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LESSONS LEARNED

e Studies targeting cladribine in combination with granulocyte colony-stimulating factor, low-dose cytarabine, and aclarubicin
(C-CAG) regimen in relapsed and refractory acute myeloid leukemia (R/R AML) are limited.

e The complete remission rate after two cycles of C-CAG regimen was 67.6%, and 1-year overall survival and disease-free
survival rates were 59.7% and 72.9%, respectively.

e The C-CAG regimen is significantly effective against R/R AML with a low hematological toxicity and thus serves as an alter-
native treatment for R/R AML.

ABSTRACT

Background. The optimal salvage chemotherapy regimen for
relapsed and refractory acute myeloid leukemia (R/R AML)
remains uncertain. Therefore, a phase Il study was conducted
for the prospective evaluation of the efficacy and safety of
the purine analog cladribine in combination with granulocyte
colony-stimulating factor (G-CSF), low-dose cytarabine, and
aclarubicin (C-CAG) regimen for patients with R/R AML.

Methods. A total of 34 patients received C-CAG regimen for
salvage treatment as follows: cladribine 5 mg/mz, days 1-5;
G-CSF 300 pg, days 0-9; aclarubicin 10 mg, days 3-6;
cytarabine 10 mg/m? every 12 hours, subcutaneously, days
3-9; 4 weeks per cycle. Patients were allowed to withdraw
from the study if complete remission (CR) was not achieved
after two courses of chemotherapy. If conditions were right,
the patients achieving CR were recommended to receive allo-
geneic hematopoietic stem cell transplantation. Otherwise,

they were treated for a total of six cycles unless disease pro-
gression or unacceptable side effects were observed or they
withdrew their consent.

Results. All patients received at least two cycles of C-CAG
regimen chemotherapy. After two cycles of C-CAG, 23
patients (67.6%) achieved CR, and 5 patients had partial
remission (14.7%). At a median follow-up of 15 months
(range, 3-38 months), the 1-year overall survival (OS)
and disease-free survival (DFS) rates were 59.7%
(95% confidence interval [Cl], 42.6%-76.8%) and 72.9%
(95% Cl, 54.3%—-91.5%), respectively. The most common
adverse effect was myelosuppression. Nonhematological
toxicities were mild, and no treatment-related deaths
occurred.

Conclusion. Preliminary data indicate that the C-CAG regi-
men chemotherapy is significantly effective against R/R AML
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with a high remission rate and a low hematological toxicity.
Thus, it may serve as an alternative treatment for R/R AML.
The Oncologist 2020;25:e1663-e1670

DiscussioN

Most patients with acute myeloid leukemia (AML) suffer
relapse or primary refractory (R/R) disease. And there is no
standard rescue chemotherapy regimen for R/R AML yet. A
regimen consisting of granulocyte colony-stimulating factor,
low-dose cytarabine, and aclarubicin (CAG) has been widely
used in patients with R/R AML; however, half of the
patients are still unable to achieve CR through this regimen.
It has been proved that cladribine is an attractive drug in
AML because of its significant synergy with other chemo-
therapeutic agents and favorable toxicity profile. However,
there is no report of the treatment of cladribine in combi-
nation with CAG regimen in R/R AML yet.

In this phase Il, single-arm study, we aimed to evaluate
the efficacy and safety of a modified CAG regimen con-
taining cladribine in relapsed and refractory AML. The treat-
ment scheme is shown in Figure 1. To the best of our
knowledge, this work is the first prospective clinical study
to explore the treatment of relapsed and refractory AML
with cladribine combined with the CAG regimen.

The baseline characteristics of all patients in this study
are summarized. The median age of the entire study popula-
tion was 47 years (range, 18-72 years), and eight patients
(23.5%) were 260 years. According to cytogenetic classifica-
tion, the majority of the patients (28 cases, 82.4%) were clas-
sified as intermediate/high risk. Nearly half of the patients
(16 cases, 47.1%) had refractory disease. The median dura-
tion of first CR for relapsed patients was 8 months. After two
cycles of C-CAG, 23 patients (67.6%) achieved CR, and
5 patients had partial remission (14.7%), which was better
than the rates previously reported with other regimens in
RR/AML (30%—60%). At a median follow-up of 15 months
(range, 3—38 months), the 1-year OS and DFS rates were
59.7% (95% Cl, 42.6%-76.8%) and 72.9% (95% Cl,
54.3%-91.5%), respectively. This result is of great impor-
tance because many patients with RR/AML achieved CR
and would have the opportunity to receive allogeneic

34 patients were enrolled

Patients who have received at
least 2 cycles of therapy are
eligible for response assessment.

