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Outline

v Biology and targeted therapy

v Long-term results of ATRA/ATO protocols

v Oral ATO

v ATO-resistance

v Therapy-related APL

v APL-like AMLs
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Pathogenesis of APL

RARa

PML

Noguera et al. Cancer 2019



ATRA/ATO at relapse:
molecular responses

51%

78%

Sanz et al, Blood 2000
Raffoux et al, JCO 2002
Estey et al, Blood 2006

GIMEMA/PETHEMA risk categories 

Milestones in APL treatment

ATRA/ATO first-line:
RFS 



Lo Coco F, Cicconi L, Voso MT, Oncotarget 2017

Activities of ATRA/ATO in APL

Courtesy of C. Gurnari



NCCN 2015 Recommendations: 
ATRA+ATO as first line therapy for low to intermediate risk APL

n=156 pts, yy 2007-2012

APL0406 : prospective, randomized, multicenter, open-label, phase III, noninferiority trial.



Event-free survival
Update at 72 months

Platzbecker et al, J Clin Oncol 2017
Cicconi et al, Leukemia 2019
Efficace et al, J Clin Oncol 2014 and  
Blood Adv 2021

APL0406: extended series and prolonged F-up

Overall survival Cumulative incidence of relapse 

Fatal
events

ü Improved short and long-term patient-reported 
outcomes and HR-QOL with ATRA/ATO vs ATRA/ 
chemotherapy



APL0406: Molecular studies

MRD Role of FLT3-ITD mutations

Cicconi L, Divona M et al, Leukemia 2016



Burnett et al, Lancet Oncol 2015
Russell et al, Blood 2018 

AML17 trial, AIDA vs ATRA/ATO

ATO 0.3 mg/kg day 1-5, 
0.25 mg/kg 2x/w on w 2-8 of cy 1,

+ 3 consolidations

High-risk APL: GO 6 mg/sqm on d 1-4

No mainteinance treatment
No CNS prophylaxis

Follow-up at 5 years



RA-differentiation syndrome:
6 pts (9%), only 1 Grade 3-4
All during induction phase

Of 8 deaths by 6-weeks, 
3 were for hemorrhage,
2 infections, 1 hepatic failure, 
2 unknown.

JE Lancet et al, Blood Adv. 2020 

Median follow-up: 
3.4 years 

High-risk APL (SWOG0535)

A phase 2 study of ATRA, arsenic trioxide, and gemtuzumab ozogamicin in patients with high-risk APL 
(SWOG 0535)

Primary end points:
- 3-year EFS
- early (6-week) death rates 

n=70 patients enrolled, 
60 achieved CR (86%) 

At 3 yrs: 
OS: 86%
EFS: 78%



What’s next?
Oral Arsenic formulationsHigh-risk APL: APOLLO Trial 

ü Liquid oral As2O3 (Hong-Kong, Au et al, 2003)
ü RIF: Realgar natural mixture containing tetra 

arsenic tetra sulfide (As4S4 pills, China, Zhu et al, 2013)
ü ATO oral powder capsules, ORH-2014

Zhu et al, J Clin Oncol 2013
Gill et al, Cancer 2019
Illand et al, EHA 2019

Ongoing
EoE: July 2022

n=31 pts, ATO powder
with APL at DG



ATRA/RIF vs ATRA/ATO in Std risk APL

Zhu et al, Lancet Oncol 2018



Mutation profile at APL diagnosis

Iaccarino L, Ottone T et al, Am J Hematol 2019

v A higher number of mutations at diagnosis is associated with an increased risk of relapse

P < 0.0001

>2 mutations

0-1 mutation

Relapse         Continuous CR (33 pts) 
(11 pts)

Treatment
FLT3-ITD
NRAS
RUNX1
FLT3-TKD
WT1
DNMT3A
ETV6
MYC
SETBP1
SF3B1
TET2

Sanz score

OUTCOME

ATRA-CHT
ATRA-ATO

High risk
Standard risk



Mutations in PML and RARA genes at relapse

ATRA-CHT
ATRA-ATO
PML
RARA
FLT3  status

ATRA-CHT
ATRA-ATO
PML
RARA
FLT3  status

15 pts
15pts

Iaccarino et al, Am J Hematol 2019
Alfonso et al, Leukemia 2017

ATRA-CHT/
ATRA/ATO

ATRA-CHT

PML RARA
RARA

% of mutated patientsSingle mutation
Multiple mutations



Therapy-related APL

Hasan et al, Blood 2008
Dillon et al, Blood 2020

Ottone et al, Am J Hematol 2014
Voso et al, Blood 2021 

8 bp Hotspot region     A  G C C C T A G

t-APL cases  N= 8/23

de novo APL N= 0/25



Outcome of t-APL

Kayser et al, Leukemia 2017

Treatment Response Intensively treated patients, 
excluding treatment with ATRA only
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v t-APL display outcomes similar to dn-APL
when standard treatment is feasible.

p=0.045
% (N)

CTX/ATR
A

n=53

ATO/ATRA
n=24

CTX/ATO 
ATRA
n=19

ATRA only
n=7

CR 78% 
(40) 100% (23) 95% (18) 57% (4)

PR 10% (5) – – –

ED 12% (6) – 5% (1) 43% (3)



Atypical APL

Cicconi L et al, Blood Cancer J, 2021 

ü 18 ZBTB16-RARA (RT-PCR)
ü 3 STAT5B-RARA (RT-PCR)
ü 1 each PRKAR1A-RARA, NuMA-RARA, FIP1L1-RARA (FISH) 



Atypical APL: mutational profile of ZBTB16/RARA AML 

Fabiani E. et al, Cancer Med 2021 

Chromatin remodeling
complex

Targeted-NGS of 156 AML patients 
(7 ZBTB16/RARA , 46 PML/RARA and 103 non RARA-rearranged AML)

n
Mutations (>1 

gene)
Mean mut/pt p Most frequentlymut-genes

AML 103 94.17% 2.86 + 2.03

<0.0001

DNMT3A (35%), NRAS, ASXL1 (25% for 

both), TP53 (23%)

APL 46 69.6% 0.89 + 0.77 FLT3 (37%), WT1 (20%)

ZBT16/RARA 7 71.4% 1.71 + 1.7 TET2 (57%), RUNX1 & CSF3R2, (28.6%)
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