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Original Article
Comparison on Treatment Outcomes on Paediatric Acute
Promyelocytic Leukaemia: ICC APL 2001 Versus HKPHOSG
AML 1996 Protocol
WYK CHAN, GKS LAM, JKH CHIU, DTL KU, KKH HO, SY HA
ON BEHALF OF THE HONG KONG PAEDIATRIC HAEMATOLOGY AND ONCOLOGY STUDY GROUP
Abstract

Acute promyelocytic leukaemia (APL) is a biologically and clinically distinct variant of acute myeloid
leukaemia (AML). Patients often presented as a medical emergency with lethal haemorrhages. Despite
high early mortality rate, APL has superior event-free survival (EFS) with prompt administration of alltrans retinoic acid (ATRA). This study is a retrospective review comparing outcomes of paediatric APL
patients in Hong Kong treated with the two previously adopted protocols (HKPHOSG AML 1996 versus
ICC APL 2001) over past 20 years. Total 53 eligible patients were identified, 30 and 23 were treated
with HKPHOSG AML 1996 and ICC APL 2001 protocol respectively. Five-year overall survival and
EFS for HKPHOSG AML 1996 versus ICC APL 2001 protocol were 80% versus 82.6% and 66.7%
versus 75.1% with a median follow up period of 193.4 versus 56.7 months. To conclude, local data
reveals that ATRA-based therapy demonstrate better outcome than AML-based chemotherapy in treating
paediatric APL patients.
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Introduction
Acute promyelocytic leukaemia (APL) is a rare form
of acute myeloid leukaemia (AML) with only around 2 to
4 paediatric cases annually in Hong Kong. APL was
classified as AML-M3 in the older French-AmericanBritish (FAB) classification system and is currently
classified as APL with t(15;17)(q24.1;q21.2); PML-RARA
in the World Health Organization (WHO) classification
system.1 APL is a biologically and clinically distinct variant
of AML. Patients often presented as a medical emergency
with lethal pulmonary or cerebrovascular haemorrhage due
to coagulopathies (disseminated intravascular coagulation
and primary hyperfibrinolysis) induced by leukaemic
promyelocytes. Despite high rate of early mortality, APL
has superior EFS of above 70% to nearly 100% across all
age and risk groups once the differentiation agent all-trans
retinoic acid (ATRA) is promptly administered when
diagnosis is timely suspected or confirmed.2
Due to rare local incidence of paediatric APL, the Hong
Kong Paediatric Haematology and Oncology Study Group
(HKPHOSG) had adopted the HKPHOSG AML 1996
protocol based on UK MRC AML 10/12 protocol in
treating territory-wide paediatric APL patients in all local
paediatric oncology centres during 1997 to 2008,
followed by joining the International Consortium for
Childhood (ICC) APL 2001 protocol as one of the
participating regions in the ICC since 2009 till present.
With the establishment of the Hong Kong Children's
Hospital (HKCH) as the single territory-wide paediatric
oncology centre in Hong Kong after merging the five
existing paediatric oncology units − Queen Mary Hospital
(QMH), Prince of Wales Hospital (PWH), Queen Elizabeth
Hospital (QEH), Tuen Mun Hospital (TMH) and Princess
Margaret Hospital (PMH); together with advancements in
understanding on biology and treatments of paediatric APL,
this study serves as a retrospective review on the outcomes
of paediatric APL patients in HK treated with the two
previously adopted protocols (HKPHOSG AML 1996 and
ICC APL protocol 2001) providing scientific evidence
before initiation of new treatment protocol.

data and outcomes were conducted by HKPHOSG data
officers. Cross-checking of clinical information was
conducted via the Electronic Patient Record (ePR) through
the Clinical Management System (CMS). Clinical Data
Analysis and Reporting System (CDARS) was also
searched using the diagnostic code for Acute Myeloid
Leukaemia, M3 (ICD-10 205.00) for any missing cases.
Statistical analyses were performed with the Statistical
Package of Social Sciences version 24.0 (IBM SPSS
24.0). Continuous variables were expressed as mean and
standard deviation. Overall survival (OS) was calculated
from the date of diagnosis to the date of death of any cause
or last follow-up (censored). Event-free survival (EFS) was
calculated from the date of diagnosis to date of relapse,
death of any cause, or last follow-up (censored). The
probabilities of OS and EFS were calculated using the
Kaplan-Meier estimation and log rank test was used to
compare the survival of different groups. P-values <0.05
were deemed statistically significant.
This study complies with the Declaration of Helsinki
and approval from Institutional Review Board of the
University of Hong Kong / Hospital Authority Hong Kong
West Cluster had been sought (UW 14-890).

