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Patients with acute myeloid leukemia with myelodysplasia-related changes (AML-MRC) are insensitive to con-
ventional chemotherapy and, therefore, have a poor prognosis. To evaluate the clinical efficacy and safety of low-
dose decitabine in combination with small-dose CAG regimen (D-CAG regimen) in treating AML-MRC, a total of
80 patients with newly diagnosed AML-MRC from September 2015 to January 2020 in our center were included
in the study. Amongst these patients, 43 and 37 patients received two courses of the D-CAG and CAG regimens,
respectively. The complete remission (CR) and complete remission with incomplete blood count recovery (CRi)
rate in the D-CAG group was higher than that of the CAG group (62.2% vs. 48.8%, P = 0.013). Among patients
with less than 9 months of myelodysplastic syndrome (MDS) history and poor karyotypes, the (CR+CRi) rate of
the D-CAG group was statistically higher than that of the CAG group. Except for patients receiving hematopoietic
cell transplantation, among patients with less than 9 months of MDS history, the D-CAG group showed a better
probability of overall survival than the CAG group did. In conclusion, patients with AML-MRC may benefit from
the D-CAG regimen as an induction therapy, especially patients with less than 9 months of MDS history or with

poor karyotypes.

1. Introduction

Acute myeloid leukemia with myelodysplasia-related changes (AML-
MRQC) is a specific acute leukemia with morphological features of mye-
lodysplasia, or occurring in patients with a prior history of a myelo-
dysplastic syndrome (MDS) or myelodysplastic/myeloproliferative
neoplasm (MDS/MPN), or with MDS related cytogenetic abnormalities
[1]. Therefore, AML-MRC can be classified into one of the following
subtypes: AML arising from previous MDS or MDS/MPN, AML with an
MDS-related cytogenetic abnormality, and AML with multilineage
dysplasia. Patients with AML-MRC have biological characteristics
similar to those of patients with MDS with excessive blasts and are not
responsive to conventional chemotherapy. No specific induction
chemotherapy, other than that used for AML, is given in the current
guidelines[2-4]. The efficacy of decitabine in MDS has been approved
firstly and then the efficacy of hypomethylating agent (HMA; decitabine
and azacitidine)when used alone in treating AML were reported later

[5]. In 2006, J. S. Welch, et al. [6] reported that AML patients with an
unfavorable-risk cytogenetic profile benefited more from a short course
of decitabine compared to patients with an intermediate-risk or
favorable-risk cytogenetic profile. The application of HMA alone in old
patients achieved comparable complete remission (CR) rate to the in-
duction chemotherapy (27% v.s. 39%)[7].The CAG regimen (cytar-
abine, aclarubicin, and G-CSF) has been widely used to treat patients
with MDS-EB and AML-MRC in China and Japan, with complete
remission (CR) rates of 57.9% and 45.7%, respectively[8]. In Chinese
guidelines, the CAG regimen is recommended to treat MDS-EB and hy-
poplastic AML Chinese guidelines for the diagnosis and treatment of
adult acute myeloid leukemia (not APL)[4]. Decitabine in combination
with a small-dose CAG regimen (D-CAG regimen) is widely used in Asia,
with a reported CR rate of 50-83% [9-12]. Our previous retrospective
study showed that patients with MDS-EB and AML-MRC achieved a
higher CR rate after two courses of the D-CAG regimen than those un-
dergoing the CAG regimen (81.0% vs. 52.4%, P = 0.05) [13]. However,
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most studies have focused on patients with relapsed and refractory AML
or MDS. Furthermore, limited information is available regarding the
efficacy of the D-CAG regimen for the treatment of AML-MRC. Thus, we
aimed to evaluate the clinical efficacy and safety of the D-CAG regimen
for the treatment of AML-MRC.

2. Materials and methods
2.1. Study design and patients

This study analyzed 80 patients with newly diagnosed AML-MRC
who received the D-CAG or CAG regimens as induction therapies at
Peking University People’s Hospital between September 2015 and
January 2020. Patients chose their initial therapeutic regimen (D-CAG
or CAG regimens) according to their desire and financial capability.
Patient follow-ups occurred through our outpatient clinic, hospital
medical records, and telephone (Fig. 1).

This study was approved by the ethics committee of Peking Uni-
versity People’s Hospital (ChiCTR1800019603) in accordance with the
Declaration of Helsinki. All data were collected following written
informed consent from the patients or their relatives in accordance with
the centers’ ethical research guidelines.

