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Introduction

Acute myeloid leukemia (AML) is a rare, aggressive and 
heterogeneous malignancy. Currently, 35–40% of patients 
aged under 60 and 5–15% of patients aged over 60 can 
be cured of AML using intensive chemotherapy [1, 2]. Suc-
cessful treatment of AML depends on the ability to achieve 
complete remission (CR) and to prevent relapse. Both may 
be affected by the efficacy of induction chemotherapy.

Despite advances in AML treatment and the implemen-
tation of novel drugs over the last decade, the chemotherapy 
regimen with anthracycline and cytarabine (known as AraC) 
which is commonly referred to as the ‘3+7’ regimen, has 
been the backbone of induction therapy since 1973 [3, 4].  
Studies by the Polish Adult Leukemia Group (PALG) have 
demonstrated that a combination of cladribine with dauno-
rubicin (DNR) and with AraC (collectively known as the DAC 
regimen) results in a significantly increased CR rate after 
a single induction course compared to the standard two-
drug induction (DA-60) [5, 6]. The DAC arm has also been 
found to have a survival advantage over the DA-60 arm, par-
ticularly in patients with high-risk cytogenetics [6]. 

There is evidence that early blast clearance after induc-
tion chemotherapy is an important prognostic indicator of 
treatment outcome in addition to genetics and molecular 
genetics. Previous studies have shown that persistent leuke-
mia in the bone marrow on days 14–21 of the first induction 
is associated with a lower likelihood of achieving CR [7–10].  
Early bone marrow evaluation helps identify patients with 
primary refractory disease who might benefit from the 
prompt administration of a second induction therapy.

However, it remains an open question as to which of the 
available treatment options is the most beneficial [11]. In  
many centers, the same course of 3+7-based induction che-
motherapy has been commonly used as early second induc-
tion, with CR rates ranging from 43% to 61% and an early death 
rate associated with induction treatment of 10% [12, 13].

Abstract 
This study presents a retrospective analysis of patients with acute myeloid leukemia <60 years of age, who had  
≥10% blasts in early bone marrow evaluation on  day 14 of their first DAC (daunorubicin + AraC + cladribine) induc-
tion cycle. Patients included in this analysis were treated according to the PALG-AML-1/2012 and PALG AML-1/2016 
studies. As the second  early induction, 22 patients received DAC and 35 patients received CLAM (cladribine + AraC 
+ mitoxantrone). There was no significant difference between patients treated with CLAM and those treated with 
DAC chemotherapy in terms of overall survival (OS after 2 years 52% vs. 76% for DAC, HR 0.68, 95% CI: 0.26–1.77,  
p = 0.4). Furthermore, there was no significant difference in composite complete remission (cCR) rates between the 
two treatment regimens: 60% (21/35) for CLAM and 54.6% (12/22) for DAC (p >0.05). Both treatment regimens had 
a similar toxicity profile and early death rate.
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Therefore, a therapeutic option better than DA as an 
early second induction is currently being sought. FLAG-IDA 
(fludarabine, high dose cytarabine, idarubicin) [14], MEC (mi-
toxantrone, etoposide, and high dose cytarabine) [15], HAM 
(mitoxantrone and high dose cytarabine) [16], and CLAM 
(cladribine, high dose cytarabine, and mitoxantrone) [17]  
have all been studied as rescue regimens when no CR was 
achieved after the first induction. However, as yet there 
has been no comparison between these cycles and stan-
dard DA therapy.

Therefore, in the presented analysis we have retrospec-
tively compared the efficacy and safety of DAC to CLAM giv-
en as early second induction in newly diagnosed AML pa-
tients who had ≥10 blasts in bone marrow on day 14 after 
their first DAC induction. 