Results
Total 53 eligible patients were identified, 30 and 23 were
recruited and treated with HKPHOSG AML 1996 and ICC
APL Study 2001 protocol respectively (see Table 1).
Median age of diagnosis was 12.2 years (range 2.4-17.8
years). Male-to-female ratio was 1.1 to 1. Two patients
died before treatment in both treatment arms. Another two
patients died during induction phase chemotherapy in both
treatment arms, contribute to 6.7% and 8.7% of eligible
patients in each cohort respectively. Remission was
achieved in the remaining 26 (86.7%) (20 in CR1, 4 in >CR2
with 6 deaths) and 19 (82.6%) (15 in CR1, 1 in >CR2 with 4
deaths) respectively. There were total 5 (16.7%) and 1
(4.3%) patients relapse respectively. The 5-year OS and EFS
for HKPHOSG AML 1996 versus ICC APL Study 2001
protocol was 80% vs 82.6% and 66.7% vs 75.1% with a median
follow up period of 193.4 vs 56.7 months (see Table 2).

Methods
All children diagnosed to have APL at age 18 or below
at the time of diagnosis during the period between January
1, 1996, and December 31, 2017 in the 5 local paediatric
oncology centres were included. Accrual of demographic
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approximately 4-8% of paediatric AML1 but the incidence
may be higher in children of Hispanic and Mediterranean
origin. The median age at presentation is probably similar
as that of other AML subtypes, but APL has rarely been
reported in the first year of life. It can arise de novo or be
therapy related (t-APL). The characteristics and outcome
of t-APL appear similar to those of de novo APL.3
APL accounts for 5 to 20 percent of AML depending
on geographical location, with higher incidence among
Hispanics in Central and South America, Italy, and Spain.
Blacks had lower lifetime incidence rates than nonHispanic Whites, Hispanics, and Asians.4-8 In Hong Kong,
four or less cases were diagnosed every year, which
accounts for 16.7 percent (23 out of 138) of all AML cases
Table 1

diagnosed in recent 10 years (see Table 1). Various studies
have reported a modest increase in incidence of APL in
the last two decades8,9 but this trend is not observed in our
locality. As for age distribution, its incidence is rare in
the first decade of life, it then increases during second
decade, reaches plateau during early adulthood, and then
remains constant until it decreases after the sixth decade.9
For local paediatric cohort, two-thirds of them presented
in second decade of life. There is no gender predilection.
APL sometimes occur as a subgroup of therapy-related
myeloid neoplasms (t-MDS/t-AML) after cytotoxic
therapy (especially topoisomerase-II inhibitors such as
etoposide, doxorubicin, and mitoxantrone) or radiation
therapy.10

Total number of eligible patients entered into IPC ALL 2001 study

Classified by year
Total number of cases

2009

2010

2011

2012

2013

2014

2015

2016

2017

Total

APL
AML
%APL/AML

3
18
16.7

1
19
5.2

4
19
21

4
15
26.7

0
15
0

1
8
12.5

2
16
12.5

4
14
28.6

4
14
28.6

23
138
16.7

PMH

PWH

QEH

QMH

TMH

Total

4

3

5

6

5

23

Classified by hospital
Total number of cases

PMH: Princess Margaret Hospital; PWH: Prince of Wales Hospital; QEH: Queen Elizabeth Hospital; QMH: Queen Mary Hospital; TMH: Tuen Mun Hospital

Table 2

Comparison of treatment outcomes (ICC APL Study 2001 vs HKPHOSG AML 1996)

Protocol
Patients eligible
Patients died before treatment

23 (100%)

30 (100%)

2 (8.7%)

2 (6.7%)
26 (86.7%)

2 (8.7%)

2 (6.7%)

0

0

1 (4.3%)

5 (16.7%)

CR1

15 (65.2%)

20 (66.7%)

>CR2

1 (4.3%)

4 (13.3%)

Death in induction
Non-responders
Relapse

In relapse
Follow up

HKPHOSG AML 1996 (n=30)

19 (82.6%)

Remission achieved

Survivors

ICC APL Study 2001 (n=23)

0

0

Minimum (months)

0.4

117.4

Maximum (months)

106.4

272.9

Median (months)

