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ABSTRACT

Objective: To investigate the curative effect and safety of purine analogues-Cladribine (2-CdA), cytosine arabinoside (Ara-C) 
and granulocyte colony-stimulating factor (G-CSF) combined treatment of relapsed refractory acute myeloid leukemia (AML). 

Methods: Eighty-four patients with relapsed refractory acute myeloid leukemia treated in the Department of Hematology of our 
hospital from July 2017 to July 2018 were selected for this study, and randomly divided into the control group (n=42) and the study 
group (n=42). The control group was treated with FLAG (Fludarabine + Ara-C + G-CSF) protocol and the study group was treated 
with CLAG (2-CdA + Ara-C + G-CSF) protocol to analyze and compare the curative effect and safety of the two groups of patients with 
relapsed refractory acute myeloid leukemia.

Results: After two courses of treatment, in the study group, complete remission (CR) was 38.10%, partial remission (PR) was 
54.76% and no remission (NR) was 7.14%; and in the control group, CR was 19.05%, PR was 47.62% and NR was 33.33%. The overall 
response (OR; CR + PR) of the study group was 92.86%, which was significantly higher than that of the control group (66.67%), 
and the difference was statistically significant (P<0.01). During the course of treatment, the incidence of adverse reactions such as 
infection, neutropenia, drug-induced liver injury, thrombocytopenia, nausea and vomiting, and mucocutaneous hemorrhage in the 
study group was significantly lower than that in the control group, with statistically significant differences (P<0.01). After one year of 
follow-up, it was found that the total survival time and recurrence-free survival time in the study group were remarkably higher than 
those in the control group, the mortality rate was lower than that in the control group, and the survival rate was higher than that in the 
control group, and the difference was statistically significant (P<0.05).

Conclusion: The treatment of relapsed refractory AML with 2-CdA, Ara-C and G-CSF regimen has better curative effect, higher 
safety and better prognosis, and can therefore be widely used in clinical practice. 
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Introduction

Acute leukemia is a malignant clonal disease 
caused by abnormal hematopoietic stem cells. A 
large number of abnormal primitive cells and leu-
kemic cells appear in the bone marrow of patients 
with acute leukemia, normal hematopoietic function 
is inhibited, and symptoms such as anemia, bleeding, 
infection and infiltration appear(1). Acute leukemia is 
classified into acute lymphoblastic leukemia (ALL) 
and acute myeloid leukemia (AML) according to 
the involved cell types. AML is more common in 
adults; ALL is more common in children(2). Acute 

leukemia in China is dominated by AML, with an 
incidence of about 1.62/100,000(3). The condition 
of acute leukemia progresses rapidly: without treat-
ment, a patient’s survival time is only approximately 
three months, and in severe cases, death may occur 
within days of diagnosis(4). Although there are many 
treatment regimens and drugs for relapsed refractory 
AML, the efficacy and prognosis remain pessimistic, 
which has been an intractable issue in the clinical he-
matology department. Recently, the CLAG (2-CdA 
+ Ara-C + G-CSF) protocol has attracted significant 
attention in medical circles both at home and abroad 
because of its efficacy and safety in the treatment 
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of relapsed refractory AML. The National Compre-
hensive Cancer Network Guidelines of the United 
States put forward CLAG as a first-line treatment for 
relapsed and refractory AML(5). A trial was conduct-
ed in our hospital to study the efficacy and safety 
of the CLAG regimen in the treatment of relapsed 
refractory AML.  

   
Data and methods

General information 
Eighty-four patients with relapsed refractory 

acute myeloid leukemia treated in the Department of 
Hematology of our hospital from July 2017 to July 
2018 were selected for this study. 