Patients evaluable for
treatment response (n = 34)

23 patients achieved CR;
5 had PR

3 patients with CR
withdrew consent (n = 3)

10 patients with CR completed 6 cycles of
therapy; 1 disease progression after 3 cycles;
9 proceeded to allo-HSCT after 3 or 4 cycles

Figure 1. Treatment scheme.
Abbreviations: allo-HSCT, allogeneic hematopoietic stem cell
transplantation; CR, complete response.

hematopoietic stem cell transplantation (allo-HSCT), which is
the only curative treatment for RR/AML so far. The most
common adverse effect was myelosuppression. The duration
of hospital stay was 29 days. Nonhematological toxicities
were mild, and no treatment-related deaths occurred. This
result indicates that C-CAG has low toxicity and allows few
patients to have dose reduction and treatment interruption
due to toxicity.

The results from this phase Il prospective clinical study
showed that the C-CAG regimen is a promising treatment for
R/R AML with a high remission rate and low hematological
toxicity. The C-CAG regimen also increases the opportunity
for allo-HSCT. Furthermore, promising antitumor activity of
cladribine in R/R AML suggests that further investigations
are warranted to confirm our findings.

TRIAL INFORMATION

Disease

Stage of Disease/Treatment

Prior Therapy

Type of Study

Primary Endpoint

Secondary Endpoints

Additional Details of Endpoints or Study Design

Leukemia — acute — AML
Metastatic/advanced

No designated number of regimens
Phase Il, single arm

Complete response rate

Toxicity, overall survival

The primary endpoint, CR, was assessed according to Simon’s optimal two-stage design. The CR rate of the previous salvage
therapy for relapsed and refractory AML ranged from 30% to 60%. Thus, a sample size that is sufficient to reject a CR rate of
45% in support of a target CR rate of 70% was calculated. Thirteen patients were enrolled during stage 1. If seven or more
complete responses were observed during stage 1, the trial would continue to enroll. Afterward, 17 patients needed to be
enrolled. If 17 or more complete responses were observed by the end of stage 2, the treatment would continue into a phase
Il trial. Given the dropout rate of 10%, a total sample size of 34 patients was required.

Investigator’s Analysis
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DRruG INFORMATION

Drug 1

Generic/Working Name

Drug Type

Drug Class

Dose

Route

Schedule of Administration
Drug 2

Generic/Working Name

Drug Type

Drug Class

Dose

Route

Schedule of Administration
Drug 3

Generic/Working Name

Drug Type

Drug Class

Dose

Route

Schedule of Administration
Drug 4

Generic/Working Name

Drug Type

Drug Class

Dose

Route

Schedule of Administration

Cladribine
Small molecule
Antimetabolite
5 mg/m?

\Y)

Days 1-5

Granulocyte colony-stimulating factor
Biological

Immune therapy

300 pg per flat dose

v

Days 0-9

Aclarubicin

Small molecule
Anthracycline

10 mg per flat dose
vV

Days 3-6

Cytarabine

Small molecule

Antimetabolite

10 mg/m?

\Y)

Every 12 hours, subcutaneously, days 3—9

PATIENT CHARACTERISTICS

Number of Patients, Male
Number of Patients, Female
Stage

Age

Cancer Types or Histologic Subtypes

19

15

Relapse or refractory

Median (range): 47 years (1872 years)
FAB subtypes MO, 1

FAB subtypes M2, 13

FAB subtypes M4, 5
FAB subtypes M5, 15

PRIMARY ASSESSMENT METHOD

Number of Patients Screened 34
Number of Patients Enrolled 34
Number of Patients Evaluable for Toxicity 34
www.TheOncologist.com © 2020 The Authors.
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Number of Patients Evaluated for Efficacy 34
Response Assessment CR n =23 (67.6%)
Response Assessment PR n=>5(14.7%)
Response Assessment SD n==6(17.6%)

(Median) Duration Assessments OS 19 months, Cl: 18.4-28.6

ADVERSE EVENTS

All Cycles

Name NC/NA 1 2 3 4 5 All grades
Neutrophil count decreased 0% 0% 0% 71% 29% 0% 100%
Platelet count decreased 0% 0% 0% 79% 21% 0% 100%
Mucositis oral 0% 94% 0% 6% 0% 0% 100%
Infections and infestations - Infections 0% 59% 35% 3% 3% 0% 100%
Diarrhea 0% 76% 21% 3% 0% 0% 100%
Vomiting 0% 82% 15% 3% 0% 0% 100%

Adverse Events Legend
Adverse events in all patients.
Abbreviation: NC/NA, no change from baseline/no adverse event.

