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Summary

Purpose To analyze the effectiveness of decitabine
combined with low-dose Ara-C, aclarubicin, and rhG-
CSF (DCAG) as a salvage therapy in patients with
relapsed/refractory (R/R) acute myeloid leukemia
(AML).

Patients and methods This single-centered retrospec-
tive study included patients with relapsed/refractory
AML between January 2013 and June 2020. The re-
sponse rate and survival were calculated, and their
correlations with clinical characteristics were esti-
mated.

Results Thirty-seven patients were enrolled. The
overall response rate (ORR) was 56.8% with a com-
plete remission (CR) rate of 51.4%. For patients with
non-refractory and refractory AML, the CR rates were
87.5% and 30.4%, respectively (p<0.001). No remis-
sion was found in four primary refractory AML. The
incidence of infections was 73%, wherein 13.5% had
severe infection, and 2.7% with treatment-related
mortality. The median overall survival (OS) and re-
lapse-free survival (RFS) were 10.6 (7.7-13.5) months
and 5.0 (2.8-7.2) months, respectively. Patients in
the poor risk category had a shorter OS (P=0.004).
The OS and RFS of patients with a recurrence time
of <6 months were shorter (P=0.018 and P<0.001,
respectively).

Conclusions The DCAG regimen was an effective and
well-tolerated therapeutic alternative for R/R AML,
particularly in non-refractory patients. Patients in
the poor risk category and early relapse were adverse
factors for remission rate and survival.
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Introduction

Acute myeloid leukemia (AML) is a highly hetero-
geneous malignant disorder characterized by the
aberrant clonal proliferation of hematopoietic stem
or progenitor cells. Approximately 60-80% of adult
patients with AML achieve complete remission (CR)
after the induction chemotherapy. However, approxi-
mately 20% of patients have primary refractory AML
and >50% who achieve CR eventually relapse [1-3].
Relapsed/refractory (R/R) AML patients have a lower
remission rate and various complications, leading to
limited therapeutic alternatives and poor prognosis.
The median overall survival (OS) of patients with
R/R AML is approximately 6 months, with a 5-year
OS rate of 10% [4]. Hypomethylating agents, such
as decitabine, are specific inhibitors of DNA methyl-
transferase that can reactivate the expression of si-
lenced tumor suppressor genes and restore aberrant
cells to normal terminal differentiation and apoptosis
[5, 6]. The effectiveness of decitabine monotherapy
for R/R AML is poor, nevertheless, the combined
regimens are considerable and well-tolerated [7, 8].
Moreover, the clinical factors that affect the remission
rate and prognosis remain controversial. This study
aimed to estimate the effectiveness, safety, and prog-
nostic factors of the DCAG regimen for R/R AML and
provide a clinical reference for the treatment of such
patients.

@ Springer

Published online: 20 November 2023

Decitabine contained regimen for relapsed/refractory acute myeloid leukemia


https://doi.org/10.1007/s12254-023-00933-x
http://crossmark.crossref.org/dialog/?doi=10.1007/s12254-023-00933-x&domain=pdf
http://orcid.org/0009-0007-5739-1742

original report

Materials and methods
Patients

This study enrolled 37 relapsed/refractory AML pa-
tients who were treated in our center from January
2013 to June 2020. Relapsed AML was defined as
the reappearance of leukemic blasts in the periph-
eral blood, more than 5% of blasts in the BM after
CR, or extramedullary relapse. Refractory AML was
diagnosed with the following criteria: (1) CR could
not be achieved after two courses of chemotherapy;
(2) patients with CR who received consolidation ther-
apies, but relapsed within 12 months; (3) patients
who relapsed for more than 12 months and could not
achieve CR with conventional chemotherapy; (4) two
or more relapses; or (5) persistence of extramedullary
leukemia.

Treatment

All patients were treated with the DCAG regimen.
Decitabine was administrated as a dose of
20mg/m?-d intravenously for 5 consecutive days (d1-
5), and chemotherapy regimens were administrated
sequentially, as follows: cytarabine (10mg/m?, q12 h,
ih, d6-12), aclarubicin (14mg/m?, qd, ivd, d6-9) and
thG-CSF (300ug, qd, ih, d6-12).

