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Abstract

Purpose To compare the clinical remission and survival

between CLAG and FLAG induction chemotherapy in

treating patients with refractory or relapsed acute myeloid

leukemia (R/R AML).

Methods 103 R/R AML patients were consecutively

enrolled in this prospective cohort study. 55 patients were

treated by CLAG induction chemotherapy as follows:

5 mg/m2/day cladribine (days 1–5); 2 g/m2/day cytarabine

(days 1–5) and 300 lg/day filgrastim (days 0–5). While 48

patients were treated by FLAG: 30 mg/m2/day fludarabine

(days 1–5), 2 g/m2/day cytarabine (days 1–5), and

300 lg/day filgrastim (days 0–5).

Results CLAG induction chemotherapy achieved 61.7%

complete remission rate (CR) and 78.7% overall remission

rate (ORR), which was similar with FLAG chemotherapy

which realized 48.7% CR and 69.2% ORR. No difference

of overall survival (OS) was discovered between two

groups either. Age cytarabine 60 years, secondary disease,

poor risk stratification and BM blast C 42.7% and second

or higher salvage therapy were independent factors for

worse prognosis. Subgroups analysis revealed that in

patients with second or higher salvage therapy, CLAG

seemed to achieve a higher CR than FLAG. And in patients

with relapsed disease, poor risk stratification or CR at first

induction, CLAG seemed to realize a prolonged OS com-

pared to FLAG.

Conclusion CLAG was equally effective to FLAG induc-

tion chemotherapy in total R/R AML patients, while CLAG

seemed to be a better option than FLAG in patients with

relapsed disease, poor risk stratification, CR at first

induction or second or higher salvage therapies.

Keywords CLAG � FLAG � Induction chemotherapy �
Clinical remission � Overall survival � Refractory or

relapsed acute myeloid leukemia (R/R AML)

Introduction

Acute myeloid leukemia (AML) is a cancer featured by

infiltration of bone marrow, blood, and other tissues

resulting from clonal, abnormally differentiated and occa-

sionally poorly differentiated cells of hematopoietic system

[1]. Although understanding in the pathology of AML has

developed and a variety of therapies to AML have been

used for many years, no response to induction therapy still

happens in 20–40% and relapse after CR occurs in 50–70%

of the patients, respectively, which are called refractory or

relapsed AML (R/R AML) [2]. Moreover, the 1-year sur-

vival of those with first relapse is only 29% and it dropped

remarkedly to 11% at 5-year [3]. Thus, it is necessary to

explore effective therapies in treating R/R AML patients.
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The common therapies for R/R AML patients include

cytotoxic chemotherapy, targeted agents and immunother-

apy [4]. As to chemotherapies, the salvage therapies based

on cytarabine (Ara-C) plus other cytotoxic agents and

cytokine are used widely in R/R AML disease. Plenty of

studies have revealed that purine analogs as cytotoxic

agents act as important parts in the salvage therapy for R/R

AML through inhibiting ribonucleotide reductase (RNR)

[4]. Among the purine analogs, fludarabine has been

investigated for many years and it is usually combined with

Ara-C and granulocyte colony-stimulating factor (G-CSF)

(FLAG) as a salvage therapy in AML patients [5, 6]. It is

reported that FLAG achieves CR ranging from 46 to 63%

in R/R AML patients and the efficacy of fludarabine is on

account of its triphosphate which inhibits RNR and ele-

vates Ara-CTP in leukemic cells [7–9]. While another

cytotoxic agent cladribine, as a new generation of purine

analog, has been considered to be a substitute for fludara-

bine in the combination with Ara-C plus G-CSF (CLAG) as

a treatment in R/R AML patients [10], which is not only

due to its same mechanism as fludarabine, but also attribute

to its additional effects that cladribine induces cells apop-

totic process through changing the membrane potential of

mitochondria, repressing DNA methyltransferase (DNMT)

as well as consuming methyl donors and, thus, we

hypothesized that CLAG might be more effective than

FLAG [2, 11–13]. Based on the above advantages of

CLAG, it has attracted the attention of Polish Adult Leu-

kemia Group (PALG) and PALG has conducted a multi-

center, open and non-controlled phase II clinical trial in

R/R AML patients in which CLAG achieves CR of 50%

and 1-year OS of 42% [14]. In Chinese population, CLAG

has been disclosed to achieve CR up to 78.8% in R/R AML

patients as well as a satisfactory median OS of 419 days

and, thus, CLAG has been proposed as the first-line therapy

in R/R AML patients due to its good performance [15, 16].

However, the difference of outcomes between CLAG and

FLAG is still unclear; thus, we conducted this study to

investigate the difference of clinical remission and survival

between the two treatments as well as predictive factors

which may affect the outcomes in R/R AML patients.

