Overall 96 (45.1%) patients received only HMA in MDS or MDS/MPN

state. The number of patients was comparable between azacytidine (n = 48) and decitabine

(n = 47). Median HMA courses was 4 (range, 1-24). Treatment response when the HMA

treatment was off was CR in 1 (0.99%), SD 17 (15.2%), failure 49 (43.8%), failure after

response 32 (28.6%), and not evaluable 5 (4.5%). HCT was performed in 2 CR and 21

persistent MDS or MDS/MPN state patients for cure. Median time interval from MDS or

MDS/MPN diagnosis to HCT was 166 days (range, 73-1490, days). After HCT, 3 patients

had persistent diseases and 20 patients were relapsed in antecedent disease or AML. 70

(32.9%) patients had BSC only. Other treatments that 21 (9.9%) received were LDAC,

immunosuppressive therapy (IST), and erythropoiesis-stimulating agents (ESA). AML 1st

line treatments were unrelated to the previous HCT in the MDS or MDS/MPN state (P

= .808).

Treatment responses by AML 1st line treatment options

AML 1st line treatments of 208 (97.7%) patients were evaluable in Table 2. IC was

performed in 106 (51.0%) patients. 27 (13.0%) patients conducted to upfront HCT, 17

(8.2%) patients received HMA, and 31 (14.9%) patients were treated with LDAC. 3 (1.4%)

patients were treated with INV. The INV were 1 CWP232291, 1 DNP001-P1, and 1

CG200745. 24 (11.5%) patients were treated with the only BSC including hydroxyurea. CR

rates in HCT and IC groups were 74.0% and 31.1%. CR rates in other treatment groups were

significantly lower than the HCT or the IC groups (P < .001). Also, the CR rate in the HCT

group was higher than in the IC group (P < .001). The early death rate was 13.5% in the 208

patients. BSC group patients died (early death rate 33.3%) earlier than other treatment

groups patients, but early death rates among treatment groups excluding BSC were

comparable (P = .139). The subsequent HCT rate after AML 1st line treatment in the IC

group was 53.8%. Subsequent HCT availability of other treatment groups was significantly
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limited: 1 (5.9%) in the HMA group, 3 (9.7%) in the LDAC group, and 1 in the INV group

(P < .001).

Analyses of factors associated with survival

Median OS of the total 213 patients was 6.87 months (range, 0.23-192.00, months) Table

2. OS rates at the 2 years and the 5 years were 22.1% and 8.0%. In univariate analysis, OS

among treatment groups was significantly different (P < .001) Figure 2A. Median OS in the

HCT group (12.58, 95% CI, 0.00-33.15, months) was longer than in the IC group (8.18, 95%

CI, 6.15-10.21, months), but the difference between two groups was not statistically

significant (P = .321). The median OS of the BSC group was most poor (1.68, 95% CI, 0.57-

2.78, months).

AML 1st line treatments, age, WBC count at AML diagnosis, cytogenetic risk profile, and

MDS or MDS/MPN main treatment options were associated with OS in univariate analysis

Table 3. The variables were significantly associated with OS after adjustment as well. HR in

age < 60 group was 0.56 (95% CI, 0.37-0.85) compared to HR in age ≥ 60 group. Patients

with WBC count ≥ 10×103 /μL at AML diagnosis had poorer OS than WBC count < 10×103

/μL (HR 1.81, 95% CI, 1.27-2.58, P = .001). And survival of the Poor cytogenetic risk group

was poorer than the Favorable/Intermediate cytogenetic risk group (HR 1.65, 95% CI, 1.18-

2.31, P = .004). Also, treatments during MDS or MDS/MPN state affected survival (P

= .001). Survival among AML 1st line treatment groups were comparable except the BSC

group (HR 2.37, 95% CI, 1.31-4.30, P = .005) Figure 2B. Although survival of the HCT

group was most favorable (HR 0.72, 95% CI, 0.43-1.19, P = .198), the difference of other

treatment groups excluding BSC was not significant.

