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In memoriam
Prof. Francesco Lo Coco

(1955 – 2019)

You will always be in our thoughts and hearts…



Treatment of APL
Outline

• Front-line treatment for APL
– Current treatment options

– Lessons learned and controversial issues related to the main strategies

– Conclusions and future directions

• Salvage therapy for relapsed APL
– rAPL after front-line chemo-based treatment

– rAPL after front-line ATO-based treatment
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Approach to the patient with suspected APL

• Confirm diagnosis at the genetic level

• Start ATRA: 45 mg/m2/d (25 mg/m2/d for children)

• Supportive measures* to counteract the coagulopathy with no delay

– Transfusions of fibrinogen and/or cryoprecipitate, platelets, and fresh-
frozen plasma to maintain the fibrinogen concentration above 100-150 
mg/dL, the platelet count above 30 x 109/L to 50 x 109/L, and the INR 
below 1.5 

* Daily or more than once a day if needed
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• Idarubicin or daunorubicin alone
• daunorubicin + cytarabine

*ATRA: 45 mg/m2/d until CR (25 mg/m2/d for children)



Induction Therapy with ATRA + CHT
Lessons learned and advances

Delayed maturation with persistence of blasts is occasionally 
detectable up to 40–50 days after the start of treatment

• CR rate: 90-96%
• ATRA + Dauno + Ara-C similar outcomes to ATRA + Ida
• Virtual absence of resistant leukemia

ATRA should be continued until terminal differentiation of blasts

Sanz MA et al. Blood 2009;113:1875-91



Consolidation Therapy (ATRA + CHT)
Lessons learned and advances

• 2-3 cycles of anthracycline � cytarabine� ATRA
• In addition to ATRA + CHT,  ATO can also play a role for 

consolidation
• Molecular remission after consolidation is achievable in roughly 99%
• CIR at 3 and 5 years 7% to 11%, respectively
• Risk-adapted consolidation is a reasonable strategy (e.g., age, 

CD56, and relapse risk score).

No role for stem cell transplantation in CR1
Sanz MA et al. Blood 2009;113:1875-91



Current Treatment Approaches in APL
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excellent results with the 
triple combination of 

ATO, ATRA & CHT

1. Hu J, et al. PNAS. 2009
2. Powell BL, et al. Blood. 2010

3. Iland HJ, et al. Blood. 2012
4. Iland HJ, et al. Lancet Oncology. 2015 

5. Zhu H-H, et al. JCO. 2013
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Induction 
ATRA + ATO + CHT

Consolidation (2)
ATRA + ATO

Maintenance (5)
ATRA + LD-CHT

ATRA + ATO + CHT
Australasian Leukemia and Lymphoma Group

Iland HJ, et al. Lancet Haematol. 2015



ATO + ATRA + CHT
Chinese APL Cooperative Group

Zhu H et al. JCO 2013;31:4215-4221

* Mitoxantrone was added at a dose of 1.4 mg/m2/day on 5 days 4, 5, 6, 7, and 8 (if WBC >10 x 109/L start 
on day 1). 
ATRA = all-trans retinoic acid; ATO = arsenic trioxide; RIF = Realgar-Indigo naturalis formula; HA = 
homoharringtonine and cytarabine; DA = daunorubicin and cytarabine; MA =  mitoxantrone and cytarabine

*

Randomized comparison of oral arsenic derivative vs. IV ATO
Chemotherapy

Oral

IV



ATO + ATRA vs. RIF + ATRA
Chinese APL Cooperative Group 

Zhu H et al. JCO 2013;31:4215-4221

n = 114; CR 113; Relapse 1; Death in CR 1
n = 117; CR 114; Relapse 1

3-year OS 99.1% (95% CI, 97.2% to 99.9%)

3-year OS 96.6% (95% CI, 93.0% to 99.8%
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ATO-based regimen without or with 
minimal use of CHT

Group (Ref.)
No.

patients
CR
(%)