Inclusion criteria: 
• All patients met the diagnostic criteria in the 

Chinese Guidelines for the Diagnosis and Treatment 
of Relapsed Refractory Acute Myeloid Leukemia 
issued in 2017 by the Leukemia lymphoma group, 
Hematology branch of the Chinese Medical Associ-
ation(6); 

• Patients who have not achieved partial remis-
sion after two courses of treatment with standard in-
duced remission regimens; 

• Patients who relapsed within six months of in-
itial remission, or six months after initial remission 
and who failed to be treated again with the original 
induction regimen; 

• Patients with multiple relapses; 
• Leukemia cells in bone marrow were more 

than 5%; 
• Patients with a physical condition score of 0 

to 2 points; 
• The patients and their families were informed 

and signed the informed consent; 
• Patients aged between 18 years old and 60 

years old. 
Exclusion criteria: 
• Patients with acute promyelocytic leukemia; 
• Patients with severe liver and kidney dysfunction; 
• Patients complicated with malignant tumor; 
• Patients who were severely infected; 
• Patients complicated with metabolic diseases; 
• Patients who refused to participate in this study. 
The patients were randomly divided into the 

control group and the study group. There were 42 
cases in the control group, including 22 males and 
20 females, with the mean age of (42.26±15.41) years 
old, and the average BMI value was (20.13±1.25) Kg/
m2. There were 42 cases in the study group, includ-
ing 21 males and 21 females, with the average age of 

(43.05±14.39) years old, and the average BMI value 
was (20.15±1.21) Kg/m2. There was no significant 
difference in age, sex and BMI value between the 
two groups of patients with relapsed refractory AML 
(P>0.05). The data are shown in Table 1. 

Method   
The control group was treated with FLAG 

(Fludarabine + Ara-C + G-CSF) regimen: From 
day one to day six of treatment, patients were given 
a subcutaneous injection of 300μg of granulocyte 
colony stimulating factor (G-CSF; Qilu Pharma-
ceutical Factory; Batch number: 20033040; Spec-
ification: 150μg: 0.6mL/dose) once a day. On the 
second to sixth days of treatment, patients were 
given an intravenous drip of 25mg/m2 of Fludara-
bine (Shanxi Pude Pharmaceutical Co., Ltd.; Batch 
number: SFDA approval number H20067309; Spec-
ification: 50 mg/dose) and 1g/m2 of cytosine arab-
inoside (Ara-C; ActavisItaly S.p.A.; Batch number: 
H20100594; Specification: 0.1g/1 bottle/1 box) once 
a day. Four weeks is a course of treatment; patients 
were treated for two courses.

The study group was treated with CLAG regi-
men: From day one to day six of treatment, patients 
were given a subcutaneous injection of 300μg of 
G-CSF (Qilu Pharmaceutical Factory; Batch num-
ber: 20033040; Specification: 150μg:0.6mL/dose) 
once a day. On the second to sixth days of treatment, 
patients were given an intravenous drip of 5mg/m2 of 
Cladribine (2-CdA; Zhejiang Haizheng Pharmaceu-
tical Co., Ltd.; Batch number: H20052240; Specifi-
cation: 10 mL: 10 mg cladribine and 90 mg sodium 
chloride) and 2g/m2 of Ara-C (ActavisItaly S.p.A.; 
Batch number: H20100594; Specification: 0.1g/1 
bottle/1 box) once a day. Four weeks is a course of 
treatment; patients were treated for two courses.

Observation indicators

Efficacy
The clinical manifestations, liver and kidney 

Groups Age (years)
Sex (cases)

BMI value
(Kg/m2)

FAB classification
(cases)

Male Female M1 M2 M3 M4

Control 
group (n=42) 42.26±15.41 22 20 20.13±1.25 3 6 7 4

Study 
group (n=42) 43.05±14.39 21 21 20.15±1.21 3 7 7 3

t/χ2 0.246 0.048 0.074 0.22

P 0.806 0.827 0.941 0.974

Table 1: Comparison of general data of the two groups of 
subjects (x̅±s).
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function, blood routine and bone marrow cytology 
before and after treatment were observed. The effi-
cacy was evaluated based on the criteria for the di-
agnosis and efficacy of hematologic diseases(7), and 
were divided into complete remission (CR), partial 
remission (PR) and no remission (NR). CR + PR = 
overall response (OR). The efficacy of the two treat-
ment regimens was compared.