In subgroup analysis, OS was analyzed with age, AML-CI, and cytogenetic risk profile

Table 4. Survival according to AML 1st line treatments including BSC were comparable in

age ≥ 60 group (P = .254). In contrast, survivals in age < 60 group were dependent 1st line

treatment option (P < .001). Median OS among treatments was not statistically different in

each AML-CI group. In Favoral/Intermediate risk, survival of patients was significantly

different according to AML 1st line treatments (P = .012) as well in Poor risk groups (P

< .001).
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Figure 1. Previous treatments for MDS or MDS/MPN
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Table 2. Treatment outcomes

Total IC HCT HMA LDAC INV BSC Pvalue

Patients,n 208 106(51.0%) 27(13.0%) 17(8.2%) 31(14.9%) 3(1.4%) 24(11.5%)

CRrate,n(%) 57(27.4%) 33(31.1%) 20(74.0%) 1(5.9%) 3(9.7%) 0 0 .000

OS,median,months

(95%CI)

6.97

(5.51-8.42)

8.18

(6.15-10.21)

12.58

(0.00-33.15)

7.36

(0.91-8.86)

6.21

(3.56-8.86)

3.84

(0.00-8.21)

1.68

(0.57-2.78)

.000

Earlydeathrate,n(%) 28(13.5%) 12(11.3%) 2(7.4%) 2(11.8%) 4(12.9%) 0 8(33.3%) .139

SubsequentHCTrate,n(%) 64(30.8%) 57(53.8%) 2(7.4%) 1(5.9%) 3(9.7%) 1(33.3%) 0 .000
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Figure 2. Overall survival. (A) OS irrespective of age. (B) OS in patients < 60 years. (C) OS 

in patients ≥ 60 years.
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Table 3. Univariate and multivariate analysis for overall survival

Patients,n.

Univariateanalysis Multivariateanalysis

MedianOS,

months

95%CI Pvalue HR 95%CI Pvalue

AML1stlinetreatment
IC
HCT
HMA
LDAC
INV
BSC

208
106
27
17
31
3
24

6.97
8.18
12.58
7.36
6.21
3.84
1.68

5.51-8.42
6.15-10.21
0.00-33.15
0.91-8.86
3.56-8.86
0.00-8.21
0.57-2.78

.000
1

0.72
0.88
1.20
2.14
2.37

(Reference)
0.43-1.19
0.45-1.73
0.73-1.98
0.64-7.19
1.31-4.30

.030

.198

.709

.470

.219

.005
Age,years
<60
≥60

213
108
105

6.87
9.53
4.63

5.64-8.09
5.28-13.78
3.31-5.95

.000
0.56
1

0.37-0.85
(Reference)

.007

WBCcount,×103/μ
<10
≥10

208
149
59

6.87
7.92
3.91

5.62-8.11
6.14-9.70
0.66-7.16

.002
1

1.81
(Reference)
1.27-2.58

.001

Cytogeneticriskgroup
Favorable/Intermediate
Poor

198
106
92

7.36
9.20
5.52

5.82-8.90
6.82-11.57
4.54-6.50

.002
1

1.65
(Reference)
1.18-2.31

.004

MDSmaintreatment
HMA
HMA->HCT
HCT
IC
IC->HCT
Other
BSC

213
96
15
6
3
2
21
70

6.87
6.14
6.34
2.07
4.30
12.58
5.75
15.70

5.64-8.09
5.64-8.09
5.13-7.15
3.19-9.49
1.20-2.94
0.41-8.20
0.35-11.15
6.08-25.33

.001
1

1.58
3.33
5.57
0.62
1.05
0.61

(Reference)
0.88-2.84
1.28-8.63
1.61-19.22
0.14-2.65
0.60-1.84
0.41-0.91

.001

.126

.014

.007

.515

.872

.016
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Table 4.Subgroup analysis for overall survival

Total IC HCT HMA LDAC INV BSC Pvalue

Age <60, n 108 75 21 0 8 0 4

OS, median (months)

(95% CI)

9.53

(5.28-13.78)

11.99

(5.83-18.15)

24.28

(0.00-59.31)

7.92

(5.78-10.06)

0.36

(0.17-0.56)

.000

Age ≥60, n 100 31 6 17 23 3 20

OS, median (months)

(95% CI)

4.44

(3.06-5.81)

4.14

(1.70-6.58)

1.58

(0.00-3.98)

7.36

(0.91-13.81)

5.32

(3.32-7.33)

3.84

(0.00-8.21)

2.43

(0.20-5.81)

.254

Favorable/Intermediate, n 103 55 14 12 12 1 9

OS, median (months)

(95% CI)

10.35

(7.84-12.86)

11.99

(4.40-19.59)

12.58

(0.00-34.45)

10.35

(2.21-18.49)

8.58

(4.23-12.93)

3.84 8.74

(0.00-27.36)

.012

Poor, n 91 47 13 4 15 2 10

OS, median (months)

(95% CI)

6.11

(4.74-7.48)

6.24

(4.87-7.61)

6.97

(0.00-25.83)

1.74

(0.00-3.67)

6.21

(4.05-8.37)

1.12 0.99

(0.94-1.04)