2.2. Treatment regimens

Patients in the CAG regimen group were initially treated with G-CSF
(Kyowa Kirin China Pharma) for priming, in combination with cytar-
abine (10 mg/m? q12h for 14 days, Pfizer Inc.) and aclarubicin (20 mg/
day for 4 days, Aosaikang Pharma). Patients in the D-CAG regimen
group were initially treated with 20 mg/m? decitabine (ChiataiTianging
Pharma) for 5 days and a small-dose CAG regimen of 10 mg/m? q12h
cytarabine (Pfizer Inc.) for 7 days, 10 mg/day aclarubicin (Aosaikang
Pharma) for 4 days, and G-CSF (Kyowa Kirin China Pharma) for priming.
After induction chemotherapy, patients who did not achieve complete or
partial remission (CR/PR) after the CAG regimen were transferred to the
D-CAG regimen group. After two courses of the D-CAG regimen, patients
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who achieved CR received consolidation chemotherapy or hematopoi-
etic stem cell transplantation (HSCT), and patients who did not respond
to the treatment received other chemotherapies or salvaged HSCT.

2.3. Response criteria

Response criteria were determined according to the revised recom-
mendations of the International Working Group for AML[14,15]. The
overall response rate (ORR) was defined as involving those patients who
achieved CR, CRi plus partial remission (PR). High-risk patients were
identified according to the Southwest Oncology Group (SWOG) criteria.
The durations of overall survival (OS) and leukemia-free survival (LFS)
were both defined from the induction chemotherapy.

2.4. Safety assessments

Adverse events (AEs) that occurred throughout the treatment were
recorded and graded according to the National Cancer Institute Com-
mon Toxicity Criteria (version 2). AEs that led to the discontinuation of
treatment were also recorded. Hematological assessments and
biochemical tests were conducted throughout the study.

2.5. Endpoints

The primary endpoint of the study was the (CR+CRi) rate. The sec-
ondary endpoints were the ORR and the probabilities of OS and LFS.
Patient follow-ups occurred, as stated in Section 2.1, either until end-
points were met or up until November 2020.

2.6. Statistical analysis

Patient characteristics were compared using the y2 test for categor-
ical variables and the t-test for continuous variables. The (CR+CRi) rate
and ORR were compared using the y? test. The probabilities of OS and
LFS were estimated using the Kaplan-Meier method. All the variables
shown in Table 1 were included in the univariate analysis. Furthermore,
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Fig. 1. The flowchart of study design.
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Table 1
Patient characteristics.
DCAG group CAG group P
value

Number 37 43

Age, years 51(18-67) 54(24-69) 0.571

Sex(Male/Female) 25/12 22/21 0.137

WBC 2.46 1.90 0.593
(0.81-28.23) (0.51-66.41)

Hb 77.5 72.0 0.095
(50.0-122.0) (52.0-122.0)

PLT 52.0(6.0-309.0) 51.0(5.0-300.0) 0.946

Risk stratification 0.495

Unavailable 1(2.7%) 0

Intermediate 21(56.8%) 20(46.5%)

High 15(40.5%) 23(53.5%)

MDS, AML-MRC history 0.368

<9months 27(73.0%) 35(81.4%)

>9months 10(27.0%) 8(18.6%)

AML-MRC subtypes 0.334

MDS-AML 21(56.8%) 21(48.8%)

MDS related cytogenetic 6(16.2%) 13(30.2%)

abnormality
Multilineage dysplasia 10(27.0%) 9(20.9%)
HSCT 17(47.2%) 23(53.5%) 0.525

Median follow-up (months) 13.0(2.6-48.0) 16.1(1.0-54.0) 0.686

Abbreviations: WBC (white blood cells); Hb (hemoglobin); PLT (Platelet); HSCT
(hematopoietic stem cell transplantation); MDS (myelodysplastic syndrome);
AML-MRC (acute myeloid leukemia (AML) with myelodysplasia-related
changes).

variables with p < 0.1 were included in a Cox proportional hazards
model. Unless otherwise stated, a p-value < 0.05 was considered sig-
nificant. Statistical analyses were performed using the SPSS program
(version 21.0, Mathsoft, Seattle, WA, USA).