Materials and methods

Patients

103 R/R AML patients between Jan 2013 and Dec 2015

were consecutively enrolled in this prospective cohort

study. The inclusion criteria were as follows: (1) diagnosed

as AML according to the classification of morphology,

immunology, cytogenetics, molecular biology (MICM),

and categorized as relapsed or refractory AML; (2) bone

marrow (BM) blasts above 10%. (3) About to receive urine

analogue combination chemotherapy as induction (CLAG

treatment or FLAG treatment). The exclusions were: (1)

previously treated by urine analog-based therapy. (2)

Severe heart dysfunction, severe arrhythmia, severe lung

dysfunction, severe hepatic dysfunction or renal dysfunc-

tion; (3) pregnancy, lactation or planed for pregnancy.

Patient was included in the analysis only once (the first

salvage treatment after enrollment) if multiple lines of

salvage therapies were undergone after the recruitment.

This study was approved by the Ethics Committee of Taihe

Hospital Affiliated to Hubei University of Medicine; each

patient signed the informed consents.

Treatment

This study did not intervene the treatments of patients, and

all patients were treated by CLAG or FLAG induction

chemotherapy by disease conditions, clinical experience

and patients’ decisions. CLAG treatment was as follows:

5 mg/m2/day cladribine (days 1–5); 2 g/m2/day cytarabine

(days 1–5) and 300 lg/day filgrastim (days 0–5). FLAG

treatment was as follows: 30 mg/m2/day fludarabine (days

1–5), 2 g/m2/day cytarabine (days 1–5), and 300 lg/day

filgrastim (days 0–5). In CLAG treatment group, 5 patients

were combined with previous mitoxantrone treatment at

10 mg/m2/day for 3 days. In FLAG treatment group, 6

patients were combined with previous idarubicin treatment

at 10 mg/m2/day for 3 days.

Baseline data collection

Baseline patients’ characteristics were recorded including:

induction treatment regimen, age, gender, disease status, de

novo or secondary, poor risk stratification, Eastern Coop-

erative Oncology Group (ECOG) performance score, BM

blasts, Complete remission (CR) status at first induction,

previous allogeneic hematopoietic stem-cell transplanta-

tion (allo-HSCT) and line of salvage therapy.

Definitions and assessments

The R/R AML was defined as: Refractory AML—(1)

patients do not achieve CR after two courses of induction

chemotherapy by standard protocol; (2) patients relapse

within 6 months after first CR; (3) patients relapse at

6 months or above after first CR and fail by the subsequent

induction chemotherapy; (4) patients relapse more than 2

times; (5) extra-medullary infiltration of leukemia.

Relapsed AML-leukemic cells reappeared in peripheral

blood or the percentage of bone marrow blasts above 10%.

Secondary AML was defined as therapy-related AML or

other hematological malignancy-related AML. Risk
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stratification in our study was assessed according to the

NCCN Guidelines (NCCN Guidelines 2013 Acute Myeloid

Leukemia) based on patients’ cytogenetics and molecular

abnormalities. The detailed classification criteria were as

follows: (1) Good risk: cytogenetics including inv(16),

t(16;16), t(8;21), t(15;17), or normal cytogenetics with

NPM1 mutation in the absence of FLT3-ITD or isolated

biallelic CEBPA mutation; (2) standard risk: normal

cytogenetics ?8 alone, t(9;11) or other non-defined, or

molecular abnormalities including t(8;21), inv(16) or

t(16;16) with c-KIT mutation; (3) Poor risk: Complex (C 3

clonal chromosomal abnormalities), -5, 5q-, -7, 7q-,

11q23—non t(9;11), inv(3), t(3;3), t(6;9) or t(9;22), or

normal cytogenetics with FLT3-ITD mutation. CR status at

first induction was defined as whether CR was achieved at

first induction therapy after initial diagnosis of AML.

CR was evaluated as BM with at least 20% cellularity

and BM blasts below 5% at steady state after

chemotherapy, without cytological evidence of leukemia,

no transfusion requirement, and leukocyte count above

1 9 109/l as well as platelet count above 100 9 109/l.

Partial remission (PR) was defined as either BM blasts

5–25%, 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. Achievement of allo-HSCT was also assessed as an

endpoint. Overall survival (OS) was calculated from the

date of treatment to the time of death for any cause.

Follow-ups

The median follow-up duration was 9 months (range

0.5–45 months), and the last follow-up date was Dec 2016.