Material and methods

Patient characteristics 
Patients included in this analysis were treated according to 
the PALG-AML-1/2012 and PALG AML-1/2016 trials [18, 19]. 
Both trials included newly diagnosed AML (APL excluded) 
patients between the ages of 18 and 60 who were eligible for 
standard induction chemotherapy. In the PALG-AML-1/2012 
study, all patients were given an induction cycle according to 
the DAC regimen (DNR 60 mg/m2 i.v., days 1–3, cladribine 
5 mg/m2 i.v., days 1–5, AraC 200 mg/m2 12 h i.v. infusion,  
2 h after cladribine infusion days 1–7) [6]. On day 14, bone 
marrow (BM) assessments were locally performed, and if  
≥10% of blasts were observed in non-hypoplastic BM and  
if the patients were eligible to receive further chemotherapy 
(ECOG ≤2 and Charlson Comorbidity Index (HCT-CI) ≤3)  
[20, 21], early second induction i.e. CLAM (mitoxantrone  
10 mg/m2 30 min i.v. infusion, days 1–3; cladribine 5 mg/m2  

2 h i.v., days 1–5; AraC 2.0 g/m 4 h i.v., 2 h after cladribine 
infusion, days 1–5) was applied on day 16 [18]. In the PALG 
AML-1/2016 study, patients were randomized to either 
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DA-90 (DNR 90 mg/m2 i.v., days 1–3 and AraC 200 mg/m2 

12 h i.v., days 1–7) [22] or DAC induction. They were given 
early second induction according to the randomization arm 
(DA-45 or DAC) if, at day 14, ≥10 blasts in non-hypoplastic 
marrow were observed. Patients in complete remission (CR) 
after double induction were scheduled for risk-stratified 
post-remission treatment in both studies. Intermediate-risk 
and high-risk patients with a matched sibling or an unrelated 
donor were offered an allogeneic hematopoietic stem-cell 
transplantation (alloSCT) as soon as a matched donor was 
available. At the discretion of the physician, autologous 
stem cell transplantation (autoSCT) could be offered as 
an option for patients in the intermediate-risk group who 
did not have a donor. All other patients proceeded to three 
cycles of consolidation with AraC in a dose of 3 g/m2/bid 
on days 1, 3, and 5 in the PALG-AML-1/2012 study, or  
2 g/m2/bid on days 1, 3, and 5 in the PALG-AML-1/2016 
study. Any patients who did not respond were withdrawn 
from the study, and allocated to alternative salvage therapy.

Comparisons between the patients’ characteristics 
were performed using the Mann-Whitney U test for contin-
uous variables other than normal distribution and by the 
Chi2test for categorical variables with appropriate to num-
bers of patients’ correction (V‑square test, Chi2 test with 
Yates’ correction, and exact Fisher’s test). To avoid type 
I error in multiple comparisons, Bonferroni corrections for 
p-values ​​were used. Overall survival (OS) was defined as 
the time from diagnosis to death from any cause. Event-
free survival (EFS) was calculated as the time from diag-
nosis to death or relapse, whichever occurred first. OS and 
EFS were estimated using the Kaplan–Meier method and 
compared using a log-rank test. P values <0.05 were con-
sidered significant. Statistical analysis was performed us-
ing R software 3.3.2. (GNU General Public License) for the 
Windows 11 operating system (ⒸMicrosoft Corporation).

Results

This analysis covered only patients who had ≥10% of blasts 
in non-aplastic bone marrow at early bone marrow (BM) 
evaluation after their first DAC induction and who received 
DAC or CLAM as early second induction. In total, 57 patients 
were included: 22 in the DAC arm and 35 in the CLAM early 
second induction arm. The median age of patients was  
41 (range: 19–61) and 57.9% were male. There was no differ-
ence between the DAC and CLAM groups in terms of baseline 
characteristics of age, gender, BM infiltration with leukemic 
blasts, or PB morphology, or of the etiology of AML (i.e. de 
novo vs. secondary) or of genetic risk group according to ELN 
2010. Detailed patient characteristics are set out in Table 1.