Safety
The occurrence of adverse reactions such as in-

fection, neutropenia, drug-induced liver injury, throm-
bocytopenia, nausea and vomiting, and mucocuta-
neous hemorrhage was observed and recorded. The 
safety of the two treatment schemes was compared.

Prognosis
The total survival time, recurrence-free sur-

vival time and death of the patients were observed 
by one-year follow-up, and the prognosis of the two 
groups was compared.

Statistical methods 
All the data of this study were analyzed by 

SPSS20.0 software package. The measurement data 
were expressed as mean ± standard deviation (x̅±s), 
using the t test for comparison between groups. 

The counting data were expressed in terms of 
percentage (%), using the χ2 test for comparison be-
tween groups. The ranked data were compared using 
the Ridit test. P<0.05 indicated the difference was 
statistically significant.

Results

Comparison of curative effect after treatment 
between the two groups 

After two courses of treatment, in the study 
group, CR was 38.10%, PR was 54.76% and NR was 
7.14%; and in the control group, CR was 19.05%, 
PR was 47.62% and NR was 33.33%. The OR of the 
study group was 92.86%, which was significantly 
higher than that of the control group (66.67%), and 
the difference was statistically significant (P<0.01). 
The results are shown in Table 2.

Comparison of adverse reactions during 
treatment between the two groups 

During the course of treatment, the incidence 
of adverse reactions such as infection, neutropenia, 
drug-induced liver injury, thrombocytopenia, nausea 
and vomiting, and mucocutaneous hemorrhage in 
the study group was significantly lower than that in 
the control group, with statistically significant dif-
ferences (P<0.01). The results are shown in Table 3.

Comparison of prognosis between the two 
groups of patients

After one year of follow-up, it was found that 
the total survival time and recurrence-free survival 
time in the study group were remarkably higher than 
those in the control group, the mortality rate was 
lower than that in the control group, and the survival 
rate was higher than that in the control group, and 
the differences were statistically different (P<0.05). 
The results are shown in Table 4.

Conclusion

The prognosis of patients with relapsed 
refractory AML is extremely poor: the three-year 
total survival rate is just 10%, which is closely related 
to chemotherapy tolerance such as energy-dependent 
efflux pump on the cell membrane, apoptosis 
tolerance and FMS-like tyrosine kinase 3 mutation. 
2-CdA is a kind of chloropurine analogue, which can 
selectively kill cells with higher deoxycytidine kinase 
content than deoxynucleotide enzyme by damaging 
mitochondria. 2-CdA has a remarkable effect on 
cell damage of leukemia cells in quiescent stage 

Groups n CR PR NR OR

Control group 42 8 (19.05%) 20 (47.62%) 14 (33.33%) 28 (66.67%)

Study group 42 16 (38.10%) 23 (54.76%) 3 (7.14%) 39 (92.86%)

χ2

0.003
8.924

P

Groups n Total survival
time (months)

Recurrence-free survival 
time (months)

Deaths 
(cases)

Survival 
(cases)

Control 
group 42 5.25±2.56 3.42±2.12 18 (42.86%) 24 (57.14%)

Study 
group 42 9.21±3.41 6.35±2.85 8 (19.05%) 34 (80.95%)

t/χ2 6.018 5.345 5.57

P <0.001 <0.001 0.018

Groups n Infection Neutropenia Drug-induced 
liver injury Thrombocytopenia Nausea and 

vomiting
Mucocutaneous 

hemorrhage

Control 
group 42 11

(26.19%)
12

(28.57%)
7

(16.67%)
10

(23.81%)
13

(30.95%)
11

(26.19%)

Study 
group 42 3

(7.14%)
4

(9.52%)
1

(2.38%)
2

(4.76%)
5

(11.90%)
3

(7.14%)

χ2 5.055 4.941 4.822 8.473 4.525 5.055

P 0.025 0.026 0.028 0.004 0.334 0.025

Table 2: Comparison of curative effect after treatment 
between the two groups (cases, %).