56.7

193.4

4

6

Death
Loss to follow up

0

0

5-year overall survival

82.6%

80%

5-year event free survival

75.1%

66.7%

206

Outcomes of Paediatric APL in HK

B. Clinical features (see Table 3)

C. Diagnosis and Pathologic Features

Apart from typical presentation of pancytopenia as
in other subtypes of AML (except microgranular APL
which tends to present with higher peripheral blast
counts) (see Table 3 case 50), APL has unique
presentation of bleeding secondary to severe
coagulopathy (especially for hypergranular APL variant)
contributed by both disseminated intravascular
coagulation (DIC) and primary fibrinolysis, which can
cause life-threatening pulmonary or cerebrovascular
haemorrhage (up to 40 percent) and even early
haemorrhagic death (10 to 20 percent). 11,12 In local
paediatric APL cohort, clinical bleeding features
(conjunctival or retinal haemorrhage, intracranial or
subdural haemorrhage, oral mucosal bleeding, gum
bleeding, epistaxis, bruising, petechiae, pulmonary
haemorrhage, menorrhagia, haematuria, per rectal
bleeding or haemarthrosis) was noted in 85 percent (39
out of 46) of patients on initial presentation. In our
locality, 4 out of 53 patients (7.5 percent) died of
haemorrhagic complications before initiation of
treatment, all due to massive intracerebral haemorrhage
(ICH). Infective symptoms (fever, coryzal symptoms
or gastroenteritis), anaemic symptoms (pallor, fatigue,
malaise, dizziness, palpitation, shortness of breath) and
constitutional symptoms (loss of appetite, weight loss)
and were noted in 37 percent (17 out of 46), 24 percent
(11 out of 46) and 17 percent (8 out of 46) respectively.
Other clinical presentations include gum hypertrophy,
bone pain, hepatomegaly and splenomegaly. It is of
interest to note that one of the patients present with
fever and diarrhoea which later evolve into intestinal
obstruction, appendicitis with gangrene formation,
sepsis and disseminated intravascular coagulation (DIC)
( s e e Tab l e 3 C as e 5 1 ) . A c u t e c o l o n i c p s e u d o obstruction (ACPO)(Ogilvie's syndrome) had been
reported in several case reports or small series 13-16 to
be associated with acute myeloid (including APL) and
lymphoblastic leukaemia during induction chemotherapy
presumably due to use of vincristine which can cause
autonomic neuropathy, but its association with APL on
initial presentation before starting chemotherapy has not
been described in literature. As general paediatricians
or practitioners, it is important to recognise the clinical
presentations of this rare, potentially lethal yet highly
treatable disease entity as prompt referral to paediatric
oncology specialists for diagnosis and treatment could
significantly improve patient outcome as repeatedly
reiterated in this article.

(a) Morphology in marrow and peripheral blood smear
APL is characterised by the presence of atypical
promyelocytes in bone marrow and/or peripheral
blood. Promyelocytes are large (usually larger than
20 microns in diameter) myeloid precursors of
variable morphologies, usually with high nucleus to
cytoplasmic ratio, fine chromatin, and prominent
nucleoli. Cardinal feature of promyelocyte is the
presence of numerous violet cytoplasmic granules in
a dense or coarse pattern obscuring the nucleus.
(b) Conventional karyotyping
Conventional karyotyping is an essential part of the
standard workup. It is highly specific but timeconsuming (takes approximately two days for results).
Around two-thirds (32/53) of local paediatric APL
patients have cytogenetics result available. APL is
characterised by translocation t(15;17)(q22;q21)
involving fusion of gene encoding the retinoic acid
receptor alpha (RARα) and promyelocytic leukaemia
(PML).17,18 In local paediatric APL cohort, t(15;17)
is demonstrated in 80 percent (26 out of 32 patients)
with cytogenetics results available (see Table 3).
PML-RAR fusion gene predicts a favourable response
to molecularly targeted therapies ATRA and arsenic
trioxide (ATO).
(c) Molecular genetics
Determination of the underlying molecular fusion
is critical for the appropriate clinical management of
APL. Approximately 10% of APL cases with an
underlying PML-RAR fusion have no detectable
t(15;17) at diagnosis, either due to unsuccessful
cytogenetic analysis, cryptic rearrangements or more
complex rearrangements including simple variant
translocations.19,20 Patients with molecularly but not
cytogenetically detected PML-RAR fusion have an
equally favourable outcome to those with overt
t(15;17).21 Four out of thirty-two local paediatric APL
patients showed normal cytogenetics. Cryptic
translocation was detected by reverse transcriptase
polymerase chain reaction (RT-PCR) or fluorescence
in situ hybridisation (FISH) (see Table 3).
It is important to define PML-RAR isoform as a
basis for subsequent MRD monitoring. In minority of
cases (<5%), RARα is fused to alternative partners,
commonest being nucleophosmin (NPM1) resulting
from the t(5;17)(q35;q21) translocation20,22 and NuMA
as a result of t(11;17)(q13;q21). These rare paediatric
retinoid-sensitive subtypes of APL, with NPM1-
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RARA and NuMA-RARA fusions,20,22,23 may not be
sensitive to ATO3; whereas APL involving PLZF and
STAT5b as a result of t(11;17)(q23;q21) and interstitial
deletion of chromosome 17 respectively, are resistant
to ATRA3. These fusions were not identified in local
cohort.
(d) F M S - l i k e t y r o s i n e k i n a s e - i n t e r n a l t a n d e m
duplications (FLT3-ITD)
Among local cohort, FLT3-ITD was detected in one
patient, but its prognostic significance is uncertain.24,25
(see Table 3)
(e) Immunophenotyping
APL phenotype is considered CD34 negative/partial
or weak positive, HLA-DR negative, CD13 positive,
CD33 positive, CD11b negative, CD15 weak or
negative, CD117 weak/variable, and sometimes CD2
positive and CD56 positive.
D. Treatment

