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Outcome of relapsed/refractory acute promyelocytic leukaemia
in children, adolescents and young adult patients — a 25-year

Italian experience

Acute promyelocytic leukaemia (APL) is a rare subtype of
childhood acute myeloid leukaemia (AML), accounting for
5-12% of all AML cases. Treatment with all-trans-retinoic
acid (ATRA) and anthracyclines yields complete remission
(CR) rates >90% and 10-year event-free survival (EFS) rates
around 80%.'7 The recent front-line arsenic trioxide
(ATO)-based regimens have further improved the APL out-
come by reducing toxicity and preventing relapse.*™®
Relapsed APL patients are a rare and heterogeneous group,
whose prognosis depends on front-line treatment and time
elapsing between diagnosis and recurrence. Currently, ATO
is the treatment of choice for relapsed APL. Due to the rarity
of relapsed childhood APL, 17-27% in ATRA- and

1,3.7-9 . .. . 10
and 4% in ATO-containing regimens,

chemotherapy-
it will be difficult, in the future, to design future prospective
comparative trials for these patients. In an attempt to design
therapeutic guidelines, recommendations on management of
relapsed/refractory paediatric APL have been published
recently."'

Here, we report the Italian experience on 51 patients
<18 years at diagnosis, treated between May 1994 and
May 2017 in 22 AIEOP (Associazione Italiana Ematologia
Oncologia Pediatrica) centres, who experienced relapsed or
refractory disease. All patients received front-line ATRA and
chemotherapy (CT), according to the GIMEMA (Gruppo
Italiano Malattie EMatologiche dell’Adulto)/AIEOP AIDA-
0493, -2000 and ICC-APLO1 protocols."? All were registered
at the GIMEMA database.

Salvage strategies were heterogeneous according to the
time of the events and ATO availability at the various cen-
tres. Until January 2008, salvage regimens were based on
ATRA and intensive chemotherapy; options for consolidation
were either autologous or allogeneic haematopoietic stem cell
transplantation (HSCT) or different maintenance approaches
for patients not eligible for HSCT.

After January 2008, re-induction consisted of ATO until
CR, followed by ATRA and a second ATO cycle. Patients in
molecular CR continued with ATO + gentuzumab ozogamy-
cin (GO); those who had a positive molecular residual dis-
ease received GO followed by autologous or allogeneic
HSCT. Details of salvage treatments are given in the Sup-
porting Information.

Informed consent was obtained from all parents and/or
patients. All procedures were in accordance with the ethical
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standards of the responsible committees on human experi-
mentation and with the Helsinki Declaration of 1975.

At the time of the event (relapse/refractoriness), patients
were risk-stratified according to the new APL relapse risk
classification'! as: standard risk, those with late and very late
relapse, or extramedullary relapse promptly responding to
salvage treatment; high risk, those with early relapse, or
refractory to first-line therapy; and those relapsed at any
time, with late response to salvage therapy.

Details of definitions and statistical analysis are given in
the Supporting Information.

At diagnosis, 26 (51%) patients were classified as standard
risk [white blood cells (WBC) <10 x 10°/1] and 25 (49%) as
high risk (WBC 210 x 10°/); 25 patients (49%) had
received AIDA-0493, 12 (24%) AIDA-2000 and 14 (27%)
ICC-APL-01, as first-line therapy. Median age at refractori-
ness/relapse was 13-9 years (range, 2-4-24.9); 43 (84%)
relapsed (21 haematologic; 16 molecular; one isolated extra-
medullary; five extramedullary+molecular) and eight (16%)
were refractory. Based on the time to relapse, the 43 who
relapsed were classified as: 14 early, 15 late and 14 very late.
At the time of the study, according to the new relapse risk
classification, 22 (43%) patients were standard risk and 29
(57%) high risk. Thirty-three (65%) patients received
ATRA + CT salvage therapy and 18, ATO + ATRA. The dis-
tribution of patients according to the salvage regimen, dis-
ease status and biological characteristics is described in
Table I.

Two out of the 33 ATRA + CT patients died during
induction; 31 achieved a molecular CR; 18 were consoli-
dated with either autologous (seven patients) or allogeneic
(11 patients) HSCT (four relapses; one death; 13 alive in
CR2). Thirteen patients continued different maintenance
regimens (eight alive in CR2; five relapses). The 10-year
overall survival (OS) and EFS are 72-1% [95% confidence
interval (CI): 58-:2-89-4] and 62:9% (95% CI: 48-2-82-0)
respectively.

