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Abstract
To assess treatment response and overall survival (OS) in refractory or relapsed acutemyeloid leukemia (R/R AML) patients treated by
different common salvage chemotherapy regimens.
Medical records data from 142 R/R AML patients were reviewed in this retrospective study. Patients were treated with regimens

basedon the followingdrugs: cytarabine, granulocytecolony-stimulating factor (G-CSF), and fludarabine (FLAG) (n=46); cytarabine and
G-CSF in addition to aclarubicin or daunorubicin (CAG/DAG) (n=30); cytarabine, G-CSF, and cladribine (CLAG) (n=27); cytarabine,
etoposide, and mitoxantrone (MEA) (n=17); cytarabine plus idarubicin, daunorubicin, or mitoxantrone (IA/DA/MA) (n=12); and
homoharringtonine, cytarabine, and aclarubicin or daunorubicin (HAA/HAD) (n=10).
A total of 43 (35.2%) patients achieved complete remission (CR), 60 (49.2%) patients achieved overall remission rate (ORR), and 18

(14.8%) patients received allogeneic hematopoietic stem cell transplantation (allo-HSCT) after CR. Median OS was 8.0 (95% CI 6.6–
9.4) months with a 1-year OS rate of (29.9±3.9)% and 3-year OS rate of (11.1±3.6)%. No difference of CR (P= .621), ORR
(P= .385), and allo-HSCT (P= .537) achievement was observed among different chemotherapy regimens. Interestingly, we observed
that the CLAG-based regimen did not affect CR (P= .165), while it achieved a numerically higher ORR (P= .093) and was an
independent factor for prolonged OS (P= .016). No other regimens were determined to be correlated with CR, ORR, or OS.
FLAG-, CAG/DAG-, CLAG-, MEA-, IA/DA/MA- and HAA/HAD-based regimens were found to achieve similar CR rates, while the

CLAG-based regimen achieved numerically higher ORR rates and significant favorable OS. Therefore, CLAG-based regimens should
be a prioritized treatment option for R/R AML patients.

Abbreviations: allo-HSCT = allogeneic hematopoietic stem cell transplantation, AML = acute myeloid leukemia, BM = bone
marrow, CAG/DAG = cytarabine and G-CSF in addition to aclarubicin or daunorubicin, CLAG = cytarabine, G-CSF, and cladribine,
CR = complete remission, ECOG = Eastern Cooperative Oncology Group, FLAG = fludarabine, G-CSF = granulocyte colony-
stimulating factor, HAA/HAD = homoharringtonine, cytarabine, and aclarubicin or daunorubicin, IA/DA/MA = cytarabine, idarubicin,
daunorubicin, or mitoxantrone, MEA = cytarabine, etoposide, and mitoxantrone, ORR = overall remission rate, OS = overall survival,
R/R AML = refractory or relapsed acute myeloid leukemia.

Keywords: chemotherapy regimen, CLAG, overall survival, refractory or relapsed acute myeloid leukemia (R/R AML), treatment
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1. Introduction infiltrates the bone marrow (BM), blood, and other tissues. AML
Acute myeloid leukemia (AML) is a form of cancer deriving from
myeloid progenitor cells that has a rapid clinical course and
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affects approximately 19,950 individuals and led to 10,430
deaths in the United States in 2016.[1–3] Patients with AML who
fail to respond to initial therapy (refractory AML) account for
one quarter of AML patients. In addition, approximately 50% of
patients that initially responded to treatment relapsed after a
transient remission (relapsed AML). These patients with
refractory or relapsed AML (R/R AML) have poor outcomes
with a median survival of less than 6 months and a no more than
10% 3-year overall survival (OS) rate.[4–7] In light of the poor
survival reported by previous studies, continued efforts to
explore effective therapies is of great importance in R/R AML.
Cytarabine plays a crucial role in treating R/R AML patients,

and it acts as a primary component of numerous chemotherapy
regimens.[8] Once cytarabine enters into leukemic cells, it forms a
triphosphate product (Ara-CTP), which inhibits DNA polymer-
ase and ultimately induces apoptosis by terminating the chain
elongation of DNA.[9] Intensive chemotherapy regimens, which
are often composed of a combination of cytarabine with other
cytotoxic agents or hematopoietic growth factors, are used as
salvage therapies for R/R AML.[10,11] The commonly used
salvage chemotherapy regimens include: regimens based on
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cytarabine, granulocyte colony-stimulating factor (G-CSF), and
fludarabine (FLAG); regimens based on cytarabine and G-CSF in
addition to aclarubicin or daunorubicin (CAG/DAG); regimens
based on cytarabine, G-CSF, and cladribine (CLAG); regimens
based on cytarabine, etoposide, and mitoxantrone (MEA);
regimens based on cytarabine in addition to Idarubicin,
daunorubicin, or mitoxantrone (IA/DA/MA); and regimens
based on homoharringtonine, cytarabine, and aclarubicin or
daunorubicin (HAA/HAD). All of these chemotherapy regimens
are recommended by the 2017 Guidelines for Diagnosis and
Treatment of Acute Myelogenous Leukemia (relapse/refractory)
in China.[12] However, it is unclear if outcomes differ among
these salvage chemotherapy regimens for R/R AML patients, and
there is still no standard prioritized option. We therefore
conducted this retrospective research into 142R/R AML patients
who were treated with several chemotherapies, including FLAG-,
CAG/DAG-, CLAG-, MEA-, IA/DA/MA-, and HAA/HAD-based
regimens, to assess the treatment response and OS by these
regimens and to further explore the difference of outcomes
among them.
2. Materials and methods