(a) Drawbacks of anthracycline-based protocol
(HKPHOSG AML 1996)
In Hong Kong, HKPHOSG had adopted the
HKPHOSG AML 96 protocol based on UK MRC
AML 10/12 protocol in treating territory-wide
paediatric APL patients in all local paediatric
oncology centres during 1997 to 2008. While the
outcome is generally favourable with 5-year OS of
80%, 5-year EFS is just 66.7% with relapse rate of
16.7%. This drawback is also being identified from
overseas experience.26-28 Using anthracycline−based
chemotherapy protocols with ATRA followed by
maintenance with ATRA, 6-mercaptopurine (6-MP)
and methotrexate (MTX), relapse rates for patients
with a WBC <10x109/L at diagnosis are typically 10%
or less, while rates may exceed 20% for patients with
a WBC ≥10x109/L, which echoed with local situation.
(b) Rationale of changes in ICC APL 2001 protocol
ICC APL 2001 protocol based on the results of
AIEOP-AIDA 93 trial demonstrating promising results
with combined use of ATRA and anthracyclines.
GIMEMA-AIEOP AIDA 93 study recruited 983
patients with newly diagnosed APL between January
1993 and June 2000 of whom 124 (13%) were aged
less than 18 years. Induction chemotherapy consisted
of Idarubicin 12 mg/m2/day x 4 given with ATRA 25
mg/m2/day (compared to an adult dose of 45 mg/m2/
day) until remission or maximum of 90 days.
Consolidation consisted of 3 monthly courses:
Cytarabine (Ara-C) 1 gm/m2/day x 4 with Idarubicin
5 mg/m2/day x 4 (course 1), Mitoxantrone 10 mg/m2/
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day x 5 with etoposide (VP-16) 100 mg/m2/day x 5
(course 2), and Idarubicin 12 mg/m2/day x 1, Ara-C
150 mg/m2/8 hourly x 5 and 6-thioguanine (6-TG)
70 mg/m 2 /8 hourly x 5 (course 3). Molecular
response by RT-PCR was assessed following the third
consolidation course and PCR-negative patients were
initially randomised to one of four maintenance arms
(6-MP+MTX; ATRA alone; ATRA+6-MP+MTX; no
maintenance) but subsequently to ATRA alone or
ATRA+6-MP+MTX. One hundred and three (96%) of
the 107 evaluable children achieved haematological
complete remission (CR) and 4 died during induction
(1 sepsis; 3 intracranial haemorrhage). Overt ATRA
syndrome occurred in two cases and pseudotumor
cerebri in 10 children. The OS, disease-free-survival
(DFS) and EFS, at more than 10 years, were 89%,
78% and 76% respectively. The only significant
predictor of haematological CR was the WBC; 100%
vs 89% (p=0.01) for WBC less than 10x10 9/L and
equal to or greater than 10x109/L respectively. A WBC
at diagnosis of equal to or greater than 10x109/L also
had a significant impact on EFS (59% vs 83% at 10
years). Ninety-four children were evaluable for RTPCR at the end of consolidation; of these, 91 (97%)
tested PCR-negative and 3 PCR-positive. Children
who were in molecular remission after consolidation
therapy and randomised to receive ATRA and
maintenance chemotherapy were significantly more
likely to remain in molecular remission than those
children who received ATRA alone (77% vs 42%
respectively; p=0.0177).
GIMEMA-AIEOP AIDA 93 study reduced dose of
ATRA as compared to adults in view of the apparent
increase in ATRA-related side effects observed in
children. Besides, cumulative dose of cardiotoxic
anthracyclines is also lowered. Cytarabine is
delivered in consolidation assuming its role in
patients with high WBC, which is a commoner
situation in childhood APL, though its benefit
remained unproven. 29,30 The combination of
intermittent ATRA and chemotherapy may reduce rates
of molecular and frank relapse and hence improve
outcome, particularly for patients with a high whit
WBC at presentation. 30-33 With ICC APL 2001
protocol, superior outcomes had been demonstrated
with 5-year OS and EFS of 82.6% and 75.1%
respectively with a median follow up period of 56.7
months for local cohort.
(c) Minimal residual disease (MRD) directed preemptive therapy