Statistics

Data were analyzed using SPSS 21.0 software (IBM, USA)

and OFFICE 2010 software (Microsoft, USA). Comparison

between two group was determined by t test, Wilcoxon

rank sum test or Chi square test; Kaplan–Meier (K–M)

curves were performed to analyze the OS and log-rank test

was used to determine the difference of OS between/among

groups; univariate and multivariate logistic regression was

performed to analyze the factors affecting CR achieve-

ment; univariate and multivariate Cox’s proportional haz-

ards regression was performed to analyze the factors

affecting OS. In addition, patients were divided into sub-

groups and the efficacy of CLAG and FLAG treatment was

also compared in subgroups. p\ 0.05 was considered

significant.

Results

Baseline characteristics

55 patients, 31 males and 24 females, were enrolled in

CLAG group with mean age of 51.0 ± 17.7 years in which

32 (58%) were relapsed disease and 23 (48%) were

refractory disease (Table 1). 48 patients, 27 males and 21

females, were enrolled in FLAG group with mean age of

48.8 ± 17.5 years in which 29 (60%) were relapsed and 19

(40%) were refractory disease. No difference of age

(p = 0.523), gender (p = 0.991) and disease status

(p = 0.658) was observed between two groups. 44 (80%)

and 11 (20%) cases in CLAG group were de novo and

secondary AML disease, while the numbers in FLAG

group were 37 (77%) and 11(23%), respectively

(p = 0.719). Based on cytogenetics and molecular abnor-

malities, 6 (11%), 30 (54), 17 (31%) patients in CLAG

treatment were classified into good, standard and poor risk

with additionally 2 (4%) patients were not evaluated for

risk stratification, in the meanwhile, 9 (19%), 21 (44%), 16

(33%) and 1 (2%) patients in FLAG treatment were cate-

gorized in good, standard, poor and unknown risk

(p = 0.586). All cases were also evaluated according to

ECOG performance, which showed that 18 (33%), 33

(60%) and 4 (7%) cases in CLAG group were with ECOG

performance score 0, 1 and 2; meanwhile, 13 (27%), 30

(63%) and 5 (10%) cases in FLAG group were with ECOG

performance score 0, 1 and 2 (p = 0.745). BM blast at

baseline in CLAG and FLAG was 43.2 (25.1–61.8) and

41.6 (29.5–64.8), respectively (p = 0.761). Patients with

CR at first induction were 28 (51%) and 20 (42%) in

CLAG and FLAG group, respectively (p = 0.348). In

addition, 11 (20%) cases in CLAG and 10 (21%) in FLAG

had undergone allo-HSCT previously (p = 0.917); more-

over, 14 (25%) cases in CLAG and 10 (21%) cases in

FLAG were at second or higher salvage therapy

(p = 0.580).

Clinical efficacy by CLAG and FLAG treatments

As shown in Fig. 1, 47 and 39 patients were evaluable for

remission in CLAG and FLAG group, respectively. 61.7%

(29/47) patients in CLAG group and 48.7% (19/39) patients

in FLAG group achieved CR (p = 0.227) (Fig. 1a); mean-

while, 78.7% (37/47) cases in CLAG group and 69.2% (37/

47) in FLAG group obtained ORR (p = 0.315) (Fig. 1a).

Both CR and ORR presented no difference between two

groups. In addition, no difference was observed in allo-

HSCT achievement after treatments between CLAG and

FLAG (16.4 vs. 14.6%, p = 0.803) (Fig. 1b).
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Overall survival

K–M curve and log-rank test were conducted to analyze the

accumulating OS (Fig. 2), which revealed that no differ-

ence of OS was observed between CLAG and FLAG

treatments (p = 0.151). Median OS of CLAG and FLAG

was 12.0 (95% CI 8.4–15.6) months and 8.0 (95% CI

5.1–10.9) months. CLAG attained 1-year OS of

(45.5 ± 6.7) % and 3-year OS of (35.3 ± 6.6)%, while

FLAG achieved 1-year OS of (35.4 ± 6.9)% and 3-year

OS of (26.8 ± 6.4)%.

Analysis of factors affecting CR

Factors affecting CR were assessed by univariate logistic

regression (Table 2). Age C 60 years (p = 0.001), poor

risk stratification (p = 0.003), BM blast C 42.7%

(p = 0.030), second or higher salvage therapy (p = 0.049)

were associated with less possibility of achieving CR.

While CR at first induction was correlated with the pres-

ence of CR (p = 0.024). All factors were subsequently

analyzed via multivariate model, which disclosed that

age C 60 years (p = 0.016), poor risk stratification

(p = 0.029) and BM blast C 42.7% (p = 0.022) were

independent predictive factors for the absence of CR.