ASSESSMENT, ANALYSIS, AND DiscussION

Completion
Investigator’s Assessment

Although many advances have been made in the treat-
ment of acute myeloid leukemia (AML) in recent years, the
prognosis for relapsed and refractory (R/R) AML remains poor
owing to chemotherapy resistance and recurrence in patients
[1, 2]. The CAG regimen, comprising low-dose cytarabine,
aclarubicin, and granulocyte colony-stimulating factor (G-CSF),
has been widely used in patients with myelodysplastic syn-
drome and AML in China [3]. CAG therapy produces a com-
plete response (CR) rate of 40%—60% in R/R AML, providing a
reasonable treatment option [4]. However, half of patients are
still unable to achieve CR through this regimen. Therefore, the
CAG regimen must be modified so that its CR rate improves
and survival time is prolonged. In the current study, cladribine
has been added to CAG to form C-CAG for patients with R/R
AML. CR rate, disease-free survival (DFS), and overall survival
(OS) were analyzed, and a CR rate of 66.7% for the entire
cohort was achieved, which was better than the rates previ-
ously reported with other regimens in R/R AML (30%-60%). In
addition, the C-CAG regimen produced a 1-year OS of 59.7%
(Fig. 2A) and DFS of 72.9% (Fig. 2B). This result indicates that
the high CR rate of C-CAG regimen in treating patients with
R/R AML would provide more opportunity to receive alloge-
neic hematopoietic stem cell transplantation (allo-HSCT),
which is the only curative approach to R/R AML.

The purine analog 2-CdA increases the uptake of Ara-C
and the accumulation of its active cytotoxic metabolite
Sa-triphosphate Ara-C in leukemia cells [5, 6]. This finding
suggests that synergy occurs between cladribine and
cytarabine. Priming with G-CSF may further increase the ant-
ileukemia effect of Ara-C, especially on slowly proliferating

© 2020 The Authors.
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Study completed

Active and should be pursued further

and quiescent leukemia cells [7, 8]. Aclarubicin, the anthra-
cene nucleus antibiotic, is a cell cycle—nonspecific anticancer
drug to which most R/R AML are not resistant [9]. In the C-
CAG regimen, this drug plays a role in inducing the apoptosis
of blast cells by directly intercalating into DNA base pairs and
preventing mRNA formation [10]. The concept of this study
was based on the characteristics of the above drugs and the
relationship between them. In summary, our C-CAG regimen
had a lower dose of cytarabine and a different anthracycline
compared with the more familiar regimen of cladribine com-
bined with high doses of arabinoside cytosine, mitoxantrone,
and G-CSF (CLAG-M). Given the significant synergistic effect
between drugs and the priming of G-CSF, we were confident
that we could use low-dose cytarabine, which may also
reduce the side effects of treatment.

The CR rate for all patients treated with the C-CAG regi-
men after two courses of treatment was 67.6%, which was
comparable with the rates of 58% previously reported with
CLAG-M in RR/AML [11]. The baseline characteristics of
patients our study (Table 1) were comparable with study of
CLAG-M, and refractory or high-risk patients accounted for
a large proportion according to cytogenetics [11]. Table 2
showed that in our study, patients with high-risk cytoge-
netic abnormality had significantly lower CR rate than low-
and intermediate-risk patients. The CLAG-M regimens
showed similar results with an extremely high CR rate of up
to 100% for low-risk patients and a much lower CR rate for
high-risk patients. In addition, the effectiveness of the C-
CAG regimen was not significantly correlated with the
patients’ previous disease status and age (Table 2), which

Oncologist
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may suggest that the C-CAG program is particularly suitable
for older refractory patients.