None of the 18 patients re-induced with ATO developed
induction fatal complications. All achieved a molecular CR;
seven were consolidated with an autologous (one patient) or
an allogeneic (six patients) HSCT (two relapses; five alive in
CR2); 11 patients continued ATO (two haematologic relapse;
nine alive in CR2). The 10-year OS and EFS are 94-4% (95%
CI: 84-4-100) and 77-8% (95% CI: 60-8-99-6), respectively.
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Table I. Clinical and biologic characteristics and distribution of patients according to salvage treatment.

Characteristics n Overall n = 51 ATRA + CT n = 33 ATO n =18 P value
Gender: M/F 51 29 (57%) 20 (61%) 9 (50%) 0-56
22 (43%) 13 (39%) 9 (50%)
Age — yrs at time of event; 51 13.9 (2.4-24.9) 13.9 (2.9-22.3) 13.5 (2.4-24.9) 0-75
median (range)
Morphology: 50 <0-001
M3c 39 (78%) 30 (91%) 9 (53%)
M3v 11 (22%) 3 (9-1%) 8 (47%)
Not available 1 0 1
PML breakpoint 48 0-89
berl 23 (48%) 14 (45%) 9 (53%)
ber2 3 (6:2%) 2 (6:5%) 1 (5:9%)
ber3 22 (46%) 15 (48%) 7 (41%)
Not available 3 2 1
First-line therapy 51 <0-001
AIDA-0493 25 (49%) 24 (73%) 1 (5-6%)
AIDA-2000 12 (24%) 9 (27%) 3 (17%)
ICC-APL-01 14 (27%) 0 14 (78%)
First event 51 0-43
Relapse 43 (84%) 29 (88%) 14 (78%)
Refractory disease 8 (16%) 4 (12%) 4 (22%)
Type of relapse 43 0-004
Haematologic 21 (49%) 19 (66%) 2 (14%)
Molecular 16 (37%) 7 (24%) 9 (64%)
Extramedullary 1(2:3%) 0 1(7-1%)
Extram.tmolecular 5 (12%) 3 (10%) 2 (14%)
Time to relapse 51 0-81
Early 14 (27%) 9 (27%) 5 (28%)
Late 15 (29%) 10 (30%) 5 (28%)
Very late 14 (27%) 10 (30%) 4 (22%)
Refractory 8 (16%) 4 (12%) 4 (22%)
Risk category at R/R 51 >0-99
SR 22 (43%) 14 (42%) 8 (44%)
HR 29 (57%) 19 (58%) 10 (56%)

ATRA, all-trans-retinoic acid; ATO, arsenic trioxide; PML, promyelocytic leukaemia; R/R, relapsed/refractory; SR, standard-risk; HR, high-risk.

Details regarding outcome, consolidation for patients with
haematologic, molecular or extramedullary relapse or with
refractory disease are described in Tables SI-SIV.

Molecular CR rate in the whole group of 51 patients was
96%; CR rate was identical in patients with haematologic
(95%) and molecular relapse (95%); all eight refractory
patients achieved a molecular CR (four ATRA + CT and
four ATO).

Among the 49 patients in CR2, 25 (51%) received HSCT
(autologous, eight; allogeneic, 17) as consolidation therapy;
the molecular status at transplant time was available in 18/25
patients and all were negative. There was no significant dif-
ference in the proportion of transplanted and non-trans-
planted patients between haematologic (50% HSCT vs. 50%
CT) and molecular relapse (45% HSCT vs. 55% CT), type of
re-induction therapy (no ATO-HSCT, 58% vs. ATO-HSCT,
39%) and risk category at relapse/refractoriness (standard
risk, 45% vs. high risk, 55%).

With a median follow-up of 176:26 months from the time
of relapse/refractoriness (range 0-7-314), the 10-year OS and
EES are 79-4% (95% CI 68-7-91-7) and 67-7% (95% CI
55-8-82-2; Fig 1A,B).

Patients treated in molecular versus haematologic relapse,
had a more favourable outcome: 10-year OS 87:5% vs.
65-9%, P = 0-135 [hazard ratio (HR) 0-32 95% CI 0-07—
1-55]; EFS 75% vs. 56-7%, P = 0-328; (HR 0-56 95% CI
0-17-1-82). Time to relapse had no prognostic influence on
OS (P =0-234) and EFS (P = 0-214); however, patients in
very late and late relapse had a better OS (84-4% and 80-0%;
very late vs. early: HR 0-34, 95% CI 0-07—1-74; late vs. early
HR 0-51 95% CI 0-12-2-13) and EFS (84-4% and 66-7%),
compared to those with an early relapse (OS 63-5%; EFS
50%; very late vs. early: HR 0-21 95% CI 0-04-1-03; late ver-
sus early HR 0-61 95% CI 0-19-1-93; Fig S1). The 10-year
OS and EFS were significantly better for standard-risk, com-
pared to high-risk patients: OS 95-5% vs. 66-5%, P = 0-017
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Fig 1. Ten-year overall survival (OS; A) and event-free survival (EFS; B) of refractory/relapsed paediatric acute promyelocytic leukaemia patients.
Ten-year overall survival (C) of patients classified as standard and high-risk and 10-year overall survival (D) of patients classified by type of re-in-

duction therapy.