Analysis of factors affecting ORR

As to factors affecting ORR, univariate logistic regres-

sion in Table 3 displayed that age C 60 years was

associated with worse ORR (p = 0.002). All factors

were analyzed through the following multivariate model,

Table 1 Baseline characteristics

Parameters CLAG treatment (N = 55) FLAG treatment (N = 48) p value

Age (years) 51.0 ± 17.7 48.8 ± 17.5 0.523

Gender (male/female) 31/24 27/21 0.991

Disease status 0.658

Relapsed (n/%) 32 (58) 29 (60)

Refractory (n/%) 23 (42) 19 (40)

De novo or secondary 0.719

De novo (c %) 44 (80) 37 (77)

Secondary (n/%) 11 (20) 11 (23)

Risk stratification 0.586

Good (n/%) 6 (11) 9 (19)

Standard (n/%) 30 (54) 21 (44)

Poor (n/%) 17 (31) 16 (33)

Unknown (n/%) 2 (4) 1 (2)

ECOG performance 0.745

0 (n/%) 18 (33) 13 (27)

1 (n/%) 33 (60) 30 (63)

2 (n/%) 4 (7) 5 (10)

BM blast (%) 43.2 (25.1–61.8) 41.6 (29.5–64.8) 0.761

CR at first induction 0.348

Yes (n/%) 28 (51) 20 (42)

No (n/%) 27 (49) 28 (58)

Previous allo-HSCT (n/%) 0.917

Yes (n/%) 11 (20) 10 (21)

No (n/%) 44 (80) 38 (79)

Lines of salvage therapy 0.580

First salvage therapy (n/%) 41 (75) 38 (86)

Second or higher salvage therapy (n/%) 14 (25) 10 (21)

Data were presented as mean value and standard deviation, median value and 1/4–3/4 quarters, or count (percentage). Comparison was

determined by t test, Wilcoxon rank sum test or Chi square test. p\ 0.05 was considered significant

ECOG Eastern Cooperative Oncology Group, BM bone marrow, CR complete remission, allo-HSCT allogeneic hematopoietic stem-cell

transplantation
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which presented age C 60 years was an independent

predictive factor predicting less possibility to achieve

ORR (p = 0.009).

Analysis of factors affecting OS

As displayed in Table 4, age C 60 years (p = 0.005),

secondary disease (p = 0.005), poor risk stratification

(p = 0.004), BM blast C 42.1% (p = 0.021) and second

or higher salvage therapy (p = 0.003) were all correlated

with worse OS. Subsequently, all factors were evaluated by

multivariate Cox’s regression which illustrated that sec-

ondary disease (p = 0.042), BM blast C 42.1%

(p = 0.001) and second or higher salvage therapy

(p = 0.009) were independent predictive factors predicting

poor OS.

Subgroup analysis with CR

To further explore the difference of efficacy between

CLAG and FLAG, we divided all participants into different

subgroups by baseline characteristics. As presented in

Table 5, in patients with second or higher salvage therapy,

CLAG achieved numerically higher CR compared to

FLAG but presented no significant difference (p = 0.085).

No difference of CR between CLAG and FLAG was dis-

covered in other subgroups.

Subgroup analysis with OS

As to subgroups analysis on OS, CLAG achieved longer

OS than FLAG in patients with CR at first induction

(Fig. 3c, p = 0.045). In addition, in patients with relapsed

disease (Fig. 3a, p = 0.078) and poor risk stratification

(Fig. 3b, p = 0.082), CLAG attained numerically

Fig. 1 Clinical efficacy after CLAG and FLAG therapies. a 47/55

patients in CLAG group were evaluable for remission in which 61.7%

achieved CR and 78.7% achieved ORR; 39/48 patients in FLAG

group were evaluable for remission in which 48.7% achieved CR and

69.2% achieved ORR. No difference of CR or ORR between CLAG

and FLAG was observed. b Achievement of allo-HSCT after CR.

16.4% (9/55) and 14.6% (7/48) in CLAG and FLAG groups received

allo-HSCT, respectively, with no difference between two groups.

Comparison between two groups was determined by Chi square test.

p\ 0.05 was considered significant

Fig. 2 Accumulating OS by CLAG and FLAG treatments. K–M

curve analysis of accumulating OS. CLAG therapy achieved median

OS of 12.0 (95% CI 8.4–15.6) months and FLAG achieved median

OS of 8.0 (95% CI 5.1-10.9) months. The 1-year OS of CLAG and

FLAG group was (45.5 ± 6.7) % and (35.4 ± 6.9) %, and 3-year OS

was (35.3 ± 6.6) % and (26.8 ± 6.4) % respectively. No difference

of OS was observed. Comparison of OS between groups was

determined by K–M curves and log-rank test. p\ 0.05 was consid-

ered significant
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prolonged OS compared with FLAG but no significant

difference was observed. No other difference of OS

between CLAG and FLAG was found in subgroups divided

by baseline characteristics (Supplemental Figure S1).