Outcomes of Paediatric APL in HK

208

Table 3

Clinical features, cytogenetic results, treatment protocols used and outcomes of local paediatric APL cases (1996-2017)

Case Sex

Age

Initial clinical presentation

Cytogenetics

Treatment protocol

Outcome

1

F

9.5

Not available

Not available

HKPHOSG AML 1996

Dead, CR1 (ALLObmt)

2

F

12.83

Not available

Not available

HKPHOSG AML 1996

Alive, CR2 (AUTObmt)

3

M

14.92

Not available

Not available

Not applicable

Dead (ICH)

4

M

13

Not available

Not available

HKPHOSG AML 1996

Alive, CR1

5

F

3.42

Not available

Not available

HKPHOSG AML 1996

Alive, CR1(ALLObmt)

6

F

10.33

Not available

Not available

HKPHOSG AML 1996

Dead (ICH)

7

F

7.75

Not available

Not available

HKPHOSG AML 1996

Alive, CR1

8

F

14.25

Not available

Not available

HKPHOSG AML 1996

Alive, CR1

9

F

14.08

Bilateral knee and ankle pain,
bruising, left ICH and right hemiplegia

Not available

HKPHOSG AML 1996

Alive, CR3

10

F

13

Epistaxis, bruises, lethargy, pallor

Not available

HKPHOSG AML 1996

Alive, CR1

11

F

9.5

Petechiae, gum bleeding, dizziness,
palpitation, hepatosplenomegaly

Not available

HKPHOSG AML 1996

Alive, CR3
(AUTObmt)

12

M

15.5
PRB from haemorrhoid
(promyelocytes noted in peripheral blood)

Not available

HKPHOSG AML 1996

Alive, CR1

13

M

7.08

Gum bleeding and hypertrophy,
easy bruising, malaise

Not available

HKPHOSG AML 1996

14

M

12

Fever, easy bruising,
gum bleeding, right wrist
and knee pain

Not available

15

M

7.67

Recurrent epistaxis, gum bleeding,
pallor, petechiae, coryzal symptoms

Not available

HKPHOSG AML 1996

Alive, CR1

16

M

8.17

Gum bleeding, bruising

Not available

HKPHOSG AML 1996

Alive, CR1

17

M

12.08 Gum bleeding, fever, poor appetite

Not available

HKPHOSG AML 1996

Alive, CR1

18

M

13.58

Gum bleeding, petechiae, visual
blurring, fever without obvious focus

Not available

HKPHOSG AML 1996
(developed ATRA syndrome)

Alive, CR1

19

F

9.83

Menorrhagia, easy bruising

20

M

4.33

Persistent fever, coryzal
symptoms, gum bleeding,
bruises, weight loss

46,XY,add(15)(q22)[6]/
46,idem,add(2)(p13)[7]/
46,XY[2]

HKPHOSG AML 1996

Alive, CR1

21

M

4.58

Fever, coryzal symptoms,
poor appetite, easy bruising

46,XY,t(15;17)
(q22;q12)[6]

HKPHOSG AML 1996

Alive, CR1

22

M

15.17

Prolonged fever, coryzal
symptoms, headache, dizziness,
repeated vomiting, bruises

Not available

Not applicable

Died before treatment

23

F

15.92

Prolonged fever, pallor, weight loss
No clinical bleeding

46,XX,t(15;17)
(q22;q12)[6]/46,XX[1]

HKPHOSG AML 1996

Alive, CR1

24

F

8.33

Gum swelling, bruises

46,XX,t(15;17)(q22;q12)[18]

HKPHOSG AML 1996

Alive, CR1

25

F

7.75

Bruises, weight loss

Not available

HKPHOSG AML 1996

Alive, CR1

Death in induction
(right parietal ICH, DIC)

HKPHOSG AML 1996
Relapsed, death in
(developed ATRA syndrome) induction (massive left
parieto-occipital ICH)

46,XX[16]
HKPHOSG AML 1996
cryptic t(15;17) detected by FISH

Alive, CR1

(continued on page 209)
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Clinical features, cytogenetic results, treatment protocols used and outcomes of local paediatric APL cases (1996-2017) (cont'd)

Case Sex

Age

Initial clinical presentation

Cytogenetics

Treatment protocol

Outcome

26

M

7.08

Not available

Not available

HKPHOSG AML 1996

Alive, CR1

27

M

13.83
Prolonged fever, gum
bleeding, bruises, PRB, pallor, dizziness

46,XY,t(15;17)
(q22;q12)[10]