3. Results
3.1. Patient characteristics

This study included 80 newly diagnosed patients with AML-MRC
who received the D-CAG or CAG regimens from September 2015 to
January 2020 at the Peking University People’s Hospital. Among these
patients, 37 received the D-CAG regimen, and 43 received the CAG
regimen. Table 1 summarizes the characteristics of the patients who
received the regimens. The demographic and clinical characteristics of
the patients at baseline were comparable between the two groups.

3.2. Response to regimens

After two courses of chemotherapy, 23 patients in the D-CAG group
(23/37, 62.2%) and 22 patients in the CAG group (22/43, 51.2%)
achieved CR and CRi respectively. The (CR+CRi) rate for the patients in
the D-CAG group was higher than that for the CAG group after two
courses of chemotherapy (62.2% vs. 48.8%, xz = 8.727, P = 0.013,
bilateral). Amongst the seven patients who did not respond to the CAG
regimen and then underwent the D-CAG regimen, six achieved CR and
CRi followed by allogeneic HSCT.

Among the patients with less than 9 months of AML-MRC and/or
MDS history, the (CR+CRi) rate (74.1%, 20/27) in the D-CAG group was
significantly higher than the (CR+CRi) rate (42.9%, 15/35) in the CAG
group (32 = 1.909, p = 0.008). However, no significant difference in
MLSF rate between the two groups was observed among patients with
more than 9 months of MDS history. According to the SWOG criteria, 38
patients were divided into the high-risk subgroup due to poor karyo-
types. Compared to that of high-risk patients in the CAG group, high-risk
patients in the D-CAG group achieved a significantly better (CR+CRi)
rate (80.0% vs. 26.1%, Xz =11.392, P = 0.003, bilateral). (Table 2)

The AML-MRC population was heterogeneous. Among the 42 AML-

Table 2
The MLFS rate of chemotherapy between the D-CAG group and the CAG group.
Subgroup No. D-CAG CAG x P
All 80 n =237 n =43
2" DCAG/CAG 23/37 21/43 8.727 0.013
(CR+CRi) rate (62.2%) (48.8%)
PR rate 5/37 5/43
(13.5%) (11.6%)
ORR 28/37 26/43 2.097 0.148
(75.7%) (60.5%)
<9 months 62 n=27 n=235
2" DCAG/CAG 20/27 15/35 1.909 0.008
(CR+CRi) rate (74.1%) (42.9%)
PR rate 3/27 4/35
(11.1%) (11.4%)
ORR 23/27 19/35 6.660 0.010
(85.2%) (54.3%)
High risk(SWOG) 38 n=15 n=23
2" DCAG/CAG 12/15 6/23 11.392 0.003
(CR+CRi) rate (80.0%) (26.1%)
PR rate 1/15 4/23
(6.7%) (17.4%)
ORR 13/15 10/23 7.088 0.008
(86.7%) (43.5%)
MDS-AML 42 n=21 n=21
2" DCAG/CAG 13/21 11/21 3.233 0.199
(CR+CRi) rate (61.9%) (52.4%)
PR rate 4/21 4/21
(19.1%) (19.0%)
ORR 17/21 15/21 0.525 0.469
(81.0%) (71.4%)
MDS related cytogenetic 19 n==6 n=13
abnormality
2" DCAG/CAG 4/6 3/13 4.124 0.127
(CR+CRi) rate (66.7%) (23.1%)
PR rate 0/6(0%) 1(7.7%)
ORR 4/6 4/13 2.170 0.141
(66.7%) (30.8%)
Multilineage dysplasia 19 n=10 n=9
2" DCAG/CAG 6/10 7/9 6.041 0.049
(CR+-CRi) rate (60.0%) (77.8%)
PR rate 1/10 0(0%)
(10.0%)
ORR 7/10 7/9 0.148 0.701
(70.0%) (77.8%)

Abbreviations:CR: complete remission; CRi: complete remission with incom-
plete blood count recovery; PR: partial remission; ORR: overall response rate.

MRC patients with a history of MDS, 21 received the D-CAG regimen
and 13 achieved CR and CRi (61.9%), while 21 received the CAG
regimen and 11 achieved CR and CRi (52.4%). For the patients diag-
nosed with AML-MRC with MDS-related cytogenetic abnormalities, the
(CR+CRi) rate in the D-CAG group was significantly higher than that in
the CAG group (8/9, 88.9% vs. 5/13, 38.5%; p = 0.018). Among the 19
AML-MRC patients with multilineage dysplasia, six achieved CR and CRi
out of the ten who received the D-CAG regimen (60%), while seven
achieved CR and CRi out of the nine who received the CAG regimen
(77.8%).

