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Background: Relapsed and refractory acute myeloid leukemia (RR-AML) still poses major
treatment concerns. Current treatments include high doses of cytarabine or fludarabine in com-
bination with cytarabine and G-CSF (FLAG), but provide mixed results. Low-dose decitabine,
a hypomethylating drug, in combination with aclarubicin and cytarabine (DAC) has shown
safety and efficacy in the treatment of AML; however, clinical data are limited for the treat-
ment of RR-AML.

Methods: In this study, we retrospectively compared the response and safety of DAC vs FLAG
for RR-AML patients.

Results: For the 35 patients with RR-AML enrolled in this study, the overall response rates
reached 100% and 55.6% in the DAC group and FLAG group, respectively (P=0.002). Complete
response rates after DAC and FLAG treatment were 64.7% and 33.3%, respectively (P=0.002).
Median overall survival (95% CI) of the DAC treatment group was significantly higher than
for the FLAG group (median not achieved vs 16.8 months, P=0.021).

Conclusion: DAC treatment was also more effective in those patients with poor prognosis,
suggesting that DAC resulted in a better outcome for RR-AML treatment. In conclusion, in our
study, DAC therapy provided more safety and effectiveness and lower toxicity in the treatment
of RR-AML compared to FLAG therapy.

Keywords: AML, refractory diseases, relapsed diseases, decitabine, chemotherapy

Introduction

Leukemia is a clonal disease of hematopoietic stem cells, and it is a malignant
tumor that seriously threatens human lives.! Acute myeloid leukemia (AML) is a
common type of leukemia that occurs in both children and adults. It is characterized
by a rapidly exploding population of aberrant white blood cells that accumulate and
lead to decreased production of normal blood cells. Currently, treatments for AML
include standard chemotherapy with anthracycline plus cytarabine, which has resulted
in unfavorable survival rates.>* Significant numbers of patients cannot be remitted
during initial treatment or have relapsed, so-called relapsed and refractory AML
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(RR-AML) patients. It is these difficult cases on which the
emphasis of AML research is currently focused.

Since the determination of the optimal chemotherapy
regimen still requires further evaluation, many novel thera-
pies have been attempted to treat RR-AML.5 In a previous
report, a regimen of fludarabine in combination with cytara-
bine and G-CSF (FLAG) was used with some success to
manage RR-AML,° but the hematological toxicity and the
high costs of the treatment constrain its clinical applica-
tion. An alternative approach for the treatment of RR-AML
is decitabine (5-aza-2’-deoxycytidine), a DNA methyl-
transferase inhibitor.”® Based on the results from multiple
clinical trials, decitabine has been approved by the United
States food and drug administration as a frontline treatment
of elderly patients with myelodysplastic syndrome, due to
their increased survival after remission and high tolerability
toxicity profile.”!! It has also been approved by the European
Medicines Agency for the treatment of elderly patients
with untreated AML since a study has shown its safety and
effectiveness.!? The clinical effectiveness of decitabine as a
transition drug for allogeneic stem cell transplantation has
been studied;®'*!* and a first report of a combination of low-
dose decitabine with aclacinomycin and cytarabine (DAC)
for treatment of adult refractory AML patients provided a
substantially positive clinical outcome." In adult patients,
especially the elderly, the efficacy and safety of a regimen
of DAC plus G-CSF has been extensively proven for newly
diagnosed AML and thus holds promise as a treatment for
RR-AML.' However, clinical data are still limited to verify
the value of DAC plus G-CSF as the primary treatment choice
for RR-AML, and as superior to standard chemotherapy.

In our study, we retrospectively compared the treatment
outcome of DAC vs FLAG in the management of RR-AML,
in order to find a more effective and safe treatment strategy
for RR-AML patients. We report here valuable clinical evi-
dence for improving the prognosis of RR-AML patients.

Materials and methods

Patients

This retrospective study was approved by the ethics committee
of Harbin Medical University. All participants have signed
the informed consent forms. We retrospectively reviewed a
total of 35 consecutive patients with RR-AML who received
either FLAG or DAC treatment regimen as induction therapy
in the Institute of Hematology & Oncology of Heilongjiang
Province from August 2006 to April 2014. These patients
were diagnosed by the following the World Health Orga-
nization criteria: bone marrow (BM) or peripheral blood

blasts =20%. Blood samples from patients with AML were
used to detect the existence of fusion genes and mutations,
while cytogenetic analysis was performed on BM samples.
Refractory AML was diagnosed by the following criteria:
1) patients with AML for whom complete response (CR)
could not be achieved after two courses of administration of
a standard combined chemotherapy regimen (anthracycline
plus cytarabine or homoharringtonine plus cytarabine); or
2) patients whose BM blasts did not decrease by more than
50% after one course of standard chemotherapy. Relapsed
AML was defined as the reappearance of leukemic blasts
in the peripheral blood, more than 5% blasts in the BM
after CR was achieved (not attributable to other causes), or
extramedullary relapse.