HKPHOSG AML 1996

Alive, CR1

28

F

2.83

Fever, reduced appetite, nausea
No clinical bleeding

46,XX,t(15;17)
(q22;q21)[20]

HKPHOSG AML 1996

Alive, CR1

29

M

13

Recurrent bruises,
gum bleeding

46,XY,t(15;17)
(q22;q21)[16]/46,XY[4]

HKPHOSG AML 1996

Alive, CR1

30

F

13.17

Menorrhagia, recurrent gum
bleeding, bruising, hepatomegaly,
retinal haemorrhage

46,XX,t(15;17)
(q22;q21)[20]

HKPHOSG AML 1996

Alive, CR1

31

F

11.42

Pallor, fever, cough, bone pain,
bilateral retinal haemorrhage

46,XX[20]
cryptic t(15;17)
detected by FISH

HKPHOSG AML 1996

Alive, CR1

32

M

12.17

Low grade fever, coryzal
symptoms, recurrent epistaxis,
right retinal haemorrhage

47,XY,t(2;19)
(p12;p13),t(15;17)
(q22;q21),+21[6]/46,XY[4]

HKPHOSG AML 1996

Alive, CR1

33

M

3.67

Prolonged fever, coryzal
symptoms, pallor, RSV pneumonia
No clinical bleeding

46,XY,t(15;17)
(q22;q12)[7]/
46,XY[1]

ICC APL 2001

Alive, CR1

34

F

12.17

Menorrhagia, bruising,
gum bleeding, malaise, headache

46,XX,t(15;17)
(q22;q12)[6]

ICC APL 2001

Death in induction
(bilateral severe ICH)

35

F

17.75

Bruising, petechiae

46,XX,t(15;17)(q22;q12)[10]

ICC APL 2001

Alive, CR1

36

M

9

Petechiae, gum bleeding/
hypertrophy

Not available
(diagnosed in Nepal)

ICC APL 2001

Alive, CR1

37

F

16.08

Menorrhagia, bilateral lower
limb bruising, gum bleeding,
malaise, SOB

46,XX,t(15;17)
(q22;q12)[13]/
46,XX[2]

ICC APL 2001
(developed ATRA syndrome)

Alive, CR1

38

F

16.08

Menorrhagia, bruising, malaise,
palpitation, blurring of vision

46,XX,t(15;17)
(q22;q12)[6]

ICC APL 2001

Alive, CR1

39

M

5.42

Prolonged fever, coryzal and
GE symptoms, retinal haemorrhage,
gum hypertrophy, leg pain, mucosal bleed

46,XY,t(15;17)
(q22;q12)[14]/
46,XY[4]

ICC APL 2001

Alive, CR1

40

M

16.5

Pallor, malaise, weight loss,
bruising, petechiae

46,XY,t(15;17)
(q22;q12)[18]/46,XY[2]

ICC APL 2001

Alive, CR1

41

M

14.5

Central chest pain, gum
bleeding, petechiae

46,XY,add(6)(q11),
t(15;17)(q22;q12)[16]/
46,XY[3]

ICC APL 2001

42

F

14.83

Fever, epigastric discomfort,
vomit, left thigh bruising,
bilateral conjunctival haemorrhage

46,XX,t(15;17)
(q22;q12)[11]

ICC APL 2001

Death in induction
(multifocal ICH/SDH,
refractory seizures,
pulmonary haemorrhage)
Alive, CR1

(continued on page 210)
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Table 3

Clinical features, cytogenetic results, treatment protocols used and outcomes of local paediatric APL cases (1996-2017)

Case Sex

Age

Initial clinical presentation

Cytogenetics

Treatment protocol

Outcome

43

M

7.58

Pallor, left eye and bilateral
lower limb bruising

46,XY,t(15;17)
(q22;q12)[13]/47,idem,+8[7]

ICC APL 2001

Alive, CR1

44

M

15.5

Fever, chills and rigour,
headache, vomiting
No clinical bleeding

No growth

ICC APL 2001
(developed ATRA syndrome)

Alive, CR1

45

M

13.67

Prolonged fever, coryzal
symptoms, bruises

46,XY,t(15;17)
(q22;q12)[19]

ICC APL 2001

Alive, CR1

46

F

3.5

Pallor, bruises, petechiae

46,XX,i(17)(q10)[3]/46,XX[20]

ICC APL 2001

Alive, CR1

47

M

11.33

Prolonged fever, coryzal
symptoms, vomiting
No clinical bleeding

46,XY,der(14)t(9;14)
(q13;q32),t(15;17)
(q22;q12)[20]

ICC APL 2001

Alive, CR1

48

F

13.5

Poor appetite, bruising,
gum bleeding, petechiae, pallor

46,XX,t(15;17)
(q22;q12)[11]