3.3. Overall survival

Up until November 2020, the median follow-up with patients in the
D-CAG and CAG groups was 13.0 (95%CI:12.8-20.7) and 16.1 (95%
CI:13.5-22.3) months, respectively. Seventeen patients in the D-CAG
group received allo-HSCT, six died of the primary disease, and one died
of transplant-related complications in the follow-up. In the CAG group,
23 patients received allo-HSCT, three died of transplant-related com-
plications, and three died of the primary disease. Among the 40 patients
that did not receive HSCT, the 2.5-year OS probability was comparable
between the two groups (D-CAG: 40.4% + 14.6%, CAG: 14.5% =+
12.1%, P = 0.109); however, the median survival time of the D-CAG
group was higher than that of the CAG group (19.5 months vs. 9.3
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months, p = 0.109).

However, among the patients with less than 9 months of MDS his-
tory, 29 did not undergo allo-HSCT, of which 12 were in the D-CAG
group. For these patients, the 2.5-year OS probability in the D-CAG
group was significantly higher than that in the CAG group (58.3% =+
18.6% vs. 11.3% + 10.3%, p = 0.006, Fig. 2).

The multivariate analysis showed that a longer history of MDS was
associated with a worse OS, but HSCT was beneficial for improving the
OS (Table 3).

3.4. Leukemia-free survival

During the follow-up period, the 2.5-year LFS rates for the D-CAG
and CAG group patients were 35.9%+9.3% and 32.5%+9.4%, respec-
tively, without any significant difference (x> = 0.000, P = 0.995,
bilateral). The median LFS for the patients was 11.0 months (95% CI
3.8-18.2) in the D-CAG group and 11.9 months (95% CI 0-28.2) in the
CAG group. Among the 40 patients that did not receive HSCT, the 2.5-
year LFS probability was comparable between the D-CAG and CAG
groups (20.0% + 11.1% vs. 12.5% =+ 10.4%, P = 0.653). For the 29
non-HSCT patients with less than 9 months of MDS history, the 2.5-year
LFS probability was also comparable between the D-CAG and CAG
groups (26.7% + 14.6% vs. 13.2% + 11.0%, p = 0.192, Fig. 3)

3.5. Adverse events

The most frequent adverse event observed during the induction
therapy was myelosuppression. Other common adverse events included
pneumonia, skin and soft tissue infections, fever, hypotension, and
impaired liver function. Among the 37 patients in the D-CAG group, 14
had pneumonia (37.8%), one had skin and soft tissue infections (2.7%),
and 3 had fever during the neutropenia stage but without obvious
infection (8.1%) after chemotherapy. Among the 43 patients in the CAG
group, 10 (23.3%) had pneumonia, one (2.3%) had skin and soft tissue
infections, 11 (25.6%) had fever during the neutropenia stage without
infection, and one (2.3%) had septicemia. None of the patients dis-
continued treatment because of adverse events. There were no signifi-
cant differences in the incidence of adverse events between the two
regimen groups (P = 0.211). (see supplement)

4. Discussion

Our study compared the efficacy and safety of the D-CAG and CAG
regimens for the treatment of AML-MRC. For all AML-MRC patients, the
(CR+CRi) rate in the D-CAG group was higher than that in the CAG
group after two courses but (62.2% v. vs. 48.8%, Xz =8.727,P =0.013,
bilateral). For the patients with less than 9 months of MDS history or the
high-risk patients, the (CR+CRi) rate in the D-CAG group was
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Fig. 2. Comparison of survival rate between the D-CAG group and the CAG group.
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significantly statistically higher than that in the CAG group. However,
this difference was not observed across the entire study population. The
probabilities of OS and LFS were similar between the two groups.