2.1. Patients

Medical records data from 142R/R AML patients receiving
treatment at Xiangyang Central Hospital between January 2013
and December 2016 were retrospectively reviewed and analyzed
in this study. The screening criteria were as follows: diagnosed
with AML confirmed bymorphology, immunology, cytogenetics,
and molecular biology; relapsed or refractory disease; received
common salvage chemotherapy, including FLAG-, CAG/DAG-,
CLAG-, MEA-, IA/DA/MA-, or HAA/HAD-based treatment
regimens; and complete data for baseline features and treatment
outcome information. In addition, if multiple lines of salvage
therapies were used, only the 1st-line salvage therapy at our
hospital was included and analyzed, whichmeant that no patients
were included more than once.
This study was approved by the Ethics Committee of

Xiangyang Central Hospital, the Affiliated Hospital of Hubei
University of Arts and Science. Written informed consent or oral
agreement by phone (with record) was received from each patient
or family member.
2.2. Data collection

Baseline characteristics, salvage treatment regimen, and treat-
ment outcomes were collected. Baseline characteristics included
age, gender, disease status, de novo or secondary disease, risk
stratification, Eastern Cooperative Oncology Group (ECOG)
performance, BM blasts, complete remission (CR) status at first
induction, previous allogeneic hematopoietic stem-cell transplan-
tation (allo-HSCT), and lines of salvage therapy. The salvage
treatment regimens were as follows:

2
(1)
 an FLAG-based regimen of 30mg/m /day FLAG (days 1–5), 1
to 2g/m2/day cytarabine (days 1–5), and 300mg/m2/day G-
CSF (days 0–5), with or without 10mg/m2/day idarubicin for
3 days;
a CAG/DAG-based regimen, with a CAG regimen of 20mg/
(2)

day aclarubicin (days 1–4), 15 to 20mg/m2/12hour
cytarabine (days 1–14) and 150mg/m2/12hour G-CSF (days
1–14), or a DAG regimen of 40mg/m2/day daunorubicin
(days 1–3), 15–20mg/m2/12hour cytarabine (days 1–7 or
2

days 1–10), 300mg/day G-CSF (days 1–7 or 1–10), with or
without 20mg/m2/day decitabine for 3 days;
a CLAG-based regimen of 5mg/m2/day cladribine (days 1–5);
(3)

1 to 2g/m2/day cytarabine (days 1–5) and 300mg/m2/day G-
CSF (days 0–5), with or without 10mg/m2/day mitoxantrone
(days 1–3);
an MEA-based regimen of mitoxantrone 10mg/m2/day (days
(4)

1–5), etoposide 100mg/m2/day (days 1–5), and cytarabine
100 to 150mg/m2/day (days 1–7);
an IA/DA/MA-based regimen, with an IA regimen of 8 to 18
(5)

mg/m2/day idarubicin (days 1–3), 100mg/m2/day cytarabine
(days 1–7), a DA regimen of 45 to 60mg/m2/day daunorubi-
cin (days 1–3), 100mg/m2/day cytarabine (days 1–7), or an
MA regimen of 8mg/m2/day mitoxantrone (days 1–3), 100
mg/m2/day cytarabine (days 1–7); and
anHAA/HAD-based regimen, with an HAA regimen of 2mg/
(6)

m2/day homoharringtonine (days 1–7), 100 to 200mg/m2

cytarabine (days 1–7) and 20mg/m2/day aclarubicin (days
1–7), or anHAD regimen of 2mg/m2/day homoharringtonine
(days 1–7), 100–200mg/m2 cytarabine (days 1–7), and 40
mg/m2/day daunorubicin (days 1–7).

2.3. Definitions

CR was defined as BM with at least 20% cellularity and BM
blasts <5% at steady state after chemotherapy, without
cytological evidence of leukemia, no transfusion requirement,
leucocyte count above 1�109/L and platelet count above 100�
109/L, and without extramedullary disease. Partial remission
(PR) was defined as either BM blasts 5% to 25%, or a 50% or
better decrease in BM blasts, or BM blasts <5% but with Auer
rods’ presence. Overall remission rate (ORR) was defined as
patients with CR and PR. Refractory AML is defined as: the
patient does not achieve CR after 2 courses of induction
chemotherapy following a standard protocol; the patient relapses
within 6 months after first CR; the patient relapses at 6 months or
beyond after first CR and does not respond to any subsequent
induction chemotherapy; the patient relapses more than 2 times;
and the patient experiences extra-medullary infiltration of their
leukemia. Relapsed AML is defined as leukemic cells reappear in
peripheral blood or a percentage of BM blasts of above 10%with
extra-medullary infiltration of the leukemia. The criteria for
AML risk stratification were the NCCN Guidelines (NCCN
Guidelines 2012 Acute Myeloid Leukemia) based on patients’
cytogenetics and molecular abnormalities. As to the time of risk
stratification, there were 2 situations: for patients first diagnosed
at our hospital, the risk stratification was applied at the diagnosis;
for patients who are first diagnosed in other hospitals and
presented with relapsed disease or failure to therapy in our
hospital, the risk stratification was applied at the relapse or
failure in our hospital.