OS
5-yrs

EFS
5-yrs

DFS
5-yrs

ATO
Iran (1) 197 85 67 NA 64
India (2) 72 86 74 69 80

ATO + ATRA
USA (3) 82 92 76 77 NA

1. Ghavamzadeh A, et al. J Clin Oncol. 2011;29:2753-7; 2. Mathews V, et al. J Clin Oncol. 2010;28:3866-71;
3. Ravandi F, et al. J Clin Oncol. 2009;27:504-10

Non-randomized trials



ATO + ATRA without CHT
Randomized trials

GIMEMA-SAL-AMLSG
APL 0406 trial

UK NCRI
AML 17 trial

Lo Coco F, et al. NEJM 2013;369:111-21 Burnett AK, et al. Lancet Oncol 2015;16: 1295–305

(including high-risk)



GIMEMA-SAL-AMLSG
APL 0406 study

Lo Coco F et al. NEJM 2013;369:111-21



ATO + ATRA vs. AIDA
GIMEMA-SAL-AMLSG (APL 0406) 

Lo Coco F et al. NEJM 2016;374:1197-8



ATO + ATRA vs. AIDA
UK NCRI - AML 17 trial

Burnett AK, et al. Lancet Oncol 2015;16: 1295–305

Induction
• ATO 0.3 mg/kg days 1-5 in week 1 followed 

by ATO 0.25 mg/kg twice a week for 7 weeks

• ATRA 45 mg/m2/d 9 weeks

Consolidation
(5 courses)

• ATO 0.3 mg/kg days 1-5 in week 1 followed 
by ATO 0.25 mg/kg twice a week for 3 weeks

• ATRA 45 mg/m2/d 2 weeks on 2 weeks off 

High-risk patients
GO 6 mg/m2 as a single 
infusion within the first 4 days 
(on day 1 if possible and on 
day 4 if necessary).

(including high-risk)



ATO + ATRA vs. AIDA
UK NCRI - AML 17 trial

Burnett AK, et al. Lancet Oncol 2015;16: 1295–305

Cumulative incidence of molecular or hematological relapse



ATO + ATRA vs. AIDA
UK NCRI - AML 17 trial

Burnett AK, et al. Lancet Oncol 2015;16: 1295–305

OS in the ITT population OS in low-risk patients

OS in high-risk patients OS in older patients (>60y)



ATO + ATRA vs. RIF + ATRA
Chinese APL Cooperative Group 

Zhu H et al. Lancet Oncology 2018;19:871-879

Oral arsenic plus ATRA versus intravenous arsenic plus ATRA for non-high-
risk acute promyelocytic leukemia: a non-inferiority, randomized phase 3 trial



ATO + ATRA vs. RIF + ATRA
Chinese APL Cooperative Group 

Zhu H et al. Lancet Oncology 2018;19:871-879



Evolving risk-adapted strategy to 
optimize treatment in APL (PETHEMA)
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ATRA + Chemotherapy-based treatment Switch to 
chemo-free strategies

Risk-adapted induction and consolidationOne size fits all

Definition of relapse 
risk groups

Reduction of dose 
intensity in elderly



Risk-adapted strategy in APL without or with 
minimal use of chemotherapy (PETHEMA)

Low or intermediate risk1

(WBC ≤10 x 109/L)
High risk2

(WBC >10 x 109/L)

ATO, arsenic trioxide; CHT, chemotherapy; R, randomised.

(NCT02688140)

1. Lo-Coco F, et al. N Engl J Med. 2013;369:111-21



Pan-European randomized trial in high-risk APL 
(APOLLO trial - NCT02688140)



Front-line Therapy in APL 
Current status and remaining issues

Poor clinical condition at 
presentation à Death

Death during 
induction

Death in CR

Relapse

Exploring the far side of the Moon

Therapy-related 
neoplasms



Updated recommendations for the 
management of APL



Treatment of APL 
Current status and future directions

• High cure rates can be achieved with optimized combinations of:
– ATRA + CHT

– ATRA + ATO

– ATRA + CHT + ATO

• Oral arsenic formulations seem a promising alternative to IV arsenic.
• Research should now be focused on some remaining issues for a small 

proportion of APL patients (mainly among high-risk APL): 
– Death before induction (patients who arrive at very poor clinical condition)

– Induction death: mainly hemorrhagic deaths, but not only

– Death in CR

– Relapse
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