Patients with AML-MRC are unresponsive to conventional chemo-
therapy, and treatment still remains an issue. However, there are several
rationales guiding us behind designing a D-CAG regimen for AML-MRC
treatment. Decitabine, as a nucleoside analog, can inhibit DNA meth-
yltransferase 1, which could lead to a significant loss of methyl-
transferase activity, demethylation of DNA, and intra-S-phase arrest of
DNA replication. Decitabine has been approved for the treatment of all
MDS subtypes[16,17], but limited reports are available on the efficacy
of decitabine alone for the treatment of AML. G-CSF priming induces
leukemia cell division and causes leukemia cells to respond to decita-
bine. The CAG regimen is currently used as an AML-MRC treatment, but
it achieved only a 57.9% CR rate in AML treatment and a 45.7% CR rate
in MDS-RAEB treatment|[8]. In recent years, decitabine in combination
with a CAG regimen has been reported to be used for treating MDS and
relapsed or refractory AML with an overall response rate of 50-83%
[10-12,18] in Asian countries. Our previous study reported that patients
with MDS-EB and AML-MRC achieved a higher CR rate after treatment
with D-CAG than they did after treatment with CAG (81.0% vs. 52.4%, P
= 0.050)[12]. However, published studies have focused on relapsed or
refractory AML, elderly AML patients, and MDS, and few have used the
D-CAG regimen as an induction therapy in treating newly diagnosed
AML-MRC.

Thus, we evaluated the efficacy and safety of the D-CAG regimen for
the treatment of newly diagnosed AML-MRC. Our study showed that the
D-CAG regimen achieved a 75.7% ORR and a 62.2% (CR+CRi) rate in
AML-MRC treatment, which was significantly higher compared to a
60.5% ORR and a 48.8% (CR+CRi) rate with the CAG regimen. How-
ever, this difference was not observed across the entire study population,
and the OS and LFS probabilities were similar between the two groups.
Nonetheless, for patients with less than 9 months of MDS history or high-
risk patients, the (CR+CRi) rate in the D-CAG group was significantly
higher than that in the CAG group. This is in accordance with the study
by Li et al.[18], in which 15 patients with complex karyotypes (defined
as >3 abnormalities) who received the D-CAG regimen had an ORR of
92.9% and a CR rate of 78.6%. These studies suggest that D-CAG
regimen as an induction therapy may be important for patients with
poor karyotypes.

However, our study had some limitations. Some patients involved in
our study who were diagnosed before 2018 chose their initial thera-
peutic regimen according to their desire and financial capability, while
those diagnosed from 2018 were eligible for a prospective trial. This
may have influenced the randomness of this study. Additionally, the
sample size was not large enough, and more patients are required to be
enrolled in the prospective study to provide more reliable conclusions.
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(a) Comparison of survival rate of patients without receiving HSCT between the D-CAG group and the CAG group (b) Comparison of survival rate of patients with less
than 9 months of MDS history without receiving HSCT between the D-CAG group and the CAG group.
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Table 3
Multivariate analysis with all variables.
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Covariate Univariate analysis Multivariate analysis
HR 95%CI P value HR 95%CI P value
0os
Regimen 0.840
Age 1.028 1.000-1.056 0.051
Sex 2.867 1.289-6.377 0.010 2.637 1.173-5.932 0.019
WBC 0.877
Hb 0.676
PLT 0.385
Risk stratification 2.402 1.195-4.831 0.014
MDS/AML-MRC history 1.007 1.003-1.011 0.001 1.006 1.002-1.010 0.007
Subtypes 0.062
HSCT 0.378 0.187-0.767 0.007 0.368 0.179-0.754 0.006

Abbreviations:OS (overall survival); WBC (white blood cells); Hb (hemoglobin); PLT (Platelet); HSCT (hematopoietic stem cell transplantation); HR (hazard ratio); CI (
confidence-interval); MDS (myelodysplastic syndrome); AML-MRC (acute myeloid leukemia (AML) with myelodysplasia-related changes).
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Fig. 3. Comparison of LFS between the D-CAG group and the CAG group.
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(a) Comparison of LFS of patients without receiving HSCT between the D-CAG group and the CAG group (b) Comparison of LFS of patients with less than 9 months of
MDS history without receiving HSCT between the D-CAG group and the CAG group.

5. Conclusions

Patients with AML-MRC have a poor prognosis and may benefit from
the D-CAG regimen as an induction therapy, especially patients with less
than 9 months of MDS history, or patients with poor karyotypes. How-
ever, the OS and LFS probabilities did not improve significantly after
treatment with the D-CAG regimen. Therefore, this study highlights the
need for further research to develop new or improve on existing treat-
ment regimens for AML-MRC.
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