2.4. Statistics

Statistical analysis was performed using SPSS 21.0 software
(IBM, New York). Data were mainly presented as mean value±
standard deviation, medians with 1/4 and 3/4 quartiles, or count
(percentage). Kaplan–Meier curves and log-rank test were used to
evaluate OS. Univariate logistic regression analysis was
performed to assess baseline factors and chemotherapy regimens
predicting CR and ORR, and univariate Cox proportional
hazard regression was used to evaluate predictive factors for OS.
All factors with P value <.1 in the univariate logistic regression



Table 2

Salvage chemotherapy regimens in analyzed R/R AML patients.

Parameters Total AML patients (N=142)
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and the Cox regression were further analyzed by multivariate
logistic regression and multiple Cox proportional hazard
regression. P value <.05 was considered significant.
FLAG (n/%) 46 (32.4)
CAG/DAG (n/%) 30 (21.1)
CLAG (n/%) 27 (19.0)
MEA (n/%) 17 (12.0)
IA/DA/MA (n/%) 12 (8.5)
HAA/HAD (n/%) 10 (7.0)

AML= acute myeloid leukemia, CAG/DAG= cytarabine and G-CSF in addition to aclarubicin or
daunorubicin, CLAG= cytarabine, G-CSF, and cladribine, FLAG=fludarabine, G-CSF=granulocyte
colony-stimulating factor, HAA/HAD=homoharringtonine, cytarabine, and aclarubicin or daunor-
ubicin, IA/DA/MA= cytarabine, idarubicin, daunorubicin, or mitoxantrone, MEA=cytarabine,
etoposide, and mitoxantrone, R/R AML= relapsed or refractory acute myeloid leukemia.
3. Results

3.1. Baseline characteristics

Our study included 142R/R AML patients, of whom 74 were
males and 68 were females, with a mean age of 51.01±18.00
years. A total of 84 (59.2%) patients had relapsed AML and 58
(40.8%) had refractory AML, 105 (73.9%) patients had de novo
AML, and 37 (26.1%) had secondary AML (Table 1). A total of
14 (9.9%), 71 (50.0%), 52 (36.6%), and 5 (3.5%) patients were
classified into good, standard, poor, and undetected risk sets,
while 38 (26.8%), 90 (63.4%), and 14 (9.9%) cases were
categorized as ECOG performance score 0, 1, and 2, respectively.
Median BMblast at diagnosis was 42.00 (28.20–61.25)% and 62
(43.7%) patients experienced CR at first induction. There were
28 (19.7%) patients who had previously undergone allo-HSCT,
108 (76.1%) patients were undergoing first salvage therapy and
34 (23.9%) patients were undergoing second salvage therapy or
an even later round of salvage therapy.
3.2. Salvage chemotherapy regimens

Salvage chemotherapy regimens for all patients are listed in
Table 2. A total of 46 (32.4%) patients were treated by FLAG-
based regimen, 30 (21.1%) patients were treated by CAG/DAG-
based regimens, followed by 27 (19.0%), 17 (12.0%), 12 (8.5%),
and 10 (7.0%) patients receiving CLAG, MEA, IA/DA/MA, and
HAA/HAD-based regimens, respectively.
Table 1

Patients characteristics of total R/R AML patients.

Parameters Total AML patients (N=142)

Age, y 51.01±18.00
Gender (male/female) 74/68
Disease status
Relapsed (n/%) 84 (59.2)
Refractory (n/%) 58 (40.8)

De novo or secondary
De novo (n/%) 105 (73.9)
secondary (n/%) 37 (26.1)

Risk stratification
Good (n/%) 14 (9.9)
Standard (n/%) 71 (50.0)
Poor (n/%) 52 (36.6)
Undetected (n/%) 5 (3.5)

ECOG performance
0 (n/%) 38 (26.8)
1 (n/%) 90 (63.4)
2 (n/%) 14 (9.9)

BM blast at diagnosis (%) 42.00 (28.20–61.25)
CR at first induction (n/%) 62 (43.7)
Previous allo-HSCT (n/%) 28 (19.7)
Lines of salvage therapy
First salvage therapy (n/%) 108 (76.1)
Second or higher salvage therapy (n/%) 34 (23.9)

Data are presented as mean value and standard deviation, median value and 1/4–3/4 quarters, or
count (percentage).
allo-HSCT= allogeneic hematopoietic stem-cell transplantation, AML= acute myeloid leukemia,
BM=bone marrow, CR= complete remission, ECOG=Eastern Cooperative Oncology Group, R/R
AML= relapsed or refractory acute myeloid leukemia.
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3.3. Clinical efficacy by various salvage chemotherapies