Treatment

All experiments were performed in accordance with relevant
guidelines and regulations. When diagnosed with RR-AML,
the patients were randomly assigned to FLAG or DAC
therapy for one cycle. No previous transplantations had been
performed before the therapy. Eighteen RR-AML patients
received the standard FLAG regimen as reinduction remis-
sion treatment based on the Chinese guidelines for the diag-
nosis and treatment of RR-AML.!" The treatment regimen
was as follows: intravenous injection of 30 mg/m? fludarabine
(Bayer, Leverkusen, Germany) on days 1-5; intravenous
injection of 1-2 g/m? cytarabine (Pfizer, New York, NY,
USA) over 4 hours on days 2—6 after completion of the flu-
darabine injection; and intravenous injection of 200 pg/m?
G-CSF (Amoytop Bio, Xiamen, People’s Republic of China)
on days 1-6. Alternatively, seventeen RR-AML patients
were treated with low-dose decitabine (Chiatai Tianqging,
Jiangsu, People’s Republic of China) combined with acla-
rubicin (Main Luck, Shenzhen, People’s Republic of China)
and cytarabine (DAC regimen). The treatment regimen was
carried out as follows: intravenous injection of 15 mg/m?
(low-dose) decitabine over 3 hours on days 1-3; and intra-
venous injection of 10 mg/m? aclarubicin and 100 mg/m?
cytarabine over 4 hours on days 2—6 after completion of the
decitabine injection. Depending on the BM blast number,
with a cutoff of a 50% decrease'® on day 6, some patients
had their treatment prolonged until day 8, with the same
treatment as days 2—6.

Treatment response analysis

The parameters used to evaluate the treatment response
include overall response (OR) and overall survival (OS).
The OR can be divided into two parts: CR and partial
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response (PR). Treatment responses were defined accord-
ing to standard BM morphological response criteria by the
2003 AML International Working Group.'” Chemotherapy-
related myelosuppression was evaluated by the duration of
agranulocytosis and the amount of blood transfused during
the course of treatment.

Statistical analysis

Treatment response was assessed by descriptive y? analysis.
Differences in the agranulocytosis period between two
groups were analyzed by an independent samples #-test. The
treatment effect on OS rate was analyzed by Kaplan—Meier
curves. OS rate was defined as the number of months from
initiation of treatment with FLAG or DAC therapy to death
from any cause. All data analyses were generated using IBM
SPSS statistics software (Version 20.0, IBM Corporation,

Armonk, NY, USA). A P<<0.05 was considered as statisti-
cally significant.

Results

Patient characteristics

A total of 35 RR-AML patients treated at the Institute of
Hematology & Oncology of Heilongjiang Province between
August 2006 and April 2014 met the criteria for our research.
For the 35 patients involved in this study, the median age
was 28 years (range 6—67 years), with 20 (57%) being male
and 15 (43%) female (Table 1). The result of the peripheral
white blood cell count was from 0.23 to 297.9x10°/L at the
primary diagnosis. Among those patients, 20 patients had
FLT-3 mutations, 13 had NPM [ mutations, and 33 had WT1
mutations. Fourteen patients had documented poor-risk cyto-
genetics, as defined by the National Comprehensive Cancer

Table | Characterization of patients with RR-AML in FLAG and DAC groups

Characteristics Overall FLAG DAC
Number % Number %
of patients of patients
Patients 35 18 51.4 17 48.6
Classification
Refractory 23 12 83.3 I 64.7
Relapsed 12 6 16.7 6 353
Age (years)
<20 15 8 444 7 41.2
20-39 8 5 27.8 3 17.6
40-60 8 4 222 4 235
>60 4 | 5.6 3 17.6
Gender
Male 20 10 55.6 10 58.8
Female 15 8 44.4 7 41.2
Initial WBC count (x10°)
<4 333 3 17.6
4-10 7 3 16.7 4 235
>10 19 50.0 10 58.8
Initial cytogenetics
Normal 14 8 444 6 35.3
Abnomal 21 10 55.6 I 64.7
Fusion genes
AMLI/ETO 5 4 222 | 5.9
CBFB-MYHI | 2 2 1.8
ETO 4 2 1.1 2 1.8
EVII | | 5.9
HOXI | 2 | 5.6 | 5.9
P210 3 2 1.1 | 5.9
PML-Rara | | 5.9
MLL-AF9 | | 5.6
Mutation
WTI 33 17 94.4 16 94.1
FLT3 20 10 55.6 10 58.8
NPMI 13 5 27.8 8 47.1
(Continued)
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Table | (Continued)

Characteristics Overall FLAG DAC
Number % Number %
of patients of patients
Subtypes
MI | | 5.6
M2 22 13 722 9 529
M3 | | 5.9
M4 4 | 5.6 3 17.6
M5 4 3 16.7 | 5.9
Unknown 3 3 17.6
Hepatolienal characteristics
Hepatomegaly 2 | 5.6 | 5.9
Splenomegaly 13 5 27.8 8 47.1
Hepatosplenomegaly 5 2 1.1 3 17.6
Others 15 10 55.6 5 29.4
Frontline therapy
HAD 32 18 100 14 82.4
DA 10 2 1.1 8 47.1
MA 14 7 38.9 7 41.2
1A 10 5 27.8 5 29.4
CAG 3 | 5.6 2 1.8
ATO | | 5.9
FA | | 5.9
Remission duration after frontline therapy
<3 months 6 4 222 2 1.8
3-6 months 5 | 5.6 4 235
>6 months | | 5.6
Therapeutic response
CR 17 6 333 I 64.8
PR 10 4 222 6 353
NR 8 8 44.4 0 0
Consolidated therapy
Chemotherapy
HAD 4 2 1.1 2 11.8
CAG | | 5.6
IA 5 | 5.6 4 235
DA 2 2 1.8
MA 2 2 11.8
MAE | | 5.9
alloSCT
In remission 9 6 333 3 17.6
Outside remission 2 2 1.1
Treatment-related mortality | | 5.6

Abbreviations: ATO, arsenic trioxide; CAG, low-dose cytarabine, aclarubicin and G-CSF; CR, complete remission; DA, daunorubicin and cytarabine; DAC, low-dose
decitabine with aclacinomycin and cytarabine; FA, fludarabine and cytarabine; FLAG, fludarabine in combination with cytarabine and G-CSF; HAD, homoharringtonine,
cytarabine and daunorubicin; IA, idarubicin and cytarabine; MA, mitoxantrone and cytarabine; MAE, mitoxantrone, cytarabine and etoposide; NR, no response; PR, partial
response; RR-AML, relapsed/refractory acute myeloid leukemia; SCT, stem cell transplantation; WBC, white blood cell count.

Network Guidelines For Acute Myeloid Leukemia, version 1.
2014, including complex (=3 clonal chromosomal abnor-
malities), monosomal karyotype, -5, 5q-, -7, 7q-, 11q23-non
t(9;11), inv(3), t(3;3), 1(6;9), t(9;22), and normal cytogenetics
with FLT3-ITD mutation. Twenty patients had hepatospleno-
megaly before treatment. All patients had received standard
chemotherapy of anthracycline and cytarabine as a frontline

therapy without previous transplantation. When diagnosed
with RR-AML, patients were given either standard FLAG
or low-dose DAC treatment regimens as induction therapy
as permitted by an open agreement. Eighteen patients who
received the FLAG regimen had a median age of 20 years
(range 10—63 years), and 17 patients who received DAC treat-
ment had a median age of 30 years (range 667 years).
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The average age of patients in the two groups was not
significantly different (P=0.384), 25.4 years in the FLAG
therapy group and 32.2 years in the DAC therapy group.
The initial diagnosis white blood cell data for the two groups
was also not significantly different (P=0.453), 24.3 and 38.9
(X10%/L), respectively. We also found no significant differ-
ences in the detailed genetics and molecular abnormalities of
the patients in the two groups: poor-risk cytogenetics (39%
vs 41%, P=1.000), WT1 mutations (94% vs 94%, P=1.000),
FLT-3 mutations (56% vs 59%, P=1.000), and NPM 1 muta-
tions (28% vs 47%, P=0.238). Furthermore, 11% and 18%
of patients in the FLAG and DAC groups, respectively, had
hepatosplenomegaly at diagnosis (P=0.581).

Response rates for all patients or

selected subgroups

In the FLAG group, 10 (55.6%) patients had an OR to the
treatment, with 6 (33.3%) CR and 4 (22.2%) PR reported.
In the DAC group, 17 (100%) patients showed an OR, with
11 (64.7%) patients with CR and 6 (35.3%) patients with
PR. The difference in OR and CR rates between the two
treatment groups were statistically significant (OR, P=0.002;
CR, P=0.002) (Table 2).

Enrolled patients were followed up for about 2 years.
During 16.2 months of median follow-up (range from
4.5t030.1), 19 patients died of cancer (54.3%). Significantly
fewer died in the DAC treatment group than in the FLAG
group, 6 patients (35.3%) and 13 (72.2%), respectively
(P=0.028). Among 17 RR-AML patients who were given
DAC treatment, median OS (95% CI) was not achieved. We
subsequently compared the OS of patients in the two groups
and found the difference between the median OS of DAC
therapy and FLAG therapy groups was statistically significant
(not achieved vs 16.8 months, P=0.021) (Figure 1).

In addition, we compared the two treatment responses
in RR-AML patients who had poor-risk cytogenetics and

Table 2 Response of RR-AML patients with FLAG and DAC
treatment

Response FLAG DAC Total P-value
group group (n=35)
(n=18) (n=17)
NR (%) 8 (44.4) 0(0) 8(22.8) -
OR (%) 10 (55.6) 17 (100) 27 (77.1) 0.002
CR (%) 6(33.3) Il (64.7) 17 (48.6) 0.002

Cumulative survival

Groups
_MFLAG _r1DAC

0.0

! ! I
0.00 20.00 30.00 40.00

Months at risk

1
10.00

Figure | Kaplan—Meier plot of OS for FLAG and DAC regimen groups.

Notes: The blue line represents the FLAG group; the green line represents the
DAC group.

Abbreviations: DAC, low-dose decitabine with aclacinomycin and cytarabine;
FLAG, fludarabine in combination with cytarabine and G-CSF; OS, overall survival.

mutations status (Table 3), conditions that often correlate
with poor prognosis. We found that RR-AML patients with
poor-risk cytogenetics, W71 or FLT-3 mutations, in the DAC
treatment group achieved higher CR rates compared with
those in the FLAG treatment group (P=0.040, 0.002 and
0.038, respectively), indicating that DAC treatment was also

Table 3 FLAG and DAC treatment response in RR-AML patients
who had poor-risk cytogenetics and mutation status

Response  Mutations FLAG DAC Total P-value
group  group
NR (%) Poor-risk 4(57.1) 0(0) 4 -
cytogenetics
WTI 8(47.1) 0(0) 8 -
FLT-3 4(40.00 0(0) 4 -
NPMI 3(60.0) 0(0) 3 -
OR (%) Poor-risk 3(42.9) 7 (100) 10 0.018
cytogenetics
WTI 9(52.9) 16(100) 25 0.002
FLT-3 6(60.0) 10(100) 16 0.025
NPMI 2(40.0) 8(l100) 10 0.013
CR (%) Poor-risk 1(143) 4(57.1) 5 0.040
cytogenetics
WTI 6(353) 11(688) 17 0.002
FLT-3 3(30.0)0 5(50.0) 8 0.038
NPMI 2 (40.0) 4 (50.0) 6 0.058

Abbreviations: CR, complete response; DAC, low-dose decitabine with aclacin-
omycin and cytarabine; FLAG, fludarabine in combination with cytarabine and
G-CSF; NR, no response; OR, overall response; RR-AML, relapsed/refractory acute
myeloid leukemia.

Abbreviations: CR, complete response; DAC, low-dose decitabine with aclacin-
omycin and cytarabine; FLAG, fludarabine in combination with cytarabine and
G-CSF; NR, no response; OR, overall response; RR-AML, relapsed/refractory acute
myeloid leukemia.
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more effective in those RR-AML patients who had a poor
prognosis. Considering that the difference is not significant
between the CR rates of the two treatments in RR-AML
patients with NPM [ mutations, which may be caused by the
limited number of patients involved, we performed a power
analysis (G*Power software, version 3.1.9.2, Franz Faul,
Universitit Kiel, Kiel, Germany), which showed that a total
of 15 patients with NPMI mutation needs to be recruited
(data not shown).

Treatment-related myelosuppression
Treatment-related myelosuppression in the two treat-
ment groups was comparable. After treatment with FLAG
therapy, we found the duration of agranulocytosis to be
14.245.1 days (range, 0-21 days) and 12.617.4 days in the
DAC therapy group (P=0.437). Since hemoglobin levels
were below 60 g/L and platelet counts were <20x10°/L,
patients required red blood cell (RBC) and platelet transfu-
sions to maintain their normal physiological functions. In
the FLAG group, the mean RBC and platelet transfusion
required was 10.0x10° cells/L (range, 0—14x10° cells/L) and
98.9x10° cells/L (range, 0—140x10° cells/L), respectively.
The mean RBC and platelet transfusion in the DAC treatment
group was 7.06x10° cells/L (range, 0—16x10° cells/L) and
72.9x10° cells/L (range, 0-200x10° cells/L), respectively.
Statistical differences were not seen between the two groups
(P=0.636 and P=0.844, respectively). Infection occurred
with the resultant body temperature higher than 38°C in six
and five patients, respectively, in the two groups. No deaths
occurred due to chemotherapy-related toxicity.

Discussion
AML is a heterogeneous disease caused by a range of genetic
defects.?” RR-AML patients often have a poor prognosis.
An increasing number of studies have been performed on
the effect of decitabine treatment in different patient groups,
and most have achieved satisfactory clinical outcomes.®!>21-}
Furthermore, relapsed AML patients, following autologous
stem cell transplantation (auto-SCT) and allogeneic stem
cell transplantation (allo-SCT), benefited from decitabine
treatment.”*?* Although FLAG and DAC therapies have been
studied for many years, very few were performed specifically
to investigate the relative advantages of DAC therapy for
RR-AML compared with standard FLAG chemotherapy.
Here, we retrospectively compared 35 patients with
RR-AML treated with either FLAG or a regimen of DAC.
We found that both OR and CR rates in the DAC group
were significantly higher than those in the FLAG group.
The CR rate in the DAC group was higher than previously

reported,’® but in the FLAG group, the CR rate was lower
than previously reported.? Furthermore, we found better
OS in the patients receiving DAC therapy during follow-up
evaluations. DAC treatment was also more effective in
those RR-AML patients who had a poor prognosis such
as high-risk cytogenetics or W71 or FLT-3 mutations. We
had too few patients with NPM [ mutations to draw definite
conclusions, so more eligible patients should be recruited for
further investigation. Although therapy-related myelosup-
pression and the incidence of severe infections were similar
with both treatments, we saw a trend that patients receiving
DAC had relatively less toxicity and higher overall effec-
tiveness. Thus, low-dose decitabine in combination with
low-dose chemotherapy drugs may reduce the discomfort
of patients during treatment. More importantly, we have
demonstrated that RR-AML patients undergoing DAC
therapy showed statistically better outcomes compared to
those receiving the FLAG regimen. However, considering
the small sample size in this study due to the rare occurrence
of RR-AML, our result may underestimate the difference
between treatment outcomes in different subgroups, classi-
fied by parameters such as age and status of genetic muta-
tions, and should be further validated by additional studies
involving more patients. Moreover, the genetic profiles of
AML in children are known to differ from those in adults,
including NPM1, FLT3-ITD*-*® which show significant
influence in prognosis for AML. The treatment strategies
should be further explored in various age groups of the
RR-AML population.

Hypomethylating agent decitabine incorporates into DNA
and forms irreversible covalent bonds with DNA methyl-
transferases, leading to their degradation with the resultant
activation of genes involved in differentiation and apoptosis.
In our study, the patients were given decitabine 1 day before
treating with aclarubicin and cytarabine. Pretreatment with
decitabine causes a state of hypomethylation in leukemia
cells, increasing their sensitivity to chemotherapeutic drugs,
aiding in their clearance. Aclarubicin is an anthracycline anti-
biotic which functions by inserting into DNA and interacting
with topoisomerase I and 11, thereby inhibiting DNA replica-
tion and DNA repair.”” In addition, all patients were given
low-dose cytarabine four hours after decitabine for at least
6 hours. This continuous small amount of DNA synthesis
inhibitor produced the lowest toxicity and greatest treatment
effect. Our data show that our DAC regimen provided a good
complete remission rate and no chemotherapy-related death.
Thus, a significant advantage was demonstrated for DAC
compared to FLAG treatment. More studies including more
patients are warranted to verify our results.
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Conclusion

We retrospectively compared the outcomes of FLAG and
DAC treatment in patients with RR-AML. We found that
DAC was an effective therapeutic regimen for the initial
treatment of RR-AML, providing better outcomes than
FLAG. DAC also showed a significantly better drug response
than FLAG in RR-AML patients with WT'1, FLT3, or NPM1
mutations. The DAC regimen may also provide a survival
strategy for patients who do not achieve CR through classic
FLAG chemotherapy.
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