Table 3: Comparison of adverse reactions during treat-
ment between the two groups (cases, %).

Table 4: Comparison of prognosis between the two 
groups of patients.
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and division stage. It can exert a certain inhibitory 
effect on DNA methylation transferase, consume 
methyl donors to play the role of demethylation, and 
promote cell apoptosis to a certain extent, and it is 
highly specific for lymphocytes(8). 

2-CdA can effectively treat AML, CLL, hairy 
cell leukemia and non-Hodgkin’s lymphoma as well 
as other lymphocytic proliferative diseases, and it 
has a weak effect on solid tumors. The main adverse 
reactions are bone marrow suppression and renal 
toxicity(9). Ara-C is a pyrimidine-like anti-metabo-
lizing drug, which has an obvious inhibitory effect 
on leukemia cells, mainly acts on the S proliferation 
phase of cells, and has a certain inhibitory effect on 
the synthesis of cell DNA, thus interfering with cell 
proliferation(10). After Ara-C enters the human body, 
it is transformed into ara-CTP and cytarabine di-
phosphate under the action of kinase phosphoryla-
tion. The former has a certain inhibitory effect on the 
synthesis of DNA polymerase, while the latter can 
inhibit the transformation of CDP into DCDP, thus 
inhibiting the DNA polymerization and synthesis of 
cells(11). Ara-C is mainly used in acute myeloid leu-
kemia, acute monocytic leukemia and acute lymph-
oblastic leukemia, and is generally used in combina-
tion with other drugs(12). 

G-CSF is a kind of glycoprotein, mainly pro-
duced by endotoxin, TNF-α and IFN-γ activated 
monocytes and macrophages, which plays an impor-
tant role in the proliferation, differentiation and acti-
vation of hematopoietic cells in neutrophil lines, and 
can also promote the proliferation and differentia-
tion of hematopoietic progenitor cells(13). G-CSF is 
clinically used as an effective drug for the treatment 
of leukopenia, bone marrow hematopoietic dysfunc-
tion, myelodysplastic syndrome and infection caused 
by leukopenia after radiotherapy and chemotherapy 
of AML and tumors(14).

In this study, CR was 38.10%, PR was 54.76% 
and NR was 7.14% in the study group, and CR was 
19.05%, PR was 47.62% and NR was 33.33% in 
the control group. The OR of the study group was 
92.86%, which was significantly higher than that of 
the control group (66.67%), and the difference was 
statistically significant (P<0.01). These results sug-
gest that the CLAG treatment plan has a remarka-
ble curative effect and can improve the cure rate of 
patients, which is similar to the research results of 
Chen Wenkun and Zhang Yanbin(15). By comparing 
the adverse reactions during the course of treatment, 
it was found that the incidence of adverse reactions 
such as infection, neutropenia, drug-induced liver 

injury, thrombocytopenia, nausea and vomiting, and 
mucocutaneous hemorrhage in the study group was 
significantly lower than that in the control group, 
with statistically significant differences (P<0.01). 

It is indicated that the CLAG treatment plan has 
less adverse reactions, high safety, and can reduce the 
pain of patients. After one year of follow-up, it was 
found that the total survival time and recurrence-free 
survival time in the study group were remarkably 
higher than those in the control group, the mortality 
rate was lower than that in the control group, and 
the survival rate was higher than that in the control 
group, and the differences were statistically signifi-
cant (P<0.05). It is suggested that the CLAG treat-
ment regimen has a good prognosis, and the patients’ 
survival time is long, which can increase the lifespan 
of patients.

In conclusion, the CLAG treatment plan of re-
lapsed refractory AML has good curative effect, less 
adverse reaction, high safety and good prognosis, 
can prolong the life of patients, and can be widely 
used in clinical practice. However, due to the small 
sample size and short duration of this study, it is 
necessary to increase the sample size and follow-up 
time in future studies to observe the long-term effi-
cacy of the CLAG regimen in the treatment of re-
lapsed refractory AML.
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