Response to second induction 
Overall, composite CR (cCR = CR + CRi) after the second 

induction was achieved in 33 patients (58%); one patient 

(2%) achieved PR, and 12 (21%) patients were refractory. 
There was no significant difference in cCR rate between 
the DAC and CLAM arms (54.5% vs. 60% respectively).  
Although resistance to early second induction was more 
frequent in the DAC compared to the CLAM regimen (27.3% 
vs. 17.1%), the difference was not significant. In contrast, 
the 6-week mortality rate was lower in DAC vs. CLAM ear-
ly second induction (13.6% vs. 22.9%), but this was also 
non-significant (p = 0.4). 

Survival
The probability of 2-year event-free survival (EFS) was 
comparable between the arms (44%; 95% CI [24–80%] 
vs. 40% 95% CI [25–65%] respectively for DAC and CLAM 
regimens, as shown in Figure 2A. The probability of 2-year 
overall survival (OS) was higher for the DAC arm (76%;  

Table I. Characteristics of DAC and CLAM groups

Characteristic Overall  
(n = 57)

DAC  
(n = 22)

CLAM  
(n = 35)

p

Age (years), 
median (range)

41  
(19–61)

44.5 
(20–60)

41  
(19–61)

NS

Gender, n (%)

Female 24/57 
(42.1%)

11/22 
(50%)

13/35 
(37.1%)

NS

Male 33/57 
(57.9%)

11/22 
(50%)

22/35 
(62.9%)

Bone marrow 
blasts %, me-
dian (range)

65  
(20–100)

66  
(20–100)

65  
(26–95.8)

NS

Bone marrow 
blasts % D14, 
median (range)

45  
(11–100)

50  
(11–92)

43  
(11–100)

NS

WBC, median 
(range)

5.49  
(0.69–293)

5.995 
(1.26–293)

5.49 NS

PLT, median 
(range)

67  
(12–1.685)

62.5  
(23–259)

72  
(12–1.685)

NS

HGB, median 
(range)

8.7  
(4.2–13.1)

8.85  
(6.3–12.7)

8.7  
(4.2–13.1)

NS

AML, n (%)

de novo 50/57 
(87.7%)

20/22 
(90.9%)

30/35 
(85.7%)

NS

secondary 7/57  
(12.3%)

2/22 
(9.1%)

5/35 
(14.3%)

ELN 2010, n (%)

Low 1/48 (2.1%) 0/14 (0%) 1/34 
(2.9%)

NS

Intermediate 24/48  
(50%)

4/14 
(28.6%)

20/34 
(58.8%)

High 23/48 
(47.9%)

10/14 
(71.4%)

13/34 
(38.2%)

ELN — European LeukemiaNet;  HGB — hemoglobin;  PLT — platelet count; WBC — white blood 
cells; NS — not significant
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95% CI [60–97%]) compared to the CLAM early second 
induction (52%; 95% CI [36–77%]) arm, but again the 
difference was not significant (see Figure 2B). 

AlloSCT was performed in 19 (54.3%) patients in the 
DAC-CLAM cohort and in five (22.7%) patients in the DAC 
-DAC cohort. When the OS was censored at transplanta-
tion, median OS was 13.5 months in the DAC-CLAM group 
but median OS was not reached in the DAC-DAC group  
(p = 0.3) (see Figure 2C). 

Hematopoietic recovery  
and adverse effects
All patients experienced WHO grade 4 neutropenia and 
thrombocytopenia. The median time of neutrophil recovery 
above 0.5 G/L was 40 days, and did not differ between 
the CLAM and DAC early second induction arms (41 and 
40 days, respectively; p = 0.88) (see Table 2). In addition, 
the duration of hospitalization and the median number 
of RBCs and platelet transfusions were comparable be-
tween the two regimens (see Table 2 again). Infections, 
mucositis, and diarrhea were the most frequent grade 
≥3 nonhematological adverse events, but only diarrhea 
was significantly more frequent in the DAC-DAC vs. the 
DAC-CLAM groups (see Table 3). 