(HR 0-12 95% CI 0-02-0-97); EFS 95:5% vs.
P < 0-001 (HR 0-06 95% CI 0-01-0-48; Fig 1C).

No significant difference in OS and EFS was observed
between patients treated with ATRA + CT and those with
ATO (OS 72:1% vs. 94-4%, P = 0-087; HR 0-20 95% CI
0-03—1-56; EFS 62:9% vs. 77-8%, P = 0-390; HR 0-61 95% CI
0-20-1-90; Fig 1D). However, the ATO regimen was associ-
ated with a trend towards a better OS in high-risk patients
(OS 90% vs. 56-1%, P = 0-119). Cumulative incidence of
relapse (CIR) was 25-9% with no differences between the
ATRA + CT and ATO group (CIR 27-8% vs. 22-2%;
P = 0-763).

46-0%,
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Finally, univariate analysis for OS and EFS showed no
significant differences between transplanted and non-trans-
planted patients (OS: HR 2:43; 95% CI: 0-60-9-82,
P =0-213; EFS HR 1-10, 95% CI 0-38-3-17, P = 0-855),
and between those consolidated with an autologous or allo-
geneic HSCT (OS 87:5% vs. 76:0% and EFS 72:9% vs.
70-6%).

Although our study is based on a retrospective small series
of patients managed over 25 years, it does suggest a poten-
tially curative effect of different salvage regimens for
relapsed/refractory paediatric APL (molecular CR 96%; 10-
year OS and EFS: 79-4% and 67-7% respectively).
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The optimal post-remission therapy for paediatric patients
in CR2 after salvage with either ATO, or ATRA + CT,
remains undefined. In the largest paediatric series, no signifi-
cant differences in EFS and OS have been observed between
autologous and allogeneic HSCT.'? The molecular disease
status at transplant has emerged as an important prognostic
variable.”>'® The retrospective analysis from the European
Acute Promyelocytic Leukemia Group comparing autologous
and allogeneic HSCT in relapsed adult APL demonstrated
the efficacy of autologous HSCT performed in molecular
CR." In the recent analysis of relapsed APL treated upfront
with ATO and salvaged with ATO-based regimens, an autol-
ogous HSCT was offered in second molecular CR; the 5 year
0S and EFS were 90-3% and 87-1% respectively.'”

In our series, 25 patients received a HSCT; no statistical
differences in OS and EFS were observed between auto- and
allo-transplanted patients; in addition, the univariate analysis
for OS and EFS did not show a difference between trans-
planted and non-transplanted patients.

Several studies have identified different prognostic factors
in relapsed APL. A first CR duration <12-18 months has
been associated with a higher treatment failure.'®'® In our
series, time between diagnosis and relapse had no significant
prognostic influence on OS and EFS; however, few patients
in very late or late relapse had a better OS and EFS com-
pared to those with an early relapse. The 10-year OS and
EFS were significantly better for standard-risk compared to
high-risk patients (P = 0-017; P < 0-001). In addition,
although not statistically significant, the OS of high-risk
patients treated with the ATO regimen was better than that
of patients re-induced with ATRA + CT.

In summary, in our retrospective study both salvage regi-
mens (ATRA + CT and ATO) were effective in inducing a
molecular CR for relapsed/refractory paediatric APL; less
early toxicity was observed with ATO treatment compared to
ATRA + CT. The new risk stratification of paediatric
relapsed APL allowed us to identify patients with lower or
higher risk of treatment failure with salvage therapy.
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Table SI. Induction results.

Table SII. Patients reinduced with ATRA + chemotherapy
or ATO: outcome by type of consolidation.

Table SIII. Patients re-induced with ATRA + chemother-
apy: type of consolidation and outcome.

Table SIV. Patients re-induced with ATO/ATRA: type of
consolidation and outcome.

Fig S1. Ten-year overall survival (A) and event-free sur-
vival (B) by time to relapse.

References

1. Testi AM, Biondi A, Lo Coco F, Moleti ML, Giona F, Vignetti M, et al.
GIMEMA-AIEOP AIDA protocol for the treatment of newly diagnosed
acute promyelocytic leukemia (APL) in children. Blood. 2005;106(2):447-53.

2. Testi AM, Pession A, Diverio D, Grimwade D, Gibson B, de Azevedo AC,
et al. Risk-adapted treatment of acute promyelocytic leukemia: results from
the International Consortium for Childhood APL. Blood. 2018;132:405—12.