Evaluation

Risk categories were assessed according to the ELN
Guidelines (version 2017). The response criteria were
defined according to the NCCN Guidelines (version
2020). Overall survival (OS) was defined as the time
from the onset of induction to death or last contact.
Relapse-free survival (RFS) was defined as the time
from a CR to relapse, death, or last contact.

Adverse events

Toxicity was evaluated according to the National Can-
cer Institute Common Terminology.

Criteria for Adverse Events (CTCAE, version 4.0).
All patients received prophylactic antimicrobials, sup-
portive care, and blood transfusions, when necessary.

Statistics

All statistical analyses were conducted with the Statis-
tical Package for Social Science (SPSS, version 23.0).
Chi-squared test or Fisher’s exact test was used to eval-
uate the effectiveness of induction therapy. Survival
curves were plotted using the Kaplan-Meier method
and compared using the log-rank test, stratified by
baseline age, sex, risk category, gene mutations, dis-
ease status, and consolidation therapeutic regimens.
A Cox proportional hazards model was used to further

Table 1 Characteristics of the patients

Characteristics Values
Median age, years (range) 43 (12-68)
Sex, no. (% male) 18 (48.6)
Risk category at diagnosis

Favorable 13
Intermediate 15

Poor 9

WBC counts at relapsed (x 10%L), median (range) 2.46 (0.52-37.3)
BM blasts, (%), median (range) 31 (7-93)
Disease status

Non-Refractory 14
Refractory (Primary and secondary refractory) 23 (4+19)

WBC white blood cell, BM bone marrow

analyze the prognostic factors. Statistical significance
was set at P<0.05.

Results
Clinical characteristics

Thirty-seven relapse/refractory AML were analyzed
retrospectively, including 18 males and 19 females,
with a median age of 48 years (range, 12-68) years. At
diagnosis, 13 of the 37 patients were in the favorable
risk category, 9 were in the poor risk category, and the
others were in the intermediate risk category. There
were 14 cases of non-refractory AML and 23 cases
of refractory AML (including four cases of primary
refractory AML). When relapsed, the median WBC
count was 2.46x10%L (range, 0.52-37.34x10%/L),
and the median BM blast was 31% (range, 7-93%)
(Table 1).

Outcomes

The overall response rate (ORR) was 56.8% (21/37),
with a complete remission (CR) rate of 51.4% (19/37).
For patients with non-refractory and refractory AML,
the CR rates were 87.5% (14/16) and 30.4% (7/23), re-
spectively (p<0.001). No remission was found in four
primary refractory AML patients. The remission rate
of patients in the poor risk category and the recur-
rence time less than 12 months were lower than others
(P=0.014 and P=0.001, respectively); however, these
were not influenced by age, BM blasts, or gene muta-
tions (all P>0.05) (Table 2).

Considering the influence of subsequent
chemotherapy on survival, we further analyzed con-
solidation therapeutic regimens (Fig. 1). The me-
dian OS and RFS were 10.6 (7.7-13.5) months and
5.0 (2.8-7.2) months, respectively (Fig. 2a, b). Uni-
variate analysis showed that clinical characteristics,
including age, sex, BM blasts, gene mutations, and
non-refractory or refractory AML had no significant
impact on survival (all P>0.05) (Table 2). Patients
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Table 2 Clinical characteristics impact on remission rate and survival

Characteristics CR (n) Non-CR (n) P Median OS (Months) P Median RFS (Months) P
Aged (years)

<60 12 16 0.124 12(7.9-16.1) 0.336 6.5(2.1-10.9) 0.426
>60 7 2 9 (7.5-10.5) 5(2.4-7.6)

Sex

Male 5 13 0.005 9(7.3-10.7) 0.282 2.4(0-8.7) 0.302
Female 14 5 12.5 (10.4-14.6) 5(3.1-6.9)

Risk category

Favorable 8 5 0.014 12(0-25.4) 0.004 6.5(1.1-11.9) 0.088
Intermediate 10 12.5 (7.0-18.0) 4.3(3.4-5.2)

Poor 1 8.5 (4.1-12.9) 4

BM (%)

<50 14 14 0.538 9.7 (5.3-14.1) 0.842 5(2.1-7.9) 0.952
>50 5 4 12 (7.9-16.1) 6 (4.4-7.6)

DNMT3A mutation

Positive 2 3 0.660 12(8.9-15.1) 0.250 4 0.222
Negative 17 15 10 (6.2-13.8) 6 (3.9-8.1)

IDH1/IDH2 mutation

Positive 2 2 0.677 12(6.9-17.1) 0.699 25 0.078
Negative 17 16 10 (6.2-13.8) 6 (3.9-8.1)

ASXL1 mutation

Positive 0 1 0.486 Not reached 0.152

Negative 19 17 10 (8.3-12.5)

TET2 mutation

Positive 0 1 0.486 8 0.233

Negative 19 17 10.6 (7.3-13.9)

Epigenetic mutations

Positive 3 6 0.269 12(7.1-16.8) 0.666 2.5 0.097
Negative 16 12 10 (6.5-13.5) 6 (3.3-8.9)

TP53 mutation

Positive 1 0 0.514 8 0.233 6.5 0.911
Negative 18 18 10.6 (7.3-13.9) 5(2.9-7.1)

Disease status

Non-Refractory 12 2 0.001 9(7.2-10.8) 0.295 5(3.1-6.9) 0.444
Refractory 7 16 12 (8.2-15.8) 4 (0-12.6)

Relapsed (months)

<6 1 4 0.089 2.5 (2.1-2.9) 0.018 1.7 <0.001
>6 18 10 12 (8.8-15.2) 6 (3.9-8.1)

Relapsed (months)

<12 4 11 0.001 8.5 (5.4-11.6) 0.877 7.5(0-16.8) 0.289
>12 15 3 12 (8.1-16.0) 5(3.0-7.0)

Allo-HSCT

Yes 20.3 (2.9-37.9) 0.031 10.5 0.072
No 9.7 (7.0-12.4) 5(3.7-6.3)

CR complete remission, BM bone marrow, 0S overall survival, RFS relapse-free survival, Allo-HSCT allogeneic hematopoietic stem cell transplantation

who achieved a CR did not show a significant im-
provement in OS (p=0.588) (Fig. 3). Patients in the
poor-risk group had a shorter OS and no difference in
RES (P=0.004 and P=0.088, respectively) (Fig. 4a, b).
Additionally, subgroup analysis showed that OS and
RES in patients with a recurrence time of <6 months

were shorter than those in other patients (P=0.018
and P<0.001, respectively) (Fig. 5a, b), which were
not observed in patients with a recurrence time of
<12 months.

Seven patients, all of whom had refractory AML,
underwent allo-HSCT. Among them, two patients
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Fig. 1 The process of treatment in 37 R/R AML patients

underwent allo-HSCT after CR and both survived.
Two patients, one with NR and one with PR, both re-
ceived alternative chemotherapy regimens and were
consolidated with allo-HSCT after CR was reattained,
and one patient was alive. Another three patients
underwent salvage transplantation and eventually
died. Univariate analysis demonstrated that allo-
HSCT might improve OS (P=0.031) rather than RFS
(P=0.072) (Fig. 6a, b).

Considering the results of univariate analysis and
previously reported data, we conducted a multivari-
ate analysis incorporating age, sex, risk stratification,
BM blasts, gene mutations, disease status, recur-
rence time, and consolidation therapies to clarify the
prognostic factors. Nevertheless, multivariate analysis

~1Survival Function
~+-Censored

=
s |
> 06-
c
s |
"
s
i
@
>
S o4 HTH
-
L
1
0.2 W—LL
009 1 1 T 1 U 1
00 6.00 12.00 18.00 2400 3000 36.00
a Months

demonstrated that these factors did not affect survival
(all P>0.05) (Table 3).

Safety

During the induction therapy, all patients suffered
from grade 4 hematological toxicity. The median
times to neutropenia and platelet counts <20x 10%/L
were 17 days (range, 0-31 days) and 13 days (range,
0-30 days), respectively. Serious bleeding or organ
dysfunction was not observed. The incidence of
infections was 73% (27/37), including 12 cases of
pneumonia, 3 cases of sepsis, 3 cases of cutaneous
infection, 2 cases of oral mucositis, 1 case of intra-
abdominal infection, and 6 cases of febrile neutrope-
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Fig. 2 Overall survival (OS) (a) and relapse-free survival (RFS) (b) of the patients
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Fig. 3 The overall survival (OS) of patients achieving com-
plete remission (CR) or not

nia. According to CTCAE (version 4.0), 13.5% (5/37)
of patients suffered from severe infections (grade 3
or 4). One patient died of severe pneumonia and
respiratory failure, with a treatment-related mortality
rate of 2.7% (1/37).

Discussion

Relapsed/refractory AML patients always have a lower
remission rate and various complications, leading to
limited therapeutic alternatives and poor prognosis.
No standard salvage treatment is available for these
patients. A review revealed that several intensive reg-
imens achieved relatively high CR rates, ranging from
44 to 59.4% in adult patients with R/R AML. However,
most of these regimens do not result in substantial
CR duration or overall survival [9]. Novel non-cyto-
toxic approaches have reshaped the therapeutic land-
scape of chemoresistant AML [10, 11]. However, for
economic or other reasons, some patients do not re-
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ceive these novel drugs. Therefore, alternative thera-
pies are recommended to control disease progression
and minimize treatment-related mortality. Aberrant
DNA methylation is an essential component of the
pathogenesis of leukemia [5]. Decitabine can inhibit
DNA methyltransferases (DNMTs) and reactivate si-
lenced tumor suppressor genes, and is a promising
therapeutic approach. Decitabine can increase sensi-
tivity to cytotoxic drugs [7, 12].

In an international multicenter retrospective data-
base, the CR/CRi rate of hypomethylating agents
(HMAs) in patients with relapsed/refractory AML was
16%, the median OS was 6.5 months, and the OS
for patients achieving CR/CRi was 21 months [13].
Another study reported a CR rate of 15.7%, with
a median OS of 177 days in relapsed/refractory AML
patients [14]. These data underscore the fact that
HMAs monotherapy did not result in long-term re-
mission as a front-line treatment in patients with R/R
AML. For these patients, the reported CR rate for in-
tensive chemotherapy ranges from 38 to 67% [15-22].
Several studies have demonstrated that the remission
rate of decitabine-based chemotherapy is similar to
that of intensive chemotherapy, and the former has
superior tolerance. A retrospective study reported
that low-dose decitabine in combination with acla-
cinomycin and cytarabine achieved a better outcome
than FLAG in patients with R/R AML and illustrated
that decitabine may further increase sensitivity to
cytotoxic drugs further [7, 12, 23, 24].

In our study, all the patients received the DCAG reg-
imen as salvage therapy. Our results revealed the CR
rate of 51.4%. Compared with intensive chemother-
apy, the remission rate was relatively high. The CR
rate for non-refractory patients was 87.5%, whereas
that for refractory AML was 30.4%. Subgroup analyses
showed that the CR rate of non-refractory AML was
significantly higher than that of refractory AML, which
is inconsistent with a large international patient co-
hort [13]. However, this regimen is unsuitable for the
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Fig. 4 Overall survival (OS) (a) and relapse-free survival (RFS) (b) of patients in different risk groups
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Fig. 5 Overall survival (OS) (a) and relapse-free survival (RFS) (b) of patients with early relapse (<6 months) or not

treatment of primary refractory AML. It also revealed
that the CR rate of patients with a recurrence time of
<12 months was inferior to that of others, suggesting
that the regimen could not overcome early relapse.
In addition, our results showed that the remission
rate in the poor-risk group was inferior to that in the
other groups, similar to the results of other salvage
regimens. It has been reported that the CR rate of in-
tensive chemotherapy in patients with epigenetic mu-
tations, such as ASXL1 and DNMT3A, is lower. In our
study, the remission rate was not affected by these
genes, suggesting that the DCAG regimen might over-
come some unfavorable mutations. TP53 mutation,
which results in impaired function of the p53 protein
leading to impaired apoptosis and cellular immortal-
ity, provides malignant cells with innate resistance to
intensive chemotherapy, with a CR rate in the range of
20-40% [25, 26]. Several studies have suggested that
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hypomethylating agents might be an alternative ther-
apeutic regimen for TP53-mutated AML; however, our
data are limited because only one patient was enrolled
and attained CR. Therefore, we should be prudent in
choosing indications.

In survival analysis, decitabine-based chemother-
apy showed a median OS and RFS of 10.6 months and
5 months, respectively, which seemed to be no worse
than or even better than that of intensive chemother-
apy. In our study, the OS of poor-risk AML patients
was shorter than that of others, but the RFS was
similar, which indicated that even though this reg-
imen might postpone recurrence, it still could not
improve survival. In addition, a recurrence time less
than 6 months was an adverse factor for prognosis,
which further suggests that the DCAG regimen might
not overcome early relapse. Moreover, there was no
significant difference in survival between patients
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Fig. 6 Overall survival (OS) (a) and relapse-free survival (RFS) (b) of patients who underwent allogeneic hematopoietic stem cell

transplantation (allo-HSCT) or not
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Table 3 Multivariable analysis of clinical characteristics
on survival

Characteristics HR 95%ClI P

Risk category 2.040 0.980-4.248 0.057
TET2 mutation 0.102  0.010-1.054 0.055
TP53 mutation 0.102  0.010-1.054 0.055
Recurrence time <6 months 0 0-7.699E + 76 0.895
Allo-HSCT 0 0-3.181E+76 0.887

Allo-HSCT allogeneic hematopoietic stem cell transplantation

with CR and non-CR, which was related to differences
in follow-up treatment. Among the seven patients
who underwent allo-HSCT, only two achieved CR
after DCAG regimens, suggesting that allo-HSCT was
essential for prolonging survival. Subgroup analy-
sis also showed that allo-HSCT might improve OS,
further confirming the above results.

Gene mutations significantly influence progno-
sis. Notably, the widely accepted prognostic im-
pact of gene mutations mostly results from intensive
chemotherapy. Nevertheless, the influence of these
mutations, such as TP53 and DNA methylation muta-
tions (including DNMT3A, TET2, IDH1/2, and ASXL1),
on patients treated with the DCAG regimen has been
relatively less reported, and the results remain con-
troversial. TP53 mutation tend to be observed in
elderly patients, whereas it is usually associated with
poor prognosis and low response to chemotherapy
[25-28]. Welch et al. reported that patients with
TP53 mutation responded to decitabine; however,
the improved response rate did not translate into
prolonged survival [13, 29]. In our study, only one
patient with TP53 mutation who achieved CR failed
to receive regular treatment and relapsed. Our results
also demonstrated that the DCAG regimen could be
applied to patients with methylation mutations and
the survival were similar. We anticipate the expan-
sion of samples and design of prospective studies for
further verification.

Grade 4 hematologic toxicity commonly occurred
during treatment, and the incidence of infection was
73%. The median time for neutropenia and a platelet
count of <20x 10%/L was similar to that for intensive
chemotherapy. In our study, all patients have relapsed
or refractory AML with a poor performance status,
which accounted for the higher incidence of infection;
nevertheless, the rate of severe infection was relatively
lower. The treatment-related mortality was 2.7%, sug-
gesting that this regimen was well-tolerated for these
patients.

In conclusion, the DCAG regimen was an effec-
tive and well-tolerated therapeutic alternative for R/R
AML, particularly in non-refractory patients. Further-
more, this regimen may overcome some certain un-
favorable factors. Our results also revealed that poor-
risk AML and early relapse were adverse factors for
survival. Considering the inherent bias in retrospec-
tive studies and the limited number of enrolled pa-

tients, these results should be interpreted with cau-
tion, and further clinical trials are essential.
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