Discussion

To date, there have been no randomized studies indicating 
the most effective reinduction chemotherapy for patients 
with resistant AML. Our study compared CLAM and DAC che-
motherapy as a second early induction based on historical 
data of patients with a blast count ≥10% on day 14 after 

Figure 1. DAC vs. CLAM response rates; CR — complete remission; 
ED — early death; NR — no response; PR — partial remission
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Figure 2. Survival analysis DAC vs. CLAM — A. probability of overall 
survival; B. probability of overall survival censored on alloSCT;  
C. probability of event-free survival
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DAC induction chemotherapy. Cladribine, in combination 
with mitoxantrone and cytarabine, has been the subject of 
previous studies [17, 23]. 

Our presented study retrospectively compared the ef-
ficacy and safety of DAC or CLAM given as early second in-
duction in newly diagnosed AML patients with ≥10% blasts 
in bone marrow on day 14 after DAC induction. 

Our study showed no significant differences between 
patients treated with DAC vs. CLAM chemotherapy in 
terms of overall survival (OS at 2 yrs 52% vs. 76% for DAC,  
HR 0.68, 95% CI 0.26–1.77, p = 0.4) or event-free survival 
(EFS at 2 yrs 40% vs. 44% for DAC, HR 0.78, 95% CI 0.35–
1.73, p = 0.5). Moreover, no significant difference in cCR 
rates was found between the two regimens: 54.6% (12/22) 
for DAC and 60% (21/35) for CLAM (p >0.05). 

Russell et al. [24] compared the effectiveness of chemo-
therapy in 523 older (> 60) AML patients. Of these patients, 
164 (31%) were not in CR/CRi, 260 (50%) were in CR/CRi 

MRD positive, and 99 (19%) were in CR/CRi but MRD was 
not known. These patients were randomized to one of 
three arms: DA, or FLAG-IDA, or DAC (containing 193, 191, 
and 139 patients, respectively). In the group that did not 
achieve CR/CRi after course 1, 47% (78/164) achieved CR/ 
/CRi within 50 days after course 2; 55%, 57%, and 34% for 
DA, DAC, and FLAG-IDA, respectively (DA vs. DAC p = 0.63,  
DA vs. FLAG p = 0.015). The 57% CR/CRi result for DAC 
as a second induction is comparable to our observations. 
Overall, there was no difference in 5-year OS between DA 
vs. FLAG-IDA (HR = 0.90, 95% CI 0.70–1.16, p = 0.407) or  
DA vs. DAC (HR = 0.82, 95% CI 0.62–1.09, p = 0.174). After 
excluding patients with unknown MRD, a significant long-
term survival benefit was observed with intensified therapy 
with DAC or FLAG-IDA in a randomized comparison of DA 
with DAC (OS at 5 yrs 32% vs. 22% for DA; RR 0.84, 95% CI 
0.77–0.98, p = 0.029) and FLAG-IDA (OS at 5 yrs 34% vs. 
23% for DA; RR 0.71, 95% CI 0.54–0.96, p = 0.026) [24]. 
More significant hematological toxicity was observed with 
DAC or FLAG-IDA compared to DA (p <0.001 for platelet 
and neutrophil recovery). Day 60 mortality was increased 
in patients randomized to FLAG-IDA (9% vs. 4% for DA and 
4% for DAC, p = 0.032).

Ferrara et al. [25] conducted a retrospective single-cen-
ter analysis assessing early second induction of the FLAG 
regimen in a group of patients aged under 60 with AML 
in whom a blast count above 10% was observed on day 
15. Overall, CR was achieved in 67% (20/30), NR in 27% 
(8/30), and ED in 6% (2/30). The median number of days 
to recover neutrophil counts >0.5 × 109/L and platelets  
>20 × 109/L from the start of the second induction 
was 20 and 22 days, respectively. The median OS was 
12 months. The EORTC Leukemia Cooperative Group Phase 
II study evaluated the effectiveness of salvage treatment 
consisting of an intermediate dose of cytosine arabinoside 
(2 × 500 mg/m2/day for 7 days) and idarubicin (12 mg/ 
/m2/day on days 1, 3, and 5, 24-h infusion) in primary re-
sistant AML [26]. Twenty-one patients from seven centers 
participated in the study. CR was achieved in 52% of pa-
tients (11/21), NR in 33% (7/21), and ED in 14% (3/21). 
The median OS was 10 months. The most common com-
plications were fever (20/21), bleeding (15/21), and he-
patic dysfunction (7/21). The number of days until hema-
tological recovery, i.e. ANC >0.5 G/l and PLT >20 G/l, was 
29 and 24, respectively.