.000
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Discussion

The present study was performed to know which factors affect outcomes of s-AML patients

evolving from MDS or MDS/MPN and which treatments could gain more favorable

outcomes in the patients. Because a minority of studies including s-AML compared to de

novo AML were published, treatment data for s-AML are relatively limited and not clear. As

we know by previous studies, the prognosis of s-AML patients from MDS or MDS/MPN

was poor (median OS, 6.87 months).2, 5) Although some s-AML patients could have long

term survival after HCT, appropriate treatments should be chosen in the patients because the

general prognosis with s-AML is poor. Our study showed survival in s-AML patients from

MDS or MDS/MPN was not statistically different according to AML 1st line treatment

options except for BSC. BSC group patients had more poor survival (median OS, 1.68

months). The cause may be that patients who could not receive any active treatments during

AML state had more frail general conditions, comorbidities, and complications after AML

diagnosis. These results are partly consistent with previous studies. In 2014, a study about s-

AML arising from MDS performed in our institution was published.9) The retrospective

study compared 11 patients who proceeded to upfront HCT with 74 patients treated with IC

for s-AML 1st line treatment. CR rate was higher in the HCT group (81.8%) than the IC

group (41.9%). And the survival of HCT group patients was more favorable, but the study

did not show a statistically significant difference in OS (median OS, 34.6 vs 7.6 months, P

= .149). E. Schuler et al. reported OS of high-risk MDS or s-AML patients treated with IC

was comparable to patients not undergoing IC (median OS, 12.7 vs 7 months, P = .381).10) P.

Boddu et al. reported IC, HMA, CPX-351, LDAC, and INV showed significant survival

differences in 60-75 years old s-AML patients (P = .002).1) In the study, the median OS was

6 months in total patients, 5.4 months ins IC, 6.7 months in HMA, 7.6 months in CPX-351,

7.1 months in LDAC, and 4.6 months in INV. Patients treated with less intensive regimens

(HMA and LDAC groups) had longer OS than patients receiving IC-based regimens (median

OS, 6.9 vs 5.4 months, P = .048). On the contrary, the median OS in the active treatment

group composed of HCT with prior IC, only IC, and HCT without IC was better than in best

supportive care group in another study for s-AML arising from MDS with HMA treatment
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failure (9.4 vs 1.4 months, P < .001).11) And patients who conducted to HCT following IC

had favorable OS compared to only IC or HCT without IC in the study (P = .019). Besides,

there are other opinions. L. Ostgard et al. suggested the opinion that s-AML patients should

be treated like as de novo AML because the prognostic significance of s-AML per se was

lost after correcting for effect of age, cytogenetic abnormality, performance state, and WBC

count.3) These diverse and conflicting outcomes and conclusions may result from the non-

identical target population for s-AML and intrinsic selection bias in retrospective study.  

Age, cytogenetic risk, and performance status are the well-known main prognostic factors

of de novo AML. As expected, our study showed age < 60 years and Favorable/Intermediate

risk profile were associated with favorable OS in s-AML evolving from MDS or MDS/MPN.

But, young vs old age group, and favorable vs poor cytogenetic risk group seem to

differently influence outcomes. In the Swedish study, age younger than 55 years old affected

strong and independent negative impact in s-AML compared with de novo AML on survival.

In contrast, information about s-AML was not associated with prognosis between de novo

AML and s-AML elderly (> 70 years) patients.2) Our study showed median OS by specific

treatments was statistically different in age < 60 group (P < .001), but not different in age ≥

60 group (P = .254). This result may be s-AML specific disease characteristics. If not, the

different survival outcomes by age may result from frail general conditions or combined

comorbidities related to old age s-AML patients. So intensive treatments could not lead to

sufficiently favorable outcomes due to short survival time arising from poor prognosis. The

Favorable/Intermediate risk profile was associated with favorable OS after adjustment as

well (P = .004). When analyzed by the cytogenetic risk subgroup, the median OS was

dependent on specific AML 1st line treatment. Also, WBC count at AML diagnosis and

previous MDS or MDS/MPN treatments were significant prognostic factors.

However, the survival difference by AML treatment options was mainly in comparison

with BSC. Although the OS of patients who performed HCT was significantly favorable

only compared to BSC after correcting other variables, upfront HCT was associated with

relatively longer OS. Patients who received IC or upfront HCT was 64% of total patients.

Consistent with the previous study in our institution.9) Upfront HCT in s-AML evolving from

MDS or MDS/MPN was an available, rather seemingly favorable option. The graft versus
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leukemia (GVL) effect could explain the effect of HCT in the survival of s-AML patients.