Discussion

In our study, we evaluated difference of efficacy and sur-

vival between CLAG and FLAG in R/R AML patients and

the two therapies achieved following outcomes: (1) CLAG

Table 2 Univariate and multivariate logistic regression analysis of factors affecting CR

Parameters Univariate logistic regression Multivariate logistic regression

p value OR 95% CI p value OR 95% CI

Lower Higher Lower Higher

CLAG treatment (vs. FLAG treatment) 0.315 1.551 0.659 3.653 0.223 1.988 0.658 6.006

Age C 60 years 0.001 0.213 0.084 0.538 0.016 0.224 0.066 0.760

Male (vs. female) 0.621 0.806 0.344 1.892 0.849 0.891 0.272 2.921

Relapsed disease (vs. refractory) 0.349 1.513 0.636 3.597 0.502 1.577 0.417 5.968

Secondary disease (vs. de novo) 0.335 0.583 0.195 1.744 0.753 1.263 0.294 5.415

Higher risk stratification 0.003 0.321 0.152 0.682 0.029 0.363 0.146 0.903

Higher ECOG performance 0.246 1.645 0.710 3.814 0.236 2.000 0.635 6.300

BM blast C 42.7% 0.030 0.380 0.158 0.913 0.022 0.239 0.071 0.810

CR at first induction 0.024 2.786 1.143 6.787 0.807 1.198 0.282 5.083

Previous allo-HSCT 0.355 1.681 0.559 5.055 0.805 1.232 0.235 6.445

Second or higher salvage therapy (vs. first) 0.049 0.350 0.123 0.993 0.493 0.610 0.148 2.507

Data were presented as p value, OR (odds ratio) and 95% CI. Factors affecting CR achievement were determined by univariate logistic regression

analysis and multivariate logistic regression analysis. p value\ 0.05 was considered significant. Risk stratification was scored as 1-good;

2-standard; 3-poor. The analysis was based on this definition

Bold values are data with p value\ 0.05, which were considered significant

ECOG Eastern Cooperative Oncology Group, BM bone marrow, CR complete remission, allo-HSCT allogeneic hematopoietic stem-cell

transplantation

Table 3 Univariate and multivariate logistic regression analysis of factors affecting ORR

Parameters Univariate logistic regression Multivariate logistic regression

p value OR 95% CI p value OR 95% CI

Lower Higher Lower Higher

CLAG treatment (vs. FLAG treatment) 0.317 1.644 0.620 4.359 0.199 2.191 0.661 7.259

Age C 60 years 0.002 0.197 0.069 0.560 0.009 0.181 0.050 0.653

Male (vs. female) 0.704 1.207 0.458 3.183 0.136 3.060 0.704 13.305

Relapsed disease (vs. refractory) 0.305 1.667 0.627 4.427 0.306 2.128 0.501 9.038

Secondary disease (vs. de novo) 0.072 0.351 0.112 1.097 0.689 0.733 0.161 3.344

Higher risk stratification 0.057 0.454 0.201 1.023 0.079 0.366 0.119 1.123

Higher ECOG performance 0.662 0.808 0.310 2.102 0.386 0.546 0.139 2.144

BM blast C 42.7% 0.390 0.650 0.244 1.735 0.423 0.578 0.151 2.207

CR at first induction 0.069 2.667 0.925 7.685 0.545 0.624 0.135 2.878

Previous allo-HSCT 0.161 3.061 0.640 14.632 0.212 3.718 0.473 29.228

Second or higher salvage therapy (vs. first) 0.097 0.404 0.138 1.179 0.661 0.716 0.162 3.178

Data were presented as p value, OR (odds ratio) and 95% CI. Factors affecting ORR achievement were determined by univariate logistic

regression analysis and multivariate logistic regression analysis. p value\ 0.05 was considered significant. Risk stratification was scored as

1-good; 2-standard; 3-poor. The analysis was based on this definition

Bold values are data with p value\ 0.05, which were considered significant

ECOG Eastern Cooperative Oncology Group, BM bone marrow, ORR overall remission rate, CR complete remission, allo-HSCT allogeneic

hematopoietic stem-cell transplantation

Clin Transl Oncol (2018) 20:870–880 875

123



and FLAG realized CR rates of 61.7 and 48.7% with

median OS of 12.0 (95% CI 8.4–15.6) months and 8.0

(95% CI 5.1–10.9) months, respectively. There was no

difference of CR and OS between two therapies; (2)

age C 60 years, poor risk stratification and BM

blast C 42.7% were verified to be independent predictive

factors for unsatisfactory CR; meanwhile, secondary dis-

ease, BM blast C 42.1% and second or higher salvage

therapy were independent predictive factors predicting

worse OS; (3) subgroups analysis was performed to further

evaluate difference of outcomes between two therapies.

Although CLAG and FLAG presented no difference of

clinical remission and survival profile in total patients,

CLAG therapy appeared to achieve better CR rates in

patients with second or higher salvage therapy as well as

prolonged OS in patients with relapsed disease, poor risk

stratification or CR at first induction compared to FLAG.

Salvage therapies based on Ara-C plus G-CSF and

purine analogs are widely used in R/R AML patients. Ara-

C, as the backbone of these chemotherapies, is known for

its cytotoxic effect in leukemic blasts which attributes to its

active metabolites Ara-C-50 triphosphate (Ara-CTP). Ara-

CTP is the inhibitory factor of DNA polymerase which

terminates the extension of DNA stands when binds to

DNA, and then induces the apoptosis [11]. G-CSF as a

cytokine has a popular application in hematological dis-

eases such as myelodysplastic syndrome (MDS), AML,

and chronic neutrophilic leukemia (CNL) [17, 18]. As to

R/R AML, G-CSF not only mobilizes hematopoietic

precursor cells but also promotes the differentiation of

myeloid cells [18]. Purine analog which is represented for

fludarabine was reported to be effective in R/R AML

patients for years [4]. Purine analog increases the cellular

uptake as well as accumulation of Ara-CTP in leukemic

blasts which is responsible for cytotoxic effect. Moreover,

fludarabine is demonstrated that it inhibits ribonucleotide

reductase (RNR) and, thus, affects the cells proliferation.

When fludarabine binds to DNA or RNA, it triggered the

process of cells apoptosis [9]. Cladribine possesses the

same mechanisms as fludarabine; in addition, it is able to

change membrane potential of mitochondria which induces

the cytochrome C and apoptosis inducing factor entering

cytoplasm and, thus, leads to apoptosis [2, 11, 12]. On the

other hand, cladribine represses DNMT and consumes

methyl donors which is known as demethylation con-

tributing to cell death [2, 11–13]. Other than above

mechanisms, cladribine accumulates in some cells and

consequently induces the programmed cell death [12]. All

these illustrate the mechanisms of FLAG and CLAG

therapy in R/R AML patients.

The efficacy of CLAG or FLAG in R/R AML patients

has been verified. A comparison of efficacy between

CLAG and another regimen including mitoxantrone, eto-

poside and Ara-C (MEC) in R/R AML patients has been

performed by Samantha L. Price et al. in a retrospective

study, and CLAG achieves higher CR than MEC therapy

[19]. Wang Tao et al. compare the modified FLAG and

another chemotherapy which consists of aclarubicin, Ara-C

Table 4 Univariate and multivariate Cox’s proportional hazards regression analysis of factors affecting OS

Parameters Univariate Cox regression Multivariate Cox regression

p value HR 95% CI p value HR 95% CI

Lower Higher Lower Higher

CLAG treatment (vs. FLAG treatment) 0.166 0.734 0.474 1.137 0.135 0.700 0.439 1.117

Age C 60 years 0.005 1.870 1.206 2.901 0.064 1.567 0.974 2.52

Male (vs. female) 0.279 1.278 0.820 1.993 0.612 1.156 0.661 2.021

Relapsed disease (vs. refractory) 0.164 0.727 0.465 1.139 0.891 0.959 0.527 1.746

Secondary disease (vs. de novo) 0.005 2.105 1.255 3.532 0.042 1.977 1.024 3.819

Risk stratification 0.004 1.634 1.167 2.289 0.068 1.424 0.975 2.079

ECOG performance 0.083 1.441 0.954 2.175 0.243 1.356 0.813 2.262

BM blast C 42.1% 0.021 1.698 1.084 2.660 0.001 2.466 1.455 4.180

CR at first induction 0.078 0.670 0.429 1.046 0.151 0.629 0.334 1.185

Previous allo-HSCT 0.137 0.644 0.361 1.150 0.631 1.140 0.668 1.947

Second or higher salvage therapy (vs. first) 0.003 2.173 1.312 3.597 0.009 2.313 1.238 4.319

Data were presented as p value, HR (Hazards ratio) and 95% CI. Significance was determined by univariate and multivariate Cox’s proportional

hazards regression analysis. p value\ 0.05 was considered significant. Risk stratification was scored as 1-good; 2-standard; 3-poor. The analysis

was based on this definition

Bold values are data with p value\ 0.05, which were considered significant

ECOG Eastern Cooperative Oncology Group, BM bone marrow, CR complete remission, allo-HSCT allogeneic hematopoietic stem-cell

transplantation
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and G-SCF (CAG) in 61 R/R AML patients and, conse-

quently, they obtain CR of 43% in modified FLAG group

which is increased compared to CAG (CR of 21%) [3].