In our study, we showed higher mortality in the group 
treated with CLAM compared to DAC, but the differences 
were statistically insignificant (22.86% (8/35) vs. 13.64% 
(3/22), respectively), p = 0.4). A higher incidence of neu-
tropenic fever was found in patients treated with DAC: 50% 
(11/22) compared to CLAM 25.7% (9/35). Nevertheless, 
CLAM was associated with more frequent severe infection 
complications (septic shock and pneumonia) compared to 
DAC: for pneumonia: 17% (6/35) vs. 4.5% (1/22) and for 

Table II. Nonhematological toxicity for DAC and CLAM groups 

Description, diagno-
sis, symptom

DAC (n = 22) 
% (n)

CLAM (n = 35) 
% (n) p

Neutropenic fever 50% (11) 25.7% (9) NS

Bacteriemia 31.8% (7) 17.1% (6) NS

Pneumonia 4.5% (1) 17.1% (6) NS

Sepsis 9.1% (2) 14.3% (5) NS

COVID-19 infection 9.1% (2) 0% (0) NS

CMV reactivation 4.5% (1) 2.9% (1) NS

Fungemia 0% (0) 8.6% (3) NS

Pulmonary asper-
gillosis 0% (0) 2.9% (1) NS

Colitis 0% (0) 5.7% (2) NS

Mucositis 4.5% (1) 2.9% (1) NS

Diarrhea 36.4% (8) 2.9% (1) *
After applying Bonferroni correction, level of statistical significance was 0.0045. Diarrhea* was 
sole significantly different toxicity; NS — not significant

Table III. Hematological toxicity for DAC and CLAM groups

Variable, median 
(range) CLAM DAC p

Absolute neutrop-
hil count <0.5 
G/l — number of 
days

41 (18–64) 40 (15–129) NS

Packed red blood 
cells — units 11 (4–26) 10.5 (3–30) NS

Platelets — units 15 (2–95) 17 (4–38) NS

Hospitalization — 
number of days 41 (15–74) 37 (22–99) NS

NS — not significant
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septic shock: 14% (5/35) vs. 9% (2/22). Walti et al. [27] 
showed that microbiologically documented infections oc-
curred more frequently after CLAG-M compared to 3+7 (ad-
justed rate ratio, 1.65 [95% CI, 1.06–2.58]; p = 0.03), with 
a cumulative incidence of 27.8% and 16.5% respectively by 
day 90 for newly diagnosed AML. Patients receiving CLAG-M 
for relapsed/refractory disease had the highest cumula-
tive incidence of 50.7%. Bloodstream infections were the 
most common, followed by respiratory infections. Among 
the 29 patients (7%) who died, infection was the primary or 
contributory cause of death in 59% of cases. More severe 
complications were most likely due to deeper neutropenia 
in the case of CLAG-M.

Two limitations of our analysis were the retrospective 
nature of the data and the small number of patients eval-
uated. We understand the need for caution in formulating 
far-reaching conclusions based on such an analysis. Even 
so, in the absence of prospective studies, we believe our 
study constitutes a welcome contribution to the discussion 
on selecting the most appropriate reinduction treatment.

In summary, this retrospective analysis did not show the 
superiority of CLAM over DAC. DAC is at least as effective 
in early second induction as CLAM, and could be used in 
daily clinical practice. Although no significant differences 
in OS were found between DAC and CLAM, it must be em-
phasized again that our study groups were small.
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