HCT is a standard treatment option in medically fit unfavorable de novo AML patients. GVL

effect is one of the most important mechanisms regarding survival in AML patients

undergoing HCT. s-AML was susceptible to GVL effects as well as de novo AML.12) This

may be one of the reasons upfront HCT is a viable option in s-AML arising from MDS or

MDS/MPN.

Recently, new agents such as venetoclax, glasdegib were approved by the FDA. These

agents have improved outcomes of old age de novo AML patients.13, 14) And CPX-351, a

nanoscale liposomal formulation of cytarabine and daunorubicin was showed better

outcomes in s-AML patients.5) Also, induction chemotherapy including high dose cytarabine

(HDAC) may be an optimal intensive chemotherapy regimen for young age s-AML.15) These

agents may improve outcomes of s-AML patients.

Although HCT is an only curative treatment option and get long term survival for almost s-

AML patients, only 47.8% of total s-AML patients could conduct upfront or subsequent

HCT in our study. Also, a minority of patients could conduct HCT in other studies.1, 3) We

could not figure out performance data at AML diagnosis. Instead, we checked AML-CI score

at AML diagnosis and AML-CI score was associated with intensive treatment (IC and HCT)

availability. In 2018, the Acute Leukemia Working Party of the EBMT reported

myeloablative regimens and reduced-intensity conditioning regimens showed no difference

in OS (HR 1.009, 95% CI, 0.906-1.124, P = .87287).16) If HCT is conducted with RIC, more

patients could proceed to HCT. That would make a significant survival difference.

Considering this point, more appropriate inclusion criteria for selecting medically fit patients

for HCT are needed. And prospective cohort study or systematic review and meta-analysis

for s-AML could give knowledge about more accurate prognostic factors and treatment

options in s-AML patients. This study is retrospective, so there may be an inherent selection

bias. Besides, the 2017 ELN AML risk stratification include gene mutations such as

RUNX1, ASXL1, TP53. However, the genetic mutation test like NGS could not be available

in most patients of this study. These mutations may benefit to more accurately classify risk

groups.
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s-AML evolving from MDS or MDS/MPN patients usually have a poor prognosis. In our

study, active treatments except BSC showed comparable OS. But, upfront or subsequent

HCT in medically fit s-AML arising from MDS or MDS/MPN patients should be considered

for patients, especially at a young age. Also, non-intensive treatment including HMA, LDAC

may not be inferior to IC or HCT in old age s-AML patients. A prospective cohort study or

systematic review and meta-analysis could be helpful to figure out more accurate prognostic

factors and treatment options.
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Abstract (Korean)

서론: 골수형성이상증후군에서 유발된 이차성 급성골수성백혈병은 다양하고 좋지

않은 예후의 질환이나, 아직 이차성 급성골수성백혈병의 예후 인자와 표준치료는

명확하지 않다.

연구 대상 및 방법: 단일 기관에서 이전에 골수형성이증후군 또는

골수형성이상증후군/골수증식종양을 진단받은 적이 있는 환자 중에 새로

급성골수성백혈병이 진단된 총 213 명의 환자를 대상으로 후향적으로 분석하였다.

결과: 나이의 중앙값은 59 세 (범위, 19-90 세) 였으며 이차성 급성골수성백혈병

환자들은 초치료에 따라 6 개의 군으로 분류되었다. 1) induction chemotherapy (IC), 2)

upfront allogeneic hematopoietic stem cell transplantation (HCT), 3) hypomethylating agent

(HMA), 4) low dose cytarabine (LDAC), 5) investigational agents (INV), 6) best supportive

care (BSC). 각 치료군의 환자수는 순서대로 106 (51.0%), 27 (13.0%), 17 (8.2%),

31 (14.9%), 3 (1.4%), 24 (11.5%) 이었다. HCT (74.0%) 군은 IC (31.1%) 군보다

더 높은 완전관해율을 보여주었다 (P < .001). HCT 군의 중앙생존기간은

12.58 개월로 가장 길었으나, BSC 군을 제외하고는 생존기간의 통계적으로 유의한

차이는 없었다. 60 세 이하 환자에서는 초치료에 따른 생존기간의 차이가 있었으나

(P < .001), 60 세 이상 환자에서는 초치료에 따른 생존의 차이를 보여주지 못했다

(P = .254).

결론: 골수형성이상증후군에서 유발된 이차성 급성골수성백혈병 환자의 경우

HCT 를 시행 가능 여부와 IC 와 HCT 를 포함한 집중치료로 생존이득을 얻을 수

있을지에 대한 판단이 고려되어야 한다.

핵심어: 이차성 급성골수성백혈병, 이전에 진단된 골수형성이상증후군, 예후 인자
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