Although these studies disclose the satisfactory CR by

CLAG or FLAG treatment for R/R AML, direct compar-

ison of CR between CLAG and FLAG is still needed. A

retrospective study based on cladribine-containing

chemotherapy and fludarabine-containing chemotherapy

has been conducted by Hyunkyung Park et al. to compare

the efficacy of the two chemotherapies in R/R AML

patients. Cladribine group in their study achieves a CR of

62.7% and fludarabine group achieves CR of 61.4%, which

presents no difference between the two therapies [20]. In

accordance with the previous study, we found that CLAG

achieved CR of 61.7% and FLAG achieved 48.7% in R/R

AML patients, respectively, and no significant difference

was observed, indicating that CLAG was equally effective

with FLAG in total R/R AML patients. This result might be

Table 5 Subgroups analysis of

CR by CLAG and FLAG

treatment

Parameters CR in CLAG group CR in FLAG group p value

Total (s/%) 29/47 (62) 19/39 (49) 0.227

Age C 60 years

Yes (n/N/%) 7/18 (39) 4/16 (25) 0.388

No (n/N/%) 22/29 (76) 15/23 (65) 0.400

Gender

Male (n/N/%) 15/25 (60) 9/21 (43) 0.246

Female (n/N/%) 14/22 (64) 10/18 (56) 0.604

Disease status

Relapsed (n/N/%) 19/27 (70) 12/24 (50) 0.137

Refractory (n/N/%) 10/20 (50) 7/15 (47) 0.845

De novo or secondary

De novo (n/N/%) 26/39 (67) 15/31 (48) 0.123

Secondary (n/N/%) 3/8 (38) 4/8 (50) 0.614

Risk stratification

Good (n/N/%) 5/6 (83) 6/9 (67) 0.475

Standard (n/N/%) 19/26 (73) 11/19 (58) 0.286

Poor (n/N/%) 4/13 (31) 2/10 (20) 0.560

Unknown (n/N/%) 1/2 (50) 0/1 (0) 0.386

ECOG performance

0 (n/N/%) 10/17 (59) 5/12 (42) 0.362

1 (n/N/%) 18/29 (62) 13/26 (50) 0.368

2 (n/N/%) 1/1 (100) 1/1 (100) 1.000

BM blast C 42.1%

Yes (n/N/%) 11/22 (50) 9/22 (41) 0.545

No (n/N/%) 18/25 (72) 10/17 (59) 0.374

CR at first induction

Yes (n/N/%) 17/23 (74) 9/15 (60) 0.367

No (n/N/%) 12/24 (50) 10/24 (42) 0.562

Previous allo-HSCT

Yes (n/N/%) 6/9 (67) 5/8 (63) 0.858

No (n/N/%) 23/38 (61) 14/31 (45) 0.203

Lines of salvage therapy

First salvage therapy (n/N/%) 23/35 (66) 18/31 (58) 0.523

Second or higher salvage therapy (n/N/%) 6/12 (50) 1/8 (13) 0.085

There were totally 86 patients evaluable for remission (47 in CLAG group and 39 in FLAG group). Data

were presented as count (percentage). Comparison was determined by Chi square test. p\ 0.05 was

considered significant

ECOG Eastern Cooperative Oncology Group, BM bone marrow, CR complete remission, allo-HSCT

allogeneic hematopoietic stem-cell transplantation
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on account of that: (1) fludarabine and cladribine both play

roles in inducing cells apoptosis through inhibiting RNR

and DNA stands which leading to a suppression of leuke-

mia blasts [10, 13]; (2) Ara-C forms Ara-CTP which pos-

sesses cytotoxic effect and the produce and accumulation

of Ara-CTP is greatly elevated by purine analogs including

fludarabine and cladribine [4].

Survival profiles of CLAG or FLAG were also reported

by several studies. A retrospective study comparing sur-

vival between CLAG and MEC for R/R AML shows

numerically longer OS in CLAG group with the median OS

of 7.3 months compared with MEC group (median OS:

4.5 months) [19]. A retrospective study evaluated the

outcomes of FLAG and another chemotherapy using clo-

farabine, Ara-C and G-CSF (GCLAC) in R/R AML

patients, with an additional therapy using fludarabine plus

Ara-C without G-SCF (FA) serving as the control group.

Their results that FLAG achieves median OS of 3.8 months

which is shorter than GCLAC (8.8 months) demonstrates

that FLAG may be an unfavorable choice for R/R AML

patients compared to GCLAC. Interestingly, they have

more refractory patients in GCLAC group than FLAG (36

vs. 15%) and, thus, the superiority of GCLAC may attri-

bute to the higher sensitivity to clofarabine of refractory

cases [21]. As to direct comparison of survival between

CLAG and FLAG, a study performed by Hyunkyung Park

et al. displays no difference of OS and recurrence-free

survival (RFS) between CLAG and FLAG groups [20]. In

line with the previous study, we found CLAG and FLAG

achieved median OS of 12.0 (95% CI 8.4–15.6) months

and 8.0 (95% CI 5.1–10.9) months, respectively, while no

difference of OS was observed, and this satisfactory OS

might be on account of the fact that: (1) the synergistic

effect of purine analogs and Ara-C leads to a strong anti-

leukemia effect through cytotoxic effects [22]; (2) for long-

term survival, G-CSF improves the hematopoietic activity

by promoting the differentiation of myeloid cells [18].