ICC APL 2001

Alive, CR1

49

F

15.33

Right SDH with
increased ICP and coning

46,XX,t(15;17)(q22;q12)
[5]/46,idem,+21,rob(21;21)
(q10;q10)[9]/46,XX[5]

ICC APL 2001

Died before treatment
(brainstem death, DI)

50

F

2.42

Fever without localizing symptoms
or signs, hyperleukocytosis
No clinical bleeding

46,XX,t(15;17)
(q24;q21)[20]

ICC APL 2001

Alive, CR1

51

F

12.83

Fever and diarrhoea evolved into
intestinal obstruction, appendicitis and
gangrene formation, sepsis, DIC
No clinical bleeding

46,XX,t(15;17)
(q22;q12)[10]

ICC APL 2001

Alive, CR1

52

M

12.75

Intermittent fever,
gum bleeding, bruising

46,XY[15]
cryptic t(15;17) detected
by FISH, FLT3-ITD positive

ICC APL 2001

Alive, CR1

53

M

17.25

Fever, petechiae, bilateral
conjunctival and retinal haemorrhage,
left calf swelling and pain,
headache, left temporal ICH

ICC APL 2001
(developed ATRA syndrome)

Alive, CR1

54

M

7.5

55

M

11.25

46,XY,t(15;17)
(q24;q21)[19]/
46,XY[2]

Prolonged fever, coryzal symptoms,
46,XY,t(15;17)
gum bleeding, petechiae,
(q24;q21)[3]/46,idem,
pancytopenia
del(7)(q32q36)[17]/46,XY[1]
Multifocal ICH and
SAH, tonsillar herniation

46,XY[20]
cryptic t(15;17)
detected by FISH

ICC APL 2001

ICC APL 2001

Alive, CR1

Died before treatment
(AKI, DIC, sepsis,
gangrene of extremities)

Note: AKI: acute kidney injury; ALLObmt: allogenic transplant; AUTObmt: autologous transplant; DI: diabetes insipidus; DIC: disseminated intravascular
coagulation; FISH: fluorescence in situ hybridisation; GE: gastroenteritis; ICH: intracranial haemorrhage; ICP: intracranial pressure; PRB: per rectal bleeding;
SAH: subarachnoid haemorrhage; SDH: subdural haemorrhage; SOB: shortness of breath
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Monitoring of minimal residual disease (MRD) has
been shown to be an independent risk factor for
relapse34 as demonstrated in studies from Italy28,35-37
and the United Kingdom.21 German AML Cooperative
Group also demonstrated that patients who failed to
achieve a 3-log reduction in PML-RARα transcript
level within the first 3-4 months of therapy as
detected by quantitative RT-PCR had an increased risk
of early relapse.38
Pre-emptive therapy for patients with positive MRD
impending relapse confers survival benefit than
retreating patient when they have progressed to frank
relapse due to the well-recognised risk of induction
death due to associated coagulopathy as evidenced by
the GIMEMA and PETHEMA groups.36,39,40 Patients
with persistent PCR positivity or molecular relapse
will receive molecularly targeted therapy, with ATO
and may proceed to stem cell transplantation. For
patients achieving molecular remission and with a PCR
negative stem cell harvest, good results have been

achieved with autologous stem cell transplantation.41,42
Allogeneic transplant is generally reserved for APL
patients in whom harvest of PCR negative stem cells
is unsuccessful or who fail to achieve second
molecular remission.
(d) Arsenic Trioxide (ATO)
T h e r ap e u t i c u s e o f AT O h as w e l l b e e n
documented in treatment of various diseases across
centuries despite its historical reputation as a toxin
and a poison. ATO has now emerged as a treatment
of choice for patients with refractory/relapsed
PML-RAR+ APL.43,44
Although second remission could be achieved
through re-induction with ATRA alone or in
combination with chemotherapy, 2 cycles of ATO at
recommended dose of 0.15 mg/kg/day enables
induction of molecular remission in majority of
patient without significant myelosuppression,43 which
allows outpatient-based therapy and reduction in
anthracycline exposure.

Note: All trans retinoic acid (ATRA) will be given as single oral agent at 45 mg/m 2/day in daily single dose. The maximum duration of
treatment is 6 weeks. Once complete remission is achieved, the AML chemotherapy protocol should be started. Combination chemotherapy
with induction chemotherapy (MAE) together with ATRA should be given if: (a) WBC at diagnosis >10x10 9/L; (b) WBC rise to >20x10 9/L
during ATRA treatment; (c) presence of retinoic acid syndrome. ATRA should be continued until clinical remission or maximum of 90 days.