Table 3 summarizes the main hematological toxicity and
nonhematological side effects for patients in induction chemo-
therapy. Compared with the CLAG-M regimen, the median
hospital stay and antibiotic use time of the C-CAG regimen
were significantly shorter, and the incidence of grade 34
hematologic or nonhematologic adverse events was signifi-
cantly lower [11]. This result indicates that C-CAG has low tox-
icity and is suitable for elderly patients and allows few
patients to have dose reduction and treatment interruption
due to toxicity.

According to cytogenetic risk stratification, the OS for high-
risk patients was significantly worse than that of
low/intermediate-risk patients (p = .033; Fig. 3A). The progno-
sis for patients with CR after induction chemotherapy was bet-
ter than that for patients without CR (p < .001; Fig. 3B). The
OS and DFS of patients with CR and negative minimal residual
disease (MRD) after chemotherapy were significantly better
than those of patients with CR and positive MRD (Fig. 4). Five
high-risk patients achieved CR. Unfortunately, only one
received allo-SCT for various reasons. Two patients experi-
enced relapse and died, whereas three patients still showed
no recurrence. Libura et al. reported that cladribine added to
daunorubicin—cytarabine induction prolongs the survival of
patients with Fms-like tyrosine kinase 3 internal tandem dupli-
cation (FLT3-ITD) positive normal karyotype AML [12]. Thus,
administering chemotherapy based on cladribine to patients
with FLT3-ITD" is reasonable. We observed that a patient with
an FLT3 mutation and normal karyotype who underwent a six-
course C-CAG regimen without allo-SCT had a DFS time of
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DiscLOSURES
The authors indicated no financial relationships.

1. Bose P, Vachhani P, Cortes JE. Treatment of
relapsed/refractory acute myeloid leukemia. Curr
Treat Options Oncol 2017;18:17.

2. Thol F, Schlenk RF, Heuser M et al. How |
treat refractory and early relapsed acute myeloid
leukemia. Blood 2015;126:319-327.

3. Wei G, Ni W, Chiao JW et al. A meta-analysis
of CAG (cytarabine, aclarubicin, G-CSF) regimen
for the treatment of 1029 patients with acute
myeloid leukemia and myelodysplastic syn-
drome. J Hematol Oncol 2011;4:46.

4. Li JM, Shen Y, Wu DP et al. Aclarubicin and low-
dose cytosine arabinoside in combination with gran-
ulocyte colony-stimulating factor in treating acute
myeloid leukemia patients with relapsed or refrac-
tory disease and myelodysplastic syndrome: A mul-
ticenter study of 112 Chinese patients. Int J
Hematol 2005;82:48-54.

5. Kristensen J, Nygren P, Liliemark J et al. Interac-
tions between cladribine (2-chlorodeoxyadenosine)

and standard antileukemic drugs in primary cultures
of human tumor cells from patients with acute
myelocytic leukemia. Leukemia 1994;8:1712-1717.

6. Rubnitz JE, Crews KR, Pounds S et al. Combi-
nation of cladribine and cytarabine is effective
for childhood acute myeloid leukemia: Results of
the St. Jude AMLY7 trial. Leukemia 2009;23:
1410-1416.

7. Hiddemann W, Wormann B, Reuter C et al.
New perspectives in the treatment of acute mye-
loid leukemia by hematopoietic growth factors.
Semin Oncol 1994;21:33-38.

8. Min YH, Kim SE, Lee ST et al. GM-CSF and low-
dose araC treatment of AML in prolonged hypo-
plasia with residual leukemic cells after induction
chemotherapy. Yonsei Med J 1994;35:91-96.

9. Rowe JM, Chang AY, Bennett JM.
Aclacinomycin A and etoposide (VP-16-213): An
effective regimen in previously treated patients

with refractory acute myelogenous leukemia.
Blood 1988;71:992-996.

10. Yamada K, Furusawa S, Saito K et al. Concur-
rent use of granulocyte colony-stimulating factor
with low-dose cytosine arabinoside and aclarubicin
for previously treated acute myelogenous leukemia:
A pilot study. Leukemia 1995;9:10-14.

11. Wierzbowska A, Robak T, Pluta A et al. Clad-
ribine combined with high doses of arabinoside
cytosine, mitoxantrone, and G-CSF (CLAG-M) is a
highly effective salvage regimen in patients with
refractory and relapsed acute myeloid leukemia
of the poor risk: A final report of the Polish Adult
Leukemia Group. Eur J Haematol 2008;80:
115-126.

12. Libura M, Giebel S, Piatkowska-Jakubas B

et al. Cladribine added to daunorubicin-
cytarabine induction prolongs survival of
FLT3-ITD+ normal karyotype AML patients. Blood
2016;127:360-362.

www.TheOncologist.com

© 2020 The Authors.

The Oncologist published by Wiley Periodicals LLC on behalf of AlphaMed Press.



e1668 Cladribine with CAG Regimen for AML

FiGures AND TABLES

1.0 1.04

0.8 0.8
o Q
E E
: L
= ©

S 0.6+ > 0.6
s <
= =2
I 7]
[
g 2

= 04 T 0.4
S S
£ £
= =]
[} (8]

0.2 0.2

0.0 0.0

T T T T T T T T T I
0.00 10.00 20.00 30.00 40.00 0.00 10.00 20.00 30.00 40.00
Overall survival (months) Disease-free survival (months)

Figure 2. Kaplan—Meier curves of 34 patients with refractory/relapsed acute myeloid leukemia. (A) Overall survival (B) Disease-free
survival.
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Figure 3. Kaplan—Meier curves for overall survival of patients according to cytogenetic risk group and response after induction che-
motherapy. (A): Kaplan-Meier curves for overall survival of patients according to cytogenetic risk group (low/intermediate risk ver-
sus high-risk). (B): Kaplan-Meier curves for overall survival of patients according to response after induction chemotherapy (CR vs.
no CR).

Abbreviation: CR, complete response.
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Table 1. Patients’ characteristics

Characteristics n %
Age, median (range), years 47 (18-72)
<60 26 76.5
>60 8 23.5
Sex
Male 19 55.9
Female 15 441
FAB subtypes*
MO 1 2.9
M2 13 38.2
M4 5 14.7
M5 15 44.2
Blood cell count before reinduction
WBC, mean =+ SD, ><109/L 142+ 5.4
PLT, mean =+ SD, ><109/L 51.4+94
HB, mean =+ SD, xg/L 80.7 + 5.2
Cytogenetic risk group
Low risk 6 17.6
Intermediate risk 16 47.1
High risk 12 35.3
Disease status
Relapse 18 52.9
Refractory 16 47.1
Duration of first complete 8 (0-32)
remission, median (range), months
Postinduction therapy
Allo-HSCT 9 26.5
Chemotherapy 25 73.5

*According to FAB classification system, patients were divided into four subtypes: MO, M2, M4, and M5.

Abbreviations: Allo-HSCT, allogeneic hematopoietic stem cell transplantation; FAB, French—American—British classification system; HB, hemoglo-

bin; PLT, platelet; WBC, white blood cell.
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Table 2. Responses after reinduction therapy of C-CAG— Table 3. Nonhematologic and hematologic toxicity during\

based regimens induction treatment, supportive care

Variable CR, n (%) p value Toxicity n (%)

Total 23 (67.6) Nonhematological toxicity (WHO grade 3-4)

Age, years .388 Infections 2 (5.9)
<60 19 (73.1) Bleeding 0 (0.0)
>60 4 (50.0) Mucositis 2 (5.9)

Disease status .066 Vomiting 1(2.9)
Relapse 15 (83.3) Diarrhea 1(2.9)
Refractory 8 (50.0) Hepatic failure 0 (0.0)

Cytogenetic risk group .031 Cardiac failure 1(2.9)
Low risk 6 (100.0) Renal failure 0 (0.0)
Intermediate risk 12 (75.0) Minimal ANC x 10°/L
High risk 5(41.7) Median 0.03

Abbreviations: C-CAG, cladribine in combination with granulocyte Range 0-0.3

colony-stimulating factor, low-dose cytarabine, and aclarubicin; CR,

. 9
complete remission. Minimal platelets x 10°/L

Median 5

Range 1-10
No. of days to ANC recovery >0.5 x 10%/L

Median 20

Range 4-42
No. of days to platelet recovery >50 x 10°/L

Median 27

Range 7-49
No. of days of hospital stay

Median 29

Range 20-45
PRBC transfusions

Median 5

Range 2-14
No. of platelet transfusions

Median 6

Range 2-20
No. of days of IV antibiotics

Median 15

Range 3-42

Abbreviations: ANC, absolute neutrophil count; IV, intravenous;
PRBC, packed red blood cells; WHO, World Health Organization.

Click here to access other published clinical trials.
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