As to the factors affecting outcomes of CLAG and

FLAG, the retrospective study conducted by Hyunkyung

Park et al. verifies that age C 60 years, poor cytogenetic

risk status and larger number of prior induction therapies

are predictive factors for unsatisfactory CR. In terms of

survival, secondary AML as well as shorter first CR

duration is independent factors predicting unfavorable OS,

while CLAG regimen and allo-HSCT after CR are inde-

pendent factors predicting favorable OS in R/R AML

patients [20]. Also, an interesting previous study discloses

that poor risk stratification is correlated with worse OS in

R/R AML patients [23]. Another study applies CLAG-M

salvage regimen in 118 R/R AML patients from multi-

center, and reveals that poor risk stratification is associated

with shorter OS, which is the only predictive factor for

reduced DFS [24]. These data indicate that higher risk

stratification correlates with poor prognosis of R/R AML,

as well as elderly age and larger number of prior induction

therapies. In line with these studies, we found that CR at

first induction was associated with favorable CR, while

age C 60 years, higher risk stratification, BM

blast C 42.7% and second or higher salvage therapy were

associated with unfavorable CR. Moreover,

Fig. 3 Accumulating OS between CLAG and FLAG treatments in

subgroups divided by baseline characteristics (Data with

p value\ 0.1). Subgroup analysis of accumulating OS revealed that

in patients with CR at first induction, CLAG achieved longer OS than

FLAG (c). In patients with relapsed AML (a) and poor risk

stratification (b), CLAG obtained numerically better OS compared

to FLAG but no significant difference was found. Comparison of OS

between groups was determined by K–M curves and log-rank test.

p\ 0.05 was considered significant
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age C 60 years, secondary disease, poor risk stratification,

BM blast C 42.1% and second or higher salvage therapy

were correlated with shorter OS. When further analyzed in

multivariate models that age C 60 years, higher risk

stratification, BM blast C 42.7%, secondary disease and

second or higher salvage therapy in our study were verified

to be independent factors affecting poor prognosis. It was

different with aforementioned research that CLAG was not

a predictive factor for favorable OS in our study, and this

fact might due to: (1) age of patients in our study was

younger than theirs; (2) patients in our study received

standard dose of FLAG treatments, while part of patients in

Hyunkyung Park et al. study receive modified fludarabine-

containing therapy which dose is decreased, and this may

lead to the different outcomes.

To further investigate difference of outcomes between

CLAG and FLAG, analysis of outcomes in subgroups is

required. The retrospective study comparing CLAG and

FLAG performed by Hyunkyung Park et al. reveals that

CLAG achieves better OS and RFS in patients with CR at

first induction, de novo AML and relapsed AML without

poor risk cytogenetics compared to FLAG, while FLAG

obtains preferable OS in patients with secondary AML

[20]. In our study, CLAG presented a numerically higher

CR in patients with second or higher salvage therapy,

numerically prolonged OS in patients with relapsed AML

or poor risk stratification, and significant longer OS in

patients with CR at first induction. Partially in line with

previous research, we also disclosed that CLAG might

attain more satisfactory OS in patients with CR at induction

and relapsed AML, but we found no difference of OS

between CLAG and FLAG in patients with de novo or

secondary AML, and this might result from: (1) patients in

previous study are older than ours; (2) in our study, 5/55

patients in CLAG group were combined with mitoxantrone

treatment, and 6/48 patients in FLAG group were com-

bined with previous idarubicin treatment. While the num-

bers with mitoxantrone in CLAG and idarubicins in FLAG

were 52.3 and 60%, respectively, in their research and,

thus, difference of treatments between previous and our

study may lead to different outcomes in subgroup analysis.

This study also had limitations: (1) sample size was

relatively small; (2) our median follow-up time of

9 months was short, and the long-term survivals by CLAG

and FLAG were not evaluated; (3) this was a prospective

cohort study and the results would be affected by patients’

characteristics and, thus, a following randomized control

study was necessary.

In conclusion, CLAG was equally effective to FLAG

induction chemotherapy in total R/R AML patients, while

CLAG seemed to be a better option than FLAG in patients

with relapsed disease, poor risk stratification, CR at first

induction or second or higher salvage therapies.
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