3. Bally C, Fadlallah J, Leverger G, Bertrand Y, Robert A, Baruchel A, et al.
Outcome of acute promyelocytic leukemia (APL) in children and adoles-
cents: an analysis of two consecutive trials in the European APL Group. ]
Clin Oncol. 2012;30:1641-6.

4. Mathews V, George B, Chendamarai E, Lakshmi KM, Desire S, Balasubra-
manian P, et al. Single-agent arsenic trioxide in the treatment of newly
diagnosed acute promyelocytic leukemia: long-term follow-up data. J Clin
Oncol. 2010;28:3866—71.

© 2021 British Society for Haematology and John Wiley & Sons Ltd

10.

11.

12.

13.

15.

16.

Correspondence

. Cicconi L, Platzbecker U, Avvisati G, Paoloni F, Thiede C, Vignetti M,

et al. Long-term results of all-trans retinoic acid and arsenic trioxide in
non-high-risk acute promyelocytic leukemia: update of the APL0406 Ital-
ian-German randomized trial. Leukemia. 2020;34:914-8.

. Strocchio L, Guman C, Santoro N, Putti MC, Micalizzi C, Zecca M, et al.

Arsenic trioxide and all-trans retinoic acid treatment for childhood acute
promyelocytic leukemia. Br ] Haematol. 2019;185:360-3.

. de Botton S, Coiteux V, Chevret S, Rayon C, Vilmer E, Sanz M, et al.

Outcome of childhood acute promyelocytic leukemia with all-trans reti-
noic acid and chemotherapy. J Clin Oncol. 2004;22:1404—12.

. Lo-Coco F, Ammatuna E, Montesinos P, Sanz MA. Acute promyelocytic

leukemia: recent advances and management. Semin Oncol. 2008;35:
401-9.

. Creutzig U, Zimmermann M, Dworzak M, Urban C, Henze G, Kremens

B, et al. Favourable outcome of patients with childhood acute promyelo-
cytic leukaemia after treatment with reduced cumulative anthracycline
doses. Br ] Haematol. 2010;149:399-409.

Kutny MA, Alonzo TA, Garbing RB, Wang Y-C, Raimondi SC, Hirsch BA,
et al. Arsenic trioxide consolidation allows anthracycline dose reduction
for pediatric patients with acute promyelocytic leukemia: report from the
children’s oncology group phase III controlled trial
AAMLO0631. ] Clin Oncol. 2017;35:3021-9.

Abla O, Kutny MA, Testi AM, Feusner JH, Creutzig U, Gregory J, et al.

Management of relapsed and refractory childhood acute promyelocytic

historically

leukemia: recommendations from an international expert panel. Br | Hae-
matol. 2016;175:588—601.

Dvorak CC, Agarwal L, Dahl GV, Gregory JJ, Feusner JH. Hematopoietic
stem cell transplant for pediatric acute promyelocytic leukemia. Biol Blood
Marrow Transplant. 2008;14:824-30.

Ganzel C, Mathews V, Alimoghaddam K, Ghavamzadeh A, Kuk D, Devlin
S, et al. Autologous transplant remains the preferred therapy for relapsed
APL in CR2. Bone Marrow Transplant. 2016;51:1180-5.

. De Botton S, Fawaz A, Chevret S, Dombret H, Thomas X, Sanz M, et al.

Autologous and allogeneic stem-cell transplantation as salvage treatment
of acute promyelocytic leukemia initially treated with all-trans retinoic
acid: a retrospective analysis of the European acute promyelocytic leuke-
mia group. J Clin Oncol. 2005;23:120—6.

Marjerrison S, Antillon F, Bonilla M, Fu L, Martinez R, Valverde P, et al.
Outcome of children treated for relapsed acute myeloid leukemia in Cen-
tral America. Pediatr Blood Cancer. 2014;61:1222-6.

Lengfelder E, Lo-Coco F, Ades L, Montesinos P, Grimwade D, Kishore B,
et al. Arsenic trioxide-based therapy of relapsed acute promyelocytic leuke-
Leukemia.

mia: registry results from the leukemiaNet.

2015;29:1084-91.

European

. Fouzia NA, Sharma V, Ganesan S, Palani HK, Balasundaram N, David S,

et al. Management of relapse in acute promyelocytic leukemia treated with
upfront arsenic trioxide based regimens. Br J Haematol. 2021;192(2):
292-9.

. Lou Y, Suo S, Tong Y, Qian W, Meng H, et al. Outcomes and prognostic

factors of first relapsed acute promyelocytic leukemia patients undergoing
salvage therapy with intravenous arsenic trioxide and chemotherapy. Ann
Hematol. 2014;93:941-8.


mailto:
mailto:

