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Dear Editor, 

the combination of All-trans retinoic acid (ATRA) and chemotherapy has long since 

represented the standard of care for newly diagnosed acute promyelocytic leukemia 

(APL). This approach showed long-term cure rates exceeding 80% (1,2) but was 

associated with the risk of severe infections, deaths in remission and to the development 

of therapy-related leukemias and myelodysplastic syndromes  (3-5).  

More recently, based on the results of two randomized trials, the combination of 

arsenic trioxide (ATO) and All-trans retinoic acid (ATRA) has been established as the new 

standard of care for front-line therapy of non-high risk APL patients. The APL0406 study 

was designed by the Gruppo Italiano Malattie EMatologiche dell’Adulto (GIMEMA) as a 

prospective, randomized, multicenter, phase III non-inferiority trial comparing ATRA-ATO 

and ATRA-chemotherapy (AIDA) regimens in patients with low-intermediate risk APL (6). 

The study was conducted by the GIMEMA together with the German Acute Myeloid 

Leukemia Study Group (AMLSG) and Study Alliance Leukemia (SAL) group. This study 

has first shown that the chemotherapy-free approach with ATRA-ATO is at least equally 

effective to ATRA and chemotherapy-based regimens (6). The toxicity profile of ATRA-

ATO combination appeared to be mild, with considerably reduced myelosuppression and 

infections as compared to ATRA-chemotherapy, and was associated with frequent but 

manageable side-effects [(i.e. leukocytosis, QTc prolongation, liver enzyme increase. The 

superior anti-leukemic efficacy of ATRA-ATO was later shown in an independent 

randomized trial (AML17) conducted in the UK by National Cancer Research Institute (7).  



Albeit adopting a different ATO schedule as compared to the Italian-German study, Burnett 

and colleagues reported superior event-free survival (EFS), relapse free survival (RFS) 

and lower cumulative incidence of relapse (CIR) rates in ATRA-ATO treated patients as 

compared to those receiving ATRA-chemotherapy (7), supporting the feasibility and 

benefit of this chemotherapy-free strategy in APL all risk categories (including high-risk 

patients). 

The survival benefit and the superior anti-leukemic efficacy of ATRA-ATO approach as 

compared to ATRA-chemotherapy, has been later confirmed in the extended series of the 

APL0406 trial, including 276 patients with low to intermediate risk disease with a median 

follow-up of 40.6 months (8). We hereby provide a long-term update of this patient series, 

with a prolonged median follow-up of 66.4 months, in order to verify the durability of the 

responses and to assess the potential occurrence of late adverse events.  

The full trial design, the randomization procedure, inclusion criteria, and therapy schedules 

have been described elsewhere (6). Patients aged 18-71 years with newly diagnosed low-

intermediate risk APL (WBC < 10x109/L), were enrolled based on the morphologic suspect 

of APL and genetic diagnostic confirmation in a reference laboratory. Randomization to 

ATRA-ATO or ATRA-chemotherapy was centralized and stratified according to institution. 

The trial was conducted in accordance with the Declaration of Helsinki, received 

institutional review board approval by all participating Centers and was registered at 

Clinicaltrials.gov (NCT00482833). 

Enrolment started in October 2007 and was completed in January 2013 and data 

analysis was performed on an intent-to-treat (ITT) principle. The primary objective of the 

study was EFS. Secondary objectives of the study included overall survival (OS), disease-

free survival (DFS) and cumulative incidence of relapse (CIR), Quality-of-life (QoL) and 

molecular response (8,9). Outcome definitions are described in the Supplementary 

material section. Survival distributions were estimated using the Kaplan-Meier method, 



while CIR was calculated using the proper nonparametric method. Differences in terms of 

OS, EFS, and DFS were evaluated using the log-rank test. The Gray test was applied to 

compare cumulative incidence curves. All tests were two-sided. 

Of a total of 276 patients with low-intermediate risk APL enrolled in the study in Italy 

and Germany, the presence of PML/RARA fusion gene was not confirmed in 6 patients (5 

randomised to ATRA-ATO and 1 to ATRA-CHT arm). Of the remaining 270 patients, 4 did 

not start allocated treatment due to treatment refusal (n=2), and major protocol violation 

(n=2). Therefore, 266 patients (129 randomized to ATRA-ATO and 137 to ATRA-CHT, 

supplementary Table 1) were included in the present long-term ITT analysis, performed in 

March 2018, at a median follow-up of 66.4 months (range: 0.9-116.7 months). 

As previously reported, with a median follow-up of 42 months, in 263 patients 

evaluable for response to induction therapy, complete remission (CR) was documented in 

100% of patients randomized to ATRA/ATO and in 97% of patients treated with 

ATRA/CHT. Four deaths occurred during induction in patients included in the ATRA-CHT 

arm (7). Of the 259 patients who proceeded to consolidation therapy, 234 were evaluable 

for the assessment of molecular remission at the end of third consolidation cycle. Twelve 

patients in the ATRA-ATO arm and 13 in the ATRA-CHT arm were not evaluable for this 

analysis due to major protocol violations (n=3), loss to follow-up (n=6), toxicity (n=10), 

medical decision (n=1), missing data (n=3), hepatitis reactivation (n=1), consent 

withdrawal (n=1). All patients in the ATRA-ATO group achieved molecular complete 

remission, while 2 patients in the ATRA-CHT group tested PCR positive for PML/RARA 

(1.7%). Of these, 1 was rescued with ATO and subsequent allogeneic stem cell 

transplantation and is currently alive in second mCR, while for the other patient PCR 

positivity was not confirmed in a subsequent molecular test and the patient was continued 

on maintenance therapy. 



In the present analysis, 263 patients are evaluable for the primary endpoint of the 

study.  EFS at 72 months was 96.6% (95%CI: 93.4-99.9) in the ATRA-ATO group, and 

77.4% (95%CI: 70.2-85.4) in the ATRA-chemotherapy group (HR:0.14, 95%CI:0.05-0.39, 

p=0.0002). The total number of events reported was 28 in the ATRA–chemotherapy group, 

versus 23 reported in the previous update (7). The post-induction events recorded in the 

ATRA-chemotherapy arm included 2 cases of molecular resistance after consolidation, 17 

relapses occurring at a median time of 20 months (range: 2.4-55.7 months), and 5 deaths 

in CR. In the ATRA-ATO group, a total of 4 events were recorded including 2 relapses at 

22 and 27 months, respectively, and 2 deaths in remission (1 due to H1N1-driven 

pneumonia and 1 due to an unrelated malignancy). Fatal events are reported in Table 1. 

As to the secondary endpoints of the study, DFS at 72 months was 96.6% (95%CI: 

93.4-99.9) in the ATRA-ATO group and 79.8% (95%CI: 72.7-87.6) in the ATRA-

chemotherapy arm (HR: 0.16, 95%CI: 0.05-0.45, 0.0006) while CIR was 1.7% (95% CI: 

0.0-4.0) and 15.5% (95% CI: 9.0-22.0) in the ATRA-ATO and in the ATRA-chemotherapy 

groups, (HR:0.102, 95%CI: 0.024-0.434, p=0.020). All comparative outcomes are reported 

in Figure 1.  

This updated analysis of the APL0406 trial shows an increasing advantage over 

time of ATRA-ATO compared to ATRA-CHT in patients with newly diagnosed, low-

intermediate risk APL. The improved results observed in the chemo-free group concern 

both efficacy and safety. Since our reports on the APL0406 initial and extended series 

(5,7), no additional relapses were reported in the ATRA-ATO group (n=2), while the 

relapse rate in the ATRA-CHT arm has increased over time, with 2 additional late relapses 

(50 and 55 months) being recorded after the last report. Moreover, no cases of secondary 

leukemias were observed in the ATRA-ATO compared to 2 cases developing in the ATRA-

CHT group. 



Recently, very long-term updates of single-arm studies employing ATRA and ATO 

based regimens with minimal chemotherapy have shown a durable benefit of these 

strategies, especially in reducing the relapse rate (10,11). Abaza and colleagues reported 

durability of responses in terms of EFS, DFS and OS in APL patients receiving ATRA, 

ATO +/- gemtuzumab ozogamycin (GO). In keeping with our findings, relapses beyond 12 

months were only 3 in this study (10).  In the long-term update of the APML4 study from 

the Australasian group, Iland and colleagues reported a 5-year freedom from relapse 

(FFR) and DFS rates of 95% using ATRA-ATO + Idarubicin (this latter given for induction 

only) for APL patients of all risk categories. These outcomes were stable with respect to 

the 2-year estimates reported in the first analysis (11).  

The high anti-leukemic efficacy of ATRA-ATO was associated with a relatively safe 

profile in the short-term, particularly concerning hematologic toxicity and infections. 

However, both in our previous studies and in reports from other groups, ATRA-ATO was 

consistently associated with a higher incidence of transient AST/ALT increase, QTc 

prolongation and leukocytosis compared to ATRA-CHT. In our study, the omission of 

conventional chemotherapy and the mild side effects of the ATRA-ATO therapy seem to 

account for the reduced number of fatal events in remission (1 pneumonia and 1 

apparently unrelated malignancy) as compared to those occurring in the ATRA-

chemotherapy arm (n=13). The decreased incidence of relapse-related deaths and the 

absence of therapy-related myeloid neoplasms in the ATRA-ATO arm also accounted for 

the superior survival observed in this cohort, in line with results reported in the APML4 and 

MDACC studies (10,11).  

In conclusion, the increased advantage over time of ATRA-ATO compared to 

ATRA-CHT or patients with newly diagnosed, low intermediate risk APL further supports 

this chemotherapy-free regimen as the new standard of care.  
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Table 1. Fatal events in APL0406 trial by treatment arm. 

 

UPN 

(n=15) 

Age* Treatment 

Arm 

Phase of therapy APL status Time from 

diagnosis 

(months) 

Cause of death

1 60 ATRA-CHT^ Induction - 0.5 ARDS° 

2 26 ATRA-CHT Induction - 0.7 Cardiovascular disease 

3 46 ATRA-CHT Induction - 0.5 Ischemic stroke 

4 51 ATRA-CHT Induction - 0.9 Respiratory disease 

5 55 ATRA-CHT Off-therapy CR 3.0 Haemorrhagic shock 

6 67 ATRA-CHT Off-therapy CR 5.5 Pneumonia 

7 70 ATRA-CHT Off-therapy CR 2.8 Pulmonary embolism 

8 62 ATRA-CHT Off-therapy CR 66.6 t-AML# 

9 60 ATRA-CHT Off-therapy CR 36.1 t-MDS evolved in AML 

10 30 ATRA-CHT Off-therapy Relapse 7.3 Progressive disease 

11 44 ATRA-CHT Off-therapy Relapse 34.7 Progressive disease 

12 52 ATRA-CHT Off-therapy Relapse 55.2 Progressive disease 

13 50 ATRA-CHT Off-therapy Relapse 9.2 
Transplant related 

death 

14 48 ATRA-ATO§ Off-therapy CR 2.9 Pneumonia 

15 64 ATRA-ATO Off-therapy CR 48.8 Colon carcinoma 

 

Figure legend. *Age at diagnosis; ^all-trans retinoic acid and chemotherapy; § all-transretinoic acid 

and arsenic trioxide;°Acute respiratory distress syndrome;#therapy-related acute myeloid leukemia 
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