Figure 1

Roadmap for treatment of paediatric APL using HKPHOSG AML 1996 protocol (based on UK MRC AML protocol 10/12).
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(a)

(b)

Figure 2
(a) Roadmap for treatment of paediatric APL using ICC APL Study 2001 protocol. (b) Roadmap for treatment of paediatric APL
(including relapsed and primary refractory APL) using ICC APL Study 2001 protocol.
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The optimal dosing schedule for ATO is not known.
At least three dosing regimens are currently in use:
(i) continuous dosing at 0.15 mg/kg/day, (ii)
intermittent dosing at 0.15 mg/kg/day for 5 days, off
for two days, weekly x 4 with a two week break when
daily ATRA is given and the cycle repeated x 2 and
(iii) intermittent dosing starting with a loading dose
of 0.3 mg/kg for 5 days followed by 0.25 mg/kg twice
weekly. These dosing schedules are comparable in
terms of efficacy and toxicity profiles.45,46 The ICCAPL Study 2001 protocol is based on the conventional
continuous dosing schedule recommended by the
manufacturer, Cephalon. However, alternative
equivalent dosing schedules may be preferred for
logistic reason. ATO has also been evaluated as part
of first-line therapy of APL in the recent US
Intergroup trial C971042. Safety and effectiveness
in paediatric patients under 5 years of age has not been
studied to any great extent. From personal
communications with local adult haematologists,
promising result had been demonstrated with the use
of oral arsensol in adult APL patients in Hong Kong.
Usage of oral arsenol has been proposed as a
monotherapy in selected low risk paediatric APL
patients, sparing the use of anthracyclines. Future
studies could be proposed related to this.
(e) ATRA syndrome / retinoic acid syndrome (RAS) /
differentiation syndrome
Despite high efficacy of ATRA and ATO in treating
APL patients, their usage could lead to retinoic acid
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syndrome (RAS) manifested as fever, dyspnoea,
weight gain, hypotension and pulmonary infiltration.
The mechanism of RAS is unknown but it is speculated
that capillary leak syndrome due to cytokine release
from differentiating myeloid cells and mediation by
cathepsin G could play a role.47 In local cohort, nearly
one-tenth (5 out of 53 cases) developed RAS after
ATRA/ATO. Symptoms usually subside after ATRA/
ATO i s d i s c o n t i n u e d i n c o n j u n c t i o n w i t h
administration of short course intravenous
dexamethasone as in all 5 local cases.
(f) Gemtuzumab Ozogamicin (Mylotarg®)
Gemtuzumab ozogamicin (GO) is an anti-CD33
targeted therapy with significant anti-leukaemic
activity against APL due to high CD33 expression in
APL cells.48-50 Its conjugate contains the intercalating
anthracycline calicheamicin, which links the antibody
to the cytotoxic agent, enables calicheamicin to be
released only intracellularly, thereby avoiding much
of the anthracycline-related toxicity. Its major sideeffects include myelosuppression, allergic reactions
and sinusoidal obstruction syndrome (SOS).

Strengths and Limitations
This territory-wide retrospective study summarised
initial clinical presentations, treatment responses, clinical
outcomes and complications HK children and adolescents
at age 18 or below suffering from this rare subtype of APL

Figure 3
Overall and event-free survival of paediatric APL in HK (HKPHOSG AML 1996 based on UK AML protocol 10/12 vs ICC
APL 2001 protocol).
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in the last 2 decades. It also made comparisons between
the two previously adopted protocols (HKPHOSG AML
1996 versus ICC APL 2001), which consolidated local
clinical experience from 5 children oncology centres in
HK. The intrinsic limitation of this study is that the two
groups compared are at different time points (1997-2008
vs 2009 till present). The follow up time for the newer
protocol is much shorter. The secular trend of
improvement is hard to be discerned whether ATRA-based
therapy demonstrates better outcome than AML-based
chemotherapy in treating paediatric APL patients is due to
treatment itself as there could be variants and confounders
like the team's learning curve, expertise mix, supportive
care by intensivists as well as multidisciplinary nursing and
pharmacy team care which could potentially led to better
outcome.

2.

3.
4.

5.

6.

7.

8.

Conclusion
Retrospective review of local paediatric APL cohort
reveals that ATRA-based therapy demonstrate better
outcome than AML-based chemotherapy in treating
paediatric APL patients. With the establishment of HKCH,
it is hoped that a unified updated treatment protocol in
collaboration with adult haematologists and international
centres would be formulated, with incorporation of more
accurate and wider panel of molecular diagnostics. Besides,
it is anticipated that with the newly formed hub-and-spoke
clinical service model, prompt referral of suspected or
diagnosed paediatric APL cases from regional hospitals to
HKCH could be enhanced.
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