Among the 142 enrolled patients, 122 were available for
assessment of disease remission. As displayed in Table 3, 43
(35.2%) patients achieved CR, 60 (49.2%) achievedORR, and 18
(14.8%) received allo-HSCT after CR. No difference of CR
(P= .621), ORR (P= .385), or allo-HSCT (P= .537) achievement
was found among different chemotherapy regimens. As to the
comparison of CR betweenCLAGand FLAG, no difference of CR
between the2groupswas found (P= .270) (SupplementaryFig. 1B,
http://links.lww.com/MD/C510).Moreover,we have classified the
various regimensbycytarabinedoses as follows:CAG/DAG= low-
dose cytarabine;HAA/IA/DA/MA= intermediate-dose cytarabine;
andCLAG/FLAG=high-dose cytarabine.Andnodifference ofCR
was observed among the low-dose cytarabine group (30.8%),
intermediate-dose cytarabine group (26.9%), and high-dose
cytarabine group (41.9%) (P= .274) (Supplementary Fig. 1A,
http://links.lww.com/MD/C510).When classified patients accord-
ing to age, no difference in the rates of low-dose cytarabine,
intermediate-dose cytarabine, and high-dose cytarabine between
age >=60 years group and age <60 years group was found
(P= .148) (Supplementary Fig. 2C, http://links.lww.com/MD/
C510), while CR in patients with age ≥60 years was lower than
that in patients with age <=60 years (P= .003) (Supplementary
Fig. 2A, http://links.lww.com/MD/C510).
3.4. Analysis of factors affecting CR

Univariate logistic regression was performed to analyze factors
affecting CR.No chemotherapy regimenwas associated with CR.
Table 3

Treatment efficacy.

Parameters CR ORR (CR+PR) allo-HSCT after CR

Total patients (n/N/%) 43/122 (35.2) 60/122 (49.2) 18/122 (14.8)
FLAG (n/N/%) 15/39 (38.5) 21/39 (53.8) 6/39 (15.4)
CAG/DAG (n/N/%) 8/26 (30.8) 11/26 (42.3) 4/26 (15.4)
CLAG (n/N/%) 11/23 (47.8) 15/23 (65.2) 5/23 (21.7)
MEA (n/N/%) 4/15 (26.7) 6/15 (40) 0/15 (0)
IA/DA/MA (n/N/%) 2/10 (20.0) 3/10 (30) 1/10 (10)
HAA/HAD (n/N/%) 3/9 (33.3) 4/9 (44.4) 2/9 (22.2)
P value .621 .385 .537

Totally 122 out of 142 patients were available for disease remission assessment. allo-HSCT=
allogeneic hematopoietic stem-cell transplantation, CAG/DAG= cytarabine and G-CSF in addition to
aclarubicin or daunorubicin, CLAG= cytarabine, G-CSF, and cladribine, CR=complete remission,
FLAG=fludarabine, G-CSF=granulocyte colony-stimulating factor, HAA/HAD=homoharringtonine,
cytarabine, and aclarubicin or daunorubicin, IA/DA/MA= cytarabine, idarubicin, daunorubicin, or
mitoxantrone, MEA= cytarabine, etoposide, and mitoxantrone, ORR=overall remission rate, PR=
partial remission.

http://links.lww.com/MD/C510
http://links.lww.com/MD/C510
http://links.lww.com/MD/C510
http://links.lww.com/MD/C510
http://links.lww.com/MD/C510
http://www.md-journal.com


Table 4

Logistic regression model analysis of factors predicting CR in R/R AML patients.

Univariate logistic regression Multivariate logistic regression

P value OR 95% CI P value OR 95% CI

Parameters Lower Higher Lower Higher

Age ≥60 y .004 0.295 0.128 0.680 .032 0.351 0.134 0.915
Male (vs female) .281 0.663 0.314 1.399 – – – –

Relapsed disease (vs refractory) .208 1.648 0.758 3.584 – – – –

Secondary disease (vs de novo) .206 0.557 0.224 1.381 – – – –

Risk stratification .002 0.347 0.179 0.674 .060 0.488 0.231 1.031
ECOG performance .613 0.830 0.402 1.711 – – – –

BM blast ≥42.00% at diagnosis .050 0.469 0.220 1.000 .004 0.266 0.108 0.651
CR at first induction .195 1.646 0.775 3.494 – – – –

Previous allo-HSCT .797 1.129 0.448 2.849 – – – –

Second or higher salvage therapy (vs first) .002 0.099 0.022 0.443 .024 0.150 0.029 0.783
FLAG treatment .611 1.228 0.557 2.704 – – – –

CAG/DAG treatment .591 0.775 0.305 1.965 – – – –

CLAG treatment .165 1.919 0.765 4.817 – – – –

MEA treatment .461 0.634 0.189 2.127 – – – –

IA/DA/MA treatment .304 0.433 0.088 2.137 – – – –

HAA/HAD treatment .901 0.913 0.217 3.846 – – – –

Data are presented as P value, OR (odds ratio) and 95% CI. Factors affecting CR achievement were determined by univariate logistic regression analysis, while all factors with P value<.1 were further detected by
multivariate logistic regression analysis. Values in bold were data with P value<0.05, which were considered significant. Risk stratification was scored as 1 – good; 2 – standard; and 3 – poor. The analysis was
based on this definition.
allo-HSCT= allogeneic hematopoietic stem-cell transplantation, BM=bone marrow, CAG/DAG=cytarabine and G-CSF in addition to aclarubicin or daunorubicin, CLAG= cytarabine, G-CSF, and cladribine, CI=
confidence interval, CR= complete remission, ECOG=Eastern Cooperative Oncology Group, FLAG= fludarabine, G-CSF=granulocyte colony-stimulating factor, HAA/HAD=homoharringtonine, cytarabine, and
aclarubicin or daunorubicin, IA/DA/MA=cytarabine, idarubicin, daunorubicin, or mitoxantrone, MEA=cytarabine, etoposide, and mitoxantrone, OR= odds ratio, R/R AML= relapsed or refractory acute myeloid
leukemia.
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Age ≥60 years (P= .004), membership in the poor risk set
(P= .002), BMblast≥42.00%at diagnosis (P= .050), and second
or later round of salvage therapy (P= .002) were inversely
associated with CR (Table 4). All factors with P value <.1 were
subsequently assessed with multivariate logistic regression
and age >=60 years (P= .032), BM blast ≥42.00% at diagnosis
(P= .004), and second or higher salvage therapy (P= .024)
Table 5

Logistic regression analysis of factors predicting ORR in R/R AML p

Univariate logistic regres

P value OR

Parameters Lowe

Age ≥60 y .006 0.347 0.164
Male (vs female) .854 1.069 0.526
Relapsed disease (vs refractory) .025 2.333 1.109
Secondary disease (vs de novo) .032 0.390 0.165
Risk stratification .069 0.577 0.319
ECOG performance .095 0.545 0.267
BM blast ≥42.00% at diagnosis .280 0.675 0.331
CR at first induction .210 1.591 0.769
Previous allo-HSCT .929 1.042 0.427
Second or higher salvage therapy (vs first) <.001 0.113 0.036
FLAG treatment .480 1.316 0.614
CAG/DAG treatment .431 0.703 0.293
CLAG treatment .093 2.250 0.875
MEA treatment .450 0.654 0.218
IA/DA/MA treatment .217 0.414 0.102
HAA/HAD treatment .768 0.814 0.208

Data are presented as P value, OR (odds ratio) and 95% CI. Factors affecting CR achievement were determin
multivariate logistic regression analysis. Values in bold were data with P value<0.05, which were consider
based on this definition. allo-HSCT= allogeneic hematopoietic stem-cell transplantation, AML= acute m
daunorubicin, CLAG= cytarabine, G-CSF, and cladribine, CI=confidence interval, CR= complete remiss
stimulating factor, HAA/HAD=homoharringtonine, cytarabine, and aclarubicin or daunorubicin, IA/DA/MA=
OR= odds ratio, ORR = overall remission rate, R/R AML= relapsed or refractory acute myeloid leukem
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were verified to be independent factors predicting absence
of CR.
3.5. Analysis of factors affecting ORR

As shown in Table 5, patients on a CLAG-based regimen had
greater odds of achieving ORR compared to patients on other
atients.

sion Multivariate logistic regression

95% CI P value OR 95% CI

r Higher Lower Higher

0.736 .104 0.470 0.189 1.167
2.174 – – – –

4.907 .018 2.883 1.198 6.938
0.922 .095 0.420 0.152 1.164
1.044 .480 0.770 0.373 1.590
1.112 .235 0.601 0.260 1.393
1.378 – – – –

3.290 – – – –

2.544 – – – –

0.352 .004 0.152 0.042 0.554
2.823 – – – –

1.687 – – – –

5.788 .161 2.288 0.719 7.281
1.966 – – – –

1.681 – – – –

3.190 – – – –

ed by univariate logistic regression analysis, while all factors with P value<.1 were further detected by
ed significant. Risk stratification was scored as 1 – good; 2 – standard; and 3 – poor. The analysis was
yeloid leukemia, BM=bone marrow, CAG/DAG= cytarabine and G-CSF in addition to aclarubicin or
ion, ECOG=Eastern Cooperative Oncology Group, FLAG= fludarabine, G-CSF=granulocyte colony-
cytarabine, idarubicin, daunorubicin, or mitoxantrone, MEA= cytarabine, etoposide, and mitoxantrone,
ia.



Figure 1. Accumulating OS by different treatments. (A) K-M curve analysis of OS in total R/R AML patients. Salvage chemotherapy regimens achieved amedian OS
of 8.0 (95% CI 6.6–9.4) months with 1-year OS rate of 29.9%±3.9% and 3-year OS of 11.1%±3.6%. (B) K-M analysis of OS by different treatments. The CLAG-
based regimen achieved median OS of 10.0 (95% CI 3.4–16.6) months, and the FLAG-, CAG/DAG-, MEA-, IA/DA/MA-, and HAA/HAD-based regimens achieved
9.0 (95% CI 6.6–11.4) months, 7.0 (95% CI 2.8–11.2) months, 5.0 (95% CI 2.3–7.7) months, 5.0 (95% CI 0.0–11.8) months, and 8.0 (95% CI 6.6–9.4) months,
respectively. No difference of OS among salvage chemotherapy regimens was found (P= .230). Comparison among groups was performed with log-rank test.
P< .05 was considered significant. AML=acute myeloid leukemia, CAG/DAG=cytarabine and G-CSF in addition to aclarubicin or daunorubicin, CI=confidence
interval, CLAG=cytarabine, G-CSF, and cladribine, FLAG=fludarabine, G-CSF=granulocyte colony-stimulating factor, HAA/HAD=homoharringtonine,
cytarabine, and aclarubicin or daunorubicin, IA/DA/MA=cytarabine, idarubicin, daunorubicin, or mitoxantrone, K-M=Kaplan–Meier, MEA=cytarabine,
etoposide, and mitoxantrone, OS=overall survival, R/R AML= relapsed or refractory acute myeloid leukemia.
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regimens, but presented this effect was not significant (P= .093),
while none of the other chemotherapy regimens was associated
with ORR achievement. Age ≥60 years (P= .006), secondary
disease (P= .032), and second or later round of salvage therapy
(P< .001) were inversely associated with ORR, while relapsed
disease (P= .025) was associated with ORR. All factors with P
value less than .1 were assessed with multivariate regression
which showed that second or later round of salvage therapy was
an independent factor predicting lower odds of ORR (P= .004),
while relapsed disease was verified to be an independent factor
predicting higher odds of ORR (P= .018). No other difference of
ORR was observed among groups divided by other factors.
3.6. Survival profiles

Kaplan–Meier curves analysis disclosed thatmedianOS in total R/
R AML patients was 8.0 (95% CI 6.6–9.4) months with a 1-year
OS rate of (29.9±3.9)% and a 3-year OS rate of (11.1±3.6)%
(Fig. 1A). In addition, the 30-day mortality rate of R/R AML
patients in our study was 26.1%. As to survival among different
therapy groups, FLAG, CAG/DAG, CLAG, MEA, IA/DA/MA,
and HAA/HAD-based regimens achieved median OS of 9.0 (95%
CI 6.6–11.4) months, 7.0 (95% CI 2.8–11.2) months, 10.0 (95%
CI 3.4–16.6) months, 5.0 (95% CI 2.3–7.7) months, 5.0 (95%CI
0.0–11.8)months, and 8.0 (95%CI 6.6–9.4)months, respectively.
No significant difference of OS among salvage chemotherapy
regimens was observed (Fig. 1B) (P= .230). Regarding OS in
CLAG group and FLAG group, no difference of OS was observed
between the 2 groups (P= .151) (Supplementary Fig. 1D, http://
links.lww.com/MD/C510). Furthermore, no difference of OS was
5

found among low-dose cytarabine group, intermediate-dose
cytarabine group, and high-dose cytarabine group (P= .119)
(Supplementary Fig. 1C, http://links.lww.com/MD/C510), while
OS in patients with age >=60 years was shorter compared to
patients with age <60 years (P= .005) (Supplementary Fig. 2B,
http://links.lww.com/MD/C510).

3.7. Analysis of factors affecting OS

As to factors affecting OS (Table 6), CLAG-based regimen
showed a trend of better OS, but this association was not
statistically significant (P= .056). Age >=60 years (P= .008),
secondary disease (P= .002), poor risk set (P= .001), higher
ECOG performance (P= .023), and second or later round of
salvage therapy (P< .001) were assessed to be associated with
shorter OS by univariate Cox’s regression, while relapsed disease
(P= .011) was associated with longer OS. Factors with P
value< .1 were evaluated in the subsequent multivariate Cox
regression, and CLAG-based regimen was an independent factor
predicting prolonged OS (P= .016), while poor risk set was
verified to be an independent predictive factor for worse OS
(P= .002).
3.8. Safety profiles

The data on toxicity are displayed in Supplementary Table 1,
http://links.lww.com/MD/C510, which reveals that febrile neu-
tropenia and thrombocytopenia were the most 2 common
hematological toxicities in each group. Numbers of patients with
febrile neutropenia and thrombocytopenia were: 41 (89.1%) and
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Table 6

Cox’s proportional hazards regression analysis of factors affecting OS in R/R AML patients.

Univariate Cox regression Multivariate Cox regression

P value HR 95% CI P value HR 95% CI

Parameters Lower Higher Lower Higher

Age ≥60 y .008 1.644 1.141 2.369 .282 1.254 0.830 1.896
Male (vs female) .143 1.314 0.911 1.894 – – – –

Relapsed disease (vs refractory) .011 0.615 0.423 0.894 .092 0.708 0.474 1.058
Secondary disease (vs de novo) .002 1.928 1.273 2.918 .185 1.382 0.857 2.230
Risk stratification .001 1.686 1.245 2.283 .002 1.754 1.224 2.514
ECOG performance .023 1.494 1.058 2.110 .091 1.378 0.950 1.998
BM blast ≥42.00% at diagnosis .146 1.315 0.909 1.901 – – – –

CR at first induction .007 0.594 0.408 0.867 .073 0.681 0.447 1.036
Previous allo-HSCT .456 0.840 0.532 1.327 – – – –

Second or higher salvage therapy (vs first) <.001 2.352 1.547 3.576 .107 1.545 0.910 2.622
FLAG treatment .949 0.987 0.672 1.451 – – – –

CAG/DAG treatment .839 1.048 0.668 1.643 – – – –

CLAG treatment .056 0.617 0.377 1.012 .016 0.515 0.300 0.884
MEA treatment .168 1.469 0.850 2.540 – – – –

IA/DA/MA treatment .201 1.502 0.806 2.802 – – – –

HAA/HAD treatment .839 1.073 0.543 2.122 – – – –

Data are presented as P value, HR, and 95% CI. Significance was determined by univariate and multivariate Cox’s proportional hazards regression analysis. Factors with P value <.1 were further analyzed by
multivariate model. Values in bold were data with P value <0.05, which were considered significant. Risk stratification was scored as 1 – good; 2 – standard; and 3 – poor. The analysis was based on this
definition.
allo-HSCT= allogeneic hematopoietic stem-cell transplantation, BM=bone marrow, CAG/DAG=cytarabine and G-CSF in addition to aclarubicin or daunorubicin, CLAG= cytarabine, G-CSF, and cladribine, CI=
confidence interval, CR= complete remission, ECOG=Eastern Cooperative Oncology Group, FLAG= fludarabine, G-CSF=granulocyte colony-stimulating factor, HR=hazard ratio, HAA/HAD=
homoharringtonine, cytarabine, and aclarubicin or daunorubicin, IA/DA/MA= cytarabine, idarubicin, daunorubicin, or mitoxantrone, MEA= cytarabine, etoposide, and mitoxantrone, OS= overall survival, R/R
AML= relapsed or refractory acute myeloid leukemia.
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40 (87.0%) respectively in FLAG group; 25 (83.3%) and 26
(86.7%) in CAG/DAG group; 23 (85.2%) and 21 (77.8%) in
CLAG group; 14 (82.4%) and 11 (64.7%) in MEA group; 10
(83.3%) and 8 (66.7%) in IA/DA/MA group; and 8 (80.0%) and
7 (70.0%) in HAA/HAD group. Other information of adverse
events including infection, hemorrhage, ALT or AST elevation,
cardiotoxicity, nausea/vomiting, and others are exhibited in the
Supplementary Table 1, http://links.lww.com/MD/C510. The
infection rate in our study was 58.5%.

4. Discussion

In this study, we evaluated the efficacy of salvage chemotherapies,
including FLAG-, CAG/DAG-, CLAG-, MEA-, IA/DA/MA-, and
HAA/HAD-based regimens in R/R AML patients, as well as
evaluating the other clinical factors that might be predictive of
outcomes. This present research obtained following results:
(1)
 R/R AML patients in our study achieved a CR of 35.2% and
an ORR of 49.2%, and additionally, 14.8% of patients
underwent allo-HSCT.Meanwhile, medianOSwas 8.0 (95%
CI 6.6–9.4) months with 1-year OS rate of (29.9±3.9)% and
3-year OS rate of (11.1±3.6)%.
While the CLAG-based regimen did not affect CR, it
(2)

exhibited a trend toward higher odds of ORR compared
to other treatment regimens, and it was an independent factor
for prolonged OS. No other regimens were observed to be
correlated with CR, ORR, or OS.
As to other factors affecting outcomes, age >=60 years, BM
(3)

blast >=42.00% at diagnosis, and second or later round of
salvage therapy were independent predictive factors for lower
odds of CR and the latter was also an independent factor
predicting absence of ORR, while relapsed disease was an
independent factor for achieving ORR, and poor risk
stratification was associated with shorter OS.
6

Several cytotoxic agents are applied in salvage chemotherapy
regimens for R/R AML. Aclarubicin, an oligosaccharide
anthracycline as well as an antineoplastic antibiotic, inhibits
replication and repair of DNA by interacting with topoisomerase
I and II. It has been reported to have lower cardiac toxicity than
doxorubicin and to be effective, regardless of gene status, for
multidrug resistance.[13–15] Daunorubicin and idarubicin, which
are also anthracyclines, are widely used with cytarabine in R/R
AML due to their antileukemic effects through inhibiting repair
of DNA in leukemia cells.[16] Etoposide, which is a topoisomerase
II inhibitor, andmitoxantrone, which is an agent for intercalating
DNA, are often used in salvage therapy for R/RAML patients.[17]

Homoharringtonin is natural ester of alkaloid cephalotaxine
originating in Cephalotaxus, and its cytotoxicity is due to several
mechanisms, such as the inhibition of DNA synthesis as well as
inhibition of proteins in leukemic cells.[18,19] FLAG and
cladribine, both purine nucleoside analogues, possess similar
structures and have the same functional mechanism: they increase
the concentration of Ara-CTP, which is the active metabolite of
cytarabine and cytotoxic to leukemic cells; moreover, they also
present some difference of interaction with enzymes.[8,20] In
contrast to the antineoplastic agents above, G-CSF is a cytokine
that is usually incorporated into chemotherapy regimens due to
its promotion of differentiation in myeloid cells.[21] According to
the different properties of each drug, various combined
chemotherapy regimens have been developed, including FLAG-
, CAG/DAG-, CLAG-, MEA-, IA/DA/MA-, and HAA/HAD-
based regimens.
A literature review performed by Valeriy Sedov and Robert K.

Stuart has reported outcomes of various recent chemotherapy
regimens that are frequently used in treating R/R AML, including
FLAG, CLAG with or without mitoxantrone, high-dose
cytarabine (HiDAC) with or without an anthracycline, etoposide
together with cytarabine with or without mitoxantrone, and
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clofarabine-containing regimens. These researchers report a
range of CR of 12% to 53% and a median OS of 3.3 to 9 months
for all patients. In addition, they report CR and median OS in
patients >60 years in the ranges of 12% to 35% and 3.3 to 6.6
months, respectively.[7] Furthermore, regimen with some new
drugs have achieved relatively satisfactory treatment outcomes
according to previous studies, for instance, the study that treats
R/R AML patients with vosaroxin plus cytarabine in a
randomized phase III trial (VALOR) displays OS of 7.5 (95%
CI 6.4–8.5) months in vosaroxin plus cytarabine group andOS of
6.1 (5.2–7.1) months in placebo plus cytarabine group, and the
Clofarabine and Cytarabine Studying Survival via Induction and
Consolidation (CLASSIC I) study discloses median OS of 6.6
months in clofarabine plus Ara-C group and median OS of 6.3
months in cytarabine group.[22,23] In line with these previous
studies, we found that the commonly used chemotherapy
regimens achieved a CR rate of 35.2% and a median OS of
8.0 (95% CI 6.6–9.4) months in our patients, who had a mean
age of 51.01±18.00 years, and the results in our study were
comparable to those in previous studies, including the studies
applying new drugs. As to allo-HSCT achievements, the rate of
allo-HSCT in our study was relatively lower than the previous
VALOR study (14.8% vs 30%) due to the lack of donors.
As to analyses of the effects of different treatments on

outcomes, a retrospective study performed by SL Price et al
evaluated the difference of survival between CLAG and MEC in
162R/R AML patients, and they report that patients treated with
CLAG achieved longer OS compared to patients treated with
MEC in refractory AML patients (P= .07).[24] Another retro-
spective research which treated R/R AML patients with
cladribine-based and FLAG-based chemotherapy showed that
cladribine-based therapy (CLAG and CLAG plus mitoxantrone)
to be associated with better survival in some subsets, such as
patients with de novo AML, CR at first induction, and not-poor
risk.[25] In accordance with previous studies, we found that
CLAG-based regimen is correlated with better OS and that it also
shows a trend toward higher odds of ORR. The mechanisms of
cladribine may explain these results:
(1)
 As a purine analogue, cladribine inhibits ribonucleotide
reductase (RNR), lowers the cellular deoxynucleotide pools,
and interferes with DNA synthesis, subsequently reducing cell
proliferation in leukemic blasts and leading to numerically
higher ORR and better OS in R/R AML patients.[26,27]

Cytarabine forms its active metabolite Ara-CTP in leukemic
(2)

blasts, which leads to terminate the extension of DNA stands,
and cladribine increases the cellular uptake as well as
accumulation of Ara-CTP in leukemic blasts. The bioactiva-
tions of cladribine and Ara-C both need the participation of
deoxycytidine kinase (dCK). The activity of dCK is negatively
regulated by deoxyadenosine (dAdo), which is formed from
adenosine (Ado) under the activation of ribonucleotide
reductase.[11] Cladribine is able to inhibit ribonucleotide
reductase, thereby indirectly decreasing the level of dAdo, and
further increasing the activity of dCK. Therefore, the level of
Ara-CTP, which is the active metabolite of Ara-C, is raised
due to the elevated dCK level. In brief, addition of cladribine
results in loss of the negative feedback described above,
thereby increasing uptake and accumulation of Ara-CTP and
leading to the better outcomes by CLAG-based regimen.
Other than the common mechanisms of other purine
(3)

analogues, cladribine also changes the membrane potential
of mitochondria. It may result from 3 different ways as
7

follows. Firstly, cladribine causes loss of mitochondrial
transmembrane potential via the activation of a Z-VAD-
sensitive caspase; secondly, cladribine leads to the mitochon-
dria translocation by action of a Bax-like protein, which
further promotes the loss of Dcm; thirdly, cladribine may
directly induce transition of mitochondrial permeability via
an unidentified death signal. Therefore, all these processes
lead to the loss of Dcm and the subsequent cells apoptosis.
Cladribine inhibits DNA methyltransferase and consumes
(4)

methyl donors. As for the inhibition of DNA methyltransfer-
ase, cladribine presumably induces downregulation of DNA
methyltransferase 1 as other adenosine analogues.[27] With
regards to the effects of cladribine on methyl donors and
DNA methyltransferase, they may be associated with the
chemical structure of cladribine. As an adenosine analogue,
cladribine suppresses DNAmethylation through inhibiting S-
adenosyl homocysteine hydrolase (SAHH), which hydrolyzes
S-adenosyl homocysteine (SAH).[30] Subsequently, the accu-
mulated SAH production consumes the S-adenosyl methio-
nine (SAM), which is a methyl donor activated by
methyltransferases, thereby inhibiting the methylation of
DNA. As a consequence, the methylation of DNA has been
remarkably impaired due to the reduction of methyl donors
and repression of DNAmethyltransferase, thereby increasing
cell death in leukemic blasts.[11,31–34]

Our study also had several limitations:

(1) Sample size was relatively small. In fact, most R/R AML

patients experience rapid disease progression and have
relatively short OS, which leads to a relatively small number
of R/R AML patients in a single center. Therefore, in our
study, 142R/R AML patients (only 27 patients in CLAG
group) were enrolled between January 2013 and December
2016, a relatively small sample size, which may have reduced
the reliability of our results. To address this issue, we would
recruit more R/R AML patients in the future, to investigate
the efficacy of CLAG regimen with a larger sample size.
This study was a retrospective, single-center study, and future
(2)

multicenter, prospective research is needed to verify outcomes
under various salvage chemotherapy regimens in R/R AML
patients.

In conclusion, FLAG-, CAG/DAG-, CLAG-, MEA-, IA/DA/
MA-, and HAA/HAD-based regimens were observed to achieve
similar CR rates, while the CLAG-based regimen achieved a trend
towards higher odds of ORR, as well as a longer OS. Therefore, a
CLAG-based regimen for treating R/R AML patients might be
considered to be a prioritized option.
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